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BBICIIEI0 00pa30BaHMsI
«HAIIMOHAJIBHBIA UCCJIEAOBATEJIBLCKHUMI
TOMCKHUHA HOJUTEXHUYECKUIA YHUBEPCUTET»

[Hxona MHxeHepHas MIK0aa SAepHBIX TEXHOJIOTHH

Hanpapnene noaroroky 14.04.02 «SInepHble dU3MKA 1 TEXHOIOTHE Y

Otaenenue mikosst OTaeICHUE SAEPHO-TOINIMBHOIO HIMKIA
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Tema paGore
Biusinue Tema Harpesa 3ar0TOBOK Ha OCHOBE YIJIEPO/(d HA CBOMCTBA HONYYAEMbIX H3 HHX
Tabnerok
YK 661.666.1.024.1:621.762.5
CryneHr
I'pynna DPHO _ l'l.o{mjiw Jara
0AMbBA bopeukwii EBrenuii AnexcanipoBuy et o8 78
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IVIAHUPYEMBIE PE3YJIbTATbBI ObYYEHMHA 110 OOII

Kon
pe3yabTara

PesyiabTar 0dyuenns

IIpodeccHonanbHbie KOMIETEHLUMH

Pl

[lpumensite  rnybokue, MaTeMaTHYECKHE, €CTECTBEHHO-HAy4HbIE, COLMAIbHO-
JKOHOMMHECKME M NpodeccHoHaNbHble  3HAHUS  JUIS  TEOPETHYECKHX ¥
OKCIEPUMEHTAIBHBIX HCCNIE0BAHUI B 00MaCTH UCMONBL30OBAHUA AOCPHOH SHEPTHH,
AACPHLIX MATEPHANOB, CHCTeM y4eTa, KOHTpoid M GH3MYecKOH 3aumuThl AAEPHBIX
MATEPHANOB, TEXHONOTHHA paaHalHOHHOH 0e30HaCHOCTH, MCIMUMHCKOW (H3MKH W
AQCPHON MeIMLMHDBI, H30TOIHBIX TEXHOJIOIHH W MaTepHasoB B Npo)eCCHOHWILHON
JCSTESTEHOCTH.

P2

CraBurs M peliaTh  WHHOBALMOHHBIE  MHMKCHCPHO-(QM3HYECKHE  3aqaud,
peanu3oBbIBaTh TPOEKTHI B OOIACTH MCIOAL30BAHMS SACPHOH IHEpPIrUH, SAEPHBIX
MATEPHAIIOB, CHCTEM YHETa, KOHTPO/ISA K (H3HYECKOH 3a1MThI 51EPHBIX MATEPHAIIOR,
TEXHOJIOTHA PaJMaliHOHHOH 0€30macHOCTH, MEOMLUMHCKOH (U3HKM M sitepHOH
MEIMUMHBI, H30TONHBIX TEXHOJIOMMH M MaTEPHAIIOB.

P3

Co3naBaTh TeopeTndeckue, QU3MYECKUE U MATCMATHYECKHE MOJIEIH, OTIHChIBAKOLLUE
KOHJIEHCUPOBAHHOE COCTOSHHE BEILECTBA, PACNpPOCTPAHEHHE M B3aHMOACHCTBHE
MOHM3UDYIOIUX  M3JIy4YeHMM C BELIECTBOM M JKMBOM Mmarepued, QU3HKY
KUHETHYCCKHX sIBJIEHHH, MPOUECCHl B PeakTOpax, YCKOPHUTENsX, NPOLECCH M
MEXAHH3MEI IEPEHOCA Pa/JHOAKTUBHOCTH B OKPYXKAIOLICH CPEAC.

P4

PaspabarbiBark HOBBIE alFOPUTMBI ¥ METOJIbI: PACYETA COBPEMCHHbBIX (PU3HUYECKUX
YCTAHOBOK M YCTPOWCTB; HCCNEOBAHWS M3OTONHBIX TEXHOJOTMM H MarepHalos;
M3MEPEHMT  XapaKTePUCTHK  [ONXEH  HOHM3UPYIOIIMX  H¥IyYeHHH;  OlEHKH
KOJIHYECTBEHHEBIX XapaKTepPUCTHK SNCPHBIX MATEPHATIOR; U3IMEpeHHs
PaToAKTHBHOCTH 00BEKTOB OKPYKAIONIEH CPEIbl; HCCIEA0BAHMI B PATMO3IKOIOTHH,
MEAMUMHCKOH QU3HKE U A1epHOH MeIHLHIIE,

P5

OueHNBATE 1EPCTIEKTHBLI PA3BUTHA SAEPHON OTPACTH, MEAUUMHBI, AHATM3UPOBATE
PaAMANMOHHBIC PHCKHM H  CUCHApHH MOTEHIMAIbHO BO3MOXHEIX — aBapHii,
paspalarkiBaTh Mepl [0 CHHMKEHWMIO PHCKOB M ODECTICYEHHID AAEpHON M
pagvaunoHHod  Ge30MacHOCTM  PYKOBOJCTBYACH 33aKOHAMH M HODMATHBHBIMH
AOKYMECHTaMH, COCTABNIATE HKCIICPTHOC 3aKIFOYCHHE,

P6

IlpoexkTHpoBaTh ¥ OpPraHU3OBBIBATH HHHOBALMOHHEIA Ou3liec, paspabarTeiBaTe M
BHEPATH HOBBLIC BHIEI NPOIYKUHH W TEXHONOTHH, dopMmupopats sddekTHBHYIO
CTPATETHI0 H AKTUBHYIO [IOJTUTHKY PHCK-MEHEDKMCHTA HA [IPCIIIPHATHH, TPHMEHATD
METO/bl OLEHKM Ka4yecTBd W pPe3yJbTaTMBHOCTM TpyJAa IepCOHANa, MPHMEHAThL
3HAHHC OCHOBHBIX IIOJIOKEHHH NATEHTHOrO 3aKOHOJATENbCTBA M aBTOPCKOTO Mpasa
Poccuiickoi Menepauuu.

P7

JlemonCTpHpOBaTL 1i1yGOKME 3HAHHA COLMANbHBIX, 3THYECKMX H KYyILTYPHBIX
4CHEeKTOB MHHOBALMOHHON NpodecCHOHAIbHOR AeATEIbHOCTH,

P8

CaMoCTOATENLHO YIHTBCA M HCMPEPHIBHO MOBBINATh KBATMMHKALMIO B TCUCHHE
BCEro TepHoza Npo(hecCHOHATBHOM IS TEINBHOCTH,

P9

AKTHBHO BJaleTb HHOCTPAHHBIM A3BIKOM HA YPOBHE, NO3BOJANOIIEM paborarh B
MHOA3BIYHON Cpefle, paspabarblBaTh JJOKYMEHTALHIO, MPEe3CHTOBATE pE3yJbTATHL
npoheCCHOHAIBHOH NEATENBHOCTH.

P10

JddekTnBHO paboTaTh MHAMBHAYAIBHO M B KOJUIEKTHBE, [IEMOHCTPHpPOBATDH
OTBETCTBCHHOCTE 32 PE3yJIbTaThl padOTLI H FOTOBHOCTH CIEAOBATH KOPTMOPATHRHOM
KYJIbTYpE OpraHM3auuu.




Munucreperso obpasosanus u Hayku Poccuiickoit ®eaepaunn
thenepanbHOe rocyapcTBEHHOE aBTOHOMHOE 00pa30BaTCALHOE YUPEKICHHE
BbICILIEr0 0Opa3oBaHus
«HAIIMOHAJILHBIA UCCJIEJJOBATEJIbCKHH
TOMCKHMH NOJUTEXHUYECKNH YHUBEPCUTET»

IlIxona MHxkeHepHas HIKOJA SAePHbIX TEXHOJIOIMH

Hanpaenenne nogroroku 14.04.02 «faepabie PU3NKA U TEXHOIOTHIY

Otnenenne mxonas! OraencHue saACpHO-TOMIHBHOIO WHKIA

YTBEPKIAIO:

¢ PyrasoguTens OOII

b }}-EH v ._’"J;_" 2 J1.W. ﬂopod}eega
(®.1.0)

-~

e
/ [

\ J (Ignmuce)

l,l’:—._.

(Mara)

3AJAHHUE

H2 BLINOJIHEHHE BRINYCKHOH KBAAHPHKAIHOHHOMH paboThl

B dbopme:

Marucrepckas aucceprauus

(Bakanaspckod paBoTs, AMNIOMHOrO NpoeKkTa/padoTel, MarHCTEPCKON AHCCEPTAIHN)

Crynenry:

I'pynna

OHO

0AMBA

bopeuxuii EBrenuii AnexkcaHapouy

Tema paboTer:

BrnusHue temna HarpeBd 3aroTOBOK Ha OCHOBE YIiepoaa Ha CBOHCTBA MONYYaCeMBbIX H3 HHX

TadneToK

VTBepkaeHa [IPUKa3z0oM JUpeKTopa (1aTta, HoMep)

Nel939/c or 20.03.2018

Cpok caaud cTYAeHTOM BRINIONHEHHOH padoTsl:

TEXHUYECKOE 3AJIAHUE:

HcexoaHble AanBbie K padore

(HAUMEHOBRHUE OOBERING UCCALOOBARUA WIN NPOEKIMUPOGAHNUA,
APONIROIUINEABHOCIE WAL HUSPYIKG, pedcuM patom
(HenpepLIsHbIL, NEPUOOUYECKULE, YUKANecKutl & M. 0.}, 6ud
COIpBA WA Mamepudl usdeius, mpefosarua K RpodvKmy,
uIORAUID iU RPOYECTY, GCOBIE MPeRosants K ocoBERHOCTIAM
DYHKLNOHUPOGANUA (DKCnAyamaying o0wexma 1 us0en s &
nraKe HEIONACHOCIN IRCHIYAMayull, GIUARUA HA
ORPVICAIOTYIO CPEDY, PHEP2OIAMPAMAM; IKONOMULECKUT
argauE w o, 0.),

Hcenepopanne mponecca ¢abpukauun TabJeTOK Ha
OCHOBe  yruepoja ¢ J00aBICHHEM  PasIHuUHBIX
MIaCTUPUKATOPOB

IlepeyeHs moaekanMX Heele10BaAHHIO,
NPOEKTHPOBAHUIO M paszpaboTie
BOIIPOCORB

(araaumuueciuli 0630p No AUMEPAMYPHBIM UCMOYHIKGM ¢
HEAbID BbIACHENUR JOCTUNCENII] MUPOSOU NAYKIL MEXNUKY &
paccuampuegemoti obagemu, ROCMAHOERd 3a0a4Y
UCCAEOBAHUR, NPOEKINUPORANIA, KOHCMPYUPOGAHUA,
codepacaniie nPOYeAypsl HCCACOOBAHIA, NPOCKINUPOGANUA,
KOHCMPYUPOSaHii, ONCYICOERIE DCIVIbMAINOs SbIOAHCHHON

[Ipu paspaboTke MarucTepcKOi AUCCEPTALMHU JOJIKHBL
OBITH PACCMOTPEHBI CHEAYFOLIHE BOIPOCHL:

1. 0030p ¥ aHanM3 CBOHCTB YrIEPOJHLIX MATEPUANOB
HCIIOMb3YEMBIX TIpH copblimu Bogopoja; criocobos
ofecriedeHnsl PasBUTOR BHYTPEHHEH [MOBEPXHOCTH
Tab/ETOK; BCLIECTB, BBICTYMNAIOUIMX B KAuecTBe
BCIIOMOTATE/IBHEIX NIPH (pabpHKalMK YIiIepoa;




pafiomsl; HAUMEHOEAHYE DONOHUMENbKBIX PASOEIOR,
nodacacauqux paspabomee; saxmovenie no pabome).

3. onpenenenye

Beioas! 1o pabore.

3akioyeHue,

2. BHIOOP OCHOBHHIX (JaKTOPOB, BIMSIOUIMX Ha PEXKUM
HarpeBa yriepoHBIX 3ar0TOBOK;

ONTHMAITBHBIX TApaMeTPOB
(aGpuKaluy yriepoaHbIX MaTepHaIOB.

KoHCyabTaHThI 110 Pa3jieaM BbIYCKHOI KBanupuKaunoHHo# paboThl

Paznen Koncyasranr
DHHAHCOBBI MEHEMKMEHT
PPRMERT, | Iouenr OCTH ILIBHT

pecypcodpHEeKTHBHOCT H

Bepxosckas Mapuna Buranserna
pecypcocOepeKeHne

Accucrent OSATLL UATIL
CouMansHas OTBETCTBEHHOCTS

[orosiesa TateaHa CepreesHa

Crapwmnii npenogasatens OV LLIBUII
Tlo HOCTPaHHOMY A3BIKY

CmupHoBa YibsHa AlleKCaHAPORHA

HazBaHus pa3aenoB, KOTOpbIe J0/KHBI ObITh HAIMCAHBI HA PYCCKOM M HHOCTPAHHOM

SI3BIKAX:
1. O6sop
2. OcHOBHad YacTh
3. DuHAHCOBEI MEHEIKMEHT, pecypcodPeKTHBHOCTE H pecypcochepexente
4. (Eounanbuan OTBETCTBEHHOCTH
5. Influence of the rate of heating of carbon-based billets on the properties of tablets obtained

from them

Hara BbIIAa49H 3aJaHHH HAa BbINOJHEHHE BblﬂyCKHOﬁ

27 0 2
KBAJTH(UKANMOHHOH padoThl N0 JHHEHHOMY rpaduKy 7203 7¢
3aganne BbIAAJ PYKOBOUHTE/b;
HomkHoCcTh ©OHO Yuenas cTenenb, TMoanues Jara
IBAHHE
JouenT kad. TO OTU Busies J1.1. I.T.H. %‘é 7203 7§

3ananue HPHHAT K HCHIOJTHEHHIO CTYACHT!

Ipynoa

DPHO

Moanuce HaTa

0AMG6GA Bopenuxuit EBrenuit AnexcanapoBuy

o 720378




3AJIAHME JUIS PA3JIEJIA
«®UHAHCOBBIA MEHE/ZKMEHT, PECYPCO3®®EKTHUBHOCTDL U

PECYPCOCBEPEXXEHUE»
CryaeHTy:
I'pynna OUO
0AM6A bopeuxnit EBrenutt Anekcannaposuy
HIko.1a MATII Oraenenne OATI
14.04.02 S pepHbie
bu3nka u
YEnGEn MarucTtpatypa HanpagjieHne/cnenuaabHOCTH NERESIONAT
obpa3oBaHHA Hzotonuble
TEXHOJIOTHH U
MaTepHAIb]

pecypcochepekeHne»:

WUcxoanble gannbie K pasaedy «OHHAHCOBBIH MeHEKMEHT, pecypcod@(eKTHBHOCTL H

I, CTouMOCTb pecypcoB HayMHOTO HccnenoBanns (HW):
MaTepHAHO-TEXHHIECKHX, YHePreTHIECKHX, (HHAHCOBBIX,
HHGOPMaLHOHHBIX M 4eJIOBCYCCKHX

1. HopMaTus 3apaloTHOI niathl
2. CTOHUMOCTE PacXOIHBIX MATEPHATIOR

2. HopMb! # HOPMATHBEI PACXOIOBAHKA PECYPCOB

1. KoadhrumenTsl n1a pactera 3apa00THON MmiaTel

Hepe‘leﬂb BOIIPOCOB, NOAJCKALNMHX HCC/Ae10BAHHIO, IPOCKTHPOBAHHIO H pa3paﬁonce:

1. Ilnanupopanue u GopMHpoBaHHE OFOKETA HAYYHBIX
HccneioBaHui

1. CrpykTypa paloT B  paMKax  HayuyHOro
HCCHIeIOBaHHSA

2. OnpeneneHne  TPYAOEMKOCTH  BBINOJHEHHSA
pabor ® paspaboTka Tpatuka [POBEACHH
HAy4HOI0 HCCICI0BAHNA

3. BromeT Hay4HO-TEXHHYECKOr0 HCCNEI0BAHMA

2. PazpaboTka KaJleHIapHOro TaH-rpadka BeinonHenus BKP

1. OnpejeneHue rnoxasarens TEeXHHYECKOH
I'OTOBHOCTH TEMBI, IMUTENTEHOCTH JTaIoB,
ko3hdunueHTa KaTeHIapHOCTH H
MPOAOIKHTENEHOCTH padoT

2. TlocTpoeHue KaleHIApHOTO IU1aH rpadyka

nposenenus BKP
3. Onpenenenue pecypcHoli (pecypcocOeperaromeii), 1. Onpepenente  ko3(puHEeHTa  COLMATBHO—
(hrHAHCOBOH, BFOKETHOH, COMMANBHON M dDKOHOMHYecKkolt | HayuHoro sdidexra HUP
apdexTHBHOCTH HCCIENOBAHUA 2, Onpenenenue koo buIHeHTa Hay9HO—

TeXHIYecKoro s¢dexra IMTUIOMHOH padoTsl
3. Ouenka pecypcHol sddexrusroctn HAP

Ilepeuens rpaguyeckoro MaTepuaia

1. Tuarpamma Menkassr
2. MaTtpHIia OTBETCTBEHHOCTH
2. Kanennapsstii mnas—rpaguk BeinonHenus BKP

| JaTa BbIIa4uM 3aJaHUA /18 pa3/ielia o JHHeiHoMy rpaduKy

3agaHue BbIIAN KOHCYJIBTAHT.

JTOJKHOCTE DO Yuenas crenens, IMoanucs JaTta
3BAHHEe
JloueHnt Bepxosckag M.B. K.3.H. R |
3axaHne NPHHAI K HCIIOJTHEHHIO CTY/EHT:
I'pynna DHO Moanucs Hara
0AMBA Bopenxuit Eprenuit AnexkcasxpoBuy o 7K O FE




SAJAHHUE 1A PASAEJIA
«COLHUAJIbHAA OTBETCTBEHHOCTb»

Crynmenty:
I'pynna PUO
0AMO6A bopenkuii Esrenuit Anexcanaposuy
Llkona UATIN Oraenenne OATIL
14.04.02 Snepusie
dusnka u
YpoBensn TEXHOIOTHH/
Marucrparypa Hanpapnenue/cennajibHocTh
o0paszoBaHus Usoronubie
TEXHOIIOTHH U
MaTepUabl
Hcxoanbie nanabie k pasgenay « ConuaibHAS 0TBETCTBEHHOCTBY:
1. Onucanue pabovezo mecma (paboueii 3on1) Ha npedmem — BpEIOHBIX niposBIe i thaxTopos
BO3HUKHOBEHUA! npOHBBO,IlCTBeHHOﬁ Cpensl (MﬂKpOKJ'IHMEI.T,

OCBEIIEHHE, UIyMbl, BHOPALKH, 3IEKTPOMAIHUTHEIE
[0JIsL, HOHU3HPYIOILEe U3Ty4eHHE);

— OMacHBIX MpOsABJIE HHH paxTopos
MPOM3BOICTBEHHOH cpenbl (MexaHHYeCKOH,
INMEKTPUYECKOH H IOKAPHOH NpHPOIsL).

2. 3uaroMecmeo u omEop 3aKOHOOAMENLHELX U HOPMANTUBHIX
JoKyMeHmos no meme

— TpedoBanus OXpaHsl Tpyaa npu paCoTe Ha
[13BM, ¢ ruapaenuyeckuM npeccoM H TpyGuaroii
TeybLo;

— 3MeKTpobe30NacHOCTS;

— MoXapo0e30nacHOCTh;

— MEXaHHYecKas OIAcHOCTD.

Hepe‘leﬂb BONPOCOB, MOANEKAMUX HCCTeJOBAHHIO, NPOCKTHPOBAHUIO H pa:’.paﬁo'me:

1. Ananus evisaneHuvrx epednbix paxmopos npoexmupyemoti
HAPOUSEOOCIBEHHOH CPedbl 8 credyiow el
ROCEO0BAMENbHOCINU:

— AelcTBue GaKkTOpa HA OPraHuU3M HeloBeKa;
— NpPUBCJACHHE  OOIMYCTHMBIX  HOPM  ©
neo0X0HMOH pasMEpHOCTBI0 (CO  CCBUIKOH Ha

COOTBETCTBYIOIIHI HOPMaTHBHO-TEXHHYECKHIA
INOKYMEHT);
— mpejanaraeMble cpeJicTBa 3aLIATh]

(KO/UIEKTHBHBIE M HHIMBHIYAJILHBIE).

2. Ananus epiasienHbEIX ORACHBIX HAKMOPOE NPOKMUPYeMOoti
APOU3BEOEHHON Cpedbl 8 CREVIOUeH NOCTE) OB AMENLHOCINIL

— MEeXaHHYECKHEe ONACHOCTH (MCTOYHHKH,
CPe/ICTBA 3ALIUTEL),

— 9eKTpoGe30IacHoCTE (B T.4Y. CTATHIECKOE
DIEKTPHYECTBO, CPEACTBA 3ALNTEL),

— 1oxapofe30nacHoCTh (MpIYHHBI,
NPOQHUIAKTHYECKHE — MEDOINPHATHSL, MepBHUHbIE
CpeAcTBa [IKapoTYIIeHH).

I_I[aTa BLITAYH 3aJaHMH [UIA Pasgena 1o JJHHeHHoMY rpad Ky [

3agaHue BLITAT KOHCYJ/JIbTAHT:

HomxanocTs DHO Yuenas cremens, IMoanuen Jara
IBAHHE

Accuctent OATI] £

I'oronera T.C. K.(.-M.H. / i

VISITIIL b i

3ajanue NPUHAN K HCMTOTHEHHIO CTYEHT:
I'pynna DHO Ioanuck Hdara
0AMG6GA Bopenxnii EBrennit Anexcadaposuya e 2oy 78




MuHucreperso odpaszosanua 4 HaykH Pocceniickoii @egepanun

(enepaibHOE rocyapeTBEHHOC aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHE

BBICIIIETD 0OpaA30BaHUA .
«HAIITMOHAJIBHBINA HCCJIEAOBATEJ/JILCKUI
TOMCKHUHN NNOJUTEXHUYECKUN YHUBEPCUTET»

[Mkona MuxKeHepHas NikoJia syIepHbIX TEXHOJIOrUi
Hanpasienne monrororku 14.04.02 «Snepubie HU3nKa 1 TEXHOIOTUNY

VYposenrb 0OpazoBanus Marucrparypa
Otnenenne mxonel OTAENEHUE SIEPHO-TOILIHBHOTO [HKIA
[lepuon BeimoaHeHs Becennuii cemectp 2017/2018 yuebuoro roja

Popma npeacraaeHns paboThL

Marucrepckas quccepranus

(Bakanaepckas pabota, AMni1oMubIH NpoeKT/pabora, MACHCTEPCKas AMCCEPTaLMs)

KAJIEHJIAPHBIA PEUTUHI-IIJIAH
BBINOJHEHNH BblIly CKHOH KBatHGHKamHOHHOH padoTnI

Cpok caaun CTYACHTOM BBIOJHEHHON paboThI: ' g P
Hara Hazpauune pazena (moayas) / MaKCHMANbHLIR
KOHTpOIA BHA PaBOTLI (HCCAeA0BANI) a1 pazaena (Moay.is)
26.03.2018 Paspaborka T3 na BKP 20
27.03.2018 CocraBneHne U yTBEpXKIACHHE TEXHHYCCKOTO 3a1aHNS 10
28.03.  01.04.2018 Br1bop HanpasieHus WCCIe[0BaHKUs B ClIocO60B 10
peumeHus 3aj1a4
01.04. — 08.04.2018 | COop 1 UzyUeHHE HAYUHO-TEXHHYECKOH IMTEPaTyphI 10
[ToiroToBKa YCTAHOBKH AJIA [IPOBEICHHS
28.04. - 10.04.2018 | 3KCOCPHMEHTA H HAIIMCAHHME MOSACHUTEIBHOM 8
3aIACKH
10.05. - 10.05.2018 | [IpoBeneHue IKCIEPUMEHTA 7
10.05. - 15.05.2018 | Anamm3 u 06paboTKa NONYUEHHBIX PEIYNLTATOR 5
15.05 — 01.06.2018 Ob6061mmenne 1 onenka dGHEKTHBHOCTH NOTYUEHHBIX 5
PE3YIETATOB
01.06. - 04.06.2018 | OdopmicHHE HOACHATEIBHON 3AIUCKA 5
CocTaBun npenojgaBaTeis;
Honmnoers PHO inCRRmCTEIERE; IToanuch MaTta
IBaHHe
JoucHTt Bunses J1.T. JIT.H. ﬁzf’ /C.O0F 78
COI'JIACOBAHO:
Pykorogutens OOTI U0 Yuenan crenens, Moanuce Mdara
IBAHHC
C :
HoteHT Hopodeera J1.H. K..-M.H. > YA r 12 032 (4




OrnaBiieHue

PEDEPAT ...ttt ettt b e e nne e e nnnas 11
2321501 (535 1% (< 12
R O 1o} o PP URRTOPRPTPI 14

1.1 TIepCHEKTUBHBIC BUIBI TOTIITHB ... ..veeeeutreeesureeesassressasseeesasseasssneessnseeessnneessnsens 14

1.2 HpI/IMeHeHI/IG BOJOpPOJAa B KAYCCTBC AJIBTCPHATHBHOTO HCTOYHUKA S9HCPIUHU 15

1.3 OcHOBHBIE CTTIOCOOBI XPAHEHUS BOTOPOMA ...vvvervreervreessressnresssressssesssseesssnesssnes 16
1.4 CopOuus Kak NepCHIEKTUBHBIN CIIOCO0 XPAHEHUS BOJOPOA veevvvvrervveressvnnss 18
1.5 CBONMCTBA YTIIEPOIHBIX MATEPHATIOB ...eeuvveesreressreesnreessreessreessressnesansesesnnsensnns 19
1.5.1  KpPHCTAITHYECKAT PEIIETKA ....vvvveevreresrreeessreessssnessssessssssesesnsssesssseeans 21
1.5.2  ®usnueckue CBONCTBA TPAPHUTOBBIX MATEPUATIOB .....vvervvererernreareeseesnns 22
1.5.3 Xumuueckue CBOMCTBA IPAPHUTOBBIX MATEPUATIOB .....eervveerernreanreeeennss 25
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PE®EPAT

Brimycknas kBanudukanuonHas pabota: 162 crpanuibl, 37 pUCYHKOB, 48
Tabnui, 28 UCTOYHUKOB, 31 dopmyrna, 4 MPUIIOKEHHUS.

KitoueBbie ciioBa: TEXHUYECKUI YIIIepoi, cTeapaT HATpUsl, CTeapaT HUKES,
IpeccoBaHue, TabJIeTUPOBAHUE.

Pa3paboTka HOBBIX METOAMK (DOPMOBAHMS TMOPOIIKOB C IEJIbIO MOJYyYCHUS
Ta0JIETOK C 3a/IaHHBIMU CBOMCTBAMU IUIOTHOCTHU, IIOPUCTOCTH M IPOYHOCTH SIBIISAETCS
aKTyaJlbHOW TIpoOJeMO B oOsacTu pa3pabOTKM MaTepuajoB Il XpaHEHUS
BOAOpPO/IA.

OOBEKTOM UCCIEeIOBaHUS SIBJISIOTCS YIJIEPOJ, CTeapaT HaTpus, cTeapar
HUKEJIs, MOPOIIKH, MOJydYaeMble IyTEM CMEIICHUsI yTiIiepoa U cTeapaToB, TaOJETKH,
MOJIy4a€MbI€ ITyTEM MPECCOBAHUS MOPOIIKOB C UX JATbHEUIIUM HATPEBOM.

Lens pabote: OmpeneneHue ONTUMAIbHBIX IMApaMETPOB, BIUSIOMIUX Ha
pexXuM HarpeBa, npu ¢adpuKaluu MOPOIIKOB HA OCHOBE yriiepoa ¢ JA00aBJICHUEM
Pa3IMYHBIX TUIACTU(PUKATOPOB.

CrpykTtypa paboThl: MarucTepCcKasi AUCCEPTAIUs COCTOUT U3 YEThIPEX YacTeH.
B mnepBoil yactu mpoBeneH 0030p W aHaIU3 CBOMCTB YIVIEPOJHBIX MaTepHasoB
HCIIOJB3YEMBIX TIPU COpPOIMHM BOAOPOJAA; CIIOCOOOB OOCCIeUeHHsS Pa3BUTOM
BHYTPEHHEM TOBEPXHOCTU TaOJETOK; BEIIECTB, BBICTYMAIOIMUX B  POJH
m1acTU(GUKATOPOB MpH (hadpuKaluu yriaeposa.

Bo BTOpoii — mpencTaBiieHO OINMCAaHME XWMHYECKOIO CHHTE3a CcTeapara
HUKEJs, TEPMUYECKUI aHaIu3 MaTEepUaIoB, UCIIOIb3YEMbIX B XOJ€ UCCIEAOBAHUS U
WX CBOWMCTBA, a TAaKXKe yCJIOBHs (haOpUKAIlMU TIOPOIIKOB M CBOMCTBA, MOITYYEHHBIX
Ta0JIEeTOK.

B TpeTweli yacTu npuBeIeH NMPEANPOCKTHBINA aHATU3 PaOO0ThI, SKOHOMUYECKHMA
pacueT 3arpaT Ha MPOBEJICHHE WCCIEIOBAHUS, COCTABJIEH KaJEHIAPHBIN IUIaH
paboTHI.

B derBeproit — paccMoTpeHa oxpaHa TpyJa U TEXHHUKA OE30MacHOCTH TpHU

IIPOBEJCHUM Hay4YHO-UCCIEA0BATEIBCKON PaOOTHI.
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Beenenue

Wnes 3erneHON PKOHOMMKHM, IpHHATas B KadectBe mnporpammbsl OOH mno
okpyxarwmeid cpeae B 2008 roxy mnpeamnonaraeT pa3pabOTKy M ITOBCEMECTHOE
BHEJIPEHUE  TEXHOJOTHH, oOecnedynBaromux  3(PQGEKTUBHOE  HCIOJIH30BAHUC
IPUPOAHBIX PECYPCOB, CHUKEHHUE 3arps3HEHUS] OKpPYXKaloLEH Cpelbl, YBEIHMYECHUE
3aHITOCTH HACEJICHUS.

B  o0mactu  SHEProHOCUTENEH  OCHOBHOE  BHUMAHUE  yJEJseTcs
BO300HOBIsIEMBbIM HcTOYHUKaM (BW) sHeprum, Kk KOTOPbIM MOKHO OTHECTH COJIHIIE,
BETEp, OMOTOIIIMBO, MUPOBOW OKe€aH U Jp. XOTs 3anacsl 3Heprur BU moxHO cunrarth
HEOTpaHWYEHHBIMH, BO3HUKAET HEOOXOJUMOCTh COXPAHEHUSI HAKOIIEHHON SHEpruu
B TEUEHUHM [UIUTEIBHOrO BpeMeHU. OIHUM M3 CIOCOOOB COXPAaHEHUS HHEPIUU
ABJIIETCSI HMCIIOJIb30BAaHUE HAKONMTENIEH, B KOTOPBIX JHEPrus COXpaHseTcs B
xumMuueckoil ¢opme. K TakuMm HakomuTensiM MOXXHO OTHECTH BOJIOpPOJ, Ha
IPOU3BOJCTBO KOTOPOTO TpeOyeTcsl COBEPLIUTh ONPEICICHHbIE 3aTpaThl SHEPTHUH,
IIOCJIE YETO OH MOXKET JUIMTENbHOE BpeMs XpaHWThbCA. [IpenmyinectBa Bomopona
COCTOSIT B BO3MOXXKHOCTH €r0 INpPHUMEHEHHS, KaK B TPaJULHUOHHBIX OEH3MHOBBIX
JBUTATENSIX BHYTPEHHETO CropaHus, TaK M B TOIUIMBHBIX SYeilkax, IA€ NpH
B3aMMOJICUCTBUM C KHUCJIOPOJOM O0pa3yeTcsi BOJa M BBIAEISAETCA JJIEKTpUYECKas
DHEPTHUSL.

Baxnoil mpoOnemMoil Ha MyTH pacmpoCTpaHEHUsT BOJOPOAHOrO TOILJIMBA
SBJIIETCS  CO3JlaHue croco0a XpaHEHUs BOAOPOAA, INpU KOTOPOM Oyzer
o0ecrieunBaTbCcs HEBO3MOXHOCTh €ro JIETOHALMKW B Cllydyae pa3repMeTu3aluu
CUCTEMBI XpaHEHUs], 1 3KOHOMHUYECKAsI ONPaBJAHHOCTh MpeJjIaraeMoro crnocooa.

B coorBerctBMM CO cTaHmaptamMu MeXAyHapOIHOIO OHEPreTUYeCKOro
ATEHTCTBA, CIOCOO XpaHEHHUs BOAOpoja cuuTaetcs d(PQPEeKTUBHBIM B cllydae, Korja
MaccoBas J0Js rasa COCTaBJseT HE MeHee 5 % MO CpPaBHEHHUIO C MACCOM CHUCTEMBI
XpaHEHMUS.

Ha ceroansmnuii AeHb NEPCHEKTUBHBIMU HAKOMUTENSIMU  BOAOPOJA

CUHUTAKOTCA PA3JIMYHBIC TMOPOMIKOBLIC YIJICPOAHBIC MATCPHAJIbI, BBICTYIIAOIIHUC B
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KauecTBe CcopOeHTOB. I[IpuMeHeHHe TMOPOUIKOB B CBOIO OYEpeab HMEET Pl
HEJOCTAaTKOB, B YACTHOCTU: MEHbIIAs, IO CPaBHEHUIO C KOMIIAKTHPYEMBIMU
(dopMamu, yzAenbHas IUIOIIAJb KOHTAaKTa raza ¢ COpPOEHTOM; HH3Kas IUIOTHOCTh
copbeHTa; OOJbIIOE THAPABINYECKOE COMPOTHBIICHHWE MPH HACHIIICHUH MOPOIIKOB
ra3oM; HEraTMBHOE BO3JEHCTBHE Ha pabOTy TOIUIMBHOM CHUCTEMBI 3a CYET €€
3arpsiI3HEHUS] MEJIKOAUCIIEPCHBIM COPOEHTOM.

B cBsf3u ¢ 3THM BO3HUKAaeT HEOOXOIUMOCTh B pa3pabOTKE METOAUKH
CO3/1aHusl TaOJeTUPYyEMBIX (OpPM XpaHEHHs BOJOpPOJAa HA OCHOBE YIJIEPOJIHBIX
COpOEHTOB.

Lenpro gaHHOM pabOTHI ABIAETCS ONpPEAENEHUE ONTUMAJIBHBIX MapamMeTpPOB,
BJIMSIOUINX HA PEXUM Harpesa, npu (aObpuKaluy MOPOIIKOB Ha OCHOBE yIJiepoja ¢
100aBIIEHUEM PA3JIMYHBIX MIACTU(PUKATOPOB.

JUIsL TOCTH>KEHMS TIOCTABJIEHHOM LENH PEIIAINCH CIEAYIOIINE 3a0aun:

1. 0030p u aHaNW3 CBOWCTB YIJEPOIAHBIX MATEPUATIOB HMCIIOJIb3YEMbIX MPU
copOIMu BOAOPOJA; CHOCOOOB OO€CIEeUeHUs Pa3BUTOW BHYTPEHHEH MOBEPXHOCTHU
TaOJIETOK; BEILIECTB, BBICTYNAIOUIMX B POJM IUIACTU(GUKATOPOB MpH (adbpukanuu
yIJepoaa;

2. ompejelieHue OCHOBHBIX (DaKTOPOB, BIIMSAIOIIMX HA PEXUM Harpena
YTJIEPOJHBIX 3aTOTOBOK;

3. BbIOOp ONTUMAJBHBIX  TapaMeTpoB  (abpuKaluu  yIrIePOAHBIX

MaTepuaoB.

13



1 O630p

1.1 IlepcnekTHBHBbIE BU/IbI TOILIUB

B ycnoBusix nmpubimkaronerocst UCTOIEHUS TPAJUIIMOHHBIX Y HEPIOPECYPCOB
JUTsL JTIF0OOW CTpaHbl 3HAYMMBIMH SIBJISIFOTCST MCCIIEIOBAHUS U MOUCK MPAKTHYECKUX
pelieHnil MoMy4YeHUs U UCTI0Ib30BaHUS aTbTEPHATUBHBIX HCTOYHUKOB YHEPTHUU.

VYxe ceromHst A0Js albTEPHATUBHBIX HCTOYHHUKOB DHEPTUHM B HEKOTOPHIX
CTpaHax JOCTUraeT YETBEPTH OT OOIEro KoJu4ecTBa reHepupyemoin sHepruu. K
npuMepy, Mo JaHHBIM MeXIyHapoJIHOro sHepreTuyeckoro areHTctBa (MOA) [1]
JUANPYIONINE TO3WIIMKM B PA3BUTHH BHYTPEHHETO pBIHKA aJIbTEPHATUBHBIX
UCTOYHUKOB SHepruu 3aHuMaroT Mcnanmus (mons BUD — 25 %), Janus (20,6 %),
[Mopryranus (18 %), Ucanus (17,7 %) n HoBas 3emanaus (15,1 %).

B oOnacTtu aBTOTpaHCcnopTa nepcrneKTUBHBIMU CUMTAIOTCS: BOJIOPOI, METaH U
OyTaH-TIPOIIaHOBAsI CMECh.

Metan (CNG, Compressed Natural Gas — cxatblii IpUPOIHBIN ra3) SBISETCS
ra3oM NPUPOJHOrO TMPOUCXOXKACHHUS, OH HE HMMEET IBeTa M 3amaxa. HauBbicuias
KpUTHYECKasi TemrepaTypa MeTaHa cocrtaBisieT -82 °C, To ecTh MpH HOPMaIbHBIX
YCIIOBUSIX METaH HE MOXKET OBbITh CXKMXKEH 0€3 MOHUKEHHUS €ro TeMIeparypbl. ITO
OOCTOSITEILCTBO 3aTPYIHSET pPa3pabOTKy TPAHCIOPTUPYEMBIX CHCTEM XpaHEHUs
MeTaHa. bonee mojgHoe cropaHue MeTaHa B ABUTraresie (0 CPaBHEHHUIO C OCH3UHOM)
oOecrieunBaeTcs OOJBINEH KOHIIEHTpaIMed Bojopoaa B Tase. B cooTrBeTcTBUU C
TAHHBIMH, TIPUBEICHHBIMU B Tabnuie 1.1 BUIHO, YTO ynaenabHAs TEIUIOTAa CTOPAHMS
MeTaHa OJM3Ka K TeIJIoTe cropaHus OeH3WHa, HO B TO K€ BpeMs B 2,4 pasza HUKeE,
4yeM yJielbHas TeIJIoTa CTOpaHMs BOJAOPOJa. Y BEIMYEHHE MAaCCOBBIX 3aTpaT MeTaHa
Ha TIOJy4eHHE TOM )K€ DHEPTUU BIEYET 3a COOOH yBETMYEHHE BBHIOpOCA a30Ta U €ro
coeMHEHUN (B YacTHOCTH: cepoBoaopod — HS, mepkanranoBas cepa — CH3SH u
pas3nuYHbIC TBEPbIC IPUMECH) B aTMOChEPY.

[Iponan-OyTaHoBass cMeCh UMEET CIEAYIOIINE MPEUMYIIECTBA B KadecTBE
MEPCIEKTUBHOTO TOTUINBA!

— HeT 00pa30BaHus Harapa Ha BHYTPEHHUX IMOBEPXHOCTAX 000PYJOBaHUS;
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— HE BJIUSET HAa KAY€CTBO MOTOPHOI'O MAacja, 4TO B CBOKO OYEPEb MPUBOJUT K
MEHBILIEMY U3HOCY TPYILLUXCS OBEPXHOCTEM.

K HepgocraTkam MOKHO OTHECTH CIIEAYIOLIEE:

— MPOU3BO/ICTBO MPOMaH-O0yTaHOBOM CMeCH 3aBUCHUT OT 3aracoB HEPTH;

— TPOHMCXOOUT PE3KOE YXYIIICHHWE CBOMCTB BEIMIECTBA IPU HU3BKUX

TeMIiepaTypax.

Tabmuna 1.1 — Y enpHast TEmioTa Cropanus OCHOBHBIX TOILIUB [2]

Tonmuso VY nenvHas Teruiota cropanus, MJx/kr
bensun 44
Bomopon 119,83
Meran 50
Bonopon + metan (50 % H,u 50 % CH,y
10 Macce) %
Bonopon + meTaH + yriieKucislil ra3
(33 % H,, 33 % CH4 1 33 % CO, o 60
Macce)
Bonopon + yriekucisii ras
(50 % H, u 50 % CO, o macce) 0
[Tpoman + OyTan (50 % CsHg u 50 % 156

C4H1o mo macce)

1.2 TlpuMeHeHHe BOAOPOAA B KayeCcTBe AJbTEPHATHBHOIO HCTOYHHUKA

YHEPTrumn

Cpenn HMCTOYHUKOB aJIbTEPHATUBHOTO TOIUIMBA TMEPCHEKTUBHBIM SIBJISIETCA
BOJIOPOJI, OCHOBHBIM €r0 MPEUMYIIECTBOM BBICTYMAET KOJIOTMYECKass 4UCTOTa (B
mporiecce TopeHus Bwlaensercs Boaa). B Poccum Bopopon mnpumeHsieTcss B
pasnu4HbBIX  obnacTax [3], TpaAWIMOHHBIMU  BBICTYMAlOT XUMHUYECKas W

He(pTEeXUMUYECKass TPOMBIIUICHHOCTh, METAJUTypTusi, OPTaHWUYEeCKUW  CHUHTE3,
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MUILIEBasi MPOMBIIUIEHHOCTh, PAaKETHO-KOCMHUYECKAsi  OTpaciib, CTEKOJIbHAas
MPOMBIIUICHHOCTh M MOTEHUHAIbHBIMU  SBJISIIOTCSI  TPAHCHOPT  (ABUTATENH
BHYTPEHHETO CropaHus), HHEpreTuka (ra3oBble TYypOMHBI), JJICKTPOXUMHYECKAS
MPOMBIIICHHOCTh (TOIUIMBHBIE 3JIeMEHThI).  OOBbEM MHUPOBOTO MPOU3BOJICTBA
Bojiopoaa B 2013 r. omenuBanca B 55-58 MJH T., B TOM uucie ao0jga Poccun
cocTtaBisia 8 % wan 4.5 MIIH T.

Hcnonb3oBanrue BOAOPO/JA B KAu€CTBE OCHOBHOI'O WJIM BCIIOMOTATEIBHOTO
TOIJIMBA B CETMEHTE aBTOMOOHWJIBLHOI'O TPAHCIOPTAa OTKPHIBAECT MEPCHEKTHUBHI €T0
MPUMEHEHUSI B KauecTBE TJI00aIbHOTO 3HEpropecypca. Tem He MeHee, 10 CUX TMOpP
OCTaeTCsl PsJ HEpEHICHHBIX MpoOJeM, HamboJiee BaXXKHOM M3 KOTOPBIX SIBISETCA

oOecrieueHue 6€30MacHOr0 XpaHEHUs! BOAOPO/ia U €ro TPAHCIIOPTHUPOBKH.

1.3 OcHoBHBIE CTIOCOOBI XpaHEHUSsI BOAOPOIA

Ha ceronnsimauii 1eH» Hanbosee 4acTo UCIOJIb3YEMBIM CIIOCOOOM XPaHECHUS
BOJIOPOJIa SIBJISIETCSI €r0 COJEpKaHUE B Oa/UlIoHaX MpHU MOBBIIMIEHHOM JaBicHUU. B
3aBUCUMOCTH OT JABJICHHUSI, BOJOPOJ MOXKET XPAHUTHCSI KaK B ra3000pa3HOM, TaK U B
CKMKEHHOM cocTosgHusiX. Ha pucynke 1.1 mpeacTaBiieHbl OCHOBHBIE NPUHIIUIIBI,

IMO3BOJIAIOIINEC OCYHICCTBIIATE XPAHCHHUC BOJOPOIA.

Ha ocHoBe Ha ocHose
pranyecknx mMaTepuanos
MeToa0B
XpaHehue B X
aHeHue B
XpaHeHue B cxaToMm BuAe P
CXUKEHHOM
cxaToMm BMae npun COCTOSHAM
MOHUXEHHbIX
TemMnepaTtypax
[ | I I 1
Kupgkasa BHyTpuTkaHeBbI KomnnekcHbIn XumMmmyeckuni
Apcopbuus
opraHuka mapug, mapug BOJOpOA

Pucynok 1.1 — IIpunnun xpaHeHus Boiopo/ia
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Ha ocHOBe mpencTaBieHHBIX BBIIIE MNPUHLMUIIOB pa3pabOTaHbl CIOCOOBI
XpaHEHMs] BOJOPOAA, MPUMEHSEMbIE KaK JUIsl CTALIMOHAPHOIO XPAHEHWs, TaK U IS
TpaHCOpTUPOBKU. B Tabnuue 1.1 mpuBeaeHbl CyIIECTBYIONIME CIIOCOOBI XpaHEHUS

BOJIOPO/JIa, @ TAKIKE X XapaKTEPUCTHUKHU.

Tabnuna 1.2 — CriocoObl XpaHEHHUS BOJIOPOJIA M UX XapaKTEPUCTHKH [4]

CniocoOb1 Coneprxanue [Ipeumyiecta
o Henocratku
XpaHEeHHUS H,, macc.% croco0a XpaHeHus
OcHoBHBIE cI0c0OBI XpaHenus H,
. 0oJibIlIasi Macca Taphbl
I"azo006pa3ubiit Hy 100 oTpaboTaHHasI MATTOE COTTe )KaHHl; B’
(27 °C, 10 MITa) TEXHOJIOTHSI p
o0beme
Kunxuit H, IUIOTHOCTE — 1 notepu H, Ha
o 100 3
(-252,6 °C) KI/M UCIapeHue, CTOUMOCTD
[TepcniekTrBHBIE cr1OCOOBI XpaHeHus H;
079110)%0108 .
XpaHECHHE B TBEPIOI MOCTETICHHAS
METaJJIOB,
1,4-19,35 daze yno0OHO u JerpagaIus
WHTEPMETAILITUIOB
0e30macHo CTPYKTYPBI
Y CIUJIAaBOB
HU3KOE 00bEMHOE
coaepkanue H;,—
0,5...20 kr/m’.
Kpuoancopoius oTpaboTaHHas
Heo0OxoanuMocThb
0,05-2 TEXHOJIOTHS
TOIIeP KAHUS
ycnosuii:-118 °C, 6,9
MITIa.
HEJIOCTATOK OIbITa
pPE3yNIbTAThI
. IPOU3BOJICTBA
CopOrus UCCIIeIOBAaHUM .
FIepOHBIMIH MEIOT IUIOTHOCTE H, — HaKOIIUTEJIEN
y 30...100 kr/m® BOJIOPOJIa HA OCHOBE
MaTepHaiaMu BBICOKYIO
YTIAEPOTHBIX
JTUCTIEPCHIO
MaTepuasoB
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Tabmuma 1.3 — TpeOoBanus cuUCTeMaM XpaHEHHS BOJAOPOJA NPUMECHIEMBbIM B
aBTOTpaHcrnopte [5,6]

MexayHapoaHoe
Snonus CIIA DHepPreTuIecKoe
ATEHTCTBO
MaccoBas 10J11 BOgOopo/1a
B cucteme >3 %.
Temmneparypa MaccoBas 1ol BOAODO MaccoBas noiist Bonopoaa
JAeruaparanuu posd B cucteme > 5 %.
<373 K. B cucreme > 6 %.
Temneparypa
BO3MOKHOCTE OGLeMHa:;I (,;OJI}I raza > z[emz[pgTaleI?IH
repe3apsiKy Ipu 0- <423 K.

COXpPaHEHUH EMKOCTH
cucteMbl >90% 1ocie
5000 mukIiI0B
nepe3apsiKy.

B coorBerctBuM ¢ Tabmuueir 1.1, mepeuucieHHble CnOCOObl XpaHEHMs
BOAOpO/a O0Jaal0T KakK JOCTOMHCTBAMHU, TaK M HEAOCTATKAMH, 3HAYUTEIbHO
OTPaHUYMBAIOIIMMU HUX HUCIIOIb30BAHUE B COBPEMEHHOW TEXHUKE U TE€XHOIOruu. B
TAaKOM CHUTYyallMM 3aTPyJHUTENBHO OIpPENEIUTh HanboJee YHUBEPCAIbHBIM CIOCOO
XpaHEeHMs] BOJAOPOAA, KOTOPbIM MOKHO ObLIO Obl OJHOBPEMEHHO HCIOJIb30BaTh Kak
JUTSL XpaHEHUsl 0OJIbIUX 00BEMOB Ta3a CTAIMOHAPHO, TaK U JJII TPAHCIIOPTUPOBKU HA

OO0JIbIIIE PACCTOSHHUSL.

1.4 CopOums KaK nepcneKTUBHBIN COCO0 XpaHEHHUsI BOAOPO/IA

XoTs mpeacTaBieHHbIe B Tabmuie 1.1 mepcrneKTHBHBIE CIOCOOBI XpaHEHUS
BOZIOpO/Ia 00aal0T OMpeeICHHBIMA HEIOCTaTKaMH, B KadyeCTBE JaJbHEHIIEro
paccMoTpeHusi ObUT BBIOpaH CHOCOO XpaHEHHsS BOJOPOJA IyTEM €ro ajcopOluu
YIAEPOJHBIMU MaTepHalaMH, TOCKOJbKY JIaHHBIH CIOCOO JUINEH HEJ0CTaTKOB
KpUOAJCOPOLIMM U B TMEPCIEKTUBE MOXKET OBITh IMOJyYeHa BBICOKAsl IJIOTHOCTH
BOZIOpO/a. YepKaHUE BOJOpOJa TaKMM CIOCOOOM OCHOBaHO Ha cuiax Ban-nep-
Baanbca (MEXKMOJEKYISIPHOTO B3aUMOJCHCTBHS). BaKHBIM  MPEUMYIIECTBOM
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SBIISIETCS OOpa30BaHME CBA3M MOJEKYJISPHOIO BOAOPOJA C COPOEHTOM, KOTOpas
OPUBOJUT K OTCYTCTBHUIO CBOOOJHOTrO raza B aKKyMyJIATOpE BOIOpOAa M, Kak
CJIEJICTBHE, UCKIIIOYAETCS MEPCIIEKTHBA CaMOTPOU3BOJILHOM I€TOHAIIMU BOAOPOIA.

Kpome Toro, panee, B pabore [7] ObLla TOKa3aHa BO3MOYKHOCTH
WCIIOJIb30BAHUSl YTJIEPOJHBIX MaTEpPHAIOB JJIsI HAKOIUIEHUS BOJOpPOJAA, B KOTOPOM
OJIHOM W3 MPUYHH, MOATBEPKIAIONINX MEPCIEKTUBHOCTD UCIIOIB30BaHUs yIiiepoia B
KauecTBe COpOEHTa Ha3BaHA €ro pa3BHUTas MopucTas cTpykTypa. [I0CKOJIbKY BhICOKAS
MOPUCTOCTh MaTepuaja SBISICTCS BaXXHBIM (aKTOPOM IIpoliecca CcopOIuu, B
JaNbHENIIeM, TPEANOoIaraeTcsi MCIOJIb30BaTh TAOJETKH HA OCHOBE TEXHUYECKOTO
yraeposa.

Kpome Toro nsHeprus aacopOuuMu [aHHOTO Marepuajga NpH Pa3IMYHbIX
CTEICHSX MOKPBITHS HaMMEHbIIAs M COCTaBIIEeT -4,25 5B, B TO BpeMs Kak CpeIHss
3Heprus ajacopOuuu Boaopoja (yisieppeHaMu U HaHOTPYOKaMU COOTBETCTBEHHO -
2,63 3B u -2,41 5B. D10 roBOpUT O TOM, UTO MPU MPOYUX PABHBIX YCIOBUIX MPOILIECC
copOuum Bojoposa OyAeT Oosiee CTaOWUIBLHBIM MPU HCIOJIB30BAaHUU TEXHUYECKOTO

yriiepona.

1.5 CBoiicTBa yrjiepogHbIX MATEPUAJIOB

CBOMCTBAa BELIECTB ONPENEIAIOTCA MX XWMHYECKHM COCTaBOM, CTPYKTYpPOH
KPUCTAUINYECKOU PELIETKH U CTPOCHUEM MOJIEKYJI, U3 KOTOPBIX COCTOUT BEILLECTBO.

B nepuonnueckoil cucreme yriepoa HUMeEeT MOPSAAKOBBIM Homep 6, €ro
aTomHast Macca paBHa 12,011 r/mounb. HeillTpanbHbIil aTOM ONMCHIBAE€TCS ClEAYIOIIEH
JIEKTPOHHON KoHbUryparmeit: 15°25°2p°, B TAKOM COCTOSHHH BAJICHTHOCTb aTOMa
paBHsieTCsl ABYM. B ciydae pacmpeseneHns SaeKkTpoHoB Kak 15°25'2p® — atom
CTAaHOBHUTCS 4eThlpexBajeHTHbIM. Ha pucyHke 1.2 mnpenacraBieHa CTPyKTypa

AUTOTPOMHBIX MOAU(PUKAIINNA YTIIepoa.
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Pucynok 1.2 — CtpykTypa aliaoTponHbIX MOAU(UKAIINKI yraepoaa

Tunel  KPUCTALIMYECKUX  PEIIETOK  OMPEACNAIOTCS  OCOOEHHOCTSIMU
BaJICHTHOTO COCTOSIHUS aTOMOB yTJepoja:

1. B cocrosiHUU Sp3—rp16pnz[n3aunn aTOMBI YTJI€pOJa MOTYT COBMECTHO
00pa30BBIBATh TETPA3IPUUECKUE G-CBSI3U, B PE3YJIbTATE€ YEro BO3HHMKAET CTPYKTypa
aJIMa3HOTO TUIIA;

2. B COCTOSIHHH SP*—THOPHAM3AIIMH aTOMbI 00PasyloT MHOTOCIONHBIC
CTPYKTYpHl (Hampumep, rpadut). B Takux maTepuanax OCHOBOW SIBISIETCS CIION U3

HIECTH aTOMOB yTJIepoJia — FreKcaroHalbHasl MIIOCKasi CTpyKTypa (puc. 1.3).

Pucynok 1.3 — C110if aTOMOB YIiIepoa IpH Sp°—THOPUAH3aLHH
3. CTpyKTypa yriepoa B COCTOSHUU SP-TUOpHUIM3ALMNA  MOKHO
npeAcTaBuTh Hernoykamu atoMoB —C=C— wnn =C=C=, cBsI3aHHBIX APYT C APYroM
ciabo.
4. BO3MOXEH CIyd4aif, KOTJa YIJIEPOX HAXOAUTCS B COCTOSHHH SP—

THOpUIM3AINK B 00pa3yeT MapooOpa3Hbie arioMepaThl — (QyJUIEPEHBI.
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1.5.1 Kpucrauinyeckasi pemerka

CrpykTypa  KpUCTAJUIMYECKOW  PEIIETKH  TEXHUYECKOrO  yriiepojaa
NpeCTaBIsieT coO0OW ciaou rpaduTa, COCTOAIIUME U3 MIECTUYTOJBHBIX KOJEIl,
oOpa30BaHHBIX aToMaMu yriiepojaa. Haumensblee paccrossHue MexAy aroMaMu B
TakoM Kouiblle cocTaBisieT 0,142 HM, a sHEpTUsl CBSI3U aTOMOB B ciioe rpaduTa paBHa
167,6 xJI>x/mons ipu Temmniepatype 1118 °C. B cBoro ouepenb, SHEPTHs CBI3U MEKIY
ciosimu coctasisier 16,75 Jx/mons nipu 15 °C.

ATOMBI T€KCArOHAJIBHON CTPYKTYPBI KPUCTAJUIMYECKON PELIETKH B KAXKIOU U3
MJIOCKOCTEN HaXOJATCS BBIIIE M HUXKE IIEHTPOB MPABWIbHBIX IIECTHYTOJHLHUKOB,
HAXO/JISAIIUXCS B BBIIIE U HIXKE PACIIONIOAKEHHBIX IIOCKOCTSIX. Takum o0pa3om, BhIIIIE
PACIIOJIOKEHHBIM CJIOW CABUHYT IO TOPU3OHTAIM OTHOCUTEIBRHO HHUXXHEro Ha
BEJIMYMHY O, BeIMUMHA KOTOPOH paBHA MEKaTOMHOMY PaccTOsHHIO B cioe — 1,417 A.
Cnenyrommii  (HEYETHBINM) CJIOM TakKe CABHHYT Ha BEJIMYMHY O, HO B
MPOTHUBOMOJIO)KHOM  HampaliecHuH. Kpucramnuueckas s4deilka IpeacTaBiICHA
NPSIMOYTOJIBHOM NMPU3MOM, B OCHOBAaHHWU KOTOPOM JIEKHUT POMO CO CTOPOHOM a =
2,456 A, paccTosiHuE MEXay ciosiMu ¢ = 3,354 A.

OcHOBHOE  OoTIMUKME  POMOODIAPUYECKONM  CTPYKTYpPhl ~ COCTOMUT B
OTHOCHUTEIHFHOM CJIBHUT€ MEXIY COCEIHHMH CIOSMH Ha BenuuuHy & = 1,417 A 1o
TOPU30HTAJIN B OAHY CTOpOHY. Takum 00pa3om, KaKAbld YETBEPTHIN CIIOH CXOX C
IIEPBBIM U BCS CTPYKTYypa UMEET TPEXCIOMHOE CTpOeHHUE. Takas KOMIIOHOBKAa MEHEe
YCTOWYMBA, MO CPaBHEHUIO ¢ rekcaroHaibHOU. [lepexon u3 pombosapuyeckoi B
IEKCArOHAJbHYI0 CTPYKTYpPY MPOUCXOAUT TMpPU TOBBIIIEHUU TEeMIEpaTyphl, B
nuanazone 2200-3030 °C. ®dusznueckoe BO3JCUCTBUE HA MaTEpUall C MOCICAYIOIIUM
€ro pa3MesibueHUEM MPUBOIAT K YBEIWUYEHUIO JOJU POMOOSIPUYECKON PEIIETKU B

cTpykType rpadura. [IpupoaHas 1o 3Toi pemerku coctapiger okono 20 %.
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1.5.2 ®dusuyeckue cBoiicTBa rpagUTOBBIX MATEPHAJIOB

Iopucrocts. [Ipu hopMupoBaHUM OPUCTOTO TeIa 00PA3yIOIIUECS MYCTOTHI
MOTYT OBITH pa3liejeHbl IPYT OT Apyra 0e3 BhIX0/a Ha MOBEPXHOCTh 00pa3ia; Takue
TIOpPBI HA3bIBAIOTCS HEAOCTYMHBIMU. [lophl, MMEOIINE CBsI3b C MOBEPXHOCTHIO Tela,
HO HE CBSI3aHHBIC MEX]Ty COOOM HA3BIBAIOTCS TYNMUKOBBIMU. [10pHI, CBS3aHHBIE MEKTY
co00ll W MMEIOIINE BBIXOJ] Ha MOBEPXHOCTh 00pa3ila HA3bIBAIOTCS TPAHCIIOPTHHIMU
(KaHAJIBHBIMH), TOCKOJIBKY IO 3THM IIOPaM OCYIIECTBISIETCS MacCOMEPEHOC B
nopuctoM Ttene (muddysusa, ¢unpTpamms). Kak mpaBuiio, pacmosioKEHHE IOp B
MaTepuaje HE YMOPSJAOYCHHO MOphl HEe 00Jalal0T MPaBUIBHOW T€OMETPUUYECKON
dbopMoii U UMEIOT Pa3TUYHbIC Pa3MEPHI.
Paznensior 0o01Iyro, OTKPBITYI0O U HEJOCTYMHYI0 MOpUCTOCTh. OOIIas MmopuUcToCTh
MPEICTABIISET JI0JII0 00BEMa BCeX MOp B eAMHUIE 00beMa oOpasiia.

Vnop

n=—,
Vig

(1.1

e Viop — 00beM 1op;
.z — o0uuii 06bem obOpasia.

JIss  M3ydeHUs CTPYKTYpPhl IIOPHCTOTO Tella ONPEICIAIOTCS OCHOBHBIC
XapaKTePUCTUKU MOPUCTOCTU: 00BEM TPAHCHOPTHBIX IOP, PACHpeaeicHHe MOop 0
pa3MepaM U IIPOHUIIAEMOCTD IO OTHOIICHHIO K KHUIKOCTSIM U T'a3aM.

Jloas TpaHCHOPTHBIX TOP B O0BEME Tela ONpeaessieTcs  CICAYIONIM

COOTHOIIICHUCM .
M, =1-—=, (1.2)

rjae d, — KaXymascs MIOTHOCTb, r/em®;
d,, — MCTHHHAS (MMKHOMETPHYECKasi) IIOTHOCTb, T/CM".
BemnunHa omnpenenseMon IUIOTHOCTA 3aBUCUT OT pa3Mepa MOJIEKYI
NUKHOMETPUYECKOW >KUIKOCTH — YEeM MEHbIIE MOJIEKYJbl, TeM OoJblIe 00beM
TPAHCIIOPTHBIX NOp. B KauecTBe MUKHOMETPUUECKUX KUJIKOCTEHN Il MaTEpHaJIOB Ha

OCHOBE YyTJIepOo/ia MOTYT MPUMEHATHCS: BOJIa, OEH30J1, METUJIOBBIN CIUPT, ATUIOBBIM
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COHUPT, TeNTaH. 3alojHEHHE TMOp OO0pa3loB MNPOU3BOAUTCA MPU KUISYECHUH B
CHelHMaNbHBIX TUKHOMeTpax. [lo pe3ynapTaTam aHamUM30B NPHU  HCIOJIB30BAHUU
CIIUPTOB, OCH30JIa WM TeNTaHa MOTYy4aroTcs OJM3KUE pe3yNbTaThl, 4YTO TOBOPUT 00
OTCYTCTBHH Yy HUX 3(pdexTa MoaekynsapHoro cuta. [Ipu ncmnonb30BaHNM B KauecTBE
MUKHOMETPUYECKON JKUIKOCTH BOJBI AJISl OMpeneseHus d, TMOIy4aroTcsl MEHBIINE
3HAQUYEHHUS, YeM Yy IKHIKOCTEeH, YKa3aHHBIX BBIIIE, A3TO MOXHO OOBSCHHUTDH
ruApoPOOHOCTHIO rpaduTa U €ro MI0X0M CMauyuBaEMOCTHIO.

AHanoruyHo, MOXeT OBbITh OTpe/eeHa 001Iasi HOPUCTOCTh 1O HopMyJIe:

dy
H06I_u =1- d—, (13)
p
3
rac dp — IIJIOTHOCTD, r/cM . OIIPpCACIICHHAs Ha OCHOBC JaHHBIX

PEHTICHOCTPYKTYPHOTO aHaJn3a [0 TE€OMETPUUYECKUM pa3MepaM >SJIEMEHTAPHOU
STYCHKH.

JloJist oObeMa, HeIOCTyIHAS JIJIsl 3aTI0JTHEHUSL:
du

I, =1--

(1.4)
p

Jliist GoJsiee TOYHOrO ONpeneNeHUs MOPUCTOCTH MPUMEHSIOT Ta3bl, Haubosee
HOJXOJAIIMM M3 KOTOPBIX sBisieTcsl renuidl. Mosekynbl renust o0JanairoT MajbiM
pa3MepoM, YTO MO3BOJIAET a3y MPOHUKHYTh B OOJIbLIEE YUCIO MOp, KPOME TOTO, B
CTaHJIAPTHBIX YCIOBUSAX IeIUN MPAKTUUECKU HE aIcCOpOMpPYeTCsl Ha CTEHKAaX MOop.

Pacripenenenne mop 1o pasMmepaM SBISIETCS Ba)XXHOW XapaKTEPUCTUKOMN
nopucThIX Tei. [Topbl moapa3AessatoT o pa3Mepam Ciaeayronm oopasom [8]:

— menee 15 A — Muxpomnopsr;

—15-2000 A — nepexonHbIE TOPEL;

— 6onee 2000 A — makpomnopsL.

JUis  u3ydeHus  paclpeneieHuss IMop 1O  pa3mepaM  HauOousibliee
pacrpocTpaHeHHe MOJY4YHIId METOMABI: pTyTHast mopomerpus [9], meron paccesHus
PEHTIeHOBCKUX Jiydei o ManbsiMu yriamu [10] u ancopOimionHbie Metosl. Metos
paccesiHisl PEHTTEHOBCKUX JIy4ed W aJCOpOIMOHHBIE METOJIbl MCIHOJB3YIOTCS MpHU
VU3YyYEHUH PAaCIPENCIICHUsT MHUKpPO- M IIepeXOAHBIX mop. PTyTHOM nopomerpuein
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ONpCACIIIOT PasMCp IOPp B 3aBUCHUMOCTH OT HpWIaracMoro ruapocTaTu4dcCKoOro

JaBJICHUA:

20 - cosf
r = —p (1.5)

IJi€ 7 — paJuyc Mop, 3alOHAEMbIX PTYThIO IIPHU AaBiIeHUH P, cMm;
' — MIOBEPXHOCTHOE HATSIKEHHE PTYTH, JUH/CM’;
6 — yros cMauMBaHus MOBEPXHOCTU CTEHOK NOP PTYTHIO, TPATYCHI.
B Tabnune 2 npuBeaeHbl TaHHBIE O TOPUCTOCTU PA3IUYHBIX yriaerpadUTHBIX

MaTCpUuaIoB.

Tabnuna 1.4 — IlopucToCcTh pa3IuYHBIX yriaerpaUTHBIX MaTepUaIoB

Marepuansl [Topucrocts, %
rpadUTHPOBAHHBIE 20-30
000KEHHbIE 14-25
BBICOKOILJIOTHBIE 10-12
BBICOKOIIOPUCTHIE 80-85
nuporpaput 2-3

IIpoHnaeMocTh SBISETCA OOHOM U3 BAXHEUIIUX XAPAKTEPUCTUK MOPUCTOMN
CTPYKTYpbI, KOTOpasi MOXET OKa3blBaTh BJMSHUE HAa TEXHOJOTHYECKUE U
AKCIUTyaTallMOHHbIE TTapaMeTpbl Marepuaina. [[o OTHOLICHHIO K ra3y WM KUJIKOCTH
MPOHUIIAEMOCTh XapakTepusyercs KodDPuIMeHToM mnpoHuiiaemMoctu — B, cM® Wt
kodppunmrentom Qunbtpamuun K, cM?/cex. K 3aBHCHT He TONBKO OT CBOWCTB
MOPUCTOTO Tela, HO M OT ¢uibTpyromen cpeabl. Koadduiment npoHuiaeMoctu

omnpenaensercs no ¢popmyite Jlebensona [11]:

_¢nk

B
Ap-S’

(1.6)

rie Q — pacxoj rasa, cM/c;
L — nimmHa obpasmna, cMm;
L — nnuna obpasia, cMm;

1) — BA3KOCTb, 11;
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2.

Ap — u3MeHeHue JaBJICHUS, TUH/CM”;
2

S —ubpTpanoHHas IO b, CM".

KoadduiuenT GpuabTpanun onpeaeisercs ClIeayiuM ypaBaenuem [12]:
_Ap V-L
~ At AP-S’ (1.7)
riue i—f_ — CKOPOCTb YBEJIMYEHHUSI 1aBJIICHUS, MM.PT.CT/C;
V — xannOpoBaHHbI 00BEM, CM;
AP — u3MeHEHHE NaBICHUS, MM.PT.CT.

Cpennee 3HaueHue K HAXOMTCS B AMamas’oHe 3HadeHmil ot 1 10 2,5 cm?/c.
Hanuune B Marepuasne TpelIMH, PaKOBHUH W KaBEpH MPHUBOAUT K YBEIUYECHUIO
IPOHUIIAEMOCTU. YMEHBIIEHUE CTENEeHU O00pa3oBaHUs AEPEKTOB BO3MOXKHO NpH
MpaBUIBHOM pEXHME HarpeBa Marepuajla U pPaBHOMEPHOM COCTaBe TaOJIETOK
(rpanym).

KonuyecTBeHHOE oOIpeiesieHne BEJIWYUHBI MPOHUIIAEMOCTH MPOU3BOAUTCS
JTUHAMUYECKUM M CTaTUYECKUM MeToJlaMu. B ciiydae ornpeneneHus NpoHUIIAEMOCTH
CTaTUYECKUM METOJIOM PEalu3yeTcs MOCTOSIHHbIC Mepenaj JaBI€HUN U MPOUCXOIUT
u3MepeHue oObeMa Tra3a (WIM >KUAKOCTH), MPONIEAIIET0o CKBO3b oOpaser. [lpu
JTUHAMUYECKOM METOJI€ — JaBJICHUE U3MEHSAETCS HETPEPHIBHO.

Jluneiinoe pacmmpeHue yrierpaduUTOBBIX MaTe€pUaliOB AHU3OTPONHO — B
NEPHEHANKYJIAPHOM HANpPABJICHUH PACHIUPEHHE OKa3bIBAaeTCs OOJBIIUM, TIO
CPaBHEHHUIO C paCUIMPEHUEM B MapajuIeIbHOM HANpaBJIECHUU. bBONBIIMHCTBO
yrierpaUTHBIX MaTepHAIOB UMEET cpefHee 3HaueHue KodhduimeHTa JIMHEHUHOTrOo

pactupenus 5,3-10° 1/K B auamasone temmeparyp 300-1800 °C.
1.5.3 Xumnyeckue cBOMCTBA rpa)MTOBBLIX MATEPUATIOB

Bce yrmerpadguTtoBBle MaTepHalbl HMMEIOT B CBOEM COCTaBe Cepy W
MUHEpaIbHbIC TPUMECH. [ paduT MOKET MPUHUMATH YIACTHE B PEAKIUSX OKUCIICHHUS,
BO3MOXXHO o0Opa3oBaHHE KapOWJOB TMpHU B3aUMOJEHCTBUM C MeTaUlaMU M

HCKOTOPbIMU HEMETAJLJIIAMH.
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C yBenuyeHuEM TEMIIEpaTypbl YHCIO pPEAKUUH, B KOTOPBIX MOTYT
ydacTBOBaTh Trpadutel, pacter. Tak, mpu temmeparype 400 °C nHaumHaeTcs
B3aMMOJIEMCTBHE C KUCIOPOJAOM BO3/yXa, IpH MOBBILIEHUH Temneparypsl 1o 500 °C
— C YTJIEKHUCIIBIM ra3oM. YeM BbIIIEe yHOPSAOYEHHOCTh KPUCTAIIMYECKON CTPYKTYPhI
MaTepuajga, TEM BbIIIE HWXKHsS TpaHHUIA Hayala peakuuu B3auMonenctBud. s
HOBBILIEHUS] CTOMKOCTH IrpauTa K OKMCIECHUIO BO3MOYXHO HCHOJIb30BaTh HEKOTOPHIE
BCIIOMOTaTeNbHbIE 3JIEMEHTHI, HaripuMep (Hocdop, XI0p WU KPEMHUIA.

ATOMBI ~ HEKOTOPBIX  3JIEMEHTOB, OTHOCSIIMXCA K  LICJIOYHBIM U
HIEIOYHO3EMEbHBIM METaJlJlaM CIHOCOOHBI MPOHUKATh MEXAY CJIOSAMH rpadura,
IpUBOAS K Ae(POpMALMA KPUCTAJUIMYECKOW PEIIETKH C JaJbHEHIINM pa3pylIeHHEM

MaTtcpuaiia.

1.6 ObecneyeHue pa3BUTOIi MOBEPXHOCTH YIJIEPOAHBIX TA0JIETOK

OddexTuBHOE  YCTPOMCTBO ISl  XpaHEHUS  BOJOpOJa  JOJDKHO
COOTBETCTBOBATh OCHOBHBIM KPHUTEPUSIM SKOHOMUYHOCTH — 00JIaJjaTh HEOOJBIION
Maccoil, = KOMIIAKTHOCTbIO, = 3PrOHOMUYHOCTBIO, = HEBBICOKOH  CTOMMOCTBHIO,
0€30MacHOCThI0 TMPU XPAaHEHUM U UCIOJB30BaHUHM, a TaKXe BO3MOXKHOCTBIO
MHOTOKPAaTHOTO HCIOJIb30BaHUsI 0€3 3HAYUTENBHBIX MOTEPh MPOU3BOIUTEIHLHOCTH.
[IpumeHeHue TaOMETOK HAa OCHOBE TMOPOIIKOB HMEET PsJ MPEUMYIIESCTB TMepes
HEIMOCPEACTBEHHBIM HCIIOJIb30BAaHUEM MEJIKOIUCIIEPCHBIX BEHIECTB, B YACTHOCTH
TabJeTKN 00JagaroT 0ojiee pa3BUTOM MOBEPXHOCTHIO, TOCTOSIHHON MOPUCTOCTHIO U
YCTOMYHUBOM CTpPYKTypou. Kpome TOro, BCIEACTBHE TPUMEHEHUS MOPOIIKOB
BO3MOYKHO 3aCOPEHHUE BAKyYYMHOT'O 00OPY/I0BaHHUS.

[lo pe3ynbraTam NPOBEACHHOTO HKCIEPUMEHTa OBUIO OIpPEAENIEHO, YTO
TEXHUYECKUN YTIEPOJ IJIOXO COXpaHseT CBOI (GopMy mocie mpeccoBaHus. s
TanbHEHIIe paboThl OBLJIO MPUHATO PEIICHUE HUCIIOIh30BaTh CBI3YIONIUE BEIECTBA
—  MaTepuanbl-IacTU(UKaTOppl B IpolLlecce  NPECCOBaHMS  yriepoja.
[lepcniekTUBHBIMH B ATOM CITydae MOXKHO Ha3BaTh mapaduHbl, BOCKa U CT€ApPaThI, TO

€CTh BEILIECTBA NMEIOIIME HEBBICOKYIO TEMIIEPATYPY ILIABICHUS.
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[Ipumenenre BOCKOB W mMapaUHOB B KAa4YECTBE CBS3YIOIIMX BEIIECTB HE
1eJ1ecO000pa3HO, MOCKOIBbKY OHU HE MOJHOCTBIO MCIAPSIIOTCS, OCTABIsAA Mocie cels
OpraHM4YecKue BeEIIeCTBa, 3arpssHstomue yriaepos. CreapaTbl B CBOIO OYepellb
YIOBIETBOPSIOT  3aJaHHBIM  TPEOOBAaHUSM: TIPU HArpeBE OHU  IOJHOCTHIO
UCTIAPSIOTCSL.

B paGote [7] moka3aHo, 4TO BpeMsl HACHIIIICHHSI 00Pa3I[0B BOJAOPOJIOM MOXKET
JIOCTUTAaTh HECKOJIBKUX COTCH WM JaXKEe TBICSY YacOB, UYTO 3aTPYAHIET MacCOBOE
IPUMEHEHHE HAaKOMUTENIel BOJAOPO/Ia Ha OCHOBE COPOIMOHHBIX TpolieccoB. B pabote
[13] npencraBineHbl KaTaIMTHYECKH AKTHBHBIE MaTepHajbl, KOTOPHIE MOTYT OBITH
UCIIOJIb30BaHbBI IS MOBBIIICHUSI CKOPOCTH copOru. K TakuM MaTepuaiaM OTHOCSTCS:
Ni, Ti, V, W, Nb, Fe, Co, Rh, Pd, Ta, Pt, Mo.

W3 mpeacTaBieHHBIX BBINIE METAJJIOB HauOoJiee MOIXOIAIUM SBISIETCS
HUKEJb, IIOCKOJBKY OH O0JIaJacT HEBBICOKOW CTOMMOCTBIO, JOCTYNEH s
npuoOpeTeHus, a TaAKKE B COCIMHEHHH CO cTeapuHOBoM KkucioToi (Ci7H3sCOOH)

obpasyet creapat Hukelst — Ni(Cy7H35C00),.

1.6.1 CmoiicTBa cTeapaTa HUKeJIA

CreapaT HHUKeENs SBISCTCA COJBIO HHUKEIS W CTCApPUHOBOW KHCIIOTHI,
MPEACTaBIsICT COOOM 3€JICHBIM JICTKOB3BEHICHHBI HEJICTYYHH IOPOIIOK C
motHOCTBIO 1,13 r/em®. BelecTBO He pacTBOPHMO B BOJIE, METHIOBOM U STHIOBOM
cnuptax, dS¢upe, wmpuuTcs u TopuT. PactBopumo B mupuamHe (CsHsN) wu
tetpaxnopmerane (CCly), cmabo pacrBopumo B arerone (C3HgO) [14].

Temnepatypa 1utaBineHus: creapata Hukens (crmpaBouHo) — 100 °C, peanbHas
TeMriepaTypa IIaBJICHUs MOXKET U3MEHAThCS B auamna3zoHe ot 50 °C (monmydyeHHbINH U3
Metanosa) no 250 °C (texnumueckuit). Ilo apyrum panubiM [15] Temmeparypa
riaBiieHus paBHa 82—-86 °C.

[Tomy4yenue creapata HUKENsT BO3MOXKHO MyTEM B3aWMOJCHCTBHUS CTeapara
HATPHS ¥ XJIOpUIa HUKEIS:

NiCl, + 2Cy,HssCOONa — Ni(C,;,H35C00), | +2NaCl (1.8)
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Peakuus nporekaer B BOAHOM pactBope npu temneparype 60 °C, mocKoJIbKy
COEMHEHMsI CTeapaTa HaTpUs U XJIOpHUJA HUKES pacTBOPUMBI B Boje. B mporecce
peakuy creapaT HUKEJS BBINAAAET B OCAA0K, MOCIE Yero HEeoOXOAWMO IMPOBECTH
GuIbTpAIMIO MONYYMBILETOCS PAacTBOpa M MPOCYMIUTH ocanok. Ha pucynke 1.4

pUBECHA pallMoHaIbHas (hopMyJia cTeapaTa HUKEIs.

O O
_Ni
CH3(0H2)15CH2)J\O \O)I\CHE(CH2)15CH3
Pucynok 1.4. CtpyktypHas popmya creapara HUKEIs

Tabnuma 1.5 — CBoiicTBa cTeapara Hukens [16]

Xumudeckas popmyiia NiC35H7004
PanmonaneHas popmyiia Ni(C;H35C0O0),
MounsipHas macca, r/MOJIb. 625,63
II;1oTHOCTD, r/ems 1,13
Temneparypa BcnbIuky, °C BCIIBIIIKHA HET
Temneparypa nnasnenus, °C 82-86, 100
Temneparypa paznoxenus, °C HE OlpeJiesieHa

O6nacte npumenenus. Ilpumensercs B KayecTBe IiacTu(uUKaTopa

IUTACTMACC U KaTaau3aTopa nojumepusauu [17].

1.6.2 CBoiicTBa cTeapaTa HATpus

Creapar HaTpus — COJb CTEApPUHOBOM KHCIOTBI, NPEJCTaBIseT CcOO0M
OeciBETHBIC KpUCTAIUIBI. XuMuueckast popmyina C;,HzsCOONa.
ITonydaercs myTem HEWTpanu3aluy CTEAPUHOBON KMCIIOTHI €KUM HAaTPOM:
NaOH + (Cy,H35CO0OH - C;7H35CO0ONa | +H,0 (1.9)

Creapart HaTpusi XOPOIIIO PACTBOPSETCS B TOPSUYEH BOJIE U STAHOJIE.
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O6pa3zyer kpucramioruapar cieayromiero suna: C;,H;sCOONa - %Hz 0. Ilpu

COCIMHEHUH CO CTEApPUHOBOM KHUCIOTON 00pasyeT kuciyro coiib NaH (Ci,H;5C00),.

OcHOBHBIE CBOMCTBA cTeapaTa HATPUs IpeicTaBleHbl B Tabnule 1.6.

Tabnuna 1.6 — CBoiicTBa cTeapara HaTpuUs

Xumudeckas dhopmyiia NaCigH350,
PanmonansHas popmyna C,7H3sCOONa
MounsipHas Macca, T/MOJIb. 306,46
[110THOCTB, T/CM® 1,07
Temneparypa Bcnbiky, °C 176
Temneparypa masnenus, °C 255-272
Temmnepatypa paznoxenus, °C ~300

Ha pucynke 1.5 npuBenena panuoHanpHas popMmysia creapaTa HUKEIS.

O

PN

CH3(CH2)15CH2 ONa

Pucynok 1.5 — CtpykrypHas (hopmyna cteapara HaTpus
Creapar HaTpusi IPUMEHSETCS B KAa4ECTBE BEILECTBA, BXOASAIIETO B COCTaB
MOIOILIUX CPEJICTB, KOCMETHKH, TAK)KE MPUMEHSIETCS B KAYECTBE 3aryCTUTENSI CMa30K,
crabuin3aTopa npu (OPMOBAHMM TMOJIMAMUIOB UM B KAaue€CTBE AHTHBCIIEHUBAIOILEH

700aBKH B MUIIEBOU MPOMBIIIJICHHOCTH.
1.6.3 CBoiicTBa XJI0pUAa HUKEJIS

Xnopun nukens (1) — HeopraHuueckoe COCIMHEHUE, AHTUAPUA KOTOPOTO
IpeCTaBIsieT COOOM 30JI0THCTO-KENThIE OJECTSAIINE KPUCTAIIbl, C XUMHUYECKOU
dopmynoit NiCl,. Xnopun uukens (ll) rurpockomuueH, Ha BO3Ayxe 00paszyer

rekcarujipat npuoodperas 3enenyro okpacky NiCl, - 6H,0,
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Tabmuna 1.7 — Ceoiicta xnopuna Hukems (1)

Xumuaeckas hopmyna

NiCl,

MomnsipHast Macca, I/MOJIb.

aaruapug — 129,59
rexcaruapar — 237,59

3
[TnoTHOCTH, T/CM

auruapua — 3,55
rexkcarupar — 1,92

PactBopumocTs B Boje, /100 mi

AHTUJIPU/L;
67,5 (25 °C); 87,6 (100 °C)
IreKcarunapar:

123,8 (25 °C); 160,7 (100 °C)

PactBopumocTh

PactBopum B ruapazune (0,8 /100 mn);
STUJICH TJIMKOJIE, STAHOJIE, THPATe
aMMHaKa;

HE paCTBOPHUM B a30THOM KHCJIOTE,
aMMHaKe.

Temneparypa nnasnenus, °C

auruapua — 1001
rexcaruapar — 140

Temneparypa kunenus, °C

anrunpug — 1627 (cyonumanus npu 973)

HpI/IMeHSICTCSI B T'aJIbBAHOTCXHUKEC B Ka4YCCTBC KaTaJIM3aTOpPA-IICPCHOCUHKA

XJjiopa.

BeiBoa o riaase 1

Ha ocHoBaHuM npoBeaeHHOT0 0030pa JIMTEPaTypPHbIX UCTOYHHKOB MOKA3aHbI

CymcCTBYIOIIMC MW IICPCIICKTHBHLBIC CITOCOOBI XpaHCHUA BOJOPOJa, a TaKKC

MpCACTAaBJICHBI XapaKTCPUCTUKHU

MaTcpHrajioB, HCIIOJIb3YCMBbIX B Ka4yCCTBEC

1acTU(UKATOPOB (CTeapaT HUKES, CTeapat HATPHs).

AHallM3 CBOWCTB M CTPOEHHS PACCMOTPEHHBIX MATEPUATIOB IO3BOJIMII

INOJYYUTD HCO6XOI[I/IMBIC JaHHBIC I ITPOBCACHHA I[aJIBHGfIHIHX TCOPCTUUCCKUX H

OKCIICPUMCHTAJIBHBIX HCCHGI{OB&HI/Iﬁ.
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3 DuHAHCOBbINI MEHEe’KMEHT, pecypcodpPeKTUBHOCTD "

pecypcocoOepexeHue

llenpto maHHOTO pa3zjiena SBISIETCS MPOCKTHPOBAHUE H  CO3JIaHUE
KOHKYPEHTOCTIOCOOHBIX pa3pabOTOK M TEXHOJIOTHA, OTBEYAIOIIUX MPEIbSIBISIEMBIM
TpeOOBaHHUAM B 00J1aCTH pecypcodhGeKTUBHOCTH U pecypcocoepexenus [22].

JlocTukeHne eI 00ecreynBaeTCs pEIICHUEM 3a]1a4:

—  paspaboTka o0OImIEeli SKOHOMHUYECKOW HACH MPOeKTa, (GopMHupoBaHHUE
KOHIICTIINH MTPOCKTA;

—  opranuzanus padoT M0 HAYYHO-UCCIIEIOBATEILCKOMY MTPOCKTY;

—  OMpeNeNeHWe BO3MOXKHBIX  albTEPHATHUB  TPOBEACHHS  HAYYHBIX
HCCIICIOBAHUN;

—  IJTaHUPOBAHUE HAYYHO-UCCIIEOBATEIBCKUX PadOT;

—  OIICHKM KOMMEPYECKOTO IMOTEHITMANIA W MEPCICKTUBHOCTH MPOBEICHUS
HAy4YHBIX HCCIIEJOBAaHUM C MO3ULUU pecypcIPPEKTUBHOCTH U PECYPCOCOEPEKEHNUS;

— ompedeneHue  pecypcHor  (pecypcocOeperaromieii), (HHUHAHCOBOH,
OIOPKETHOM, COLIMAJIBHON U 9KOHOMHUYECKOU 3(h(PEKTUBHOCTHU UCCIIEIOBAHHUS.

B nannoit pabote wuccnemnyrorcss ocoOeHHOCTH (haOpuKaluu MW Harpena
Ta0JIETOK Ha OCHOBE yriepoja C J00aBICHHUEM pa3IMYHBIX TUIACTH(PUKATOPOB.
[TnacTruduKaTOPBI BEITOIHSIIOT POJIb CBA3YIOIIUX BEIIECTB — MPHU MOJATOTOBKE MpEcC-
MOPOIIKa OHM CMEIIWBAIOTCS C YIJIEPOJIOM, Onarojapsi 4yeMy OH NpHoOpeTaer
OTpEeICHHYI0 TIacTUYHOCTh. [locnme HarpeBa TaOneTOK  IIacTH(UKATOPHI
UCTIApSIOTCS, TEM CaMbIM 00pa3yeTcsl JOTOJHUTENbHAS TIOPUCTOCTh BHYTPH

YTJIEPOAHOTO MaTepuarna.

3.1 IloreHuaJbHBIC TOTPEOUTEH PE3yJIbTATOB HCCIACAOBAHUA

PCBYJ'IBTaTOM HCCJICA0BaHUs ABJIACTCA pa3pa60TKa TCXHOJIOTHH U3IOTOBJICHUA

TabJIETOK Ha OCHOBE yriepoja U U3y4eHHe ux (PU3NKO-MEXaHUIECKUX CBOMCTB.
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B nepcrnekTuBe, LENEBBIM PBIHKOM OYyIyT SIBISATHCA aBTOINPOU3BOJAUTENH, a
TaK)Ke OpraHU3aliy, 3aHUMAIOIUECS TIPOU3BOACTBOM POOOTOTEXHUKHU U IPOHOB.

CermMeHTHpOBaTh PBIHOK YCIYr MO HCIOJB30BAHUIO KOHKPETHOIO CIOC00a
XpaHEHHs] BOJOPOAA MOKHO OTHOCHTEIIBHO YPOBHS MOTpeOieHus raza. Pe3ynbTaTsl

CErMEHTHPOBAHUS MPEACTaBICHBI B pUCyHKe 3.1.

Cnioco0 xpaHeHus: BOJI0Opo/ia

I"azo00pasnbIit .
H, AKnaxnit Hp Cop6upoBaHHEIif
(300 K, 10 MIIa) (20,4 K) H, B TabneTkax

O4YCHB BBICOKHC

(COTHM TOHH)

BBICOKHC

(TOHHBI)

HU3KHUEC

OO0BeMbI TOTpeOJICHUS BOIOPOIa

(KumorpamMmsl)

PucyHnok 3.1 — Kapra cerMeHTUpOBaHUS PhIHKA YCIYT OTHOCUTEIBHO YPOBHS

noTpebieHus BOAOpOaa

1.1.1 AHanu3 KOHKYPEHTHBIX TEXHHYECKUX peleHuii

JIyisi aHanmm3a KOHKYPEHTHBIX TEXHUYECKUX PEIICHUH CTOUT PacCMOTPETh
MIEPEUYNCIICHHBIC BBIIIE CIOCOOBI XPAaHEHHWS BOJOPOJA: Ta3000pa3HbIN, KUIKHM,
COpOUPOBAHHBIMN.

XpaHeHue Tra3000pa3HOTO BOJOPOJA OCYIIECTBISAETCS B Tasroyiblepax,
CCTECTBEHHBIX M  HWCKYCCTBEHHBIX  ITOJ3E€MHBIX  XpaHWIHINAX. XpaHCHHUE

razoo0pasHoro Bojopoja npu maBiaeHud Ao 100 MIla mpoucxoauT B CBapHBIX
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COCy/Iax C MHOTOCJIOMHBIMH CT€HKaMU. ["a3000pa3HbIil BOAOPO/ MEPEBO3AT B COCYAaX
non naeineHuemM g0 20 MIla. OpHoil u3 OCHOBHBIX MPOOJEM TaKOTO XpPaHEHUs
SBJISIETCS. BBICOKAsl Macca OajuloHa, Tak, JUisl XpaHEeHUs | KI BOJOpO/Aa NPUMEHSIOTCS
Oayonsl Maccoit 20-33 kr.

[IpermymiecTBO XpaHEHUs BOJAOPOJA B JKUAKOM COCTOSIHUM COCTOUT B
3HAYUTENIbHOM YMEHbIIEHUH oObeMa Bojopoaa (mo 500 pa3) mo cpaBHEHHIO ¢
ra3oo0pa3HbpIM cocTossHHeM. OHAKO BOJAOPOJ MOXKET HAaXOJIUTHCS B IKUIAKOM
COCTOSIHUM TOJIbKO B Y3KOM HHTepBajie Temriiepatyp ot -253 °C go -256 °C mus
NOJAJIEP)KAHUST KOTOPBIX TpeOyeTcss OpraHu3alus KpPUOT€HHBIX CHUCTEM, 4YTO
YCIIOKHSIET XpaHEHHE BOJOPOAA.

[IpumeneHne COpPOIMOHHBIX CHUCTEM BO3MOXHO B CIy4yae XpaHEHMs
He0OJIbLIOro 3amnaca BoAopoaa. X mpenMyniecTBoM sIBISIETCSE OTCYTCTBHE BOAOPOA
B ra3o00pa3HOM COCTOSIHUM — BECh BOJIOPOJ BCTYIAET B CBSI3b C COpPOEHTOM H
HOTJIOIIAETCS UM.

OueHouHass kapTa aHanu3a TmpeacTaBieHa B Tabmune 3.1. Ilo3urus
pa3paboTKl M KOHKYPEHTOB OIICHMBAETCA IO KaXKIOMY IOKAa3aTeNI0 IKCHEPTHHIM
yTeM O NMATHOAIBHOM 1IKale, rae 1 — Hauboiee ciabas no3unus, a 5 — Haubosnee
cuibHas. Beca nokaszareneil, onpeaenseMbple SKCIEPTHBIM IIyTEM, B CYMME JOJDKHBI

COCTaBJISITh |.AHaNM3 KOHKYPEHTHBIX TEXHHUYECKUX PEIICHUM OMPEeesieTcsl I0
bopmyie:

K= z Bi - Bi' (31)
rae K — KOHKYpEHTOCTIOCOOHOCTh HayYHOU pa3pabO0TKH WIIM KOHKYPEHTA;

Bi— Bec mokazarens (B A0JIX €IUHULIBI);

bi— Oaim I-ro mokasareis.

ClOXHOCTh pealu3aliy 3aKJIF0YaeTCs B HEOOXOJAMMOCTH OpTaHU3alUU
BCIIOMOTATEIBbHBIX CUCTEM (OXJIaXICHHUS, Harpera), pa3pad0TKe HOBBIX MaTEPHAJIOB
(cIOCOOHBIX BBIICP)KUBATh BBHICOKHE JTaBJICHUS, HAKaIUIMBAaTh BOJIOPOJ), a TaKKe B

pa3paboTKe XpaHUJIUIIL.
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HeoOxomumMocTh  OXJaXJIeHusi SBISETCS BaXHBIM KPUTEPUEM  OLICHKH
CHUCTEMbl XPAaHEHHUS, TOCKOJbKY OHAa IMOAPAa3yMEBAET HAJIWYHME JOIMOJHUTEIHHOTIO
000pyZ0BaHUS, UTO 3HAYUTEIBHO yIOPOKAET U YCIOXKHSIET KOHCTPYKIIMIO, a TaK e
JIETIAeT €€ MEHee Ha/le)KHOM.

HanexHocTh npeasiaraeMoro MeTo/ia 3Ha4uTEIbHO BBIIIE CYIIECTBYIOIINX 32
CUET OTCYTCTBHS T'a3000pa3HOT0 BOAOPO/Ia B CUCTEME XPAaHEHHs 3a CUET €ro copOuuu
C YIIepoAHBIMU MaTepuaiaMu. B cBoto ouepenp, Hamu4Kue ra3000pa3HOTO BOJOPOIA
B CHUCTEME€ MPUBOJIUT K MOBBINICHUIO JABJICHUS, BO3MOXHOW pa3repMeTU3alud U
JETOHAIIMU BOJOpOJa B Cilydae aBapud. TakuMm oOpa3oM, mIpeiaraeMblii Crocod
Oynet ropasao 0e3omnacHee, B CpPABHEHUU C CYIIECTBYIOIIUMHU.

[ToTpeOHOCTH, B MaTepHabHBIX pecypcax. ['a3000pa3Hbiii criocod TpeOyeT
MUHUMaJIbHOE O00OpYIOBaHHE ISl XpaHEHHUS BOIOPOAA, BOAOPOI COACPKHUTCS B
EeMKOCTSIX TOJl JAaBiieHHeM. [l XpaHeHMsI CKMKEHHOIO BOJIOpoAa HeoOxoamma
CUCTEMa IOCTOSIHHOTO OXJAaXKICHHS, YTO NMPUBOAUT K YCIOXKHEHUIO KOHCTPYKLHUH.
XOoTs Ansl peanu3aluy MpeiaraeMoro MeToia He TpeOyeTcs CUCTEMa OXJIaXICHUS,
TEM HE MEHee, €CTh IOTPeOHOCTh B COPOIMOHHBIX Marepuanax (yriepon),
MaTepuaiax, YCKOPSAIOIIUX TMpoIecc copOuuu (HUKENIb, HATpUil), OpraHu3aluu
CUCTEMBI Harpesa Jiisi 1ecopOIK BOJOPOIa.

MaccorabapuTHble TapaMeTpbl ONPEIEIIAIOTCS HETIOCPEACTBEHHBIM 00bEMOM,
KOTOpBI 3aHMUMaeT BoaOpoA. HeoOXoawmmo ydecTb, YTO pa3IUYHBIE CIIOCOOBI
XpaHEHUs BOJOpOJia HCIOJIb3YIOTCA JJs pasnuuHbix wneneil. Ha pucynke 3.1
MOKAa3aHO, YTO HaWMEHbIIee MOTPeOJICHuE BOJAOPOJAa y COPOLMOHHOrO CIocoda
XpaHEHMs, a 3HAYUT M BCS CUCTEMA XpaHEHUs OyneT HeOOJIbIION OTHOCUTEIBHO
CYIIECTBYIOIINUX CITOCOOOB.

KonkypentocnocoOHocts Meroma. Ha ceroaHsimmHuii J€Hb CYIIECTBYET
NOTPEOHOCTh B CO3/aHMU OE30MACHOM CHCTEMBbl XpaHEHHs BOJOPOJAA, TaKUM
o0Opa3oM, pejjiaraeMplii BapuaHT OyieT HarnOoiee KOHKYPEHTOCTIOCOOEH.

CrouMocTh  pa3paOOTKU  ABISIETCS  CJIa0bIM  MECTOM  IpejiaraeMoi
TEXHOJOTHH. B oTiaMune OT CyIecTBYIOIIMX CHOCOOOB HEOOXOOUMBI 3aTpaThl Ha

HAay4YHO-HCCJIEIOBATEILCKUE U ONBITHO-KOHCTPYKTOPCKHUE paOOTHI.
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[Ipenmonaraemeli CpOK OKCIUIyaTauuyd. BBuay TOro, 4ro YriaepoJIHbIE
TabneTku OyayT MOABEP>KEHBI Pa3IMYHBIM pa3pylaromuM (akropaMm (BUOpamus,
U3MEHEHUE TEMIIEpaTypbl OKPYXKAOLIEH Ccpepl, NEPUOAUYECKOE ITOBBIIICHHE
JIABJICHUS) CPOK MX CITYKOBI OyJIET HUXKE, UeM Y CYIIECTBYIONIUX CTIOCOOOB.

B tabauue 3.1 npencrasieHa cpaBHUTENbHAS OLEHOYHAS XapaKTEPUCTHKA IO

MNpCaACTABJICHHBIM BBIIIC KPUTCPUSAM.

Tabmuma 3.1 — OneHouyHass KapTa Al CPaBHEHHUS KOHKYPEHTHBIX TEXHUYECKUX

pemeHun
Konkypenro-
Bec baer
Kputepuu onenku B COCOOHOCTb
P P B(b BKI BK2 K(b KKI KK2
1 2 3| 4 5 6 7 8

TexHudyeckne KpUTEepun OIeHKH pecypcoddHEKTUBHOCTH

1.C10XHOCTB 0.15 3 4 4 0,45 0,6 0,6

peanuzanuu
2. HeoOxomumMocThb 0.2 5 4 3 1 0.8 0.6
OXJIaXKICHUS
3. HagexuocTts 0,1 5 4 3 0,5 0,4 0,3
4. be3omacHOCTh 0,2 5 3 3 1 0,6 0,6
5. [loTpeOHOCTH B 0.1 3| 5 4 0.3 0.5 0.4

MaTepHaIbHBIX pecypcax
6. MaccorabapuTHbie
napameTphl

0,05 5 | 3 4 (025 | 0,15 0,2

DKOHOMUYECKHE KPUTEPUU OLIEHKU 3 (PEKTUBHOCTH
L. Konkyperrro- 005 | 4| 4| 4|02 02 | 02
CIIOCOOHOCTh METOJIA
2. CToumMocCTh
pa3paboTKH
3. IlpeanonaraeMplii 0.1 3 4 4 0.3 0.4 0.4
CPOK PKCILTyaTaIlu
Hroro 1 4,15 3,9 3,55

0,05 3] 5 5 1015 | 0,25 0,25

Ha ocHOBaHuM MpecTaBICHHOTO BHIIIE aHAIM3a MOXHO CAEIaTh BBIBOJ, YTO
WCCIICIOBAaHHBIA B JIAaHHOM JUCCEPTAllMOHHON paboTe cmocod TabJaeTHpOBaHUS
yriiepoja ¢ LeJbI0 XpaHEHUsT BOJIOPOJHOIO TOIUIMBA SIBJISIETCSI MEPCIICKTUBHBIM ISl
TanpbHEHmMX uccienoBannii. KOHKypeHTHBIE CIMOCOOBI XpaHEHUsS HEJ0CTaTOYHO

YIOBJIETBOPSIIOT B 00J1aCTU O€30MaCHOCTH U 110 MacCOTabapuTHBIM IMapaMeTpam.
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3.1.2 Imarpamma UcukaBbl

Jlnarpamma npuunnbi-ciencteus Mcukassr (Cause-and-Effect-Diagram) - ato
rpagu4ecKuii METOJ| aHamn3a U (POopMUPOBAHUS MPUUUHHO-CIICICTBEHHBIX CBSI3EH,
WHCTPYMEHTAJILHOE CPEICTBO JJII CHCTEMAaTHYECKOTO OINpEACICHUS TMPUIHUH
POOJIEMBI U TTOCIIEAYIONIEro TpaduIecKOro MpeacTaBICHUsI.

B manHOW Hay4YHO-MCCIEA0BATEIBCKOM paboTe OJHA M3 KIIOYEBBIX MPOOIEeM
3aKIJII0OYAeTCsl B pa3pylICHUH YTJIEPOJIHBIX TaOJIETOK B Mpoliecce WX Harpema. s
aHanM3a MPoOIeMbI OBLIH BBIJICIICHBI CIIEAYIONIE 00JIaCTH, B KOTOPBIX MOTYT JIEKATh
NPUYMHBl pa3pymIeHus TaOJEeTOK: Marepuaabl, OOOpPYJAOBAaHHWE, W3MEPEHUS U
HEPCOHAJL.

B obnactu maTepuaioB OCHOBHBIE MPOOJIEMBI COCTOSIT B HHU3KOM KaueCTBE
MPUOOPETAEMBIX PEAKTUBOB, WX BBICOKOM CTOMMOCTH U OOJBIIMM BpEeMEHEM
JIOCTaBKU MaTepuasioB. BaxkHol nipoOieMol sSBIsIeTCS HEKaYeCTBEHHOE CMEIIIMBAHUE
yraepojsa W IIacTU(GUKATOPOB BBUAY OTCYTCTBHUS BHOPOCTCHIA WJIH APYTrOTro
CMeNIMBaroIiero obopynoBanus. B pesynpTaTe, HEpPaBHOMEPHOCTh CMEIIMBAHUS
MOXET TPUBECTH K HEPABHOMEPHOMY PACIPEICICHUIO IUIOTHOCTH TIOp BHYTPHU
Ta0JICTKH, MOBBIIIEHUIO BHYTPEHHUX HAMPSHKEHUN U JAIbHEUIIIEMY pa3pyIIeHHIO.

B obGnactu o0opyaoBaHUsi OCHOBHBIMU MPOOJIEMaMU SIBIISIOTCS: OTCYTCTBHUE
BUOPOCTEH/1a, KOTOPOE MPHUBOAUT K TUIOXOMY TEPEMEIIMBAHUIO TOPOIIKOB; TPece,
HUKHUH TIpesiesl paboThl KOTOPOT'O COOTBETCTBYET HEOOXOAMMBIM JIJIsl SKCTIEPUMEHTA
JMABJICHUSM; TpyOdYaras Iedb, Yy KOTOPOH TPYIHO peaTu30BaTh pPABHOMEPHYIO
CKOpPOCTh HarpeBa 00pasIos.

B ob6mactu wusMepeHWil BaXXHBIM (PAKTOPOM BBICTYMAET TMOTPEIIHOCTh
UCITOJIB3yeMOT0 000PYIOBAaHUS M WHCTPYMEHTOB: IITAaHTCHIIMPKYJIS, J1a00paTOPHBIX
BECOB, MAaHOMETpa U TEPMOJaTuMKa Tpyouaroit meuu. B aTom ciydae cymecTByer
BEPOSITHOCTh BHECEHHUS HEBEPHOTO KOJIMYECTBA IUIACTU(UKATOPA B YIJIEPOIHBIN
MaTepHal, YTO MOKET IMPUBECTH K Pa3pyIICHUIO TAOJICTKH.

B obOmactu mepconHana OCHOBHBIMH TMpoOJeMaMy SIBISIETCS HEIOCTATOK

KBAIM(PUKALMKU TPU BBINOJHEHUU PAOOT, CBSA3AHHBIX C M3rOTOBJIEHUWEM IIpecc-
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MOPOILKOB, MPY MPECCOBAHUHU (aBIEHUS, BPEMEHA BBIJIEPKKH) U HATPEBE 3aTOTOBOK
(remn HarpeBa). Kpome Toro, cymecTtByeT mnpoOjemMa B HEIOCTaTKE HAyYHOU
uH(OpMaIlMu B OTKPHITOM JIOCTYIlE€: BO3HHMKJIA MpoOiieMa IOUCKAa PE3yJbTaTOB
MCCIIEOBAaHNM paCTBOPUMOCTH CTeapaTa HaTpHUs B BOJIE.

Huarpamma HMcukaBbl, KOTOpas ONUCHIBaIOIiasg OJHY M3 HauOolee

AKTYaJIbHBIX HpO6H€M JaHHOT'O UCCIICAOBAHUA IIPCACTABJICHA HA pPUCYHKC 3.2.

Hera e TBeHHO ¢
CMeIIITE AHITe
Martepuaa

Hinkoe KaFIeCTRO Imep enus

eToR evIe CKHI

PpaxTop

Hexparka (BIPEA O CE II0CT ABIITEA

BLICOE A CTOHMOCTE -
Omdrn

Hecro eB]) eMeHH A
ILoTp ¢1UHO CTH

JOCTABKA -
COONVIOR AHITA

3> PaipyiieHie Tad1eTok
B IpoIecce HATPeBA

TlorpemnocTE Hep apHOMepHOCTE

TeMITA HATPEBA /

HemocraTok
KBTI HERALIT

MAHOMETD A

IIpecc

Mem DTCYTCTBIE

ILcmap exsma Heo X0 MO

BHYT] eHH X Iepcona HH{ 0P MALTHET

{:}T(}T(‘IBI'I(‘ 0 60‘1]}",105'(]1‘[1’[? TI0E € XHOC T eil

BHOp 0CcTeHTA

Hexparka
XIIMITIe CROM
IO CVIRI
Pucynok 3.2 — [IpuunHHO-CIIEACTBEHHAS JUarpaMmma paspyuieHust TabJeTok Ha
OCHOBE YIJIepoJia B paMKaX OMHMCHIBAEMO HCCIIe10BaTEIbCKON pabOThI
Pemenne npoOiemsbl pa3pyiieHust Ta0JIETOK B MPOLECCEe HAarpeBa COCTOUT M3
pemieHuss mpoOJjeM B yKa3zaHHbIX oOnactsx. B obmactu MarepuanoB mpoOiema
HEKAUEeCTBEHHOIO0 CMEIIEHUs] peakTHBOB (M MpoljieMa OTCYTCTBUSI BHOPOCTEHAA B
obJsiacTi 00OpYyIOBaHMS) PEHIAIOTCS MyTeM J00aBJICHHUSI STUIIOBOTO CIIHUPTAa B CMECH
peareHToB C TMOCJEAYIOIIMM IepeMenBaHiueM B kuiakoil ¢aze. IIpenmyiectsa
ATWJIOBOTO CHUPTA COCTOSIT B OTHOCUTEIBHO OBICTPOM (HECKOJIBKO MUHYT)
UCIApEHUU U JaJdbHEMIIMM yCTpaHEHHEM MyTeM MPOKAJIMBAHHUS IOPOIIKA.

[TpoGaemMbl BBICOKOW CTOMMOCTH M HECBOEBPEMEHHOU JOCTABKM PEMIAIOTCS MyTeM

INIAaHUPOBAHHA OJOKCIICPHUMCHTA 336J'IaFOBpCMCHHO, BCICACTBHUEC YECrO CTAHOBUTCA
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BO3MOXKHBIM HalTH HanOoJee MOIXOSIIEro MOCTAaBIINKA U TPOBECTH IEPETOBOPHI O
CTOMMOCTH U JOCTaBKEe.

B o6Gmactu oOopynoBaHusi mpo0OiieMa MOTPEIIHOCTH MaHOMETpa IIpecca
pemiaercsi MyTEM HCIOIb30BaHUsI BTOPOM IIKAJbl MaHOMETpa C JalbHEHIINM
nepecyeToM 3HaueHUil naBneHus. lIpoOnemsbl, CBA3aHHBIE C IEYBIO PEIIAIOTCA
CIIEIYIOIIMM 00pa30M: MCIApEHUs] BHYTPEHHUX IOBEPXHOCTEH IE4YM B IPOLECcce
HarpeBa OOpa3lOB, MPUBOAAIIME K 3arpsA3HEHUIO MCCIENAYEMBIX MAaTEpUasoB,
pelIaoTCcs IMyTeM OpraHu3aluud B Ie4d aTMoc(depbl MOCTOSHHO OOHOBIISIEMOIO
MHEPTHOTO Tra3a, KOTOpbIH OyIeT YHOCHUTb 3arps3HSIONINE  HCHApEHUS.
HepaBHOMEpHOCTh TeMma HarpeBa pEeIIaeTcsl IMyTEM YCTAaHOBJICHHSI TOYEK HarpeBa
OPEBBINIAIONINX 3HAYEHUS 3a/laHHble SKCIEPUMEHTOM, TakUM oOpa3oMm Oyzder
UCIIOJIb30BAaThC MHEPTHOCTh HAarpeBaTelIbHBIX 3leMeHTOB mneud. [Ipobiema
HEXBATKU XMMHYECKOM IMOCYJbl AJIi CMECEW peniaercs IMyTeM XpaHEHUs MOPOIIKOB
OJTHOTO COCTaBa B OJJHOM OOBbeMeE.

B oOmactu wu3MmepeHuss mnpoOJeMbl pEHIAlOTCA NYTEM CTaTUCTUYECKON
00pabOTKHU MOJTyYaeMbIX PE3yJIbTaTOB C YKa3aHUEM JOBEPUTEIbHBIX HHTEPBAJIOB.

B obnactu mepconana mpobiema OTCYTCTBUSI HEOOXOAUMOHN HHQopmMaiuu
pemaercss Kak C IOMOUIbIO TNPUBJICYEHUS KOHCYJIBTAHTOB — CHEIUAJIUCTOB IIO
OIpE/ENICHHBIM BOMPOCAM, TaK U C MOMOIIBI0 CAMOCTOSITENIBHBIX JTOMOJHUTEIbHBIX
uccienoanuii. IIpoGnema HemocTaTka KBalM(pPUKALMK pEIIACTCS HU3YyYEHUEM
CHELMAIbHOM  JINTEpaTypbl, TIIATEJIbHOIO IJIAHUPOBAHUS W OpraHU3aluu
IKCIIEPUMEHTA, KOHTPOJIS Ha Ka)KJIOM dTare BHITIOJHEHHS, @ TAK)KE CTaTUCTHUYECKOTO

aHalin3a IIoJIy4aCMbIX PE3YyJIbTATOB.

3.2 IlnanupoBanue HUP

B Hacrosiiee Bpemsi Hayka B 3HAYUTENbHOM CTENEHU OIpeNessieT TEMIIbI
TEXHUYECKOTO TMporpecca MW pocrta HapomHoro Omarococtosiusi [23]. Tonbko
palroHaIbHOE UCMHOJIb30BAaHUE BBIACISIEMBIX ISl HAYKHA CPENICTB, KOHIIEHTPAIUS HX

Ha IIPUOPUTCTHLIX HAIIPABJIICHUAX, COBCPHICHCTBOBAHHUEC KOOPpAWHAIIMHU JCATCIBHOCTH
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HAyYHO-UCCIICIOBATEIILCKUX  YUPEKICHUN, OBICTpO€ BHEAPECHHE HAYYHBIX W
HCCJIEIOBATENHCKUX Pa3pabOTOK W MPOEKTOB MOKET YCKOPUT HAYYHO-TEXHUYECCKUX
nporpecc (HTII). 3Orto oOycnaBinuBaeT HEOOXOJUMOCTh IUIAHUPOBAHUSA U
OpraHu3allMy Hay4yHO-UccaeaoBaTeabckux padot (HUP).

OpnHako BaXXKHO HE TOJBKO pa3paloTaTh Ty WIM MHYIO HayYHYIO TEMY, HO U
MPOBECTH €€ aHAJIM3 C TOYKU 3PEHUS SKOHOMUYECKUX TPEOOBAHMM, T.€. ONMPEIECIHUTD
3aTpaThl Ha pa3pabOTKy, MNPOAOLKUTEIBHOCTh PabdOT, pPacCMOTPETh BOIPOC 00
skoHOMHUecKkoi ahdexTuHOCTH HUP.

DKOHOMUYECKAs 4acTh JUIJIOMHON paOOThI BKIIOYAET B c€0sl paCCMOTPEHHE
CJIEYIOIIHX BOIIPOCOB:

—  1wianupoBanue HUP;

- CMCTa 3aTpar.

3.2.1 Uepapxuyeckasi CTPYKTypa padoT NpoeKTa

Wepapxuueckast crpykrypa pador (MCP)- neranuzanus yKpyNmHEHHOU

CTPYKTYpbl paboT, mpejacraBieHa Ha pucyHke 3.3. B mpomecce cozmanuss MCP

CTPYKTYPHUPYETCS M OIPEIENSIETCS CONEPIKaHNUE BCErO POEKTA.

39



Marwucrepckana guccepraums

Pa3paboTka
— TEXHUYECKOro
3agaHuA

Bbi6op HanpaBneHuns

nccnenosaHuA

TeopeTuyeckune n
KCNnepumeHTasibHble

0O606weHne n
OLEHKa pesy/IbTatos

OdopmneHue oTyeTa

no HAP

CocTtasneHune n
yTBepxaeHue
TEXHUYECKOro

3agaHus

3.2.2 IlnanupoBaHue 3TANOB M padoT 1o BbinoaHenuo HUP

MeTOA0B peleHus pesynbTaToB
npobaembl

KaneHpapHoe Pacuyet

nnaHupoBaHue ] 3KCnepumeHTaNbHbIX
pabor LaHHbIX
OueHka

3pdeKTMBHOCTH
NoJIy4eHHbIX

pesynbraTos

nccnenoBaHmA
Onpepenexune
N3yyeHue npobnemol pea CocTtaBneHue
MNposeaeHune uenecoobpasHocTn o
v noabop — — NOACHUTE/bHOMN
3KCNEepuMeHTOB nposegeHna
nntepaTypbl 3anucKn
vccnenoBaHua
N3yueHune Mposepka
| | cvTepaTypbi 1 BbIGOP AHanuns nonyyeHHbIX nNpPaBUAbHOCTH

Pucynoxk 3.3 — Mepapxuueckas CTpykTypa padoT

BbinonHeHnA MOCTa
NOACHUTEN bHOM
3anucKn

MopgrotoBKa K
3awmTe

J171s1 BBITIOTHEHUS HAYYHBIX MCCleoBaHui chopMupoBana paboyas rpyrmna, B

COCTaB KOTOPOM BXOJAT HAYUYHBIM PYKOBOJUTEINb U UHKEHED.

Jist  onTuMu3auu  paboT yAOOHO HCMOJB30BaTh KIACCHUECKUN METO/

JIMHEHHOTO IUIAHUPOBAHHA W YIIPABJICHMUA. PGSYJ'IBTEITOM TAKOI'0 IIJIAHUPOBAHUA

SBJIIETCSI COCTABJICHHE JIMHEMHOTO rpaduKa BBHITIOJHEHUS Bcex paboT. Pacuer

napameTpoB JIMHEWHOTO rpaduka TpeOyeT onpeaeneH s TpoaoJKUTEIbHOCTH padoT.

[Ipn oTCyTCTBMUM HOPMATHBOB BpPEMEHU Ha MPOBEIACHUE OTIEIbHBIX BUIOB padoOT

UCIIOJIB3YIOTCS BEPOSITHOCTHBIE OIleHKU. [lopsimok 3TamoB u paboOT MpuBEIEH B

tabmurie 3.2.
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Tabnuna 3.2 — Ilepeuyens kateropuii, 3TanoB, padboOT U pacHpeeIeHue UCTIOTHUTENEH

JIOJDKHOCTB
Kareropus Otan Conepxanue paboT
WCITOJTHATEJIS
Paspabotka T3 Ha CocraBieHre u yTBEpKJIeHUE
1 PYKOBOJIUTEIb
BKP TEXHUYECKOTO 3aaHUA
N3yuenune npo6iemMsbl 1 10100
2 v P p HUHXXEHEP
JUTEPATYPHI
Bribop Hanpasnetus 3 N3yuyenue nurepaTypsl 1 BHIOOP HSKEHE
MCCICNOBAHNA METOJIOB PELICHHSI TPOOIEMbI p
KanennapHoe minanupoBanue padboT
4 p P p HHXXEHEP
110 TEME
5 DKCnepUMEHTATbHBIE PYKOBOJIHUTEIb,
WCCIICIOBAHMUS WHKEHED
Teoperuueckue u 5 AHanu3 u 00paboTKa MOJYYCHHBIX | PYKOBOJIUTEND,
AKCIIEPUMEHTAJILHBIC pE3yNbTaTOB UHKEHED
UCCJICI0BAHMUS
Pacuer skcriepuMeHTaIbHBIX
7 VHXEHED
JTAHHBIX
8 Onenka r¢ppexTuBHOCTH PYKOBOJIUTEIb,
MOJIYYEHHBIX PE3yJIbTaTOB UHXKEHED
OKOHOMHMKA, OXpaHa Tpyaa U
O06o0menue u onelka| 9 > OXP Py HHXKEHED
TEeXHHKa 0€30MaCHOCTH.
pe3ynbTaToB
10 IToaroroBka K 3amure WHXEHEP
3.2.3 Pa3zpa0oTKa mjiaHa nmpoeKra
B pamkax miaHupoBaHUS ~ MCCIIENOBATEIbCKOTO TPOEKTa  IMOCTPOEH

KaJICHJApHbId TUTaH-rTpaduK ¢ TOMOIIbI0 auarpammbl ['anta. B nanHOM ciydae

paboThl 1O TEeMe TWPEACTABISIOTCS TMPOTSIKEHHBIMH BO BPEMEHU OTpE3KaMmH,

XApaKTCPU3YIOMUMHUCSA JaTaMU Hadajla 1 OKOHYaHH A BBITIOJITHCHUA pa60T.
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Ta6nuna 3.3 — KanengapHslil riad npoexTa

JUTEITBHOCTD, ara ara
Kon Hazsanue HKEUIGHI[.I[HI/I Hilqana OKOII[{‘-IaHI/DI Cocras
paGore! (pyk./uHX.) pabor pabor YHACTHHKOB
CocraBnenue u
1 YTBEPAUCHHC 2 26.03.2018 | 28.03.2018 | pykoBommTeNH
TEXHUYECKOTO
3aJJaHHs
N3yuenne npobiembl
2 1 110100p 5 28.03.2018 | 01.04.2018 HUHXKEHED
JIUTEPATYPHI
Nzyuenue
3 | MTCPaTYphl U BLIGOD 7 01.04.2018 | 08.04.2018 HHIKeHep
METOIOB PEUICHUS
poOJIEMBI
Kanennapnoe
4 IJIaHUpOBaHUE paboT 2 08.04.2018 | 10.04.2018 HHXKEHED
10 TeMe
I A 25 (5/25) 10.04.2018 | 10.05.2018 | PYXOBOAHTEID,
UCCIICIOBAHHSI UH)KEHED
6 AHanu3 u 00paboTKa
MOy e HHBIX 5 (1/5) 10.05.2018 | 15.05.2018 | PYKOBOAMTEID,
pe3yJIbTaToB HHDRCHCD
7 Pacuer
AKCIICPUMEHTATbHBIX 10 15.05.2018 | 25.05.2018 HHXKEHED
JTAHHBIX
8 Ouenka
PbdexturocTH 2 (1/2) 2505.2018 | 27.05.2018 | PyKoBoAHTCI®,
MOJTyYSHHBIX WH)KEHED
pe3yabTaToOB
9 DKOHOMHKa,0XpaHa
TpyJa U TEXHHUKA 6 27.05.2018 | 01.06.2018 UHXXEHEp
0e30I1aCHOCTH
10 HonroToexa k 8 01.06.2018 | 08.06.2018 |  mmerep

3allUTC TCMBI

HAay4YHOI'O UCCJICAOBaHUNA.

B Tabmume 3.4 mnpencraBiieH KaJICHIApHBIN

iaH-TpaduK TTPOBENCHUS
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Tabnuua 3.4 — [Inan-rpaduk HAy4YHOTO UCCIIEI0BAHUS

HpO,I[OJ'DI(I/ITeI[BHOCTB BBIIIOJIHCHMUA

No Tx, pabot
Bun pabor HUcnonaurenn
pabot Kald.gH. | Mapr | Anpens Maii | Uronb
112(3|1}2(3|1]2(3|1]2
CocraBnenue u Q
1 YTBEPKJICHHE PYKOBOJUTEIb 2 NN
TEXHUYECKOT0 3aJJaHus
N3ydenue nmpoOiieMbl u
2 1 P UHXEHED 5 .
110100p JIUTEPATypPhI
N3yuenune nureparypsl u
3 BBIOOP METO/I0B WHXEHEP 7 .
pernieHust pooJIeMbl
Kanennapnoe
4 MJIaHUPOBaHUE padoOT 1Mo WHXXEHEep 2
TeMe
5 DKCHEepUMEHTAIbHBIC PYKOBOJIMTEIIb, 25
WCCIIETOBAHUS WHXEHEP
AHanu3 u 00paboTka
PYKOBOJMTEIIb, 5
6 MOJIyYEHHBIX
HHXEHEP
pe3yIbTaTOB
Pacuer
7 AKCIIEPUMEHTAIBHBIX HHXEHEp 10 .
JTAHHBIX
Orenka 3¢ (heKTUBHOCTH
PYKOBOJIUTEIb, 2
8 MOJTYYEHHBIX
HHXEHEp
pE3yNbTaTOB
DKOHOMHMKA,0XpaHa
9 TpyJa 1 TeXHUKA WHXKEHEep 6
0€30MacHOCTH
[ToaroroBka k 3amure
10 A H HUH)KEHEP 8

TEMBI

— PykoBoaurens .— CTyneHT

3.3 BrogKeT HAYYHOIr0 MCCJIe0BAHMS

[Ipu numannpoBaHuU OIOKETA UCCIIEOBAHUS JOJIKHO ObITh 00ECIEYEeHO

IMIOJIHOC U JOCTOBCPHOC OTPAKCHUC BCCX BUA0B PACXOJ0B, CBA3aHHLBIX C CI'0

BbITIOJIHEHUEM. B mporiecce hopmupoBanus 0r0KeTa UCTIONB3YETCS CIEAYOIIast

IPYIIIMPOBKA 3aTPAT IO CTATHSIM:

—  MaTepUANIbHBIE 3aTPaThI;
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— 3arpaThl  HA  CHOeNUaIbHOE  O0OpymOBaHWE  JJIs  HAYYHBIX
(3KCIIepUMEHTaNbHBIX) PadoT;

—  OCHOBHas 3apa0oTHAas TIaTa UCTIOJTHUTENCH TEMBI;

—  JIONOJIHUTEJIbHAS 3apa00THAs IUIaTa UCTIOIHUTENCH TEMBI;

—  OTYMCJICHHUS BO BHEOIO)KETHBIE (DOH/IBI (CTPaXOBbIE OTUUCIICHHUS);

- 3aTpaThbl HAYYHBIC U IIPOU3BOJACTBCHHBIC KOMAH/IUPOBKH.

3.3.1 MaTtepuajibHble 3aTPaThl

Pacder maTepuanbHBIX 3aTpaT OCYIIECTBIISICTCS IO CIEAYIONIeH dhopmyIie:

m
3w = (L k) ) 1 Nyt (3:2)
i=1
rare M — KOJIMYCCTBO BHAOB MATCPHAIBHBIX PECYPCOB, HOTpe6J'IHeMBIX IIpHu

BBITIOJTHEHUH HAyYHOTO MCCIIEAOBAHNUS;

Npacxi — KOJIMYECTBO MaTEpUAIBbHBIX PECYPCOB I-rO BHJA, IUIAHUPYEMBIX K
HICITONIb30BAHHIO IIPU BBHIMTOTHEHNN HAYYHOTO HCCICIOBAHMS (IIT., KT, M, M” ¥ T.1.);

L]i— nieHa IpHOOPETECHUsT SAMHUIIBI I-TO BHJA TIOTPEOJIIEMBIX MaTePHAIBHBIX
pecypcoB (py6./wrt., py6./kr, py6./M, py6./mM> 1 T.1L.);

Kr— KO3 GUIMEHT, yIUTHIBAIONIHI TPAHCTIOPTHO-3arOTOBUTEIBHBIE PACXO/IBI,
IIPUHUMAIOTCA B ipeaenax 15-25 % oT cTouMocTy MaTtepranos.

OCHOBHBIMHM 3aTpaTamMH B JaHHOW HCCJEIOBATEIBLCKOW paboTe SBISIOTCS
3aTpaThl HA XMMUYECKUE PEareHThl, U3rOTOBIICHUE JIeTaleil mpecca, 3JEKTPOIHEPTHUIO
U TPUOOpETeHHE KaHIEISIPCKUX TOBapoB. Pe3ynbTaThl pacu€ToB MO 3aTparaM Ha
MaTepHuabl TpUBEACHBI B Ta0buIe 3.5.

OkcrniepuMeHThl TpoBoawinck 10 gued (Bcero 128,28 4vacoB), MOIIHOCTh
yCcTaHOBKH (TpyOdaTas neun)S,5 kBr*uac. Kpome Toro, mis pacuetroB u ohopmiieHUs
MOSICHUTETILHOW 3alMCKH HCIIOJIb30BAJICS TIEPCOHABHBIM KOMITBIOTEp, MOITHOCTH
Oomoka mmTaHus kotoporo paBHa 0,4 kBT, JInWTEeNhHOCTH HUCHOIB30BaHUS

KOMIIbIOTEpPA cocTaBmiia 6 4acoB B JIEHb B TE€YEHUU 36 IHEI.
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B »skcnepumenTtax wucnosbdyercss TpyOuatas meub CarboliteSTF 15/610.

JlanHas meyb UMEET OJHy HarpeBaemyro kamepy B Bujae TpyOku. C TOpPIIOB Kamepa

3aKpPbIBACTCA (I)JIaHIIaMI/I, HMCIOIIMMH BCTPOCHHBLIC IIOJOCTHU JJIA OXJIAXKIaKoIIeH

KUJKOCTU. BHENIHMI BUJ eUn MpeCTaBIeH Ha pUCyHKe 3.4,
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Pucynok 3.4 — Buemnwmii Bua tpyouatoi meuun CarboliteSTF 15/610

3anaTBI Ha 3JICKTPOSHCPIUI0 paCCUUTBIBAIOTCA 110 (bOpMyJ'Ie:

Con = Lon - P - Fog,
rie
P — MoImHOCTH 060pyn0oBanus, KBT;

Fos — BpeMs ucmosib30BaHusT 000PYI0BAHUS, U.
Copmews = 5,8+5,5-128,28 = 4092,13 pyo6.

Coinc = 5,8 0,4+ 216 = 501,12 py6.

CBJI =

1],— Tapud Ha TPOMBITIUICHHYO dJIEKTPO3HEpruto 5,8py0. 3a 1 kB1r*y;

Copneas + Conmx = 4092,13 4+ 501,12 = 4593,25 py6.

(3.3)

B Tabmune 3.5 mpexacraBieHbl MaTepualbHbIE 3aTpaThl Ha MaTepuaibl U

000pyI0BaHKE, UCIIOJB3YEMbIE B HAYUHO-UCCIIEA0BATENbCKOM padoTe.
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Tabnuna 3.5 — MarepuanbHbie 3aTpaThl

Hanmenosanue Mapka, pazmep | KomnuecTBo Hena 3a Cymma,
eMHuIly, pyo. pyo.
Harpui . 95 % 1 kr 228,00 228,00
CTCApPUHOBOKHCIIBIT
XJTOpu1 HUKEIIS 98 % 0,5 xr 1361,00 680,50
Hsroropere Cr45 2 5000 10000
JeTajeH mpecca
791,94
DJIEKTPOIHEPTHs «Br-u 5,8 4593,25
Bcero 3a MmaTepuanbl 15501,75
TpaHCHOPTHO-3arOTOBUTEIBHBIE PACXOIBI 3875,44
Hroro o cratee C,, 19377,19

3.3.2 OcHoBHasi 3apa0oTHAas MJIATA UCTIOJTHHUTEJIEH TeMbI

B HacTosIyto cTaThio BKIIIOYAETCS OCHOBHAs 3apaboTHas IjiaTa HaAyYHBIX U
WH)XEHEPHO-TEXHUYECKUX PA0OOTHUKOB, paO0OUYNX MAKETHBIX MACTEPCKUX M OIMBITHBIX
MIPOU3BOJICTB, HEMOCPEACTBEHHO YYaCTBYIOIIMX B BBHIMOJHEHUU PAaOOT MO JAHHOU
TeMe. BenmnumHa pacxogoB 1O 3apabOTHOM IUIaTe OMNpPEAENsIeTcsl HUCXOAsS U3
TPYIOEMKOCTH BBIMOJHIEMBIX paOOT U JCUCTBYIOIIEW CHUCTEMBbl OKJIQJ0B U
Tapu(HBIX CTAaBOK. B cocTaB OCHOBHOHM 3apabOTHOM IUIAThl BKJIIOYACTCS MPEMUS,
BhITIJIAYMBaeMasi exxemecsuHo u3 (ponmaa 3apaboTHoM miatel B pazmepe 20-30 % ot
Tapuda Wi OKIaja.

CraTthsi  BKJIIOYA€T  OCHOBHYIO  3apaboTHyr0  mmjaTy  pabOTHHUKOB,
HETMOCPEACTBEHHO 3aHSATHIX BbiMmogHeHueM HTU, (Bkirouass mpemuu, IOIJIaThl) U
JOTIOJTHUTENBHYIO 3apaboTHYIO TUIATY:

331'[ = 3OCH + 3,&01’[ ! (3'4)
e 3, — OCHOBHAsS 3apaboTHas IJIaTa;
3,0n — AOTIONHUTEIbHAsE 3apadoTHas miata (12-20 % oT 3Boe,).
OcHoBHas 3apaboTHas miata (3,¢;) PYKOBOAUTES (JlabopaHTa, HH)KEHEPA) OT

OpeanpUsATUA(IPY HAIMYUKA PYKOBOJMTENS OT MHPEANPUSITHS) PACCUUTHIBACTCS IO

cienymwlieit hopmyie:
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rac 3OCH — OCHOBHAasA 3apa60THa5{ IjiaTa OJHOI O pa6OTHI/IKa;

Tp — IIPOOOJIZKUTCIBbHOCTDL pa60T, BBIITOJIHACMBIX

pabOTHUKOM, pad. IH.;

3w — CpeIHeHEeBHAs 3apa0oTHas miiata paboTHUKA, PYO.

(39)

HAaYYHO-TCXHUYICCKUM

CpennenHeBHas 3apabOTHAS IJIaTa PACCUUTHIBACTCSA 110 hopMyIIe:

3
F

a

_3,'M

(3.6)

rae 3 — MeCA4YHbI JODKHOCTHOM OKJaja paOOTHHKA, pyO. (B KauecTBE MECSYHOTO

OKJIaJla TUIIJIOMHHKA BBICTYIIACT OKJIaJd MHIKCHCPA, KOTOpBIﬁ cocTapisgeT 9489 pY6 n

31000 py6. mst goIeHTa, JOKTOpA HAYK);

M — kou4ecTBO MecsIIeB padOThl 0€3 OTIyCKa B TEYEHHUE roja:

npu otmycke B 48 pad.queri M=10,4 mecsia, 6-1HeBHAs HEJETS;

npu otiycke B 24 pab.nust M =11,2 mecsia, S-qHeBHas HEENS;

F. — JelicTBUTeNbHBIM Tr0/0BOM (oHA paboyero BpeMEHU HAyYHO-

TEXHUYECKOTro IepcoHana, pad.ad. (tadmu. 3.9);

k, — paifonnsIit koadpunnent, paBuslii 1,3 mrst Tomcka.

bananc pabouero BpemeHu npeicTaBieH B Tadiuie 3.6.

Tabnuna 3.6 — bamanc pabodero BpemMeHH

[TokazaTenu pabouero BpeMeHu PykoBomurens | HHxenep
KanennapHoe uncio aHei 365 365
KonuyectBo Hepabouux nHen
-BBIXOJHEBIE JTHU 52 104
-IIpa3IHUYHBIC JTHU 14 14
ITorepu pabouero BpemeHU
-OTILYCK 48 24
-HEBBIXOBI 110 OOJIE3HU — —

el CTBUTENBHBIN T0T0BOM (hOH]T paboyero
A AOBOH GOH P 251 223
BpEMEHU
Ty = Tpi ) kKaJl' (37)
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rae Ty;— TPONOJIKUTEIBHOCTh BBITIOJIHEHUS I-i pabOThl B KaJleHIAPHBIX
JUHSAX;

T,; — IPOIOJKMTENBHOCTD BBINOJIHEHHUS i-i paboThl B pabounX JHAX;

k.., — KOO(pbULIMEHT KaJeHIapHOCTH.

KoaddurmenT xaneHaapHOCTH orpeAesseTcs 1no cienyoiei hopmyre:

TKaJI
Ky = ——21L (3.8)
a TKaJI - TBbIX

rae Ty,, — KOIMYECTBO KAJICHIAPHBIX THEH B roAy;
T,,,x — KOJIMYECTBO BBIXOJHBIX IHEU B TOYy (C YUYETOM Mpa3IHUYHBIX);

Paccuntannble 3HaueHUs] B KaJCHIApHBIX AHSAX IO KaxIoW pabdote TKi

OKPYTJICHBI 1O LEJIO0I0o 4YrucJa:

Koy = % ~ 1,48. (3.9)
OmnpenenseM 4yuciao paboyux JTHEH:
T, = kT’:I (3.10)
Ty pyx = % ~ 6 pab. aHew,
Ty pyx = % ~ 47 pab. jHen.

Pacuér ocHOBHOM 3apaboTHOM TJIaThl TPUBEAEH B Tadumiie 3.7.

Tabnuua 3.7 — Pacy€t 0CHOBHOM 3apabOTHOM IIaThI

Ucnonuurenu k, 3, pyo 3 Py0.  |Tp, pad. mH.| 3o, PYO.
PykoBogutens 1,3 31000 1669,80 6 10018,8
Nrxenep 1,3 9489 619,55 47 29118,85

Htoro 3,4 39137,65
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3.3.3 JlonoJiHuTeIbHAS 3apad0THAA NJ1aTA MCIOJTHUTE/IeH TeMbl

3arpaThl 1O JOMOJHUTENBHON 3apabOTHOM IJlaTe€ WCHOJHUTENEH TeMbI
YUYUTBIBAIOT BEJIMYMHY IPEIyCMOTPEHHBIX TpynoBeIM KoaekcoM P® nmommar 3a
OTKJIOHEHUWE OT HOPMAJbHBIX YCJIOBHUWA TpyJa, a TAaKKE BBIILUIAT, CBSI3aHHBIX C
oOecrieyeHneM rapaHTUil 1 KOMITIEHCAIIU.

JlommomHUTENBHAS 3apab0THAS IUIaTa BKJIIOYACT OIJIATy 3a HEMpopaOOTaHHOE
BpeMs (ouepenHOM ¢ y4eOHBIH OTIYCK, BBIMOJHEHUE TIOCYJIaPCTBEHHBIX
00s13aHHOCTEM, BHITUIATa BO3HATPAKICHUHN 3a BBICIYTY JIET U T.II.) © PACCUUTHIBACTCS
ucxons u3 10-15% ot ocHOBHOI 3apabOTHOM T1aThl, pAOOTHUKOB, HEMOCPEICTBEHHO
YYaCTBYIOIIHUX B BBIMIOJIHEHUE TEMBI:

3;(011 = kaon " Bocu » (3-11)

rae  3y,, — NOMOJTHUTEIbHAS 3apaboTHas 11aTa, pyo.;

Koon — KO3 (PHUIIMEHT TOMOTHUTEIILHOM 3apIuiaThl (K,,,=0,15);

3,c; — OCHOBHAsI 3apaboTHas 1j1aTa, pyo.

B Tabnune 3.8 npuBeneH pacu€T OCHOBHOW U JOMOJHUTEIBHON 3apab0THOM

IIJ1aTHI.

Tab6muma 3.8 — 3apaboTHas mata ucnogauteneit HAP

3apaboTHas mara PykoBogutens WNnxenep
OcHoBHas 3apruiara, pyo 10018,8 29118,85
JlononHuTeNbHAS 3apIuiaTa, pyo 1502,82 4367,83
3apriaTa UCTIOTHUTENS, pyO 11521,62 33486,68
Hroro no cratee C,,, pyo 45008,3

3.3.4 OT4yuciaeHus1 BO BHeOKW/I:KeTHbIE (GOHABI

Pasmep oruucnenuii Bo BHeOrxkeTHbie (PoHabl coctaBmser 27,1 % or
CyMMBI 3aTpaT Ha OIUIaTy TpyJda paOOTHUKOB, HEMOCPEACTBEHHO 3aHATHIX

BBIITOJIHCHUECM HCCHCHOB&TGHBCKOﬁ pa6OTBI.
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Benmuuuna otuncnenuii BO BHEOIOKETHBIC (DOHIIBI ONIPEACIICTCS UCXOMIS U3
ciemyromneit hopMyIIbl:

3BHG6 - kBHeG : (300H + 3;[011) ' (312)

rie Kpes — KOOPQHUIMEHT OTYHCICHHWI HA YIUIATy BO BHEOODKETHBIC (DOHIBI
(nencuoHHbIN HoHI, HOoHT 00513aTETHLHOT0 MEAUIIMHCKOTO CTPaXOBaHUs U TIp.).
Benmuuuna otuncnenuit Bo BHEOOKETHBIE (DOHIBI COCTABIISET:
3pues = 0,271-(10018,8 + 1502,82) + 0,271 - (29118,85 + 4367,83) =
= 12197,25 pyo.

3.3.5 HakaaHble pacxoabl

Haxnagneie pacxofbl y4YMTBIBAIOT TIPOYME 3aTpaThbl OpraHU3aluM, He
MOMNABIIME B MPEABIAYIIAE CTAaTbHM PacXOJOB: Il€4aTh W KCEPOKOIMHPOBAHUE
MaTepUalioB HCCIEIOBaHMS, OIUIaTa YCIYr CBSA3H, JJIEKTPOIHEPTUU, IMOYTOBBIE U
tenerpadHble PacXo/Ibl, pa3MHOXKEHHUE MATEPHAIIOB | T.]I.

Haxnannusie pacxonasl B TITY coctapisaoT 12-16 % oT cyMMbl OCHOBHOM U
JOTIOJTHUTENBHON 3apab0THOM IJIaThl, pAOOTHUKOB, HEMTOCPEICTBEHHO YYaCTBYIOUIUX
B BBINOJIHEHHE TeMbl. VX BelnumnHa onpeenseTcs mo cleayromei Gopmyre:

3HaK]'l = ka ) (3 + 3]1011 + 3BH66) (313)

OCH
rae Ky, — K03 GUInenT, yanThIBaOIMiA HAKJIAAHBIE PACXO/BL.

Buaxn = 0,16 - (45008,3 + 12197,25) = 9152,89 py®6.
3.3.6 ®opMupoBaHue OOIXKETA 32aTPAT HUCCIEA0BATEIbCKOI0 MPOEKTA
Paccuntannas BenmuyMHA 3aTpaT HAYYHO-UCCIIENOBATEIHCKOW  pabOTHI
SBJIICTCSI OCHOBOHW Ui (hOpMHpOBaHUs OrOJDKETa 3aTpaT IMPOCKTa, KOTOPHIH TpH

dbopMUpPOBAHUM JOTOBOpA C 3aKa3YMKOM 3allUIACTCs HAy4YHOM OpraHu3alueil B

KaueCTBE HIDKHETO Mpeieia 3aTpat Ha pa3paboTKy HAyYHO-TEXHUYECKOUW MPOTYKITHH.
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Omnpenenenue OromKeTa 3aTpaT HAa HAayYHO-HCCIIEAOBATEIbCKUN MPOEKT IO

Ka)KJIOMY BapHUaHTy UCIIOJIHEHU TPUBEJEH B Tadimue 3.9.

Tab6muma 3.9 — KanpKynsaiuu miaHoBOr ce0eCTOMMOCTH

HauMeHOBaHHUE CTaTbU 3aTpaT Cymma, pyo.
1. MarepuasbHble 3aTpaThl 19377,19
2. 3atpatbl Ha omiaTy Tpyaa ucrnoiaauTeneir HUP 45008,3
3. CTpaxoBble OTUHCIICHHS 12197,25
4. HaknajgHble pacxobl 9152,89

Hroro 85735,63

ITo pesynpraram monHas IIaHoBas cebecroumocts HUP  cocraBnser
85735,63 py6., a Bpems, HEOOXOAWMMOE MJIA €ro BHIMOJNHEHUs, coctaBisser 70

KQJICHIAPHBIX THEH.

3.4 Opranu3alMOHHAs CTPYKTYPA NMPOEKTA

OpranuzaiuoHHasi CTPYKTypa IPOEKTa MpPEACTaBIsIeT CcOo00il BpeMEHHOE
CTPYKTypHOE 00Opa3oBaHHE, CO3/1aBaeMoe sl JOCTHUKCHHs MTOCTABICHHBIX IIETeH U
3a/lady MpPOEeKTa W BKIIOYAroIee B ceOsi BCEX YYACTHUKOB TPOIECCA BBITIOJHEHUS
paboT Ha KaXJ0M JTare.

JlanHO¥ wWccnenoBaTeNbcko pabdoTe COOTBETCTBYET (DYHKIIMOHAJbHAS
CTpYKTypa opranu3anuu. To ecTb opraHuzaiusi padodero mporecca BHICTPOEHA
UEpPapXUYCeCKU: y KaXJOro YYaCTHHKAa TIPOCKTa €CThb HEMOCPEIACTBCHHBIN
PYKOBOJIUTENb, COTPYIHUKH pa3ielieHbl MO OOJacTsIM CHeluaIn3alnu, KaKIou
TPYNIION PyKOBOAUT KOMIIETECHTHBINA CIIEUATUCT ((PYyHKITMOHAIBHBIA PYKOBOIUTEH ).

OpraHu3almoHHas CTPYKTypa Hay4yHOTro IPOEKTa MPEACTaBIeHa Ha PUCYHKe 3.5.
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Hay4HbIi

PYKOBOIHTENE
Koopouaupyromas
TpyImna
|
KoHcynsTaHT pasznena
«DUHAHCOBEIH MeHeIKMEHT, KoHCyIBTAHT paziena KoHCyIBTaHT 10O
pecypcoahheKTHEHOCTE H «CoIManbHasA OTBETCTECHHOCTRY A3BIKOBOMY pasIeny
pecypcocOepekeHHe
HcnomHHuTens:
CTYIEHT

Pucynok 3.5 — Opranu3anioHHasi CTpyKTypa HAy4YHOT'O IPOEKTa

3.5 Marpuiua oTBeTCTBEHHOCTH

CrerneHb OTBETCTBEHHOCTH KaXXI0ro YJICHa KOMaHAbI 3a IIPHUHATBIC
ITIOJITHOMOYHAA PETIIaMCHTHUPYCTCA M&TpHI.[GfI OTBCTCTBCHHOCTH. ManI/I]_Ia

OTBETCTBEHHOCTH JIAaHHOTO MIPOEKTa MpecTaBieHa B Tadymiie 3.10.

Ta6numa 3.10 — Marpuiia OTBETCTBEHHOCTH

< < A
= = B
Q Q b o
| o= 2 e =
= 5 g 4 E g jan) = Iy
ZE| 252 |c8 |88F) 2
C) = G - § =5 4| B 2¢C| o
Tarbl POCKTA T SR |22 gg | &
5| 3o | a8 -
T = = = B = e =~
S| e o > O z =
o S ¥ = SR=t
a T o ~
Q Q O
S T
CocraBiieHUE U YTBEPKICHUE 0
TEXHUUYECKOTO 3aJIaHUS
N3yuyenue npobiemMsbl 1 Toa00p C "
JUTEPaATypPhl
N3yuyenue nurepaTypbl U BHIOOD 0 "
METOJIOB PENICHUS IPOOIEMBI
KanennapHoe mianupoBanue 0 "
paboT no Teme
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[Tpogomxenue Tabauist 3.10

9KCH€pHMCHT3HLHBI€
HNCCICOAO0OBAaHU

AHanu3 1 00padoTKa MOJTYYEHHBIX
pE3yNIbTaTOB

Pacuer skcniepuMeHTAIBHBIX
JTAHHBIX

= R R

Onenka 3peKTUBHOCTH
MOJTYYCHHBIX PE3yJIbTaTOB

BrImonmHeHe OIIeHKH
pecypcoddpHEeKTUBHOCTH U C
pecypcocOepexeHus

=~

Brinmonnenue paszaena no
COIMMAJILHON OTBETCTBEHHOCTH

Brinonnenue nepeBojia 4acTu
pabOThl HA AHTTIUHUCKUH S3BIK

CocTaBJieHHE TTOSICHUTEIbHOM
3aITUCKA

[TpoBepka npaBUIBHOCTH
BeinosiaeHus ' OCTa C "
MOSICHUTEIbHOM 3alUCKHA

IToaroroBska k 3ammTe O 141

CremneHb y4acTHsi B IPOEKTE XapaKTePU3YETCs CISAYIOIIUM 00pa3oM:

— otBercTBeHHbIN (O)— 110, OTBEYAIOIIEE 3a peali3alli0 dTana MPoeKTa
¥ KOHTPOJHUPYIOIIEEe €ro XO/T;

— wucnonuurens (M) — nuno (nuia), BBINONHSIONME pabOThI B pamMKax
sTamna npoekta. YTBeprxkaatomiee Juio (Y) — JUIo, OCYIIECTBIAIONICE YTBEPKIACHUE
PE3yNbTATOB dTalla MPOEKTa (€CIIM ATal MPeTyCMaTPUBAET YTBEPIKICHUE);

—  cornacyroriee umno (C) — au1o, OCyIIECTBIAIONISe aHATN3 PE3yIbTaTOB
MPOEKTa M YYacCTBYIOIIEE B MPUHSATUU PEIICHUS O COOTBETCTBUM PE3YJIbTaTOB dTara

TpeOOBAHUSIM.
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3.6 Onpenesienne pecypcHoii, (pMHAHCOBOM, 0I0IKETHOM, CONUAILHON U

IKOHOMHYECKOHN 3P PEeKTUBHOCTH UCCJICIOBAHMS

Onpenenenne  A()PEKTUBHOCTH  TMPOWCXOAWT HA  OCHOBE  pacyeTa
WHTETPAIBHOTO ToKa3areiss A¢P(GEKTUBHOCTH HAYYHOTO HCclieoBaHus. Ero
HaXOXJICHWE CBSI3aHO C OMNpPEICICHHEM JBYX CPCIHEB3BEIICHHBIX BEJIMYWH:
buHaHCOBOM 2P HEKTUBHOCTH B pecypcodhHEKTHUBHOCTH.

WuTerpanbHpiii  mokaszatenb  (UHAHCOBOH  3(PQPEKTUBHOCTH  HAYYHOTO
WCCJICIOBAHMs TIOY4YaloT B XOJE OIEHKH Oo/pKeTa 3aTpar Tpex (wim Oosee)
BApHAHTOB WCIIOJIHCHHUS HAYYHOTrO WHccienoBanus. J[nsg 3Ttoro HamOONbIIMNA
WHTErPaJIbHBIN TOKa3aTeNb pealn3alud TEXHUYECKON 3a7aul MpUHUMAaeTcs 3a 6a3y
pacdera (Kak 3HAMEHATENb), C KOTOPHIM COOTHOCHUTCS ()MHAHCOBBIC 3HAYCHUS TIO
BCEM BapuUaHTaM HUCIIOTHEHHUS.

WNuTerpanbHbiii ((MHAHCOBBIN MOKa3aTeNlb pa3pabOTKU ONPeaeseTCs:

II/ICI'I.i —_ CDpl 3 14

buHp — ® ’ ( . )
max

rae I;‘;’Zp — UHTETPaIbHBIN (PUHAHCOBBIN MTOKa3aTeNlb pa3padOTKu;

@,i— CTOUMOCTb I-TO BapHaHTa UCTIOJIHEHNUS;

Dax— MaKCUMaJIbHass CTOMMOCTH MCIOJHEHUS HAay4YHO-HUCCIEA0BATEIIbCKOTO
poeKTa (B T.4. aHAJIOTH).

[TomydyeHHass  BeIMYMHA  WHTETPAIBHOTO  ()MHAHCOBOTO  TIOKA3aTels
pa3pabOTKH OTpakaeT COOTBETCTBYIOIIEE YMCICHHOE YBEIMUYECHHE OIO/KETa 3aTpar
pa3pabOTKu B pa3ax (3HaueHUe OOJbIIE EIUHUIIBI), JUOO COOTBETCTBYIOIICE
YHUCJIICHHOE YJICIIECBIEHHE CTOMMOCTH pa3palOTKM B paszax (3HAUYCHHWE MEHBIIE
CIUHUIIBI, HO OOJIBIIIC HYJIA).

Tak kak pa3paboTka UMeeT OJHO UCTIOJHEHHE, TO

IHCH_i _ chl _ 85735,63 _
Purp T @ T 198567,00

0,43.

JIJ'ISI aHaJIOT'OB COOTBCTCTBCHHO.
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o Py 13511441
punal T @ T 198567,00
2 ®yy  198567,00
bunaz — @ T 198567,00

0,68,

WNHuTerpanbHblil moka3arenb pecypcodPPeKTUBHOCTH BApUAHTOB MCIOJIHEHUS

00BEKTA MCCIIETOBAHUS MOKHO ONPEIETUTE CIEAYIOIUM 00Pa3oM:
lpi =28 by,

rae |, —uHTerpanpHBI MOKa3aTens pecypcodddexTuBHOCTH A I-TO BapHaHTa

p
HUCIIOJTHCHHA p8,3pa6OTKI/I;

a; — BecoBOM K03((HUIMEHT i-ro BapraHTa UCIIOJHEHUS pa3paboTKy;
b*,b°— ©OanbhHas omeHka i-r0 BapWaHTa WCHOJHEHHS pa3padOTKH,

YCTaHaBJIMBACTCSI DKCIIEPTHBIM ITyTEM I10 BEIOPaHHOM IIKajie OIICHUBAHUS;

N — YKCJIO TapaMeTPOB CPABHEHUSI.

Pacuétr wuHTerpanpHOro mokasarens pecypcod(PheKTUBHOCTH NpPEACTaBICH
HIKE.

CloXHOCTh peanu3aliy 3aKJII04aeTcs B HEOOXOAUMOCTH OpraHu3aluu
BCIIOMOTATEJIbHBIX CHCTEM (OXJIaXICHHUS, Harpera), pa3padoTKe HOBBIX MaTEpHAJIOB
(cIoCOOHBIX BBIICP)KUBATh BBHICOKHE JIaBJICHUS, HAKaIUIMBAaTh BOJIOPOJI), a TaKKE B
pa3pabOTKe XpaHUJIUII.

HeoOxomuMocTh  OXJ@XKICHHUS SBISICTCS BaXXHBIM ~ KPUTEPHEM  OICHKH
CHUCTEMbl XPaHEHMs TOCKOJbKY OHa IMOJpa3yMeBaeT HaJIU4YWE€ JOMOJTHUTEIHLHOIO
000py1I0BaHMS, YTO 3HAYUTEIBHO YIOPOXKACT U YCIOXKHAET KOHCTPYKIIMIO, a TaK JKe
JiejlaeT ee MeHee HaaeKHOM.

HanexxHocTh mpesjaraeMoro MeToja 3HauuTeNIbHO BBIIIE aHAJIOTOB 3a CYET
OTCYTCTBHS Ta3000pa3HOTO BOAOPOAA B CHCTEME XPAHCHHS 3a CUET €ro COpOIuu C
YIJIEpOAHBIMU MaTepuaiaMu. B cBOw0 odepenb, HaMuue ra3000pa3HOro BOAOpoOaa B
CHUCTEME IMPHUBOJUT K TMOBBIIICHUIO aBJICHHUS, BO3MOXXHOW pasrepMeTu3aluv u
JETOHAIIMKM BOJIOpOJia B ClIy4ae aBapud. TakuMm 00pa3oMm, MpeiiaraeMblii Crocoo

Oyner ropaszao 0e3omnacHee, B CpaBHEHUHU C aHAJIOTaMU.
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MaccorabapuTHble TapaMeTpbl OMPEIEIIAIOTCS HETTOCPEICTBEHHBIM 00bEMOM,
KOTOpBIA 3aHMUMaeT BoaopoA. HeoOXoaumo ydecTb, YTO pa3lIuYHbIE CIIOCOOBI
XpaHEeHHsI BOJOPOJA MCHOJB3YIOTCS [UJIs pasnuuHbix 1ened. Ha pucynke 3.1
MOKa3aHO, YTO HaWMEHbIIee MOTpeOJeHHEe BOJAOpPOJAa y COPOIMOHHOTO crocoda
XpaHEHUsI, a 3HAYUT U BCS CHCTeMa XpaHEHHUs OyneT HeOOJbIION OTHOCUTEIHHO

CymcCTBYIOIINX CIT0CO00B.

Tabmuna 3.11 — CpaBHUTENbHAs OIEHKA XapaKTEPUCTHUK BAPUAHTOB HMCIOJHEHUS

MIPOCKTa
1o Becoson Texkymmuii | Ananor | AHajor
KO3 ULIEHT
MPOEKT 1 2
Kputepun apamerpa
1.CnoxHoCTh 0.15 3 5 4
peanu3anuu
2. Be3onacHoCTh 0,25 5 3 3
3. Hané&xHOCTb 0,2 5 4 3
4. Heo6xo1uMoCTb 0.25 5 4 3
OXJIAKICHUS
5. MaccorabaputHbie 0.15 5 4 4
napameTphl
UTOI'O 1 4,7 3,9 3,3

I,=3-015+5-0254+5-02+5-0,25+5-0,15 = 4,7;
Ananorl =5-0,15+3-0,25+4-0,2 + 40,25 + 4- 0,15 = 3,9;
Ananor2 = 4-0,15+3-0,25+3-0,2+ 30,25+ 4-0,15 = 3,3.

WNurerpanbubiii  mokaszatrenb A(PQPEKTUBHOCTH BApPUAHTOB  UCTIOJTHEHUS

ai

punai) OTIPEHCISIETCS] HA OCHOBAHNU HHTETPAJIBHOTO

pa3pabotku ( | ;ZMHP) u ananora (|

nokasatelis pecypcoddGHeKTUBHOCTH U MHTErPATbHOTO (PMHAHCOBOTO MOKA3aTeNs 0

bopmyie:
Ip
p . m
I(bI/IHp = I—p, (315)
)
¢ = il (3.16)
HHAi Igi' .

B pesyinbrare:
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P 4,7

P == = 10,93
p ) )
duHp Iqup 0,43
41 3,9
a1 =5 == =574
duHal p A
I(l)m{al 0,68
142 3,3
I(gﬁﬂaz = IPT = 1 = 3’3'
duHa2

CpaBHeHHE UHTETPATIBLHOTO MOKa3aTens 3PPEKTUBHOCTH TEKYIIETO MPOEKTa U
aHaJIOrOB MIO3BOJIUT OIPENEIUTh CPAaBHUTENBHYIO 3P (PEKTUBHOCTD IPOEKTA.

CpaBuuTtenbHas 3((HEeKTUBHOCTh MPOEKTA!

Iy
_ HUHP
Bep = o (3.17)
bunai

Iy 10,93

I(l)I/IHal 5’74

Iy 10,93

_ buHp _ ) _

Bp =75~ = 33 = 331

buHa2

Pe3ynbraT BBIYMCIEHHS CPABHUTENBHOW 3(PQPEKTUBHOCTH MpOEKTa U

cpaBHUTENbHAs 3 (PEKTUBHOCTH aHAIM3a MpeICcTaBIeHbI B Tabiuie 3.12.

Tabnuna 3.12 — CpaBHutenbHas 3GPeKTUBHOCTH pa3paboOTKu

Awnanor | Amajor

Ne [TokazaTenu . 5 Pa3zpaboTtka

WNHuTerpanbHblil GPMHAHCOBBIN MOKa3aTelb
1 0,68 1 0,43
pa3paboTKu

NHTerpanpHbIN MOKAa3aTeNb
2 3,9 3,3 4,7
pecypcod3pHeKTHBHOCTUPAZPAOOTKH

3 | UnTerpanbHbiil moka3aTenb 3QGEeKTHBHOCTH 5,74 3,3 10,93
CpaBuuTtenbHas 3¢ (H)EeKTHBHOCTh BApPHAHTOB

4 P b0 P 1,9 3,31 1
WCTIOJTHEHUS
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Takum 00pa3oM, OCHOBBIBAasCh Ha OMPEACIICHUU pecypcocOeperaroniei,
¢buHaHCOBOM, OIOKETHOM, COINMAIBHOW MW 3KOHOMHYECKOW d()PeKTUBHOCTH
UCCJICJIOBAHMSI, TMPOBEAsI HEOOXOAMMBINA CpPaBHUTEIBHBIA aHAU3, MOXXHO CJIeNIaTh

BBIBOJ] O TIPEBOCXOCTBE BBITIOJHEHHOM pa3paOOTKU HAJ aHAIOTaMHU.
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4 CounajibHas OTBEeTCTBEHHOCTH

B coBpeMEHHBIX YCIOBHUSX OJHHM W3 OCHOBHBIX HAIIPaBJICHHUI KOPEHHOTO
yIy4IIeHUs] BCe MpOQMIAKTHUYECKONW padOThl MO CHUXKEHHUIO MPOU3BOJCTBEHHOTO
TpaBMaTtu3Ma M MPOQPECCHOHATLHON 3a00JIEBAEMOCTH SIBIISIETCS ITOBCEMECTHOE
BHE/IPEHHE KOMIUIEKCHOM CHCTEMBI YIIPABICHHUS OXPAaHOW TpPyJa, TO €CThb IIyTEM
O00BEIUHEHUSI PAa3pPO3HEHHBIX MEPOMPUITHNA B €IUHYIO CUCTEMY IIeJICHANPaBICHHBIX
JEWCTBUI HA BCEX YPOBHSX U CTAIUAX MTPOU3BOJCTBEHHOTO MPOIECCA.

OxpaHa Tpyga — 3TO CHCTEMa 3aKOHOJATENbHBIX,  COIMAIBHO-
HKOHOMHUYECKUX, OPraHU3al[MOHHBIX, TEXHOJIOTMUYECKUX, TUTHEHUYECKUX U JIeueOHO-
npo(UIAKTUYECKMX MEPONPUITUA U CpPEACTB, O0ECIEeYUBAIONINX OE30MaCHOCTD,
COXpaHEHUE 3J0pOBbsi MU PpabOTOCIOCOOHOCTM 4YEJIOBEKa B IMpolecce Tpyaa
(denepanbubiii 3akoH «O0 ocHOBax oxpaHbl Tpyaa B Poccuiickoit deaepanum» oOT
17.07.99 Ne181 — @3) [24].

[IpaBuna mo oxpaHe Tpyna M TEXHUKHA OE€30MACHOCTH BBOJATCS B LENAX
peIyNpexIeHNs HECUACTHBIX CllydaeB, oOecriedeHusl 0e30IacHbIX YCIOBUM Tpyaa
paboTalmUX W  SABISAIOTCS  00s3aTeNbHBIMH  JJI  MCHOJHEHUA pabO4YHMMH,
PYKOBOJISIIMMHU, HHKECHEPHO-TEXHUIECKUMU PAOOTHUKAMH.

OnacHbIM MNPOM3BOACTBEHHBIM (PAKTOPOM Ha3bIBAETCS MPOU3BOICTBEHHBIM
(dakTop, BO3/IEHCTBHE KOTOPOTO B OMPEIEIEHHBIX YCIOBUAX MPUBOIAT K TpaBME WU
JIPYroMy BHE3AITHOMY, PE3KOMY YXYIIIECHUIO 310POBbS.

Bpengneim ITPOU3BOICTBEHHBIM (bakTopom Ha3bIBACTCS TaKou
MPOU3BOJACTBEHHBIM  (akTOp, BO3ACICTBME KOTOpPOro Ha paboTaromiero B
ONpENENCHHBIX  YCIOBUSAX  NPUBOJUT K  3a00J€BAaHUI0 WM  CHUKCHUIO

TPYJAOCIOCOOHOCTH.
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4.1 AHaM3 ONIACHBIX U BPeIHbIX MPOU3BOACTBEHHBIX (haKTOpPOB

[Ipou3BoACTBEHHBIE YCIOBHS Ha pab0OUYeM MECTE XapaKTepU3YIOTCS HATMYUEM
OMMACHBIX H BPEIHBIX (DAKTOPOB, KOTOPHIE KIACCHPUIUPYIOTCS TO Tpynmnam
AJIIEMEHTOB: (PU3UYECKHE, XUMUYECKUE, OMOJIOTUYECKHE, TICUXO0(PU3HOTOTUYECKHUE.

[Ipu padote Ha I[IDBM u Ha oGopyaoBanuu: rujpaBindeckuit mpecc Carver
B, tpyOuaras neunr ¢upmsl Carbolite, monens STF, Ha umkeHepa BO3ACHCTBYIOT
cienytoue GakTophbl:

1. ®usnueckue:

1.1 Temneparypa 1 BIaXXHOCTb BO3AYXa;

1.2 ym;

1.3 Cratudeckoe 3JIeKTpUIECTBO;

1.4 DnexTpoMarHuTHOE MOJIE€ HU3KOW YacTOTHI;

1.5 OcBeIIEHHOCTB;

1.6 Haninuwne n3nyyenus.

2. llcuxodusnueckue:

2.1 ®usnueckue neperpy3ku (CTaTU4ecKue, TMHAMHYECKHE);

2.2 JlnurenbHas, MOHOTOHHas pabora, TpeOyroIas  IMOCTOSHHON

KOHIICHTPALINH;

2.3  HepBHo-licUXuYecKue  Meperpy3kd  (YMCTBEHHOE  HampsKEHHE,

MOHOTOHHOCTH TPYJa, SMOIIMOHAIbHBIE IEPETPY3KH).

B Ttabnuue 4.1 npuBeneHbl OCHOBHBIE JJIEMEHTHI MPOU3BOICTBEHHOTO

npotecca, (GopMupyrolre onacHble U BpeaHble (PaKkTOpsbI.
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Tabmuma 4.1 — OCHOBHBIE 3JIEMEHTHI TIPOU3BOICTBEHHOTO TIpoliecca, GopMUPYIOIITHE

OIaCHBIE U BPEIOHOCHBIE (PAKTOPHI

HaumenoBanue OAKTOPBI HopmarusHbie
BUJIOB pabOT U I'OCT 12.0.003-74 CCBT JIOKYMEHTBI
[1apaMeTpoB Bpenneie OmnacHele
MIPOU3BOJICTBEHHOTO
npolecca
SIEKTOHICCKI I'OCT 12.1.038-82
- P CCBT.
TOK
DneKkTpo6e30macHOCTh
[Toxapo- u
Bo3zneiictBue B3pbIBOOE30MIACHOCTh
panuanuu (BY, B IIPOMBIIIEHHBIX
MpoBeLeHIe VBY, CBY u 00bekToB. 'OCT
poBeaey TaK Jajee) 12.1.004-91 CCBT
BRIAMCNICHII Ha [ToxxapHast 6€3011acCHOCTh
I9BM P
[Toxapo- u
B3PBIBOOE30MaCHOCTh
B [ToxapHas POMBIILJICHHBIX
0e301acHOCTh 00bekToB. [OCT
12.1.004-91 CCBT
[ToxxapHast 6€3011acHOCTh
Pabora ia TOCT 31733-2012 —
000py10BaHUU: Mexanunueckue
- [Ipeccol ruapaBInvecKue
IPECCOBAaHUE OMaCHOCTH
yriepojaa

4.2 Ob0ocHOBaHMe U pPa3padoTKa MEPONPHUATHHA MO CHUKEHUIO YPOBHEH

ONACHOI0 M BPEIHOI0 BO3/IeHCTBUSA U YCTPAHEHMIO UX BJIHMSHUA NPH padoTe HA

IIBOM u ycTtaHoBKe

4.2.1 Oprann3anMoHHbIE MEPONIPUATHS

Bech mepconan o0si3aH 3HaTh W CTPOro COOJIIOAATH MpaBUIA TEXHUKU

6e3onacHocTu. O0yueHne mepcoHaga TEXHUKE O€30MacHOCTH W TPOU3BOJICTBEHHOU

CaHUTapun COCTOUT M3 BBOAHOI'O MHCTPYKTAXKa MU MHCTPYKTAKa Ha pa6oqu MECTC

OTBCTCTBCHHBIM JINIIOM.
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[IpoBepka 3HaHWUW  TpaBWI  TEXHUKH  OE30MACHOCTH  TIPOBOIUTCS
KBATHM(PUKAIMMOHHON KOMUCCUEH TIociie 00ydyeHus: Ha padbodem mecte. [IpoBepsiemomy
MPUCBAMBAETCS ~ COOTBETCTBYIOIIAs  €ro  3HAHMSIM W ONBITY  paboThI
KBaJM(MKAIIMOHHAS TpyNma Mo TeXHHUKE OE30MacCHOCTH M BbIAETCS ClelUaIbHOU
yI0CTOBEPEHUE.

JIuna, oOcny’>KMBarOIIMe 3JIEKTPOYCTAHOBKM HE JIOJDKHBI UMETh YBEUUH U
Oone3Hel, MeEIIAIIUX NPOU3BOACTBEHHOM pabore. CoCTOSAHHE  340pPOBBA

YCTAaHaBJIMUBACTCA MCANINHCKHUM OCBHUACTCIbCTBOBAHHUCM.

4.2.2 Opranusanusi padéoyero Mmecta npu padore na [I9BM

PannonanpHas MmiaHUpOBKAa padbOyero Mecra MNpeaycMaTpUBAeT YETKUU
NOPSIOK U MTOCTOSIHCTBO Pa3MEILEHHs PEAMETOB, CPEJICTB TPYIa U JOKYMEHTALIUH.
To, uto TpeOyeTcst A BBINOJHEHUS PadOT yalle JOHKHO pacloyiaraThCs B 30HE

JIETKOM J10CATaeMOCTH paboyero NpocTpaHcTBa (PUCYHOK 4.1).

800 600 2094 0 200 3~ GO0
800 ST f S
e nl.» i -[J T I
600 J . - L —t— _ 6|
a00| |71 A By
200]_ |~ VLN
NS

—r
‘\lw"l ;p

450

700

Pucynok 4.1 — 30HbI 10CATa€MOCTH PYK B TOPU30HTAIBHOM TNIOCKOCTH:
a — 30Ha MAaKCUMAJIbHOU JOCSATAEMOCTH;

0 — 30Ha JOCATaeMOCTH MaJbIIEB NPHU BBITIHYTON PYKE;

B — 30HA JIETKOM JOCSATAEMOCTH J1a/I0HH;

I — ONTUMAJIBHOE MTPOCTPAHCTBO IS TPyOOid pyuyHOl pabOThI;

1 — ONTUMAIbHOE MPOCTPAHCTBO JJIsI TOHKOW PYYHOU paboOTHI.
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OnTuManpHOE pa3MEIlIEHHE MPEAMETOB TPyJda M JOKYMEHTAalUH B 30HAX
JOCSITAEMOCTHU PYK:

Jucnuieit pa3menaercs B 30He «a» (B LIEHTPE);
KnaBuarypa pa3smemnaercst B 30HE «I», «J1»;
CucteMHbI OJIOK pa3MeIaeTcsi B 30HE «0»;
[IpuHTEp HaXOAUTCS B 30HE «a» (CIpaBa).

JlokymeHTarus, HeoOXxoaumass mpu paboTe, pa3MemIaeTcs B 30HE JIETKOU
JOCSITAEMOCTU JIAZIOHU «B» (ciieBa). B BBIABMKHBIX SIIIMKAX CTOJIA pa3MENIaeTCs
JUTEpATypa, KOTOpask HE UCHOJb3YETCs MOCTOSIHHO.

[Ipy nOpoeKkTHpOBaHMM NHUCBMEHHOTO CTOJIa JOJDKHBI OBITh  YYTEHBI
CleayIoIIe TpeOOBaHUS.

BricoTa paboyeil MOBEpXHOCTH CTOJA PEKOMEHAYETCS B Mpeeiax 680 —
800 mm. BricoTa paboueil moBEpXHOCTH, Ha KOTOPYIO YCTaHABIMBAETCS KJIABHATYPA,
noibkHa ObITh 650 MMm. PaGouunii cton A0mKeH ObITh mupuHo He mMeHee 700 MM u
nuHon He MeHee 1400 mM. J[OKHO MMETBCS MPOCTPAHCTBO ISl HOT BBICOTOM HE
menee 600 MM, mupunoit — He meHee 500 MM, ryOMHON Ha YpOBHE KOJIEH — HE
MeHee 450 MM ¥ Ha ypOBHE BBITSHYTBIX HOT — HE MeHee 650 mm.

Pabouee kpecio H0KHO ObITh MOABEMHO-TIOBOPOTHBIM U PETYJIUPYEMBIM 10
BBICOTE W yIJaM HAaKJIOHA CHACHBbS M CIMHKH, a TaKXE€ PACCTOSHHUIO CIUHKU 0
NEpENHEro Kpast CUACHbs. PEKOMEHAyeTC sl BBICOTA CHIIEHBS HAJl ypoBHEM noia 420 —
550 mMm. KoncTpykiius padodero kpecia J0JKHa 00ecTieunBaTh: MIUPUHY U TITyOUHY
MOBEPXHOCTU cuaeHbs He MeHee 400 MM; MOBEPXHOCTh CHACHbS C 3ariyOJIEHHBIM
NEePEeTHUM KPAaeM.

Monutop AOMKEH OBITh pacHojioKEH Ha YpPOBHE IJla3 olepaTopa Ha
pacctostHu 500 — 600 mm. CoryiacHoO HOpMaM yroJj HaOMIOJEHUsI B TOPU30HTAIBLHOM
MJIOCKOCTH JIOJDKEH ObITh He Ooiiee 45° k HopManu dkpaHa. Jlydrie ecnu yros 0630pa
oynet cocraBiath 30°. Kpome Toro gomxHa ObITH BOBMOXHOCTh BBIOMpATh YPOBEHB
KOHTPAaCTHOCTHU U SIPKOCTU U300paKEHUsI HA DKPaHE.

JloykHa pelycMaTpUBaThCS BO3MOKHOCTh PETYJIMPOBAHUS IKpaHa:

ITo BBICOTE +3CM;
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[To naksnony ot 10 g0 20 rpajycoB OTHOCUTEIIBHO BEPTUKAIIH;
B neBoM u ipaBOM HaInpaBJICHUSX.

KnaBuarypy cnemgyer pacrnonaraTh Ha HMOBEPXHOCTH CTOJAa HA PACCTOSIHUU
100 — 300 mm ot kpas. HopMmanpHBIM MOJIO)KEHHEM KIIaBUATYphI SIBISETCS €&
pa3MElIEHNEe Ha YPOBHE JIOKTS OIEpaTopa C YIJIOM HAKJIOHA K TOPU30HTAIbHOU
mwiockoctu 15°. Bonee ynoO6HO paboTaTh C KiIaBUIIAMHU, MUMEIOIIMMU BOTHYTYIO
MOBEPXHOCTh, YETHIPEXYTONBbHYIO (HOpMY C 3aKpyrJIE€HHBIMU yriamu. KoHcTpykius
KJIABUILIKA JIOJDKHA OOECIeyuBaTh OMNEpaTopy omlylieHue mienyka. L[Ber kimaBuin
JOJKEH KOHTPACTHUPOBATH C IIBETOM IAHEIH.

[Ipu omHOOOpa3HOW YMCTBEHHOW pabore, TpeOyrolmeld 3HAYUTEIbHOIO
HEPBHOI'O HAIPSDKEHUST M OOJBIIOTO COCPEAOTOUEHUS, PEKOMEHIYETCS BBIOMpPATH
HESpPKHUE, MAaJOKOHTPACTHBIE LIBETOYHBIE OTTEHKH, KOTOpPbIE HE PAaCCEUBAIOT
BHUMaHue (MaJIOHACHIIIEHHbIE OTTEHKU XOJIOJHOTO 3€JIEHOr0 UJIU TOIy0O0ro IIBETOB).
[Ipu pabGore, TpeOyromell HMHTEHCUBHOW YMCTBEHHOM WM  (PU3MUECKOU
HaIpPSHKEHHOCTH, PEKOMEHAYIOTCSI OTTEHKH TEIJIBIX TOHOB, KOTOpPbIE BO30Y>KIAIOT

AKTHUBHOCTDB 4YCJIOBCKaA.

4.3 YcioBusi 6e30nacHoii padoThl

OcHOBHBIE MapameTphbl, XapaKTEpU3YIOIIUE YCIOBUS Tpylda — 3TO
MUKpPOKJIMMAT,  IIyM, BHUOpamusi, JJIEKTPOMarHUTHOE  T0OJie,  HW3JIy4YCHHE,
OCBEILIEHHOCTb.

Bo3nyx paboueil 30HBI (MUKPOKJIMMAT) MPOU3BOJCTBEHHBIX TMOMEIICHUN
ONPENENAI0T CIEAYIOUIME IMapaMeTphl: TEeMIEepaTypa, OTHOCUTEIbHAS BJIAXKHOCTD,
CKOPOCTh  JBIKEHHMS Bo3Ayxa. OmnTuMaiabHble U JIONYCTUMbIC 3HAYEHUS
XapaKTepUCTUK MUKPOKIMMATa YCTAaHABIMBAIOTCS B COOTBETCTBUU C JIaHHBIMU,

KOTOpbIE TIPUBEICHBI B Ta0uIie 4.2.
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Tabnuna 4.2 — OnTuMansHbIe U JOIMTYCTUMBIC TTapaMeTPhl MUKpOKIUMaTa [25]

Hebron roxa Temenarvba. °C OtHocutenabHas |CKOPOCTh IBUKEHHUS
PHOA TOA patypa, BJIQXKHOCTH, % BO3TyXa, M/C
AOJOAHEIH H 23 25 40-60 0.1
TIEPEXOTHBIH
Témnbrit 23-25 40 0,1

K MepompustusiMm 1O  O37OpPOBJIEHHUIO  BO3AYIIHOW  Cpeabl B
MIPOU3BOJICTBEHHOM TIOMEIICHUH OTHOCSTCS: TPAaBWJIbHAS OPTaHU3AIUS BEHTHIISIINH
U KOHJMIITMOHUPOBAHUS BO31yXa, OTOIJICHHWE TOMEIICHUNH. BEHTHUIAIUS MOXET
OCYIIECTBIIATHCSA €CTECTBEHHBIM W MEXaHWYECKMM MyTéM. B momermienne maOmKHBI
MoJaBaThCs CIAEAYIOIHE 00hEMBI HAPYKHOTO BO3JyXa: MPU 00BEME MOMEIICHUS 10
20 M° Ha 4enoBeka — He MeHee 30 M° B yac Ha YeJIoBeKa; Mpu 00bEME TTOMEIICHHS
Gonee 40 M° Ha yenOBeEKa U OTCYTCTBUH BBHIICIICHUS BPEAHBIX BEIIECTB TOMYCKACTCS
€CTECTBECHHAs BEHTUJISINS.

Cucrema OTOIICHHS JOJDKHA OOECIIEUMBATH JIOCTAaTOYHOE, ITOCTOSHHOE M
paBHOMEPHOE HarpeBaHUE BO3MyXa. B MOMEIEHUX ¢ TOBBIICHHBIMU TPEOOBAHUSIMHI
K YHCTOTE BO3JyXa JIOJDKHO MCIIONB30BAaThCs BOASHOE oOToIvieHue. Ilapamerpsr
MUKPOKJIMMAaTa B  HCIOJIB3yeMOH  J1abOpaTOpuM  PEryIupYyIOTCS  CHUCTEMOM
IIEHTPAJBLHOTO OTOIUICHHUS, M MMEIOT CIIeIyIoImKe 3HaueHus: BiaaxHOCTh — 40 %,
CKOpOCTb ABMkeHus Bo3ayxa — 0,1 M/c, Temmneparypa snerom — 20 — 25 °C, 3umont —
13 — 15 °C. B nabopaTopuu OCYIIECTBIISCTCS €CTECTBEHHAs BEHTHIIAMA. Bo3myx
MOCTyHaeT M yAQISIETCA Yepe3 Ielu, okHa, aBepu. OCHOBHOM HEIOCTATOK TaKOM
BCHTWISAIIMA B TOM, 4YTO TPUTOYHBIM BO3AyX IIOCTYNaeT B TOMeEIIeHue 0e3
MpeABapUTEILHON OYMCTKA U HarPEBaHUSI.

[Iym w BuOpanms yXyamalOT YCIOBHS TPyJda, OKa3bIBAIOT BPEIHOE
BO3J/ICIICTBUE Ha OpraHU3M YEJIOBEKa, a MMEHHO, Ha OpraHbl cliyxa M Ha BeECh
OpraHu3M 4Yepe3 EHTPATbHYI0 HEPBHYIO cUcTeMy. B pesynbrare aToro ocmabmusercs
BHHMaHHE, YXYIIIACTCS TaMsATh, CHIYKACTCS PEaKIUs, YBEIIMUYNBACTCS YUCIIO OITHOOK
npu padote. [llym mMoxer co3zmaBaThes paboTaOIIMM 000PY/I0BAHUEM, YCTAHOBKAMHU

KOHAWTNOHHUPOBAHUS BO3yXd, OCBCTHTCIIbHBIMU an60paMH JHCBHOI'O CBCTa, a
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Tak)ke NMpoHUKaTh u3BHE. [Ipu BbimomHenun padoTsl Ha [I9BM ypoBeHp mryma Ha
paboueM MecTe He ToKeH npesbimath S0 nb.

OKpaH M CHUCTEMHBbIE OJIOKM TPOU3BOMASAT JJIEKTPOMArHUTHOE H3IyUYEHUE.
OcHOBHasi €ro 4acTh MPOUCXOJUT OT CUCTEMHOro Oioka u Bujeokadens. CormacHo
[24] HanPsHKEHHOCTH 3JICKTPOMArHUTHOTO ITOJISL Ha pacCTOsSHUKM 50 CM BOKPYT 9KpaHa
0 JIEKTPUYECKOM COCTaBIIAIONICH TOJKHA OBITH HE OoJiee:

B nquamna3oHe yactoT 5 I'm — 2 xI'm — 25 B/m;
B quana3oHe 4actoT 2 kI ' — 400 x['; — 2,5 B/Mm.

[[10THOCTH MarHUTHOTO TIOTOKA JIOJDKHA OBITH HE Ooiee:

B auamnal3oHe yacTtoT 5 'y — 2 xI['ip — 250 T,
B nuama3zoHe yacToT 2 k['11 — 400 k' — 25 HTn.

Cy11ecTBYIOT CIeAYIOIUE CIIOCO0bI 3aUThl 0T DMII:

YBEIIMYEHUE PACCTOSIHUSA OT UCTOYHHMKA (IKpaH JOJDKEH HAXOAMWThCS Ha
paccrosiHuu He MeHee 50 CM OT MoJIb30BaTENs ),

MPUMEHEHHUE MPUIKPAHHBIX (QUIBTPOB, CHCIUATLHBIX SKPAHOB U IPYTUX
CPEACTB MHINBUAYAJIBHOW 3aIUTHI.

[Ipu paboTe ¢ KOMMBIOTEPOM HCTOYHUKOM HOHHM3UPYIOLIETO W3IyUYCHUS
apisieTcsa auctuieil. [log BIMsSHUEM HOHU3UPYIOLIETO U3IIYYEHUS B OPraHU3ME MOMKET
MPOUCXOJUTh HAPYIIEHUE HOPMAJIBHOW CBEPTHIBAEMOCTH KpPOBH, YBEIWYEHUE
XPYNKOCTH KPOBEHOCHBIX COCYOB, CHI)KEHHE UMMyHHUTETa U Ap. Jlo3a oOayueHus
npu paccrosiuuu 10 aucmies 20 cm coctaisier 50 mMxP/uac. Koncrpykuus 3BM
JOJDKHA — O0ecrieurMBaTh  MOIIHOCTh  DKCIO3MIIMOHHOW  J103bI  PEHTI€HOBCKOTO
U3ITydeHus B J1I000M Touke Ha paccTostHuM 0,05 M oT 3kpana He 6onee 100 mxP/yac.

YTOMIISIEMOCTh OPTaHOB 3PEHUSI MOKET OBITh CBsI3aHA KaK C HEJIOCTATOUYHOMN
OCBEIIEHHOCThIO, TAK U C YPE3MEPHOUN OCBEIICHHOCTHIO, a TAKXKE C HEMPaBHIbHBIM

HaIlpaBJICHUCM CBCTA.
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4.4 J1ekTp00e30NMaACHOCTh

DOnekTpoOe30MacHOCTh — 3TO CHUCTEMa OpPraHU3alMOHHBIX U TEXHUYECKUX
MEPOIPHUITHIA U CPEJICTB, 00ECIICUNBAIOIINX 3AIIUTY JIIOJIEH OT BPETHOTO U OMACHOTO
BO3JICMCTBHUSI AJIEKTPUUECKOTO TOKA, SJIEKTPUUECKON TyTH, SIEKTPOMArHUTHOTO TOJIS
Y CTaTHYECKOTO dJIeKTpuyecTBa [26].

B 3aBHCHMOCTH OT YCJIOBHUI B MOMEIICHUH OMACHOCTh MOPAKEHUS YEIOBEKa
AIEKTPUUECKUM TOKOM YBEJIMYMBAETCS WM yMeHblnaercs. He ciemyer pabotats ¢
[I9BM wu pApyrumMu 3JEKTPOHHBIMHA YCTAaHOBKAMH B YCIOBHUSAX ITOBBIIIEHHOU
BJI&YKHOCTU (OTHOCUTEJIbHAS BJIAXXHOCTh BO3JyXa JUIMTENBHO TMpeBblaet 75 %),
BbICOKOM TemmepaTypsl (Oosnee 35 °C), HaauMuuuM TOKONPOBOJSIIEH NBLIH,
TOKOIIPOBOSIIIMX TIOJIOB M BO3MOKHOCTHM OJHOBPEMEHHOTO MPUKOCHOBEHHUS K
UMEIOIIUM COEIUHEHUE C 3€MJIE METAUIMYECKHMM JJIEMEHTAM M METANIMYECKUM
KOpIycoM  3iekTpooOopynoBaHusi.  CyllecTByeT  ONAacHOCTh  MOPaKEeHUs
AIEKTPUYECKUM TOKOM B CIEIYIOIINX CIydasx:

— IIPY HENOCPEJACTBEHHOM ITPUKOCHOBEHUH K TOKOBEIYIIUM YacTsIM BO BpeMs
PEMOHTA;

— NOpH MNPUKOCHOBEHWHM K HETOKOBEAYIIMM YacTsAM, OKa3aBIIUMCS MOJ
HaIpsKeHUEM (B clydae HapyUIeHUs U30JISIUU TOKOBEIYIIUX YacTel);

— TpU TNPUKOCHOBEHHH C TIOJOM, CTE€HaMH, OKa3aBIIMMHCS O]
HaIpsKCHUEM;

— MPU KOPOTKOM 3aMbIKaHUH B BBICOKOBOJIBTHBIX OJIOKax: OJOKe MUTaHUsS U
0JI0KE TUCTIIEMHON pa3BEPTKH.

[Ipoxomsimuii 4epe3 OpraHu3M JJIEKTPUUYECKUH TOK MOXKET OKa3bIBaTh
OIPEEICHHOE BO3/IEUCTBHE HA OPraHU3M YEJIOBEKA:

— TEPMHYECKOE;

— 3JIEKTPOJIMTHYECKOE;

— OMOJIOTUYECKOE.

Tepmuueckoe OEHCTBHE TOKa IMOAPA3yMEBAET IOSBICHHE Ha TEJIE OXKOrOB

pa3HeIX  QopM, TMeperpeBaHUE  KPOBEHOCHBIX  COCYJAOB W  HapylleHUE
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(GYHKIIMOHATFHOCTH BHYTPEHHUX OPTraHOB, KOTOpPhIE HAXOASATCS Ha JIMHUU
POTEKaHUS TOKA.

DNEKTPOIUTUYECKOE JIEUCTBUE MPOSIBISETCS B pacUICIUICHHE KPOBU M MHOU
OpPraHUYECKOM >KMJIKOCTA B TKaHSAX OPraHW3Ma BBI3bIBAsl CYIECTBEHHBIE M3MEHEHUS
ee PU3UKO-XUMHUYECKOTO COCTaBA.

buonornyeckoe neiicTBUE BBI3BIBACT HAPYIIEHUE HOPMAJIbHONH pabOoThI
MBIIIEYHON cHUCTEMBbl. BO3HUMKAalOT HENPOU3BOJBHBIE CYAOPOKHBIE COKpAILEHUS
MBIIIILI, ONTACHO TAaKO€ BIMSHUE Ha OPraHbl JbIXaHUS U KPOBOOOpAIICHUS, TAKUX KaK
JIETKHE U CEpAIle, 3TO MOXKET MPHUBECTH K HAPYIICHUIO WX HOPMaJIbHOW padOThI, B
TOM YHCJIE U K a0COIFOTHOMY MPEKPAILIECHUIO UX (DYHKIIMOHAIEHOCTH.

Meponpusitus 1o 06ecrneyeHuIo eKTPoOe30aCHOCTU AIEKTPOYCTAaHOBOK:

— OTKJIFOYEHHUE HANPSLKEHHS C TOKOBEAYIIMX YacTel, Ha KOTOPbIX WM BOJIU3U
KOTOpBIX OyZeT MpOBOAUTHCA padoTa, W MPUHATHE Mep IO O00ECIeUeHUIO
HEBO3MOKHOCTH MOJJa4l HANPSHKEHUS K MECTY PabOThI;

— BBIBEUIMBAHUE TJIAKATOB, YKa3bIBAIOIIUX MECTO PaOOTHI;

— 3a3¢MJICHHE KOPITYCOB BCEX YCTAaHOBOK 4YEpPE3 HYJIEBOM IIPOBOJ;

— TIOKPBITUE METAUIMYECKUX MOBEPXHOCTE HWHCTPYMEHTOB HAJEXKHOU
U30JIS1I1CH;

— OpraHu3aius HEJOCTYNHOCTH K TOKOBEIYIIMM YacTsAM ammaparypbl
(3aKJIFOUEHHUE B KOPITyCa AJIEKTPONOPAXKAIOMIMX 3JIEMEHTOB, 3aKJIIOUEHHE B KOPIYC
TOKOBEIYIIMX YacTei);

— IPUMEHEHHE JIEKTPO3AUTUTHBIX CPENICTB.

DNeKTpO3aluUTHBIE CPECTBA — 3TO MEPEHOCUMBIE U MEPEBO3UMBIE M3JEIus,
CITy>Kallie 7S 3alIUThI JII0JIeH, padOoTaloLUX € AIEKTPOYCTAaHOBKAMH, OT OPaKEHUs
DIEKTPUYECKUM TOKOM, OT BO3AECHUCTBUS DIIEKTPUUYECKOW OYrd. OTH CpPENCTBA
JOJKHBI 00€CreurBaTh BBICOKYIO CTEEHb 3aIlIMThl M YJOOCTBO MPHU AKCIUTyaTalUH.
Wx BbIOMpAIOT ¢ ydeToM TpeOOBaHWI O€30MacHOCTH JJIA JIaHHOTO BHaa padoT. B
MepByl0  ouepeab  0€30MacHOCTh  OOECIeYMBaeTCs  NMPUMEHEHUEM  CPEJICTB
KOJUIEKTUBHOM 3aIllUTHI, a 3aT€M, €CIIM OHA HE MOKET OBITh OOecreueHa, IPUMEHSIOT

CpEeACTBa MHAUBUYATbHOW 3aIUTHI.

68



K cpeactBaM WHAMBUAYaTbHOM 3alIUTBl OT MMOPAKEHHUS SIEKTPUUYECKUM
TOKOM OTHOCSTCA:

— OrpaJUTENbHBIE YCTPOWCTBA, KOTOPHIE MOTYT OBITh CTallMOHAPHBIMU U
nepeHoCUMbIMUA. OrpakaeHuss MOTyT ObITb COJOKMPOBaHbI C YCTPOWCTBAMH,
OTKJIFOUYAIOLIMMU paboyee HallpsHKEHHUE IIPU CHATUY;

— U30JIMPYIOLIUE YCTPOMCTBA U MOKPBITHUS;

— YCTPOICTBA 3aIUTHOIO 3a3€MJICHHUSI, 3aHYJICHUS U 3aIUTHOTO OTKJIFOYECHHUS;

— YCTPOMCTBA IUCTAHIIMOHHOTO YIIPaBJICHUS;

— IIPEAOXPAHUTEIIBHBIE YCTPOWCTBA U JP.

4.5 TpeGoBaHusi 6€30ACHOCTH BO BpeMsi padoThI ¢ Mpeccom

Jlist oOecrieyeHust 6€30MacHOCTH BO BpeMsi pabOThI C IMPECCOM OIepaTop
00s13aH COOJTIOIATh U BBIMIOJHATH CJCIyOIIUe npasuia [27]:

1. BBIOMHATE yKa3aHUsI PyKOBOIUTES.

2. KontponupoBaTh coOJI0/ICHNE 3aJIaHHOTO PEKUMa MPU MIPECCOBAHUMU.

3. HenpepbiBHO HaOJIOAATh 32 JABIICHUEM U YPOBHEM Maciia B Ipecce.

4. Bectu HaOmoJeHHE 3a TEePMETUYHOCTBIO BCEX  COCIUHEHUUN
TEXHOJIOTUYECKHUX TPYOOTPOBOIOB, IIJIAHTOB U THAPOIMIMHIPOB.

5. OTCOenUHATh IUIAHTH, TOJIBKO YOEAUBIIUCH, YTO apMaTypa OTKIIIOUEHA, U
JIaBJICHUE TI0 MAHOMETPY MOJTHOCTHIO COPOIICHO.

Bo Bpems paboThl He pa3peraeTcs:

1. Bectn y npecca kakue-i1m00 padoThbl, HE OTHOCSIIHMECS K IPECCOBAHMUIO.

2. IlpousBomuth pPEeMOHT U TOATATUBATH PE3bOOBBIE COCAMHEHUS

000pyI0BaHUs, HAXOJALIETOCS MO TABJICHUEM.

3. Ucnonp30BaHre OTKPBITOTO OTHS HAa paboyeM MecTe.

4. ITpucyTcTBUE MOCTOPOHHUX JIFOACH.

5. OcraBisaTh 6€3 Ha30pa padoTarOIIH Mpecc.

[Ipu pabote Ha mpecce aBapuiHBIE OCTAHOBKHU MPOU3BOMSITCS B CIEAYIOIIUX

CIIyJasix:
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— MPU HECUACTHOM CJIydae ¢ paboTaroNMU;

— TIPH CPBIBE WIIA Pa3pPhIBE MACIOMPOBOJIOB;

— Tpy OOHAPY)KCHUH YTEUKU B COCTMHEHUSIX MACIIONPOBOJIOB U apMAaTYPHhI;

— TIpH HApYIIEHUH B pab0OTE AIEKTPOOOOPYTOBAHNUS,

— MPY BO3MOKHOCTH BO3HUKHOBEHUS TIOKapa.

B sTux cinygasx omnepartop o0s3aH:

— OTKJIFOYHTH JICKTPOTIMTAHHUE TTPECCa;

— OKa3aTh MEPBYI0 MEAUIIMHCKYIO TTOMOIIb MTOCTPAIABIIIHM;

— IPUCTYIUTH K TYIICHHUIO TI0Kapa,;

— COOOIIUTH O CIIYYUBIIEMCSI PYKOBOAMUTEIIIO;

— TMPUHATH HEOOXOAMMBIE MEpbhl MO JHUKBHJIALUUA OOHAPY>KEHHOTO
TTOBPEIKICHUS.

[To oxoHuaHUO pabOTHl HEOOXOAUMO:

— OITYCTUTh BEPXHIOIO IJTUTY MPECcca;

— OTKJTFOYHTH JICKTPOTIMTAHHUE TTPECCa;

— CHU3UTH JIABJICHUE Macja B THUJIPOCUCTEME;

— yOpaTh U MPUBECTH B TIOPSAIOK pabodee MECTO U JOJIOKHUTh PYKOBOIUTEITIO

00 OKOHYAaHHH PadOT.

4.6 Ilo:kapHas 0€301aCHOCTD

4.6.1 OCHOBBI MOKAPHOH 0€30MACHOCTH

CornacHo [28], B 3aBHCUMOCTH OT XapaKTEPUCTUKUA HCIOIb3YEMBIX B
MIPOM3BOJICTBE BEILIECTB M MX KOJIWYECTBA, MO IMOKAPHOM M B3PHIBHOW ONMACHOCTHU
MOMEIIEHUs noApa3aenatoTcs Ha kareropuu A, b, B, I', JI. Tak kak momMenieHue no
CTETIEHH MOKapOB3PIBOONACHOCTA OTHOCUTCS K KaTeropuu B, T.e. K TOMEIIEHUSM C
TBEPJABIMH  CTOPAIOIIMMU  BEIIECTBAMH, HEOOXOIUMO MPEAYCMOTPETh P
poUIAKTHIECKUX MEPOTIPUSATHH.

Bo3MmosxHBIE TPUUYKHBI BO3rOPaHUs:

— HCHUCITPAaBHOCTb TOKOBCAYIIINX qacTeun YCTAaHOBOK;
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— paboTa C OTKPBITON ANEKTPOANIAPATYPOH;

— KOPOTKHE 3aMbIKaHUS B OJIOKE TUTAHUS;

— HecoOJII0/IeHrE TTPaBUII MOXKAPHOU O€30MaCHOCTH;

— paboTa B MHTEpBaJIE BHICOKUX TEMIIEPaTyp;

— HaJIM4YMUE TOPIOYMX KOMIIOHEHTOB: JIOKYMEHTBI, JBEpPH, CTOJIbI,
U30JISMs KaOemneH U T.11.

MeponpusiTuss 10  TMOXKapHOW TNpOPUIAKTHKE TMOJPA3AETSAIOTCA  Ha:
OpraHu3allMOHHBIE, TEXHUYECKUE, IKCILTYyaTallHOHHbBIE U PEKUMHBIE.

OpraHuzallMoHHbIE  MEPONPUSITAA  NPEAYCMATPUBAIOT  IPABUIIBHYIO
JKCIUTyaTalio OOOpyAOBaHMS, MPABHIBHOE COJEpKAHHE 3JaHUM U TEPPUTOPHIA,
MPOTUBOIIOKAPHBIA ~ HMHCTPYKTaX  pabodynx U CITyXalluX, oOydeHue
IIPOU3BOJICTBEHHOIO IEpPCOHAJIa MpaBWJIaM MPOTHBOMOXAPHOW OE€30IacHOCTH,
W3JIaHUe WHCTPYKIIMM, TJIakatoB, Hanmuuue Tuiana sBakyauuu (CHull 21-01-97
«IToxxapHas 6€301aCHOCTD 31aHUN U COOPYKEHUI. ).

K TexHuueckuM MeponpUsTUIM OTHOCSITCA: COOIOJICHUE MTPOTUBOMOKAPHBIX
MIpaBWJI, HOPM IIPU NPOEKTUPOBAHUU 3JIaHHI, NPU YCTPOMCTBE BJIEKTPOIPOBOAOB U
0o00Opy/1IOoBaHUS, OTOILICHUS, BEHTWJISILIUM, OCBEIICHMS, MPABUIBHOE PpPa3MEILCHUE
00opy10BaHUS.

K  peXuMHBIM  MEpONpUSTHUSIM  OTHOCSTCS, YCTAHOBJIEHHE  IPaBUI
opraHu3auuu padoT, U coOJI0IeHHe TPOTUBOIOXKAPHBIX Mep. s npenynpexaeHus
BO3HMKHOBEHUS MOXapa OT KOPOTKUX 3aMbIKaHHM, MEPErpy30K U T. JI. HEOOXOIUMO
coOJII0ICHUE CIEAYIONIUX MPaBUJI OKAPHON 0€30MacHOCTH:

— UCKJIIOUeHUE 00pa3oBaHus Toproueil cpenl (repmeTrusaius o00pyaoBaHus,
KOHTPOJIb BO3IYIITHOW CpeJibl, padoyasi U aBapuiiHasi BEHTHIISIIINS);

— TMPUMEHEHUE TPU CTPOUTEILCTBE M OTHEJKE 3/IaHUM HECropaeMbIX WIIU
TPYAHO CTOPAEMBIX MATEPHUAJIOB;

— TpaBWIbHAS OJKCIUTyaTanus o0o0pymoBaHus (MPaBUILHOE BKIIOUCHUE

000pyZOBaHUS B CETh AIEKTPUUECKOTO MUTAHMS, KOHTPOJIb HArpeBa 000py10BaHUA);
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— paBWJIBHOE COJEpKaHUE 3JaHUA U  TEppUTOpUM  (MCKIIFOUEHHE
o0pa3oBaHMsI MCTOYHUKA BOCIUIAMEHEHHMSI — TMPEAYNpPEeKICHHE CaMOBO3TOPAHUs
BELIECTB, OTPAaHUYEHUE OTHEBBIX paboT);

— oOy4deHHe MPOU3BOJACTBEHHOI'O NEPCOHAJA MPAaBWIAM IMPOTHBOMOXKAPHOU
0€30IIaCHOCTH;

— U3JJaHUE UHCTPYKIIMI, IUIAKATOB, HAJTMYKE IIJIaHA IBAKyalllH;

— COOJIIOICHHE TPOTHUBOIOXKAPHBIX MpaBWI, HOPM MPHU NPOEKTHPOBAHUU
30aHUI, @pU YCTPOWCTBE DJIEKTPOIIPOBOJOB U  O0OpYIOBaHMs, OTOIUICHHUS,
BEHTWISILWHU, OCBEILICHHUS;

— IPAaBUJIBHOE pa3MelleHne 000py10BaHNUS;

— CBOEBpPEMEHHBIH NPODUIAKTUYECKHI OCMOTpP, PEMOHT U HCHbITAaHUE

o0opy10BaHUS.

4.6.2 IlpaBuia noxapHoii 0e30MacHOCTH pH padoTe ¢ TPYOUATOM MEYbI0

[Ipu BO3ZHUKHOBEHUH aBapUMHON CUTYyaI[MH HEOOXOIUMO:
— COOOIIUTh PYKOBOJUTENIO (JIEKYPHOMY);
— TIO3BOHUTH B COOTBETCTBYIOIYIO aBapuitHyto ciyx0y mwim MUC — ten. 112;
— IPUHATH MEPBHI 110 JIUKBUAAIMN aBAPUH B COOTBETCTBUU C MHCTPYKIUEH.
IIpu HarpeBe 00Opa3LoOB B TpyOUyaTOil Meyu clIeayeT CTPOro CoO0AATh Pl
MPABWJI, U3JIO)KEHHBIX B IMTPUJIATAEMOUN K HEW TEXHUYECKOM JOKYMEHTALINU:
[leub criemayeT YCTaHOBUTH B XOPOILIO BEHTUJIUPYEMOM IMOMEIIECHUU
BIaJIU OT HWCTOYHUKOB TEIJIa M HA MOBEPXHOCTH, YCTOMYMBOW K CIy4YalHBIM
pasiiuBaM ropsiuux MarepuasioB. He cTaBuTh reub Ha BOCIIAaMEHSIEMOM OCHOBAHUMU.
ObecnieunTh CBOOOJHOE MPOCTPAHCTBO BOKpYr neun. He OmokupoBaTh
BCHTWISIIIUOHHBIE OTBEPCTHS B OJIOKE YIpaBiCHUS: OHM HEOOXOMMMBI IS
OXJIAXKICHUS.
[leub posmkHa OBITH PACHOJIOKEHA TAaKUM O0pa3oM, YTOOBI €€ MOYKHO

OBLIO 6I>ICTpO BBIKJIFOYHUTDb U OTCOCANMHUTD OT 3JICKTPOIIMTAHMA.
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Cpok cmyxObl HarpeBaTeibHBIX 3JEMEHTOB COKpAIaeTCcsl MpHU
UCIOJIb30BAaHUU TIPH TeMIepaTypax, OJM3KUX K MakcuManbHOU. be3 HeoOxoaumocTu
HE OCTaBJLATh I[€Yb IMPU BBICOKOM TemIieparype. MakcumanbHas Temieparypa
yKa3zaHa Ha UJICHTU(UKAIMOHHON TaOJIUYKE MEeYu.

YO6eauTncs, 4TO PsIIOM HET BOCIUIAMEHSIEMBIX OOBEKTOB, Ha KOTOPBIE

MOKET ynacTh paboyasi TpyOKa B ciiyyae pa3jioma.
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3AKJIIOYEHUE

OgauM w3 CcrmocoOOB  XpaHEHHS DHEPTHUU  SBJSETCS HWCIOJIB30BAHUE
HAKOIUTENEH, B KOTOPBIX SHEPIUsl COXpaHsAeTcs B xuMuyeckod ¢opme. K Takum
MOXHO OTHECTH BOJOPOJl, Ha MPOU3BOACTBO KOTOPOTO TpeOyeTcs COBEPIIUTH
onpeJiesieHHbIE 3aTpaThl SHepruu. [IpenmyiecTBa BOAOPOAa COCTOSIT B BO3MOKHOCTH
€ro MpPUMEHEHUs, KaK B TPAJAULMOHHBIX OEH3MHOBBIX JIBUTaTeNsX, TaKk M B
AIEKTPUUECKUX TOTUTMBHBIX STYCHKAX.

Ha ocHoBaHWUW pe3ynbTaToOB MPOBEICHHBIX WCCICAOBAHHWM, TMPHUBEICHHBIX B
HACTOSIIIEeH paboTe, MOKHO CAENaTh PsiJl BEIBOJIOB:

1. TIlpoBegeH o0030p W aHalW3 CBOMCTB YIVIEPOAHBIX MAaTEPHUAJIOB
UCIIOJIB3YEMBIX TP COpPOIMU  BOJOPOJA; CIOCOOOB OOECHEeUEHUsI Pa3BUTOU
BHYTPCHHEH  IMOBEPXHOCTH TaOJIETOK; BEIIECTB, BBHICTYMAIIUX B  POJH
mactudukaropoB npu (padbpuxanuu yriaepoaa. IlokazaHbl CyliecTBYIOIIUE U
MEPCIEKTUBHBIE CIOCOOBI XpPaHEHHUS BOJIOPOJA, MPEICTABICHB XapaKTEPUCTUKH
MaTepUaIOB-TNIACTU(PUKATOPOB (CTeapaTbl HUKENS W HATpus). AHAJIU3 CBOWCTB U
CTpPOEHHUs TaKUX MaTepuajgoB TO3BOJMI MOJIYYUTh HEOOXOJAMMBIC JaHHBIC IS
MIPOBEICHUSI TATbHEHIITNX TEOPETUUECKUX U IKCIIEPUMEHTAJIBHBIX UCCIIEIOBAHUM.

2. OmpenencHsl OCHOBHBIC (AKTOPHI, BIMSIONIME HAa PEKUM HarpeBa
YTIAEPOJHBIX 3aroTOBOK, K KOTOPHIM MOXHO OTHECTH JIOJI0 IacTudukaTopa,
BXOJSIIIIETO B COCTaB TaOJICTKU; PEKUM HarpeBa 3aroTOBOK, JaBJICHUE MPECCOBAHUS
TIPY U3TOTOBJICHUHU 00PA3IIOB, a TAKKE BPEMSI BBIICPKKH MPHU 33JaHHOM JTaBJICHHH.

3. IlpoBeneH BbIOOP ONTUMANIBHBIX MMapaMeTPOB (paOpUKAIUU YTIIEPOIHBIX
MatepuanioB. Micxoast U3 yJIOBIETBOPUTEIIBHBIX PE3yJIbTATOB SKCIIEPUMEHTOB, BHIOOD
ONTUMAJIbHBIX TIAPAMETPOB OCHOBBIBAJICS Ha HKOHOMHYECKOW 3(PGHEKTHBHOCTH.
Taxkum 00pa3oMm, B JaHHOM CJTydac ONTUMAJIbHBIMHU TTapaMETPaMHU SIBIISTFOTCS:

— napyieHue npeccoBanus — 20 MllIa;

— BpeMsl BbIIEpKKHU — 10 MUH.;

— noJisa mactugukaTopa — 3 macc.%;

— pexxuMm HarpeBa — 3 °C/muH.
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Abstract

Introduction

Compacting of ultrafine powders with uniform density on volume is a serious
problem as nanopowders (NP) poorly pressed and traditional methods of static
pressing do not lead to rather high density. The physical cause of bad compressibility
of nanopowders are the interfractional adhesive forces, the relative value of which
increases dramatically with the reduction of particle size, and, therefore, significantly
increases the component of inter-part friction in a pressed powder body. At the same
time, fine nanopowders is characterized by low bulk density due to a large volume of
sorbed gases. Traditional methods of static pressing do not lead to appropriate
density.

Accordingly, the features of technology of nanopowders are associated with
their high specific surface which causes high chemical surface activity
(agglomeration ability, sorption ability), significantly more high values of interpartial
and wall friction at compaction (in comparison with traditional powders) and elastic
aftereffect compacts. The more complicated the compact shape is, the more difficult
it is to assure a uniform density distribution throughout the volume.

The high sorption ability of nanopowders is an important factor for pressing
of nanopowders and sintering of nanoceramics with minimum values of porosity and
content of impurities. The number of physical and chemical sorbed gases in

nanopowders can reach 20%.

1 Features of pressing nanopowders

High surface activity of nanopowders due to a large share of surface atoms
should lead to higher diffusion coefficient at mechanical activation and sintering, to
the reduction of the temperature of effective flow of these processes. In practice there

IS a problem of preservation of nanostructures compacts before sintering, i.e.
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prevention of intensive agglomeration of nanoparticles at high pressures to save
centers nucleation before sintering and to prevent growth of grains at sintering.

For ultrafine nanopowders even more difficult task is to achieve uniform
density of compacts of the given form and prevention of formation in compacts of
macro defects from internal tensions in due to high elastic aftereffect that it is
especially characteristic of rigid ceramic nanopowders.

The dispersion of powders exerts much more influence on pellets than their
physical and mechanical properties. For example, in finely dispersed condition
powders of plastic nickel and brittle silicon nitride are pressed almost identically,
despite the differences of their properties. However, the nanopowder type is essential
for describing the process of pressing them and developing optimal methods of
compacting.

To obtain a powder press with evenly distributed density, which will be well
sintereded, there must be sufficient pressure to redistribute the particles in the pellet
to a sufficiently high density. Since there is a huge number of nanoscale particles in a
single volume, there is a significant resistance of sliding friction associated with a
large number of interfractional contacts. In addition, nanoceramic powders usually
contain solid agglomerates (strongly related particles) that require destruction before
redistribution in the process of pressing.

Pressure from 1 to 9 GPa is necessary to make a sample of sufficient density
and with nanocrystalline sizes of grain. This pressure is the limit for structural
materials presses and moulds, and as a result of these limitations the method of
traditional static pressing of nanopowders allows producing only 1 cm diameter
pellet, up to a height of 1-2 mm. Therefore, many early studies of nanocrystalline
ceramics not able to get enough of dense samples. It had been received only porous
nanoceramics with low values of hardness and strength. High values of the
coefficients of diffusion in such samples were obtained because porosity enables bulk
diffusion occur on many internal channels and associated surfaces as long.

Nanoparticles have the ability of agglomeration and high sorption activity;

interaction between particles and friction when pressing such materials significantly
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above, and apparent density lower than for conventional powders. Therefore, the
traditional methods of pressing nanomaterials do not provide a uniform density in all
volume of pellets (especially in the case of complex geometry) which leads to the
local density gradients in granules, high internal strains, and as a result to the
formation of defects or destruction of the granules. In connection with the specified
characteristics of nanomaterials the development of special techniques is required for
their compacting.

The dependence of the density on compaction pressure may be described by
compaction equation of the logarithmic type

p=>b-InP+a, @Y

where p is the relative density (% of the theoretical density);

P = P,/P.,. is the relative compaction pressure, where P, is the compaction
pressure and P.. is the critical pressure at which the theoretical density is achieved;
and a is constant.

The constant a is defined as the relative density at the critical compaction
pressure P, = P... Thus a is the theoretical density of compacted material taking into
account all its chemical and physical components a = 1.

The coefficient b characterizes the densification rate of the powder body
dp/dP,.

The problems associated with control of the pressure and density distributions
in the powder compact during compression are universal almost for any powder
compaction technologies. The distribution of the vertical pressure along the height h
of the cylindrical die of radius R during single compression action at pressure P,is

described by the equasion:

P(h) = P, - exp (—fo %) )

This equation is derived assuming the product of the die wall friction
coefficient f by the lateral stress coefficient ¢ to be constant (in some studies it is
also termed as a hydrostatic coefficient and is equal to the ratio of the mean values of

the radial stress to the axial stress). It follows from equation (2) that in absence of the
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external friction (i.e. f = 0) the compaction stress is completely transmitted to the
remote layers of the green compact, whereas compaction pressure is partially lost in
the presence of the external friction forces (i.e. f # 0).

Using equations (1) and (2), the differential of the relative density along the
pressing direction (cylinder length/height) may be defined as:

Ap = 2bSf %- (3)

Thus, the density differential depends on the values of the die wall friction
coefficient and the lateral pressure as well as the die aspect ratio (height/hydraulic
radius ratio). According to the compaction equations (2) and (3), the main causes for
the non-uniform density distribution throughout the powder compact in closed rigid
die are the frictional processes. These frictional forces and effects manifest
themselves to a greater extent in the nanopowders with high specific surface area than
in coarse grain powders. Uniformity of the density distribution along the pressing
axis is mainly determined by the die wall friction forces, whereas the powder ability
to lateral move across the pressing axis is determined by the hydrostatic coefficient &.
The latter depends on the powder particle plasticity and interparticle frictional
processes.

A satisfactory uniformity in the density distribution in the moulded volume of
the powder compact may be achieved by elimination of the die wall friction effects.
This problem is partially solved by application of appropriate amounts of lubricants,
plasticisers and binders (die pressing, slip casting, injection moulding, etc.), under
conditions of plastic flow or at increased temperatures. However, these approaches
necessitate burn-out of the introduced impurity components during the sintering and
costly non-durable dies for hot pressing.

A different approach for elimination of the die wall frictional forces is
introduced here for dry compaction of poly- and nanodisperse powders, which allows
pressing into complex shape compacts, however, with uniform density distribution in
the bulk.
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2 Compaction modes

In most cases, new methods are modified ways of compacting of powders,
physico-chemical modes of which are optimized: compacting pressure and/or
sintering, temperature, time (speed), type of atmosphere (vacuum, inert or chemically
active gases). There are also methods that use the specific properties of powders —
superplasticity at lower temperatures, metastability of structural-phase condition, the
physical properties of the correlation with the size of nanoparticles.

The compaction methods using specific properties of nanopowders include:

— superplastic forming in the specified form;

— consolidation with phase transformation;

— dry ultrasonic compacting.

All methods should be provided for compacting the following special
conditions for nanopowders:

— disaggregation of nanopowders after storage;

— deleting a significant amount of adsorbates on any of stages of technology;

— accounting, compensation or reduction of high interparticle and near-wall
friction, elastic aftereffect when compacting nanopowders;

— prevention of intensive coagulation of particles in the compact (requires a
high coherence of particles at a low degree of plastic deformation in interparticle
contacts). Not always useful is the high density of a compact of nanopowders before
sintering;

— control of pore sizes and distribution of pores in the volume of a compact

before and during the sintering process.
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Figure 1 — Carbon black aggregate

It is known that nanopowders are poorly compressed due to the sharp growth
of interparticle adhesion forces with decreasing particle size. Therefore, traditional
methods of static pressing do not lead to a sufficiently high density of nanoceramic
compacts. Furthermore, in practice, the problem arises of the preservation of
nanostructural compact before sintering, i.e. to prevent intense agglomerations of
nanoparticles under high pressures. Moreover, uniform density is difficult to achieve
for pulverulent ultrafine nanopowders. Macrodefects occur in granules due to the
presence of internal stresses.

The conventional powder compacting models can not be successfully applied
to the simulation of nanoparticle compacting for several reasons:

— application of new or different mechanisms;

—agglomeration of nanopowders into clusters;

— ensembles of nanoparticles have large surface areas, making them highly
susceptible to impurities compared to a large-sized powder;

— low density and low stability of dislocations due to the small size of
nanoparticles;

— other factors, such as diffusion-stimulated grain-boundary migration,
rotation, energy-stimulating of boundaries, could change the compaction

mechanisms.
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2.1 Cold static pressing in closed molds

Cold static pressing in closed molds is relatively simple in technological
realization and universal for pressing products of various shapes from powders of any
composition. Therefore, this method is fairly widespread. Figure 2.1 shows a typical

scheme of cold pressing.

[ S]

Figure 2 — Cold static pressing: 1 — punch, 2 — powder

Disadvantages of this method are associated with uneven distribution of
properties molded products by volume. Friction of the compressible material against
the wall of the form leads to anisotropy and non-uniformity of product properties in
different directions, which could be a source of macrodefects in the sintered products.

The compaction of a powder body in the process of such pressing can be
described by equations of logarithmic, power or exponential type, depending on the
compaction models used - continuous, discrete models of finite or boundary
elements.

Special oils and plasticizer can reduce the influence of frictional forces. The

use of plasticizers allows you to evenly distribute the product density and increase the
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service life of moulds, however, is the source of the material pollution, or the residual
porosity during sintering, complicating production technology.

The reason for the density difference of the compacts in height is the loss of
the pressing force to overcome the friction forces, which are significant for
nanopowders with a developed specific surface (of the order of 10-100 m%/g).

An effective way to reduce frictional forces without the injection of foreign

material into the pressing nanopowder is the application of vibrations.
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Figure 3 — Equipment for dry pressing of powders under ultrasonic action: 1 — matrix
with punches (2, 3), 4 — powder, 5 — ultrasonic concentrator, 6 — magnetostrictive
transducer with resonant frequency of 21 kHz, connected with 7—ultrasonic generator

In addition to increasing the uniformity of density distribution in the volume
of the compact and decreasing the internal tensions of the microstructure, the
oscillations allow mechanoactivating the particles of the compressible nanopowder
by the mechanism of the acoustoplastic effect and disaggregating the agglomerates,
similar to intensive grinding in high-energy activators. Due to the intensive damping
of oscillations in the powder body, significant nonlinearity of the effects of ultrasonic
extension in the powder material of variable density, the theory and practice of dry

pressing of powders under ultrasonic influence were not developed enough.
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2.2 Hot pressing

The method of hot pressing provides the receipt of ceramic products with a
small difference in density by volume. Figure 4 presents the basic hot-pressing
schemes.
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Figure 4 — Scheme of two-sided hot pressing in molds in combination with heating
methods: a — indirect resistance heating; b — direct resistance heating at the current
supply to the punch; ¢ — direct resistance heating at the current supply to the matrix; d
—induction heating of the conductive graphite matrix; e — induction heating of the
powder in a non-conductive mold. 1 - heater, 2 - powder, 3 - sintered product, 4 -
matrix, 5,6 - punch, 7 - insulation, 8 - graphite or copper contact, 9 - graphite punch,
10 - graphite matrix, 11 - ceramic, 12 - inductor, 13 - ceramic punch, 14 - ceramic

matrix
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The advantage of the hot pressing method is the good strength characteristics
of the products obtained, the minimum deviations in the dimensions of the blanks, the
reduction in the sintering time, since the pressing and sintering processes are
combined.

The disadvantage of this method is the rapid wear of the molds, the low
productivity of the process. In addition, the ceramic ferroelectrics obtained by hot
pressing, in comparison with conventional roasting, deteriorate performance due to
the presence of residual stresses and stoichiometry disturbance. After hot pressing of
some types of electroceramics, its strength and macrostructural characteristics are

improved, however, ferroelectric and ferromagnetic properties deteriorate.

2.3 Isostatic and quasi-isostatic pressing

Currently, the isostatic pressing technique in which pressure is applied to the
press-powder isostatically, i.e. equally in all directions, has gained wide acceptance in
the production of ceramic components, in the treatment of graphite and metallic
powders, abrasive materials and, specifically, in the production of refractory
materials. As the pressurizing medium, a range of materials — liquid, inert gas,
molten metal, glass, or graphite (hot isostatic pressing) — can be used.

In practice, hydrostatic pressing has been the most popular technique. Using
this technique, one can mold components of any size and of high and uniform
density. Still, hydrostatic pressing, for all its benefits, suffers from shortcomings that
pose problems for its wider uses in the domestic industry. For example, the
hydrostatic pressing method requires the support of an arsenal of auxiliary facilities: a
hydrostat made of high-strength steels, hydraulic pumps, a vessel for keeping the
pressurizing liquid, a quite intricate system of high-pressure pipelines, and a sizeable
amount of measuring instrumentation. All this requires large production areas and
rather high capital costs. Because of the large mass of the isostat and the sealing
joints in pipelines, the vibratory compaction of the powder transferred to the isostat is

difficult (if possible altogether) to perform. Usually, the vibratory operation is done
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outside the isostat, which results in a sharp decrease of productivity of the process.
Furthermore, problems arise with vacuum degassing of the press-powder during
pressing.

Another form of compression molding is compaction under the action of a gas
(helium, argon, etc.), which is called gasostatic. In most cases such pressing is not
subjected to powder, but to pre-obtained billets.

In recent years, a simple technique, the quasi-isostatic pressing, has been
developed, which is based on the use of standard hydraulic or mechanical pressing
equipment (available from domestic manufacturers) and press molds which in design,
installation, and operational conditions do not differ much from conventional
techniques.

The principle of quasi-isostatic pressing is based on the use of an elastic
material (synthetic rubber) as the pressurizing medium to convey isostatic uniform
pressure. In a ring press mold, the elastic element is a core which shapes the inner
cavity of the ring pressed. The elastic element transmits the applied pressure to the
powder like a high-viscosity fluid (quasi-liquid), the pressure is isostatically
transferred to the entire surface of the compressible product, ensuring its volume
reduction. Due to this, the obtained products have almost the same density in any
cross section. However, some density difference in such products is still observed
from the periphery to the center, and is due to the fact that the peripheral layers
compact more quickly and prevent the transfer of the pressure inside.

A variant of the press mold for quasi-isostatic pressing is shown in Fig. 5. The
press mold is composed of a floating steel die 1, an elastic element, press buffer 2, a
cavity 3 (which is filled with press powder), a steel punch 4, a pusher 5, and vibrators
6.
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Figure 5 — Scheme of a press mold for quasi-isostatic pressing

The powder is pressed by means of the top punch which conveys pressure to
the powder and to the elastic press-buffer. The punch as it moves downwards,
provides, assisted by the floating die, two-sided compression along the vertical axis.
The elastic press-buffer, subjected to pressure, behaves as a high-viscosity
pressurizing fluid (quasi-fluid). It contracts lengthwise and expands sidewise (in the
diametrical direction), which makes the powder compact in the horizontal direction.
Thereby volumetric compaction is effected and a uniform density is attained over the
entire volume of the component processed.

Attempts were made to develop a technology for volumetric triaxial
compaction of powdered materials. The major goal was to replace the sophisticated
technology of isostatic pressing by a simpler one and thus to save production areas
and capital costs.

Thus, a volumetric compaction technique was proposed in which pressure
was exerted on a metal press mold designed as a cylinder with three through-the-wall
holes perpendicular to the axis and convergent at the center. Three hydraulic
cylinders exerted pressure on punches that were inserted in the holes. This three-sided
compaction technique made it possible to prepare components with improved
characteristics; however, because of its rather high complexity and the need for

skilled servicing, this method did not find industrial use.
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Data have been reported in the literature on the use of elastic materials for
developing volumetric compaction techniques. Much later, attempts were made to
develop gel-assisted techniques for compaction of metal powders. The major problem
here was that the molded components were prone to failure. The reason for this
shortcoming could not be established, and finally this route was abandoned.

A range of elastic materials were tested for use as the pressurizing medium:
technical gelatin, agar-agar, paraffin, wax, epoxy resins and compositions based on
natural rubber. However, these materials lacked sufficient strength, were prone to
infiltrate into pores of the material, and showed undesirable adhesiveness, which
required additional cleaning operations.

Significant shortcomings of isostatic pressing are labor of manufacture of
elastic moulds, impossibility of its automation and application of the multilocal
pressing scheme at mass production, maintenance of the given sizes of briquettes
(especially in the manufacture of complex moulds). These methods are used for the

production of simple form products with their subsequent mechanical processing.

2.4 Pressing at powerful ultrasonic action

Intensive mechanical ultrasonic vibrations of the shape forming surfaces can
decrease the negative effect of the die wall friction with no lubricants. It can be
achieved when in the friction pair of ‘die wall-green body’ the surface of the powder
particles will periodically detach from that of the wall and the friction forces will
operate only when the surfaces are in contact. Thus, the die wall friction coefficient
will decrease in proportion to the time periods of attachment and detachment. The
ultrasonic action also decreases the interparticle friction forces, which is important
for increasing the green packing density. Moreover, a high power ultrasonic action
provides the conditions for deagglomeration and mechanoactivation of the NPs
during compaction immediate to the sintering.

There are commonly used methods of cavitation ultrasonic action for

dispersing NP agglomerates in liquid phase suspensions. However, the possibility of
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direct acoustic activation to the NP without an intervening medium is of great
interest.
Ultrasonic action during uniaxial compaction of the powder compact is

implemented in a die joined with a resonance size acoustic waveguide (Fig. 6).

Figure 6 — Ultrasonic die for compacting powders

A standing wave (resonance) is induced within the die with maximum
amplitude in the green compact forming region. Using the known approaches to
describe the matter treatment by the powerful ultrasound, the main parameters of the
ultrasonic action on the powder during the compaction can be calculated; these
include the vibratory velocity of the particle displacement, the sound pressure
amplitude within the compaction zone, the ultrasonic vibration intensity, acoustic
speed, acoustic impedance, attenuation coefficient and the elastic modulus of the
powder medium.

There are no acoustic flows within the powder compact, the vibration
parameters are optimal for dense packing in the NP and agglomerate green compacts
when their vibration displacement under ultrasonic action is comparable with their
average size. However, during the process by which the green density increases under
the compaction pressure, the acoustic properties of the powder medium change, while
the ultrasonic treatment is carried out at a strictly fixed resonance frequency. As the
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powder body density gradually increases from a tap density (i.e. the freely die filled
state of the powder) to the pressed density, quasiresonance conditions arise at various
green compact regions. Under these conditions, the ultrasonic amplitude is
comparable to the average NP size or to their agglomerate size, while the resonance
frequency of the agglomerate group or the entire green compact coincides or becomes
a divisible with the ultrasonic frequency. It should be noted that at the stage of die fill
(apparent) density a uniform NP packing occurs, whereas minimum gradients of

residual mechanical stresses are achieved at the later stages of densification.

2.5 Method of ‘collector pressing’

Another approach of controlling the density distribution in the powder
subjected to pressing is partial redistribution of the direction of the operating die wall
frictional forces. This approach can be implemented if the lateral shape forming
surface is divided along the pressing axis into several parts, which move in various
directions relative to the powder compact. This technique is implemented in the
collector method of pressing. The kinematic schemes of motion of shape forming
surfaces of the conventional and collector dies using, for example, the densification
of the powder compact in the form of a cylinder, are considered. The heavy lines in
the schemes of the powder densification denote the loci of the mobile mating of
oppositely directed parts of the common shape forming surface.

From the scheme of static uniaxial single action pressing (Fig. 7(1)) it is seen
that the value of the powder movement, the die wall frictional forces and the
densification degree are maximum in the powder compact at regions beside the line
of conjugation of the punch and the internal surface of the die, along the contour of
the circumference A’B’C’D’. On the contrary, the degree of powder densification is
minimal at the loci of the immobile conjugation of the lower punch and the internal
surface of the die (along the circumference contour ABCD). At half the distance

between the punches, the average density value in the green compact cross-section
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abcd is close to the average density of the entire green compact. In this scheme the
compact density distribution can be uniform only when full density is achieved.

Figure 7 — Schemes of conventional and collector pressing of dry powder

The density gradient Ap along the pressing EeE’ axis (the central part in Fig.

7(1)) is always lower than that near the walls (along the AaA’ line) due to die wall

frictional forces. The value of the average density p along given vertical axis is equal
at any time during pressing:

Apan = Bpee, (4)

Paa = Pee’ = Pcc'- (5)

In the scheme of collector pressing (Fig. 7(11)) the vertical movement of the

powder and the die wall frictional forces are close to zero at regions in the powder

compact beside the line of the mobile conjugation (4 a4 and C’cC) (left to the line in

the region of points A and C). On the right of points A and C, the above values are

maximal. In the region near the points 4" and C’ the pattern is reversed. Therefore, at

any point within the compact, beside the above lines (4’a4 and C’cC) the values of

displacement, die wall frictional forces and the densification degree will be equal to

the mean value of the corresponding parameter in the opposite side of the conjugation
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lines. Therefore, the powder densification degree is identical at the regions located
along the line where the parts of the passive shape forming surface (4 ’a4 and C’cC)
join together. According to equations (4) and (5), any point in the cross-section plane
bound by the contour 4°’ACC’ exhibits similar densification degree and compact
density, equal to the average value in the green compact volume.

In the planar sections equidistant from the regions of joining parts of the
shape forming surface (Fig. 7(ll), the plane BB’D’D), the density distribution must
obey the classical concepts of the parameter inversion in the region of the pressing
axis of symmetry E’eE along which the powder body density distributed uniformly.
That is, in the location of the counter moving active and passive parts of the shape
forming surfaces (point B’ and D) an intensive powder densification will occur.
However, in the location of their immovable joint (point B and D) the densification
degree will be minimum.

In the case of the collector compaction, the value of the density gradient along

the cylinder height will be:
h
Ap — b(HIfI _ ann)gs_. (6)
0

The distribution of the vertical pressure and density along the pressing axis
depends on the hydrostatic coefficient and the pressing geometric parameters as well
as the ratio of the frictional forces at the opposite directed parts of the lateral shape
forming surface. No compaction pressure gradients exist along the pressing axis if the
oppositely moving parts of the common hydraulic perimeter are equal (IT" = I1"") and
the conditions of the die wall friction on these surfaces are similar (f' = f"').

In the green compact regions beside the lines 4°a4 and C’cC horizontal mass
transfer takes place due to the presence of the density gradient at both sides of the
line. The powder mass transfer within the green compact will result in changes in the
density distribution of the powder compact. However, for large number of parts of the
passive shape forming surface moving relative to the powder compact (Fig. 7(111)) the
regions of increased and reduced density will pass close to each other, through the

regions of vertical sections with an average density. The nearer the regions with
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different densification character, the easier the mass transfer between them is the
more often they will alternate.
Therefore, the differently oriented die wall frictional forces in the collector

method contribute to self-levelling of the green density distribution within the powder

compact volume via densification process of a powder material.

Figure 8 — Deformation model of layers of cylindrical powder compact under
conditions of die wall friction
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