MunucrepcrBo o0pazoBanusi 1 Hayku Poccuiickoii @enepannu
(benepanbHOE rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTEJIbHOE yUPEkKAECHUE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIbHBIN UCCJIEJJOBATEJIBCKHN
TOMCKHWI NOJJUTEXHUYECKWIA YHUBEPCUTET»

[Ixona — MUHxkeHepHas MIKoJIa SAEPHBIX TEXHOIOTUN
Hampasnenue noarorosku — 14.03.02 «fnepHbie hu3nka U TEXHOIOTHN
Otnenenne mkoibl (HOLL) — OTaenenue siepHO-TOILNIMBHOTO IIUKJIA

BAKAJIABPCKASA PABOTA

Tema pa6oThl

OnexTpodu3nuecKue 0COOEHHOCTH BEICOKOYACTOTHOTO (PaKeIbHOTO pa3psia, TOPAIIETO B

aproHe
YK 537.5:546.29:537.86.08
CryneHt
I'pynna [2%(0] Hoanuch JlaTta
0A6/1 JopxxueB AutoH EBrenbeBnd 25.05.2020
PykoBogurens
JoKHOCTD (1% (0] Yuenasi cTeneHb, Moanuch Jara
3BaHue
Houent OATL UATII Jlyuenko 1O.1O. .¢3.-M.H. 25.05.2020
KOHCVYJIbTAHTHBI:
[To pazneny «OUHAHCOBBIN MEHEIDKMEHT, pecypcod(HEKTHBHOCTL U PECYPCOCOCPEIKSHUEL)
JloKHOCTH (1115 (0] Y4enasi cTeneHs, Ioanuch JlaTa
3BaHue
Houent OCI'H ILIBUII E.C. Kucenena K.3.H. 25.05.2020
ITo pasaciy «COIII/IaJ'II:HaH OTBETCTBCHHOCTBH»
JloKkHOCTH (1% (0] ‘Y4enasi cTeneHs, TMoanuch JlaTa
3BaHue
Accuctent OATLL T.C. I'oroseBa K.(b.-M.H. 25.05.2020
AT
JOIMYCTUTD K 3BAIIIUTE:
Pykosoautean OOIT DdUO YyeHasi cTeneHb, IMoanucn JlaTa
3BaHue
14.03.02 SAnepusie I1.H. berukos K.T.H., JIOIICHT 25.05.2020
(1)1/13141(21 1 TCXHOJIOI'NHU

Tomck — 2020 r.




MunucrepcrBo o0pazoBanusi 1 Hayku Poccuiickoii @enepannu
(benepanbHOE rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTEJIbHOE yUPEkKAECHUE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIbHBIN UCCJIEJJOBATEJIBCKHM
TOMCKHWI NOJUTEXHUYECKWI YHUBEPCUTET»

[Ixona — MUHxkeHepHas MIKoJIa SAEPHBIX TEXHOIOTUN
Hampasnenue noaroroBku (crnenuanbHocTh) — 14.03.02 «SnepHble hU3HKA U TEXHOTOTHI
Otnenenne mkoibl (HOLL) — OTaenenue siepHO-TOILNIMBHOTO IIUKJIA

YTBEPXIAIO:
PyxoBonutens OOII
II.H. berukos
« __» 2020 r.
3AJAHHUE
HA BbINOJIHEHHE BHINYCKHON KBAJIM(PUKALMOHHOH PadoThI
B dopwme:
OakajgaBpCKOH PabOTHI
CryneHry:
I'pynna [0)% (0]
0A6/ JHopxueB AHTOH EBrenbeBnd
Tema paboThI:

OnexTpoduznueckre 0COOEHHOCTH BBICOKOYACTOTHOTO (haKeJIbHOTO pa3psiaa, FOPSIIEro B aproHe

YTBepxkaeHa MPUKa30M JUPEKTOpa (1aTa, HOMEP) Ne 59-84/c ot 28.02.2020 .

Cpok cliauu CTy/IGHTOM BBITIOJIHEHHOM pabOTHI: 25.05.2020
TEXHUYECKOE 3AJIAHUE:

Hcxonnbie nanHble K padoTe 1. IIpeamer uccienoBaHus: BBICOKOYACTOTHBIN

(baKCJIBHHﬁ paspsn, l"Op}IIJ_II/II\/'I B aproHe.
(naumenosanue 00veKMa UCCACO08AHUS UTU NPOEKMUPOBAHUSL;

poUsEOOUmETOHOCTb Wit HaZpYIKa, pecn paGoms: 2. Ucnons3yeMoe 000pyI0BaHUE: TIIA3MOXUMUAYECKUMA
(HenpepbiBHbILL, NEPUOOUYECKUL, YUKAUYECKUU U M. 0.), 8UO pe€aKkTop, EMKOCTHBIC 30HBI, ocunnnorpa(b,
Zzzgez;l;; ;ﬂz ;n;ar:nepua)ﬂ, 1{3()?122, mpegoganuﬂ K np)ogykmy,, ’ JUCTAHIM OHHEI Te pPMOMeTp.

ipoyeccy; ocobble mpebosanus K 0CobenHocmam
yHKyuoHUposanus (AKcnayamayuu) 00veKma uiu usoeus 8
niaHe 6e30NACHOCHIU IKCRILYAMAyuU, GIUAHUS HA
OKpYJHCAIOWYIO Cpedy, IHeP203AMPamam,; IKOHOMUIECKUll
aHauz um. 9.).

IMepeyeHnb moaJieKaAMMX HCCAETOBAHNIO, | AHATUTHYECKHNA 0030p JIMTEPaTypPhl; OCTAHOBKA LIEJIN
NMPOEKTHPOBAHUIO U Pa3padoTKe W 3a]1a4 UCCIICJIOBAHMS; pa3paboTKa METOIUKH
MIPOBEJICHUS SKCIICPUMEHTOB; aHAJIU3 TTOJTYICHHBIX
PE3yNIbTAaTOB; IKOHOMUYECKOE 000CHOBAaHUE

(ananumuyueckuil 0630p nO IUMeEPAMYPHbIM UCTOYHUKAM C IPOBEACHUS HI/IP, BBIBOJBI 110 pa60Te.
YeIbio GbIACHEHUS OOCMUNCCHULL MUPOBOTL HAYKU MEXHUKUL &

BOIIPOCOB

paccmampugaemoti 061acmu,; NOCMAaHo8Ka 3a0ayu
uccned08anus, NPOSKMUPOBAHUS, KOHCIPYUPOBAHUSL,
cooepaicanue npoyedypsl UCCIeO08aNUSL, NPOEKMUPOBAHUS,




KOHCMPYUPOBAHUsl, 0OCYHCOCHUE Pe3VIbINamo8 6blNOIHEHHOU
pabomul; HAUMEHOBAHUE OONOIHUMENbHBIX PA30EN08,
noonedcawux paspabomxe; 3aKuoyeHe no pabome).

KoHcyabTaHTBI 0 pa3aejiaM BbINTYCKHOH KBAJIN(PUKANMOHHON PadoThI

Pa3nen

Koncynabrant

OcHOBHAs 4acTh

nouent OATL UATI FO.FO. JIyuenko

duHAHCOBBIM MECHEIKMEHT,
pecypcodhHEKTUBHOCTD U
pecypcochepexeHne

nouedt OCI'H HIBUII E.C. Kucenesa

CouuanpsHas otBercTBeHHOCTh | accuctent OATL UATII T.C. I'oronesa

JlaTa BbI/1auM 32 1aHNUS HA BbINOJHEHUE BHIMYCKHOM 28.02.2020

KBAJIN(UKAMOHHOM padoThI 110 JUHEITHOMY IpaguKy

3agaHue BbI1aJ PYKOBOJAUTEb:

J0KHOCTH (1% (0] Yuenasi cTeneHb, Moanuch Jata
3BaHHe
OATH UATIL 10.10. JI .(0.-M.H.
Hlouert OATH YHCHKO M 28.02.2020
JOLCHT

33}13HI/I€ NPUHAJT K HCIOJHCHUI0 CTYAECHT:

I'pynna

dPUO Ioanucn Jara

0A6]T

HopxueB AHTOH EBrenbeBny 28.02.2020




_ 3AIAHHME JJISI PA3JIEJIA
«®UHAHCOBBIII MEHEJJ)KMEHT, PECYPCOY®®EKTUBHOCTD

U PECYPCOCBEPEXEHUE»
Crygnenry:
I'pynna DPUO
0A6]] HopxueBy AHTOHY EBreHpeBuuy
IIxoaa WATIO OTtaenenne OJTI]
YpoBeHsb bakanaspuar | HanpasiieHue/creuaaibHOCTh 14.03.02«nepHble pusnka u
o0pa3oBaHus TEXHOJIOTHH»

Hcxonnble faHHbIE K pa3feny «©PHHAHCOBBII MeHEKMEHT, pecypco3(peKTHBHOCTD U pecypcociepeskeHHe» :

1. Cmoumocms pecypcos nayunozo uccneoosanus (HH): Cmoumocms MamepuanibHvlx pecypcos u
MamepuanbHo-mexHU4eckux, JHepeemuiecKux, QUHaHcosblx, cneyuanvbHo2o 0bopy0osanus onpeoenensl 8
UHDOPMAYUOHHBIX U HeT08EUECKUX CcOOmEemcmeuU ¢ polHOYHBIMU yenamu 2. Tomcka.

OKao pykoeooumens U UHHCEHepa onpeoeienbvl 8
coomeemcmauu ¢ sHympennumu nopmamu TIY.

2. Hopmbl u HOpmMamugbl pacxodo8anusi pecypcos -30% npemuu; 20% naobaexu,; 16% naknaounvie
pacxoowl; 30% pationnwlii Koaphuyuenm.

3. Hcnonvsyemas cucmema Haio2000104CeHUsL, CIMABKU HAN0208, Omuucnenus 6o gnebdioddicemuvle Gonovt 30,2 %.
omuyucienutl, OUCKOHMUPOBAHUS U KPeOUMOBaHuUs (HK P®)

IlepeyeHb BONPOCOB, NOIEKAMMX MCCIIEI0BAHUIO, IPOEKTUPOBAHUIO U pa3padoTke:

1. Oyenxa kommepueckozo nomenyuana, nepcneKMUBHOCMU U Ilposedenue ananusza KOHKYpeHmMOCHOCOOHOCHU
anvmeprnamus npogedenus HU ¢ nosuyuu SWOT - ananuz
pecypcoapghexmusnocmu u pecypcocbepesicenust

2. IInanuposanue u popmuposanue 61004cema HaAYUHbIX Dopmuposanue naana u epaduxa paspadoomxu:
uccae0osanutl - onpedenenue mpyooemMKocmu pabom,

-onpeoenenue cmpyKkmypuvl pabom,
-pazpabomxka epaguxa Ianmma.
Dopmuposanue 61002cema 3ampam Ha HayuHoe
uccnedosanue:

- Mamepuanbuvle 3ampamyl;

- 3apabomuas naama;

- OMUUCAeHUSA HA COYUANbHBIE Yenu;

- HAKNAOHble Pacxoobl.

3. Onpeodenenue pecypcroti (pecypcocbepezaioweti), Pacuém u oyenxa cpagnumenvhoil punancosou
@uHarcosoll, 610NHCEMHOT, COYUATLHOU U IKOHOMUYECKOU agppexmugrnocmu
ahpexmusHocmu Uccred08aHUs.

Ilepeyens rpaduueckoro MaTepuaJa (C MouHbLIM YKA3anuem 0053amenbHbIX Yepmedicell).

1.  Oyenxa KOHKYPEHmMOCNOCOOHOCMU MEXHUYECKUX PeUleHUTl
2. Mampuya SWOT
3. Juazpamma anmma

JlaTa BbIIa4M 32]aHU 110 JIMHEHHOMY rpaduKy 28.02.2020

3agaHue BbIAAJ KOHCYJBTAHT:

JoaxHoCcTh OUO YueHas cTeneHb, 3BaHUe Iloanuceh JlaTta
Honent OCTH LLIBUTIT Kucenesa Enena K.3.H. 28.02.2020
CraHuciaBoBHA

3a11alme MPUHSAJI K HCIIOJTHCHUIO CTYACHT:

I'pynna DPUO Hopnucw Jara

0A6/] HopxueB AHnToH EBrenpeBuu 28.02.2020




3AJIAHUE JIJISI PA3JIEJIA
«COLUAJIBHASI OTBETCTBEHHOCTb»

CryneHry:
I'pynna DPUO
0A6 HopxueBy Autony EBrenreBnuy
xosna AT Otaenenne (HOID) oATH
YpoBeHb bakanaspuar HanpasieHue/cnenquajbHOCTh Snepubie pusuka u
o0pa3oBaHus TEXHOJIOTUHU
Tema BKP:
Onektpodu3nuecKie 0COOCHHOCTH BBICOKOYACTOTHOTO (DaKeIbHOrO pa3psijia, TOPSILIEro B aproHe
Hcxoauble naHHbIe K pasneny «CouuaibHasi 0TBETCTBEHHOCTb |
1. Xapakrepuctuka 0OBEKTa HCCIENOBaHHUS (BEIIECTBO, Marepualn, | OmpeneneHue BEUYHHBI yIeIbHON
9JIEKTPOIPOBOHOCTH TUIA3MBI pa3psiaa, TOPSIIEro B
npudop, ATOPUTM, METOINKA, pabouasi 30Ha) H 00JaCTH €ro TPUMCHEHUS TPOTPOBOA N Paspiiia, TOpAlit
aprome, W  pacyéT  CTCNEHH  3aTyXaHWsI

SJICKTPOMArHUTHOI'O I10JIA B IIJIa3M€ pa3psaa.
Oo6nacTh NPUMCHEHHA — HUCIIOJB30BAHUEC paspsaa
JIJIsI HAHCCCHU S HOKpBITI/Iﬁ N3 YUCTBIX MCTAJIJIOB.

HepequL BOIIPOCOB, NOJIC)KAIIUX UCCIEN0BAHNUIO, IPOCKTUPOBAHUIO U pa3pa60TKe:

1. [IpaBoBble HW OpraHH3allMOHHbIE BOMPOCHI OOecTeYeHUs
0€30MacHOCTH:

- CHeUaNbHbIC (XapaKTepHbIe MPH AKCILTyaTallid 00BEKTa
HCCIIEIOBaHMsI, MPOSKTUPYeMOoil pabodeil 30HBI) MPaBOBbIE HOPMBI
TPYIOBOTO 3aKOHOATEIbCTBA;

- OpraHU3alMOHHBIE MEPOIIPHUSITHSI IIPU KOMIIOHOBKE paboueit

30HBI.

—TK P;

— ®enepanbHblil 3aKk0H «O0 OCHOBaX OXpaHBI TPYAa
B Poccuiickoit ®enepanum»

— TpeOoBanust K oOpraHu3anvd U 00OPYIZOBAHHUIO
pabouux mect ¢ [I9BM:

2. IIpounsBoacTBeHHAs1 §€30MACHOCTD:
2.1. AHanu3 BBUIBJICHHBIX BPEIHBIX U OMACHBIX (haKTOPOB

2.2. O6ocHOBaHNE MEPOTIPUATHIA TI0 CHI)KEHHIO BO3/ICHCTBUS

I'OCT 12.2.049-80 (CCBT. Oo6opynoBanue
npou3BoACcTBeHHOE.  OO0mme  3proHOMHUYECKUe
TpeboBaHMs)

—-TOCT IEC 60519-1-2011 (be3omacHOCTh
aNeKTpoTepMudIecKoro obopynosanus. Yacts 1.)

- MHKPOKJINMAT;

- IIyM U BHOpAIHS;

- HEJOCTAaTOYHAsl OCBEIIEHHOCTh pabodero

MecTa;
- JNIEKTPOMATHUTHOE U3ITy4CHHUE;

- ncuxo(u3noIornIeckue GaKTopsr;
- ANEKTPUUECKUHN TOK.

3. Dkoslornueckasi 6€30MacCHOCTh:

—  aHanW3 BIMSHUS 00BEKTa U mpolecca
HCCIIeI0BaHMS HA OKPYKAIOIIYIO CPEY;

— pa3paboTka OpraHU3aIMOHHBIX W TEXHUUECKHX
MEpONPUATUH MO 3aIIUTE OKPYXKAIOIIEeH Cpebl.

4. be3onacHOCTb B Ype3BbIYAiHBIX CHTYALIMAX:

— anamm3 TumuuHOH YC — moxap B pabodem
MOMEIICHNN;

— TIPEBEHTHBHBIE MEPBl U TOPSI0K AECUCTBUM NpHU
Bo3HHKHOBeHHH UC

| JlaTa BpIIa4uM 3a/1aHus JUIS pa3ieia mo JuHeiitHoMy rpaguky 13.04.2020
38[[3Hl/le BbIAAJ KOHCYJIBTAHT:
JokHOCTH D®UO Yuenas Ioanucey Hara

CTelneHb,
3BaHHe

Accucrent OSTI MATII T'oronesa T.C. K.(b-M.H. 13.04.2020

3az[alme NMPHHAJ K UCITIOJTHEHUIO CTYAECHT:

I'pynna DOUO Hoanuce Jara
0A6/] Hopxues A.E. 13.04.2020




I[TNIAHUPYEMBIE PE3VIJIBTATBI ObYUYEHM A T10 OOII

Kon
pe3yJibTara

Pe3yabTaT 00yueHns
(KoMMeTeHIUn)

OO01meKyIbTYpHbIE KOMIIETEHIHH

P1

JleMOHCTPHPOBATE KYJIBTYPY MBIIUIEHHUS, CIOCOOHOCTE K 0000IIEHIIO, aHATTH3Y,
BOCIIPHATHIO HH(OPMAIHH, IIOCTAaHOBKE LIEJH U BEIOOPY IyTeH ee JOCTHKEHHUS;
CTPEMJICHUS K CAMOPa3BHUTHIO, OBBIIICHUIO CBOCH KBATU(HUKALIMU U MacTepPCTBa;
BJIAJICHHE OCHOBHBIMH METOAMH, CIIOCOOaMH U CPEICTBAMU MOJTYYCHUS, XPaHSHHUS,
nepepaboTku HH(pOpMAIiH, HABBIKKA PaObOTHI C KOMIBIOTEPOM KaK CPEICTBOM
ynpasJeHus! nHpOpMaIuei; CIocoOHOCTh PaboTHI ¢ MH(pOPMALHel B I00aIbHBIX
KOMITBIOTEPHBIX CETSIX.

P2

CrocoOGHOCTh JIOTHYECKH BEPHO, apTyMEHTUPOBAHO U SICHO CTPOUTH YCTHYIO H
MICbMEHHYIO peub; KPUTHYECKH OIIEHNBATh CBOW JTOCTOMHCTBA U HEAOCTAaTKH, HAMEYATh
IIyTH ¥ BEIOMPATh CPEJICTBA PA3BUTHS JOCTOMHCTB U YCTPAaHEHHS HEJJOCTATKOB.

P3

['0TOBHOCTBIO K KOOIIEpaIH C KOJUIeTaMHt, paboTe B KOJUIEKTHBE; K OpraHH3alum
paboThl MaJIbIX KOJUIEKTUBOB HCIOIHUTENCH, INIAHUPOBAHUIO pa0OThI IIEpCOHANA 1
(OHIOB OILIATHI TPY/A; TEHEPUPOBATh OPTraHU3AIIMOHHO-YITPABICHUECKUX PELICHUS B
HECTaHJAPTHBIX CUTYallUsIX U HECTH 332 HUX OTBETCTBEHHOCTH; K pa3paboTke
OIIEePATUBHBIX IIJIAHOB pabOThI MEPBUYHBIX TPOU3BOICTBEHHBIX MOApa3AeICHUMN;
OCYILECTBJICHHIO U aHAJIM3Y UCCIIEI0BATEIbCKON U TEXHOJIOTHUECKON AeATeIbHOCTH KaK
00beKTa yNpaBICHUS.

P4

‘YMeHue ucnoiab30BaTh HOPMATUBHBIE IPABOBBIE TIOKYMEHTHI B CBOEH JESITENILHOCTH;
WCIOJIb30BaTh OCHOBHBIE MOJIOKEHUSI U METObI COLIMATIbHBIX, TYMaHUTAPHBIX U
SKOHOMHYECKUX HAYK MPHU PEIICHNH COIMATBHEIX U PO EeCCHOHATHHBIX 3aad,
aHAJIM3MPOBATh COLIMAIILHO-3HAYMMBIE NTPOOJIEMBI M POLIECCHI; 0CO3HABATH COIHATIbHYIO
3HAYUMOCTB CBOEH Oyaymiell npodeccun, 006aa1aTh BHICOKOW MOTHUBAIMEH K
BBITIOJTHEHHIO IPO(eCCHOHANBHOI e TebHOCTH.

PS5

BJ'Ia,I[eTB OJHUM M3 MHOCTPAHHBIX A3BIKOB Hd YPOBHC HC HHUIKC PAa3rOBOPHOIO.

P6

BJ'Ia,I[eTB CpeaACTBaMH CaMOCTOATCIIbBHOT O, MCTOANYCCKHU MTPABUIIBHOTO UCIIOJIb30BAHUA
METOJ0B (I)I/ISI/I‘K}CKOFO BOCHHUTAHHUA U YKPCIJICHUS 310POBbs, TOTOB K JOCTHKCHUTIO
JOJDKHOTO YPOBHS (1)1431/1‘1601(0171 IIOATOTOBJICHHOCTH JIJIsA obecreueHus HOJ'IHOLICHHOﬁ
COHHaHBHOﬁ u HpO(i)eCCI/IOHaJ'IBHOI\/'I JACATCIBbHOCTH.

P7

Hcmoap30BaTh OCHOBHEIC 3aKOHEI CCTCCTBCHHOHAYYHbIX JUCHUIIJIUH B
HpO(I)eCCHOHaHBHOﬁ ACATCIbHOCTH, HPUMCHATH METOAbl MATEMATHYCCKOT'O aHaJIM3a U
MOJACIUPOBAHUA, TCOPECTUICCKOI'O U SKCICPUMCHTAJIBHOI'O UCCIICJOBAHUSA.

P8

Bragets OCHOBHBIMH METO/IaMH 3aI[UTHI TPON3BOICTBEHHOTO NEpCOHANa ¥ HACETICHUS
0T BO3MOXHBIX IIOCIEJCTBUI aBapuil, katacTpod, CTUXUIHHBIX OexcTBuil; 1 ObITH
TOTOBBIM K OIIEHKE SACPHOI U paJHalliOHHON OE€30IaCHOCTH, K OI[EHKE BO3CHCTBUS Ha
OKPYXKaIOIIYI0 Cpey, K KOHTPOJIIO 32 COOII0IEHUEM IKOIOTHUECKO 6€30MacHOCTH,
TEXHUKH 0€30I1aCHOCTH, HOPM M IPaBUII IPOU3BOJICTBEHHON CaHUTApHH, TTOKAPHOM,
paaralioHHON ¥ SZIEPHOM 0€3011aCHOCTH, HOPM OXPaHbI TPY/a; K KOHTPOJIIO
COOTBETCTBHS Pa3padaThIBAEMbIX IPOCKTOB ¥ TEXHUUECKOH JOKYMEHTAIMH CTaHIapTaM,
TEXHHYECKUM YCIIOBUSIM, TPEOOBAaHHUSAM O€301IaCHOCTH ¥ JPYTHMM HOPMaTHBHBIM
JIOKyMEHTaM; 33 COOJIF0/ICHHEM TEXHOJIOTHYECKOH JUCIUIIIIMHBI ¥ 00CITYKHBAHHIO
TEXHOJIOTHYECKOT0 000PYZIOBaHUS ; U K OPraHU3aLMH 3aIUThl 00HEKTOB
MHTEJUIEKTYaIbHONH COOCTBEHHOCTH M Pe3yJIbTaTOB MCCIIEIOBAaHUH M pa3pabOTOK Kak
KOMMEPYECKOH TalfHbI MPEANPUATHS; U IIOHIMATh CYIIHOCTh ¥ 3HaYCHNE HH()OPMAIINH B
Pa3BUTHH COBPEMEHHOTO MH(POPMALIMOHHOTO O0IIECTBA, CO3HABAaTh ONIACHOCTH M YTPO3HI,
BO3HUKAIOIIHE B 3TOM IIPOIIECCE, COOIIOaTh OCHOBHBIE TpeOOBaH!sI HH()OPMALTMOHHOH
6e30MacHOCTH, B TOM YHCJIE 3alIUTHl TOCYJapCTBEHHOM TallHbI).




P9

YMeTh NpOM3BOANUTH PACUET U IPOSKTUPOBAHUE JIETANICH U Y3JI0B IPUOOPOB M YCTAHOBOK
B COOTBETCTBHU C TEXHUYECKUM 3aJaHHEM C HCIIOIb30BAaHUEM CTAHAAPTHBIX CPEIICTB
aBTOMATH3aLINH IPOCKTUPOBAHMUST; Pa3padaThIBaTh MPOEKTHYIO M PAO0OTyI0 TEXHHIECKYIO
JOKYyMEHTAIHIO, 0(OpMIIEHUE 3aKOHIEHHBIX POCKTHO-KOHCTPYKTOPCKHX padoT;
MPOBOJUTH IPEIBAPUTETBHOTO TEXHUKO-?3KOHOMHYIECKOTO 0OOCHOBAHUS TPOEKTHBIX
pacyeToB YCTAaHOBOK U IIPHOOPOB.

P10

T'0TOBHOCTH K 3KCILTyaTallnd COBPEMEHHOTO (PH3UUECKOT0 000pyIOBaHHUS H IPUOOPOB, K
OCBOCHHIO TEXHOJIOTHYECKUX MPOLIECCOB B XOJI€ MOATOTOBKH MPON3BOICTBA HOBBIX
MarepuaoB, IPUOOPOB, YCTAHOBOK M CHCTEM; K HalajKe, HACTPOMKE, PEryIHpOBKE 1
OTIBITHOI NPOBEPKE 000PYIOBAHUS U TPOTPAMMHBIX CPEJCTB; K MOHTaXY, HaNaIKe,
UCIIBITAHUIO U C/Ia4e B HKCILTYaTaIHIO ONBITHBIX 00pa31oB MPUOOPOB, YCTAHOBOK, Y3JIOB,
CUCTEM U JETallCH.

P11

CriocoOHOCTB K OpTaHU3AIHHA METPOJIOTHYECKOTO 00ECIIEUeHHUS TEXHOIOTHIECKIX
MPOLIECCOB, K MCIOIb30BAHUIO TUIIOBBIX METOJ0B KOHTPOJIS KA4eCTBa BBIITYCKaeMOn
MPOAYKIUH; U K OICHKE HHHOBAIMOHHOT'O TOTCHIIMATA HOBOM MPOAYKIIUH.

P12

CrnocoOHOCTh UCTIOJIB30BATh HHPOPMAIIMOHHBIE TEXHOJIOTHH PH pa3paboTKe HOBBIX
YCTaHOBOK, MaT€pPHAJIOB U MPHOOPOB, K cOOPY M aHann3y HH(GOPMALMOHHBIX HCXOIHBIX
JaHHBIX JJIsl IPOSKTUPOBAHHUS MPUOOPOB U YCTAHOBOK; TSXHHYECKHE CPEACTBA IS
U3MEPEHHUS OCHOBHBIX APAMETPOB OOBEKTOB HCCIEOBAHUS, K IOATOTOBKE JAHHBIX JUIS
COCTaBIICHUS 0030POB, OTYETOB U HAYYHBIX MyOIMKALUil; K COCTABICHHIO OTYETA 110
BBITIOJTHEHHOMY 3aJJaHUIO, K YYaCTHIO BO BHEAPCHUH PE3yJIbTATOB UCCIICIOBAHUI U
Pa3paboTOoK; ¥ NPOBEICHUS MATEMaTHYECKOTO MOJICIIMPOBaHHS IIPOLECCOB H OOBEKTOB
Ha 0a3e CTaHIApPTHBIX MAKETOB aBTOMATH3UPOBAHHOTO IPOCKTHPOBAHUS U
UCCIIETOBaHM.

P13

YMeETh rOTOBUTH UCXOIHBIC JaHHBIC JJIS BLIGOpa 1 000CHOBaHUS HaYYHO-TCXHUYCCKUX U
OpraHru3anuoOHHbIX peH_IeHI/Iﬁ Ha OCHOBC DKOHOMHUYCCKOI'O aHaJIn3a, UCII0JIb30BaTh
HAYYHO-TCXHHUYICCKYIO I/IH(i)OpMaL[I/IIO, OTCUYCCTBEHHBIA 1 Sapy6e)KHLII>'I OIIBIT IIO TEMATHKE
Huccie10Banus, COBpEMCHHBIC KOMIIBIOTCPHBIC TCXHOJIOT'UU U 0a3bl JaHHBIX B cBoOCH
HpeZ[MeTHOﬁ O6J'IaCTI/I; W BBINIOJIHATH pa60TbI 110 CTaHAapTHU3alvu1 U IOATOTOBKE K
CepTI/I(I)I/IKa].[I/II/I TEXHHUYCCKUX CPEACTB, CUCTCM, IIPOLECCOB, 060py,HOBaHI/I$[ n
MaTepHrajioB.

P14

I'oTOBHOCTH K IPOBEACHUIO (U3NIECKUX SKCIIEPUMEHTOB I10 3alaHHOI METO/IHKeE,
COCTaBIJICHHUIO OMMCAHUS MMPOBOAUMBIX MCCIEIOBAHUH 1 aHATN3Y PE3yJIbTAaTOB; aHAIHU3Y
3aTpat ¥ pe3yNbTaToB AEATEIHLHOCTH ITPOU3BOACTBEHHBIX OAPa3IelICHNH; K pa3paboTKu
CIOCO00B MPUMEHEHHS SIIEPHO-3HEPTeTHYECKNX, TIIa3MEHHBIX, J1a3epHbx, CBY n
MOIIHBIX UMITYJIBCHBIX YCTaHOBOK, 3JIEKTPOHHBIX, HEUTPOHHBIX U IPOTOHHBIX TY4KOB,
METOJIOB SKCIICPUMEHTAIBHON (PM3HKU B PELIEHUH TEXHUIECKUX, TEXHOJIOTHUECKUX U
MEIUINHCKHX ITPo0IIeM.

P15

Cr10coO6HOCTB K IPHEMKE U OCBOSHHUIO BBOJIUMOTO 00OPYIOBAHHS, COCTABICHUIO
MHCTPYKLHUH 10 3KCIUTyaTalluy 000pyIOBaHUS U NIPO- TPaMM HCTIBITaHUIL; K
COCTaBJICHUIO TEXHUYECKOW JIOKyMeHTauuu (rpadMKoB paboT, MHCTPYKIHH, IIaHOB,
CMET, 3asBOK Ha MaTepualibl, 000pyJ0BaHHUE), & TAKIKE YCTAHOBICHHOW OTYETHOCTH O
YTBEPKIEHHBIM (OpMaM; U K OpraHU3aliuK pabounX MECT, UX TEXHHYECKOMY
OCHAILICHUIO, PAa3MEILCHUIO TEXHOJIOTHYECKOT0 000pyJOBaHUS.




Pegepar

Broimyckas kBanmudukainuonHas pabora oObemoM 82 crpaHuubl, 27
pUCYHKOB, 24 Tabauisl, 40 ucTOYHUKOB, 51 dhopmyia.

KitoueBbie ciioBa: miasma, hakeabHbINA pa3psi, IJIMHA KaHala, YJIEKTPOHHAs
TeMIlepaTypa, Ta3oBas TeMIlEpaTypa, HANOpsLDKEHHOCTh IOJsl, 3aTyXaHHe
AIEKTPOMArHUTHOTIO MOJIsl, TEMJIOBBIE IOTEPH.

OOBEeKTOM HCCIeIOBaHUS SIBISETCA BRICOKOYACTOTHBIN (DaKeNbHBIN pa3psia
(BUDP).

Ilenb  paboOTBL: HcCCENOBAaHUE  BJIEKTPOPU3MUECKHX  OCOOEHHOCTEH
BBICOKOYACTOTHOT'O (paKeJIbHOTO pa3psiaa, TOPAIIEro B aproHe.

B nponecce uccienoBanus NpOBOINUIIUCE:

1. HW3mepeHue »dIEeKTpOHHOW TeMIiepatypbl (akeabHOTO  pa3psia,
TOPSAILIETrO B aprOHE;

2. Omnpenenenue razooit Temrepatypsl BUDP, ropsiero B aproue;

3. Omnpenenenue yaeabHOW SJIEKTPONPOBOTHOCTH, HAIMPSIKEHHOCTH
AIEKTPUYECKOTO M0 1azMbl BUHOP, ropsimero B aprose;

4. H3mepeHue u pacuet TerioBbix motepb BUDP, ropsiiero B aproxe;

5. BriBoabl 1o pabore.

B pesynprare uccienoBaHuii yCTaHOBIICHO, YTO:

1. DnexkTpoHHas TemrepaTypa aproHOoBOH IU1a3Mbl (haKeJIbHOTO pa3psia
BO3pACTAET C YBEIIMYEHUEM €r0 MOITHOCTH;

2. DJEeKTpOMAarHuTHOE moJie (haKeJIbHOro paspsiga, TOPSIIEro B aproHe,
3aTyxaeT BJIOJIb ero kaHana Ha 20—-25%);

3. TemmoBbie moTepH IWHEWHO BO3PACTAIOT C YBEIUYCHUEM JIJTUHBI
KaHaja paspsja.

O6nactp npumenenus: BU®DP, ropsamuii B aproHe MOXeT OBITbh
WCIIOJIb30BaH B KAayeCcTBE TIe€HepaTopa IUIa3Mbl MPU MPOBEACHUHM PA3TUUHBIX

IIa3MOXUMHUYCCKUX IIPOLECCOB. B YaCTHOCTH, BBICOKOYACTOTHBIC IIJIa3MCHHBIC



YCTaHOBKH Ha 0a3e (haKkeJIbHOTO pa3psijia UCIOIb3YIOTCS JIJIl HAHECCHUS ITOKPBITHIA
U3 YHCTHIX METAJUIOB, a TAKXKE JIUIS YTHIIN3AIUKA OTPAOOTAaHHOTO SIJICPHOTO TOILTUBA.

Beimycknass kBaympuKalmoHHass paboTa BBINOJIHEHA B  TEKCTOBOM
penaktope Microsoft Word 2016. BeruncieHuss BBIMOTHSINCH C TOMOIIBIO
MaTeMarudeckoro makera Matlab 6.0. IlToctpoeHue rpadukoB MPOBOAUIOCH B

nporpamme OriginPro 2016.
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Beenenue

B Hacrosmee BpeMs IUIA3MEHHBIE TEXHOJIOTMM TMOJIYYWIIM MIHPOKOE
NPUMEHEHUE B PA3JIMYHBIX 00JacTSAX MPOMBINUICHHOCTH. HuszkoTemmeparypHas
11a3Ma UCIOJIb3yeTCsl JIJIsl TTOJyYEeHHsI HOBBIX MAaTE€pUasioB, a TakxKe A1 00paboTKu
U MOAUUKAIMK TIOBEPXHOCTEH YK€ MMEIOUUMXCS MaTepHalioB: HaHECEHUs
IJIA3MEHHBIX MOKPBITUNA, POBEAEHUS] MIOHHOW UMIUJIAHTAIUU U T. .

OnHUM M3 NEPCHEKTUBHBIX MCTOYHUKOB IUIa3Mbl B ILIA3MOXMMHUYECKHX
npoleccax SBISETCS BBICOKOYACTOTHBIN (akenbHblil pazpan (BUDP), koropsiid
o0nafaeT psiAOM NPEUMYLIECTB Mepe]l IPYTMMHU BBICOKOYACTOTHBIMH pa3psaaMu.
BU®P ycToiiuuB K 3anbUICHUIO, UMEET OO0JIBIION 00BEM TIa3Mbl M IIPU STOM JIETKO
BO30y>X/1aeTcs B JIIOOBIX cpeaax.

[Ipu npoBeneHNM HEKOTOPBIX IJIa3MOXMMHUYECKUX MPOLIECCOB, TAKUX Kak
HAHECEHHE TOKPBITUH M3 YHUCTHIX METAUIOB, TPEOYEeTCS HMCKIIOYUTH OKHCIICHUE
nepepadaTbiBa€MOro Marepuaina. B 3ToMm ciydyae B kauecTBe M1a3Mo00pa3yroniero
ra3a HCHOJIb3YIOT HHEPTHBIE Tra3bl, KaK IMpPaBWIO — aproH. 3aMeTHUM, YTO
0COOEHHOCTH IpoLecca ropeHust (hakeIbHOro pa3psiia B aproHe B HACTOAILIEE BPEMsI
HEJIOCTATOYHO MCCIIENOBAHBI.

B Hactosielt pabore NpoBeACHBI HM3MEPEHMsSI OCEBOIO pacHpeesIeHus
AIEKTPUUECKOTO TMOJIs, a TAKXKE AJIEKTPOHHOW U Ta30BOM TeMIiepaTyphl PakeaIbHOTO
paspsiaa, ropsuero B aproue. Ha ocHoBe mpoBEIEHHBIX TEMIIEPATYPHBIX U3MEPEHUN
pacCUYMTaHO 3HAYECHHE YIEIbHOM JJIEKTPONPOBOJHOCTH ILIA3Mbl paspsaa H
ONpENENICHa CTENEHb 3aTYXaHMs AJEKTPOMAarHWTHOIO TOJISI B IUIa3Me paspsna.
[IpoBeaeHO COMOCTaBIEHUE PACCUMTAHHOW BEJIWYMHBI TEIUIOBOM MOIIHOCTH

pas3psijia ¢ SKCIIEPUMEHTAIBHBIMU PE3YJIbTATAMMU.
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1. DnexkTpopuznyeckue cBOKMCTBA (paKeJbHOI0 pa3psiaa

B 1928 roay npu uccnenoBanuu padotsel BU renepatopa [1] 3unutuHkeBud
C.U. oTKpBIT BEICOKOYACTOTHBIN (DaKETbHBIN (OTHOAIEKTPOIHBIN) pas3psil.

BricokoyacToTHBIN (hakeabHBIN (0JHOIEKTPOAHBIN) pa3ps] NpeCTaBIsSET
coboli mIasMeHHbIM MmHYp (puc.l.l), ropsAmMiA ¢ TMOBEPXHOCTH HJIEKTPOAa, K
KoTopomy mnpuioxeHo BY wnanpspkenue. BUDP moxer ObITh BO3OYXKIEH C

TIOBEPXHOCTH HE TOJILKO IMPOBOJIHUKA, HO M JUAJICKTpUKa [2].

Puc. 1.1 — BeicokouacTOTHBIN (DaKenbHBIA pa3ps

1 — npudNIeKTPOIHBIN ciioi; 2 — kaHal; 3 — qudy3noHHast 000I0YKa

BU®P (puc. 1.1) cocTtouT U3 TpeX CTPYKTYpHBIX OJJIEMEHTOB. 1—
MPURIICKTPOAHBIN cIoi, 2 — kaHan u 3 — auddy3uonHas odbonouka. Kanan paspsina
MPEACTaBIACT COOON spKOCBeTsIIeecs 00pa3oBaHHME HUIUHAPUYECKON (OPMBI,
JIMaMeTp KOTOPOTO TMOCTENEHHO YMEHBIaeTcs BIOJIb OCH paspsaa. B kaname
pa3psiia MPOTEKAET BBICOKOYACTOTHBIM TOK M TMPOUCXOAUT MPEUMYIIECTBEHHAs
JTUCCHUTIALAS JHEPTUU DIEKTPOMAarHUTHOM BoNHBI. KaHanm paspsga okpyxéH
cnabocBersamencs aupdy3noHHON 0005104KOH, auamerp kotopoil B 3—10 pa3
Oonpiie  guamerpa kKaHama. B guddy3noHHON  000JI0YKE  MPOUCXOIUT
pEeKOMOMHAIIMS HOHOB, 00OPAa30BABIINXCS B PE3yIbTaTe TEPMUICCKON MOHU3AIINY B
30H€ KaHaja paspsaa. [IpusnexkTpoaHbId CIIOW PAaCHONOXEH MEXAY pa3psIHOU

IJIa3MOM M TOBEPXHOCTBIO dJneKkTpoja. OH  XapakTepu3yeTcs BBICOKUMU
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3HAYEHUSIMU HANPSHKEHHOCTH DJIEKTPUYECKOTro Mojisl. B 3Toil 30HE mpoucXOoauT
YCKOPEHHUE 3JIEKTPOHOB J0 SHEPIHM JTOCTATOYHBIX JJIi MOHM3ALMU MOJIEKYJI ra3a.
Mexanusm roperuss BUHOP o0ycioBiieH mporeccaMmu TepMHYECKOi noHu3aiuu [3].

B cinywae BO30yxzIeHHs paspsaa C OXJAXAAEMOro 3JJIEKTpoAa IpHU
motHocTIX W > 70 BT B 607bpIIMHCTBE ClTydaeB MOKHO Ha0mo1aTh Toibko BUDP.
B cBsi3u ¢ 3THM nipu paboTe C I0BOJIBLHO MOIIHBIMU Pa3psiiaMu, BO30YK/1aeMbIX pH
yacrore v > 10MI ', 0oAHO3JIEKTPOIHBIN pa3psAl MOXKHO IIPUHATH, Kak BUDP.

UccnenoBanus BUDP 1o HacTosimero BpeMeHr NpOBOIMIIMCh B OCHOBHOM B
CJIEAYIOIINX HANPABICHUSAX:

1. uccnenoBanue BAMSHUS pa3HbIX (akTopoB (dhopmbl, MaTepuana
ANEKTPOJIa, Poja MIa3Mo00pa3yIoero ra3a, BEJIMUYMHbBI MOJABOIMMON MOIIHOCTH)
Ha CBOMCTBA BHICOKOYACTOTHOTO (hakenpHOTO paspsna [3, 4, 5];

2. W3y4eHHE XapaKTEPUCTUK IIJIa3Mbl BBICOKOYACTOTHOTO (DaKeIbHOTO
paspsna (TeMmrepaTrypbl U KOHIEHTPAIMH AJIEKTPOHOB, TEMIIEPATYPhl THKEIbIX
YaCTHII, CTCTICHH HEPaBHOBECHOCTH ILIa3MbI paspsaa) [4, 5, 6, 7];

3. WCClelOBaHME TEIJIOMAcCONepeHoca B IUIa3ME BBICOKOYACTOTHOTO
¢akenbHOTO paspsaa [8, 9];

4. u3ydyeHUe aMIUTUTYAHO-MOJYJIMPOBAHHON TUIa3Mbl BBICOKOYACTOTHOIO
¢akenbHOTO paspsaa [10, 11];

5. U3y4YEeHHE BO3JECHUCTBUSI BHEUIHUX D3JEKTPUUYECKUX TMOJIEH HAa CBOWCTBA
BBICOKOUYACTOTHOTO (hakeIbHOTO paspsaa [12-15];

6. uccaemoBanue cornmacoBanust BUDP ¢ BU reneparopom [16, 17];

/. UCCneoBaHUE DJICKTPUUYECKUX  XapPaKTePUCTUK BBICOKOYACTOTHOTO
¢akenbHOTO paspsaa [3, 18].

BU®P npu masnenusx 101 — 5.10° I1a Ge3 3aTpyaHeHuii Bo30yKuaercs B
JTOOBIX Ta30BBIX CpeNlax, TAKMX KaK BO3MyX, HHEPTHBIE Ta3bl, BOAOPOA U T.1. [lpu
nasnenusax 6osee 3,3 -10% I1a paspsg 0ObIYHO UMEET KOHTPArUPOBAHHYIO (hopMy,
OJIHaKO, MPU TOPEHUH B Trazax C BBICOKOH TEIUIONPOBOJHOCTHIO, €ro (opma

CTaHOBUTHCS AUP(DY3HOM.
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N3 npoBeI€HHBIX paHee IKCIEPUMEHTAIBHBIX UCCIEAOBAHUMN CIEAYET, YTO
CTPYKTypa W pa3Mepbl BBICOKOYACTOTHOTO (haKEIBbHOTO pa3psiga OMpPeaesIFOTCs
CBOMCTBAMHU IIJIa3MOOOpPA3yIoOIIero ras3a, a Takke XapaKTepoM U YpPOBHEM
MOIIHOCTH, BBOJIMMOM B pa3psi/I.

OcHOBHBIE Pe3yIbTaThI MO UCCIEIOBAHUIO CBOMCTB U oco0eHHocTet BUDP,

npuBeieHb! B Tabmune 1.1 u Ha puc. 1.2 u 1.3.

v=12.4 My
3 p—
323
= =
T 3 M
2 r 70.6 2
= =
— —
1] 100
0 | | | 0 I I |
0 4 8 12 010 015 0.20 0.25
r*10*, m v, My ™
Puc—-1.2 Puc. —1.3.
3aBUCUMOCTh JJIMHBI KaHaJa 3aBUCUMOCTb JJIMHBI KaHaJa
BY®P ot paguyca paspsaa BY®P ot yactoThl

B cnydae 3a1aHHOM MOITHOCTH MPY YMEHBIIEHUH YaCTOThI YBEIMYUBACTCS
JUIMHA KaHaja paspsla M YyMEHbIIAETCS TeMIleparypa Iula3Mbl, I[PU OTOM
3aBUCUMOCTh HOCHUT JiorapupMudeckuii xapakrep [4]. 3aBUCUMOCTD JUIMHBI KaHaIa
paspsiia OT YaCTOThI AJIEKTPOMArHUTHOTO MOJISI MOKa3aHa Ha puc. 1.4.

B Tabmunie 1.1 npuBenens! 3HadueHus Temneparypsl kanaia BUDP. Buano,
yro ra3zoBasg temneparypa BU®DP B Oonbliell creneHu 3aBUCUT OT pojia
I1a3MO00Pa3yIOUIero ra3a W 4acTOThl MUTAIOMIETO paspsi dJICKTPOMArHUTHOTO
noJist. Takke ra3oBasi TeMiepaTypa 3aBUCHUT [5, 6] OT MOIIHOCTH, BKJIabIBAEMOM B

paspsin v oT yactoThl (puc. 1.4 u puc. 1.5).
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Tadomuma 1.1

= E £ 3 o S =

nnnv, M m ZM, m m, m M m“ M = m. : m = M o

m = . | £5 : S22 gz | 22 |g&0 & o S EEm £ 2

5 & g 5 & o = 585 & 3 v 5 8 9 g = =5 |2 8 ¢ = 2%

3 3 g S > o S o - e X E £ - = 5 & 2 9 o £ =

5 ¢ T 3 i =2 |27 gy |Be¢F 2 2o |EEa s g e

: | <& & B - : - <

= = F S T 3

1 2 3 4 5 6 7 8 9 10 11 12
500-600 BO3IVX 6-20 - 15-20 - - - - - - -
20-200 BO3IVX 12-100 0.25-0.35 0.3-36.6 - 3.3-43 - 0.01-0.14 - - -

- BO3IVX 31 - - - 3.8-42 - - - 300-500 5.10%-10%

30 a3or 31 - - - 3.8 - - - - 10%-10%2
15-308 BO3IIVX 8.3 - - - - - 4.10%-3.102 3.6-4.4 - -

- BO3JIYX 42 - - - 3.5 7.1 124 - - -
500-600 35 - - - 09 75 - - - 3.2.101%-1.5.10™
500-600 35 - - - - 7.7 - - - 0.7-10'%-1.9.10™

100 renui 24 - - - 09 25 - - - 1.2:10'%-3.0-1015

- BO3JIVX - - - - 3.8-4,2 - - - - -

- a30T - - - - 4,0 - - - - -

- aprox - - - - 14 - - - - -

- BO3JIVX - - - - 3,0-5,0 6.5 - - 400-600 -

- aprou - - - - 1.4-2,0 6.0-7.2 - - 12-12 -

920 BO3JIYX 36 1,18 - - 3.8 - - - 510 7-101
1020 BO3IVX 36 0,27 - - 42 - - - 420 5.1012

800 CO2 36 0,13 - - - - - - - 3-101

670 Co 36 0,11 - - - - - - - 1.2.10%

750 02 36 0,13 - 0,81 - - - - - 1.2.10%
200-800 BO3IVX 41 - - - 3,5-39 - - - - -

- BO3IYX 41 - 5,22 - - - 0.8-1.6 - - -
150-1000 BO3/IVX - 0,06-0,18 3.1-28 - - - - - - -
16000 BO3IYX 0,75 1.2 - - - - - - - -
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Puc —1.4. Puc — 1.5.
3aBUCUMOCTb TEMIIEPATYPHI B 3aBUCUMOCTb TEMIIEPATYPbI
kagaiie BUOP ot momHOCTH BY®P ot yacToThI OJISA V

IIpu ropeHun B MONEKyJsIpHBIX razax temieparypa BUDP cocrasnser
(3...4,5)-10° K. DnekTpoHHas TeMIieparypa B 53TOM ClIydae HE3HAYHMTEIHHO
OTIIMYAETCSl OT TEMIEPATYpPbl THKEIBIX YacTULl. B cioydae ke ropeHus paspsnaa B
OJIHOATOMHBIX Ta3ax €ro rasopas Temmeparypa cocrasiser (0,8...2,0)-10% K. Ilpu
ATOM JJIEKTPOHHAs TeMIepaTypa 3HAYUTEIbHO MPEBBIIAET Fa30BYI0 TEMIIEPATYPY.
Tak, Hampumep, I aproHa pasHALA MEXAY OJJIEKTPOHHOM MW Ta30BOU
temriepatypamu coctapisieT 5000 — 6000 K, a st renust — AeCSITKU THICSY TPayCoB.
Takum o6pa3zom, mnazma BUDP He HaX0auTCs B yCIOBUAX TEPMOJMHAMUYECKOTO
pPaBHOBECHS.

JIns MOJIEKYJIIpHBIX Ta30B MPU YMEHBIICHHWH MOIIHOCTH pa3psjga U
JIaBJICHUS OTJIMYUE MEXKTY SJIEKTPOHHOM M Ta30BOM TemIieparypamu pactet. Ha puc.
1.6. mpeacTaBiICHBI PE3YNIHTATHl U3MEPEHHUM SJIEKTPOHHONW U Ta30BBIX TEMIIEPATYp
BYO®P, ropsimiero B BO3ayxe, B 3aBUCUMOCTH OT JaBieHus. M3 pucyHka BUIHO, 4TO

C YBCIIMYCHHUCM JIABJICHUS U30TCPMHUA T1JIa3MbI YBCIIMYHNBACTCA.
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Puc. 1.6 — 3aBUCHUMOCTb 3JIEKTPOHHOM U

razoBol remneparyp BUDP ot nasienus

OceBoe W paavanbHOE pacrpeneneHue razoBor Temieparypsl BUDP,
TOpSIIETO B BO3/AyX€, peacTaBieHo Ha puc 1.7 u puc. 1.8. I3 pucyHKOB BUJIHO, YTO
U3MEHEHHE TeMIiepaTypsl B0k ocu He3HaunTenbHO (300 — 500 K). B Toxxe Bpems
paauanibHOE U3MEHEHHE TEMIIEpaTyphl JOCTATOUYHO cyliecTBeHHO. Ha pucynke 1.7
KOOPJMHATHI OcH X TPUBECHBI B SAMHMIIAX JUIMHBI KaHaia | BHOP.

OnektpoHHass Ttemneparypa BUDP pacnpenensercas B paauaibHOM
HAalpaBJICHUU aHAJOIMYHO Ta30BOM. PaguanibHOE pacmpeneneHue 3JIEKTPOHHOU
TeMIepaTyphl B BO3AYIIHOM (KpuBas 1) 1 a30THOM (kpuBas 2) 1mia3mMe npeicTaBIeHO
Ha pucyHke 1.9,

Taxxe Ha pacnpenenenue temieparyp BUDP BiusieT ckopocTs IpoOKauku
ma3MooOpasyromero raza. CpenHeoceBas rasoBas TeMmIeparypa pacTeT cC
YBEJIMYEHHEM CKOPOCTH TMPOKAYKH Taza. OJTO OOBICHIETCS TEM, 4YTO TMpHU
MOBBIIIEHUM CKOPOCTH MPOJyBa rasa, TeMIeparypa BO3pacTaeT B ILIEHTPAIbHOU

4yacTH, a Ha nepudepun cHuxkaercs. [[aHHas 3aBUCHMOCTD MPEACTABICHA HA PUC.

1.10.
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r-10%, m Q-10%, /e
Puc. 1.9 — PaguanbHoe Puc. 1.10 — 3aBucumMocTh razoBoi
pacrpeneneHne dIEKTPOHHON TemmnepaTypsl BHDP B Bo3ayxe
Temmeparypsl BUDP. OT CKOpPOCTH IPOKAaYKH rasa

Jns  onpeneneHus KOHIEHTPALMM AJEKTPOHOB B IUIA3ME paspsia
WCIOJIB3YIOTCS JIBAa METOJA: CIEKTPaJbHbIM W MUKPOBOJHOBOW. Ilmrocom
MHKPOBOJIHOBOTO METOJIa SIBJISIETCSI BO3MOKHOCTH OMNPEACICHUS HE TOJBKO
KOHILIEHTPALIMU 3JIEKTPOHOB, HO U YAaCTOThI CTOJIKHOBEHUS 3JIEKTPOHOB C aTOMAaMM.

OpnHako JaHHBIA METOJ] UMEET MaJioe MPOCTPAHCTBEHHOE PA3pPEIICHUE U MOITOMY
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MO3BOJISIET  OMPEACIUTh KOHIEHTPAIIMI0O MW YacTOTy CTOJKHOBEHHS JIHIIb
YCpEeIHEHHBIMU 3HAUYCHUSMHY 110 CEYCHUIO pa3psa.

B cBowo ouepenb cCHekTpajibHble METOABI TO3BOJSIOT  ONPEICIUTh
KOHIICHTPAITUIO SJICKTPOHOB B CAMOM KaHaJIe pa3psiia. B OoibIIMHCTBE CiTydaeB s
VIIUPEHUS CTIEKTPATLHBIX JTUHUN UCTIONIB3YETCS IITAPKOBCKUI 3P EKT.

Hcxons u3 padot [7, 19, 20, 21] M0oXHO cKa3aTh, YTO KOHIIEHTpPALUS
AJIEKTPOHOB B IIJIA3M€ pa3psijga, TOPSIIETO B OJHOATOMHBIX Ta3ax BBINIE, YEM
KOHLIEHTpAIs JIEKTPOHOB IIPU TOPEHUH pa3psia B MOJIEKYJISIPHBIX ra3ax.

[IpeanomnoxkeHne o TMporecce Mepenadyud dHEPTUU OT AJICKTPOMArHUTHOTO
MoJISI K TIJIa3M€ BBICOKOYACTOTHOTO (PaKeIbHOTO paspsaa MPEeIOCTaBHIN aBTOPHI
paboTsI [6]. [To MX MHEHHIO, HA MEXaHU3M Iepeavn JICKTPOMArHUTHOW SHEPTUH
BITUSIIOT TPOIIECCHI TUCCOITMATUBHON peKOMOWHAITHH.

[TonTBeprkaenueM [22] maHHOTO MEXaHM3Ma Iepeaadn JICKTPOMArHUTHOM
DHEPTUU SBJISIETCS M3MEpPEHHE TeMIlepaTypbl pas3psaa, BO30YXKIaeMOro B
MOJICKYJIIPHBIX Ta3ax MPH Pa3IUNIHBIX YHEPTUAX JTUCCOIHAIINH.

[Ipu onmcaHuu BHICOKOYACTOTHOTO (DaKEeIbHOTO pa3psijia BAXKHOE 3HAUCHHE
UMEeT HaXOXKJICHUE BEIMYUH €MKOCTHOTO COTIPOTHUBIICHHUS, aIMUTAHCA, aKTUBHOTO
conpoTtusiieHud miazMonga BUODP.

[Tposenenusie B pabore [18] TeopeTnyeckre pacyeThl BBIMICYTOMSIHYTHIX
nmapamMeTpoB  IMOKa3bIBAIOT, YTO  pacueThl, Oa3WpyIoOmMecs TOJBKO  Ha
r€OMETPUYECKUX XapaKTEPUCTHKAX TIIa3MOua paspsaa 0e3 yuera MporCXOISIINX
B HEM (PM3UYECKUX TPOIECCOB, MOTYT MPUBECTH K CEPHE3HBIM OIMOKaM. B cBsi3H ¢
ATUM OOJIBIIIOE KOJIMYECTBO pabOT MO OMPEACICHHUIO AJICKTPUYCCKUX MapaMeTpOB
paspsizia HOCSIT SKCIIEPUMEHTAIBHBIN XapaKTep.

B pab6orax [6, 21] Ha puc. 1.11 npeacraBicHbl 3aBUCUMOCTH €MKOCTHOTO
COIIPOTHUBIICHUS, TPOBOAMMOCTH U aamMuTaHca minasmounna BUDP, ropsuero npu
aTMOC(EpHOM JaBJICHUH B BO3JAYyXE M aproHE OT BEIUYMHBI BBHICOKOYACTOTHOM
MOIIIHOCTH, TOJABOJAMMON K pa3psay. M3 pucyHKa BHUAHO, YTO 3JICKTPUYCCKUE
napameTpsl mazmona BUDP cymiecTBeHHO 3aBUCAT OT pojia T1a3zMoo0pa3yIomero

ra3a u TeOMETPHUYECKUX Pa3MEPOB paspsia.
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Puc. 1.11 — 3aBucumocTts eMkocTHOTO conpoTuBieHusi ®C, mpooaumoctu G,
aamuTaHca Y u Toka | or moutHoctH paspsga W.

1 — Bo3ayx; 2 — aproH

N3mepeHusi BHICOKOYAaCTOTHOTO TOKA M HaIpsKeHUs: (akesIbHOTo paspsia
[IOKA3aJy, YTO €ro BOJIbTAMIIEpHAs XapaKTEPUCTMKA HMEET BO3pPACTAKOLIUN
xapakrep. OgHaKo, U3MEHEHUE HANPSDKEHUS NPHU YBEJIMYEHUH MOIIHOCTU pa3psia
HACTOJIbKO HE3HAYUTEIbHO, YTO MOXHO TOBOPUTH O cTaOmiu3aunuu (hakeIbHbIM

paspaa10M BEICOKOYAaCTOTHOI'O HAIIPSAKCHUA.
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Jlnsa monenupoBaHus 3nekTpodusndecknx ocodennocteit BUDP B pabote
[24] mpennoxena cienyromas mozaens. CoriacHO 3TOW MOJEN, KaHal pas3psiaa
paccMaTpHuBaeTCs B BUJI€ OJHOPOIHOIO MPOBOJAIIETO MUIMHAPA BAOJb KOTOPOTO
pactipocTtpansierca nonepeyHo-marautHas (TM) BosHa. AMIUTUTYAA 3TOW BOJIHBI

yracact BAOJIb OCH pa3piada I10 SKCIIOHCHIHUAJIbHOMY 3aKOHY:

U=U,(re"™ (L.1)

3nech U — aMIInTyna J1eKTpOMarHiTHOM BOJTHBI; N — BOJTHOBOE YHCIIO; ( —
yIjioBass 4yactoTa; t — BpeMs; Z U I — COOTBETCTBEHHO OCEBas W paauajibHas
KOOPIMHATHI.

[Ipennoxennas moaens BUDP [24] Obuia sSKCIEpUMEHTAIBHO MTPOBEPEHA B
pabote [25] myTeM U3MEpEeHUsl paclpeeieHUsT aMIUTUTYAbl U (Ha30BOTO CIIBUTA
BBICOKOYACTOTHOTO TOKa BIOJL ocu paspsaa. BUDP Bo3Oyxknancs BHYTpH
WIMHIPUYECKOTO 0JI0Ka, COOpaHHOTO U3 nosicoB Porosckoro (puc. 1.12), mpuuem
Kopnyca mosicoB PoroBckoro 3azemisiiuck. Takum oOpa3zom, B pabore [25]

pacCMaTpuBaJIOCh T'OPCHUC SKPAHUPOBAHHOT'O (baKCJII)HOFO pa3paaa.

Cl S

PK-19

|

| S

2T

1
1
|
1
1

Puc. 1.12 — Cxema 3KkCiepUMEHTAIBHON YCTaHOBKHU

Ha puc. 1. 13 u puc. 1. 14 npencraBieHsl pe3yibTaTbl HU3MEPEHUUN

pacnpeaciacHudg aMIIMTY bl U (1)21301301“0 CABHTI'a BBICOKOYACTOTHOI'O TOKAa BJOJIb OCHU

BYUODP.
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Puc. 1.13 — Ocesoe Puc.1.14 — OceBoe U3MeHeHHe

pacupeaciiCHUC aMILINTY bl (ba?)OBOFO CIIBUTA BUDP

BbICOKOYACTOTHOTO Toka BUDP

W3 npencTaBiieHHBIX PUCYHKOB MOKHO CZI€TIATh BBIBOJ O TOM, YTO AMIUIUTYAA
BBICOKOYACTOTHOTO TOKa 3aTyXaeT BJOJIb KaHaja pa3psja MO 3aKOHY OJM3KOMY K
AKCIOHEHIMAIbHOMY. Pa30BbId CIBUT M3MEHSETCS MO JUHEHHOMY 3aKOHY MOYTH
[0 BCEW JUIMHE KaHala pa3psaa, 3a HMCKIOYEHUEM 30HBI, i€ KaHAI paspsna
3akaHunBaetrcsa. ClieIoBaTeNbHO, PE3yNbTaThl JaHHBIX WU3MEPEHUM IOITBEPIWIN
MPEANoJIOKEeHNE, BRICKa3aHHOE B padoTe [24], o moaaepkaHuu mpoliecca TOpeHust
BBICOKOYACTOTHOTO (dakenpHOTO paspsiia IIJIOCKOH, HEOJHOPOHOMN
AIIEKTPOMArHUTHOM BOJTHOM, aMIUIUTYJ]a KOTOPOM onMchIBaeTcs BoipaxkeHuem (1.1).

bonpnioe  3HaueHWe OpM  aHaJIM3€  OpoLecca  PACIPOCTPAHEHUS

BHGKTPOMaFHHTHOﬁ BOJIHBI BAOJIb BBICOKOYAaCTOTHOI'O (baKeJ'IBHOFO pa3psaaa UMECT

BBIUMCJICHHE BOJIHOBOro 4ymcia h=gj+f, rae o - KOIPPUIMEHT,

XapaKTEPHU3YIOIINI 3aTyxaHUEe JJICKTPOMArHUTHON BOJIHBI B IUIa3Me paspsia, 3 -
kodhumuenT daszpl (2787 =1 - JAIMHA DJIEKTPOMArHUTHOW BOJIHBI B TUTa3Me
paspsiia).

s skpanupoBanHoro BU®P asropamu pabotel [25] momyueHo
BeIpakeHue (1.2) ais BOJTHOBOIO YHCja, KOTOPOE HE3HAYUTEIILHO OTJIMYAETCS OT

BOJIHOBOT'O YHMCJIa, OTBEYANOIIEMY CIIy4ar0 CBOOOHOTO TOPSHHUS pa3psia.
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"= afgllnaz/al’ (12)

TZie a,/a, - OTHOIIIEHUE paJryca pa3psIHON KaMephl K paAnyCy KaHala pa3psa.
3amMeTdM, 4YTO PAaCCMOTPEHHbIE BBIIE (PU3MUECKHE OCOOEHHOCTHU
BBICOKOYACTOTHOTO (DakeapbHOTO pa3psia OTHOCATCS MPEHMYIIECTBEHHO K
paspsiam, TOPSIIMM B MOJIEKYJISIpHBIX razax. IIpu 3ToM 0COOEHHOCTH mpoliecca
ropenust BUHOP B 0IHOaTOMHBIX ra3ax, U B YaCTHOCTH B apTOHE, HA JAHHBIA MOMEHT
HEJIOCTATOYHO UCCIEN0BaHbI. Tak, 10 HACTOSIIETO BPEMEHH, OTCYTCTBYIOT JAHHbBIC
10 3aBUCHUMOCTH 3JIEKTPOHHOU M TA30BOM TEMIIEpATYPhI pa3psijia OT €ro MOIIHOCTH,
OTCYTCTBYIOT JAHHBIE MO €ro TEIUIOBBIICIICHUIO W CTEICHW 3aTyXaHWs
AJIEKTPOMArHUTHOTO TIOJISI B IUIa3Me€ paspsiaa. B CBsI3M ¢ 3THUM HEBO3MOXKHO
MPOBOJAUTH JOCTATOUYHO OOOCHOBAHHBIN PACUET KOHCTPYKIIMM BBICOKOYACTOTHBIX

CI) AKCJIBbHBIX IJ1a3MOTPOHOB, HCIIOJIB3YIOUX aprod B Ka4y€CCTBC

HJ'Ia3MOO6pa3YIOIHGFO rasa.

24



2 OmnpenesieHne XapaKTepUCTHK APrOHOBOM IJIa3Mbl pa3psiaa

2.1 OmnpenesneHue 3JIeKTPOHHON TeMIepPaTypbl AProHOBOHM IJIA3MbI

paspsijaa

Ha pHC. 2.1 NpcacraBjcHa CXEMa YCTAHOBKH, HCIIOJIb30BaBIIAACA JIA

IMPOBCACHUS OIIBITOB.

Puc 2.1.1 — Cxema 3xcneprMeHTabHON ycTaHOBKU. 1 — BY ¢akenbHbIi

pas3psi; 2 — nuH3a; 3 — criekrporpad Shamrock 303i

Uccnenyemblil  (pakenbHBIM pa3psin Bo30y»KOancsi B KBapUEBOM TpyOke
nrameTpoM 28 MM u uMHHOM 50 cM Ha dyactote 37 MI'1. Pacxos aprona coctaBui
0,4 m3/uac. T'a30Bas ¥ >IEKTPOHHAS TEMIEPATyPa M3MEPAIACh BOIU3M 3JIEKTPOA
IpH pa3HbIX aiuuHax kaHana BUDP. [locpencTtBoM JIMH3EI, U3IIyYEHNE U3YIaEMOTO
paspsizia mpoeUupoBaIoch Ha Ieib cruekrporpada Shamrock 303i.

Ha sxpaH komnibroTepa BBIBOAWIICS ITOJYyUYEHHBIN CIIEKTP. Bpems skcrio3zunuu
cnekTpa BapbupoBasiock ot 0,5 no 1,5 cekynasl. [llupuHa mienu ucrnoab3yeMoro
cnekTporpada cocranisiia 0,3 MmM. J{J1s TOro 4T00BI CHU3UTH BIMSHUE COOCTBEHHBIX
mymoB [I3C kamepa oxmaxknganack ao Temreparypbl -50 °C. Ilepen kaxabim
U3MEpPEHHEM TMPOBOJIMIOCH H3MepeHHe (OHA, KOTOPBIM MO3KE BBIUUTAICS U3

MTOJTYYEHHBIX PE3YJIbTATOB.
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W3mepenne SIEKTPOHHOW TeMMepaTypbl MPOBOIAWIOCH CHEKTPATbHBIM
MeToaOM [26] MO OTHOCHUTEIBLHOM MHTCHCHUBHOCTH JIMHMH Memu. OOecreueHue
MapoB Meau B IUIa3Me pas3psja MNPOUCXOAWIO IyTeM HCIapeHus Marepuala
TIOBEPXHOCTH MEIHOro 2nekTposa. Junuu meau: 5106 A u 5133A.

B Tabmune 2.2.1 mnpeacraBieHbl XapaKTePUCTHKH JUHUH Memu [26],
HaOJro1aeMble B auanasone ot 4900 no 5400A, roe A — niuHa BouHb, E - SHEprus
BO30Y)KICHHOTO COCTOSTHHS, (AgV)i — MPOU3BEACHUE OTHOCUTEILHOW BEPOSATHOCTH

nepexoaa, 4aCToOThI CHGKTpaHBHOﬁ JJMHHH U CTaTUCTHUYCCKOI'O BCCa BO36y}K,ZICHHOFO

COCTOAHUA.
Tabnuna 2.2.1 XapakTepuCTUKUA JTUHUN MeAN
JInHus A A E, B (Agv);
1 5782 3,77 8,58
2 5700 3,80 1,754
3 5218 6,16 2080
4 5153 6,16 1164
5 5106 3,80 36.7

[TonydeHHble CieKTpbl aproHoBoM miazMel BUHOP B nquana3oHe JIuH BOJIH

oT 4900 10 5400A (nMuHMKM MeN) UMEIOT CIeLYIOMUIA BU;

l
l 5106A 5153A.

} ‘ 5217 ‘|‘ ’ ‘
: L1 Ll )
s m\ AN M} JE»AM\,,J ,J‘Lu&:w“t‘ J_J\J- A «‘ Ak s\,m“ \L ...... o, -L\L,u Sy 'h\,_w’b N/‘IL,J“‘\I,.)"‘A‘.‘- “‘l Wl _ UL .J‘L,,,&,\‘(

cntd \ st

Puc. 2.1.2 — CnexTp aproHoBo# Mia3Mbl

26



B cBs3u ¢ tem, uTo TemmepaTrypa (akeIbHOTO pa3psijga HEe3HAYUTEIHHO
MEHSETCS BIOJb €ro ocu [27], u3MepeHus: MPOBOIWINCH B OIHM3U 3JIEKTPOaa MpHU
Tpex anuHax kanana paspsaa (L = 10, 20 u 30 cm).

CornacHo [26] amekTpoHHas TemIepaTypa ONpenessieTCsl MO CIeAyIoIeH

bopmyie:

5040(E;—Ey) Jki Alm8mAki
T, = e = 5040(E, — E;)/[lg (24) + lg[EmEn)  (2.1.1)

[lg(m)ﬂg(P—ki)] Jim ki8kAlm

B namewm ciaydae gpopmyna (2.1.1) npumer BUI:
__ Ei-E
T, = PENACEDE (2.1.2)
I2(Agv)1

rne K — mnocrosuHas bonbumana; Ej,E, — dHeprus BO30YKICHHBIX

COCTOSIHUM; A — BEpPOSATHOCTh CIIOHTAHHBIX MEPEXOJ0B; § — CTATUCTUYECKUN BEC
BO30Y)KJICHHOTO COCTOSHUS, V — 4acToTa, |; — HHTEHCUBHOCTD JIMHUHA Meau (Ag =
5153 A), I, — unTencusHocTs MuHMKM Meau (A, = 5106 A).

OrnpenenuM 3EKTPOHHYIO TEMIIEPATypy U1 TPEX IJIMH KaHaja pa3psia Ha

OCHOBE MOJIYYEHHBIX CIIEKTPOB € MOMOIIBI0 hopmyJibl (2.1.2).

z500 _|

zooo |

1500 |

1000 |

Counts (Bg Corrected)

L)

Puc. 2.1.3 — CnexTp aproHoBo# 1ia3Msl npu JuiMHe kaHaia 10 cum.

N3 nonydenHoro cnekrtpa (puc. 2.1.3) HaxoAUM HY>KHbIE HAM BEJIUYUHBI U

paccuuThIBaeM TeMIlepatypy npu ajauHe kaHaita 10 cum:

E1—E; (6,16—3,18)*1,6" 17
T, = = ~ 7670 K
€ pnlr@9vVz 4 38410-23.1n0,895291 -2
I2(Agv)1 1164
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Puc. 2.1.4 — CnexTp aproHoBoH I1a3Mbl Ha NpuU JUIMHE KaHana 20 cMm.

N3 nonydyenHoro criekrpa (puc. 2.1.4) HaxoAUM HYKHbIE HAM BEJTUYUHBI U

paccuuThIBaEM TeMIEpaTypy Mpu jaivHe kaHana 20 cm:

E;-E, (6,16—3,18)*1,6~1°
T, = = ~ 8112 K
€ knittA9Y2 4 38410-23.1n1,087383 %2

I2(Agv)1 1164

zooo _|

1500 |

Lo00 |

Counts [Bg Corrected)

Wavelength nm

Puc. 2.1.5 — CniekTp aproHoBo# 1ia3Mel npu JuinHe kaHana 30 cMm.

N3 nonydenHoro cnektpa (puc. 2.1.5) HaxoAUM HY>KHbIC HAaM BEJIUYUHBI U

paccuuThIBAEM TeMNEPATypy Npu JiiuHe kaHana 30 cMm:

E,-E (6,16—3,18)%1,6"1°

kInA9Y)2 4 3841023.In1,199467 -2
Iz(AgU)l 1164

T, =
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B tabnuue 2.1.2 npuBeeHbl XapaKTEPUCTUKU apTOHOBOM TIa3MBl.

Tabnuna 2.1.2 XapakTepuCTUKH aproHOBOM TIa3Mbl

L, cm 11/12 Te, K
10 0,895291 7670
20 1,087383 8112
30 1,199467 8355

2.2 OnpenesieHne ra3oBoi TeMnepaTypbl aproHoBoii MJ1a3Mbl pa3psajaa

Jlnsa  omnpeneneHus  ra3oBOM  TEMIIEpATyphl  ILIA3Mbl  pas3psana B
m1a3Mo00pa3yromuii ra3 7o0aBIAIOT BO3AYyX, KOHIEHTpAIUs KOTOPOro HE JOJKHA
npesbitaTh S5 %. Ilpu cHATHHN criekTpa pa3psiia HaOIoAaeTcs M0JI0ca TUAPOKCHIIa
3064 A. Ilo OTHOCHTENbHOH MHTEHCUBHOCTH BpAlllaTElbHBIX IIEPEXOI0B 3TOM
MOJIEKYJIIDHOM  IIOJIOCBI  IIPOM3BOAMTBCS  OLIEHKA Ta30BOM  TEMIEPATYPBI.
Hcnons3yrotes nuaun kosedarenbHo BeTBU Q1, a umeHHo Q14, Q16, Q19, Q;10,
TaK KaK JJaHHbIE JINHUUA CBOOOJIHBI OT HAJIOKEHUS IPYTUX JIMHUM.

l'azoBass  TemmepaType  paspsaa  COOTBETCTBYET  PaCIpPEACIICHHUIO
MHTEHCUBHOCTEW B MOJICKYJISIPHOW mosioce. Jljisi BpalaTeabHbIX TEPMOB MOJIEKYII

OH B B030YKIE€HHOM COCTOSHUH >X UHTEHCUBHOCTH [,, OIIPENEISAIOTCS KaK:
0,095lg% = 0,095Iga — K(K + 1)~ (2.2.1)
K=012,., J=K+1/,
rae, J — BpamareIbHOe KBAHTOBOE YMCIIO BO30YKIECHHOTO COCTOSIHUS, | —
(baKkTOp HTHTEHCUBHOCTH BPAIIaTeILHOM JIMHUH, @ — TIOCTOSIHHAS BEJIMYMHA.

B namem cirydae 17151 BBIYMCIIEHUS Fa30BOM TeMIepaTyphl yI00HOE MIPUHSTh

BBIPOKCHUE BH/IA!
01lg==01lga—K(K +1)= (2.2.2)
Ecnu 3aBucumocts Ig — f[K(K+ 1)] mpeacrasisier co0oii MpsiMyo JIMHHUIO,

TO CHCTCMA HAXOAHUTLCA B TCPMOIMHAMHYCCKOM PABHOBCCHH (6OJ'II)I_IMaHOBCKOC

pacrpe/iefieHde) U TaHTeHC yIJIa HaKJIOHa 3ToM JIMHUM OyeT paBeH 1/7.
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gyuciia K npuBeaeHsl B Tadbaume 2.2.1 [28].

JlimHbl BOJH JWHUN BeTBU Qi (aKTOphl MHTEHCUBHOCTH | W KBaHTOBBIC

Tabmuma 2.2.1 ®aktopsl MHTEHCUBHOCTEH JTUHMM BeTBH Q1 mosocel OH A

3064 A
K ] K(K+1) | i Igi
4 0/2 20 3083,261 | 2,100 0,323
6 1312 42 3087,325 | 3,16 0,5
9 19/2 90 3095,328 | 4,73 0,672
10 21/2 110 3098,576 | 5,16 0,714

PesynbraThl m3MepeHwuii ra30B0i Temneparypsl [29] npu pnuae kaHana 30
cM u pacxome aprona 0,4 m*/uac mpuBenensl Ha pucynke 2.2.1. Ha pucynke
IIOKAa3aHO OCEBOE paCIpe/elieHHe Ta30BOM TeMIlepaTyphl BIOJb OCH KaHaia

(akebHOTO pa3psaa.

I K

2000

1900 |-

1800 |

1700 l I | |
0 19 15 22,5 30

Z,cM
Puc. 2.2.1 — OceBoe pacrnpe/ienieHde ra3oBoil TemnepaTypsbl BI0JIb OCH KaHaia

(bakebHOTO pa3psiia, FOPSINEro B aproHe

Kak BUJIHO M3 MpeACTaBICHHOIO PUCYHKA, TMANa30H U3MEHEHUs Ta30BOMU
TeMmrneparypa BAoJb ocH pa3psaa cocrasisieT oT 1790 K mo 2050 K, yto 1oBosIbHO
HE3HAYUTEIbHO. B CBS3M C 3TUM, MOXHO MPHUHSATH, YTO ra3oBas TemmepaTrypa

IJ1a3MBbI pa3psiia paBHa ycpenHEHHOMY 3HayeHno 1920 K.
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B pabore [30] Ttakke mpoBOAMIIACH OIICHKA Ta30BOM TEMIIEPATyphI
aproHOBOM IUIa3Mbl paspsana. Msmepennst nmpoBoauauch pyu JMHe KaHana 10 cm.
IIpu sTOM razomas Temneparypa Haxoauinach B paitoHe 2000 K, yTto He CHUIBHO
OTJIMYAETCS OT 3HAYCHUH, MOyuYeHHBIX B padore [29] mpu mmHe kanana 30 cm. B
CBSI3M C OTUM, MOXHO YTBEp)KJIaTh, YTO C YBEIMYECHHEM JJIUHBl KaHajla M
COOTBETCTBEHHO  MOIIHOCTM  pa3psiia rasobas  TeMmIepaTrypa  MEHsAeTcs
HE3HAYUTEIHHO U 3HAUYCHHUE, IOMyuYeHHOE B padoTe [29] MOXKHO HUCIIONB30BaTh MPU

I[ElJ'ILHCfIH.IHX pacucrax.

2.3 Onpenesienne yaejJbHOH 3J1eKTPONPOBOAHOCTH MJIa3Mbl pa3psaa

JUist onpeneneHust yIeabHOM 3JIEKTPONPOBOJHOCTH MCHOJIB3YIOTCS paHee
M3MEPEHHBIE HAMU 3HAYCHHSI Ta30BOM M JIIEKTPOHHOW Temmeparyp. CoriiacHo
pesyabTataM pabotel [30] ymenbHas BIIEKTPOIPOBOIHOCTH OIPEIACIICTCS C

MOMOII[BI0 OTHOIIEHHUS JIEKTPOHHOM K Ta30BOM TeMIlepaType:

g =l (2.3.1)

ELECTRICAL CONDUCTWITY (mho/cm

10 i |
= 1o 5 20
ELECTRON TEMPERATURE (10 °k !

Puc 2.3.1 — 3aBUCHUMOCTB yJIETBHOU 3JIEKTPONPOBOJHOCTH OT 3JIEKTPOHHOU
TEMIEPATyPHI
[Tocne naxoxnenuss 6 ompenensiercs kpuBas (puc 2.3.1) mo KOTOpoi

HaXOaUTCsA 3HAYCHUC YJIGHBHOﬁ QJICKTPOIIPOBOJHOCTH.
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B Tabnuue 2.3.1 npuBeieHbl 3HAUEHUS YAECIbHON JIEKTPOIIPOBOIHOCTH JIJIS
TpeX JUIMH KaHasla pa3psaa. BuaHo, 4To npu yBeIMYEHHH JUIMHBI KaHala pa3psia
3HAYEHUE YAEIbHOM IEKTPONPOBOJHOCTH CHUKAETCS.

Tadmuma 2.3.1 3HaueHus BEJINYNHBI G

L, cm 6, Om/m
10 15
20 62
30 65

2.4 OnpenesieHne HAMPSAKEHHOCTH IJIEKTPHYECKOT0 OIS

I/I3M€pCHI/IH QJICKTPUYICCKOI'O II0JIA IMPOBOAUIINCHE CMKOCTHBIMH 30HIAMH,
KOTOPBIC MICPEMCIIAJIMCH B paIUaJIbHOM U OCCBOM HAIIPpaBJICHNH OTHOCUTCIBHO OCH

m1a3mel paspsaa. Ha puc. 2.4.1 npuBeieHa cxema 3KCIEPUMEHTAIBHOM YCTaHOBKHU.

A

Puc. 2.4.1 — Cxema skcriepuMeHTanbHOM ycTaHoBKU: 1 — BU dakensHbIi paspsn, 2
— €MKOCTHOM ¥ MHIYKTUBHBIC 30H]IbI, 3 — U3MEPUTEIbHBINA TPUOOD, 4 — reHepaTop
OIIOPHOT'0 CUTHAJIA

Jlma  wm3MepeHus DIEKTPUYECKUU COCTaBJSIOMIMX IO  MPUMEHSIICS
€MKOCTHOM 30H]I, TIPEACTABIAIONIUNA COO0M MEIHBIN IITHIPh C IJIWHOW 3-5 MM U

arameTpoM 1 Mm.
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JUiss  ompeneneHuss COCTaBIAIOIMIMX MAarHUTHOIO TMOJII  IPUMEHSICH
WHIYKTUBHBIA 30HI. 30HJ TIPEACTABISIET COOOM OJHOBHUTKOBYIO PaMKy U3
HUXPOMOBOTO IIPOBO/IA, HABUTYIO Ha KPYIJIBIA TE(IOHOBBIM KapKac JUAMETPOM
naTh MWuMMeTpoB. CHUTHan ¢ 30HAOB MojaBajics Ha BXoj (asomerpa wiu
ocuusuiorpaga B 3aBUCUMOCTH OT U3MEPSIEMOMN BEITUYUHBI.

OKpaHupymolas MOBEPXHOCTh 30HAOB IMOKpHIBAIACh (PEPPOMATHUTHBIM
MaTEepUajoM C BBICOKUM KOIPPHUIMEHTOM IMOTEPh B HCIOJIB3YEMOM JIHMAINa30He
4acTOT JUIsl YMEHBIIEHUS NCKa)KEHUM OT NEPEOTPAKEHHOTO MOJIA.

Ha pucynkax 2.4.2 u 24.3 mnpuBeneHsl pe3yabTaThl H3MEPEHHI
paIAAIBHOTO W OCEBOIO0  PACHPEACICHHN  pagualibHOW  KOMIIOHEHTHI
IEKTPUYECKOro Moyl paspsna npu umHe ka"Hana 30 cm. Tak kak auamerp
KBapLEeBOU TpyOKH 28 MM, JJIsl TOTO, YTOOBI HCKJIFOYUTH OACHOCTh IMTPO00s pa3psaa

Ha €eMKOCTHBIN 30HA, USMCPCHUS ITPOBOJUIINCh, HAYHNHAA OT 20 MM OT ocu pa3paaa.

Er, B/™m

T T T I T 1

| |
0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,10
r, M

Pucynok 2.4.2 — PaguanbsHoe pacnpeneseHue HanpspKeHHOCTH JIEKTPUYECKOTO

noJist mpu ayivHe kaHana 30 cm
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Er, B/m

O T | T T T T T T T T T T T 1

I
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4
Z=z/L
Pucynok 2.4.3 — OceBoe pacnpeziesieHue HanpsHKEHHOCTH 3JIEKTPUIECKOTO OIS

npu aiauHe kaHana 30 cm

Ha pucynke 2.4.3 oceBasi KoOpAuHaTa MpEACTaBIeHA B €AUMHUIIAX JIJIMHbI
kaHasia BUOP. Kak BuIHO U3 pucyHKa, paauaibHasi KOMIIOHEHTA HAINPSKEHHOCTH
AIEKTPUUYECKOTO TOJIs (haKeIbLHOTO paspsifia, TOPSIIEro B aproHe, 3aTyxaeT BAOJIb
ero xanaia Ha 20-25%.

Tak Kak 3J€KTpOMarHuTHAs BOJIHA PACTIPOCTPAHSIETCS BJIOJIb MPOBOASIIETO
HUJIMHIpa, KaKUM UM SBJISIETCS KaHall pa3pslia, TO paaualibHOE paclpeseeHue
paaraIbHON KOMIIOHEHTBI SJIEKTPUYECKOTO 1MoJIs E, OyneT onpenensatbes GyHKIHEH
Xankensa 1 —ro pona 1 — nopsiaka:

E, = AH® (VkZ = h?r) (2.4.1)
k? « h?
I'me, r — pammanpHas kKoopAuHata, A - KoHcranTa, K — koadduimeHt

pacnpoCTpaHEHUs HIEKTPOMArHUTHOM BOJIHBI, i — BOJTHOBOE YHCIIO.
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k — xo3pdumment pacnpocTpaHeHHs SJICKTPOMArHUTHON  BOJIHBI,
OTIpeIEIISIIONTUICS TI0 hopMyIie:
k = gypw? (2.4.2)
rie, € — a0COMIOTHAS TUAJICKTPHUYECKas MPOHUIIAEMOCTh; I — MarHUTHAs
IPOHMIIAEMOCTh; (® — YaCTOTa JICKTPOMArHUTHOTO TTOJIS.

h — BonHOBOE YKCIO, OnpeenseTcs no Gopmyre:

1+i |we
h=— [ 2.4.3
i o (2.4.3)
rae, | — MHUMAsg a — paanyC KaHalla, 0 — yACJIbHAasA 3JICKTPOIIPOBOAHOCTH

CIMHHMIIA.

N3 puc. 2.4.2 BUJIHO, YTO 3KCIEPUMEHTAIBHOE pacIpeieCHUE paInaIbHOM
KOMITOHCHTBI 3JIEKTPUYECKOIO IOJII M PACHpPENICIICHHE SJCKTPHUSCKOTO IO,
PacCYMTAaHHOTO C IOMOIIBIO BhIpakeHUs (2.4.1) He3HAYMTEIBHO OTIWYaroTcs. B
CBS3M C 3THM 3HAUYCHHUC HANPSIKCHHOCTH B KaHAJIC pa3psjia MOXHO OIPEICIUTh
MyTEM SKCTPANOJSAIUN AKCIEPUMEHTAIBHOW KPHUBOH BEJIMYMHBI HANPSHKEHHOCTH
AeKTpUYecKoro mois (puc. 2.4.2).

HanpsokeHHOCTh B KaHalie paspsjga OyaeT ONpenessaThCs CICTYHOIUM

BBIPAKEHUEM:

1
Erlimm = ZEr|50mm (2.4.4)

re { = Zlsomm — 4@ (T T320,05) AH® (Vi = h20,001) (2.4.5)

Erlimm

Boruucnum BoitHOBOE umciio h ang paspsina ¢ juymHod kaHaita 30 cMm u

yIEIBHOMN SIIEKTPOIPOBOIHOCTEIO 65 OM Y/M:

1+i |we 1+i 2-3,14-37-106-8,85-10~12 ] X
h = . = ~(1+1i)-25m?
aVvs54| o 10~3+/5 65

YynthiBas, uto k? <« h? paccuutaem cootHomenue (2.4.5) B mporpamme

MatLab  BemomuuB  crmenyrommii  kom:  z=0,125*(i-1);  y=0.0025*(i-1);
x=besselh(1,z); r=besselh(1,y); abs(x)/abs(r).

B urore nonyunm:
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_ Erlsomm _ AH{”((i = 1) x 0,125)
Erlimm — AH®((i — 1) * 0,0025)

¢ =0,0198

[ToxcraBnsiem moy4eHHOE BbIIIE 3HaUeHUE B hopmyity 2.4.4 u onpezenseM
HAIpPsUKEHHOCTh B KaHaJle pas3psi/ia yYUThIBAsl, YTO SKCIIEPUMEHTAIBHOE 3HAUYCHUE
HaIPsSKEHHOCTH DJIEKTPUYECKOTO OIS IpH JiuHe Ka"ana 30 cm Ha pacctositum S0

MM coctaBuio 28,4 B/m:

1 1
Erlimm = ZET|50mm = m 28,4 ~ 1434 B/m
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3 OnpenesieHue TeNJIOBO MOITHOCTH BHICOKOYACTOTHOIO (paKeJIbHOT0

paspsijaa
3.1 U3mepeHue TemJIOBOH MOIIHOCTH METOAOM KAJOPUMETPUPOBAHUA
JUist ompeneneHus TEIIOBOW MOIIHOCTH IPOBOJWIOCH CYMMHPOBAHHE
TEIJIOBBIX IOTEPH Ha AIIEKTPOJE pa3psiia, TEMJIOBBIX MOTEPH B Pa3psAHON KaMepe U

TCIIJIOBOT'O IIOTOKA pa3p;mH0ﬁ IIJIa3MbI B OCCBOM HAIIPABJICHUU.

Ha pucynke 3.1.1 npuBenena cxema 3JKCIEPUMEHTAIIBHON YCTaHOBKU.
A
—0

Puc. 3.1.1 — Cxema 3KCliepUMEHTaIbHON YCTAHOBKH

BOIOa
BOOa

Uccnenyembiii (pakenbHBIN pa3psini BO30YXKIaics B KBapIEBOM TpyOke
nramerpoM 28 MM u unHHOM 50 cMm Ha vactote 37 MI'. Pacxon aprona cocraBui
0,4 ™m%uac. CoocHO ¢ paspsamHOl Kamepoil OblIa YCTAaHOBJEHAa BTOpPas
uuinuHapuyeckas kKamepa jauametrpoM S50 mm. IIpoMexyTok Mexay HUMH
3amoJIHSUICST BOJOM. TermioBble MOTEpU pa3psja B paguaibHOM HamNpaBiICHUU
OLICHUBAJIUCH 10 HATPEBY BO/IbI 32 OMPEACIEHHBIN TPOMEXKYTOK BPEMEHH.

Takum xe 00pa3oM HU3MEPSIIUCh TEIUIOBBIC MOTEPU HA BBHICOKOBOJHTHOM

BOJOOXJIAKIAEMOM 3JIeKTpojie. TeMiiepaTypa MIa3MEHHOTO TTOTOKAa Ha BBIXOJIE U3

37



pa3psAIHON KaMephl OMPEACIIsIach ¢ MOMOIIBI0 AUCTAHIIMOHHOTO WH(PPAKPACHOTO

TEpMOMETpA MPHU FTOM 3HAUCHUE TeMIiepaTypsl He npeBsbimmano S00°C.

P, Bt
195

130 |-

0 I I I I
0 10 20 30 40 L,cm

Puc. 3.1.2 — 3aBUCUMOCTH TETUIOBOI MOIITHOCTH (haKEeIIBHOTO pa3psiaa, TOpSIIero B

ApProHe OT IJIMHbI €T0 KaHaJia

Ha puc. 3.1.2 mpeacrtaBieHbl pe3yJbTaThl U3MEPEHUH ISl (DakeIbHOIro
paspsna, ropsiiero B aprone. Kak BUIHO U3 MPEACTaBIECHHOTO PUCYHKA TEILJIOBas

MOIITHOCTD pa3psja JMHEWHO BO3pPACTaeT C YBEIUUCHUEM JJIMHBI KaHaja pa3psia.
3.2 Pacuer TemJioBOii MOIITHOCTH

[IpoBenemM OIICHOUYHBIM pacueT TEIUIOBBbIAENEHUs (HaKeTbHOTO paspsa,
rOpAILEro B aproue ¢ JauHou kanana 30 cm.
BenuuuHa K0yaeBbIX OTEPH B IUIa3ME pa3ps/ia OMpeaessieTcs ¢ HOMOILBIO

CJIEAYIOIIETO BHIPAKEHHUSI:

W=V

paspsaoa

o|E[ (3.1.1)

I'ne, Vpaspsna — 00BbEM paspsia; ¢ — yneiabHas 3JeKTPOIPOBOAHOCTD MIa3Mbl

paspsina; |E| —aelicTByromee 3HaUCHNE HAPSHKEHHOCTH DJICKTPHUYECKOTO TTOJIS.
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N3 nony4deHHBIX paHee 3HAYEHUM dJIEKTPOIIPOBOAHOCTH IIIa3MBbl pa3psia U
HaIPsSKEHHOCTH JIEKTPUYECKOTO MOJIA ONIPEACIIMM BEJIMYHMHY TEIJIOBOM MOIIHOCTH

1 BUDP ¢ mmmuHoi xanain 30 cm:

W=V

paspsoa

o|E[" =0,3-314-4-10° - 65-1434* ~ 126 Br

OrnpenenuM yaeIbHYH MOITHOCTb.

W:V—V:@z4,2 Bt/cm
L 30

Jns apyrux AIMH KaHajda paspsga pacueT MpPOBOAWICS aHAIOTHYHO.
[TonydyeHHas pacueTHas KpuUBas TEIIOBOW MOIHOCTH B 3aBHCUMOCTH OT JUIUHBI

KaHaJla IIpejicTaBiieHa Ha puc. 3.2.1.

P, Bt
195

130

0 I I I I
0 10 20 30 40 L,cm

Puc. 3.2.1 — 3aBUCUMOCTH TETUIOBOI MOIITHOCTH (haKEeJIBLHOTO pa3psjaa, TOPSIIEro B
aproHe OT JUIMHBI €r0 KaHama. | — sKcrepuMeHTalbHas KpuBas; 2 — pacyeTHas

KpHUBast
Kak BHUIHO W3 mpeACcTaBI€HHOrO PUCYHKA JUISI pACYETHOM KPUBOW TAKKE

HaOJroAaeTcs TIMHEWHAas 3aBUCUMOCTh TEIJIOBOM MOIIHOCTH (paKeIbHOTO pa3psiaa,

ropAamero B aprouc OT JJIMHBI €I'0 KaHaJia.
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4 DuHAHCOBbIH MEHE’KMEHT, pecypcodpPeKTHUBHOCTH U

pecypcocdepe:xeHue

B HacTosimee BpeMs TMEpPCIEKTUBHOCTh HAYYHOTO  HCCICAOBAHUS
OTIpEJIEISIETCSl HE CTOJBKO MAacIITaboM OTKPBITHS, OLEHUTh KOTOPOE Ha MEPBBIX
ATanax >KM3HEHHOTO IMKJIA BBICOKOTEXHOJOTHYECKOTO U pecypcodPhEeKTUBHOTO
OpOAYKTa OBIBAET JOCTATOYHO TPYAHO, CKOJBKO KOMMEPYECKOM II€HHOCTHIO
pazpabotrku. OleHka KOMMEpPYECKOM IEHHOCTH  pa3paboTKH  SIBIsIETCA
HEOOXOJMMBIM YCJIIOBHEM TIPH TIONCKE WCTOYHHUKOB (DMHAHCHUPOBAHUS IS
MIPOBEJICHUS HAYYHOTO UCCIIEAOBAHUS U KOMMEPILIUATIN3AIUHI €T0 PE3YIbTaTOB. DTO
BOXHO JJIs1 pa3pabOTYMKOB, KOTOPBIE OJDKHBI MPEACTaBIATh COCTOSIHUE U
MIEPCTIEKTUBBI TTPOBOIUMBIX HAYYHBIX MCCIICTIOBAHUN.

Heob6xoaumo noHuMaTh, 4T0 KOMMEpYecKasi MPUBJIEKAaTeIbHOCTh HAYYHOTO
WCCJICIOBAHUSI OTIPEJIEISETCS. HE TOJIBKO MPEBBIIEHUEM TEXHUYECKUX MapaMeTpoB
HaJl MPEIbIAYIIUMHA pa3pabOTKaMu, HO U T€M, HACKOJBKO OBICTPO pa3padOTUUK
CyMEeT HalTH OTBEThl HA TaKWE€ BOIPOCHl — OyAeT JIM MPOAYKT BOCTpeOOBaH
PBIHKOM, KakoBa OyJET €ro IeHa, KaKoB OOJKET HAyYHOTO MPOEKTa, KAKOW CPOK
noTpeOyeTcst 1J1si BBIXOJ]a HA PHIHOK U T.I.

Llenpt0o maHHOTO paszfena SBISETCS ONPENCICHHE HSKOHOMUYECKON
EJIeCO00Pa3HOCTH MCCIICJIOBAHUS ANEKTPOPUZNIECKHIX CBOWCTB
BBICOKOYACTOTHOTO (haKeJIbHOTO pa3psia, TOpAIIEro B aproHe.

B nanHOM paszzaene HEOOXOAMMO PEIIUTh CIEAYIONTUE 3adauu:

* [Iposectu SWOT-ananus;

* BeimonHuTh IIaHUPOBAHNUE HAYYHO-UCCIIEI0BATENLCKONU PabOTHI;

* [IpoBecTu pacy€T OroKeTa HAYYHO-UCCIIEI0BATEILCKON PaOOTHI;

* [IpoBecTu pacu€T u OIIEHKY CpaBHUTEIbHON (PMHAHCOBOM 3(PPeKTUBHOCTH

HCCICAOBaHUA.
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4.1 lloTeHUAJIBbHBIE MOTPEOUTEIN PE3yJIbTATOB HCCJIEI0BAHUSA

B JTAHHOM HAy4YHO-UCCIIEI0BATENHCKON pabore U3y4aroTcs
ANEKTPOPHU3NIECKHE OCOOEHHOCTH BBICOKOYACTOTHOTO (PaKeNIbHOTO pas3psla,
TOpPSIIETO B aproHe.

K meneBbIM cermMeHTaM pbIHKA JAHHBIX MCCIIEIOBAHUN MOXXHO OTHECTH
METaJUTypru4ecKue IpeanpusTUs, MPEANPUATHS MUKPO3JIEKTPOHHON
MPOMBIIIUIEHHOCTH, a TaK)Ke TOCYIapCTBEHHYIO KOPIIOPAIUIO M0 aTOMHOM SHEPTrUu

«Pocatomy.

4.2 AHAJIN3 KOHKYPEHTHBIX TEXHHYECKNX pPelleHui

JleTanbHBIA aHAM3 KOHKYPHUPYIOIIUX pa3pabO0TOK, CYIIECTBYIOIIMX Ha
PBIHKE, HEOOXOUMO TTPOBOIUTH CUCTEMATHICCKH, ITOCKOJILKY PHIHKH ITPEOBIBAIOT B
MOCTOSIHHOM JIBI>KEHUU. TaKoW aHaliu3 MOMOTaeT BHOCUTh KOPPEKTUBBI B HAYYHOE
WCCJICIOBAaHUE, YTOOBI YCITeNTHEE MPOTUBOCTOSTH CBOMM COTEPHHKAM. BakHO
PEATMCTUYHO OLICHUBATh CHIIbHBIC U CJ1a0ble CTOPOHBI Pa3pabOTOK KOHKYPEHTOB.

OnenouHas kapta aHainuz3a mnpenacraBieHa B Tabmune 4.2.1. Ilo3unus
pa3pabOTKN W KOHKYPEHTOB OIIEHHWBACTCS IO KaKIOMY IMOKA3aTe0 SKCIEPTHBIM
MyTeM 10 NATHOaUTHbHOM 1IKaie, e 1 — Hanbosee ciiabas mo3uius, a S — Haubosee
cuinbHas. Beca mokazateneit, onpenenseMble SKCIIEPTHBIM ITyTeM, B CyMME JTOJKHBI

COCTAaBJIATh 1. AHamM3 KOHKYPEHTHBIX TEXHUYECKUX PELICHUN ONPENEISIETCS 10

bopmyie:

K = Z B, B;, (4.2.1)
rae K — KOHKypeHTOCTIOCOOHOCTh HAy4YHOU pa3pabOTKU UM KOHKYPEHTA,;
B;— Bec nmokazatens (B JOJISIX €IUHHUILIBI);

B;— 6a i-ro moka3zarens.
By — mpoIyKT, KOTOPBIH SABJISIETCS PE3yIbTaTOM JaHHOU paboThl, bk1 u bx2

— KOHKYPEHTHBIE pa3padOTKu
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Tabmuma 4.2.1 — OneHouyHas KapTa [Jisl CpaBHEHHsS KOHKYPEHTHBIX

TEXHUYECKUX penieHui (pa3paboTok)

Kpurepuu oueHkun Bec Bbanabl KoHKypeHTOCTIOCOOHOCTD
KpuTepus By | B | B K, K Ko
1 2 3 |14 |5 6 7 8
TexHUYeCKHEe KPUTEPUU OLIEHKH pecypcodPPeKTUHBHOCTH

1.ITomexoycTOHYHUBOCTh 0,1 5 4 | 3 0,5 0,4 0,3

2. 9KOJIOTUIHOCTh 0,18 5 3| 3 0,9 0,54 0,54

3.Hagexuocts 0,05 5 4 | 3 0,25 0,2 0,15

4.ITpocrota 0,1 5 3| 3 0,5 0,3 0,3

AKCIUTyaTaIiu

5.DKOHOMHUYHOCTH 0,09 5 313 0,45 0,27 0,27

JKOHOMHUYECKHE KpUTepuu OleHKH 3P PeKTHBHOCTH

1.KorkypeHTOCTIOCOOHOC 0,07 5 4 | 3 0,35 0,28 0,21

Th TIPOYKTA

2.YpoBeHb 0,07 4 | 5|5 0,28 0,35 0,35

MIPOHUKHOBEHUS Ha

PBIHOK

3.1lena 0,07 5 | 4] 4 0,35 0,28 0,28

4.IlpenmoaraeMblii CpoOK 0,08 5 51|15 0,4 0,4 0,4

AKCIUTyaTaIiu

5.ITocnenpoaaxHoe 0,06 5 3| 2 0,3 0,18 0,12

00CITyKUBaHUE

6.duHaHCUpOBaHUE 0,03 4 51| 4 0,12 0,15 0,12

Hay4YHOU pa3paboTKu

7.CpOK BBIXO/1a Ha PHIHOK 0,04 5 4 | 4 0,2 1,16 0,16
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8. Hamuume 0,06 4 |51 4 0,24 0,3 0,24
cepTuduKanuu
pa3paboTku
Hroro 1 62 |52 46| 4,84 3,81 3,44

[IpoBonuMbie B paboTe HCClIENOBaHUSA ANEKTPOPUINYECKUX OCOOECHHOCTEM

BBICOKOYACTOTHOTO (haKeIpHOTO pas3psia,

ropgamero B aproHe, ABJIAIOTCA

OIITUMAJIbHBIMU IJISI UCIIOJIb30BAHUSA B IMIPAKTHYCCKUX LCIIAX.

4.3 SWOT-anaaus

SWOT - Strengths (cunbHbie cTopoHnbl), Weaknesses (ciabble CTOPOHBI),

Opportunities (Bo3moxkHocTH) u Threats (yrpo3sn)

— TMpEeACTaBIseT CcoOOM

KOMILICKCHBIM ~aHaJIu3 HAaY4YHO-HCCJIICAOBATCIIbCKOTI'O IIPOCKTA. SWOT-ananu3

MIPUMEHSIOT JIJI1 UCCIIEAOBAaHNS BHEIIHEW U BHYTPEHHEN CpPEJIbI ITPOEKTA.

On IMPOBOAUTCA B HCCKOJIBKO 3TAIIOB.

HCpBBIfI 9Tal 3aKJI0YaeTcs B ONHCAHUM CHIBHBIX M CJIA0BIX CTOpOH

IIPOCKTA, B BBIABJICHUHU BO3MOKHOCTEH U yYIpo3 i pe€ajin3ali IIPOCKTa, KOTOPLIC

IMPOABUIINCH WUJIU MOTYT IIOSABHUTLCA B €TI0 BHEIIIHEH cpeac.

Pesynbratel nepBoro atana SWOT-ananu3a npeacrasieHs! B Tadmmie 4.3.1.

Tabmuma 4.3.1 — Matpuma SWOT

CuibHbIE CTOPOHBI
HAY4YHO-
HCCJIe0BATEIbCKOT0
NMPoeKTAa:

Cl. Huzkas

ce0eCcTONMOCTh

ATOMApHOTO ra3a-aproHa

Caabbie CTOPOHBI
HAY4YHO-
HCCJIe0BATENHCKOTO
NMpoeKTa:

Cinl.HenzyuyeHHOCTB
METO/1a U CJIOKHOCTH B

€ro pa3BUTUH
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C2. DKOHOMHYHOE
HCIIOJIb30BaHHE
AJIEKTPOIHEPT U H.

C3. KoMImakTHOCTB
YCTaHOBKH

C4. Ilpocrota MOHTaxa
YCTaHOBKH U

OKCILTyaTalu:.

Cn2.
aKTyaJbHOCTh

HUCCIIeI0BaHNMN

Huskas

Bo3moskHOCTH:
BI. [IpoBeneHue
TAJIbHEUIITNX
HUCCICIOBAHUI u
OTKPBITHE HOBBIX
MIEPCIICKTUB

B2.

Y CcoBepIIEHCTBOBAHUE
YCTaHOBKH

B3. CorpyanudectBo cC

Hay4YHBIMHU
HCCJIEI0BATEILCKHUMU
IIEHTPaMH

Yrpo3bl:

V1. TlosBnerue Ooiee

AKTyaJIbHBIX METOIAUK
¥2. Mansiii copoc Ha

YCTaHOBKY.

ITocne Toro kak chopmynupoBanbl yetbipe obsactu SWOT nepexonaum k

pcain3anu BTOPOTO 3Tarla.
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Btopoit 3Tanm coCTOMT B BBISIBICHHH COOTBETCTBUS CHIIBHBIX U CIAOBIX
CTOPOH HAYYHO-HCCIIEAOBATEIBCKOTO IIPOEKTa BHELIHUM YCIIOBUSAM OKPYKAOLICH
Cpelbl. DTO COOTBETCTBUE WIIM HECOOTBETCTBUE JOJKHBI IOMOYb BBISIBUTH CTEIICHb
[Ipumep

HEOOXOIMMOCTH U3MEHEHUIA.

MPOBENCHUSI  CTPATETUYCCKUX
WHTEPAKTUBHOW MaTPUIIbI IPOEKTA Mpe/IcTaBiIcH B Tadbnuie 4.3.2.

Tabmumna 4.3.2 — UHTepakTHBHAs MaTpHUIla MPOEKTa

CuitbHBIE CTOPOHBI TPOEKTA
Bo3MoxHocTH Cl C2 C3 C4
IIPOEKTa Bl + + + +
B2 - + + +
B3 - - - -
Crna0Obie cTOpOHBI IPOEKTA
Bo3moxnoctu Cn.1 Cn.2
IIPOEKTA Bl - -
B2 - -
B3 - -
CuiibHBIE CTOPOHBI IPOEKTA
VYrpo3bl Cl C2 C3 C4
npoekta | Y1 - - - -
y2 - - - -
Cna0Obie CTOpPOHBI MPOEKTA
Yrpo3sl Cn.1 Cn.2
IIPOCKTa Vi + +
y2 - -

45



AHanu3 UHTEPAKTUBHBIX TAOIUIl MpeACTaBseTcs B (hOpMe 3aMUCH CUIBHO

KOPPEIUPYIOMINX CHIBHBIX CTOPOH M BO3MOXKHOCTEM, WJIM CJIa0bIX CTOPOH U

BO3MOKHOCTEH M T.AO. Ka;xz:aﬂ 13 3amnuceu MnpeaAcCTaBJsICT coboit HaIIpaBJICHUC

peanu3aiyy mpoeKTa.

B paMKaxX TpPCTBCTO JTalla JOJIKHA OBITH COCTaBJICHA HMTOTOBAs MaTpuia

SWOT-ananm3a, koTopas IpUBOAUTCS B OakagaBpckoii padote (tabmuna 4.3.3).

Tab6muma 4.3.3 — UtoroBas matpumia SWOT — ananmza

CuibHbIE CTOPOHBI
HAY4YHO-
HCCJIeI0BATEIbCKOI0
NnpoeKTa:

C1. Huzkas
ce0eCTOMMOCTD

4ATOMAapHOI'0 I'ada-aproHa

C2. DKOHOMUYHOE

Caa0ble CTOPOHBI
HAY4YHO-
HCCJIeI0BATEIHCKOT0
MPOeKTAa:

Cnl.HensyuenHocts
METO/1a U CIOKHOCTH B
€ro pa3BUTHH

Cn2. Huskas

UCII0JIb30BaHUE aKTyaJIbHOCTb

AJIEKTPOIHEPTUU. MCCIIEIOBAHUM

C3. KommnakTHOCTB

YCTaHOBKHU

C4. Ilpocrora MOHTaxa

YCTaHOBKHU U

JKCIUTyaTalusl.
Bo3moxHocTH: Pe3ynbTaThl aHanuza | Pe3ynpraThl aHanmsa
Bl. [IpoBeneHNE | MYHTEPAKTUBHOM MATPHUILIbl | HHTEPAKTUBHON MaTPULIbI
JNaJIbHEN X IIPOEKTa noJier | mpoekta nosierd «Cralble
UCCIIEIOBAHUN U | «CWIBHBIE CTOPOHBI U | CTOPOHBI u
OTKpBITHE HOBBIX | BO3BMOKHOCTH: BO3MOXKXHOCTH». B CBOIO
NEPCIIEKTUB [IpoBenenuro odepellb HE U3YYEHHOCTD

JNANbHENIINX METO/a, a TaKXe HU3Kas

UCCJIEI0BAHUIO U | aKTyaJIbHOCTD MOXKET
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B2. OTKPBITHIO HOBBIX | BHECTH MHOTI'O
Y CcOoBEpIIEHCTBOBAHNE [IEPCIEKTUB, TpyAHOCTEH mpu paboTe ¢
YCTaHOBKH YCOBEPILIEHCTBOBAHUIO YCTaHOBKOM "
B3. CoTpyaHUYecTBO C | YCTaHOBKH u | pa3paboTke HOBBIX
Hay4YHBIMU COTPYJIHUYECTBY C | IPOEKTOB.
UCCIIEN0BATEIbCKUMHU Hay4YHBIMHU
LIEHTPaMH HCCIIEIOBATEIIbCKUMHU

LHEHTPaMH MOTYT

[OCIIOCOOCTBOBATH BBIILIE

[IEPEUYNCIICHHBIE CUJIBHBIE

croponsl HUII, Takne kak

NENIEBU3HA, IPOCTOTAa W

KOMITAKTHOCTb.
Yrpo3ssi: Pesynbrats aHanusa | Pesynprarsl aHan3a
V1. IlosiBnenue Oomee | MHTEPAKTUBHON MATPUIIbI | HHTEPAKTUBHOM MaTPUIIbI

AKTYaJIbHBIX METOIUK
Y2. Maneii cnpoc Ha

YCTaHOBKY.

MPOEKTA ToJIe

«CuibHBIE  CTOPOHBI M

yTPO3bI»
Yrpo3el cnabo BIUSIOT
HAa CWIbHBIE CTOPOHBI
IPOEKTA, TaK KaK
IPUCYTCTBYET
BO3MOYKHOCTh ee
YCOBEPIIICHCTBOBAHMS U
IIPOBEICHUS HOBBIX
OTIBITOB.

npoekTa noiyie «Craadbie
CTOPOHBI U YTPO3bI»:
MOTYT OTPHIIATEIHHO

CKa3aThbCid Ha pCain3alin

JJAaHHOM  YCTaHOBKM B
HAay4YHO-
HCCIIEI0BATEIbCKOU
JESITEIbHOCTH, TAaK Kak
MaJibIi CIIpOC 151
MOSIBJICHHE Oonee
AKTyaJIbHBIX METOJIUK
MOTYT CBITPAaTh  CBOIO
pOJIb.
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N3 tabmumuer SWOTananu3a MOXKHO BBIJICNIHTh, YTO HCCJICIOBAHUA,
IPOBOAMMEBIE B paboTe, MOTYT CTOJIKHYThCS C MpoOJieMaMu peanu3aliil JaHHOU
YCTAaHOBKU B Hay4YHO-UCCJIEI0BATEIbCKON JEATEIBHOCTH, TaK KaK Majblii CIIPOC U
MOSIBJIICHHE 00Jiee aKTyallbHbIX METOJMK MOTYT ChIrpaTh CBOIO poib. C npyroi
CTOPOHBI, TIPOBEJICHUIO JAJbHEHIINX UCCICAOBAHUM U OTKPBITUIO HOBBIX
NEPCIEKTUB, YCOBEPIICHCTBOBAHUIO YCTAHOBKU M COTPYIHHUYECTBY C HAYYHBIMU
UCCIIEIOBATENIbCKUMHU [IEHTPAMHU MOTYT MOCIIOCOOCTBOBATH BBIIIE MEPEUNCICHHbBIC

CUJIbHBIC CTOPOHBLI, TAKHUC KaK JCHICBU3HA, ITPOCTOTA U KOMIIAKTHOCTD.

4.4 IlnanMpoBaHUe HAYYHO-MCCIe0BATEIbLCKUX PadoT

B nmanHOM pa3znene HEOOXOIUMO COCTABHTH IEPEUEHBb ATANOB M padoOT B
paMKax TIPOBEJCHHUS HAy4YHOTO HCCIICJIOBAHMS, IIPOBECTH PpacHpeielICHUE
UCIIOJHUTENeH 1Mo BuJaM padoT. [IpuMepHBIM MOPSIOK COCTABJICHHUS ATAlloB U
paboT, pachpeaeieHne HWCIONHHUTENCH 1O JaHHBIM BHAAM padOT TPUBEICH B
tabiuue 4.4.1

Tabnuua 4.4.1 — [lepedens 3TanoB, paboT U paclpeAesIieHUe UCTIOTHUTENEN

OCHOBHBIE 3TaIbl Ne Copeprxanue padboT JIOJKHOCTD
pao. WCTIOJTHUTEIIS
Pa3zpaboTtka 1 Cocrasrienue u yrBepxaeHue | PykoBoaurenb
TEXHUYECKOTO TEMBbI JUIIOMHON pabOThI
3a/1laHus

2 AHanu3 akTyaJIbHOCTH TeéMbI | PykoBOauUTE!b,

CTYJIEHT
Br16op HampaBieHus 3 [Touck u n3yuenue PykoBoauTens,
UCCIIEIOBAHUIM MaTepHaiia 1o Teme CTYJIEHT
4 | BeiOop HampaBieHUs PykoBoaurenn
UCCJIeI0BAHMUS
5 | Kanenmapuoe miianupoBanue | PykoBonuresnb
paboTt
6 [TonGop HOpMATUBHBIX PykoBonurens,
JIOKYMEHTOB CTYJIEHT
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7 N3yuenune CryneHt

AKCIIEPUMEHTATLHON
METOTUKU
TeopeTnueckue u 8 Hccnenoanue mexannsmoB | PykoBogurens,
AKCIIEPUMEHTAIbHBIC oOpa3oBaHMsI KpaTepoOB Ha CTYIEHT
WCCIIETOBAHMS MTOBEPXHOCTHU CTAJIH TIPU
JIA3€PHOM BO3JEHCTBUU
O60011eHne 1 9 AHau3 pe3ynbTaToB PykoBoauTens,
OIICHKA PE3yJIbTAaTOB CTYIEHT
10 | 3akmrouenue CryneHnt
11 | Odopmnenue CryneHr
MOSICHUTEIFHON 3aITUCKU K
BKP

12 | [Toarororka k 3amure BKP Crynent

4.4.1 Onpeaesnenne TPy10eMKOCTH BbINIOJTHEHUS padoT

TpynoBbie 3aTpaTbl B OOJIBIIMHCTBE ClIydasiX 0Opa3yrOT OCHOBHYIO 4YacCTb
CTOMMOCTH DPa3pabOTKH, MO3TOMY Ba)KHbIM MOMEHTOM SIBJISIETCS OTpE/EICHHE

TPYyAOCMKOCTHU pa60T KaXX0T0 N3 YHaCTHHUKOB HAYUYHOI'0 UCCIICAOBAHMNA.

3tmini T 2tmaxi
by = min i . maXl’ (4.4.1.1)

r1iet o — OKHUIAEMAs TPYIOCMKOCTh BBITTOJIHEHUS 1-01 pabOTHI Yes.-TH. ;

tmini — MUHUMAJILHO BO3MOXKHAs TPYJAOEMKOCTb BBITIOJHCHHS 3aJaHHON i-0if
paboThI (ONTUMHUCTUYECKAS OIIEHKA: B MPEIOJIONKEHUN Hanbosee 6J1aronpusTHOTO
CTCUYCHHS OOCTOSITEIIBCTB), YEI.-TH. ;

tmaxi — MAKCUMAJIbHO BO3MOJKHASI TPYAOEMKOCTh BBIMTOJIHEHHSI 3aJaHHOM 1-0if
paboTel  (IecCUMHCTHYECKass  OICHKA: B TMPEANOJOXKEHUH  Hauboliee
HEeOJIaronpusiITHOTO CTEYEHUS OOCTOSTEIBCTB), Y.~ /TH.

toxci

Tp; = 4.4.1.2
Pi LIL ) ( )

rne Tp; — IPOJOIDKUTEIBHOCTH OJHOUM PaboThI, pad. JH.;

toi— OKHJIaeMasl TPYIOEMKOCTb BBITIOJIHEHHS OJJTHOM paboThI, Yes.-/H.;
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l‘Ii — YUCJIICHHOCTB HCHOHHHT@HCﬁ, BBIITOJIHAIOIKUX OAHOBPEMCHHO OIHY U TY KC

paboTy Ha JaHHOM dTarie, yed.

4.4.2 PazpaboTka rpauka npoBeJeHHsI HAYYHOI'0 UCCJIeJOBAHMSA

I[J'ISI y,Z[O6CTBa ITOCTPOCHHUA I‘pa(I)I/IKa, JINTCIIBHOCTh KaXKA0Iro U3 3TallOB

paboT u3 pabouux [HEH cleqyeT MEepeBecCTH B KaleHAapHble THU. [ 3Toro

HE00XO0MMO BOCIIOJIb30BAThCS cieayroen Gopmymnoit:

Tyi = Tpi * Kyan

(4.4.2.1)

rjae Ty;— MPOJIOJDKUTEIBHOCTD BBITOJIHEHUS I-i pabOThI B KAJICHIAPHBIX JTHSX;

T

KOA(D(PUIIMEHT KalTeHIapHOCTH.

pi — TPOJOIKUTENBHOCTh BBINONHEHHS i-H pabOThl B pab0uuX IHAX; Koy

KoadduimeHT kanengapHocTu onpeaessieTcs o cieayolieit hopmyie:

k}caﬂ -

TKaJ'[

TKaJl - TBLIX

— Tnp

1€ Tyy,— KOTMYECTBO KAJICHAAPHBIX JHEN B TOMY;

T4.x — KOJIMYECTBO BBIXOJHBIX JHEU B TONY;

Tup

— KOJIMYCCTBO IIPpa3aAHUYHBIX I[Heﬁ B TIronay.

(4.4.2.2)

Paccuutannbie 3HauYeHHS B KAJICHOAAPHBIX JHAX II0 K&)K,Z[Oﬁ pa60Te

T, ;He00X0UMO OKPYIJIUTh A0 LEJIOT0 YHCTA.

Bce paccunTaHHble 3HAYEHUS HEOOXOJIMMO CBECTH B TaOnuily (Tadnuma

4.4.2.1).
Tabnuua 4.4.2.1. — BpeMeHHbI€ MTOKa3aTeNN MPOBEACHUS HAYYHOTO UCCIIEI0BAHUS
Ha3zBanue TpynoemkocTs padoT | Ucnionnutenu | InurensHocTs | JnuTensHOC
paboThI tmins | tmaxe, 9671 | o) pabor B Tb paboT B
yeu- TTHU qel- pabouux IHAX | KaJleHIApHBI
JTHA JTHUA Tpi X JHAX
TKi
Cocrasnenue u
YTBEPKJICHUE
TEMBI 3 8 S P S 8
JTUTUIOMHOMN
paboThI
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AnHanus
aKTyaJbHOCTHU
TEMBI

3,6

P,C

1,8

Ilouck u
U3y4YCHUE
Marepuana mno
TEeMe

6,6

P,C

3,3

Bri0op
HaIpaBJICHUS
MCCIICTOBAHMSI

4.8

4,8

Kanennapnoe
IJIaHUPOBAHUE
pabor

ITon6op
HOPMATHUBHBIX
JOKYMEHTOB

6,6

P,C

3,3

N3yuenune
DKCIIEPUMEHTA
JBHOU
METOJUKH

13

8,8

8,8

13

[IpoBeneHue
HCClIeI0BaHUI

25

15,4

P,C

7,7

12

AnHanus
pe3yJIbTaTOB

14

P,C

3aKIroueHue

13

8,2

8,2

13

Odopmienue
MOSICHATEITLHO

U 3aIMCKU K
BKP

21

12,6

12,6

19

Iloaroroska K
szamute BKP

14

9,8

9,8

15

Hroro:

91,4

72
P/C37/66

110
P/C57/102

Juarpamma ["aHTTa — rOpU30HTAIBHBIN JIGHTOYHBINH Tpaduk, HA KOTOPOM

paboThl MO TEMe TMPEACTABISIIOTCS MPOTSIKCHHBIMA BO BPEMEHU OTPE3KaMHU,

XAPAKTCPU3YIONIUMHUCS JJaTaMU Hadalla 1 OKOHYAaHUS BBIIIOJIHCHUS JTaHHBIX pa60T.

Jns ynoGcTBa nmoctpoeHus rpaduka, JIUTEIbHOCTh KaX0T0 U3 ATAloB padoT U3

pa60‘-II/IX I[Heﬁ CJICAyCT NCPCBCCTHU B KAJICHAAPHBIC THHU, BCC 3HAUYCHHA 3aHCCCHLI B

tabnuiy 4.4.4.2..
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Tabnuna 4.4.4.2 — Kanengapusiii mnan-rpadux nposeaenus BKP mo teme

Ne pabor Bup pabot Ucnonnurenn i [Tpoa0omKUTETLHOCTD BBITIOTHEHUS padoT
Kal. - henp. MapT anpeb Maii MIOHb
2 3 1 2 3 1 2 1 1 2
1 CocraBiieHHE U YTBEpKIECHUE p 8 V//
TEMBbI JUIUIOMHOU paboThI

2 AHanu3 aKTyajJbHOCTU TEMbI

P,C 3
3 [Touck u u3yyeHue Marepuaina P C 5

o TeMe ) 2
4 Be16op HanpasineHus 5 7/A
UCCIIEIOBaHUS P
[
5 Kanennapnoe mianupoBanue P 3 z
pabor
6 [TonGop HOpMAaTUBHBIX .
JIOKYMEHTOB P,C 74
7 N3yuyenue sKCcriepuMeHTAIIbLHON C 13 -
METOTUKH
8 [IpoBenenue uccnenoBanuit P,C 12
9 AHanu3 pe3yiabTaToB P.C 6
10 3akJroueHue C 13
11 OdopmiieHre MOSCHUTEIBHON C 19 -
3anucku kK BKP

12 IToaroroBka k 3ammte BKP C 15

B - crynent —PYKOBOIUTENb
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4.5 broakeT HayYHO-TeXHH4YecKoro ucciaenosanus (HTH)

[Tpu mranuposanuu Oromxera HTU nomkHO ObITE 00€CIEYeHO MOJIHOE U
JIOCTOBEPHOE OTPAXKEHUE BCEX BUIOB PACXO0B, CBA3aHHBIX C €T0 BBINOJHEHUEM. B
npotuecce popmupoBanus 6toxera HTU ucnons3yercs cieayromnias rpynnupoBKa
3aTpar Mo CTaThSIM:

e MarepuanbHble 3aTpaTel HTU;

® 3arpaThl HA  CHOCNHAIBHOE  O0OOpYyJOBaHWE IS HAy4YHBIX
(9KCTIepUMEHTANBHBIX ) padoT;

® OCHOBHAas 3apa0OTHas IJIaTa UCTIOJHUTENEH TEMBI;

® JIONOJIHUTENIbHAsS 3apab0THAs MJIaTa UCTIOJIHUTENICH TEMBI,

® OTUYHCIIEHUS BO BHEOIOKETHBIE (POH/IBI (CTPAXOBBIE OTUUCIICHUS);

HAKJIAIHbIE PACXO/IbI
4.5.1 Cpipbe, MaTepHuaJIbl, HOKYIIHbIE H31eJUs U M0y (PadpuKaThl

B aTy crarbio BKIIOYAIOTCS 3aTpaThl Ha MNPUOOpPETEHHE BCEX BUIOB
MaTepHaioB, KOMIUICKTYIOIIUX HW3JIETUH U Moy (padpuKaToB, HEOOXOIUMBIX [IJIs
BBIMOJIHEHMsI paboT mo aaHHOM Teme. KonmuecTBo mOTpeOHBIX MaTepHadbHBIX
[IEHHOCTEH OIpeiemsieTcs 0 HoOpMaM pacxoa.

Pacder maTepranbHBIX 3aTpaT OCYIIECTBIIICTCS IO CICAYIONIECH opmyie:

m
C, = (14 kp) Z I1; - Nyaexi (4.5.1.1)
i=1

r7ie M — KOJMYECTBO BHUJIOB MaTEPUAILHBIX PECYPCOB, MOTPEOIIEMBIX TPH
BBINOJIHEHUY HAYYHOT'O UCCIICIOBAHUS;

Npacxi — KOJTHYECTBO MaTepHalIbHBIX PECYpPCOB 1-0ro BUA, IIAHUPYEMBIX K

ZuT.0.);

VCITOJIB30BAHUIO [P BBINOJHEHUN HAYYHOT'O UCCIEN0BAHUS (IUT., KT, M, M
L1 — meHa npuoOpeTeHus €AMHUIIBI I-0T0 BHJ1a TOTPEOIISIEMBIX MATEPUATBHBIX

pecypcos (py6./wr., py6./kr, pyo./m, py6./M? u T.11.);
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kr — ko3dduIMeHT, YYHTHIBAIOIIUH TPAaHCIOPTHO-3arOTOBUTEIHHBIE
pacxojibl, IPpUHUMAIOTCA B nipenenax 15-25 % ot croumocTu marepuanos. [Ipumem
kr paBubiM 0,2.

Pacuet croumocT MaTepHaibHBIX 3aTPaT MPOU3BOAUTCS MO IEUCTBYIOLIUM
NpeCKypaHTaM WM JOTOBOPHBIM II€HaM. B CcTOMMOCTh MaTepuaibHBIX 3aTpar
BKJIFOYAIOT TPAHCIOPTHO-3ar0TOBUTEIbHBIE pacxoibl (3 — 5 % oT ueHsl). B aTy xe
CTaThlO BKIIOUAIOTCS 3aTpaThl Ha O(QOpMIICHHE TOKyMEHTAIMU (KaHIICISIPCKHUE
MPUHAIIICKHOCTH, TUPAKUPOBAHUE MaTepuasoB). Pe3ynabTaThl 0 JaHHOUM cTaThe

3aHocATcs B Tabnuny 4.5.1.1.

Tabmuua 4.5.1.1 — MarepuanbHble 3aTpaThl

Ilena 3a en.,
HaunmenoBanue KonuuectBo, mrt. Cy, pyo.
pyo.
[ITapukoBas pyuka 1 40 48
Terpaas popmara A4 1 300 360
Uroro: 408

Ha cratpio "CnenobopynoBanue" st pa3pabOTKu U SKCIIEPUMEHTATBHBIX
paboT OTHOCSTCSA 3aTpaThl Ha MNPUOOpPETEHWE, W3TOTOBJICHHUE, apeHay WU
aMOPTHU3AIIMOHHBIE OTYUCIICHUS CIEIUaIbHBIX MPUOOPOB, YCTPOUCTB U T.1. Ilpu

BBITIOJTHEHUHU JJAHHOW pa0O0THI BCE UCIONIB3yeMOe 000pyI0BaHNE COOCTBEHHOE.
CyMMa aMOPTH3AaIMOHHBIX OTYMCIEHUW PACCUHUTHIBAETCS IO CIEAYIOLIEH
bopmyie:

-H -o. -t
Ca:zinll&m@a 8i
¢

(4.5.1.2)

el
rie [{6an — CTOUMOCTS I-T0 B 000PYA0BaHUs, PyoO;
Hg— HopMa rooBbIX aMOPTU3aLIMOHHBIX OTUYUCIICHUM;
gi— KOJIMYECTBO €IUHMII I-r0 BHJa 000PYI0BAHUS;

t— Bpems paboTHI I-ro Bua 000py10BaHHUS;
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Dr¢h — > dexTuBHbIA GOHT BpeMEHH PabOTEI 000PYIOBAHUS.

OddexrtuBnpiii  ponn padodero BpeMeHU Prgh PACCUUTHIBAECTCA I10

cienyroieit hpopmyie:

®3d) = (®sz

D).k

cm

np,8bixX

‘K

HNn

rae Dxqp— KOMUYECTBO KAJIICHAAPHBIX THEN B TOAY, THU;

(4.5.1.3)

Dpp,6bix— KOTMIECTBO MPA3THAYHBIX U BHIXOJHBIX THEN B TONY, IHH;

Key— xoaddumerT cMeHHoCTH (B 1aHHOM ciydae Kepy=1);

Kz n.— ko umment HeyaT€HHBIX TOTEph (Kzy. n=20-30 %).

OddexTuBHBIN PoHA pabodyero BpeMeHu coctanisieT 250 qHe.

Tabmuma 4.5.1.2 — Pacuér 3aTpar mmo crarbe "CrnenobopynoBanue"

HanmenoBanne | CToumMocTh Hopma Bpewms Cymma

o0opynoBaHusi | 000pyIOBaHUs, | AMOpPTH3a | UCIOJB30BAaH | AMOPTU3ALMOHH
pyo. 1005078 us, 4ac BIX OTYHCIICHUH,

% pyo.

Kommnrsrorep 20000 25 300 250

bamnon c | 3900 22 15 2

Apronom

Ocmmmmorpad | 39425 17 30 34

YHUBEPCAJIbHBIN

C1-68

CriektpomeTp 98994 20 50 165

Hroro no cratee C, 451

3aTpaTsl

Ha TOTPEOIIEMYIO DIIEKTPOIHEPTHUIO

cienyrwlieit hopmyie:

rae Wy— ycTaHoBjIeHHast MOIHOCTh, KBT;

C,, =W, -1, -S,

Tg— Bpems paboThI 000PYIOBaHUS, YaC,

Sos— Tapud Ha IEKTPOIHEPTHUIO.

PaCCYUTBIBAIOTCA 110

(4.5.1.4)
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Tapud B 2020 B ToMcKko# 0671aCTH Ha AJIEKTPOIHEPTUIO COCTABISET — 2,28
py6/kBt-uac. Pacuér 3arpar Ha moTpebiaseMylo 3JIEKTPO3HEPIUIO MPEACTaBIEH B

tabmnurte 4.5.1.2

Tabnuma 4.5.1.2— Pacuét 3aTpart Ha MOTPEOIIEMYIO JIEKTPOIHEPTUIO

HaumenoBanue MommHoCcTh [IponomxurensHoc | Cymma,
o0opy10BaHUs npubopa, kBT Thb pa0bOTHI, Yac pyo.
Komnsrorep 0,3 280 191,52
Jlamrta THEBHOTO 0,4 500 456

ocBereHus (81T.)

Ocuunorpad 0,2 30 13,68
CnekTpomeTtp 0,2 50 22,8
Hroro o cratee C, 684

4.5.2 OcHoBHas 3apadoTHAs MJIATA UCIOJHUTEEH TeMBbI

Cratbsi  BKJIIOYAET OCHOBHYIO  3apabOTHYIO IUIaTy  paOOTHHKOB,
HETOCPEICTBEHHO 3aHATHIX BbImosHeHneM HUP, (Bkmrouass mpemuu, AOTIIATHI) U
JOTIOJTHUTENBHYIO 3apabOTHYIO TUIATY.

Con = 3oen T+ 3,qon (4521)
riae 3,.,— OCHOBHasl 3apaboTHasl 1iata, pyo.;

3 jon — AOIOJIHUTENLHAS 3apa0dOTHas u1ara, pyo.

OcHoBHy10 3apaboTHYIO 1aTy pykoBoautens HUP moxxHo paccunrtarh mo
cienytonieit hopmyse:

Bocn = 3au * Tpas (45.2.2)
rae 3,y — CpeaHenHeBHas 3apaboTHas maTa paboTHHKA, PYO.;

Tpas — TPOIJOIDKUTENBHOCTL PAOOT, BBINOJIHAEMBIX HAYYHO-TEXHHYECKUM

paboTHUKOM, pad.JH.
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Jlns pykoBoauTens: 3,., = 1688,75 X 28 = 47285 pybsen

Jlns unkenepa: 3,5, = 910,29 X 96 = 87387,84 pybsen

CpennenneBHass 3apa0oTHasl IUiaTa paOOTHUKA PacCUUTHIBAECTCA IIO
dbopmye:

3

= 2M3 19)
A

m = g
rae 3y — MECSYHBIN TOJDKHOCTHOM OKJIan paboTHUKA, PYO.;
M — KoJIM4YecTBO MecsIeB paboThl 0€3 OTITyCKa B TE€YEHUE Toja, JTH.
F, — pacueTHblii rogoBo# GoHA pabodero BpeMEHU IEPCOHana (B paboumx
JTHSIX ).
KomndecTBo MecsieB paboThl 6€3 OTIMycKa B TEUCHHUE TojIa TIPH OTIYCKE B

56 naen cocraBisaer M = 10,2 mecsia. Torna,

IUTSL PYKOBOJIUTETIS: 3 = W = 1688,75 pyobsen

17418,24%10,4

IJIs MHDKEHepa: 3, = ey = 910,29 py6sien

Tabnuna 4.5.2.1 — PacueTHblit T010BOI QOH paboyero BpeMeHu

[TokazaTenu pabouero BpeMeHu PykoBoautens | MHxeHep

KanennapHoe uncio aHei 366 366

KonuvecTBo Hepabouux nHen

-BBIXOJHBIE THU 104 104

-IIpa3AHUYHBIE THU 14 14
[Toka3zaTenu paboyero BpeMeHu PykoBonutens | WnxeHep

[ToTepu pabouero BpeMeHu: - OTIYCK 48 48

- HEBBIXO/IBI 110 OOJIE3HU — —

JleficTBUTENBHBIN r010BOM (OHA paboyero BpeMeHu 199 199

MecsuHbIi TOKHOCTHOM OKJIa] paOOTHUKA PACCUUTHIBAETCS 1O (HOpMyJIE:
By = 3¢ + (Knp) * Kp, (4.5.2.3)

riae 3. — 3apaboTHas miaTa o TapudHoOi cTaBke, pyo.;
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Kpp — NPEMHUAIbHBIA KOIQGUIMEHT (MHAMBUIYATBHO CTHMYJUPYHOIIAs

no6aska(MICH)), pasasriit 20% ot 3,;

K, — paiioHHbIN K03 puunent, pasuslii 1,3 1 Tomcka,

3apabotHas miata 3,10 TapudHOW cTaBKe (OKJIad) MOIEHTA, KOHIUIATa
HaykK —23264,86 py0., accuctenta - 13824 py6., cornacuo «Ilonoxenuro o0 oruiare
Tpyza» TIIY

PaboTHMKaM, UMEIOIIMM YYEHYIO CTENEHb YCTAHABIMBAETCS €KEMECSIUHAs
noruiaTa: kKagauaaty Hayk — 7 000 pyOmeid, yarem 3To Mpu pacuete 3,,.

3, = 23264,86 + (4652,97) * 1,3 + 3000 = 32313,72 py6.

3, = 13824 4+ (2764,8) * 1,3 = 17418,24 pyO.

PesynbraThl pacyeTa OCHOBHOM 3apaOOTaHHOW TMJIATHI MPEACTABICHBI B
tabimue 4.5.2.2.

Tabmuma 4.5.2.2 — Pe3ynbTaTsl pacueTa OCHOBHOM 3apab0TaHHOM IUIATHI

3Tc; 3M; 3)1H1 Tpa6 300}1,
Hcnonaurenn Kip Kp
pyo. pyo py0. |pal. aH. pyo.
PykoBoautens (23264,86|4652,97 (1,3 |32313,72|1688,75| 28 47285
Nuxenep 13824 | 2764,8 | 1,3(17418,24| 910,29 96 87387,84

Htoro 3ocx 134672,84

JlonosHuTENbHAS 3apab0THAs IJ1aTa BKIIIOYAET OIIaTy 3a HEpopaboTaHHOE
Bpemsi (ouepenmHOM W y4eOHBI OTIYCK, BBINIOJIHEHWE TOCYAapCTBEHHBIX
00513aHHOCTEM, BBITIIIATa BOSHATPAYKICHH 3@ BBICIIYTY JIET U T.I1.) U PACCUUTHIBACTCS
ucxoas u3  10-15% oT ocHOBHOM 3apabOTHOM  1IaThl, PabOOTHUKOB,
HETMIOCPEICTBEHHO YYaCTBYIOIIUX B BBHITIOJTHEHUE TEMBI:
Bnon = 3ocu * Knoms (4.5.2.4)
ra€ 3, — AOMOJHHUTENbHAS 3apa00THas ara, pyo.;

K on— KOODPUIIMEHT TOMOJHUTENBHOMN 3apIUIaThl;

A
3ocu — OCHOBHas 3apaboTHas 1iaTa, pyo.
Js pykosomurens: 3,,, = 47285 * 0,1 = 4728,5 py6.sien

Jns nmxenepa: 3,,; = 87387,84 * 0,1 = 8738,784 py6siei
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4.5.3 OT4uc/ieHUs] BO BHeOIOI:KeTHbIE (POH/IBI (CTPAXOBbIe OTYHMCIEHHA)

B nanHOl cTaThe pacxoioB OTpaxkaroTcsl 00s3aTelbHbIE OTYUCICHHS IO
YCTAaHOBJICHHBIM 3aKOHOJATeNbCTBOM Poccuiickon @enepanuyn HOpMam OpraHam
rocyaapcTBeHHoro comuanbHoro crpaxoBanus (OCC), nencuonnoro ¢ouaa (I1D)
U MeIuIMHCKOTO cTpaxoBaHus (POOMC) ot 3aTpaT Ha omIaTy TpyJia pabOTHUKOB.

Benuunna oturicnenunii BO BHEOIOKETHBIE (POH]IBI OTIPEACIISETCS UCXOS U3

cienyroueit hopMmyIbl:

CBHe6 = kBHeG : 306111’ (4531)
C...c =0,302-134672.84 = 40671,198 pyo.
rae Kees = 30,2% — xodhQUIMEHT OTYUCICHHH HaA yIUIAaTy BO

BHEOMOKeTHBIE (POHIBI (TEHCHOHHBIN (OH, (DOH 00s3aTEILHOTO MEAUITMHCKOTO

CTpaxoBaHUs U Mp.).

4.5.4 HaksiagHble pacxo/bl

Haknannele pacxoipl YYUTHIBAIOT IPOYME 3aTpaThl OpraHU3allUM, HE
MOMNaBIIME B TPEAbAYIIUE CTaTbU PACXOJOB: TMe4YaTh M KCEPOKOMUPOBAHUE
MaTepHaIoOB MCCJIEAO0BAHUA, OIUIaTa YCIYT CBSI3M, AJEKTPOIHEPTUM, MOYTOBBIC U
tenerpadHbIe PacXo/Ibl, pa3MHOXKEHHUE MATEPHAIIOB | T.]I.

Haxnannasie pacxoasl coctaBiusitoT 80-100 % oT CymMMBl OCHOBHOW U
JOTIOJITHUTEIPHOM ~ 3apa00THOM  TIaThl,  paOOTHUKOB,  HEMOCPEIACTBEHHO
Y4aCTBYIOIIUX B BBITIOJITHEHUE TEMBI.

Pacuer naknmagHBIX pacxoJ0B BelETCS MO Cienyroniei hopmysie:

C J'l: aKJ'l.(3

Hak.

+3.), (4.5.4.1)

OCH

r71€ Kiaxn — KOA(DGUIIUEHT HAKIIATHBIX PACXOIOB;

C,.. =08-148140124=1185121py6.
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4.5.5 ®opmMupoBaHMe OHOMXKETa 3aTPAT HAYYHO-MCCIECA0BATEIbCKOIO

NPOEKTA

PaccuntanHas BenMuMHA 3aTpaT HAYYHO-HCCIIEJOBATENIbCKON pabdOThI

(Tembl) sIBIIsIETCA OCHOBOM 7151 hOpMUpPOBaHUs OIOJKETA 3aTpaT MPOEKTa, KOTOPHIi

npu GOPMHUPOBAHUHU JTIOTOBOPA C 3aKa3YMKOM 3allIUIIACTCS HAYYHOU OpraHu3aiueit

B KauecTBE HIKHEro IMpejesia 3aTparT Ha pa3pad0TKy HAayYHO-TEXHUYECKOU

MPOYKIIUU.

Onpenenenue OOIKeTa 3aTpaT HA HAYYHO-HCCIEA0BATEIbCKUN MPOEKT IO

Ka)XJIOMY BapUAHTY UCTIOJHEHUS MpuBeeH B Ta0m. 4.5.5.1

Tabnuua 4.5.5.1 — Pacuer Groxeta 3atpat HTU

HaumenoBauue craTthbu

Cymma, pyo0.

[Ipumeuanue

1. MarepuanbHbie 3aTpaThl

HTHU

408

2. 3aTpathl Ha
CTICIIHAILHOE
o0opyT0BaHUE IS
HAYYHBIX
(?KCIIepUMEHTATBHBIX )

pabot

451

3aTpaThl Ha MOTPEOISIEMYIO

AIEKTPOIHEPTHIO

684

nyHKkT 4.5.1

3. 3arpaThl MO OCHOBHOM
3apaboTHOM TIaTe

UCIOJHUTEJIEN TEMBI

134672,84

nyHKT 4.5.2

4. OTunCiIeHNSA BO

BHEOIOKETHBIE (DOH/IBI

40671.198

nyHKT 4.5.3

5. Hakmamablie pacxoibl

118512,1

nyHKT 4.5.4

6. bromxer 3atpar HTU

295399,14

nyHKT 4.5.5
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4.6 Omnpenenenne pecypcHoii (pecypcocoeperaromnieii), ¢puHaHCOBOI,

OI0/IKEeTHOM, COLHAIBLHON U IKOHOMHYeCKOH 3 PeKTUBHOCTH HCCJIe0BAHUSA

Onpenenenre 3G (EKTUBHOCTH TPOUCXOJUT HA OCHOBE pacyera
WHTETPAIBHOTO TIOoKazaTens d(Q(QEKTHBHOCTH HAyYyHOro WccieaoBanus. Ero
HaXOXJICHWE CBS3aHO C OMNpEACNICHUEM [BYX CpPEIHEB3BEIICHHBIX BEIUYUH:
buHaHCOBOM 2P HEKTUBHOCTH B pecypcodhHEKTHUBHOCTH.

WNuTerpanbHpiii  mokazaTenb (UHAHCOBOW A((HEKTHBHOCTH HAYIHOTO
WCCIICIOBAHUS TOJY4YalOT B XOJI€ OIIEHKH OroJKeTa 3arpar Tpex (wim 0OoJiee)
BapHAHTOB WCIIOJIHCHHWS HAyYHOTO uccaeaoBanusa. JlJis 3TOro HamOONbIINNA
MHTErPaJIbHBIN [MOKa3aTeNb pealn3allii TEXHUYECKOH 3aauu IPUHUMAETCs 3a 0azy
pacdera (Kak 3HaMEHATEIb), ¢ KOTOPHIM COOTHOCHUTCSl (PMHAHCOBBIC 3HAYCHUS TI0
BCEM BapuUaHTaM HUCIIOTHEHHUS.

WNuTerpanbHbiil GMHAHCOBBIN MOKa3aTenb pa3paboTKU ONpeesseTcs Kak:

II/II'IC.i — CDpi (4 6 1)
(l)HHp cDmax ’
295399,14

HIc.i _

e ———
énHp ™ 995399 14

rae I&;‘g;é

d

— MHTErpajbHbIi (PUHAHCOBBIN MMOKA3aTeNb Pa3padOTKU;

pi — CTOMMOCTH I-TO BapuaHTa UCIIOJIHCHUSI

D, ax — MAKCUMAaJIbHASI CTOMMOCTh UCTIOJIHEHUS HAYYHO- UCCIIEA0BATEIHCKOTO
poeKTa (B T.4. AaHAJIOTH).

[TomydyenHnass BenWYMHA MHTETPAIBHOTO  (PUHAHCOBOTO  IMOKa3aTems
pa3paboTKu OTpakaeT COOTBETCTBYIOIIEE YHCIEHHOE YBEIMYeHHE O10/KeTa 3aTpar
pa3paboTKM B pa3ax (3Ha4eHHWE OOJIbIE EIUHUIIBI), JTUOO COOTBETCTBYIOIIECE
YHCIIEHHOE YCIICBICHUE CTOMMOCTH pPa3padOTKH B pa3ax (3HAUCHHE MEHBIIE
€AMHUIIBI, HO OOJIbILIE HYJIA).

WNurterpanbHpiii  mOKazatelb  pecypcoddHEKTUBHOCTH  BapUAHTOB

UCIIOJTHEHUS 00BEKTa UCCIIEA0BAaHUS MOYKHO OMIPEACIIUTH CJICAYIOIMUM 00pa3oM:

Ipi = Z a; - bi' (462)
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rae L,; — uHTerpanbHbli NOKa3aTelb pecypcodP(EKTUBHOCTH I I-r0 BapuaHTa
UCTIOJTHEHUS pa3pabOTKU;

a; — BecoBOoi K03((OUITMEHT I-TO BapuaHTa UCTIOIHEHUS pa3padOTKH;

b, blp — OajpHass OIEHKA I-T0 BapHaHTa HCIIOJHEHUS Ppa3pabOTKH,
YCTaHABIMBACTCS IKCIIEPTHBIM ITyTEM 10 BEIOPAHHOH IIIKaJIe OIICHUBAHUS,

N — YUCJIO MapaMeTPOB CPABHEHUS.

Pacuer WHTETPATLHOTO noKa3aTels pecypcoddpexTuBHOCTH

PEKOMEHTyeTCs POBOIUTH B popme Tadmiibl (Tadu. 4.6.1).

Tabnuna 4.6.1 — CpaBHuUTENbHAS OIICHKA XapaKTEPUCTUK BAPUAHTOB MCIIOIHEHUS

IpoeKTa
eKT uccnenoBanus | BecoBoid ko puieHt Hcem.1

Kpurepuu napameTpa

1. ITpon3BOAUTENBHOCTH 0,3 5

2. DHeprocoepexeHue 0,4 5

3. HagexxHocTh 0,2 4

4. MaTepnanoeMKOCThb 0,1 4

UTOI'O 1

Iy—yen1 =5-03+5-04+4-02+4-0,1=47. (4.6.3)

Hcxons U3 MOMydeHHBIX Pe3yIbTaTOB, MOXKHO CIIeJIaTh BBIBOJ, YTO HAYYIHO-
TEXHUUYECKOE HCCleoBaHue OyneT pecypcoddPeKTHBHO NP IEPBOM BapHaHTE
UCTIOJIHCHHUsSI ~ MPOEKTa, T.€. TPH  BBICOKOW  MPOM3BOAUTEIHHOCTH U
HEProd(p(HEeKTUBHOCTH MPOEKTA.

HNHTterpanpHbiii  mokaszaTenb S(PQPEKTUBHOCTH BapHUAHTOB HCIIOJHEHHUS
pa3zpabotku (I,.,;) oOmpenensercs Ha OCHOBAHHHM WHTETPAIBHOTO TOKA3aTels

pecypcoddHEeKTUBHOCTH M MHTETPAIBHOTO (PHAHCOBOTO MOKa3aTes o Gopmyie:

I I
__ 'p—wucnl __ 'p—wucn2
Lyena = wend ?luenz = uenz U T-A (4'6'4)
(l)I/IHp (1)14Hp

CpaBHEHHE WHTErpadbHOTO TMOKa3arens dS(PPEeKTUBHOCTH BapUAHTOB

WCITOJIHEHUSI Pa3pabOTKKU MO3BOJIMT ONPEACIUTh CPABHUTENBHYIO 3((HEKTUBHOCTh
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npoekta (cMm. Tabn. 4.6.2) u BeIOpaTh HamOoJee 1LeIecO0Opa3HbIil BapUaHT U3

npeoxenHbix. CpaBHuTENbHAsS 3G PEKTUBHOCTD MPOEKTa (Ip):

J,, = et (4.6.5)

p Incnz

Tabnuua 4.6.2 — CpaBHuTtenbHas 3PpPEeKTUBHOCTD pa3paboTKU

No [Toxa3arenu Ucn.1
/T
1 | UaTerpanbHplii prHAHCOBBIN MTOKAa3aTelb 1
pa3paboTku
2 | IaTerpanbHbIil MoKa3aTenb 4,7
pecypcod3pheKTUBHOCTH pa3pabOTKu
2 | aTerpanpHblIii mokaszareib 3)PeKTHBHOCTH 0,21

CpaBHeHHE 3HAuUEHUN MHTErpajbHBIX IMOKa3zareneil 3pdekTuBHOCTH
MO3BOJISIET TOHATH W BbIOpaTh OoJsiee 3((PEKTUBHBIA BapUAHT pEUICHUS
NOCTaBJIEHHOW B OakajaBpckol paboTe TEXHUYECKOW 3aJaud C IO3ULUHU

¢dbuHaHCOBOM U pecypcHOU 3 (PEKTUBHOCTH.
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BeiBoabI MO pa3aeny

1. OueHoyHasi KapTa CpaBHEHMsI TEXHMUYECKHX pEHICHUH KOHKYPEHTOB
mokasajga, 4YTO TPOBOAMMBIE B pabOTe HCCIEAOBAHUS DIEKTPOPUIUIECKIX
O0COOEHHOCTEW BBICOKOYACTOTHOIO (haKeJIbHOIO paspsja, TOPSALIEro B aprouHe,
SBJISIFOTCSL ONTUMAJIbHBIMHU JIJIS1 UICTIOJIb30BAHUS B IPAKTUYECKUX IIEIISIX.

2. B xoze IIaHMPOBaHUSA HAYYHO-HCCIIEIOBATEIbCKUX PabOT ONpenenéH
nepedyeHb paldoT, BHINOJHSAEMbIH paboued rpymnmnod. B pganHom ciiyyae paboyas
Tpynma COCTOMT M3 JIByX YEJOBEK: PYKOBOAUTENb H CTyAeHT. CorjacHo
COCTaBJICHHOMY IUIaHy padOT JUTUTEIHHOCTh TPYAOBOU 3aHATOCTH B pa0OUNX JTHSIX
COTPYZHHUKOB HCCIIEJ0BATEIbCKOT0 mpoekTa coctaBmwia 110 gueir (91 mHeit —
3aHATOCTh CTyAeHTa, S0 qHel — IIUTeILHOCTh paboThl pykoBoauTes). Ha ocHoBe
BPEMEHHBIX TIOKa3aTesied MO KaXJOoW U3 MPOU3BEIAEHHBIX pabOT ObLI MOCTPOCH
KaJICHJApHBIA TIaH-TpaduK, TMOCTPOCHHBIM HA OCHOBE JuarpaMmbl ['aHTTa, MO
KOTOPOMY MOKHO YBHUETh, YTO camas POAOJKUTEIbHAS 110 BpeMEHH paboTa — 3TO
odopmIIeHHE TTOSICHUTENbHOM 3anucku k BKP.

3. bromker Hay9HO-TeXHUYIECKOTO uccienoBanus coctaBmi 295399,14 pyo.
bromxker HTU cocroutr u3 wmarepuansHbix 3atpar (408,5 py6.), 3arpar Ha
crenuanibHOe O0OpYIOBaHME I HAYYHBIX (SKCIEPUMEHTAIbHBIX) padoT (451
py0.), 3aTpaT Ha MOTPEOJIIEMYIO JJICKTPOIHEpruio (684 py6.), 3aTpaT HA OILIATHI
tpynaa (134672,84 py6.), oruncieHuit Bo BHeOOKeTHBIE hoHab (40671,198 py0.)
Y HaKJIQJIHBIX pacxonoB (1185121 pyo.).

4. TlpoBeneHa OlLIEHKa pe3yJbTaTOB pecypcodrPeKTUBHOCTH, KOTOpas
cocraBmwia 4,7 u3 5, 4TO TOBOPUT O Xopomied 3(PPEeKTUBHOCTH peaTu3aiuu
TEXHUYECKOTO TIPOEKTA.

6. Kamurtanosnoxenuss B pazmepe 295399,14 py6. mo3BONAT MPOBECTH
WCCIICIOBAHUS ANMEKTPOPU3NIECKUX 0COOEHHOCTEM BBICOKOYACTOTHOTO
dakenpHOTO paspsga. IlomydeHHBIE pe3yiabTaThl MOTYT OBITh TPHUMEHEHBI B
OTpacisiX TPOMBIIUIEHHOCTH HCIOJB3YIONUX  IJIa3MOXUMHUYECKUEITPOIIECCHI,

HarpuMep, 111 HAHCCCHUA HOKpBITI/II\/'I N3 YUCThIX MCTAJIJIOB.
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5 COIII/IaJIl:HaH OTBETCTBCHHOCTDb

Beenenue

B JAHHOU HAY4YHO-HUCCJIEA0BATEIbCKOU pabote M3YyYarOTCs
ANEKTPOU3NYECKHE OCOOCHHOCTH BBICOKOYACTOTHOTO (PaKeIbHOTo paspsja,
ropsimero B aproue. HuskoremmeparypHas 1jia3Ma UCHOIb3YETCS JJIsl TTOTyYeHUS
HOBBIX MATEPHUAJIOB, a TAKXKe I 00pabOTKH U MOIU(PHUKAIINNA TTOBEPXHOCTEH yKe
MMEIOIINXCS MATEpUaIoB. HAHECCHWS IIJIa3MEHHBIX TOKPBITUH, IPOBEICHUA
WOHHOM MMILIAHTAIIUHU U T. I,

K ocHOBHBIM MOTpeOUTENSIM PE3YIHTATOB JAHHBIX HUCCIEIOBAHUAM MOXKHO
OTHECTH METAJUIYPTHYECKHUE TPEANPUATHSA, TPEANPUATUS MHUKPOIICKTPOHHON
MIPOMBIIIJIEHHOCTH, & TAKXKE TOCYIAPCTBEHHYIO KOPIIOPALHIO IO AaTOMHOM SHEPTUH
«Pocatomy.

HccnenoBanuss MpoBOIUINCH B JIAOOPATOPHBIX YCIOBHUSAX C ITOMOIIBIO
BBICOKOYACTOTHOM IUIA3MOXUMHUYECKON YCTAHOBKH MOITHOCTBIO OKOJIO | KBT.

Ilenbro JaHHOTO pa3jena SBJISICTCS aHAJIN3 COONIOJICHNS CAaHUTAPHBIX HOPM
W TpaBWwI B Tpoiecce padOThl HaJ MPOEKTOM B JIAOOPATOPHBIX YCIOBUSX C
HCIIOJIb30BAHUEM IUIA3MEHHBIX YCTAHOBOK. PaccMaTpuBarOTCs MEpbI IO 3aIMUTE
COTPYJHHKA OT HEraTMBHOTO BO3JEHCTBUS cCpenbl. Mccimemyrorcss BpedaHble U
omnacHble (haKTOpbl, MaryOHO BIUAIONIME HA 3JI0POBbE YEJIOBEKA MpU paboTe C
MJIa3MEHHBIMUA ~ yCTaHOBKaMU. M3y4aroTcss CrocoObl CHIDKCHHS BO3JICHCTBUS
BpeIHbIX (DAKTOPOB 10 JOMYCTHUMBIX MpPEACOB. A Takxke, paccMaTpPUBAIOTCS
BO3MOYKHBIC UPE3BBIYANHBIC CUTYAIIUU U JICMCTBUSA, KOTOPHIC HAYYHBIA COTPYIHUK

JAOJIZKCH BBITIOJIHHUTDH B CJIy4aC BO3HUKHOBCHUA qcC.
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5.1 [IIpaBoBble W OpraHu3allMOHHbIE BOINPOCHI O0ecHeYeHHs

0€301MaCHOCTH

B YCIIOBUSAX JTAHHOM HAYYHOW-UCCIIEOBATENBCKOMN paboThI
npeaycMaTpuBaeTcsa pexxum rudkoro padouero Bpemenu. Cornacao cratbe 102 TK
P® mnpu pabore B [JaHHOM peXuUME Hayalo, OKOHYaHWE WM oO0mias
IPOAOHKUTEIHLHOCTh PA00UEro JHs OMpPENENsIieTCs MO COTMIAIeHUIO CTOPOH.

B cootBerctBuu co ct. 37 Konctutynuu P® coTpyiHUK MMEET MPaBo Ha TO,
4yTOOBI pabouee MECTO COOTBETCTBOBAJIO TPEOOBAHUSM OXPaHbI TPY/Ia.

Paboueii 30HOW sBisieTcss ydyeOHO-HayyHas Ja0opaTopus C IUIOLIAIbIO
31,2 M?. MakcuMasbHOe KOJIUYECTBO pabounx MecT — 4.

B coorBerctBum ¢ T'OCT 12.2.049-80 (CCBT. OO6GopynoBanue
npousBocTBeHHOE. OOIIMEe SPrOHOMUYECKUE TPEOOBAHMS):

— YPOBHU (PU3UUECKUX, XUMUUECKHX U OMOIOTMYECKUX OMACHBIX U BPEIHBIX
MIPOU3BOICTBEHHBIX (akTopoB, TE€HEPHUPYEMBIX POU3BOICTBEHHBIM
00opy10BaHUEM B pabOUyIO 30HY, a TAKXKE BO3JCHCTBYIOIKX Ha pabOTaOIIEro Npu
HEMOCPEJICTBEHHOM  KOHTAKTE€ C  JJIEMEHTaMH  KOHCTPYKLHMH,  JIOJKHBI
COOTBETCTBOBATh TPEOOBAHUSAM O€30MACHOCTH, YCTAHOBJIEHHBIM HOPMAaTUBHO-
TEXHUYECKOU JOKYMEHTALUEHN, YTBEPKIACHHON B YCTAHOBJIECHHOM NOPSIKE.

— pabouee MECTO JOHKHO OO€eCreyuBaTh BO3MOXKHOCTh YAOOHOTO
BBITMIOJIHEHMSI pa0OT B MOJIOKEHUU CUJIS UITU CTOSL WJIM B TIOJIOKEHUSX U CUASL, U CTOS.

O6mume TpeboBaHusl 171 pabOThl C IUIA3MOXUMHUYECKMM PEAKTOPOM
ycranaBiauBatotcs ['OCT IEC 60519-1-2011 (be3onacHOCTh 3J€KTPOTEPMHUUECKOTO
obopynoBanus. Yacts 1.):

— Bce aieMeHTBl 3IeKTPOTEePMUYECKOTO 000PYIOBAaHUS JOJKHBI OBITh
CIPOEKTHPOBAHbI, CKOHCTPYUPOBAHbl M YCTAHOBJIEHBI C YYETOM MCHOJb3YEMBIX
HalpsoKeHUM W 4acTOT (BKJIKOYAsl MOCTOSIHHBIM TOK), MCXOJs W3 YCJIOBUU
HKCIUTyaTallMi, TPEOOBAHUM COOTBETCTBYIOIIMX CTaHAAPTOB M MHCTPYKIUU.
ObopynoBaHue HE JOHKHO MCIOJB30BAaTHCS B YCIOBHUAX, OTIIMYAIOUIUXCA OT TeX,

JIJIs KOTOPBIX OHO pa3paboTaHo.
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—  DHexTpooOOpylOBaHWE  JOMDKHO  OBITh  CIPOEKTUPOBAHO U
CKOHCTPYHPOBAHO TaKUM 00pa3oM, 9TOOBI B HOPMAJILHBIX YCIOBHUSX PAOOTHI ObLTH
oOecriedeHbl 0€30macHOCTh TIepCOHAla M YCJIOBHS, MPEIOTBpPAIIAIONINE PHUCK

BO3HUMKHOBCHHM ITOKapa U B3pbIBA.

5.2 IIpousBoacTBEeHHAsI 0€30MIACHOCTH
5.2.1. AHaim3 BpeIHBIX U ONACHBIX (AKTOPOB, KOTOpPbIe MOIYT

BO3HUKHYTH B JIA00paTOPUH NPHU NPOBEAEeHUU HCCIeT0BAHNIM.

OOBEKTOM UCCIe0BaHUS SIBISETCS BRICOKOYACTOTHBIN (paKeIbHBIN pa3psij,
KOTOPBIN 00pa3yeTcst TOJIBKO B MPOIIECCE MPOBECHUS UCCIEIOBAHUIM.

[Ipou3BoACTBEHHBIE YCIOBHST Ha paboyeM MeCTe€ XapaKTepU3yrTCs
HAJIMYMEM OIACHBIX U BPEIHBIX (PAKTOPOB, KOTOPHIE KIACCUPUIUPYIOTCS IIO
rpymniam AJIEMEHTOB: busnueckue, XUMHUYECKUE, OMOJIOTUYECKHE,
ncuxoguszuonornyeckre. OCHOBHBIE AJIEMEHTHI POU3BOJCTBEHHOTO Ipolecca
npejcTaBiieHbl B Tabauie 5.2.1.1.

Tabmuma 5.2.1.1 OcHOBHbIE AJEMEHTHI MPOU3BOACTBEHHOrO IMpoIecca,

dbopmMupyroIIHe ONacHbIe U BpeaHbIe (haKTOPHI

Oransl paboT
0 =
< | E|E
DakTopsl - = g HopmaTtuBHBIE TOKYMEHTBI
8|8 |zg
2| 5| E
215 | &
A RO
1. OTknoHeHue + + + | CanlluH 2.2.4.548-96. ['uruennueckue
roKasaresieu TpeOOBaHUSI K MHKPOKJIMMATY TPOU3BOJACTBEHHBIX
MHUKPOKJIMMaTa MTOMEIICHUH.
2. IloBbIILIEHHBIH _ _ + |TOCT 12.1.006-84 CCBT. OnekrpoMarHuTHEIC
YPOBEHB TTOJISt pagmoyvacTor. OO6mue TpeboBaHUs
AIEKTPOMATHUTHOTO 0€30MacHOCTH.
W3ITYyICHUS
3. Henocrarounas + + + | CanlluH 2.2.1/2.1.1.1278-03.  T'uruenunyeckue
OCBEILEHHOCTh padoueit TpeOOBaHUSI K €CTECTBEHHOMY, HUCKYCCTBEHHOMY U
30HBI COBMEUIEHHOMY OCBELIEHUIO JKUJTBIX
00ILECTBEHHBIX 3IaHUM.
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4. TlpeBblillieHNUE YPOBHS CH 2.2.4/2.1.8.562-96. Illym Ha pabounx MecTax, B

nryma MOMEIICHUSAX KHUJIBIX, OOIIECTBEHHBIX 3/1aHUH U Ha
TEPPUTOPUHU 3aCTPOUKH

S. _ + + | CanlluH  2.2.2/2.4.1340-03.  «l'urnenuyeckue

[Mcuxodusuonornyeckue TpeOOBaHUS K  TEPCOHAIBHBIM  3JCKTPOHHO-

(bakTopsI BBIUMCIIUTENIbHBIM ~ MallMHaM M OpraHU3aluu

paboTH.
6. [Topaxenue + + + | TOCT 12.1.038-82 CCBT. Dnekrpobe3onacHoCTb.
AJIEKTPHYECKUM TOKOM [IpenensHO MOMYCTHMBIC YPOBHU HANPSHKCHHUN

IMPUKOCHOBCHUA U TOKOB.

K ncuxonornyecku BpemHbIM (hakTOpaM, BO3ICUCTBYIOIIMM Ha TIEPCOHAI,
MOYHO OTHECTH:

® HEPBHO - YMOLMOHAJIBHBIE IIEPErPY3KH;

® YMCTBEHHOE HaIIPSHKEHHUE;

e (hu3MUeCcKue Neperpys3KH.

buonornyeckne W XMMHYECKHE BpEIAHBIE IMPOU3BOJCTBEHHBIE (HAKTOPHI

OTCYTCTBYIOT.

5.2.2 O0ocHOBaHMe MepPONPUSTHI MO 3alUTE HCCIAeA0OBATENS OT

NefiCTBUS ONMACHBIX U BpeAHbIX (aKTOPOB

B cooTBeTcTBUM C OCHOBHBIMH TPEOOBAHHMSIMU K TIOMEIIEHUAM IS
skcrutyatan [I9BM u BU®-nnasmatpona (CanlluH 2.2.2/2.4.1340-03) onu
JIOJKHBI UMETh €CTECTBEHHOE M MCKYCCTBEHHOE ocBeuleHue. [lmomans Ha omHO

pabouee MecTo nosp3oBarenei [IDBM foikHa COCTaBIATE HE MEHee 6 M2,

5.2.2.1 OTKJI0HEeHHE MOKA3aTeJieil MUKPOKJIMMATA

Bo3nyx paboueit 30HbI (MUKPOKIMMAT) MPOU3BOJCTBEHHBIX MOMEIICHUM
ONPENEIAOT CIEAYIOIME MMapaMeTpbl: TEMIEPATypa, OTHOCUTENIbHAS BIIAXKHOCTb,
CKOPOCTb JBWXKEHHMS BO3ayXa. ONTUMabHbIE W JOMYCTHMbIE 3HAYECHUS
XapaKTEepUCTUK MUKPOKJIMMATA yCTaHABIIMBAIOTCS B COOTBETCTBUM C HOPMAaMH U

MPUBECHBI B Ta0IMIIE 3.
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Tabmuma 5.2.2.1.1 OnTtumansHble W JOMYCTUMBIE  MHapaMeTphl

MUKpPOKIIIMATa
[lepuox rona Temmepatypa, °C | OTHOCHTETBHAS CxopocTh
BJIAXKHOCTB, % IIBUKEHUS
BO3/IyXa, M/C
XOJIOIHBIN U 23-25 40-60 0,1
MEPEXOHBIN
Teruiei 22-24 40 0,1

OTkIOHEHHE TMOKa3aTelell MHUKpPOKIMMAara OT HOPMBI HE BBI3BIBACT
MOBPEXJICHUNA WM HApPYLIEHUH COCTOSIHUS 3JI0pPOBbsSl, HO MOKET MPUBOAUTH K
BO3HUKHOBEHHUIO OOIIMX U JIOKAJIbHBIX OILYIIEHUH TEIJIOBOrO JIuckomgopra,
HAIIPSDKEHUI0 MEXaHU3MOB TEPMOpPErYJSLNN, YXYAIIEHUIO CaMOYyBCTBUS U
MOHMKEHHUIO Pa00TOCIIOCOOHOCTH.

Jnsa  obecriedeHusT  YCTAaHOBJIEHHBIX HOPM  MHUKPOKJIMMAaTHYECKHX
napamMeTpOB U YUCTOTHI BO3/lyXa Ha pabOYUX MECTaX U B IOMEUICHUSX MPUMEHSIOT
BeHTW ALK, OO1eoOMEeHHasT BEHTHIISLMS HCHOJb3yeTcs Uisl oOecredeHus: B
MOMEIICHMSIX COOTBETCTBYIOIIETO MUKpOKINMara. [lepuoanuecku JOKEH BECTUCH
KOHTPOJIb BJIIAXKHOCTBIO BO3/yXa. B JeTHee BpeMs NpH BBICOKOW YJIWYHOU

TCMIICPATYPC AOJIKHBI UCITOJIB30BATHCA CUCTCMbI KOHAUIITUOHUPOBAHNA.

5.2.2.2 TloBbILIEHHBIH YPOBEHb 3JI€KTPOMATHUTHOIO U3 TyYeHHU S

DNEeKTPOMarHUTHOE M3JIyYEHUE - PACHpPOCTPAHSIONIEECs B MPOCTPAHCTBE
BO3MYLIEHUE (M3MEHEHHE COCTOSIHUA) OJJeKTpoMarHutHoro mons. BYD-
IUIa3MaTpoOH TMMTAETCS OT TEHEepaTropa BBICOKOYACTOTHOIO TOKa. l'eHepaTop
MOJIHOCTBIO 3KpaHupoBaH. [IpenenbHo AoMycTUMAas BEIMYMHA JIEKTPOMAarHUTHOTO
BO3J/ICMCTBUS OT yCTAHOBKH Ha yesoBeKa coctapiisgeT MmeHee 0,2 Mk Tn. 1o 3HaueHue
BXOJIUT B JOIMYCTUMBII MOPOr CTPOTUX CAHUTAPHBIX HOPM 3JIEKTPOMATHUTHOIO

M3JTYyYCHMUS.
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DOkpaH u cucTeMHble OnokM OBM mnpou3BOISAT 3NEKTPOMATHUTHOE
u3nydeHre. OCHOBHasi €ro 4YacTb MPOUCXOJUT OT CHUCTEMHOro OJIoKa u
Bucokabens. HanpsykeHHOCTh 3JEKTPOMAarHUTHOTO 1OJisi Ha paccTtosHuud S50 cm
BOKPYI' JKpaHa IO 3JEKTPUYECKOM COCTaBIIAIONICH JOKHA COOTBETCTBOBATH
tabmurte 5.2.2.2.1.

[ToBBILIEHHBIN YPOBEHB 3JIEKTPOMAarHUTHOTO U3IYyYEHHUS] MOKET HEraTUBHO
BJIMSITHh HA OPTraHU3M YeJIOBEKa, 8 HIMEHHO IPHUBOJUTH K HEPBHBIM PAaCcCTPOICTBAM,
HapylLICHUIO CHA, 3HAYUTEIIbHOMY YXYJALIEHUIO 3pUTENbHON aKTUBHOCTH,
OCJIa0JICHUI0O HMMMYHHOM CHUCTEMBI, pPacCTpPOMCTBaM CEpPJIEYHO-COCYAUCTON
CUCTEMBI.

Tabnuua 5.2.2.2.1. JlonycTuMble YPOBHHM MTapaMETPOB JIEKTPOMArHUTHOTO

TTOJIST
HauMeHoBaHue napaMeTpoB Benuuuna mpomyctumoro
YPOBHSI
HanpsxenHoctsb Jlnana3zon gactoTr 5 I'ip —2 25 B/m
BJIEKTPOMArHUTHOT'O Kl 11
OJISt Jwnamazon gactotr 2 kl'm — 2,5 B/m
400 xI'11
IInotHOCTH Juana3zon dactotr 5 I'm —2 250 HTn
MAarHuTHOI'O MOTOKA Kl
Juanazon yvactoT 2 kI’ — 25 HTn
400 xI'g

Cy1iecTBYIOT CeAYIOIUE CIIOCOOBI 3aUThl 0T DMIT:

® YBEJIIMYCHHUE PACCTOSHUS OT MCTOYHUKA (DKpaH JTOJDKEH HAXOJUTCS Ha
paccTostHUM He MeHee 50 cM OT MoJIb30BaTENs ),

® TPUMEHEHUE MPUIKPAHHBIX (DUIBTPOB, CIIECIUAIBHBIX SKPAHOB U JPYTUX

CpeacTB HHﬂHBHHyaHBHOﬁ 3alIUTHI.

5.2.2.3 HegocTraTtouHasi 0CBEIIEHHOCTH padoyeil 30HbI

YToMII1€MOCTh OPTaHOB 3pEHUS MOXKET OBITH CBSI3aHA KaK C HEJIOCTATOYHOM
OCBEIIIEHHOCTHIO, TAK M C YPE3MEPHOU OCBEIIEHHOCTHIO, a TAKXKE C HEMPABUILHBIM

HaIlpaBJICHUCM CBCTA.
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[To wopmarmBam (CanlluH 2.2.1/2.1.1.1278-03. T'urueHuveckue
TpeOOBaHMs K €CTECTBEHHOMY, MCKYCCTBEHHOMY W COBMEIIEHHOMY OCBEIICHHUIO
KUJIBIX U OOIIECTBEHHBIX 3JaHHI) OCBEIICHHOCTh Ha MOBEPXHOCTH CTOJIa B 30HE
pa3menieHus pabdodero aokymeHTta nospkHa ObITh 300-500 nk. OcenieHue He
JIOJKHO CO371aBaTh OJMKOB HA TTOBEPXHOCTH dKpaHa. OCBEIIEHHOCTh MOBEPXHOCTHU
PKpaHa He J1obkHa ObITh 60s1ee 300 JK.

SApKOCTb CBETUILHUKOB OOIIIETO OCBEIIEHUS B 30HE YTJIOB U3IyYeHUs oT 50
n0 90° ¢ BepTHKaldbl0 B MPOAOJbHON W MOMEPEYHOM IUIOCKOCTAX JOJIKHA
cocTaBlisATh He OoJiee 200 K1/M, 3alIUTHBIN Yroyi CBETUJILHUKOB JIOJDKEH OBITh HE
menee 40°. Koaddumument 3amaca (K3) 11 0oCBETUTENBHBIX YCTAHOBOK OOIIErO
OCBEIICHMS JOJDKEH MpUHUMaTbes paBHbIM 1,4. Koadduiment mynbcanuu He
JIOJKEH MPEBBIIATH 5%.

HckyccTBEHHOE OCBEILIEHHE B MOMEUIEHUAX s 3Kciutyatauuu [19BM
JIOJKHO OCYIIECTBIISATHCS:

e  cucreMmoi oOIlero paBHOMEPHOIO OCBEIEHUsI. B TpOn3BOICTBEHHBIX U
aJIMUHUCTPATUBHO-00111€CTBEHHBIX;

®  [OMEIIEHUSX, B CIy4asiX MPEUMYIIECTBEHHON paOOTHI C TOKYMEHTAMH,
CJieyeT NPUMEHSTh CUCTEMBI,

¢  KOMOWHHMPOBAHHOTO OCBEIICHUSA (x ob1emy OCBEIIICHUIO
JIOTIOJIHUTENIHbHO YCTaHABIMBAIOTCS CBETUIILHUKH;

®  MECTHOTO OCBEIICHHUS, TMpeIHAa3HAYCHHbIE I OCBEIICHUS 30HbI

pPacnoJIOKEHUs JOKYMEHTOB).

5.2.2.4 llpeBblllIeHHE YPOBHS IIymMa

[ym, sBISASICH 001IEO0NOIOTHYECKUM pa3IpaKUTENIeM, OKa3bIBACT BIMSTHUC
HE TOJIBKO Ha CITyXOBOW aHAJIM3aTOP, HO JIEUCTBYET HA CTPYKTYPBI TOJIOBHOI'O MO3ra,
BBI3BIBASI CABUTH B Pa3IMYHBIX (YHKIIMOHAIBHBIX cHCTeMax opranm3ma. Cpenu
MHOTOYHUCJICHHBIX TIPOSBIICHUNM HEOJArompusiTHOTO BO3JEHCTBUS IIymMa Ha

OpraHu3M YeJIOBEKa BBIJIEISIOTCA: CHUKEHHUE Pa300PUYMBOCTH PEYM, HEMPHUSTHBIC
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OIYIICHMS, Pa3BUTHUE YTOMJICHUS W CHIDKEHHWE MPOU3BOAUTEIBHOCTH TPYIa,
MOSIBJICHUE IITyMOBOMW MATOJOTHU. B Hamem ciydae MCTOYHHKOM IITyMa SIBJISIETCS
OTKa4YMBAIOIIMNA KOMIIpEcCop. YpOBEHb IymMa kKommpeccopa meHee 65 nb, uto
COOTBETCTBYET CAHUTAPHBIM HOPMaM.

B tabmune 5.2.2.4.1 npuBeneHbl HOPMBI YPOBHS IIyMa IPU Pa3IUYHbIX
BHJIaX padoT.

Tabnuma 5.2.2.4.1. HopMmaTuBbIl ypOBHS IIyMa IPU Pa3IUYHbIX BUAAX padboT

MakcumanbHO TONyCTUMBINA YpOBeHb myma (1b), B OKBUBAJICHTHBIC
nosiocax ciuenyrouux okran (1) YPOBHU 1IyMma,
nbA

Hayunas pabGora, | 86 | 71 | 61 | 54 | 49 | 45 | 42 | 40 | 38 50
pacueTsl,
KOHCTPYMPOBAHUE
Oducsl, 93 | 79 | 70 | 68 | 58 | 55 | 52 | 52 | 49 60
JabopaToOpUn

5.2.2.5 llcuxodusuosiornyeckue Gakropsbl

[Icuxodusnonorndeckne OmMacHble ¥ BPEAHBIC IPOW3BOICTBEHHEIC
bakTopsl, nenaTcs Ha: GU3NUECKHE TEperpy3Ku (CTaTUYeCKHUe, TMHAMUYECKHUE) U
HEPBHO-TICUXUYECKHUE TEePErpy3ku (YMCTBEHHOE TMEepEeHANpPsKEHNE, MOHOTOHHOCTh
TPY/a, SMOIMOHAIILHBIC TIEPETPY3KH ).

TpynoBass nesTenbHOCTh PaOOTHUKOB HEMPOM3BOJCTBEHHON cdepsl
OTHOCHUTCSI K KaTeropuu padoT, CBA3AHHBIX C UCIOJIb30BaHUEM OOJIBIINX 00HEMOB
uH(dOopMaIuK, C TPUMEHEHUEM KOMITBIOTEPU3UPOBAHHBIX PAOOYNX MECT, C YaCThIM
MPUHSATHEM OTBETCTBEHHBIX pEUICHWHA B  YCJIOBHUSX JeQUIUTA BpPEMEHH,
HEIOCPEICTBEHHBIM KOHTAKTOM C JTIFOJIbMHU Pa3HBIX THIIOB TEMITEpaMEHTa M T.J1. DTO
0OyCJIOBITMBAE€T BBICOKHI YpPOBEHb HEPBHO-TICUXUYECKOW TMEPErpy3KH, CHUKAET
(GYHKIIMOHATBHBIX Ha aKTUBHOCTH IEHTPAIIBHONW HEPBHOW CHCTEMBI, IPUBOJUT K
paccTpoiicTBaM B €€ JCATCIBHOCTH, PAa3BUTHS YTOMJICHHUS, TIECPEYTOMIICHHS,
cTpeccy.

Haubonee sddextuBHBIE CcpeAcTBa MPEAyNPEXKACHUS YTOMJIEHHUS MpH

paboTe Ha POU3BOJICTBE — ATO CPEACTBA, HOPMATHU3YIONIUE aKTUBHYIO TPYIOBYIO
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JeATeTLHOCTh YeloBeka. Ha (hoHe HOpMabHOTO MPOTEKAHUST TTPOU3BOICTBEHHBIX
MIPOIIECCOB OJTHUM M3 BAXKHBIX (PH3UOIOTHICCKUX MEPOTIPUATUNA TIPOTHUB YTOMIICHUS
ABJIIETCSl TPaBWIbHBIA pexkuMm Tpyna u otabixa (CaunlluH 2.2.2/2.4.1340-03.
«'uruennveckue TpeOOBaHUS K TIEPCOHATBHBIM SJIEKTPOHHO-BBIYUCITUTEIBHBIM

MallliHaM U OpraHu3aluu padboThD).

5.2.2.6 llopaxkeHnue 3JIeKTPHYECKHUM TOKOM

[Tomemenne JIs MPOBEACHUS ONBITOB IO ONACHOCTH TMOPaKCHUs
DIIEKTPHUYECKUM TOKOM MOKHO OTHECTH KO 2 KJaccy, T.e. 3TO IMOMeleHne 0e3
TIOBBIIIICHHON OTACHOCTH M3-32 BO3MOXXHOCTH OJHOBPEMEHHOTO MPUKOCHOBEHUS
YelIoBeKa K HMMCIONIMM COCAWHECHHE C 3eMIIeH METaJUIOKOHCTPYKIUAM 3JaHHH,
TEXHOJIOTHYECKUM arrmapaTtaM, MEXaHWu3MaMm W T.I., C OJHOH CTOPOHBI, U K
METATTMIECKUM KOPITycaM AJIEKTPOOOOPYIOBaHUS - C JIPYTOM.

CyIecTByeT OaCHOCTh AJIEKTPOIIOPAKECHHUS B CIEAYIONINX CIydasX:

® TIpU HEMOCPEJACTBEHHOM TPUKOCHOBCHHHM K TOKOBEIYIIUM YacTSIM BO
BpEMS PEMOHTA;

® NIpU NPUKOCHOBEHUWH K HETOKOBEIYIIMM YaCTSIM, OKA3aBIIUMCS TIOJ
HanpspKEHUEM (B clTydae HapyIICHUs U30JISIIMA TOKOBEIYIIIUX YacTel ),

® IIpU TPUKOCHOBEHWH C TIOJIOM, CTEHAMH, OKa3aBIIUMHUCS TIOJ
HaIPSOKEHUEM;

® TIpU KOPOTKOM 3aMBIKaHHUHU B BEICOKOBOJILTHBIX OJIOKax: OJI0KE MUTAHHS U
0JI0Ke TUCTUICHHON pa3BEPTKH.

CremneHb OIMACHOTO BO3JCHCTBUS DJIGKTPUYECKOTO TOKA HA OpraHU3M
YeJIOBEKA 3aBHCHUT OT:

® poja ¥ BeJIMYMHBI HAITPSHKCHUS U TOKa,

® YaCTOTHI JICKTPUUECKOTO TOKA;

® IIyTH IPOXOXKJICHUS TOKA Yepe3 TEJIO UeIoBeKa;

® TIPOJOJDKHUTCIBbHOCTH BOSHCﬁCTBHH Ha OpraHMu3M 4YCJIOBCKA,
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® YCJIIOBUM BHEIIHEHN CPEBI.

DNeKTpUYecKuid  TOK  OKa3blBa€T Ha  YeJIOBeKa  TEPMHUYECKOE,
AJIEKTPOJIUTUUECKOE, MEXAaHUYECKOE U OMOJIOIMYECKOEe BO3AECHCTBHE.

TepMuueckoe BO3AEHCTBHE TOKAa MPOSIBISIETCS B 0XKOrax, Harpese
KPOBEHOCHBIX COCYJOB M JIPYTMX OPraHOB, B PE3yJIbTATE YErO B HUX BO3HHUKAIOT
(yHKIIMOHAJIbHBIE PACCTPONCTBA.

DAEKTPOIUTUYECKOE IEHCTBUE TOKA XapaKTEPU3YETCsl pa3IoKEHUEM KPOBU
U JIPYTHX OPTraHWYEeCKUX >KHUIKOCTEH, YTO BBI3BIBAET HApYUICHHS UX (U3HUKO-
XUMHYECKOTO COCTaBa.

MexaHnyeckoe IEHCTBHE TOKa MPOSBISIETCS B MOBPEXKICHUAX (pa3phiBe,
paccioeHMM M Jp.) pa3IMYHbIX TKaHEW oOpraHu3mMa B pe3yibTare
AIEKTPOJUHAMUYECKOTO 3 (PeKTa.

buonornueckoe aeiicTBUe TOKa Ha KUBYIO TKaHb BBIPAXKAETCS B OMAcCHOM
BO30YXKJICHMM  KJIETOK W  TKaHEd  OpraHu3Ma,  COIPOBOXKAAIOIIEMCS
HEMPOU3BOIBHBIMU CYJOPOKHBIMUA COKpAILICHUSIMH MBIIII. B pe3ynprare Takoro
BO30YXKJCHHUsSI MOXET BO3HMKHYTh HapylIeHHE U JaK€ IOJHOE IpeKpalleHue
JeSITEIbBHOCTH OPTaHOB JIBIXaHUS M KPOBOOOpAILIEHUS.

OCHOBHBIMU MEPONPUATUSMHU TIO 3AIIUTE OT MOPAKEHUS IIEKTPUUECKUM
TOKOM SIBJISIFOTCSL:

e o0ecmedyeHWe  HEIOCTYMHOCTH  TOKOBEAYIIMX  dYacTed  MyTéM
MCTIONTb30BaHUs U30JIAIIMU B KOPITycax 000pyI0BaHMS,

® PUMEHEHUE CPEACTB KOJUIEKTUBHOM  3alllUTBl OT  TOPaKEHUs
AIIEKTPUYECKUM TOKOM;

® JCTOJB30BAHUE 3alIUTHOTO 3a3e€MJICHHS, 3allUTHOTO 3aHyJICHUS,
sanurHOro oTKiroueHust (COCT P 12.1.019-2017);

® HCITOJIb30BAaHUE YCTPOMCTB OecriepeOoitHOrO MU TaHUS.

5.3 Dkosornyeckas 0e30mMacHOCTh

B pabote mpoBomuTcs M3ydeHHE MPOIEcca TOPEHUS BBICOKOYACTOTHOTO

bakenpHOTO paspsana B aprone. Biausaue padotsl [I9BM u miazMeHHOro Moayss
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Ha 0a3e BBICOKOYACTOTHOI'O I'€HEpaTopa Ha HKOJIOTMYECKOE COCTOSIHHE ILIAHEThI
CIIO)KHO HenooueHuTs. HamGompmmii Bpea oT HUX B pabore — moTpebsieHue
anekTposHepruu. [I9BM u BUD-nna3maTpoH He IpOU3BOAST BEIOPOCOB BPETHBIX
BEILECTB, HE CO3JAI0T M3IYyYEHHs, CHOCOOHOTr0 HAPYUIUTHh HKOJIOTHYECKYIO
06e3onacHOCTh TpUpoAbl. OAHAKO HUX MPOU3BOJCTBO M YTHIIM3AIUS COCTABIISIOT
cepbe3Hyto mpobaemy. Takke CTOUT OTMETUTh, 4TO MpH HpousBojcTtee [IDBM u
JIPYTUX YCTPOMCTB UCTIONIB3YIOTCS TSKENbIE, IETOYHO3EMENbHBIE METAJLIbI, PTYTh,
IJIACTHK U CTEKJIO, YTO 0€3 TOJDKHON YyTHIIN3alUK TI0 OKOHYaHUH CITYKOBbI MOIa1aeT
B IIPUPOJIY M OCTAETCS B HE MepepabOTaHHOM BUJIE OT BEKa JI0 MOJIYTOPa THICSIY JIET.

CHukeHME ypOBHS 3arpsi3HEHUSI OKPYKAIOWIEH CPeAbl BO3MOKHO 32 CYET
6onee 3¢p(HEKTUBHOTO W HKOHOMHOTO HCIOJB30BAHUS JJIEKTPOIHEPTUU CAMUMHU
NOTpPeOUTENSIMUA. DTO HCMOJIb30BaHWE 00Jiee APKOHOMHYHOIO OOOpYy/IOBaHUS, a
Takke 3(P(HEKTUBHOTO pexuMa 3arpy3kud 3Toro obopymoBanus. Croga Takxke
BKJIIOYAETCSI U COOJIOJIEHWE TPOU3BOJICTBEHHOW JHUCIMIUIMHBI B paMKax
MPABWJIBHOTO MCIOJIB30BAHUS AJIEKTPOIHEPTUH.

N3 3TOr0 MOKHO C/ieNIaTh MPOCTOM BBIBOJ, YTO HEOOXOIUMO CTPEMHUTHCS K
CHIDKEHHUIO DHEPronoTpeOieHHs, TO €CTh pa3padaThiBaTh U BHEIPSATH CUCTEMbI C
MajbiM  JHEPronoTpeOICHHEM, OTBETCTBEHHO OTHOCUTHCA K  yTHIMU3AIUU
pPa3JIMYHBIX YCTPOMCTB, T.K. OHM MOTYT pa3jiaratbCsi B OKPYXKAIOLIEH Cpene OT

JACCATKOB 10O COTCH JICT.

5.4 be30nacHOCTH B Ype3BbIYAHHBIX CUTYaLMAX
5.4.1 AHa1u3 BepPOAATHOI 4Ype3BbIYANHOH CHUTYallMH, KOTOPas MOXKeT

BO3HUKHYTh Ha padoyeM MecTe NPHU NPOBEACHUH UCCIEeA0BAHUI

Hayuno-uccnenoBarensckass paboTa mnpoxoAwsia B y4eOHO-HAYyYHOUH

0 31,2 m? 10 T
naboparopus ¢ miomaneso 31,2 m“, koropoe Haxoautea B 10 kopmyce Tomckoro
MOJIMTEXHUYECKOrO  yHMBepcurera Ha  [[DBM  u  BBICOKOYaCTOTHOM

Ia3MOXUMHUYECcKor yctaHoBKH. Hanbonee xapakreproit UC mist maHHBIX YCTIOBUM
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pabotel sBhsieTcss moxkap. [loxap B pabodeM MOMENIEHWH pa3padOTIYMKa MOMKET
BO3HHUKHYTH BCJICICTBHE MPUYINH HEAICKTPUUECKOTO U AJICKTPUIECKOTO XapaKTepa.

K mnpuuuHamM HEINEKTPUYECKOTO XapaKTepa OTHOCATCSA XajaTHOE W
HEOCTOpOXXKHOE oOpaiieHne ¢ OorHéM (KypeHue, ocTaBiieHHE Oe3 mpucMoTpa
HarpeBaTesIbHBIX TPHOOPOB).

K mpudrHaM 351eKTpUIecKoro XapakTepa OTHOCSTCS:

— KOPOTKOE 3aMbIKaHUE;

— meperpy3Kka MpoBOIOB;

— UCKpEHHUE;

— CTaTUYECKOE AIEKTPUUECTRBO.

PexxuM KOpPOTKOTO 3aMbIKaHUS — TIOSIBJICHHE B peE3yibTaTe pPE3KOTro
BO3pAacTaHUs CHIIbI TOKA, IIEKTPUIECKUX UCKD, YACTUIl PACILIABICHHOTO METaia,
AIEKTPUUECKOM TyTHU, OTKPHITOTO OTHS, BOCIIJIAMEHUBILIEHCS U30JISIIUU.

[Ipu4rHBI BOSHUKHOBEHUSI KOPOTKOTO 3aMbIKAHUS

— OIMOKHY TTPH TMPOEKTUPOBAHUY;

— CTapeHUE U30JISIUN;

— YBIIQKHEHHUE U30JIAIINN;

— MEXaHUYECKHUE TIEPETPY3KHU.

[ToxxapHast OMAacHOCTH TMpU TMEperpy3kax — Ype3MEpHOE HarpeBaHuUe
OTIEIBHBIX  DJIEMEHTOB, KOTOPOE€ MOXET TPOUCXOIUTH TP  OIIHNOKax
MPOCKTUPOBAHUSI B CIIydae JUIMTEIHLHOTO MPOXOXKICHUSI TOKA, MPEBBIIIAIOIIETO

HOMHWHAJIBHOC 3HAUYCHUC.

5.4.2 Ob6ocHoBaHue MeponpusTHii mo npeaorspamenno YC u nopsaox

AefCTBUH B cjIiyyae BO3HHKHOBeHus1 YC
IToxxapHast 6€30MmacHOCTh MOMEIICHHUS JTOJDKHA 00€CIIeUrBAThCS CUCTEMAMHU

NpPEAOTBPAIlEHUsT T0XKapa W MPOTHUBOINOKAPHOM 3allUThl, B TOM 4YHCIIE

OpraHu3aliMOHHO-TCXHNYCCKUMHU MCPOIIPUATUAMMU.
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[loxxapHast 3amuTa JOMHKHA OOECHEYMBATHCS NPUMEHEHHUEM CPEICTB
MOXKAPOTYIIEHHS], & TAKXKE MPUMEHEHUEM aBTOMATUYECKHUX YCTAaHOBOK IMOKAPHOU
CUTHAIU3ALUU.

JIOMKHBI ~ OBITh  TPHHATHL  CIACAYIOMIHE MEpPhl  TMPOTHUBOIOKAPHOU
0€30MacHOCTH:

— obOecnieueHre A(G(YEKTUBHOTO YIAICHHUS JbIMa, T. K. B MOMEIICHUSX,
UMEIOIINX OPITEXHHUKY, CONEPIKUTCS OOIBIIOE KOJTMUECTBO MJIACTHKOBBIX BEILIECTB,
BBIJICIISIOIINX [IPY TOPEHHH JIETYUYHUE STOBUTHIC BEILIECTBA U €KUI IbIM;

— obecrnieyeHue MpaBUWIbHBIX MTyTEH ABAKyalluu;

— HaJIM4YME OTHETYLIUTEIEH U MTOKAPHOU CUTHAIM3ALINH;

— CcOoONIOZICHME BCEX TMPOTUBOMOXKAPHBIX TpeOOBaHUUW K CHCTEMaM
OTOIUICHHS U KOHAULIMOHUPOBAHUS BO3yXa.

PaGouee mnomemieHne JIOJDKHO  OBITH  OOOPYJOBAaHO — MOKAPHBIMU
M3BEIIATENSAMU, KOTOPBIE TTO3BOJISIOT OIMOBECTUTH JICKYPHBIA IIEPCOHAIL O MOXKAPE.
BriBeaeHue nroaen u3 30HbI IoXkKapa T0HKHO MPOU3BOAUTHCS 110 IUIAHY DBAKYaIUU.
[1nan sBakyaruu npeacTaBisieT co0oil 3apanee pazpaboTaHHYIO CXeMY, Ha KOTOPOU
YKa3aHbl MyTHU 3BaKyalluH, SBAKYallMOHHBIE U aBapUHHBIC BBIXOJbI, YCTAHOBIICHBI
IIpaBuJia MOBEICHUS JIFOAEH, TOPSAAOK U IIOCIEA0BATEILHOCTD AEHCTBUN B YCIOBUAX
YPE3BBIYANHON CUTYALUH.

CyiiecTByeT mNOpSAOK JACHMCTBMM W TIpaBWia IMOBEACHUS B CiIydae
BO3HUKHOBEHUS NIOXKapa:

1) HeszamemmmTenbHO MO3BOHUTH B aBapuitHyto ciry:x0y mim MUC (112);

2) TlocTaBUTH B M3BECTHOCTH PYKOBOJCTBO (JI€KYpPHOTO);

3) ITo BO3MOXHOCTH HPUHATH MEPBI I 3BaKyallMH JIFOJCH U Mephl IS

TYHICHUA I1OXKapa.
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BeiBoabI MO pa3aeny

B nanHoM paszfnene paccMOTpeHbI BOIIPOCH! COLMATBLHON OTBETCTBEHHOCTH,
K KOTOPBIM OTHOCSITCS TPAaBOBbIE M OPTraHU3AIMOHHBIE BOIPOCHI OOECIEUCHUS
0e30MacHOCTH, MPOU3BOJICTBEHHAs 0€30I1aCHOCTh, IKOJIOTHYecKas 0€30MacHOCTh, a
Takke 6ezonacHocts B UC.

B mepBoy wactu pasgena pacCMOTPEHBI CHELUAIBHBIE IPABOBBIE HOPMBI
TPYJIOBOTO 3aKOHOATENIbCTBA U OPTaHU3AIMOHHBIE MEPOIIPUATHS MPU KOMITIOHOBKE
paboueil 30HbI HCCIIeI0BaTENs.

B mnonpaznene «IIpou3BojacTBeHHass O€30MACHOCTH» IPOBEACH AaHAIIN3
BPEHBIX U OMACHBIX (haKTOPOB, KOTOPHIE MOTYT BO3HUKHYThH Ha pab0o4eM MeCTe Mpu
MPOBEJICHUU HCCIICIOBAHUM, TaKKe€ PACCMOTPEHbI MEPONPUSITUS IO 3allUTe
UCCJIeIOBATENS OT IEUCTBUSI OMTACHBIX U BPEIHBIX (haKTOPOB.

B moapazmene «Oxonormyeckas 0€30MacHOCTB» MPOBEIEH 0030p
BO3MOYKHOTO BJIMSIHUS IpOIecca MCCIENOBAaHUS Ha OKPYXKAIOIIYIO CPeNy, TaKXKe
paccMOTPEHBI MEPOIIPUATHUSA 10 3AIIUTE OKPYKAIOLIENH CPEBI.

B 3akmountensHOoM mogpasnaene  «be3omacHOCTH B Upe3BBIYAKMHBIX
CUTyalMsaxX» MPOBEAECH aHaJU3 BEPOSITHOUN upe3BbIyaitHoil cutyanuu (UC), koTopas
MOKET BO3HHKHYTh Ha paboueM MeCTe MpU MPOBEACHUHN UCCIECIOBAHUN, TTOMUMO
ATOTO PACCMOTPEHBI MepomnpusTHsi 1o mnpeaorBpamieHuio UC, Takxe NpUBEIEH

MOPSJIOK JACUCTBUI BO BpeMs BOSHUKHOBeHUsT UC.

77



BriBoabl mo padore

1. DnexkTpoHHas TeMmrepaTypa aproHoBOH IU1a3Mbl (haKeJIbHOTO paspsjia
BO3PACTACT C YBEJIWYCHUEM €ro MOIIHOCTH. Tak npu mimHe KaHama 10 cm
aNeKTpoHHas Temneparypa coctaBmia /670 K, a nmpu nnune kanana 30 cm 8355 K.

2. DIJEeKTpOMAarHuTHOE MoJie (hakeIbHOro paspsija, ropsllero B aproxe,
3aTyXaeT BIOJb ero kaHana Ha 20—25%.

3. TemmoBble moTepu IUHEHHO BO3PACTAIOT C YBEIWYCHUEM JIJIMHBI
KaHasa pa3psga. Y AejibHasi MOITHOCTh pa3psjia Mpu 3ToM cocTasiseT 4,2 B1/cwm.

4. HaGmonaercs YIAOBJIETBOPUTEIHLHOE corjiacue MEXTY
HKCIIEPUMEHTAJILHBIMU W PAacU€THBIMH pe3ysibTaTamMu. MeHbIne 3HAYCHUS
pPac4YETHBIX PE3yJbTATOB IO CPABHEHHUIO C JKCICPUMEHTAIBHBIMH, MOTYT OBITH
OOyCJIOBJIEHBI TE€M, YTO MpPHU pacuéTe HE YUYUTHIBAIUCH TEIUIOBBIE MOTEPU Ha

QJICKTPOAC U B IJIa3MEHHOM CTpYC paspsaa.
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