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CIICOK MCIIONIB30BAHHBIX OBO3HAUYEHUN
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HIKPHHa HEMONHOCTbIO Pa3fiefleHHbIX MUKOB, H3MePEeHHas Ha MOJNIOBHHE Bbl-
COTBl KaXJOTo MHKa, COOTBETCTBEHHO, C BHEUWIHEW CTOPOHB! K 0651acTu
fiepeKphIBaHt, CM;

rpalyupoBoyHbiii KOI(GOULNEHT a; NMf i-FO Ta3a NpH TPafyUPOBKE MO
ra30BbHIM CMECSIM U BBHICOTe B KauecTBe U3MEPAEMOro apaMeTpa;
rpalyupoBOYHbIi KO3(OUIUNERT a; AN i-To ras’a NpH CPaiyupoBKe IO
pacTBOpaM r'a3oB B Macle H BEICOTE B KauyeCTBe IPOBEPAEMOro NapaMeTpa;
rPaOyHpPOBOYHBIH KOIGOUUMEHRT &; INA i-r0 Fa3za DU IPalyMpOBKe Mo
Ta30BBEIM CMeCAM H IUIOLIA[N B Ka4ecTBe H3MEpPAEMOro napaMerpa;
rpanyMpoBOHHbIH KOIQOHUMEHT a; AN i-TO Ta3a OpH CPALYHPOBKE Mo
pacTBOpaM [a30B B Maclie il NJIOWAaLH B KayeCTBe H3MEePLCeMOro napamMe-
Tpa;

KOHLEHTPALIIA i-ro Fa3a B ra3osoit dase, % 06.;

KOHUEHTpaLlLIs ¢-ro Ia3a B Mache, % 06.;

KOHLEHTpaLls i-T0 raza B PafynpoBoynoii cMecu B Gammone (1 wmu 2
yposets), % 06,

rpaHMYHAs KOHLEHTpalud i-ro rasa B Mache, % ob.;

KOHUEHTPALUIA £-TO ra3a B IPalyUpOBOYHOM MacisHoM pacTsope, % o6.;
KOHUEHTPALUY (-0 Ia3a B HACHIILEHHOM ra3oM Macne, % o6.;

KOHLEH TPALIITS OCHOBHOI'O KOMIIOHEHTA B 1-OM r'ase, B3LTOM A MPHIOTO-
BeHKs IpafyHpoBodHOi rasoBoil cMecu, % 06.;

K0a(hGUIHEHT PACTBOPHMOCTH i-T'O Ta3a B Mache;

rpafyHpoBouHbIi Ko3bduuMeHT b; oM ¢-ro ra3a npu rpaiyupoBKe IO
Ta30BbIM CMECSM M BBICOTE B KayecTBE H3MEPSEMOro MapanmeTpa;
rpanyupoBoyHbIi kod(duimenT b; mnd :-ro rasa UpH rpalyHPOBKE MO
pacTBOpaM r'a3oB B Macile ¥ BbICOTE B KaueCTBE U3MepPseMoro napaMeTpa;
rpalfyupoBouHbIil ko3dduuuenT b; I1d i-ro rasa npu rpalyHpoBKe MO
ra3oBbIM CMeCAM U IJIOIAAM B KadyecTBe H3MepsIeMoro napaMeTpa,;
rpanyHpoBouHblil kosdduuuedt b; INd i-ro rasa Npu rpagyHposBKe Io
pacTBOpaM ra3oB B Macfle H MUIOIIAAN B KaYeCcTBe M3MePIEMOro Iapame-
Tpa;

Gosnbunit (IIpoNosbHBIM) pasMep ra30Boro My3bIpbKa, CM;

MeHbIunit {onepeqHslil) pasMep razoBoro My3spbKa, CM;

BHYTDEHHUH IMaMeTp XpoMaTorpaduyeckoil KONOHKH, CM;

pa3sMep 4acTull copbeHTa, cM;

BBICOTa MMKa 1-FO Ta3a Ha XpoMaTorpaMMe, CM;

BBLICOTa IIHXa i-I'0 a3a Ha XpoMaTorpaMMe NPy [PALyHPOBKE [0 [a30BbIM
CMecaM, CM;



BLICOTA MIiKa i-TO Ia3a Ha XpoMaTorpaMMe NPH I'PafyHPOBKE 10 pacTBOpaM
ra3os B MacCle, CM;

BeIMYHHA WIyMa OeTeKTopa, CM;

Ko3Q(HuHeHT WA PacyeTa CYMMapHOil MOI'PELIHOCTY U3MEPEHNUS;

YHCJIO KOHTPOMbHBIX TOYEK Ha rPaflyMPOBOYHON XapaKTepHCTHKE;

Y1ic/I0 MapaJsulenbHBIX aHanu3o8 obpasia Macna;

AJTAHA XpoMaTorpaduyecKoil KOMOHKH, CM;

YUCJIO MapajinelbHbIX H3MEePEeHHH B KaX [0l KOHTPOILHON TOYKe Ha rpany-
HPOBOYHOIl XapakTepUCTHKE;

aTMocdepHOe JaBeHHEe B MOMEHT NPHIOTOBIEHHS I'DALyHPOBOYHON cMecH,
MM PT.CT.;

cyMaapHoe cpefiHee KBaApaTHUYeckoe OTKIIOHEHHE Pe3yAbTaTa N3MEPEHHH;
cpenHee KBaApaTHYECKOe OTKIIOHEHHE 3a CYET CAyYaiHOH NOrPeLHOCTY U3-
MepeHHs KOHUEHTPAauMny :-To rasa B Macle;

IWIoLWAAb THIKA &-TO rasa Ha XpPoMaTorpaMae, cm’;

IAOWA b MilKa 2-TO Faza Ha XpoMaTorpamue MpH IPaLyUpoOsKe O Ia30BbIM
cnmecsM, o,

AToINanp Mifka #-TO Fa3a Ha XpOMaTorpaMue HpH FpaiyupoBKe MO PaCTEO-
paM rasos B Macile, cM?;
TeMnepaTypa, IpH KOTOpoil poBoaMTCs PpaAyHposka, °C;

xosdduunent CroionenTa;

BpeMs yAepKUBaHUS KOMIIOHEHTA I, C;

OTHOCUTENbHOe BPeMS YAepKUBaHUs;

BpeMs ynep:KlBaHMS KOMMOHEHTa, BHIOpaHHOTO 32 CTaHIapT, C;

obbeM npolbhl :-ro rasa, B3ATHIH LM% NPHUTOTOBIEHMA Ia30BOH CMECH, MII;
obbeM ra3ooil ¢asbl B INPULE, MJT;

00beM ra3oBoro nmysbipbka, obpasosasilerocst B WINPULE PH TPaHCIOPTH-
poBKe i XpaHeHUH Mpobbl Macna, Mi;

o6beM npobsl ra3oBoil cMecH, B3ATON N4 IPHIOTOBNEHMSA PACTBOpa [a3oB
B Maclle, M,

0b6beM npobul HACBILIEHHOTO Fa30M Maciia, B3SThIY i1 IPUroTOBIEeHUS pac-
TBOpa Fa3a B Macie, M,

BHYTPeHHIT 06beM KpaHa-Io3aTopa, MJl;

obbeMm mMacha B IUNpHULle, MJ;

ob6peM Macila B COCyne, B KOTOpOM NOArOTaBIKBaeTCS PacTBOD I'a3a B Macile,
MJT;

obbeMm Macla B LIMPULE TpH TPAHCHOPTHUPOBKE H XPaHEHUM, M

obiuit 06beM CHCTEMB! ra3-Macilo B LINIpuile, MI;

06beM i-0ff TpalyMpOBOYHON NETNH, M,

0bbem paboyeit NETAH KpaHa-NO3aTOpa, MI;

obbeM copbeHTa B KOJIOHKE, MIT;
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obwuit 06beM raza B IIpHLE MPU NPUTOTOBAEHHH Ipany-
HMPOBOYHON CMECH, MJI;

KOHUEHTPAUNS i-[0 Ta3a B Ta30BOH CMeCH MJIM MACIIHOM
pactBope, % 06.;

nnowanib UM BbICOTa NMKa Ha XpoMaTorpaMMe , CM MM
em?;

BBLICOTA MM IUIOIab TMKA ¢-T0 Fa3a NpPH aHaJIUu3e, CM UK
cm?;

reHepa/ibHOe cpeflHee 3HayeHue BLICOThI UM MJIOLIAAN 2-TO
rasa mpu TPafyupoBKe, CM UIH cM?;

nonpabKa, yYHThiBalollas OTEPIO ¢-TO Ta3a B Fa30BOM My-
3bIpbKe, 0bpa3oBaBllieMcs NPH TPAaHCHOPTHUPOBKE M XpaHe-
HuM npoObl Macha;

CyMMapHas HOTrPelIHOCTb H3MEpPeHUs;

HOTrPELHOCTH H3MEPEeHUS K03 PHUIIMEHTa PacTBOPUMOCTH
I-To Tra3a, ra3oBoro H MacjisHoro of6beMop B LINPHLE, a
TaKXe MoTeps 1-ro ra3a B IUNPHIE OPH XPaHEHUH;
INPpHHAa ITUKa 7:-1‘0 ra3a Ha HOJIOBHHE €ro BBICOTHI, CM;
abconoTHad HeUCKIIOYeHHas CHCTeMaTHYecKas norpem-
HOCTb;

OTHOCHTEeNbHass HEHCKIIOYEHHas CcHUcTeMaTH4ecKas Mo-
TPElIHOCTb.
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METOOWYECKUE YKA3AHNS 10 IOATOTOBKE PI1 34.46.303-98
N TNPOBENEHHUIO XPOMATOI'PAPUYECKOI'O

AHAJIM3A T'A30B, PACTBOPEHHBIX B MACIJIE

CUJTOBLIX TPAHCPOPMATOPOB

Cpok [eficTBUS yCTaHOBIEH
c 01 mas 1998 r.
no 01 mas 2003 r.

Hacrosure MeTonuueckite ykasaHus COCTaBleHB! Ha ocHOBe HakomeHHoro B Poc-
citil onblTa NpuMeHeHys «MeTononueckux ykasaHuit 1O NOATrOTOBKE M IMPOBENEHUIO XPO-
MaTorpadir4eckoro aHasu3a ra3oB, paCTBOPEHHBIX B Macjle CHJIOBLIX TPaHCHOpMaTOpOB»
P11 34.46.303-89 (M: CIIO Corwoarexauepro, 1990), ¢ yueToM pexkoMeH qaunil mybnukauuu
MOK 567 1 BBonsaTcs B3amen «MeTomndeckux yxasaHiuii mo obHapyXeHHIO NOBpeX[e-
Hiill B CIUIOBBIX TpaHCdOpAATOpax € MOMOLIBLIO aHalli3a PacTBOPEHHBIX B Macjie Ta3oB»
(M: CIIO Corwosrexanepro, 1979), ynomsuyToro suime PI 34.46.303-89, lpunoxenus Ne1
k PIl 34.46.303-89, yTBepxnennoro Ilenapramentom Hayxu i Texunku PAO «EQC Poc-
cun» 29.12.1994 r. u «Mucrpykuun no kanubpoBke XpoMaTorpaduyecKoro KOMILIeKca,
NpefHa3HaYeHHOro [UI% H3MepeHHs PacTBOPEHHLIX B M3OMALNOHHEIX MacllaX ra3os, C UC-
N0:1b30BaHHEM OTHOCHTENIbHBIX KOa(HINeHTOB YyBcTBITembHocTHy W 34-70-008-84 (M:
CIIO Corosrexanepro, 1985).

B MeTonmyeckux yka3aHuaX H3NOXKEHBL CNOCO6b 0TGOpa, TPAHCNOPTHPOBKM H XpaHe-
H1A TTpo6 Macrla, u3BIeyeHIIs Ta30B U3 Maclla, IPUTOTOBIEHHS TPalyMPOBOYHBIX [A30BEIX
catecell ¥ PacTBOPOB [a3oB B Macie, FPAAYHPOBKN XpOMaTOrpadu4ecKoro KoMIiekca, ob-
paboTKy Pe3yNIbTaToOB aHATIH3a C YYETOM CYMMADHOH HNOrpEelIHOCTH U3MEPEHHs, & TaKxke
pexoMeHdyeMas annapaTypa Al [pOBefeHHs M3MEPeHHs CONEPXKaHHs ra3oB B Macle cH-
JI0BBIX TPaHCHOPMaTOPOB.

Meromideckye ykasaHus PEKOMEHIYIOTCS K NPUMEHEHUIO NEPCOHANY 3EeKTPHUYECKHX
CTaHMI, 3TeKTPHYECKHX ceTell, NOACTaHUMUil, a TakXKe HalaJOYHbIX ¥ PEMOHTHbLIX Npef-
TIpUSITHI.

1 OBIOVE TPEBOBAHUS

1.1. HacTosmue MeTonuueckne ykasauns mpemHa3HaueHb! [T ONpeeNieHMA pac-
TBOpPEHHEIX B TpaHcopMaTOpHBIX Maciax: Bomopoma — Ha, oxcmma yraiepoma — CO,
muoxkcuna yriaepoma — CO,, merana — CHy, anetunena — CyHy, atunena — CoHy,
3TaHa — CgHs.

1.2. Omnpenenenne yXa3aHHBIX Ta30B B TPaHCPOPMATOPHOM Macile NPOBOOAT € WHC-
MO/Tb30BaHMEM MeTOJI0B aHaliu3a pasHosecHoro napa (APII) nnu «nonuoro m3snevenuss
6e3 Bakyyma.



Meron APII npennonaraeT n3snevenue rasos 3 Macia MyTeM PaBHOBECHOIO pacipe-
IeneHys aHaTH3MpYEMbIX KOMIOHEH TOB MEX LY XKHAKOl (Macyio) i rasoBoit pasamu. Merton
«IIOJIHOTO H3BJIeYeHHS» Oe3 Bakyyma peanmusyeTcsa B npuctaske BTU ¢ ucnonwiosanunem
6apboTaxa.

1.3. [Insa ofecrnieyerus HEOBXOAMMOro Mpeneia obHapyXeHus 1O BCEM aHaM3upye-
MBIM KOMIOHEHTaM B XpoMaTorpauieckuX yCTaHOBKaX MOXHO HCHOSb30BATh:

~ IiaMeHHO-HoHHM3almoHHbI HetekTop (M) mns onpenenenus meTaHa, aueTHiIeHa,
3TH/EHa, 9TaHa, a TakKxke [is olpelefleHUs OKCHIA M AMOKCHMAa yriepofia B BHIE
MeTaHa NpH MX aHAJIU3e Ha XpoMaTorpadpuyeckuX ycTaHoOBKaX, MMeIOUIUX B CBOEM
COCTaBe yCTpOHCTBa, NpeBpallalollne HX B MeTaH (MeTaHaTopbl) C UCMOIBL30/Ba-
HIleM B KayecTBe ra3oB-HOCHTeNeil Tellisd Uy aproHa;

— netexTop no Temmnonposopsocty (JTII) mns npsamoro onpenenenys BoXOpOAa € UC-
NOoJIL30BaHMEM B KadecTse ra3a~-HoCcHTeEN S aproHa, a TaKXe oKcHIOa H AHOKCHIa yrie-
pola C MCIIOJIL30BAHHEM B KayecTBe ra3a-HoCUuTeNns remm;

~ Tepymoxumieckuit getexktop ([ITX) ans onpedenenus ponopona M OKCHAa yriepona
C HCTIONB30BAHUEM B KaYeCTBE I'a3a-HOCHTENS e,

1.4. Tlpenen ofHapyxeHMs olpenenseMbix B MacClie Ta3’oB HONMAEH GbITh He BbIUIE,
% 06.:

IUIS BOOOPOJA 0,0005.
[7s MeTaHa, 3THiIeHa, 3TaHa 0,0001
74 aleTHieHa 0,00005
OIS OKCHJA M IMOKCUOa yTiepona 0,002

IIpenen obHapy KeHns ra3os B Macile B 3aBUCUMOCTH OT MeTolla I'pallypOBKH onpene-
JAeTes cienylouuM obpasoM:

- Np¥ rpafyHpPoBKe N0 [a3’0BEIM CMecAM Ho dopMyie

2 MA? 3 2f Ym
Ilpenen obnapyxenus = Py '(IZ' + Ve/Va) 8]
~ IIpY IpaflynpoBKe Ilo PacTBOpaM ra3oB B Maclle Iio GopMyile
2Ry A
Ilpenen obuapyxenus = -—-"‘—;’L~—‘~ (2)

3nech u nanee 6ykBeHHble 0603HaYEHUS TapDAMETPOB B PacUeTHLIX (GOpPMyNax MpHBe-
OeHb! Ha CTp. 3-5.

1.5. T'panyupoBKy XxpoMaTorpapmuecKuX yCTaHOBOK OCYIIECTBIAIGT HO PacTBOpam
BCEX aHAJIM3MPYEMbIX I'a30B C H3BECTHON KOHUEHTpaUKel B rale-HocuTeNe HIIM B Macile.



Tabauna 1

O6nacTh H3MepSeMbIX KOHUEHTpauui, CyMmapHas NOrpeurHOCTh

% ob. uaMepenns, % oru.”
Menee 0,001 Bonee 50
0,001-0,005 He Gonee 50
0,005-0,05 He Gonee 20
6onee 0,05 He 6onee 10

*Peanbubie 3HaveHis NOAYYaloTCd Npit TPaAYUPOBKE KOMINIEKCOB

1.6. Tpebopaumus K cyMMapHO# HOrPELIHOCTH BBIFIONHEHHS H3MepeHHit KOHLEHTpa-
L}l ra30B, paCTBOPEHHBIX B TPaHc(HOPMATOPHOM Maclie, MpHBeHeHsl B Tabm. 1.

1.7. CxonumocTbh pe3yiIbTaTOB ABYX MapaiileNbHBIX aHAJIM30B OJHOTO M TOTO XK€
obpa3ia Macna MpH KOHUEHTpalMy aHaIM3HpyeMoro rasa B HeM Briie 0,001% ne nomxua
npepbiiaTh 10% oTHOCHTEABLHO CpefiHero 3HadYeHHU .

2 OTBOP, TPAHCIIOPTPOBKA U XPAHEHUE ITPOB
MACIJIA

2.1 OtT6op npob macaa

2.1.1. OTbop npob Macna u3 TpaHCHOPMATOPOB OCYLIECTBAAIOT B CTEKJISHHbIE Me-
OUOHHCKHE mnpuub eMrocThio 10-100 M.

Henonycrum ox6op Macna B niracTMaccosble ILnpuiki!

Henonyctum orbop npob mMacsia m3 oTKPRTON cTpyu!

HenonycTuM KOHTAaKT Macija ¢ arMocdepHBIM Bo3nyXoM npu orGope!

2.1.2. Illnpuu momxeH 6LITH HpOBepeH Ha repMeTHYHOCThb. I[lpoBepky WIINpHIla Ha
repMETHYHOCTh MPOBOLAT CHENyIolWMM obpa3oM: MOpIIEHb OTTATMBAIOT OO Mpenena,
LINpUI] TepMETU3UPYIOT 3arjIyHIKOd MAM WTSoif ¢ pe3lHOBOH MpPoOKoil M HalaBNMBAIOT
Ha MOpIIeHb ¢ TaKWM YCHIHeM, 4ToObl OH CMeCTHIICS He MeHee, YeM Ha TOJIOBHHY OGb-
ema. B TakoM ro/oxeHu: OMyCKaiOT BeCh LINPHI, BKMIOYas YaCTh, B KOTOPYIO BCTABIIEH
MOPILIEHE, B COCYHl € BOAOH M BBLAEPXKUBAIOT IO BOOOH B CXaTOM COCTOAHUY B TedeHUe 20~
30 c. B cnyyae repMeTHYHOCTH HINPHila HE NOMKHO HaONIOAATHCS BhLIENEHUS NY3bIPHKOB
BO3AyXa.

2.1.3. CreunanibHyo (IONOTHUTENbHYIO) IPOBEPKY IINPHLA Ha TEPMETHYHOCT HpO-
BOLAT IyTeM XpaHeHHs LINpHLA ¢ MACloM, COOEPKalléM PaCTBODEHHBIH BOIOPOA B KOH-
uenTpauuu 0,05-0,1% 06., B TeueHue aByX He@EAb U CP2BHEHHS PE3yAbTATOB ONpeNeNeH s
colepXaHus BOOOPONia B Haualie ¥ B KOHUE XpaHeHHUS. ['€pPMeTHYHO 3aKpBITHI MINPHIL



Puc. 1. Or6op mpo6 macna us 6aka TpaHchopMaTopa: | — MCIMUMHCKHIT INIDHIL;
2 — mnud wnpuua; 3 — pesnHoBas TPYBka ¢ BHYTPeHHHM auameTpoM 2-3 mm; 4 —
nepexoNHuK; 5 — Tpybka ¢ BHYTpeHHHM AnaMeTpoM 4-6 map; 6 — wiTyuep; 7 — BEHTUIID;
8 — Gak TpaHchopMaTopa

HOJKEH XpaHUTLCH NMpPH KOMHATHOI TeMIlepaType B TeMHoM MecTe. IlomyckaeTcs K NpH-

MEHEHUIO LINPHL, B KOTOPOM H3MEHeHHe CollepXaHus BOJOPONa B Mache 3a [Be HeleiH He
npessimaeT 5% OTH.

2.1.4. Ilpu ot6ope npo6 macna u3 TpaHcdopmaTopa (puc. 1) MacnooT6OPHLIH WITY-
nep (6) momxen GbITHL ouniieH oT sarpasHennit. OT6op Macia U3 mTynepa 6aka TpaHc-
dopmaTopa (6) OCyIECTBIAIOT C MOMOIIBIO MaCcl00TGOPHOrO YCTPOHCTBA, KOTOPOE MOXET
COCTOATB, HampuMep, U3 pe3nHoBoit TPybku (5) ¢ BHyTpeHHMM muameTpoM 4-6 MM, Me-
TaJIINYECKOTrO WilN CTeKIIAHHOrO TepexonHuKa (4) u BakyyMmHON uiin oGBIYHON PE3MHOBOM
Tpy6ku (3) ¢ BHyTpenHuUM nuameTpoM 2-3 MM. OCHOBHBIM TpeGoBaHMEM K MACIOOT-
6opHOoMy ycTpOHCTBY sBNIfieTcs obecnevyeHne repMETUYHOrO coeluHeHHs UITyunepa Gaka
TpaHcdopmaTopa ¥ Inpulla-npobooTbOpHIKa, HOITOMY OOWH €ro KOHEL JOJXKEH MIIOTHO
HafleBaThcs Ha wwTylep (6), a mpyroit Ha mud (Koutomo) wnpuua (2). B npyrom sa-
pHaHTe yCTPOWCTBO COCTOMT H3 De3MHOBOW TPYOKM M MeTaJnnveckoil TpyOKH ¢ mpuBsa-
PEHHBbIM HaKOHEYHWKOM MENMIMHCKON Wriasl. Pesnnosas TpyGka MnoTHo HalJeBaeTcsd Ha
MacnooTOOpHEI mMTYylep, a HaKOHeUHUK MTABl — Ha WAud MNpUta.

IIpu oT6ope Macna B Wnpuus! HeoBXOOMMO NOMAEPKUBATL TaKyl CKOPOCThb MCTEYe-
HUA Macfla U3 MacliooT6OpHOro ycTpoiicTBa, 4Tobb! MCKMIOYUTD MONanaHkie B IINPHUIL aT-



MocepHOro BO3LyXa ¥ BHUIENEHHE ra3oB i3 Macia (OTCYTCTBHE BHAOUMHX Hy3blpeil u
3aBHXPEHNIl B CTpye Macna).

U3 kaxnoro TpanchopmaTopa nenecoobpasHo oT6MpaTh ABa IUMpPHLa € MacioM. Ilpu
MCIOJIb30BaHUM UINpUIEB eMKoCTbio Gonee 20 mn momyckaeTca oTbop Macna B ofuH
LWnpuil.

2.1.5. Ilna oropa npob Macna kK MaciooTbopHomy wTynepy (6) roncoenusuTh Ma-
cnootbopHoe yctpoitctso (3-5). OcropoxHo OTKpHTH BeHTHIb (7) Ha Gake TpaHCdOp-
maTopa (8) u cauts 1-2 51 Macna ([UIA NPOMBIBKY OTBEpCTHS LITYHEpa U HUTAHTa), NpHU-
NOAHAB BBEPX CBOGOMHLIN KOHEl MaclooTGOpHOro yCTpPOMCTBa I yAaleHus U3 Hero my-
3bIpbKOB BO3lYXa.

[lepen 3anonnenuem macsioM mnpui npomsiBaetcs. Ilns aToro B cBoGomH kIt KoHEl Ma-
Cj100TOOPHOro YCTPONUCTBaA BBECTH LINPHII WAH(OM B OTBEPCTHE WAHTra U 3al0MHUTH €ro
macnoM. Macno u3 mmpuua cnutes. IIpouenypy npoMsiBEN WINPHLa HOBTOPHTH He MeHee
3 pa3. [Tocnie npoMBIBKY 3aNONHATH WIIPHIL MACJIOM, IOBEPHY Th €ro mAKdoM BepTHKaIbHO
BBCPX M 3arfAymINTb Jubo 3arfaylikodl, BHIONHEHHON U3 obpe3aHHOll M 3alafHHOI Menu-
LIMHCKOIT 1B, W60 MEeMLIHCKON UIJIOM, 3arfmylleHHON pe3lHOBoll npobkoil. 3akphITh
BenTiib (7). Ilpu ycTaHoBKe 3arnywkn Ha waud WNpUUa HEOGXOMMMO CIAEOUTH 3a TeM,
4TO6BI B LUMPHUIl He MOMaN BO3AyX, AN Yero 3Ty ollepauuio NpoBOmAT ¢ OTHOBPEMEHHbIM
HaIaBIHBaHHEM Ha NOpIUeHs MITPULA.

Hacyxo o6TepeTh Wfpitil, IPOBECTU €ro MapPKMPOBKY M HOATOTOBUTH COMPOBOMHTENb-
HYIO NOKYMEHTaUHIO.

2.1.6. B conposomuTensHoll JOKYMEHTaluM JOMXKHEL 6bITh yKa3aHbl CHERYIOLLLE CBe-
OeHNA: MecCTO yCTaHOBKM TpaHchopMaTopa, ero THUIl, MOIIHOCTb, KJacC HalpsKeHHsd,
3aBON-M3rOTOBUTENb, 3aBOACKON HOMEp, CTaHUMOHHBIH ([OACTAHUMOHHBIN) HOMep, HaTa
M3roTOBJIEHHS M BBOAA B JKCINIyaTalHMIo, Harpy3ka BO Bpems oTGopa npobbl, MapkKa Ma-
Clla, TeMIepaTypa Macia, BUJ 3alllMThl Macla, IpuuuHa oT6opa, AaTa oTbopa, GdaMunus
N¥na, NpoBoAKBLIEro oTHop Mpobel.

2.2 TpascmoprupoBka opo6 macia

2.2.1. IIpobbl Macma TpaHCHOPTHPYIOT B FepMETHYHO 3aKPHITHIX LINPHLAX, TOMe-
LUEHHBIX 1160 FOpH3OHTaNbHO, 1160 BEPTHKAIILHO 3arNylIKaMi BHU3 B CNIENUAIbHBIX KOH-
Teitnepax (puc. 2).

2.2.2. llpu TpaHcnopTupoBke Heobxomumo u36eraTh CHILHON BUGpalUMU M TPACKH,
Pe3KUX nepenajioB TeMIepaTyp ¥ NonafaHus cBeTa Ha npobel Macia.

2.3 Xpazenne npo6 macia

2.3.1. IHpobrl Mmacna XpaHAT APU KOMHATHON TeMIEPaType B 3alllullIEHHOM OT CBETa
MEeCTe B FepMETHYHO 3aKPBITHIX UINPHIAX, NPoBepeHHbIX o 1. 2.1.2. HacToawux MY, no
ceMH nHeit, npoBepeHHbIX no n.2.1.3. — o nByx Heneib.
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Puc. 2. Koureiinep ong TpaHCHOPTHPOBKM LUOPHLEB € MacnoM: ] — xoplyc KOHTel-
Hepa; 2 — pyuYka; 3 — rHe3lo Ofs Wnpuna; 4 — NpuXuUMHag NAaHKa; 5 — BUHT; 6 —
Bapalex

3 W3BJIEYEHUE I'A30B 13 MACJIA IIO METOJIAM
APII 1 BTN 1 CITOCOBBI X HO3UPOBAHWA B
XPOMATOTPAOVYECKVE YCTAHOBKM

Ecnu B minpune ¢ orobpaHHoi npoboil Macia uMeeTcs Ny3blpek rasa, ero HeoGXoauMo
YOaJIUTh U3 LIIPHUA, IPUYEM, B 3aBUCHMOCTH OT €ro pa3Mepa noTepeit aHaAU3UpPyeMOro
rasa B HeM MOXKHO NuGo npeHebpeys, NUbO y4uTHIBATD €€ MPH pacyeTax.

Ecnu ofvem nyspipoka rasa He npepbiiaeT 0,25% of6seMa Maciia, TO IIOTEPIO ra3oB
B HEM MOXHO He yuuThiBath. Hanpumep, nns ofwema Macia 20 M JONycTHM Ny3bIpeK
rasa AMaMeTPOM MeEHEE § MM.

Ecnu obveM nyssippKa rasa B iunpuue npessimnaeT 0,25% ofbema Machia, To B KO-
HEYHBIH Pe3yAbTAT pacyeTa CoAepXKaHHA KaXIoro rasa B Macie (.6 Hactosumx MY)
HeoOXomyMMO BHECTU COOTBETCTBYIOLLYIO NONpaBKy. B 06iueM BHOE 9Ta IONPaBKA BLIMJIf-
OUT CleayiomuM obpasoM:

‘/e‘n
o =1+ VuB; ()

O6mem mysbipbKa Fa3a B NpHie, 06pa3oBaBuierocs Npu TPAHCAOPTHUPOBKE M XpaHe-

HHHU, PacCYUTHIBaETCA no dopMyre:

V* = 0,52cd” (4)

PaBPepMeTHBMPOBaHHHQ WNOpULIBEL aHANMU3Y He nonaepra}o'rcz!
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3.1 W3Bneuenme rasoB M3 Macja no Merony APII

Merton 3akmioyaeTcs B H3BNEYEHMH UHEPTHBIM Fa30M PACTBOPEHHBIX B Macle ra3o-
BBIX KOMIIOHEHTOB [0 X DaBHOBECHOIO pachpeleneHus MeXIy XKHUOKOH 1 rasoBoit dasamu
repMETHYHOrO COCyLa [IPH KOMHATHOU TeMnepaType U aTMOChEepHOM NaBleHun.

Brinenenue ra3os U3 Maca MOXeT NPOBOANTHLCA KaK B IIIPULaX-NPOBOOTEOPHUKAX C
3aBOJCKOH I'PaiyHpPOBKOM, TaK 4 B CHENUANbHBIX [PafyUPOBAHHLIX YCTPOHCTBaX.

3.1.1 Bripesenue razos u3 Macja B LINPULAX-TPo600THOPHUKAX € 3aBOICKOM
rpagyupoBKoit

Ilpu orGope Macna u3 6aka TpaHcdopMaTopa B OAMH IUOPHI, 9aCTh Macla HEpeBo-
OuTCs B Opyroil INpPHI INd DapainensHoro ananusa. [lpu otbope Macna B OBa Wnpuna
H3IMIIKM Maclia M3 HUX MOXHO nHbO yOannTtb, nubo nepesecTH B Apyrue WNPHUL AMs
IOBTOPHOTO aHaiy3a.

IlepeBon Macna u3 onHoro WMpHUA B APYTOil IPOM3BOMITCS € OMOLULIO IEPEXONHUKA,
HaJEeTOro Ha IWinupb! WNpies. B xadecTse Nepexoninka MOKHO UCTONL30BATE, HAlpH-
Mep, KYCOK X/IOpBUHILIOBON TPybxn mamuoll 1,5-2 ¢M ¢ BHYTPEHHMM IHAMETPOM OKOJIO
3 MM,

HInpun 3anonHseTcs HHePTHLIM rasoM, obbem (V) koToporo cooTseTcTByeT 06BEMY B
suIGpanioM cooTHowenun V;/V,,. Tlpu 3amonHennu wWinpiina MHEPTHLIM [A30M BO3MOXHO
npuMeHeHye yCTPoHcTBa, oKasanHoro Ha pic. 3. IIpu sTom unepTHBI ra3 ¢ nasrenueM
ne Gonee 0,05 mIla (0,5 krc/cm?) u pacxonom 20-30 Ma/MiH NomaeTcs B MEOMIMHCKYIO
urny (10) uepes MeTanmirgeckuit Kanumnip (3) u coennuutensunlii y3en (4). Urna (10)
IIPONyBAETCA MHEPTHBIM Ta30M B TeyeHne 1 MiH, MOCKe Yero B Hee BBOAMTCS LUTHGD Meau-
uMBcKoro wmpuna (11) u Wnpuu 3anoHIeTCS NHEPTHBIM Ta3oM.

lIpn 3anonHenuy WnpHia HHEPTHBIM Fa30M, €r0 CIEQYET pacnoaraTh LUTHGOM BBEpX,
a IITOK MOPUIHS MPHACPXKUBATE, YTOO! HCK/IIOUHTH €r0 CAMONPOU3BO/ILHOE ONYCKaHMe, a
TaKXe JJis (UKCAUNM ero B HY>XHOM HOJIOKeHHH.

[lopuu, mocne 3aIOMHEHHS [a3oM, FepMeTH3UPYETCS NMpU MOMOWM 3armyIKH. Ta-
KuM oOpa3oM, MOIyYaeTCs 3aMKHYTbHIA 06beM C 3aflaHHBIM COOTHOUIEHHEM ra3a ¥ Macha
(V2/V..)- OrHomenne o6remoB rasa u macna B wnpuue (V;/V,) swbipaercs Tak, 4Tobb:
o0beM aHanM3UpyeMoil ra3oBoil ¢assl obecneynBasl NMPOAYBKY LETAH [03aTOPa W JUHUM,
COenUHAIONEel DINPHUIL ¢ JO3aTOPOM, 3-KPATHBEIM 06HLEMOM rasa.

Kak npasnmo, otHowenne V,/V, naxonwrcs s npenenax 1,0-3,0.

3.1.2 Brigeslenue ra3oB 13 Macja B CHelMaJIbHBIX
rpaaymupoBaHHEIX YCTpoicTBax

CreunanbHpie rpanyHpoBaHHble YCTPOACTBA M3TOTABIMBAIOTCS Ha OCHOBE CTEKMAHHBIX
memnuuHckux mmpuies 50-100 M1 co creknsHHBIM NopiiHeM (puc. 4).

OTo yCTpoiicTBO MHOrOQYHKIUMOHAIBHO # MOKET MCNIONbB30BATHLCS , KPOME TOTO, IS CO-
cTaBlleHUs 1 pa3baBileHNs ra3oBbIX cMeceil, IPUIrOTOBNEHNS CTaHAaPTHLIX 06pa3LoBs Macha
C U3BECTHBIM COEPXaHKEM Ta30B ¥ oNpenenexns KoddduiHeHTa pacHpeneienus.

12



Huepmuwit
2a3

Puc. 3. YerpoiteTBo LA 3anofiHeHMs WINPUUA MHEPTHLIM rasoM: l — 3anopusiil
knanal; 2 — BEHTHUb TOHKOH DErynMpoBKM; 3 — CTaTbHONl KANWIISP € BHYTPEHHHM
nuameTpoM 1 MM; 4 — coenUHMTeNbHBIR yaen; §, 9 — pesitHoBas npoknanxa; 6, 8 —
HakuOHas raiika; 10 — MenHuuHckas uraa; 11 — CTeKNAHHBIR WIPHI

I'panyuposka Taxoro winpuua IpOBOOMTCA BECOBHIM CocoboM MO NATHKPATHOMY 3a-
TOJHEHHIO JTUCTUINIMPOBaHHOR BOLON ¢ QUKCHpOBAHNEM HOJIOXKEHHUS MOPLUHA Inabronamu
pasHoil BEICOTBI, OTBeyalomuMy ofbeMy nosupyemoro macna V,, n obiiemy obbreMy rere-
poreHHoll cucreMsr V.

3.1.2.1. HosupoBaHue Macia

W3 mnpuna-npobooTGopHuKa ¢ NOMOUIBIO CNENMATLHON UL (C BHELIHEM IMaMeTpoM
2 MM) B BepTHKAJIBHO 3aKpeIUIEHHbI COCYR AN YCTaHOBIEHUS PaBHOBECHH BBONAT 4yTh
Gonmee 20 Mn TpanchopMaTopHOro Macila. 3aTeM K BHIIBHHYTOH YacTH NOPLIHA HpH-
KUMaloT WabloH s AosupoBanus Macia V,, (kak mokasako Ha pic. 4) M OBMXeHHeM
MOPILUHS BBEPX BEITECHSIOT M30bITOK Macia B WINPUL-TIPOBOOTOOPHMK, OCTABLS B COCY e
IUI% YCTaHOBIEHUS PaBHOBeCHs oObeM Macia, OlipefelieHHbll NpenBapuTeIbHON rpalyu-
POBKOJ1 [UNIpULIa C MPUMEHeHNeM WabnoHa V.

3.1.2.2. JJo3upoBanne WHePTHOTO Ta3a

Tlpu dukcupoBanuu nonoxeHus MOPUIHs CIEUNaJILHOTO yCTpoiicTBa mo wabnony V,
HINpUII-IpobooTOOPHIK OTCOEANHSIOT OT 3TOro YCTPOMCTBa, NOACOERUHAIOT K HEMY UHep-
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Obpasey 2a3a

Taz-nacumenwv

Cépoc

s

1

Puc. 4. YcTpo#icTBo Ans NPHTOTOBEHHs Ta30BLIX CMeceil 1 paCTBOPOB T'a30B B Macle:
1 — wnput; 2 — pybawka wnpuna; 3 — pe3uHoBbie yNIOTHeHUs; 4 — INOKCHAHAL
cMona; 5 — WIeCTHUXONOBbIi KpaH; 6 — mosupyouas nerns; 7, 9§ — y3iabl repMeTH3AlNH;
8 — raiika; 10 — mabnon

THBIii Ta3 (aprod unu remuit) ¢ pacxonoM no 30 M /MUH U BBOLAT Ta3 A0 MaKCHMAJbHOTO
CONPUKOCHOBEHNUS NOBEPXHOCTH NOPLIHS U mabnona V,, cooTBETCTBYOLIErO 001ieMy 00b-
€My CHCTEeMBI Fa3-Maclio B YCTPOHCTBe. 3aTeM NepeKphlBaloT Nofady rasa, OTCOeAHHSIOT
ra3oByI0 NMHHUIO, ABHMXKEHUEM NMOpLUHA BBepX QUKCHPYIOT obLHil 06BEM reTeporeHHoi cu-
cTeMbl o Wabnony V, ¥ repMeTH3NPYIOT WINPHULL 3aTIyINKOMR.

3.1.3 YcTaHoBJIeHMe PABHOBECHOI'O pacnpelefieHUs ra3soBHIX
KOMIIOHEHTOB MeXIY XUIAKoil M rasoBoil ¢daszamu

},CTPOﬁCTBO OJId U3BJIeYEHUA r'a30B U3 Mac/ia NEPEBOAAT B rOPU3OHTAJIBHOE [TI0JIOKEHUE
W nepeMelivBaloT CofepXKUMOe HINpHLa Ha MEXaHUYeCKHUX yCTaHOBKaX B Te4eHe BpEMEHH,
ONpEeeNIEeHHOro HMUXe onrMCcaHHbBIM crnocoboMm.
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Puc. 5. 3aBucuMocTb CHUrHajlla NETEKTOpPa OT BpeMeHH KOHTaKTa ¢a3

PaBHoBecHoe pacnpeleneHue ra3oBbIX KOMIOHEHTOB, PACTBODEHHBIX B Macie, MEXIY
KUOKOH U ra3oBo#t daszaMii XapaKTepH3yeTCs OTCYTCTBUEM 3aBUCHMOCTH KOHLEHTpALUil
ra3oBbiX KOMIIOHEHTOB B ra3oBoil da3e OT BpemeHH KOHTakTa (das.

Bpems nocTuxenns paBHOBecKs, TIaBHbIM 06pa3oM, 3aBUCHT OT Criocoba NepeMellHBa-
HUS U COOTHOIIEHUs 06heMoB (a3 u YCTaHABIHBAETCA 3KCIEPUMEHTANIBHO Ny TEM NOCTPO-
eHus rpaduyeckoil 3aBHCHMOCTM CUTHANa AeTeKTopa Haubosiee paCTBOPHMOro B Macie
ra30BOTO KOMMOHEHTA OT BpeMEeHHM KOHTaKTa (¢a3s.

Ins atoro, mpH NPOYIX PaBHLIX YCAOBUAX (3amosiHeHWe cOocyda ANs YCTaHOBIEHMS
paBHoBecus nposomuTcs no nn.3.1.1. u 3.1.2.) u yBenuueHnu BpemeHU KOHTaKTa ¢a3 Ha
2-5 muH, npoBoauTcs 6-7 aHaNM30B OGHOrO U TOTO Xe Macia. Ha ocu opuHAT oTKna-
ABIBAIOTCA IVIOIIaAM WM BLICOTH NHKOB Ha XpoMaTorpamme (curHanul netektopos).Ha
ocH afcumce — BpeMs KOHTaKTa ¢a3 rasosoit ¢aswl ¥ Macna. Pe3ynbTaThl aHanM3a npen-
CTaBJASIOT B BUIE JIMHMH, TIPOXONAILEH 4Yepe3 JKCIepUMeHTallbHble TOYKY B YKa3aHHOM
CHCTEMe KOOPINHAT.

3a paBHOBeCHBIN CUTHAJ NETEKTOPa NPUHUMAIOT CpeliHee 3HaueHue CUTHAJOB 2-3 no-
cIIeOBATENbHbIX aHAIN30B, Pa3/inyie MeXy KOTOPEIMU He npessiaeT 5% CpenHero 3Ha-
yenns. «PapHoBecHOE» 3HayeHMe CHPHa/a NETEKTOpa OTKMaNbiBAlOT Ha OCH OpPJMHAT H
Yepes 3TY TOYKY HPOBOAAT NPAMYIO JIMHMIO, IapalllleNibHyIo ock abeuucc. M3 Touku nepe-
CeyeHus MMM KacaHus NPSIMOM M KPUBOH JIMHUI ONYCKAIOT HeplleHIMKYAip Ha och abcuuce
¥ ONpeneNsioT MHUHUMAJIbHOE BpeMs KOHTakTa ¢a3, ofecreunBaiolliee paBHOBECHOE pac-
NpefieieHe ra30BOTO KOMNOHEHTa B T€TepOoreHHo cucTeMe (puc. 5).

[Ipu usBieyeHnyu ra3oB U3 Maciia YCTaHOBJIEHHOE TaKUM 06pa3oM BpeMs KOHTaKTa ¢a3
1o 3TaHy 6yNeT ClpaBeflnBo 1 M1 BCEX OCTAJIbHLIX KoMIoHeHToB — Hjy, CO, CO,, CHy,
C.Hy4, CoH,.

OnucanHas BEBILIE NpOueNypa ollpene/ieH!s BPEMEHN YCTAaHOBJIEHUS PaBHOBECHs IpO-
BoauTcs 1 pa3 Ha crazuu paspaboTKu Ha ocHoBe HaHHEIX MY komkperHoll MeTonuku
BHIIOJIHEHUS U3MEPeHNH.
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Puc. 6. YcrpolicTso ycKopeHus OOCTHxeHus paBHoBecns: 1 — Gapaban; 2 — sueiika
Ing wnplta; 3 — cTolika ¢ anekTponpuBonoM GapabaHa

Hns yckopeHns mpouecca YCTaHOB/IEHUsS DPaBHOBECHS DeKOMEHOYETCS HCHOb30BaHMe
Pa3IMYHBIX MeXaHHYECKUX YCTaHOBOK, B YaCTHOCTH, HpeNcTaBieH ol Ha pitc. 6. B Taxoi
YCTaHOBKE IIPM BPalleHHM YCTPOCTBa s YCTaHOBJIEHHs DaBHOBECHS B Hell CO CKOpPO-
cTeio 30 o6/MuH M cooTHomennn obbemoB a3 1:1 MuHHManbHOE BpeMs KOHTaKTa (a3
coctasnser 10 mun.

Ilpu n3MeHennu cnocoba nepeMemuBanus U CooTHoeHHs ofbemos dasz V,/V,, Bpems
YCTaHOBJIEHNS PaBHOBECHS ONPENEISseTCs 3aHOBO.

3.1.4 JlosumpoBaHue ra3oBoi ¢aswl B XpomaTorpag

Mocne mocTuxeHus: paBHOBECHOTO COCTOSHUA COCYH AJs8 YCTaHOBIEHUS PaBHOBECHS B
BEPTUKAJIbHOM HOJNOXKEHNY NOACOEIMHAETCS K NMEeT/IEBOMY [03aTOPy ¥ PaBHOBECHas ra3o-
Bas ¢haza NofaerTcs B XpoMmaTorpad NyTeM NpPOAYBKH obbema MeTiIM KpaHa-[o3aTopa M
CTaJIbHOIO KalWliipa He MeHee YeM 3-KpaTHBIM o6bEMOM ra3osoil ¢asbl.

3.2 MWMs3BiedeHme rasoB u3 macia no merony BTU

Wssneuenne pacTBopenHbIX B Macne ra3os no Metonuke BTH nposomuTes B ABYX mpu-
craBkax o6bvemoMm 8,0 u 1,25 Mt 6e3 Bakyyma, BCTPOCHHEIX B IMHHMIO Fa3a-HOCHTENS.

Ina onpepenenns CO,, CO n H; npennasnauena npucraska obbemom 8,0 M, a s
onpenenerns CHy, C;H;, C;Hy u CHg, a Taxxe npn onpenenennu CO u CO; ¢ npume-
HeHUeM MeTaHallu — npucTabka oGbemoym 1,25 M.
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KOJIOHKa KOMIOHKA

(a) )

Puc. 7. Cxema npucrabok BTH o6vemom 8,0 mn (a) u 1,25 mn (6): 1-3 — MeTannude-
CKHe ONHOXONOBEIE KpaHbl; 4 — BHELIHHI oborpeBaTells; § — peakUHOHHBIN cocynm; 6 —
KpaH U ClHBa Macia; 7 — YCTpoiicTBO [JIX BBOZA Macila B peaKuHOHHBIH cocym; 8 —
HINPHI [T BBOAA Macia B NPHCTaBKY

CxeMel npucTaBox npuBefieHbl Ha puc. 7. IlpucTaBka cocTOMT M3 peakIHOHHOrO CO-
cyna (5) ¢ BHEWIHHM 37eKTpooGorpesoy (4), obecneurpaionuM Harpes Macia, BBEEHHOro
B PEaKLHOHHLIA COCYZ IPUCTaBKH LJis aHalll3a, yCTPolcTBa 1714 BBoKa Macia (7) B peak-
LHOHHELHA COCYZ B METaNIMYeCKHX KanWIAgPHbIX TPyGOK n7is MOAK/IIOYEHUs IPUCTABKY K
NUHUK Tasa-HocuTens. Kpome Toro, npuctaska obbemoM 8,0 M7 uMeeT TpH OHHOXOLOBBIX
MeTannnyecknx kpaHa (1-3).

IpucTaBKy MONKIIOMAOT K XpoMaTorpady B NUHUIO Fa3a-HOCUTENS epes KOJOHKOM.

Ilepen paGoToit npHCTaBKy IPONYBalOT Ia30M-HOCHTeNeM. 1lpu HpomyBKe NpHUCTaBKU
obnemom 8,0 Mt (puc. 7a) kpaus! (1) u (3) oTKpHITHI, KpaH (2) 3aKpHT.

[Ipuctasky obnemom 8,0 MI npoepsioT Ha repmeTuyHocTh. IIis 3TOro 3akphiBaioT
kpasnt (1) u (3), oTkpbiBaioT kpaH (2). BuinmepxusatoT NpucTaBKy B TakoM COCTOSHWM
3 muH u oTkpeiBaioT Kpanbl (1) u (3), omHoBpemenHo 3akpeias KpaH (2). OtcyTcTsue
IUKOB Ha XPOMaTorpaMMe YKa3hiBaeT Ha FepMeTHYHOCTH NPUCTABKH.

Pabouas TeMnepaTypa peaKUMoHHOIO cocyna npuctasku — 60 °C.

[Ipu paBote c npucraskoii o6vemom 1,25 ma (puc. 7,6) npoba Macina o6vemoM 50 MK
BBOIUTCS B PEAKIMOHHBIA cocyn (5) uepes ycrpoiicTso ans BBoma Macia (7), a mocne
npoBefieHys aHaNu3a OTPabOTaHHOE Maclo YAaNseTcs Yepes KpaH Ul clusa Macna (6).

Ilpu paboTe ¢ npuctaskoii o6bvemom 8,0 M (puc. 7,a) pasnnyaioT A8a pexuMa paboThi
B 3aBUCHMOCTHU OT OPUMEHAEMOTO ra3a-HocuTeNs (aproHa miamM reins).
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Ilpn ucnons3oBanny renns npoba maca obbeMom 1,0 M BBOIMTCS B peaKUMOHHBIN
cocyn (5) npu oTkpbIThix kpaHax (1) u (3) u sakpsiToM kpate (2). IIpn sTux xe nomo-
XKEHHAX KPaHOB IIPOHCXOMHT U CIIMB Macna yepes kpaH (6).

IIpu ucnone3osanun aprota kpaH (2) npodyToil ra3oM-HOCHTeEeM NPHCTaBKH OTKPbI-
BaioT, a kpaHs! (1) u (3) 3akpriBator. [locne atoro npoby Macna ofberonm 1,0 M BBOAST
B PEaKUHMOHHBI COcyA (5) M BELAEPXHBAIOT NPoby Macia NpH TakoM MONOXKEHHH KPaHOB
3 mun. Ilocrne aToro oTkphBaioT Kpa (1) u ypasuuBaioT HaBieHue B cicreMe. Korma
TNIepo CaMOMICLa BO3BPAIIAETCS B MCXOMHOE NONOXEHNE, OTKpPbIBAIOT KpaH (3) M 3aKpbl-
BalOT KpaH (2).

4 XPOMATOTPAOVYECKUN METOI AHAJIN3A
TA30BOU CMECHU

4.1. MeTon ocHoBaH Ha Ta30anCcopGUHOHHOM XPOMaTOrPadiI4eCcKOM pasesieHinn cMe-
CH ra3oB, BBLOE/IEHHLIX I3 TpaHchopMaTOPHOTO Maciia, C onpefefleHleM pa3fiesieHHBIX Ha
XpOMaTOrpadiyueckoil KOTOHKe KOMIIOHEHTOB C TOMOMWIBIO pasaigHbix kosBuuawmi JHII,

OTI » OTX.

4.2. Af{amxax-lpyemylo T'a30BY0 CMCCh NIEPCMCIHAIOT 110 KOJOHKE € NOMOULIO raja-Ho-
citens (nomsuxHas dasa). B kadecTse raza-HocuTens UCHonb3yeTcs remiil 1AM apro.

Paspenenne KoMMOHEHTOB cMeCH HPOMCXOOMT 3a CYET NN pa3sfAH4HOll ajcopbuuu Ha
MOBEPXHOCTH acopGeHTa, 3aNONHAOILEro XpoMaTorpadyeckyio KOIOHKyY (HenoABuXKHas
(paza). B peﬁyanaT& ATOTO M3 KOJIOHKH KOMIIOHEHTHI BbIXOAAT HHAUWBUAYAJIBHO pa3nenen-
HBIMU OIUH 32 ADYTUM B IOTOKE T'a3a-HOCHTE A, NONANAlOT B NETEKTOP U perHCTPUPYIOTCA
KaXuM-mibo npubopoy, KOTOPEIM MOXeT ObITh 1ub0 3MEeKTPOHHBIA camonicew, aubo uH-
TerpaTop, mubo [IOBM, useromas ycrpoiicTso conpsixenus ¢ xpoMaTtorpados. Kaxaptit
NPOXONAMIMI Yepe3 NEeTEeKTOp KOMIOHeHT (MKCHpYeTCS perMCTpaTopoM B BHOE KPUBOI
(puc. 8), HasBIBaeMOIl XPOMATOrPAMMOIL.

5 XPOMATOTPAOUUYECKUN AHAJIN3 I'A30B,
PACTBOPEHHBIX B MACIJIE

5.1 Anpapartypa AJs DPOBEIeHUs aHAIN3A
5.1.1 CuaenuanusupoBaduas xpoMarorpadudeckas annapatypa

Pexomennyemoii annapaTypoil ans NpoBeNeH s alHalusa ra3os, PaCTBOPEHHLIX B TPaH-
cdopMaTopHOM Macie, ¢ nphmeHenunem metona APII ssasiorcs «XpomaTorpaduyecknit
KOMIJIEKC AV aHallM3a [a30B, pAaCTBOPEHHBIX B TPaHCHOPMATOPHOM MACIIE, [IPOH3BOMIH-
mptit 000 HIIP «OJIEKTPA» (r. Mocksa) nnu xpomatorpad «lset 500-TM», npons-
somumeiit AO «IIBET> (r. dzepxunck, Huxeroponckoi o61.), mo3onsiouine nposofuTh
aHall®3 C WCTONbL30BAHMEM [Uif aHANM3A OFHOTO ra3a~-HOCHTEN.
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Baog npobut

Puc. 8. XpomaTorpamaia rasosoii cateci

5.1.2 HecnennanusupoBaHHas xpoMmaTorpaduyeckas annaparypa

IlpuMenseTcs npu caMoCTOATENLHOM H3roTOBEHHU KOMILIEKCOB LIS aHAH32 [a3os,
PacTBOpeHHBIX B TPaHCHOPMATOPHOM Macile, ¢ Hcnons3osaniieM mMetoma APII unu mero-
quku BTH ans wssievenns rasos.

B kavecTBe Takoil annapaTyphl PEKOMEHAYETCS UCHONB30BaTh XpoMaTOrpadsl Monenpb
3700, ser 500 u npyrue He CHATHIE C HPOM3BOACTBA 3aBONAMH-U3TOTOBUTENAMU M YIO-
BJIETBOPSIOILME 110 CBOUM XapakTepucTukaM nit. 1.3 u 1.4 Hactostmnx Meronnueckux yka-
3aHUM.

He pexomennyeTcs Mcnons3oBaTh HpPH CO3NAHMU XPOMATOrpPadMuecKuX KOMIIEKCOB
xpomaTorpadsl cepuit JIXM-8MII, JIXM-80, Arat, Buoxpom, llBer-100 u npyrue xpo-
MaTorpagbl, CHITHIE C Npou3BoLCcTBa 6onee 10 et Hasan.

5.1.3 Annapartypa Ans o6paboTku pe3ysbTaTOB aHANM3a

Ins o6paboTKu pe3yabTaTOB aHaM3a PEKOMEHyeTcCd HCMOoNL30BaTh, HAIIPUMED, CH-
crembl «Juaxpom» (HII® «MHPOXPOM», r. Mocksa) mnu «MynbTuxpoms (HTK «AM-
NEPCEHI>», r. MockBa), no3Bo/IfIOlIMe Yepe3 YCTPOHCTBA CONPAKEHUT BECTH € IIOMO-
misio [IDBM o6paboTky nocTynatoure# xpoMarorpaduyeckoii unbpopMaliy OLHOBPEMEHHO
He MeHee 4eM ITo 4 KaHafaM.

[1pu oTcyTcTBMM yKa3aHHBIX CPEACTB aBTOMATHYECKOH 06pabOTKH Pe3yibTaToB Xpo-
MaTorpaduuecKoro aHafMsa IONYCKAeTCs NpPUMEHEHHE SIEKTPOHHLIX WHTErpaToOpoB, a
TaKXe TakKMX CPefCTB U3MepeHus, KakK MeTajuladeckas M3MepHTeNbHasi NUHeHKa U U3-
MepHTelbHas Ayila ¢ AeleHUAMH.
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5.2 IlpumeHseMBIe KOJIOHKH M COPGEeHTHI

5.2.2. B xauectse copbenros ana pasnmenenus CHy, C,Ha, CoHy, CiHs, a Takxe
CO u CO; ¢ npumenenueM u 6e3 NpUMeHeH s MeTaHaLHII MOXHO PMMEHATD, HallpuMep,
ITAY-1 n Hopamax N.

B xauectBe copbentos mis paspenettis Hy u CO MoxHO npuMensTs, Hallpumep, teo-

autel CaA, NaX u [IAY-1.

5.2.3. Ilns 3amonueHHs KOJOHOK pa3Mep YacTul copbeHTa BoibMpaeTcs TakuM obpa-
30M, YTO dyxo,. [dugem. COCTABISET B CpENHEM BeMM4URY He MeHee 8-10.

Ilns npuroTosneuus xonoHok GepyT 560 roTosble copbenTsl ¢ HeOBXOMMMEIM pa3-
MepoM 4acTull, 1o pa3MellbYeHHBIE M PACCESHHBIE Ha CHTaX [JIA MONYYEHUS HYNKHEIX
opaxunit (0,1-0,25 MM nis Konouok ¢ BHyTpeHHHM miaMeTpom 2 MM u 0,25-0,5 Mm nas
KOJIOHOK € BHYTPEHHMM AHAMETPOM 3 MM).

5.3 3aposHeHue XpoMaTOorpaduyeckmx KOJOHOK

5.3.1. [llepen 3anosHeHIeM KOJOHOK CIEAYET CHATb 3ayCeHibl i OCTPBIE KPOMKY Ha
X KpasiX, a TakKe OYHCTHTL OT MbUIH, OKaMIHbL, MAlUHHHOrO Macia K T.i. s aroro
HEOOXOANMO [OCTeNoBATENLHO NPOMBITEL KOAOHKY BOJOMN, 3TINOBBIM CIHPTOM, MEKCAHOM
(renTanom, Gensunom B-T0 u T.1.). Ilocne aToro xosnoHka noMeiaeTcs B CYLIMABLHBIH
wKa MAH TEepMOCTAT KONOHOK XpoMmaTorpada, rae cymutcs npu 70-80 °C B TeueHne
2-3 4. Cyliky KONOHOK B TEPMOCTATE KOJOHOK XPOMATOrpada peKOMeHIyeTcst IPOBOAHTL
B TOKe I'a3a-HOCHTes.

3&UOHH6HHG KOJIOHOK MOXKET INPOH3BOLUTHCA TpeMs crniocobaMu: mon BaKyyMOM, Oes
nepenana [aBAeHUH U oA OaBJIEHUEM.

5.3.1.1. IlpomeimnnenHo BrnycKkaeMble XpoMaTorpaduueckue KOIOHKY 0BBIYHO cBep-
HYTHl B cuvpadb. IIpH 3anonHeHun KolOHKH nop BakyyMoM (KOMOHKa ocTaeTcs cnupalib-
HOIl) ONMH KOHEN NPOMBITOH M BLICYIUEHHOH KONMOHKM 3aKpBIBAIOT CTEKNOBAaTOH (CTEKmo-
TKaHbIO) H MONCOENMHSIOT ero K BAKYYMHOMY Hacocy. llonmknmiouenue K BaKyyMHOMY Ha-
COCY OCYILIecCTBJAIOT Tak, YTo6bI copbeHT He monai B HacoC.

Kononky sakpemnsioT B IITaTHBE ¥ Ha ee CBOOOMHBIY KOHell HaleBalOT BOPOHKY IUIsf
HacbinaHus copbenTa.

Cozpnas paapx;’i\'eune B BaKyyMHOM Hacoce, B BODOHKY MaJleHbKMMM NOpLsiMHu (Ipu-
MepHo 1 Mi) BeemaloT copOeHT. [lns paBHOMepHOTO 3a0nHeHUs KOMOHKM copBeHTOM TOo
Hejl MOCTYKHBAIOT JepeBSHHOM J1alloYKOi MIH HCIONBL3YIOT 3NeKTpoMeXxaHH Yeckuit Bubpa-
TOp ¢ YacToTolt xoneGanuit 20 I'u. '

B konouxy nonxuo BofiTH copbeHTa He MeHee 4YeM

2
deon. l7¢0"~

4

(5)

‘/cop& =

Ilocne 3amonuenns KONOHKH ee CBOGOLHBIN KOHELl 3allONHSIOT CTeKs0BaTol (CTeKno-
TKaHbI0) 1 MONKJIOYAIOT ero K HCHapUTeNlo XpoMaTorpada.
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5.3.1.2. Ilpu 3amonHenuu KOIOHKY Ge3 nepenafa NaBleHUs B oTauyue oT n.5.3.1.1
KOJIOHKY NpPeNBapUTENbHO paclpAMIfIOT U HE NOOK/IIOYaT K BaKyyMHOMY Hacocy. 3a-
NoJIHEHHE KOJIOHKM COPOEHTOM BelyT cBepXy BHM3, MOCTYKHBaf MO Heil NepeBsHHOH Na-
noukoit. Ilocne 3amonmenns konoHky csopaunBaloT B Cnupanb. KoHell KONOHKH, uepes
KOTOPBIit ILTO ee 3amOjiHeHHe, 3aNONHAIOT CTEKI0BaTON (CTEKIOTKAHLIO) i IOIKIIOYaloT
K MCNapUTENIo XpoMaTorpada.

5.3.1.3. Ilpu 3anonHeHuH KOJNOHKH NOXN MaBleHUEM (KOJIOHKA MOXET OCTAThCA CIU-
pailbHO) ONIUH ee KOHEl 3aKPHIBAIOT CTEKI0BaTol (CTEKIOTKAHBIO), a APYToll COENMHSIOT
pe3uHoBoi Tpy6ko# ¢ konboii, uMelolliel ABa MTYLUepa U 3al0JHeHHOR HeoOXOMUMEIM Ko-
nuyecTBOM copberTa. CBoGomublil WITYLEP KONOLL Yepe3 PENyKTOp COENMHSIOT C Ta30BLIM
6anonoM. llomasas m36biTouHOE HaBieHHe W NOCTYKUBas IO KOJIOHKe NEePEBSHHON ma-
JI0YKOit, MOOGUBAIOTCA PABHOMEPHOrO 3alosiHeHus kosoHku copbentoM. [locne 3anonuenus
KOJIOHKHM KOHel|, 4epe3 KOTODbIi 1O ee 3aMONHeHHe, 3aKphIBAIOT CTEKJIOBaTOll (CTekio-
TKaHbIO) ¥ HOAKIOYRIOT K HCHapHTENIo XpoMaTorpada.

5.4 Tepmoo6GpaboTka (KOHAMIMOHNPOBAHNE) 3aMOJHEHHBIX
copGeHTOM KOJIOHOK

5.4.1. [lns ynanenus BeliecTB, COPOGHPOBaHHBIX B 3aNOTHEHHOH KOJIOHKE,H CTabHIN-
3allMH ee XPOMaTOrpaguuecKuX XapaKkTEPUCTHK KOJIOHKY NONBEPraioT TepmoobpaboTke B
TOKe r'a3a-HOCMTENA, KOTOpas NPOBOMUTCH HHXKe ClleyIoulilM o6pa3oM.

5.4.1.1. 3anonHenuyio copbeHTOM KOMOHKY MOMELIAIOT B TepMOCcTaT XpoMaTorpada
U KOHLIOM, Yepe3 KOTOpHIl 3achmiajics cOpbeHT, MOAKIMOYAT K HcmapuTemo. llpyroit
KOHEIl KOJIOHKH, KOTOPHIl JOJKEH MOKIIOYaThCA K NETEKTOPY, OCTaeTCs CBOOOAHBIM.

5.4.1.2. Yepe3 KOJIOHKY YCTaHaB/IMBAETCS PAaCcXOll Fa3a-HOCUTeNA (relus Witk aproHa)
npumepro 20-30 mui/mun.
3anperiaeTcs MCHOO0JIb30BATh BOAOPOJ B KadecTBe rasa-HocuTesis!

5.4.1.3. IlposomsTt Harpes konoHku oT 50 °C mo onTHMaibHON TeMnepaTypbl KOHAHU-
HHOHUPOBaHNS COPOEHTA B TOKE Ta3a-HOCUTENS B peXHMe NpOrpaMMUPOBaHUS TeMuepa-
TYPBI co cxopocThio 1-2 °C/MuH UM B IPYroM pexume, peKoMeH JOBAHHOM LI QAaHHOTO
copbeHTa.

Taxk, sanpumep, mns IIAY-1 pexomennyercs cTynenvaThil HOObEM TeMIepaTypH C
LUCKpeTHBIM ee usMeHenueM Ha 50 °C yepes xaxnbie 30 muu.

Takoil xe pexuM MoxeT 6bITL peKOMEHIOBaH Al XpoMaTorpados, B KOTOPLIX OTCYT-
CTBYeT 670K POrpaMMHUPOBAHUL TEMIEPATYpPHL.

Onrumantuoil TeMiepaTypolt KOHIMLUMOHUPOBAHKS, [Ji PEKOMEHIOBaHHLIX B HACTON-
mux MeToonyeckux ykasaHusx copbeHToB, ABIETCS:
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nnsa [opanaka N 160 °C
ang [TIAY-1 320 °C
g NaX u CaA 330 °C

5.4.1.4. Ilna Bcex pexkoMeHAOBaHHBIX COPGEHTOB MPONOMKUTETHHOCTL KOHIAUUMOHH-
posaHMA cocTapideT 6-8 4, Bkilouas BpeMs HOLbEMa TEMIEPATYpsl.

5.5 Oumnenka xpomarorpapu9ecKnX XapakKTEePHCTHK KOJIOHOK

5.5.1. Ouenka paboTocnocobHOCTH KONOHKY NPOM3BODMTCS MO €€ CHOCOGHOCTH pas-
IeNsTh aHATH3NPYeMBble KOMIOHEHTHL.

5.5.1.1. [Ilo okoHyaHII Npollecca KOHAHIMORMPOBAHUS CBOOOMHBIN KOHEH KOMOHKH
NOAK/I0YaloT K [NeTeKTOpY I NPOBOAAT MPOBEPKY €e pasfensiolieil CHOCOBHOCTH MO Te-
CTOBBIM ['a30BBIM CMECAM.

B kauecTse Takux cmecell MOXHO HCTOIb30BaTh Ia3oBble CMECH, MpUMEHAEMbIC MIN
rpamyupOBKM XpoMaTorpagiyeckix xkoMmiekcos (cm. 1m.5.7.1.1.).

5.5.1.2. B cayuvae no:Horo pasneneHns KOMIOHEHTOB TeCTOBOM cMecH npn paboynx
TeMIIepaTypax U PacXofaX ra3a-HoCHTeNs H BCIOMOraTeIbHBIX I'a30B KONOHKa MOXKET CUi-
TaThcs paboTocnocobHoiL.

5.5.1.3. llocne pnuTensuoi paboThl paboTOCNOCOGHOCT KOMOHKI MOXKET YXYAIUMThH-
cs. OTO BEIPaXaeTCs B U3MEHEHHH BPeMeH yHepXuBaHHA M (GOPMbl MHKOB KOMIIOHEHTOB
TECTOBOR CMeCH TIpK HEM3MEHHBIX TeMnepaType KOJIOHKHM U pacxoje ra3a-HocuTens.

5.5.1.4. Ilpu cunbHOM M3MeHEHHH BpeMeH YAeDXHBaHUS HeOOXOANMMO NPOBECTH KOH-
IUHIOHMPOBAHNE KONOHKY B coorTBeTcTBHA ¢ I.5.4. Ecmu xonnuumonuposanue He Hano
PE3YNLTATOB, HEOBXOMMMO N0 U3MEHUTD PEXMMHEIE HapaMeTPH! (TeMIEpaTypa TEpMo-
CTaTa KOMOHOK U PaCXOJ rasa-HOCHTeNs) Tak, YTo6bl NOAYYHTE YIOBIETBOPUTENLHOE Pas-
JeTleHye TeCTOBOH cMecH, 6o 3aMeHUTH ee Ha HOBYIO.

IIpu usMeHeHMM peXUMHBIX DapaMeTPoB HeoOXONMMO YYMTHIBATH, YTO yBEIHYEHHe
pacxonia [aza-HOCMTeNs U /Wi TEMIEPaTypPhl TEPMOCTATA KOJIOHOK NPUBOIAT K YMEHbIIe-
HHIO BpeMeH yIep:KUBaHUA aHAIM3UPYyeMbIX KOMIIOHEHTOB, a X YMeHbIIeHHe — K YBeJll-
YeHUIO BpeMeH yHepXUBaHHUS.

5.5.1.5. OnuuMm u3 KpuTepHeB HeoOXONMMOCTH 3aMEHH KOJIOHKY Ha HOBYIO SBIAETCH
U3MeHEeHHe OTHOCHTENLHOIO BpEMEHH YAEPKUBAHUA XOTH Obl ONHOrO M3 KOMOOHEHTOB Te-
cToBoil cMecu Gonee yeM Ha 30%.
OTHocuTensHoe BpeMs YAEPKUBAHUA onpefenseTcs 1o dopmyie
2

Lomn, = (6)

tem.
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B kayecTBe cTannapTHOTO ra3a BbIGHPaETCA ONMH U3 Fa30B TECTOBON CMECH ¥ OTHOCH-
TebHO ero BpeMeHH YHepXKIBaHHA CYUTAIOTCS BpeMeHa YIOepKVUBAaHUS BCEX KOMIIOHEH TOB
TEeCTOBOH CMeCH Ha XpOoMaTorpaMMe.

5.6 KonngecrBenHas oGpaboTka XpoMaTOorpaMm

5.6.1. OcnosHrIM crocoboM 06paBoTKM XPOMaTOTPaMM SBJISE€TCA aBTOMaTHYeCKas
06paboTka C MOMOUILIO annapaTyphl It 00paboTKH Pe3yIbTAaTOB aHallH3a, COPSXKEHHOM
¢ xpoMaTorpaduyeckuMu kommaekcam (cm. M. 5.1.3.). DToT crnocob maetT MUHUMANLHYIO
NOrpeLIHoCTE NPH NMPOBEOEHHH H3MEepEeHHU.

5.6.2. Ipyrum criocobor 06paboTKH XpoMaTorpaMm ABNAETCS pyuHas o6paboTka C
TIOMOILBIO METAITHYECKOll [13MepHTeNbHON TuHelkn (paccTosiung 6onee 10 Mm) u cneun-
anbuoil AyTBl ¢ mesennsni (paccrosuns Ho 10 mMum).

5.6.3. BricoTa i niowanpb Mika Ha XpOMaTOTpaMiMe IPONOPIHOHAIbHEl KOJIHYe-
CTBY aula-lII3[ipyeMoro BeuiecTBa.

XpoataTorpasma npeactasiseT coboii Habop nHKOB No Qoparte, KaK NpaBHio, OIU3KHX
K TpeyroiabHuky (puc. 8).

5.6.3.1. B cnyuae noanoro pasneienns NMKOB Ha XpoMaTorpamye (puc. 8, nuk 5) on-
HUM K3 CHoco60B 06paboTKII XpOMaTOrpaMM BPYUHYIO ABJsSeTCS pacyeT Ijollaleil NTHKOB
o MeToAY TPeyroJibHHKa

Ss = hspd s (7)

5.6.3.2. Ecnu nuku Ha XxpoMaTorpamue pasmensioTcs HENoNHOCTbHIO, TO IPH BRIXOOE
nuKa Ha Ipeiide Hysepoil AIHHAYM UNK Ha XBocTe 6onpluoro muxa (puc. 8, muk 2) pacueT
€ro mJoLany BegeTcs 1o GopMyte

52 = hzug,s (8)

IIpu HenosnHOM pasaeneHHH NOCTATOYHO CUMMETPMYHBLIX Nukos (puc. 8, nuku 3 u 4)
pacueT UX NUomialelt Befercs o HopMyiam

53 = 2h3a 74 54 = 2h4b (9)

5.6.4. llpu nposeneniy aHain30B Ha pPeKOMeHIOBaHHHEIX B M.5.1.1 xpomaTorpadu-
YeCKMX YCTaHOBKaxX € MpHMeHeHHeM copBeHTOB, peKOMEHIOBaHHbIX B II. 5.2.2, BO3MOXHa
06paboTka XpoMaTOrpaMMm 10 BLICOTaM NHKoB. Bo Bcex npyrux ciydasx obpaboTka Xpo-
MaTOrpaMM MOJIXKHA MPOBOOMTHLCA TONbLKO N0 MJIOLIAaAAM MUKOB.
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5.7 TI'pagympoBKa XpoMaTOrpadHuecKoro KOMIUIeKCa X
OnepaTHBHbIﬁ KOHTPOJIb TOYHOCTH BhINOJIHACEMEIX
u3MepeHun

['pamynpoBxa XxpoMaTorpadpuyIeCcKoro KoMniekca IPOBOANTCS NPU BBOME €ro B 3KCILITY-
aTalMio WIK NPU HeronalaHHU Pe3ylbTaTOB ONEPATHBHOrO KOHTPOJNS TOYHOCTH BHINOI-
HseMmblx m3MepeHuit (BI) B noBeputentuslit uHTEpBaN rpalynpOBOYHON XapaKTEPHCTHKH.

Ppanynposka koMmfiekca 3akiiio4yaeTCs B YCTAHOBJICHHM TPalyHPOBOYHEIX XapaKTe-
pucTHK (3aBHCHMOCTell MeX[y MIOWIANSMI MM BEICOTaMH MHMKOB Ha XpOMaTorpamMMax
rpafyHpPOBOYHBLIX CMeceil Il KOHUEHTpalMsAM) Ta30B B ®THX CMeCAX) C ONpencieHHeM X
METPOJIOTHYECKNX TapaMeTpoB.

OnepaTtusHbli KouTpoas ToyHocTH BY ocywecTBaseTcs Kaxablil pas nepes HadyaloM
pabounx usrepenuii. [nd npoBefeHNs ONepaTHBHOTO KOHTPOJS NIPUMEHAIOTCS IBe Cpa-
LYHPOBOYHEIE CMECH H3 DA3HLIX AHAMa30HOB H3MEPSEMBIX KOHUEHTpaltnil.

I'panynposka xposaTorpauuecKoro KOMIIIEKCa NPOBOMHTCS B 0B6NacTi KOHUEHTpa-
uuit o1 0,5 no 10AY,, He MeHee uem B WIECTI TOYKaX [nana3oHa NPU MATY NapanienbHbIX
M3MEPEHHSX B Kaxaoil Touke.

CpanynpoBka koamnexca # onepaTHBHBI KOHTpolh ToyHocTH BY ocymecrsasioTcs
6o C mpliMeHeHHeM Ta30BhIX cMecell Bcex aHallM3HPYeMBIX Ia30B, IPHIOTOBIEHHBIX B
rase-HocuTese, 1160 ¢ NpiMeHeHHeM PacTBOPOB ra3oB B Macle. IlorpemsocTs npuroTo-
BIEHUA CMecell ¥ pacTBOPOB He omxHa npesbliiaTh 10% .

5.7.1 T'panyupoBxa KoMIljleKca € NpuMeHeHMEeM ra3oBbLIX CMeceil Bcex
aHalIU3MPYeMbIX ra30B, IPUMIOTOBIEHHBEIX B rase-HocuTelle

Takas rpadyMpOBKa OCYIIECTBASETCS SO0 C IpHMeHeHHeM aTTEeCTOBaHHBIX Ta30BBIX
cMeceil B GajitoHax, NHGO ¢ NpUMEHEHUEM Ta30BBIX CMecel, NPUrOTOBIEHHBIX U3 YUCTHIX
Ta30B B CHENMABHOM YCTPOICTBe.

5.7.1.1. I'panyupoBka KoMIUJleKca ¢ nipuMeHenueM GasiJIOHOB € aTTeCTOBAHHON
ra3oBoil CMecChIO

B kauecTBe cMeceil MOKHO MCIONB30BaTh ATTECTOBAHHBLIE a30Bble CMECH, BLIIYCKa-
emple HIW Xumuu npu Hixeropomckom rocynapcrsenHom yHusepcutete (r. Husxamit
Hosropon), xucrnoponsbiit 3asox (r. Banamuxa, Mockosckoit 06:1.), BHUMM (r. Canxr-
Hetepbypr) n np.

Ins rpamyupoBku HCHONE3YIOT 6allioHbl € IPaiyMpOBOYHBIMU Ta30BLIMH CMeciMH,
UMEIOINMH [IBa YPOBHS KOHLEHTpauuii. PexoMeniyemble YPOBHM KOHUEHTpaltMit mpu-
BeleHsl B Tab1. 2. :

YPOBHH KOHLEHTpaLiit COOTBETCTBYIOLIMX KOMIOHEHTOB cMecelt 1 # 2 JOMKHLL OTNH-
4aTbCK OPYT OT ApYTa He MeHee ueM B 5 pa3. [Ipy 3ToM KOHUEHTpaUNH MOTYT OTJINYATELCA
OT IpUBENEeHHBIX B Tabil. 2 B 1,2-1,5 pa3a.

I'panyuposky npoBoOsT ¢ mpuMeHeHHeM DeKOMEHIYeMBIX I'a3oBHIX cMeceft u HaGopa
rpalydPoOBaHHLIX BECOBLIM METONOM HO3UpYioluX nerens obbhemom ot 0,1 mo 2 M. Ot-
HOCHTeNbHas MOTPEIIHOCTD [PaflyHpOBKH NeTelb le AOMKHa npesbimats 3%.
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Tabmuna 2

Ypopetn Ta3 u ero kouuenTpamis B cmec, % 06.
konnenrpauui H, CO CO, CH, C,H, C.H,y C,Hg
1 0,01 0,02 0,05 0,006 0,002 0,006 0,005
2 001 o1 10 01 01 01 0]

KoHueHTpanuio rasa B Toyke Ha [pafydpOBOYHOl XapaKTepUCTHKE PACCUMTHIBAIOT 110
dopmyne
. (Vait+ Vo) P293243, )
£ (Vi + V305)760(273,2 + T)

(10)

BHyTpenHnit 06beM rasoBoro kpaHa-03aTOpa ONPENENSeTCs B COOTBETCTBUM C NpH-
JloxeHneM 3.

PesyncTaToMm rpalyHposKU ABNAIOTCA HONYYeHHble B AHAMA3OHE 1I3MEPSIeMbIX KOHIeH-
Tpauuil BelHYHHbI K03bOHUUIIEHTOB a; H b; 3aBHCUMOCTeIl Blida

N

5z =al® 4+ 5942 (11)

WU

N

BZ = oM 4§ 42 (12)

M BEJTMYMHbI IOBEPUTENbHEIX MHTEPBAJIOB 3THX K03 (HIIEHTOB Al KaXXIOT0 ra3a B [Ha-
na3oHe M3MepgeMBbIX KOHUEHTpanHil.

PacueT nmapaMeTpoB rpalyupoBOYHOH XaDaKTEPHCTHKM OPOBOLAT C IPHMEHEHHEM
IIOBM unn spyunyio. CxeMa pacdeTa BpYUHyIO IIpUBELEHa B Ipuiaoxenuu 1.

5.7.1.2. T'panyupoBka KoMIjieKca ¢ IpUMeHEeHMeM Ta30BLIX cMeceil,
IIPUTOTOBJIEHHBIXM3 YMCTHIX I'a30B B CIelalIbHOM ycTpoiicTBe

[IpuroToBnenne rasossiX cMeceil B Mase-HocHTerne (renuu WM aproHe) NPOBONAT B
ycrpolicTBe, NIpHBeAEHHOM Ha puc. 4.

IIpurorosnenue rasosofi cMecu B TakoM yCTpOHCTBE OCYINECTBISETCS CHEAYIOMUM
obpa3soM.

CrennansHoe rpalyupoBOYHOE YCTPOHCTBO (pHc. 4) Yepes WecTHxoNoBol kpaH (5) He-
CKOMbKO Pa3 POLYBAETCs COOTBETCTBYIOLUM Ia30M-HocHTeneM (aproHOM MIIM renuem), B
KOTOpoM OyIeT MpOXOAHTH MPUroToBJeHue ra3osoit cmeck. Llnpun nposepsercs Ha uu-
cToTy Ha XpomaTorpade. Obpaseu rasa nofaetcs B Ao3upylowyio netio (6) wectuxomo-
Boro KpaHa (§) M 4epe3 cooTBeTcTBylomuit wTynep (5) BBOOMTCS MOTOK Ta3a-HOCHTENS
M3 DE3MHOBOH KaMepbl IpH aTMOCGEPHOM NaBIEHUM C OIHOBPEMEHHBHIM IepeMeilleHHeM
nopmas BHU3. O6beM rasa-HOCHTENs, KOTOPLIM BbillyBaeTcs mpoGa rasa, JOMXKEH CO-
CcTaBisTh He MeHee 10 o6bevos nosupyiowedt nernn (6). O6bem netnu (6) cocrasnser
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0,25-0,5 mn. Ilpouenypa BBozma obpa3iia rasa nopropseTcs njs Bcex rasos. [Ipu Bsone no-
cilenHero rasa wnpun (1) 3anonHseTcs razoM-HocHTeNeM I0 GHKCHPOBaHHOTO, HAPUMED,
¢ noMolibio wabnona (10) obveMa u repMeTnsuUpyeTcs.

Ilepen mpuroToBsenuem ra3oBoil CMeCH LWIIpULl ¥ IO3MPYIOLIME NETIH I'PaJyHPYIOTCS
BECOBLIM METOLOM.

KonuenTpauus rasa B ra3oBoil cMeck paccuuThiBaeTcs o opmyiie

V2P293,2A:

A= eEn2+T) (13)

[locne ananmsa mcxomHoH TpalyHpOBOYHOH T'a30BOH CMeCH OCTaBISIOT N0 IIaBNOHY
npuMepHo 2/5 o6beMa U pa3BaBisiOT STy J03Y Ta30M-HOCUTENEM U3 PE3UHOBOM KaMephl 10
obbema V,,. Pasbasienue c nomolblo IpafyHpoBaHHBIX IaGNOHOB NPOBONST HECKOJILKO
pa3, monyyas TeM CaMbIM IpalyHpOBOYHEIE Ta30Bble CMECH Ui BCEro PEKOMEHIYeMOoro
OranasoHa KoHueHTpauuii. PacueT koHueHTpauui B pa3baBleHHbIX [a30BLIX CMECSX IIPO-
BOOAT Mo ypaBHeHHW (13) 6e3 yyeTa MONpaBKH Ha TeMNepaTypy ¥ HaBlEHIe.

Bmecrto npurorosnenis ucxonHol rpafyupoBaHHON KOHIEHTPAUHMM 110 BhIILIEOTUCAH-
Hoil npoLenype MOAHO HCHOML30BaTh ATTECTOBaHHYIO Ta30ByI0 cMech (Tabi. 2) i mpoBO-
IHTL Dpoliefypy pa3baBiieHHs C NOMOIIBIO I'PafylIPOBAaHHLIN LiabIOHOB.

B3 3aBUCHMOCTU OT ONpelenseMoro KOMNOHEHTA A7 IPafyMpOBKH XpoMmaTorpaduue-
CKOI'O KOMIUIEKCA TOTOBST ra30Bble cMecd ¢ KonuenTpaungmit ot 0,001 mo 1,0% o6. Ilpu-
4eM B Kak[oM AnanasoHe koHuenTpaunii (0,001-0,01; 0,01-0,1; 0,1-1,0% 06.) rotossT He
MeHee IBYX CMeceil C pa3siaIyHbIMI KOHUEHTPaUHiMH Ia30B, KOTOPHIE BBOAAT B KOMIJIEKC
ra30BbIM KPaHOM-I03aTOPOM C TOI ke No3UpYyloLuei neTeil, ¢ KoTopoit 6y neT NpoBOXUTHLCH
aHaJIu3.

PesynbTaToM rpanyupoBky sBAfioTCA KoadduuuenTsl a; u b; ypasuenuit (11) u (12).

Pacuer mapamerpoB rpaiyupOBOYHO@ XapaKTepHCTHUKM IPOBOOAT TaK Xe, Kak B
n.5.7.1.1.

5.7.2 T'panympoBKa KOMIUJIEKCA € IPMMeHeHNEM PacTBOPOB BCeX
aHaJIM3UPYyeMEIX ra3oB B Macjle

Takas rpanynposka ocyLlecTBJSeTCA C IpUMeHEHHEM PacTBOPOB Fa30B B Maciie, IIpHU-
TOTOBJIEHHEBIX MO0 MeTONOM paBHOBECHOTO paclpenereHns ra3oB MeXy rasosoit hasoit u
MacjioM B FepMeTHYHOM Cocyne, nubo MeTonoOM HacCHIINEeHUS Maciia YHCTBIM I'a30oM.

5.7.2.1. 'panyupoBka KoMIJeKca ¢ NMPUMeHeHNeM PacTBOPOB ra3’oB B Maclie,
NPUTOTOBJIEHHBIX MeTONOM PaBHOBECHOIO pacrpelejleHus rasos
MeX Ay raszoBoit ¢asoil 1 MacyioM

[IpuroroBnenne pacTBOpoB ra3os B Maciie OCYIECTBISETCS B yCTPOACTBE, NPHBENEH-
HOM Ha puC. 4, TaKk Xe,Kak U BeleNeHHe Ta30B u3 Macha (cM. m.3.1.2). OTanuue 3a-
K/TI04aeTCs B TOM, YTO B IIMPHLUE HAXONUTCA U3BeCcTHbIN 0bbem macna (V,,), conepxanue
ra3oB B KOTOPOM He BIMSET Ha PE3YNbTaTh! FpafydpoBK! B BHIGpaHHOM AManas’oHe KOH-
HeHTpaluii, a poba ra3opoit cMecH, NPUrOTOBAEHHAA B aHAJIOTMYHOM YCTPOACTBE UK U3
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Tabauna 3

[a3 Koapduunent pactsopumoctu B;
Bonopon (Hz) 0,05
Kucnopon (0O,) 0,17
Asot (N,) 0,09
Oxcun yraepona (CO) 0,12
Iuoxcun yrnepona (CO;) 1,08
Mertan (CHy) 0,43
Auernsen (CoH,) 1,20
Orusen (CHy) 1,70
Otan (C2H6) 2,40

Hannona ¢ rpallydpoBOYHOIl CMEChIO IOfaeTCs B IINPHIL A0 onpelelieHHoro obbema Vj mubo
Hanpamylo, u6o yepe3 MeT/O KpaHa-[o3aTOpa C NOCAEAYIOUIIIM 3aNoJIHeHHEeM LUNpHIIA
rasom-HocuTesiem 1o o6uesa V. Ilocie sToro wnpnu noremaeTcs B ycTpoiicTBo ycKope-
Hys IOCTIDKEHHS paBHOBecis. BpeMsa nocTukeHnns paBHOBECHs NpPH PACTBOPEHHM ra3oB B
Macjle peKOMEHIYeTCS yCTaHaBINBaTh BTpoe bosbliie BperMelH 113BJeUeH s Ta30B H3 Macaa
no 1n.3.1.3 unu ycTaHaBAIBaeTCH SKCIEPUMEHTANILHO [0 CHelHaNbHON Ipouenype.

[Tocne mocTixenus paBHoBecs rasosas $asa M3 IWNpPHOA YOAIIETCS.

KoHuenTpauuu ra3os, pacTBOpeHHBIX B Maclie paccuiTBIBAIOT 1o dopMye

. __ AVsB:
i(epad) — VM(B:' + ‘/3/‘/:«) (14)

Coznepxanue rasos B Macne, IpUTOTOBIEHHEOM [Jif TPajyHPOBKH KOMILTEKCa, KOHTPO-
JUDPYIOT C NpYMeHEeHNEeM I'PalyMPOBOYHEIX Ta30BBIX CMeceil.

3uavenns xoadduunesTos pactsopumocT OCTBaNbAa HEKOTOPEIX Ta30B B TpaHChHOp-
MaTopHoM Maclne nipu Temiepatype 20 °C u nasnenun 760 MM pT.cT. Iprbseness! B Tabi. 3.

W3smenenne temneparyps! B nutepsaie ot 18 no 25 °C npiBoauT k H3MEHEHHMIO KO3d-
¢uunenTos pacrsopumoctu mo 5% ora.

IIpuroTossnentble pacTBOpPHI ra30B B Maclie XpaHaTcs B FePMETHYHO 3aKPHITHIX LINPH-
IIaxX IpPH KOMHATHO! TeMIepaType B TEMHOM MecTe M MOLYT OHITh HCIIONB30BaHLI [is
rpalyMpOBKM KOMIUIEKCa B TedeHue § OHeil.

IIpuroToBIeHHBIMA PACTBOpaMH Ia30B B Maciie MOXHO MPOBOMUTHL IPalyHPOBKY KOM-
nnexcoB, NpuMensiounx kax Meronuky BTH, tak u meton APII.

B cnyuae rpanynposxu kommiexca o Metony BTU B npucTaBKy BBOOST OLMHAKOBBIE
1pobLl Macia € pasfiMyYHBIM CONEpPXKaHueM rasoB. PesynbTaToM rpalyHpoBKH sBISIOTCS
k03¢ duumenTH a; ¥ b; 3aBucuMocTell Buaa

S# = ai™ 4 b 4% (15)

A

B = ah) 4 phl) g2 (16)
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PacyeT napameTpos rpafiyMpoBOoYHON XapaKTepHCTHKH HPOBOOUTCA TaK Xe, Kak B
m.8.7.1.1.

B cnyvae rpamyupoBku kommsekca no metomy APII mposonsT BhlmeneHue rasos u3
rpalyMpOBOYHOrO MaclsHOTO pacTBopa o m.3.1 mpu Tex xe cooTHowenusx V;/V,, npu
KOTOpbIX OyneT MpoBOOMTHC aHalmu3 o6pa3suoB Macla M3 06OpYLOBAHHMS ¥ BHIAENEHHEBIE
ra3bl BBOLOAT B JO3HPYIOLLyIO NET/IIO Fa30BOro KpaHa-fio3aTopa KOMILJIEKCA.

Pe3yabTaToM Takoil rpafyupoBKU SBASIOTCH BETMYMHEL K03QPULHEHTOB a; ¥ b; ypas-
uenudt (15) unn (16).

5.7.2.2. I'pagyvpoBKa KOMIUIEKCa C IPYMeHEHNeM MeTOoNa HACKIIeHMs Macja
YUCTHIM Ca30M

OTOT MeTOR 3aKII0YaeTCs B HACHILIEHIH Macila aHAJIM3U pyeMLIM Ia3oM 1 pa3baBienun
€ro TeM XKe MacioM, HAcHIIEHHbIM ra3oM-HocuTeneM. lIpuroToBnenne rpafyupoBodHBIX
Maceq IPOI3BOAMTCA B ycTpoiicTBe, n306paxeHHOM Ha puc. 9, npu 18-22 °C.

Hachimenne Macna rasayu BenyT B npu6ope U3 MeTasja, cocTosweM u3 cocyna (1)
€MKOCTbIO 5 MJI, B KOTOPOAM IineeTcs Tpy6ka IUid nmomsoma rasa (2), Tpybka Aas Bbisofia
rasa (3) uepes Macnsausiil 3aTBop (7)  Npucnocobienne ¢ pe3anHOBOIl Npoknakoit (4) ans
BBeHeHHs Mribl wnphia (6).

Hacrlwenue Macna rasom nposonsT nytem bapGoraxa. Uncrwiil cyxoii cocyn (1) ¢
paciuppuTeneM (5) 3anoaHsIOT MacioM U cobupaioT npubop cornacto puc. 9. Bsomar
MLy NpefBapHTENbHO OTIPAyHPOBAHHOTO IINPHIla Yepe3 Pe3iHOBYO NPOKIaNKY, HacCkl-
IAIOT Macso rasoM B Teuenne 30 Mun ¢ pacxomom 15 mu/mun. Ilpu sToat n36eiTox Macna
cinBaeTcs yepes machsHsil 3aTsop (7). Ilo okomwyaHwyu Hacslmenns npn6op BEIEPKH-
BaIOT B TedeHmne 15 MuH.

B mpouecce HachlleHHS Macila Fa3oM LINPHL CleAyeT NpoMbIThL. s npoMuiBKU Ha-
6upatoT B wnpun (6) Macio, colepkyMoe INpHIa BBOAIT 06paTHO B cocyn (1) u BHOBDL
HabupaloT Macio. Onepauuio NOBTOPsOT TpuX bl Ilocie oxoHyaHus NpoueLyphl HaCH-
IIeHUs Yepes 15 MHH 3alOIHAIOT MINPHI MacioM, BRIHUMAIOT ULy U3 NpHCNocobieHus
(4) u repMeTH3UPYIOT ee PE3UHOBO TPOGKOiL.

Kounnentpauuio rasa B Macile onpefensioT ¢ yyeToM ero xoabohuiiedTa pacTBOPUMO-
ctit (Taba. 3) ¢ nonpasxoit Ha aTMochepHoe naplenue

" B;PA;

4 = 1
i(nac) 760 ( 7)

Pa3basnenve maciia, HaCHIIEHHOTO ra3oM, [0 HeoOXONMMON KOHLUEHTpauul IIpoBOnAT
B npubope, u3obpaxenHoMm Ha puc. 10.

[IpuGop cocTouT M3 nmpenBapHTeNnbHO OTrpanynpoBaHHOro cocynia (1) eMxocTsio 2
¢ HmxHUM TyGycoM, mpucnocobnenus Uit BBoa M or6Gopa mpo6 Macia (2), pesunosoit
npoxnaaxu (3), Tpybok Aia momsoma Tasa-HocuTens (4) ¥ AN BEIBONA Ca3a-HOCHTENs
(5), cuabxennsix xpanamu (9-11), marunra (6), MaranTHO Mewanku (7) u MacnsHoro
saTBOpa (8).

Cobupatot npubop corsacHo puc. 10. B ty6yc cocyna (1) yepes npobky BcTaBnsioT
npucrnoco6ienue (2) ¢ pesnHosoit npoknanxoit (3). B cocyn onyckaor maruut (6). 3a-
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Puc. 9.  Ilpubop nns mpn- Puc. 10. Tlpubop nns pasGapienus Macia, HachlleH-
FOTOBJEHUS Macia, HaCbllUeH- Horo rasoMm: 1 — cocyn; 2 — npucnocobiieHne Ui BBOIA
Horo rasoM: I — cocyn ¢ ma- uoTGopa npobul Macaa; 3 — pe3uHoBas NpoKiaika; 4 —
cioMm; 2 — TpybGka nomBosa Tpybka monsolia ras’a-HOCHTeds; 5 — TPyb6Ka BHIBOMA
rasa; J — Tpybka BbIBOJa ra3a-HOCUTeJs; 6 ~— MarHuT; 7 — MaTHHTHas MellaJKa;
rasa; 4 — upucnocobiiedie ¢ 8 — MacusHbll 32aTBOP; 9-11 — KpaHBl

pe3suHOoBO# Npoknamkoit; 5 —

paclidpuTenb; 6 — WIpHL;

7 — MacnaHbI 3aTBOp

nuBaloT MacnoM cocyn (1) u Machsubiii 3aTsop (8). 3axpriBaioT cocyn npobkoil ¢ Tpy6-
KaMM Ji714 TOABONA M BhIBoNa rasa-HocuTend. CoemnusioT npnbop ¢ Tpybkoil Ans noasBoia
rasa-Hocutens (4), orkpsisator kpans! (9) u (11), sakpuisaior kpan (10) u mponysatoT
ra3-HOCHTeNbL 4epes Maciio B TeueHue 3 4. 3akpuiBaioT kpaH (9). Wnpuu, comepxarmuii
HacblieHHoe I'DaJyHpPOBOYHEIM [a3oM Macilo, IPHTOTOBIeHHOe B npubope, NpUBEAEHHOM
Ha puc. 9, BKaNbIBalOT B npucrocobneHue (2) u BBOAAT M3 Hero 3afaHHOE KOAMYECTBO
Macia B cocyn (1) ¢ MacioM, HacBIEHHBIM ra30M-HocHTesleM. Macio nepeMemnBaioT
C TOMOIIBIO MarHUTHOH Mellalku B Tedenne 1 4. OrkpwiBatorT xpau (10) mns ssoma
raza-HocuTens B cocyn (1) u non ero HanopoM OTGUPAIOT Macio Yepes UIilbl B HECKOIBKO
wnpunes. Mrast repmerusupyior pesuHosbiMu npobkamu. Onepatius or6opa npo6 macia
B WNpuubl npoBoauTcs 6picTpo (o 10 Muu). M3 cocyna orbupaioT He Gomee MOJIOBMHEI
obbveMa macna. B aTux ycnoBusx ra3 u3 HukHelt NOMOBHHBL Maciia NPaKTHYECKH He ycle-
BaeT MepeiTH B ra30Boe NMPOCTPaHCTBO.
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KonuenTpalus rasa B Macile pacCYUThIBaeTCH 1o dopMye

A;‘Eﬂac) ‘{SM

A:'?epaa) = _—‘/C_‘ (18)

I'panyuposka xoMmeKca NPOBONUTCS TakK Xe, Kak B 1.5.7.2.1. PesynbTaToMm rpanyu-
POBKM ABJIKIOTCH KO3(h¢UUHEHTH a; U b; ypaBHenuit (15) u (16).

5.7.3 OnepaTuMBHEI KOHTPOJIb TOYHOCTM BEINOIHEHNS N3MepeHnA

OnepaTtusHeiit xonTpons TounocTH B nposomutes nepen pabouumy usMepeHMSME
Ha TpafyMpOBaHHOM KOMIIEKCE IS NMOATBEPXMEHMs IonafaHus pabouux uaMepenuii B
LOBEPHTENbLHLIA HHTEPBA TPALYHPOBOYHON XapaKTepHCTHKH.

Ins nposenesys onepaTi BHOr0 KOHTPOIA HCIO/B3YIOT 484 IPadyHPOBOYHEIX PACTBOPA
(cMecn), KoTopbie comepskaT rasbl C KOHUCHTPALMAMY U3 HayallbHOM ¥ KoHEwHO# obnacTeil
rpafyHpoBOYHON XapakTepucTuki. [lpensapuTensHo mnig sTHX cMecelf o TpaayHpoBoY-
HeIM XapakTepuctukam (11), (12) nau (15), (16) ¢ yyeToM LOBEPUTEMbHBLIX MHTEPBATIOB
MapaMeTpoB a; U b; pacCUUTHIBAIOT MAKCHMAJIBHYIO M MHHHMAJBHYIO BETMYHHY IO
HJTH BBICOTBI M1Ka, COOTBETCTBYICIIYIO KOHIEHTPALUM [a3a B rpafynposoyHoit cmecn. Ha-
Jlee B KOMIUIEKC BBOAAT ofe ciecH o 3 pasa KawIylo, PaccHliThIBAIOT CpeNHUe 3HAYeHU
BEJIMYMH [UI0LIa el MiIH BHICOT MUKOB A% BCEX KOMIIOHEHTOB BBEJEHHBIX CMeCell U orpe-
IeNSI0T NONANAloT M OllpelieileHHble IPH ONePaTHBHOM KOHTPOJIE IO MM BHICOTH
IHKOB B MHTEPBAJ MEKAY HX MAKCHMAaJbHBIM M MHHUMANBHBIM 3HAUeHUAMH, PacCINTaH-
HBIMH M3 PaJyHPOBOYHBIX XapaKTEPUCTHK. ECin BenuunHs! niolia et Hild BLICOT NMKOB
NOMafaloT B 3T UHTEPBANlbl, TO KOMIUIEKC MOXHO HCTO/Ib30BaTh U1 NPOBENEHNS aHATH-
308. Ecin HeT, To HeobxoamnMo qubo yCTpaHUThL NPHYMHY HECOOTBETCTBUS (B OCHOBHOM
3TO MOXET ObIThH CBA33HO C HAPYIIEHHEM PEXHMHLIX NlapaMeTpoB), b0 NPOBECTH HOBYIO
rpanyHpoBKy KOMIUIEKCA.

5.8 Amnanui ra3zoB, paCTBOPEHHBIX B Macle

AHanu3 pacTBOpPEHHBIX B MAC/€ I'a30B, UIBJIEYEHHEIX ¢ npHMerenyeM MeToga APII unu
metomukn BTY npoBonuTes B Tex e ycrnoBusX, YTO ¥ IpafyupOBKa.

[ponenypa nssieuenns rasos U3 Macha onucata B n.3. Bee ananu3et nposogaTca He
MeHee 2 pa3.

5.8.1 Amnanus rasoB Ha cnelNMaNN3UPOBaHHON anmapaType

Ilng mposefienus aHain3a PEKOMEHAYeTCd NPUMEHATH oGOpYNOBaHME, YKalaHHOE B
n.5.1.1. OTo obopynoBaHie CHabXeHO BCeMN HeOGXOMMMBIMM yCTpPORCTBaMM (KONOHKH,
YCTpolicTBa BHINENIEHYA Fa30B U3 Mac/a U T.1.) IS NPOBECHUS AHAMIU3A U NOHBIM KOM-
TIIEKTOM METOLN4E€CKOH JOKYMeHTALMK.
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5.8.2 Awnanus rasos Ha HeclleManu3NpoBaHHOIl annapaType

Ins nposegeHus aHaNuU3a PEKOMEHAyeTCA NPUMeHATh OBOpPYHOBaHMe, YKa3aHHOE B
1. 5.1.2, ¢ HOMOBIO KOTOPOTO MOTYT ObITh peann3oBaHbl Pa3iudible CXeMbl NPOBEIeHNs
aHa/u3a.

B kauecTse OCHOBHEIX PeKOMEHAYIOTCS [BE CXEMBbI.

5.8.2.1. AHanmus UsBJeYeHHKIX M3 Macja [a30B ¢ IPUMeHeHUeM OBYX
rasoB-HOcHTeJiell — rejius U aproHa

XpomaTorpaduyeckuil kKoMIIeke Npi npUMeHeHNH TakOi CXEMbI COCTOUT M3 ABYX XpO-
MmaTorpados, ONMH U3 KOTOpbIx nMeeT zsa derekropa (ITII u M), a sTopoit — ITII.
B xavecTse TakuX XpoMaTorpadoB MOXKHO HCNOIb30BaTh, HallpHMep, XpoMaTorpadsl Mo-
nens 3700 1 IseT-500 ¢ msynms merekropanu (ITII n OUI).

Xpomarorpa¢ ¢ nsyms nerexropamu ([ITII u OUII), xoTopsie coenynent! nocnenona-
TenbHO, npefHa3HaueH A ananusa CO, CO,, CHy, C,H,, CoHy n C,H,, a xpomaTorpad
¢ OTH — ansg anamusa H,.

B xpomaTtorpat ¢ mBymsa meTekTopamu nomewaioT kKonouku ¢ IHAY-1 ans ananmsa
CO, u yrnesomoponos, a Takxe ang amamuza CO. B xauectse rasa-HocuTens B >ToM
XxpomaTorpage UCNONL3YIOT renuil.

B xpomatorpad ¢ T nomemator komonky ¢ TAY-1 ans ananusa H,. B xauectse
ra3a-HOCHTeNS B 3TOM XPOMaTOrpade UCNONb3YIOT aproil.

Cxema xpomaTorpaduyeckoro KoMmILieKca npuseneHa Ha puc. 11. Mssneuenue rasos
M3 Macnia IIpH NpUMEHEHUH TaKOi CXeMbl aHali3a MOXeT BeCTHCh Kak MeTogoM APII, Tax
n no mMetomuke BTU. [Ipu npumenennu ans m3snedenus rasos u3 macia meroma APII s
xayecTBe J03aTopoB (2, 3, 10) ucnonb3yioT ra3osbie KpaHHI-H03aTOpPbi ¢ 06beMoM paboynx
neTens 2 M.

Tlpu npumenenun merommxu BT ana mssneuenus rasos us macna Y s kadecTre mo-
3aTopoB ucnone3yioT npuctasku BTU obvemom 8,0 mn (mosatopet 2 u 10) u o6bemom
1,25 mn (nosatop 3).

[To cxeme, npusenennoil Ha puc. 11, ananus NpoBomMTCS CAEKYIOLUM 0BPa3OM.

B xpomaTorpadhl nofaioTca ra3bl-HOCHTENM ApTOH U Teflitfi, a TaKXKe BOAOPOA W BO3-
IYX.

Temnepatyprr: TepmocTaToB Kononok (8 u 14) cocrasmsior 80-120 °C, OITII (6 u
13) m OMII (7) — 150-250 °C. Tox mocta ITII (6) xpomaTorpada mrs anammsa CO,
CO; u yraesomoponos cocrasaser 140-160 mA, a JITII (13) xpomaTorpada nis aHanlusa
H, — 80-90 mA. Pacxons! aprona u renus coctasnsior 20-30 mu/mun. Pacxomer Beno-
MOTaTelbHbIX [a30B COCTABAAIT: Bolopofa 15-25 mui/mug, Bozayxa 200-300 ma/mun.

Hocne soixoma xpomaTorpaos Ha pabounit pexum (npuMepHO 2 4) ¢ NOMOIUBIO MI0-
saTopa (3) B xpomatorpad s ananmsa CO, CO, u yrnesomoporos BBOOAT npo6y mas
anamsa CO,, CHy, C2H; u CyHg. Uspneueunsle us Macna KoMOOHEHTHI, pasfiefleHHble
Ha xonouke (5), nonanator B I TII (6), xoTopstit peructpupyer nuku Bozayxa u CO,, a
satem B [INII (7), xoropsiit peructpupyer CHy, C2Hz, C2H, n CoHe.

Ilocne Toro kak u3 konoHku (5) BHIALYT BCE KOMIOHEHTH, C OMOLIbIO fo3aTopa (2)
TOro Xe XpomaTorpada B Hero BBomaT npoby mis anamusa CO. Pasnenenunie ma xo-
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Pruc. 11.  Cxema xoMnzekca [isi NpOBEfeHUS XPOMATOrpadgMuEcKOro aHani3a ra3os,

H3B/IEYEHHBIX M3 Macia, C IpUMeHEHHeM ABYX a3os-HocuTenel: | — 610K MOArOTOBKH
ra3os xpomartorpada mis adanuza CO, CO, u yrnesonoponos; 2 — nosaTop Ans aHAJIH3A
CO; 3 — mozatop nns anamnza CO, u yriesomoponos; 4 — komoHKa mis anaiusa CO;
5 — xonoska ans aHanusa CO, u yranesonoponos; 6 — JITII xpomaTorpada mns anannsa
CO, CO; u yraesonmoponoe; 7 — IIUIT Toro xe xpomatorpada; 8 — TepaocTaT TOTO
e xpomaTorpada; 9 — 60k HOArOTOBKM a30B XpaMoTorpada ans amannsa H,; 10 —
Ho3aTop Ans avammsa Hj; 11 — konouka nns ananusa Hy; 12 — xononka cpassenus nns
anayusa Ho; 13 — ITII xpomatorpada nns ananusa Hy; 14 — repmocTaT XpoMmaTorpada
Ind avamnu3a Hs

souke (4) xommnoHenTsl monafaot B JTII (6), koTopsiii perucTpupyeT NHKY BO3OyXa M
CO.

ITpu paboTe c xpomaTorpadom ang aganusa CO, CO; u yraesonopomoB ¢ uspnedeHseM
rasos u3 macia MeronoM API] rasosbiit 06beM B mINpHlie ¢ MACIOM OpraHU3yeTCs reeM.

OnuoBpemenHo ¢ nposenednem ananusa CO, CO, u yraesomopomos B xpoMaTorpag
ans ananmsa H, ¢ momowsio nosaropa (10) eopsaT npoby nns ananusa Hy. Vssnevedusie
U3 Macla KOMIOHEHTH!, paslesenHble Ha kofouke (11), nonaznaior B IITII (13), koTopsiit
PErUCTPUPYET NUKU BOAOPOLA M BO3LyXa.

IIpu pabote ¢ xpomaTorpadom nias ananusa Hy ¢ u3snevenneM rasos M3 mMacia MeTo-
noM APII rasosslit 06beM B IINpHIle C MACIOM OPraHH3yeTCs aprOHOM.

5.8.2.2. AHanu3 U3BJIeYeHHLIX M3 Macjia ra3oB o cxeMe ¢ NpYMeHeHueM
MeTaHaTOpa M OAHOro rasa-HocuTens aprosa

XpomaTtorpabuyeckuii KOMIEKC IpY NPUMEHEHHU TakKoil CXeMbI COCTOMT U3 OLHOTO
xpomartorpada ¢ msyms nerextopamu (OTII u IHUII), 8 xoroprit BcTpoen meTaHaTOp,
nossonsiowuit onpenensts CO u CO, nocne npeppallieHns ux B MeTaH.
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Puc. 12. CxeMa KOMIUIEKCa A NPOBEOEHHs XPOMATOrpaduyecKoro aHanmuza rasos,
M3BJIEYeHHLIX W3 Maclla, ¢ IPHMEHeHNeM OHOrO ra3a-HoCHTels (aproHa) H MeTaHaTopa:
1 ~— 610K TOAFOTOBKY ra3oB xpoMaTorpada; 2 — no3aTop Mg araiusa Hy; 3 — kononxa
s agamnsa Hy; 4 — IATIL 5 — OUIL; 6 — mosatop s anamusa CO, CO, u yraesono-
poros; 7 — kononka s ananusa CO, CO, u yraeponoponos; § — KOJNOHKA CpaBHEHMS
npi anamisa Hy; 9 — rpofinuk; 10 — meranatop; 11 — TepmocTat MeTanaropa; 12 —
TepMOCTAT XpoMaTorpaba

B Tepmocrar xpomaTorpada nomemator kornouky ans ananusa CO, CO, u yrnesono-
ponos ¢ Ilopanakom N u konorky ¢ ueonurom CaA unu NaX.

B onuoy u3 ucnapuTeneft xpomaTorpada MOHTHPYETCS MeTaHATOD, 3aNONHEHHbIH Ka-
TanmzaTopoM. IIpouenypa npuroToBneHns KaTalu3aTOpa ONHCcaHa B IPHITOKEHUH 2.

Cxema xpomaTorpadu4eckoro XKOMIIeKCa npuseneta a puc. 12. Wsnneuenue raszos
M3 Maciia MOXET BeCTHCh METOAMM, ONMcaHHBIME B I. 3. B kavecTse nozatopos (2 u 6)
MOXHO HCNONB30BaTh AUBO Fa30BHE KPaHbI-IO3aTOPHI ¢ 06beMoM paboynx nerens 1-2 mi,
nubo npuctasky BTU obwvemom 1,25 M1 (nosatop 6) u 8,0 M (mosaTop 2).

ITo cxeme, nipuBeneHHoOl Ha puc. 12, aHanU3 MPOBONUTCA CIEAYIOMWMM 06Pa3oM.

B xposatorpad nogaeTcs ras-HoCHTeNb aproH, a Take BONOPOL M BO3LYX, NPUYEM,
Bomopon Yepes TpoiHuk (J) nomaerca B MetamaTop (10).

Temneparyper: TepmocTaTa xomowok (12) cocrasnser 60-80 °C, ITI (4) w IOHII
(5) — 150-230 °C, meranaTopa — 375 °CC. Tox mocta IITII (4) cocTannser 70-90 MA.
Pacxon aprona coctaBnser 20-30 mi/muil. PacXofbl BCMOMOTATENBHAIX A30B COCTa-
BAfi0T: Bonopona — 20-30 ms/mun, Boznyxa 200~300 ma/mum.

Tlocne Berxoma xpomaTorpada Ha pabounit pexum (npuMepo 2 4) ¢ MoMOUILIO HO3a-
Topa (2) B xonouky mis a#anusa H, (3) eeonst npoby mns amanusa Hy. Usenewennnre
M3 Maclia KOMIOHEHTBI, pasje/entble Ha Konotke (3), momapator B HTII (4), xotopwit
perucrpupyer nuku Ha, Oz u N,.

Onrospemenro ¢ anamssom Hy ¢ nomowsio gosaropa (6) B konouxy mns akanusa CO,
CO, u yraesonoponos (7) sBonsT npo6y s awanusa CO, CO,, CHy, C;Hy, C2Hg n CoH,.
W3sneyenHble U3 Maciia KOMIOHEHTHL, pas/ielleHHbIe Ha KomnoHKe (7), nonafaloT cHavaiia B
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metakaTtop (10), rae CO u CO, npespamatorcst B meTan, a 3atem B HUII (5), koTopsii
peructpupyer CO (8 suge CHy), CHy, CO; (B Bune CHy), C2Hy, CoHg n CoHo.

[Ipu npoBemeHny akanu3a rasos, M3BAeYEHHbIX U3 Macia ¢ npuMenenneM Metona APII,
raz0Bbiil 0GBEM B IINPHULE C MACIOM OPIaHU3YETCS aproHOM.

6 OBPABOTKA PE3YJIBTATOB
XPOMATOI'PAOPMYECKOI'O AHAJIN3A
I'A30B, PACTBOPEHHLBIX B MACIJIE

O6paboTrxa pe3ynbTaToB XpoMaTOrpadpuyeckoro anaili3a ra3os, paCTBODEHHBIX B Ma-
cile, CBA3aHa ¢ BUIOM HpHMEHAEMOl B aHa/lH3e METOMUKH U3BJeYEHHA [a30B M3 Macna H
CBA3aHHOIT ¢ Hell METOMMKOIl IpafyMpPOBKY KOMILIEKCa.

6.1 O6paboTKa pe3ynbTaTOB XpoOMaTOrpaduyeckKoro aHaamn3a
PN M3BJIEYEHNHN ra3oB w3 mMaciia no merony APII n
rpagyupoBKe KOMIIEKCA 0 ra3oBHIM cMmecsM (1. 5.7.1)

Ilpu o6paGoTke pe3ynbTaTOB, NOMYYEHHBIX C UCNONbL30BaHHEM TaKOIl METOIIKH, Npil-
MEeHA0TCS (POPMYIIEL B

%« __ oz _ 5@ i Ke_ O
Af = (5] - a;) (B, + Vu) 50 (19)
HJIN
# _ (pe _ R . Xz_ ay
A = (b~ a;) (Bt + V.u> ) (20)

B aTux ¢opMynax y4TeHsl napaMeTphl TPaiyUPOBOYHON XapaKTePHCTHKHY H HalHdile
My3bIpbKa B HINpHLE neped adaiusoM (cM. m. 3).

Heobxomnmo uMeTh B BiAY, YTO npy [POBENEHUY TPANYUPOBKHM KOMILIEKCA [0 MeTO-
ZnvKe, onucaHHO#i B 1.5.7.1.2, rpaflyMpoBKa M aHajIN3 AQMKHBL [IPOBOUTECA C IPHUMEHe-
HUEM ONHOH U TOM XKe HO3UPYIOLIEH NeTau.

6.2 Oo6paboTKa pe3ylbTaTOB XpoMaTorpaduiecKoro aHaamsa
npu Jio60M MeTone M3BJIEYEHNS ra3oB M3 Macja M
TPanyHupoBKe KOMIJIEKCA IO pacTBOpaM ra3oB B Macie
(m.5.7.2)

IIpu o6paboTke pesynbTaTos, NONYYEHHBIX € UCMONB30BaHHEM TaKMX METONMK, MpH-
MeHAI0TCS GOpPMYTIb

»o_ M () &
A; = (5 —a; )bf(“) (21)
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) 28}8:1

i
phl=)

2

A% = (f — a) (22)

k3

Heobxonumeim ycioBiem npu npumenenuu metoga APII u rpanympoBkn mo arTecto-
BaHHBIM PacTBOpPaM ra3oB B Maclie SBJfeTCs HCHOMb30BaHUE OIHOM ¥ TOH Xe Ho3upylonen
netau u otsowenus V./V, npu rpanymposke u anamuse.

Heobxonumbmv ycnosuenm npu mpumenenud Meronukn BTU u rpamywposku no atTe-
CTOBaHHLIM PAcTBOpaM Ta30B B Macjle SBISIETCA BBEJEHHME B KOMIUIEKC OMHOTO W TOrO Xe
obbema Maciia IpH TPaLyHPOBKE M aHaJIH3e.

6.3 OmneExa CyMMapHOH HOTPEUIHOCTHY BLIIOJIHEHUS M3MepeHu
KOHIOEHTPpAUNi ra3oB, paCTBOPeHHEIX B Maciie

CyMMapHas NOTPEIIHOCTL M3MePeHUs oueHmBaeTcs B cooTsercTaun ¢ [OCT 8.207-
76 (n.5) ¢ yueTom ciyyaiiHoil MOrPEUIHOCTH M3MepEHUs H OTHOCHTENbHO HEUCKNIOYEH-
HOI1 CHCTeAaTHYecKoil NOrpelHOCTH oNnpefieNeHus koahduieHTa pacTBOpHMocTH B;, To-
rpelunocTH ycranoBkn V, i V), a TakKe Bo3MOKHOM NOTepi ra3oB MpH XpaHeHHH MPOOHI
B TeucHHE HEHeIH.

CpenHee KBafpaTH4YeCKOe OTKJIOHEHHE 3a CYET CIy4aiiHoil NOTPEIHOCTH M3MEPEHNA

A} pacCIUTHIBAIOT N0 GOPMYTE

Sio 1 1 lm(yi(au) - yi)2

SAe* = T4/ 5 + T 2

CobY L m o R (my et - (D w))

OTHOCUTENBHYIO HEHCKIIIOYEHHYIO CHCTEMATHYECKYIO NOTPENIHOCTE NPY NPHUMEHEHMH
metona APII paccunteiBaior 1o dopmyne

AB\?  (AVN? AV [AY?
. =1 — —_—= f——_ 24
s =ty (F7) +(55) +(52) +(5) 24
[Ipu npumenennu metomuky BTH unen (AV,/V,)? we yuntripaeTcs.
ABCONOTHYIO HEMCKIIOUEHHYIO CUCTEMATHYECKYIO TMOTPEMIHOCTh PACCYUTHIBAIOT O

dopMyie

(23)

gi(aﬁc) = A;‘uai(omn) (25)

CymMmapHas nOTpeLIHOCTh u3Mepenus A OUEHMBAETCS B 3aBUCUMOCTH OT BENMUHHBI
oTHOwEHN Bi(ase)/Sax.

Ecnu 31o oTHowenue mensiue 0,8, To cyMMapHas MOTpelIHOCTH A OLEHHBAETCH 10O
¢popmyrne (23).

Ecau aTo oTHowwenne Gonbiue 8, To cyMMapHas norpemsocTs A onenuBaeTcs mo dop-
Mmyne (24).
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Ecnu 310 oTHOmenue nonanaeT B nuTepsan Mexay 0,8 # 8, To cymmapras morpein-
HOCTb OlLIeHHBaeTCA Mo dopMyde

A=KS (26)

B aToM ciiyyae mn1s oeHKH CyMMapHOro CpefHero KBaAPaTHYeCKOro OTK/IOHEHHUS pe-
3y/bTaTa I3MEPEHUS MCIONb3YIOT HOpMYIIy

0 .
soqfS e, 5, (21)
Koa¢pduunent K BuIYHCISIOT O popMye
bp 1 Sax + 9,' abc
K = (ns52) ¥ ey (28)

62
Sax+y X2

Pacuer cymMmapHOH HOrpemiHOCTM H3MEpeHHs MoxeT O6biTh BuINoiHeH Ha OBM umnu
BpYyUHY10.

[Ipnatep pyuHoro pacuera cyMMapHOil HOFPELIHOCTH H3MEpPEHHs NpIBeieH B IPUIOke-
HuI 4.

6.4 3ammuch pe3ysbTATOB U3MEpEHHH

PesynbraTe! H3MepeHUit DOMKHB NPEACTABIATLC B Bie
M
AL+ A (29)

B npoToxose aHanu30B yKa3niBaeTCs BEPOATHOCTD, Il KOTOpOi onpeneiesa cyMMap-
Hasl [OTPElIHOCTH M3MepeHI .

Yncnosoe 3HayeHUe pe3yNbTaTa U3MePEHHs NO/KHO OKaHUMBaThCA HUGPOR TOro xe
pa3psna, 4To ¥ 3HaueHue Norpeuitoctu A.
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IMPMIIO2KEHUE 1

PACYUET JIMHEVHOU 'PANYUPOBOYHON
XAPAKTEPUCTUKU BUJIIA y; = a; + biz; YT
EE METPOJIO'MTYECKUX IAPAMETPOB

PacuyeT rpazynpoBouHOil XapaKTEPHCTHKH 3aK/I0YaeTCA B pacyeTe KO3QPUUHEHTOB a;
U b; U OpH OTCYTCTBUY CpPeACTB BBIYHCIHTEIbHON TEXHUKH NPOU3BOANTCS BpyuHylo. s
3TOrO pe3yAbTaThl TPaAyHpOBKY BHocgTcs B Tabm. JI1.

Ta6muua 111

Nmn oz gz} yf oz ozt (zi +y:)’

n=Im Yz Y}y ! Yyl Yy Ylzity) Ylzi+y)

B Taba. II1 z; coorBeTcTsyer A? N A;‘(‘ma

m — YUCIo TapallIeIbHBIN H3MEpEHUH KaX [Oro rasa B KoHTponsHoil Touke [ (m = 5); [ —
4ICI0 KOHTPOMBHBIX TOYEK Ha IpanyHpoBouHoil xapakTepictiike (I = 6); n — cymmapHoe
YIICNI0 H3MEepEeHHit, Ipoi3BefeHHEIX Npu rpafynposke (n = Im = 30).

IIporepxa npasusbHocTH Bulunciennil B Tabn. 111 nponssogutcs no gopmyne

Y@ty =) al+y yl+2) (ITL.1)

Pacuer xoadpunuenTos a; u b; Benercs no popMynam

2
stzyi—zzizwiyz 1.2
Z 2 E AY) ( . )
ny zi— (X i)
Ny TiYi= ) Tiy Y
b; = 3 . (I11.3)
ny a?— () ;)
PacueT 0CTaTOYHOI BEMHYMHE] CPEAHETO KBaPATHIECKOro OTKIOHeHUS S;; BEIXOMHOTO
CHrHalla y; OT PacyeTHOH I'pallyupOBOYHOM XapaKTEPUCTHKH NPOBOLUTCH No dopMyile

m_\[zy, aizy. b Sz (1L

Cpenuue KBazpaTH4ecKie OTKIIOHEHHS KO3GGUUMEHTOB @; U b; pacCUMTHIBAIOTCA MO

dopMmynam
Sm’ = “ I n E ZC? (Z: $§)2 (Hls)
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y; cooTBeTcTBYeT S? 11 h? umn S u b
) J B i T T )

a; =




n) zl— (Y )?

PacueT noseputensuuix natepsanos Aa; u Ab; s KO3{hOhULHEHTOB g; 1 b; mpoBonUTCS
no popmynam

Spi = (1711.6)

Aa; = £, S0 (I11.7)
Ab; = :E:tPJSb; (I11.8)
roe i, — 3HaYeHUE KBAHTHIIA {-paclpele/eHHs NPH JOBEPHTENMbHON BeposTHocTH P =
0,95 u ymcne crenenei csobony! f = n—2. (B paccmaTpusaemom ciyvae n = 30 -2 = 28,
aty, = 2,05.)
Yucio 3HauMMBIX uudp Nocie 3ansToll ANt Koah@UIHEHTOB a; U b; onpenensercs uH-
TepBalbHBIMNI 3HaueHmsMI Aa; u Ab;.
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ITPMIJIO2KEHUE 2
CIIOCOB ITPOBEINEHVSA METAHAIIMM CO 1 CO,

OnuumM #3 crocoGoB NpoBeleHns METAHAUMH SBIAETCE COcol, NpelIoXeH b B Bot-
coxosonbTHolt cetn AO Jlenanepro. On 3akmodaercsd B TOM, UTO pasfielleHHas B Xpo-
MaTOrpadHyeckoil KOJIOHKE CMECh Ta30B NPONYCKAeTCS Yepe3 HUKEb-allIOMUHUEBhIH Ka-
TalM3aTop, NOMEIEeH BN B PeakTop (MeTanaTop), KOTOPHI cMOHTHUPOBAH B HCHAPUTENE
xpoMmaTorpada, HarpeTom o 375 °C.

KaranuzaTop rotosaT cienyiommm obpasom. K 44,1 r asoTHokmcrore amoMuHus
Al(NO3)39H20 u 19,8 r asotroxucnoro mukens Ni(NO;),6H,0, pacreopernnix B 0,64 1
LHCTUANNPOBAHHOA BOIM, foGasngioT 285 M 8,9%-noro pacteopa emkoro xanus. Hony-
YeHHble THIPOOKNCH IEPEMEINBAIOT M OCTABAAIOT Ha 2-3 Aus. 3areM ABaxknsl NPOBOAST
JEKAHTalo, Ao6aBILIOT K OCTaTKY 1 1 ANCTHIIMPOBAHHON BOABI ¥ ¢ MOMOUILIO BaKyyMa
OT(GHILTPOBLIBAIOT PACTBOP Yepe3 GUIALTD «CHHAL JEHTA», IPOMBIBAA HECKONBKO pa3 Bo-
noit cTynxeobpasnyio maccy rugpookuceit. [Tonmyuennsiit ocamox U3yMpyOHOTo IBeTa ne-
penocaT ¢ uabTpa B GapopoBYIO MM CTEKMAHHYIO YAlIKY M CyWIaT B TepMOCTaTe Ipi
130 °C B teyenne 48 4. JaTeM U3MENLYAOT €MO M PACCEMBAIOT Ha CHTAX Ha (QpaKUii.
OrGupator dppakumio 0,25-0,5 MM 1 33N0NKAOT el CPEAHIOIO YACTh PeakTopa clioeM 2 cM
MEKAY HPOGKaMI U3 CTEKI0BATHL. [locne aToro NoMewaioT peakTop B HCHAPHTENE XpoMa-
Torpada H COSOMHAIOT ¢ nuHuel Bonopona. [IpousBosAT NoNbEM TEMNEPaTyphl B TEHEHHE
2 4 o7 25 no 425 °C. Ilpu pacxone Bomopona 30 ma/mun u Temneparype 425 °C sbiepxn-
BaloT KaTanusarop B TeueHue 10-20 4. Ilpn sTux ycnoBuax npoHcXoouT BOCCTaHOBIEHHE
OKHCH 1O MeTa/lTHYEeCKOro HHKesld ¥ KaTaTH3aTop NPUOBpeTaeT YePHbil HBET.

Hpumenenue MeTanaTopa nossoiseT ananusuposats CO u CQ; ¢ npenenom obuapy-
xenug 0,0001% o6.
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ITPMNIIOZ2KEHUE 3

OIIPEOEJIEHVE BHYTPEHHEI'O OB’ bEMA T"'A30BOT'O
KPAHA-IO3ATOPA

IlocnepopaTensHO MOOKIIOYAIOT K KPaHy-[03aTOPY CMEHHbIE IETAH ¢ Pa3sNUYHBIM 00b-
emom (HampuMep, cM. 0.1 mpunoxeHus 4) U ¢ UX NOMOIIBLIO BBOAST IPafyHpPOBOYHYIO
rasoeyio cMech (HampuMep, cM. M. 5.7.1.1, Tabn. 2, ecmech 2). Cmech BBOOAT B KOMIUIEKC
He MeHee J pa3 ¥ pacCYUTHIBAIOT CPeOHME 3HaUueHUs BLICOT WIIN MO afeil IHKOB, COOTBET-
cTBYIOIUX 06beMaM TeTens. Ilo monyyYeHHBIM 3Ha4YeHHSIM CTPOAT rpaduK 3aBHCHMOCTH
BLICOT WM IUIOLIafedl muKoB MIA Moboro rasa u3 cMecu oT o6beMmoB meTenb (puc. 13).
3aBUCHMOCTL MMeET JHMHEeHHbIA XapaKTep U He IPOXCAUT yepe3 Hayasio KOOpAMHAT.

BuyTpenuuii o6beM KpaHa-[o3aTopa ONpeNeNieTCs KaK OTPE30K, OTCeKaeMblii HONy-
YeHHON MpAMOH Ha ocu 06HEeMOB ClieBa OT Hayalla xoopaunaT. [lanee aTa Benmuuna yc-
NONB3YeTCA KaK MOCTOSHHBI BHyTpeHHu# 06beM (Vi) MaHHOTO KpaHa-Ho3aTopa.

2
S,em unn h, cm

V,i» a2

Voos

Puc. 13. Onpenenenne BHyTpeHHero o6beMa ra3oBoro KpaHa-o3aTopa
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IMPMIIO2KEHMWE 4

ITPUMEP OINPENEJIEHUS I'PANYUPOBOYHON
XAPAKTEPVNCTUKN XPOMATOT'PAOUYIECKOI'O
KOMIIJIIEKCA M EE METPOJIOIT'MTYECKUX
ITAPAMETPOB IIO C;H,4

1. BcmoyoraTenbHele ycTpoiicTBA, IpHMeHseMble [ IpaliyHpOBKH:

- Habop CMeHHBIX NeTenb fo3aTopa ¢ obbemamu (Ma): Vi = 0,1111; Voo =
0,3672; Vis = 0,7653; Vg = 1,7107; Vs = Vip = 1,9630. BryTpemnuit obnem
Kpana-gosatopa (V) coctaaser 0,1230 mn. [lpenenshas norpeuiHocTs rpa-
ovHpoBku obbesos 8V; = 3%.

- Habop aTTeCTOBAHHBIX CTaHHapTHeIX pacTBopos CoHy ¢ koHmenTpanusmu Az,
pasusMu 0,013 u 0,10% o6. Ilacmopruas NorpemsocTs aTTECTAIHHM CMeCH
84 =10%.

2. omxaoyaeM HeT/N K ra30BOMY KPaly-L03aTOPY KOMIFEKca M B KaXIylo NeTJo
BBOLIM aTTeCTOBaHHble [asoBLie caecl 1o 5 pas. Mamepsem soicoTsr nukos CoHy
Ha XpOMaTOrPAMMaN C yYeTOoM OCHabmeH s CHIHAA.

Ilo dopmyne (10) nposonum pacuet kouuenTpauuii CaHy B KOHTpONLHLIX TOYKax
€ YHETOM TEMMNEPATYPhl i aTMOCHEPHOro AABNEHHS NpH POBENEHHN [PaAyHPOBKH,
IOCKO/IBKY B [IpOliecce rPafynpoOBKH TeMIEepaTypa i aTMocdepHoe [JaBleHHe MOTYT
MeHaTbCs. Hampumep, B nepBoit rpafyHpOBOYHON TOYKE VIS pacyeTa KOHLEHTpPa-
uuu uemonmsbayeM Vo = 0,1111 M, Voo = 0,123 Ma, Vo5 = Vo, = 1,9630 Ma,
A% = 0,013% o06. llpu nposenennu rpanyupoBx¥ B nepsoil [panyHPOBOYHON TOYKe
[aBneHne cocTasisno 776 MM pT.cT., a Temnepatypa — 18 °C.

. _ (0,111 +40,1230) - 776 - 293,2- 0,013
GHe ™ (1,9630 + 0,1230) - 760 - 291,2

== 0,00150%06.

AHanornyHEIM 06pasoN € y4eTOM COOTBETCTBYIOUNX 06BEMOB TIeTeNs, KOHLEH Tpa-
UMl CTAHAAPTHEIX PacTBOPOB, a TaKXke TeMIEepaTyp H aTMochepHOro MaBlieHus NPy
rpalyupOBKe PacCUiTHIBAIOTCA KOHLUEHTPAUMH B OCTaJbHBIX I'PAlyMPOBOYHLIX TOY-
Kax.

Pesynprate! rpanynposku no dopme tabn. I11 cBOINM B Tabnuuy (Tabnuna I14).

3. IpoBonum mpoBepky NpaBUNBHOCTH BEIYMCIICHUI B Tabnuue no dpopmyne (I11.1)
Z(Is + 3:)? = 0,096062 + 819196872,2 + 2 - 8869,361074 = 819214611,0

4. Tlo dopmyne (I11.2) paccunrhiBaeM KodpPUUKMEHT a;

~0,096062 - 119482,2 — 1, 310750 - 8869,361074
%= 30 - 0,096062 — 1,718066

= —126,992622
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10.

11.

12.

. Ilo popmyne (I11.3) paccunTeiBaeM kospduument b;

30 - 8869,361074 — 1,310750 - 119482,2
. I ? 2 — 2
b 30 - 0,09606025 — 1,718066 94062,16187

. Ilo dopmyne (I11.4) npoBommM pacueT cpefHero KBapaTu4eCKoro oTKioHeHns S;,

s 810106872,9 + 126,992622 - 119482,2 — 94062,16187 - 8869,361074
o=y 2 =

= 59,447977

ITo dopmyme (I11.5) paccunThiBaeM cpemHee KBaOpaTil4eckoe OTKJIOHEHUE Koa(pu-
LUeHTa a;

= 17,079488

P 3534,061969 - 0,096062
* 7V 30.0,09606025 — 1,718066

. ITo dopnyne (I11.6) paccuuTbiBaeM CpefHee KBaJpaTHYecKoe OTKJIOHEHHE KO3(ddiu-

uienTa b;

4,061969 - 30
b;:\/ 3534,001969 -3 = 301,328087

300,09606025 — 1,718066

. Mo dopryne (I11.7) paccuuTbiBaes NoBEPUTENbHELT HHTepBan KOIQILIKEHTA a;

Aa; = 2,05 - 17,079488 = 35,012950

Io dopatyne (I11.8) paccuuThiBaeM NOBEPUTENbHEIN HHTepBas KOd$dHIMEHT b;

Ab; = 2,05 - 301,828087 = 618,747578

JleficTBuTENbHEIE 3HAYEHNS KOI(DOHUUMEHTOB a; H b; COCTaBAAIOT

a;=—1217+35 u b; = 94062 +619

Ins npoBeneHus B OajbHejillleM OMEPaTHBHOrO KOHTPOMS PACCUNTHIBaeM LOBEPH-
TenpHble HHTepBanb! BeicoT nHkos CHy nns rpanynpoBounsix cMeceli B 6aiioHax,
BBECHHEIX C HOMOLILIO pabouefl MeTau (BTopas M IuecTas TOYKM IpagyHDPOBOYHON
xapakTepucTaku). PacueT Bemercs no dpopmyie

11 n(A: — Ao2)?
AR = +it, 1SioA | — + — : :
£ Hn \/L+lm+nE(Af)2—(2A?)2

B sroit dopmyne A? — remepalibHoe cpenHee 3Hadenue koHueHTpaunit CoHy mns
rpanyuposoyHoit xapakTepuctuku no C;Hy, XoTopoe paccuuTriBaeTcst o Gopmyre

L

i Im
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PaccuuteiBaem Ah? nna BTopoit Toukn

_ 2
(AR, = i2,0559,447977\/ ! + 1—-z- 30(0,012860 — 0,043692) = 15,95555

5§ 6.5 30-0,09606025 —1,718066

Bricora nuxa CyH; Ha xpomaTorpamme cMecu 2 (h;); pasua 1035 cm.

Taxum obpasom, ecnu NIPH NPOBENEHMHN ONEPATUBHOTO KOHTpPOJIA TouHocTu BY nux
C2H; npu BBone cMecy 2 He BLIXORMT U3 MHTepBaiia 1035 £ 16 cM, To onepaTusHas
rpalyHpoBKa NONTBEPXKAAET BO3MOXHOCTh PUMEHEHHS paHee HONYYeHHBIX Hapa-
METPOB I'PafyVPOBOYHON XapaKTEPHCTHKH a; U b;.

Touto Tak Xe paccunTbiBaeTcst AAZ IS WIECTOH TOYKH

1 : 1 N 30(0,097140 — 0,043692)?
5 6-5 30-0,0606025—1,718066

(AR3)s = :i:2,0559,447977\/ 67,521267

Bricora nuka CH, Ha xpomaTorpamue cmecu 6 (h;)s pasna 9045 car.

Otciona clieqyeT, 4To eCIH NPy NPOBENIEHIIN ONEPATHBHOTO KOHTPOIs TOYHOCTH BY
mux CoH, npu sBoze cmecu 6 He BoixoguT 13 nuTepsaia 9045 & 63 cur, To onepa-
THBHaf TPallyUPOBKa TaKXKe NOLTBEPXAaeT BO3MOKHOCTL IPHMEHEHIIS PAHEE IOy~
YeHHBIX 1aPaMeTPOB I'PafyHPOBOYHON XapaKTepHCTHKH a; U b;.

Ecnu xors 651 OOUH pe3yAbTaT ONEpaTHBHON! CPalyHPOBKU He NONAfAeT B HHTEp-
BallbHEIE 3HaueHHs ANA h;, TO HeoOXOMMMO BBLIABHTL NPHYHHY HECOBNANEHUA ¥
YCTPaHUTD ee, TMbGo CAeNaTh NOBTOPHYIO MONHYIO [PanyipOBKY.
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Tabauna 14

T ¥ z? 92 zi: i+ v (z:i + 3:)*

0,00150 1154 0,00000225 13317,16 0,173100 115401500 13317,50620
0,00150 114,5 0,00000225 13110,25 0,171750 114,501500 13110,59350
0,00150 113,9 0,00000225 12973,21  0,170850 113,901500 12973,55170
0,00150 114,5 0,00000225 13110,25 0,171750 114,501500 13110,59350
0,00150 114,2 0,00000225 13041,64 0,171300 114,201500  13041,98260
0,01286 1038,1 0,00016538 1077651,61 13,349966 1038,112860 1077678,310
0,01286 10351 0,00016538 1071432,01 13,311586 1035,112860 1071458,633
0,01286 1036,2 0,00016538 1073710,44 13,325532 1036,212860 1073737,091
0,01286 1035,1 0,00016538 1071432,01 13,311386 1035,112860 1071458,633
0,01286 1031,0 0,00016538 1062961,00 13,258660 1031,012860 1062987,517

0,02355 2054,4 0,00055460 4220559,36 48,381120 2054,423550 4220656,123
0,02355 2049,7 0,00055460 4201270,09 48,270435 2049,723550 4201366,631
0,02355 2046,7 0,00055460 4188980,89 48,199785 2046,723550 4189077,290
0,02355 2049,7 0,00055460 4201270,00 48,270435 2049,723550 4201366,631
0,02355 2048,0 0,00055460 4194304,00 48,230400 2048,023550 4194400,461

0,04145 3737,6 0,00171810 13969653,76 154,923520 3737,641450 13969963,61
0,04145 3722,2 0,00171810 13854772,84 154,285190 3722,241450 13855081,41
0,04145 3717,1 0,00171810 13816832,40 154,073795 3717,141450 13817140,56
0,04145 3722,2 0,00171810 13854772,84 154,285190 3722,241450 13855081,41
0,04145 3712,0 0,00171810 13778944,00 153,862400 3712,041450 13779251,73

0,08565 7929,6 0,00733592 62878556,16 679,170240 7929,685650 62879927,99
0,08565 7929,4 0,00733592 62875384,36 679,153110 7929,485650 62876742,67
0,08565 7929,6 0,00733592 62878556,16 679,170240 7929,685650 62879927,99
0,08565 79298 0,00733592 62881728,04 679,187370 7929,885650 62883086,42
0,08565 7929,6 0,00733592 62878556,16 679,170240 7929,685660 62879927,99

0,09714 8960,0 0,00943618 80281600,00 870,374400 8960,097140 80283340,76
0,00714 9045,3 0,00943618 81817452,09 878,660442 9045,397140 81819209,42
0,09714 9088,0 0,00943618 82591744,00 882,308320 9088,097140 §2593509,63
0,00714 9045,3 0,00943618 81817452,09 878,660442 9045,397140 81819209,42
0,09714 9088,0 0,00943618 82591744,00 882,808320 9088,097140 82593509,63

CJ‘A(»)(\)H&ACA(\DHU‘AWMHU\-&-OJN)—‘U\AMMD—‘Q‘-&WM»—-E

n=lm Yz, Ly Lzt Tyt Yy Llzitw) Lleitw)?

30 1,31075 119482,2 0,09606025 819196872,2 8869,361074 119483,5117 819214611,0
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ITPMIIO2KEHMUE 5

IIPUMEP OBPABOTKH PE3YJIbTATOB AHAJIM3A
PACTBOPEHHBIX B MACIJIE T'A30B

Ins ussneuenus C,H4 u3 Macia npumenen meron APII 8 mnpuue emxoctrio 20 M ¢
3aBOMCKOIl I'PafyHpOBKOil, B KoTopoM comiepxuTca 12 mn renus u 8 mn macna (V,/V, =
1,5). HOuareTp myssipbka ra3a B Maciie COCTABUN 3 MM.

Cpennee apudmeTuyeckoe sayeHne soicots! nuka CoHy npu aeyx mapannensunix us-
sMepeHnsx cocTaBuno 814,0 ¢cM ¢ OTHOCHTENLHOR NOrPEIIHOCTLIO, BHOCUMOR AenuTeNneM
BBIXOJHOI'O CHUTHana.

1. Tlo dopmyne (20) paccunreiBaem conepxanne CoHy B mMacie

o (BBEH1N(LTHLY) oo
CHy & 31062 = 0,0320%06.

2. Ilo dpopmyne (23) paccuiiTbiBaeM cpeliHee KBaIPATIINECKOe OTKIOHEHHE 33 cyYeT cliy-
it Ty M
yaiiHoil norpewHocTH H3Mepenns Ag,

+ = 0,0005%06.

A 5 7575 1 540627(6 - 5 - 0,00606025 — 1,718066)

_59,447977 f1 1 6 - 5(813,6 — 3982,7)2
v 94062

3. Tlo dopmyse (24) paccuuTHIBaeM OTHOCHTENILHYIO HEHCK/IIOYEHHYIO CHCTeMaTHye-
CKYI0 MOTPEHOCTh

0,085\*  (0,1\* /01\* /0,0016\"
B = 1,14/ [ 2> hihd atld hddunal) R
1\/( 1,7) +(12) +(8) +(0,0320) ol
4. Tlo dopmyne (25) npoBonuM pacdeT abCONIOTHON BETMYNHL HEHCKIIOUEHHON cTeMa-
THYECKO{! OTPenrHocTI

Bas. = 0,0320 - 0,1 = 0,0032%06.

5. Ilo n. 6.3 npoBepseM 3HAYUMOCTH CIIY4alHON H CHCTEMATHYECKON IIOTPEIIHOCTH

O 0,0032
Sax ~ 0,0005 ~

6,4

Ilpu Taxoit BenuuMHe COOTHOWEHMS Ou6. M Sap 06E BEMMUMHEI OKA3LIBAIOTCK 3HAYH-
MBIMIL.

6. Ilo popmyte (27) npoBonnM OLEHKY CYMMapHOLO CPEOHEro KBaApaTHYeCKOro OTKIIO-
HeHUs pe3yibTaTa U3MEepEeHUs

2
S= \/@— + 0,00052 = 0,0018%06.
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10.

ITo Tabnuuam onpenensem koadduunent Creiopedta w1 f = ml— 2 = 28 npu
nosepliTenbHol BeposTHocTH 0,95

tor = 2,05

. o popmyne (28) paccuutsisaem xosdbduiuerT K

K= 2,05 - 0,0005 + 0,0032

= 2,14
0,0005 + 1/ 20222

. Ilo dopmyne (26) ouenusaeM CyMMAPHYIO NOTDELUHOCTH M3MEPEHMS COAEPHKAHIS

C,H, B macne
AAE y, = 2,14-0,0018 = 0,0039%06.

B cootsercTuil ¢ (29) pesynbTaT usMepeHus 3amiiChiBaeM B BHAE

G, = (0,0320 £ 0,0039)%06.
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IIPNJIOKEHME 6

OPI'AHUMN3AIIUAY, ITPOU3BOIANINE
XPOMATOI'PAOUMYECKYIO AIITIAPATYPY
N ATTECTOBAHHBIE I'A30BbIE CMECH,
PEKOMEHIOBAHHBIE B HACTOSIMNX
METOINYECKUX YKA3AHUAX

1. TOO M3 «XpomaTorpad» (109429, Mocxsa, yn. Bepxane nons, 24) — naGopatop-
Hble Ta30BBIE XPOMaTOrpadet.

2. 000 HIIP «IJIEKTPA» (103009, Mocksa, a/1 153) — xpomaTorpadudeckuit kom-
HUIeKC A7 aHalli3a [a3oB, PACTBOPEHHEIX B TPaHCOPMATOPHOM Macile.

3. AO «UUBET>» (606000, r. dsep:xunck, Huxeroposckoii 06:1.) — xpomaTorpad as
aHajll3a TPaHChOPMAaTOPHOTO Macia i 1abopaTopHble Ta3oBbIe XPOMATOrpadbl.

4. HUW Xusmn npn Huaeroponckoat rocynapeTseniion yunsepcirere (603600, Hinx-
unit Hosropon, np. Farapuna, n. 23, xopi. 5) ~— aTTecToBaHHblC Ta30BBIC CMECH B
GanoHax ¥ HYHCThie rasbl.

5. Kucnoponustit 3ason (143900, r. Banammxa, Mockosckas o6i1.) — aTTecToBauibic
ra3oBble cMecH B Galnosax.

6. BHUUM um. 1. Y. Meuneneesa (198005, Canxt-Iletepdypr, Mockosckuit np., 19)
—— aTTECTOBAHHLIE [a30BLIe CMECH H YHCTBIE [a3bl.
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