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3anjaHUpPOBaHHbIE pPe3yJabTAaThl

o0y4yeHHsi N0 OCHOBHOI 00pa3oBaTeJbHOM

nmporpaMme HarnpaBJICHUS «KMEXAaTPOHUKA U pOGOTOTTeXHI/IKa»

Tpe6oanusa ®I'OC,

Kon Pe3yabTat 00yueHust

KpUTepHEeB H/UIU
pe3-Ta (BBINMYCKHUK J0JI3KeH ObITh FOTOB)
3AHHTECPECOBAHHBIX CTOPOH
Ipogheccuonanvuvie

[IpumensTH IITy0OKHE €CTECTBEHHO-HAYYHBIE

M:TeMaTI/I‘IeCKiC 3HaHU B 00JIaCTH aHZJ'II/IE»a " | Tpedosanua OI'OC (K-, ITK-
CHUHTE3a U MPOCKTUPOBAHUS IS PEIICHUS ’ 3, OTIK-1, OTIK-4, OK-1, OK-9),

POCKTHD P Kpurepuii 5 AMOP (. 1.1),
P1 Hay4YHBIX U WH)XEHEPHBIX 33]1a4 ITPOU3BOCTBA .
COTJIaCOBaHHBIN ¢ TpEOOBAHUSIMHU

U 3KCIUTyaTali MEXaTPOHHBIX U

. MEXIyHapOIHBIX CTaHAApTOB
POOOTOTEXHUUECKUX YCTPOWCTB H CHCTEM, EUR-ACE 1 FEANI
B TOM YHCJIE UX CHCTEM YIIPaBJICHUS.
Bocnpuanmats, 06pabaTeIBaTh,
aHAIM3UPOBATh U 0000MIATH HAYIHO-
TEXHUYECKYI0 HH(DOPMAIIUIO, TIEPEIOBOM Tpedosanus ®I'OC (I1K-
OTCUYECTBCHHBIH M 3apyOCIKHBIN OMBIT B 3, [IK-4, IIK-7, OIIK-1, OIIK-3, OK-1, OK-

P2 0o0JacTH TeOpHH, TPOSKTUPOBAHMUS, 4, OK-5, OK-6, OK-9), Kpurepwuii 5 AUOP
MPOM3BOCTBA U 3KCIUTyaTallul MexaTpoHHbIX | (mm. 1.1, 1.2), cormacoBanHBIN
Y pOOOTOTEXHUYECKUX YCTPOWCTB B CUCTEM ¢ TpeOOBaHUAMHI MEXTYHAPOTHBIX
MIPUHAMATH Y9acTre B KOMaH/aX 10 crannaptoB EUR-ACE u FEANI
pa3paboTKe U 3KCIUTyaTallul TaKUX YCTPOUCTB
U CHCTEM.

WnuTerpupoBath U NpUMEHATH MOJIyYE€HHBIE

3HAHUA JJIS PEIeHNs] HHXeHepHBIX 3a1ad nmpu | TpeboBanus OI'OC (11K-2, ITK-
pa3paboTke u mpoeKTupoBaHuu coBpeMeHHbx | 3, [1K-4, TTIK-5, TTIK-15, T1K-18, OIIK-3,
MEXaTPOHHBIX U POOOTOTEXHUUECKUX OIIK-6, OK-1, OK-5, OK-6, OK-7),

P3 YCTPOMCTB U CHCTEM (B TOM YHUCIIE Kpurepuit 5 AUOP (. 1.2),
MHTEJUICKTYAIbHBIX) C HCIOIb30BaHUEM COIJIACOBaHHBIN C TpeOOBaHUAMHU
JOCTHKEHUN U TEXHOJIOTHI MUPOBOTO YPOBHS, | MEXIYHAapOJHBIX CTaHIAPTOB
COBPEMEHHBIX HHCTPYMEHTAJIBHBIX U EUR-ACE u FEANI
IPOrpaMMHBIX CPEACTB.

Tpebosarus ®I'OC (I1K-7, I1K-10, ITK-11,
[Tpumensats nomyaennsie 3Hanus st pemenus | [IK-12, I[TIK-18, OITK-4, OIIK-6, OK-1, OK-

P4 VMHXEHEPHBIX 3aa4 IIPU IPOU3BOLICTBE 4, OK-6, OK-8), Kpurepuii 5
M 3KCIUTyaTaluy coBpeMeHHbIX MexaTpoHHBIX | AHMOP (1. 1.3), cornacoBanHbIf
1 pOOOTOTEXHUYECKUX YCTPOWCTB B CUCTEM ¢ TpeOOBaHUAMH MEXTYHAPOTHBIX

crangaptoB EUR-ACE u FEANI
[TnannpoBathk ¥ MPOBOJUTH aHAJTUTUYECKUE,
MMHTALOHHbIE U KCIIEPUMEHTAIbHBIC
I/ICCJIeJZ][lOBaHI/IH TUTST HCJ’ICEI MIPOEKTUPOBAHUS Tpebosamu I OC (IK-1, TIK~

’ 2, I1K-3, I1IK-4, TIK-5, T1K-6, I[1K-13, T1K-
MPOU3BOJICTBA U SKCILTyaTallUl MEXaTPOHHBIX 1’7 HK-’IS OFEK-Z dHK-3 ’ OK-1 éK-3
1 pOOOTOTEXHHUYECKUX CPEJICTB M CUCTEM OI’(— 4 OK—’ 6 OK—7’ OK- ’ ’ '
P5 (B TOM YHCIIe HHTEUIEKTYATBHBIX) C ’ ’ %

8, OK-9), Kputepuii 5
WCIIOJIb30BaHUEM IIE€PETOBOT0 OTEYECTBEHHOTO .

AWOP (1. 1.4), cortacoBaHHBII
1 3apyOEKHOTO OIBITA, YMETh KPUTHUECKH
OIICHHUBATH TIOJYUEHHBIE TEOPETUIECKHE U C TPEOOBAHMAMH MEXLYHAPOHEIX

crannaptoB EUR-ACE n FEANI
9KCIIEPUMEHTANbHbIE JAHHBIE U JIENaTh
HE00XOIUMBIE BHIBOABI.
[TonnMaTte uCHOIB3yEMBIE COBPEMEHHBIE Tpedosanus OI'OC (I1K-1, [IK-
METO/Ibl, AITOPUTMBI, MOJIETTN U TEXHUYECKUE 2 T1K-3, TIK-7, OIIK-1, OIIK-3, OIIK-4,

P6 peIIeHus B MEXaTPOHHUKE M pOOOTOTEXHHUKE, OK-5, OK-9, OK-10), Kpurepwuit 5 AUOP

3HATH 00JIACTH UX MNPpUMCHCHUSA, B TOM YUCJIC
B THOKHX ABTOMATHU3HWPOBAHHBIX
ITPOU3BOJICTBAX.

(m. 2.1), cormacoBaHHBIH
¢ TPeOOBaHUAMHU MEXKYHAPOIHBIX
craugaptoB EUR-ACE u FEANI




YHueepcaﬂbele

OddexTrBHO padboTaTh B
npoeccuoHaIbHOHN cepe MHINBUIYATHHO

Tpebosanus ®I'OC
(TIK-1, TIK-2 TIK-7, TIK-8, TTK-16, ITK-17,
OK-1, OK-2, OK-4, OK-6,

P7 U B KAYCCTRE OK-9), Kpurepwii 5
AUOP (1. 2.1), cormacoBaHHBII
4rieHa KOMaHbl
¢ TpeOOBaHUSIMH MEKYHAPOTHBIX
crannaproB EUR-ACE u FEANI
Bragets nHOCTpaHHBIM S3BIKOM Ha YPOBHE, Tpebosanus ®I'OC (I1K-4, ITK-8, T1K-9, I1K-
TO3BOJISTIONIEM paboTaTh B MHTepHAaNHOHANB- | 16, OIIK-4, OK-5), Kpurepwuii 5
P8 HOH cpejie C IOHUMAaHHUEM KYJIbTYPHBIX, AHOP (1. 2.2), cornacoBaHHBIN
SI3BIKOBBIX M COITUATEHO-9KOHOMHUYECKIX ¢ TpeOOBaHUSIMHU MEKIYHAPOTHBIX
pasandui crarnaproB EUR-ACE u FEANI
[IposBIATE UPOKYIO 3PYAULNIO, B TOM
YHUCJIE 3HAaHUE U IIOHUMAaHHUE COBPEMEHHBIX TpebdoBanus ®I'OC (I1K-5, I1K-8,
0OIIECTBEHHBIX U MOJIMTHYECKUX TIPOOIIEM, T1K-15, IIK-16, TTIK-18,0ITK-1,
JIEMOHCTPHUPOBATh IIOHUMAaHHE BOIIPOCOB OIIK-4, OIIK-5, OK-3, OK-4, OK-5, OK-6,
P9 0€30MacHOCTH U OXPaHbI 3JI0POBbSI OK-8, OK-9),
COTPYJHMKOB, FOPUIUYECKUX ACTIEKTOB, Kpurepuit 5 AUOP (mm. 1.6, 2.3,),
OTBETCTBEHHOCTH 32 HH)KEHEPHYIO COTJIACOBaHHBIN ¢ TPeOOBAaHUAMU
ACATCIIbBHOCTD, BJIMAHUA WHXKXCHCPHBIX MCKAYHAPOAHBIX CTAHAAPTOB
pelieHuit Ha COlMaIbHbIM KOHTEKCT EUR-ACE u FEAN
1 OKPY’KaIOIIYI0 CPemy.
CrnenoBaTh KoJIeKCy MTpoeccCuoHambHON Tpedosanus ®I'OC (IIK-8, IIK-11, [IK-16,
A FICKCY T OIIK-3, OITK-6, OK-4), Kpurepuii 5 AUOP
STUKHU ¥ OTBETCTBEHHOCTH U N
P10 . (. 2.4, 2.5), coriacoBaHHBIH ¢
MCXKAYHApOJAHBIM HOPMAaM MHKCHCPHOU
esTeBHOCTIH TpeOOBaHUSIMH MEXIYHAPOTHBIX CTAHIAPTOB
s EUR-ACE u FEANI
[lormMaTte HEOOXOAUMOCTH OOYIECHUS TpeGosamus OIOC (IIK-4, 1IK-8, OIIK-3,
)Xo i OIIK-4, OK-5, OK-6, OK-7, OK-8), Kpurepuii
B TCUYCHUC BCCU KMU3HU, YMCTH
5 AHUOP (2.6),
P11 CaMOCTOSATENBHO YUUTHCS U MOBBIIATH CBOIO N
COTJIACOBaHHBIN C TpeOOBaHUSIMU
KBaIM()UKAIINIO B TEUEHUE BCETO MTEPHOAA
npodecCHOHANBEHON IATETLHOCTH MEHAYHAPOMIBIX CTARAAPTOR
P ' EUR-ACE u FEANIL.
Tpeboanusa OI'OC
DdphexTHBHO paGoTats B (TTK-1, TIK-2 TIK-7, TIK-8, I1K-16, ITK-17,
II o¢eccn0Ha§bHoﬁ cdepe UHAUBHYATBHO OK-1, OK-2, OK-4, OK-6,
pr2 | P Pe MHAHBILY OK-9), Kpurepui 5

1 B Ka4€CTBC
YJICHA KOMaHIbI

AUMOP (1. 2.1), coriacoBaHHBIMA

¢ TpeOOBaHUAMHU MEKYHAPOIHBIX
crannaproB EUR-ACE u FEANI
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Hamnpasnenue noarotosku 15.04.06 «MexaTpoHUKa B pOOOTOTEXHHKA»
Kadenpa nHTErpUpOBaHHBIX KOMIIBIOTEPHBIX CUCTEM YITPABJICHUS

YTBEPXIAIO:
3aB. kadenpoit UKCY
Jluenmabin A.B.

IMoamnuce Jara dUO
3AJJAHUE
HA BBINOJIHEHHE BBINYCKHOM KBAJIN(PUKANMOHHON padoThl
B dopwme:
‘ MAarucTepCcKON AUCCEepTalNU

CryneHry:

I'pynna 102 %(0)

S8EM41 NBanoBy Ceprero Oserosuuy

Tema paboThI:

[IpoexTupoBanue u pa3pabOTKa yCTPOHCTBA KOHTPOJISI IMaMETpa MOJMMEPHBIX HUTEH

YTBepKJeHa NPUKa30M AUPEKTOpa (1aTa, HOMep)

782/c ot 05.02.16

‘ CpoOK c/1au¥l CTYICHTOM BBIITOJIHEHHOUW PabOTHI:

| 01.06.16

TEXHUYECKOE 3A/IAHHUE:

Hcxoanbie 1aHHbIE K padoTe

(HaumeHoBaHue 00bEKMA UCCIeO08AHUS UNU NPOSKMUPOBAHUSL;
NpoU3600UMENbHOCHIb UL HAZPY3KA, PEHCUM PABOmbl
(Henpepbl8HbILL, NEPUOOUYECKULL, YUKTUYECKUL U M. 0.); 8UO CbIPbs
U Mamepuan usoenust;, mpebosanHus K nPpoOOyKmy, usoeauo ui
npoyeccy; 0ocobvie mpebosanus kK 0COOeHHOCMAM
@ynxyuonuposanus (Ikcnayamayuu) 06veKma unu u30enus 8 niane
besonacnocmu SKCRIYAmMayuy, GIUAHUA HA OKPYIHCAIOUWYIO CPedy,
9HEP203aMPAMAM, IKOHOMUYECKULL AHATU3 U M. O.).

[IpoexTHpoBaHKEe YCTpOWCTBA KOHTPOJIS JUAMETpa,
pexuM  pabOTBl  YCTPOWCTBA: TEPUOIUUYECKUI.
Jnneiinbie [13C matpuusl pupmer iC-Haus LF1401
LFL1402 u LF1401 ma 256 u 128 mnukcenei.
Omnangounas iaTa Arduino UNO c
MUKpOKOHTposutepoM Atmega 328.

IlepeyeHsb MoI€KANMX HCCITETOBAHMIO,
NPOEKTHPOBAHUIO H Pa3padoTKe BONPOCOB

(ananumuyeckuii 0630p NO AUMEPAMYPHLIM UCTHOYHUKAM C Yelblo
BbIACHEHUS OOCTNUNCEHUL] MUDOBOTL HAYKU MEXHUKU 8
paccmampusaemoii obracmu, NOCMAHOBKA 30a4U UCCIeO08aAHU,
NPOeKMUpOBans, KOHCMPYUPOBAHUS; COOEPAUCAHIE NPOYedYPbl
uccre008aniis, NPOEKMUPOSALUsl, KOHCIMPYUPOBAHU, 00CyHcOeHle
Pe3yIbmamos 6blnoIHeHHOl pabombl, HAUMEHOB8AHUE
OONOTHUMENLHBIX PA30€TI08, NOONEHCAWUX PA3PAOOmKe;
3aKadeHue no pabome).

Bompocsl, moanexariie pazpaboTke.
1. OO630p nMuTEpaTypHI O TEME UCCIIECTOBAHUS.

00630p CYIIECTBYIONIUX METOJ0B KOHTPOJIS
JTUaMETPOB H3ICIUH.

2. BeIsBIeHHE 0COOEHHOCTEH CYIIECTBYIOIINX
I/I3)ICJ'II/II71 1 UX HEJOCTATKOB.

3. Ompenenenne HanboJIee MEPCIICKTUBHOTO
METOJ1a KOHTPOJIS TUaMeTpa 1
MIPOCKTHPOBAHKE YCTPOMCTBA HA €r0 OCHOBE.

4. Pa3paboTka ynpaBJsitoLiei MporpaMmbl JUIs




IIPOEKTUPYEMOT'0 YCTPOICTBA U €€ ITPOBEPKA
Ha TIPaKTHKE.

Ilepeuenb rpadguyeckoro marepuaja Cxembl monkimoueHust Atmega 328 u nmaT4ymkoB

(C mouHBIM YKazanuem 06s3amenvHbIX yepmedicell)

LFL1402, anroput™mbl ynpaBieHHsS JaTYUKaMH B
Microsoft Visio; deprex Kopmyca yCTpoOWCTBa B
KOMIITAC-3D V16.

KoHcyabTaHThI 10 pa3iesaM BbIIYCKHON KBAIN(UKALNOHHONH padoThl

(c ykasanuem pazoenos)

Pazgen

KoncyabTant

DuUHAHCOBBIN  MCEHEDKMEHT,
pecypcodhhekTHBHOCTD
U pecypcocOepekeHne

Jouent xadenpsl MmeHemxmeHnTa KonoTornckuii Biagumup
KOpbeBuu

ConmanpHas OTBETCTBEHHOCTD

HomeHT xadenpsl 3KoI0TUN U 0€30MTACHOCTH KU3HEACATETHHOCTH
ITyctoBoiitoBa Mapuna Uropesna

Pa3nen, BBITONHEHHBIH Ha
WHOCTPAHHOM SI3BIKE

Crapmmii  mpenogaBarenb Kadeapsl HHOCTPAHHBIX  SI3BIKOB
uHCTUTYyTa KNOepHeTukn byrakosa Tarbsna lBanoBHa

Haszpanus pa3aeioB, KOTOPbIC T0/IKHBI ObITH HAIIMCAHBI HA PYCCKOM 1 HHOCTPAHHOM

A3bIKAX:

JlaTa BbI1a4M 32JaHHUS HA BBINOJTHEHUE BBINTYCKHOM 1.10.2015.

KBAJIH(HUKAIUOHHOHI padoThI 10 JIMHEHHOMY rpaduky

3aganue BbIIAT PYKOBOAUTE/Ib:

JokHocTH [5(0] Yu4enas crenenb, 3BaHue Moanuch JlaTa
npexktop OO0
Hup pY bepuyk /1.10.
«XoymCraitn»

33}13HI/IC NPUHAJT K HCIOJTHCHUI0 CTYAECHT:

I'pynna

(1% (0] Moanucey JaTa

8EM41

HMBaunos C.O.
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Hanpasnenue noarorosku 15.04.06 «MexaTpoHHKa U pOOOTOTEXHUKA
Kadenpa uHTErpupOBaHHBIX KOMITBIOTEPHBIX CHCTEM YIIPABJICHUS
YpoBeHb 00pa30BaHUsi — MATHCTP

[Tepuon BeimonHeHHs — BeceHHMIA cemectp 2015/2016 yueGHOrO Toma

Dopma npeacTaBieHus: padoThI:
| Marucrepckas auccepranus

KAJIEHJIAPHBIN PEUTUHI-TLIAH
BbINOJIHCHH S BHIIIYCKHOM KBATH(PUKANNOHHON PadoThI

| CpoK cl1auy CTY/IGHTOM BBITIOJIHEHHOUM pabOoThI: 01.06.16

JlaTa koHTpOJISI Ha3zBanmue pazaesa (MoayJist) / BUJI padoThl (MccjieIoBaHMs) Marccumannuiii 6as
P pasit Y AP ! pazaesa (MoyJis)

20.11.2015r. 00630p UTEpPATYPHBIX HCTOUHUKOB MO TeMe pabOThI 10

26.01.2015 . 00630p ¥ aHAJTN3 METOJIOB U3MEPECHHUSI TUAMETPOB 10
Pa3paboTka anropuTMOB yIpaBieHHS, IPOBEPKA UX HA

05.02.2016 . P p yIp > POBEP 30
MpaKkTUKE, pa3pabOTKa METO/Aa MOBBIIICHUSI TOYHOCTH

27.04.2016 1. [IpoexTupoBaHue KOpmyca yCTponucTBa 10
DOHUHAHCOBBIA MEHEIKMEHT, pecypco3(hPEeKTUBHOCTh

01.05.2016 - JUKMEHT, pecypeod(d 20
U pecypcocOepekeHne

12.05.2016 1. CorunanbHast OTBETCTBEHHOCTD 20

CocraBuil Ipeno1aBaTeb:

JloKHOCTH (1% (0] yqé"::a;:;"eﬂb’ Moanucey JaTa
Hupextop OO0
9 bepu JO.
«XoymCraitm» pryi /1
COI'TACOBAHO:
3aB. kadeapoii DdPUO Yuénas crenenb, 3BaHne IMoanucoh Jlata
HUKCY JInenunsm A.B. K.T.H.




Pedepar

Brimycknas kBanuduimpoBanHas padota coaepxxut 111 crpanun tekcra, 43
pucyHka, 24 tabmuipsl, 13 npuioxenuii, 47 UCTOYHUKOB JIUTEPATYPHI.

KitoueBbie cioBa: u3aMepeHue, AMameTp, noJuMepHbie HUTH, TuHelHas [13C
MaTpulIla, TCHEBOM METO/I, U pakius OT UUIUHAPA.

OOBEeKTOM HcCIeIOBaHUS SBISAIOTCS OECKOHTAKTHBIE YCTPOWCTBA KOHTPOJIS
TuaMeTpa 00bEKTOB.

Ilens paboThl: pa3paboTaTh OECKOHTAKTHOE YCTPONCTBO KOHTPOJS AHAMETPA
Ha ocHOBe JuHenHo# [13C maTpuiib.

B mnpouecce nccnenoBaHusi MpoBOAMWIMCH 0030p M aHAINU3 CYLIECTBYIOLIUX
pa3pabOTOK W BBISBICHHWE MX HEAOCTaTKOB. PaccMaTpuBalCh OCHOBHBIE METOIBI
KOHTPOJISL IUaMeTpa; JeJ1ajJoCh ONMMCAHNE BEIOPAaHHBIX KOMIIOHEHTOB ISl peaiu3aliu
YCTPOWCTBA. Tak xKe paccMaTpHuBaIUCh pecypcodd(HEeKTUBHOCTh 17§
pecypcoobecrieueHre paboThl U MapaMeTpbl COIUATIBHOW OTBETCTBEHHOCTH.

B pesynbrate uccienoBanus ObLIO CIIPOEKTHUPOBAHO YCTPOMCTBO KOHTPOJIS
JIaMeTpa, HalucaHa YIpaBISIoNias MporpaMma U MPEeIyIoKeH CIoCO0 MOBBIIICHHS
TOYHOCTH U3MEPEHUS TUAMETPOB, UCIIOJB3Ys SIBJICHUE TUPPAKIUHI OT LIUIMHAPOB.

OcHoBHbIE KOHCTPYKTUBHBIE, TEXHOJIOTMYECKUE U TEeXHHUKO-
DKCIUTYaTallMOHHBIE XapaKTEpPUCTUKH: pazMepbl ycrporcrBa 81.28%70.15%x104.77
MM; TOYHOCTb 54 MKM; HanpsbKeHue nutanus SB.

O6nacTb TpPUMEHEHUs: HW3rOTOBICHHE PACXOAHBIX MaTepuanoB s 3]
MPUHTEPOB, KaOEIbHOE MPON3BOACTBO, MAIIMHOCTPOCHHE.

OxonoMuueckas 3QGHeKTUBHOCTH/3HAYUMOCTH PaOOThI_ 3aKJITF0YACTCS B
3HAYUTENIbHOM CHIDKEHUW IIeHBl TOTOBOTO YCTPOWCTBA IO CPaBHEHUIO C
3apyOEKHBIMU aHAJIOTAMHU.

B Oynymem turanupyetrcss 3amena nuHeniHow [I3C wa II3C wmarpwuy,
UCTIONb30BaHUE JAaTYMKOB C MEHBIIMMU pa3MepaMH CBETOUYBCTBUTEIIBHBIX
AIIEMEHTOB, CO3J[aHHE MPHUJIOKEHUS OKOHHBIX ()OpPM JJIsi ONEPAlMOHHOM CHUCTEMBI

Microsoft Windows.



Omnpenesienus, 0003HAYeHUS1, HOPMATHUBHbBIE CCHLIKHU

B nmpencraBnsiemMoil paboTe HCMOIB30BAJIUCh CIEAYIOIIUME TEPMHUHBI C
COOTBETCTBYIOIIUMH OTPEICICHUAMMU:
MUKPOKOHTPOJIJIEP — MHKpPOCXEMa, IpEAHA3HAU€HHAas JId YIPABICHUS
AJIEKTPOHHBIMU YCTPOHUCTBAMM.
CtpoOupyronuii curHan — CUrHall, MpeAHa3HauYeHHBIN IS IEPUOJUYECKOTO
pa3pelIeHUs WU 3apeTa NPOLECCOB.
Amnanoro-mmdpoBoil mpeodOpa3oBaTteab — YCTPOWCTBO, Npeodpasyroliee
BXO/IHOW aHAJIOTOBBIM CUTHAJI B IUCKPETHBIN KOJI.
Judpakuus cBeTa — sBJICHUE OTKJIOHEHHMS CBETa OT MPSIMOJHUHEHHOTO
HaIpaBJICHUS PACTIPOCTPAHECHUSI PU MTPOXOKICHUN BOJIU3U MPENSTCTBUM.
HudpakuuoHHas KapTHHAa — CHCTeMa YEpEeAYIOIIUXCS CBETIBIX U TEMHBIX
KOJIELL.
B nanHOW BBIMYCKHOW KBadU(UKAIIMOHHOW paboTe ObUIM MNPUMEHEHBI
CIIEAYIOIINE COKPALIEHUS:

IIK — nepcoHaNbHBIA KOMITBIOTED;

CH — cpencrBa U3MEpEHHUS;

I1O — nporpamMmmHOe obecrieueHue;

I13C — nmpubop ¢ 3aps0BOI CBS3bIO;

CCD - charge-coupled device;

DPI — dots per inch;

[ITM — mUpOTHO-UMITYJILCHAST MOLYJISLIAS;

ALII — ananoroBo-undpoBoit mpeodpazoBaTeb;
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Beenenue

B nauvane 90-X romoB mOpOLUIOrO THICSYENETUS Ha PBIHKE IOCTEIEHHO
HAYalach CKJIAJbIBAaThCSl TEHICHIMS YXOJa OT OONbIIMX CEPUHHBIX MapTHH U
nepexoay K MEJIKOCEpUHHOMY MPOU3BOACTBY. B CBSI3M C 3TUM, y MEIKOCEPUHHBIX
¢bupM BO3HUKIIA HEOOXOJUMOCTh M3TOTOBJICHUSI COOCTBEHHBIX (OPM U MPOTOTUIIOB
U3JICNIUM, KOTOpHIE paHblIe MPOU3BOJUIMCH TOJBKO Ha KPYHHBIX 3aBojax. Jlis
M3TOTOBJICHUSI HEOOXOJIUMBIX (POPM OYEHb yI0OHO OBUIO KCIOIB30BaTh HEOOBININE
cranku ¢ UITVY.

CrenyromuM 1IaroM «3BOJIFOIIUNY» CTAHKOB JIJII MU3TOTOBJICHUS PAa3IUYHBIX
dbopm, cTano MOSBICHHE YCTPOMCTB, CIOCOOHBIX co3aaBarh 3J[ Monenu myTeM Hx
ITOCJIOMHOTO HapalluBaHHUs.

Ha nanssiii MoMmeHT 3/] medath OY€Hb MIMPOKO M3BECTHA U NMPUMEHSIETCS HE
TOJIBKO Ha MEJKHX Mpou3BojicTBax. CyliecTBYyeT 0OJIbIIoe pazHooOpa3ue MoJiesei,
KOTOpBIE MO3BOJIIOT IMOJIb30BaTEN0 TevyaTaTh 3J] MpOTOTUIBI CBOMX MAaKETOB H
pa3zpabotok. KauecTBo meyaTu CKIIAJbIBACTCS U3 HECKOJBKHUX (PAKTOPOB, TAKUX Kak
BBIOOpP KOHCTPYKUMHU MPUHTEPA, 00AYB, (uKcauus AeTaid Ha crtoje u T.4. s
MOJYYEHHUs JIeTalled BBICOKOTO KayecTBa MAJIEKO HE IMOCIEIHIOI POJIb HUIPaeT
KauecTBO Marepuana sl nedarn. Ot wmarepuana qana 3] mewatw  3aBUCAT
TeMIrepaTypHble HaCTPOWKH JJIsl HarpeBaTeILHOIO CTOJa U comla AKCcTpyAepa. Tak,
IIPU HEKAYECTBEHHOM pAacXOAHOM MaTepuaje MPOU3BOJUTENb PUCKYET MOTPATUTH
pecypchl  (BJEKTPOAHEPTHI0 M BPEMs) Ha IeYaTh M3JENUsS BIYCTYIO, MOJYYUB B
pe3yabTaTe HEKauYeCTBEHHBIN MPOYKT WIH MPOAYKT C HU3KUMH XapaKTEPUCTUKAMU.

Ecmn nocreneHHO Ha POCCHICKOM pPBIHKE MOSBIISIIOTCS  KOMITAHWH,
npousBosmue 3 /] mpuHTEpHI, TO C MPOU3BOJCTBOM MaTepuana s 3J[ meyatu Bce
00CTOMT HaMHOTO XyXe. bonpmmHCTBO (upM, 3aHumarommxcs 3] meuaTsio,
MOKYTAIOT MJIACTUK, Y MHOCTPAHHBIX MPOU3BOIUTENCH. B cBsi3M ¢ 3TUM HaOII01aeTCs

BBICOKAA OCHA Ha NIPOAYKIHUIO IIE€YATH U Ha paCXOAHBIC MAaTCpHUAJIbI B IICJIOM.
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@upMbI, KOTOPHIE MPOU3BOAAT IUIACTUK CAMOCTOATEIBHO CTAJIKHUBAKOTCSA C
npobiieMaMu, pelieHre KOTOPBIX MO3BOJMIO Obl UM BBINTH Ha PBIHOK C TOBApPOM,
[[eHa KOTOPOro OyJIeT HAMHOTO HUXKE 3apyO0eKHBIX aHAJIOTOB, MPY TOM K€ KaueCTBe.

OpHol U3 TakuX MpoOJieM SBISETCS KOHTPOJb IUaMeTpa MIAaCTUKOBON HUTU
IpU €€ M3roTOBJIEHWU. ['0TOBBIE MPUOOPHI M PEIICHHS B JAaHHOW 00JIacTH, Kak
MpaBUJIO, MMEIOT O4YEeHb BBICOKYIO IieHY (mopsaka 100.000 pyGaeit), nmubo He
o0ecreunBaroT 3aJaHHONW TOYHOCTH (Tpedyemasi MOTPeIHOCTh JA0KHA OBITH OKOJIO
0,03 mm).

Ha naHHBII MOMEHT M3BECTHO HECKOJBKO OCHOBHBIX METOJOB H3MEpPEHUS
IWaMETPOB, C HcnoJib3oBaHueM pasznmunbix CH. Ilpm 3TOM mpocnexuBaeTcs
TEHJEHUUS yX0Ja OT YUCTO MEXaHUYECKUX YCTPOUCTB U BBEJCHUS B LIECIIb N3MEPECHUI
MHKPOKOHTPOJUIEPOB WM  nporpammupyemeix OBM.  VYcoBepuieHcTBOBaHME
COBPEMEHHBIX CPEICTB HU3MEpPEHUi, B OOJIbLIEH CTENEHH, MPOUCXOAMUT 3a CYET
UHTETpaly NporpaMMHONM M ammapaTHbIX YacTed NpUOOpOB, MPH 3TOM, 0C000E
BHUMaHue yaenstor [10.

K coxanenuto, OOJBIIMHCTBO METOJOB M3MEPEHMsI AMAMETPOB, 32 PEAKUM
UCKIIIOYEHUEM HE TMOAXOJAT Ui HM3MEpPEHUs HEMETaUIMYECKUX W3JAeNui, B
YAaCTHOCTH, ITOJJMMEPHBIX HUTEHW, C BBICOKOM TOYHOCTBIO. T€ METOHBI, KOTOpBIE
00ecCIeynBalOT HEOOXOJIUMYI0 TOYHOCTHh JUOO TPEOYIOT OOJBIINX MaTepuaIbHBIX

3aTpar, OO0 AOBOJIBHO CJIOKHBI IJIA p€ain3allvi MCJIKUMU MPCANPUATHAMU.
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1 Literature review

The review of the specialist literature on the subject of Master dissertation
paper has led to the conclusion that at the moment on the market there are no devices
being developed to measure and control the diameter of polymer filaments in
manufacturing consumables for 3D printing. For this purpose, some manufacturers
use instruments that were designed to control the diameter of cable or tubes, but we
can apply the technique with some restrictions. In most cases, the measuring and
controlling devices are used in steel industry or in tube manufacturing, or in cable
industry. Devices designed to measure the diameter of a metal pipe can not be used in
manufacturing of plastic filaments, as they often use methods that are not applicable
to the measurement of non-metallic objects, or require conditions which can not be
achieved in the production of polymer filaments [1, 2, 3].

Currently the available devices have been designed for home or small
business usage. Most of them have large weight and size parameters that do not allow
them to be established compactly at the exit of the extruder [4,5,6], contributing to
plastic filaments production. Exactly a little distance from the tip of the extruder to
the measuring instrument can improve the quality of a plastic thread.

Prices for the above sets of measurement devices are several times more than
the average price of modern 3D printers, so, for most ordinary users, who want to
save on the purchase of consumables for printing, are unavailable.

In July 2014, in Russia plastic material for 3D printers was produced only in
three companies. «REC» is a Russian Extrusion Company, which has been
manufacturing PLA, ABS, HIPS, FLEX filament plastic types (1,75 and 2,85 mm)
since 2012. «SEM», a Moscow company, has been producing plastics since 2013.
And, of course, Tomsk company «BestFilament», which has developed a completely
new method for the extrusion of plastic filaments [7,8,9].

The review information from the web showed that since 2012s, many
enthusiasts of 3D prototyping have tried to create an installation for the production of

consumables for their own needs. Most designs were of the same type and differ only
12



in some irrelevant details. In most cases, the creators rested on the problem of too
much dispersion diameter values obtained plastic wire [10,11]. In exceptional cases,
the creators have continued to improve their design, and even set up the production of
devices. For example, Marek Senicky began to create such a device in 2013. Now he
is developing a model, as well as selling specially designed grinders (shredders) for
plastic waste and failed products for 3D printing [12]. Unfortunately, the developers
did not consider the possibility of additional control of plastic filament diameter after
leaving the extruder content, in the best case, the (proportional integral differential)
PID control for smooth rotation of the screws.

There are better versions of devices to create a polymer filaments of granules
and plastic recyclables. The most famous, perhaps, company FILABOT, represented
line extruders and for plastic crusher. [13] The company claims that its products can
create a plastic wire with a tolerance of +/- 0.05mm, which is not really an
outstanding achievement at the stated price of the latest version of the extruder -2149
euros.

We have not found any documented sources to confirm the use in the
construction of measuring and monitoring the diameter, we can make a conclusion

that this has happened due to commercial orientation of the company products.
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2 Object and Methods

2.1 Basic information about methods and measuring instruments

The transition from a simple means of measurement to more complex and
technologically practical systems can be described by the following sequence:

1) electro-mechanical measuring mechanisms;

2) measuring mechanisms with additional devices;

3) electronic measuring instruments;

4) digital measuring devices;

5) information-measuring systems;

6) measurement and computing complexes;

7) processor measuring means;

8) intellectual information and measuring systems [14].

We can trace in the sequence an apparent increase of software significance.
Thus, in most cases, it is necessary to carry out the transformation under
consideration of the measured parameter into a corresponding electrical signal. After
converting, the value obtained with relative ease can be used by a computer, and a
smaller-sized microprocessor.

To receive information prior to its conversion into an electrical signal, sensors
or primary converters are used. Transducer is the converter, the input of which
receives influence or signals from the control object or from the external environment
and its output impact or signals are fed to the control object. Typically, the output
signals or the impact primary transducers are presented in a form suitable for
subsequent transmission and processing [15].

The data from the sensor information transmitted through transmission lines,
which together with the remaining switching means, as well as algorithms, is called
measuring channel. Measuring channel is a set of technical means of the measuring
system, which performs the complete function of a perception measured value to

obtain a measurement result expressed by number or corresponding code [16].
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All measurement methods can be divided into 2 subgroups. The first sub-
group should include contact measurement methods based on mechanical, pneumatic
or electro-mechanical properties. This requires contact the primary device with the
measured object, this can make a significant error in the measurement process, and in
some cases - generally unacceptable due to the nature of production technology.
Production of consumables for 3D prototyping and printing contact measurement
methods are not very applicable, as at the outlet of the extruder plastic rod has a
temperature between 120 ° and not fully-formed structure. Thus, any mechanical
contact of the plastic rod at this point may disrupt its shape. To apply contact method
for measuring polymer filaments is possible only after the final solidification of the
filament material after leaving the extruder. As a rule, this takes some time. Actually,
in this case, the measurement will serve as the final product to control the size,

without the ability to implement the feedback for correction.

2.1.1 Contact measurement methods

Initially, the automatic control of the diameters of products was produced
with the help of various calibres, as shown in Figure 1. It may be cone gauges (1a),
gauges-ring (16), gauges-clamps one and two limit (1B, 1r). Moving part 1 (1) is
located between bearing surface 4, which is immobile and mobile parallel to surface
3, which moves together with plunger 2. In the event of a predetermined value, face
element 3 closes the contact, signaling the resizing. Object (1m) illustrates the

application of the lever device having signal contacts.
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Figure 1 — Types of calibers

The accuracy of the above methods is low and depends on the accuracy of
manufacture of dimensional brackets and calibres. Some sources claim that the
method of monitoring with the help of cone-gauge can be accurate to 1 micron.

Contact methods using micrometers or displacement sensors are more
convenient to use than the above-considered ways. Most often, such devices can be

described by the general structure shown in Figure 2.

#FH %2 I

{2 A A
Figure 2 — Structure of electric means of measuring

Here: 1 - probe (sensor), 2 - measured object, 3 - converter 4 - a secondary
electrical appliance, 5 - display (another device for outputting or registration
information).

The most obvious disadvantage of the considered methods of measurement

should include an increase in the measurement error over time, frequent calibration of
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the measuring devices (certain operations that are necessary in order to identify -
appropriate means of measurement stated metrological requirements or not), a
significant effect of external mechanical factors (the presence of the vibration device,
dust on the dipstick etc.)

Some encoders can be used as primary devices for diameter measurement
device.

For example, since can be used the capacitive displacement sensors with
variable clearance between the electrodes and electrode area variable. The principle

of operation of this type displays capacitor formula sensors:

C= %ggo (1)

where C is electrical capacitance of the capacitor, the S - area of the plates, d -
the distance between the plates ¢ - the relative permittivity of the material,

g, =8,8541x10 %@ m* - the dielectric constant in the SI system.

In the first case, small movements are measured with an accuracy of a few
microns, in the second is more significant. To do this, we connect the measuring head
(or probe), which will be in direct contact with the measured product, the core of the
capacitor. If you change the diameter, the core will change its position between the

plates, thereby changing the area of the capacitor plates (see Figure 3.)

WHmepecywuuy 00bexm
g
2] K 371eKmposHol
S —— /./ cxeme 00pacomKky
/ ———
e /

Figure 3 — Usage of sensor capacitor with modification area of the capacitor plates
When connecting the probe to the condenser plate of a dependence of change

of distance between the plates by changing diameter (Figure 4).
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Figure 4 — Usage of sensor capacitor with modification distance between the
capacitor plates

The peculiarities of application of capacitive sensors is their linearity at small
displacement measurement, which is just suitable for the measurement of parameters
with an accuracy of hundredths of a millimeter. (see Figure 5)

Optical displacement sensors may also be used for measuring the diameters of
the contact method. In particular, the double a lattice structure, as well as the
radiation source and the photosensitive element (Figure 5.) used to record small
changes in diameter. One of the two lattice structures - stationary, the second

movable and mechanically attached to the measured object.

@omodemexmap

[lodBux+as pewemxka

Lir 2R, ey
Henodbuxras pewemka
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Mamepecymuud a0bexm

Figure 5 — Usage diffraction grating
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Small displacement of the mobile lattice leads to a change in the intensity of
light, recorded by a photodetector, and with the decrease in lattice period increases
the accuracy of the sensor, but it narrows the dynamic range. This method is called
diffraction.

When coherent monochromatic beam passing through the slot opening in the
lattice formed her spatial redistribution of the light intensity. The distance between
peaks is a function of several factors, including slit widths. The diffraction pattern is
supplied to the electro-optical transmitter whose signals are analyzed by a computer.

Inductive displacement sensor can also be used to measure the sizes of
products. As with the capacitive sensors, two possible options exist for their use. One
of them - due to movement of the object, and another - by moving the coils relative to
each other or the object. The sensors of this type are widely used linear - adjustable

differential transformers (Figure 6.)

Voul
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Figure 6 — Usage linear - adjustable compensator

Since the amplitude of the signal in the secondary winding depends on the
flux, the magnitude of the amplitude of the secondary winding can judge the position
of the core, and hence the position of the external object. The core is associated with

the measured object mechanically.
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To achieve high accuracy is necessary that the oscillator frequency is higher
than the maximum frequency of possible fluctuations of the measured object
(preferably, at least 2-3 times).

The second option is the use of inductive sensors used in the probe, coupled
with the ferromagnetic yoke. Changing diameter a small amount, is accompanied by

a change in the position of the magnetic circuit, as a result, the inductance of the coil

1

changes (Figure 7).

Hemepecyowyud 00bexm
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Figure 7 — Usage inductive sensor

The main disadvantage of the use of inductive sensors is their nonlinearity. It
is an average of 3-5% of the measured value.

To reduce the rate of non-linearity in the sensors, some manufacturers define
the output of the sensor signal as a polynomial function, mathematically describing
the signal. Thus, it is possible to fine-tune the measurement algorithm using
microcontroller technology.

Problems with non-linearity can be solved with the use of a microprocessor
integrated in the sensor. This method allows you to produce the sensor output

linearization performance and significantly reduce the non-linearity. For example, an
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inductive sensor with a diameter of 12 mm and measuring distance 0 - 4 mm, with
built-in microprocessor has a nonlinearity of less than 0.4% [14].

We should also consider the LVDT sensors (Linear Variable Differential
Transformer). Contemplated sensors are also contact and diameter measurement
object is converted into an electrical signal. The sensors are highly accurate (tens of

microns). You can see this on Figure 8.
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Figure 8 — Usage LVDT sensors

The figure above shows schematically LVVDT-sensor design, which has one
primary and two secondary windings, which are often located on the stationary core.
Inside the sensor is movable core. The primary winding is placed symmetrically
between two identical secondary windings. The coils are arranged on a rigid
reinforced thermostable polymer and enclosed in a sealed envelope, a protective
function against moisture and corrosive environments. The movable core is made of a
material having high magnetic permeability, and moves freely along the inner cavity
of the sensor.

The principle of the sensor action is associated with a change in magnetic flux
by changing the position of the sensor core. When finding sensor core in the center

(so-called zero point), the magnetic field of the primary winding are symmetrically
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therefore the EMF induced in the secondary windings - are equal. By moving the core
away from the zero point of the secondary windings EMF will vary. By measuring
the difference between the EMF is determined by the movement of the object relative
to the zero point. Note that the zero point from the sensor is very stable and does not
change with changes in temperature in a sufficiently large range.

Magnetoresistive sensors can measure the diameter of the object linkages
through induction magnitude of external magnetic field and the electric resistance of
the plates, made of a magnetoresistive material. The structure of the sensor is
typically includes a constant voltage source and the permanent magnet.
Magnetoresistive plate is included in a bridge circuit (Figure 9). Measuring probe
can be made from a ferromagnetic material, then changing diameter the object being
measured, the probe is moved in a magnetic field, changing the resistance of the
magnetoresistive plates, which will register the bridge circuit. Next, the
microcontroller is necessary to link the resistance change and the position of the

probe. Thereafter the deviation from the target product diameter is determined.
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Figure 9 — Connection magnetoresistive sensors
Sensors are used to determine the movement of the object the phenomenon of
magnetostriction is called magnitostrkitsonnymi sensors. Magnetostriction is called

the result of manifestations of the interaction in the magnetic bodies. Specifically, the
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result of the interaction is reflected in the change of shapes and sizes of the
interacting bodies. In ferromagnetic and ferrimagnetic (Fe, Ni, Co, Gd, Tb, and the
other, a number of alloys, ferrites) M. reaches a considerable value (elongation Al / 1
~ 10-6-10-2).

In non ferromagnets material, paramagnetic and diamagnets magnetostriction
value is very small. The reverse with respect to the phenomenon under consideration
- to change the magnetization of the ferromagnetic sample under strain - called
magnetoelastic effect. When making a ferromagnet in the region where the magnetic
field is distributed, it begins to affect the object introduced at the molecular level,
changing it. In turn, deformation of the molecular structure deformation changes
properties of a ferromagnetic material. It is possible to explain the existence of a large
number of elementary magnets, which together form a ferromagnetic object. They
will seek to establish in parallel to each other within a limited space areas, without
the external magnetic field. In these so-called domains, all the elementary magnets
have the same direction. However, the initial allocation of domain randomly and
outside the ferromagnetic body seems to be non-magnetic. By applying a magnetic
field, the domains line up in the direction of the field and are aligned parallel to each
other. Thus, obtained their own magnetic fields, which may exceed the external
magnetic field hundreds of times. For example, if the rod of a ferromagnetic alloy
placed in a magnetic field parallel to its axis, the rod will experience mechanical
deformation and receive linear extension. But in reality, lengthening through the
magnetostrictive effect is very small.

Work magnetostrictive sensor probes to consider the example, MTS
Temposonics company sensor. They use the Wiedemann effect and the Villari effect
[19,20].

"The core™ measuring system is the ferromagnetic measuring element (figure
10) is used as a waveguide in which a torsion ultrasonic wave extension to the pulse
converter. The measured position is determined by the position of the permanent
magnet, which surrounds the waveguide. The permanent magnet creates a magnetic

field in the waveguide and is connected to the measurement object. Here it is
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necessary to emphasize that between the positioner (magnet) and the measuring
element (waveguide), completely absent mechanical connection. When measuring a
short pulse current is sent from the electronic part of the sensor with a waveguide.
When you move the impulse there is a radial magnetic field around the waveguide.
At the intersection with the magnetic field of the permanent magnet-positioner occurs
according to the Wiedemann effect, plastic deformation of the magnetostrictive
waveguide, which is a highly dynamic process, so a current pulse rate. Because of
this, appears torsional ultrasonic wave, which spreads from the place of origin in both
ends of the waveguide, however, at one end of it is completely extinguished, and

thus, interference and distortion are eliminated.

P eppoMarHUTHbIN CTepPXeHb
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Figure 10 — The principle of the magnetostrictive sensor

Detection and processing of the torsion impulse occurs at the other end of the
waveguide in a special transducer. The converter of a torsion moment consists of a
transverse to the waveguide and rigidly associated strip of magnetostrictive metal; the
detecting coils and one permanent magnet fixed. Removal of the signal from the
waveguide can be performed in several ways. The most common are considered to be
the removal of the signal from the coil around the waveguide, the removal of the
signal by means of a plate with a winding and removal momentum with the help of

the piezoelectric element at the end of the waveguide.
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Magnetostrictive transducers may be accurate up to 1 micron. They have a
very low sensitivity to external vibration, shock, insensitive to dirt and aggressive
environment. In addition, they have high linearity readings. Most sensors output the
absolute output signal, that is not necessarily the positioner back to the starting point
in the new dimension.

As applied to the production of wire magnetostrictive sensors are not suitable
for the 3D printer, since the measurement range of this type of sensor is an average of

25 mm.

2.1.2 Non-contact measurement methods

The presence of the probe in contact with the measured object greatly limits
the use of products based on techniques that have been considered in paragraph 2.2.
Modern production realizations are such that more stringent requirements for the
reliability of the products, to the production speed, etc. Contact methods are often
simply not physically able to meet them. Therefore, it is a logical development of
measuring instruments has been the transition from contact to contactless methods.

Contactless methods have a number of advantages over contact methods, and
this is due to their widespread use at the present time. Further work will be
considered the basic methods that you can use to create a diameter control devices
without physical contact with the object being measured.

Let's start with an overview of the pneumatic method. Pneumatic measuring
systems are based on the principle of registration of pressure changes. Apparatus
determine the volume of air that comes out of the small holes (Figure 11), which is at
a pneumatic fitting (measuring holes) or pneumatic ring (for measurement of

diameter).
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Figure 11 — Structure of pneumatic ring

Pneumatic diameter measuring rings may have several nozzles. This is to
ensure that there would be an opportunity to measure the roundness or a deviation
from the desired shape of the product. According to the measurements, which were
carried out at several points as it is possible to determine position deviation and
average diameter at each point. The proper functioning of the pneumatic system it is
necessary that the clearance between the object to be measured and pneumatic ring
was not more than one fourth of the nozzle openings. The gap is one of the main
characteristics that affect the measurement accuracy. The smaller, the more precisely
you can measure the diameter.

Modern pneumatic measuring instruments allow to obtain data with high
accuracy (20 microns). In addition, through the use of compressed air measuring
surface is cleaned of fine impurities. Perhaps the measurement items that were
previously processed polishing paste, oil, etc.

The disadvantages pneumatic measuring instruments should include
measuring integrally pneumatic rings, a narrow range of measured values, which
depends on the gap between the work part and the sensor.

Non-contact eddy current measuring method is to use an alternating magnetic
field with a very high frequency, which is created by the coil. Measurement object is
entered in this field. After making the magnetic field of the coil induces eddy currents
which are concentrated at the surface of the article. Induced currents will create
magnetic flux which is counter-directed main stream (flow coil). As a result, it will

change the resulting magnetic flux. Therefore, change active and reactive coil
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resistance. The magnitude of this change will depend on the parameters measured by
the product: the geometric size, shape, presence of voids and irregularities in
resistivity.

The eddy current measuring method is suitable only for sufficiently large and
bulky objects. Also, this method is very sensitive to the position of the cylindrical

measured object relative to the center of the solenoid. Figure 12

Figure 12 — Solenoid scheme

The expression for the total resistance of the solenoid, with the introduction of

the object being measured it received Dwight [17]:

. 27,03 ber (ma) ber' (ma) + bei(ma)bei (ma) .

Z=R :
ml ber?(ma) + bei?(ma)

C

i 27,03 ber (ma)bei’ (ma) — bei(ma) ber (ma) . 7Lty W 2 .(bz ~a?)
J ml ber? (ma) + bei’(ma) I ' 2)

Where R, - own solenoid resistance (active), 4, =0,47-10° Ohm * s/ cm -
magnetic permeability, a - the radius of the object to be measured, b - the radius of
the solenoid, | - length of the solenoid, the W - the number of turns, m=[uey
wherey - the conductivity of the object, ber, bei - real and imaginary parts of the
Bessel function: 1,(mayfi), ber ', bei' - derivatives of ma ber and bei.

After transformation [18], we obtain the dependence of the radius of the

object from the solenoid parameters:
. f(AR—AX)I
W T, @ (3)
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For the object of cylindrical shape necessary condition for obtaining results
with a small error is coaxial (alignment) of the measured sample and coil, which in
real terms is quite difficult to obtain, especially in the measurement of moving
objects.

Ultrasonic meters diameter are not used. This is due to the use of ultrasonic
distance sensors. However, ultrasonic distance sensors have received very widespread
in other industries because of their versatility. The diameter measuring ultrasonic
methods are not so common.

Actions ultrasonic sensors is based on the radiation momenta of ultrasonic
waves, and determining the time during which the the momentum sent to come back.
The first sensors are combined in a housing and an emitter and a receiver of
ultrasonic pulses. With the advent of piezoelectric elements managed to combine the
functions of transmitter and ultrasound receiver on a single element, thus greatly save
space. The piezoelectric transducer emits momentum and then, starts the timer built
into the sensor. Once the momentum is reflected by an object and returned, the timer
stops. The microcontroller calculates the elapsed time between starting and stopping
the timer and knowing the speed of the ultrasonic wave in the air, converts it into the
distance.

The ultrasonic distance sensors have a number of shortcomings, which do not
allow them to be widely used for measuring diameters. The main disadvantage is the
increase in measurement errors on highly curved surfaces, as part of the ultrasonic
wave in this case is simply dissipated. Ultrasonic sensors are spreading the
momentum in the form of a cone (drawing), which also limits their application for
measuring small objects. The latest models of ultrasonic sensors can have a sound
pulse propagating over a cone with an angle of 5 degrees. However, some sources
claimed that on the basis of ultrasonic sensors methods can be used to measure the
diameter of the cable, which, in my opinion, is quite controversial. [21] Figure 13
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Practical test of performance,
Best in 30 degree angle

Figure 13 — Ultrasonic wave sensor spreading

Finally, one of the most extensive and promising is the use of optical sensors
for measuring diameters devices. Quite a large variety of techniques allows you to
design devices that are suitable for a broad class of problems. To measure the
diameter can be used as distance sensors and displacement composition comprising a
light-sensitive elements, and the elements themselves individually.

Measure the distance to an object, you can use sensors with diffuse reflection
of light, different interferometers radar type sensors. Each of the sensors and
instruments discussed above have their strengths and weaknesses, but to use them as
part of diameter measuring device is not suitable as ready-made solutions are a
significant cost, which will increase the final cost of the product diameter control.

The most promising direction is to use light-sensitive elements. Modern CCD
array composed of photosensitive pixels having a size of nanometer units. They also
have a high frequency of operation, which allows their use for measuring parameters
of the objects that are moving at high speed

The most common methods of using the optical sensors light-sensitive
elements are shadow methods, methods of determining the power of the radiation
diffraction methods and computer vision techniques.

Shadow methods are divided into methods using a parallel beam of radiation
and divergent. The principal difference between the two methods lies in the type of
radiation source. When we using a parallel beam it can be used as point light sources,

and distributed, because after the light source must be an optical lens system,
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designed to make a parallel beam of light. Due to the presence of aberrations in the
lenses produced errors which affect the beam parallelism, and as a consequence - on
the accuracy of the measurement result. Schematically, the method presented in the

figure. Figure 14
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Figure 14 — The shadow method using a quasi parallel beam

Listed disadvantages associated with the presence of distortions in the lenses
are deprived of methods based on the use of a divergent beam. In these methods, the
radiation sources are semiconductor lasers. Determination of diameter takes place on
a fairly complex algorithms, binding position polymer fiber or cable in space. In this
connection, the method is used in the 2-coordinate measuring devices (figure 3).

The disadvantages of this method include limiting the size of the measured
object, which is determined by the length of the active sensing element (CCD array).
Processing algorithm produces a microcontroller, which is part of the device. [22]

Figure 15
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Figure 15 — The shadow method using convergent beam

The measuring method. In this method the diameter of the cable is determined
based on the power of the light radiation incident on the sensor. Driving method
similar to Figure 2, noting that the power measurement after the measurement object
necessary to collect the light beam to a point. Most often used for this collecting lens
with a small focal length.

The disadvantages of this method are high demands on the light source (it
should provide constant power throughout the measurement time), as well as - to the
sensor element, which is to ensure a constant sensitivity that under the conditions of

production is difficult to achieve

2.2 The use of diffraction effects in the measurement means

Information about domestic developments diameter one-coordinate control
devices that would use the features of the diffraction phenomena to improve the
accuracy determines the size is extremely small. Foreign companies are using this
feature in the design of measuring instruments [23].

The use of laser emitters introduces features in the development of optical
sensors control algorithms. Due to the high coherence of the emitters it is possible to
produce diffraction and interference patterns in high definition, which does not occur

when using incoherent sources.
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To simplify the rod part of the polymer to be measured can be represented as
a cylindrical object. Thus, it is necessary to consider the diffraction from the cylinder.
Experiments to determine the diffraction of the laser radiation repeatedly carried out,
so it's worth a little bit about the outcome [24].

The most common mathematical diffraction pattern is defined as a set of
waves from the edge of obstacles and uniform intensity distribution along the front of
the laser radiation. Some methods allow you to avoid this and are like the surface of
the laser front ellipses, hyperboles, etc. (le the surface with different phases).

In general, the diffraction pattern of a cylindrical object made up of
diffraction patterns from the edge of the half-plane (see Figure).

On the upper part of the figure shows the diffraction pattern directly from the
edge of the half-plane, the lower part shows the illumination intensity between the

fronts of the diffraction pattern. Figure 16.

0

Figure 16 — The diffraction pattern from the edge of obstacles

In the case of the cylinder to obtain a diffraction pattern shown in Figure 17.
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Figure 17 — The diffraction pattern of the cylinder

It is impossible to uniquely determine clear boundary shade from the cylinder.
Analyzing the situation, we can conclude about the potential solutions to this
problem:

1) Create a filter that cleaned the distortion given by diffraction;

2) The development of an algorithm for finding the true size of the cylinder,
on the basis of its diffraction pattern.

Presumably, the second option would provide more accurate results. But the
above-described diffraction mathematical model has serious approximation related to
the simplification of the type of the primary radiation field. In most cases, the laser
light seen by a spherical wave or a plane wave, which have a uniform distribution of
light intensity. Naturally, the radiation has a different and more complex form of the
primary field, similar to the Gaussian distribution [25].

So, one of the main factors that affect the measurement error of diffraction
methods, the emission will be instability and volatility sensitivity of the receiver of
this radiation. By eliminating the instabilities of the data can be expected to improve

the accuracy of measurements.
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3 Pacyersl 1 AaHAJIUTHKA

Kaxk 6p110 cKa3aHO BO BTOPO# rjiaBe JaHHOUW pabOThl, KOHTAKTHBIE METO/IbI Ha
JAHHBIA MOMEHT HE aKTyaJIbHBbI JJIsI K3BMEPEHUS Pa3MEPOB U3CIHIA.

Lenpto nmanHOM paboOTHI sBIAETCS pa3pabOTKa YCTPOWCTBA KOHTPOJIS
nuamerpa. B kayecTBe OCHOBHOTO BEKTOpa pa3paboTKu ObLJIO  BBIOpAHO
ucnons3oBanue I[13C maTpuilbl B KayeCTBE AaKTUBHOTO CBETOYYBCTBUTEIIBHOTO
anemeHnTa. [logaBisiomee OOJNBIIMHCTBO COBPEMEHHBIX M3MEpHUTENICH AuameTpa
paboTaroT UMEHHO C TAKUMH THIaMU JaTYUKOB.

Muoroanementeie  [I13C  maTpuibl TOpeACTaBISAIOT COOOM  JTAaTUYMKH,
paboTarone Mo MPUHIHUIY CUUTHIBAHUSA MOTEHIMANAa TMPH IMOMOIIM CIBUTOBOTO
perucTpa ot 3JeMeHTa K siaeMeHTty. CymiecTByroT ogHocTpounble (I13C-nuneiiku) u
MHoroctpounble (II3C-marpunsl) gatunku. B I13C-nuHeiikax 3apsn yCcUIUMBaeTCs
BBIXOJITHBIMHM KacKaJaMu JlaT4MKa, a TMOCJIe YCUJICHUS TpPeoOpa3yeTcs B BBIXOJHOE
HampspkeHue B aHaioroBot Qopme. II3C wMarpuupsl po6aBiasior K cebe
JOTIOJTHUTENBHBIA (BEPTUKAIBHBIN) pErucTp caBura. [IpuHIMN OeHCTBUS OCTaeTCs
TeM k€. Pa3HuIla B JMHEMHBIX MU MHOTOCTPOUHBIX JaTYMKax, KpOME KOJIMYECTBa
AJIEMEHTOB, CIIBUTOBBIX PETHCTPOB M T.[. 3aKJIIOYaeTCs B 0o0Jiee BBICOKOW YacTOTe
(GYHKIIMOHUPOBAHUS TOCIEAHUX.

To4HOCTH U3MEPEHUS B TAKMX U3MEPUTEIISIX 3aBUCUT OT HAJTMYUS ONTUYECKUX
CUCTEM I CO3JaHUsl MapajUIeIbHOTO Iy4YKa M3JIyYEeHHS] W OT pa3peuiaroliei
CIIOCOOHOCTH CaMOTro JaT4YvKa. DTH JBE COCTABIISIIOIIME OKa3bIBAIOT HAMOOJBIINN
BKJIaJ] B UTOTOBBINA pe3yJIbTaT.

Jsist TOTO, 4TO OBl YMEHBIIUTH OIMIUOKY M3MEPEHHs], ObLIO MPUHATO PEIICHUS
M0 BO3MOXXHOCTH HE HCIOJIb30BaTh JIIOObIE JIMH30BBIE CHUCTEMbI, TEM CaMbIM, MBI
WCKIII0YaeM TOSIBJIEHHWE OIMMOOK, CBSI3aHHBIX ¢ Aedexktamu nuH3. Kpome storo,
CHUXKAETCSI CTOMMOCTb YCTPOWCTBA, TaK KaK WM3TOTOBJICHHE KAYE€CTBEHHBIX JIMH3 C

3aJIaHHBIMU TTapaMeTpaMu TPeOYeT CYIIECTBEHHBIX MAaTEPUAIbHBIX 3aTpar.
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Btopoii oco6eHHOCTRIO pa3pabaThiBaEMOro MpUOOpa SBISETCS TMOBBINICHUE
TOYHOCTH, YYUTHIBAS SIBJICHUE AUQPPAKIIMA CBETOBOTO HM3IYUYCHUS OT H3MEPSIEMOTO

00BEKTA.

3.1 Onucanue KOMIIOHEHTOB YCTPOIiCTBA

3.1.1 Onucanue KOHTPOJJIEpa

B kauectBe pabouero koHTpoiuiepa ObUla BbIOpaHA IUIaTa CEMEWUCTBA
Arduino. Tlox 3TOl MapKoO¥ BBITYCKAE€TCS HECKOJIBKO PA3IMYHBIX THIIOB IUIAT W
JOTIOMHUTENBHBIX TIaT pacmupeHus (shields). [Tnata mmeer HAOOp KOMIIOHEHTOB,
HEOOXOAUMBIN 711 paOOTHl BCTPOEHHOT'O B HEE MUKPOKOHTPOJUIEPA, B TOM YHUCIE —
CTaOMIIM3aTOP MUTAHUS TUIATHI, OJTATUBAIOIINE PE3UCTOPHI, PA3BHEM TOIKIIOUCHUS K
[IK u T.1.

3arpy3ka mporpaMmbl B IJIaTy  HPOUCXOAUT 0€3  MOAKIIOYEHUS
JOTIOJIHUTENIBHOTO MPOrPaMMaToOpa, TaK Kak B IUIATE >KECTKO 3aIlIUT CTaHJIapTHBIN
3arpy34uk, kotopsiid coenunsercs ¢ [1K mo USB-pa3zsemy nnn sxe UART-pa3zsemy, B
3aBUCHUMOCTH OT MOJIEJIH TIJIaThI.

Haubonee pacnpocTpaHeHHBIMM MUKPOKOHTPOJIJIEpAMH HA TIjIaTaxX SBJISIOTCS
pemenuss ¢upmbr  Atmel, cemeiictBa BocbMuOuTHBRIX AVR ¢ rapBapickoit
apxutektypoii: ATTiny85, ATmega32U4, ATmega2560, ATmegal68, ATmega328.

B nmanHoi#t pabote mccaemoBanus npopogwimchk Ha miate Arduino UNO c
MUKpOKOHTpoJuiepoM Atmega 328P-PU.

Ha nmare nmpeaycMoTpeHa KHOIKa Mepe3arpy3kd, KOTopas Iepe3ammyCcKaeT
nporpaMMy Ha MHUKpOKOHTpoiiepe. Tak »ke mpucyrctByeT paszbem |CSP  mis
BHYTPUCXEMHOIO TPOTPaMMHUPOBAHUS M AUOJbI, OTBEUAIONIME 3a WHIUKAILHUIO
nmoakiarouenus Iwratel K 11K w wmagukammro oOmena pa"daeiMu ¢ IIK 1o
nocienoBaTeabHOMY TopTy. I[luTaHue ocyliecTBisieTcss MpyW MOMOIIM afanTepa

AC/DC, Oarapen wm USB xkabems. ToxoBas 3ammura MpejcTaBieHa
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CaMOBOCCTaHABJIMBAIOIIKUMCA TpeaoXpaHuTeneM. Paboune XapakTEepUCTUKH TIATHI
npecTaBlIeHbl B Tabmuue 1.

Tabmuna 1 — Xapakrepuctuku Arduino UNO

MUKpPOKOHTPOJIIIED ATmega328

Pabouee HampspkeHue 5B

Hanpsixenue nutanus 7-12B

(pexomMeHTyeMoe)

Hanpsoxenue nutanus 6-20B

(mpenenbHOE)

[MudpoBbie BXObI/BBIXOIbI 14 (13 HUX 6 MOTYT UCIIOJIb30BAThCS B KAUECTBE
[T IM-BBIX0/10B)

AHAaJIOTOBBIE BXO/IBI 6

MaxkcuMalnbHBIN TOK OJHOTO 40 MA

BBIBOJIA

MakcuMaJIbHBIN BEIXOOHOU TOK | 50 MA
BeIBOJA 3.3V

Flash-namste 32 Kb (ATmega328) u3 kotopsix 0.5 Kb
UCITOJIB3YIOTCS 3aTrPy3YHKOM

SRAM 2 Kb (ATmega328)

EEPROM 1 Kb (ATmega328)

TakToBas yacTtora 16 MI'n1

JnuHa uw mmpuHa TmiedatHod 1iatel Uno coctaBisitor 6,9 um 5,3 cMm
cooTBeTCTBEHHO. PazpeM USB M CuIOBOM pa3beM BBIXOIAT 3a TPAHULBI JAHHBIX
pa3mepoB. YeTblpe OTBEPCTHs B IUIATE MO3BOJIAIOT 3aKPEMUTh €€ Ha ITOBEPXHOCTH.
Pacctostnue mexny nudpoBbiMU BbiBoJaMu 7 U 8 paBHsieTca 0,4 cM, XOTS MEXKIY
JIPYTUMU BbIBOAAMHU OHO coctasiseT 0,25 cm.

Arduino Uno mMoxer mmrtatbcd kak ot USB mnoaximrodeHus, Tak U OT
BHEIIIHEIO0 MCTOYHHMKA: OaTrapeiku WM OOBIYHOM AeKTpuueckol ceTu. McTouHuK
oTpesieNsieTCsl aBTOMaTu4yecku. Pexomenayemblit nuamnason: 7-12 B (xopomno). Tlpu
paboTe Ha MpeAeNbHbIX HanpskeHusx 6-20 B Bo3MOKeH neperpeB M HeycTo4MnBas
pabota  KOHTpoJjulepa, a  MpU  MNPEBBIIIEHMH  BBIXOJ U3 CTPOS.
Ha mnmare Arduino JoCTymHBI CIEAyIOIIME KOHTAKTHI I JOCTyNa K MUTaHUIO:
Vin npefocTaBisieT TOT K€ BOJbTaX, YTO MCIOJIB3YETCS ISl MUTAaHUS TUIaT(QOPMBI.

[Ipu MOJAKJIFOYCHU N yepes USB oyner paBeH 5 B.
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S5V mnpenocrasisier 5 B BHE 3aBUCMMOCTM OT BXOAHOrO HampspkeHus. Ha stom
HaIpsHKEHUH paboTaeT mporieccop. MakCUMabHBIN JTOMYyCTUMBIA TOK, TTOJTYYaeMbIN
C 3TOrO KOHTAKTa — 800 MA.
3.3V npenocrasnser 3,3 B. MakcuManbHbINA TOIMYCTUMBIA TOK, ITOJy4a€MBbIM C 3TOTO
koHTakTa — 50 MA. GND — 3emus.

[TnaTdopma OCHaIlleHa Tpemst TUTIAMH naMsITH:
flash-mamsaru (I13Y) pasmep 32 k0 u3 kotopeix 2 kO 3aHmmaer bootloader —
nporpamMma i 3arpy3ku KoHTpoJuiepa uepe3 USB kommbioTepa HpoLIMBaeTCs
npousBoautesnieM. (OcrTaBiieecss MECTO OTBEACHO MOJ 3arpy3Ky Mporpamm
VIOPABJICHHUS] KOHTPOJUIEPOM, H3MEHSETCA TOJBKO MpU MPOIIMBKE (HAYAIBHOU
3arpy3ke) NOporpaMM ©U B XoJie pabOThl KOHTPOJIJIEpa MEHATHCS HE MOXKET.
SRAM-namsate (O3VY) pasmep 2 kO, KOTOpbIE WCIOJNB3YIOTCA sl XPaHEHUs
BPEMEHHBIX JaHHBIX TMOJy4aeMbIX B TIpolecce padoTel KoHTposuiepa. [lpu
00eCTOYMBaHUU TepSeT CBOE COJZIEPKUMOE.
EEPROM-namsat 1 0 11 JOJATOBPEMEHHOTO XpaHEHWs JaHHBIX. [lo cBoemy
HA3HAYCHHUIO ATO aHAJIOT )KECTKOoro aucka st Arduino. MoxeT UCIonb30BaThCA IS
JIOJITOBPEMEHHOTO XPAHEHMSI 3HAYCHUM TMEPEMEHHBIX HE3aBUCHUMO OT HaJuyus
MUATAIOUIETO HAMPSHKEHUS.

[udposoit uaTepdeiic 14 koHTaKTOB (pins) padoTaroT ¢ HanpsiKeHueM 5 B, u
paccuntanbl Ha TOK 10 40 MA. PexuMm paGoTbl (BBOJ/BBIBOJ) OMNpeAeNseTcs AJis
KOKIOr0 KOHTAKTa B OTIEIBHOCTH MPOrPAMMHO TIPU NIPOTrpaMMHUPOBAHUE.
Hekoropslie KOHTAKThI oOnaaaroT JOTIOJTHUTEIbHBIMU POJIIMH:
Serial: 0-it m 1-ii. Mcnonp3yrores s npuéMa W mepefadd AaHHbBIX 1mo USB.
Buemnee npepsiBanue: 2-i v 3-i. DTH KOHTAaKThl MOTYT OBITh HACTPOEHBI TakK, YTO
OHM OyayT MPOBOLMPOBATH BBI30OB 33JaHHON (PYHKIMH MPU U3MEHEHUHU BXOJHOTO
CUTHaJA.

PWM: 3-i1, 5-#, 6-i, 9-i1, 10-ii u 11-ii (Ha mmaTe moMedeHbl ~). MOryT SBIATHCS
BBIXOJIAMHU C HIMPOTHO-UMMYJIbCHOM Mopayinsmued (pulse-width modulation) ¢ 256

rpaganyvsiMu.
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LED: 13-i1. K 3ToMy KOHTaKTy MOJKIIOYEH BCTPOSHHBIN B IJIATy CBETOIUO/I.
Ecnu Ha KOHTaKT BBIBOAMUTCA 5 B, CBETOAMOJ 3aXUTraeTcs; MPU HYJIE — CBETOJUO]
racHer.

AmnanoroBbiii uHTEpQEic: 6 KOHTAKTOB, KK/l U3 KOTOPBIX MPEAOCTABISET
paspemienue B 1024 rpamanuu. Pexxum paGoThl (BBOJ/BBIBOA) ONpenensieTcs s
KQXJIOr0 KOHTAKTa B OTAEIBHOCTH MPOrPAMMHO IpU HAMKUCAHUMU IMporpammel. 1o
YMOJYaHHIO 3HAYEHUE U3MEpAETCA Mex 1y 3eMii€n u S5 B. Tak ke ecTb BO3MOXKHOCTD
M3MEHEHUSI BEPXHETO Mpeena, AJid Yero Heo0X0IMMO Mojlada HanpsDKeHUST HY KHOM
BelnurHbl Ha KOHTakT AREF.

Reset anmapatHblii ¢cOpoCc BXOJHOM KOHTaKT MPU YCTAHOBKE B JIOTMUECKHM
HOJIb TNPUBOJAUT K cOpocy mpoleccopa aHAJIOTMYHO  KPaTKOBPEMEHHOMY
00€eCTOUMBAHUIO KOHTPOJLIEPA.

Arduino Uno oO0nagaeT HECKOJbKHUMH criocoO0amu OOIIEHUsT C JIPYruMu
Arduino, MUKPOKOHTpOJIJIEpaMH U OOBIYHBIMU KOMITbIOTEpaMu. C IJIATON MOXKHO
yCTaHOBUTH TociiefoBarenbHoe coenaunenne (Serial UART) vepe3 0 u 1 KOHTaKTHI.
YcranoBneHHbI Ha Tuiargopme Mukpounn ATmegal6 mo3BONSIET OCYIIECTBUTH JTO
coequuenue yepe3 USB mopT KOMIIbIOTEPA, ITPA ITOM Ha KOMITBIOTEPE CTAHOBHUTCS
JOCTYTIEH ,TaK Ha3bIBaeMblid, BHUpPTyalibHbIH COM-IOPT, KOTOPBIM HEOOXOIUMO
yKazaTh BPYYHYIO JIJIsi TIPAaBWJIBHOW PaOOThI TiaThl M mporpaMmsbl. [Iporpammuas
yacTh Arduino BKJIIOYA€T OKOHHYIO YTHUIIUTY, KOTOpas IO3BOJIIET OOMEHUBATHCS
TEKCTOBBIMU COOOIICHUSIMU o UART KaHaiy.
Bcerpoennsie B maty cBeroaunoabl RX u TX cerarcs, koraa uaET nepeaavya JaHHBIX
MEXKIY YUIIOM ATmegal 62U u USB KOMIIBIOTEPA.
OtnenpHas OMOIMOTEKA MO3BOJISIET OPraHU30BaTh MOCIEI0BATEIbHOE COSAMHEHUE C
MCIIOJIb30BaHUEM JIFOOBIX IPYTMX KOHTAKTOB, HE OrPaHUYUBASIChH MTATHHIMU O0-M U 1-
M. C MOMOIIBIO TUIAT PACIIMPEHUs, KOTOPHIE TaK K€ MPOU3BOIATCS KOMITAHUEH
Arduino  u gpyrumMu ¢GuUpMaMHu, CTAHOBUTCS BO3MOXKHA OpTaHHU3AIMs JIPYTUX
crioco00B B3auMojelcTBUsA, Takux Kak Ethernet-cets, pammoxanan wim xe Wi-Fi

coeaunHenune[26].
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Beibop mmater Arduino Uno B KadecTBe OTJIAAOYHON OOYCIIaBIMBAJICS
HAJIMYHEM OTIbITa pabOTHI C HEW, HEMOCPEICTBCHHBIM HAJTMUMUEM TUIATHI, JabHEHIICH
BO3MOXKHOCTBIO 3aMEHBI IUIaThl Ha OoJiee KOMIAKTHYIO 03 W3MEHEHHs Koja
IpOTPaMMBI, BO3MOXXHOCTBIO 3aMEHBI OTJAJIOYHOW TUIATHl HEMOCPEICTBEHHO Ha

MUKpOoKOoHTpoJuiep ATmega328, mmupokas pacipoCTPaHEHHOCTD TIaThI.

3.1.2 Onucanue I3C maTpuubl

B kadecTBe CBETOUYBCTBUTEIBHOTO »3JEMEHTA ObUT BBIOpAH MATUYUK OT
komrmannu 1C-LFL1402. Jlanubiii patunk umeeT 256 aKTHMBHBIX IIHKCEIEH M
paspemerane 400DPIl. IlluprHa oOAHOrO aKTUBHOIO TIHMKCENIS COCTaBIIeT 56
MHUKPOMETPOB, IMPUHA KOPITyca AaT4uKa paBHa 1,7 mwm, umHHa 16,6 MMm [27].

LFL1402 sBnsieTcss mpeoOpa3zoBareieM MOIIHOCTH U3JyYE€HHS] B BBIXOIHOE
HampsbkeHue. He nMeer pa3phlBOB M HCKaXEHUN MEXKITY CBETOUYBCTBUTEIbHBIMU
MUKCEISIMHU, OJarojiaps UX MOHOJIUTHOM mHTerpanuu. Kaxaplii muKcelb COCTOUT U3
dotommona, pasmepom 56.4 x 200 MKM, KOHJIEHCATOpa M CXEMbl YIPABJICHHUS.
WNHuTerpupoBaHHas JOTMKA yIPaBICHUS MO3BOJISIET clleNaTh pabOTy CO CBETOIMOAOM
OYEHb MPOCTOM: UCTIOJIB3YSI JIUIITh CUTHAJI CHHXPOHU3AIIMN ¥ CUTHAJ TAKTUPOBAHMUSI.

[Tocne Toro, kak OBLIO TOJAHO MHUTAHHE, MPOUCXOAUT BHYTPEHHHUH COpOC
BCEX IMapaMeTPOB: KOHACHCATOPHI Pa3psHKAIOTCSA U AATYUK MPUXOJUT B M3HAYATBHOE
cocrosinue. Boicokuii curnan Ha Bxoze SI u Hapacratomuii ppont va CLK 3amyckaer
LIUKJI CYUTHIBAHUS, @ BMECTE€ C HUM HOBBIM LKA HHTErpauuu (pucyHok 18). Ipu
MOMOIIM CIIENUATBHON TPOIEAYphl Bce 256 MUKcenell MOXHO cYHTaTh 3a 256

TAKTOBBIX UMITYJIBCOB.
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Pucynok 18 — CunTbeiBaHME NMUKCEJICH JaTYMKa

bonpmmmacTBO I13C Marpun HMMEOT HaumOOJBIIYI0 YYBCTBUTEIBHOCTH B
nuarnasone n3nydeHus 500-800HM. Takuwe JIMHBI BOJH COOTBETCTBYET KPACHOMY
criektpaibHoMy cBeTy[28]. [loaromy, wamie Bcero B mpuOopax, padOTarOIIUX Ha
ocHoBe II3C, wuCHONB3yIOTCS KOTEPEHTHBIE MOHOXPOMATHYECKHUE JIA3EPHBIC
U3JTy4yaTelu.

Hatunk LFL1402 umeet cBETOUYBCTBUTENIBHYIO AUArpaMMy, MTOKa3aHHYIO Ha

pucynke 19. MakcuManbHyI0 9yBCTBUTEIBHOCTh JATYUK MMEET B IHMANa30HE JJIHH

BOJIH 620 — 780 HM.
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Pucynox 19 — J/Iluarpamma cBETOUYBCTBUTEILHOCTH JaTUMKa

3.1.3 BbI0Op HCTOYHMKA U3JIYy4YEeHUsI
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Tak kak OBIIO pENIeHO OTKa3aThCS OT HWCIIOJB30BAHUS JOMOTHUTEIHHBIX
ONTUYECKUX CHUCTEM, COCTOSIINX W3 JHUH3, YTO OBl YMEHBIIUTH TOTPEITHOCTH
U3MEpEeHUs, He0OXOJUM KOTEPEHTHBIM HCTOYHUK HU3IY4YEHUS, Jy4d KOTOpPOTO HE
OyIyT SBISTBCA TOMOLEHTPUYECKUMHU, T.€. CXOJSAIIMMHUCS B OJHOW TOYKE
npoctpaHcTBa. Kpome 3TOro, HUCTOYHHMK U3Iy4YeHHs] JIOJDKEH oO0ecreyuBaTh
YyBCTBUTEJIBHOCTh JAaTUMKa, OJIM3KYI0 K MAaKCUMaJbHO BO3MOXKHOH, T.€. U3IydaTb
BOJIHBI C JITIMHAMU BOJIH, OTIMCAHHBIX B MyHKTE 3.1.2.

Cy1iecTByeT HECKOJIBKO CIIOCOO0B JOOUTHCS BBIMICTIEPEUHCICHHBIX YCIOBUM.
Bo-rmiepBbIX, COMIacCHO PUCYHKY, MAaKCUMaJIbHYI0 UYYBCTBUTEIBLHOCTHb BBIOPAHHBIM
JIAaTYHK TTOKa3bIBACT NMpU IJIUHE BOJIHBI 700HM. DTO COOTBETCTBYET KPACHOMY LIBETY

Ha IPaHUIC BUIUMOTO U HH(paKpacHOTO U3ay4deHui (pucyHok 20).

425 nm

4,700 A

470 nm

4,900 A
e
490 nMm

700 nm

Pucynok 20 — JIIMHBI CBETOBBIX BOJIH
Takum 00pa3oM, HCTOUHUKOM JIOJKEH ObITh KPacHBIN Ja3ep.
Bo-BTOpBIX, OOJBIIMHCTBO MPOU3BOJUMBIX JIA3€pOB, HMEIOT JAHAMETP
CBETOBOI'O IMATHA OKOJIO 3-5 MM U HWJIWHJPUYECKUN KOPIYyC, TUaMeTpaMu oT 5,2 10
22vMM. B cBA3u ¢ 4em, BO3HUKaeT MpoOJieMa IMOJHOTO OCBEIIECHMS JAaTYUKa MpU

IMOMOIIN JIA3CPHOI'0 NU3JIyHaTCJIA.
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B xozxe ananmsa BO3MOKHBIX pEIICHUN TaHHOW MpoOIeMbl ObUIO BBIAEIECHO 3
BO3MOKHBIX METOJIA €€ PEIICHUS.

1) Hcnonp30BaHHE HECKOJIBKUX JIA3EPHBIX JHOJOB, U3TYYAIOIIUX IO YIIIOM

K OTPaKaIOLIEMy 3€pKally;

2) CoznaHue pacIIMpsIOIIEro KOJUTMMATOPa;

3) Ilouck nazepoB ¢ OOJBIINM CBETOBBIM IISTHOM.

Hcnonp30BaHne HECKOJIBKHUX JIA3EPHBIX JUOJNOB IIO3BOJIIET PACLIMPUTH
JUana3oH 00JIaCTH, 3aCBEUMBAEMOIl HCTOUHUKOM H3IYUYEHHs, HO CUJIBHO YCIIOKHSIET
M HarpoMoO’KJIaeT KOHCTpyKuuio. Kpome »3Toro, nazepHble H3JIy4aTeNId OYECHb
TpeOOBATENbHbl K CTAOMJIBHOCTH MHUTAHMS: JIa3€pHBIA AMOJ OOUTCS CTATUUYECKOrO
3IIEKTPUYECTBA, MUKPOCEKYH/IHBIX BCILUIECKOB HAIPSKEHUS U MPEBBILLIEHUS padodero
TOKA.

Yem Ooibliie Ja3epHBIX JUOJIOB HCIONb3YETCS B YCTPOMCTBE — TEM CIIOKHEE
HOJIIEPKUBATh CTAOMIBHOCTh TOKAa HampsbkeHus U T.1. [loatomy muist ynmpaBieHus
IIATAHUEM B JIA3€PHBIX H3JIy4YaTeNsIX HCIIONb3YIOTCS aApaiiBepnl. [Ipumep camoro
npocTeiiiiero ApaBepa MOXHO YBUAETh Ha pUcyHKe 21.

R1
Ty R
accul g1 2 5 Om c1 2

— = oo Y Waser

HL1

Pucynok 21 — Cxema npocTeiiiero Jia3epHoro ApaiiBepa
MuHyC pacCMOTPEHHOM CXEMbl 3aKJIFOYAETCS B TOM, YTO MNPU CHUKCHUU
3apsa Ha UICTOYHUKE MUTAHMS 110 OyAET YMEHbIIATh MOIIIHOCTh U3ITyUYCHHUS.
[IpumepoB npaiiBepOB I JIA3€PHBIX OHOJOB MHOro B HHTEpHere. lIpu
JKEJTaHWM  MOKHO  BBIOpaTh M3 TOTOBBIX MPOEKTOB MOJ  HEOOXOAUMBIE
XapaKTePUCTUKH.

Ha pucynke 22 npencrasiieH apaiiBep Ha Mukpocxeme LM358.
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Pucynok 22 — Cxema apaiiBepa Jazepa Ha Mukpocxeme LM 358

LM358 npexacraBinsier coO0OM ONEpallMOHHBIA YCUIIUTENb C JIByMsI KaHajJaMu
ynpasiaeHus. OTIUYUTETBbHOW OCOOEHHOCTBIO JAaHHOW MHUKPOCXEMBI SIBIISIETCS
CBEpPXMAJIOE SHEPronoTpeOdIeHue U BHICOKMN KO3 (ULIMEHT ycuiieHus. Mukpocxema
MMEET BHYTPEHHIOIO YACTOTHYI KOPpPEKIHIO. IIuTaHne MOKET OCyHIECTBIATHCA OT
OJTHOTIOJIIPHOTO MCTOYHMKA MUTaHUA C OOJIbIIMM JlMana3oM HampsbkeHuit ot 3B go
30B. Manwiii Toxk mnotpebnenuss OY 10 2MA NpakTUYECKH HE 3aBUCUT OT
HanpspkeHus: nutaHus. OCHOBHasi 00J1aCTh MPUMEHEHUS ONEPAIlMOHHOTO YCUIIUTENs
LM358 — ycunurenb MOCTOSTHHOTO TOKa, MpeoOpa3oBaTeNIbHBIN YCUIIUTENh, a TaK Ke,
YCUJIUTEINb O0ILEro Ha3HAaueHUs B CXeMax C OJJHOTOJISIPHBIM HCTOYHUKOM MUTAHUS.

Coznmanne  pacHIMpSOIIETO  KOJUIMMATopa, Ha MOM  B3mman, Oojee
NEPCHEKTUBHOE PEIICHHE, YEM OMMCAaHHOE BBINIE, HO TAaK € HE JIUIIEHO CBOMX
HEJOCTAaTKOB: BKJIFOUEHHUE JOMOJHUTENIbHBIX JIMH3 SBISETCS HEM30EKHBIM MPU 3TOM
pemieHun npoosemsl. Kak oka3anoch — Ha MPAKTUKE HEOOXOAMMYIO MO MapaMerpam
JMH3Y 3a4acTyl0 HEBO3MOXXHO HalTH B CBOOOJHOM JOCTyIE, a 3aKa3blBaTh Y
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MPOU3BOAMTENICH IITYYHBINH DK3EMIULIP 3KOHOMHUYECKH Herenecoodpasno. Jlpyroe
JIEJI0, €CIIU pedb UJIET O CEPUMHOM MPOU3BOICTBE KPYIMHON MapTHH.

Tem He MeHee, CYIICCTBYIOT TOTOBBIC W3JIEIHs, IO3BOJISIIOIINE KpPAaTHO
YBEIMYMBATh CBETOBOE MATHO nasepoB [31,32]. Llena Takmx w3nmenuil JOBOJIBHO
BBICOKA OTHOCHTEIBHO CTOMMOCTH CaMOTO JIa3€PHOTO HU3Iy4yaTels, 4YTO SIBISECTCS
MHUHYCOM JIaHHOTO PEIICHHUSI.

B Xxome AONMOMHUTENBHBIX TMOUCKOB JIA3€POB C YBEIUYEHHBIM CBETOBBIM
naTHoM Opuia oOHapyxkeHa M-22B660-130-G, BHemHuit Bua — U3JIydaTens

MIPE/ICTABIICH HAa PUCYHKE 23.

Pucynok 23 — Baemauit Bung M-22B660-130-G

Jlannast monenb mpomsBoguTcs Kwutaiickoit ¢upmoit MTO-laser u umeer
JWaMeTp CBETOBOro mATHa 16,5 MM. DTOro Kak pa3 XBaraeT I IOJHOTO
MEePEKPbIBAHUSI CBETOUYBCTBUTEIIBHOW 30HBI Jartuuka. lleHa gaHHOrO wu3IydaTesns
coctasisieT nopsiaka 1000 pyOiieit 3a O1MH UCTOUHUK U3TYUYEHUS.

JlniiHa BOJIHBI BBIOpPAHHOTO W3Iy4yaTenss paBHa 650 HAHOMETPOB, €ro

YyBCTBUTEJIBHOCTh OyJI€T YyTh HUKE MaKCUMaJIbHOM: 0K0JI0 96%.
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3.2 Pa3paboTka ajaropurMa TeCTHpOBaHUSA JATYUKA

Tak kak y BBIOpPAaHHBIX JAaTYMKOB pa3Mepbl NMUKCENIEH 3aBeAOMO OOJbIIe
HEOOXOJIMMOW TOYHOCTH, OBUT paccMoTpeH BapwaHT wucnomHenms ¢ 2 [13C
JUHEWKaMM B OJHOM Kopmyce. JlaTduku JODKHBI  OBITH  CMELIEHBI  JPYT
OTHOCHUTEJIBHO JJpyra Ha MOJOBHHY NMHKcesd. COBpEMEHHbIE TEXHOJIOTHHA 00paboTKH
BIIOJTHE MOTYT oOecreunTh Takyr TodHOcTh [29, 30]. Takum oOpaszom, Oyner
yBEJIMYEHA TOYHOCTh U3MEPEHUH, a TaK K€ HaJIe)KHOCTh YCTPOMUCTBA.

Y c0BHO, €10 MOKHO pa30UTh Ha HECKOJIBKO YaCTeH:

1) MHunmanm3anusi mapaMeTpoB W OTpe/eTICHHe 3HAYCHUH 3aCBEYCHHBIX U

HE 3aCBE€UYCHHBIX MTUKCENEH, MacITaOMPOBaHNE NOJTyYEHHBIX 3HAUECHUI;

2) Peanmu3zanus anroputMa CYMTHIBAHHS TUKCEIICH;

3) Brrumcienue quaMeTpa U3MepIeMoro 00beKTa.

Jlsig Havana pacCMOTPHUM aJTOPUTM MOJyYEHHUsl 3HAYEHUH C OJHOTO JaTuuKa
LFL1402. AnropuT™ CUMTHIBaHHSI BCEX MUKCEIEH MPeICTaBICH Ha PUCYHKE 24.

[To Tabmune 2 HEOOXOAMMO BBIOPATH COOTBETCTBYIOLIUE OUTHI U 334aTh UM
HE00XO0IMMOE 3HAUYCHHE.

Tabnuna 2 — 3naueHus OUTOB MPEIISTUTENS

ADPS?2 ADPS1 ADPSO [Ipennenurens

1

2

16

32

64

0 0
0 0
0 1
0 1
1 0
1 0
1 1
1 1

| O k| O k| O | O

128
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Pucynok 24 — AnropuTM yrpaBJiIeHHs] CYUTBIBAHUEM IMUKCEJIEH
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[To cocraBneHHOMY anropuTMmy Oblia pazpaboTaHa mporpamma IJis MPOBEPKH
paboTHI JaTYUKA.

[TonxiroueHue gaTynka 1 MUKpOKOHTPOJIIEPA OCYLIECTBIISIIOCH IPU TOMOLIH
PIN-TIpOBOJIOB THNA «Iama-manay W «MaMma-Tiara» Ha MaKeTHOW Iuiare u3 Habopa
apIyHHO.

Bxompt Si u Clc matumka monkiaroueHbl K IH(POBBIM BbIXOmaM 7 u 8,
ananoroBelii Beixog AO patumka monakimoueH K AHanoroBomy Bxonay AOQ.Iluranue
+5B mnopaercss Ha nuH gatyuka VCC. g crabunu3alnuy NUTaHUS K CXEME ObLI
10° semns  moxkmodeHa k  AGND.

MOJKJIFOYECH KOHJICHCATOp Ha dapan,

[TpuHIMNIHATBHYIO CXEMY MOAKIIOUEHUSI MOKHO YBUICTh Ha PUCYHKE 25.
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Pucynok 25 — [TpuHuunuaibHas cxeMa MOAKIIOUEeHUS JaTYUKa JJIs1 TPOBEPKU
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3.3 Pa3zpaboTka koaa ynpasJsiiouieil nporpaMmmsbl

Jns pabotel ¢ LFL1402 MHOM ObUT MCIOJIB30BaH MPEAJICTUTEIb YACTOTHI.
[Ipennenurens  HeoOXoauUM i1 U3MEHEHMs  4dacTtoTel  paboter AL
Muxkpoxontposuiep ATmega328 umeer 8 OutHyro apxutektypy u 10 outnsiii AILIIL.

VYupouenyto ctpyktypy ALl MUKpoKOHTpoOsUIepa MOKHO YBUACTH Ha pUCYHKE 26.

8 Channel Successive
Analog Aproximation -
Multiplexer ADC

ADC7

ADCE

ADCS

ADC4 ADCH

ADC3 i

ADC2

ADC1

ADCO

Pucynox 26 —Ctpyxrypa ALIIT ATmega328
W3 pucyHka BHUIHO, YTO PE3yJbTaT MpeoOpa3oBaHMsl OyIET COXPaHATHCS B
nByx peructpax: ADCH u ADCL (BbicOKuil 1 HU3KUI YPOBEHb COOTBETCTBEHHO).
®opmyna [ BBIYMCIEHUS 3HadeHHsl mnpeoOpasoBanust ALl Beirmsgut

CJIEAYIOIINM 00pa3oM:

A=V%r 1023 (4)

Ecmu V,\ paBen 0 BosnbT mpeoOpazoBanHoe 3HaueHnue Oyner 0. Eciu Vg =
VRrer peoOpazoBanHoe 3HaueHue oyner 1023.
Taxk xe, npeanenuTens BIUSIET Ha pabOTy BCTPOEHHOTO B MUKPOKOHTPOJLIEP

taiimepa. opMya 3aBUCUMOCTH:

:A)v (5)

r7ie V — 9acToTa paboThl MUKPOKOHTPOJIIEPA, P — BEICTABICHHBIN MTPEIIICTUTENb.
3nauenuss OutoB ADPS U COOTBETCTBYIOIIETO 3HAYEHWE TMPEANCIUTENS

npejCTaBiIeHbl B TabuIe 2 B pasaene 3.2.
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Kosddumuent npenenuss ycranaBmmBaeTcss ¢ momolnbio OutoB ADPS B
peructpe ADCSRA (peructp ympaBieHusi cocrossHueM). IIpenmenurens HadymHAET
cyeT ¢ MoMmeHTa BkioueHus: ALl ycranoBkoit 6uta ADEN B peructpe ADCSRA.
[Mpennenurens paboraer moka 6utr ADEN = 1 u cOpomen, kornra ADEN pasen
0. Ecnu TtpebyeTcs MakcuMalibHas paspemniaromias crnocoOHocTs (10 pa3psgaoB), TO
4acTOoTa Ha BXOJI€ CXEMbl MOCJIEIOBATEIBHOTO MPUONMKEHUS JOJDKHA OBITh B
nuana3one oT 50 mo 200 kI'u. Ecnu gocraTouno paspemenue menee 10 paspsgos, To
4acToTy MOXHO ycTaHoBUTH Oosbiie 200 xI'1. HopmanbHoe ananoroBo-mudpoBoe
npeobpazoBanue mnorpedyer 13 TakToB cuuxponmzanuu ALIL. Tlepsoe, mocie
BrimoueHust ALIII, mpeoOpaszoBanue (ycranoBka ADEN B ADCSRA) motpebyer 25
TakToB cuHxpoHu3zanuu AllIl 3a cyeT HEOOXOIUMOCTH MHUITMAIU3AIMN aHATIOTOBOM
cxemsl. [Io 3aBepmieHHE TpeoOpa3oBaHUsI pE3yNbTaT IOMENIACTCS B PETHCTPHI
nanueix ALl wu ycranaBauBaercsa duar ADIF. B pexume 0aMHOYHOTO
npeoOpa3oBaHusi  OAHOBpeMEHHO  cOpackiBaetcst  Oout ADSC.  Ilporpammuo
outr ADSC MoxeT OBITh CHOBAa YCTAaHOBJICH W HOBOE TIpeoOpa3oBaHue OyaeT
WHUIMMPOBAHO TIEPBBIM HapacTaroumM @ponTtom TakToBoro curHaiza ALl B
peXHMME aBTOMATHYECKOTO Iepe3amycka HOBOE MpeoOpa3oBaHME HAUMHAETCS Cpasy
10 3aBepIICHUH MpeapIayiero, mpu 3ToMm ADSC ocTaeTcst B COCTOSSHUM JIOTHYECKOMN
«I».

Taitmep ynpasnsiercs peructpom TCNT B mukpokontposuiepe. [Ipennenurens
HactpauBaercs Outamu CS peructpa TCCR. 3HaueHus OUTOB M ONHUCAHHE

NIOJIy4EHHOM YaCTOTHI IIPEICTABIEHO B Ta0auIe 3.
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Tadbnuma 3 — 3aauenus ouros CSnl

CSn12| CSn11| CSn10 Onucanue

Hert cuaxponmzanun. TaliMep-cueT4IK
OCTAHOBJIEH.

0 0 0

clk/1 (0e3 npenaeneH)

clk/8 (c mpennenennem)

clk/256 (c npenneneHnem)

— oo 2

1
0
| clk/64 (c npennenennem)
0
1

S| o= =]

clk/1024 (c npengeneHueM)

BHenHImin TaKTOBEII IICTOYHIIK C BRIB. 11.

1 1 0 .
CHHXpOHIT3AIIA 10 MagarIeMy (poHTY.

BaeniHnil TakTOBBIII HCTOYHIIK C BBIB. Th.
1 1 | CHHXpOHIT3AII 110 HapacTarImeMy (ppoH-
TV.

-

B cpene paspaGorkm Arduino IDE Hactpolika TaiiMepa OCYIIECTBIISETCS
CJICIYIOIIEN CTPOUYKOM:
TCCR1B = (1<<CS12)|(0<<CS11)|(1<<CS10); //lycranoBka npemuenurens 1024.

I[JBI HU3YUYCHUA BIMAHUA MPCAACIINTCIIA Ha pa60Ty CUCTEMBI B KOJIC
IIporpaMmabl 6LIJ'II/I OIIMCaHbl BCC BO3MOKHBIC BAPHUAHTLI npezmenHTeneﬁ:

const unsigned char PS_2 = (1 << ADPS0);

const unsigned char PS_4 = (1 << ADPS));

const unsigned char PS_8 = (1 << ADPS1) | (1 << ADPS0);

const unsigned char PS_16 = (1 << ADPS2);

const unsigned char PS_32 = (1 << ADPS2) | (1 << ADPS0);

const unsigned char PS_64 = (1 << ADPS2) | (1 << ADPS1);

const unsigned char PS 128 = (1 << ADPS2) | (1 << ADPS]) | (1 <<
ADPS0);

Jlanee  OOBSIBISAIOTCS  HOMEpa TOPTOB  MOJKIIOYEHUS  JaTyuka K
MUKPOKOHTPOJIJIEPY, COTJIACHO PUCYHKY. CUHUTHIBAaHUE aHAJIOTOBOrO0 3HAYEHUS
YPOBHSI HAMPSDKEHUS € AaTYMKa OyAeT OCYIIECTBIISTH C TOMOIIIbIo BeiBoaa AQ:

int pixelValue_pin = AO0;
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CtpoOupyronnii curHai, paspeliamuil nepe3anyck IUKIa CUUTHIBAHUS
3HaueHui ¢ AQ OyaeT mogaBaTbCs Ha MMUAH MO HOMEPOM 7 Ha IuIaTe:

intsi_pin=17;

TakTUpyOIMI CUTHAJI, OTCYUTBHIBAIOIIMM INPOMEKYTKH TEPEKIIOUYCHUS
CBETOUYBCTBHUTEIIbHBIX MHKCENIEH OyJIeT MojaBaThCs Ha MHUH IOJ, HOMEpPOM § Ha
niare:

int clk_pin = 8§;

Pesynbrarel cunthiBanus ¢ pixelValue pin momkHBI rae TO COXpaHATCS s
nocienyromiein  oopadbotku. s 3TOrO Cco3mamuM MaccuB W3 256 DIIEMEHTOB
0e33HaKOBOTO IesouncieHHoro tuma Uuint8 t. Iludpa 8 3mece mokasbiBaeT
KOJIMYECTBO OUTOB.

Janee HE0OX0IMMO yKa3aTh cOCTOsSIHME MUHOB 7 U 8. OHU MOryT paboTaTh
KaK BXOJIa U KaK BbIXOJ[a, COOTBETCTBEHHO. Tak Kak 7 MUH — 3TO cTpoOupyrouuii,a §
IUH — TAaKTUPYIOLIUI BbIX0/a, TO HACTPOIKa PeKUMOB pabOThl Oy/lET OCYIECTBICHA
npu oMoty ¢pyHkimu PinMode, kotopast ycTaHaBIMBaET peKUM pabOTHI 331aHHOTO
NUHa KaK BXOJa WIM Kak BbIXoAa. OYHKIMS HMEET  CIEAYIOIUNA CHUHTAKCHC:
pinMode(pin, mode), rae pin - HOMep BXOA/BBIXOJA(pin), KOTOPBIA BBl XOTHUTE
yCTaHOBHTH; MOde - pexum oaHo u3 aByx 3Hadenue - INPUT wmam OUTPUT,
YCTaHaBJIMBAET HA BXOJ WM BBIXOJl COOTBETCTBEHHO.

Takum oOpazom, ompeaeneHue 7 U 8§ MNHMHA KaK BbIXOJa OMUCHIBACTCS
CJIEIYIOIIEN CTPOKOM:
pinMode(si_pin, OUTPUT);
pinMode(clk_pin, OUTPUT);

Tak kak [ NpaBUIBHOTO (PYHKUIMOHUPOBAHUS JaTyMKa HEOOXOAMMO
nos00paTh HYKHBIA MNPENJENIUTeNb, HEOOXOAUMO YAAIUTh OUTHI, OTBEYAIOIIME 32
HACTPOWKY MPEAAEITUTENS 10 YMOIYAHUIO:

ADCSRA &= ~PS_128;

[locne Toro, kak OMTBHI ycTaHOBJEHbI B 0, MOXHO 3alUChIBaThb B PETUCTP

HEOOXOMMMYI0 HaM KOMOWHAIWIO OWUTOB, KOTOpbIE ObUIM OMNpENETEHBI B CaMOM

Hayaje mporpaMmsbl. JIJist HaIero ciaydas 3To OyAeT npeaneauTens 8:
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ADCSRA |= PS_8;

J171s TOTO, 4TO OBI YETKO OTCJICKUBATH MPABHIBHOCTh Pa0OThI MOJKIIOYCHHOTO
CeHCOpa, HEOOXOAMMO MOHUTOPUTH JaHHBIE ¢ Bbixoga A(Q B peasbHOM BpPEMEHHU.
Haubonee mnpoctoil cmoco0 — 3TO MOCHIATh CHATHIE C AHAJIOrOBOTO BBIXO/A
3HAYEHUS Ha KOMITBIOTEP TPY TTOMOIIIH MapaJljIeIbHOTO TIOPTa.

Arduino IDE wumeer B cBOoeM HaOOpe BCTPOCHHBIE HMHCTPYMEHTBI IS
MOHUTOpPUHTA TOCJeaoBaTebHOr0 uHTepdeiica. 3a cBa3bp ¢ miatel [IK 1o
napajyieIbHOMy COCIMHCHHMIO OTBeuaeT Habop ¢ynkuui Serial. Kpome »storo,
OH CIIY)KUT U1 CBA3M YCTpOMCTBA ApAyMHO C JpPYyTMMH YCTPOMCTBaMH,
MOJIICPKUBAIOIIUMH TTOCJIEIOBATEeNbHBIN HHTep(delic oOMeHa JaHHBIMU, O KOTOOPOM
ObUIO pacckaszaHo B paszene 3.1.1. CnegyeT OoTMETUTh OCOOEHHOCTh UCIOJIb30BaHUS
nocjenoBareIbHOrOCOeAMHEHU Arduino: ecnm ucnonb3yercs ¢ynknus Serial, To
HEBO3MO>KHO OJJHOBPEMEHHO C 3THUM HMCHOJIB30BaTh NOpThl 0 U 1 i npyrux ueneu
[33].

HabGop xomann Serial Bkmouyaer B ceOs 9 (yHKIWMIA, MpeaHA3HAYCHHBIX IS
WHUIMAJIN3AllUY, 3aBEPILICHUSI COEUHEHUS, IPOBEPKHU €ro JOCTYIHOCTH U Mepeaadn
JAaHHBIX B PA3UYHBIX (hopMax.

Paccmotpum  pyHKITMH, KOTOpBIE HCIOIB30BAIIMCH TPHU HAMUCAHUU KOJa
noapoOHee.

Serial.begin() — mpoBOAUT MHHUIIMATU3AIUIO MTOCIICAOBATEILHOTO COCAMHCHUS.
Wmeer crenyromuii cuatakcuc: Serial.begin(speed), B ckoOkax yka3bIBaeTCs 4acTOTa
paboTtsl nopTa. [Ipu pasnoit yactore Ha [IK 1 Ha oTiagoOuYHOM TIaTe AaHHBIE OYAYT
nepenaBaThCs C HCKaxkeHWeM. [l09ToMy OYeHb Ba)XHO BBICTABUTH OJUHAKOBBIC
3HAYCHMUS.

CymecTByeT HECKOJIBKO  CTaHIAPTHBIX  3HAYCHWH  YacTOT, KOTOpHIE
U3MEpSIOTC B OuT/c wim Oomax. Apauno momanepxkuBaeT dactotel 9600, 19200,
38400, 57600,74880, 115200, 230400 u 250000 60x.

Oxkno BeIOOpa yacToThl Ha [1K moka3zaHo Ha pucyHke
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S 3333333333333 33333
isszasssssss3=z333333
Ssssssssssssageoolfon
ssssssss3333a4920060n
sssssssasssaasa¢5890060n
ssssssisssssssEmmﬁm
2333133338383 74380 bon P
115200 Ao
230400 foa
250000 fog = |
HeT koHUa cTpokM  ~ | 115200 foa

Pucynok 27 — ®opma Be160pa yacToThl 00MeHa gaHHbIMU Ha [TK
Serial.write() - oTBewaer 3a mepemadyy JaHHBIX B OMTOBO# (hopme (B dopme
OuHapHOTO KOJa). JlaHHBIE MOTYT MepenaBaThCs Kak OJMH WIIM Ka HECKOJIBKO OalTOB.
Wmeer crnenyromuii cuHTakcuc: Serial.write(a), Serial.write(a,) rtme a moxer
NPUHUMATh 3HAYEHUs OJIHOTrO OaifTa, cTpoku (cepus OailToB), MaccuBa 0aWTOB ( B
JTaHHOM CJTy4ae HeoOX0IMMO yKa3bIBaTh JJIMHY MaccuBa b).

Serial.print() — Tak ke oTBeuaeT 3a nepeaady JaHHBIX, HO YK€ B KOJUPOBKE
ASCIl. ®ynkuus Moxer paboTaTh ¢ pa3sHBIMA THUIAMH JAHHBIX: [EJbIE YHCTa
BBIBOJISITCA COOTBETCTBYIOIMMU UM cuMBoJaMu ASCII. BeniecTtBeHHbIE BEIBOIATCS €
nomoibio 18yxX ASCII cumMBOIOB, A 11e/10M U ApoOHOI yacTu. balThl nepegatoTcs
KaK CHUMBOJI C COOTBETCTBYIOIIUM HOMEpPOM. CHUMBOJIBI U CTPOKH OTCHUIAIOTCS KaK
ectb. Wmeer crnenyrommii cunaTakcuc: Serial.print(val, format), rme val -
nepeaaBaeMbie AanHbie, format — ¢opmaT nepenaBaeMbIX AaHHBIX. DopMaT JaHHBIX
npejicTaBiieH B Tabnuie 4. B kadecTBe mpuMepa pacCMOTPUM Iepelady uepe3
MOCJIETOBATEIBHBIN MOPT YKCA «78)» B pa3IM4HbIX opMaTax.

Ta6nuna 4 — @opmaThl JTaHHBIX

format O0o3HaucHUEe YTo BBIBOJIUTCS
BYTE baitToBbIi1 N

BIN bunapHbIii 1001110

OCT BocsmupunuHslii 116

DEC Hecarepuunbiii 78

HEX [llecTHanmaTUPUIHBIN 4E
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Ecim octaButh mapamerp format HesamoJHEHHBIM, TO [0 YMOJYAHHUIO
KOMITHJIITOPOM OY/IET MCIIOJIb30BAThCS ACCATUPUYHBIN (hOpMAT JaHHBIX.

Jlns  BBITIONIHEHUST OOMEHa JaHHBIMH C JaTdyMka ObUT HMHUIUMATH3UPOBaH
MOCJICIOBATEIBHBIN MTOPT Mepeaadn JaHHbIX Ha ckopoctu 11500 6ox/c:
Serial.begin(115200);

[Tocrme Bcex BBIMOJHEHHBIX OMNPEACICHUN M WHUIUATH3AINA MTePEMEHHBIX
MPUCTYIIaeM HEMOCPEICTBEHHO K peau3aluy pa3paboTaHHOTO airoputMa. Bechk
ITOPUTM OYJCT BBIMONTHATHCS B OCCKOHEUHOM ITMKJIC, KOTOPBIH 3aIyCKaeTcs
crpokoit void loop(){}. Kom ocHOBHOW mporpamMmbl JOJDKEH BBITOJHATHCS B
(GUrypHBIX CKOOKaXx.

Tak kak KOJNMYECTBO TIMKCeNed garuyuka paBHO 256 — Heo0Xoaumo
OpPTraHM30BaTh MUK, BHYTPH KOTOPOTO OYAYT MOJAaBAThCS UMITYJILCHI C BBIXOJIOB Si
clk. CormacHo pnaramuTy, HUMIyJIbC SI  HEOOXOMUMO TMOJaTh, Korjma Oyzaer
cuuThiBaThcsl 256 mumkcenb. [locne momayum uMIlysnbca, HEOOXOIUMO JOKIATHCA
Hapacratomiero gponra Clk ummynbsca s 1 MAKCENs, U TOCJe 3TOr0, YCTAaHOBHTH Si
B HU3KHH ypoBeHb. ['paduuecku B3aMMHOE pACMOJOXKeHHE (POHTOB HMITYJIHCOB

MOKa3aHO Ha pUCyHKe 28.

255 256 1 2

o e

\

Pucynoxk 28 — PacnonosxeHue (GppoHTOB yIPaBIISIONINX UMITYJIHCOB
W3 pucyHka Tak ke BUIHO, YTO JJIs CTAOMIBHOCTH CTPOOHMPYIOMIETO HMITYJIbCa
nocie ycranosyieHus Clk B Beicokuii ypoBeHb He0OX0auMo He MeHee 50 HAaHOCEKYH]I.
Takum oOpa3oM, JTUHHA UMITYJIbca Si J0DKHA OBITH OOJTbIIE YeM 1 MHUKPOCEKYH/IA.
[Ipy mpoBepke IUTETHPHOCTH HWMITYyJBCOB Ha OCIHIIIOTpade C MpenaeuTeIeM

gactoTel ADCSRA |= PS_8 amuTensHOCTh MMITYJIBCOB COCTaBMIA 4yTh OoubIe 100
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MUKPOCEKYH/, UTO YIOBIJIETBOPSET yCIOBHUIO U3 pUCYHKa 28. Pe3ynpTaThl MpOBEpKU

JUTUTEIHLHOCTU UMITYJIBCOB IIpeICTaBIeHbI Ha pucyHkax 29 u 30.

“

Fre«2)=3,906kHz  Prd?) =256 .0us
(il 2 .20V Time 100.0us &c(i..x_’n,‘s{u_‘

Pucynok 29 — INoka3anus ¢ ociuiuiorpada Jijis curaania ¢ Beixoaa ClK.

red2) =kt P X 2) =k

pgkEs 2,00V Time 100.8us 0. 000

Pucynok 30 —IToka3anus ¢ ociuiuiorpada Jijis CUraaia ¢ Bbixoa Si
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JIiist co3manust uKIia OyIeM MCTOIb30BaTh KOHCTPYKITUIO C MPEAYCIOBUEM:
for (I=0; 1< 256; i++) {}
BuyTpu Tena nukia oyaem ynpasisth nuHamu Si ClK. Tak e, HeoOXoauMo

IMPOBCPATL YCJIIOBUS IICPC3AIlyCKa IHUKIIA CUUTBIBAHWA HAIIPSIKCHUA C aHAJIOTrOBOIO

BbIXO/JAa.
if i==0){
digitalWrite(si_pin, LOW);
}

else if (i == 255) {

digitalWrite(si_pin, HIGH);
}

[Ipy TakoM anropuTMe CUMTBHIBAHUS MHUKCEJIEH HE0OXOAUMO MPOMYCTUTh
caMylo MEpBYIO CTPOUKY 3HAYEHHUMU, TaK KaK C OOJBIION BEPOSITHOCTHIO OHA OyJEeT
coJiep)KaTh He 256 3amuceit, a 6oJbIIe.

CuutbiBaHUE 3HAYEHUS WHTCHCUBHOCTH W3JIYyYCHHMS, TIEPEBEICHHOTO B
HoJydaeMoe HalpsDKeHUE MpoucxoiauT npu momomd ¢yuknuu analogRead(). Kak
yKe OBLIO CKa3aHO BbIlIe, MUKpOKOHTpoJuiep umeer 10-OmtHblid ALII wacTtory
KOTOPOT'O MOKHO U3MEHSITb.

[Tocne Toro, kKak MUKCEIh OB CYUTAH CTPOKOM
value = analogRead(pixelValue_pin);

B mepeMeHHyr0 Value 3amuchiBacTCs cuMTaHHOe 3HaueHue. M cyetumk nukia |
npubaBiseT eaAuHuUIly. [{uki1 moBTOpsieTCS 10 TE€X MOP, MOKA HE IOCTUTAETCS YCIIOBHE
1<256.

Br1Bo1 MaccuBa 3Ha4YE€HUN OCYIIECTBIIAETCS CTPOKOM
Serial.write((uint8_t*)pixels, (size_t)256);

Serial.printin();

Pesynbrat paboThl mporpaMMbl peCTaBiIeH Ha pucyHke 31.
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Pucynox 31 — BeIBo JaHHBIX Yepe3 MOCIIeA0BATEIIEHOE COSTMHCHUE

Kak Obuto omucano panee, komanma Serial.write() paGoraeT ¢ OUTOBBIMHU
naHHbIMU. TO €cTh Ha PUCYHKE MBI BHIUM 3HAYCHHUE HAINPSDKCHHS B MUJIHMBOJIBTAX,
nepeeaeHHoe B ASCII xoaupoBky.

JIns HarIsIHOCTH MOXKHO HW3MEHHTH TPOTPaMMy, HCHONB3YS (QYHKIHEO
Serial.print(). Torma 3HayeHuss OYAyT BBIBOJAUTHCS HEMOCPEIACTBEHHO B

MUJIMBOJIbTaX. Pe3ynbTaT n3MeHeHus: IporpaMMBbI ITOKa3aH Ha pUCyHKE 32.
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Pucynoxk 32 — BeiBoj TaHHBIX B UMCTIOBOM (popMmare
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[Tokazanust 900-960 cOOTBETCTBYIOT HEAKTMBHOMY COCTOSIHHIO €IMHHYHOIO
CBETOUYBCTBHUTEJIBHOI'O 3J1eMeHTa. To ecTh CBET He MajaeT Ha sneMeHT. [lokazaHus
MeHblle 40 COOTBETCTBYIOT MAKCUMAaJIbHOM MOIIHOCTH 3aperucTpUPOBAHHOIO

H3JIYYCHUA.
Ha PHUCYHKC 33 BHUAHA PCAKIUA AaTYWMKAa HA CMCIOCHHA CBCTOBOI'O IIATHA

Ja3CpHOro  M3JIYy4YCHHUSA BAOJIb JIMHHUU  PACIIOJIOKCHUSA  CBCTOYYBCTBUTCIIBHBIX

QJICMCHTOB.

L) (TR y— PRRETTY T .

Pucynok 33 — M3mMeHeHne noka3aHuil Ipy OCBELIEHNN JaTYuKa
[Tocne Toro, kak ObUI MOAKIIOUEH MEPBBIA AATYUK HEOOXOIMMO MO aHAJIOTUU
NOJAKIIYUTh K OTJAJ0YHOM IuUlaTe BTOPOM M HAlMCATh NPOrpamMmy Ui MOACYETa
KOJUIMYECTBA MUKCEJIEH, Ha KOTOpbIE MoMaja TeHb OT u3MepsemMoro oobekra. [locie
3TOr0, YMHOXXHMB KOJIMYECTBO HA pa3Mep MHUKCEIS Mbl NOJY4YUM [IUPUHY
oTOpachIBaeMoOil TEHHU.
[Ipu TOM BO3HUKaeT mMpoOieMa (PUKCHUPOBAHUSA U3MEPAEMOro OoObEKTa Ha
HEU3MEHHOM pAacCTOSIHUU OT CBETOUYBCTBHUTENbHBIX [I3C-nmHeek. Jlaxke HecMOTps
Ha TO, YTO B Ka4€CTBE MCTOYHUKA ObLI BbIOpAH JIa3epHBIN M3JIydaTelb, HE YJIal0Ch

ITOJIHOCTBIO OTKA3aThbCA OT MCIIOJIb30BaAHUS JIMH3 B p33pa6aTBIBaeMOM YCTPOP'ICTBG.
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AOCOMIOTHO ~ BCe  Jla3epHbIEe  M3IIyYyaTeldH,  KOTOPbIE  HM3Iy4aroT
Y3KOHAIPABJIEHHBI IIy4YOK CBETa HMMEIOT B CBOEW KOHCTPYKUMU KOJUIMMATOp —
CHEUAIbHOE ONTHYECKOE YCTPOMCTBO JUIsl  IOJYYEHUS NapaJlIeNbHBIX ITyYKOB
Jy4eu CBeTa.

OnTuyeckuii KOJUIMMATop BKIIOYAaET B ceOs OOBEKTHB, B (POKAJIBbHOM
IUIOCKOCTH KOTOPOTO PACHOJIOKEH UCTOUYHUK U3IIyYECHHsI MaJIoro auamerpa. Oaul u3
HanboJsiee paclpOCTPAaHEHHBIX BAPHAHTOB — OTBEPCTUE MAJIOTO JUAMETPA WU IIEb.
JIyuu, KOTOpBIE HE NapajuICIbHbI IJITABHOM ONTUYECKOW OCH, MOTJIOIIAXOTCS CTEHKAMU
KOpIyca, s HCKIIYEHUs WX JaibHedmero BiusHus. Ilociie orBepctus, nyd
MoMnajaeT Ha JUH3Y, Y KOTOpOW OyIyT NMpUCYTCTBOBaTh ab0epauuu. B qomosnHeHue k
ab0epauusM caMOW JIMH3bl CYHIECTBYET MOIPEIIHOCTh YCTAHOBKU  JIMH3bI
OTHOCHUTEJIBHO MCTOYHUKA M3IIy4YEHHUs], Kopyca u T.4. M3-3a 3TOro nocie JUH3bI JIy4
OyZAeT He CTPOTo NapajuiedbHbIM, UTO MOKAa3aHO Ha pUCYHKE 34.

[loaTomMy, J1s1 yMEHbILIEHUS BIUSHUS abOepanuil B JIMH3E KOJUIMMAToOpa U
HETOYHOCTEN YCTAaHOBKH B KOPIIYC, M3MEPSEMBIM IUIACTUKOBBIM NPYTOK CIEAYET
crabunusupoBats. Haubosee npocToit crnocod — MOCTaBUTh POJIUK, KOTOPBIA Oynaer

HarpaBJIATh U IMOAACPKUBATH IIPYTOK.

ol

Pucynox 34 — [IpuurHbI OTKJIOHEHUS JTy4Yel Ha BBIXOJE KOJTUMATOPa



JIJis MOJCYMTHIBaHUSI KOJIMYECTBA MHKCENEH, Ha KOTOpbIE Momnana TeHb, B
Hayvajie MporpaMMbl HEOOXOIMMO OTKaTUOpOBaTh NAaTUMK TaKUM oOpa3oM, 4To Obl
3HATh MaKCHUMaJIbHbIE 1 MUHUMAaJIbHBIC 3HAUEHUS C BBIX0J1a OCBEIICHHOCTH.

Jlist 3TOro0, MOAKIIOUUM K JIpaiiBepy Jlazepa peie, KoTopoe OyJeT ynpaBisiTh

noaaueit nutanus 5B Ha uznydarens. CxeMa pelie npeacTaBieHa Ha pucyHke 35.
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Pucynok 35 — IIpuHumMnuanbHas cxema pelie

60



Tenepr B Hawame mnporpaMMbl HEOOXOAUMO 3amucaTh 3HAYCHHUS C
aHayoroBoro Beixofa marunka LFL1402 Ge3 BKIIFOUEHHOTO U3JTy4aTelis, a Mmocjae — COo
BKJIFOUEHHBIM. BBIBOJI, YMpaBJSIONIMIA pelie MOAKII0YaeM KO BTOPOMY HH(PPOBOMY
BBIBOAY Mu1aThl. JKiem, moka npouaer 10 MUKIOB CYNTHIBaHUS, U 3aIIUCHIBAEM CYMMY
NOJYYHMBINUXCS 3HAYCHUH TIpu cunThiBanuu 10 nukia B nepemennyto black, monenus
IpU 3TOM TMOJIYYHMBIIYIOCS CyMMYy Ha KOJIHMYECTBO THKcenel B nuHerke. [locie
IIOJAEM BBICOKMH YPOBEHb Ha 2 IIMH U TaK K€ Mpou3BoauM 10 MUKIIOB, C 3alKChIO
3HAYCHUH MOCJICAHETrO UK, JICJICHHBIX Ha 256 B mepeMeHHyr0 White.

Tenepsr paccumTaeMm Tpenesbl B KOTOPBIX MEHSIOTCS 3HAYCHHSI aKTHBHOCTH
TUKCEITs ipy oMoty GpyHKImy map().

Jannas ¢QyHKIUMS HMeeT cienayromuii cuarakcuc: Mmap(value, fromLow,
fromHigh, toLow, toHigh), rme value sBisercs 3Ha4YeHHWEM, KOTOPOE HAJIO
IPOTNOPIIMOHAIILHO MPeodpa3oBaTh, u3 AuanazoHa (fromLow, fromHigh) B auanason
3HadeHui (toLow, toHigh).

CornacHo pucyHky (), HwkHUH auamason fromLow Oymer pasen 450, a
BepxHuit auanaszon fromHigh Oyner paBen 2400, HwkHss rpanuia toLow Oyner
paBHa 3HaueHWIO mepemeHHou black , Bepxmsst rpanwma toHigh npupaBHuBaetcs
white.Takum oOpa3om, Mbl comoctaBuin Al mpeoOpa3oBaHue ¢ KOHTPOJIBHBIMU
YPOBHSIMH aHAJIOTOBOT'O BBIXOJ1a JaTUYHKA.

[IpoBepka aMIUIMTYyABl CHUTHAJA TPU TIOTMAJaHWM W3IyYCHHs] Ha JaTYHK

nokaszaHa Ha pucyHke 36 u paBHa okosio 1,9 B.
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Fres2)=2,907k{z Prd2)=344 .0us

MEE 1,000  Time 200.0us @+2,936ms

e

Pucynox 36 — ITokazanus ocummiorpada s aHaaoroBoro Berxoga AO

Tenepp, M8 yOpoOWIEHUS BBIYMCICHUM NPEACTaBUM  HAIpsDKEHUE, B
uugpoBoi (opMe, IPU 3TOM COIJIACHO PUCYHKY 28, mpumeM 3HaueHus Oompiie 0,8
MB 3a BbIcOKMIT ypoBeHb, a 3HaueHus MeHblie 0,8 MB — 3a Huskuii. [locne 3Toro
HEOOXOJMMO NPOCYMMHPOBATh IMOJYUYHUBIIMECS 3HAYEHHUS U YMHOXHTb UX Ha 56.
PesynbraTom cranet giuHa Tenu, nagaromiei Ha [13C nuneliky B Mukpomertpax. s
ynoOCcTBa BOCHPUATHS MOXKHO TII€PEBECTH 3HAUYEHUS B MWUIMMETPBI, pa3ieiiuB
nosryuuBuIyrocs cymmy Ha 1000.

PesynpraT paboTHl TporpaMmbl MOKazaH Ha pucyHke 37. Jluctudr

IMporpaMMmel IIPCACTABJICH B IIPHIIOKCHUN b.
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PI/ICYHOK 37 — BerunuciaeHue AUaMCTpa U BBIBOA HAa KOMIIBIOTCP

[TorpemHocts W3MepeHUsi cocTaBwia | CBETOUYBCTBUTEIIBHBIN SIIEMEHT.

PaccuuTtannbiii quamerp okasanica paBeH 1782 MkM, 4yTo Ha 3 MKM MEHBIIIE YEeM

3HAYCHHUC, UBMCPCHHOC BPYUYHYIO IIPHU ITIOMOIIIHN INITAHI'CHIUPKYJIA.

3.4 IlpoekTHpoBaHMe KOPILyCa YyCTPOHCTBA

Kopnyc ycTpoiicTBa JOJIKEH OTBEUATh CIICIYIONIUM TPEOOBAHUSIM:

1) KOMITAaKTHOCTb — TO €CTh UMETh KaK MO’KHO MEHBIIINE Pa3Mephl;

2) MOJIYJIBHOCTh — COCTOSITh M3 OTICNBHBIX JeTalel, KaXIyl U3 KOTOPBIX
JIETKO U3TOTOBUTH U 3aMEHHUTH B CIIy4ae HaJIOOHOCTH;

3) mpocToTa W3rOTOBJCHHWS — KOPIYC JOJ/DKEH OBITh BBIIOJHEH U3
MaTepUalioB, KOTOPBIE JOCTYHHBI [JIi MEIKOCEpPUMHOT0 M YaCTHOTO
NpoU3BOJACTBA. Tak K€ ToJpa3yMeBaeTcsl CoO3/laHue Kopmyca 0e3
WCTIOJIb30BAHUS PEIKUX U IOPOTUX TEXHOJIOTUK;

4) ymoOCTBO COOPKH M MOHTa)Ka JIEMEHTOB.

HCXOI[?I N3 BBIIICTICPCUNCIICHHBIX YCHOBHﬁ, OBLIO peUICHO HCIIOJb30BATL B

Ka4eCTBE OCHOBHOTO MaTepHralia KOpIyca JIMCTOBYIO CTallb, TOJIIUHON 1MM. JlaHHBIN

BBI60p 00OCHOBBIBAJICS TCM, 4YTO JIMCTOBBIC MATCpHAJIbl IIHUPOKO PACIIPOCTPAHCHBI.
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Brei6op B momnp3y cramu mepes allOMHMHHEM OOOCHOBBIBAETCSl OOJbIIEH LEHOW U
MEHBIIMMHU TPOYHOCTHBIMH XapPaKTEPUCTUKAMH MTOCIIETHETO.

Pa3mepsl kopmyca penieHo ObUIO cAeNaTh Mo radapuTaM OTIIAJOYHOM TUIaThI
Arduino UNO, no6aBuB HEOOJIBINIONM 3armac st y100CTBa MOHTaXKa TUIATHI, TIPOBOJIOB
COEIMHEHUS U TATYUKOB.

MoaynbHOCTh pa3pabaThiBAEMOro Kopiyca HeoOXoJuMa, BO-TIEPBBIX, JIA
yI0OCTBa MOHTa)Xa BHYTPHUKOPILYCHBIX 3JIEMEHTOB, BO-BTOPBIX, JJI1 3aMEHBI
OTJIEJIbHBIX YacTel KopIryca Ipu HEOOXOJUMOCTH.

[Ipou3BOACTBO 3JEMEHTOB Kopiyca OyAeT OCYIIECTBISATHCS W3 JIMCTa
MeTalljla, MyTeM JIa3epHOM pEe3KHM MO pa3pabOTaHHOM JAOKyMeHTauuu. Yeprexu
W3JEIUN NIPEICTaBICHbI B IPUIIOKEHUIX B-JI.

JlazepHasi pe3ka B KadecTBe croco0a NpPOU3BOJACTBA JETale Kopmyca
BbIOpaHa u3-3a BBICOKOM TOYHOCTU (AECSAThble JOJM MM) U BBICOKOW CKOpPOCTHU
obpaboTku. K murocam nazepHoOi pe3ku Tak ke CleIyeT OTHECTU TO, YTO B JaHHOM
cily4yae, MPaKTUYEeCKH OTCYTCTBYET HEOOXOJUMOCTh MOCTOOPaOOTKH aOpa3uBHBIMU
CPEICTBAMH.

CoenuHeHne YacTe KOpIyca MPOU3BOJUTCS C IMOMOIINBIO BHUHTOB U TaEK.
OCHOBHOI MaMeTp HUCIOIb30BAHHBIX KPEIEKHBIX U3/IE€IUN COCTABIISIET 3MM, KPOME
3TOr0, UCMHOJB3YIOTCS 4 BUHTA, AMAMETPOM 4MM JUIsl KPEIUIEHUS THE3/a IS [ITaTUBA
1 4 BUHTa IMaMETPOM 2 MM JUJIsl KperuleHus aaruuka. bonee noapoOHast uHpopManus
IpUBE/IcHAa B CIEHM(PUKAIIUN U3AETUs B IPUIIO)KEHUU M.

Bremrnuii Bua Kopiyca ycTpoicTBa puBeieH Ha pucyHkax 38-39.
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Pucynok 38 — BHemHui BUJT KOpITyca yCTpOKWCTBa

Pucynok 39 — BHyTpeHHee KpersieHue MIaThl B KOPIyce

Kopnyc coctouT u3 3 OCHOBHBIX YacTe€il: OCHOBAHHUS, KpBILIKK U
LHEHTPAJIBHOM TUIACTUHBI. B 3aHEl 4acTh OCHOBAaHMS PACIOJIOAKEHBI OTBEPCTUS IS
pazbemoB nutanus U USB otTnamounoii mnatel. Tam ke pacrojiaraercs OTBEpCTHE
TS TIOJIKJTIOUEHUS Jla3epa K 1iaTe.

Kpennenne nazepa ocyecTBIs€TCS MPU MOMOIIM IJIACTHH C OTBEPCTUSMH
noJ Kopmyc Jazepa. HukHSS TUlacTUHA KpEIUIEHWS Ja3epa HMEET AuaMerp,
MEHBIINM, YeM IHaMETp KOpIlyca Jia3epa U CIYKUT ynopom s Hero. Kpennenue

65



HIDKHEW TUIACTUHBI OCYIIECTBIISIETCS K KpbIlIKe mpu rnomoid 4 BuHToB M3. Manas
IUTACTHHA KPEIUIEHUS J1a3epa COEAUHSETCS ¢ HI)KHEH IUIAaCTUHOM TakuM ke 00pa3oM.
[Tocne yero, moMy4YHUBIIAsCS KOHCTPYKIUS COSAUHSACTCS ¢ KPBIIIKOM.

Pa3mepsl kopryca B cOOpaHHOM cOCTOSIHMM cocTaBmi 81.28%70.15x104.77

MM.

3.5 MeTtoa yBesiu4eHHS] TOYHOCTH

SBnenue audpakuuu OYEHb YaCTO MPUMEHSETCS B TEXHUKE IS Pa3THYHBIX
uenei. Hanpumep, cymecTByloT AUGPAKIUMOHHBIE METOAbI, MO3BOJSIONINE
ONpEENATh COCTAaB PA3JIMYHBIX CIUIABOB, HMX CBOWCTB. Judpakmus Tak xe
MIPUMEHSETCS JUTSI ONIPEACIICHNUS TEOMETPUYECKIX PAa3MEPOB Tell.

SIBnenue nudpaknuu ObUIO ONUCAHO B MyHKTe 2.2. JaHHOW paboTHI.
Pa3zpabareiBaeMoe yCTpONCTBO HMCMOJIB3YET TEHEBOM METOJ B MapajuICIbHOM ITy4Ke
u3nmydeHus.  JlmameTp  BBICUMTHIBAETCS  KaK  MPOU3BEACHHE  KOJIMYECTBA
CBETOUYBCTBUTEIIbHBIX IHKCEJICH, Ha KOTOpble TMaJaeT TEHb OT JIa3epHOIo
W3IydaTesis, Ha WIMPUHY TWKceNns. J[aHHBIH anropuTM HE YYUTBHIBACT BIWSHUC

nudpakivy Ha pe3ysbTar usmeperus. CxemMaTuyHo, 9TO TOKa3aHo Ha pucyHkax 40 u

41.
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Pucynok 40— CxemaTnuHoe n300pakeHUE BIUSAHUSA TUDUPAKITIH
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Pucynox 41— JIludpaximonHas kapTuHa
N3 pucyHka BHAHO, 4TO MOCJIE NAJEHUA Jy4dyeld Ha Kpal H3MEpsSeMOro
00BEKTa UX XOJ MEHSETCS, TEM CaMbIM, MEHssI JyInHY TeHH Ha [13C-nuneiike.
MareMaTtuyeckue BbIPaXKEHHs, KOTOPbIE OMHUCHIBAIOT AUMPPAKIUIO BOJH Ha
HUJIMHAPUYECKON 00BEKTE, B CTPOrOM BHUJIE MPEJCTABISIOT COO0M OYEHb TPOMO3IKUE
BeIpakeHus. K npumepy, /uis uHAUKATpHUChl (BOOOpakaeMol MOBEPXHOCTH, KOTOpast

COCTOMT W3 MHOYKECTBA TOYEK, MMEIOUIMX PaaUyC-BEKTOp, HAIIPABICHHBIA IIO
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HanpaBlIEHUIO KoseOaHuil cBeTa. Pannyc-BeKTOp UYHMCIECHHO paBeH IOKa3aTelto
MPEJIOMIICHUS JIJIsl COOTBETCTBYIOIIUX JIyUeld U MPOBEAEH K HUM U3 T€OMETPUUECKOTO
IICHTpa (GUrypbl) BRIPAKEHHSI OYyT KMETh BUJI:

0

F(o) = |T(o)]

T(p) = 2 b,cosl.
=53

5 mJ (mp)J,(p)—J,(mp)Jy(p)
| = .

mJ}(mp)H;z)(p)— J,(mp)H(,z)'(p)

(6)

Ha pucynke 38 moka3aHo, 4TO Ja3€pHOE M3JIYYCHUE YACTUYHO MOMNAIAECT Ha
00JaCTh TEOMETPUUYECKOW TEHU OT u3MepsieMoro ooObekTa. B manHO#l o6nactu
dbopmupyetcst AudpakimoHHas KapTHUHA, COCTOSIIAsI U3 MAKCUMYMOB U MUHUMYMOB
OCBENIICHHOCTU. Paznuume MeXJy NHUKOBBIMU 3HAYEHUSMU AUGPAKIIMOHHBIX
DKCTPEMYMOB IIOCTEIIEHHO YMEHBIIAKOTCS, IIPU YBEJIUUYECHUN PACCTOSHUS OT I'PaHUII
r€OMETPUYECKON TEHU. B UTOre 0CBENIEHHOCTh CTAHOBUTCS OJIMHAKOBOM U JOCTUTAET
3HAYEHHS] HAYaJIbHOW UHTEHCUBHOCTU MCTOYHHUKA U3JITYUECHUS.

Tak kak 0TpU MNPOSKTUPOBAHUU YCTPONCTBA OBbUI BBIOPAH HCTOYHUK
U3JIy4YCHHUs, KOTOPBI HCIyCKaeT MapajUlejbHbIe Jy4Hd, TO PACCTOSHHUE OT I-TOTO
MakcUMyMa TU(PPaKIMOHHON KapTUHBI 10 Touku Ha [13C, onpeaenstonieii peaqbHyIo

FeOMETPUYECKYIO TEHb MOET OBITh HalJIeHO TI0 (hopMyJie:
oo [AUL=F) fyei B
A, = \"u T (41 -+ 3).
(7)

rae | — MOPSIKOBBI HOMEp paccMaTpuBaeMoro Iu(pakIMOHHOIO Makcumyma, L —

'

paccrostaue ot II3C-nuueliku 1o jasepa, Y — pacCcTOsSHUE OT Jia3epa 10 I'PaHUIIBI
U3MEpPSIEeMOro 00beKTa.
PaccrosiHne OT Hayana TEeOMETPHUYECKOW TEHH, JO I-TOr0 MUHHMYyMa

paccuuThiBaeTcs 1o Ghopmyiie:
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AR E=y) oy T
X;= \,"T (4/ T 3)

(8)

3Has pacCTOSIHUE OT F€OMETPUUYECKOM TEHH JO MAaKCMMYMOB U MUHHUMYMOB
TUGPAKIIMOHHON KapTUHBI MOXKHO BBIYHCIUTh HMCTUHHOE 3HAYEHHUE IMOJIOKECHUS
Hayana reoMerpuuecko Tenn Ha [I13C npuemnuke. [ns 3Toro HeoOXoAMMO
paccuuTaTh JUIMHY OTpe3Ka MEXAY ABYMs MEPBBIMH TOYKAMHU MaKCUMyMOB (WJIH
MUHUMYMOB). CpaBHUB (hopmyisl (6) 1 (7) MOKHO cliefiaTh BBIBOJI, YTO PACCTOSIHUE
MEXIy MakCUMyMaMH (MUHUMyMaMH) 3aBUCAT OT pACCTOSHUS OT MCTOYHHUKA
manyuenuss 10 [13C mpuemnmka (I) m paccTosHuS OT UCTOYHHMKA W3IYyUYCHHS [0

I'PaHMIIBI U3MepsIeMoro o0bekTa (Y), Tak Kak y 00eux (popMyI MPUCYTCTBYET OOIIHIA

muoxuTensY ALL = ¥)/2V  OrHomeHus paccTOSHIIT MEXKLY SKCTPEMyMaMH OTCAIOTCS
HCH3MCHHBIMH, ITO3TOMY HX MOXKHO 3aMCHHTH Koddduimentamu Ky u Ky xotopsie
MOJKHO HaWTH W3 OTHOMIEHHS oTpe3koB XiMg u MgM; (koaddurment Ky) u orpeskos
Ximo 1 MeM; (ko3 duruent Ky,) [34].

Boruucisst koahGUIMEeHThI, TOTyYruM CIAEAYIOIMNE 3HAUCHUS:

km=2.154; ky, = 1.093;
MIOCJIE ATOT0, HAXOJAUM BBIPAXKEHUS ISl OMIPEICIICHUS TPAHUI] T€OMETPUUECKON TEHU:
Xi= 1.093(My— M) + Mg = 2.154(my—my) + mg . 9)
rae X¢ — MoJokeHue rpaHunbl TeHu, Mo u M; —nudpakuroHHbIE MakKCHUMYyMBI
HYJIEBOT'O M TIEPBOTO TMOPSIAKA, My U My - AUPPAKIIMOHHBIE MUHUMYMBI HYJIEBOTO U
MIEPBOTO MOPAIKA.

J1J1st BTOpO# rpaHuIlbl TEHU BBIPAKEHHUE OyIET MOXO0KUM:

Xo = Mp— 1093(M1— Mo) = Mg— 2.154(m1— mo). (10)

K coxanenuto, 11si IpOBEPKH Pe3yIbTATOB TEOPETUUECKHUX BBIKIIAOK JAHHOTO
MyHKTa Ha npakTtuke yHeooxoaumsel [13C naTumku ¢ 0osee MaleHbKUMHU pa3MepaMu
CBETOYYBCTBUTEIIBHBIX JICMEHTOB, TaK KaK TOJHKO B ATOM CiIydae OyJeT OTUCTIIMBO
BUJIHA nudpakimonHas kaptuHa. Takum oOpa3om, poBeputTh Gopmyibl (10) u (9)

IIOKa HC IIPCACTABIIACTCA BO3MOKHBIM.
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3.6 Pe3yJbTaThl Hccie10BaAHUSA

B Xxozme BbINONHEHUS MarucTepckod padoThl ObUIM MPOAHATU3UPOBAHBI
CYILLECTBYIOLIME METObl U CPEICTBA U3MEPEHUS LMUIUHAPUYECKHX O0OBEKTOB. BbLIO
OTMEYECHO, YTO Ha JAaHHBIA MOMEHT OTCYTCTBYIOT YCTPOWCTBA, IPEJHA3HAUYEHHBIE IS
KOHTpOJISL AMaMeTpa nojJuMepHbIX HUTe ans 31 npuntepoB. Hanbonee Onuskumu
[0 BBIMOJHSIEMbIM (YHKIHUAM M TapaMeTpam, SIBISIIOTCS yCTPOMCTBa KOHTPOJIS
UaMETPOB KabeleH, BrlllycKkaeMble POCCUIICKMMU M HHOCTPAHHBIMU (ppMaMu.

HekoTtopsle ycTpoiicTBa KOHTPOJIS IuaMeTpa Kabeneil BO3MOKHO IPUMEHSTh
Ul W3MEpPEHHs] JAuaMeTpa IOJUMEPHBIX HUTEHW, HO 3a4aCTyl0 OHHM HMEIOT
JIOTIOJIHUTENbHBIE (PYHKIMH, TpeOyeMble IJii KOHTPOJI SKCLEHTPUYHOCTH Kalels,
IIPOBEPKH M30JSILMM U T.A. Bce ATO CHUIBHO MOBBIMIAET CTOMMOCTH KaK CaMmoro
yCTPOMCTBA, TaK U CTOUMOCTh IJIACTUKOBOM MPOBOJIOKHU. KpoMme 3Toro, 601bIIMHCTBO
U3MEepHUTeNieH 1MaMeTpoB Kabeel pacCUMTaHbl Ha paboTy ¢ OOJILIIMMU IUaMETPaMU,
YeM 3TOro TpedyeTcs JUisl MPOU3BOJICTBA MJIACTUKOBOM HUTH AJis 3 [ MPUHTEPOB.

Hcxons w3 mosiydeHHOM uHpopMmanuu Obul  pa3paboTaH  aJlfOPUTM
HaXOXXJEHUsl JuaMerpa ¢ wucnoiap3oBanveMm juHeitHo [I3C. Anroputm Obll
IPOBEpPEH Ha MpaKTUKE, IMOCiIe 4Yero ObUl CHPOEKTUPOBAaH KOpmyc ajisi mpuodopa
KOHTPOJISI JUaMeTpa NOJUMEPHbIX HUTe. OCOOEHHOCTSAMM CIPOEKTHUPOBAHHOIO
KOpIyca SBISIIOTCA €ro Mallble pa3Mepbl, MOAYJIbHOCTh M YAOOCTBO MOHTaXa
BHYTPEHHUX JJIEMEHTOB.

Haunbonee mnepcrneKTHUBHBIM HANpaBICHUEM pa3BUTUSL CPEACTB U3MEPEHUS
IaMeTpa SBISIETCS KCIOJIb30BaHWE MHOTORJIEMEHTHBIX MPUOOPOB C 3aps0BOM
CBA3bI0, KOTOPBIE pEarupyrOT Ha MHTCHCUBHOCTb M3JIydeHUsA. B COBOKymHOCTH C
METOJOM, PACCMOTPEHHBIM B IYHKTE 3.5, CyIIECTBYET BO3MOKHOCTb YBEIWYCHMS

TOYHOCTH U3MCPCHUA JUAMCTpa A0 CANHHUIL MUKPOMCETPA.
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4 TexHMKO — IKOHOMHYECKOe 000CHOBaHHMe PadoThI

IIpy mnpoBeneHuM JHOOOTO HAy4YHOrO HAY4YHOTO HCCIAEAOBaHUS OO0JbIIOE
BHHUMAaHHE CJIEIYET yACNIATh pecypcodPPeKTUBHOCTU TaHHON paboThl. BOIBITMHCTBO
pPECYpPCOB, KOTOPBIE UCIIOJIB3YIOTCS IPH UCCIEAOBAHUAX M Pa3padOTKax OTHOCATCS K
ucuepnaeMbiM. [loaTOMy mepen wucciienoBaTesieM B HACTOSIIEE BPEMS CTaBUTCS
3a/laya HE TOJIbKO HAWTU ONPEACICHHOE TEXHUYECKOE PEUIEHUE MPEIJI0KEHHOM
npoOyieMbl, HO M cJelaTb 3TO MAaKCUMaJbHO 3(PQPEKTUBHO C TOYKH 3PEHUS
MCIIOJIb30BaHUsl UMEIOLINXCS PECYPCOB.

Lenpro naHHON pabOTHI ABISAETCA NPOEKTUPOBAHUE U pa3pabOTKa yCTPOMUCTBA
KOHTPOJISL JAMAMeTpa NOJMMEPHBIX HUTEH. [l peanuzanuu MOCTaBICHHOW UEIH
HE0O0XOMMO BEPHO OLIEHUTH 3aTpaThl HA pa3pabOTKy JaHHOTO YCTPOMCTBA.

B nmanHOM pasnene MNpPOM3BOAUTCA pacueT HSKOHOMHYECKON OLEHKH
IIPOCKTUPOBAHMUS W CO3JaHMSI MakeTa YCTPOMCTBA, a TakKXe 3aTparbl Ha
KOMIUIEKTYIOIME 3JeMEHThl. [[nsg AocTHKeHHs] 3TOW IeNid HEOOXOAMMO pEIIMTh
HECKOJIbKO 3a]1ay:

- OIICHKA TPYI0E€MKOCTH BBITIOJIHEHUS paOOThI,

- pa3paboTKa KaJeHAAPHOTO IJIaHa padoThl;

- pacyeT MaTepuajbHbIX 3aTparT;

- pacyeT 3apab0THOM IJIAThI UCTIOTHUTENICH MPOCKTA;

- pacyeT 3aTpar Ha 3IEKTPOIHEPTHIO;

- pacyeT aMOPTU3aLMOHHBIX PACXOOB;

- pacyeT HaKJIaJHbIX PACXOJIOB,;

- pacueT ce0ecTOMMOCTH Pa3pabOTKH MAaTEMAaTHUYECKON MOEIH;

- OTIpEJICJIEHUE 3aTPaT Ha peaan3anuio (pU3nIecKoil MOJeNu;

- OLIEHKA SKOHOMUYECKOM 3((HEKTUBHOCTH pa3pabOTaHHOW MOEIIH.
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4.1 Opranuzanus 4 IVIAHMPOBaHUe padoT

HpI/I OopraHu3ainuu Mmpoureccca pcajin3dalilii KOHKPETHOI'O IIPOCKTA HCO6XOI[I/IMO

pallMOHAJIBHO IINIAHHUPOBATHL 3aHATOCTb KaXXJA0T0 H3 C€Tr0 YYAaCTHHKOB MW CPOKH

IMPOBCACHUA OTACIbHBIX pa60T.

B naHHOM NyHKTE COCTaBIIETCS TOJIHBIM IEpPEeUeHb MPOBOAUMBIX pPadoT,
ONPENENSIOTCA UX UCIIOJHUTENIN U PAllMOHAIIbHAS TPOJIOJKATEIbHOCT. Harmsmueim
pe3yJIbTaTOM IIJIAaHUPOBAHUS padOT SBISIETCS CETEBOM, IMO0 JMHEHHBIA Tpaduk
peanu3anuy MpoekTa. Tak Kak YUCIO HCIOJHUTENIEH PEIKO IMPEBBIIAET ABYX B
OOJBIIMHCTBE CIY4YaeB MPEANOYTUTEIbHBIM SIBISETCS JUHEHHBIA rpaduk. [ns ero

IOCTPOCHHUA XPOHOJOTHYCCKH YIIOPAAOUYCHHBIC BBINICYKA3dHHBIC AAHHBIC ITOJIKHBbI

OBITH CBCIACHBI B Ta6J'II/II_[y THIIA HpHBeﬂeHHOﬁ HMXKCE

Ta6J'II/I]_Ia 5- HepequL pa60T U IIPOOJOJDKUTCIbHOCTD UX BBIIIOJHCHUA

Otanbl paboThI HUcnonaurenu 3arpysia .
UCIIOJIHUTEIIEH
[TocTanoBka rpoOaeMbI HP HP —100%
HP —100%
Cocrasnenue u yrepxaeHue T3 HP, 1 - 30%
[logObop u wu3yyeHUE MaTepuaioB HP. U HP — 0%
110 TEMATHKE ’ N —100%
HP — 30%
Pa3paboTka KajleHJapHOro MjiaHa HP, 1 11 — 100%
HP — 10%
OO6cyxneHue TuTepaTypbl HP, 1 1 — 100%
Bri6op CTPYKTYpHOM CXEMBI HP. 1 HP — 50%
yCTpOICTBa ’ N —100%
BbiOop NpUHLMNHATBHON  CXEMBI HP. 1 HP — 40%
yCTpPOMCTBA ’ N —100%
Pac:leT MPUHIUITHATBHON ~ CXEMBI 1 1 — 100%
YCTpOICTBA
O(bopMneHHve pacyeTHO- 1 1 — 100%
MOSICHUTEJIbHOM 3aITMCKHU
Odopmienue rpaduyueckoro 1 11— 100%
MaTepuaiia
HP — 60%
[TonBenenune ntoros HP, 1 1 — 100%
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4.1.1 IIpoa0IKUTEIBHOCTH ITANOB PaboT

CymiectByeT 2 MeTOJ1a pacyeTa MpoI0HKUTEILHOCTH 3TAaloB padoT:

1) TEeXHHUKO-3KOHOMHUYECKHIA,

2) OIBITHO-CTAaTUCTHYECKUI.

IlepBbIii MeTOA TPUMEHSETCS KOTJa CYIIECTBYET CHJIBHO pa3BUTas
HOpMaTHBHasi 0a3bl TPYJOEMKOCTH IUIAHUPYEMBIX pPaboOT, 4YTO B CBOIO OYepeib
OOyCJIOBJIECHO WX BBICOKOW TOBTOPSIEMOCTHIO B HEW3MEHHOW, MOXKHO CKa3aTh,
CTaHJapTHOM oOcTaHOBKE. Tak KaK y UCIOJHUTENS paOOThl YaCTO COOTBETCTBYIOIIHE
HOPMATUBHBIC aKThl, TO HCIOJB3YETCS OMBITHO-CTATUCTUYECKUN METOJl, KOTOPBII
peanusyercs AByMsl CIIoco0amu:

1) aHaJOrOBBIif;

2) DKCIIEPTHBIM.

ITepBbIii TTpUBJIEKACT BHEIIHEH MPOCTOTOM M C OKOJIOHYJICBBIMU 3aTpaTaMH,
HO BO3MOXEH TOJBKO IPHU HAIMYMU B 1ojie 3peHus ucnoguutenss HIUP ne
yCTapeBILIETO aHaJlora, T.€. MPOEKTa B LIEJIOM WM XOTs Obl ero parmMeHTa, KOTOphIi
10 BCEM 3HAYMMBIM MapameTpaMm uacHTHYeH BbimosHsemoir HUP. B GonbiumHCcTBE
CIIy4acB OH MOXET MPHUMEHSITHCS TOJBKO JIOKAJIBHO — JJIsi OTACJIBHBIX SJIEMEHTOB
(9TamoB paboThI).

Btopoii croco6 mpeamnosiaraeT reHepanydio He0OXOIUMBIX KOJIMYSCTBEHHBIX
OIICHOK CTEIUAJIUCTaMH KOHKPETHON MPeIMETHOW 00JIaCTH, ONMMUPAOIUMUCS HA UX
1poheCCHOHANIBHBIN OTBIT U APy aAuluio. s onpeneieHns: BEpOSTHBIX (0KHIaeMBbIX )
3HAQYEHUN MPOJOHKUTEILHOCTH paboTr 1, MpUMEHSAEeTCS 10 YCMOTPEHUIO
UCIIOJTHUTENSL OHA U3 JBYX (GOPMYIL.
to:»c: 3‘tmin+2’tmax

5 (11)

T€ tmin — MUHUMAJIBHAS TTPOJIOJIKUTEILHOCTD PA0OTHI, JH.;

tmax — MakcUMasbHas MPOJAOJDKUTEIIBHOCTh paOOThI, JIH.;
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J1is BBIMOTHEHUS TIEPEUYUCIICHHBIX B Tabiuie 6 paboT HeoOXOAUM Hay4YHbBIN
PYKOBOAMTEINb MPOEKTA U UCTIOTHUTEb.

Jiss  moctpoeHuss  JAMHEWHOro  rpaduka  HEOoOXOAMMO  PacCUMTATh
JUIUTEILHOCT ATANOB B pabOYMX JTHSX, a 3aT€M MEPEBECTU €€ B KaJeHAApHBIC THHU.
Pacder mpoIOMKUTENBHOCTH BBIMOJIHEHUS KaXI0ro dTana B pabdounx auax (TPJ)

BeJIeTCs 10 popMyIie:

tos

Tep =2 -Kj (12)

Kpy

r71€ tox — MPOJIOJDKUTEILHOCTH pabOThI, JH.;
Kex — KO3(pGUIMEHT BBINOTHEHUS PaOOT, YYWUTHIBAIOMIUNA BIIUSHHUE
BHEIIHUX  (aKTOPOB  HA  COONIOIEHWE  TPEABAPUTENBHO  OMPEIEICHHBIX
JUTUTEIIbHOCTEH, B YaCTHOCTH, BO3MOXHO KBH = 1;

Ky — KOo3(p@QuIMEHT, yduuThIBAIOUIMM JONOJIHUTEIBHOE BpeMsl Ha
KOMITICHCAIIMIO HETPEBUJICHHBIX 3aJiepkek U cornacoBanue padot (KJ = 1-1,2; B
ATUX TPAHHIAX KOHKPETHOE 3HaUYECHNE IPUHUMAET CaM HCTIOJTHUTEND ).

Pacuer npomomKUTENsHOCTH dTana B KaJ€HIAPHBIX JHSX BEJETCS COTJIAcHO
BbIpaxkeHuto (13):

Tygg = Top - Tg
(13)

rae Txy — IpOfOKUTENBHOCTD BBIIIOJHEHUS dTala B KaJICHIApHBIX JHSAX;

Tx — ko3hdUIMEHT KaJeHJAPHOCTH, TO3BOJISIONIMN  TMEeperHTH  OT
JUTUTEIbHOCTH PaboT B pabouux AHSAX K WX aHajoraM B KaJeHAAPHBIX IHSIX, H
paccuMThIBaeMbIi IO PopMyiie

TI'L-UI

TK =
Tykan — Tag — Tog
(14)
rae Tian — kanengapuasie qau (TKAJL = 365);
Tgy — Beixoansie 1uu (T = 52);

Ty — npasmamassie gau (T = 10).
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Ty = —— = 1,205 (15)

 365-52-10

B Tabnume 6 moka3zaHbl TPOAODKUTEIBHOCTH JTalmoB padOT W UX
TPYAOEMKOCTH TIO HCIIOJHUTENSIM, 3aHSATHIM Ha KaxaoM dTame. B cronbuax (3—5)
peaM30BaH 3KCIEPTHBIN criocod mo dopmyiie (26), Tpu UCOIb30BaHUM (HOPMYIIBI
(27) He0OX0OMMO BCTaBUTH B TAOJIUILY HOMOJHUTEIBHBIA CTOIOCL IS torop. CTOTOIIBI
6 1 7 coaepikar BEIMYUHBI TPYIOEMKOCTH dTana il KaKJI0TO U3 JBYX YYaCTHHUKOB
npoekTa (HaydHbId PYKOBOAMUTENs U MHXKEHEp) ¢ yueroMm kodddummenta KJ[ = 1,2.
Kaxxtoe U3 HUX B OTAEIBHOCTH HE MOKET MPEBBINIATH COOTBETCTBYIOLIEE 3HAUECHUE
toxw KI. Cronbmer 8 m 9 comepxkaT Te€ K€ TPYJAOEMKOCTH, BBIPAKCHHBIC B
KAJICHJAPHBIX AHSAX MYTEM JTONOJHUTEIbHOro yMHOkeHusa Ha TK (3mech oHO paBHO
1,212). Utor no cronbuy 5 naer oOUIyt0 0XKHAAEMYIO IPOAOIHKUTEILHOCTD PAa0OThI
HaJ MPOEKTOM B pabOuMX JHAX, UTOTU IO cTtosnduam 8 u 9 — obiue Tpy10eMKOCTH
JUISL KOKJIOTO W3 YYaCTHUKOB NpOeKTa. J[Be MOCIeqHUX BEIMYMHBI Jajee OyayT
WCIIOJIb30BAHbI JJI ONpPECNICHHs 3aTpaT Ha OIUIaTy TpyJa YYaCTHUKOB U IMPOYHE
3aTparbl. BenuuuHbl TpyaoeMKkocTd HTanoB 1o wucnoiaHutensMm TKJ[ (maHHbIe
CTONOIOB & W 9 KpoMe HUTOroB) NO3BOJISIIOT NOCTPOUTH JIMHEWHBIM Trpaduk

OCYIIIECTBJICHUS ITPOCKTA, ITOKa3aH B Tabymiie 6.
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Tabmuia 6 — Tpymo3aTpaTsl Ha BEITIOJIHEHUE MTPOEKTA

Oran

Ucnomuur
el

[TponoIKUTENBHOCTh

pabort, 1HU

TpynoeMKocTh paboT MO UCTIOTHUTENSAM

yeJl.- IH.

TPI[

TK,Z[

tmin tmax

Lo

HP

HP

1

3 4

5

6

8

ITocTtanoska
3a7a4u

HP

4,8

58

0,0

8,5

0,0

Pazpabotka u
YTBEPXKICHHE
TEXHUYCCKOT
0 3aJIaHHsI
(T3)

HP, U

10

15

12

14,4

4,3

21,3

6,4

[Ton6op u
U3YyYCHUE
MaTEpHAaJIOB
10 TEMATHKE

HP, 1

20

33

25,2

0,0

30,2

0,0

44,7

Pa3zpaboTka
KaJeHJapHOT
0 TUTaHa

HP, U

2,8

1,0

3,4

1,5

5,0

OOGcyxenue
JIUTEPATyPHI

HP, 1

4,2

0,5

5,0

0,7

7,4

Br16op
CTPYKTYPHOM
CXEMBI
YCTpPOMCTBA

HP, 1

20

25

22

13,2

26,4

19,5

39,0

Br16op
MPUHIUIIAATb
HOMW CXEMBI
YCTPOMCTBA

HP, 1

16

22

18,4

8,8

22,1

13,1

32,6

Pacuer
MPUHIUIIAATb
HOM CXEMBEI
YCTPOMCTBA

15

25

27

0,0

32,4

0,0

47,9

Odopmiienue
pacdeTHo-
MOSICHUTEIbH
O 3ammcKu

10

20

27

0,0

32,4

0,0

47,9

Odopmiienue
rpaduueckor
0 MaTepuaa

2,4

1,7

2,9

2,6

4,3

ITonsenenue
HUTOTOB

HP, U

4,8

5,8

0,0

8,5

0,0

Hroro:

145,8

454

159,1

67,1

235,1
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4.1.2 PacueT HaKOIJIEHHSI TOTOBHOCTH MPOEKTAa

JIaHHBI TYHKT HEOOXOOUM, TIPEXKIE BCETO, [UISI OIEHKH TEKYIIUX
pe3ynbTaTOB MpOEKTa. BennunHa HAKOIUIEHUS XapaKTepU3yeT, Ha CKOJBKO
MPOIICHTOB 10 OKOHYAHUH TEKyIero (i-ro) 3Tamna BBIIOJIHEH 00U 00beM padoT 1o
MIPOEKTY B IIEIIOM.

Beenem o0o3HaueHMS:

TPoOm1. — 001mas TpyA0eMKOCTh TIPOCKTa;

TPi (TPk) — Tpymoemkocts i-ro (k-ro) stama npoekra, [ = 1,1;

TPiH  — HakomjneHHas TPYJOEMKOCTh 1-TO JTama MpoeKTa IO €ro

34aBCPHICHUH,

TP1j (TPkj) — TpyaoeMkocTh padOT, BBIMOJIHAEMBIX j-M YYaCTHUKOM Ha 1-M

aTamne, 37ech j = 1,M — UHAEKC UCTIOJIHUTENS, B HAIIEM MpuMepe m = 2.

Crenenb rOTOBHOCTH omnpenensaercs hopmyiion (5.5)

TR} o TPy Zi=y ZJ2  TPrm

Cr; =

' TPym. TPogm, Esziz_?liTPRm.

(16)

[IpumenutensHo k Tabmuue (5.2) Benmuuunsl TPij (TPkj) waxomsitcs B
crosouax (6, =1) u (7, = 2). TPoOm. paBHa cymMMe YHCEI M3 UTOTOBBIX KJIETOK
atux ctonouoB. IIpumep pacuera TPi (%) u CI'i (%) Ha OCHOBE 3THX JaHHBIX

COJICPKUTCSI B TAOHIIE 8.
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Tabnuma 8 — Hapactanue TeXHUYECKOW TOTOBHOCTH PaOOTHI U YAETbHBIN BEC

KaXXJ01ro Tuiia

OTan TPi, % CI1, %

[TocTanoBka 3amaun 3,8 3,8

Pa3paboTka # yTBEpKIACHHUE TEXHUYECKOTO

4,3 7,3

3ananusg (T3)

[TonGop 1 n3yueHue MaTepUaIOB MO TEMaTHKE 7,1 10,9

Pa3zpaboTka kaieHgapHOro ImiaHa 5,2 18,7

OO6cCyXIeHue IUTepaTyphl 3,8 21,7

Br160p CTpYKTYpHO#M CXEMBI YCTPOHCTBA 16,4 38,8

Bb160p mpuHIIMITHATBHON CXEMBI YCTPOWCTBA 16,7 58,3

Pacuer npuHIMNIUATBLHON CXEMBI YCTPONCTBA 14,2 74,0

Odopmiienue PacUYeTHO-TIOSICHUTEIHbHON 115 86.7
3aMKUCKU

Odopmiterne rpaduIecKoro MaTepraia 10,5 96,4

[TonBenenue UTOroB 472 100,0

4.2 Pacuer cMeThI 3aTPAT HA BHINIOJIHEHNE MPOEKTA

B cocTaB 3aTpar Ha co3gaHue NPOEKTa BKIIOYAETCS BEJIMUMHA BCEX PACXO/IOB,
HEOOXOJMMBIX [JIsl pealiv3allud KOMILIEKca padoT, COCTAaBISIONIMX COJEpKaHHE
JAaHHOM pa3paboTku. PacdyeT cMEeTHON CTOMMOCTH €€ BBIITOJTHEHHS MPOU3BOIUTCS TI0
CJICAYIOIINM CTaThsIM 3aTpar:

® MaTepHualibl U MMOKYITHbIC U3/EIHS;

e 3apaboTHasd 1IaTa;

® COIMaJIbHbIN HAJIOT;

® pacxojibl Ha AJIEKTPOIHEPTHIO (O€3 OCBEIICHUS);
® aMOPTHU3AIMOHHBIE OTUYUCIICHHUS;

® KOMAaHIMPOBOYHbBIC PACXO/IbL;

e OIJIaTa yCIIyT CBS3H;

¢ apCHJ/IHaA 1IaTa 3a IOJb30BAHUC UMYIICCTBOM,
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® [POYME YCIYTH (CTOPOHHUX OpTraHU3alU);

e [poure (HaKJIaIHbIE PACXOIbl) PACXO/IBI.

4.2.1 Pacuyer 3aTpaT Ha MaTepHAJIbI

K naHHO# cTaThe pacxoJ0B OTHOCHUTCS CTOMMOCTh MaTEpHalIOB, MOKYIHBIX
u3nenuit, noiyhaOpuKaToB U JPYTrUX MaTEpUATbHBIX IIEHHOCTEH, PAacXOayeMbIX
HETMOCPEJCTBEHHO B MPOIIECCE BHIMOJHEHUSI padOT HaJl OOBEKTOM MPOCKTUPOBAHUSL.
Croa e OTHOCATCA CIEUaIbHO MPUOOpETEeHHOE 00OpYAOBaHHE, HUHCTPYMEHTHI U
npoure 00BEKThI, OTHOCUMBIE K OCHOBHBIM CpeCTBaM, cTouMocThio 10 40 000 py6.
BKJIFOUMTEIIBHO. [[eHa MaTepHalIbHBIX PECYpCOB ONPENEAETCS 0 COOTBETCTBYIOIIUM
[IEHHUKaM WIH JIOTOBOpaM MocTaBKU. [IpruOIMKEHHO OHU OIEHUBAIOTCS B MPOIIEHTAX
K OTIYCKHOM IIeHe 3aKylmaeMbIX MaTepuajoB, Kak mpaBuio, 3to 5 + 20 %.
Hcnonuutens pabOThl CaMOCTOSITEILHO BBIOMPAET HMX BEIMYUMHY B YKa3aHHBIX

rpanunax. [Ipumep pacueToB npuseaeH B Tadnuie 9.

Tabnuma 9 - Pacuer 3aTpaT Ha MaTepUabl

HaumenoBanue maTepuanon Hena sa Kom-Bo Cymma, pyo.
en., pyo.

bymara mgns mpunTepa ¢opmara 300 ym. 300
A4

Kaprtpumx m1st mpuHTepa 1300 1 . 1300

Cpena Arduino IDE 1.6.7 0 1 7Kk3. 0

Hnara © AVRT 1340 1 . 1340
MHUKPOKOHTPOJLIEPOM

Jatuuku 990 2 IIT. 1980

MoHTa)kHas miaTa 390 1 mr. 390

[TasimpHas cTaHmus 740 1 . 740

JlucroBas cranb 1000 1 mr. 1000

CoeauHuTeIbHBIC 111010):10)i F:) 350 | . 350
(mabop)

Hroro: 7400

Honyctum, uro Tsp coctaBisaroT 10 % OT OTIYCKHOM LEHBI MaTEpHUAasoB,

Tora pacxoasl Ha MaTepuaiibl ¢ yuetoMm T3P paBubl Cmat = 25010* 1,1 = 8140 pyO.
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4.2.2 Pacuer 3apaGoTHOM MJIaThI

JlanHast cTaThsd pacxoJOB BKIIOYAaeT 3apa0OTHYIO IUIaTy HAYyYHOTO
PYKOBOJIUTENS U MHXKEHEPA (B €r0 POJIM BBICTYINAET UCIOJHUTED MMPOEKTA), & TAKKE
npemMuu, Bxojsuue B GoHa 3apaboTHOM miaTel. Pacuer ocHOBHOM 3apa00THOM IJIaThI
BBITIOJIHAETCSI HA OCHOBE TPYJAOEMKOCTH BBITIOJIHEHHS Ka)JOT0 dTara U BETUYHHbI
MECSYHOTO OKJaaa wucnonHutens. CpenHenHeBHas Tapudnas 3apaboTHas IIaTa
(3I1aH-T) paccunThiBaeTCs Mo GopmyIe:

3I1ga-T = MO/24,83 (17)

YUHUTBIBAIOWIEH, 4TO B roay 298 pabouux AHEH U, CIEI0BATEIBHO, B MECSIIE B
cpennem 24,83 pabouux aHs (MpU MIECTHIHEBHON paboueit Hepene).

JUist ydera mnpeMuid, JONOJHUTENBHOW 3apIulaThl M padoOHHOW Haa0aBKU
ucnosb3yercs caeayromuii psa kodhdumuentos: KIP = 1,1; Kgon.3I1 = 1,188; Kp
= 1,3. Takum oOpazom, g mepexona oT TapudHoil (6a30Boi) cymMMBbl 3apaboTka
UCITOJIHUTENISA, CBA3AHHOW C y4acTHEM B MPOEKTE, K COOTBETCTBYIOIEMY MOJHOMY
3apaboTKy (3apIJIaTHOM YacTW CMEThl) HEOOXOAMMO TMEPBYI0 YMHOXHUTHh Ha
uHTerpanbHbii  kodpdumment Ku = 1,1-1,188-1,3 = 1,699. BrimeykazanHoe
snauenne Knom.3I1 npumensiercs mpu MIECTHIHEBHOW paboueld Henmene, MpH
NATUAHEBHON OHO paBHO 1,113, cooTBeTcTBEHHO B 3TOM ciiydae Ku = 1,62.

Ta6nuna 10 - 3aTpaTsl Ha 3apabOTHYIO TUIATY

7 PR Oxnan, | CpenHemHeBHas | 3aTpatrhbl Kosuma donn
CTaBKa, BPEMEHH, 3/IIaTHI,
i py0./mec. py0./pab.neHb pab.aHu et pyo.
HP 23 264,86 936,97 33 1,699 52532,86
141 4500 181,3 99 1,699 46512,32
Hroro: 99045,18

4.2.3 Pacyer 3aTparT Ha COMAIbHBIN HAJIOT

3arpatsl Ha enuHbIi conmanbHbi Hastor (ECH), Bkimtouarommii B ceOs
OTUMUCIICHUS B TICHCUOHHBIA (OHJ, HA COIMAIBLHOE ¢ MEIAUIMHCKOE
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cTpaxoBaHue, cocTapisioT 30 % OT mosHO# 3apabOTHOM MIAThI MO MPOEKTY,

T.e. Ccor. = C3m-0,3. Utak, B Hamiem ciydae:

Ccon. = 99045,18- 0,3 = 29713,55 py0.

4.2.4 Pacuyet 3aTpaT Ha JIEKTPOIHEPT IO

JlaHHBIM BUJ pacXOJ0B BKJIIOYAET B CeOsl 3aTpaThl HA DJIEKTPOIHEPTHIO,
NOTPAYCHHYI0 B XOJI€ BBIMIOJHEHUS MPOEKTa Ha paboTy HCHOIB3yEeMOro
000py0BaHUs, pacCUUTHIBAEMbIE 10 (HOpMyJIE:

Cn11.06. = P06 - to6 - 11D (18)
rae POb — moiHoCTh, moTpedisieMas 00opyaoBanuem, kBT;

1D — Tapud Ha 1 kBTyac;

to0 — BpeMs paboThl 000pyA0BaHUS, Yac.

Jis TITY 1D = 5,257 py6./kBT-1ac (¢ HAC).

Bpemst paboTsl 000pyAOBaHUS BBIYMCISAETCS HA OCHOBE WTOTOBBIX JAHHBIX
tabmuubl 5.2 g unaxenepa (TP/]) u3 pacuera, yTo MPOIOIKUTEILHOCTh paboyero
JIHSI paBHA 8 YacoB.

to6 = TPJI- Kt, (19)
rie Kt < 1- xosddunmeHT ucmnonab3oBaHus 00OpPYAOBAHHS TO BPEMEHH,
PaBHBII OTHOLLIEHUIO BPEMEHU €ro padOThl B IPOLIECCE BBIMOIHEHUS mpoekTa K TP/,
ONPENENSIETCS HCIIOJIHUTENEM CaMOCTOSITENIbHO. B pszne ciydaeB BO3MOXHO
onpexaeneHue tod OyTeM MpsSMOT0 yuyera, OCOOEHHO TMpU OrpaHUYEHHOM
MCIIOJIb30BaHUU COOTBETCTBYIOIIETO O0OPYAOBaHUS.
MortHocTh, ToTpebissemMast 000pyI0BaHUEM, OIIPEACISETCS 110 hopMyJIe:
POB = Puowm. - KC (20)
rae PHOM. — HOMHHANIbHAs MOITHOCTh 000pYy10BaHusl, KBT;
KC < 1 — ko3dduuueHTt 3arpy3ku, 3aBUCSIIMA OT CpeaHEH CTEleHU
UCIOJIb30BaHUSl HOMUHAJIBHOM MOILTHOCTH. [[Js1 TEXHOJOrMYecKoro oOopynoBaHUS

majior morHoct KC = 1.
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[Ipumep pacuera 3aTpaThl Ha 3JIEKTPOIHEPTHUIO ISl TEXHOJIOTMUYECKUX LIeJIen

npuBenieH B Tabnuie 11.

Tabnuua 11 - 3aTpathl Ha STEKTPOIHEPTUIO TEXHOIOTUYECKYIO

Bpemsi  paGotsl | [loTpebasiemas
HaumenoBanue 3aTpatel  Opp,

000py10BaHUS MOIIHOCTh  Pog,
o0opyaoBaHUS pyo.

tog, ac kBT
[TepconanbHbI 795,2*0,8

0,33 1103,62
KOMITBIOTED =636,16
JlazepHbiit
5 0,4 104

MIPUHTED
Htoro: 1114,02

4.2.5 Pacyer aMOpPTHU3aALMOHHBIX PACX010B

B cratbe «AMOpTI/ISaHI/IOHHBIe OTYHUCIICHHUA» PACCUHHUTBIBACTCS aMOPTHU3alUA

UCIIOJIb3yEMOT0 000pYIOBAHMS 32 BPEMS BBIIIOJIHEHHUSI IPOEKTA.

Hcnons3yetcs hopmya

Hy*Log*typ * 7

CPLM =

Fp ’

rae HA — rogoBast HopMa aMOpTH3alUy €UHULBI 000PYI0BAHMS;

(21)

OB — 6anancoBast CTOMMOCTb €AMHMIIBI 00opynoBanus ¢ yueroM T3P. Ilpu

HCBO3MOJKXHOCTH IIOJIYUHUTH COOTBCTCTBYIOIIHC JAHHBIC M3 6YXF3J'ITepI/IH OHa MOXKCT

OBITh 3aMEHEHA JICHCTBYIONIECH LIEHOM, CoAep Kalleiicsl B IECHHUKaX, IPEHCKypaHTax u

T.IL;

FJl — neiictBuTeNnbHBINA T0/1I0BOM (OHA BpeMEHU pabOThl COOTBETCTBYIOIIETO

o0opyaoBaHus, Oepercs U3 CenualbHbIX CIPABOYHUKOB WM (PAKTUYECKOTO pekruMa

€ro MCIIOJb30BAHUSA B TEKyLIEM KaleHAApHOM roay. Ilpm 3TOM BTOpOW BapuaHT

MO3BOJISIET NOJIY4YUTh OoJiee 00bekTHBHYIO olleHKy CAM. Hanpumep, nis I1K B 2015

r. (298 pabouux gHEH IpHU MIECTUIHEBHON pabouel Hemele) MOKHO NPpUHATH FJI =

298 * 8 = 2384 yaca;
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tpdp — ¢akTtuyeckoe BpeMs padbOThl O0OOPYJOBaHHS B XOJ€ BBIIOIHEHHS
IIPOEKTA, YUYUTHIBAECTCS UCIIOJHUTEIEM MPOEKTA;

N — YKCJI0 3a/IeMCTBOBAHHBIX OJTHOTUITHBIX €AUHUI] 000PYAOBaHHUS.

[Ipu KcmoNb30BaHUN HECKOJIBKUX THUIIOB 000PYAOBaHMS pacueT mo (opmyie
JieaeTcsi COOTBETCTBYIOIIEE YUCIIO Pa3, 3aTEM PE3yJIbTaThl CYMMHUPYIOTCS.

Juis 11K cpok amoprtusamuu 2 + 3 rona. HeoOxoaumo 3aiarh KOHKPETHOE
3HaueHue CA, nHanpumep, 2,5 roma. anee omnpenensercs HA kak BenuunHa
obpartHast CA, B nanHoM cirydae 3to 1: 2,5 = 0,4.

Croumocts IIK 26000 py6., Bpemsi ucnoib3oBanus 795,2 daca, Toraa ajis
Hero CAM(IIK) = (0,4*26000*(99,4*8)*1)/2384 = 3468,99 pyO.

CroumocTts npuntepa 5425 py6., ero FJI = 500 gac.; HA = 0,5; Torma ero
CAM (Ilp) = (0,5*8425*10*1)/500 = 84,25 py0.

AmMopTtuzanusa ~ OyaeT  paccudtaHa — oOmas  Juisi  oOOpyJIOBaHWS,
UCIIOJIb30BAHHOTO B MakeTe po0oTa, TaK KakK MCIOJIBb3YIOTCS OJHOTHUITHBIC
ANIEKTPOHHBIE KOMIOHEHTHI. JlaHHbIE KOMMIOHEHTHI MOA0OHBI 31eMeHTaM B 1K,
MOATOMY CpOK amoptu3anuu, kak u 1 I1K, cocraBur 2,5 rona. FJ[ = 2384 yvac.; HA
=0,5; rorna ero CAM (Ilnmardopmsr) = (0,5%8455*%200*1)/ 2384 = 354,65 pyO.

HckiroueHne cocTapisieT MEXaHUYecKas 4acTh podoTa (KosnecHas miatdopma
c nasurarensmu). CpoK aMOpTHU3allMM MEXaHWYECKOW 4YacTH Makera pobora
coctasysier 0,5 ner. FII = 500 ygac.; HA = 2; Bpems ucnosibzoBanusa 50 yacos, Toraa
CAM (Ilnatdopmsr) = (2*3150*50*1)/500 = 630 py6.

Htoro mauncieno amopruzamuu 3553,24 pyo.

4.2.6 PacueT pacxoJ0B Ha OCHOBE ILIATEKHbBIX IOKYMEHTOB

K nanHOMy MMyHKTY Clie1yeT OTHECTH:
e KOMaHJIMPOBOYHBIE PACXOJbl, B TOM YHCIIE U PACXOAbl IO OIUIATE CYTOYHBIX,
TPAHCIIOPTHBIE PACXObI, KOMIICHCALUS CTOUMOCTH KHUJIbS;

¢ apCHJHaA 1uIaTa 3a IHOJb30BAHUC UMYIICCTBOM;
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e oIUIaTa YCIIyT CBSI3H;
® YCIYTd CTOPOHHUX OpraHU3aIlni.

K yciyram CTOpOHHUX OpraHW3anuid CleIyeT OTHECTH IPOHU3BOJCTBO
KOTUICKTYOIIUX ISl KOPIyca YCTPOWCTBA C TIOMOIIBIO JIA3€PHOM PE3KH M3 pacyera
1000 pyOmeit 3a HCT.

A Tak Xe ycIIyTH cBs3H, B pazmepe S00 pyoseit.

4.2.7 PacuyeT nmpo4mx pacxoaoB

B crarbe «lIpoune pacxoasl» OTpaKe€HBbI PACXOJbl HAa BBITOJTHEHUE TPOEKTA,
KOTOPBIE HE YUYTCHBI B IPEABIAYIIUX CTaThIX, UX CICAYeT MPUHATH paBHBIME 10% OT
CYMMBI BCEX MPEABIIYIINX PACXO0B, T.C.

Crpos. = (CMmar + C3m + Ccon + Con.06. + Cam + CHn) - 0,1

Jlns Hatero npuMepa 3To

Cupou. = (7400+83015,64+29713,55+1114,02+3553,24) - 0,1 = 12479,64 py®.
4.2.8 Pacuer o01eii ce6ecTOUMOCTH Pa3padoTKu
[IpoBenst pacyeT Mo BCEeM CTaThsIM CMETHI 3aTpaT Ha pa3pabOTKy, MOKHO

OTIPEJICNINTh TPUMEPHYI0 Ce0ECTOMMOCTh pa3pabaThiBaeMoOro yctpoiictBa. Cmera

3aTpaT Ha BBIMOJHEHUE PaOOTHI MpeicTaBieHa B Tabmuie 12.
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Tabmuna 12 - Cmera 3aTpat Ha pa3pabOTKy MPOEKTa

YcnoBHOE
Cratbs 3aTpar Cymma, pyo.
00o03HaueHue
Marepuabl 51 MOKYITHBIC
Cwmar 8140
W3IEIUs
OcHoBHas 3apa0oTHas Ij1aTa Can 99045,18
OtyucneHus B  COIMAIBHBIC
Ccor 29713,55
dboHaBI
Pacxopl Ha 3JIEKTPOIHEPTHUIO Coun. 1114,02
AMOpPTH3ALIMOHHBIE OTYUCICHUS Cam 3553,24
Hemnocpencrsenno
Cup 1500
YYUTBIBAEMBIE PACXOIbI
[Ipoune pacxomsl Cnopou 12479,64
Utoro: 155545,63

Takum 0Opa3zom, 3aTpathl Ha pa3paboTky coctaBmim C =155545,63 py0.

4.2.9 Pacuer npudbLIU

[Ipubpims  OT peanu3alui TPOEKTa B 3aBUCUMOCTH U XapakTepa
KOMMEpIIMAIN3allud  MOXET OMNpEeACNAThCS  pPa3IMUHbIMU  criocobamu. Ecnu
WCIIOJTHUTENIb pabdOTBl HE pacrojaraeT MaHHBIMU i1 TPUMEHEHHUS «CIIOKHBIX)»
METOJI0OB, TO MpHUOBUIb cleayeT NpuHATh B pasmepe S5 + 20 % or mnonHoM
cebecTouMOCTH MpoekTa. B Hariem npumepe oHa coctarisieT 15554,56 py6. (10 %)

OT OOIIKX PAacX0/I0B HA Pa3pabOTKy MPOEKTA.

4.2.10 Pacuer HIAC

HJC cocraBnsger 18% oT cymMmbl 3atpaT Ha pa3paboTky ¥ mpuObuin. B

HameM ciydae 570 (155545,63 +15554,56) * 0,18 = 30798,03 py®.
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4.2.11 llena pa3pa6orku HUP

Ilena paBHa cymMme mnoiHOW cedbectommocTH, npubsmu u HJC, B Hamem
ciydae

Lxp =155545,63 + 30798,03+15554,56 = 201898,22py0.

4.3 OueHka 3KOHOMUYeCKO 3P PeKTUBHOCTH NMPOEKTA

OHCHK& AKOHOMHYECKOM 3(1)(1)GKTI/IBHOCTI/I B IaHHOM CJIy4a€ HOCUT YCJIOBHO-
HpOFHOSHBIﬁ XapaKTCp, TaK KaK HC YUUTBIBAJINCbh MHOT'MC BTOPOCTCIICHHLBIC CI)aKTOPBI,
BJIMAIOIIHUEC HA ITPOCKT B LCJIOM.

P33pa60TaHHBIﬁ ﬂeBaﬁC IMO3BOJINT IIPOMU3BOJHUTH KAYCCTBCHHBIC PAaCXOOAHBIC
MaTcpuaJbl 1A 3I[ IPUHTCPOB HC TOJBKO OOJBIINM KOMIIAHUSIM C COJIMAHBIM
6IOII)K€TOM, HO HW MCIKUM IPCAIIPUHUMATCIEIM M OAXKC JFOOUTENSIM 3I[
MOACIUPOBAHUA. OcHoBHOM YIop I11pu paspa60TKe CACIaH Ha 6IOI[)KCTHOCTI> )51

MIPOCTOTY CAMOCTOATENILHOU COOPKU YCTPOICTBA.

4.3.1 OueHnka Hay4YHO-TeXHHYeckoro yposuss HUP

Hay4HO-TeXHUYECKUI ypOBEHb XapaKTEPU3YyET BIMSIHUE NTPOCKTA HA YPOBEHb
U TUHAMUKY 00eCre4eHHs] Hay4HO-TEXHUYECKOro Iporpecca B JaHHOU obnactu. s
OLIEHKM Hay4YHOM II€HHOCTH, TEXHUYECKOW 3HAuUMMOCTH U 3(PeKTUBHOCTH,
IIaHupyeMbIX H BhimodHseMbix HWP, ucnonb3yercs meTol OayuIbHBIX OIIEHOK.
bainbHas orjeHka 3aKIH0YaeTCsl B TOM, YTO KaXI0My (aKTOpy IO MPUHATON IIKaje
MIPUCBANBAETCS OMPECICHHOE KOJINYECTBO OaiioB. OOOOIIEHHYIO OIIEHKY MTPOBOJIST
no cymMme OaioB mo BceMm IMokazatesnsiMm. Ha ee ocHOBe JenaeTcsi BBIBOJ O
nenecoodpasnoctu HUP.

CymHocTh METOAa 3aKII0YaeTcsd B TOM, YTO HAa OCHOBE OLICHOK NPU3HAKOB
paboThl  Ompenaensercs HWHTErpalbHbI  MOKa3aTenb (MHAEKC) €€  Hay4Ho-

TEXHUYECKOTO YPOBHS 1O popMyIie:
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_ w3 .
Kyry = El:l R;-n;,

(22)
rne Kyry — MHTeTpaibHbBIN HHIEKC HAYyIHO-TEXHUYECKOTO YPOBHS;
R;i — BecoBodl KO3(pQUIMEHT 1-TO MpH3HAKA HAYYHO-TEXHHUYECKOIO
s dexra;
Nj — KOJWYECTBCHHAs OIIEHKAa i-TO TMpHU3HAKa HAyYHO-TEXHUYECKOTO

abdexra, B 6baumax. Pesynprar pacuera mokasareneid MOXKHO HaOJIIOJaTh B TaOJIHIIC

13.
Tab6nuna 13 - BecoBbie korddunrients! npuznakos HTY
[Ipu3naku
HAy4YHO- _
Xapakrepucrtrka npuznaka H1P Ri
TEXHUYECKOTO
s dexra HAP
CucreMaTm3upyroTcs U 0000IIaroTCs
YpOoBEHb HOBU3HBI | CBEJICHUS, OTIPENIEISIOTCA MYyTU 0,3
TaJIbHEUIIINX HCCIICIOBAHUMN
Pa3zpaboTtka criocofa (asropuTM,
Teopernueckuit
nporpamma MEpONPUATHH, 0,1
YPOBEHb
YCTPOMCTBO, BEIIECTBO U T.II.)
Bo3MoxHOCTB
Bpems peanu3zaiiuu B TeU€HUE TIEPBBIX JIET 0,6
peanuzanuu
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Tabnuna 18 - Onenku Hay4HO-TeXHHUYEecKOro ypoHs HUP

3Hauu YpoBeHb BriOpannbl | O6ocHOBaHUE
®axrop HTY | > P L
MOCTH dhaxTopa i Gamn
KomOunnarus JIBYX
0.3 YpoBeHb OTHOCHUTENBHO 4 W3BECTHBIX METOJIOB JJISI
’ HOBHU3HBI HOBas TTOBBIIIICHUS TOYHOCTH
YCTPOUCTBA
Pazpabotka
. | cmocoba PazpaboTtka  anroputma
Teopetnueckuu
0,1 (asroputm™, 4 s (PYHKIIMOHUPOBAHUS
OBEHb
P mporpamma o T. JATYHAKA.
1)
BbricTpas peanu3zanus
Bo3moxnocts | B TEYECHUE
0,6 10 MpOEeKTa
peanu3anuu MIEPBBIX JIET

OTcroga WHTETrpaibHBIN TOKa3aTellb HAYYHO-TEXHMYECKOTO YPOBHS IS
HAIIETO MPOEKTA COCTABIISET:

liry=0,3:4+0,14+0,6:10=16+06+5=7,6

Takum o0pa3om, AaHHBIA TMPOEKT HAXOAUTCS Ha TPAHUIE CPEAHET0 U
BBICOKOTO YPOBHS Hay49HO-TEXHUYECKOTO 3P heKTa.

[ToTeHManbHBIMU TMOTPEOUTENSIMA JAHHOM pa3pabOTKU MOTYT OBITh Kak
dbu3nYecKue TaK U I0pUANYecKue Jnila, paboratomue B oosactu 3/ neuatu.

CermeHTHpoBaHHe OBUIO MPOW3BEACHO MO BUAAM pabOT H OTpacisaM
MIPUMEHEHUS.

bblu BbIIENIEHBI IBE€ OCHOBHBIE OTPACIIH:

1) npou3BOACTBO ILUTacTUKA /I 3 )] IPUHTEPOB;

2) xabenbHast MPOMBIIUICHHOCTb.

OcHoBHBIE BUIBI PaOOT: U3YYCHHE MAHUITYJIATOPOB, TOCTPOCHUE aJTOPUTMOB

BbIXO/Ia W3 JAaOMPUHTOB Ha IIaraloMMX MalmMHax. B KkadecTBe KpuTepueB
CEerMEHTAIMN PBIHKA OBUIM BBIOpaHBI: ChEphl ACATEIHHOCTH, I KOTOPHIX Oyner

OCYHICCTBJIATBHCA IMTOCTAaBKa po60Ta N IICPCUYCHBb UCITOJIHACMBIX pO6OTOM 3ajgady.
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Tabnuna 19 — 3auHTEepecOBaHHOCTH CETMEHTOB PhIHKA

LleneBas ayauropust

bonpmue Mauieie u cpenaue OHTY3UaCTbI-
MIPEAPUATHS HNpEAIPUATUS mroouTenu
- CunbHbIH
=
Q|
s
=
= g Cpennuit
2 g
e 9
8 g
> g q
=
= e
§ 3aMHTEpPECYeT

- AKTyanbHO He akryanpHo

Ha cerommsammnuin  neHb, Ha PoccuMMCKOM pBIHKE HE IIPEACTaBICHO

IIPOU3BOJICTBO YCTPOMCTB, NpPEIHA3HAYEHHBIX HMMEHHO J/JI1 KOHTPOJs JAHaMeTpa
MOJIUMEPHBIX HUTEH. TeM He MeHee, OOJbIINME KOHIEPHBI MOTYT IMO3BOJUTH cebe
YCTAaHOBKY JOpPOTHX MPUOOPOB, MpEAHA3HAYEHHBIX [JIsI KOHTPOJIS JHAMETPOB B

KaOeTbHON MPOMBIIIUICHHOCTH.
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5 CouunaabHaf OTBETCTBEHHOCTDH

B numnomHoO#M paboTe mpelcTaBlieHO MPOECKTUPOBAHHME M pa3paboTKa
YCTPOMCTBA KOHTPOJIS AUAMETPa MOTUMEPHBIX HUTEH.

PaccmarpuBaercst  pabouee mMectro B 10 kopmyce Tomckoro
MOJIMTEXHUYECKOTO yHUBepcutera, ayautopusi 106. OcHoBHasi yacTb pabOTHI
MPOU3BOJIUTCS CUAS 32 TEPCOHAIBHBIM KOMIBIOTEPOM. BbicoTa aynutopuu paBHA
2,5 meTpa, JjIMHHA — 7 MEeTpoB, muprHa — 10 MeTpoB. B aynuropun umerorcs 4 okHa,
KpoMe 3Toro, umeercss 10 JIOMUHECHEHTHBIX JIaMO U 4 TOYEYHBIX MCTOYHUKA
OCBEILICHHUS.

K omacubiM (akTOpaM, KOTOpbIE MOTYT MPOSIBUTHCS Ha pabodyemM MecTe
CeAyeT OTHECTH OJJIEKTPOMAarHUTHOE MW3JIYyUYCHHE OT UCIOIb3YEMbIX MPUOOPOB,
HaJu4yue IIyMa B IOMEUICHWH, W3JIUIIHAS WIM HEJOCTATOYHAs OCBEIICHHOCTD

pa60qer0 MCCTa, HCCOOTBCTCTBHC HOpMaM MUKPOKJIMMATA.

5.1 TexHorenHast 0e30MaCHOCTDb

BonpmmHCTBO McHONB3yeMOl B paboTe TeXHUKU nutaercs oT cetu 220 B, ¢
gactoToii 50 T'l. [ToaTOMY HpU BBINMOJHEHUH MPOECKTUPOBAHUS YCTPOWCTBA MOTYT
BO3HUKHYTh (DaKTOpbl TMOPAXKEHUSI DJICKTPUYECKUM TOKOM: DJIEKTPOTPABMBHI,
SJIEKTPUUYCECKHUE yaaphl U T.1.[35] .

DONEeKTpOTpaBMbl  KIACCHPUIMPYIOT 1O MECTy HX IMOJy4YeHUs Ha
MPOU3BOJICTBEHHBIE, OBITOBBIE W MPUPOJHBIC; IO XapaKTepy BO3ACUCTBUSA
HaIpsKEHUS HA MTHOBEHHBIE U XPOHUYECKUE; TI0 XapaKTEPy TPAaBMbl HA MECTHBIE U
oO1ue.

K MecTHbIM  3J€KTpOTpaBMaM  OTHOCSTCSL ~ DJIEKTPUYECKHE  OXKOIH,
METAJIU3alUs KOXH, DJIEKTPUYECKHE 3HAKM WU MEXAHUYECKHE MOBPEKIACHUS B
pe3yabTaTe BO3JACUCTBUS TOKA.

[Ipn MexaHMYECKOM MOBPEKICHUN MOXKET MPOU3OUTH PA3PHIB MIATKUX TKAHEN

HJIA TICPECIIOM KOCTEH u3-3a IMPOTCKaHMs TOKaA IO TEJIY YCIOBCKA.
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DJNEeKTpUUECKUE OKOTU TMOSBISIOTCS B MECTaX KOHTaKTa HE3al[UIIEeHHOM
KOKHM YeJIOBEKa C TOKOBEIYIIMMHU YacCTSIMH 3JIEKTPOYCTAHOBOK M mpuOopoB. MoryT
COMPOBOXK/IAThCSI OMEPTBEHUEM MOPAKEHHBIX YYACTKOB KOXKHU M KPOBOTCUEHUSIMHU.

OnexkTpooTasbMusi — BOCHAJEHUE HAPYXKHBIX 000J0YEK TIja3, KOTOpPOe
MOSIBJISIETCSL B PE3YJIbTATE MOTOKA YIbTPA(UOIETOBBIX JIydel SJIEKTPUUECKOM TyTH.

B OonpmmHCTBE  cioydyaeB — NPUYMHOM  BJIEKTPOTPABMbl  CIY>KUT
HEMOCPEACTBEHHBIM KOHTAaKT C TOKOBEAYIIMMH DJIEMEHTAMH  JJIEKTPUUYECKUX
YCTAaHOBOK 0€3 MpeABApUTEIBLHOIO CHATUSA HampsbKeHWs. Tak ke MpUYMHAMU
AIIEKTPOTPABM MOTYT SABIIATHCA HEBHUMATEIBHOCTh Ha MIPOU3BO/JICTBE.

YroOpl o0e30macuth COTPYJHUKOB Ha MPOU3BOACTBE, HEOOXOAUMO
IPOBOJUTH CJIEIYIOIINE KOMIUIEKCHI MEP:

1) IlpoBoauTh 0OyUeHHE TIEpPCOHAIA

2) NmeTh wum30msIMI0 paboyero Mecra OT TOKOMPOBOISIIMX — YacTed
00opy1oBaHUs

3) WMeTh arieKTprduecKue pa3aeuTelbHbIe [eTn

4) OOecrnieynTh HEAOCTYIHOCTh TOKOBEAYIIMX 4YacTel OT CiydailHbIX
KOHTaKTOB

5) IpuMeHsTH CrielMaabHbIe CPEACTBA 3AIIUTHI (IUIICKTPUUCCKUE MTEPUATKH,
KOBPBI)

OKpaH MOHHUTOpa SIBISIETCS WCTOYHUKOM DJIEKTPOMArHUTHOTO W3IYYCHUS,
JUINTEJIbHOE BO3JEMCTBHE KOTOPOTO MOXKET BbI3BATh HE)KEJIATEJIbHbIE U3MEHEHUS B
OpraHu3Mme.

JIJIsi yMEHBIIICHUST HETATUBHOTO BIMSHUS DSJIEKTPOMArHUTHOTO H3ITYYCHUS
HEOOXOJMMO pallMOHAIBHO pa3MeNIaTh MCIOJIb3yeMoe Mpu pabore oO0OopynIoBaHUE,
co0mroast TpedyeMoe pacCTOSIHUE OT MOHUTOPA; OCYILECTBIISATh EPEPBIBBI B padoOTe.
Uepes kaxapie 45-60 MuHYT pabOTHI Mepes; MOHUTOPOM HeoOxoaumo aenats 10-15
MUHYTHBIE TIepepbiBbI[36].

Pabouas aynuropusi 106 HaxoauTcs Ha MEPBOM ITa)xe y4eOHOro Kopiryca.
[ToaToMy HEOOXOAMMO MCHOIB30BaTh MPU PabOTE €CTECTBEHHOE OCBEIICHUE, U €CIH

€ro HCAOCTATOYHO, IIPUMCHATb MCKYCCTBECHHOC. HpaBI/IHBHOC OCBCIICHUC YIy4dlIacT
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YCIIOBUSI 3pUTEIBHOM pPabOThl Ha pabodeM MecTe, TMO3BOJIIET CHU3UTH IOPOT
YTOMJIIEMOCTH Y TIOBBICUTH 0€30MacHOCTh Tpya. HegocratouHoe ocBeneHne MOXKeT
MIPUBECTHU K CHUYKEHHUIO OCTPOTHI 3pEHUSI.

HckyccTBeHHOE OCBEILEHHE IEIUTCA Ha pabodee, aBapuilHOE, OXpaHHOE U
’BaKyallUOHHOE. B KadyecTBE HCTOYHHUKOB pabOYero OCBEUIECHUS 4Yalle BCEro
HCTIOJIB3YIOTCA JIIOMUHECHEHTHBIE JaMibl Tina JIPJI wnu mamnsr JIb Thna, koTopeie
PaBHOMEPHO pacrojaratorcs Haja padodeil HOBEpXHOCTHIO.

[Ipu BbITIOJIHEHUHM PAOOT CYIIECTBYET HEOOXOJUMOCTH Pa3jiNyaTh MEJKHE
o0BekThl M3 amama3oHa ot 0,5 mo Imm, ciemoBaTenbHO, TAHHYIO PadOTy CileayeT
OTHOCUTbH K paboTe CpelHEl TOYHOCTH, pa3psii YeTBEPThIA, moapaspsan I', Tak kak
OOBEKTHl HMMEIOT CpPEJHUN KOHTPACT CO CBeTIbIM (oHOM. Takum o00pazom,
HEO0OXOJIMMasi OCBEIICHHOCTh IPU HCIOJIb30BAHUU CHUCTEMbI OOINETO OCBELICHUS
noikHa 0ITh 200 11k [37].

MukpokiuMar pabodeil 30HbI OMPEACNAIOTCS CIEAYIONIMMU MapaMeTpaMu:
TEMIIEpaTypa, OTHOCHUTEIbHAS BIIAXKHOCTb, CKOPOCTh JBWIKCHUS BO3AyXa. OTH
napameTpbl BIMSIOT HAa OPTaHM3M 4YeJIOBEKa, OMpEEisisi ero o0IIee caMO4yBCTBHE.
OTKJIOHEHHE OT HOPM IMPOU3BOJCTBEHHOTO MHUKPOKJIMMATa HETATUBHO BJIUAECT Ha
3nopoBbe paboTtHmka. B Tabmuie 20 moka3zaHel ONTHUMAaJbHBIC ITOKa3aTeIu
MUKpPOKJIMMaTa Ha paboynx MecTax MPOU3BOJICTBEHHBIX MOMEIICHUN JIJISi XOJIOIHOTO
U Termioro rmepuoaoB roaa[38]. XosomHBIH TepHOA TOAAa XapaKTEepH3yeTCs
CPEIHECYTOUYHOM TEMIIEpaTypoil HapyKHOro Bo3ayxa, paBHoM +10°C u Huxe,
terabii: +10°C u BbIIE.

Tabnumna 20 — OnTuManbHbIe MOKA3aTe MUKPOKIUMAaTa

ITepuon Temmne- Temneparypa OTtHOcuTeNnbHAS CkopocThb

roaa parypa noBepxHocTel, °C | BIaXKHOCTh JIBUKCHUS
Bo3nyxa, °C BO31yXa, % BO3lyXa, M/C

XonomHslil | 22-24 21-25 60-40 0,1

Temnwii | 23-25 22-26 60-40 0,1
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[lonnep>xanue HEOOXOIMMOTO 3HAUEHHUS BIAKHOCTH B J1IaOOpaTOpHUH
JIOCTUTAETCSA 3a CUET HCMOJIb30BAaHUSI MPUHYIUTEIbHOW BeHTWsiuuu. EE€ Hamuuue
00yCJIOBJIEHO TPEOOBaHUSAMU MO 00BbEMY BO3/lyXa B MOMEIICHUH MPUXOISAIIETOCS Ha
OJIHOTO paOOTHUKA.

B 3umHee Bpems mnomuepkanHue KOMGOPTHOM i pabOThl TeMIlepaTypbl
JIOCTUTaeTCs 3a CYET CUCTEMbl OTOIUIeHHs. B pabodeM MOMENIEHUH HCHOJIb3yeTCs
CUCTEMa IIEHTPAJIBHOTO OTOIUIEHUS C TEPMOPETYISATOpPaMH, YCTAHOBJICHHBIMU Ha
paauaTopax.

[IIymoBBIE BO3ACHCTBHUS, BO3HUKAIONIME Tpu paboTe oO0OpyAOBaHUS,
OTPHULIATEILHO CKA3bIBAIOTCA Ha PA0OTHUKE, TaK KaK MEIIAIOT €r0 KOHIICHTpaIuu U
BBI3BIBAIOT Pa3ApaKCHUE.

OU3MOIOTHYECKOE BO3JACHUCTBHAE IIyMa 3aKJIIOYACTCd B MOBPEKICHUU
BHYTpPEHHETO yxa. Tak k€ BO3MOXKHBI MOOOYHBIC BIMSHHUS Ha paboTy cepiua u
rOJIOBHOT'O MO3ra.

YpoBeHb 11ymMa Ha paboueM MecTe He JOJKEH MpeBbimath nopora B 50 ab.
Knaccudukanusa kareropuii Hampss>KEeHHOCTH M TSDKECTH TPYJIOBOTO  Ipoiiecca
npejcTanieHa B Tadmuie 21 [39].

Tabmuua 51 — I[lpexenbHO nomycTUMbIE YPOBHHM 3ByKa Ha pabOuMx MecTax

JUISL TPYJIOBOM NEATENIbHOCTH Pa3HBIX KATErOPUN TSHKECTH M HAIPSIKEHHOCTU B IBA

Kareropus Kareropus TspkecTu Tpya0BOro mpouecca

HaMpsOKEHHOCTH  |JIerKas cpenHss TSDKEJIBIA  |TSDKENIBIA | TSKEIIbIN

TPYIOBOTO busnueckas  |puzmueckas  |Tpyn 1 TPy TPy

nporecca Harpyska Harpyska CTeeHn |2 3
CTENEHU |CTENEHU

Hanpsokennocts (80 80 75 75 75

JIETKOM CTEIEHU

Hampsixennocts |70 70 65 65 65

CpEIIHEN CTEICHU

HanpsixeHHbIi 60 60 - - -

Tpya 1 crenenn

HanpsixeHHbI 50 50 i I I

TPy 2 CTENEeHH
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Bo3moxHbBIE METOIbI YMEHBIIIEHUS IIIyMa:
1) Pa3zpaboTka nrymo0e30macHON TEXHUKH
2) ApXHTEKTYypHO-TUTAHUPOBOYHBIC METO/IbI
3) Opranu3anrOHHO-TEXHHYECKUE MEPOTIPUSTHUS
4) HVcnonb30BaHUE CPEACTB WHAUBUYATbHOMN 3alIUTHI

[Ipu HemocTaTOUHON OCBEIIEHHOCTH Ha paboueM MecTe HeoOXO0IUMO
IPUMEHATh HCKYCCTBEHHOE OCBEIIECHHE B JIOMOJHEHHE K ECTECTBEHHOMY, a Tpu
HEO0OXOIMMOCTH, U MHIUBUyAIbHOE MCKYCCTBEHHOE OCBellleHHe. B nomnosiHeHue K
TOMY, HE0OX0auMO OOECIeYnTh pPaBHOMEPHOE pacIpelesicHUE CBETa Ha BCe
paboueil MOBEPXHOCTHU U BHIOpATh ONTUMAILHOE HAMPaBJICHUE CBETOBOTO 1oToka. He
pexkomenayercst paborate 3a IIK B mosHON TEMHOTE, TONBKO MpPU CBEYCHHUH
MOHHUTOpPA. HemoCTaToYHOCTh OCBEHICHHWS NPUBOAUT K HAMPSHKEHUIO 3PEHHUS,
ocJ1a0JIsieT BHUMAaHUE, MMPUBOJIUT K HACTYIICHUIO MPEKIEBPEMEHHON YyTOMIIEHHOCTH.
Upe3MepHO sIpKOe OCBEIIEHNE BBI3BIBAET OCJICIUIEHUE, Pa3ipaXKeHUe U pe3b B IJa3ax.
HenpaBunbHOe HampaBlieHHE CBETa Ha padOYeM MECTE€ MOXKET CO3/1aBaTh PE3KUE
TEHU, OJINKH

Ecnu »kpan pgucmiies oOpalieH K OKHY, HEOOXOJMMO HCIOIb30BaTh
3amuTHBIE 2KpaHbl. OKHA PEKOMEHIYETCsl 3aKpbhIBATh MPH MOMOIIM >KaTI03U MU
mropamu. [Ipy  HEIOCTaTOYHOM OCBEIIEHHOCTH HCIOJIB3YIOT HCKYCCTBEHHOE
OCBEIICHHE, KaK B TEMHOE, TaK U B CBETJIOE BPEMSI CYTOK.

B pabouem MTOMEILEHUH HE00XO0TMMO MPUMEHSITh CUCTEMY
KOMOMHHPOBAHHOTO oOCBelieHus. [Ipyu BBIMONHEHWHM pabOT KaTErOpHH BBICOKON
3pUTEIBPHOM TOYHOCTM HAWMEHbLIMK pazMep oObekta paziauuenus 0.3-0.5 mwm,
BenuunHa kodduimenta ecrecteeHHoro ocsemnieHus (KEO) nomkna ObITh HE HIDKE
1.5, a mpu 3puTenbHON paboTe cpelHeld TOYHOCTH HAaMMEHbLIUH pa3Mmep oObeKTa
pasmamuenus 0.5-1.0 mm KEO gomken ObiTh He HInke 1.0 [40].

TpeboBaHust K OCBEHICHHOCTH B IOMENICHUSX, TJ€ YCTaHOBJIEHBI
KOMIIBIOTEPHI, CIACAYIONINE MPH BHITIOJHEHUH 3PUTEIBHBIX pa0OT BHICOKON TOUYHOCTHU
oOmrasi OCBEMIEHHOCTh MOJbKHA cocTaBisaTh 300nk, a komOmHMpoBaHHas — 7501k

aHaJIOrM4HblEe TPEOOBaHUS MPHU BBINOJHEHUU padboT cpeaneit Tounoctu — 200 u 3005k
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COOTBETCTBeHHO. KpoMe Toro Bce 1mosie 3peHus JOMKHO OBITh OCBEIIEHO JOCTATOYHO
PAaBHOMEPHO — 3TO OCHOBHOE TMTUEHUYECKOE TPeOOBAHMUE.

[ToBbIIEHHBIN ANEKTPOMArHUTHBIM (POH B 3HAUMUTEITHLHON CTETNICHU BIIMSIET Ha
3n0poBbe Jrojed. Ilociie mpoIomKUTENBHOM PadOThl 32 KOMIIBIOTEPOM B TEUCHHE
HECKOJbKMX JIHEM YeJOBEK YYBCTBYeT ceOsl yCTaBIIMM, CTAaHOBUTCS KpaiHe
pa3ApaKUTENbHBIM, YACTO OTBEYAET HA BOIPOCHI OJJHO3HAYHBIMU OTBETAMHU.

[TpobGyiema 3IEKTPOMArHUTHOTO U3IYUYCHHS, UCXOJMSIIET0 OT MEPCOHAIBHBIX
KOMIIBIOTEPOB, BCTAET JOCTATOYHO OCTPO BBUAY HECKOJIBKHUX IMPUYNH:

1. KomnbroTep uMeeT cpa3y JBa UCTOYHUKA U3ITy4eHUs (MOHUTOP M CUCTEMHBIN
0JIOK).

2. Ilonws3oBarens IIK mpakTudyecku JMieH BO3MOXKHOCTH paboTaTh Ha
pacCTOSHUMU.

3. OueHb JIUTENbHOE BpEeMs BO3/ICHCTBHUS.

DJIEKTPOMarHUTHBIE  TOKA3aTeIW  PaJuoydacToT  CIEAYEeT  OLICHUBATh
MOKa3aTeIsIMU UHTEHCUBHOCTH TIOJISL U CO3JaBaEMOM UM SHEPIreTUUECKOM HArpy3KOM.

CornacHo [41] HanpsHKEHHOCTD AJIEKTPOMArHUTHOTO TMOJIsS Ha pacctosHuu S0
CM BOKpYI paboyero Mecra Mo 3JIEKTPUYECKOW COCTABIISIONICH MpeACcTaBieHa B
Tadmue 22.

Tabnuua 22 — Bpemennsie yposau IMII, co3znaBaemeie [1K

HanmenoBanne mapameTpoB BJLY OMII
HanpsixeHHoCTh B JIMAIla30HE 4acTOT
SIEKTPUYECKOTO 25 B/m

5To-2 kIl
OJIst
B JIMAIla30HE 4acTOT
2,5 B/m
2kl -400 xI'o
[InmotHOCTH B AMaNa30HE 4aCTOT
MArHUTHOTO MIOTOKA 250 1T
5Tu-2xln
B IMAIa30HE 4YacTOT
Tn
2 kl'1r - 400 xI'g
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B xauectBe MCP IO CHHUKCHHUIO HWHTCHCHBHOCTHU H3JIIYUCHHA IIPUMCHAIOT
CIICOHUAaJIbHBIC (1)I/IJIBTpI)I, KOTOPBIC YCTAHABJIMBAIOTCA HA 9KPAdH MOHHTOPOB. Tak XKCE,
CCJIIM CYHCCTBYCT BO3MOXHOCTL — H€O6XOI[I/IMO YBCIIMYNUTL PACCTOAHHUC OT
HCTOYHHKA HU3IYYCHHUSA OO0 II0JIb30BATCIIA. I[J'ISI n30eranus HOCJ'IGI[CTBI/Iﬁ 9KpaH

BUACOMOHUTOPA AOJDKCH HAXOOUTCS HA PpACCTOAHHUN HC MCHCC 50 cm.

5.2 PernonajbHas 0€30MacHOCTD

B xozne BeImonHeHUs1 JaHHON pabOThl HEraTUBHOE BO3JCHCTBUE OKA3bIBACTCS
Ha JuTocdepy. OTO MPOSBIAECTCS B HAIUYUU OTXOJOB, KOTOPBIMHU SIBJISIIOTCS
yCTapeBIliee WM HEUCTPaBHOE 000PYI0BaHUE, a TaK K€ TBEPJIbIe OBITOBBIE OTXO/IbI.
[IpombliliuieHHBIE OTXOJbI OBIBAIOT 4 KJIACCOB OMACHOCTU: 1)4Ype3BBIYANHO
OIacHble, 2)BBICOKO OIAacHbIE, 3) yYMEPEHHO omacHble, 4) manoonacHeie [42]. B
MIPOIIECCE BHITIOTHEHUS pabOThl 00pa3ytoTcst oTX0Abl 4 U 3 Kjlacca OMaCHOCTH.
Campble pacnpOoCTpaHEHHbBIE CITIOCOOBI JIMKBUIAIIMN OTXO/I0B:
1) CxiamupoBaHHE Ha TIOJTMTOHE
2) CxuraHue Ha MyCOPOCKHUTAIOIINX 3aBOAAX
3) AspobHoe OMOTEepMHUYECKOE KOMITOCTUPOBAHHUE
4) Yrunuzaius
TexHuka, BblIEAUIAS U3 CTPOSI WM MOPAJIBHO yCTapeBlIasi, MMOJBEPraeTcs
o0si3aTeNIbHOM  YTWUJIM3AllMM, TaK  Kak  CYIIECTBYeT  aJMUHUCTPATHBHAS
OTBETCTBEHHOCTH 33 HapyIIEHUE JAHHOW MPOIIEAYPHI.
[Tpouenypa yrunuzaiuu COCTOUT U3 CIAEAYIOLUIUX TANOB:
1) CHsaTre 00opymoBaHus ¢ OyXraJaTepcKoro 0ajgaHca yupekIeHus
2) Tlepenaya criMcaHHO# TEXHUKH B KOMITAHUIO 110 YTHIM3AIMN

3) dopmupoBaHUE MaKeTa JOKYMEHTOB Ha YTHIIU3AIMIO 000PYI0BaHHS
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5.3 Opranu3auMoOHHbIe MePONPUATHS o0ecnieyeHUs1 0€30MaACHOCTH

JIJisi TIOBBIIIIEHUS] Ka4yecTBa BBHIMIOJHEHUS pPaboOT HEoOXOAMMO 00eCleurThb
KOM(OpTHBIE yCIOBUSI Ha pabodeM MecTe HCHONHUTENS. OTKIOHEHHE OT HOPM
MOXXET TIOCHYKUTh pPAa3BUTHEM Yy HCHOJHUTENS paboT MpoecCHOHAIBHOIO
3a00JieBaHUs WK OOJIE3HHU.

Ha s¢dextHOCTs Tpyna CYIIECTBEHHO BIHMSET NPUMEHEHHE MPaBUIbHBIX
npuéMoB paboThl Ha pabodyem Mecrte. s Takux MPUEMOB CHPABEIJIMB MPUHIIUIL
MUHUMYMa (U3NYECKUX M IMOLMOHAIBHBIX 3aTpaT MPH MaKCUMyMe pPe3yJbTaToB.
Jlocturaercs 3TO MyTEM BHEIPEHHsS PAlMOHATBHBIX METOJOB W MPUEMOB TpyJa Ha
paboueM wmecte. Ha mnpakTthke moka3zaHo, YTO pallMOHaNW3aIMel NpUEMOB U
JBUKEHUN paboTarolero Ha paboueM MecTe TPYJA0EMKOCTh MOKET ObITh CHH)KEHA Ha
10...15%, a a3¢dexTuBHOCTH TpyAa B 11e710M noBbiieHa Ha 30-40%.

OnTuManpHbIe MTapaMeTphl paboyero Mecra mokasaHsl B Tadnuiie 2 3:

Tabmuma 23 — OnTumansHBIC TapaMeTphl pabodero Mecra

[TapameTpsr 3HadyeHue mapamerpa
Bricota paGodeii moBepXHOCTH CTOJIA 650 - 760 MM
BricoTta knmaBuaTypsl 650-700 mm

VY 1aJIecHHOCTh KJIaBHATypbl OT Kpasi CTOJIa He menee 80 mm

Y paneHHoCTh SKpaHa MOHUTOpA OT Tia3 600-700 mm

Bricota cunenus 400-500 mm

VY1071 HaKJIOHa MOHUTOPA 0-30 rpan.

HaxkJson nojcraBku HOT 0-20 rpagn.
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Hcnonp3yembie B paboTe MpeIMEThI JOHKHBI PACoiaraThCsl B Mpeenax
30HBl JOCSTAEMOCTH MOTOPHOIO TMOJS. 3O0HBI JOCATaEMOCTH MOTOPHOIO TMOJIA

MIPUBEJICHBI Ha PUCYHKE 42:
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PI/ICYHOK 42 — 3ona A0CATAaCMOCTH MOTOPOHOI'O ITOJIA

TpynoBble omepaly pa3iuvaroT MO0 YacTOTe BBINOJHEHUS. YacTtoTry
BBITIOJIHEHUS OTIepalliii MPUHUMAIOT: OYEHb YacTo - JIB€ U OoJiee orepanuii B 1 MuH;
4acTo — MeHee ABYX omnepainuid B 1 MuH, HO OoJsiee IBYyX omnepanuii B 1 4; penko - He
oonee nByx omepamuii B 1 u. Ha pucynke 1 mudpamu mokazaHo pasMmelieHue
UCIIONIB3YEMBIX B Mpolecce paboTel OpraHoB ympasieHus. B obmactu 1
(omTuMabHaAs 30HA) pacroyiararoTcs HanboJiee UCTOJIb3yeMble TIPEAMETHI, B 30HE 2
(JIerko¥ JOCSIraeMOCTH) PACIOIararoTcsl MPEAMETHI, UCIIOIb3yeMbI€ YacTo, B 30HE 3
(30HAa JOCATAEMOCTH) PaCIoJararoTCs PEIKO UCIOJIb3yeMble peaMeThl [43].

Taxk ke cymecTByrOT TpeboBaHUsS U K pabodeil mo3e uHxeHepa. Tak kak mnpu
JUTUTEIbBHOM HaXO0XJICHUHU B HEYJ0O0HOM 03¢ MOTYT BOSHUKHYTH OOJIM B CyCTaBax U
MBIIIIAX, YTO B CBOIO OYEpE.lb, MIPUBEAET K YMEHBIICHUIO MPOU3BOAUTEIHHOCTH U
KadecTBa Tpy/a.

KoncTpykius pabouero kpecia J0JbKHA CHIKATh HANPSIKEHWE MBI B

[JIe4eBOM 00J1IaCTU U 00JIaCTHU CITUHBI.
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Bricota pabGouero kpecna gomkHa ObITh B mpenenax 420-450 mw.
[IoBEpXHOCTh NOJKHA BBINOJHATHCA M3 MATKMX MAaTEpUaloOB, IEPEIHUM Kpau
JOJDKEH OBbITh 3akpyryieH. Tak e JOKHa ObITh MPENyCMOTpPEHa PEeryIupoBKa
HAKJIOHA CIIMHBI KPECIa.

B xome paboTel wucnogHUTENns OyAeT 3aeiiCTBOBATH  BO3MOKHOCTH
PacroJIOKEHHBIX Ha paboyeM MeCTe NEPCOHAIBHBIX KOMIBbIOTEPOB. JlJi1 BHYTpEeHHEN
OTACJIKH MHTEPhEpA MOMEIICHUN, TAe pacnonoxeHsl 1K, momkHbI UCIIOIb30BaThHCS
T y3HO OTpaXkarouye Marepuaibl ¢ KOAP(UIUEHTOM OTPaKEHUS: Ul MOTOJKA -
0,7 - 0,8; ms cren - 0,5 - 0,6; nus moina - 0,3 - 0,5 [44].

PaboTa BBIYMCIUTENHHON TEXHUKH MOMKET OBITh NPUYUHON H3MEHEHUS
MUKpOKJIMMaTa B nomenieHuu. CaHuTapHbIE HOPMBI JUIS IApaMETPOB MUKPOKJIMMATA
B KOMITBIOTEPHBIX IIOMEIICHUSIX MOYKHO ITOCMOTPETh B Tabymie 24[45]:

Tabnuua 24 — [1apameTpbl MUKpOKIMMAaTa

ITepuon rona [TapameTp MUKpOKIIMMATa Benuuuna

Temneparypa Bo3ayxa B moMemennu| 22...24°C
XO0JIOIHBIN OtHOCUTENbHAS BJIa)KHOCTD 40...60%

CKopoCTh IBUKEHUS BO3yXa 10 0,1m/c

Temneparypa Bo3nyxa B noMmemennu| 23...25°C
Ternpri OTtHOCHUTENBbHAS BJIAXKHOCTH 40...60%

CKOpOCTh IBHKEHHUS BO3TyXa 0,1...0,2m/c

O0BbeM MojaBacMOTO B TOMEIIEHHWE BO37yXa PACCUMTHIBACTCS, HMCXOAS W3
o0beMa TTOMENIEHUSI M YUCJIa HAXOASAIIUXCS BHTYPU 4YeJIOBEeK. Tak Mpu MOMEIICHUH
3 3
10 20 M” Ha YyesoBeKa rojava Bo3ayxa JAobkHa ObITh HEe MeHee 30 M™, a mpu o0beme
3
nomenenust ot 20 1o 40 M~ Ha YeoOBeKa 1o/ ada Bo3ayXa J0JDKHA ObITh He MeHee 20
3 .
M~ Jlns oOecrieueHus: TpeOyeMbIX YCIOBUUA MHUKPOKJIMMATa HCIOJB3YIOTCS Kak
OpraHM3aIlMOHHBIE METOJBl (palMOHAJbHAs OpTraHW3alMs IPOBEJACHHUS pPadOT B
3aBUCHUMOCTH OT BPEMEHHU T0Jla U CYTOK, YepelOBaHHE TpyJa U OT/AbIXa), TaK U
TEXHUUYECKHE Cpe/IcTBa (BEHTUJIAIMS, KOHIUIIMOHUPOBAHUE BO3/yXa, OTOMUTEIbHAs

cUCTEMA).
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5.4 Oco0eHHOCTH 32aKOHOIATEJIBLHOI0 PEeryJIMPOBAHUSA NPOEKTHBIX pPelIeHuil

Cratbs 370 TK P® npenocrapisieT npodcoro3aM IpaBo Ha OCYIIECTBICHUE
KOHTPOJISI COOMIOACHUST paboTOAATeIIMH W WHBIMUA TPEJICTABUTEISIMUA TPYAOBOTO
3aKOHOJIATEIbCTBA M HMHBIX HOPMATHUBHBIX IPABOBBIX AKTOB, COAEPKALIUX HOPMBI
TPYJOBOTO TIpaBa, BBIMOJHEHUEM UMH YCIOBUUA KOJUIEKTUBHBIX JIOTOBOPOB H
COTJIAILICHUM.

PaboTonarenu 00s13aHbl B HEACIBbHBIA CPOK C JHS MOJTy4YeHUs TpeOoBaHUs 00
YCTPAaHCHWHM  BBISBICHHBIX  HAPYIMICGHWA  COOOIMMUTH B COOTBETCTBYIOIIHMA
npod)COIO3HBIN OpraH O pe3yJbTaraX pPacCMOTPEHUsI JaHHOTO TPeOOBAHUS W
MPUHATBIX MEpax.

JUtst ocyliecTBIIEHHS HaJ30pa 3a HCIOIHEHUEM CBOMX NpaB MNpO(COrO3bI
MOTYT Ha3HayaTh JIOBEPEHHBIX IO OXpaHE TpyJa JHI, YTO Obl HAIMpaBJIATh UX B
KOMHTETHI 110 OXpaHE TpyAa.

OCHOBHBIMM 33JJa4aMU JIOBEPEHHBIX JIUI] SIBJISFOTCS :

1) TTomorrs B co3aaHNU O0€30MACHBIX YCIIOBUH TPy/ia Ha IPOM3BOJICTBE

2) OTcTavBaHWEe WHTEPECOB PAOOTHUKOB TIPH HAPYIICHHH TPYAOBOIO
3aKOHOJATEIbCTBA

3) IlpoBeneHune KOHCYIbTAINMN IO BOIPOCAM OXPaHbl TPY1a

4) OcyliecTBICHUE KOHTPOJS JJIsi COOJIOJCHUS HWHTEPECOB pPaOOTHHUKOB B
00J1acTH OXpaHbl TPyJa

[IatHanmaTtoit rnaBo IV pasgena TpyaoBOro KoJAEKca 3aKperieHa
POJOJKUTEIBLHOCTh paboyero BpemeHu — He Oosiee 40 uvacoB B Hexmemto. s
pabOTHHKOB, BO3PACT KOTOPBIX MEHbINE 16 et — He Oosiee 24 yaca B HeNEmo, OT 16
1o 18 net — He 6osee 35 yacoB, kak u A1t uHBAKUIOB | u Il rpynmel. Takke pabouee
BpeMs 3aBHCHT OT YCJOBUH Tpynaa: Mg paOOTHUKOB, pabOTAOIMX HAa PabOUYuX
MECTax C BPEIHBIMHU yCIOBUSIMH JIJISI )KU3HU - HE Oouibiie 36 yacoB B Heem0. B aTom
)K€ pasJiesie ONMUCchIBaeTCsl paboTa HakaHyHE Mpa3IHUYHBIX JIHEH, a Tak *e paboTra B

HOYHOE BpPEMS U CBEpXypouHas padora.
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Hemnonroe pabouee Bpemsi 00s13aHO OBITH YCTAaHOBJIEHO paboTomaTeNeM IO
npochb0e CIEAYIOINUX KAaTeropuii padOTHHKOB: OEpPEMEHHBIX JKEHIIMH; OJHOTO W3
ponuteneit (oneKkyHa, MOMEUYUTENs), UMeEroero pedbeHka B Bo3pacte 10 14 jer
(pebeHka-uHBaIMa B BO3pacte A0 18 JeT); auil, OCYIIECTBISIOUIMX YXOI 3a
OOJBLHBIMU YJIEHAMU CEMbBU COTJIACHO MEIUIIMHCKOMY 3aKIIOUEHUIO.

Hemnonnoe pabouee Bpemsi ycraHaBiuBaeTcsi B (OpMe HEMOJHOW paboueit
HEJEJIM, HENOJIHOTO padoyero JHS WM HENOJHON padoyedl Helelu W HEMOJHOIO
pabouero JHs OTHOBPEMEHHO.

CornacHo cratbe 93 TK P® - ecnu pabOTHUKY yCTaHOBJIEHO HEIOJIHOE
pabouee BpeMms, €ro TPyJ OIUIAYMBAETCS MPONOPLUUOHAIBHO OTPAOOTAHHOMY WM
BPEMEHM WJIM B 3aBUCHUMOCTH OT BBINOJIHEHHOTO UM o0bema pabor. Ha
MPOJOJKATEIBHOCTh €KET0JIHOTO0 OCHOBHOI'O OTIYCKa, a TaKKe Ha HCUHCIICHUE
TPYAOBOI'O CTaXa U Ha JIpyrue TpyI0BbIEe IPaBa HEMOJIHOE paboyee BpeMsl HE BIMSIET.

Cornacno cratbe 92 TK PO cokparnieHHass MpoI0JKUTEILHOCTh paboyero
BPEMEHU 10 COTJAIICHHIO CTOPOH HE ycTaHaBiauBaerca. B oOs3aTenbHOM MHOpsake
40-yacoBas HeCIs COKpaIaeTcs sl paOOTHUKOB:

1) B Bo3pacte a0 16 et — Ha 16 yacos;

2) unaBanuaoB I wium Il rpynmel — Ha 5 4acos;

3) B BO3pacte oT 16 10 18 neT — Ha 4 yaca;

4) 3aHATBHIX HAa pabOTax ¢ BPEIHBIMU U (MJIM) OMACHBIMU YCJIOBHUSMHU TPyJa —
Ha 4 yaca u Oosee.

B cratee 114 TK P® onuceiBaeTcs NOPSIAOK H  JUIMTENBHOCTH
npenocrasieHuss ExeromHoro otmycka s paOOTHUKOB. PaOoTHMKaM JTOJKEH
IPEIOCTABIIATHCS €XKETOAHbBIE OTITYCKA C COXPaHEHUEM MecTa paboThl (JOHKHOCTH) U
CpeaHero 3apaboTka — MPOAOJIKUTEIBHOCTBIO 28 KaJeHIapHBIX JHEH.

Tax >xe oTImyck MOXeT ObITh MEPEHECeH WM MPOJIEH B CIydasXx BPEMEHHOU
HETPYAOCIOCOOHOCTH;  MCIIOJIHEHUST BO BpeMs OTIyCKa TOCYJapCTBEHHBIX
00s13aHHOCTEH; B JIPYTUX ciyyasx, MPETYCMOTPEHHBIX TPY10BBIM

3aKOHOOAaTCIbCTBOM.
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3apaboTHas maTa BBIIIAYMBAETCS pAOOTHUKY Ha OCHOBAHUU 3aKIIOYCHHOTO
C HHMM JOrOBOpa W 3aBUCHT OT OOBEMa NpPOJEIaHHOW pPabOThI, CIOXKHOCTH U
kBaMpukauuu. Bo3MokHO  yaepskaHue 3apabOTHOM  IIaThl, B  CIydasx
npenycmoTpeHHbix TK P® cr. 137. B ciyuae 3anepkku 3apaboTHOM miaThl Ooliee
yeM Ha 15 gHel pabOOTHMK HMMEET MpPaBO NPHUOCTAHOBUTH pPabOTy, MUCHbMEHHO
yBEJIOMHUB paboTOIaTEISI.

[Ipyu npekpamieHHMH TPYIOBOTO  JOrOBOpa  BBILIATA  BCEX  CYyMM,
MPUYUTAIOMIMXCA PAOOTHUKY OT paboTojaTessi, MPOU3BOAUTCS B JCHb YBOJbHEHUS
pabotHuka. Ecin paOOTHUK B J€Hb YBOJBHEHHS HE paOOTaj, TO COOTBETCTBYIOIIHE
CYMMBl JOJDKHBI OBITh BBIIUIAYEHBl HE TO3JHEE CIEAYIOUIEro JHS IOocCie
IpeIbsABICHUS YBOJICHHBIM paOOTHUKOM TpeOoBaHMs O pacuere. B ciydae crnopa o
pa3Mepax CyMM, MNPUUYUTAIONIMXCS PaOOTHUKY MpPHU YBOJBHEHUH, pabOTOAATENb
00s13aH B YKa3aHHBIA B HACTOSIIEH CTaTbe CPOK BBHIIIATUTh HE OCHApPUBAEMYIO UM

cymmy, corinacio TK P® ct. 140.

5.5 llo:kapHasi 6e30MaCHOCTH

UpesBbIuaiiHble CUTYyaIluu AeNATcs Ha KOH(MIUKTHBIE U OeckoHpukTHBIE. K
KOHGIMKTHBIM YC OTHOCATCS BOMHBI, SKOHOMHUECKUE KPU3UCHI, TEPPOPUCTHUECKEU
aktel U Ap. K OeckOH(QIMKTHBIM MOXHO OTHECTHM TEXHOTE€HHbIE M TPHUPOAHbBIC
sABJICHHUSI, BbI3bIBatonue YC.

Hauboiee BeposiTHasi TEXHOTE€HHAsI CUTYAIUs — IOXKap.

[loxxap Ha NPOM3BOJACTBE MOXET BO3HMKHYTH BCJEACTBUE MPUYUH
HEAJIEKTPUYECKOTr0 U AJIEKTPUIECKOTO XapaKTepa.

K nmpuunHam HesnekTpuueckoro xapakrepa oTHocsarcs: 1) HeucnpaBHOCTB
IPOM3BOJICTBEHHOIO O0OPYIOBAaHUS U HAapyIIEHHWE TEXHOJOTHYECKOro mpoiiecca; 2)
XanaTHOe W HEOCTOpPOXKHOe oOpallieHue ¢ OorHeMm (KypeHue, ocTaBjieHue 0e3
NpUCMOTpa HarpeBareibHbIX mpuOopoB); 3) HenpaBuibHOE YCTPOMCTBO U
HEUCIIPAaBHOCTh ~ BEHTWSILMOHHOM  CUCTEMBI; 4) CaMOBOCIUIAMEHEHHE WU

CaMOBO3TOpaHHC BCIUICCTB.
103



K npruumnam »snektpuueckoro xapakrepa otHocsaTca: 1)  Kopotkoe
3ambikanue; 2) [leperpyska npoBoioB; 3) boibiiioe nepexoaHoe COnpoTUBIEHUE; 4)
Hckpenue; 5) CtaTuueckoe 3JIeKTPUUECTBO.

ITo B3pBIBONOKApHOM M MOKAPHOW OMACHOCTH MOMEIIECHUS MOAPA3AEIAIOTCS
Ha kareropuu A, b, Bl - B4, I' u /I, a 3nanus - Ha kareropuu A, b, B, I u J[[46]. B
pabodyeM TOMEIIEHHH NPUCYTCTBYIOT MaTepHuallbl, COJEp)Kallue TBEpAble U
BOJIOKHUCTBIE TOPIOYME BEIIECTBA, HE BBIICISAIOIINE TOPIOYYIO MbUIb WM BOJIOKHA,
NEPEXOISLIME BO B3BEIICHHOE COCTOsSHME. TakuM 00pa3oM, JaHHOE MOMEIICHHE
OTHOCHTCS K KaTeropuu /.

JUist yMeHbIIEHUSI BEPOSTHOCTH BO3HHKHOBEHHUS IOKapa Ha paboyem Mecte
HEOOXOMMO MTPOBOJIUTH CIICIYIOIIIE KOMILICKCHI IIPOTHBONIOXKAPHO# 3auTh [47]:

1) IloBbIIIATH OTHECTOMKOCTD 3IaHHMS.

2) Vcnonp30BaTh HETOPIOYHE MaTepUalIbl IPU padoTe.

3) OcHallieHre YBaKyallMOHHBIX ITyTEH B COOTBETCTBHH C TPEOOBAHUSIMH.
4) TlpoBeneHNE HHCTPYKTAXKEH TI0 TIOYKAPHOM OE30MACHOCTH.

5) Hcnonb3oBaHue UCTIPABHOTO 000PYIOBAHHS.

6) Hamuuwme cpeacTB MoKapOTyIICHUS.

7) Hanmu4ue orHeTymuTeNnei.

TpeboBanust Kk cucTeMaM NpPEJOTBpAIICHHUs TOXkKapa, a Tak IKe
OpraHu3aIMoOHHO-TeXHNYeckrue Meponpustus onucbiBaores [[OCT 12.1.004-91.

K opraHu3animoHHO-TEXHUYECKUM MEPOINPUATHAM OTHOCSTCS:

1) Opranu3zaius oxapHON OXpPaHHBI.

2) IlpuBieycHre OOIISCTBEHHOCTH K BOMpPOcaM OOECHEUYCHUS TOKapHOM
0€30MMacHOCTH.

3) Pa3paboTka HOPM ¥ UHCTPYKIIHIA.

4) HopMmupoBaHHE YUCICHHOCTH JIFOJICH 110 YCIOBHSM T0KapOOE30IacHOCTH .

B xagecTBe cucTeMbl ONOBEIIEHUSI HA paboyeM MeCTe HUCIIOJIb3YEeTCsl peueBast
cuctemMa onosenieHus. Tak ke B ayAUTOPUU HAXOAUTCA OrHETymuTedb tuna OY-8

JUTSL TMKBHUIAIIMKM BO3TOPAHUM, MHCTPYKIUS MPH BOSHUKHOBEHHMH Tokapa [48].
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VYyeOHnast mabopaTopusi BXOOUT B OOIIMK IUTaH 3BaKyalldd 3Ta)ka, KOTOPBIHA
NpeyCMaTPUBAET BBIXOJ[ M3 BCEX MOMEIICHUH 3Taka B OCHOBHOW WIIM 3aracHOM
IBaKyallMOHHBIC BBIXOBI 31aHus [49].

[Tnan sBakyaluu npeacTaBlieH Ha pUcyHke 43:
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Pucynok 43 — I1nan »Bakyamuu
[Ipy BO3HMKHOBEHMH TMOXKapa WIM MPU3HAKOB TOPEHUs paOOTHUK JOJIKEH
HEME/JIEHHO TMPEKpPaTuTh paboTy M BBI3BATH MOXKAPHYIO OXpaHy 1Mo Homepy «01y,
COOOIIMB a/Ipec, MECTO BOSHMKHOBEHMSI BO3TOpaHUs U CBOIO (haMuinio. OTKIIIOUUTh
OT CeTH d3JIeKTpoobopynoBanue. [IpUCTynUTh K TYIICHHIO TOXapa HWMEIOIIUMUCS
cpeacTBamMH moxkapoTyiieHus. [Ipu obiiemM curHajge onacHOCTH COTPYAHUK JTOJDKEH

IIOKHMHYTb 3JaHHC, COI'TIACHO 9BAKYAITHOHHOMY IIJIaHY.

5.6 BeIBOa M0 pa3jeny couMaabHAasi 0TBETCTBEHHOCTD

B pe3ynbrare npoBeAeHUsl aHaIM3a BpeAHbIX (DAKTOPOB, KOTOPHIE MOTYT
OKa3aTh BJIMSHHME Ha XU3Hb U 3[0POBHE UEJIOBEKAa MPHU BBINOIHEHUH PaboT, ObLIN
paccMOTpeHbl  (paKTOpbl TEXHOIE€HHOM, OpraHU3allMOHHOM, pPErMOHAIIBHOW U
nokapHoi Oe3omacHocTU. Tak ke, ObUIM paccMOTpPEHbI (PAKTOPbI, OKa3bIBAIOIINE
BIIMSIHUE CO CTOPOHBI 3aKOHOATEIIbCTBA.

B pesynbrare aHanu3a mMecTa BBIOJHEHHUS MaruCTEPCKOM AUCCEPTALUN

ObLTM OTMEYEHBI (HaKTOPBI, KOTOPHIE MOTYT HAHECTH Bpej 370poBbl0. K HuUM
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OTHOCSITCSI: TOPAKEHHE JJIEKTPUUYECKHM TOKOM, MEXAaHUYECKUE MOBPEKICHUS,
BO3HUKHOBEHUE MOXkKapa.

Ha pabouem Mecre, koTopbIM siBiisieTcst Jlaboparopust Ne 106, necaroro
y4eOHOro kopmyca TOMCKOTO MOJUTEXHUYECKOTO YHHUBEPCUTETA BBIMOJHSIOTCS BCE
HE00XO0MMbIe TPEOOBAHMS, 111 CHUYKEHUSI BEPOSTHOCTH BO3ZHUKHOBEHUSI aBAPUHNHBIX
cutyanuii. Pabodee MecTo oTBe4aeT HEOOXOAMMBIM SPTOHOMUYECKUM TPEOOBAHUSAM,

IMPONMCAHHBIM B HOPMATHUBHBIX JOKYMCHTAX.
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IIpuioxkenue A

Pasznen 2.
OOBEKT U METOBI UCCIIENOBAHUS

CryneHr:
I'pynna (07 (0] Honnuch Hdarta
8em41 NBanos Cepreii Onerosuy
Koncynperant kadenpst UKCVY;
J0/KHOCTH [(%(0] Yuenas cTenens, Moanucey JlaTa
3BaHHE
Houent Pypaunkuii
Bnanucnas
AnexkcanapoBu4
KoncynpTanT — nuHrBUCT Kadeapsr Usl:
J0/KHOCTH [(%(0] Yuenas crenens, Moanucey JlaTa
3BaHHE
Crapmunii byrakosa TarbsHa
MPEIOJaBaTeNb NBanoBHa
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IHpuioxenue b

JIncTHHT porpaMmsl

const unsigned char PS_2 = (1 << ADPS0);

const unsigned char PS_4 = (1 << ADPS1);

const unsigned char PS_8 = (1 << ADPS1) | (1 << ADPSO0);

const unsigned char PS_16 = (1 << ADPS2);

const unsigned char PS_32 = (1 << ADPS2) | (1 << ADPS0);

const unsigned char PS_64 = (1 << ADPS2) | (1 << ADPS1);

const unsigned char PS 128 = (1 << ADPS2) | (1 << ADPS1) | (1
ADPS0);

int pixelVValue_pin = AO; // analog output
intsi=7; /Il SI pin

int clk = 8; I/ CLK Pin

inti;

// MaccHB J1Ji 3HAUEHUM MMUKCENeH

uint8_t pixels[256];

int value;
void setup()
{

//ycTaHOBKA MMHOB B PEKUM BBIXOJ0B
pinMode(si, OUTPUT);

pinMode(clk, OUTPUT);
digitalWrite(clk, LOW);
digitalWrite(si, HIGH);

ADCSRA &= ~PS 128; // ynanenue npeapaymx 3HAYCHHHA
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ADCSRA |=PS _4; // 4 npennenutens

Serial.begin(115200);
}

void ClockPulse()
{

delayMicroseconds(2);
digitalWrite(clk, HIGH);
digitalWrite(clk, LOW);// dynkims oTcyeTka THKOB

}
void loop()
{
for (i=0; 1 < 256; i++)
{
ClockPulse();
if (i==0){
digitalWrite(si, LOW);
}

else if (i == 255) {
digitalWrite(si, HIGH);//cornacHo matammury Ha MOCIEIHEM THKE HYKHO

BBICTAaBUTbH CTpOOUpYyromMii curuan B "1"

¥

// MOy4YeHne 3HaUYeHU C aHAJIOTOBOT'O BBIX0/1a
/I pixels[i]= analogRead(pixelValue_pin);
value = analogRead(pixelValue_pin);
pixels[i] = constrain((uint8 t)(value / 4), 0, 1024); //moactpoiika B

HE0OXOIMMbIE 3HAaUeHUsI(MOXKHO U O6€3 Hee)
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¥

// BBHIBOAMM 3HAYEHUS MacCHBa IHKCeled dYepe3 MapauleIbHBIA MOPT.
3HadyeHre OyIyT BBIBOJUTCA B BHJIE CHUMBOJOB AaCKH KOJA. YTO OBl BBIBECTHU
HaAIpSAMYIO HaJ0 UCTIONB30BaTh Serial.print( pixels[i]) B mukie for

Serial.write((uint8_t*)pixels, (size_t)256);

Serial.printin();

ky

Hpuaoxenue B
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