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3anjiaHMpoBaHHbBIE Pe3yJIbTAThI 00y4eHHs MO0 NporpaMMme

Kon TpeodoBanusa ®I'OC,
Pe3yabTat 00yuenus
pe3yJib- KpUTepHeB U/MIIH
(BBIMYCKHHUK J0JKEH ObITH TOTOB)
TaTa 3aHHTePEeCOBAHHBIX CTOPOH
IIpogheccuonanvrvie komnemenyuu

P1 Hcnonb30BaTh pe3ysibTaThl OCBOCHHS (DYHIAMEHTAIBHBIX W TpuKiIagHeix | TpeGoanuss @®IOC  (TK-1-3),
mucummine OOIT MarucTparypsl; TIOHUMAaTh OCHOBHBIC MpoOJieMbl B cBoeil | Kpurepuit 5 AWOP  (m. 1.1),
IpeIMETHOH o0sacTH, BBIOMpaTh METOABI M CpEACTBA WX pEIICHHUS; | COTTACOBaHHBIA C TpeOOBaHMSIMHU
JIEMOHCTPHPOBATh HABBIKK Pa0OTHI B HAYYHOM KOJUIEKTHBE, MOPOXJIATh | MEKTYyHAPOIHBIX CTaHAapTOB
HOBBIE UJIEU EUR-ACE u FEANI

P2 AHANTM3UPOBATh  COCTOSIHHE — HAayYHO-TEXHHYECKOW mpolOiembl  myTéMm | TpeGosanus ®I'OC (T1K-7, TIK-8),
noa0opa, U3yUeHUss U aHalu3a JINTEPATYPHBIX W MATCHTHBIX MCTOYHHKOB; | Kpurepwit 5 AMOP  (m. 1.2),
ONpENeNATh IENH, OCYIIECTBISATh IIOCTAHOBKY 3aJad IPOEKTHPOBAHUS | COTTACOBAHHBIA C TpeOOBaHMSIMHU
npuOOpOB  HAHODIEKTPOHUKH, CXeM M yCTPOHCTB  Pa3IMYHOTO | MEXIYHapOAHBIX CTaHAapTOB
(YHKIMOHATBHOTO  Ha3HadeHWs ¢  ucnois3oBaHueM  coBpemenHod | EUR-ACE u FEANI
JNMIEMEHTHOH 0a3bl HAHOPIEKTPOHUKH, IIOJTrOTaBIMBAaTh TEXHUYECKHE
3a1aHMs HA BBINOJHEHNE MPOEKTHBIX PadoT

P3 DopMyIHUpOBaTh LEIU U 33/1aull HAyYHBIX HCCICIOBaHUH B coOTBeTCTBUM ¢ | TpeboBanus  ®IOC  (IIK-16).
TEHJCHLIMAMHU 31 NEPCIEKTUBAMHU pa3BUTUSA JJIEKTPOHUKH u | Kpurepuit 5 AWOP (n. 1.3),
HAHOYICKTPOHMKH, a TaKXKe CMEXKHBIX oOJlacTel HayKHM W TEXHHKH, | COTJACOBaHHBIM C TpeOOBaHMSIMHU
000CHOBAaHHO BBIOMPATh TEOPETUUECKUE U DKCIIEPUMEHTAIBHBIE METONBI M | MEXIyHapOIHBIX CTaHJ]apTOB
CpeAcTBa pernleHus chopMyTHPOBaHHBIX 3a1ad. EUR-ACE u FEANI

P4 OcBavBaTh NPHHLMIBI I[UIAHHPOBAHMS M METOAbl  aBromaruszauuu | Tpeboanus  ®I'OC  (ITK-18),
JKCIICpUMEHTa Ha OCHOBE HH(OPMAIMOHHO-U3MEPUTENBHBIX KoMmuiekcoB | Kpurepuit 5 ANOP (m. 1.4),
KaK CpeJICTBA MOBBIIICHUS] TOYHOCTH M CHYDKCHUS 3aTpaT Ha ero IPOBeJeHNe, | COTTAacOBaHHBIM C TpeOOBaHMIMHU
OBJIa[ieBaTh HAaBBIKAMU M3MEPEHHH B peaJbHOM BPEMEHH; Pa3padaThIBATh | MEXKIYyHApOAHBIX CTaH/apTOB
¢m3nudeckne W MaTeMaTHYeCKHEe MOJIENH »JIeMeHTOB HaHotekTpoHukHu, | EUR-ACE n FEANI
KOMITBIOTEPHOE MOJIEIHNPOBAaHHE HCCIEIyeMbIX (PU3HUECKHX MPOIECCOB,
puOOpPOB, CXEM M YCTPOICTB, OTHOCAIINXCS K IPO(hecCHOHATBLHON chepe

P5 Jlenate Hay4HO-00OCHOBAaHHBIC BBIBOJIBI IO pe3ysibTaTaM Teoperndeckux u | Tpebosanms  PIrOC  (TIK-20).
OKCIICpUMEHTANIBHBIX ~ WCCIEJOBaHWM,  paBaTh  pexomeHmammu 1o | Kpurepuit 5 ANOP (m. 1.5),
COBEPIICHCTBOBAHHUIO YCTPOHCTB U CHCTEM, TOTOBHTH HAyYHO-TEXHHUECKHE | COTTACOBAHHBIM C TpeOOBaHMSIMHU
oT4€THI, 0030pbI, pedeparsl, IMyOIUKAIUK IO Pe3yJIbTaTaM BBIOJHEHHBIX | MEXIyHapOAHBIX CTaHJ]apTOB
HCCIIEOBAaHUM, TOKJIaA6l HA HaydHble KOH(pepeHnnn U cemuHapsl, Hayunsle | EUR-ACE n FEANI
IMyONIMKAIUY B IIEHTPATBHBIX M3JaHUSX 1 3aIBKU Ha N300pETCHUS

P6 PabGorare B KadecTBe INpernojaBarelis B 00pa3oBaTelibHbIX ydpexiaeHusx | TpeGosanus  @OIOC  (TIK-26),
cpenHero  mpo)eCCHOHANLHOrO W Bhicmiero  npodeccuonanbHoro | Kpurepuit 5 AHWOP (m 1.5),
oOpa3oBaHusl MO y4eOHBIM JAUCLUIUINHAM IPEAMETHON OOJAacTH JAHHOTO | COIVIACOBAaHHBI C  TPeOOBAHMSMHU
HarpaBJICHHUs 110]] PyKOBOJCTBOM Ipodeccopa, JOLEHTa WK CTaplIero MEXTyHapOAHBIX CTaHJIAPTOB

EUR-ACE n FEANI
YHueepcaJleble KomnemeHyuu
P7 CoBepLICHCTBOBaTh W pa3BMBaTh  CBOW  HMHTEWIEKTyanbHbli 1 | Tpe6oBanus ®T'OC (OK-1; ITK-4).

0OIIEKYJIbTYPHBIA YpOBeHb. CaMOCTOATEIBLHO MPUOOPETATh U KCIIOIb30BATh

Kpurepuit 5 AWOP  (m. 2.1),




B HpaKTH‘{eCKOﬁ JACATEIIbHOCTU HOBBIE 3HAHHSA U YMEHUS, B TOM YUCIIC B

COINIACOBaHHBIA C  TpeOOBaHHAMU

HOBBIX OOJIACTAX 3HAHMII, HEIOCPEICTBEHHO HE CBA3aHHBIX €O c(epoil | MeXITyHApOAHBIX CTaHJIapTOB
JIeSTENBHOCTH EUR-ACE u FEANI
P8 Hcnonp3oBaTh 3HaHWS TPABOBBIX M JTHYECKMX HOPM TIpH oueHke | Tpebomanus Oroc (OK-9;
MOCJIEACTBUIN CBOEH Mpo(ecCHOHANBHON nesTenbHoCTH, pu paspaborke u | [1K-23), Kpurepuit 5 AWOP
OCYIIECTBJICHHM COLMAIFHO 3HAYMMBIX TPOEKTOB. YdyacTBoBaTh B | (1. 2.2), COTJIACOBAHHBIH c
HPOBEJCHUN TEXHUKO-DKOHOMHYECKOTO M ()YHKLHOHAJIbHO-CTOUMOCTHOTO | TPEOOBaHHAMHM  MEXKIYHAPOJHBIX
aHaIu3a PIHOYHON 3P (PEKTUBHOCTH CO3]aBaEMOr0 MPOAYKTa crannaproB EUR-ACE u FEANI
P9 PazpabarbiBaTe IIaHBI M TIPOrPaMMbl WHHOBAIMOHHOW JAeATensHOCTH B | TpeOoBaHus OrocC (OK-5,
noapasaeneHud. [IposBisATh MHUIMATHBY, B TOM YHCIIe B cuTyanusx pucka, | [1K-25), Kpurepuit 5 AUOP (mm.
OpaTh Ha ce0s BCIO MOJHOTY OTBETCTBEHHOCTH 1.6, 2.3), corjmacoBaHHBIH ¢
TpeOOBaHUAMH  MEXKILYHAPOJHBIX
crannaproB EUR-ACE u FEANI
P10 CriocoOHOCTh MCIOIB30BaTh HA MPAKTUKE YMEHHS M HaBBIKH B Opranuzanuu | TpeboBaHus OrocC (OK-4,
HCCIIEIOBATEIBCKUX u TIPOEKTHBIX pabor u mpoBenenuto | [1K-19), Kpurepuit 5 AMOP (mm.
9KCTIIEPHUMEHTAIBHBIX UCCIEJOBAaHUI C IPUMEHEHHEM COBPEMEHHBIX cpencTB | 1.6,  2.3),  cormacoBaHHBI  C
U METOZIOB TpeOOBaHUAMH  MEKILYHAPOJHBIX
crannaproB EUR-ACE u FEANI
P11 O6nanaTh CIOCOOHOCTBIO K CAMOCTOSITEIIBHOMY OOyYCHHUIO HOBBIM MeTomaM | TpeGoBaHust OIroc (OK-2),

HCCIICNOBaHNs, K M3MCHCHHUIO HAYYHOIO W HAYYHO-IIPOHU3BOACTBCHHOI'O

npoduis cBoel MpodheCCHOHANBHOU ICATEILHOCTH

Kputepuit 5 AHWOP (m. 2.6),
COTJTIACOBAHHBIN C TpeOOBaHMIMHU
MEXIyHapOTHBIX

EUR-ACE u FEANI

CTaHAapTOB




MunucrepcrBo o0pazoBanus n Hayku Poccuiickoi ®@exepanun
(denepanbHOE TOCYIapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEXKICHUE
BBICIIIETO 00pa30BaHUs
«HAITMOHAJIbHBIN UCCJETOBATEJIBCKHUI
TOMCKHWHA MOJIUTEXHUYECKHWI YHUBEPCUTET»

[[Ixoma 6a30BO¥ MHKEHEPHOU MOATOTOBKH
Hamnpapnenue noaroToBku — DNEKTPOHUKA U HAHOAJIEKTPOHUKA
OtneneHue 3JIEKTPOHHON MHKEHEPUH

YTBEPXIAIO:
PyxoBoaurens OOII
Wpanosa B.C.
(ITogmuce)  (Mara) (®.1.0.)

3AJJAHUE
HA BBINOJHEHHE BHINNYCKHON KBAJIM(PUKAIMOHHOH padoThI
B dopwme:

bakanaBpckoil paboTsl

(bakamaBpcKoit pabOTHI, TUILIOMHOTO TIPOEKTa/paboThl, MATUCTEPCKON TUCCEPTAIIHN)

Crynenry:
I'pynna U0
151A40 Ban [I»apxya
Tema paGoThI:

Cucrema ynpasnenus OXKE cnextpomeTpom

YTBepKaeHa TPUKA30M JTUPEKTOpa (1aTa, HOMEp) ‘

Cpok cauu CTyIE€HTOM BBIIIOJHEHHOM padoThI: ‘

TEXHUYECKOE 3AJAHHUE:

Hcxoanbie 1aHHbIE K padoTe BXOZHO€ HamnpsikeHue: 5SB;
(HaumenosaHue obvexma uccnedo8anus uau npoexmuposanus; | BBIXOAHOC HAPSIXKCHUC! 158 i 1%,
npouse0OUmenbHOCMb U Ha2pY3Ka, pexcum pabomwl (nenpepwisnoul, | HOMUHAJIbHASL MOIITHOCTH IOBT,

nepuoouyecKull, YUKIUYecKuil u m. 0.); 6U0 Colpbs Ul MAMEPUAN U30eNUs;
mpe6osanuss K NPoOYKmYy, uU30eIuio Uiy Hpoyeccy;, ocobvle mpebosanus K Venosus OKCILTyaTaluHu-HOPMAaJIbHBIC.
0COOEHHOCMAM (YHKYUOHUPOBAHUS (IKCRIyAmMayuu) oovekma unu usoenus 6
niane 0e30NACHOCMU SKCAYAMAYUU, GIUAHUS HA OKPYICAOWYIO CPedy,

JHepeozampamam, DKOHOMUYECKUL AHAU3 U M. ())

Hepeqeﬂb noaJjexamux uccjieJ0BaHuI0, 0630p JINTCPATYPHI;

MPOCKTHPOBAHUIO U pa3pa60TKe BOIIPOCOB HpOGKTI/IpOBaHI/IC yCTpOﬁCTBO

(ananumuveckuti 0630p no umepamypHvim ucmounukam c yensio eviacnenus | OUHAHCOBBIM MCEHE TPKMEHT, pecypcogq)(beKTH
docmudiceHUtl MUpo6oll HAYKU MeXHUKu 6 paccmampusaemoli obracmu, | - BHOCTh U pecypcocGepemeHHe;

NOCMAHOBKA 3a0a4U UCCLe008AHUS, NPOEKMUPOBAHUS, KOHCMPYUPOBAHUS, COLII/IaJIBHaH OTBETCTBEHHOCTD;,
cooepiicanue npoyeoypol uccnedo8anus, npoexkmuposanus, | 3aKIIOYCHUC.




KOHCMpyuposanus;,  00cyscoenue pe3yibmamos 6bINOIHEeHHOU pabomul;

HaumeHosanue OONOIHUMENbHBIX pasbeﬂoe,

3aK4eHe no pabome).

nooxexcauux  paspabomie;

KOHchIbTaHTbI 1o pasaejiam Bl)ll'[yCKHOi/i KBaHHq)HKaHHOHHOﬁ paﬁoTI)I

Paznen

Koncyabrant

ConmanbHasi OTBETCTBEHHOCTh

Iretinne A.B

DuHAHCOBBIM  MEHEKMEHT,
pecypcodhhekTHBHOCTH u
pecypcocOepexeHme

Hukomaeunko B.C.

HNHocTpaHHbIi A3bIK

JlaTta BbIIa4M 3a1aHUSA HA BBINOJHEHHE BbIITYCKHOI
KBAJIN(PUKAMOHHOU padoThI N0 JUHEITHOMY rpaduKy

3agaHue BbIIaJ PYKOBOAUTEb:

JlomkHOCTD DdUO Y4enasi creneHs, Mopnucey Jara
3BaHUe
Jouent Copoxkus I1.B. K.T.H
3a;[afme NPUHAJT K UCIIOJTHCHUIO CTYACHT:
T'pynna (07 (0] Moanuch Hara
151A40 Ban [I»apxya




3AJJAHUE JJISI PA3IEJIA
«COIIMAJILHASI OTBETCTBEHHOCTD»

Crynenry:
I'pynna (0] (0]
151A40 Ban [IIsnbXxya
I xoaa IIBUIT Otaenenne 06)71
YpoeeHb 06pa3oBaHuA bakanaspwuar HanpasneHue/cneumanbHOCTb | I/1EKTPOHMKA M HAHO3/IEKTPOHMKA

Hcxonnbie 1annblie K pa3neny «ConuaibHas OTBETCTBEHHOCTHY !

1.0nucanus pabouezo mecma (paboueii 30Hbi,
MEXHON02UUECKO20 NPOYECCa,MEXAHUecko2o 060py008anus) Ha
npeomem 603HUKHOBEHUSA:

- 8peOHbIX NPOosAGIeHUl (PaKMOpPO8 NPOU3BOOCMBEHHOU CPedbl
(Memeoycnosus, epeonble 6eujecmed, oceeujeHue, Wymol,
subpayuu, I1eKmpomMazHumHble noJii, UOHUSUPYIOWUE
usnyuenus)

- ONACHBIX NPOSIGIEHULL PAKMOPOE NPOU3BOOCBEHHOT CPEObl
(Mexanuueckol npupoosl, MEPMUYecKo2o xapaxkmepa,
NEKMPUYECKOU, NONHCAPHOU U 83PbIEHOU NPUPOObL)

- He2amuBHO20 8030€liCBUSL HA OKPYICATOWYIO NPUPOOHYIO
cpedy (ammocgepy, cuopocgepy, numocgepy)

- UPe36LIYAUHBIX CUMYAYULl (MEeXHO2EHHO20, CMUXULHOZO,

9KOoJI02UYeCKo20 U COyUudilbHO20 xapakmepa)

Pabouee mecro-oducHOE mOMemeHHE, pabOUMiA

CTONI, CTYJ,KOMIBIOTEp, TMasyIbHAs  CTaHINS,
ocumorpadst, BOJIBTMET] MYJIBTUMETPBI,
WCTOYHMKH HANPSDKCHUH U TOKOB.

B03MOXHO BO3HHKHOBEHHE:

-BpEITHBIX MIPOSIBIICHUH ¢axTopoB
TIPOM3BOICTBEHHOM cpensl (MUKpOKJIIMAT
(Temmeparypa BO3yXa; OTHOCHUTEJbHAs
BIQXHOCTb, CKOPOCTb  JBIDKCHHUS  BO3IyXa),
YPOBEHb €CTECTBEHHOTO CBETa, OCBEIIEHHOCTh

paboueii 30HBI, IPKOCTh CBETA, BPSIHBIC BEIIECTBA,
LIyMBbI) -OMAacHBIX (PaKTOPOB (MEKTPUUECKUH TOK,
o0OpaboTka

TEPMHUYCCKasa KOHTaKTOB)

-4pe3BBIYAHBIX CUTyanui (TeXHOTEHHOTO,
CTUXUIHOTO, SKOJIOTHIECKOTO XapaKTepa)

-HeratuBHOE Bo3neiicTBre Ha OC.

Hepe‘leHL BOIIPOCOB, MOAJICKAIIHUX MCC/ICTOBAHUIO,

NMPOEeKTHPOBAHMIO H pa3padoTKe:

1. Ilpoussodcmeennasn bezonacHocmy

1.1. Ananus evisagneHHbIX 8PEOHBIX PAKMOPO8 Npu paspabomre u
IKCHILYamayuy npoeKmupyemozo peuteHus 6 ciedylouel
nocne008amerbHOCmu.

- usUKO-XUMUYECKAs npuUpoOa 8PeOHOCIU, €€ C8:3b C
paspabamvleaemol.  memou,

- deticmeue (akmopa Ha OP2aHusM 4eio6eKd;

- npugederue OONYCIMUMbIX HOPM C He0OX00UMO
PA3ZMEPHOCMBIO (CO CCHIIKOU HA COOMEEMCMBYIOWUL
HOPMAMUBHO-MEXHUYECKULI OOKYMEHN);

- npeonazaemvie Cpeocmaa 3auumol;

- (cHauana KOINeKMUBHOU 3auumsl, 3amem — UHOUBUOYATbHbLE
3auumHsle cpedcmaea,).

1.2. Ananu3 evia6neHHbIX ONACHBIX PAKMOPos npu paspabomre u
IKCHILyamayuy npoeKmupyemMozo peuteHus 6 ciedylouel

nocnedo8amenbHOCmIL:

1.1. BpenHbie u onacHble (haKTOPBI, KOTOPHIC

MOXET CO31aTh 00BEKT HCCIICTOBAHUS:

-3JIeKTPOMAarHUTHBIE M3Ty9IEHUsI/ OCBEIIECHHE

/ape3BeIYaiHast CUTYaITH

1.2. BpenHbie u onacHble (haKTOPBI, KOTOPHIC

MOTYT BO3HHKHYTh Ha pabodyeM MecTe Ipu

MIPOBECHNH NCCIIEIOBAHMHI!

— JJIEKTPOMArHUTHBIE U3ITY4YCHUS;

— HEeXBaTKa UCKYyCCTBEHHOI'O OCBEIICHHS padboueii
30HBI,

— 3pHUTEIbHOE HAIPSKECHNUE;

— Opa)KeHHE AIEKTPUIECKIM TOKOM.

1.3. OGocHOBaHNE MEPOTIPUATHH TI0 3alIUTe

HCCIIEI0BATENS OT JIEHCTBHS ONACHBIX U BPEIHBIX

(axTOopoB.




- Mexanuyeckue OnacHocmu (UCMoOYHUKY, CPeOCmaEd 3auuml,;

- mepmuiecKue ONACHOCMU (UCMOYHUKY, CPEOCEA 3auumbl);

- 91eKMPOoOE30NaACHOCMb (8 M. 4. CIAMUYecKoe INEeKMpU4ecmaeo,
MOTHUE3AUWUMA — UCTHOYHUKU, CPEOCMEA 3aUjumbl),

- 1102ICapo83pbIB0OE30NACHOCMb (NPUUUHDL, NPOPUIAKMUYECKUE

Meponpusimusi, nepeuunble CpeoCmaa NONCAPOMYULEHUSL).

2. Jkonozuueckan 6e30nacHoOCmyb:

- 3auuma ceaumebHOU 30Hbl

- aHauz 030eticmeusi 00vbeKma Ha ammocgepy (8b16pocwl);

- ananu3z 030eticmausi 00vekma Ha 2uopocgepy (copocwl);

- aHanu3 8o30elicmeus 06vekma Ha aumocgepy (0mxoowvt);

- paspabomamb peuienusi no 0becneueHuio IKOI0SULECKOU
bezonacnocmu co ccolikamu Ha HT/] no oxpane okpyscaiowei

cpeowl.

2.1 BrnmsHue mporecca ucciaeI0BaHus Ha
OKPY’KAIOIIYIO Cpemy:

-YTunuzauus KOMIbIOTEPHON TEXHUKH;

- DJIEKTPOMAarHUTHOE U TEIJIOBOE M3IydICHHE.

2.2 MeponpusTHsI 10 3alIUTe OKPY>KaroIIen
Cpenpbl.

2.3.PaccMoTpena yTuinzaius OyMaXHBIX OTXOZ0B

1 HEUCHPaBHBIX KoMILIeKkTyromux [1K.

3. Bezonachocmo 6 Upe36uINaliHbIX CUMYAYUAX:

- nepeyend 8osmodxncnvix 4YC npu paspabomxe u sKcnayamayuu
NPOEKMUPYemMo20 peuenus;

- gb100p Haubonee munuunou 4C;

- paspabomxka npeseHmMusHvIX Mep no npedynpesicoeruro 4C;
-paspabomxa Oeticmsuti 8 pezyiomame gosHukuter 4YC u mep no

auxeuoayuu eé nocieocmaull.

3.1.0cHoBHEIe YC B 0(priCHOM TIOMEIICHUH
SBJIACTCS BOSHUKHOBEHHE 110XKapa, TaKkKe IPH
XpaHeHUH KOH()UACHINATEHBIX JaHHBIX B
9JIEKTPOHHBIX TabJIMIAaX MOKHO TOBOPHUTEH O
BO3MOXXHOCTH BO3HHKHOBEHUS KHOEpTEppopH3Ma.
3.2.IlpuBeneHs! crIOCOOBI 3aIIUTHI OT IMOXKapa 1

KHOepaTak.

4. Ilpasosvie u opzanu3zayuontvle 60NPOCHL 00ecneueHus
bezonacnocmu:
- cneyuanbHble (Xapaxmepuwle npu SKCRIyamayuu 0ovexma

uccne008aHus, npoekmupyemotl pabouell 30Hbl) NPABOGble

4.1.0Opranu3anioHHbIE MEPOTIPUATHS npu
KOMITOHOBKE paboueif 30HbI.

4.2.Paboyee MecTO MpU BBHIIOJHEHUU paboT B

HOPMbI MPY006020 3aKOHOOAMENbCMEA, MOJOKEHUH  CHUAS  JIODKHO  COOTBETCTBOBATh
- Op2aHU3AYUOHHBIE MEPONPUAMUSA NPU KOMNOHOBKe pabouell tpeboBanusm [OCT 12.2.032-78.
30HbL.
‘ Jara Bplaaum 3ajaHus JJ1d pasjaesia no JuHeiiHomy rpaguky
3anaHne BbIIaJ KOHCYJIbTAHT:
JlokHOCTD DPUo Yuenas Moanucey Jata
CTE€NE¢Hb, 3BAHHUE
JOLIEHT [Meinne.A.B K.M.H
3agaHue NPUHSAJ K HCTIOJTHEHUIO CTYACHT:
I'pynna (01710} Hoanucek Hara
151A40 Ban [lI»HbXYya




3AQAHME ANA PA3AENA
«®UHAHCOBbIA MEHEAMXMEHT, PECYPCO3®®EKTUBHOCTb U PECYPCOCBEPEXEHME»

CrypeHTy:
lpynna [0]7[e)
151A40 Ban [lI>abXYya
I xona HIBUIT OTtaenenne (0)6)4!
HanpasneHue/cneuynanbHo DNEeKTPOHUKA U
YpoBeHb 06pa3oBaHuA bakanaspwuar P /cneu P
CTb HaHO3NEKTPOHMKA

UcxogHble  paHHble K pasgeny  «®PUHAHCOBLI  MeEHeAXXMeHT,  pecypcoddPeKTMBHOCTL U
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BBenenue

O)KC-CHCKTpOCKOHI/IH — MCTOJ C-)JICKTpOHHOﬁ CIICKTPOCKOIINH, OCHOBaHHBIM Ha
aHaJIM3C PaACHpPCACICHUSA II10 OSHCPIUMU JJICKTPOHOB BO3HUKIIHNX B PC3YyJIbTATC

Oxe-addexra.

[To ciocoOy momydenus nHGOPMAIIMN O TOBEPXHOCTH METOABI aHAIN3a JEISTCS
Ha SMUCCHOHHBIE, B KOTOPBIX HCIIONB3YETCSI HAMHUCCUS YaCTULl B pE3yJbTare
BO3/ICHCTBUS HA MOBEPXHOCTh PA3IMYHBIX (PAKTOPOB (TeMmeparypa, 3JIEKTPUUYECKOE
1ojie), W 30HAMPYIOUIME, OCHOBAHHBIX HAa SMHCCHM YaCTHIl WM U3JIy4YEHHS,
NEUCTBYIOIIME  HAa  HUCCIEAYEMYH0  TOBEPXHOCTb.  MeTon  3JIEKTPOHHOM
0’KE€-CIEKTPOCKOIIMHM OTHOCUTCS K 30HAMPYIOUM MeToaaM. OH OCHOBAaH Ha aHallu3e
pacnpenereHus IHEPruu AJIEKTPOHOB, HUCIYCKAEMBIX HCCIEAYEMBIM BELIECTBOM,
yepe3 JCHCTBUE Iy4yKa OSJIEKTPOHOB M OTHENSET 53JEKTPOHBI, BBIXOASAIINE U3
OXe-Tpouecca, U3 00IIEero 3HepreTuyeckoro crnekrpa. Mx sHeprus ompenensercs
YHEPreTUYECKOM CTPYKTypOd 0OOJOYKM aTOMOB, YYAaCTBYIOIIMX B 3TOM Mpouecce, a

TOK BHa4aJi€ HpI/I6J'II/IBI/ITCJ'H>HO PpaBC€H KOHOCHTPAIKUK 3TOTO aToOMa.

10



1. O030p JuTEpaTYpHI
1.1 Hpunuun Ipdext Oxe

Oxe-a¢dexT, 3To0 sABIEHHUE, KOIJa JJICKTPOHBI 3alOJIHCHBI BaKaHCHUSMH,
00pa30BaHHBIMK B OJHOM M3 3JICKTPOHHBIX CIIOCB BHyTpH aroma. (B pesysnbrare
BHYTPEHHEH KOHBEPCHHM WJIM  3axBaTa dJCKTPOHOB PEHTTEHOBCKOE WU
raMMma-u3IydeHue «yIapbDy APYTUX JICKTPOHOB, a JEKTPOHBI CTAIKHBAIOTCS, YTOOBI
co3marh BakaHcuu.). DPdekt Oxe Obur oOHapyxkeH B 1925 romy Ha OCHOBe
IKCTICPUMEHTAIBPHOTO aHaJIN3a 00JauHbIX Kamep. [11]

[Ipu «BBIOMBaHMM» W3ITYYCHHEM HAa BHYTPEHHEW OJJIIEKTPOHHON 0O0O0JIOUKe
oOpa3yeTcsi BakaHCHS. Takoe COCTOSHUE HEyCTOMYHMBO M 3JICKTPOHHAs TOACHCTEMA
CTPEMUTCS MUHHUMH3UPOBATh SHEPTHIO 33 CUET 3aTOTHCHHS BAKAHCHUU 3JICKTPOHOM C
OHOTO W3 BBIMICIICKAINX YPOBHEH SHEPTUU aToMa. BuIensroniascs mpy mnepexoe
Ha HIDKEJICKANIMH YPOBEHb SHEPTUsi MOXET OBbITh HCIyIIeHa B BHJIC KBaHTa
XapaKTEPUCTUYCCKOTO PEHTTEHOBCKOTO W3JIydYeHUs, JIMOO TIepelaaHa TPETheMy

9JICKTPOHY, KOTOpI:IfI BBIHYKJICHHO IMOKNAACT aTOM.

ial (k)

B I

a I ] Valence Level

=M, ...

———————— L:_,

| L,
Electron collision
K

Auger electron emission Puc.1.
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[lepBbiit  mpomecc Oojiee BEpOSTEH TMPU DHEPTUM  CBSI3M  DIIEKTPOHA,
npesblmatonieit 1 k3B, BTopoil — 17151 IErKUX aTOMOB M SHEPIHM CBA3U AJIEKTPOHA,
He mpeBblmaronieit 1 k3B.

Bropoii mpormecc ObuT Ha3BaH B 4ecTh mepBooTkpbiBatens I[lbepa Oxe,—
«hdexrom Oxey», a MEKTPOHBI, BBHICBOOOXKTAEMBbIE BO BpEMs 3TOTr0 Tpolecca,
KOTOpOMY OBbIT TiepelaH M30BITOK JHEPTUHM, — OXKE-dJEKTPOHOM. OHEPTHUs
OXE-2JICKTPOHOB HE 3aBUCUT OT DHEPrUM BO30YXKIAIOIIETO HW3Iy4YCHHS, a
OTpeACNsAeTCS CTPYKTYpOM YpOBHSI aTOMHOM sHepruu. OrKe-37IeKTPOHHBIN CHEKTP
JTUCKPETHBIN.(B OTJIMYNE OT HEMPEPBHIBHBIX CHEKTPOB 3JEKTPOHOB, 0OPa3yIOMIUXCS

npu Oera-pacmane suep).
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1.2 ®uznveckne OCHOBbI METOAA

Meron snekrpoHHol oxe-cnekrpockonuu (D0OC) ocHOBaH Ha SIBIICHHU
0’KE-3JICKTPOHHOM 3MMCCHH, KOTAA NEPBUYHBINA 3JEKTPOHHBIM IYyYOK HCIIOJIb3YETCS
JUTS BO30YKJICHUSI BHYTPEHHUX JIEKTPOHHBIX YpOBHEH 3HEpruu. [12]

B TBEpIOM TeEnme mox AEMCTBMEM NEPBUYHBIX 3JIEKTPOHOB JOCTATOYHBIX YHEPIUU
MPOUCXOJIUT MPOLECC YIPYTOro PACCEsIHUS AIEKTPOHOB HA MOTEHIINANIE SJIEKTPOHHBIX
o0oJsiouek aroMoB(00IacTh ¢ HA pHUC.2). DIEKTPOHBI, TOKUHYBIIHE TBEPIOE TEJO
MOCJIE OJJHOTO MJIM HECKOJIBKHX aKTOB YNPYIOrO PacCesHUsl, UMEIOT Ty K€ DHEPTHUIO,
YTO W MIEPBUYHBIC AJIEKTPOHBI, YTO COOTBETCTBYET y3KOMY MUKy 3 Ha puc.2. [pynma
MaKCHMYMOB 2, pacrlojioKeHHass BOJM3U THKAa YIPYro OTPAKECHHBIX DJIEKTPOHOB,
COOTBETCTBYET MEPBUYHBIM 3JIEKTPOHAM, UCIIBITABIINM JUCKPETHBIE TOTEPHU SHEPTUU
IIpU B3aUMOJICHCTBUM C TOBEPXHOCTHIO (MMMKU XapaKTEPUCTHUECKHUX MOTEPh SHEPTUN ).
YacTth SHEpPruM TEPBUYHBIX DJICKTPOHOB MOXET OBITh TIEpelaHa B pe3ylibTaTe
HEYNPYroro paccesiHusl AJIEKTPOHAM BHYTPEHHHUX OOOJOYEK aTOMOB, B pPeE3yJbTaTe
Yero IMOCIHEeIHUEe, BMECTE€ C HEYNPYro pacCEsSHHBIMU TMEPBUYHBIMHU BIIEKTPOHAMU
MOTYT SMUTHUPOBATHCA C MOBEPXHOCTH TBEPJOTO TeNa. DTU BJIEKTPOHBI HA3BIBAIOT
UCTUHHO BTOPUYHBIMH, TaK KaK, B OCHOBHOM, OHU BBIOWTHI U3 TBEPJIOTO TEJa MTyYKOM
NEPBUYHBIX JJIEKTPOHOB, WX KOJIWYECTBO B CIHEKTpE OBICTPO MagaeT C POCTOM

sHepruu (00nacTh a Ha cekTpe, YHeprus mexnee S0 3B).
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Puc.2. Cxemarnueckasi AuarpaMma 3JIEKTPOHHOTO CIIEKTPa, U3Iy4aeMOro TBEpAbIM TEJIOM 10/

JIEVCTBUEM BBICOKO3HEPIETHUUECKOTO IEPBUYHOIO AIEKTPOHHOIO Iy4yKa ¢ 3Heprueii EP.

OO0pazoBaBiiascst 3a CY4ET HEYNPYTroro CTOJIKHOBEHHS! BaKaHCHs Ha BHYTPECHHHEH

obonouke (K,L,M...)atoma yepe3 KopoTkoe Bpems ( E 116napsnxa

3aIIOJHSIETCS  DJICKTPOHOM OJIHOTO M3  BBIIENEKAMX ypoBHEW. Ilpu sToM

BbiiensgeTcst w30biTouHas oHeprus (Hampumep, (EK-EL). Ecimm sta sHeprus

BBIJIC/ISIETCS B BHJIe (POTOHA, TO TAKOH IEPEXOJl COMPOBOXKIAETCS (DIIOOPECICHTHBIM

U3ITydeHneM (paaualoHHBIA mepexom). Eciam  BBICBOOOXKTAIOMIASICS  AHEPTHUS

nepeaaceTcs ISKTPOHY M3 3TOM K€ MIIM elle Ooyiee BBICOKO JIe)KaIeh 000JIOYKH, TO

9TOT DJJICKTPOH, HMCA OOCTATOYHYIO OHCPIHIO, BBIP'IHCT H3 TBCPAOIO TCJIa

(Oe3m3myuaTeNbHBINA UITH OXKE-TIEPEXO).
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[TorTOMy Tpoliecc 3amoHEHUs BaKAaHCUH AIIEKTPOHHBIMHU TIEPEXOAaAMH MEXITY
BHYTPEHHUMH CIIOSIMH aTOMOB W TIEPEHOCOM H30BITOYHON SHEPrHMM Ha TPETUM
ANEeKTpoH HaszbiBaeTcs dpdextom Oke . DTH HM3ITydaeMble SIIEKTPOHBI SBISIOTCS
OXKe-dNIEKTPOHAMU. DIEKTPOHBI OKe UMEIOT MPEPHIBUCTHIN SHEPTETUUECKUI CIIEKT),
X JIMHAA OOpa3yloT psAAbl W TPYNIbl. B CHEKTpe BTOPUYHBIX 3JIEKTPOHOB WM
COOTBETCTBYIOT €1a00 BBIpAKCHHBIE MAKCHMYMBI Ha OecCTpYKTYpHOM ¢oHe (00acTh

b, mukwu 1).

Puc.3. Cxemarnueckoe nzoopaxenue Oxe-3¢dexra.

Oxe-niepexo/i OOBIYHO BbIpakaeTcs CieayromuMm obpazoMm. CHaualia 3aluIlNUTe
MEePBOHAYAIbHO MOHU30BAaHHBIN YPOBEHb, @ 3aT€M 3alUIIUTE YPOBEHb MEpexoja Ha
MOSIBUBIIYIOCA BakaHCUIO. U, HakoHEN, 3aluChIBA€TCS YPOBEHb, C KOTOPOTO
MPOUCXOUT HucmyckaHue anekTpoHa Oxe. Bo3moxubl 6 mepexomoB tuma KLL:
KL]_Ll, KL1L2, KL1L3, KL2L2, KL2L3, KL3L3. Hepexo;:[ KOCTepa-KpOHI/IHFa - L1L2X,

HarpuMmep, rae X — Jir000H 10CTaTOUHO MEJIKUI YHEPTeTUUECKUI YPOBEHb.
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I[J'IH pealin3aiv OKC IIpoHecCa HYXHbI, KaK MHHHMYM, IBa YPOBHA W TpPHU
QJICKTPOHA. HOC—)TOMy B aroMax BOJAOpodaa MU TCIINA SJICKTPOHBI O’xe HE BO3HHUKAIOT.
TouHO Takke HE MOI'yT OBITH NICTOYHUKAMH 0JKC-3JICKTPOHOB U30JIMPOBAHHBIC ATOMBI
JUTUsA, HUMCIOIIMC Ha BHEIIHEH 000JI0YKe OOWH JJICKTPOH. HOBTOMy BO3MOKHBbI
TOJIBKO IICPCXObI KVVc Y49aCTHUCM BAJICHTHBIX JJICKTPOHOB, TaAK KdK B TBEPAOM TCJIC
QJICKTPOHBI 0606HI€HI>I. SHGKTPOHBI Oxe nutus Ha6JII-O,ZIaJ'II/ICI> B Pa3JIMYHBIX

COCONHCHUAX, COACPIKAIINX aTOMBI JIMTHA.
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1.3 Cunextpsbl OKe-371eKTPOHOB

Meton, B KOTOpOM BO30Y>KJaeMbI€ AIIEKTPOHHBIM Iy4KoM O3Ke-AIIEKTPOHBI
UCTIONIB3YIOTCSL JIJIsi  MIASHTU(UKAIMK KOMIIOHEHTOB Ha TOBEPXHOCTH IIMPOKOE
npuMeHeHne Oxe-CeKTPOCKONUH JJIs XMMUYECKOTrO aHalln3a Hadajnoch nocie 1968
roga, Korma Xappuc mnpemiokmn auddepeHnupoBaTh KpUBBIE SHEPTETUYECKOTO
pacnpenenenust N(E) mns momaBneHuss (GoHa BTOPUYHBIX W HEYNPYropaccesTHHBIX
Oxe-3JIeKTPOHOB, 00pa3yIoMUics Ipu 6oMOapAUPOBKE TBEPOTO TeIa YCKOPEHHBIMH
anekTpoHamMu. B obOmactu 3Hepruii, B Koropod Haxomarcs (Oske-3IeKTPOHBI,
CYIIECTBYET OOJIBIIIOE KOJIMYECTBO HEYNPYrOpacCESHHBIX MEPBUYHBIX JJIEKTPOHOB,
KOTOpBbIe 00pa3yloT CIUIONIHON CHEKTp, sABjstomuiicsa (GoHom. Beigenenue crekrpa
Oke-2eKTpOHOB Ha dToM (OHE TpeACTaBIseT Cco0O0W BecbMa TPYAHYIO
HKCIIEPUMEHTAJIbHYIO 3ajlauy, TaK KaK TOK HEYNPYyropacCesHHbIX 3JIEKTPOHOB Ha
HECKOJIBKO TMOPSAJKOB TpeBblaeT TOK (OrKe-3JMeKTpOHOB. 3ajaya BbIACICHUS
MOJIE3HOTO CUTHAJIA HA YpOBHE OoybiIoro oHa BriepBhie Oblna pemena B 1962 romay
JILLA. Xappucowm, nocie 4yero Hayajicsi nepuoja OypHoro pa3Butus Oxe-3JeKTpOHHON
criekTpockonud. [13]

B kawectBe mnpumepa jis CpaBHEHHUS [OKa3aHO pACHpPENCNICHUE HHEPruu
BTOPUYHBIX JJIEKTPOHOB, HMCIYCKA€MbIX IMOBEPXHOCTHIO TpaduTa MOj ACHCTBUEM
AIIEKTPOHHOIO myuka ¢ sHepruen 1000 >B.

Kak BuIHO 1o HMXHEH KpuBOM Ha pucyHKe 4, OKe-’IEeKTpOHBI 00pa3yroT
OJTHOTIOJISIPHBIA MWK OYEHb MaJIOd WHTEHCHUBHOCTU, KOTOPBIM HaKJIaJbIBAE€TCS Ha
00ybIION (POHOBOM TOK HEYNPYTrOpacCEsIHHBIX 3JIEKTPOHOB, MPU ATOM MOCIEIHUN
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OTHOCHUTEJIBHO cmabo  3aBHCHT  OT  DHEprum. Xappuc MPEAJIOKII
npoauddepeniuporars crektp N(E), To ects npeBparuth ero B AN/JE, B pesynbrare
yero (GOH TMPaKTHUECKH UcYe3aeT, a Ha Mecte cmaboro Orke-curxaia
KOJIOKOJI000pa3HOU (DOPMBI TOSIBIISIETCSI HHTCHCUBHBIN JIBYXIIOJISIPHBIN MUK (BEPXHSS
KpUBasg Ha PHUCYHKE), KOTOPBIA JIETKO MOXET OBbITh 3apeructpupoBad. [Ipu sTom
muddepeHupoBaHue OCYLIECTBIISACTCS AIIEKTPUUYECKUMU METO/IaMH

HCTIOCPCACTBCHHO B IIPOLCCCC 3alIMCH CIICKTpPaA.

3B Hwxlinsas kpuBas - SHEPreTU4eCcKoe
Al X100
AN(E) pacnpenesieHue BTOPUYHBIX JIEKTPOHOB,
aE
HCIyCKaeMbIX IOBEPXHOCTHIO IpaduTa;
Bepxussa KpuBas -
N(E) muddepeHIManbHOe  paclpeelieHle B

JuanasoHe 3Heprul, coxepxkamem KLL

Oske-TIMKH yTIIeposa.

L9
1000

1

| l
400 000
Onepeun, 3B

Puc.5. Pacnpenenenue sHepruu BTOPUYHBIX 3JEKTpOHOB ¢ 3Heprueidt 1000 »B, nznydaemoit

IMMOBCPXHOCTHIO rpa(bI/ITa I1oJ 3JICKTPOHHBIM ITYYKOM
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I'myOuHa BbIXOHA

Metong D0C, kak U Apyrue MeTOAbl AJMEKTPOHHON CIEKTPOCKOIHUH, MO3BOJISIET
MoJIly4aTh HMH(OPMAIMI0O O COCTaBE TOJIBKO MPHUIOBEPXHOCTHBIX CJIOEB oOpasiia.
[maBubiM nipeumyiiecTBoM ODC MO CpaBHEHUIO ¢ MHOTMMH JAPYTMMH METOIAMHU
SBJIIETCS OYEHb Majasi IyOuHa aHanu3a. JIbBUHAs 10Jisi MHPOpPMAIUU MOCTYMNAeT C
rryounsl o1 0,5 10 1,0 um.  TlpuumHOM 93TOTO sBISETCS Majas CpedaHss JIMHa
cBOOOAHOTO TIpoOera 3MEeKTPOHOB € PHEprueH, TUMUYHON st Oxe-37eKTPOHOB (0T
50 nmo 2000 »B) BciencTBMEe MX MHTEHCUBHOIO HEYNPYTOrO PACCESHHUS B TBEPIIOM
tene. Oxe-’IIeKTPOHBI, POXKICHHBIE Ha TIyOWHE OOJbINeH, YeM JUIMHA CBOOOIHOTO
npoOera, He OyAyT HECTHM WH(MOPMAIMIO O HAXOXKJIEHWHU aTOMOB JAHHOTO COpTa.
JlnHa ¢cBOOOIHOTO MpoOera B CUIILHOM CTETIEHH 3aBUCUT OT CKOPOCTH JBUKEHUS, a
CJIETIOBATENIbHO, U OT DHEPIUH dJIEKTPOHOB. Bo Bcex marepuanax ajivHa CBOOOIHOTO
npoOera (a cienoBaTeNbHO, U TIIyOMHA aHaliM3a) TAKUX SJIEKTPOHOB HE MPEBBIIIACT
BEIMYMHBL OT 1 10 5 HM, TO €CThb BEIWYHHBI, COIMOCTABHUMOW C TEPUOJOM
KPUCTAJUTMUECKON pelIeTKH TBepaoro tena. Oxe-37eKTpOHbI, OTAABIINE SHEPTUIO HA
BO30YXICHHUE TJIa3MEHHBIX KoJieOaHuM, Ha BO30Y X ICHHE BHYTPEHHUX 000JI0YEK WU
HAa MEX30HHBIE TIEPEXObl, MCKIIOYAIOTCS W3 HAOIIOJAEMBIX XapaKTePUCTUUYECKUX
OsKe-TUKOB U CTAHOBATCS YaCThIO MTOUYTH OJTHOPOAHOTO (POHA BTOPUUYHBIX JIEKTPOHOB,
Ha KOTOpBIA HakiaabiBatoTcs Oxe-nuku. Ha pucyHke moka3zaHa 3aBUCUMOCTD

r1yOuHBI Beixoga OKe-3JIeKTPOHOB OT UX DHEPTHUH.
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I'my6una BeIXOma cinab0 3aBUCHT OT BHJIA MATPHUIBI, TaK KaK OCHOBHBIC
MEXaHU3MBI TTOTEPh BKIIIOYAIOT B ce0s1 BO30YKISHHUE JICKTPOHOB BaJICHTHOMN 30HBI, a
IJIOTHOCTh BAJICHTHBIX 3JICKTPOHOB HE SIBIIACTCS CHIIBHO MEHsIOIICHcs QyHKiueh Z.
dakTHUYECKH, SMHUCCHS 3a TIPEIeSIbl TBEPJOTO Tella OKa3bIBAeTCS 3aMETHOW TOJIBKO
st OKe-dIIeKTPOHOB, MCIYIICHHBIX aTrOMaMU IOBEPXHOCTH M IPHUIIOBEPXHOCTHBIX
cioeB (0T 2 10 5 MoHocioeB). B cuimy atoro, meronm D0OC 4yBCTBUTENEH K COCTaBY
aTOMOB Ha ITOBEPXHOCTH M HECKOJIBKUX IIPUITIOBEPXHOCTHBIX CIIOEB o0Opasma. YKe mpu
HaJUYUU Ha TOBEPXHOCTH oOpasma OJHOTO MOHOCIHOsS afcopOara, JTMHUU BEIISCTB,

COCTABJISIONIUX a/icopOat, AOMUHUPYIOT B OKe-CIeKTpe.

=

[a—
<

I iyOHHa BBIXOIA, HM 10”

1 10 100 1000 10000
DHeprust AEKTPOHORB, 3B

Puc.6. 3aBucumocTth riryOnHbBI BbIxo/1a Oxe-37eKTPOHOB OT UX SHEPTHH
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XUMHYECKHE CIBUTH

[Tockonbky B OKe-3JCKTPOHHOW SMHUCCHH MOTYT Yy4YacTBOBATh AJICKTPOHBI
BAJICHTHBIX 000JIOUYEK aTOMOB, YYaCTBYIOIIMX B OOpa30BaHHHM XUMHYCCKHX CBS3CH,
dopma JIMHUM W SHEPTUS MAaKCHMyMa 3aBHCAT OT XHUMHUYECKOTO OKPYXCHHH aTOMOB
BemecTBa. B cmiry 3toro m3 Oxke-CIEKTPOB MOXKHO IOJydaTh HHQPOPMAIHIO O
XUMHYECKOHM CBSI3W B MICCIIEAyeMOM BemecTBe. Eciim mMeercss cHibHAs XUMHYECKast
CBS3b MEXAY JBYMsS WIH OOJBIIMM YHCIOM aroOMOB, TO BHYTPCHHHE
THOPUIM3UPOBAHHBIC JIICKTPOHHBIE YPOBHM MOTYT CABUHYTBCS Ha HECKOJBKO
AJIEKTPOHBOJIET TI0 CPaBHEHHWIO C WX DJHEPrued B HW30JIMPOBAHHBIX aToMax (Tak
Ha3blBacMble XUMCABUTH). Ha puHCyHKE B KayecTBE MpUMEpa IPUBEICHBI
muddepeHnuanbabie  OXxe-crieKTpbl aToMOB Si B oOpasmax Ha ocHoBe SiO; m

3JIEMEHTAPHOT0 KpeMHHUsI B o0mactu nepexona LVV kpemuus. [14]

Y
J ! ~
810,
lMonukpucman-
r/ nudeckuu

Si

| | | |
50 100 50 100

Puc.7. Cnektpol Oxe-3/1eKTpOHOB KPEMHUS, COOTBETCTBYIOILIKE niepexony LVV
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IIpy MOHHOU CBSI3U BJIEKTPOHHBIE YPOBHU 3JIEKTPOOTPHULATEIBHBIX 3JIEMEHTOB
CIABUTAIOTCS B CTOPOHY MEHBIINX 3HEPTUH, a JIEKTPONOJIOKUTEIBHBIX — B CTOPOHY
0onee BhICOKMX dHEpruil. COOTBETCTBYIONINN XMUMHYECKUN CIABUT B KMHETHYECKOU
sHeprun Orke-dNMeKTpoHa HaOIIOmaeTcsl dKCIepuMeHTanbHo. Eciam ¢ m3MeHeHunem
XMMHUYECKOTO COCTAaBAa MEHSETCS AJIEKTPOHHAs IUIOTHOCTHh COCTOSIHUM B BAJIEHTHOU
30He, To Habmronaercs n3meHenrue Gpopmul Oxe-TUKOB, 00YCITOBICHHBIX TIEPEXOAaMH,

B KOTOPBIX YU4aCTBYIOT BAJICHTHBIC 3JICKTPOHEI.
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2.IlpoekTHpOBaHUE YCTPOMCTBA

2.1 CTpyKTypHas cxema

VYcranoBka OXE cnekrtpomerpa (B JajibHEWIleM YCTaHOBKA) IPEICTABIISET
co00l aBTOHOMHOE YCTPOMCTBO CIIOCOOHOE MPOU3BOAUTH U3MEPEHHS OT BCTPOCHHOTO
aBromMara. BbIBOJ moOJlydaeMmbIX JAaHHBIX OCYLIECTBISETCS Ha camomnucen. Bce 3To
HAKJIQJBIBACT CYIIECTBEHHBIC OTPAHWYCHUS Ha OOpaOOTKY IMOJy4aeMbIX JTaHHBIX.
OmudpoBka JaHHBIX C JIGHTHl CAMOIMKCIIA TIOCPEICTBOM CKaHepa, 3areM
npeoOpa3zoBaHue TpaPUUEeCKo KAPTUHKH B BEKTOPHBIM ¢dopmar, OmmOKH,
BO3HUKAIOIIUE ITPU CTBIKOBKE JINCTOB JUIMHHOM JICHTHI. ..

Bo3Hukna HacToATenbHAas HEOOXOAMMOCTh B TOAKIIOUEHWH YCTAaHOBKAa K
MIEPCOHAIIBHOMY KOMIBIOTEPY, C BO3MOKHOCTBIO ITOJIHOLIEHHOTO YIIPABJICHUS U
o POBKHU MOIyIaeMbIX JaHHBIX. B YcTaHOBKe 3a10KeHa BO3MOXKHOCTh BHEIITHETO
ynpasienus. OpHako BO Bpemsi pabOThl MO TMOAKITIOUCHUS  YIPABISIONIETO
KOHTpOJUIEpa K YCTAHOBKE BBISICHUJIACh HEAOCTATOYHOCTh 3aJI0KEHHBIX JIMHUI
yIpaBJeHUs JUIsl OJTHOUEHHOTO yrnpasieHus. [Ipunuiocs aenars nepexoaHyo miary
JUIA TOAKJIIOUEHHS K CUCTEMHOM INMHE YCTAaHOBKH. Elle OOHOW OCOOEHHOCTBIO
YcTaHOBKM SIBNISIETCS  OOJBINION JMana30H BBIXOAHBIX HAIMPSKEHUH, Ha OJHOM
rpaduke MOTYT OTOOPaKaThCA 3HAYCHUS C aMIUTUTYIOW CUTHAIOB OT €AUHUI] MB, IO
+10 BOIBT.

Kontpomnep mia  ynpasnenus OJXKE  cnekrpomerpom, B JalbHEWUIIEM
'KouTpomnep', mnpeaHasHadeH Aisi BBIPAOOTKH YIPABIAIOMIUX BO3ACUCTBUNA -
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U(POBBIX CHUTHAJIOB YIMPABJISIONIUX PErYIUPYEMbIM HCTOYHUKOM HANPSDKCHUS B
nuanazone 1000.00 — 00.00 BonwT, 1 OIUGPOBKU ABYX (2) aHAJIOTOBBIX  BBIXOJOB C
MaKCHMaJIbHBIM HarpsikeHueMm +-10B ¢ a3 dekTuBHOMN pa3pemnaromeid CriocoOHOCTHIO
16 6ut. AHaJNIOrOBBIE KaHAJbl M30JUPOBAHBI APYT OT JApyra U oT nudpoBoil dactu
KoHnTpoiuiepa  3lEKTpUYECKOW  pa3BA3KOU 500 BOJIBT. Ynpapisironun
MUKPOKOHTPOJIJIEP OCYIIECTBISIET MPEABAPUTEIBbHYI0 (PIIBTpAIui0 HU(PPOBBIX
naHHbIX. llepemaya TONy4EHHBIX [AaHHBIX B MEPCOHAJIBHBIM KOMIIBIOTEP, B
nanpHerimem 'TIK', ocymecTBiasercss depe3 mnpeoOpaszoBareasr USB-RS485 nHa
paccrosinuu 10 50 METpPOB.

KonTposnep obecnieunBaer 10 10 u3aMepeHnil B CEKyHIy € Ka)KJI0r0 aHaJIOTOBOTO
kaHana ¢ nepemader panHbix B IIK. IIporpamma ynpaBineHuss 1O3BOJISIET
dbopmupoBarh 710 16 '0KOH' TaHHBIX, C OTOOpaKEHWEM TIOCTYIAIOINIEeH HH(OPMAITHH B
peKUME pPEalbHOIO0 BPEMEHH C OJHOBPEMEHHOM IIPEIBApHUTEIBHOM 00pabOTKOM
uH(OPMAINK U COXpaHEHHUE €€ B yAIOOHOM ISl TAIbHEHUINIETO aHaIn3a BH/IC.

[Iporpamma ympaBieHUs MO3BOJSIET 3alporpaMMHUpPOBaTh MOPSAJIOK OIMpoca,
Tuana3oH omnpocHoro curHama. CoxpaHUTh TIONYYCHHBIC JaHHBIE B (QopMmare
JOCTYITHOM JJIS MMIIOPTa B MOMYJISIPHBIC MPOTPaMMbl MareMaTU4ecKoil oOpaboTKH

nanabIX. CTpykTypHas cxema KoHTposuiepa npuBezeHa Ha pucyHke 8.
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Vipasnsiomuii [ ) OXE

7'y
A

IK USB-RS485 [ < crexrpomerp

KOHTPOJUIED

Pucynok 8. CrpykrypHas cxema Kontposnepa ynpasnenus OXE  cnekrpomerpa
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2.2 llpynunuajibHas cxeMa

@daktuyeckn KoHTpomnep cocTouT u3 2-X dacTel, Oiioka mpeoOpa3oBaHUs
USB-RS485, u coOGcTBeHHO ympaBistomuid KoOHTposuiepa. [IpuHnunuanbHas cxema
Omoka mpeoOpa3oBaHusi MpuBeAeHA Ha pucyHKe 9. OTIWYUTENHHBIM CBOMCTBOM
npeo0pa3oBaTesis sIBISICTCS ANEKTPUUECKas pa3Bsi3ka MePCOHATLHOTO KOMITbIOTEpa Ha
HarnpsbkeHue He MeHee 500 BOJIBT, JJIsl CHHXKEHHSI YPOBHS AJIEKTPUYECKUX TTOMEX OT
NepPCOHANLHOTO KoMIbioTepa. Kpome Toro B cxeme mpucyrcrByetr cxema WathDoga,
aganTupoBaHHas i MukpocxemMbl FT232BM. Heo0xoauMoOCTh 3IEKTpUYECKOM
pasBsi3ku TUKTyeTCs ocoOeHHOCTsIMU padoTel OXKE crekrpomeTpa, dleKTpudecKuit
KOHTAaKT C HCTOYHMKOM TOMEX - [E€PCOHAIbHBIM KOMIBIOTEPOM OTPHULATEIBHO
CKa3bIBACTCSI HA YPOBHE IIYMOB W3MEPUTEIHHOTO TPAKTA, MOSBISIOTCS BHIOPOCHI B
MECTax, I7ie¢ UX HEe JIOJDKHO OBITh, MPUYEM YPOBEHb W MECTO WX BO3HUKHOBCHHUS
miaBatone. Tak kKak o0beM HH(pOpMAIMK TEPEJAIONUNACS TI0 KaHajlaM CBSI3H
JOBOJNIBHO HeOounpoi, He Oomee 10 kunobGaiit B 00€ CTOPOHBI, MOATOMY
pou3BOIUTCS TipeoOpa3oBanue nnrepdeiica USB B mocienoBatenbHbIN HHTEPPEIiC,
a 3areM uepe3 mukpocxeMy ADUMI301, Tpex kaHaiabHbIA LU(PPOBOU H3OJSTODP,
usroroBieHaple o iCoupler® texnomornm kommanuu Analog Devices. Ilepemada
JAHHBIX OCYILECTBISICTCSI C MPUMEHEHUEM JIpaliBEpOB MPOMBIIUICHHOTO CTaHJapTa
nepenaun JaHHbIX RS485. Ilepenaua ganHbIX ocymecTsisierca Ha ckopoctu 115200

OWUT B CEKYHIY.
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JleTanu pa3MenieHbl Ha 2-X CTOpOHAX IMeYaTHOM maTel. M300paxkeHne neyarHbx

miat co croponbl ‘TOP’ u ‘BOTTON’ npuBenenst Ha pucynkax 10 u 11.

ti%y @
—= !
? i i x RUSB RS484

R M E
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®o 0 @ w W
Loz
cabx 1x @

Pucynok 11. Ctopona BOTTON
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CxeMa ympaBisIOIIET0 KOHTpOJUIepa IpuBeAcHa Ha pucyHKe 12. OCHOBHBIM
AIIEMEHTOM YIIPABIICHUS SBISECTCS MUKPOKOHTposuiep (upmbr Atmel - ATmegal6.
MUuUKpOKOHTpOIIJIEp MPUHUMAET YIpaBisitonue koMmannabl no uHTepdeiicy USART
nojly4aeMble OT JipaiiBepa CBsi3u 1o TpoTokonmy RS485, pacmmdpoBbiBaeT ux,
BBICTABJISICT Ha LU(POBBIE JIUHUU ympaBieHus pasbeM XI1. bnok mumdposoro
YVIOpaBJIEHUS COCTOUT M3 4-X MHKPOCXEM CJIIBUTOBBIX PErUCTPOB BKIIFOUEHHBIX
MOCTEA0BATEeNIbHO, U 4-X MHKPOCXEM IMapajuleibHbIX PETHCTPOB, 3alOMHHAIONINAX
JAHHbIE W BBICTABISIIOIIME WX NapamieabHo Ha wmuHy ynpasienuss OXE
creKTpoMeTpoM. JlJi1 yMEHBIICHHS HABOJOK M HHUQPOBBIX ImymoB, Omoku AILIII
BBITIOJIHEHBI AJICKTPUYECKU pa3BA3aHHBIMU, OT YIPABISIOUIETO KOHTPOJUIEpa, C
EKTpUYeCcKor pas3Bsa3kod He MeHee 500 BosbT. Uepe3 HEKOTOpoe Bpems, BpeMs
HEOOXOMMOE JIJI 3aBEPILICHUS MEPEXOJHBIX MPOIIECCOB B YCTAHOBKE, OCYILIECTBISET
yreHue AaHHbIX ¢ 2-x AIIIL IIpousBogutcs 4-X KpaTHOE CUUTHIBAHHE C Ka)KJOTO U3
AITI, mannpie ycpemustorcss u ormpabisitoress mo uHTepdeiicy USART u uepes
npaiiBep RS485 cranmapra B nepcoHanbHBINA KOMIIBIOTEP B IPOTrpaMMy yIpaBICHUSI.
[IuTanue ympaBISIOMIETO KOHTPOJUJIEPA OCYIIECTBIIETCA OT BHEUIHETO MCTOYHHUKA C
HanpspkeHue +12 BonsT. B kauecTBe SIE€MEHTOB HMHAWMKAIMUA — HCIIOIB3YHOTCA

CBCTOAHOIBI.
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Pucynox 12. Cxema ymnpaBisiioiero KOHTpoiepa

[Tewarnas mmara co ctoponsl ‘“TOP’ u ‘BOTTON’ npuBenena Ha pucyHkax 13 u

14. TTmarel BRIITOJTHEHBI HA 4-X CIIOMHBIX IJIaTax.
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2.3 OcHOBHBIE IPOrpaMMBbI YIIPABJICHUSA
OcnoBoit KoHTposiepa CIy>XKUT yIpaBisiolias mnporpaMmma, 3alyckaemass Ha
MIePCOHAILHOM KOMIIbIOTEpE. YIPABISIONIUNA KOHTPOJIIEP SABISCTCS Kak OblI 'pykaMH'
nporpammbl, ympabissst OXKE cnekrpomerpoM u  onudpoBbIBas —TOJydacMbIe
BBIXOJHBIC JIaHHBIC. PacuiMpeHHbIE BO3MOXHOCTH YIPABJICHHUS YCTAHOBKOW JaeT

VMEHHO IIpOorpamMMa yIpaBieHUs. BHEIIHUKA BUJ OCHOBHOTO OKHAa IIPEACTABJIEH Ha

pucyHke 15.
Files Options About
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Pucynok.15. OcHOBHOE OKHO MpOrpaMMBbl YIPaBICHUS

Ha rpaduke mpencrabien nmpumep TryMoBOW HOpoxKKHA' OTKpeITOro Bxoma AIIIL.
B peanpHOCTM Ha Tpaduke B BHUIE SKCTPEMYyMOB OyIyT IOKa3aHBI 3JIEMEHTHI,
oOHapykeHHbIE B HCCleayroneM obpasme. Hanpumep, p-n nmepexon, 6ombiioi ropo
COOTBETCTBYIONUN KPEMHHUIO, W MAaJICHbKUN TOPOWK COOTBETCTBYIOIIUN TPHUCAIKE
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dopmupyromieit p-mepexon. Tak Kak B TpoOIECCEe DKCIEPUMEHTa MPOUCXOIUT
BHLIOMBAaHUE MOHOB W3 KOHTPOJIUPYEMOTO Marepuaia, ToO B o0pasie dopMupyercs
AMKa, 4epe3 OINpeAeTeHHOE BpeMs, Clol p yMeHbIIUTCS A0 0 W HAUYHET pacTu
TopOuk' Tpucanku GOpPMHUpYIOIIEH N-Tiepexoa. 3Has BpeMs DSKCIEPUMEHTa, H
U3MEpPUB TIyOWHY YTIyOJeHUS B HCCIEAyeMOM Marepuaje, MOXHO BBIYHCIUTH
TOJILIMHBI P ¥ N CIIOEB, U ONPEJAEIUTh TOJIIMHY P-n Mepexofa. ITO TOJIbKO OJIUH W3
npumepoB ucnonb3oBanus OXKE cnexrpomerpa. Cama mo cebe 0030pHas KapTUHA
HY>KHa TOJILKO JIJISl TOTO YTO OBl HA3HAYUTH 30HBI HCCIICOBAHMUS.

B okne nox Haanuceio 'CrieHapuii SKCIIepuMeHTa' CTpoKa MOAYEPKHYTask KpaCcHOM
muauei '0000 1000 1000', 3To xoMaHAa HA MPOBEACHHUE 0030PHOTO IKCIICPUMEHTA.
[lepeoe wymcino ‘0000’ nHauamo oOmactu wucciaeaoBaHusi, Bropoe uucio ‘1000’
OKOHYAHHE WCCIIEOBAHUS, HANIPSIKEHUE B BOJIbTax, U TpeThe uncio ‘1000’ — 1 BonbT
miar uccnenoBanus. [lomydaercs 9to, 0630pHbIH rpaduk coctout u3 1000 3HaYCHMIA.
[Iar 1 BoabT MOBOJBHO OOJBIION IIAT, HEKOTOPHIE AIEMEHTBI C MAJIBIM MPOIICHTHBIM
colepxaniuecs B o0pasie, MOryT MPOCTO MONACTh MEXIY TOYKAMHU HU3MEPEHUS U
0003HAYNTH TOJNBKO HEOOMBINONW TOPOWK Ha ypoBHe momex. Cremyronuil iar,
BBIJICICHUE OOJacTEel WCCICNOBaHUSA, B OKHE BBIJICJICHBI IMOAYEPKHYTOM CHHEH
muanen. Hanpumep: ‘0185 ‘0217 ‘0200°. Hauano - ‘0185°, okonuanue - ‘0217°, mar
uccaegoBanus ‘0200’ — 0.2 Bomwra. (217 — 185)/0.2 = 160 Touek. Jlnsa maHHOI
obnactu Oyznet noimydeHo 160 Touek uepes 0.2 BonbTa, B 5 pa3 TouHEE, 4YeM 0030pPHOM

OKCIICPUMCHTC. Takux Touek HCCICAOBaHUA 3aaHHO 7.
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Pucynok 16. OkHO BBEJICHHBIX JJAHHBIX

Ha pucynke 16 moka3zaHo OKHO BBEJEHHBIX JaHHBIX. M3 Bcero MaccuBa JaHHBIX
OKOH MIIyTCs 3HAYEHUS] MaKCUMyMa U MUHUMYMa, HaXOAUTCA UX Pa3HOCTh — JiEJbTa
W 3Ta JeibTa SBISETCS HCKOMBIM pPE3yJlbTaToM. 3HAY€HHWE BBIBEACHO B OKHE
PACITOI0KEHHOM T0JT TpaUISCKUM OKHOM, TTOTYEPKHYTO KPAaCHOM JIMHUEH. ITO Tak
CKa3aTb  KBHUHTACCEHIIMS  JKCIepuMeHTa.  Awmmutyna  JlensThl  sBISETCA
XapaKTEPUCTUKOM TIPOIICHTHOTO COJACp)KaHHMSA Marepuaiia B oOpasne. B okHe
'KoHnieHTpanus' MpOU3BOAUTCS pacdeT IPOIEHTHOTO COACp)KaHUsS MaTepualioB B
npode. C yd4eToM TOro 4YTO BO BpEeMs SKCIECPUMEHTA IPOHMCXOIUT (PU3HUECCKOE
HCIIApEHHE MaTepHaia ¢ IOBEPXHOCTH oOpasia, B TOYKE Kyda HagaeT ITy4dOK
DIICKTPOHOB,  CTAHOBUTCS  BO3MOXKHBIM  IIOCTpOEHHS  Tpaduka  H3MEHCHHS
KOHIICHTpAIUsSI MaTepualioB B 3aBUCUMOCTH OT TDiyOowHbsl. Ha pucynke 17
MpeACTaBIEHbI JaHHbIE NIEPECUYNTAHHbIC B KOHIICHTpaluo. B cymme 3HaueHus 1aroT
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100%. TIlonss BBOJA HaAJ COOTBETCTBYIOIIMMH 3HAYEHUSIMH — KOPPEKTUPYIOIIUE

K03 OHUITUEHTHI T KaXK0TO SJIEMEHTA.
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Pucynok 17. Ilepecuntannabie B KOHIICHTPAINIO 3HAYCHUST U3MEPEHUS

3aknaaka ‘Crextp [Ipsimoii’ aTo omudpoBanabie nanHbie ¢ apyrod Touku OXKE

CIICKTpOMETpPA, I MCCICAOBAHHA BO3MOXHOCTH IIOJYUYCHUS I[OHOHHHTGHBHOﬁ

uHpopManuu u3 onM(PppPOBaHHBIX TaHHBIX. PrucyHok 18.

.
] - o
Files Options About
Crekrp Jupe  Cnectp Mpsvof | Mpoduns | Koruerrpaus | System |
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Pucynox 18. JlanHble CHATHIE C AIBTEPHATUBHOM TOYKH
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3aknaaka 'Tlpoduns' crpout rpaduk u3 ganHeix JlensT. Pucynox 19.

HapaJIJIeJII)HO C IIPOBCACHHCM OKCIICPUMCHTA IIPOHU3BOAUTCA MCCICAOBAHUA C

BI/I3yaJ'II/IBaI_II/Ieﬁ JaHHBIX I YIYUYIOICHHA HAITLIIHOCTH IIPCACTABIICHHA OAaHHBIX H

BO3MOXKHOCTH TIOJTYYeHHSI HOBOM MH(OpMaInu.
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Pucynok 19. 3aknanka 'Tlpoduns'
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3aknaaka 'System’', 3/1€Ch HaXOIATCS DJIEMEHTBI YIIPaBJICHUS
MHUKPOKOHTPOJUIEPHON CUCTEMOM Ha CHCTEMHOM YPOBHE, OCYLIECTBIISICTCS HACTPOMKA
ko3 durmentoB npeodpazopanust ALII, ctona momanarT ‘Chipbie JaHHBIE , KOTOPHIE
B JIaJbHEHIIIEM MPEBPAIIaOTCS B TOYKM Ha Tpadukax W TOCIEe MaTeMaTH4eCKOU

00pabOTKH CTAHOBSATCS Pe3yJIbTaTaMU AKCIIEPUMEHTA.

o

7 e B A e
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Pucynox 20. 3aknanka 'System'

Hwxe npusenen mpumep monydaemoir nHdopmaruu. [lepBoiii cTonben BpeMs
OKCIIEPUMEHTA,  CIEAYIOIIME  CTONOIBI ~ 3HAYEHWS  Pa3HOCTH  aMIUTUTY]
KOHTPOJIMPYEMBIX dJieMeHTOB. [Iporpamma cosmaer nBa Tuma (ailioB, MEpBBIA C
pacmupenueMm ‘. TXT’, Tak Ha3biBaeMble ‘Chipble JaHHble’. Hampumep, nns Huxe
CIIeqyToIIeil Tabmuibl 00beM ‘ChIpbIX MaHHBIX coctaBisgeTr 530 kbaiit, mpu oboveme
nosyumBIIecss TaOmumbel = 728 Oaiit. Btopoit pacmmpenue ‘.DAT’-  Huxe
npuBeacHHas TaOnuma. ‘CeIpble MaHHBIE XPAHSATCS IS TOTO YTO OBl MOXXHO OBLIO
clenaTh MU3MEHEHUE YCJIOBHI OOpaOOTKM NAaHHBIX W TMOJTYYUTh YTOYHEHHBIN (aiin
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“*DAT’. B pnanpHeilllleM MOJMy4Y€HHbIE [aHHBIE MOABEPraloTCsl CTAaTUCTUUYECKOU

00paboTke.
0.00 0.00097 0.00101 0.00097 0.00090 0.00114 0.00097
0.80 0.00093 0.00096 0.00078 0.00089 0.00105 0.00106
1.60 0.00103 0.00090 0.00092 0.00113 0.00092 0.00105
2.40 0.00094 0.00102 0.00089 0.00089 0.00082 0.00087
3.22  0.00097 0.00099 0.00086 0.00088 0.00080 0.00079
4.02 0.00087 0.00089 0.00097 0.00094 0.00085 0.00097
4.82 0.00109 0.00086 0.00104 0.00117 0.00097 0.00093
5.62 0.00119 0.00092 0.00093 0.00103 0.00090 0.00073
6.43 0.00110 0.00095 0.00086 0.00093 0.00083 0.00090
7.23 0.00092 0.00087 0.00097 0.00095 0.00089 0.00122
8.03 0.00100 0.00106 0.00113 0.00076 0.00072 0.00079
8.83 0.00094 0.00119 0.00082 0.00091 0.00105 0.00086

9.63 0.00105 0.00093 0.00089 0.00102 0.00086 0.00124
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3 DUHACOBBIH MEHEeIEeKMEHT pecypco3p(peKTHBHOCTH U

pecypcocoepexenne

B nacTosiiiee BpeMs epCcrneKTUBHOCTh HAYUYHOTO UCCIIEOBAHUS ONPEAEISAETCS HU
CKOJIKO MAacCIITa0OM OTKPBITHS, OIEHUTh KOTOPOE Ha MEPBBIX dTamax >KU3HEHHOTO
IIMKJIA BBICOKOTEXHOJOTHUECKOTO W pecypcod(PPEeKTHBHOIO MPOAYKTa OBIBACT
JOCTAaTOYHO TPYAHO, CKOJIBKO KOMMEPUECKOW IIEHHOCTBhIO pa3paboTku. OleHka
KOMMEpPYECKOM TIEHHOCTH (MOTEHIMaNa) pa3paOOTKU SIBISIETCS HEOOXOAUMBIM
YCIIOBUEM TPU TOUCKE HWCTOYHUKOB (DMHAHCHPOBAHUS JUISl TIPOBEICHHUS HAYYHOTO
UCCIIEAOBAaHUA W KOMMEpIMAIU3allud €ro pe3yabTaToB. JTO BAaXHO JUIS
pa3pabOTYUKOB, KOTOPBIE JIOJDKHBI TPEACTABIATh COCTOSHHUE W TEPCTICKTUBBI
IIPOBOAMMBIX HAyYHBIX HCCIIENOBaHUN. Uepe3 TaKyr OLICHKY YUYEHBIM MOXET HAWUTH
naptTHepa  JUisi  JajbHEWIEro  NPOBEACHUS ~ HAYYHOrO0  MCCJIEIOBAaHMS,
KOMMEPIIUATTU3AINH PE3YJIETATOB TAKOTO UCCIIEIOBAHUS U OTKPBITHS OU3HECa.

[lenpto MaHHOW MIIaBBI SIBISIETCS pacyeT 3aTpar, HEOOXOAMMBIX ISl MPOBEICHUS

HUOKP.

3.1 IloreHuMANbHBIE OTPEOUTEH PE3YJIbTATOB HCCIEI0BAHUSA

JUis aHanmu3a mnoTpeOUTenedl pe3ysibTaToB HMCCIEAOBAHUS HEOOXOIUMO

PacCMOTPETH 1LIENIEBOM PHIHOK U MTPOBECTH €r0 CErMEHTUPOBAHUE.
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AKTyalqbHOCTh JAHHOW pabOThI 3aKIIFOYAETCSs B TOM, YTO B HACTOAIIEE BpEMs
HeZocTaéT ucciienoBanus ais cucremsl yrpasiienus OXKE cnekrpoMerpom.
Jlannasi paboTa TMOCBSIIEHA WCCICIOBAHUIO CO3JAHUS ONTUMAJIBHON CHUCTEMBI

ynpasienus OXKE cnekrpomerpom

3.2 AHAJIM3 KOHKYPEHTHBIX TEXHHYEeCKHX pelneHui

JleTanpHBIA aHaNW3 KOHKYPHUPYIOIIUX pa3pabOTOK, CYIIECTBYIOIIMX Ha
PBIHKE, HEOOXOAMMO TPOBOAUTH CUCTEMATHYECKHU, TOCKOIBKY PHIHKU MPEOBIBAIOT B
MOCTOSTHHOM JBUKEHUH.

Tabnuua 3.2 - Pemerox

KonkypeHTo-c
Bec baniabl OHKYP
Kpurepuu oneHku KpHTe- NnCcOOHOCTH
pus
BK] BKZ KKI KK2
1 2 4 5 7 8

TexHuuyeckue KpUuTepuu olleHKH pecypcodppeKTUBHOCTH
0,08 4 4 0,2 0,2

1. IloBbIlIEHUE

IMPOU3BOANUTCILHOCTHU TPpYyJa

ITOJIB30BAaTCIIA

2. Y106CTBO B DKCIUTyaTaluy 0,08 4 4 0,2 0,2

(cooTBETCTBYET TPEOOBAHUSIM

MOTpeOUTENEeH )

. 0,08 3 3 0,15 0,15
3. ITomexoyCTOMYMBOCTh

0,08 3 4 0,15 0,2
4. DHEepro’KOHOMUYHOCTD
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5. HajesxHOCTb 0,08 4 4 0,2 0,2

. 0,08 3 4 0,15 0,2
6. duHAHCUPOBAaHNE HAYYHOU

pa3palboTKu

0,08 4 4 0,2 0,2
7. be3onmacHOCTB

8. ITorpeGHOCTH B pecypcax 0,08 3 4 0,15 0,2

HaMATH

0,08 4 3 0,2 0,15
9. ®yHKIIMOHAIbHASI MOIIIHOCTh

(mpenocrassieMble

BO3MOYKHOCTH )

0,08 4 4 0,2 0,2
10. IIpocroTa 3KcrTyaranuu

11, KauecTso 0,08 4 4 0,25 0,25

MHTEJJIEKTyaIbHOTO uHTEepdeiica

0,08 4 3 0,2 0,15
12. BO3MOXXHOCTE ITOAKJIIOYEHUS

B ceTh OBM

HUTtoro 1 78 76 3.7 3,75

AHanu3 KOHKYPEHTHBIX TEXHUYECKHUX PEIICHUIA OmpenemsieTcs mo hopMmyre:
K = Z Bi Ei,
rine K — KoHKypeHTOCIOCOOHOCTh HAyYHOU pa3pabOTKHU WIIM KOHKYPEHTA;
Bi — Bec moka3zarens (B J0JIIX €UHULIBI);
B; — Gai i-ro mmoxasares.

K1=ZBi-Bi=78-3,7=288,6

K2=ZBi-Bi=76-3,75=285
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[TpoBens aHanu3 BRISCHUIIN, YTO JACTAIb KOHKYpPEHTOCTOcoOHa. [lanHas pa3paboTka

SIBIIIETCSI YIIOOHOM B dKCIUTyaranuu. [leHa merany B paMKax JOIMyCTUMON HOPMBI.

3.3 SWOT - ananus

SWOT - Strengths (cunbhbie cToponbl), Weaknesses (ciaObie CTOPOHBI),
Opportunities (Bo3mMokHOCTH) © Threats (yrpo3sl) — MpeacTaBiIsieT CcoOoi
KOMILJIEKCHBI ~aHaJIU3 Hay4dyHO-UccienoBarenbckoro mnpoekra. SWOT-  anamus
NPUMEHSIFOT JUIs UCCIICIOBAaHMS BHEIIIHEH ¥ BHYTPEHHEH cpeibl poekTa . [8]

OH IpOBOAUTCS B HECKOJIBKO TAIOB.

IlepBbIii 3Tam 3aKiIO4aeTCs B ONMCAHUU CHIBHBIX MU CIA0BIX CTOPOH
IIPOEKTa, B BBISIBICHUH BO3MOXKHOCTEW M yrpo3 JUIsl peanu3allid MpOoeKTa, KOTOphIe
IPOSBUIIMCh WJIM MOTYT TIOSBUTBCS B €ro BHemHeW cpene. Jlagum TpakTOBKY
KaxaoMy u3 3tux mnoHsATud. 1. Cunvuvie cmoponwt. 2. Cnaodvie cmopousl. 3.
Boszmosicnocmu. 4. Yeposa .

Bropoii 3Tan cocTOMT B BBISBICHUM COOTBETCTBHUSI CHIJIBHBIX U CIAOBIX
CTOPOH HAy4YHO-HCCJIEIOBATEIbCKOTO MPOEKTa BHEIIHUM YCJIOBHUSIM OKpYKaroIIeH
cpelbl. OTO COOTBETCTBUE WJIM HECOOTBETCTBUE JIOJKHBI IOMOYB BBISIBUTH CTEIICHb
HE0OXOIUMOCTHU MPOBEICHUSI CTPATErMUECKUX U3MEHEHUH.

B pamkax Tperbero 3rama MODKHA OBITH COCTaBJI€HA WTOTOBAsT MaTpHIlA
SWOT-ananuza, koropas IpUBOAUTCS B OaKaIaBpCKoil padoTe .

B rabnuue 5.3 npencrasnenst SWOT-ananu3a.
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Tabnuya 3.3 - Mampuya SWOT

CuJabHbIE CTOPOHBI
HAY4YHO
HCCJIeI0BATEIbCKOTO
NpoeKTa:

C1. 3asBneHnHas
SKOHOMUYHOCTH U
9HeprodGPeKTUBHOCTH
METO/1a.

C2. belcTphlii aHaMU3
MOJTy4- €HHBIX JAHHBIX.
C3. bonee Huzkas
CTOUMOCTH MMPOU3BOICTBA
10 CPABHEHHIO C IPYTUMU
TEXHOJIOTHUSMHU.

C4. Jlerkumii unrepdeiic
YIIPaBIICHHUS.

C5. be3onacHoCTh
MIPOBEICHMUSI

HUCCIIENOBAaHUMN.

Cia0ble CTOPOHBI
HAY4YHO
HCCJIEI0BATEIHCKOTO
NnpoeKTa:

Cul. IIpoBenenue
VCCIIEIOBAHU I
UCKITIOYUTEIIEHO TIPH
KOMHATHOW TEMITIEpaType.
Cn2. IlpenBapurenbHas
MOJTOTOBKA
AKCITEPUMEHTAILHBIX
00pa31oB nepen
UCCIIEIOBAaHUEM.

Cn3. Hu3kunii ypoBeHb
IPOHUKHOBEHUS Ha
PBIHOK.

Ci4. OrcyrcTBHE
HEO0OXO0UMOTO
o0opynoBaHus IS
BBITIOJTHEHUS PACYETOB.

CnS. JlnnrenbHbIA CPOK
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pacyeToB.

Bo3mo:kHOCTH:

B1. Pemenue
(yHIaMEHTAJIbHBIX 3a/1a4
HCCIICAOBAHUS.

B2. [losBnenue

Hannuane HeoOXoaumbIx
MaTepHuaoB U
000pynOBaHUs, a TAKXKE
nepcoHaja B mpolecce

HUCCIIENOBAHNN MOKET

J1714 moBbILIEHUS CIIpoca
Ha pE3yJIbTaThl
HCCIIeJOBAaHUN

HEOOXO MBI

KBAJIU(PUIIUPOBAHHbBIE

JOTOJIHUTEIBHOTO CrocoOCTBOBATh KaJpbl Cpeiu
crpoca Ha HOBBIM MOBBIILICHUIO MOTEHIIUAIbHBIX
IPOAYKT. MPOU3BOJIUTEILHOCTU B | OTpEeOUTENEH.
B3. Uccnenosanus Oymyiem.

KOPPO3HOHHBIX CBOVCTB

METaJIIOB.

B4. IloBbieHue

CTOUMOCTHU

KOHKYPEHTHBIX

pa3paboToK.

Yrpossr: bonee Huskasa cronmocts | OTCyTCTBHE
VY1. HecBoeBpeMeHHOE | MPOU3BOACTBA MO HEO0OXOUMOTO

(uHaHCHUpOBaHUE
HAy4YHOTO UCCIIEIOBAHHUS
IIPU JaJbHEHIIEM

pa3BUTHH MPOEKTA.

CPaBHEHMIO C JPYTUMH
TEXHOJIOTUSIMH TTOBJIEYET
U3MEHEHHE

crnenuukanuii u

o0opynoBaHUs ISt
POBEACHUS UCTIBITAHHS
OMBITHOTO 0Opa3ua oyaeT

ABJIATBCA HCOTBEMIIECMBIM
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V2. PazBurasa

KOHKYPEHIUS

TEXHOJIOTHI

MPOU3BOICTBA.

CTaHAapTOB HaA ITOCTABKY
9KCIICPUMCHTAJIbHBIX
MCTAJNIMYCCKUX

00pa3IoB 3ampeneHHOro

(dakxTopom,
IPEICTABIIAIOMNM CO00i
Oapbep J1s SKCHopTa

TEXHOJIOTHH. TaKxke

¥3. Orpanuuenus Ha THIIA. HU3KHU YPOBEHb

HKCIOPT TEXHOJIOTHH. POHUKHOBEHHSI Ha
V4. Beenenue PBIHOK CIIOCOOCTBYET
JIOTIOJTHUTENIbHBIX HECBOEBPEMEHHOMY
roCyAapCTBEHHBIX (uHAHCHPOBAHHIO
TpeOOBaHMIl K HAy4YHOTO MCCIICIOBAHUS
cepruduxanuu npu JaJbHEHIIeM

MPOAYKIIHH. Pa3BUTHUU MIPOEKTA.

3.4 IlnanupoBaHue ynpaBjieHHs HAYYHO-TEXHUYECKHUM MPOEKTOM
3.4.1 KoHTposbHBIE COOBITHS MTPOEKTA
I'pynma npoueccoB IIIaHUPOBAHUSA COCTOUT U3 MPOLECCOB, OCYIIECTBISAEMBIX IS
ONpeAeNieHusT OOIIero coAep:kaHusg padoT, yTOYHEHUS Leledl u  pa3paboTku
MOCEA0BATEIbHOCTU ACHCTBUM, TpeOyeMbIX JJIsl JOCTUKEHUS TAaHHBIX 1EJIeH.
B pamkax nmanHoro paszaena HEOOXOAWMO OMNPEAEIUTh KIIOYEBbIE COOBITHS

IMPOCKTA, OIIPCACIINTD UX OaTbl U PC3YJILTATBI, KOTOPLIC HOJIPKHbBI OBITH IMOJIYYCHBI 110

COCTOSIHUIO Ha 3TH JIaThl. DTy UH(GOpMAaIMI0 HEOOXOAUMO CBECTH B Tabnuily 5.4.1
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Taoéauua 3.4.1 - KoHTposibHbIE COOBITHS TPOEKTA

No KonTponbHoe coObITHE Hara Pesynbrar
/11 (moaTBep kAU
JIOKYMEHT)
1 Pucosare cTpykrypHas cxema 21.10.2016 OTJIIMYHO
2 Bri6pats konTakTHbie mpubonsl Ha | 11.02.2017 OTJIMYHO

TCOpeTI/I‘-ICCKI/II‘/'I HCCICAOBIBHUC

3 OueHuTh pe3yabTaHT 15.04.2017 OTJIUYHO
MOJICITUPOBAHUS
4 [IpoBepka 1 MPUHIUIINATBHON 20.05.2017 OTIIMYHO
CXEMBI

Ia IPOLECCOB IUIAHUPOBAHUA COCTOMT M3 MPOLECCOB, OCYUIECTBIAEMBIX IS
omnpeneneHuss OOLIEro coAepkKaHus paldoT, YTOYHEHHUs Lened u pa3paboTKu
MOCJIEA0BATEIbHOCTHU ACHUCTBUM, TPeOyEeMBbIX JJIsl JOCTUKEHUS JTAHHBIX IIEJICH.

B pamkax miaHUpoOBaHUS ~HAy4YHOTO TMPOEKTa HEOOXOAUMO TOCTPOUTH
KaleHaapHbii rpaduk mpoekra. [ns mmanupoBanne HUOKP Obina BeiOpaHa
nuarpamMMa ['aHTa, KoTOopas TpeacTaBiIsieT cOOOM THUMN CTOJIOYATBIX JUarpamMm
(rucrorpamMm), KOTOPBIM HMCIOJIB3YETCSl JI WJUTFOCTPALlMKM KaJICHJAApPHOTO  IUIaHa
MPOEKTA, Ha KOTOPOM PabOTHI MO TeME MPEACTABISIOTCS MPOTSKEHHBIMUA BO BPEMEHHU

OTPE3KaMM, XapaKTCPUIYIOIIMMUCA [JdaTaMKW Hadala W OKOHYAHHA BBIITOJIHCHUSA
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JAHHBIX pa0oT.

I'paduk crpoutcs B Buie TaOMUIBI 15 ¢ pa30MBKOM IO MecCsAlaM 3a TEPHOI
BPEMEHHM BBITIOJTHEHHsI HAyIHOTO TTpoekTa. [Ipu 3ToM paboThl Ha rpadrKe BBIACICHBI
Pa3IMYHON MITPUXOBKOW B 3aBUCIMOCTH OT MCIIOJIHUTEIICH, OTBETCTBEHHBIX 3a Ty WJIN

UHYIO paloTy.

3.4.2 Tloctpoenue rpaduka padboT
HaubGonee ymoOHBIM M HANISIHBIM BHJIOM KaJICHJAPHOTO TUIaHa padoT
SBIISIETCS TOCTPOEHUE JIHTOUHOTO rpaduka nposeaenuss HUP B dhopme nuarpamm
['anra. Jlmarpamma ['aHTa — TOPHU3OHTAIBHBIM JICHTOYHBIM Tpaduk, Ha KOTOPOM
paboThl MO TeMe TMPEACTABISAIOTCS TMPOTSHKEHHBIMH BO BPEMEHU OTPE3KaMH,
XapaKTepU3YIOIMKUMHUCS IaTaM1 Hadajla ¥ OKOHYaHUS BBITIOJTHEHUS JaHHBIX PaboT.
I'paduk crpoutcs B pamkax Tabmuist 5.4.2 ¢ pa3OUBKOM 1O MecsIaM U HEJEIsIM

(7 mmeit) 3a mepwon BpeMeHH auruiomupoBanus. [Ipu sTomM paboTel Ha rpaduke

BBIICJISIFOTCSL  PA3JMYHOM  IITPUXOBKOM B 3aBUCUMOCTH OT  HCIOJHUTEINEH,
OTBETCTBEHHBIX 3a Ty WU UHYIO pa60Ty.
Tabmuna 3.4.2 - KanennapHubii mian npoeaeHuss HUP
Drarnbl ‘ Bun pabotsr Ucnonnurenn tk ®deppaib Mapr Arpenb Mas Uronp
1 CocrasieHue u CryneHT-numi 11
YTBEPKJICHHE OMHUK,
saganusa HUP PYKOBOJIUTENb
2 N3yuenne CryaeHTt-aumi 13
OCTaBJICHHOU OMHUK

3a7a4d U MIOUCK
MaTepHaoB IO
TeMe
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Bre16op metomoB

CryneHT-aurut

JUUIS. ICCIICTOBAHUS OMHIUK, !
PYKOBOIHUTEIH
4 Kanennmapuoe CryneHT-1urut 8
TJIaHUPOBAHUE OMHUK,
pabor PYKOBOAMTEIb
KOHCYJIBTaHT
5 Pa3pabotka CryneHT-1urut 5
pUOOPOB IS OMHUK,
HCCICAO0BAHUA PYKOBOAMTEIb
KOHCYJIBTaHT
6 [TpoBenenune CryneHT-1urut 12
AKCIIEPUMEHTOB OMHHK
7 Anammz CryneHT-numin 14
MOTYyYEHHBIX OMHUK,
pe3ybTaToB, PYKOBOJUTEINH
BBIBOJIBI
8 Orenka CryneHT-numin 9
3¢ (hHeKTUBHOCTH OMHUK,
MOTYyYEHHBIX PYKOBOJHUTEINH
pe3yIbTaToB KOHCYJBTaHT
9 CocraBneHue CryneHT-numin 2
MOSCHUTENLHON OMHHK
3aIIUCKH
10 CocraBnenue Crynent- 15
MOSICHUTEIHLHOM TATUIOMHUK
3aIUCKU

- - KOHCYJIbTATHT, |:| - PYKOBOOAUTCIIDb,

-' CTYACHT- AUITJIOMHHK

3.5 bBrogker HayYyHO-TeXHUYecKoro ucciaenopanusa(HTH)

[Ipu mnanupoBanun Oromxkera HTU nomxHO OBITH OOECIEUeHO MOJIHOE H

AJOCTOBCPHOC OTPAKCHUC BCCX BUAOB PACXOJ0B, CBA3AHHBLIX C €I'0 BBIITOJITHCHUCM. B

npoiiecce GoOpMUPOBaHUS OIOMKETA MCIIONB3YETCA CIEAYIolasi TPIIUPOBKa 3aTpar

II0 CTATbiIM.



e marepuainbHbie 3arpaTel HTU;

® 3arparhl Ha CIIEHHAIIBHOE o0opyoBaHuE TUISt Hay4YHBIX
(9KCTIEpUMEHTANIBHBIX ) Pa0OT;

e OCHOBHas 3apaboTHas IJIaTa UCTIOJIHUTENICH TEMBI;

® JIONOJIHUTENbHAS 3apa00THAs MJIaTa UCTIOJIHUTEIIEH TEMBI;

® OTYHUCIJICHHS BO BHEOIOKETHBIE (DOHIBI (CTPAXOBBIE OTUUCIICHHUSA);

® 3arpaThl HAYYHbIE U IPOU3BOJICTBEHHbIE KOMaHIUPOBKH;

® KOHTpareHTHBIE PacXObl;

¢ HaKJIaAHBIC PACXOObI.

3.5.1 Pacuer marepuanbnbix 3arpatr HTU
JlaHHas1 CTaThsl BKIIOUAET CTOMMOCTh BCEX MAaTE€pUANIOB, UCHOJIb3YEMBIX IPH

paszpaboTke mpoekTa. Pacder MarepuaibHBIX 3aTpaT OCYMIECTBIACTCS MO CIETYIONIEH

dbopmyse:

3M = (1+kT)ZI—[I ) Npacxi ’
i=1

e M — KOJWYECTBO BUIOB MAaT€pPUAIBHBIX PECYPCOB, MOTPEOIIEMBIX MTPU
BBITIOJIHEHUY HAYYHOTO MCCIIEI0BAHUS;

Npacxi — KOJIMUECTBO MaTepPHANBHBIX PECYpCOB I-TO BHUIA, IIAHHUPYEMBIX K
FICITOJIb30BAHHMIO [PH BBIIIONHEHHH HAyIHOTO HCCICIOBAHMS (IUT., KT, M, M T.1L.);

L1; — teHa npuoOpEeTEHUS SAUHMIIBI I-TO BH/IA MOTPEOISICMbBIX MaTepHAIbHBIX
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pecypcos (py6./wt., py6./kr, py6./m, py6./M° i T.1.);

kr— k03 huIIMeHT, yIUTHIBAIOIINN TPAHCIIOPTHO-3arOTOBUTEIILHBIC PACXOIBI.

Bennunna xoaddunmenra (Kr), oTpakaroiiero COOTHOIICHHE 3aTpaT IIo

JIOCTaBKE MaTepuajbHBIX PECYPCOB U IIEH HAa UX MPUOOPETEHNE, 3aBUCUT OT YCIOBHMA

JIOTOBOPOB

YAQJICHHOCTH IIOCTAaBIODUMKOB M T.A. TpaHCHOpTHI)Ie pacxodbl IIPHUHHUMAKOTCA B

npeaenax 15-25% ot ctouMoCcTH MaTepuaios.

ITOCTaBKH,

BUJIOB

MaTCpHuaJIbHbIX

Tabnuya 3.5.1 - Mamepuanvhsie 3ampamoi

pecypcoB,

TEPPUTOPUAIIBHON

Emun
3arparsl Ha
HaumenoB | wuna Llena 3a en.,
KonnyecTBo Mmarepuaisl, (3,,),
aHue u3Mepe pyo.
pyo.
HUS
CrutaBsl . 20 100 2000
bymara | Jluc. 150 2 300
WNutepne
M/6ur 1 350 350
T
Pyuka HIT. 1 20 20
Terpanp . 1 50 50
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HUroro 522 2700

3.5.2 Pacuer 3aTpar Ha cienMalibHOE 000pYI0BaHUE JIJIsi HAYUHBIX
(3KCTIEpUMEHTANIBHBIX) PaboT

B naHHyro crarbio BKIIIOYAIOT BCE 3aTpaThl, CBSI3aHHBIE C MPUOOPETEHUEM
creruaibHOro o0opynoBaHus (MpuOOPOB, KOHTPOIBLHO-U3MEPUTENILHOM anmapaTyphl,
CTEH/IOB, YCTPOMCTB M MEXaHU3MOB), HEOOXOAUMOTro JUisl MPOBEACHHS padoT IO
KOHKPETHOM TEME.

[Ipu nmpuoOpereHun crnenodopyaoBaHUS HEOOXOAMMO YYECThb 3aTparbl MO €ro
JIOCTaBKE U MOHTaXy B pazmepe 15% OT ero 1eHsl.

Tabnuya 3.5.2 - Pacuem 61002cema 3ampam Ha npuoopemenue

cneyo6opy0osanus 0 HAYYHbIX pabom

Ilena
Bpems
UCIIOJIb30BAHU Oobmas
Ne UCIIOJIb30BAHMUS
HanmMeHnoBaHue s CTOUMOCTH
1/ obopynoBaHus,
o0opynoBaHUs obopynoBaHusi | 000pyIOBaHUA,
N q
: ThIC. pYyO.
pyo0./4.
YcraHoBKa
1. | aBrOMaTU3UpPOB 10 500 20,75
aHHOTO
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koMIuiekca Gas
Reaction

Controller

Crenpg
U3MEpEHUS
2 80 800 27,86

apaMeTpoB

yABTpa3ByKa

NHIyKIImOHHEI
3 20 30 2,45

1 HarpeBarenb

4 Kommnsrotep 40 300 10,23

Hroro: 61,29

3arparbl Ha JIEKTPOIHEPTHUIO I YCTAHOBKU:
3e-=(1,5kB X 80uact+ 0,5kBt X 104yac + 0,16kBT X 204ac + 0,12kBTt X
404ac) X 6 py06.kBt/gac += 798 py0.
Takum oOpa3zom, 3aTpar Ha cHelUalbHOE OO0OpYAOBaHHME [JIsl HAy4HbBIX

(3KCTIepUMEHTaNIBHBIX) padoT paBeH 62088 pyoO.

3.5.3 OcHOBHasl ¥ NONOTHUTEIbHAS 3apa00THAS TIaTa UCTIOJIHUTENICH TEeMBI
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Cratbst  BKJIIOYACT  OCHOBHYIO  3apabOTHYIO  Iulaty  paOOTHHKOB,
HEMOCPE/ICTBEHHO 3aHATHIX BBITIOJHEHUEM TMPOEKTA, (BKIIOYAs MPEMUHU, JOTUIATHI) U
JOTIOTHUTENBHYIO 3apab0THYIO0 TulaTy. 3apa0oTHasl IUlaTa PACCUUTHIBAETCS TIO
bopmyie 6:

331‘[ = 3OCH +3)101'l ’

rae 3ocx — OCHOBHAs 3apaboTHas Iiata; 3,,, — JOMOJHHTENIbHAs 3apaboTHas
aTa.

OcHoBHas 3apaboTHas 1uiara (3,.) pykoBoauTens (JlabopaHTa, MHKEHEPA) OT
npeanpusaTus (Mpyu HATUYUH PYKOBOJUTENS OT MPEINPUSATHS) PACCUUTHIBACTCS TIO
bopmyite 7:

3,.,=3, T
rie 3o — OCHOBHAs 3apabOTHas IIaTa OJAHOro paboTHHKA; T), — MIPOAOIKUTEIBHOCTD
paboT, BBINOJHAEMBIX HAyYHO-TEXHUYECKMM paOOTHUKOM, pabd. mH.; 3,y -—

CpenHenHeBHas 3apaboTHas 1aTa paboTHHUKA, PyoO.

CpennenneBHas 3apabOTHAs MJIaTa pacCUUTHIBAaETCA 1Mo hopmyrie &:

3.-M
I[H: F 1

it

3

rae 3, — MECSYHBIN JOJDKHOCTHOM OKJIaJ paboTHHUKA, py0.; M — KOJIMUECTBO MECAIICB
paboThl 6e3 oTmycka B TedeHHe Toja (mpu mectuaHeBHOM Hexene M=10,4); F, —
JNEUCTBUTEIBHBIM TOOBOM (OHA pabodero BpPEeMEHU HAYYHO-TEXHHUYECKOTO
nepconana (F,=1794).

bananc pabodero BpemeHu nokazaH Ha Tabnwmie 5.5.3.
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Irac

U Ha MPOMBIIUICHHBIX MNPEANPUATHSIX — 3a paclivpeHue chep oOCIyKMBaHUS, 3

Tabnuya 3.5.3 - bananc pabouezo spemenu

BPEMEHU

IToka3zarenu pado4ero BpeMeHun PyxkoBogutes | UnxeHe
b |y

KanennapHoe uncno nuei 365 365

KonmaectBo Hepabounx qHEi 66 66

- BBIXOJIHBIC THU

- Mpa3gHUYHBIC THU

[Torepu pabouero BpeMeHH 48 48

- OTIyCK

- HEBBIXOJbI 110 O0JIE3HU

JleficTBUTENbHBIM ro0BOM  (poH pabouero 251 251

Mecsiunbli T0KHOCTHOM OKIaj] paOOTHUKA:

3, =3, A+k, +k,)-k,

3.c — 3apaboTHas 1ata o tapudHoi cTaBke, pyo.;

Knp — IpemMuanbHblii ko3¢ duient, pasusiii 0,3 (T.e. 30% ot 3,);

K, — koo dunmenT goruiat u HanOoaBoK cocrapiset npumepHo 0,2 — 0,5 (8 HUU

npoeccHOHAIBHOE MacTePCTBO, 3a Bpeaublie yeinoBus: 15-20 % or 3,);

exXeMecsyHo u3 ¢GoHaa 3apaboTHoil miarel B pazmepe 20 —30 % ot Tapuda wuiu

K, — paiionnsIif ko3 duiuent, pasusiii 1,3 (11 Tomcka).

B coctaB ocHOBHOI 3apaOOTHOM IUIAThl BKJIKOYAETCS MPEMUS, BhIIIAYMBaeMast
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oknana. PacyeT ocHOBHOM 3apaOOTHOM TIAThl CBOJUTCS B TAOII.

Tabnuya 3.5.3.2 - Pacuem ocnosHol 3apabomuoil niamol

T 3
300}1-1 3M’ 3IIH’
Hcnonaurenu Kip | Ki | Kp pab.aH| UTOTO
pyo. pyé | py6.
u
PykoBoguTens 23100{ 0,3 | - | 1,3 | 30030 915 33 30195
Umxenep 989303 | - |13 | 12860 | 532 | 71 37772

3arpaThl 1O JIONOJHUTEIBHOM 3apaOOTHOW IJIaTe€ WCIOJHUTENEH TEMBI
YUYUTBIBAKOT BEJIMYUHY IPEAyCMOTPEHHBIX TpynoBbIM KojgekcoM P@ nomnar 3a
OTKJIOHEHME OT HOPMAJIBHBIX YCIOBUH TpPyZAd, a TAaKXKE BBIILIAT, CBA3AHHBIX C
o0OecrieyeHUeM TrapaHTH M KOMIIEHCAlMi (MPU HCIOJHEHUHM TOCYIapCTBEHHBIX H
0OILECTBEHHBIX OO0S3aHHOCTEW, NpPH COBMELIEHUWH padOThl € OOyyeHueM, Mpu
NPEI0CTABICHUH €KETOAHOTO OTIAYUBACMOT0 OTITyCKa U T.1.) .[9]

Pacuer nononHuTenbHOM 3apabOTHOM IJIaThl BEAECTCS O CJIEIYIONIECH popmyIie:

3,HOH = kZ[OH ) 3OCH

e Kyon — KO3(Q(HIMEHT JONOJHUTEIBLHOW 3apa0O0THOW IuIaThl (HA CTaIUH
NPOEKTHPOBaHUs npuHUMaeTcs paBHbiM 0,12 — 0,15).

B nmaHHBIM pa3zmen  BKIKOYAETCd CyMMa  BBIIUIAT, IPEAYCMOTPEHHBIX

3aKOHOJATCIbCTBOM O TpPYAC, HAIIpUMCP, OIlJIaTa OYCPCAHLIX W JOIIOJIHUTCIBbHBIX

OTIIYCKOB, OIlllaTa BPCEMCHH, CBA3aHHOI'O C BBIIIOJHCHUCM TIOCYAdpPCTBCHHLIX U
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OOIIIECTBEHHBIX O0S3aHHOCTEH; BBIMJIATA BO3HATPAXKICHHS 32 BBICIYTY JIET U T.I. (B
cpeareM — 12 % oT cyMMBbI OCHOBHO# 3apaboTHoM 1uiathl) .[10]

JlomonHuTeNnbHAS 3apa0oTHAs IjiaTa paccuuTbiBaeTcs ucxons u3 10 — 15% or
OCHOBHOW 3apabOTHOM TMIaThl, PabOTHUKOB, HEMOCPEICTBEHHO YYAaCTBYIOUIUX B
BBITIOJTHEHUE TEMBI:

300 = Kion “Bocas
rae 3,n — JOMOJHUTENbHAs 3apaborHas 1iara, pyo0.; Kyn — kodddummeHt
JOTIOTHUTENBHON 3apIuiaThl; 3,; — OCHOBHas 3apaborHast ruiata, pyO. I[lpumep
pacuera:
3 0n = 015x989,19 =153,87

3.5.4 OTuncjieHnsi BO BHeOIOIKeTHbIE (POHIBI (CTPAXOBbIE OTUMCIEHUS)

Benuuuna otuucieHuii Bo BHEOIOMKETHBIC (DOHIBI OIMpENENseTCcs UCXOAS W3
caenyroIieit hopMyIIbl:

3enes = Kenes3oon T 3oon)s
€. Kgpes — KOI(D(OUIMEHT OTYUCICHHM Ha YIUIaTy BO BHEOKOKETHBIC (OHIIBI
(mercuoHHbIN GHoHA, HOHT 005S3aTETHHOTO METUITMHCKOTO CTPAXOBAHUS U TIP.).

Ha 2015 r. B cootBercTBUU ¢ DenepanbHoro 3akoHa ot 24.07.2009 Ne212-D3
YCTAHOBJIEH pa3Mep CTPaxoBbIX B3HOCOB paBHbIM 30%. Ha ocHoBanuum nyHkTa |
cT.58 3akoHa Ne212-®3 nmns yupexaeHUW OCYHIECTBISIFONINX 00pa3oBaTeIbHYIO H
Hay4IHYIO JAesATeIbHOCTh B 2015 rogy BoauTcs moHMmKeHHas ctaBka — 27,1%.

Tabnuya 5.5.4 - Omuucnenus 60 8nebrO0NCemuvle HOHObI

M cHoMHuTeNb OcHoBHas 3apabotHast | JlomomHuTenbHAs 3apaboTHAS
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PykxoBonurens 30195 3623,4
CryneHT-JuIIoOMHHK 37772 4532,64
Koapdpunument 0,271
Hroro 20629,34

3.5.5 ®opmuposanue OromxeT 3arpar HTU

OHpGI[CJICHI/IC 6IO,II)K€Ta 3arpar Ha Hay‘{HO-I/ICCJIC,ZLOBaTGJIBCKI/Iﬁ IMPOCKT IIPHUBCIACH

B Tadi. 3.5.5.

Tabnuya 3.5.5 - Pacuem 6100sxcema 3ampam HTHU

Cymma, pyo.
HaumeHnoBaHue crarbu
2700

Marepuanenble 3arparel HTU 2219,5

2135,5
3arpaTsl Ha cielMaibHOE 000PYI0BaHUE

62088
JUISL HAay4yHbIX (3KCIEPUMEHTAJIbHBIX )
3arparbl 1O OCHOBHOW 3apaboTHOM 67967
3arpartsl 1o JOTIOJTHUTEIBHON 8156,04
OTuucieHus Bo BHEOIOMKETHBIC (POHIBI 20629,34
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161540,38

bromxker 3arpar HTU
869612

[Tpu TTaHUpPOBaHUM HAYYHO-HCCIIENOBATEIBCKONW pabOThl OBLI MPOM3BENEH MOACYET
Oromkera uccienoanus. B mponecce hopmupoBanus OromKeTa ObLITH UCTIOIB30BAHBI
IPYNIUPOBKY MO MarepuaibHbiM 3arparam (2700 py0), 3arparam Ha crHelUaibHOE
000pyaoBaHue JIJIsl HAYYHBIX (SKCTIEpUMEHTANIbHBIX) padot (62088 py0), 3arparam 1o
OCHOBHOM 3apa0OTHOW IIare ucnonHutened Tembel (67967 py0), 3arparam 1O
JOTIOJIHUTENbHOM 3apaboTHOM miare (8156,04 py0), oTUMCIEHHUSIM BO BHEOIOIKETHBIE
douasl (20629,34 py6). Becero 6romker cocraBun 161540,38 py6. JlanHas oreHka
KOMMEPUECKOM IIEHHOCTH HE00X0ArMa, YTOOBI IPEACTABIATh (PMHAHCOBOE COCTOSTHUE
U TIEPCTIEKTUBBI MPOBOIUMBIX HAyYHBIX MCCIICIOBAHUH.

SCHO, YTO CTYACHTHl OyIymuid pPYKOBOAWTEIh JJOJDKEH HECTH COIUATBHYIO

OTBCTCTBCHHOCTD 3a IIPUHUMACMBIC PCIICHHUC.
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4.COIII/IaJILHaH OTBECTBCHHOCTD

BBenenue

[IpoexktupoBanrie u wu3rotoBieHue cucrema ynpasieHuss OXE cnekrpomerpom
ocyiecTBisieTcs B Jjaboparopur KadeApbl MPOMBIINUICHHOH W MEIUITMHCKOM
AIIEKTPOHUKH, O0OOPYIOBaHHOW TpHOOpamMu, HEOOXOMUMBIMHU JJisi OCYIIIECTBIICHUS
JaHHOTO TpocTa. Bce paboThl CBsI3aHHBIE C MPOCKTUPOBAHUEM W HM3TOTOBICHUEM
JTAHHOTO WMCTOYHHMKA CBSI3aHBI C PAANCMOHTAXKHBIMU pabOTaMU H KOMIIBIOTEPHBIM
MonenupoBanueM. Pabora B nmabGoparopuu 3HCProsarparam, cornacHo CanlluH
2.2.4.548-96 [1] , orHocuTcs K Kareropum 16 - pabora nerkas ¢usmdeckKas,
IPOU3BOIMMAs CUJISl WITH CBSI3aHHASI C XOAhOOM, HO HE TPeOyIoIas CHCTEMaTHIEeCKOTO
bu3HYEeCKOTO HampsOKEHWsT WIM TONHATHS W TEpeHoca TshkecTed. B memsx
Oe3omacHOCTH JUIsi paOOTHHUKOB, OOIIECTBA W OKpYKaroIed cpeasl paspaboraem
KOMIUIEKC MEPOIPUSITUI TEXHUYECKOTO, OPraHM3allMOHHOTO XapakTepa, KOTOpbIe
MUHUMU3HPYIOT HCratu llocienacTBus mNpOEKTHPYEMOW AESATEIBHOCTH U OyayT

CII0COOCTBOBATH CO6J'IIOI[€HI/IIO COHHaHBHOfI OTBCTCTBCHHOCTH.
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4.1 IIpousBoacTBeHHas 0€30MACHOCTDH

Jst obecrieueHus MIPOU3BOJICTBEHHOU 0e30macHOCTH HE00X0IUMO
MPOAHANM3UPOBaTh  BO3ACHCTBUS  HAa  4YEJOBEKAa  BPEIHBIX H  OMACHBIX
MIPOU3BOJICTBEHHBIX (DAKTOPOB, KOTOPHIE MOTYT BO3HHKATh TpPH Pa3pabOTKE WIH
IKCIUTyaTaIluu TIPOEKTa.

[Ipou3BoncTBeHHBI (DAKTOpP CUMTAETCS BPEAHBIM, €CIU BO3JEHCTBHE 3TOTO
dakTopa Ha pabOTHUKAa MOXKET MPUBECTH K €ro 3aboneBaHuio. [Ipon3BOnCTBEHHBIN
(dakToOp CUMTAETCS OMACHBIM, €CJIM €r0 BO3ACHCTBHE HAa PAOOTHHUKA MOXKET IIPUBECTU

K €0 TPaBMe.

Bce mpousBonctBeHHbIe (hAKTOPHI KIACCUPUIUPYIOTCS MO TPYMIaM 3JIEMEHTOB:
busnueckne, XUMHUYECKHE, Ouonormueckue u rncuxodusmyeckne. B xome
BBITIOJIHEHUST pabOThl W TpU  JajbHEWINEW OJKCIUlyaTalud pa3paOOTaHHbBIX
MIPOTPAMMHBIX CpPEJICTB MOTYT BO3HHUKHYTh CJEAYIOIINE BPEIHBIE W ONACHBIC

(bakTopsI:

1) TNOBBIIIEHHBIH  ypOBEHb  JJEKTPOMATHUTHOTO  W3IYYCHHS B XOJe
IPOAOIKUTENIBHON pabOThI 38 KOMIIBIOTEPOM;

2) TOBBIIICHHBIN WM TIOHW)KEHHBIN YPOBEHBb OCBEIICHHOCTH pabouero

4) Ttemmeparypa, BIQKHOCTbH 32 MPeIeIaMid HOPMAJIbHBIX 3HAYCHHIA;

5) MOBBIIIEHHOE HANPSHKCHUE JICKTPUICCKOH IICTIH.
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Taxkxe B X07le MOTPY3KH M PA3TPY3KU MOKET TIPOUCXOIUTH MOBPEKICHUE IPY30B
U CKJIaJCKoro obopynoBanus. [[isi mpeaoTBpaIieHusl Wik YMEHbBIICHUS KOJIWYECTBA
NMOOOHBIX MPOUCIIECTBUI HEOOXOAMMO TIIATEIHHO MPOpadaThiBaTh TECTUPOBAHUE
pa3zpabarbiBaéMOro MPOTPAMMHOTO OOECTICUeHHUS W paccMarpuBaTh KakK MOXKHO
Oonpllle BapWAHTOB CHUTyalldd, KOTOpPbIE MOTYT BO3HUKHYTH B TMpOIECCe
(bYHKITMOHUPOBAHUS CKIIAJIA.
BozneiictBue  HeOmarompusTHbIX ~ (aKTOPOB ~ MPUBOAUT K CHUIKEHUIO

paboTOCIOCOOHOCTH, BBEI3BIBAEMOMY Pa3BUBAIOIIMMCS YTOMJIEHHEM PabOTHHUKA.

4.1.1 MukpoxkanmMar
MuKpOKJIIMAaT MPOW3BOJICTBEHHOIO TOMEIICHHSI OKa3bIBAaeT OOJIBIIIOE BIUSHHUEC

Ha opranusm 4elioBeka. Ha €ro 3J0pOBbE W CaMOYYBCTBHE, PabOTOCIOCOOHOCTh U
IPOU3BOJUTEIHLHOCTD TPY/IA.

K ITOKA3aTelIsIM, XapaKTePU3YIOITUM MHUKPOKITUMAT, OTHOCSTCS:

-TeMneparypa Bosayxa [ CJ;

-OTHOCHUTEIIbHAS BIAXHOCTH [%];

-CKOPOCTh JIBIDKCHHSI BO3ayxa [M/c].

[TpuBemeM  ONTUMaJbHBIE W JIONYCTUMBIC  IOKa3aTelid  MHKPOKJIMMAra

IIPOM3BOJICTBEHHBIX TToMeneHui contacho CanlluH 2.2.4.548-96 [6].
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Tabnuma 4.1 - OnTuManbHbIe TOKa3aTeIM MUKPOKJIMMATa

[Tepuon rona

Temneparypa. C

OtHOocuTeIbHAA

BJIQYKHOCTB, %

CxopocThb
JIBKCHUSI

BO3TyXa, M/C

XOJIOIHBIA 20-22 30-70 0,1
Terubiit 22-24 30-70 0,1
Tabnuuna 4.2 - JlonmycTuMeble MOKa3aTeld MUKPOKJIMMaTa
ITepuon Temneparypa, C Otnocute | CKOpOCTh  JABUKECHUS
roja JIbHAsI BO3JIyXa, M/C
Jwnar. Jnar. BJIAXKHOCT | [{mar. Jwnar.
Huxe BBIIIE O.1I. | b,% Hwuxe o.1. | BeIIIE 0.10.
0.I1.
Xonoansiid | 19-20,9 | 23,1-24 20-80 0,1 0,2
Temnerit | 20-21,9 | 24,1-28 20-80 0,1 0,3

Oronienue B J'Ia60paTOpI/II/I H B KOpPIIYCC B OoJIbIIICH CTETICHU BOAAHOC, HO C
HCITIOJIb30BAHUCM PAINAaTOPOB. Tak kak Impu pa60Te MMPONUCXOAUT BBIACICHUC I'OPHOYUX
U MMOAACPKUBAOIIUX T'OPCHHUC IIApOB MU TI'a30B, B Ha60paTOpI/II/I HNMCCTCA CHUCTCMaA

BCHTUJISIITHUH. I/ISMCpeHHBIG IMOKa3aTCJin MUKPOKJIINMATa J'Ia60paTOpI/II/I COOTBCTCTBYIOT

OIITUMAJIBHBIM I10KAa3aTCJIAIM.
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4.1.2 Bpeanble BemecTBa

Cornacio I'OCT 12.1.007-76 [2] BpenHbie BemiecTBa B JaHHOW J1aOOpaTopHu
NpUCYTCTBYIOT. [leyaTHble MIIaThl U 3JIEMEHTHI, UCIOJb3yEMbIE JJIsl TPOEKTUPOBAHUS
JTAHHOTO TIPHOOpa, U3TOTOBIISIFOTCS BHE pabodeil maboparopuu Ho B mporiecce naiku
00pa3yroTcs TOKCHYHBIE a’po30iau. OKCUJ yriepoaa - sSBIseTcs OCCIBETHBIM Ta30oM
0e3 3amaxa, KOTOPbIH CHUYKAET CITIOCOOHOCTh reMOTIIO0MHA MTEPEHOCUTH U MOCTaBIISATh
KHUCIIOpOo1, (PTOPOBOAOPO -OU€Hh TOKCUYEH; CUIIFHO pa3/ipakaeT IbIXaTeIbHbIC My TH,
CIIM3UCThIE OOOJIOUKM Tia3 Hoca (C KPOBOTEUEHHEM), TMOJIOCTH pTa, TOPTAaHU H
oponxoB. [letictByer Ha [{HC, BbI3bIBast MPUCTYIIBI TeTaHUU. BO3MOXHO HapylieHue
KOpOHApHOTO  KpoBooOpamienus rmaneane AJ[. Moryr ObITh  OpOHXUTHI,
ITHEBMOCKJIEPO3, TUCTPOPUUYECKUEe M3MEHECHHS B TIeUeHH M MuoKapzae. [Ipm odeHb
BBICOKMX KOHIIGHTpAIMSAX CHa3M TopTaHu U OponxoB. CMepTh B pe3yabrare
KPOBOMBJIMSIHUN U OTEKa JIeTkuX. B skcneprMeHTe Ha Kpbicax B KOHIEHTpauusx 4,98
u 0,47 mr/mM3 oGmamaer 3MOpHOTPONTHBEIM B MyTareHHbIM dddexramu. CBHHEI] €ro
COEAMHEHUS SIBISIETCS OTPABJISIONIUM BEIIECTBOM, HAKOTUIEHUE KOTOPOTO BIIUSET Ha
LEJBI Pl CUCTEM OpraHuM3Ma M KOTOPO€ OCOOEHHO BPEAHO ISl JAETEH MIIAIIIETro
BO3pacra.

KoHueHTpanus Bcex MmepeyrcieHHbIX TOKCUYHBIX BEIIECTB B BO3AYXE OYEHb Maja,
T.K. B JIaDOpaTOpWU HW3TOTABIMBAIOTCS OOpa3Ibl B MaJIOM KOJUYECTBE, M KaxI0€

pabouee MecTo 00OPYTOBAHO BBITSKKOM JJIs yIaJICHUS] U3 IOMEIICHUS.
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4.1.3 OcBelenue

[IpaBuUabHO CHPOEKTHUPOBAHHOE U BBHIMIOJIHEHHOE OCBEIEHHWE O00eCIeurnBaeT
BBICOKHI1 YPOBEHB paborocrocoOHOCTH OKa3bIBAE€T MOJIOKUTEIBHOE
IICUXOJIOTUYECKOE  JIEMCTBME HAa 4YEJOBEKA M  CHOCOOCTBYET  IOBBIIIEHUIO
MPOU3BOAUTEIBHOCTH TPYAA.

Ha npakTuke uCroiap3yroTcs JiIBa BU/Ia OCBEILICHHS] €CTECTBEHHOE M MCKYCCTBEHHOE.
EctecTBeHHOEe OOKOBOE M HMCKYCCTBEHHOE pabodee, a Takke KOMOWHHPOBAHHOE,
KOTOpPO€ COCTOUT W3 MECTHOTO OCBEIICHHS] padOYMX MECT M OOIIEer0 OCBEIICHHUS
MOMEIICHUS.

Hannaple Buubl ocBemeHus Hopmupyercs CIT 52.13330.2011 [7].  nmanHoi#
naboparopuu TPOBOMATCS pabOThl CpeIHEeW TOYHOCTH MHUHUMAjbHA BEITUYHHA
paznuuusa cocrasigeT oT 0,5 1o 1 mMm). Pazpsin 3purensHol padbotsl B, nmoapaspsia 2.
OcBelIeHHOCTh paboyeld MOBEPXHOCTH OT CHCTEM OOIIEro OCBEIICHHUE COCTaBISET
2001k. Ha pucyHke moOka3aHO pa3MENICHHE CBETUJIBHHMKOB. B KauecTBe MCTOYHMKA
CBETa UCIOJIb3YIOTCS ra30pa3psiAHbIC JJaMIIbl HU3KOTO JaBJiI€HUs O€I0i IIBETHOCTH.

Koapdunment mnynscanmuu mamn Ko He mnpessimaer 20%. Koaddunment

€CTECTBEHHOM OCBEIIEHHOCTH cocTaBiieT 2,4%.
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2M

0,3m

0,75m 0.3m 2m

-

0,3m

1,5Mm

Pucynok 21-Pa3mernieHne CBEeTHIIBHUKOB

4.1.4 YpoBeHb myma

Iym - 310 O0OIMIEONONOTHICCKUN pa3apaKUTEIb, TO €CTh OH OKa3bIBacT
BO3JICHICTBHE HE TOJILKO Ha OpPraH ClyXa, HO M Ha BECh OPraHu3M B IIeJIOM. B mepByto
odyepelb BIUSHUE IMyMa CKa3bIBAaeTCS Ha CTPYKTypaxX TOJOBHOTO MO3Ta, YTO
BBI3bIBACT HEOIArONMPHUATHBIC U3MECHEHUHU B (DYHKIIUS PA3IMYHBIX OPTaHOB M CHUCTEM.
['OCT 12.1.003-2014 [3] ycraHaBimBaeT ONTHMAIbHBIA ypoBeHb myma B 60 /6. B
naboparopuu IIyMbl TpeBbIIarone ypoBeHb 60 JI6 orcyTcTByrOT. 3manmue
HAXOJUTCS BIAIM OT IEHTPAJIBHBIX YJIHI[, aBTOMOOWJIBHBIX W JKEJIC3HBIX JIOPOT U

a’pOTIOPTOB.
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4.1.5 Tepmuyeckasi onacHOCTh

B naGopatopuu mjis npoBeAeHHsS psiia padOT MCIONB3YIOTCS TPHOOPHI BHICOKOU
paboueil Temneparypoii, Takue kak nasuibHas cradius Cormacao 'OCT 12.3.004-75
[4] warpersie B mpomecce 00pabOTKH, JCTalld, pPa3MEMAIOTCS B MeECTax,
000OpYIOBaHHBIX  BBITSKHOM  BEHTWIISIMEH, TpPH  TEPMHUECKOH  00paboTKe
NPUMEHSIIOTCS  MOXKapoOe30MacHble JKUAKOCTM M Marepuayibl. A TakxKe Bce
TEPMUYECKU OMACHOE 00OpPYJOBAaHUE OCHAIICHO TEPMOM3OISLUMOHHBIMU PydyKaMu U

CIICHUaJIbHBIMU MCCTaMH Pa3MCIIICHU .

4.1.6 DnexkTpo0e30NaCHOCTD

Comnitacao 'OCT P 12.1 019-2009 [5] nanHas maboparopusi OTHOCHTCS K IIEPBOMY
KJacCy OINMacHOCTH, TaK KaK B HEHW y4YTeHbl BCE HEOOXOMUMBIC IpaBHJa I10
AIIEKTPOOE30MaCHOCTH, IJTO CYXO€ MOMEIIeHHE Oe3 TMOBBIINIEHHOTO HambUICHUS
TeMIIeparypa BO31yXa HOPMaJlbHas, MO MOKPHIT M30JSIMOHHBIM MarepuaioM. Bee
AIIEKTPOOOOPYIOBAHKE W MTPUOOPHI HAXOATCS Ha CBOMX MECTaX MMEIOT 3a3eMJICHHE
3a3emiieHne ¢ comportuBieHueM He Ooilee 4 Om ('OCT 12.1.030-81. [6] ) Bce

COTPYJIHUKH MTPOXOJISAT MEPBUUHBIA HHCTPYKTAX IEKTPOOE30MaACHOCTH.

4.2 Jkoaoruyeckasi 6e30MacHOCTh

B xopme BemonHennss BKP u  nmanpHeidniem HCHONB30BAHUK — aNTOPUTMOB
OTCYTCTBYIOT BBIOPOCHI KaKUX-TMOO BPEAHBIX BEUIECTB B aTMOC(EPY, CIET0BATEIHHO
3arps3HEHUE BO3/lyXa He MpoucxoauT. He mpoucxoauT Takxke u cOpOCOB B BOJOEMBI,
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CJIETIOBATEIIbHO HE OKA3bIBAETCS HUKAKOTO BIUSHUS Ha THAPOChEpY.

B cBoto ouepenb BO BpeMsi BBHITIOJHEHUS AUIUIOMHON pabOThl 0Opa3oBBIBAICS
Pa3TUYHBIA TBEP/ABIA OBITOBOW MYyCOp, TAKOW KakK WCIIOJIb30BAHHBIC aKKyMYJSTOPHI,
KaHIIETSIPCKUE MPUHAJJISKHOCTH U Tp. B mporiecce ke (yHKIIMOHUPOBAHUS CKiIa/a
BO3MOXHO OOpa3oBaHUE pPa3IUYHBIX MOBPEXKACHHBIX TPY30B U APYroro Mycopa,
KOTOPBI HEOOXOJUMO KAaKUM-TO OO0pa3oM yTHIM3UPOBaTh. [l yMEHbIIICHUS
BPEIHOTO BIHSHUS Ha JUTOCHEPY HEOOXOTUMO MPOU3BOAUTH COPTUPOBKY OTXOMIOB H
oOpamarbcs B CIOYKObI MO YTWIM3AalUM JUIsl JajdbHEWIed mepepadOTKH WIn
3aXOpPOHEHHS.

ABromaruzarnus mporecca (GyHKIIMOHUPOBAHMS CKJIaJla B YacTU TEPEMEIICHHUS
rPy30B O HEMY HEMHUHYEMO IMPUBOJUT K OJaronpuaTHOMY BO3IAEHCTBUIO Ha
YeJI0BEKa — BOJIUTEN OTPY3YMKa, KOTOPhI YaCTUYHO WM TOJHOCTHIO YIAJSAETCS U3
ATOTO TIpollecca W Ha HETO HE OKAa3bIBAIOTCS BpEAHBIC (DAKTOPHI, HAIIPUMED
BO3/ICHCTBUE OIMACHBIX XMMHUYECKUX BEIIECTB, KOTOPHIE MOTYT MOMACTh B aTMochepy

IIPY MOBPEXKAEHUH COOTBETCTBYIOLIUX I'PY30B.

4.3 be30nacHOCTDH B Ype3BbIYAHBIX CUTYAlMAX
4.3.1 IloxkapHasi NPOPUIAKTHKA

MepormpusiTis Mo ToXapHOU TPOoQUIIAKTUKE PA3ACIIIIOTCS Ha OpraHU3aIMOHHEIE,
TEXHUYECKHUE, DKCIUTyaTaIl[MOHHBIC U PEKUMHBIE.

OpraHu3anmoHHbIC MEPOTIPUSATHUS IpeIyCMaTpUBAIOT MPaBUIIHLHYO
IKCIUTYaTaIlui0 O0OpYyJAOBaHUS, TPABIIBHOE COACpXKAHUE 3JaHUW W TEPPHUTOPHA,
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IPOTUBOIOXKAPHBI ~ HHCTPYKTa)X  pabouyux W CIyXKaIluX, oOyueHue
IIPOM3BOJICTBEHHOIO IIEPCOHAJAa IIPaBWJIaM IPOTHBONOXKAPHOW 0E30IacHOCTH,
U3JIaHUEe UHCTPYKIIUH, JIAKaTOB, HAJIMYUE TIaHA SBAKYallHH.

K TeXHHYECKMM MEPONPUATHSIM OTHOCATCS: COONIONCHHE MPOTHBOMOKAPHBIX
IPaBUJI, HOPM IIPH MPOCKTUPOBAHHMM 3JIaHUM, TIPH YCTPOKUCTBE AJICKTPOIIPOBOIOB U
00OpyIOBaHUsA, OTOILUICHHS, BEHTHJIALMH, OCBEIICHHUS, IPaBUIbLHOE pa3MEICHHE
o0opyIOBaHUS.

K peXMMHBIM OTHOCSTCS: YCTAHOBJIICHHE IIpaBUJ OpraHu3anud padoT H

COOJIONIEHNE TTPOTHUBOIIOKAPHBIX MEP.

4.3.2 Ouenka noxkapHoi 0e30MaCHOCTH NMOMelleHUs

CormacHO HOpMaM TEXHOJOTUYECKOTO MPOECKTUPOBAHUSA, B 3aBUCUMOCTH OT
XapaKTEPUCTUKN HCIIOJIb3YEMbIX B IIPOM3BOJACTBE BELIECTB W MX KOJWYECTBA, IO
MO>KapHOM M B3PBIBHOW OMACHOCTH IMOMEIIEHUS MTOAPA3ACIAOTCS Ha Kareropuu A, b,
B, I .

Hanuuue B aynuropuu 249 O0JbIIOrO KOJIWYECTBA JICPEBSIHHBIX M3EIUN (CTONBI,
mKkadbl), AIEKTPONPOBOJOB  HampspkeHuem 220B, a  Takke NOpUMEHEHHE
AIIEKTPOHATPEBATEIbHBIX MPUOOPOB C OTKPHITHIMU HArPEBATEIbHBIMU 3JIEMEHTAMU —
MasuyIbHUKaMH  J1A€T TPAaBO OTHECTHM I[IOMEIICHUE II0 CTENEHU IMoXKapa "
B3pbIBOOE30onacHOCTH K Kareropuu Jl. [Ins xareropum J[ xapakrepHo Hanuuue B
MTOMEILICHUU:

1) >KHIKOCTH C TEMIIepaTypoiil BCIBIIIKH BbIIe 610;
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2) TBEPIbIX CrOPAEMbIX BEIICCTB U MaTCPHAJIOB.

Tak Kak T1OMELIEHME Omeparopa IO CTEINEHU I0XKAapPOB3PBIBOONACHOCTH
OTHOCUTCS K Kareropuu [l, T.e. K TIOMEIIEHUAM C TBEPABIMU CrOpPa€MbIMU
BEIIECTBAMH, HEOOXOAMMO MPEAYCMOTPETh Psif MPOMOUIAKTUYECKUX MEPOTPUSITHIA
TEXHUYECKOIO, HSKCIUTyaTalMOHHOTO, OPraHW3alMOHHOIO IulaHa. B kaudecTse
BO3MOXHBIX PUYUH MOKapa MOKHO YKa3aTh CJIEAYIOIIHE:

1) wanwuue roproveld MbUIH (HEKOTOPHIE OCEBINWE YACTHIIBI IMBUTH CHOCOOHBI K
CaMOBO3TOPAHUIO);

2) KOpPOTKHE 3aMbIKaHWSI;

3) omacHas Tmeperpy3ka ceTei, KoTopas BeIeT 3a COOOW CHIJIbHBIN HarpeB
TOKOBEIYLIMX YAaCTE€W U 3aropaHue U30JISLHH;

4) Hepeako MoXapbl MPOUCXOIAT IIPH ITyCKe 000PYIOBAHMS ITOCIIC PEMOHTA.

CrnenoBareinbHO, HEOOXOAUMO  MPEAYCMOTPETh P MPODUIAKTHYECKUX

MepOHpI/IﬂTI/Iﬁ TCXHHUYCCKOI'0, OKCILTYaTallMOHHOT'O, OPTraHNU3allMOHHOIO IJIaHaA.

4.3.3 AHaJ1u3 BO3MOKHBIX IPUYHUH BO3TOPaHUA

[TpuunHOI 3aropaHust MOXKET OBITh:

1) KopoTkme 3aMbIKaHUS B OJOKE THUTaHUS WM BBICOKOBOJBTHOM OJIOKe
JTVCINICHHON Pa3BEPTKU;

2) HecoOIIeHHE MTPABUII MOXKAPHOU 0€301IaCHOCTH;

3) HaluyMe TOPIOYMX KOMIIOHEHTOB: JOKYMEHTBI, JABEPH, CTOJbI, H3OJISIUS
Kabenei u T.II.
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4.3.4 MeponpusiTisi 10 YCTPAHEHHUIO U MPEXYNPEKICHUIO NMOKAPOB

Heob6xonnmo mpoBOAUTh B ayTUTOPUU CIICAYIOIINE MOKAPHO-TIPOPUIAKTUIECKHE
MEPOTIPHUSATHUS:

1) opraHW3aIMOHHBIC MEPOIPHSITHS, KacalONIHeCcs TEXHHYECKOro Iporecca ¢
Y4ETOM IOKapHOUM 0€30IaCHOCTH 00BEKTA;

2) SKCIUTyaTallMOHHBIC  MEPOIPHSTHS, PACCMAaTPHBAIOIIAE  AKCIUTyaTaIlnio
UMEIOIIIETOCSI 000PY/I0BAHHS;

3) TeXHUYECKHE W KOHCTPYKTHUBHBIC, CBS3aHHBIC C MPABHIILHBIM pa3MEIICHUEM

¥ MOHT)KOM 3JIEKTPOOOOPYIOBAHUS M OTOMUTEIBHBIX MPUOOPOB.

Opranu3anmoHHbIC MEPOTIPUATHS
1) TmpoTHBOIOXKAPHBIN HHCTPYKTAK OOCITYKHBAFOIIETO MIEPCOHAIA;
2) oOyueHHe MepcoHaa nmpaBujiaM TEXHUKU 0€301TacCHOCTH;
3) w3naHWe WHCTPYKIIMMA, TUTAKATOB, TIAHOB YBAKyaIlHH.
DKCIUTyaTallMOHHBIE MEPOTIPUSITHUS:
1) coOuroeHne YKCIUTYaTallMOHHBIX HOPM 000pYyI0BaHNUS;
2) obecrneueHre CBOOOIHOTO MOAX0Aa K 000PYI0BaHUIO;
3) conepkaHUE B HCIIPABHOCTH H3OJISAIIMHM TOKOBEAYITUX MTPOBOIHUKOB.
TexHu4YeCcKre MEPOIIPUATHSL:
1) coOmromeHWe  TPOTHUBOMOKAPHBIX ~ MEPONPHUATHH  TPH  YCTPOWMCTBE
AIIEKTPOIPOBOAOK, 000PYIOBAHHS, CHCTEM OTOIJICHUS, BEHTIIISIINY U OCBelIeHMs. B
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aynurtopun 249 mmMeeTcsi YIIIEKUCIOTHBIM OTHETymuTenb Tuna OY-2, ycTaHOBIICH
PYOMILHUK, 00€CTOUMBAIOIINI BCIO ayIUTOPHIO, HA JIBEPU ayIUTOPHUH MPUBEEH TUIaH
ABaKyallMd B CJydae MO)Kapa, U Ha JOCSITaEMOM PACCTOSHUU HAXOAUTCS MOYKapPHBIN
umT. Ecnu Bo3ropaHue NpOM30IUIO B 3JIEKTPOYCTAHOBKE, IJII €r0 YCTPaHEHHS
JIOJIKHBI UCTIONTH30BAThCS YITIEKUCIOTHBIC OTHETYIHTeNr Tuna OY—2.

2) npopUITAKTUIECKUAN OCMOTP, PEMOHT U UCTIBITAHNE 000PYIOBAHUS.

KpoMme ycTtpanenusi camoro ouara noxkapa, Hy>KHO CBOEBPEMEHHO OpPraHHU30BaTh

ABAKYaIUIO JIIOJCH.

4.4 IIpaBoBble U OPraHU3AMUOHHBIE BONMPOCHI 00ecneueHusi 0€30MaACHOCTH
4.4.1 IIpaBoBbIe HOPMBI TPYAOBOI0 3AKOHOAATEILCTBA JIsi padoyeil 30HbI.
PerynupoBaHue OTHOIIEHUH MeXAy paOOTHUKOM M paboTofareneM, Kacaromuxcs
OIUIaThl TPYJA, TPYIOBOTO PACIOPAAKA, OCOOCHHOCTH PEryIMPOBAaHUs TPyAa KEHILHH,
NeTei, JIIoAed C OrpaHUYEHHBIMH CIIOCOOHOCTSMM M THPOY., OCYIIECTBIIAETCS
3aKOHOAATENBCTBOM PD, a UMEHHO TpyAOBBIM KoziekcoM PO.
[IpopomkuTenbHOCT, pabodero IHS HE AODKHA OBITh MEHBIIE YKa3aHHOTO
BPEMEHH B JOTOBOpe, HO He Oosnbine 40 yacoB B Heaento. [ paboTHUKOB 10 16 ner
— He Oonee 24 yacoB B Henemo, oT 16 g0 18 ner u unBanuaos | u Il rpynmsr — He

Ooiee 35 4acos.

[Tpu pabote B HOUHOE BpeMs MPOAOTIKUTEIHLHOCTh pabodyeil CMEHBI COKpaIaeTCs
Ha onuH Yac. K paboTe B HOUHYIO CMEHY HE JOIYCKAaIOTCs OEpPEeMEHHBIE KEHITUHBI;
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pabOTHUKH, HE JOCTHUTIIINE BO3pacTa 18 jeT; )KeHIIMHBI, UMEIOIINe JIETEeH B BO3pacTe
0 Tpex JIeT, WHBaIuibl, PaOOTHUKH, HMEIOIINE [IeTeH-WHBAIUIOB, a TaKXKe
pabOTHUKH, OCYIIECTBIAIONINE YyXOI 3a OOJNBHBIMH WICHAMH WX CEeMed B
COOTBETCTBUM C MEAULIMHCKUM 3aKIFOUEHUEM, MATEPU U OTLBI-OAUHOYKH JIETEN 10

IITH JICT.

4.4.2 3amuTa B Ype3BbIYAHHBIX CUTYAIUAX
JlaGoparopusi HaxomuTcsi B Topojie TOMCKE € KOHTHHEHTAJIbHO-IIMKIOHUYECKUM
kiumaroM. [IpupoHbie siBeHus (3eMIIETPACEHUS, HABOJHEHUSI, 3aCyXH, yparaHsbl U T.
1.), B JAHHOM TOPOJE€ OTCYTCTBYIOT.
Bo3moxupimun UC Ha oOBEKkTE B JAHHOM Ciydae MOTYT OBITh CHJIBHBIE MOPO3HI.
Mepsl N0 npeaynpexaeHuI0 MOCIeCTBUII MOPO30B:

e PesepBHOE aHEprOCcOEpeKEHHE.

e Pe3epBHOE OTOIJICHUE.

3nanue kopmyca 16B, B koTopoM pacmojaraercs j1abopaTopusi, COOTBETCTBYET
TpeOOBaHMSIM  TIOKapHOW  Oe30macHOCTH. B 3MaHMM  yCTaHOBIIGHA CHCTEMa
OXpPaHHO-TIO)KAPHOM  CUTHAJIM3AllMM, HMEIOTCS B  HAJMYUU  IOPOLIKOBBIE
OTHETYIIUTENN W TIJIaH JBAKyallMH, a TaK K€ YCTAHOBJICHBI TAOIHYKH C yKa3aHUEM

HaIpaBJICHHUH K 3aIlaCHOMY (3BaKyallMOHHOMY) BbIXoay (puc. 22).
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3aKIIr0uYeHue

Vhpapnsonmi KOHTPOJUIEp B IOJHOM MEpe YAOBIETBOPSAET IOCTABICHHOM
3aaye M HUMeeT (YHKIUMOHAIbHBIE BO3MOXXHOCTH TO3BOJIAIONIME PACHIUPUTD
JMarna3oH JSKCHEPUMEHTAJbHBIX JAaHHBIX Tnoiy4yaeMblx ¢ yctaHoBkn OXE
CIIEKTPOMETPA.

B xoze paboThI 1o pazneny «DUHAHCOBBIN MEHEJI)KMEHT,
pecypcodhPexkTUBHOCTE M pecypcocOepekeHrne»  ObUIM pacCuuTaHbl OCHOBHBIE
MOKa3aTea Ha KaXIOM OJTale MNPOEKTUPOBAHUS, PACCMOTPEHbI 3PPEKTUBHOCTH
BBITIOJTHEHHOTO MPOAYKTA C TOUYKH 3peHUs (PUHAHCOBOUM U pecypcHOM 3(pPEeKTUBHOCTH,
u ycraHoBieHO uyTo cuctemMa ynpasieHuss OXE cnekrpomerpom siBisieTcs
MEPCIEKTUBHOM.

B pesynbrare BoinonHeHust pasaena«ColralibHas OTBETCTBEHHOCTH»  ObLI
pa3paboTaH KOMILJIEKC MEPOIPHUSATUI TEXHUYECKOTO XapakTepa, MHUHUMU3UPYIOIIUX
HETaTUBHBIC TOCIEACTBUS TMPOEKTUPYEMON JeATEeIbHOCTH (IIPOU3BOJCTBEHHAS
caHuUTapusi TexHuka Oe3omacHocTH). [IpakTUdecku Bce 3HAUEHHUs TOKa3aTeseu

COOTBETCTBYIOT HOpPME.
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