Munucrepcrso o0pazoBanust 1 Hayku Poccuiickoii @enepannn
denepanbHOE rocy1apcTBEHHOE aBTOHOMHOE 00Pa30BaTENbHOE YUPEXKICHUE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIbHBIA UCCJIEJJOBATEJbCKHUI
TOMCKHWI MOJUTEXHUYECKHI YHUBEPCUTET»

HNucturyr — Kubepueruku
Hamnpasnenue noaroroBku — CTaniapTu3anusi © METPOJIOTHS
Kadenpa — KomnbroTepHbIX H3MEPUTENBHBIX CUCTEM U METPOJIOTUU

BAKAJIABPCKASA PABOTA

Tema paboTsl

OIIEHKA BJIMSIHAS HCTOYHHUKOB OIIIUEOK HA PE3YJIbTATHI U3MEPEHUI B
TUTPUMETPUYECKOM AHAJIM3E

V]IK 543.554.4

CryneHnt
I'pynna DPUO IHoanuce Jara
8121 Eposenko Upuna CepreeBna
PykoBogurens
JomxHoCcTh ®UO Ydyenas crenenb, MMognucek Jara
3BaHUC
Ben. umxenep na6. [IPB lapamankuii H.c. 1a0. [IPB
OdTU AJtekcanip OdTU
AJleKcaHIpOBUY
KOHCYJIbTAHTBI:
[To pazneny «®UHAHCOBBI MEHEIDKMEHT, Pecypcod(PhEKTHBHOCTH U PECYPCOCOEPEIKEHHIE))
JoaxHocTh ®UO YuyeHasi cTeneHb, MMognucek Jara
3BaHUE
Crapmmnit Xanepckas AseHa
MpenoiaBarelb, Kad. Bacunnena

menemk. UCI'T

1o pazneny «CouunanbHasi OTBETCTBEHHOCTD)

JlomxHocTh ®UO YueHasi cTeneHb, MMognucek Jara
3BaHUE

AccucreHt, kad. ObXK Mesenuesa Mpuna

MHK JleonuoBHA
JOIMYCTUTD K 3BAILIUTE:
3aB. kadenpoii DdUO Y4eHas cTeneHb, Moanuck Hara
3BaHUE
ITpodeccop kad. Crykau Oner Jloktop
KINCM Biagumuposug TEXHHUY. HAYK

Tomck — 2016 1.




Ilnanupyembie pe3yabTaThl 00y4eHHUSs 110 HATIPABJICHUIO

27.03.01 «CranapapTu3anusi ¥ METPOJIOTHUsD)

Kon PesynbraT 00y4ueHMs (BBITYCKHHUK JOJKEH OBITH TOTOB) Tpebosanne O®I'OC BIIO,
pe3ynbrara KPUTEPHEB W/WIIN 3aNHTEPECOBAHHBIX
CTOPOH
IIpogheccuonanvuvie komnemenyuu
P1 IIpumensaTs coBpeMeHHBIE 0a30Bble | crenuanbHble | TpeboBanus ®IOC (OK-12, 13, 15,
€CTECTBEHHOHAy4YHbIe, MaTeMaTHYeckue Hu umKeHepusie | 16, 19; IIK- 17, 18, 19, 21, 22, 26).
3HAHUS JULSL peuieHus KOMIUIEKCHBIX 3agady | Kpurepuit 5 AWUOP (m.1.1, 1.3),
METPOJIOTHYECKOTO 00ECIeUeHHs, KOHTPOJIA KayecTBa, | COTNIACOBAHHBIM ¢  TpeOOBaHUSIMU
TEXHUYECKOTO PETYIUPOBAHUA U NMPOBEPKH COOTBETCTBUSA | MEXKIYHAPOIHBIX CTaHZApTOB
C MCIIOJIb30BaHNEM CYLIECTBYIOMNX U HOBBIX TexHojdoruii, | EURACE u FEANI
W YYWUTHIBAaTb B CBOEH JEATENIBHOCTH SKOHOMUYECKHE,
SKOJIOTHYECKHE aCTIEKTHI 1 BOMPOCHI SHEProcOepe:KeHHS
P2 Boimonuate paboThl o MeTposioruueckomy obecmnedenuto u | Tpebosanus I'OC (OK-5, TIK-3, 4, 8,
TEXHHYECKOMY  KOHTPOJIIO,  ONpeneNnsiTh  HoMeHKmatypy | 12,23, 24). Kpurepwmii 5 AUOP (1.1.4,
U3MEpSIEMBIX M KOHTPOJHPYEMBIX IapaMeTpoB, ycraHaBimuBath | 1.5, 1.6), cormacoBaHHbI ¢
ONTHMAIIbHBIE HOPMBI TOYHOCTH M JOCTOBEPHOCTH KOHTPOIS, | TPEOOBAaHUAMHU MEXIYHAPOIHBIX
BLIOUPATh CpeACTBA M3MEPEHMil U KOHTpons, mpeasaputensHo | cTarmaptroB EURACE un FEANI
OLICHUB 3KOHOMHYECKYIO 3(P(PEKTHBHOCTH TEXIPOIECCOB, KPOMeE
TOr0, YMEThb IPUHUMAaTh OPTaHU3ALMOHHO-YIIPABICHUCCKHE
peIICHNS Ha OCHOBE SKOHOMHYECKOTO aHaIu3a
P3 BrimosaaTh paboTsl B 00J1acTH CTaHAAPTU3ALNH 1 Tpeboanns ®I'OC (OK-17, 19; I1K- 1,
cepTU(UKAIMH: TIO CO3[aHUIO TPOCKTOB CTAaHIAPTOB, 6,7,8,11, 14,16, 17, 18, 21, 24).
METOANYECKNX U HOPMAaTHBHBIX MaTEPUAIOB U TEXHUYECKUX Kpurepuii 5 AUOP (11.1.5, 1.6),
JOKYMEHTOB, 10 HOPMOKOHTPOJIIO U SKCIIEPTH3E TEXHUIECKOH COTJIACOBAHHBIN C TpeOOBAaHUSIMU
JOKyMEHTAINH, YYacTBOBATh B IIPOBEICHNUY CEPTUDHUKAIINI MexayHapoaHsix crangaptoB EURACE u
MPOAYKINH, YCIYT, CHCTEM KauecTBa M CUCTEM SKOJIOTHYECKOTO FEANI
YIIpaBJICHUS NPEANPUITHEM, Y4aCTBOBATh B aKKPEUTALIMI
OpraHoB MO CepTHOHUKALNH, H3MEPUTEIBHBIX U UCIIBITATEIIBHBIX
nmaboparopuit
P4 BemonHsaTe paboThl B 0071aCTH KOHTPOJIS U YIIPABICHHS Tpebosanus ®I'OC (OK-3, 9, 15, I1K-2,
Ka4eCTBOM: YUaCTBOBATh B ONEPATHBHOU paboOTe CHCTEM 5,11, 12, 13, 15, 21). Kpurepuii 5
Ka4ecTBa, aHAIM3UPOBATh OIICHKY YPOBHS Opaka W mpejyiarath AHNOP (1. 1.5, 1.6), cornacoBaHHBIi ¢
MEPOIPHATHS 110 €ro NPEIYNPENKICHUIO U YCTPAHEHHUIO, TpeOOBaHUAMH MEXIYHAPOHBIX
Y4acTBOBATH B MPAKTUIECKOM OCBOCHUH CHCTEM MEHE)KMEHTA crangaproB EURACE u FEANI
KayecTBa.
P5 Wcnonb3oBaTh 0a30BLIE 3HAHUM B 001aCTH DKOHOMUKH, Tpeboranus ®I'OC (OK-8, 9, 18, [IK-10,
MPOEKTHOTO MEHEXKMEHTA M MTPAKTUKHU BEJICHUS OU3HECa, B TOM 25). Kpurepwuii 5 AUOP (m.2.1, 1.3, 1.5),
YHCIIe MEHEIDKMEHTA PUCKOB U U3MEHEHU, TSl BEICHHS COTIJIACOBAHHBIH C TPeOOBaHUAMH
KOMIUIEKCHOM MHKEHEPHOH JIeATEIbHOCTH; TPOBOIUT aHAIN3 MexayHapoaHbix ctanaapToB EURACE u
3aTpar Ha o0ecredeHne TpedyeMoro KauecTBa U A TEIbHOCTH FEANI
HO/Ipa3/ieIeHHUs], TIPOBOIUTH TIPEABAPUTENBHOE TEXHUKO-
9KOHOMHYECKOEe 000CHOBAaHHE POCKTHBIX PEIICHUH.
YHueepcaﬂbele Komnemernyuu
P6 [TonnmaTh HEOOXOJUMOCTh H YMETh CAMOCTOSITEIEHO YUUTHCS U Tpe6osanus ®T'OC (OK-3, 4, 5).
MOBBIIIATH KBATU(HUKALUIO B TSUCHHE BCETO TIEPHO/IA Kpurepuit 5 AUOP (11.2.6),
npoQheCCHOHANBHOIT ACSTETBHOCTH COTIJIACOBAHHBIH ¢ TpeOOBaHUAMHU
MexayHapoaHbix cranaaptoB EURACE u
FEANI
P7 DddexTuBHO paboTaTh HHAMBHAYyalbHO, B KauecTBe uieHa | Tpeb6osanus ®I'OC (OK-3, 18, I1K-26).
KOMaHIbl MO MEXKIWCIMIUIMHApHOM Temarmke, a Takke | Kpurepmii 5 AUOP (m.2.3),
PYKOBOJUTH KOMAaH/OM, IEMOHCTPUPOBATH OTBETCTBEHHOCTh 3a | COTJIACOBAHHbIH C TPeOOBAHUSIMH
pe3ynbTaThl paboThI MexxayHapoaHbeix crannapros EURACE u
FEANI
Kon PesynbraTr 00y4eHust (BBITYCKHHK JOJDKEH OBITh TOTOB) Tpedosanne ®I'OC BIIO,




pe3ynbTara KPUTEPHEB W/WIN 3aUHTEPECOBAHHBIX
CTOPOH
P8 Brnaners nHOCTpaHHBIM SI3BIKOM Ha YPOBHE, O3BOJIIOLIEM Tpebosanust PI'OC (OK-17,19).
paboTaTh B MHTEpPHAMOHAIBHOI cpezie, pa3pabaTeIBaTh Kpurepuit 5 AUOP (11.2.2),
JOKYMEHTAINIO, TPEACTABIATH U 3aIIUINATh Pe3yIbTaThl COTJIaCOBAaHHEIN C TpeOOBaHUIMU
UH)KEHEPHOH NeATeNIbHOCTH MexyHaponHsix crangaproB EURACE n
FEANI
P9 OpueHTHPOBATHCS B BONIPOCcax 0€30MaCHOCTH U TpeboBanus ®PI'OC (OK-1, 13, 14, TIK-
3PaBOOXPAHEHHUS, FOPUANUECKUX U UCTOPUUECKHX ACIEKTaX, a 26). Kpurepuii 5 AUOP (11.2.5),
TaKoKe PA3TMYHBIX BIMSHUSAX HHKCHEPHBIX PEIICHNI Ha COTJIaCOBAHHEIN C TpeOOBaHUSIMUI
COLIMAJTIBHYIO U OKPYXKAIOIIYIO Cpeny MexxayHapoaHbeix crannaptoB EURACE u
FEANI
P10

CrnenoBaTh KojekCy IpodecCHOHATIbHON 3TUKH,
OTBETCTBEHHOCTH ¥ HOPMaM HH)KCHEPHOH AesTeIbHOCTH

Tpe6osanust PI'OC (OK-6, 7).
Kpurepuit 5 AUOP (11.1.6, 2.4),
COTJIACOBAHHBIN ¢ TPEOOBAHUAMU

MexxayHapoaHbix crannaptos EURACE u
FEANI




MHMHHUCTEPCTBO OFPA30BAHUSA U HAYKHW POCCUMUCKOM ®EJIEPAIINN
dbenepabHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTEeIbHOE YUPEKICHUE BBICIIIETO
o0Opa3oBaHUs

«HAIIMOHAJIbHBIN UCCJIEJOBATEJbLCKUI
TOMCKHUHN NOJUTEXHUUYECKUN YHUBEPCUTET»

Wucturyt - Kubepuernku
Hamnpasnenune nmonroroBku - CraHmapTU3anys U METPOJIOTHUS
Kadenpa - KoMmnbioTepHbIX U3MEPUTENBHBIX CUCTEM U METPOJIOTUU

YTBEPXIAIO:
3aB. kadempoii

(ITopmucs)  (Hara) (®.1.0.)

3AZJAHHUE
HA BBINOJIHEHHE BBIMYCKHOH KBAJIN(PUKANMOHHOI PadoThl
B dopwme:

‘ bakanaBpckoit paboTbl

(6akamaBpcKoO# pabOTHI, UIIIOMHOTO MMPOEKTa/pab0Thl, MAaTUCTEPCKON JTUCCEPTALIIH )
CryneHry:

I'pynna 1017 (0)

821 Eposenko Upune Cepreesne

Tema paGoThI:

Turpumerpuueckre METOIbl aHAIN3a

YTBepxcz[eHa IMPUKA30M OUPCKTOPA (,Z[aTa, HOMep) Ne 3630/c ot 19.05.2016 1.

Cpoxk cnauu CTYJI€HTOM BBITIOJTHEHHON paOOThI:

TEXHUYECKOE 3AJIAHUE:

HMcxoanble JaHHbIE K padoTe KomOunupoBanHsiii anekrpoa Mettler Toledo DGi 111-
SC




Ilepeyens moaJieRaUX HCCIETOBAHNIO,
MPOEKTHPOBAHHIO H Pa3padoTKe
BOIIPOCOB

1 TutrpuMeTpuveckue METOAbl aHAIN3EI
11
aHanm3a

1.2 TurpumeTpruYeCKHii
KOJIMYECTBEHHOTO OTIPE/ICTICHNUS BEIECTB

1.3 [lorennomeTpuyecKkoe TUTPOBAHHUE

14 Buasl a5ekTpoaoB

1.4.1 Beibop >nexTpoaa Mo NpUHIMITY U3MEpEeHHUH

OO0mrast XapakTepUCTHKA TUTPUMETPHICCKOTO

aHaau3 JUTS

2 TexHUYeCcKHEe CpencTBa, WCIONb3yeMbIe IPH

MIPOBEJCHIH TUTPUMETPUIECKOTO aHATTN3a

2.1 Turpomerp Mettler Toledo T50

2.2 Onexrpon Mettler Toledo DGi 111-SC

2.3 Pa3zpaboTka METOAMKY KAIIMOPOBKHU AIIEKTPOIA
2.4 Xumuueckas mocyaa

3 Pewienue n3mepurensHoOM 3a1auu

3.1 [IpuroToBieHre HEOOXOAMMBIX PACTBOPOB

3.1.1 [IlpurotoBnenue OydepHbIX (CTaHAAPTHHIX)
pacTBOpoB

3.1.2 Ilpurorornenue padbouero pacrsopa NaOH
3.1.3 TIlpurorosienue padbouero pacrsopa HCI
3.1.4 TIlpurotoBneHue pabouero
AgNO:Omuodka! 3akaagka He onpeaeseHa.
3.2

m3Mepenusx pH

pactBopa
HewncnpaBHOCTH U UX yCTpaHEHUE NIPU

3.2.1 IIpoBepka uzmepuTesst U Kabens
3.2.2 MNpoBepKa TemnepaTtypbl obpasua u
npUMeHeHnA
3.2.3 MNpoBepKa bydepHbIX pacTBOPOB U
KannbpoBsKa
3.2.4 MNpoBepKa anekTpoaa
3.3
34
cofepraHus HUTpaTa cepebpa B GU3MOA0rNMYecKkom

TutpoBaHue THAPOOKUCH HATPHUS
MpoBeaeHMEe U3MEPEHUIT MO ONpeaeeHNIo

pacTBope
4  OUHAHCOBBIA MEHEIHKMEHT
4.1
MIEPCIIEKTUBHOCTH MTPOBEACHNS HAYYHBIX HCCIIEIOBAHUMA

OreHKa KOMMEPUYECKOTO MTOTCHIINAJIA U

¢ To3uIuu pecypco3HHEeKTUBHOCTH U
pecypcocoepexeHus
4.1.1
WCCIICIOBaHUS
4.1.2
peleHuit
4.1.3
4.2
4.3
IMPOBEACHUA HAYYHBIX I/ICCJ'IGJIOBaHI/Iﬁ
4.4

[ToTenmuanpHBIC TOTPEOUTENN PE3YIIETATOB
AHan3 KOHKYPEHTHBIX TEXHHIECKHIX
Texnonorus QuaD

SWOT-ananu3

OHp CACJICHUC BO3MOKHBIX aJIbTCPHATUB

[InanupoBaHye HAYIHO-UCCIIEIOBATETHCKUX



_Toc452752571

pabot
4.5  3arpaTsl 10 OCHOBHOH 3apab0THOM IIaTe
ucnojHUTeNeH TeMbl. OnpeseneHue TpyA0eMKOCTH
BEITIOJTHEHUS PadboT
4.6 bromker HayIHO-TEXHUYECKOTO UCCIIEIOBAHUS
4.7  Pacyer marepuanbHBIX 3aTpaT
4.8 Pacder 3apaboTHOI MIIATH OCHOBHBIX
WCTIOJTHUTENICH MPOeKTa
4.9 3aTpathl IO JOMOTHUTEILHOM 3apaboTHOM ImIaTe
4.10 OtunciaeHus BO BHEOIOKETHBIE (POHIBI
411 Pacyer aMOPTU3AIMOHHBIX PACXO0B
4.12 HaknamHble pacxobl
4.13 OmnpeneneHue pecypcHOU
(pecypcocbeperaroiiieii), (GHHAHCOBOH, OIOKETHOM!,
COIMATIFHON M 9KOHOMHUYECKOH 3 (HEKTUBHOCTH
HCCTICOBAHMS
4.14  Onenka 3K0OHOMHYECKO# 3(h(hekTHBHOCTH
MPOEKTa
5 CoumanbHasa OTBETCTBEHHOCTb
5.1 TexHoreHHan 6e3onacHoOCTb
5.2 MNpounsBoacTBEHHAA CaHUTapuUA
5.2.1 OcBeleHHOCTb paboyei 30HbI
5.2.2 Mukpokanmar
5.2.3 Mcrxodursnonormyeckmne Harpysku
5.2.4 OnacHOCTb BO34eNCTBMA 3INEKTPOMArHUTHOIO
N MOHU3MPYIOLLETO U3NTYYEHUSA
5.3 TexHuKa 6e30nacHOCTM
5.3.1 dnekTpobesonacHocTb
5.3.2 MNoxapobe3onacHocTb
5.3.3 PaboTta B upe3BblYaliHbIX CUTYaALMUAX
5.4 PernoHanbHas 6e3onacHoOCTb
5.5 OpraHu3aLMOoHHble BOMPOCbl obecneyeHus
6e3onacHocTH
3akntoyeHue
CrnnCoK UCrnoab30BaHHbIX UCTOYHUKOB

Ilepeyennb rpaguyeckoro marepuajia

Hpe3eHTauH;1, BBIITOJIHCHHAsA B nporpaMMe
Microsoft Power Point

KoHcyJbpTaHTBI 10 pa3jeaM BbIYCKHOM KBATH(PUKALMOHHO padoThI

Pa3znen

KoncyabTanr

duHaHCOBBIM MEHEIKMEHT,

pecypcodhHEKTHBHOCT U pecypcocOepexeHne

Xanepckas Anena BacunbeBHa

ConuanbHas OTBETCTBEHHOCTD

MesenneBa Upuna JleonngoBHa

JlaTa BbI1a4M 32JaHUS HA BBINOJHEHUE BBINTYCKHOM 03.2016

KBATH(UKAIMOHHOH PadoTHI 10 JTHHEHHOMY rpauKky




3agaHue BbI1aJ PYKOBOAUTEb:

JoaxHoCcTh DdUO YueHnas creneHb, IMoanucek Jara
3BaHUe
Ben. umxenep na6. [IPB | Napamankuit Anekcanap | H.c. 1a6. [IPB ®TU
OTHU AnexcaHIpoBHY
3aaHue NPUHSJI K UCTIOJIHEHHUIO CTY/IEHT:
I'pynna DOUO Hoanucn Hara
8121 EpoBenko Npuna CepreeBHa




3AJTAHUE JIJISI PA3JIEJIA
«®UHAHCOBBIII MEHEUKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHUE)»
CryneHry:
I'pynna DPUO
8I'21 Eposenko Upune Cepreesne
KommprorepHbIx
HueruryT Kubepuernku Kadenpa H3MEPUTEINLHBIX CUCTEM U
METPOJIOTUHU
YpoBeHb o0pa3oBaHus BakanaBpuar Hanpagsienne/cnennaibsHOCTh 27.03.01
«CrargapTi3anys U
METPOJIOTHUS»

Hcxoaublie n1anHble K pa3aeny «DUHAHCOBbIH MEHEIKMEHT, pecypcodPPeKTUBHOCTDH U
pecypcochepekeHne»:

1.

Cmoumocms pecypcos Hayunoeo ucciedosanus (HHU):
MAMePUATbHO-MEXHUYECKUX, IHEPLEMUYECKUX, (PUHAHCOBDIX,
UHDOPMAYUOHHBIX U YEI08EUECKUX

Hopmbt u nopmamugsl pacxodosanus pecypcos

HCnO]ZbS’yeMa}l cucmema HLUZOZOO@]IO.?IC@HM/‘I, cmaeku
HAJ102086, OMLIMCJZQHML?, ()MCKOHMMpOGdHu}l u erdumoeaHu;z

Paboma ¢ unpopmayueii, npedcmasnennol 6
POCCULICKUX U UHOCMPAHHBIX AHATUMUYECKUX
Mamepuanax, HAYYHBIX nyonuKayusx,
cmamucmuyeckux Oloanemensx U U30anusx,
HOPMAMUBHO-NPABOBBIX  OOKYMEHMAX,
HabnooeHue.

onpoc,

Ilepeyens BONMpoCcoB, MOIJIEKANMX HCCTETI0BAHNIO, TPOEKTHPOBAHMUIO H Pa3padoTKe:

1.

Oyenka KomMmepuecko20 NOMeHYUaa, NepcneKmueHOCuY U
anemepramus nposedenus HU ¢ nosuyuu
pecypcosppexmusnocmu u pecypcocoepedicenust

Ilpogedenue npednpoekmnozo anarusa HU:
OYeHKa  NOMEeHYUANbHbIX  nompedumenell,
SWOT-ananus,  onpedenenue  803MONCHBIX
anrvmepHamug npogedenus HU.

2. IInanuposanue u popmuposanue 6100cema HAyUHbIX Onpedenenue cmpykmypvl u mpyooemMKocmu
uccne008anull pabom 6  pAMKAX — HAYYHO-MEXHUYECKO2O
uccreooganuss (HTH), paspabomka epaguka
nposedenus HTHU, nianuposanue 6100dxcema

HTU.
3. Onpeoenenue pecypchoti (pecypcocbepezaiouyetr), Pacuem UHMESPATILHO2O noxazamens

unancosotl, 6100cemnol, COYyUATLHOU U IKOHOMUYECKOU
aghpexmusnocmu uccied08aHus.

Qunancosoil s¢hGexmusHocmu, UHMESPATLHOLO
noxkasameinsi pecypcos@pexmuernocmu 01 6cex
6u006 ucnonnenus HTH.

Hepe‘lel—lb rpaqmqecxoro MAaTEePHUAJIA (c mounsivm yrasanuem obs3amenvHblx uepmenicetl) .

1. Oyenka KOHKYPEHMOCNOCOOHOCU MEXHUYECKUX peuleHUl

2. Mampuya SWOT

3. Anemepramuagnsl nposedenuss HU
4.I'paghux nposedenus u 6100x%cem HU
5.Oyenxa pecypcuotl, ghunancosoti u sxoHomuyecxkou sgpghexmusnocmu HU

JlaTta BbIAa4YM 3a1aHMA AJ15 pa3ena 1no JuHeiHoMY rpadpuky 03.2016
3aganue BbI1aJ KOHCYJIbTAHT:
JlomxHoCTh ®UO YuyeHasi cTeneHb, Iloanucek Jlara
3BaHUE
Crapummnit Xanepckas AneHa 03.2016
MIPero1aBaTellb, Kad. BacwibeBHa




\ menemk. UCT'T

33}13HH6 NMPUHAJ K UCIIOJTHEHHUIO CTYACHT:

I'pynna

PHUO

IMoanuceh

JlaTa

8I21

EpoBenko Mpuna CepreeBna

03.2016




3AJJAHUE JIJISI PA3JIEJIA

«COIUAJIBHAS OTBETCTBEHHOCTDb»

CryneHry:
I'pynna DUO

8121 Eposenko Upuna CepreeBna

HucruryT Kubepuetrku Kadenpa KoMnbroTepHBIX
U3MEPHUTENBHBIX CHCTEM U
METPOJIOTHH

YpoBeHsn BakanaBpuat Hanpasaenune/cnenuanbuocrs | 27.03.01

oOpa3oBaHus «CranmapTusanus u
METPOJIOTHS

I/ICXOZ[HLIC AAaHHBIC K pa3aejry «ConuajabHasi OTBETCTBEHHOCTD |

1. XapakTepuctuka 00beKTa UCCIeI0BaHuUs (BEIECTBO,
MaTepHai, mpudop, alropuT™, METOINKa, paboyast 30Ha) U

o0JacTv ero mpuUMeHEeHUs

KOMITBIOTEPHBIN
KOMIIBIOTEPOM,
HEOOXOIMMBIMHU
pacTBopaMu
MpEnapaToB.

KOMIIBIOTCP, M

Pabouee Mecto mnpencraBiser coboi

CTOJI C TEPCOHAIBLHBIM

TUTPOMETPOM u
Oy(hepHBIMU pacTBOpaMH,
panuodapmaneBTHIeCKUX

ObopynoBaHue: TUTPOMETP, PACTBOPHI
paguodapmareBTUIECKUX

Iperaparos,
ebenp (mkad, CTymbS,

CTOJIBI).
B nanHOl paboueili 30HE BO3MOXKHO
BO3HUKHOBEHUE:!

— BpEIHBIX MpPOSBICHUN (HAaKTOPOB
IIPOM3BOJCTBEHHON Cpesl
(HemocraTouHasi ~ OCBEIIEHHOCTH
paboueil  30HBHI, OTKJIOHEHHE
IoKa3aTesnen MHUKPOKJIIMATA,
TOBBIIIICHHBIN YPOBEHb
HaIpsHKEHHOCTH
3J€KTPOMArHUTHOTO o,
pasapakarolue XUMUYECKHE
BELIECTBA (pacTBOpHI
paguodapMareBTUIECKUX
npenapaTosB);

— omacHbIX  (akTopoB  (BOHPOCHI
31EKTPOOE30MaCHOCTH "
M0’Kapo0e30MacHOCTH);

— 4Ype3BbIYANHBIX CUTYaIUM.

MepeyeHb BONPOCOB, NOANEXALMX UCCNeA0BAHUIO, NPOEKTUPOBAHUIO U pa3pa60TKe:

10




1. [IpouzBoacTBeHHAs 0€30M1ACHOCTH

1.1. Ananu3 BBISIBJICHHBIX BPEIHBIX (DAKTOPOB pH
pa3paboTKe U AKCIUTyaTallud IPOSKTUPYEMOTO PEIICHHS B
CIICAYIOIIEH MOCIIeI0BaTEIbHOCTH:

(hM3UKO-XUMHUYEcKasl MPUPOIa BPETHOCTH, €€
CBSI3b C pa3pabaThIBACMOU TEMOM;

neiicTBue (hakTopa Ha OpTraHU3M YEIOBEKa;
MIPUBEICHUE JTOTYCTHMBIX HOPM C HEOOXOTUMON

Pa3MEepHOCTHIO (CO CCHUTKOM Ha COOTBETCTBYIOIIHHA

HOPMAaTHUBHO-TEXHUYCCKHI JOKYMEHT);
MpeaiaracMbIe CPEeICTBA 3alIHTHI;
(cHavaya KOJUIEKTUBHOM 3aITUTHI, 3aTEM —
MHAWBHUIyaJbHBIC 3alTUTHBIE CPENICTBA).

1.2. Ananu3 BBISIBJICHHBIX OMACHBIX (DaKTOPOB IMPH
pa3paboTKe U SKCIUTyaTalluyd MPOSKTUPYEMOTO PEIICHHS B
CIICAYIOIIEH MOCIIeI0BaTEIbHOCTH:

MEXaHHUUYECKHE OMACHOCTH (UCTOYHUKH, CPELCTBA
3aLIUTHL;

TEPMUYECKUE ONaCHOCTH (MCTOUHHKH, CPEICTBA
3aIlUTHI);

3NEKTPOOE30MaCHOCTh (B T.4. CTATUYECKOE
3NIEKTPUYECTBO, MOJHUE3AIUTA — UCTOYHHUKH,
CpEeICTBa 3aIUTHI);

MT0’KapOB3PEIBO0E30MACHOCTD (TIPUYHHEI,
MpOoPUIAKTHUECKIE MEPOTIPUATHS, IEPBUYHBIC
CpEeACTBA MOXKAPOTYILEHHS).

[IpoBoauTcst aHaIn3 BBISIBJICHHBIX
BpPEIHBIX (DAaKTOPOB  MPOU3BOJCTBEHHON
cpenpl, TAKUX Kak:

— HepocTaTouHasn OCBELLEHHOCTb

paboueit 30HbI:
MOXeT 6bITb BbI3BaHa ownboYHbIM
pacnosioXeHnem namn B NoMeLLeHNH,
HenpaBUAbHbIM BblbOpoOM KoJinyecTBa
OCBETUTENbHbIX npnbopos n
HepaUuMOHaNbHOM  HArpyskom Ha  HUX
3/IEKTPUYECKOTO TOKa.

— OTKNOHEeHMUEe rnokasatenemn

MUWKPOKANMaTa:
HEHOPMUpPOBaHHasn Temnepartypa nnu
KOHLIeHTpaLma B/IAYKHOCTM  BO3AyXa
NOMELLEHNA MOMEeT OblTb Bbi3BaHa He

MpPaBu/bHOM 3Kcnjyataumeid OTOMMUTE/bHbIX
nNprMbopoB, HenpaBUAbHO MOArOTOBAEHHOW
BHYTpEeHHeN O06CTAaHOBKOW MOMELLEHUA B
pas/iMyHble BpemeHa roga. 3To MPUBOAUT K
OTK/NOHEHUIO MOKa3aTesnei, a TaK Ke MOXKeT
NPOCTYAHbIM

CHUMKEHUIO

NpMBECTM K  Pas/INYHbIM
3aboneBaHmnaAM n
paboTocnocobHOCTM NepcoHana.
— MNcuxodursnonornyeckme Harpysku;
BosaeicTBue 31€KTPOMArHMTHOTO U
NOHU3UNPYIOLLETO MU3yYeHus.

Amnamus BBISIBJICHHBIX OITaCHBIX
(akTOpOB  TPOM3BOACTBEHHON  CpEIBI,
TaKUX Kak:
— dneKkTtpobesonacHocTb
— MNorkapobesonacHoCTb
2. JKojgorudeckas 6e30macHOCTh:
— 3amuTa CeMTEOHON 30HBI
—  aHaiM3 BO3JIEHCTBUS 00BEKTa Ha aTMochepy
(BBIGpOCEL); Ananmus  BosnelicTBus  Ha  jmrocgepy:

aHaJN3 BO3JIEHCTBUS 00BEeKTa Ha rupochepy
(copochi);

aHaJM3 BO3JCHCTBUS 00beKTa Ha TuTOoChepy
(oTxompl);

pa3paboTarh pemeHus Mo 00ecIeyeHn o
9KOJIOTHUECKON 0€301MacHOCTH CO CCHUIKAMU Ha
HTJI no oxpaHe okpy»xaroiei cpeJibl.

o0pa3oBaHHE OTXOAOB MpPH MOJIOMKE HIIU
YTUJIU3alMA KOMITBIOTEpPA, TUTPOMETPA.

3. be3onacHOCTH B Ype3BbIYAHBIX CHTYaIUSAX:

nepevyeHs Bo3MOKHBIX UC npu pa3paboTke u
9KCIUTyaTalluy POSKTUPYEMOTO PELICHNUS;
BbIOOp Hambosee TunnyHoi YC;

pa3paboTKa NPEeBEHTUBHBIX MEP I10
npenynpexaenuto YC;

pa3paboTKa IeHCTBHI B pe3yIbTaTe BO3HUKIIIEH
UC u Mep 1Mo TUKBUIAITNY €€ TOCIIeICTBHIMA.

3aluTa B YpesBblYaAMHbIX CUTYaLUAX:
— Bblbop Hanbonee TMNuyHom YC;
— pa3paboTKa NpeBeHTUBHbIX Mep Mo
npeaynpexaenuto YHC.
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4. IIpaBoBBIe H OPTraHN3AHOHHBIE BOIPOCHI
o0ecreyeHus 0€30MACHOCTH:

CIICIaJIbHBIC (xapaKTepHme IIpU 3KCIIITyaTalluu n paBoOBble U OPraHM3aLMOHHbIE BOMPOCH!

00BEKTa MCCIIeJ0BaHMs, TPOSKTUPYEMO padoyeii
30HBI) IIPaBOBbIE HOPMBI TPYAOBOTO
3aKOHOJATENbCTBA;

OpPraHHU3ALHOHHBIE MEPONIPHATHS IIPU KOMIIOHOBKE
paboueil 30HBI.

obecneyeHuns 6esonacHOCTH:
KOMMNOHOBKA pabouei 30HbI.

‘ [ata Bblgaum 3apaHuA ANa pasgena no AMHeMHoMy rpadpuky

Sanafme BbIAAJI KOHCYJBTAHT:

JloakHoCcTh DdOHUO Yuyenas IMognucek Jara
CTelneHb,
3BaHue
Accucrent kad. 6K Mesenuesa Upuna
NHK JleounmosHa
3aaHue NPUHSJI K HCIIOJIHEHUIO CTY/ICHT:
I'pynna dOUO ITognucey JlaTa

821

Eposenko Mpuna CepreeBna
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Pegepar
Bremycknas kBanmuduxanuonnas pa6ora 100 c., 17 pwuc., 24 Ttabn., 12
UCTOYHHUKOB.
KnroueBsie cnoBa: aHaqMTHYECKas XMMHUS, TUTPOBAHUE, KOHTPOJIb KauecTBa,
MIPOTOKOJ KOHTPOJIS KauecTBa.

OOBeKTOM HCCIICIOBaHUs SBISCTCS KOMOWHHpOBaHHBIN 3nekTpon Mettler
Toledo DGi 111-SC.

Lenpto paboOThI SIBISIETCS OLIEHKAa MCTOYHUKOB OIIMOOK MO WX BIMSHUIO Ha
pe3ynbTaThl U3MEPEHUN B TUTpUMETpUUYECKOM aHanuze. [Ipu »To paspadarbiBaeTcs
MeToarKa kKanuOpoBku 3nekTpona Mettler Toledo DGi 111-SC. [lannas meronuka
pa3pabaThIBaOTCs ¢ UCMOIb30BaHueM TuTpomerpa Mettler Toledo T50.

DKOHOMUYECKAs 3¢ (PEeKTUBHOCTH 151 3HAYMMOCTh paboThI:
aBTOMATHU3UPOBAHHBIA MPOLIECC MU3MEPEHHs] C HCIOJIH30BAHUEM aBTOMATUYECKOTO
turpomerpa Mettler Toledo T50 oGecrieunBaeT OBICTPOTY BBINOJHCHUS aHAIN3a U
MOJTyYEHHUsI Pe3yNbTaTOB, KaK CIIEJCTBHE, COKpAaIICHHE BPEMEHHM Ha MpPOBEICHHE

U3MEPEHUN U TPYy103aTpar.
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TepMuHbI U onpeaeIeHUs

B nannoi paboTe NMpUMEHEHBI CIEIYIONINE TEPMUHBI C COOTBETCTBYIOIIUMHU
ONPEACTICHUSIMH:

pactBop: ['omorenHas (oaHOpoaHAs) cMech, OOpa3oBaHHAs HE MEHEe YeM
JIByMsI KOMIIOHCHTaMH, OJWH W3 KOTOPBIX HA3bIBACTCA PACTBOPUTEIIEM, a NPYrou
PacTBOPUMBIM BEIIECTBOM; 3TO TAKXKE CUCTEMA MIEPEMEHHOTO COCTaBA, HAXOASIIASICS
B COCTOSSHUA XUMHYECKOTO PAaBHOBECHS

TUTP: BbIpakeHre KOHIEHTpAMM PACTBOpPA BEIIECTBA B AHAIUTHUYECKOU
XUMHH, O0003HAYAIOIIEe MAcCy pacTBOPEHHOIO BEIIECTBa B EIUHUIIE 00BEMA
pacTtBOpa

peareHT: BeliecTBO, aKTUBHO YYaCTBYIOIIEE B XUMUYECKON PEAKIIUN

TUTPaHT: PeareHT ¢ TOYHO U3BECTHBIM TUTPOM, JOOABIISIEMBIH K
UCCIIEyEMOMY PacTBOPY Ui KOJMYECTBEHHOI'O aHaIM3a COJEPKALIMXCSA B HEM
BEIICCTB WJIM X 3JIEMEHTOB (MOHOB, (DYHKIIMOHAIBHBIX TPYIIIT)

Oy(epHbIii pacTBOp: PacTBOp C onpenenéHHoN yCTOMYMBOM KOHIIEHTpaIen
BOJIOPOJHBIX HOHOB

TUTPOBaHMe: MeTo KOJIMYECTBEHHOIO aHAJIN3a, OCHOBAHHBIM HA U3MEPECHUU
oObeMa  pacTBOpa  peakTMBa C  TOYHO  H3BECTHOM  KOHIICHTpAIUEH,
MPOpPEarupoBaBIIETO C OMNpEACICHHBIM OOBEMOM pacTBOpa AHAIU3UPYEMOTO
BEILIECTBA

(puxcanaa (crangapr-tuTp): AMmyja C TOYHO H3BECTHBIM KOJWYECTBOM
TBEPAOrO BELIECTBA WJIA PACTBOPA, KOTOPHIC MPEAHA3HAYEHBI JJIsi MPUTOTOBJICHUA
pacTBOpa ¢ TOYHO U3BECTHOM KOHIIEHTPALIUEN

aHAJIMTHYeCKas XuMusd: Pa3nen xuMuun, U3ydyarommnil XMMUYECKUN COCTaB U

OTYACTU CTPYKTYPY BEILECTB
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O0o3Ha4yeHNs U COKPALLICHUS

JlaGoparopus I[IPB ®TU - naGopatopus mMOJy4deHUS pPaTuO0aKTHUBHBIX
BEIIECTB (PU3UKO-TEXHUYECKOTO HHCTUTYTA

HW TIIY — Hayuyno wuccnenoBarelbCKkuii TOMCKHAM ITOJATEXHUYECKUN
YHUBEPCHUTET

MBK — merabekkepens — euHUIA U3MEPEHUS PAOUOAKMUBHOCTIU

®C — papmakoneitHas cTaThs

ODC — ob6mras ¢papmakoneitHas CTaThs

OCII - dapmakoneitHasi CTaThsl IPEANPUATHS
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BBenenue

B Hactosiee Bpemsi oco0oe BHUMaHHE YIEISeTCs COONIONCHUIO MpPaBUII
MPOM3BOJCTBA MU KOHTPOJIA KadecTBa B cdepe MPOM3BOACTBA U OOpaIeHHS
JIeKapCTBEHHBIX CPEJICTB.

OOBEKTOM HCCIeOBaHMS SBISICTCS KOMOMHHMPOBaHHBIM 3iektpox Mettler
Toledo DGi 111-SC.

Llenbto paGoOTHI SABJISIETCSA OLEHKA MCTOYHMKOB OIIMOOK MO MX BIUSHHUIO HA
pe3yNbTaThl U3MEPEHUN B TUTPUMETpUUECKOM aHanuze. [Ipu 3To paspabarbiBaeTcs
MeToarKa KanuOpoBku 3nekTpona Mettler Toledo DGi 111-SC. [lannas meronuka
pa3pabaThIBaOTCs ¢ UCMONIb30BaHueM TuTpomerpa Mettler Toledo T50.

DOxoHoMHYecKas 3(P(PEKTUBHOCTh padOTHI 3aKIIOYAETCS B TOM, YTO IPOLECC
U3MEPEHHs] C MCHOJIb30BAaHUEM aBTOMATUYECKOTO THUTPOMETpa 0OecreynBaeT
OBICTPOTY BBINIOJIHEHHSI aHAJIW3a W TIOJTYYEHHUs pE3yJIbTaToB, KaK CIEICTBUE,

COKpallleHHE BPEMEHH Ha MTPOBEACHUE U3MEPEHUI U TPy 103aTpar.
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1 TI/ITpl/IMeTpH‘IeCKI/Ie METOAbI aHAJIU3bI

1.1 O0mas xapakTepUuCTHKA THTPUMETPHYECKOT0 AaHAJIM3A

B ananuTHueckoll XUMHUHU CYIIECTBYIOT Pa3IMYHbIE METOJbl BBHIIOJIHECHUS
U3MEpeHU (aHaliu3a), B YaCTHOCTH OJIHUM M3 HambOoJjee BaKHBIX METOAOB JUIs
YCTAHOBJICHUSI DJIEMEHTHOTO ¥ MOJIEKYJIIPHOTO COCTaBa MCCIIEIyEeMOro 00bEeKTa UITU
COJICp>KaHUS OT/ICJIbHBIX €r0 KOMIIOHEHTOB, SIBJISIETCSI KOJTMUECTBEHHBIN aHATU3.

Cpenyn METOAOB KOJMYECTBEHHOIO aHAIN3a BBIACISIOT T'PABUMETPUUYECKUI
aHanu3 (BECOBOM) ¥ TUTPUMETPUUECKUM aHaIN3 (0ObEMHBIN).

TutpumeTpuyeckuii aHanu3 (TUTPOBAHHME) TIPEICTABIAECT COO0OM MeTon
KOJIMYECTBEHHOTO aHaJIM3a B aHAJIUTUYECKOW XHMHHM, OCHOBAaHHBIM Ha M3MEPEHUU
o0beMa WM Macchl THUTPAHTa, PACXOAYyEeMOro JUIsl PEAKUUU C HCCIEIyEMbIM
BEILIECTBOM (PacTBOPOM).

CpaBHUBasT TUTPUMETPUUECKUN aHAIU3 C JIPYTUM XUMHUYECKUM METOJ0M
aHaJn3a - rPaBUMETPUUYECKUM, HEOOXOIUMO OTMETHUTH CIIETYIOLIEE:

- TOCTOMHCTBO TUTPUMETPUUECKOTO METO/Ia aHaJIM3a 3aKJIF0YaeTcsi B OBICTPOTE,
TaK KaK BMECTO JJUTEIbHBIX M KPOMOTIMBBIX OINEpaluii, TaKMX KaK OCaXJICHHUE,
bunbTpOBaHMNE, TPOMBIBAHUE OCATKA MPOBOJUTCS TOJIBKO TUTPOBAHUE;

- HEJOCTAaTKOM TUTPUMETPUYECKOIO aHalIM3a SIBISETCS MEHbIIAask TOYHOCTh
OTpeNeNieHHs, T.K. B3BCIIMBAHUE Ha AHAJUTUYECKUX BECaX TOYHEE H3MEPECHUS
00BEMOB € MOMOLIBI0 MEPHOM MOCYIBI.

TuTpuMeTpuueckuii METOJ] aHajdu3a MPOUCXOJAUT OT TIOHSATUS THUTP,
SBJISIIONIETOCS OJHUM U3 CHOCOOOB BBIpAaXEHUS KOHIIEHTpAallMd pacTBopa B
AHATUTUYECKON XUMHUH.

Metoa TUTpOBaHUs, 3aKIIOYAECTCS B METPUUYECKHU JTO3UPOBAHHOM J00aBICHUU
pabouero pactBopa (CTaHAAPTHOTO PACTBOpA MJIM TUTPAHTA), COJAEPIKAIIETO PeareHT
C TOYHO M3BECTHOM KOHIIEHTpalMed K aHaJIU3UPYyEeMOMY pPacTBOPY, COAEpKalIEMy

BEILIECTBO C HEU3BECTHOU KOHILICHTPALIUEH.
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OnHolt M3 HambOoJee OTIUYUTEIBHBIX OCOOEHHOCTEH TUTPUMETPUUECKOTO
aHajM3a OT JPYruX BHUJIOB aHAJIM3Aa B AHAIUTUYECKOW XUMHUH, SIBISETCSA TO, YTO IPH
TUTPOBAHUM YHOTpPEONsieTCsl HEe U30BITOK peareHra, a €ro KOJUYEeCTBO, TOYHO
OTBEYAIONIEE YPABHEHUIO PEAKUMH W XHMHYECKH SKBHUBAJICHTHOE KOJIUYECTBY
onpeneseMoro Beniectsa. CoCTOSHUE CUCTEMBI B 3TOT MOMEHT HA3bIBAE€TCSI TOUKOMN
SKBUBAJICHTHOCTH.

[Tpu mpoBeneHNHN TUTPUMETPUUECKOTO aHAIHM3a CIeAyeT COOMI0AATh CIEIYIOIIHNe

TpeOOBaHUS:

- TUTPOBAHHBIE PACTBOPHI JOJDKHBI OBITH IO BO3MOYKHOCTH CBEXHMH, HE
CJIEIyeT JOMYCKaTh UX JJINTEILHOIO XPaHEHUS;

- TUTPOBAHHBIE PACTBOPHI IPU CTOSHUH U3MEHSAIOT CBOM TUTP, IO3TOMY CJIEIYET
UX TpOBEpsATh (OCOOCHHO TIpU MPOBEAECHHH OCOOEHHO OTBETCTBEHHOIO
aHan3a);

- TUTPOBAHHBIE PACTBOPHI, HA KOTOPBHIE BO3MOXHO BO3/ICHCTBUE CBETA, CIEAYET
XPaHUTh B CHELUAIBHBIX OYTHUISAX, 3aUIUIIAOIINX PACTBOP OT ICUCTBUS CBETA.

- JI0JDKHa OOECHeunBaThCA BO3MOYKHOCTH (DMKCALIMKM TOYKM SKBUBAJIEHTHOCTH,
KOTOpasi OOHApyKUBAaeTCSl PE3KUM H3MEHEHHEM KaKoro-aubo CBOWMCTBA
pacTtBopa.

- CcoOJIOACHME JOCTAaTOYHOM CKOPOCTM XUMHUYECKOW peakuuu, T.K.  IpHU
MEJJIEHHO TEKYIUX peakuusax (PUKCUPOBaTh TOUKY SKBUBAJIEHTHOCTH KpaiiHe
CJIOXKHO.

TuTpuMeTpUYeCKUii aHaIU3 [MHUPOKO NPUMEHSETCS B OMOXMMHYECKHX,
KJIIMHUYECKUX,  CAHUTAPHO-TUTUEHUYECKUX W  JPYruxX  JIabopatopusix B
AKCIIEPUMEHTAJIBHBIX UCCIEAOBAHMIX U JUISl KITMHUYECKUX AHAJIU30B.

TutpuMeTpUYeCKUil aHaN3 KIACCU(PUIUPYIOT 10 TUITY XUMUYECKON peaKkluu,
Jexaleil B OCHOBE METOAa, MO THUIy NPUMEHSEMOro TUTpaHTa U MO CHOCO0y
TUTPOBAHUS.

B 3aBHCMMOCTM OT THIIAa XUMHUYECKOM pEAKIMH, JIC)KAIEH B OCHOBE METOJA,
BBIICIIAIOT CIEIYIOIIUE METOIbI TATPOBAHUSA:

— KMCJIOTHO-OCHOBHOE,
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— OCaJUTEIbHOE;
— KOMIUIEKCUMETPUYECKOE;
— OKHCJIHUTEIbHO-BOCCTAHOBUTEIBHOE.

MeTonbl KHCIOTHO-OCHOBHOTO THUTPOBAaHUS OCHOBaHbl Ha HCIOJIb30BaHUU
peakiuy HEeUTpaau3aluu U NPUMEHSIOTCS JJIs ONPENEIICHUs KUCIIOT, OCHOBaHUM U
CoJIeH, KOTOPBIE MPU TUAPOJIU3E CO3/IAI0T KUCIYIO WIIH IIEJI0YHYIO PEaKLUIO CPEIbI.

B Meromax o0cCaguTENbHOIO TUTPOBAaHUS HCCIEAYEMOE BEIIECTBO IpHU
B3aUMOJEMCTBUM C TUTPAHTOM 00pa3yeT MajJOpacTBOPUMOE COEAUHEHNE.

MeTonbl KOMIUIEKCUMETPUYECKOTO THUTPOBAaHUS OCHOBAaHbI Ha OOpa3oBaHUU
c1a00MOHU3UPOBAHHBIX KOMILJIEKCOB TUTPAHTA C UCCIIETYEMbIM BEILIECTBOM.

MeTonbl OKMCIUTEIBHO-BOCCTAHOBUTEIBHOTO THUTPOBAaHUS  OCHOBAaHbI Ha
OKHUCJIUTEIBHO-BOCCTAHOBUTEIBHBIX peaKLusIX, IPOTEKAIOLIUX MEXITY
ONPEIEISEMBIM BEIIECTBOM U TUTPAHTOM.

Haubonee mmpokum crnoco6oM KiacCU(pUKALUU TUTPUMETPUUECKUX METO/IOB
ABJISIETCST KJacCU(UKaIMs N0 TUIYy TPUMEHSEMOTo TUTpaHTa. B nmaHHOM ciyuae,
Ha3BaHHWE METOAAa IMPOUCXOAUT OT Ha3BaHWs THUTpaHTa (HampumMep, B MeToJax
KHCJIOTHO-OCHOBHOTO THUTPOBAHUS, €CIM TUTPAHTOM SIBIISIETCS KHUCJIOTA, TO METOJ
HA3bIBACTCS alUIUMETPHUEN, €CIIM TUTPAHT — OCHOBAHME, TO METOJ Ha3bIBACTCS
aIKaIMMETPHECH ).

B 3aBucuMocTH OT croco0a TUTPOBAHMS pasziMyaeTcs MpsMoe, oOpaTHoe U
3aMECTUTEIIBHOE TUTPOBAHMUE.

Cnoco0 mpsMOro TUTPOBAaHUSA COCTOUT B TOM, YTO K ONpENIEIEHHOMY 00beMy
pacTBOpa OMNPENEISIEMOr0 BEUIECTBA MNPUOABIAIOT MO KallsiM THUTPAHT 10
JNOCTHKEHHSI KOHEUHON TOYKH TUTPOBAHUS.

OOpatHoe TUTpOBaHUE (TUTPOBAHUE IO OCTATKY) UCMOJIB3YIOT B TEX CIIy4YasiX,
KOI'/Ia ONPENEIsEMOE BEIIECTBO SBISETCS JIETYUUM WM PEAKLUS MEXIY THTPAHTOM
Y ONPEIEISIEMBbIM BEIIECTBOM MPOTEKAET MEUIEHHO, a TAKXKE B CIIy4asiX, KOraa JJIs
OpsIMOTO  TUTPOBAHUS HEBO3MOXKHO Mojao0paTh wuHAuUKaTop. JlaHHbIl Merox
3aKJIIOYaeTcsi B J00ABJIEHWH K OINpEAeNsieMOMY BEIIECTBY M30bITKA TUTPAHTA,

B3aMMOJICHCTBYIOIIETO C OSTUM BEIIECTBOM, IIOCTE MPOXOXKICHUS XHUMHYECKOU
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peaKkIuu OCTaTOK THUTPAHTa OTTUTPOBBIBAIOT BTOPBIM TUTPAHTOM (IPYTrUM
pacTBOpOM).

Crnoco® 3aMECTUTENIbHOIO TUTPOBAHUS 3aKiIO4aeTcss B MNpuUOaBICHUU
BCIIOMOT'aTEJIbHOTO peareHTa K ONpEeNesieMOMY BEIIECTBY, B PE3YJIbTATE YEro
oOpa3yeTcss HOBOE COEJAMHEHHE (HA3bIBAEMOE 3aMECTHUTENIEM) B DKBHUBAJICHTHBIX
KoiudecTBax. KOHLEHTpauI0 COEAMHEHUS — 3aMECTUTENsl OMPENEISIOT MPSMbIM
TUTPOBAHUEM.

B KOIMYeCTBEHHOM XHUMHUYECKOM aHaMU3€ BBIJICISAIOT  (PU3UKO-XUMUYECKHE
METO/bl aHAJIN3a, KOTOPBIE TaK K€ HAa3bIBAIOT NHCTPYMEHTAIBHBIMU METOJAMH, TaK
KaK aHaJIu3 IPOBOJUTCS C NPUMEHEHUEM U3MEPUTEIbHBIX TPUOOPOB

OCHOBHBIM TNPEUMYIIECTBOM HHCTPYMEHTAJIbHBIX METOJOB aHAIN3a SBISIETCSA
HeOoJIbIIasl MPOIOJKATEILHOCTh aHaIW3a U Malbli 00beM MpoObI, HEOOXOIUMBII
ia uccnenoBanus. OgHako o00pyI0BaHUE, KOTOPOE MPHU 3TOM HCHOJIB3YETCs, Kak
paBUIO, UMEET OOJBIIYI0 CTOMMOCTh, HEOOXOJMMa BbICOKasi MpodeccuoHaIbHAas
MOArOTOBKA XMMHUKa-aHAJIUTUKA, paOOTAIOIIEr0 Ha 3TUX MPUOOpax.

HenocratkoM WHCTPYMEHTANbHBIX METOJIOB  SABJISIETCS  HEOOXOJAMMOCTH
MpEeABapUTENIbHON KaTMOPOBKM MpUOOpa, TO €CThb HAXOXIACHUS 3aBUCHUMOCTH
U3MepSeMOro MpruOOpOM CUTHAJa OT KOHIIEHTPALMK aHAIU3UPYyEMOTr0 BEIIEeCTBA.

NHcTpyMeHTalIbHBIE METO/IbI IIUPOKO UCIOIB3YIOTCS JJISI PA3JIMYHBIX BUIOB
aHaJM3a KaK OpraHu4YeCKUX, TaKk 1 HEOPraHUYECKUX BEIIECTB, IPU PEIICHUU MHOTUX
po0JIeM XUMHUU U TEXHOJIOTHUH.

1.2 IoTeHMOMeTPHUYECKOE TUTPOBAHME

[loTeHIIMOMETpUYECKHE METOJIbl aHajdu3a OCHOBAHbl HAa W3MEpPEHUU
PABHOBECHOM pPA3HOCTH TMOTEHIMAJIOB MEXKIYy JBYMS JJIEKTPOJAMH, OJHWH U3
KOTOPBIX SIBJISIETCS WHAUKATOPHBIM (WM pabo4yuM), JAPYrod — DJIEKTPOJIOM
CpaBHEHUS. PaBHOBECHBIM NOTEHIMAN WHIWKATOPHOIO 3JIEKTPOJa 3aBUCHUT OT
KOHIIEHTpaIuu (AKTUBHOCTH ) aHAJIU3UPYEMOIO0 KOMIIOHEHTA B PacTBOPE.

s U3MEpEHUs pa3HOCTH MTOTEHITNAJIOB BaC) cobuparoT
ANEKTPOXUMHUYECKYIO SYEHKY, BKJIIOYAION[YI0 TaJIbBAHUYECKYIO LI€Nb U3 JIBYX

IOJTy3JICMCHTOB:
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AJIEKTPOJ CPABHEHHMS || aHATTU3UPYEMBI pACTBOP | MHAUKATOPHBIN AJIEKTPO.T
(Ecp.) (Eunp.)

[Ipy morpyxeHum JBYX DJEKTPOJOB B  AHAIM3UPYEMBIM  PacTBOp
BO3HHKAIOIIAsl PA3HOCTh IIOTEHUMAJIOB COCTAaBISAET DSJIEKTPOABIKYLIYIO CHIY
raJIbBAaHUYECKOM LIETH, KOTOpask U3MEpSAETCs MPAKTUYECKU B OTCYTCTBUE TOKA!

O/IC = |[Ecp. — Enng. | (1)

[loTeHIUOMETpUYECKHE  METOJBl  aHAJIW3a MOXHO  IIPUMEHATH  JUIA
ONpeNeNeHUs] aKTUBHOCTU (KOHIIEHTPAllMM) KOMIIOHEHTAa B pacTBope (mpsmas
MOTEHIIMOMETPHUA), a TAKXKE JUIsl MHAMKAUWKA TOYKU SKBUBAJIEHTHOCTU B MPOLECCE
TUTPOBaHUS (MIOTEHIIMOMETPUUYECKOE TUTPOBAHUE).

B nmoTeHuroOMEeTprUYecKOM TUTPOBAHWM HMHJIMKAIUS TOYKH HKBHBAJIEHTHOCTHU
IPOBOJUTCS 110 PE3KOMY CKauKy BeIU4YMHBI u3MepsieMoit DJ1C, koTopas u3MeHseTCs
Osarofapss U3MEHEHHIO PaBHOBECHOI'O IMOTEHIMANa MHAMKATOpHOTro snekrpona (E
WH].) B pe3yJibTaTe XUMHYECKOW PEAKIUU C YyYaCTHEM MOTEHIMATIONPEAEISIOMEr0
KOMITOHEHTA.

BennunHa ckauka cBs3aHa C 3aMEHOW OJIHOM NOTEHUMAIOMPEACISIONIEH
peakuuy, MPOTEKAoEed A0 TOYKM SKBUBAJICHTHOCTH, HAa JPYIyK TIIOCIE €€
noctuxeHus. KpuBble TUTpOBaHMS, MOCTpOEHHbIE B KoopauHarax JJC (MB) —
o0beM THUTpaHTa (MJ), AaHAJIOTMYHBI PACUYETHBIM KPUBBIM TUTPOBAHMS B Pa3HBIX
METO/IaX TUTPUMETPUH C UCIIOJIb30BAHUEM UHANKATOPOB.

MeTroa NOTEeHIHOMETPUYECKOTO YCTAHOBJIEHUS TOYKH 3KBHUBAJIEHTHOCTH IO
CBOMM BO3MOJKHOCTSIM NPEBOCXOJUT TUTPUMETPHUUECKHUE METO/bl C MPUMEHEHHEM
IBETHBIX MHAMKATOpoB. OH oOsnagaeT OonblIeld TOUYHOCTHIO, UYBCTBUTEIBHOCTHIO,
NO3BOJISIET AHAJIM3UPOBATH OKpPAIIEHHbIE M MYTHBIE PAacTBOPBI, JOMYCKAaeT
BO3MOKHOCTh AU(PPEPEHINPOBAHHOTO ONpPEACICHUS BEIIECTB B OJHOM PAacTBOpE U
IT03BOJISIET aBTOMATU3UPOBATh IIPOLIECC TUTPOBAHMUS.

Kak 1 B OOBIYHOM TUTPUMETPUYECKOM aHANM3€, B MOTCHIIMOMETPUUYECKOM
TUTPOBAHUU TMPEIBABISAIOTCS TPeOOBAaHUS K PpEaKIMsIM THUTPOBAHUS, TaKUEe Kak

BBICOKasA CKOPOCTDH HpSIMOﬁ pe€aKkuuun; CTporasi CTCXUOMCTPUUYHOCTb U IIPAKTUUCCKAA
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HEOOpaTUMOCTb,  OTCYTCTBHE  MOOOYHBIX  peakuuil. Jng  mpoBeneHHs
MOTEHIIMOMETPUYECKOTO TUTPOBAHUSA, MPEXKIE BCEro, MOAOUPAIOT TMOAXOASIIUI
UH/IUKATOPHBIN 3JIEKTPOJ, SJEKTPOJ CPAaBHEHUS U TUI DJIEKTPOXUMHUYECKOHN sUEHKU
(c mepeHocom wiu 6€3 IepeHoca).

TutpoBaHue NPOBOJUTCS C UCIIOJIB30BAHUEM aBTOMAaTUYECKOTO TUTPOMETPA
Mettler Toledo T50, B yacTHOCTH MOTEHIIMOMETPUIESCKAN METO]] THTPOBAHUS
ocylIIecTBIsieTCs ¢ mpuMeHeHueM d1ektpoaa Mettler Toledo DGi 111-SC.

1.3 Buabl 2j1eKTpoioB

Jlnst Toro yToObl U3MepATh PH HE0OX01MMO MOJ00paTh CPEACTBO U3MEPEHHS,
YyBCTBUTEIHHOE K MOHAM BOJOPOAA, KOTOPbIE onpenessatoT 3nadenne PH. [puniun
U3MEPEHMs 3aKI0YaeTCsd B HAOMIOJEHUM pEeaklUuu MEXIy pacTBOpoM oOpasua M
CEHCOPOM CO CTEKJITHHOW MeMOpaHOil, 4yBCTBUTEIBHON K HOHAM Bojopoaa. TeM He
MeHee, HaOJIoaeMblii MOTEHIMAN OAHOro pH-4yBCTBUTENBHOTO 3JEKTpOJa HE
o0ecrneunBaeT A0CTATOYHO MH(POPMAIMH, TO3TOMY HEOOXOIUM €Ille OJAUH CEHCOp —
AIIEKTPOJ CPABHEHHS.

DnexTpos cpaBHEHMs oOecreunBaeT KaauOpOBOYHBIA CUTHAN WK MOTEHIUAI
s pH- cencopa. Jlns ompenenenus 3HadueHuss PH usmepsiemoro o6Opasia
HEOOXOMMO UCIOJB30BaTh Pa3HUILY MOTEHIIHAIOB 000X AJIEKTPOJIOB.

OTkiuk pH-‘-IYBCTBI/ITeJ'IBHOFO QJICKTpOAda 3aBHUCHUT OT KOHHOCHTPAIWKU HMOHOB

H* u, cienosarensHo, JaéT CUrHal, ONpPENENEHHBIA TEM, HACKOIBLKO KHCIOTHBIM
WM LIEJIOYHBIM SBJIIETCSA PacTBOP.

DNIEKTPOJl CpaBHEHMS, C IPYrOd CTOPOHBI, HE PEarupyeT Ha KOHLEHTPALIO
noHoB H* B pacteope oOpasuma u Bcerma IPOM3BOAMT OJMH M TOT K€ MOCTOSHHBI
1 TOTEHLMAJ, OTHOCUTEIBHO KOTOPOro M3MeEpsieTcst nmoreHuuan pH-cencopa.
[loreHupan Mexay ABYMs DIEKTPOAAMHU - DTO Mepa MOHOB BOIOPOJA B
pacTBOpe, KOTOpasi, 10 OIpeAeieHuto, 1aér pH 3HaueHue pactsBopa.

OTOT TOTEHIMAl BBIPAKACTCS JIMHEHHOM (YHKIMEH KOHIIEHTpAUK HOHOB
BOJIOpO/Ia B pAacTBOpE U IMO3BOJSAET IPOBOAUTH KOJIMYECTBEHHBIE U3MEPEHUS C

WCIIOJIb30BaHUEM ypaBHeHUs HepHcTa i CTaHJapTHOTO  BOJOPOAHOIO 3JEKTPOJA
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(2).
RT +
E:E0+2,3' E IOgIO[H3O ] ) (2)

rne  E - mMepenHsIii noteHpma,
E( - cranmapTHBIN NIEKTPOAHBIA TOTEHIUAI;
R - yHUBepcabHas ra30Bast IOCTOSIHHAS;
T - Temnieparypa (B rpagycax KenbrHa);
N - 3apsi/1 HOHA;
F - nocrostnHas ®apajest.
ONEKTPOAHBIA TOTEHIMAT BO3HUKAET HA TPAHMIIC CONPUKOCHOBEHHS METAlIA C
AKHUIKOCTBIO, HAIPUMED, C BOAOU MM BOIHBIM PACTBOPOM COJIM 3TOIO METAJLIA.
DONEeKTpOAHbIA MOTEHUHad O0003HAYaeT Pa3HOCTh AJIEKTPOCTATHYECKHUX
MOTEHIMAJIOB MEXIY OJJIEKTPOAOM M HaXOJAIIMMCS C HUM B KOHTAaKTe
anekTpoauToM.  Ero  BO3HUKHOBEHHME  OOYCIOBJICHO  IPOCTPAHCTBEHHBIM
paszieJieHueM 3apsiioB IMPOTHUBOIOJOXKHOTO 3HAaKa Ha TrpaHule paszznena ¢a3z u
oOpa3oBaHME€M JBOMHOrO  JJIEKTpUuueckoro ciosi. Ha  rpanHune  Mexmay
METAJUIMYECKUM  JJIEKTPOJOM M PacTBOPOM BJIEKTPOJIUTA IPOCTPAHCTBEHHOE
pasziesieHHEe 3apsI0B CBSI3aHO C TAKUMU SIBJICHUSMHU, KaK:
— TIEPEeHOC HOHOB M3 MeETajula B pPAacTBOpP B XOAE YCTAaHOBJICHHS
AIEKTPOXUMHUYECKOTO PABHOBECHSI;
— KYJOHOBCKasg ajcopOLus HOHOB U3 pacTBOpa Ha IMOBEPXHOCTh
METaJINa;
— CMEILEHUE DBJEKTPOHHOrO0 Tra3a 3a [MpeAelibl  MOJIOKHUTEIbHO
3apsHKEHHOTO MOHHOTO OCTOBA KPUCTANIMYECKOM PEIIETKY;
— cneurduueckas (HEKyJIOHOBCKas) afcopOIMeil MOHOB WM TOJISIPHBIX
MOJIEKYJI PACTBOPUTES HA DJIEKTPOJE.
[Tocnennue ABa SIBICHUS NPUBOAAT K TOMY, YTO 3JICKTPOJHBIA MOTEHIUAT HE
PaBEH HYJIIO a)Ke MPH YCIOBUSX, KOTJa 3apsij MOBEPXHOCTH METAlJIa paBEH HYJIIO.

AOGCOIOTHYIO BETUYHMHY 3JIEKTPOJHOTO TMOTEHITMANIA OTIACIBHOTO 3JIEKTPOa
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ONPEIEIUTh HEBO3MOXHO, IMOATOMY H3MEPSIOT BCErAa pPa3HOCTh IMOTEHLUAJIOB
HCCIIEAYEMOTO IEKTPOa U HEKOTOPOTO CTAHAAPTHOTO 3JEKTPOJIa CPAaBHEHUS.
OnexkTpoaHbld  morteHuuan paBeH OJIC  3IEKTPOXMMHUYECKOW  IIenH,
COCTaBJICHHOW W3 HCCIEAYEeMOTr0 M CTaHIAapTHOTO 3JEKTPOAOB (Au¢dy3uOHHBIM
NOTEHIIMAI MEXIy pPa3HbIMH AJIEKTPOJIUTaMHU, OOYCIOBICHHBIH pa3IudveM
CKOPOCTEN JBUKEHUS MOHOB, MPU ATOM JIOJKEH OBITh YCTPAHEH).
Pazmuuaror 3 THma 3eKTpoAOoB, KKIbIA M3 KOTOPHIX OTIMYACTCS OT OCTaJIbHBIX
CTPYKTYpPOU M IMEET UHIUBUIYJIbHBIE CBOKCTBA.
1) pH-3ekTpoanl
PH-31eKTPO/T COCTOUT U3 CTEKIITHHOTO CTEPKHS C TOHKOM CTEKJITHHOM MEeMOpaHOM Ha
KOHIIE, YyBCTBUTENBHOM K moHam HT. HapyxHas cTopoHa 5TOro MeMOPaHHOTO
cTeksia (popMUpyeT TeeBbli CIOM, Korja MeMOpaHa BXOAUT B KOHTAKT C BOJIHBIM
pacBropoM. IlogoOHBIN reneBblid cnoil (opMupyercd Tak K€ Ha BHYTPEHHEH
MOBEPXHOCTH MEMOPAHHOT'O CTEKJIA, TaK KakK DJIEKTPOJl TOKE HAINOJIHEH PacTBOPOM

QJICKTPOJIUTA. HpI/IMep 9TOr0 reJICBOIo CJI0s I/1306pa)KeH Ha PUCYHKC 1.

BHYTPEHHUH
renesblil cnou - CTEXNAHHARA MembpaHa
- »>

TONORATENLHLI

k|
u3MepseMblil TH* renesblil croi H* #enomsesi pacteop
pacTeop

crewmmnan mewbpana (0.2-0.5 mm)

B roncowiicnoi 1000 A (102 mm)
Pucynok 1 - [lomepeunoe ceueHre CTEKITHHON MEMOpaHbI

H™ - HOHBI B reNeBoM CII0e U BOKPYT HETO MOTYT IIPOHUKATh KAK BHYTPb CIIOS TaK

U3 HEro, B 3aBUCHMOCTM OT 3Hauenws PH u or komuenrpaipm wnomos HT B
AHAIM3UPYEMOM PACTBOPE.

[lockoNIbKY CTEKJISIHHBIA 3JIEKTPOJ HMMEET BHYTPEHHHUM Oy(epHbI pacTBOp C
MOCTOSIHHBIM 3HAaYeHHEM PH, crienoBarenbHO, MOTEHIMAT Ha BHYTPEHHEW MOBEPXHOCTU

MeMOpaHbI B TEYEHUE U3MEPEHHSI OCTAETCS MMOCTOSTHHBIM. TakuM 00pas3om, noteHiuman pH-
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ANIEKTPOJA SIBJISAETCS PasHUIICH MEXKTy BHYTPEHHMM M BHEIIHUM 3apsoM MeMOpaHbL.

N3o0paxxenue cranmapTHOro pH arekTposia mokasaHo Ha pUCyHKe 2.

MNMnatwHoBan BbIXOOALLEA NpOBONOKa BHyTpeHHHIﬁ ﬁy(beprll:'l pacTeop

MemBpaHHoe cTekno

ST coepuuuTens
Pucynoxk 2 - pH-anextpos ¢ pH-uyBcTBUTETBHON MEMOpaHOi
2) DneKTpoabl CpaBHEHUSI
Lenbto a7eKTpoa CpaBHEHUS SIBISIETCS 00ECIIEUEHHE OIPEICIICHHOTO CTAaOMIBHOTO

MOTCHIIMANA, OTHOCHTEIBLHO KOTOpOro m3mepsiercsi noreHmman PH cerncopa. [l storo

SJIEKTPOJI CPABHEHUS JIOIDKEH ObITH BBIIOIHEH U3 CTEK/IA HEUYBCTBUTENIBLHOrO K HY - nonam
B PacTBOpeE.

Tak >xe 27€KTpOI JOKEH ObIThb OTKPBIT IS Cpelbl o0pasiia, B KOTOPYIO OH
norpyxaercsi. UroObl ITOCTMIHYTH 3TOTO YCIIOBUS, B CTEPYKHE 3JEKTpOJa CpaBHEHHS
UMeeTCsl OTBEpPCTHE WM MeMOpaHa, yepe3 KOTOPYIO BHYTPEHHHI pacTBOpP (JIEKTPOJIMT
CpaBHEHH) MOYET BBITEKATh B oOpasell.

(Cxema TUIIMYHOTO AJIEKTPOJIa CPAaBHEHMUSI PUBEICHA HA PUCYHKE 3.

OrsepcTvie Ans 3anonHeHus
CucTema cpaBHeHMUA [uacparma

71

‘ DNeKTponUT CpaBHEHWA
Pasbém S7

Pucynok 3 — DnekTpo cpaBHEHHUS C AIEKTPOJIUTOM, JIEMEHTOM CPAaBHEHUS U
MeMOpaHoH

KoHcTpykiust a7ekTpoja TakoBa, 4YTO BHYTPEHHUN JJIEMEHT CpaBHEHUS

MOTPY)KEH B OIpPEACIICHHBIH OydepHBId pacTBOp, CJCAOBATEIIBHO, HEMPSIMO

KOHTaKTHPYET C pPacTBOpOM oOpas3iia uepe3 MeMOpaHy, 4YeM o0OecreunBacTCs

CTaOWJIbHBIN OTEHIMA.
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3) KomOMHHMpOBaHHBIE YJIEKTPO/IbI

Hawnbonee nienecooOpa3Ho 17151 U3MEpeHH BEIOMPAaTh KOMOMHUPOBAHHBIE JICKTPO/IBI,
BKJTFOUAtOIIMe PH-3IeKTpOT M 3JIEKTPO CPaBHEHMS, TaK KaK OHM HAMHOTO 00J1ee TIPOCTHI B
oOparieHiy, 4YeM J[Ba OTACTBHBIX HJIeKTpoja. B KOMOWHHMpOBaHHOM dnekrpone PH-
YyBCTBUTCIIGHBIA ~ 3JIEKTPOJ]  KOHIICHTPUYECKH OKPYXKEH DJIGKTPOIIOM  CpaBHEHWS,
HATIOJTHSHHBIM 3JICKTPOJIATOM.

Jlns Toro 4toObl erie OOoMbIe YIPOCTUTH TPOLECC M3MEPEHUS, B KOHCTPYKIIHMIO
TIOMEIIIAeTCsl  TEMIICPATYPHBIA  JTATYMK, TIO3BOJLIFOIIMN  TIPOBOAUTH W3MEPEHHS C
TEMITEPATyPHON KOMIIEHCALIUEN.

Hcnonezyemsrii 1 n3mepenuit aekrpon Mettler Toledo DGi 111-SC otHocuTes K
rpynmne KOMOMHHUPOBAaHHBIX  AJIEKTPOAOB. KOHCTpyKIHsT KOMOWHHUPOBAHHOTO

anekrpoaa Mettler Toledo npuBenena Ha pucyHke 4.

. Kepamnueckaa membpaHa
Kpbiwka ¢ peasbod, ronoeka ST wnu ronogka MultiRin™

YroswTens WoHOB
3NeKTPONIUT CPaBHEHHA cepebpa

METTLER TOLEDO InLob®Routine

aBHeHnA ARGENTHAL™
WHTerpupoBaHHbIi TeMnepaTypHbIA 30HG

pH-UyBCTBUTENbHAA CTEKNARHAA MeMBpaHa

OteepcTue Ans aananHenus, Safelock ™ Cucrema cp

Pucynok 4 - KomOunupoBanusiii pH-371€KTpoa ¢ BHYTPEHHHM

pH-CeHCOpOM W BHCITHHNM 3JICMCHTOM CPAaBHCHUA.

1.3.1 Br100p 3/1eKTPOAA MO NPUHUIMITY U3MEPeHnH
s onTUMaNbHBIX ~ HU3MEPEHUM  OYE€Hb BAXKEH MPABWIBHBIA TOAXOJ K
BBIOOpY dyekTpoja. BaxkHo oOpaTuTh BHMMaHHWE Ha Tl U (HOPMY MEMOpaHbI
AJIEKTPOJa, CHUCTEMY CpaBHEHHUs, TPUMEHSEMYIO B DJJIEKTpPOoJe, a TaK XKe

MIPOAHATIM3UPOBATH CPEAY ISl U3MEPEHUSL.
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Tak  kak  Haumbonee  1enecOOOpa3sHbIM  SIBISIETCA  HMCIOJIb30BaHHE
KOMOWHHPOBAHHBIX AJIEKTPOJOB, TO U MapaMeTpPbl paCCMOTPEHBI UMEHHO IS 3TOU
KAaTErOpUU AJIEKTPOIOB.

Cpenu TMIoB MeMOpaH BBLACIISIOT:

— KepaMH4YECKHe

— TIOJABUXHBIE

— OTKPBITHIC

®dopMbl MeMOpaH KJIaCCUPUIIMPYIOT Kak:

— cdepuueckas
— noxaychepuueckas
— IUWIMHApPHUYECKas
— KOIIbEBUHAS
— IUIOCKas

M3 Bcex BO3MOKHBIX CHCTEM CpaBHEHHUS, pa3pabOTaHHBIX JJISi SJIEMEHTOB CpaB
HEHUS], JINILIb HEMHOTHE UMEIOT MPAKTHYECKOE 3HAYCHHE. Beiensrores CHCTEMBI
CpaBHEHMS - XJIOpCEpEOPSIHBIN, O 1/HOMMIHBINA U KaJTIOMETbHBIN JIEKTPOIbI.

BakHO Tak ke OTMETUTB, B Kakoi cpezie OyJeT MPOBOAUTHCS aHATINU3, BBIIEIISIOT:

— JIeTKue 00pasibl
—  3arpsi3HEHHbIE 00Pa3IIbI
— OMYJIbCHU

— TOJTyTBEP/IbIE WM TBEPbIE 00PA3LIbI

2 Texnnueckue cpeacTsa, HCMOJAb3yeMble IIPH NPOBEACHUHU
TUTPUMETPUYECKOI0 AHAJIN3A

2.1 Turpomerp Mettler Toledo T50

Kommanus Mettler Toledo sBisiercss kpymHEHIIUM B MUpPE MPOU3BOIUTEIEM
71ab0paTopHOTO, HPOMBIILICHHOTO ¥ TOPrOBOTO BECOU3MEPHUTEIHHOTO
00OpyI0BaHMs, B YaCTHOCTH KOMITAHHUS ITPOU3BOIUT AaHATUTUICCKHE U KOHTPOJIbHBIC

npuoOOpsl IJisi JTA0OpATOPU W TPOMBIIUICHHOCTH: TUTPOMETPHI, TUIOTHOMEDHI,
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TepMOaHaIN3a.

pebpakTomepsl,  PH-MeTpbl,  aHaMM3aTOPHl  BIArOCOACPXKAHHS,  MPHUOOPHI

Turpomerp Mettler Toledo T-cepum BxomuT B MopenbHbIH psim Titration

Excellence, xapakTepusyromuii cieayommuMy napaMmeTpamu:

Texunomorus One Click Titration — TuTpoBaHMEe OJHHM Ha)KaTHEM
KJIABUIILIU;

CeHCOpHbIM HBeTHOW TepmuHain ¢ JXK-gucruieem 5,7 mroiima BBICOKOTO
paspenieHusi, WHIAUBUIYaJbHbIE HACTPOWKH, HACTpauBaeMble KJIABUILIU
OBICTPOTO IOCTYTIA;

MOJKJIIOUCHHUE JOMOJHUTEIBHBIX MOAYJIEH TO3UPOBAHUS O€3 Mepe3arpy3Ku
npubopa Omaromaps Ttexunosoruun Plug&Play — aBromarmyeckoe
pacrio3HaBaHre OIOPETOK IO BCTPOEHHOM MeETKEe, MOAYJEH T03UpPOBaHMS,
IPUHTEPA, BECOB, KOMITBIOTEPA;

aBTOMATHUYECKUN aHaIU3 cepuil oopas3oB 10 120 npob B cepuu;
aBTOMATHYECKOE TECTUPOBAHHUE JTATIAKOB nepen KaKJTbIM
UCIIOJIb30BAHUEM;

unrepdeiicel — Ethernet, COM, USB, TTL nacoc/memanka, BXOHa AJis
KOMOWHUPOBAHHBIX MOTCHIIMOMETPUYECKUX JIIEKTPOIOB, ISl DIIEKTPOa

CpaBHCHUA, TCMIICPATYPHOI'O AATYMKA, IIOAKIIIOUCHUSA KOMIIBIOTCpPA, BCCOB,

MOAKIIOYEHUsT B ceTh, mnoakimoueHus USB-npuHTepa/ckanepa MITPUX-

Koza/(hadII-KapT MaMATH.

Turpomerp Mettler Toledo TS50

HUMECCTCA cdieayromue TCXHHUYCCKHC

XapaKTepUCTUKU, TPUBEICHHBIC B Tabyumiie 1.

TaOnuumal— TexHuueckue XapakKTepUCTUKN TUTPOMETPA

HanMeHoBaHME XapaKTEpUCTUKH

3Ha4YEeHHE XapaKTEPUCTUKH

Hanmuue Texunonoruu Plug & Play

HUMECTCA

Moaynb 103UpOBaHUS

BceTpoeHnHsIil MOlylIb TO3UPOBAHNUS €

TOYHOCTHIO Ao3upoBanus 0,0005 mi

USB Printer

HUMECTCA
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Ipooonicenue mabauywt 6

BHyTpeHHrEe IpUBOIBI OIOPETKH IS 1
JIO3UPOBAHUSA U TUTPOBAHUSA
Mertonbl TUTpOMETpA
Yucno GpyHkuuii B MeToae 15
Yucio nuKIOB B METOZE 1
[1naTel aTYMKOB
AHanorosasi UJIu KOHAYKTOMETpUYECKast 1/1
Bxonnl maTuukoB
[Torennmomerpuaeckuii (pH/MB/noHb) 212
HaumeHoBaHMe XapaKTePUCTHKU 3HauCHHE XapaKTEPUCTUKU
[onspuzoBannsiii (MB/MKA) 1/1
Jyis anekTposia cpaBHEHUS 11
Temneparypusiii (°C) 1/1
HNHurepdeiichl U OPTHI
Ethernet 1
COM (RS232) nns Becos, PC, npunTepa u npyrux | 3
YCTpPOWCTB
uUSB 2
CAN a5t MOy st JO3UPOBaHUS 1
Hacoc / Memanka 3

Buemnuit Bua tutpomerpa Mettler Toledo T50 npuBeneH Ha pucyHke 5.

a— pacnpenenuTenbHas TpyOka

| — TepMHHAT
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b — xommakTHas Memranka j — KOHTpOJIBHAS JTaMIIa 03aTopa

C — DIEKTPOA k — mozatop

d — cTeHa T TUTPOBAHHS | — BBIBOJ 17151 GFOPETOK

e — OropeTKa JUIsl aHAITM3UPYEMOT0 pacTBOpa m —¢ukcarop GropeTok

f— BHyTpeHHSISI MATHUTHAsI MEIIAJIKA N — hJ1aKOH C THTPAHTOM

g — KHOIIKA BKJIFOYCHUSI/BBIKITFOUCHHS 0 — GropeTKa JJIsi THTPaHTa
THTPOMETpa P — coemMHHTENbHAS TPYOKa

h— COGHI/IHI/ITGHBHLII;’I Ka0eIb JJI1 TepMHUHAJIa

Pucynok 5 — Tutpomerp Mettler Toledo T50

2.2 Aaektpoa Mettler Toledo DGi 111-SC

Onektpon Mettler Toledo DGi 111-SC  sBasieTcss KOMOWHHPOBAHHBIM
CTEKJIIHHBIM PH 31eKTpoIoM ¢ KepamuuecKkon chepuyeckoil memOpaHoi. JlaHHBIM
AJIEKTPOJ MpeJHA3HAUYEH AJIs MPSAMOro u3MepeHus: PH v npoBefeHus] TUTPOBAHUS B
BOJIHOM Cpejie.

Buemnuii Bun snekrpona Mettler Toledo DGi 111-SC npuBencH Ha pUCyHKE

S
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o
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o~ Voo
YT
~
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Pucynok 6— Dnexrpon Mettler Toledo DGi 111-SC
TexHUYecKne XapaKTepUCTUKH IEKTPO/Ia IPUBEICHBI B TabIuUIIe 7.
Tabnuna 2 — TexHuyeckue XapakTepUCTUKH JIEKTPOaa
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Kpatkoe onncanue KomOunnpoBanHbii crexnsHHbi pH anekTpox
Cdepsl npuMeHeHUs JUTs IPUMEHEHUS B BOJHOM cpefie

Juamazon uzmepenus, pH ot 0 no 14

Temmneparypnblit quanasos, °C ot 0 10 80

Jmuna 149.5 mm

JumameTtp morpy>KHOH 4acTu 12 MM

CrnenyeT oOpaTuTh BHUMaHHE HA TO, YTO DJEKTPOJbI BCET/IA CIEIYET XPaHUTh B
BOAHBIX W OOraTbIX HOHAMHM pacTBOpax, TaK Kak B TakoMm ciydae pH-
YyBCTBUTENbHBIA TEJEBBIM CIIOM, oOpa3yromuiics Ha CTEeKJIssHHOM PH- memOpane,
ocTaercsi 0OraTblM MOHAMHU U YBJIQKHEHHBIM. JTO YCJIOBHE HEOOXOJUMO IJIsi TOTO
yTOOBI MeMOpaHa CTaOWIILHO pearupoBaia Ha 3HadeHue PH obOpasma. Paznmuyaror
KpPaTKOCPOYHOE U JIOJITOCPOYHOE XpaHEHHUE dIEKTPO/IA.

— Kparkocpounoe xpanenue

Mesxny n3mMepeHus My, JTH00 B TOM CITydae, €CIH AJIEKTPOJI HE HCIOJIb3YeTCs
B T€YEHHE KOPOTKOI'O MPOMEXKYTKA BPEMEHHU, €T0 PEKOMEHIYETCS XPaHUTh B
CTaKaH4YHUKe, CoJIeprKaIieM pactBop BHyTpeHHero daekTpoauTa (KCl 3M) unu
B Oy(epHom pactBope co 3HaueHueM PH 4,00 nou 7,00. YpoBeHs pacTBopa B
CTaKaHYMKE JOJDKEH OBITh HHUXKE YPOBHS 3JIEKTPOJIMTA, COJEPIKAILIErocs
BHYTPH DJIEKTPOJIA.
— JloJIrocpoyHOE XpaHEHUE

JUis  AO0ATOCPOYHOIO XpaHEHHs HEOOXOJUMO YBIAXKHSIOUMN KOJIMIauoK
AJIEKTPO/Ia HAIMOJHUTH PACTBOPOM BHYTPEHHEIO JJIEKTpONNTa, OyhepHBIM
pactBopoMm co 3HadeHueM PH 4,00 wmm pactBopom HCI 0,1 M. Craenyer
yOeIuThCsl, UYTO OTBEPCTHE [UIsl 3alOJIHEHUS JJIEKTPOAA 3aKpbITO BO
n30ekKaHNe BBITIAICHUSI KPUCTAIIJIOB BHYTPU MEMOPAHBI U JIEKTPO/IA.

Hu B koem cnyyae He cjleayeT XpaHUTb OJJIEKTPOJI CYXUM WIH B
IUCTUJUTMPOBAHHON BOJIE, TIOCKOJIBKY 9TO OKa3bIBAE€T 3HAYMTEIHLHOE BIHSHUE
Ha YYBCTBUTEJIbHYI0O MeMOpaHy, TeM CaMbIM COKpallas CpOK CIy>KObI

AIEKTPOIA.
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2.3 Pa3paboTka MeTOAMKH KAaTHOPOBKH 3JIEKTPOAA

KanubpoBky natunkoB PH MOXXHO BBIMOJHUTH C TOMOIIBIO THUTPATOpA.
CymiecTByeT JiBa criocoda KanuOpOBKU: TUHEHHAs U CErMEHTHasl.

[Tpu nuneiHON KanMOpPOBKE HA TMEPBOM 3Talle BBINOJHACTCS PETHUCTpALUs U
UHTEPIOJSALMS JaHHbIX u3MepeHud pH Ha oOcHOBe (aKkTUUECKHX 3HAYCHUH,
MOJTYYEHHBIX U3 TaOauIlbl 0y(pepoB.

Ha BTOpOM »3Tanme MNpOUCXOIUT pacueT KPYTU3Hbl XapaKTEPUCTUKH U
noteHuuana rmpu pH 0.

BHyTpeHHsis1 KOHCTpyKuus PH anekTpoga yctpoeHa Tak, 4TOOBI 3JEKTPOJ
nojasai snekTpuueckoe Hanpspkenue 0 MB npu pH 7,0. Jlannas Touka onucaHa Kak
HyJieBasi TOYKa KOMOMHHPOBAHHOTO 3JIEKTPOJA, OJHAKO, HA MPAKTUKE peaibHas
HyJIeBasi TOUKA OTKJIOHSETCS OT 3TOTO UACATBHOIO HYJIS.

[TprunHON OTKIIOHEHUH MOTYT OBITH PAOOTHI C Pa3IMYHBIMU BELIECTBAMU WIIH
n3HamBaHue PH snekrpona, cienoBaTenbHO, B TEUEHUE KAIUOPOBKH BBIMOIHIETCS
“KOppeKUMs HyJIS U1 UCIIPABJIEHUS HYJIEBOU TOUKH.

KanubpoBky anekrposna ciefayeT MpPOBOJUTH C HCIOJIb30BAaHUEM Oy(epHbIX
pacTBOPOB.

OJNeKTpod ~ XapakTepu3yercs  IapamMeTrpaMd, KOTOpble  He0oOXOIuMO
pEryaMpoBaTh U HACTPauBaTh, TAKUMHU KaK:

— CMEUIECHUE HYJIEBOM TOUYKH, MB

— yriioBo# koahduireHT (KpyTu3Ha, yroy HakjioHa KpuBoi), MB/pH.

PexomenayeTcst MpoU3BOAUTH KATUOPOBKY AJIEKTPOJA IO TPEM TOUKAM.

PerynupoBka HyJ€BOH TOYKH M YIJIOBOrO KO3((HIMEeHTa JOJIKHBI MPOBOIUTCS
JUIs1 KOMIIEHCAlMN OTKJIOHEHUW OT TEOPETHUYECKUX 3HAYCHUM.

B kauectBe Oy(epHBIX pacTBOPOB PEKOMEHAYETCS BbIOMpaTh pacTBOpsl ¢ PH,
BXOJAIIMM B IMAIa30H u3mepenus PH anexTpoom.

st kanmuOpoOBKM DJIEKTpoAa OBLIM MPUTOTOBIEHBI Oy(epHbIe pacTBOPHI CO
3nauenuem pH 4,01; 7,00 u 9,21. IIpouecc npuroroBiaeHus: OyhepHbIX pacTBOPOB

onucas B myHKTe 3.3.2.
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Kamu6poBka smektpoaa mo 0ypepHbIM pacTBOpaM ¢ TEMIIEpaTypou, OJIM3KON K
TEeMITepaType aHATU3UPYEMOU CPeAbl MTPOBOIUTCS B HECKOJBKO ATAIOB.
Jl1s Havasia HeoOXOAMMO BEIMOUYHUTH 3JIEKTPO]I B TEUCHUHU JIBA/IIIATH YETHIPEX
94acoB B IUCTWIMPOBAHHOW BOJIE, a 3aTEM MPUCTYIATh K BBHITTOJIHCHUIO METOIUKH:

— Bxmounts THTpOMeTp Mettler Toledo T50 B cers. BrkimtounTh HuTaHHE
npubopa ¢ nomompto kKHomku «ON» W nmath mporpeTbcsi eMy HE MeHee
MATHAIIATA MUHYT.

— THoaxmrounts anmekrpoa DGi 111-SC x tutpometpy T50.

— B okne Tepmunana BeiOpath QyHKINIO «METOAB».

— B nosBuBmiemcst okae BeIOpaTh «Co31aTh HOBBIH METO.

— VYcra"aBiuBaeM napameTpbl KanuOpoBku: B okHe «OoOpasen (KamubGposka)y»
YKa3bIBaeM:

a) TN AaT4MKa: pH;

0) natuuk: DGI 111-SC;

B) J€iCTBUE: KAIIMOPOBKA;

r) cicok Mettler Toledo (Ref. 25°C) pH;

1) KaTMOpOBKa: JIMHEHA;

e) uncio 0ydepos: 3;

x) Oydepst: 4,01; 7,00; 9,21;

3) Temreparypa: 25°C (TemmepaTypy Mbl yKa3blBa€M IO CBOWCTBaM
Oy(depHBIX pacTBOPOB, HA KaXJOM M3 CTaHAAPT-TUTPOB YKa3bIBaeTCA
TeMITepaTypa UCITOIb30BAHUS U TTOTPEITHOCTH TIPU €€ N3MCHCHUH ).

— B oxHe crena TuTpoBaHus BeIOMpaeM pydHo# crena «Manual stand 1»;

— B okne IlepememmuBanne ycranaBnuBaeM ckopocth 30% u miutenbHOCTh 60
CEKYyH/I.

— CoxpaHHTb JaHHBIN MeTO 1Mo HOBbIM nMeneM «Calibration DGi 111-SC»

— Bxurouuts npuHTep.

— TIpOMBITh 37€KTPOJ TUCTUIUTMPOBAHHON BOJOM M MOTPY3UTh €ro B OypepHbIi

pactBop Nel (GydepHsiit pactBop ¢ pH 4,01);
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— Ha Tepmunane nosiButcsa nuanoroBoe okHo ‘“‘BcraBpTe o6pazern 1/3”, Haxartb
KkHOTKy “OK”.

— Ilo okoHYaHWHM W3MEpPEHUH Ha TEPMHUHAIEC OTOOPAa3UTCS KAIMOPOBOYHAS
KpHBas 3aBUCUMOCTH NoTeHImana ektpoaa (E [MB]) ot Bpemenu.

— Ha ocHoBanuu momydeHHOTO Tpaduka OyAeT MPOW3BENCH pacyeT HaKIOHA
KaauOpoBOUYHOM KpuBOii (kpyTH3Ha kpuBoi, TCalib [MB/pH]).

— IIpoMmbITh 21I€KTPOJ B AUCTUIIMPOBAHHOM BO/IE.

— Ilocne pacuetoB OydepHoro pactBopa Nel MOSBHUTCS AMATOTOBOE OKHO
«BcTtaBbTe 06pazen 2/3», HaxaTh KHONKY «OK».

— TloBTOopuTh maru 14-15.

— BoikmounTs TUTpOMETp HaxaTHeM KHONKH «ONy», OTKIIOUUTH HpPHUHTED,
AIIEKTPOJI IOTPY3HUTh B CTAKaH C IUCTUILTMPOBAHHOMN BOJIOM.

OOwmuit BuJ KaauMOpPOBOYHOW KPHUBOM M TEOPETHUYECKHUE 3HAYEHUS KPYTU3HBI

pUBEACHBI HA PUCYHKE /.

U (mV) A yrnoson koadduuvent = 59.16 mB/pH

p.—

YrNOBOM
. koahhuymeHT
58.7 mB/pH

T 3 T >
5 ;\) ph -

ideal
Pucynox 7 — KanmmuGpoBouHast Kpuast
KanubpoBka »3iekTpoAa NPOBOIUTCS TMeEpell KaXIbIM H3MEpeHHeM Ha
TUTPOMETPE, B MPOIECCE €€ MPOBEICHUS ObUIM MOJTYYEHBI CIEAYIOIIUE 3HAYEHUS,
IpeCTaBIICHHBIC B TabuHIIe 8.
[Tpu nuHelHON KaauOpOBKE HA MEPBOM 3Talle BBINOJHIETCS PErucTpalus U
UHTEPNOJSALUMA  JaHHBIX u3MepeHud PH Ha ocHOBe (QakThuecKux 3HaYEHUM
U3MEpEeHUil, MPUBEACHHBIX B Tabnuie 3.

Tao6nuua3— PesynabTaThl KaTUOPOBKH JIEKTPOIA
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Cepus

n3mepenuit Nel

Cepus

n3mepenuit No2

Cepus

n3mepenuit Ne3

[TorpemnocTs

U3MEpEHUS

3HauyeHue
MOTEHIInaja
obpasma 1
(pH=4,01), MB

173,8

171,3

171,4

+1,15566238

3HavyeHue
MOTEHIMAala
obOpasma 2
(pH=7,00), MB

-1,8

+0,664997911

3HaueHue
MoTeHIMasa
obpa3ma 3
(pH=9,21), MB

-111,2

-116,0

-113,8

+1,961858529

DKcnepuMeHTal
bHBIC 3HAYCHUs
KPYTH3HBI
KaJIMOPOBOYHOM

kpuBoit, MB/pH

-57,56

-57,06

-59,90

+1,237883498

Teopernueckue
3HAYCHUS
KPYTHU3HBI
KaJaMOpOBOUHOM

kpuBoit, MB/pH

-59,16

-59,16

-59,16

Ha ocHOBaHMM MOJY4YEHHBIX pe3yJbTAaTOB ObUI MPOU3BENCH

MOTPENTHOCTH U3MEPEHHUSI IO Oy(PEepHBIM pacTBOpaM.

Pacuer morpemHoctu u3mepenus pPH OypepHbIX pacTBOPOB OCYIECTBISETCS

0 CPETHEKBAIPATHUECKOMY OTKJIOHEHUIO M0 Gopmyie (.):

1 _
;Z?:;[(xi — X)?,

rJIe X; - SJIEMEHT CepHH U3MEPEHUH I,

pacuer



N — YUCIIO CepU U3MEPEHUN,

X - cpefHee apuPMETHIECKOE TPEX CepUil U3MEPEHU.

[To manHbIM Tabmuubl 8 TOCTpoeH rpaduK KanMOPOBOUHBIX KPUBBIX ISt
MEPBOM CEpUHM U3MEPEHHM W JJII CPEIHETO 3HAYCHUS MO CEPUSM H3MEPEHHI,

MIPUBEICHHBIN Ha PUCYHKE 8 U 9 COOTBETCTBEHHO.

200 |

150

100

w1
o

Kannbposku, mB
o

o
o

M3mepeHHble 3HaueHusa (mB),
3aperucTpupoBaHHble B npouecce

-100

-150 '

6ydepHble pacTBopbI

Pucynox 8- KanubpoBounasi kprBasi IEpBOM CEpUU U3MEPECHUN

200 |

150

100

50

N
o
S

N3mepeHHble 3HauyeHus (mB),
3aperucTpupoBaHHble B Nnpouecce KaAn6poBKK,
mB

N
n
o

Bbi6bpaHHble 6ydepHble pacTBOpbI

PI/ICYHOK 9- KaJ'II/I6p0BO‘IHa$I KpuBasg CpCaAHCTO 3HAYCHUA CepI/Iﬁ HU3MCPCHUA

38



Ha BTOpom »sTame ObUT TPOW3BEACH pacdeT KPYTU3HBI XapaKTEPUCTUKU U
noteHuuana E npu pH 0 nmyrem nuHelHON perpeccuu map 3HAYEHUU CPEHEro
noTeHana u ¢GakTuueckoro 3HayeHus: pH.

HyneBas Touka mojrydaeTcsi mpu AesieHUH noteHiuania npu pH 0 Ha 3HaueHue
KPYTHU3HBI XapaKTEPUCTUKHU.

KpyTtuzna=-57,56.

[Torenuman npu pH 0=401,308 mB.

rnoreHuyas npu pH 0

Hynesas Touka[pH]= =6,972

KpyTHU3Ha

Ha tpetheM 3Tane uaer cpaBHEHUE HKCIIEPUMEHTATBHBIX 3HAUCHUN KPYTU3HbI
XapaKTEPUCTUKU C TeopeTudyeckuMu. Jns cpemnero 3uauenus: 58,17/59,16 =
98,33 %.

AHaIM3UPys TOJYYEHHbIE PE3YIbTAThI, CACIAHBI CIECTYIONINE BBIBOIbIL:

OKCIIEpUMEHTAIbHBIE 3HAYEHUSI KPYTH3HBI COCTaBIAIOT OKojlo 9 % ot
TEOPETUYECKUX 3HAYEHUM, CIIEIOBATEIbHO, MOXXHO CYUTaTh, YTO OAJIEKTPOJ
MIPUTOJICH K JaJIbHEUIIEMYy HCIIOJB30BAHUI0O M HE TPeOyeTcs MOMOJHUTEIbHAs

HaCTPOMKA.

2.4 XuMuueckas nocyaa

Kak u3mepenue oO0bEMOB pacTBOPOB, TaK W B3BEIIMBAHHUE HCIOJIb3YEMOTO
BELIECTBA COCTABIISAIOT BAXKHYIO AHAJIUTHUYECKYIO OMNEPALMIO B THTPUMETPUUECKOM
aHaJIu3e.

Jlns usMepeHuss OOBEMOB pPACTBOPOB, HEOOXOJUMBIX [JIsl MPOBEACHUS
M3MEPEHHM, MCHOJIb3YIOT COCYJIbl C BMECTUMOCTBIO C OINPEAECICHHOW TOYHOCTHIO,
KOTOPBIE HA3bIBAIOT MEPHOM MOCYAOM.

[To TOCT 1770 npenbsiBisitorcsi TpeOOBaHHUS K M3TOTOBJIECHUIO MEPHOW MOCY/IbI
(TpeOoBaHMsI K pa3MepaMm), TEXHHYECKHE TpeOOBaHUS K OCHOBHBIM IIapamMeTpam,
TpeOOBaHUs TMPUEMKA M  UCHBITAHUM MEpPHOM TOCYZAbl, a TaKk e TpeOOBaHUS K

MAapKHUPOBKE, YIIAKOBKEC, TPAHCIIOPTUPOBAHHIO U XPAHCHUTO IMOCY/IbI.
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CoOmrofieHrie  yCTAaHOBJICHHBIX TPEOOBaHUI 00ECIEUMBACT TAPAHTUPOBAHHOE
MOJITBEP)KIICHAE KAuecTBa WCIIOJIL3YeMOW J1a0OpaTOpHONM MEpPHOM TMOCYHAbl,  YTO
Ype3BbIYAIHO BAKHO I IPOBEICHUS U3MEPEHU.

H3mepenne o00BEMOB pPAacTBOPOB W E€MKOCTH MEPHOM TIOCYABI BaXHO
IPOBOJUTH C JOCTATOYHOM TOYHOCTHIO, TaK KaK OIIMOKH, BOSHUKIIUE B PE3yjbTaTe
U3MEpEHUs, O00YyCNaBIMBAIOT OIIMOKM B OKOHYATEIHHOM pacueTe pe3ybTaToB
aHaiau3a.

Takum 00pa3oM, NpU U3MEpPEeHUH OOBEMOB PACTBOPOB BAXHO COOIIOJATH
o011iee MPaBUIIO U3MEPEHUH, 3aKIII0YAIOIIEeCs] B TOM, YTO YEM MEHbIIIE U3MepsieMast
BEJIMUMHA, TeM OoJibllie OyAeT OTHOCHUTENIbHAs OIIMOKAa MpU OJHONW W TOU XKe
abcomoTHOM ommbOke. CregoBaTelbHO, Mayible OOBEMBbI HE CIEAYEeT H3MEPSTh
cocyiamMu 0OJIbIIIONH BMECTUMOCTH.

Bmectumocth 1ab0paTOpHOl MEpHOM MOCYABbl MOXET OBITh H3MEpeHa
CJIEYIOIUM 00pa3oM:

- B IMTpax (J1) U €ro J0JIAX - MILIWINTPAX;

- B KyOMueckux meTpax (M3) u ero monsax - KyOumueckux gemumerpax (am3),
KyOuueckux cantumerpax (cm3) .

Jlnst mpoBeneHusT TOYHBIX HM3MEPEHHN O0BEMOB HCMOJB3YIOT CIECIHAIBHYIO
MEPHYIO MOCY/y, B YaCTHOCTU MEPHBIE KOJIObI, MUIETKHA U MEH3YPKHU.

MepHasi nocyaa HM3roTaBIMBAETCS JIBYX KJIACCOB TOYHOCTH - MEPBOTO (I
0oJiee BBICOKOW TOYHOCTH M3MEPEHMiI) U BTOPOTO (/Jis1 MPOBEACHUS MEHEE TOYHBIX
HU3MEPEHUN).

MepHbie KOJIObI MPECTABISIOT COOON KPYTIIbIE MJIOCKOIOHHBIE COCY/IBI C Y3KUM
JUIMHHBIM ~ TOpJioM (IIeWKOM) W TMpeaHa3HA4eHbl IS OTMEPUBAHUSI TOYHOTO
HeoOxomumoro o0beMa. Ha 1melike HaHeceHa KOJbIIEBas METKA, J0 KOTOPOM cliemyeT
HaMoOJIHATh KOJIOYy, €CJIM HArOJIHUTh MEPHBIN COCYJ JKUIKOCTBIO TOYHO JI0 METKH, TO
00BEM KUAKOCTU MPY KOMHATHOM Temrieparype OyneT COOTBETCTBOBATh BMECTUMOCTH,

YKa3aHHOU Ha CTEHKE COCyJa.
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MepHble KOJOBI JO/DKHBI HM3TOTABIMBATHCS — IEPBOrO KM BTOPOrO KIIACCOB
TOYHOCTH, IIPH 3TOM JOIYCTUMBI YEThIPE PA3IMYHBIX BHIA UCIIOIHEHUS (CM. PHCYHOK
10 u pucynok 11).
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Pucynok 11 — Tpertuit 1 ueTBepThIN BUJ UCTIOHEHHSI MEPHBIX KOJIO
TpeboBaHuUsl K U3TOTOBJICHUIO MEPHBIX KOJIO (TpeOOBaHUs K pazMepaM) JUIsl ISt
TPEThETO M YETBEPTOrO BHUJIA UCIIOJHEHUS , MPHUBEICHBI B TaOnuie 4, s MEePBOro U
BTOPOT'O BHJIA MCTIOJTHEHUSI B TAOHIIE 5.
Taonunad — TpeboBaHus K pazmMepaM MEpPHBIX KOJIO TPETHETO M YETBEPTOrO BHJIA

HUCIIOJIHCHUA

Pasmepsl, MM
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BmectimMocTb d H +10 D D, S, He menee | OOo3HaYeHHUE
KOJIO, MIT KOHYCa 10
I'OCT 8682
50; 55 Or 10 o 12 185 50 35 0,8 10/19
100; 110 Or 12 o 14 235 60 40
200; 220 Or 14 o 17 265 75 50 0,9 14/23
Tabmuma 5 — TpeGoBanusi K pa3MepaM MEpHBIX KOJO MEPBOrO M BTOPOrO BHIA
HCITOJIHCHUA
Pazmepsl, Mm
HomunaneHas d H D D, |S, wue | O6o3HaueHue MuHnMaasHOE
BMECTHMOCTb, | KOJI0 MEHee | KOHyca 0 | paccTosiHUE
MII KJ1acca I'OCT 8382 00BEMHON PUCKH
TOYHOCTU oT Mecra
1 2 WU3MEHEHUS
pa3mepa
CEUeHHUS, HE
MeHee
5 Or 6/ Or6|70 |22 |15 0,8 7116 5
no8 | no 10
10 Or 6/0Or 6|9 |27 |18 5
o 8 no 10
25 Or 8 o 10 110 |40 |25 7116 5
10/19
50 Orl0mo12 | 140 |50 |35 10/19 10
100 Orl2mo14 |170 |60 |40 12/21 10
200 Orl4mo17 210 |75 |50 0,9 14/23 10
250 Orl4mol17 |220 |80 |55 10
300 Orl4mol17 | 240 |84 |60 14/23 10
500 Or 17 mo 21 260 | 100 | 70 14/23 15
19/26
1000 Or2l mo25 |300 |125 |85 12 19/26 15
24129
2000 Or25m030 |370 (160 | 110 19/26 15
29/32
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[Ipu »TOM 00sI3aTENLHBIM TPEOOBAHUEM IPU KOHTPOJIE KAUYECTBA BBITYCKAEMBIX
MEpHBIX KOJIO SIBJIAETCSI HAaHECEHHWE YCIOBHOro oOo3HaueHus. [Ipumep ycioBHOro
0003HAYECHUST MEPHOM KOJIOBI MCIIOJHEHUST 2, BMecTUMOCThI0 100 MiI, BTOpOTro Kiacca
toydoctu: Konba 2-100-2 TOCT 1770.

MepHble NUMETKU MPEACTABISIOT COO0M TOHKHE CTEKJISTHHBIE TPYOKH JMOO ¢
paclIMpeHrueM B CpeHEeW 4acTu, HaJ KOTOPBIM MMEETCS KOJbIIEBAas METKA, Tak
Ha3bIBaeMble MUMETKH Mopa, Tub0 ¢ rpaayupoBKOM - rpagydpOBaHHBIC MUIETKH,
MoKa3aHHbIC HAa pucyHKe 12. OHM mpeaHa3HauYeHBI 111 TOYHOTO U3MEPEHHS 00BEMOB
Ha BBUIMBAHHE. JTO O3HAYAET, YTO €CJIM 3alOJHUTHh IMHUIETKY J0 METKH, a 3aTEM
BBUIUTH JKHJIKOCTh, €€ 00BEM OYyJIeT COOTBETCTBOBATh BMECTUMOCTHU, YKa3aHHOW Ha
nuneTtke. BMectumMocTh ux - o0br4HO OT 1 70 100 Mt - yKa3pIBaeTCs U3TOTOBUTENIEM
B BEpPXHEN WM cpeaHeld 4dacTd. [IuneTkn BMECTUMOCTBIO MeHee | MII Ha3bIBalOT
MUKpPONUIIETKAMH; C WX IIOMOIIBIO MOXHO OTOMpaTh OOBEMBI, H3MEPSIEMBbIC

ACCATBIMU U COTBIMU OOJIAMH MUJUIAJIATPA.

a) 6)

Pucynok 12 - ITunetku: a - nunetku Mopa; 0 — rpaayupoBaHHas
CymecTByeT creuuanbHass TEXHUKa pabOTbl C MEpHOW MUIETKOM,
3aKJIIOYAIOIIASACS B CIEAYIOIIEM:
1. B cooTBeTcTBMM C TIpaBWJIAMH MBIThS MOCYAbl TMHIETKY XOPOLIO

MIPOMBIBAOT OJTHOW U3 MOIOIIHUX CMECEU, a 3aTEM BOJOM.
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2. Ilepen TeM kak HaOUpaTh PacTBOP B MUIIETKY, €€ IBAXKIbI 3TUM PACTBOPOM
ONnoJackuBaroT. s 3Toro OepyT mUNETKy MpaBoid PYKOM, Aep:Ka BEPXHHI KOHEIl
(BpIlIe METKH) OONBIIMM M CPEJHUM TNajbllaMH, MOTPYXKAIOT HIKHUA KOHEIl
MUIIETKH B PacTBOP M 3acachlBalOT €ro C MOMOIIBIO TPy IO TeX MOp, MOKa
YPOBEHb XUAKOCTA HE MOJHUMETCA OO PACIIMPEHHOM YacTH MNHUIETKH. 3aTeM
3aKpBIBAIOT BEPXHUM KOHEIl YKa3aTEJIbHbIM NaJbLEM W BBIHUMAIOT IUIETKY W3
KoJObI. Jlepka ee Ham cTakaHOM, MPHUAAIOT € TOPU30HTAIHHOE TOJIOKCHHE W,
Bpamass M 4YyTh HAKJIOHSS IUIIETKY, CMAuMBalOT BHYTPEHHIOI MOBEPXHOCTH OT
HIDKHErO KOHIIA 10 METKM M HEMHOI'O BbIIIE. 3aT€M >XKHJIKOCTb CIIMBAIOT YEpe3
HKHUM KOHELl MUIIETKH M MOBTOPSIOT OmnoJiackuBaHue. Henb3s cimBath pacTBOp
Yyepe3 BEPXHUM KOHEI MUIETKH, T.K. KUJKOCTh MOKET MOIMACTh B TPYIILY.

3. st oTOopa pacTBOpa UCHOJB3YIOT T€ K€ IPUEMbBI, HO BCACBhIBAIOT KUJKOCTh
0 YPOBHS, HEMHOI'O MPEBBIMIAIOIIETO METKY. BBIHUMAOT MUIIETKY W3 PacTBOpA.
JleBoii pykoil OOTHpAIOT CHapYyXH HIDKHIOIO 4YacTh IUIETKH  IOJOCKOH
(uIbTpOBaAILHON Oymaru.

4. Jlepxa MUMNETKY BEPTUKAIBHO M HAKJIOHSSA COCYH, U3 KOTOPOro OTOMpau
pacTBOp, MPUKACAIOTCS KOHYMKOM NUINETKH K ee cTeHke. Jlamee ocmalisst Haxum
YKa3aTeJIbHOTO MaJblla, BRIMYCKAIOT U3 MUIETKH MO KaIUIIM M30BITOK pacTBOpa [0
T€X MOp, MOKa MEHUCK HE JOWAET 10 MeTKHU. [Ipu 3ToM MeTKa HOJIKHA HaXOAUThCS
Ha ypoBHe ri1a3. CHOBa NPUKUMAIOT MaJIell K BEPXHEMY Kparo MUIETKU U MEPEHOCST
OTOOpaHHYIO JKUJIKOCTh B Apyroi cocya. [logHMMaTh U nepeHOCUTh HANIOJHEHHYIO
MUTIETKY HY>KHO TUIABHO, T.K. TIPU PE3KUX JIBHXKEHUSAX KUIKOCTh MOXKET BBUIUTHCS U3
HEe.

5. K cTeHke cocyna MPUCIOHSAIOT HUKHUM KOHEI| MUIETKH U OTKPBIBAIOT €€
BEepXHMI KoHell. J[aroT *Kuakoctu cBoOOAHO cTeub. Koria BbITekaHue MpeKpaTUTCs,
xayT emie 10-15 cexynn. HeGompiryro 4vacTh pacTBopa, KOTOpas OCTaeTcsi B
MUATIETKE, HEb3sl BBIAYBaTh WM CTPSXHBATh, MPU CTPOTOM COOJIFONCHUH TPABUI

paboThI ¢ MUMETKON ATa YacTh BCera OyAeT OJIMHAKOBOM.
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He MeHee BaXXHbIM BHIOM MEPHOM MOCYZAbI, HCIOJIb3yEMOM B aHaIMU3e,

SABJIAIOTCA MCPHBIC MCH3YPKHU, IIPUMEP HCIIOJIHCHUA KOTOPLIX IPHUBCACH HA PUCYHKC

13.

Pucynok 13 — MepHas MeH3ypKka

MepHbIe MEH3YPKH JOKHBI OBITh H3TOTOBJICHBI B COOTBETCTBUU C TabmIeH 6 [].

Tabnuua 6 — TpeboBaHUs K pa3MepaM MEPHBIX MEH3YpPOK

Pazmepsl, Mm

BmectimMocTs H D l, He S
MEH3YPOK, MJI MeHee
Homuna | Ilpen. | Homu | Ilpen. | Homm | Ilpen. Homn IIpen.
JbHOE | OTKJIO | HaubH | OTKIOH | HaIRH | OTKIOH HaibH | OTkioHe
HEHHE oe €HHUE oe CHUE oe HHE
50 80 +5 46 +2 32 +2 50 15 -0,5
100 100 56 38 65 +0,8
250 120 75 55 80 1,7 +0,6
500 150 +10 95 +3 70 +3 100
1000 170 122 90 130 2,0

[Tpumep yciaoBHOTO 0003HAYEHUST MEH3YPKH BMECTUMOCTHIO 50 Mi1: MeH3ypka

50T'OCT 1770.

Tak >xe BBIICISIOT 00IIKe TpaBuiia paboThl ¢ MEpHOU Tocy 1o [2]:
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1. Ob6s3aTenbHBIM TPeOOBAHMEM SIBIIICTCS TO, YTO MEpHas TOCyAa TOJDKHA
ObITh yncTOW. O YHCTOTE CTEKISHHBIX COCY/IOB CYHIST IO CMAaYMBAEMOCTH CTEHOK
cocy/a BOJIOM: Ha YUCTOM CTEKJIE OCTAeTCs CIUIOIIHAA TOHKas IUICHKA BJard, TOTa
KaK Ha 3arpsi3HEHHOMN TOBEPXHOCTH BjIara COOMpaeTcs B KarlIH.

2. Henb3st XpaHUTh PacTBOPHI B MEPHOH MOCY/IE.

5. Ilpu ycTaHOBJICHUU YPOBHS pacTBOpa Ha METKH KOJIOBI MJIM MUIIETKH Trjiasza
HaOmoarens JOJDKHBI HAaXOJIUThCS HAa YPOBHE HHMXKHETO TEMHOTO BOTHYTOIO
MEHHMCKa JIJI1 MPO3PAYHBIX PACTBOPOB WJIM BEPXHETO POBHOTO Kpash MEHUCKA IS
OKpAIIIEHHBIX TEMHBIX PACTBOPOB.

6. Henb3s BeIIyBaTh )KUAKOCTh U3 MUIIETKHU.

7. HI/IHGTKy CJICOYCT 3aIllOJIHATH TOJIBKO C IIOMOIIBIO p€3HHOBOﬁ I'pyuiu.

3 Pemenune usmepuTebHOM 3a a9
3.1 IIpuroroByieHue HEOOXOAUMBIX PACTBOPOB
3.1.1 IIpurorosiienue 0y(pepHbIX (CTAHAAPTHBIX) PACTBOPOB

CrannapTtHbie OyQepHble PacTBOPHI HCIOJB3YIOTCS JUIsl KaauOpoBku PH —
AJIEKTPOJAOB W JJIs MPOBEPKH UX padoThl. CamMoe TJIaBHOE KadyecTBO OydepHOro
pacTtBopa — 3710 Oy(depHast EMKOCTb, UTO TIOMOTa€T COXPaHATh OCTOSTHHOE 3HAUEHHUE
PH, naxxe B TOM cily4ae, €Ciii B HEro BBOZSTCS BEIlIECTBA U3BHE.

BydepHbie pacTBOpbl HEOOXOAUMBI B padOTe sl NPOBECHUS KAITUOPOBKU
ANEKTPOJIA, UCIIOJIB3YEMOIO JIIsl IPOBEIEHUS U3MEPEHUI METOOM
MOTEHIIMOMETPUYECKOTO TUTPOBAHUSI.

Jns  npurotoBieHus Oy(depHOro pacTBOpa HCHOJIB3YIOT (PUKCAHAIIBI.
@dukcaHai MpeACTaBIseT COOOM 3amassHHYI0 amIyjy C KOJMYECTBOM BEIIECTBA,
HEO0OXOIUMBIM JUIsl IPUTOTOBJIEHUS | J1 pacTBOpa TOUHO U3BECTHOW KOHLIEHTPAIUU.

Jlnst mpurotoBneHuss Oy(epHBIX PacTBOPOB MOHAAO0ATCA (UKCAHAIBI CO
3HauenneM pH =4,01; 7,00 u 9,21.

TexHonorus MNPUTOTOBIICHUSI pacTBOopa M3 (PUKcaHaga CBOAUTCS K TOMY,
YTOOBl KOJMYECTBEHHO MIEPEHECTH COACPKUMOE aMIyjbl B MEpHYIO KOOy

eMKoCThI0 1 7. [[;s1 aTOro copep>kMMoe ammyJibl BBICBITACTCS B MEPHYIO KOJIOY,
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IIOCJIE YEro pacTBOPSAETCS IIOCTENEHHO BOJIOM, MIOCTOSSHHO TPH  3TOM
MEPEMEIINBACTCA COAEPKUMOE KOJOBI, MOJYYEHHBIN pacTBOpP JOBOAUTCS A0 METKHU

1 1 BOmOM.

3.1.2 IIpuroroBiieHne CTAHAAPT-TUTPA KUCJIOTA COJISTHASI

[lepen mnpuMeHeHHEM CTaHIAPT- TUTPOB HEOOXOIMMO CHSTh HAAMKHCH C
aMITyJIbl M €€ HAPYXKHYI0 HOBEPXHOCTb INPOMBITH JMCTUIUIMPOBAHHOW BOJOH. B
mepHyto Kooy (1000 cm®) ycranaBnmpaioT BOpoHKy auamerpom 9-10 cm. Jlns
MIPUTOTOBJIEHUSI PACTBOPOB JKHJIKUX CTaHAAPT-TUTPOB B BOPOHKY BCTABIISIIOT
burypsslii 60ek (MIyT B KOMIUIEKTE C aMmmyJiaMH) C YTOJIICHUEM. AMIYIy
ylIapstoT o 60ek, mpobuBas JOHLE, U IPYrUM OOWKOM NMpoOMBaI0 BEPXHIOK YacTb
aMITyJibl, 4YTOOBI COJEPKMMOE IOJIHOCTBIO BBIIUIO. BHYTPEHHIOIO MHOBEPXHOCTb
aMITyJIbl TIIATEIbHO IPOMBIBAIOT JIHUCTUJUIMPOBAHHOM BOJOM, HE U3MEHSSA €€
nosioxxeHuss. Ilocie TOro, kKak coAEpKUMOE aMIlyjbl MOJHOCTBIO PacTBOPUTCH,
00BbeM KHAKOCTH H0BOAAT n0 1000 cM®, mpw 5TO TINATENHHO INEPEMEIIMBAIOT

pacTBop.

3.1.3 IMpurorosienne pacreopa AgNOs

Jlnst mpoBeneHusT TUTPUMETPUUECKOTO aHaliM3a HEOO0XOJUMO TMOJTOTOBUTH
pabouuii pacTBOp, B JAHHOM ClTydae B KQ4eCTBE TUTPAHTA BBICTYITA€T a30THOKHUCIIOE
cepedbpo AgNO;.

B cootBerctBumn ¢ ®CII [6] HeoOxoaumo npurotoButh pactBop AgNO; 0,05
M.

[Ipexne Bcero, ciemyer ompeaenuThcs ¢ HaBeckoil BemiectBa AQGNO;,
ucnoiab3ys popmyny (1) onpeneneHust MOJIIPHON KOHIIEHTPAIUU.

[IpeoOpa3ys dhopmyny s onpenenerus maccel AGNOs, mosrydaem:

0,05-169,87-1000
1000

mM(AgNO;) = = 8,49 (1).
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JUis  B3BemIMBaHHWS UCIHOJIB3yeM Jabopatopuele Beckl  «Mechaniki
Precyzyjnej Zaclady», mo3BoJisifonue MPOBOJHWTH B3BEHIUBAHWE C TOYHOCTHIO
0,0001.

HaBecky AQGNOj; BbICHIIAIOT B MEPHYIO KOJOY, M IMOCTENEHHO PaCTBOPSIOT
BOJOW, TOCTOSIHHO MpPH ATOM TepeMelrBas coaepxkumoe Koiobl. [lomyueHHBbIH
pPacTBOpP JOBOJUTCA 10 METKHU | T BOMIOM.

3.14 IIpurorosienne pU3M0I0ru4€CKOro pacTBopa

B 1000 cM nucTuaIupoBaHHOM BOJBI PACTBOPSAIOT 9 I' XMMUUYECKH YHUCTOTO
XJIOPUCTOTO HaTpus. PacTBOp AOBOIAT A0 KUIMEHHS, OXJAKIAIOT, (QUIBTPYIOT
yepe3 OyMaxHbId (UIBTP, Pa3IMBAIOT B KOJIOBI UKW POOUPKHU U CTeprin3yroT 20

MUH B aBTOKJaBe npu temneparype 120 °C.

3.2 HeucnpaBHOCTH M HX ycTPaHeHUe npu usmepennsx pH

[IpoGnembl, BO3HMKAIOIIME TpU U3MEpeHHsX pH, MOryT uMeTh pa3jiudHbIe
WCTOYHHUKH, HAUMHAS ¢ M3MEPUTEIIS, KaOels M AJIEKTPoJia U 3aKaHuuBasi Oy(hepHbIMU
pacTBOopaMM, TemIepaTypoid usMepeHus u oOpasinoMm (metomom). HeobGxomumo
oOparmiath 0c000€ BHUIMaHUE Ha CUMIITOMBI — 3TO MOKET IIOMOYb B TTOMCKE TPUIUHBI
BO3HUKHOBEHUS TTPOOIICMBI.

Tao6nuua 7 —IIpuurHbl 1 CHUMIITOMBI HEUCTIPABHOCTEHN Tipu u3mMepeHuu pH

CUMIITOMBI HEUCITPABHOCTEM Crnioco6 yctpaHeHus

ITokazanus ciumikoM | [IpoBepka usmepurens, kabels, 3JIEKTPoja,

BBICOKME/HU3KHWE WM HaXOIATCS | KATMOPOBOYHOM MPOIIENYphl U TEMIIEPATypPhl

3a IpeaesaMy Kb oOpasia
3HaYCHUE HE MEHSAETCS [IpoBepka uzmepurens, kadess, JIEKTPoaa
MenjieHHOE BpeMsl OTKIIMKA [TpoBepka anexTpoaa u oopasia/mMeroaa

Bricokoe CMELIEHUE nocie | [Ipoepka snexrpona, OypepHoro pactBopa u

KaJTMOpPOBKHU KaJTMOPOBOYHOM MPOIIEAYPHI

Huzkuii  yrmoBoit  koaddunuent | [Iposepka snekrpona, OypepHBIX pacTBOPOB

MOCJie KaTMOPOBKU U KaTuOpOBOYHOM MPOIIETYPhI
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Ommbka KamnOpOBKH [TpoBepka um3Mmepurens, Kabems, AJIEKTpoJa,
Oy(depHBIX pacTBOPOB H KaIMOPOBOYHOMN

pOLETypbI

Hpeiidyromiue nokasanus | [IpoBepka snexrposa u oOpasia/meToa

W3MEpPECHUN

3.2.1 IlpoBepka u3mepures U Kadesst

CumntoMsl npobsiem ¢ pH-meTpoM uiam kabeneM — 3TO OOBIYHO MOKa3aHUs
BHE IIKaJIbl, HCU3MEHHbIC MOKa3aHUSI UM OTCYTCTBHUE MOKa3zaHUM. J{Jist TOro, 4To0sI
MPOBEPUTH, UCXOJIUT M MpOOJIEeMa OT HU3MEPHUTENd WM KaOels, BOCIOJIb3yeMCs
CIIEAYIOLIUM aJIrOPUTMOM.

Bo-nepBbix, npoepka pH Metpa. Eciau ero MOXHO BKIIFOUUTH B PO3ETKY, TO
MOXHO NPHUCTYNATh K CIEAYIOIIEMY IYHKTY IPOBEPKH, €CIU HET, HEOOXOIUMO
3aMEHUTh OaTapero WK MPOBEPUTh UCTOUYHUK TOKA.

Bo-BTOpBIX, IEPEKITIOYEHUE MPUOOPA B PEXKUM «mV», IPU 3TOM HPOBEPSAETCA
3HaYeHHe MOTEHIIMAJIa C IOMOILbIO 3arayuku. [lokazanue nomxHO ObITh paBHO 0 MB
(¥rTounocTs u3Mmepurens). Ecau 310 He Tak, HEOOXOAMMO MPOBEPUTH 3a3eMJIEH JIH
0JIOK HaJyIeXallM 00pa30M UJTM BKIIFOUEH JIM OH B CTEHHYIO PO3ETKY.

B-tperbux, mpoBepka nokazanus B pexume «mVy» npu pH 4.01, 7.00 u 9,18,
ucnonp3ys cumyisatop pH. JlomkHbl ObITh MOJy4eHBI TOKa3aHus nopsigka 0 mB u
+180 MB coorBercTtBeHHO. Ecmm 3TM  3HaYeHUs HE MOJNYy4arOTCs, MOMKET
noTpeOOBaTHCS 3aBOACKAs PETYIUPOBKA UM PEMOHT.

B-uerBepThIX, NpOBEpKa BCEX COEAMHEHWW. Ecnu 2IekTpon uMmeer
OTCOeIMHSAEMbIII  Kabenb, MPOBEPUTh €ro, 3aMEHUB MACHTUYHbIM. Eciu
HCIIOJIB3YETCS AJEKTPOA C 3aKperyiEHHbIM KabelieM, TOTJa MpOBEpsETCs, €CTh JIU
W3MEHEHUE CUTHAJIA MPpU crude Kabdens.

Ecnu BellIeyka3aHHOE HCIPABICHO, a MPU HM3MEPEHUAX OOHAPYKUBAIOTCS

OIIKUOKH, HEOOXOAMMO MEPEUTH K MTPOBEPKE TEMIIEPATYphl 00pasiia U MPUMEHEHHUS.

3.2.2 [IpoBepka TeMnepaTypsbl 06pa3na U NpuMeHeHUus
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Cumrnromamu npoOJjeM ¢ METOAMKOW M3MEPEHUS! WM 3JIEKTPOAOM SIBIISIOTCS
apeidyromnye moka3zaHus U3MEPEeHNN, MEIJICHHBIN OTKIIMK 3JIEKTPO/Ia U HEOOBIYHOE
YUCJIO OTKa30B anekTponaa. [IpoBens cinenyromuye TECThl, BBISBISETCS, UCXOAUT JIU
npobiieMa ot obpasia.

— HWsmepenne mV curnana cexero 0ydepnoro pactsopa ¢ pH 4.01 wm pH
7.00 mpu MOCTOSIHHOM KOMHATHOM TeMIlepaType U MPOBEpPKa BpEeMsS OTKIIMKA
ANEKTPOJa, MOTeHIManbsl paBHbl —146,4 MB/pH u 7,2 MB cooTBeTCTBEHHO.
3areM TMOTPY3UTh OIEKTPod B OydepHbIi pacTBOp C OTIHYHBIM OT
npeasinymiero pH, nonoxaate 30 cekyna. [lomyunnu 3HaueHUE MOTEHIHAIA
anekTpoaa paBHbIM -115,8, mpu sTom B Teuenue 30 cekyHa HaAOIIOgaEM, YTO
MOTEHIINAJI He U3MEHHIICS OoJibllle YeM Ha +2 MB, 4T0 B OpsAIKE HOPMBI.

— IlpoBepka Temnepatypsbl (ocTaércsd U TemmnepaTrypa oOpasla MOCTOSIHHOW BO
BpeMsa wu3MepeHus). Ilockombky pH oOpasma 3aBUCHMM OT TeMIlepaTypbl
3HaueHus: OynyT npeiidpoBaTh, MOKa oOpas3el] HE JOCTUTHET MOCTOSIHHOM
TEMIIEpaTyphbl.
3.2.2.1 TemnepaTypHasi 3aBUCMMOCTb JJIeKTPOa

TemnepaTypa BIMsIET Ha 3JIEKTPO] HECKOJIBKMUMH Pa3IUUYHBIMU CIIOCOOaMHU:

— VYrnosoit korpduument. Ilpu s3ToM wucnonsdyercs ypaBHenue HepHcra,
JAIolee COOTHOUIEHWE MEXAY M3MEPEHHbIM W pEalbHbIM 3HAYEHUSIMU
pH of0pasua mns pH-anekTtpoma, U MOXHO YBUIETh, 4YTO YTIJIOBOU

KO PUIMEHT COAEPKUT TEMIEepaTypy B KEIbBHHAX:

E=E0+2,3*%*l0g10a,,+ §)

Korma moncraBieHbl Bce uMcia, Kpome TemiepaTypbl B keiabBuHax (1),
MOJIy4aeMm:
E=EQ—-0.198-T-pH

N3 »TOro ypaBHEHHs] MOXHO SICHO YBUIETh, YTO YIJIOBOM KO3(PQHULMEHT
3JIEKTPOJA JIMHEMHO 3aBUCUT OT Temneparypel. MW3-3a 3Tol  nuHEWHON

3aBUCHUMOCTH IIOBCACHUC ITIOJIHOCTBIO IMpCACKasyeMo " MOXKCT OBITH
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CKOMIIEHCUpPOBAaHO ¢ Tiomoupto pH-meTpa W 35ekTpoga €O  BCTPOEHHBIM
TEeMITEpaTyPHBIM CEHCOPOM.
- Touka nepeceueHus: U30TEPM.

Touka mnepeceyeHUs] HM30TEPM 3aBUCUT OT TMOBEJCHUS WHAUBUIYAIbHBIX
noteHraioB oT E1 1o E6 u sBisieTcss XapaKTepUCTUKOM KaXKA0ro sjiekrposa. s
UJCANbHOIO  DJIEKTpOAa  JIMHUM  KaduOpPOBKM  Pa3IUYHBIX  TeMIIepaTyp
nepecekannuch Obl B HyjdeBoi Touke oanektpoma (pH 7.00 mpu 0 mB), a
yraoBod  ko3dduiment Bcerga Ob1 OBl MPOMOPIMOHATEH — aOCOMIOTHOU
TeMIiepaType.

[TockonbKy oOmuit motenuan pH-anekTposa SBIsSeTCs CyMMOM MOTEHIIUAIOB
E1 — E6, xaxaplii W3 KOTOPHIX HMMEET CBOI OTHOCHUTEIBHYIO TEMIIEpaTypHYIO
3aBUCUMOCTh, TOYKA TEPECEUEHUsT HU30TEPM HE BCErJa MOXET COBIAJaTh C
HYJIEBOW TOUKOM AJIEKTPOJA.

BaxxHo, 9TOOBI TOYKa MepecedeHuss M30TePM W HyJeBas TOYKA AIICKTPOJa
OBLTM KaKk MOXXHO OJIMKe JAPYyr K JAPYyry, Tak Kak 4yem Ommke oHU K pH 7, Tem
MEHbIIIe OyAeT MOTPENTHOCTh B TEMIIEPATypHOU KOMIeHcanuu. l[lorpemHocTs
U3MEpPEHUS  BO3PACTa€T C  YBEIWYCHHUEM  PA3HUIBI  TeMIEpaTtyp  MExXIy
pacTBOPOM CpaBHEHHUSI M pacTBOpOM oOpasiia. OTH MOTPEITHOCTH MOTYT
nocrurate mopsaka 0.1 emuamn, pH. Hawmbomee TtouyHoe 3Hauenme pH
MOJIy4aeTcsl TPU MJICHTUYHOCTH TEMIIEpaTyp KaauOpOBOYHOTO pacTBopa U
pactBopa obpasia.

OTH NOTPENTHOCTH U3MEPEHUS TPONILTFOCTPUPOBAHBI HA pUCYHKE 14.
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Pucynok 14- Touka nepeceueHust U30TePM: TEOPUs U MPAKTUKA.

Ecnu peanbHas TOYKa NEPECEUCHUSI H30TEPM HE COBMANAET C TEOPETUUECKOM,
MOTPEUIHOCTh M3MEPEHHSI MOXKET OBbITh JOCTATOYHO OOJBIIONW, B 3aBUCHMOCTH OT
pa3HMIIBI TEMIEpPaTyp MexAy oOpa3laMH WIM MEXKIy 0O0pa3loM U KaJIuOPOBKOIA.
bonee TOro, morpemiHOCTb MOXKET CTaThb 3HAYMTEIBHOW, €CIIM peajbHas TO4YKa
MEPECEUYCHHs] H30TE€PM OYEHb Jlajieka OT TEOPETHYECKON TOYKM MepeceyeHus
U30TEPM, a U3MEPEHUE U KATUOPOBKA MPOBOJMWINCH IPHU Pa3HbIX TEMIEPATYpPaX.

— JlanpHelue TemneparypHbie (PEHOMEHBI.

CkopoCcTh OTKJIMKA DJIEKTPOJla TaKKe MOXET ObIThb HEMOCTOSHHOW TpHU
MU3MEHEHMSIX TEMIIEPATypPbl MEX/y WIH BO BPEMsI H3MEPEHUI.

[Ipu OBICTPBIX M3MEHEHMSIX TEeMIlepaTypbl cpeAbl TpaJuLUOHHBIN pH-
aneKkTpoa OyaeT apeildoBaTh, MOKa TEMIIEpaTypa AJIEKTPOJa W CpeAbl HE CTaHET
OIMHAKOBOM. YTOOBI KOMOMHUPOBAHHBIA JJIEKTPOJ OBICTPO pearupoBajl Ha
M3MEHEHUsl Temrmeparypsl oOpaslia, Temneparypa BHyTpeHHero pH anektpoga u
BHEILIHETO JJIEKTPOAa CPaBHEHHUSA JOJDKHA OBITh HMJIEHTUYHOM, 4YTO BO3MOKHO
TOJIBKO TIPH CHUMMETPUYHOM HX PACIIOJIOKEHHUU.

— TemneparypHas 3aBUCUMOCTb U3MEPSIEMOTO 00pa3Ia.

Kaxnpiii pactBop o0Opasiia MMEeT XapaKTepHYI0 TeMIepaTypy U IMOBEICHUE

pH, xoTopsle MOryT OBITh BBIPAKEHbI C TIOMOIIbIO TaK Ha3bIBAEMOIO

TEeMIIEpaTypHOTO KO3 PUIMeHTa, ONMUCHIBAIOIIET0, KaK U3MeHseTcs 3HaueHue pH ¢
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n3MeHeHueM TemiepaTyphl. [lockonbky wu3meHeHune pH pasnmuyHO TSl KaKII0TO
oOpa3sia, ero Mo4TH HEeBO3MOKHO KOMITIEHCHPOBATb.

B nepByio ouepenb cienyeT OTMETHThb, YTO KOHCTAaHTa JUCCOIMAIIUU BOIbI
caMma 1o cebe 3aBHUCHUT OT Temmeparypbl. B dHcToii Boje ¢ pocTom
temriepatypel or 0 go 100 °C HeWTpanbHas Touka caBuraercs Ha 1.34
equHuIbl pH BHM3 B pe3ynbTaTe TEMIEpaTypHOM AMCCOLMALMM; TPYTUMHU
cinoBamu, Kw BOJIbI MOHUXKAETCS C YBEIMYEHHEM TEMIIEpPaTyphl.

CxomHOoe TOBeIeHUE HAOIIOMAcTCS B CIA0OBIX KHCIOTaX M OCHOBAHUSX,
MOCKOJIBKY X KOHCTaHThI IUCCOIMAIIUU TaKXKE 3aBUCIT OT TEMIIEPATYyPHI.
Temnepatypubiii  KO3(PGUIIMEHT ONMpEeAenseTcs JOBYMsS TMapaMeTpaMH:  3TO
K03 (UIMEHT aKTUBHOCTH () U KOHCTaHTa KUCIoTHOCTH (pKa).

TemnepaTypHasi 3aBUCHUMOCTh KOX((PUIIMEHTa aKTUBHOCTH 7Y CTaHOBUTCSA
OonpIlle MO Mepe yaaJdeHuss 3HadeHuss Yy OoT 1, TO ecTh TpU HAIAYUHU
OOJIBITIOTO  OTKJIOHCHHWS ~ aKTUBHOCTH  pacTBOpa OT  KOHIICHTpAIHMH. JTO
OCOOEHHO BEpHO I  KOHIEHTPUPOBAHHBIX  PAcCTBOPOB U  PACTBOPOB,
coJiep KalInX UOHBI C BEBICOKUM DJICKTPUUECKUM 3aPSI0OM.

Koncranta kucmotHoctn pKa Takke 3aBUCUT OT TEMIEPATyphbl, HO 3TO

COOTHOIICHUC HeHHHeﬁHO; 9TO 03HA4YacT, YTO IIOBCACHHC JUCCOIMAllNN

KUCJIOTBl M3MEHSETCS C TEMIEPaTypod. OTO TPUBOAUT K HW3MEHEHUSM B

KOHLIEHTpaLIUU HY W, CIENOBATElIbHO, peaJbHOM 3HaueHun pH 1pum
U3MEHEHUSAX B TEMIIEpaType.

B ob6mem ciyuae opraHUYecKHe CHCTEMBI «KHUCIOTa/OCHOBAHUEY TOKA3bIBAIOT
OoJiee BBICOKUHN TeMIepaTypHbId KOd(PHUIIMEHT, YeM HEOPTaHUYECKHUE CHCTEMBI, a
IICJIOYHBIC PACTBOPHI 0oJiee TeMIEPaTypHO 3aBUCHMBI, YeM KHUCJIOTHBIC PaCTBOPBI.
OTO NPOUJUTIOCTPUPOBAHO CICTYIOITUMU IPUMEPAMH

Tabnuna 8 — TemmnepaTypHbie KO3 HUITUESHTHI

pH 3Hauenue mpu: 20 °C 30 °C
0.001 mos/n HCI 3.00 3.00
0.001 monp/n NaOH 11.17 10.83
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docdartHbiil OypepHBI pacTBOP 7.43 7.40

THAM OydepHslii pacTBOp 7.84 7.56

OTH [puMepbl SCHO IMOKAa3bIBAIOT, YTO OOJIbIIME TEMIEPATypHBIE
KO3(p(UIIMEHTHI MOTYyT OBITh Jaxe B TOYTH HEWTpPaAIbHBIX pacTBOpax,
MIO3TOMY CJIEAyeT MNPUHHMATh B pacyéT Temmeparypy Hpu cpaBHeHun pH
U3MEpPEHUM, TOJY4YEeHHBIX TMpU  pa3IUYHbIX Temmeparypax. B wuzpeane
o0pasmpl cleayeT U3MEPATh NMPHU OJHON W TOU K€ TeMIlepaType, YTOObI WX MOYKHO
OBLIIO CPAaBHUBATb.

B oOmeM ciydyae HEBO3MOXKHO MPOBECTU TEMIEPATYPHYI) KOMIIEHCAIUIO
peanbHbIX HM3MeHeHud pH nns XuMuuyeckux pacTtBopoB. Tem He MeHee ObuM
COCTaBJieHbl ~ TaOMUIBI  TEMIEPATYpHOH  KOMIEHCAMU Ui  CTAHAAPTHBIX
Oy(epHbIX pacTBOpPOB. OTH TaOIMIBI TaKK€ HaXOAATCs B mamsatd Bcex pH-
merpoB Mettler Toledo w mnpu momkiIOYEHHH TEMIEPATypHOTO  CEHCOpa
UCIIOJIB3YIOTCSl aBTOMAaTHYeCKHU. biaromaps 3Tomy Ipu Temmneparype, npu KOTOpoi

MIPOUCXOJIUT KaTUOPOBKA, UCTOJB3yeTCsl TOUHOE 3HaYeHue pH 0ydepHoro pactBopa.

3.2.3 [IpoBepka no 6y¢pepHbIM paCTBOPAM U KaJIMOPOBKA

[IpoGnemsbl, cBs3aHHBIE C Oy(epHBIMH pacTBOpaMHu, YacTO NPUBOIAT K
HETOYHBIM 3HAYEHHUAM HU3MEpEeHHil (0osiee BBICOKKE WM OoJiee HU3KUE PE3YJIbTATHI,
4eM OKUAAJIOCh) MM K HECTIOCOOHOCTHU BBINIOJHUTH KaTUOPOBKY 1O 2 ToukaMm. Eciu
MPOBEPUTH CIIEAyIOUME (DAKTOPBI, TO MOXHO Yy3HaTh HCXOIUT JIM MpobiieMa OT
Oy(epHbIX pacTBOPOB:

— MHcnonb3oBath TONBKO CBeXxHE Oy(depHbie pacTBOpHI. s MpoBEpKH JaHHOTO
¢dakTopa ObUTH UCTIOIB30BaHBI U3HAYAIBLHO CTaphie OydepHbIC PaCTBOPHI, CPOK
TOJIHOCTH KOTOPBIX HEU3BECTEH, a 3aT€M IMPUTOTOBJIEHBI HOBBIE MO CIOCOOY,
onucaHHoMy B 3.1.1.

Jl71st TOTO, YTO MPOBEPUTH TToUueMy OydepHbIe PaCTBOPHI HEOOXOAUMO UCIOJIb30BATh
CBEXKHMH HEOOXOIMMO TMPOBECTH KaJIMOPOBKY MO AByM Toukam. [lpum sTom
ucnonb3yroTcss Oydepusie pactBopbl 4,01 u 9,18. I[lpum ucmonb3oBaHMM CTaphIX

pacTBOPOB, MOJYYWIM 3HAUYCHUE MOTeHUMaIa paBHbiM 1777 MB u -116,0 mMB
54



COOTBETCTBEHHO, SKCIIEPUMEHTAIbHbIE 3HAUCHUSI KPYTH3HBI KATHNOPOBOYHON KPUBOIA
-126,21 MB/pH. A npu HOBBIX pacTBOpax 3HaueHue noteHuuanst 173,7 mB u -111,3
MB, sKcriepuMeHTanbHBIE 3HAYCHHMS KPYTH3HBI KalauOpoBOUYHON KpuBoi -59,03
MB/pH. Teopetnueckue 3HaueHUs KPYyTU3HBI KaTUOPOBOYHOU KPUBOM paBHO -59,16
MB/pH. Co0oTBETCTBEHHO BHJIHO, YTO MOTPEIIHOCTh MPH MPOBEACHUU KaTUOPOBKH
cTapeiMu Oy(QepHBIMU pacTBOpaMu coctaBiisieT 67,05 mB, a cBexumu pasHa 0,13
MB, OTKyza MOXHO cpaenaTh BBIBOJ, UTO HEOOXOIAMMO CBOEBPEMEHHO MEHSITh
Oy(depHbie pacTBOPBI, CMOTPETh, YTOOBI OHM OBUIM YUCTHIMH, HE 3arpsS3HEHHBIMH,
IPU 3TOM XPAaHUJINCHh N0 YCTAHOBJIEHHBIM TpeOoBaHUAM. Eciam HET yBepeHHOCTH B
CpOKE€ TOJHOCTM W TPABUIBHOCTH OKCIUTyaTalldd pPacTBOPOB, HEOOXOIUMO
IPUTOTOBUTH CBEXKHUE.
— IlpoBepka cpoka romHoctu OydepHoro pactBopa. CBexue OydepHbIe
pacTBOpPBI NpUTOTOBJIEHBI 25.03.2016.
— IlpoBepka Habopa 0ydepubix pactBopoB. B pH-metpax METTLER TOLEDO
€CThb HECKOJBKO TIpynn Oy(epHbIX pacTBOPOB, M3 KOTOPBIX HCXOHAS W3
TEeMIIEpaTypbl HEOOXOIMMO BbIOpATh HYKHYIO.

Taonuna9 - Temneparypubie Tabnuisl 1is 0ydepusix pactsopos METTLER
TOLEDO

Temneparypa| Cranmaptasie pH 6ydepnsie pactBopst METTLER TOLEDO
5.0 167 202 401] 7.09| 945| 10.65| 10.25| 11.72
10.0 167 201 400| 7.06| 9.38| 10.39| 10.18| 11.54
15.0 1.67| 2.00| 400| 7.04| 932| 10.26| 10.12| 11.36
20.0 1.68| 2.00| 400| 7.02| 9.26| 10.13| 10.06| 11.18
25.0 168 | 2.00| 401| 7.00| 9.21| 10.00| 10.01| 11.00
30.0 168 199 401]| 6.99| 9.16 9.87 9.97 | 10.82
35.0 169 199 402 6.98| 9.11 9.74 9.93 | 10.64
40.0 169 198 4.03| 6.97| 9.06 9.61 9.89 | 10.46
45.0 170 198| 4.04| 6.97| 9.03 9.48 9.86 | 10.28
50.0 1.71) 198 | 4.06| 6.97| 8.99 9.35 9.83 | 10.10

— TlpoBepka mpaBUIBLHOM MOCHIEIOBATEILHOCTH OY(DEPHBIX PACTBOPOB BO BpeMs
KauOpoBKU. [laHHBIN M3MepuTeah TpeOyeT, YTOOBI KaTuOpOBKa MPOBOIUIIACH

B Hpe)IHHCﬂHHOﬁ IIOCJICA0OBATCIBbHOCTH.
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s Toro, 4toObl MPOBEPUTH NAHHBIA (DAaKTOp MPOBOAMIIACH KATMOpPOBKA C
M3MEHEHUEM TIOCIICIOBATEIHFHOCTH Oy (PEPHBIX paCTBOPOB.
Tao6nuimua l0 — Pesynbrarel KaIMOPOBKHU 3JIEKTPOJia MPH HU3MEHEHUU

MOCIIEA0BATEIHLHOCTH Oy(hEepHBIX PACTBOPOB.

No ombiTa [TocnenoBarenbHOCTh 3HaueHus Kkpytu3Hnbl | HyneBas
OydepHBIX pacTBOPOB KaJTMOPOBOYHOMN KPHUBOM, | TOUKA
MB/pH natuuka, pH
1 4,01, 7,00; 9,18 -57,56 6,968
2 4,01; 9,18; 7,00 -56,29 6,909
3 7,00; 9,18; 4,01 -99,63 7,442
4 7,00; 4,01, 9,18 -103,85 7,505
5 9,18; 4,01, 7,00 -101,21 7,518
6 9,18; 7,00; 4,01 -104,57 7,408
Teopernueckue -59,16 7
3HAYCHUS

— IlpoBepka, HaxoauTcsa v 3HadeHue pH oOpaslia B Auana3oHe KaauOpPOBKH.
Kaxnprit OydepHblii pacTBOp UMEET OMNpeeIEHHOE OTKJIOHEHHE (Hampumep,
+2 MB), Tak 4yTO U3MepeHne BHE NPEIETOB KAIMOPOBOYHOIO AUana3oHa BEIET
K TOTPEIIHOCTA B HM3MEPEHUH, OOJbIIEH, YeM JOMyCK, AaHHbIM OydepHbIM

pacTBOpPOM.

MorpelwHocTk GydepHoro pacTeopa B

mv
TOYKaX KanuopoBKu
——
N 002 0 +002

P pH
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Pucynok 15- Pe3ynbrathl KanuOpOBKH BHYTPH U BHE KaJTMOPOBOYHOTO JUANa30oHa
[TorpemHocTs npu U3MEpPEHUH BHYTPH U BHE KaauOpoBOYHOro nuamna3zoHa. Ha
rpaguke BHUIHO, YTO HETOYHOCTh NOTEHIMAlla BHE KaJMOPOBOYHBIX IPEEIOB
CTAaHOBUTCSI TeM OOJIbIIIE, YeM JaJbIlle U3MEPEHUE OT KAJTMOPOBOYHOTO JHMAra3oHa
(cBetno-ceprie nuUHUM). BHYTpH KanuOpOBOYHOIrO guama3oHa OIMIMOKa OCTaércs B
npeaenax onpeaenéHaon st Oydeproro pactBopa norpemHocty 0.02 pH (TémHO-
CepbI€ JINHUM).
[Ipyn ucnonb3zoBaHuu OyQpepHBIX PACTBOPOB HEOOXOJUMO BOCIOJIb30BATHCS
HEKOTOPBIMU COBETAMMU:
— Xpanutb OyTbuln C OyQepHBIM pacTBOPOM BCE BpeMs IUIOTHO
3aKpbITBIMU; HCIOJB30BaTh OTIUTHIA Oy(depHbIi pacTBOp cpaszy H
TOJIBKO OJIUH pPa3.
— He pomyckate mnonaganus 3arpsi3HeHUEl B OyTbulb € OydepHbIM
PacTBOPOM.
— XpaHuTh KanuMOpOBOYHBIA Oy(epHbId pacTBOp MpU KOMHATHOU
TEMIIepaType.
— He xpanutb OyTbuIM ¢ Oy(depHBIM PacTBOPOM Ha MPSIMOM COJTHEYHOM
CBETY.
— Hukorma He wHCMONIB30BaTh KaTMOPOBOYHBIN Oy(depHbIl pacTBOp C
UCTEKIIUM CPOKOM XPAHEHHUS WM €CIH €CTh MOAO3PEHHE, YTO OH

3arpsA3HEH.

3.2.4 lIpoBepKa 3/1IeKTpoOAa

CylecTBYIOT CHMIITOMBI, YKa3bIBAalOIIME HAa BO3MOXKHBIN OTKa3 3JIEKTpOJa:
HETOYHBIA WM MEJICHHBIA OTKINK, HeCTAOMIbHBIC MOKA3aHUs W/WIH TOKa3aHUs C
NOMeXaMH, MOKa3aHWsl BHE MpPENEesIOB IIKaJlbl, OTCYTCTBHE W3MEHEHHUS CUTHala U
HECIOCOOHOCTH BBIMOJIHATH KATMOPOBKY MO OOJIBIIOMY KOJIHMUECTBY TOUEK.

— IIpoBepka mV curnana. [Ipu npoBeaeHnn 3TOro TecTa CleayeT UCIOIb30BaTh

TOJIbKO CBexue OydepHbie pacTBOpbl. [Ipu 3TOM mpomcXoauM MpoBEpKa
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HYJIEBOTO MOTeHIMana. J[ias 5To BKIOYMB MOpUOOp B pexume «mVy,

norpyxaerca pH-anextpon B Oydepnbiii pactBop ¢ pH 7.00. Ilokazanwme

noipkHO ObITh 030 mV ¢ cuctemoit cpaBHeHUs cepedpo/xnopun cepedpa. Ha

JAHHOM JJIEKTpPOJi€ TOoKa3zaHue paBHO -5,7 MB. CoOTBETCTBEHHO, IdaHHBIN

ANEKTPOJ HMEET IOKa3aHWs, BXoAsmMe B aAuana3oH. COOTBETCTBEHHO,

oIKOKa 3JIEKTPOJIa B IPYrom, TpedyeTcs UCCaeA0BaTh CICAYIONINI BapHaHT.

OnexTpoa morpyxkaercs B Oydepusiii pactBop ¢ pH 4,01 (Takxke MOXKHO
ucnosibzoBath 10,00). Tenepr nokazaHue M3MEPUTENST TOJDKHO OBITh MO KpaiHe
Mepe Ha £150 mMB Oonbiie HyseBOro moreHiuana. B gaHHOM ciydae moiydaercs,
YTO 3HAuYC€HHWE TOoTeHIuana paBHo 1454 (pasnuna cocraBiuser 151,1, dro
COOTBETCTBYET JOJKHOMY).

— IIpoBepka anekTponuTa.

HyxHO mnpoBepuTh, NOCTATOYHO JM PACTBOpa DJJIEKTPOJIUTA CpPAaBHEHUSA B
aNeKTpoAe (3TO HE MPUMEHHMO K 3JIEKTPOJaM, HAIOJHEHHBIM TelieM). YPOBEHb
AIEKTPOIUTA JIOJKEH OBITh BBIIIC BHYTPEHHUX 3JEMEHTOB U BbIlIe oOpaslia Wiu
pacTBopa Mg XpaHEHUs JJEeKTpona. Bo BpeMs u3MepeHudl OTBEpPCTHE IS
3aMOJHEHUsI DJEKTPOJUTOM (OOKOBOE OTBEPCTHE) DJIEKTPOIOB, 3aNOJHIAEMbBIX
KUJTKOCTHIO, JJOJDKHO OBITH OTKPBITO.

[Ipu ocMOTpe BHYTPEHHETO MPOCTPAHCTBA IEKTPOa ObLIO OOHAPYKEHO, UTO
B DOJIEKTPOJIe TMPUCYTCTBYET ocaaok. Jlis Toro, 4ToObl yAQIUTh KPUCTAJUIbI
ANEKTPOJUTA BHYTPU U COJIEBBIE OTJOXEHUS CHAPYXKHU DHJIEKTPOJA MOXKHO
BOCII0JIB30BAaThCsl TUCTUIIIIMPOBAHHOM BOJIOM.

Tak >xe HeoOXoaAMMO OOpaTUTh BHUMaHWE, HAa TO, YTOOBI DJEKTPOJ ObLI
HaIOJHEH PAacTBOPOM MPABUIBHOTO 3JEKTPOIUTA. Tak Kak AJEKTPOJA MPU OCMOTPE
OOHapYyXKUJIOCh, YTO DBJEKTPOJ HMMEET OCaJ0K, a TaK >X€ HEU3BECTHO, KaKOH
ANEKTPOJUT COAEPKUT, HEOOXOAUMO 3aMEHUTh ero. Jljis 3Toro Tpedyercs CIuTh
AIEKTPOJUT U3 KaMephbl CPAaBHEHUSI, OMOJIOCHYTh I€MOHU3UPOBAHHOM BOJIOM U CHOBA
HAIlOJIHUTE CBEKUM PACTBOPOM DJIEKTPOJIUTA.

— Tlposepka pH-meMOpaHsbi:
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TpeOyetcst 0OpaTuTh BHIMaHUE HA TO, YTOOBI MeMOpaHa He Oblja MOBPEXKIICHA,
3arpsi3HCHA WK IeTHApaTUpoBaHa. JIJist 3TOro, MOXHO M B Ka4eCTBE MPO(DUIAKTHKH,
00e3xuputh pH-meMOpaHy, OMOJOCHYB €€ 3TaHOJIOM, AllETOHOM WM MBUIBHBIM
pacTBOpOM. 3aTeM peruaApaTupoBaTh MEMOPAHY, BEIMOYMB €€ B KUCJIOTHOM PacTBOPE
(manpumep, 0.1 mons/nm HCI).

Ecnu Bce BbllIenepeyucieHHbIE MEpPhl HE HM3MEHWIM TMOKa3aHWUS B JIYYIIYIO
CTOpOHY, TompoOylTe pereHepupoBatb pH-MeMOpaHy B peakTUBALIMOHHOM
pactBope, coaepxkamieM NH4HF2 B Teuenne 1-2 munyrt. IIpumensats 3Ty mepy
TOJIBKO B KpalfHEM CJIy4ae M TOJHKO Ha KOPOTKOE BpeMsl, TaK KaK PeaKTUBAIIMOHHBIN
pacTBOp MeIJICHHO pa3benaeT pH-memOpany.

— TlpoBepka Bo3pacTta 31€KTpo/a.

B cnyuae anekrponga METTLER TOLEDO Bo3pacT 351€KTpoia MOKHO YBUIETH B
cepuiiHOM HoMmepe aekTpona. IlepBoe uncino obo3HavyaeT rof, a CleayrIue ABa
YHCiia — HEJENI0 ero Mpou3BoCcTBa. CIMIIIKOM CTapblii WJIM U3HOUICHHBIN AJIEKTPO/T
HEO0OXOAMMO 3aMEHUTD.

BonpmmHCTBO Mpo6sieM, BOSHUKAIOMIMX BO BpeMs u3MepeHud pH, ucxomst ot
aJeKTpoaa uim oodpasma. YUtoObl yCTpaHUTh UX KaK UCTOYHHUK MPOOJIEMBI, BCE TECTHI
CIIeIyeT BCeraa MPOBOJIUTH CO CBEXKUMH Oy(epHBIMU PacTBOPAMH TMPHU KOMHATHOM
TeMIiepaType.

Ecimu Oynmer ycTaHOBIIEHO, YTO 3JEKTPOJI HMMEET HEJOCTAaTKU, HYKHO BCE K€
MOMHHTB, YTO 00pa3ell MOKET ObITh Ha4YaJbHON MPUYUHOMN MPOOJIEMbI, TOTOMY YTO
OH MOT TIOBPEIUTH DJEKTPOJ, U B OyAyIIEeM MOXKET IMOHAAOOUTHCA JPYroul THI
AJEKTpOAa, YTOOBl OOecreuuTh 0oJiee TOJTUM CPOK CIYKOBbI 2JIeKTpoaa. TeMm He
MEHEee, KaXIbI DJIEKTPOJ UMEET ONPEACIEHHBIA CPOK CITYKOBI M B 3aBUCUMOCTH OT
NPUMEHEHHUs, TeMIepaTypbl o0pa3la © OOpamieHus C DIEKTPOJOM, MOXKET

HU3MCHATBHCA OT HCCKOJIBKHUX 4aCOB A0 HCCKOJIBKHUX JICT.

3.3 TuTpoBaHMe rUIPOOKUCH HATPUS
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[IpoBeneHne wu3MEpPEHU N0 ONPEAECICHUID KOHUCHTPALMUA THUIPOOKUCH

HaTpus OCHOBAHO HA TUTPOBAHUHU PACTBOPOM COJITHOU KHUCIIOTOM.

Bxmounts TuTpoMetp Mettler Toledo T50 B ceth. BrimtounTs nuTanue
npubopa ¢ momotuisio KHONKA «ON» U 1aTh mporpeTsesi eMy HE MEHee
MSTHAIATH MUHYT.

[Moaxmounts 31mektpoa DGI 111-SC k Turpomerpy Mettler Toledo T50.

B okne TepMunana BeiOpath QyHKIUIO «MeToab.

B nmnosBuBmemcs oxkHe BbIOpaTh «M418», 3TO BCTPOCHHBIH METON
Mettler, npeqHa3HaueHHBII IS BBIMIOJHEHUS! TUTPOBAHHS THIPOOKHCH
HATPUS COJISTHOM KHCIIOTOM ¢ momonibo 3ekTpona DGi 111-SC.

B okHe ctena THTpOBaHMs BeIOMpaeM py4Hoit cteHn «Manual stand 1»;

B okHe ycraHOBOK TepMuHana ompeaenuTh obpazen (NaOH),
YCTaHOBUThH THUI BBOJAa — (PUKCHUpPOBAaHHBIA 00BEM, yKa3aThb 3HAUCHHE
obbema, paBHbIit 0,5 Mi;

B oxne «llepememmBanue» yCTaHOBUTh CKOPOCTh IEpPEMEIINBAHUS
(pexomMenyemMas ckopocTh oT 40 10 60 %)

3amaTh OTrpaHWYEeHHs] ISl TPEPhIBAaHUS TpoIlecca H3MEpPEHUs Mpu
JOCTMKEHUM  MaKCUMaJlbHOIO  3HadeHWss  o0beMa  TUTpaHTa
(Vinax). PekoMeHayeTcs yka3aTh 3HAYCHHE B HECKOJIBKO pa3 Ooibliee,
YeM UCIOJIb3yeMbIi 00beM 00pasiia.

B okHe ycTaHOBOK TepMHMHAala YyKa3aThb pacueTHble (OpMyNbl, B

gacTHocTH R1= Q — o0BeM TuUTpaHTa, YIICAIIETO Ha TUTPOBAHHE IO

) Q:0,1-40
JOCTHKEHUS TOYKH SKBHUBAJICHTHOCTH [MiI]; R2 = s~ Conepxanue

)

HaTpUs XJIOpHUIa B 00pasiie [Mr/mi|;

IIpoBecT TIPOMBIBKY CHUCTEMBI TUCTWJTAPOBAHHOMW  BOJIOM u
tutpantom HCl 0,1 M. PexomeHayemoe 4YHCIO IHMKJIOB IPOMBIBKU
ooiee 3;

[IpousBecTu KanMMOpPOBKY 3JeKTpoaa mo OydepHsiM pacTBopam ¢ pH

4,01; 7,00 n9,21;
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IIpoMBITE 3JIEKTPOX AUCTUUIMPOBAHHOW BOJOM, OCTAaTKU BOJBI C
AIEKTPOJIOB yIaTUTh (UIBTPOBAIIBHON OyMaroii;

3anoaHuTh 610peTKy Ha 0,5 MJI pacCTBOPOM THJIPOOKHCH HATPUS;
YCTaHOBUTh COEIUHEHHE OIOPETKHM C PacTBOPOM U TUTPOMETPA,
NOMECTUTh B AaHAJIM3UPYEMBIH pPACTBOP  MAarHUTHYKO MEIIAIKY U
NOTPY3UTh B PACTBOP JIEKTPO/I;

IIpoBect  moTeHuMoMeTpuueckoe TutpoBanue 0,1 M pacTBOpOoM
COJISTHOM KHCJIOTHI IPU MHTEHCUBHOM NEPEMENTNBAHNMY;

[lo momy4eHHBIM JaHHBIM Ha TEpPMHUHAJIE OTOOpa3uTCs Trpaduk

AE
3aBUCUMOCTH B KOOpAMHATAaX " or V (pucynok 16), rme AE —

U3MEHEeHHe TMoTeHumanta, [MB], mocie mnpubaBieHus odepeaHoro
obbemMa AV pacTBOpa COJISTHOM KHUCIOTHI, [Mi]; V — o00BeM pactBopa
COJITHOM KHUCIIOTBI, TPUOABIIEHHOTO B MPOIIECCE TUTPOBAHUS, [MII];

Ha mnonydyennom rpaduke (pucyHoxk 16) Oyner ompenerneHa Touka
AKBUBAJICHTHOCTH, TPH JOCT)KCHHUH KOTOPOW TOTEHIHAT pabodvero
ANEKTPOJIa PE3KO M3MEHHTCS, TaK K€ PEe3KO U3MEHUTCS mokazanue PH.
[To oxOHYAaHWIO W3MEPECHHMI HA TEPMHUHAJIE BBIBEICTCS WH(POPMAIIUS O

mpou3BeneHHbIX pacyeTax R1 u R2.

Jlnst Toro 4ToOBI OMpPENeNuTh COJACPKaHUE THAPOOKHCH HATPHUS B COJITHOU

KHCJIOTE UCTOJIb3YIOT ypaBHeHue (1):

VNaoH" Cnaon” Muci (1)

raeCy e — COAEpIKAHUE CONTHOM KUCIIOTBI, MOJIB/JI;

\Y

NaOH

— 00BEM TUTPAHTA, YLHC)IHJHﬁ Ha TUTPOBAHHUC JO HJOCTHIKCHHUS TOUYKHU

SKBHMBAJIEHTHOCTH, MII (4,54125);

C

M

NaOH

HCl

— KoHueHTparus Tutpanta (0,1 Monb/1);

— mouspHast macca HCI (36.5 r/monb);

0,5 — o0BeM npoObI, M.
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PaccuuteiBas mo ¢opmyne 1 xoHmeHTpamus coyisiHOM kucinotel paBHa 0,09
MOJIB/T (TIpu TeopeTndeckoM 3HaueHuu 0,1).
Ha pucyHnke mpencraBieHsl KpuBble THUTpoBaHMs coisiHOW kucioTsl (HCI)

ruapokcuom HaTpust (NaOH).

M

117 F

23 Touka x

FEHHBATICHTHOCTH

| | | | | | | | b
-

0 2 a 5
F{NaOH), ma
Pucynok 16- KpuBas TutpoBanus
3.4 IIpoBeneHue u3MepeHuUil MO ONpeIeJeHUI0 COAEPKAaHUA HATPHUS

XJIopua B (PM3HOJIOTHYECKOM pacTBope
J51s TOrO, 4TOOBI MPOBECTH U3MEPEHHUSI 10 ONPEICIICHUIO COACPKAHUM HATPUS

XJiopuga B (PU3UOJOTHYECKOM pACTBOpPE, BOCIOJIB3yeMCsl TpeMs BapuaHTaMU

MOCJICTHETO: TMPUTOTOBIEHHBIM 10 11.3.1.4, mpuoOpeTeHHBIM B anTeke (nanee

anTe4YHbIA (PU3UOIOTUUECKHI pacTBOP), pa30aBIEHHBIN PACcTBOP B JiBa pasa.

- Bxitounts tutpomerp Mettler Toledo TS50 B cets. Bxitounts muTanue
npudopa ¢ nomoribio KHONKU «ON» U gath mporperbcs eMy HE MEHee
MSATHAIATH MUHYT.

- B okne Tepmunana BeiOpaTh GyHKINIO «MeTOab».

- B mnosBuBmeMcs okHe BBIOpaTh «coO374aTh METOM», TaK KakK HeT

BCTPOSGHHOTO BCTPOEHHBIM MeToda Mettler, mnpeaHasHayeHHBIH IS
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BBITIOJIHCHUST TUTPOBaHMS  (DU3UOJIOTHUECKOTO PACTOBOpPa HUTPATOM
cepebpa ¢ momorbko 31ekTpoaa DGi 111-SC.

B okHe cTeH1 TUTpOBaHUs BeIOMpaeM pyuHoi crena «Manual stand 1»;

B okHEe yCcTaHOBOK TepMHHAJIa OMpPEAeTuTh 00paser ((HhU3noTOTHISCKHMA
pacTBOp), YCTaHOBUTH THUI BBOJAa — (PUKCHPOBAaHHBIH 00BEM, YKa3aTh
3HaYeHUEe 00beMa, paBHBIN 5 MIT,

B oxne «llepememmBanue» YCTaHOBUTH CKOPOCTh I€PEMEITUBAHUS
(pexomenyemasi ckopoctb oT 40 10 60 %)

3amath OrpaHWUYCHHs] JUIsI TIPEpBIBaHUS TIpollecca W3MEPEHUs TpHU
TOCTHKCHHUH MaKCHMaJIbHOTO 3HAYCHUS o0BeMa TUTpaHTa
(Vinax). PexoMeHyeTcs yka3aTh 3HaUYCHUE B HECKOJIBKO pa3 OoJIblIee, YeM
UCIIOJIb3yEeMbId 00beM 00pasia.

B okHe ycTaHOBOK TepMHHAIa yKa3aTh pacueTHbIE (DOPMYIIbI, B YACTHOCTU

R1= Q — o0beM TuUTpaHTa, YHICAIIETO HA TUTPOBAHWE N0 JOCTHKCHUS

_ _ Q0,05-58,44
TOYKH SKBHUBaJEeHTHOCTH [MiI]; R2 = ——— — — COJCp)KaHHE HATPHS

XJIOpUJa B 00pasiie [Mr/mi|;

IIpoBecT MPOMBIBKY CUCTEMBI JUCTUUIMPOBAHHOW BOJOM U TUTPAHTOM
HCI 0,1 M. PexomeHIyeMoe 4iCIIO TUKIIOB IPOMBIBKH OoJiee 3;
[TpousBectu KanuOpPOBKY 3eKkTposa 1o OydepHsiM pactBopam ¢ pH 4,01;
7,00 m 9,21;

[IpOoMBITE 3HEKTPOA AMCTUIUIMPOBAHHOW BOAOW, OCTAaTKM BOJBI C
AJIEKTPOJIOB YAATUTH GUIBTPOBAILHON OyMaroi;

3anoaHUTh OIOPETKY Ha S MJI paCTBOPOM (PU3HOJIOTUYECKUM PACTBOPOM;
VYcraHoBuTh coeauHeHHe OIOPETKH C PpacTBOPOM U TUTPOMETPA,
MOMECTUTH B aHAJTU3UPYEMBII paCTBOP MarHUTHYIO MEIIAJIKy U NOTPY3UTh
B PacTBOP AJIEKTPOI;

[TpoBectn motenunomerpuyeckoe Turpoanue 0,05 M HuTpatom cepebpa

P UHTCHCUBHOM IICPEMCIINBAHNH.

63



Jns Toro droObl ONpeNenuTh COACpXKaHUE HaTpus XJopuaa B

(PU3HOIOTHYECKOM PACTBOPE UCIIOIB3YIOT YpaBHEHUE (2):

VagNo;* CagNoy” MNacl
Cract = - : (2)

rie  Cyucl — coaepiKaHue HATpHs XJIopu/a B (PU3UOIOTHIECKOM PACTBOPE, MI/MIT;
Vagno, — 00BEM TUTpaHTa, yIICAIIMA HA THTPOBAHUE 10 TOCTHXKEHHS TOUKH
AKBUBAJICHTHOCTH, MJI (15,67 Mi);
CagNo; — KoHeHTparus Tutpanta (0,05 Mous/mn);
M1 — MossipHast macca NaCl (58,5 r/moub);
5 — o0beM nmpoOkI, MIL

ConepxaHue HaTpHsl XJIOpHaa B (pu3HOJOrHIecKOM pacTBope paBHO 9,16 mr/mu
(tpeboBanus o OCII: 8,7-9,3 mr/mu).

I[lo TakoMy K€ aJNTOPUTMYy BBINIOJHHUTH JCUCTBUS ISl AlTEYHOTO
dbusuonornyeckoro pactsopa. Ilpu 3ToM o0beM yiienmuii Ha TUTPOBAHUE PaBEH
15,21, cooTBETCTBEHHO paccuuTaB 1Mo Gopmyiie 2 coaepKaHue HaTpus XJIOpHUaA B
anTeYHOM (PU3MOJIOTHYECKOM pacTBope paBHO 8,89 mr/miu (tpedoBanus mo DCII:
8,7-9,3 mr/min).

JIJist  TociemHero 3KCIepUMEHTa HEOO0XOAuMO pPa30aBUTh (HU3UOIOTHUUYECKHIM
pacTBOp B 2 pa3a AMCTWIMPOBAHHOW BOJIOM M HUTpAT cepedpa Takxke B 2 pasa.
O0bema Ha TUTpoBaHME ymuio B 2 pa3a Oomnbine, a umeHHo 30,87, M3mepennoe
coJiepkanue Hatpus xjopuaa paBHo 9,02 mr/mur (tpeboBanms mo PCII: 8,7-9,3
MT/MIT).

W3 BBIIIETIEpEYNCIICHHBIX METOIO0B OMPECIICHHS COICPKAHUS HATPUS XJIOPU/IA B
(U3HOTOTHIECKOM PacTBOPE MOXKHO CJiejaTh BBIBOJ O TOM, YTO pa30aBJICHHBIM
dbu3nonorNYecKuii  pacTBOp C pa30aBICHHBIM TUTPAHTOM HWMEET TOYHOCTH
W3MEPCHU BBINIC, a 3HAYUT TaK HE TOJHKO MOYKHO JeiaTh, HO U PEKOMEHOBAHO.
DTO OOBSACHSAETCS TEM, YTO JJIS JOCTHIKEHHUS TOUYKH SKBHUBAJIEHTHOCTH HEOOXOIUM
OonpIii 00BEM, KOTOPBIM MOCTymaeT B oOpa3ell TaKMMH K€ MOPIUSMHU, KaK U B
Hepa30aBJICHHOM, a, CJICA0BATEIIBHO, C KaXIBIM Pa30M IMOCTYITaeT MEHBIIIC HOHOB, U

IIyTh K TOYKC SKBUBAJICHTHOCTH UMCCT OoJIbIIIE TOUYCK, YEM IIpHU Hepa36aBHeHHOM..
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4 MdOUHAHCOBBIA MEHEIKMEHT

4.1 OueHka KOMMEpPYECKOTO MOTEHLHUada M MNEPCIEKTUBHOCTH IPOBEIACHUS
HAy4YHBIX MCCIECAOBAaHUN C TO3UIHMH  pecypcoddHEKTUBHOCTH U

pecypcocOepekeHus

4.1.1 TloTeHiuanbHbIC TOTPEOUTENH PE3yJIbTATOB UCCIEIOBAHUS

Jnsa ananuza moTpeOuTened pe3yJbTaTOB HUCCIEIOBaHHUS HEOOXOIUMO
PacCMOTPETH LI€TIEBOM PHIHOK U MPOBECTU €0 CETMEHTUPOBAHUE.

[leneBbIM  PBIHKOM  BBIMIOJIHEHHOM  PaOOTBl  SABISAIOTCA ~ HAY4YHO-
uccnenoparenbekue HHCTUTYTH (HUN) n yupexxaenus, KOHTpOJIUPYIOIIHE KauyeCTBO
OPOAYKLIUU UM YCIIYT.

CerMeHTOM 3TOro pBIHKA SBISIOTCA HCCIEAOBATENIbCKUE J1TA0OpaTOPHH,
aHAJIUTUYECKHUE TaOOPaTOpPUU, OTJIENbI KaUeCTBA MPEANPUATHIA.

4.1.2 AHaan3 KOHKYPEHTHBIX TEXHUYECKHUX pelleHni

AHann3  KOHKYPEHTHBIX  TEXHHYECKHX  pEIICHHH ¢ TO3ULHUHU
pecypcodpHEeKTUBHOCTH M PECYpPCOCOEPEIKEHUST TIO3BOJISET IIPOBECTH OIICHKY
CpaBHUTENBHOU 3PPEKTUBHOCTH HAYYHOU pa3pabOTKHU U ONPEAECIUTh HAIPABICHHUS
JUIsl €€ OYIyIIero MoBBIIICHHUS.

Tabnuna 11- Ouenounas kapTa JiJisi CpaBHEHUSI KOHKYPEHTHBIX TEXHUYECKUX

peuieHuii (pa3paboTok)

Konkypenro-
Bec baer CIIOCOOHOCTH
Kputepun ouenkn KpHuTe-
PHTEP I;mﬂ B(b BKI BK2 KKl KK2 ch
1 2 3 4 5 6 7 8
TexHuuyeckue KPUTEPUH OLEHKHU pecypcodddexkTuBHOCTH

1. IToBsimenue npousBoautenbaocty | 0,19 4 2 3 038 | 0557 | 0.76
Tpy/Ja IMOJIb30BaTeIs
2. Y100CTBO B AKCILTyaTaIlluu 0,17 5 3 4
(cooTBEeTCTBYET TPEOOBAHUSIM 0,51 | 0,68 | 0,85
norpedureneil)
10. DHEpPro’KOHOMHUYIHOCTH 0,13 4 4 2 0,52 | 0,26 | 0,52
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IIpooonxcenue mabauywvr 11

Konkypenro-
Bec baner CIOCOOHOCTDH
Kputepun ouenkn KpHTe-
PHTEP I;mﬂ B(b BKI BK2 KKI KK2 K‘b
1 2 3 4 5 6 7 8
JKOHOMUYECKHE KpUTepHuu oeHKH 3(PPeKTUBHOCTH

1. KoHKypeHTOCTIOCOOHOCTh TPOTyKTa 0,1 5 3 3 0,3 0,3 0,5
2. YpoBeHb MPOHUKHOBEHUS HA PHIHOK 0,09 3 5 5 0,45 | 0,45 | 0,27
3. llena 0,08 5 3 4 024 | 0,32 | 0,4
4. penamnonaraemMslii CPOK 0,07 4 3 3 021 | 021 | 0,28
IKCILTyaTaluu
6. GuHaHCUPOBaHHUE HAYYHOMI 0,09 4 4 5 0.36 | 045 | 0.36
pa3paboTKu
CpoK BbIX0J1a Ha PHIHOK 0,08 5 3 3 0,24 | 0,24 | 04
Hroro 1 3,21 | 3,48 | 4,34

AHaJIN3 KOHKYPEHTHBIX TEXHUUECKUX PEIICHUI onpenenseTcs no popmyre:

K2>B-R (3.1)
rae K — KOHKypeHTOCTIOCOOHOCTh HayYHOU pa3paOOTKU UM KOHKYPEHTA;
Bi — Bec mokaszarens (B 101X €IHMHUILG);
bi — 6amn I-ro mokasaTess.

Takum oOpa3oM, KOHKYPEHTOCIIOCOOHOCTh pa3paboTku cocraBuia 4,34, B TO
BpeMsl Kak ABYX napyrux anainoroB 3,21 u 3,48 coorBeTcTBeHHO. Pe3ynbprarsl
MMOKa3bIBAIOT, YTO JaHHAs HAYYHO-HCCIEIOBATEIbCKas pa3padoTKa SIBISCTCS
KOHKYPEHTOCTIOCOOHOM ¥ HWMEEeT MPEUMYIIEeCTBa MO TAaKUM ITOKa3aTesIM, Kak
yI0OCTBO B KCILTyaTaIlH, [IEHA.

4.1.3 Texnoaorusa QuaD

Texnonorus QuaD (QUality ADvisor) mnpencraBiseT coOoi TuOKuit
WHCTPYMEHT HW3MEPCHMUSI XapaKTEPUCTUK, OIMMUCHIBAIOIIMX KA4eCTBO HOBOWU
pa3paboOTKH U €€ TIEPCISKTUBHOCTh Ha PHIHKE M TIO3BOJISIONIME IPUHUMATD PEIICHUE
1e71eCO00Pa3HOCTH BJIOKEHUS JICHEKHBIX CPEJICTB B HAYYHO-UCCIIEI0BATEIbCKUN
npoekT. B ocHoBe TexHomorun QuaD JEeXUT HaXOXKJICHUE CpPEIHEB3BEIICHHOU
BEJIMYMHBI CIAEAYIOUIUX TPy MOKa3aTeNeH:

1) TToka3aTenu OLEHKH KOMMEPYECKOIro MOTEHIIMaa pa3padoTKu

2) Ilokasarenu OlEHKH KauyecTBa Pa3paboTKU
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B cootBerctBuu ¢ TexHomorueit QuaD kakablii MoKaszaTellb OIEHUBAETCS
AKCIIEPTHBIM MyTEeM 10 CTOOAJUTLHOM miKajie, rae 1 — Hambomee cinabas mo3uius, a
100 — nambonee cunpHasg. Beca mokasareneit, onpeaeisieMble SKCIIEPTHBIM ITyTeM, B
CyMME JIOJKHBI COCTaBIISITh 1.

Pa3paGoranHass oleHOuYHass KapTa JUII  CpPaBHEHUA  KOHKYPEHTHBIX

TEXHUYECKHUX pellIeHn (pa3paboTok) mpuBeaeHa B Tadnuie 12.

T ao6nwuua l2 - OueHounass kapta AJis CpPaBHEHUS KOHKYPEHTHBIX

TEXHUYECKUX pereHui (pa3paboTok)

OtHocure | CpenHeB3Bellie
Bec Makcu-
JIBHOE HHOE
Kpurepuu onenku kputepu | bamibl MaJbHbIN
3HAYCHHUE 3HAYEHUE
i Oai
(3/4) (3x2)
1 2 3 4 5
[Tokazarenu OIEHKH KadecTBa pa3paboOTKu
1.JocTymHOCTD (TIOHSATHOCTB) 0.3 95 100 0.95 28.5
2. Y100CTBO UCITOIB30BaHUS 0.3 90 100 0.9 27
3. IIpocroTa 0.08 80 100 0.8 6.4
4. YHn(pUIMpOBaHHOCTH 0.02 75 100 0.75 1.5
5. IlonHOTA U3I0KEHUSI 0.1 95 100 0.95 9.5

IlokazaTenu oLEHKU KOMMCPUCCKOT'O ITOTCHIINAJIa pa3pa60TI<H

6. KoHKypeHTOCTIOCOOHOCTH

0.06 75 100 0.75 4.5
MPOAYKTa
7. IlepcrieKTUBHOCTD PBIHKA 0.06 85 100 0.85 5.1
8. Llena 0.08 95 100 0.95 7.6
Urtoro 1

[IpoBeneM OlLIEHKY KadyecTBa M MEPCHEKTUBHOCTH MO TexHojoruu QuaD 1o
dbopmye (5) :

Hcp = ZBL - Bi = 90,1 y (5)

rae [I,, — CpeIHEB3BELIEHHOE 3HAYEHHWE I[IOKa3aTels KadecTBa M
MEePCIEKTUBHOCTH HAYYHOU pa3paboOTKH;

Bi — Bec nmokazarens (B 105X €AMHULBI);

Bi — cpeaHeB3BelIeHHOE 3HAYCHHE I-TO MMOKA3aTeIs.
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3navenue [lc, MO3BOJSET TOBOPUTH O MEPCIEKTUBAX Pa3pabOTKU M KayecTBe
IPOBEJEHHOI0 UccileaoBaHus. [lepcnekTMBHOCTh B HalleM ciaydae coctasiser 90,1.
[TosyueHHOE pacueTHOE 3HAUEHUE CBUJETENBCTBYET O TOM, YTO NEPCHEKTUBHOCTb
JaHHOM pa3pa0OTKHU OUYEHb BBICOKA.

4.2

SWOT-anaau3

SWOT - Strengths (cunsable cToponsl), Weaknesses (ciaObie cTOpOHBI),

Opportunities (Bo3amoxxkHOCcTH) W Threats (yrposbl) — HpeacTaBisieT cOO0H KOM-

IJIEKCHBIM aHaAIM3 HaydHO-HccienoBaTesnbckoro npoekra. SWOT-ananu3 npume-

HSIOT JUUTA UCCIIEAOBAHUS BHEIIHEW U BHYTPEHHEN CPEJIbI MMPOEKTA.

Ta6muma 13 — Marpunia SWOT

CuwibHble cTOpoHbI poekTa: | Ciiadble CTOPOHBI POEKTA:

Cl DOxonorn4HocTh Cal. OrcyrcTBHE NMpOTOTHIA Hayd-

TEXHOJIOTHH HOM pa3paboTku

C2. bonee Huzkas croumMocTb | Cn2. OTCyTCTBUE y MOTEHIMAIBHBIX

MIPOU3BOJICTBA MO CPABHEHUIO C | MOTpeduTeneil  KBalu(pUIIMPOBAH-

JIPYTUMU TEXHOJOTUSIMHU HBIX KaJpoB MO paboTe ¢ HaydyHOU

C3. Hanuume OrOmMKETHOrO | pa3pabOTKOH

(buHAHCHPOBAHMUS Cn3. OrcyrctBUE  AOCTATOYHOTO

C4. KBanuduuupoBanuslii | GuHAHCUPOBAHUS TPOEKTOB

repcoHal Crn4. OrtcyrcTBUE HEO0XOAUMOIO
o0opynoBaHUs AJisi IPOBEICHUS HC-
IBITaHUS OMBITHOTO 00pasia

Bo3moxHOCTH: Pa3paboTka MaTematudeckoir mome- | 1, Pa3paboTka HaydyHOrO HCCIENO-

Bl.Ucnons3oBaHue  HMHHO-
BaIlMOHHOW HWH(DpacTpyKTy-
pet TITY

B2.IlosBieHue  IOIOIHU-
TENBHOTO CIpOCca Ha HOBBIH
MPOAYKT

B3. CHuxeHue TaMOXKEH-
HBIX MOIUIMH Ha CBHIPbE U
MaTepHallbl, HCHOJIb3yeMBbIC
IpU HAYYHBIX HCCIIEJ0Ba-
HUAX

JIM TIpoliecca CUHTE3a U3 OKCHJa Yr-
JepoJa U BOAOPOJA € LENbI0 IOJY-
YEeHHS T'OTOBOTO NPOAYKTAa C KOHKY-
PEHTHBIMH TPEHMYIIECTBAMH C OII-
TUMAJIFHOH ce0eCTOMMOCTBIO, BBICO-
KHM KaueCTBOM U HMHXHHHUPHHTOBOU

yCIIyroi

BaHUSA

2. TloBblieHne KBaJM(pHUKALUHA KaApOB Yy
MOTEHUHUAJBHBIX TTOTpeOuTeNeit

3. Co3nmaHue WHXUHHUPUHTOBOH YCIyrH C
nenplo 00ydeHus padoTe ¢ TOTOBBIM IMPO-
IYKTOM

4. IlpuobpeTreHns HEOOXOAUMOTO 000pYyIO-
BaHUA JI1 TPOBCACHHA HCIBITaAHUA OINBIT-
HOro 00pasma

Yrpo3si:

VY1.01cyTcTBHE cmpoca Ha
HOBBIC TCXHOJIOTUU TIPOU3-
BOJICTBA

V2.Pa3Buras KOHKypeHLHUs
TEXHOJIOTHH NPON3BOJICTBA
V3.Beenenne JIOTIOJTHH-
TEJIBHBIX TOCYHApPCTBEHHBIX
TpeboBaHMil K cepTudUKa-
LIUH TPOAYKIIMN

1.IlponBuxkeHre mOporpaMMel ¢ 1Le-
JIBIO CO3JIaHMS CIIpoca
2.Co3maHne  KOHKYPEHTHBIX
UMYIIECTB TOTOBOTO MPOAYKTA
3.Ceprudukaiys ¥ CTaHAapTU3ALUSL
MIPOAYKTA

npe-

1. Pa3paboTka Hay4HOTO HCCIeI0Ba-

HUA

2. TloBblmieHre KBadu(UKALMH KaapoOB Yy
MOTEHIHMANbHBIX TTOTpeduTene

3. CoznaHue WHXXUHHUPHWHIOBOHM yCIyru c
Lenblo 00y4eHuss pabore ¢ TrOTOBBIM IPO-
JTYKTOM

4. TIpuoGpeTenust HeOOX0UMOTO 000pyHIO-
BaHMs U TPOBEACHHS HCIBITAHUS OIIBIT-
HOTO o0pasia

7. IlponBuxeHne

IIPOTPaMMBI C IIEJIbI0 CO3JAaHUsI CIIpoca
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8. Co3naHne KOHKYPEHTHBIX IPEUMYIIECTB
TOTOBOTO TIPOJYKTA

9. Ceptudukamus u CTaHAAPTH3ALUSA TPO-
JYKTa

Pesynpratet SWOT-aHnanu3a yuyduTHIBAIOTCS MpH  pa3pabOTKE CTPYKTYpHI
paboT, BHITIOJHAEMBIX B paMKax HAyYHO-HCCIIEIOBATEILCKOTO MpoeKkTa. J[aHHBIN
aHallM3 IMOKa3aJl HampaBlieHUE, M0 KOTOPOMY LIE€JIECO00pa3HO pa3BUBATH MPOEKT,
€r0 CHJIbHBIC CTOPOHBI U BO3MOYKHOCTH POCTA.

4.3

OmnpenesieHue BO3MOKHBIX AJIbTEPHATHB MPOBEAeHUS HAYYHBIX

HccJIe0BaHul

I[J'ISI MNPOBCACHUA CHCTCMATHUYCCKOI0 HCCICAOBAHHA BCEX TCOPCTHUUYCCKU

BO3MOXXKHBIX ~BapHUaHTOB, BBITEKAIOIIMX W3 3aKOHOMEPHOCTEW CTpPOCHHUSA
(Mopdonoruu) 00BEKTa HCCIEAOBaHUS MNPUMEHSIETCS MOP(OIOTrHYECKUid
HOJXOI.

[TyreM KOMOMHUpPOBaHHS BapUAHTOB IOJYYAlOT OOJBIIOE KOJIUYECTBO
Pa3IMYHBIX PEUICHUH, PsII KOTOPHIX MPEACTABISIET MPAKTHUYECKU HHTEPEC.

Peanuzamus Mopdonoruueckoro Meroaa MNpeaycCMaTpHUBAaeT CIEAYIOLIne

STarbl:

1) Tounast popMyupoBKa MPOOIEMbI HCCIIETOBAHUS;

2) PackpbiTie BceX BaKHBIX MOPGOJOTHUECKUX XapaKTEPUCTUK OOBEKTa
UCCIICTOBAHMSI.

Mopdonornueckas Marpulia sl aHajlM3a HCCIENIOBaHUS IPUBEACHA B
tabimuue 14.

Tab6nuima 14 — Mopdonornueckas maTpuiia i aHaIU3a

1 2 3 4
A. Croco0 | TeKcT; rpadukuy; BUJIEO; ayJino;
npeCcTaBICHUs TaOIUIIBL;
uHpopMaun
b. Copepxanne | ananns aHau3 aHaIu3 paccMOTpeHue
aHanm3a METO/IOB; CYIIECTBYIOIIUX | CYLIECTBYIOIIMX | APYI'MX aHAJIH30B;
aHaJu3 CPE/ICTB; | CPEACTB; METOJIOB;




B.  Crpykrypa | meTon; METOS; Cpe/ICTBA; CpeICTBa;
aHaIM3a CpPENCTBa; dusnueckoe dusmueckoe KOHOMHUYECKOe
crocoba aHaJIM3; HOSICHEHHUE, HOSICHEHHUE, 000CHOBaHHE;
U3MEPEHUS BBIOOD; aHaJIN3; BBIOOD; BBIOOD;
I. Crnoco0bl | HHTEpHET; SHUUKIIONEUN; | TIOJy4eHUE KOMOMHUPOBAaHHBIN
HOTY4CHHS PYKOBOJAUTEND; | KHUTH; UHQOpPMAIIMK € | METOJ TIOJyYCHUS
uHpopMaun IIPOU3BO/ICTBA; uHpOpMaLInK;
IIpooonocenue mabauyvr 14

1 2 3 4
I. TpeOyemble | KOMaHaA 1 cryneHr; 1a00paHTHI, 1 mpodeccop;
YeJI0BEUCCKHE WH)KCHEPOB;
pecypcel  uis
BBITIOJTHECHUSI
paboTsl

B pesynbrare cocTtaBieHHOW MOP(OIOTUYECKON MAaTpPHUIIbI

aHaJIi3a

BBISIBJICHBI HarOosee 3 y1ayHble KOMOMHALIMKM COCTABJIEHUS JaHHOU paboThI:

1. AlB4B3I'1/I3 - mambonee AemieBbI crmoco0; mepBas KOMOWHAIIMS
OTJMYAeTCs TPOCTOTOW pealu3aluy, HAUMEHBIIMMHU 3aTpaTaMd pPECYpCOB,
JICIIEBU3HON BBITIONHEHUST PAaOOTHI, BCIEACTBHE YEro Kak WTOT JelieBas, HO
HU3KOKaueCTBEHHas pabora.

2. A2B1B4I3/]1 - 3arpaTHbIii CcHOCO0; TPEThsI KOMOWHAIUS SBISETCS
CaMOM pecypco3aTpaTHOM, BCJICACTBHE BCEro W CaMOM JOPOrOM, HO CaMmou
KauyeCTBEHHON U YJOOHOM JUIsi BOCIPUSATHS €€ TI0JIb30BaTEIIEM.

3. AIlBIBIT'4/12 - yHuBepcalnbHbIil crnoco0; BTOpas KOMOWHAIIMS
sBIsieTCs yHUBepcanbHOU. [lomydeHHast pabota OyaeT BhINOJIHEHA O€3 JIMIIHUX
3aTpat U ABISETCS CPEHEH M0 KaueCTBY.

4.4 IlnaHuMpoBaHHE HAYYHO-MCCJIEA0BATEIbCKUX PadoT
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B JaHHOM pasaeic H€O6XO,Z[I/IMO COCTaBUTL IICPCYCHL OJOTAIllOB U pa60T B

paMKax IIPOBCIACHHA

HAay4YHOro HMCCJICIAOBAaHMA,

HCIIOJTHUTEJICH I10 BHUaaM pa60T.

MIPOBECTH  PACIIPEICIICHHE

JIJisl BBITIOTHEHHSI HAYYHBIX HCCIICOBAaHUN (opMHpyeTcs pabodas Tpymra, B

COCTaB KOTOPOM BXOIAT B JAaHHOM CIIy4ae HAay4YHBIM PYKOBOJIWTENb U CTYJICHT.

CocTtaBieHHBIN IICPCUCHb JTAllOB, pa60T n paclpcacICHUC HCIIOJTHUTEIEH

npuBeieHbI B Tabmuie 15.

Tabnuna 15 — [lepedens 3TanoB, padoT U pacnpenesieHue UCTIOTHUTENEH

OCHOBHBIE 3TaIbI No Coneprxanue padboT JomkHOCTh
pab UCTIOJIHUTEIS
Coznanue TEMBI 1 CocraBieHue U yTBEpKJIEHUE Hayunbrit
IpOeKTa TEMBI IIPOEKTA PYKOBOJIUTEIH
2 AHain3 akTyaabHOCTH TEMbI
BriGop nHanpasienus 3 [Touck u u3yuenue mMarepuania mno Crynent
UCCIICTOBAHMS TEME
4 Be10op HanpaBieHus Hayunsrii
UCCIIeI0BaHUN PYKOBOJIUTEIb,
5 Kanennapuoe mianupoBanue CTYJICHT
pabor
Teopernueckue 6 W3yueHue aureparypsl 1o Teme
WCCIIEI0OBAHMS 7 [TonGop HOpMATUBHBIX
JIOKYMEHTOB Crynent
8 AHanu3 UCTONb3YIOUINXCS CPENICTB
Y METOJIOB
9 Cucremaru3zanus u opopmiieHue
uHpOopMaIU
OrneHka NOTYYEHHBIX 10 AHanu3 pe3ynbTaToB Hayunsrit
pe3yiIbTaToB PYKOBOJIUTEITb,
CTYACHT
11 3aKiro4eHne Hayunsrit
PYKOBOJIUTEIb,
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CTYJIEHT

4.5 3arpaTtbl 10 OCHOBHOI1 3apa00THOM MJIaTe UCIOJHUTEeld TeMbl.
OmnpenesieHue TPy10eMKOCTH BHINIOJIHEHUSI padoT

Jlnst pacuera 3aTpar Ha OILIaTy TPyJa Ha 3Tare MPOSKTHPOBAHUS HEOOXOIUMO
CHaYaJia ONPEACIUTh MPOJOKUTEIHPHOCTD KaXKI0W pabOThl (HAaUMHASI C COCTABIICHUS
TexHuueckoro 3aaanus (T3) u 10 opopmileHHs JOKYMEHTAIIMK BKIFOUUTEIBHO).

TpynoBeie 3aTpaThl OOpa3ylOT OCHOBHYIO YacTh CTOMMOCTH pa3pabOTKH,
CJIEIOBATEILHO BAXKHO OMpPENEIICHNE TPYJAO0SMKOCTH PabOT KaXKI0T0 U3 YYACTHUKOB
HAy4YHOTO HccaeAoBaHus. TpymnoeMKOCTbh BBIMOTHEHUS HAYyYHOTO HCCIIEIOBAHUS
OIICHUBAETCS DKCIIEPTHBIM TIYTEM B YEJIOBEKO-THSAX M HOCHT BEPOSTHOCTHBIN
XapakTep, T.K. 3aBUCUT OT MHOKECTBA TPYIHO YIUTHIBAEMBIX (haKTOPOB.

[TponpomxuTenbHOCTh padoT (tox) ompemenseTcs auO0 MO HOpMaTUBaM (C
WCITOJIb30BAHUEM CITCIUATIBHBIX CIPABOYHHUKOB) IS KaKIOTO WCIOJHUTEIS B
OTJIEJILHOCTH, TUOO PacueTOM C TOMOIIBLIO SKCIEPTHBIX OLEHOK 10 dhopmyiie (6).

tom, — 3ZLmin —gztmax , (6)

T7A€ tmin - MUHUMAaJIbHASI TPYA0EMKOCTh padoT, Yell.-1H.;
tmax -MaKCUMaJIbHas TPYJIOEMKOCTb paboT, Yell.-IH.
JInsi  BBIMOJHEHUS TMEPEUYMUCIICHHBIX B Tabiuie 3 paboT TpeOyroTcs
CHELUATHCTBHIL:
— CTYJEHT;
— Hay4HbI PyKOBOJHUTEII.
JUiss  mocTpoeHHsl  JIMHEWHOro  rpaduka HEOOXOAMMO  pacCUHUTaTh
JUIUTEJIBHOCTh 3TAloB B pabouMX AHSX, @ 3aT€M MEPEBECTH B KaJICHJApHbIC JHU.
PacueT mnpoOJOIKUTEILHOCTH BBIMOJHEHUS KaXAOro J3Tama B paboOyux MHSX

Benercs o gpopmyie (7).

t
Toy = =+ Kj, 7
PA = %y, VA (7)
rine  lox — TPYZA0EMKOCTh pabOThI, Yel//IH. ;

Kpu — k03 purueHT BoINoMHEHNS pa0d0T, PaBHBIN €IUHUIIC;
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Ky - xod3pdunmeHT, yYUTHIBAIOUIMN JOMOJIHUTEIBHOE BpeMsi Ha
KOMITCHCAIMH U corylacoBanue padot (K = 1.2).
PacueT mnpoAOMmKUTENIBHOCTH JTama B KaJICHAAPHBIX JHSAX BEAETCS I10
dbopmyie (8).
Ty = Tpp - Tk (8)
rae  Tpg— NPOJOIKUTENLHOCTD BBHITIOJHEHUS Tarna B pabouux THSX;
Tk — TPOAOIKUTETHFHOCTD BHITIOJTHEHHS dTara B KaJICHJapHBIX JHSIX;
Tk — k03P PUIIUEHT KaJeHIaPHOCTH.

KoaddummenT kanermapHocTi paccuuThiBaeTcs 1o Gopmyie (9).

Ty = e (©)

Tkan—Tea—Tng’

rae Txan — Kanenmapabie 10U (Txan = 366);

Tgy — Berxoanbie quu (T = 52);

T — npasgauunbie aau (T = 12).

Taxum obGpazom, o popmyre (4) T,=1,212.

B Ttabmume 16 mnpuBeAcHBl JUIMTEIBHOCTH JTAamoOB pabOT W YHCIO
ucniontaurenedt (HP - Hayunsiii pykoBoautens, C - CTYJIEHT), 3aHATHIX Ha KaXXI0M
JTane.

Tabnuma 16 — [lepedenb paboOT U MPOIOIDKUTETLHOCTD UX BBITIOJIHEHUS

3arpy3ka
Dtanbl paboThI Hcnonuurenn
HCTIOJIHUTENEH
[TocTranoBka meneu 1 3a1a4, NOJTYYEHUE UCXOIHBIX JAHHBIX HP
HP — 100%
CocraBneHnue u yreepxkaenne T3 HP — 100%
HP, C
C-30%
HP — 30%
[TonGop u n3yueHne MaTepualioB O TeMaTHKE HP, C
C —-100%
HP — 100%
Pa3zpaboTka xanenmapHoro miaHa HP, C
C -50%
OO6cyxneHue TurepaTypsl HP, C HP — 30%
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C —100%
Ormpezenienne MeToa U3MEPEHHUsT € UCIOJIb30BAHUEM HP — 100%
TUTPOMETPA HP, € C —70%
O3HaKOMJICHUE C PUHIIMIIAMH pabOThl TUTPOMETpa HP — 50%
P C C- 100%
[IpuroroBiaeHue HEOOXOMUMBIX JIJIsl TPOBEICHHS HP - 60%
W3MEPECHHS TUTPAHTOB HP, € C-100%
IToaroToBKa U3MEPUTEIILHON CUCTEMBI K ITPOBEACHUIO
C C —100%
M3MEpEHUH (IIPOMBIBKA CUCTEMBI, KaTMOPOBKA 1aTYMKOB)
[IpoBenenue n3mepeHuit C C —100%
CocraBieHne METOIUK C C —100%
OdopmiieHrE pacueTHO-TIOSCHUTEIBHOMN 3aITUCKU C C—-100%
Odopmnenue rpadguueckoro Mmarepuana C C —100%
[TonBenenue nToros HP, C HP —00%
C —100%

B taGnuiie 17 onpesenensl TpyA03aTpaThl Ha BHIMOJHEHUE TIPOEKTA.

Tabnuna 17 —Tpyno3aTpatsl Ha BHITOIHEHUE TPOCKTA

JlnurenbHOCTh paborT,
[IpogomxuTensHOCT
Hcnonnu yesr/mH.
Oran b palboT, THU
Tenu Ten Txn
tmin tmax tox HP C HP C
[TocTanoBka 3amaun HP 2 4 2,8 3,36 - 4,07 -
Pa3paboTka u yTBepkIeHNE
HP, C
TexHudeckoro 3ananus (T3)
2 3 2,4 288 | 0,864 | 3,49 | 1,05
IToxbOop u u3yuenue 4,75
P 7 HP, C 12 15
MaTepHayioB 10 TEMATUKE 13,2 2| 15,84 | 5,76 | 19,20
PazpaboTka kaneHgapHOTO
HP, C 2 4
IU1aHa 2,8 3,36 3,36 | 4,07 | 4,07
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OO6cyxaeHue TuTepaTyphl HP, C 7 46 552 276 | 6.69 3.35
Ornpezenenne MeToa
U3MEPEHHS C HP, C 14 3,52
KCII0JIb30BAaHUEM TUTPOMETPA 9,8 8| 11,76 | 4,28 | 14,25
O3HaKOMIJIEHHE C
MPUHIIATIAMHA PaOOTHI HP, C 9 10,4
TUTPOMETPpA 7,2 8,64 | 6,048 7 7,33
IIpurorosnenue
HEOOXOAUMBIX I
HP, C
MIPOBEACHUS U3MEPEHUS 14
TUTPAHTOB 10,4 6,24 | 12,48 | 7,56 | 15,13
IToaroToBKa M3MEPUTEIIBHON
CHUCTEMBI K TPOBEJICHUIO C 4 2,01
HU3MEPCHHM 2,8 6 3,36 | 2,44 | 4,07
IIpoBenenue n3amMepeHui Ha
ONpEACIICHUE COAECPKAHUS C 14
“oHOB B POI] 10,4 - 12,48 - 15,13
CocraBienne METOIUK U
MIPOTOKOJIOB KOHTPOJIS C 14
KayecTBa 9,8 - 11,76 - 14,25
OdopmieHre pacueTHO- 14,25
bop P C 14
MOSCHUTEIBHON 3aITUCKHU 9,8 - 11,76 - 312
Odopmienue
bop C 4
rpaduueckoro marepuaa 2,8 - 3,36 - 4.07
5,18
ITogBeneHne UTOroB HP, C 9
7,2 4 8,64 | 6,28 | 10,47
45,4 | 104,4| 55,1 | 126,6
HToro:
8 7 2 2

4.6 broxxer HAYYHO-TEXHHYECKOT0 UCCIeA0BAHMS

HpI/I IIAaHUPOBAHUH 6IOI[)I(eTa HAaYYHO-TCXHUYCCKOT'O HCCICAOBAHNUA

(HTH) gomxHO OBITH 00ECTIEUEHO MOJTHOE U JOCTOBEPHOE OTPaKEHHE BCEX BUIOB

pacxoaoB, CBA3aHHBIX C €T'O BBIIIOJIHCHHUCM.
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4.7 Pacyer MaTepHajJbHBIX 3aTPaT

JlaHHast cTaThsl BKJIIOYAE€T CTOMMOCTh BCEX MAaTEpPHAJIOB, MCIOJIb3yEMbIX
npu pa3pabOTKe MPOEKTa:

— TnpuodpeTaeMble CO CTOPOHBI ChHIPhE U MaTepHuasbl, HEOOXOAUMBIE IS
CO3JaHMsI HAYYHO-TEXHUYECKON MPOTYKIINH;

— TIOKYTIHBIE MaTepuajbl, UCIOJIb3YEMbIE B MPOIECCE CO3/IaHUs HAYYHO-
TEXHUYECKON MPOAYKIMU [JIsi OOecleyeHuss HOPMAJIbHOTO TEXHOJOTHYECKOTO
npolecca;

— TIOKYNHBIE  KOMIUIGKTYIOIIME  W3AeNus W mnoxydabpuKarsl,
[OJIBEPTaoIIMeEcs B JAJIbHEHIIIEM MOHTAXKY UJIU TIONOJHUTENIbHON 00paboTKe;

— CBIpb€ M MaTepHalibl, TMOKYMHbIE KOMIUICKTYIOIINE W3JICHUs U
nosypaOpuKkaTel, HCIONb3yeMblEe B  KayecTBE OOBEKTOB  HCCIIEIOBaHUMN
(McpITaHUM) W IS SKCIUTyaTallid, TEXHUYECKOro OOCTY>KUBaHUS M PEMOHTa
U3J1eJIUM - 00BEKTOB UCTIBITAaHUH (MCCIEAOBaHUMN);

Marepuanbl HEOOXOAUMBIE [IJIsi JTaHHOM pa3paOOTKU TPE/ICTABICHBI B
tabymue 18.

T a6 nuual8— MarepuansHblie 3aTpaThl

HaumenoBsanue Enununna Komuuectso Ilena 3a 3arpatsl Ha
U3MEpEHU SIMHHILY, MaTepUabl,
s pyOnn youu.
KaccoBas nnenra s HUc | Ucn. | Uco | Uc | Uc | Uc | Uco | Ucn | Mcn
IIpUHTEpa n.1 2 3 |ml|n2|n3] 1 2 3
1 1 210 | 350 | 400
IleuaTs TUCTOB 80 | 100 | 100 |15 |25 | 2 | 120 | 275 | 200
KaHnnenspckue TOBapsI 3 3 3 30 50 50
(pyuka, OJIOKHOT)
Hroro 360 | 675 | 650

4.8 Pacyer 3apa00THOI IVIATHI OCHOBHBIX MCIIOJIHUTEIEH TPOEKTa

JlanHast cTaThd pacxoJ0OB BKJIIOYAeT 3apabOTHYIO IUIaTy HAay4YHOTrO

PYKOBOJIUTENSI U MHXKEHEpPa, a TakKe NPEeMHH, BXOAAIme B (GOHI 3apabOTHOU
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wiatel. Pacuer OCHOBHOM 3apaOOTHOM MJjaThl BBINOJHSETCS Ha OCHOBE
TPYILOEMKOCTH BBIINOJHEHHST KaXJIOr0 JTalla W BEJIWYMHBI MECAYHOIO OKJIaaa
VICITOJTHUTEJIS.

[lonnast 3apa®oTHas mjaTa BKJIIOYAeT OCHOBHYIO 3apa0OTHYIO IUIATy
pabOTHUKOB, HEMOCPEACTBEHHO 3aHAThIX BbiMoaHeHnemM HTU, (Bxirouas
OpeMHuH, JOIIaThl) M JIONOJHUTENBHYIO 3apalboTHyr Iuiaty. Pacuer

MPOU3BOJIUTCS B COOTBETCTBUU C hopmyioi (10).

33r1 = 3OCH + 3,qon ) (10)

rae 3oc: — OCHOBHAS 3apa0OTHAs IU1aTa;
30n — JOTIOJIHUTEbHAs 3apadoTHas miata (12-20 % oT Bocx).
OcHoBHast 3apabotHass 1ata (3ocs) PYKOBOAUTENS OT MPEANPUATHSA

paccunTbiBaetcs no ¢popmye (11).

Boc = 3pu ” Tp ) (11)
rne 3o — OCHOBHAS 3apabOTHAs IJ1aTa OJTHOTO PabOTHUKA,

Tp — IPOOOJDKUTCIIbHOCTD pa60T, BBIITOJIHACMBIX HAYYHO-TCXHUYCCKHUM

pabOTHUKOM, pad. IH.;

3w — CpeAHeTHEBHAS 3apa0oTHas 11aTa paboTHHKA, PYO.

CpennenneBHas 3apaboTHasl miata paccuuTbiBaeTcs o dpopmye (12):

3, =2 (12)

rje 3, — MEeCSAYHBIN TOJDKHOCTHOM OKJIa] paOOTHUKA, PYO.;
M — konm4ecTBO MecAIeB paboThl O€3 OTITyCKa B TEUEHHUE T0/1a:
F. — onelictBuTenbHBIM T0M0BOM (oHI paboyero BpeMEHH HAYYHO-

TEXHUYECKOTO TIepcoHaa, pad. aH.
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PacueTsl 3aTpaT Ha OCHOBHYIO 3apa0OTHYIO IJIaTy MPHUBEACHHI B TaOJIMIIE
14. TIpu pacyeTe yUuTHIBaI0Ch, YTO B rogy 302 pabouux AHS U, CII€IOBATEILHO, B
Mecsite 25,17 pabounx nHs. Takke ObUT MPUHAT BO BHUMAaHUE YUYWUTHIBAIOUTUN
koddummenT no 3apadbotHoi mnate Ksn = 1,18 u palionusiil koahdumuenT Kpx =

1,3 (K =1 =% K3H + KPK =1 % 1,18 * 1,3 = 1,53)

Tabmuna 19 — 3atpatsl Ha OCHOBHYIO 3apabOTHYIO IJIATy

Oxkua, CpenHenHeBHas 3aTpatsl Gorn
Hcnonaurens b PEAEA Bpemenn, | Koadduuument |3/mnatsl,
py0./Mec | craBka, py0./neHb
JTHU pyo.
HP 20743,41 824,13 24 1,53 30 262
C 6595,7 262,05 30 1,53 12 028
Wroro: 42 290

Taxkum O6p2130M, 3aTpaTel HA OCHOBHYIO 3apa60THon I1aTy CoOCTaBHIIN
COCH =42 290 pY6

4.9 3arpathl 0 JONOJHUTEIbHOM 3apa00THOI TJIaTe

3aTparthl MO JOMOJHUTEIBHON 3apaOOTHOM IjIaTe€ WCIOJHUTENECH TEeMbl
YUYUTBIBAIOT BEJIMYMHY IPEIYCMOTPEHHBIX TpyaoBbIM kKoaekcom P® noruiar 3a
OTKJIOHEHHWE OT HOPMAJIbHBIX YCIOBUM TpyJa, a TakKKe BBIILIAT, CBA3AaHHBIX C
o0OecriedueHUEM rapaHTUil U KOMIEHCAUi (MpU UCIOJHEHUU TOCY/IapCTBEHHBIX U
OOIIECTBEHHBIX O0S3aHHOCTEH, MPH COBMEIICHUH PadOThl ¢ OOy4YeHUEM, MpH
MPEAOCTaBICHUN €KETOAHOTO OTUIAYUBAEMOI0 OTITYCKA U T.1I.).
Pacuer nomonmHuTeNbHON 3apab0OTHOM IIJIATHI BEIETCS 110 clieaytomei Gopmye
(13):

300/1 = Rdon ) 300H ’ (13)

rae Kyn — koaduimenT nonoaHuTe IbHON 3apab0THOM TUIaThl (Ha CTaIuU
NPOCKTUPOBAHUS IpuHUMaeTcs paBubiM 0,12 — 0,15).
Taxum o6pazom, o popmyne (13) 3,00 = 2 696,64 pyO. — A1 PYKOBOIUTENS U
300 = 857,44 py6. — 17151 CTyACHTA.

Hroro, 3 554,08 py6.
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4.10 OTtyuc/ieHUs BO BHEOIOMKeTHbIE (DOHIbI

B nmaHHOW cTaThe pacxolOB OTPAKAOTCS O0sA3aTeIbHBIC OTYUCICHUS
opraHam TOCyJapCTBEHHOro conuanbHoro crpaxoBanus (PCC), IleHcrnoHHOTO
dbonna (IID) m wmegunuHckoro crpaxoBanus (PeaepanbHbiM (ODOOMC) u
teppuroprasibibiM  (TOOMC)) ot 3arpar Ha omuaty Tpylda paOOTHUKOB,
o0BeMHEHHBIE B (JOPME €UHOTO COIUATTLHOTO TIATEXKa.

Benuunna otumcneHuii BO BHEOIOKETHBIE (DOHABI OMPEIEISICTCS HUCXOIS
u3 cienyromeit popmyisl (14):

Cpp = (3o +3,,)-03

ocn (14)
rae kcomw — KO3(pOUIMEHT, YUYUTHIBAIOIIUN COIMAJIbHBIE BBIMJIATHI
opranu3anuu. B Hactosmee Bpems kcorr =0,3.
Hroro, cymmapHbie oT4ucIeHUs cocTaBiaT 12 687 pyO.

4.11 Pacyer aMOPTH3aLIMOHHBIX PACX0/I0B

K amopTusupyembiM OCHOBHBIM (OHAAM OTHOCUTCS 00OpYyAOBaHUE,
cTouMocTh KoToporo Beime 20000 py6iieit U Cpok dKCIUTyaTtau 0osiee roja, B
MPOTUBHOM CITy4ae OHO BKJIIOYAETCSI B MATEPUAJIbHBIE PACXO/IbI.

AMOpPTH3AIMOHHBIE OTUYUCIICHUS pacCUUThIBAIOTCS 10 popmyiie (17):

_ Ha'llgg

CaM_

’tBT’n, (17)

rie  Ha — romosas Hopma amoptu3anmu, Ha = 25%);
os — nena odopynosanus, Lo = 50000 py0.;
F — nelictButenbHbIN TO0BOM QoHI pabodero Bpemenu, Fy = 2416 yacos;
tsT — BpeMst pabOTHI BEIYMCIIUTEILHON TEXHUKHU TIPH CO3IaHUU ITPOTPAMMHOTO
npoaykra, tgr = 463 yaca,;
N — gucio 3aaeicTBoBaHHLIX [I9BM, n = 1.

HTaK, 3aTpaThbl HA aMOPTU3ALMOHHBIC OTYHUCIICHHA COCTAaBUJIN:

c ~0,25-50000-463
am 2416

=2395,5 py6.
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4,12 HakJaaHble pacxojabl
Heobxoaumo paccuutarh pacxoabl Ha pa3pabOTKy MPOEKTa, KOTOPhIE HE
YUTEHBI B IPEABIIYIINX CTAThSIX.
[Ipoune pacxoasl coctaBisitor 50 % OT €OUHOBPEMEHHBIX 3aTpaTr Ha
BBITIOJIHEHUE TEXHUYECKOTO MPOAYKTa U MpoBoAsTcs 1o popmyiie (18):
Charn = (Cocu + Cn) < 0,5 (18)
Chaxn = (42290 +12687) - 0,5 = 32988,5 py6

4.13 Onpenenenue pecypcHoil (pecypcocOeperaioiieii), ¢GpuHAHCOBOIA,
OI’)KeTHOI, COLMAJIBHON W DJHKOHOMHYECKOH 3(PPEeKTUBHOCTH
HCCJIe0BAHMS

Onpenenenrne 3G(HEKTUBHOCTH MPOUCXOJUT HA OCHOBE pacyera
MHTErpaJbHOTO TOKa3zaTend 3(PQEeKTUBHOCTH HAy4YyHOro wuccieaoBanus. FEro
HaXOXKJEHUE CBS3aHO C OMpEICICHUEM JBYX CpPEIHEB3BCIICHHBIX BEIUYNH:
dbuHaHCOBOM 3 (HEKTUBHOCTH U pecypcodrhPEeKTUBHOCTH.

NuterpansHbiii  mokazaresib (UHAHCOBOM A(OPEKTUBHOCTH HAYYHOTO
WCCJICIOBAHMS TIOJIYYAalOT B XOJI€ OIIEHKU Orojpkera 3aTpar Tpex (uimm OoJiee)
BApUAHTOB HCIIOJIHEHUsI HAYYHOTO uccienoBanus. [l 3Toro HamOOJIbIINI
WHTETPAJIGHBIN TTOKa3aTellb peau3alii TEXHUYECKOW 3amadv MPUHUMAETCS 3a
0a3y pacuera (Kak 3HaMEHATENb), C KOTOPBIM COOTHOCUTCS (DMHAHCOBBIC 3HAUCHMUSI
10 BCEM BapuaHTaM UCIIOJIHCHHUS.

WNuTerpanbHbiii G(MHAHCOBBIN MOKa3aTeNnb pa3pabOTKU ONpeesieTcs Kak:

ucn.i pi

¢urp q)—, (310)
max
rjae Igﬁ‘;; — MHTETrPaJbHbIN (PMHAHCOBBIN MMOKA3aTENh PA3pa0OTKY;
®,; — CTOMMOCTB 1-T0 BapuaHTa UCTIOIHEHNUS;
®max —  MakcUMalbHasd ~ CTOMMOCTb  HCIIOJTHCHHS  HAy4YHO-

HCCICA0BATCIILCKOI'O ITPOCKTA.
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Lo =172, 1307 =173, 13 =1,75. Takum 06pa3oM, MOJTyYeHHas! BEIMYHHA

WMHTErPaTbHOTO (buHaHCOBOTO noKazare’s pa3zpaboTKu OTpaxaeT
COOTBETCTBYIOIIIEE YHCICHHOE yBEMYCHHE OI0/KeTa 3aTpaT pa3paboTKu B pa3ax.
Omnpenenenue pecypcodPGHEKTUBHOCTH TPOEKTa MOXKHO OILICHHTh C

MOMOIIbIO HHTETPAIIbHOTO KpUTEPUS PecypcodPhHEeKTUBHOCTH:

li=2_3"b (3.11)

rae 7' - MHTErpalbHbIN MOKa3aTenb pecypcodhHeKTHBHOCTH;

ai ~ .
- BecoBOM Ko3(hduimeHT pa3zpaboTku; - OanbHas OLEHKA

pa3pabOTKH, YCTAHABIMBACTCS OKCIEPTHBIM TIyTeM 10 BBHIOPAHHOW IIIKaJIe
OLICHUBAHUSL;

Pacder uHTErpanbHOro nokasarens pecypcodhPeKTUBHOCTH IIPUBEJICH B
tadymue 20.

Tabnuua 20 - CpaBHUTENbHAS OIIEHKA XapaKTEPUCTHK MTPOEKTA

banpHag onenka
Beconoit
Kputepunu pa3paboTku
Kod(duuHCHT HUcn. | Ucn. | Hcm.
1 2 3
1.JlocTymHOCTH (MMOHSTHOCTB) 0,15 4 3 5
2. Y100CTBO UCTIOJIB30BAHUS 0,10 3 4 5
3. ITpocToTa 0,20 4 3 5
4. YauumpoBaHHOCTH 0,15 3 3 4
5. IlonHOTa M310KEHUS 0,25 3 5 5
6. MaTepnaioeMKoCTh 0,15 3 4 4
Uroro: 1,00

WNurerpanbHblii  mokazatenb  pecypcodPGEeKTUBHOCTH ISl Tpex
VICTIOJTHEHUM:

=0,15-4+0,10-3+0,20-4+0,15-3+0,25-3+0,15-3=3,35

I p-ucnl

=0,15-3+0,10-4+0,20-3+0,15-3+0,25-5+0,15-4=3,75

I p—ucn?

I =0,15-5+0,10-5+0,20-5+0,15-4+0,25-5+0,15-4 =4,7

p-ucn3
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[TokazaTenp pecypcoddPEeKTUBHOCTH MPOEKTAa B HCIOTHEHUU 3 HMEET

JIOCTAaTOYHO BBICOKOE 3HadeHue (1o 5-0anbHOM IIKane), 4YTO TOBOPUT 00

7 (HEKTUBHOCTH UCIOIB30BaHUS pa3padOTKUA JAHHOTO MPOEKTA.

Iucni. ) OIIPCACIIACTCA Ha

WuTerpanbhbiii mokaszareiab 3(G(EKTUBHOCTH HCIOJHEHUs pa3paboTku (

OCHOBAaHUH

MHTETPAJILHOTO

IIoKa3aTciIsd

pecypcoddHEeKTUBHOCTH ¥ HHTETPAIBHOTO (PMHAHCOBOTO IMOKa3aTes o Gopmyie:

I __ p-ucni

ucn.l I ucn.i 1

Punp

| =194 |

ucn.1 ucn.2

~213 |

ucn.3

2,6,

(3.12)

CpaBHCHI/IG HHTCIPAJIBHOI'O  IIOKA3aTCJIA 3(1)(1)GKTHBHOCTI/I BapHaHTOB

VCITOJIHEHHSI Pa3pabOTKH MO3BOJIMT ONPEACIIUTh CPABHUTENIbHYIO 3()(HEKTUBHOCTh

poeKTa W BbIOpaTh HaubOojee Ienecoo0pa3Hblii BAPUAHT U3 MPEAJIOKEHHBIX.

CpaBuutenbHas 3G ek THBHOCTD poekTa (Dcp):

— _wucnl
Op =7 (3.13)
ucn.2
Tabnuna 21 - CpaBuutenbHas 3¢ (HEKTHBHOCT pa3pabOTKH
Ne
[Tokazarenn Hcem. 1 Hcen.2 Hcn.3
n/m
1 NurterpanbHbiii (UHAHCOBBII 1,72 1.73 1.75
MOKa3aTesb pa3padoTKu
5 WNuTerpanbHbii [OKa3aTelb 3.35 3,75 47
pecypcodhHEKTUBHOCTH pa3padOTKU
3 WNuTerpanbHbii [0Ka3aTelb 1,94 213 2.6
a3 GeKTUBHOCTH
CpaBHuTEIBHAS a¢pdextuBnocts | 0,9 | 0,7 | 1,0 | 0,8 | 2, | 1,2
4
BAPUAHTOB MCIIOJIHEHUS 1 4 9 1 |8 2

Takum 00pa3om, yHUBEpCAIbHBIM BAPUAHTOM MCIOJHEHHUS padoThl, OyaeT

ABIATHCS 3 BapuaHT. To ecTh, paboTa OyAeT BHINIOJIHEHA 0€3 JUIIHUX 3aTpaT U

SABJISCTCS CPEIHEN 11O KAYECTBY.
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4.14 Ounenka 3KOHOMHUYeCKOH I(P(PeKTHUBHOCTH IPOEKTA

BrimonHeHne HayYHO-MCCIICIOBATEIBCKAX PAOOT OICHUBACTCS YPOBHIMHU
JIOCTUKEHUSI SKOHOMHYECKOTO, HAYYHOT0, HAYYHO-TEXHUYECKOTO U COLUAIBHOIO
s dexToB.

Hayunbiii 3¢dexT xapakrepusyeT MOJyuyeHHE HOBBIX HAYUHBIX 3HAHUU U
OoTOOpa)kaeT TPUPOCT MHGOPMAIMK, MPEIHA3HAYEHHON MJii BHYTPU HAYYHOTO
noTpebnenus. HayuHo-Texuudeckuii 3¢p(HEKT XapakTepu3yeT BO3MOKHOCTH
WCIIOJIb30BAHUSL PE3YyJIbTaTOB B JIPYTUX MPOEKTaX W OOECHEUYHBAET IMOIYUYEHHUE
uHpopMaru, HEOOXOJUMOW [JIsi CO3/JaHUSI HOBOM TEXHHKU. DKOHOMUYECKUU
ad ekt XxapakTepusyercsi BEIPAXKEHHON B CTOMMOCTHBIX MOKAa3aTeNsIX YKOHOMUEH
YKUBOT'O 00IIEeCTBEHHOTO Tpyaa. CounanbHblil 3QPEeKT NposBILEeTCS B yIy4dllIECHUN
YCJIOBHM Tpy/a.

JInsi WTOTrOBOM OLEHKU pE3yJbTaTOB IMPOEKTa B 3aBUCHMOCTH OT
MOCTABJICHHBIX IIeJiel B KadyecTBe Kputepusi 3PGHEeKTUBHOCTH MPUHUMAETCS OJUH
3 BUJOB 3 (dekTa, a OCTadbHbIE HCIOJB3YIOTCS B KAue€CTBE JOMOJHUTEIIbHBIX
XapaKTEPUCTHUK.

Pacxonpl Ha pa3pabOTKy METOAMKH KaTUOPOBKU DJEKTPOJA COCTABUIIO —
90 726,82 py0. B pesynbrare olleHKHM HaAYyYHO MCCIIEIOBATEILCKUM pabOThI MOKHO
clelnaTth BBIBOJBIL, O TOM 4TO, OIICHKA SKOHOMHUYECKOTO »d(ddekrra gaHHOU
pa3pabOTKH SBIISETCS HE KOPPEKTHOM, Tak Kak paboTa UMEET HE BBICOKUM YPOBEHb

Hay4YHO — TeXHUYECKoro 3¢ dexra.

5 Conya/ibHasA OTBETCTBEHHOCTh

CommanbHasi OTBETCTBEHHOCTb — O3TO BaXHbIA pas3feidl  BbITYCKHOU
KBATM(PUKAIMOHHOMN pabOThI, TaK KaK OH OCBEIIAET BOMPOCHI O€30MacHOCTH TPY/Ia,
3aTparuBaeT 00J1acTh 3alIUTHI OKPYKAIOIIEeH Cpeabl OT BPEAHBIX BO3ICUCTBUMN
uccienoBanuii. B yclIoBUSX TPOM3BOJCTBEHHOW JEATEIBLHOCTH O€30MacHOCTh

paboTHHKa oOecreuynBaeTCd OrPAaHWYEHHWEM YPOBHEH BO3JIEHCTBHS Ha HETO
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BPEIHBIX U OMAacHBIX ()aKTOPOB MPOM3BOACTBEHHOMN CPEIbl U TPYIOBOTO IMpoliecca
HOPMATUBHBIMU 3HAYEHUSAMH, JUOO TIOJHBIM HUCKIIOYEHHEM JTHUX BHJIOB
BO3JIEUCTBUS.

HccnenoBanuss MPOBOAMWINCH B J1a0OpaTOPUU  (PUBUKO-TEXHUUYECKOTO
WHCTUTYTA, CIHEUUaIbHO 000pynoOBaHHOM i »Tux ueneil. Llenpio paboTh
SBIIETCS
pazpaboTka  METOJMK  TO  M3MEPEHUI0  KOHIIGHTpAallMM  HOHOB B
paguodapMalieBTUYECKUX  Mperaparax  MpoBOJAMMAasi €  HCIOJIb30BaHUEM
tutpomerpa Mettler Toledo T50.

Pabouee mecTo npeacTaBisieT coO0H KOMITBIOTEPHBIN CTOJ C MEPCOHATBHBIM
KOMIIBIOTEPOM, TUTPOMETPOM u HEO0OXOIUMBIMU pacTBopamu
pannodapmalleBTUUECKUX TpenaparoB.  Pabora mnpou3BoAuTcs CUis, Npu
HEOO0JIbIIOM (PU3NYECKOM HAIPSHKEHUU.

OOpaboTka monaydyeHHONM HHOpMaNUMU C Tpudbopa U €€ BHU3yaTU3aIUs
MIPOM3BOJAUTCS Ha KOMIBIOTEPE, COCTOSIIEM W3 CHCTEMHOTO OJIOKa U MOHHUTOpA,
MO3TOMY BBINOJHIEMbIE pabOThl CBOJATCS K B3aUMOJAECUCTBHUIO C MEPCOHAIBHBIM
KOMIBIOTEPOM.

B nanHoM paszznene paccMaTpuBaeTCs KOMIUIEKC MEPONPUSATUH, C MOMOIIbIO
KOTOPBIX TMPOUCXOAUT MHUHUMHU3AIMS HETaTUBHOTO BO3JEHCTBUA (PAKTOPOB,
BO3ZHUKAWOIIKWE TMpU paboTe C KOMIBIOTEPOM, THUTPOMETPOM. bnaromaps
MPOBEICHUIO JIAHHBIX MEPOINPHUATUN MOKHO TIOBBICUTH TPOU3BOJAUTEIHLHOCTh

TpyJa COTPYAHUKOB U YIYUYIIUTh YCIOBUS PaOOTHI B JIaDOpATOPHUU

5.1 TexHoreHHas 6e30MaCHOCTh

B Hacrosimee Bpems B Ipolecce  AKCIUTyaTallud — OpeANpUsTUR
MPOU3BOJACTBEHHON cdepbl BO3HUKAET MpodiieMa obOecredeHusi O0e30MacHOCTU
MIPOM3BOICTBEHHOTO TIEPCOHATA U HACEIICHUSI.

K BpeansiM (hakTopaM NmpoeKTHpPyeMOil MPOU3BOACTBEHHON Cpeabl OTHOCSTCS
[1]:
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— TOBBILLIEHHAS WM HEJAOCTATOYHAsI OCBEUICHHOCTh paboueil 30HbI;

— YTOMIICHHME IJ1a3, HOBBIIIEHHAs Harpy3Ka Ha 3pEHUE;

— JUINTENIbHOE TpeObIBAaHME B OJHOM M TOM K€ (CHASYEM) MOJOXKEHUHU U
MOHOTOHHOCTH TpyJa (IIOBTOPEHUE OJHOTUITHBIX JIBHIKEHH );

— YMCTBEHHOE€ MEpEeHAINpsHKEHUEe, OOYCJIOBICHHOE XapaKTEepOM pelIaeMbIX
3aj1ay;

— HEPBHO-TICUXUYECKUE, HEPBHO-IMOIMOHAIIbHBIE TIEPETPY3KH;

— IIUPOKUN  CHEKTp HUBJIY4eHHS OT JIUCIUIes, KOTOPBbIA  BKIIIOYAET
PEHTIEHOBCKYIO, YIbTPadroIETOBYIO U HH(paKpacHyIo 00JacTH;

— TOBBIUIEHHBI YPOBEHb 3JIEKTPOMArHUTHBIX M3JIYYEHHUH Pa3Iu4HbIX YacCTOT
OT MOHHUTOPA U CUCTEMHOTI'O OJIOKA;

— TMOBBILIEHHBIA YPOBEHb HOHU3UPYIOIIUX U3JIyY€HUN B pabouell 30H€;

— BO3HUKHOBEHHE Ha DKpaHE MOHUTOpA CTATUYECKUX 3apAJI0B, 3aCTABIISIIOLIUX
YaCTUYKM IMbUIM JIBUTaThCAd K OKaidlieMy 3a3eMIICHHOMY IIPEAMETY,
KOTOPBIM OKa3bIBAETCS JIMLO MOJIb30BATEIIS.

PaccMoTpuM moApoOHO HEWCTBUS TMEPEUYMCICHHBIX BpEAHBIX (PAKTOPOB Ha

OpraHu3M 4YCJIOBCKaA.

5.2 [IpousBoACTBEHHAsA CAHUTAPUS
5.2.1 OcBeLIeHHOCTHh pa6o4er 30HbI

OcseleHne pabouyMx MeECT SBIAETCS OJHHMM U3 BaXXHbIX (DaKTOPOB,
KOTOpBIM OKa3blBa€T BIHUSHUE HaA CO3JaHHE OJarompusTHbIX M Oe30IMacHBIX
YCIIOBHU TpyZa, KOTOPBIE B CBOIO OYEPE/b BIHSIOT HA HACTPOEHUE, CAMOYYBCTBUE
U pe3yJIbTAaTUBHOCTh JeATENbHOCTH Tpynsiierocs. bonee 90% undopmanmu npu
paboTe YeIoBeK MOy4yaeT MO CPEeICTBAM 3PEHUs, U HEOCTATOYHASI OCBEIIEHHOCTh
OyZeT 3aTpyIHATh AeTEIbHOCTh Pab0UYEro U HarpyxaTh €ro CBBIIIE JOITYCTUMOMN
HOpPMBI, Oy/IET BbI3bIBATh YMEHBIICHUE OCTPOTHI 3pEHHUSI, YTOMJIEHUE OpraHu3Ma 1

HCTAaTUBHO CKa3bIBATHCA HA €TI0 IICUXOJOTHNYCCKOM COCTOSHHH.
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Ha npakTuke WCHONB3YIOTCA JiBa BHJAA OCBELIECHUS: €CTECTBEHHOE U
uckycctBeHHoe. EcrecTBeHHOe OOKOBOE M HCKYCCTBEHHOE pabodee, a Takke
KOMOMHUPOBAHHOE, KOTOPOE COCTOUT M3 MECTHOTO OCBEIICHHS Paboyux MeCT U
0O0IIET0 OCBEIICHUS TTOMEIIICHHUS.

CornacHo TpeboBanusaM [2] u [3] HE0OX0AUMO COOJIIOAATh OMPEICIICHHBIC
MpaBUJIa;

— TPUMEHATh KOMOMHUPOBAHHYIO OCBEIICHHOCTb;

— ECTECTBEHHBII CBET MPEUMYIIECTBEHHO JOJKEH IaJ1aTh CJICBa;

— OCBEIIEHHOCTh Ha IIOBEPXHOCTH CTOJa B 30HE pa3MelleHus paboyero
ToKyMeHTa aonkHa ObITh 300 — 500 11k;

— OCBEIIEHHOCTb MMOBEPXHOCTHU PKpaHa HE 0kHA ObITh Oosiee 300 Jk;

— B KauyeCTBE MCTOYHUKOB CBETa IMPU HCKYCCTBEHHOM OCBEIIECHUU CIEIYET
MPUMCHSITh TPEUMYIIECCTBEHHO JIFOMUHECIICHTHbIE Jamnbl Tura JIb wu
KOMITaKTHBIC JTIOMUHECHIeHTHBIE JaMitbl (KJIJI);

— i obecriedeHus: HOPMUPYEMBIX 3HAYEHUN OCBEIICHHOCTH B MOMEIIEHUIX
JUIS UCTIOJIB30BAaHUS TIEPCOHATIBHBIX 3JIEKTPOHHO-BBIYHUCIUTEIBLHBIX MaIluH
cJieyeT MPOBOJIUTH YUCTKY CTEKOJI OKOHHBIX paM U CBETUJIBHUKOB HE PEkKe
JIBYX pa3 B roJi U MPOBOJUTH CBOEBPEMEHHYIO 3aMEHY MEPETOPEBIINX JIAMII.
B naGopatopun, roe  mpousBoauiack  paboTa,  OCBEUIEHHOCTH

KOMOMHUpPOBaHHAas, €CTECTBEHHBIH CBET MaJaeT CJeBa, COOJIIOJEHBI BCE HOPMBI
OCBEIICHHOCTH, YUCTKA OKOH MPOU3BOAMUTCS 2 pa3a B Toj (B KOHIIE JeKaOps U B

HI0JIE).

5.2.2 MuKpok/JIuMaT

MUKpOKIMMAT TPOW3BOACTBEHHOTO TIOMEIICHHS OKa3bIBaeT OOJIBIIOE
BIUSHAEC HA OpraHW3M 4YeJOBEKa, Ha €ro 370pOBhe M CaMOYYBCTBHE,
paboTOCIOCOOHOCTD U MPOU3BOAUTEIIBHOCTD TPY/A.

MukpokuMar ompeaenseTcs ACUCTBYIONIMMH Ha OpPTaHW3M 4ellOBeKa

COYUCTAHMAMU TCMIICPATYPHBI, BJIAJKHOCTH U CKOPOCTH JIBHUKCHHA BO3ayXaA.
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HeGnaronpusTHelii  ypOBEHb MHUKPOKJIMMAaTa MOXET CIIOCOOCTBOBATH

BO3HUKHOBCHHIO Y YCJIOBCKA OIIPCACIICHHBIX HOCHCI[CTBI/II;'I, HaIrpuMmcep:

HapylleHue

TEPMOPETYJISLINH,

B pe3yjbTaTe

KOTOpPOI'o

BO3MOXKHO

IOBBIICHUC TCMIICPATYPhI, 0OMIIBHOE IIOTOOTACIICHHUC, c71a00CTh.

TOJIOBHOM 00JIH, CYJIOPOKHON 0O0JIE3HHU.

HapylIeHHe BOJHO-COJIEBOr0 OajaHca, MOXKET NpHUBECTH K ciIabocTH,

K IMOKa3aTCJIIM, XapAKTCPU3YIOIIIUM MUKPOKINMAT, OTHOCATCA:

— Ttemmneparypa Bo3ayxa [ C];

— OTHOCHUTEJbHAs BIAXHOCTH [%0];

— CKOpOCTH JBIKCHHS BO3ayxa [Mm/c].

OnTuManbsHbIC U AOIIYCTHUMBIC IIOKA3aTCIIM MHUKPOKJINMATA IIPOU3BOACTBCHHBIX

noMeneHui cornacHo [4] u [S] npuBenens! B Tabauiax 17 u 18.

Taobnuua 22 - OnTuManbHble HOPMBI TEMIEPATYPbl, OTHOCUTEIILHON BIQXKHOCTH U

CKOPOCTH JIBI)KEHUS BO3/1yXa B paboueit 30He MOMeIIeHU!

Iepnon Temneparypa, ‘C OtHocuTenBHAS CKopoCTb JIBIKEHUS, M/C
roja BJIQKHOCTB, %0
Termnwri 23-25 40-60 0,1
X 0noHbIH 22-24 40-60 0,1

Taonuua 23 - [JonycTuMble HOPMBI TEMIIEPATypbl, OTHOCUTEJILHON BIIAXXHOCTH U

CKOPOCTH JIBHOKCHUS BO3/IyXa B paboueii 30He MoMeneHui

[Mepron Temneparypa, ‘C OtHocuTEbHAS CKOpOCTb JBIKEHUS, M/C
rozaa BII&XKHOCTB, %
Ternunbrii 22-28 55 (npu 28 °C) 0,1-0,2
X oo THBIN 21-25 75 He 6onee 0,1
B mpodunakTuyeckux 1ensx OT  BO3ACHCTBHS  HEOJArompHUsITHOTO

MUKPOKIIMMATa AOJIZKHBI OBITH IIPOU3BCACHBI 3aIIUTHBIC MCPOIIPHUATHUA, HAIIPUMCED,

CHCTCMBI

MCCTHOI'0O KOHAMIHUMOHHUPOBAHUA

BO3/TyXa,

MIPUMEHEHUE

CpE/CTB

uHauBUyanbHOM 3amuThl (CU3), permameHT BpeMeHU padoThl.
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Muxkpoknumar  jmaboparopuud, B~ KOTOPOH  MpoBOgWiIach  pabora,
COOTBETCTBYET JOMYCTUMBIM HOpMaM, HamlpuMep, CPEAHssl TeMIrepaTypa Bo3ayxa

B 3UMHee BpeMs rofa cocrapisier 20-22 °C, B netnee 22-24 °C.,

5.2.3 lIcuxodusunosiornyecKkre Harpy3sKu

Jlist Toro 4ToObl MUHUMHU3HUPOBATh MCUXO(U3UOJOTUYECKUE HArpy3KH Ha
paboTHHKA, CIENyeT yACIUTh BHUMAaHHE TPEOOBAHMSIM OpraHU3auu pabodyero
Mecta. KoHcTpykuusi pabodero crojia JOJKHA OO€CHedrBaTh ONTHUMAIIbHOE
pa3mMelieHre Ha pabodeil MOBEpXHOCTH UCIOJIb3yeMOoro 000pynoBaHus (B JaHHOM
cillydae KOMIIBIOTEpa, TUTPOMETPAa W PACTBOPOB), C YUETOM €T0 KOJIMYECTBA H
KOHCTPYKTHUBHBIX OCOOCHHOCTEH, XapaKTepa BhITIOJIHIEMON PabOTHI.

Bricota paboueil MTOBEPXHOCTH CTOJA I B3POCHBIX MOJIb30BaTENEH
JIOJKHA peryiaupoBatbes B npeaenax 680-800 MM (Ipu OTCYTCTBHHM BO3MOXHOCTH
PEeryJIUpOBKH BBICOTA JOJDKHA COCTaBIATH 725 MMm) [6]. B pabouem kabOunere
BBICOTA CTOJIOB HE perynupyercs u cocrasisieT 700 mm.

Pabounii cTon gomKeH UMETh MPOCTPAHCTBO sl HOT BBICOTOM He MeHee 600
MM, IIUPUHOMN - HEe MeHee 500 MM, TyOnHON Ha ypOBHE KOJIeH - He MeHee 450
MM Y Ha YPOBHE BBITSHYTBIX HOT - He MeHee 650 MMm.

[ToBepXHOCTh CUIEHBS, CIIMHKA M JAPYTUX DJIEMEHTOB CTyjna (Kpecia)
JOJDKHA OBITh TOJYMSITKOM, € HECKOJB3SIIMM, HE DJJIEKTPUIYIOIUMCS W
BO3JyXOIMPOHUIIAEMBIM TIOKPHITHEM, OOCCICUMBAIONIAM JIETKYIO OYHCTKY OT
3arpsI3HCHUU.

JItst yMeHbIIeHUs TICUX0(PU3NOIOTHIECKUX Harpy30K Ha paOOTHHKA TaK JKe
1eJIeCOo00pa3HO COOMI0IaTh TPEOOBAHUS K PEXKUMY TPY/la U OTHbIXA.

B gactHOCTH CcOOMIIOIEHNE NTaHHBIX TPeOOBAHUMN MO3BOJIUT MUHUMU3UPOBATH
HEPBHO-TICHXWYECKHUE, HEPBHO-IMOIIMOHAIBHBIC TIEPETPY3KH, a TaK )K€ yTOMJICHUE

rjia3, MOBBINICHHYIO HAI'PY3KY Ha 3pCHHUC.
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CornacHo [2] pexoMeHIyeTcsi OpraHU30BEIBATh epepbiBbl Ha 10-15 MuHyT
yepe3 Kaxapie 45-60 MuHyT padoTsl. [Ipu 3TOM MPOIOIKUTETLHOCTD
HENpPEepPhIBHOM pabOThI ¢ KOMITBIOTEPOM HE JIOJKHA MPEBBIIIATEH 2 YacoB.

Bo Bpems mepepblBOB CIEAYET BBINOJHATH KOMIUIEKC YIPaKHEHUH IS
CHSITUS YTOMIJICHHSI 3PUTEIIBHOTO aHaln3aTopa, HANPSUKEHHS B MO3BOHOYHHUKE, a

TaK¥KC O6HIGFO OMOIMOHAJIIBHOT'O HAITPSZKCHUA.

5.2.4 OnacHOCTb BO34eNCTBUS 3JIEKTPOMAarHUTHOIO U MOHU3UPYIOLIErO
U3J1Iy4YeHUs

Bo3paelicTBue 3IEKTPOMAarHUTHOTO M 3JIEKTPOCTATUYECKOTO TOJIEM MOTYT
NPUBECTH K TIOSIBICHUIO TOJIOBHBIX Oo0JIeM W JUCPYHKIMHM psia OpPraHoB.
DNEeKTPOMArHUTHbBIE U3NTyUYEHHUS YXYIAI0T paboTy COCYI0B rOJIOBHOTO MO3Ta, UYTO
BBI3BIBAET OCJIA0JICHUE MaMSTH, OCTPOTHI 3PEHUS, TaK K€ HaOJIoAaloTCs: 00JIE3HU
CEPJACYHOCOCYAUCTON  CUCTEMBI,  KEIYJOYHO-KUIIEYHOTO TpPakTa, KOXKHbIC
3a00J1eBaHUSI.

BpemeHnHble 1onmycTUMBIE YPOBHU 3JIEKTPOMArHUTHOTO TI0JISI, CO37aBaeMbIe
KOMITBIOTEPOM Ha pabodyem MecTe mpeacTaBiaeHbl B TadauIe 19 cornacHo [2].

Taob6nuua?24 - Bpemennsle qonyctumblie ypoBHu OMII, co3gaBaeMbIX KOMIIBIOTEPOM

Ha pabounx MecTax

HanmeHnoBanue napameTpos BpemMennslii 10yCTUMBIN
YPOBEHb
HanpsixeHHOCTB B quana3one yactoT 5 ' - 2 k' 25 B/m
AIEKTPUYECKOTO I10JIS B aquana3oHe yactoT 2 KI'11 - 400 kI'11 2,5 B/m
HanmenoBanue napamerpos BpemenHnslii 1omyCTUMBIN
YPOBEHb
IImoTHOCTH MAarHUTHOTO B auana3oHe 4actoT 5 ' - 2 kg 250 uTn
OTOKa B nuana3oHe gactoT 2 kI - 400 xI'11 258Tn
HanpsikeHHOCTB 3JIEKTPOCTaTUYECKOTO OIS 15 kB/m

I[JIH 3alIHUThI OT JICKTPOMArHuTHBIX HBHY‘ICHI/Iﬁ HCOGXOI[I/IMO 00eCICYNTD:
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- paloHajIbHOE pa3MENICHHE M3IYyYaIIUX U OOIydarommux
O0BEKTOB, HCKIIIOUAIONIEE WM OCHa0JsAIoniee BO3IECHCTBUE W3IyYEHUS Ha
[EPCOHA;
- OrpaHUYEHUE MECTa M BPEMEHU HaXOXJCHHS PAaOOTHUKOB B
AIIEKTPOMATHUTHOM II0JIE;
- 3aIATa PACCTOSTHHUEM,;
- UCIIOJIb30BAaHUE MOTIIOIIAIOIINX WIM OTPAKAIOIINX JKPAHOB;
- UCII0JIb30BAHUE CIEUAIBHBIX 3aIUTHBIX OYKOB;
- 1e4eOHO-NPO(PUITAKTUYECKHE MEPOIIPHUSITHS;
B coorBerctBuM C [7] MmO BUAY TPyAOBOM AECATEIBHOCTH INAHHBIA BHUJ
pabot B maboparopun OTHOCUTCA K rpynne B, a mo HampspkeHHOCTH paboThl Ko 11
KATeTOpUHU TSHKECTH, 3TO O3HAYAET, YTO CTOMT COKPAaTUTh BpeMs paboOThl 3a
KOMITBIOTEPOM, JI€JIaTh NEPEPBIBBI IIPU 8-MHM 4acOBOW CMeEHe. Takke MPUMEHSTH

MOHUTOPBI C IIOHHUKCHHBIM YPOBHCM H3JIYUCHHUA N 3allIUTHBIC SKPAaHBI.

5.3 TexHuKa 6e30MaCHOCTH

5.3.1 d/1eKTp06e30NaCHOCTh

DnexkTpo6e30MmacHOCTh MPECTaBIIET COO0N CUCTEMY OpPraHU3alMOHHBIX U
TEXHUYECKUX MEPOIPHUATUHN U CPEIICTB, KOTOPHIE 00ECTICUNBAIOT 3aIUTY JTFOACH OT
BPEIHOTO W OMACHOTO BO3JCHCTBHUS SJCKTPOMATHUTHOTO TIOJIS, AJICKTPUIECKOTO
TOKa U CTATUCTUYECKOTO DJICKTPUUYECTBA.

Ha pabGouem wmecte maGopaHta W3 BCero 00OPYIOBaHUS METAUTMUYECKUM
SIBJISIETCS JIUIITh KOPIYC CHUCTEMHOTO 0JIOKa KOMITBIOTEPA, HO 3/1eCh UCIOIb3YIOTCS
CUCTEMHBIE OJIOKH, OTBedawIlme crtanmapTy ¢upmer [BM, B KOTOpBIX Kpome
pabodeil W30JAUMM TPEAYCMOTPEH DOJIEMEHT JUId 3a3eMJICHHUS M TPOBOJ C
3a3eMIISIFOLIEN KWIOW [T PUCOEAMHEHUS K UCTOYHUKY NTUTaHuA. be3 3a3emienus

BCIIMYMHA JJICKTPOMAIHUTHOI'O IIOJISI B Pa3bI 6yz[eT IIPCBLIIIATH HOHYCTHMBIﬁ

90



0e30macHbIl YPOBEHB ISl 3J0POBbs YETIOBEKA, KOTOPBIM ycTaHOBJEH B [2]. Takum
oOpa3zoMm, o0OopymoBaHWe OOMEHHOTO TIYHKTa BBIIIOJIHEHO IO Kiaccy 1, B
COOTBETCTBHH C NMPaBUIIAMHU YCTPOINCTBA AnneKTpoycTaHoBOK (ITY D).

Ha ocHoBanmu [8] cTemeHp OMNAacHOrO BO3JCHCTBUSA Ha 4YeJIOBEKa
AIEKTPUUECKOTO0 TOKAa 3aBUCUT OT poja U BETUYHHBI HANPSDKEHUS M TOKA, CHIIbI
TOKa, YaCTOThI AJEKTPUUECKOTO TOKA U MYTH MPOXOKICHUS Yepe3 TeJI0 YeJIOBEeKa,
a Tak K€ NMPOJOJDKUTEIBHOCTH BO3JACHUCTBHS U YCIIOBUM BHEIIHEW CPEJIbI.

PaznuuaroT cienyrone BUIbI TOMEIIEHUN B 3aBUCUMOCTH OT OIACHOCTHU
MOPAYKEHUS JIIOJIEN AIIEKTPHUECKUM TOKOM:

— mnoMeleHuss 0e3 TMOBBIIIEHHOW OMACHOCTU (B KOTOPBIX OTCYTCTBYIOT
YCIIOBUS, CO3/IAI0IIHE MOBBIIIEHHYIO HJIK 0COOYIO OMAaCHOCTB).

— TMOMEILIEHUsI C TOBBIIIEHHON OMNAaCHOCTBbIO, KOTOPBIE XapaKTEepPU3YIOTCA
HaJIMYMEM B HHUX OJIHOTO U3 CJIEAYIOIIMX YCJIOBUH, CO3JAIOIINX
NOBBIIICHHYI0O  ONACHOCTH: CBIPOCTb,  TOKOIIPOBOJAILLYK)  IIbUIb,
TOKOIIPOBOJSAUINE MOl (METATIMYECKHE, 3EMIIIHbIC, >KeJIe300€TOHHBIE,
KHPIIUYHBIE U T.I1.), BBICOKAsl TEMIIEpaTypa, BO3MOKHOCTb OJIHOBPEMEHHOTO
IPUKOCHOBEHUSI 4YEJIOBEKAa K HMMEIOUIMM COEIMHEHHE C  3eMJIed
METaJUIOKOHCTPYKIUSAM, TEXHOJOTUYECKUM anmnaparaMm ¢ OJHOW CTOPOHBI U
K METaJNTMYECKUM KOpITycaM 3JIEKTPOOOOpyI0BaHUS — C APYTOil.

[Tomemienue 1abopaTopuu MO ONACHOCTH MOPAKEHUS DJIEKTPUUYECKUM TOKOM
MO>XHO OTHECTH K | Kjaccy, T.e. 3TO nmomenieHue 0e3 MOBBIIIEHHONW OMacHOCTH
(cyxoe, Oec MbUIbHOE, C HOPMaJIbHOW TEMIIEpaTypol BO3AyXa, U30JIMPOBAHHBIMU
MoJIaMHU U MaJIbIM YUCJIOM 3a3€MJICHHBIX MPUOOPOB).

B umensx oOecrneueHuss 3JIEKTpPOOE30MAaCHOCTH  BBIACHAIOT — CIEAYIOIINE

TpeboBaHus coriacHo [9]:

— HCMOJb30BaHKME Oe3onmacHOro HampsbkeHus 12 w 36 B (ans momydeHus
UCIIOJIb3YIOT TOHMKAIOIIUE TPAHCPOPMATOPHI, KOTOPHIE BKIIOYAIOT B
CTaHJAPTHYIO ceTh ¢ HanpsbkeHueM 220 unu 380 B);

— KOHTPOJIb U30JIALIMU 3JIEKTPUUECKUX MPOBOIOB;

— YCTPOWCTBO 3aIUTHOTO 3a3€MJICHUS U 3aHYJICHHUS;
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— HCKJIIOYEHUE CIIYIaiHOTO MPUKOCHOBEHHS K TOKOBEAYIIIUM YaCTsIM;
— coOJII0ICHUE OPTraHU3alMOHHBIX MEP 00ECTICUCHUS AIEKTPOOE30MACHOCTH.
Tak ke o0Os3aTeNbHBIM YCIOBHEM SIBJISIETCS TPOXOXKIECHUE BCEMH
COTPYIHUKAMHU TEPBUYHOTO, BHEOYECPEAHOTO M TIOBTOPHOTO HHCTPYKTaXka IIO

AIIEKTPOOE30MACHOCTH.

5.3.2 [lo:xapo6e30nacHOCTh

[ToxxapHast 0e30MacHOCTh MpeaycMaTpuBaeT obecreueHrue 0e30MacHOCTH
JIOJEH U COXPAHEHUS MAaTEPUAIBHBIX LEHHOCTEW NPEANPUATHS HA BCEX CTAIMSX
€ro >KM3HEHHOTro 1uKJIa. OCHOBHBIMM CHCTEMAaMH MOXapHOW OE€301MacHOCTH
SBJIAFOTCS CHCTEMBI IPEAOTBPAILEHUS IOXapa W IMPOTHBOIIOXKAPHOW 3aLIUTHI,
BKJIFOYAsi OPraHU3allMOHHO-TEXHUYECKNE MEPOTIPUATHSI.

Cormacuo [10] nmaGoparopus, TA€ MNPOBOAWIACHE pa3pabOTKa METOIUK
OTHOCHUTCS K KaTeropuu B2 (mmojkapoonacHOCTh), T.K. B IIPOLECCE UCCIETOBAHUS
UCIIOJIB3YIOTCSl BELIECTBA M MaTEpHUalIbl, CIIOCOOHBIE MPU B3aUMOJECUCTBUHU C
BOJIOM, KHCJIOPOJOM BO3/AyXa WJU APYr C APYIOM BOCIUIAMEHATCS (PEaKTUBBI
paarodapMaleBTHUECKUX penaparoB)

[Ipu pabore ¢ DIEKTPOHHOUN ammapaTypoit BBIJICIAIOT  [PUYHUHBI
BO3HMKHOBEHHUSI II0Kapa KakK »JJIEKTPUYECKOr0, TaK MW HEDIEKTPUYECKOIO
XapakTepa.

K mpuunHaM BO3HMKHOBEHUS 0Kapa 3JIEKTPUUYECKOTIO XapaKTepa OTHOCIT
KOPOTKO€ 3aMBbIKaHUE, UCKPEHHE U DJIEKTPUYECKHE JYI'H, MEPErpy3KH IO TOKY,
CTaTUYECKOE JEKTPUUYECTBO.

[IpyuviHBl BO3HHMKHOBEHMS IOXapa HEIIEKTPUYECKOrO0  XapakTepa:
XaJaTHOE HEOCTOPOXKHOE OOpalleHHe C OrHEeM, HampuMmep, OCTaBJIeHHbIE 0e3
IPUCMOTpa HarpeBaTesibHbIe TPUOOPHI, KypeHHE, UCTIOIb30BAHUE OTKPHITOIO OTHS.

JUist ycTpaHeHUsT NpPUYMH BO3HUKHOBEHMSI II0KapoB B ITOMEIICHHUH
71a00paTOpUM JOJKHBI IPOBOJIUTHCS CIAEAYIOIINE MEPOIIPUSITHS:

a) Ha3HaYEHUE OTBETCTBEHHOTO 3a MOKAPHYI0 0€30MaCHOCTh MOMEIEHUII;
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0) TmpoBeneHHWE TEPUOJUYECKMX  HMHCTPYKTaOXKEH MO  MOKapHOU
0e30ITacCHOCTH;

B) U3/IJaHWE MTPUKA30B 110 BOIIPOCAM YCUJICHHS TOKapHOM 0€3011aCHOCTH;

T') UCTIOJIB30BAHUE TOJIBKO MCIIPABHOTO 00OPYI0BaHMUS;

1) OTKIIIOUEHHUE JIEKTPOOOOPYIOBAHUS, OCBEIICHUS U AJIEKTPOIUTAHUS TIO
OKOHYaHUU PaboT;

€) KypEeHHE B CTPOr0 OTBEJIEHHOM MECTE;

&) CoepKaHue MyTel U MPOXOJOB JJISl PBAKYyAIlMH Jt0Jield B CBOOOJHOM

COCTOSHHHU.

5.3.3 Pa6oTa B Ype3BbIYaHbIX CUTyaLi X

B nomemenusix ¢ I[IDBM mnoBbelIEH PUCK BO3HUKHOBEHUS IOXapa.
HeucnpaBHOCTh  3J€KTPOOOOPYIOBaHMS,  OCBEIICHHS, HENpaBUIbHAs  MX
DKCIUTyaTalusi, HAIMYHE CTATHYECKOTO AJIEKTPUUYECTBA HEYIOBIECTBOPUTEIBHBIN
HAJA30p 3a MOKAPHBIMU YCTPOWCTBAMU M IPOU3BOJCTBEHHBIM OOOpPYIOBaHUEM
MO>KET MOCIYXUTh MPUUMHON Moxkapa. [loxkap Ha mpeAnpusTHA HAHOCUT OOJIBIION
MaTepUalbHbIA yIIEpOd W YacTO COMNPOBOXKIAETCS HECUYACTHBIMU CIIy4asiMU C
JIXOIbMU.

[ToxapHas npodurakTrka MIPEACTABIIAET co0oit KOMILIEKC
OpPraHU3alMOHHBIX U TEXHUYECKUX MEPOIPUSATHI, HAPABICHHBIX Ha 0OecrieueHe
0e30MacHOCTH JIIOJe, Ha MPeNoTBPALEHUH [OXapa, OrpaHUYEHUE €ro
PaCIPOCTPAHEHUS, & TAKKE CO3JAaHUE YCIOBUH U1l YCIIEIIHOTO TYIIEHHS T0XKapa.

Jis npoduiIakTUKK TOXapa Ype3BblYallHO Ba)kHA MpaBUJIbHAs OLICHKA
MO’KAPOOMACHOCTU  3JIaHHUA, OINpEACNICHHEe ONacHbIX (PaKTOpoB U 0OOCHOBaAHUE
CIIOCOOOB M CPEJICTB MOXKAP MPEAYIPEXKICHUS U 3AIIUTHI.

OngHo w3 ycioBHM OOEcCTedeHHs TMOXKapOOE30MaCHOCTH - JIMKBHIAIIHS

BO3MOXXHBIX UCTOYHHUKOB BOCIIJTAaMCHCHU .
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B maGopatopuu HMCTOYHMKAMU BOCIUIAMEHEHUSI MOTYT OBITh HEHCIPABHOE
AIIEKTPOOOOPYI0OBAaHUE, HEHUCIPABHOCTH B AJIEKTPOMPOBOJKE, IIIEKTPUUECCKHUX
PO3eTKaxX U BBIKIIOYATEISIX.

JI1s1 UCKITIOUEHMST BO3SHUKHOBEHHUS M10Xkapa Mo 3TUM MPUYMHAM HEOOXO0IMMO
BOBpEMSI BBISBIISITh U YCTPAHSITh HEUCIIPABHOCTH, ITPOBOJIUTH TUIAHOBBIA OCMOTp U
CBOEBPEMEHHO YCTPaHSATh BCE HEHCIPABHOCTU U HEUCTIPABHBIE AIEKTPOIPUOOPHI U
HE KCIIOJb30BaHNE HEUCTIPABHBIE JICKTPOIPUOOPHI.

OOorpeBanue  MOMEIIEHUS  OTKPBITBIMH  AJIEKTPOHArpeBaTeIbHBIMU
nmpubopamMu MOTYT TIPUBECTH K TIOKAPY, T.K. B IIOMEIIEHUN HAXOATCS OyMaKHbIC
JIOKYMEHTBI U CIIpaBOYHasi JUTepaTypa B BHJE KHUT, MocoOui, a Oymara -
JIETKOBOCIUIAMEHSFOIMIICS TTPEAMET.

B nensx npodunakTuky moxkapa mpejiaraeTcsi He MCIoJab30BaTh OTKPHITHIC
o0OorpeBaresibHbIE MPUOOPHI B MOMEIIEHUHU J1abopatopuu. B 1ensx yMeHbIIeHUs
BEPOSITHOCTH BO3HMKHOBEHHSI I0OXKapa BCJEACTBHE KOPOTKOTO 3aMbIKaHUS
HEO00XO0IMMO, YTOOBI AJIEKTPOIPOBOJIKA ObLJIa CKPBITOH.

HecoGmonenre mMep mokapHoi 0€30MacHOCTH W KypeHHE B TOMEIICHHUH
TaKXe MOXET MPUBECTH K Moxkapy. [loaToMy KypeHusi B TOMEIIEHUHU J1a00paTopuun
MpeaiaraeTcsl KATeropuYeCKy 3anpeTUTh.

B uensx mpemoTBpamieHus moxkapa TakKe Npeiaraercs MpOBOJIUTH C
WH)XEHEepaMH, pabOTaIOIIMMU B Ta0OpaTOPUH, TPOTUBOMIOKAPHBIA HHCTPYKTAK.

B  cimyyae  BO3HMKHOBEHHS  TOKapa  HEOOXOAMMO  OTKJIFOYHTH
AJIEKTPONUTAHKUE, BbI3BATh MO TeledOHY TMOKAPHYI0 KOMAaHIYy, HBaKyHPOBaTh
JIOJIEW U3 MOMEIIEHUS] COTJIACHO IUIaHY ABaKyallud M MPUCTYNUTh K JIMKBUAAIIUU
Mo’kKapa OTHETYIIUTEIISIMH.

[Ipy Hamuyuum HEOONBIIOTO oyara IJIJAaMEHU MOXKHO BOCIIOJIb30BaThCS
MOJIPYYHBIMU CPEJCTBAMU C IEBI0 MPEKPAIICHUs JOCTyMNa BO3ayXa K OOBEKTY
BO3TOPaHUSI.

B 1npou3BOJACTBEHHBIX MMOMEIICHUSX JOJDKHO OBITh HE MEHee JBYX
ABAKYyallMOHHBIX BBIXOJOB. 3aaHue Koprmyca 11, B KOTOpoMm pacroJiaraercs

JabopaTopusi, COOTBETCTBYET TPEOOBAHMSIM MOKapHOUW Oe3omnacHocTu. B 3manuu
94



YCTAaHOBJIEHA CUCTEMAa OXPAaHHO-TIOKAPHOW CUTHAIM3ALUU, UMEIOTCS B HAJIMYUU

MOPOIIKOBBIE OTHETYIIMTENIM M IUIaH 3BaKyalluH, a TaK K€ YCTAHOBJIEH ILJIaH

9BaKyalllM C YKa3aHUEM HaIpaBJieHUH K 3aacHOMY (3BaKyallMOHHOMY) BBIXOJLY.
Ha pucynke 17 npencraBiieH IUIaH 3BaKyallud IPH BOZHUKHOBEHUU MOXapa

u npyrux YC.

YcnoBHBIE 0003HAYCHUS;
u = OTHETYIIHTEIE
@ - KHOTIKA PYYHOTO MOKAPHOTO H2BeINaTes

m - 3MEKTPOIIHTOK

- TenedoH
- OCHOBHOI1 BEIXO[,

- OCHOBHOI I[yTh 3BaKyarlin

Pucynok 17 — I1nan sBakyaruu (epBbIi ATax)

5.4 PeruoHa/ibHada 6€30MaCHOCTD

KowmmbroTep, ucmonb3yemblid B paboTe, HE BiIeUeT 3a COOOM HETraTUBHBIX
BO3JICHCTBUI HA OKPYKAIOIIYIO CPEAY, MO3TOMY CO3JaHUE CAHWUTAPHO-3AIIUTHOMN
30HBI U TPHUHATHE MEp MO 3anmre atMocdepsl, ruapocdepsl, auTochepbl He
SBJISIFOTCSL HEOOXOAUMBIMH.

KommploTep B CBOEM COCTaBE COJEPKUT TOKCHUYHBIE  BEIIECTBA
AJIGKTPOHHBIX OTXOJOB Takue, Kak OpoMcojepiKallue 3aMeIuTelId TOpeHus,

MOJMBUHUJIXJIOPUABI, PTYyTh, KOTOPLIC B IPOHECCC OJKCILTyaTallikh HEC BBI3LIBAIOT
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HETAaTUBHBIX TIOCJIEICTBUM, OJIHAKO CO BPEMEHEM MPUXOAUTCS MNPOU3BOIUTH
YTHIA3ALHIO IEPCOHAIIBHOIO KOMIIBIOTEPA KAaK TBEPJAOr0 OTXO0/1A.

[Ipu 3aBepuienuu cpoka ciyx0bl [1K, ero MoxxHO Ki1accupuIupoBaTh, Kak
OTXOJI JIEKTPOHHOU MPOMBIIIJIEHHOCTH.

[Ipu yTUIM3alMK MOPOUCXOTUT PAa300pP KOMIIBIOTEPOB Ha CJEAYIOIINE
KOMITOHEHTBI: OJIOKM THTaHMsSI, MPOIECCOPBI, JJIEKTPOHHBIC IUIATHI, KaOeJs.
VYTunuzamus, Kak 3JCKTPOHHO-BBIYUCIUTEIBHBIX MAalIUH, Tak W JIPyrou
OPITEeXHUKH BKJIIOYaeT B ce0s paboThl MO: MOrpy3Ke, TPAHCHOPTUPOBKE,
pasrpys3ke, JEMOHTaXy W H3BICUEHHUIO Pa3JIMYHBIX MaTEpPUAJIOB W3 HCIHCAHHBIX
TEXHUUYECKUX CPEACTB, a TaKXKe cJady Ha MaTepualibl CIeHHAIN3UPOBAHHBIM
OpraHu3anusM s JanbHeimer mnepepadotku. OCHOBHBIMH MaTepuajaMu,
KOTOPBIE M3BJICKAIOTCS U3 TEXHUYECKUX CPENICTB, SIBISIOTCA: YEPHBIA MeETasll
(amoMUHUM, Menb), IUIACTUK, IUJIATBhI, COJIEpIKAIME JParollecHHbIE METaJUIbl,

crekiio. [lepepaboTka TakKMX OTXO0/0B OCYIIIECTBIIAETCS coryacHo [11].

5.5 OpraHusanMOHHBbIE BOIIPOCHI 06ecneYeHus 6e30NacCHOCTH

bonpmoe 3HaueHwme B paboTe HMeEeT oOpraHu3anus pabdoyux MecT
COTPYJHUKOB U CO3/IJaHUE OJaronpusiTHLIX YCIOBUH Tpy/a.

OnTuManpHBI PEXUM TpPyAa M OTAbIXa 3TO OJHO M3 BAXKHBIX YCIOBUU
Ka4ueCTBEHHOU pPabOTOCIIOCOOHOCTH COTPYAHHMKOB. IIpu HecoOmoaeHUN pexuma
Tpyla W OTIbIXa CHIDKAETCA pPabOTOCIMOCOOHOCTh COTPYIHUKOB, MOSIBIISIOTCS
rOJIOBHBIE ~ OONM,  yCTaJIOCTh,  OOJIE3HEHHBIE  OIIYIIEHUS B  TJasax,
Pa3IpaKUTEIbHOCTh, ICUXOAMOIIMOHATILHOE HAIPSKEHUE.

CornacHo [12] koHCTpYKITUST paboYero Mecta W B3aMMHOE PACIIONIOKEHUE
BCEX €ro DJJEMEHTOB JOJDKHO COOTBETCTBOBaTh  aHTPOIOMETPUUYECKUM,
(U3UYECKUM U TICUXOJIOTHYECKUM TPEOOBAHUSM.

['maBHBIMEH dJIeMEHTaMH paboyero Mmecrta jgabopaHTa SIBISIOTCA PabOodMii
CTOJI U CTYJI, IPU 3TOM paboTa MPOBOAUTCS B moJioxkeHuu cuias. CiaeaoBaTesbHO,

JJIA HCKIIIOYCHUA BO3HHNKHOBCHUA 336OHeBaHHﬁ, CBs3aHHBIX C MaJjou
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MOJIBKHOCTBIO PaOOTHHMKA, HEOOXOAMMO HMETh BO3MOKHOCTH CBOOOTHOM
MIEPEMEHBI T103.
IIpu opranuzanuum pabodyero Mecta B JaOOpPaTOpUU  PEATUIYHOTCS
CJIEQYIOIUE TIPAaBUJIA!
- BbICOTa CTOJia cocTaBisieT 720 MM, B COOTBETCTBUM C
HOpMamu [2] - 725 mwM;
- pabounii CTynl HE HMEET pPEryJIUpPOBKY BBICOTHI U
MOBOPOTOB, YroJl HAKJIOHA CIIMHKU CTAHIAPTHBIM U TaK K€ HE MMEET
BO3MOKHOCTH PETYJIIMPOBKH, HE UMEET MOJIOKOTHUKOB;
— KJIaBuaTypa pacrojaraercss Ha pacctosauud ot 150-200

MM OT Kpasl CTOJIa, 4YTO COOTBETCTBYET HOpMaM [2].
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3akiroueHue

B pesynbrare BBIMOJIHEHHOW pabOTHI OIEHEHBI MCTOYHUKUA OHIMOOK MO HX
BIMSHUIO Ha pPe3yibTaThl M3MEPCHH B TUTPUMETPUYECKOM aHaim3e. bbuin
BBISIBJICHBI HE TOJBKO HEHCIIPABHOCTU, HO M CIIOCOOBI UX ycTpaHeHHs. BrisBieHo,
YTO OMUOKHU OBIBAIOT OT AJICKTPOIa, TATPOMETPA, CTAHIAPT-TUTPOB.

Taxxxe Obuta pazpaboTaHa MeToAMKa KaauOpoBku sekrpona Mettler Toledo
DGi 111-SC ¢ ucnonp3oBanuem tutpomerpa Mettler Toledo T50.

[TpousBeneHO TUTPOBAHHWE CTAHAAPT-TUTPOB, a TaKXKE IPUTOTOBJICHHBIX B
pa3HBIX YCIOBHUSX, pa3HBIMH crocodamMu  (U3MOIOTHUYECKUX  PACTBOPOB.
BreisiBneno, 4to mpu pa3baBieHun oObeMa 3HAYCHHUS CTAHOBATCA Hamboiee

TOYHBIMH HM3-3a ITIOCTCIICHHOI'O ,ZIO6aBJIeHI/I$I TUTpAHTa.
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