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Hacrosgimumii craHaapT ycraHaR/IMBAeT CIIEKTPOMETPHYSCKHI U cieKrporpadHyecKuii MeTolbl onpe-
OEeNeHUd CoNepXAHUA TUIaTHHBLI, POAMS, PYTEHHUs, UpMAMs, CBHHUA, 307I0Ta, cepeOpa, HHKeNns, MeIH,
XeJle3a, ATIOMHHHUS, KPEMHHS, OJIOBa, MarHus, IMHKA, CYpbMbl H TPAaBUMETPHYECKUN METOJl ONIpEICICHUS
JETYYMX NpUMEceH, a TaKKe PeHTTEHO-CNIEKTPaNbHbI (ITyopeclieHTHLIN METON ONpecicHHst 1IIMHKA.

CnexTpoMeTpHYeCKHii METO OCHOBAH Ha MCKPOBOM BO30YXISHHHM HTy4eHHs MeXay Ipo6oi nan-
JIAivisi ¥ KOHTP3JIEKTPOAOM WM Ha nepeBoae NpoOb nainaans B riodyxy, HCMapeHHH 3/IEMEHTOB IpuMece
B Oyre MOCTOSSHHOTO TOKA ¢ NMoCAeAyloluM (OTOIEKTPHIECKHM H3MePEeHHEM MHTEHCHBHOCTH aHA/IMTH-
YeCKMX JIMHMI npuMeceit.

OnpenensiorT NpUMEcCH: TUIATHHY, HPHIMIA, pYTeHHH, CypbMy, UMHK ¥ CBHHel — ot 0,003 mo 0,1%
KaXaoro, poiuii, 301070, Xene3o U Rukens — ot 0,001 no 0,1% kaxnoro; cepebpo, KpeMHHit, aIOMHHHIA,
Meab, MarHuii — ot 0,001 o 0,02% xaxnoro; onoso or 0,0005 no 0,02%.

Crnekrporpadpuyeckuil MeToll OCHOBaH Ha MnepeBolie npobul nawiagus B Mobyny, UCTIapeHUM 3Jie-
MCHTOB IIpHMeceiil B AyTre NMOCTOSIHHOIO TOKa H (oTorpaduiecKoi pericTpallid HX CHIEKTPOB.

Onpeaensior NIpUMecH: TUIATHHY, POOMM, HPHAMH, pyTeHH — oT 0,002 no 0,1% xaxmoro; HUKeN.,
Melb, cepebpo, Maruui — ot 0,001 xo 0,01% xaxnoro; amoMHHHA, KpeMHHH, cBuHery —ot 0,001 no 0,02%
Kaxnoro; xeneso or 0,002 ao 0,05%; 3on010 — ot 0,001 mo 0,05%; onopo, uMHK — ot 0,0005 xo 0,02%.

I'paBMMeTpHYECKHiT METOl OCHOBAH Ha OMNpee/IcCHUH MAacCOBOMH NOJH MOTeph NPH NPOKATHBAHUH 110
Pa3HOCTH MaccChl aHAJIM3UPYeMOro obpa3lia 1o H Mocje NPOKAIMBAHHS.

PeHTreHO-cnekTpanbHblil GhIyopeclEHTHLI METO OCHOBaH Ha BO3OYXICHHHM BTOPDHMYHOIO HaTyde-
HMS! OT NAJUIAHS NMOJHXPOMATHYECKHM HITYYeHHEeM PEHTITeHOBCKOH TPYOKH ¢ NOC/eAyIOLIHM HOHH3alH-
OHHBIM HM3MEPEHHEM HHTEHCHBHOCTH AHAIMTHYECKOH JHMHMHM LMHKa. Onpeaensior UMHK — ot 0,001
no 0,02%.

(N3Menennasn pepakuna, Mam. Ne 1, 2, 4, 5, 7).

1. OBILIME TPEBOBAHMA

1.1. Obuue TpeboBaHHS K MeToAy aHann3a — no FOCT 22864.

(Mamenennan pepaxuna, Mam. Ne 5).

1.2. (Mckmoven, Ham. Ne 5).

1.3. MaccoBylo aosmio npuMeceil crieKTporpagu4ecKuM H rpaBHMETPHYECKHM METOAAMH ONpeAe/ISTIOT
He McHee, YeM B YeThIpeX MNapa/UleJIbHLIX HaBeCKaX, CNEKTPOMETPHYECKHM — HE MEHee YeM M3 YeThIpex
MECT.OIHOH TabJIeTKH.

14, 1.5. (Uckmovenn:, Mam. Ne 5).

Hananue opunuanpuoe ITepeneiaTxa socnpemena
* .

© WsnarenscTBo CTAHAApPTOB, 1980

© UMK Hanarensctso crannapros, 1999

[lepensnanmne ¢ H3IMCHEHHAMH
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2. CIEKTPOMETPUYECKNH METOJ

2. Annapartypa, pPeakKTHBLH H pacTBOPpH

KpaHTOMeTp SMHCcCHOHHBbIN APJI 31000 Win ApyToi, He YCTYNaloUMi o TOYHOCTH npuoop.

TeHepaTop YHHNOJISPHBIH HH3KOBOJILTHOM HCKPBL.

Ipecc HTP-60.

CranpHas mpecc-popMa ¢ MaTpHLIeH BHYTPEHHHM auaMeTpoM 40 MM.

CTaHOK JUIS 3aTOYKH METAUIMYECKHX CTEpXHEH.

Bech aHaJIHTHYECKHE.

[lannaaueBbie CTEPXHM OHAaMeTpoM 6 MM, MtHHOH 150 MM (MaccoBas JONS Na/llalMsl HE MEHee
99,98%), 3aTOYCHHbIe Ha KOHYC NoA yroM 90°.

I'pagyspoBoYHBie OOpa3LIbL.

Crupr 3THN0BbIA pexTHduKoBaHHbIH no TOCT 5962.

Kucnora consiHas ocoboit uncrornl o TOCT 14261, pas6apnennas 1 : 1.

‘Boza AHCTWUIMPOBAHHAS.

CrangapTHBI obpa3sell cocTaBa NaJUTadus A/is NPOBEpKH NPaBWILHOCTH PE3YJIbTAaTOB aHANIM3A.

OneKTpoas! rpadMTOBLIE CIIEKTPATTbHO-YHUCTHIE.

(Mi3menennas penaxous, Hsm. Ne 5, 7).

22. MMoaroToBKa K aHaAalIH3Yy

Jins ynaneHHs TOBEPXHOCTHBIX 3arps3HEHMN NMAaUIAIMH KCINATAT B PacTBOpE COIHOH KHCIIOTH B
TedeHHe 2 MHH, IIPOMBIBAIOT BOJOM M CyLIaT.

Hagecky Maccoit 20 T oMemaloT B nipecc-GopMy M TpeccyloT ycuwineM 490000 H.

TabneTky npo6sl IOMEIAIOT Ha BOSOOXJIAXKAAEMYIO NOACTABKY BO3NYLIHOIO IUTAaTHBA CMICKTPOMETPA.

KOHTP3/IEKTPONOM CIYXHT Na/UIANHEBbIH CTEPXKEHb.

AHaTHTHYeCKHH npoMexyToK 310,02 MM ycTaHaBIMBaeTCs IO 1abnoHy.

Tabnerka ¥ MAUIaTHEBBIH CTEpPXEHb SRISIOTCS 3/IEKTPONAMH HU3KOBOJIBTHON YHMIIONSAPHOW HCKPHI.

Ec/IM Ha aHAIN3 NOCTYTAIOT P61 B BUIE IMTHIX CTEPXHEN AHAMETPOM 6—8 MM, UTMHOM 20—25 MM,
TopIibl cTepXHeii 06pabarbIBaloT Ha CTAHKE Ha IUIOCKYIO FJIAfIKYIO IOBEPXHOCTD, MOCJIC Y€r0 NMOBEPXHOCTD
nauanus OYMIIAIOT, KAK YKA3AHO BBILIE.

[Ipu aHanM3e B Qyre MOCTOSHHOTO TOKA HaBecKy Mawiamus Maccod 100 mr OMELAIOT B Kparep
IpadHTOBOIO UIEKTpONa AuaMeTpoM 6 MM (miybuHa kparepa 1,5—2,0 MM, mmametp 3,5—4,0 MM).
KoHTpanexrponioM ciIyXar rpa¢UTOBble CTEPXHHU IMHOH 30—50 MM, 3aTOYeHHBIe Ha yce%umm KOHYC
H IWIOAAKON AHaMeTpoM 2,5 MM.

23. lpoBeneHnHe aHanMu3a

Tpoba maswmanusi CIYXHUT aHOIOM (+), a KOHTPINEKTPOl — KaToloM (—).

IMonroroska npH6GopoB K paboTe NPOBOOUTCS COIIACHO HHCTPYKUMSAM MO 3KCIUIyaTalMHM Ha
NpUOOPHI.

Obpasenl OOBLICKpHBAIOT He MeHee derblpex pa3. [locie kaxmoro OOGBICKpMBaHHS IO 3anaH-
HOH aHAMUTHYECKOM MporpaMMe aBTOMATHYECKH IICYaTaeTCs pe3ylbTaT H3MEpeHHMsl Ui KaXInoro
37IeMeHTa.

KoHTpanexTpon 3aMEeHSIOT HOBBIM Tiepe]] CXXUIaHHeM HOBOH NMpoObI.

2.2, 2.3. (M3menennas penaknus, Ham. Ne 7).

24 O6paboTKa pe3ynbTaToOB

1o pesysnbTaTaM H3MepPEHHI ¢ TOMOLIBIO TOCTOSHHOTO rpadHKa, NOCTPOCHHOIO N0 I‘paIIYHPOBO‘{HLIM
oOpa3liaM, onpelensioT MacCOBYIO JOJIIO TIPHMECEH.

IIpu ocHallleHMM KBaHTOMETpa KoMIbiorepoM (B3BM) no 3amaHHOH aHAJMTHYECKOM MNpOrpaMme
aBTOMATHYECKHM IPOBOMSIT pacyeT MAacCOBBIX AoJNeH M UX neyaTaHHeE.

3a OKOHYATE/IbHbIH Pe3yNbTaT AaHATH3a NIPHHAMAIOT cpefHee apudMeTHIECKOE YEThIPEX H3MEPEHHH
(0BBICKpHBAaHHIT), MAKCHMAIBHOE PAaCXOXICHHE MEXAY KOTOPHIMH HE TNMpPEBBILIAET AOMYCKASMBIX Pacxox-
NicHUi TIDH IOBEpHTENbHOM BeposiTHocTd P = 0,95.

Ecin npoBefieHa KaJTHOPOBKA M3MEPHTENIBHBIX KAHAIOB CIIEKTPOMETpa 1O IPpaXyMpOBOYHbIM 06pas-
LiaM, MacCoBYIO JOJIO 3/7IeMEHTOB NpHMeceil MOMy4aloT YMHOXEHHEM 3aperHCTPHPOBAHHOIO 3HaYeHUsA
MOKa3aHHi UHQPOBOro BOJILTMETPA Ha LIEHY AeNCHHs, KOTopas IV KaXAOro 3JIeMeHTa Onpeaeisercs Ipy
KalMOpOBKeE.

AHaJIUTHYECKHUE ITMHHKH [J1s BLITIOJIHEHHS aHAlIH3a NpeICcTaRIeHE B Tabn. 1.
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Tavuaumuwa 1

OnpenpensieMbld 3neMEHT ANnHna soaHn, HM
ITnatunHa 283,03; 265,94
Pomuit 365,79; 343,48
Hpwimit 322,07, 224,26
Pyre it : 349,39; 240,22
3anoro 267,59
CauHel 405,78
XKeneso 296,68; 259,94
Kpemumii 288,15
OsnoBo 286,33; 189,9; 317,50
AJIOMHHHIA . 308,21; 396,15
Cepebpo 338,28
Meas 324,75, 327,39
Huxens 227,02; 221,61
Marumit 279,55; 285,21
CypbMa 206,83
Hunx 334,50, 213,85
Nauramuit 332,09; 408,73 BuyTpeuHmit cravdapT

(Mamenennan penaknma, Ham. Ne 6).

2.4.1. TlpuroToBieHHe IPaxyHPOBOYHLIX 06pasLoB (cM. 1. 3.4.3).

2.4.2. A6comoTHBIE NOITyCKaeMBbIe PACXOXAEHHUS Pe3y/IbTAaTOB NApaUIEIbHBIX ONIPENCICHHH He JOIX-
HBI TIpeBbIIATh 3HAYEHUH, YKA3aHHBIX B Taba. 3.

3. CTIIEKTPOTPA®HIECKHUN METO/

3. AnnapaTtypa, pPeakKTHUBH H PacTBOPpH

Crexrporpad nudpakiMOHHEIi ¢ pelueTkoii 600 1Irp/MM WIH crieKTporpad) KBapLeEBhili cpenHei
aucnepcun. TpexcryneHyaTsiit ocnaburens ¢ npomyckaeMocTsio creneHeit 100,40 u 10%.

[eHepaTop nyrv MoCTOSIHHOIO WIH NepeMEHHOIo ToKa CHIoH o 15 A.

Heperncrpupyioumit Mukpogotomerp.

CranbHas npecc-¢popMa ¢ MaTpHileli BHYTPEHHHUM IHAMETPOM 4 MM.

CraHoK 1151 3aTOUKM rpadHTOBBIX 3/1EKTPOIOB.

ONeKTPoAibl rpadUTOBbIE CNIEKTPAILHO-YHCThIE MapoK OCY 7—3, OCY 7—4, B-3, 1naMeTpoM 6 Mm.

I'panynpoBoYHbIE 06pa3iILl.

PDOTOIVIACTHHKH CTIEKTpasibHble THNA DC YyBCTBHTENLHOCTHIO 5—10 en. Wwin Tuna 2 YYBCTBHTEb -
HocThIO 16 en. :

Cnmpr 3TwioBbIi pekTHdHUKoBaHHBIH o TOCT 5962.

Kucnora consnas oco6oit uncrorn no F'OCT 14261, pas6arneHHas 1 : 1.

NposiBurens u ¢ukcax no I'OCT 10691.0, FOCT 10691.1. Jonyckaercs TIpUMEHEHHE APYIoro
KOHTPacTHO pabGoTalollero nposiBUTes.

CranfapTHbIi 06pasell cocTaBa Na/U1aaus Al NPOBEPKH NPaBHIBHOCTH PE3yJILTATOB aHANIHM3A.

(M3menennasn pepaxuus, Uam. Ne 5).

32. MMoaroToBKa K aHANH3Yy

Ins ynaneHHMsi NOBEPXHOCTHRIX 3arpA3HEHMI Nna/vialiii KUIISTAT B PacTBOpE COMSHON KHCIOTH B
TeYeHHe 2 MHH, NPOMBLIBAIOT BOXOH M CyILIAT.

Hagecky Maccoit 100 Mr noMeinalor B Kpatep rpadUTOBBIX aneKkTponoB (TIybuHa Kparepa —
1,5—2 MM, muamerp 4 MM). B cmyvyae amanmsa ry6yaToro namnamMs HaBecKM MeTaLla NpeccyioT
ycuwineM 500—10000 H. KonTpanexrponom ciyxar rpadMTOBEIE CTEPXHH IIMHOK 30—50 MM, 3aTOY€H-
Hble Ha YCEYCHHBIH KOHYC C TUIOLIANKOM AMaMeTpoM 2,5 MM.

33l poBenenne anannsa :

CnekTpbl rpanyupoBOYHBIX H aHATH3KPYeMBIX 06pasLoB doTorpadupyioT Ha criekTporpade: IIMpHHA
wenn 0,015 MM, ocBeleHHe LIEMM TPEXTHH3OBBIM KOHIEHCOPOM, CHJA TOKa—10—12 A, 3xcnosuums
60 c. AHanM3HpyeMblii 06pasell IBNsAETCS aHOAOM. »
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AHAIUTHYECKMI TNPOMEXYTOK 2,5 MM peryIdpyloT B MpoLEcce 3KCMOHHPOBAHHUSA CIIEKTPOB IO
H300paXeHHIO Ha NpoMexyToyHol nuadparMe. POTOMIACTHHKM NPOSBNISAIOT B TEYCHHE 5 MMH mnpu
temniepatype nposiutens 20 °C.

[posieneHHble (GOTOIUIACTUHKHM OINONACKMBAIOT B Bolde, (PHMKCHPYIOT, TNPOMBIBAIOT B MpO-
TOYHOM BOAE, BHICYIIMBAIOT H (HOTOMETPHPYIOT.

34. 06paboTKa pe3ynabTaToOB

3.4.1. Ina Bcex 3NE€MEHTOB BHYTPECHHHMM CTaHAAPTOM CIYXaT JHHMM Nawianusd. OnpepeneHue
MAcCOBBIX JOJIEH IIpMMeced ITPOBOMAT MO METOAY <«TPeX 3TAJIOHOB». 3a OKOHYATEIbHBIA pe3ybTar
aHaTHM3a IPHHUAMAIOT cpeliHee apudMeTHIECKOe YEThIpeX NapaUle/IbHbIX ONpelc]cHHM, MaKCHMalbHoe
pacXoXIEcHHEe MeXIy KOTOpDBIMM He IIpeBbILAET JOIYCKAEMBIX PAacXOXICHHMH NPH IOBEPHUTENLHOM
BeposITHOCTH P = 0,95. AHaMTHYECKMe JTMHUH IS IPOBEACHHS aHAIH3a NpeICTaRIeHbl B Tabn. 2.

Tabauua 2

ITHHA BOJTHBI, HM
OnpenensieMBH 37IEMEHT
AHATMTHYEC KO JIMHHK BHYTpEHHero CTanzapra
ILiatHHa . 270,58 268,62
Pommit 332,30 332,09
Pyrenmit 366,13 356,66
Hpummit 266,47 268,62
3onoro 267,59 268,62
XKeieso 302,06 302,17
Meme 324,75 321,89
Hukens 341,47 332,09
Cepebpo 328,06 328,72
ATIOMHHHH 309,27 306,61
Kpemmumit 288,15 302,17
Onoso 286,33 302,17
Caurenn 283,30 302,17
Maruwit 285,21 302,17
uHK 3345 332,09

(U3menennan penakuna, Ham. Ne 1, 5).

3.4.2. C noMolIbl0 MHKPOGMOTOMETpa HU3MEPSIOT BEJMYHUHY NOYEPHEHHS aHATHTHYECKUX JHHHHM H
JIMHHHA BHYTPEHHErO CTaHIApTA.

C noMouipio XapaKTepHCTHYECKOH KPHBOH, KOTOpasi CTPOUTCA VIS KAaXIOH CIeKTporpaMMBl, orpe-
JeJII0T IorapUGME] OTHOWIEHHUS] HHTEHCHBHOCTH aHATMTHYECKOH JTUHMHY TNPUMECH H BHYTPEHHEIO CTaH-
napra.

I'panynpoBoyHHe rpadHKH CTpoAT B KoopauHaTax lg C - Ig i‘E, no ocH abcuucc — lgC (norapudm

. S,
MacCOBOH IOJIM TPafyHpOBOYHBIX 0Opa3LOB); N0 OCH OpaMHAT — g 332 (norapudM OTHOLIIEHUS MHTEH-
B.C

CHBHOCTH JIMHHH NIPUMECH K JIMHHM BHYTPEHHETO CTAHAApTa).

B obnactu GonblIMXx MaccoBBIX RonNeH NOMYCXaeTcsl NMOCTPOScHHE TPaIyHPOBOYHBIX IpadHKOB B
KoopavHaTax A § —lgC, rae A S — pa3sHOCTb NOYepHEHUH aHATUTUYECKON JMHUM U JIMHUHM BHYTPEHHETO
CTaHIapTa. ’

INo rpanynpoBoYHBIM rpadMKaM HaXOAST MaccoBble JOJH TIpUMecel B aHATH3HPYEMBIX Ipobax.

3a OKOHYaTe/IbHBIN Pe3yNbTaT aHAJIM3a NIPHHUMAIOT cpeiHee apudMeTHYeCKoe YeThipeX napauielib-
HBIX ONpelc/ICHUH, MAKCHMATbHOE PAacXOXIACHHE MEXIY KOTOPBIMH He MPEBBILIAET JOMYCKAEMBIX PAcXOX-
ICHHMH TIpH NOBEPHUTENAbLHON BeposiTHocTH P = 0,95.

3.4.3. Ilpuzomoenerue 2padyuposounbix o0paszyoe

I'panynpoBounsie 06pasiibl 111 CIIEKTPATILHOTO aHAIM3a I'OTOBAT IyTEM HEMOCPEACTBEHHOTO BBE/e-
HMsl DacYCTHOIO KOJIMYECTBa MOPOIUKOB MNMpHMeceil (MapKy X. Y.) B CIIEKTPIbHO YMCTBIH NaUtaaMii
(MaccoBast gons naiagus He McHee 99,98%).

HaBecxn mpuMeceit ¢ HeGONMBLIMM KOJIMYECTBOM Ma/lanus TNpEcCyloT B TabneTKy (Bo M36exXaHHe
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notepb NpHMeceii), 3aTeM TabJeTKy W OCTATOK Na/Ulafusi NMOMELAOT B rpadUTOBLIA THICIb M IUIABAT B
HarpepatenbHo# neun Tuna UCT-016 npu 1700°C B TeueHue 20 MuH.

IMocne MIaBKM CIMTKHM OYMHIAIOT OT BHEWIHUX MEeXaHH4YeCKMX BKpaIUICHUH, IPOMBIBAIOT B CONISTHOM
KHCIOTe M pacCTParuBaloT B CTPYXKY KpymHOcThlo 1 MM. CTPyXKy NpoBapHMBalOT B COJSSHOM KHUCJOTE,
MTPOMBIBAIOT AUCTWUIMPOBAHHOM BOIOW U cyllarT.

YucTOoTy najUiaaus A0 IUVIAaBKM OMNpeAessioT crierporpacdHMIeCKUM METONOM B T€X Xe YCIOBHMSX, NpH
KOTOpBIX TpoBoasT aHanu3. [IpuMecH, KoTopble OOHApYXHBAIOT B MaUIAAMH, OMNPENENSIOT METONOM
106aBOK, a HAHACHHbIE MAcCOBBIC NOJIH YYMTHIBAIOT NPH M3TOTORICHHH T'PaXyHPOBOYHBIX 00pa3LiOB.

['oTOBST cepMI0O M3 LIECTH TPadyMpOBOYHBIX OOpas’liOB B AHamna3oHe MaccoBbIX gojiei or 0,0005
no 0,1%.

JlonyckaeTcss MpPUIOTORIEHHE TIPATyMPOBOYHBIX OOGpa3lioB APYTHM CIOCOOOM, obGecreYyHBalOLIHM
YKa3aHHYIO TOYHOCTb aHaJIM3a.

3.4.4. PazHOCTb pe3ynbTaToOB TNApalie/IbHBIX ONpelc/ieHH M pe3yNETaTOB aHalM3a He IOJDKHA
NpeBLIIATh 3HAYCHUI AOITyCKAaeMbIX PAcXOXACHHIH, PUBEACHHBIX B Tabn. 3.

Ta6bnuma 3

HormyckaeMoe pacxoxieHHe, %
MaccoBas pons npumecet, %
NapaUTe/IbHBIX ONpeNlesie HUHA PE3YILTAaTOB AaHATH3a

Ot 0,0005 no 0,0010 BxTIOY. 0,0010 0,0010
Cs. 0,001 » 0,003 » 0,004 0,005

» 0,003 » 0,010 » 0,006 0,008

» 0,01 » 0,03 » 0,01 ' 0,02

» 0,03 » 0,10 » 0,02 0,03

3.42—3.44. (U3menennas penaknmsa, Ham. Ne 5).

4. TPABUMETPUYECKUI METOJ ONPEJIETEHHA MACCOBOM J0JIH )
INIOTEPDb ITPH ITPOKATTMBAHUH

41. AnnapaTtypa

Onekrponeyb 1Ist NpoKanauBaHusa npy 900—1100°C.

Turnn mnatuHoBsle Ne 100—4 no TOCT 6563.

Annapat Kunna ais nonyyeHns BOOOPOna.

Turnn dapdoposbie Ne 3 no T'OCT 9147.

Becbl aHanuTHYeCKHE.

Oxcukarop no N'OCT 25336.

(M3menennan penaxnus, Mam. Ne 4, 6).

42. IpoBeneHHe aHanM3a

UMcTBIA MIATHHOBBIH THIEb C NMOCTOSHHOMN ONpENENCHHONW Maccoi moMewaloT B $apdopoBhlit
THTe/b ¥ NIPOKAJIMBAIOT B NeyH B TeyeHHe 10—15 MuH npu temneparype 800—1000°C. ITo oxoHyanuu
npokanusaHus GapdopoBbiii THIENb C IVIATHHOBBIM H3RNIEKAIOT H3 NMEYH, BOCCTAHARIMBAIOT IUIATHHOBBIH
THIe/Ib TUIAaMEHEM BOZOpOAa A0 NONYYEHHsl Cepoil NMOBEPXHOCTH THIVIS, OXNAXNAIOT B 3KCHKATOpe [0
TeMnepatyphl (20+5)°C M onpeaensnor Maccy IUIaTHHOBoro THIs. ITocie 3TOro B HeM Xe B3BEHIMBAIOT
5,0 r aHaNKM3HpyeMOro MeTaslla.

Turens ¢ MeTannoM nomelnaloT B papdopoBbIii THIENIb M NPOKATHBAIOT B IEYH B TedeHHe 40—45 MuH
npu Temnepatype 900—1000°C, usmnexalor u3 neuyd ¢apdOpoBLIf THIENb C IUIATHHOBLIM THIVIEM,
BOCCTaHAB/IMBAIOT AHAIHW3HPYEMbI METa/U1 IUIAaMEHEM BOAOpOJA B TeueHHe 2—3 MHMH, OXJIAXNAIOT B
3KcHKarope no temneparypsi (20+5) °C.

[InaTnHOBBIA THre/Ib B3BCLIMBAIOT, NOMEIAIOT B GapdOpoBLIi THIENb B NPOKATHBAIOT TIPH TEX X
yCNOBHSX B TeuyeHHe 10—15 MHH, 3aTeM THITIM H3RIEKAIOT U3 NEYH, BOCCTAHABIMBAIOT aHAIH3HPYSMBIH
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METAU1 B THIVIE TUIaMEHEM BOAOpOIa B TeycHHE 2—3 MHH, OXNaXNaloT B axcnxampe IO TeMIlepaTyphl
(20+5) °C ¥ BHOBB B3BELIIMBAIOT.

D1y onepauyio MOBTOPSIOT A0 NOJYYSHHUS MOCTOSHHON Macchl INIATHHOBOIO THIVIS C METAUIOM.

PasHocTh Macchl THIVII C MeTaUIOM OO M Tocle IpOKANMBAaHUA W BOCCTAHOBJICHMS OaeT
Maccy moTeps INpH TPOKATHUBAHWH B npobe.

(M3menennas penaxknus, Msm. Ne 4, 6).

43. O6paboTKa pe3ynbTaToB

MaccoByio IOTIO TIOTEPh MPH NPOKATHBaHMM (X) B NpOoLEHTaX BIYHCIISIOT 1o popMyie

X=21.100,
m

Iie m; — pPa3’HOCTb MacChl THIVIA C METAUIOM [0 MPOKATMBAaHHS M NOCJE NPOKATMBAHHS M BOCCTAHOB-
JIEHHs], T; ‘

m — Macca MeTania, T.

3a pesyaLTaT aHANH3a NPUHUMAIOT cpenHee apudMeTHIecKoe YeThIpeX NapajUle/IbHbIX ONpeeicHUH,
MAKCHMAJIbHOE PAcXoXIeHHe MeXIy KOTOPHIMHM He mpesbiuaer 0,005% npm maccoBoit fone norepsb Ipu
npoxamuBauuH 10 0,02% u 0,01% npu MaccoBoit Jolie noTeps Npu npokanusaimm ot 0,02% no 0,05% npu
JOBEpHTENIbHON BepostTHocTH P = 0,95,

(M3menennas penaxuus, Ham. Ne 6).

5. PEHTTEHO-CIIEKTPAJIbHBIN ®JIYOPECLIEHTHBII METO/{
OINIPEAEIIEHNA HUHKA

S51. AnnmapatTypa, peakKTHBH H pPacTBOpPpH

TMomyaproMaTH4YeCKHil PeHTTeHOBCKHH (IyopeclieHTHBIN criekrpomeTp PW—1220 «Philips».

HacronbHbli KambKyJisirop nporpammupyioumi 9100 A «Hewlett —Packard».

Penrrenonckasi Tpyoka OEG—100 ¢ MaTepuajioM 3epKajla aHOZA M3 30JI0Ta, MOUIHOCTHIO 2 KBT.

Tlpecc rHopaBIHYeCKHH.

CrannaprHas cTalibHasi CIIEKTPOMETPHYECKAs KIOBETa C BHYTPEHHUM IHaMETpoM 3,2 cM.

CrampHas npecc-dopmMa, cocTosas M3 NOJVIOXKH M LITOKA C JHAMETPOM 3,2 CM.

Becbl aHaTHTHYECKHE.

Chupr sTiwioBsni pektHduKoBaHHblil o F'OCT 5962.

K#ucnora consinasi ocoboit unctorsl no TOCT 14261, pasz6arnennas 1 : 1.

HMayuiaguii NopoIoK, cNeKTPaTbHOYKCTBIH (MaccoBas OO MA/UIanus He MeHee 99,98%).

Bona muctwitupoBanHas no FOCT 6709.

Curo 0,074 MM.

LIMHK rpa’HyIMpOBAHHBINH MapKH 4.1.a.

I'panynpoBodHbIe 0OpaslLl.

CTynka araroBasi ¢ IECTHKOM.

(H3menennan penaknus, Mam. Ne 4, 6).

52 MMoaroToBKa K aHAalnIH3y

5.2.1. IlpurororieHHe rpagyupOBOYHBIX OOPa3lIOB.

I'panyrpoBodHbie 06pasiibl ¢ 3alaHHOM MaccOBO# HO/Eil IMHKA TOTOBST BHICAXMBAHHEM COOTBETCT-
BYIOLIETO 00beMa CTaHNApTHOTO LIMHKOCOACpXalllero pacTBopa Ha 20 I' HaBecKy NopolKooGpasHoro
najvianys ¥ NepeTHpPaHHUs CMECH A0 NMOJIHOTO BBICLIXAHHMS B araToBOi CTymKe.

ToToBAT craHmapTHBIE pacTBOpHI IIMHKA:

PacTBop A c MaccoBoii noneii MHKa 1 1/aM%; 1 T MeTa/UTHuecKoro LIMHKA NEpEeBOIAT B CTEKIAHHBIH
CTaKaHYHK, 106aBasior 10 cM® pas6amneHHOMN consiHON KHCIOTH (B cooTHoweHuH 1 : 1). Tlocne pactso-
PEHHS LIMHKA PacTBOP NEPEBOAAT B MEPHYIO KOGy BMECTUMOCTBIO 1 M> M HOBOASAT 0 METKH ANCTHWLIM-
POBaHHOH BOAOH.

Pactop b ¢ Maccosou noneit uMHKa 0,1 r/amM>; or6upaior 10 o™’ pacTBopa A B MEpHYIO Koiby
BMeCTUMOCTBIO 100 cM> ¥ IOBONST IO METKM AMCTHLUIHPOBAHHOM BOAOH.

IopoukooGpa3Hblit na/viaauii nepei NPHUIOTOBJIEHHEM IpalyHpOBOYHBIX 06pa3lioB WIA yAaJleHHS
NMOBEPXHOCTHBIX 3aIPA3SHCHUN KUIATAT B PACTBOPE COMSIHONM KMCJIOTHI B TeYeHHE 2 MMH, IIPOMBIBAIOT
AMCTHJUIMPOBAaHHOW BONOH M cywiar. 3aTeM NMOPOLIOK NpocenBaloT yepes curo 0,074 MM 1 oTaaneHus
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KpynHoit ¢pakumMu. HaBecku npocessHHOro mnopouika nawiaaus Maccod no 20 r HCnoyb3yloT Ui
MPHTOTORJIEHUs TPAXYHUPOBOYHBIX 06pa3LIOB.

O6pa3ubl ¢ MaccoBo# aoneit uuHKa 0,005; 0,01 u 0,02% roTopsAT BBEAEHNEM COOTBETCTBEHHO 1, 2 H
4 cM® cranmaprHoro pactBopa A B 20 T MoOpoLIKAa Na/UianMs ¥ NepeMelIHBaHMsl cMecell IO NOMHOro
BbICHIXaH M.

OGpa3um ¢ Maccosoit foneit uMHka 0,001 1 0,003% roToBAT BBEACHHEM COOTBETCTBEHHO 1 H 6 oM’
craHAapTHoro pactBopa b B 20 r HaBecKM nauiaaus M TOCAEAYIOLIMM MNMepeMEIIMBAHHEM A0 IOIHOTO
BhICHIXaHMA. [l Gonee paBHOMEPHOTO pacrnpefie/ieHus LIMHKA MO BceMy o0beMy HaBecKH HeoOxoammo
TIOBTOPHOE NepeTHpaHKe o0pa3loB CO CITMPTOM.

(N3menennas pepakunsa, Uam. Ne 5).

5.2.2. TlocTpoeHue rpanyHpoBoYHOro rpaduka.

5.2.2.1. Hasecky rpagyupoBo4yHOro oopasua Maccoit 20 r moMeliaioT B CHe METPHYECKYIO KIO-
BETY, YCTAHORJICHHYIO Ha NMOMIOXKY Ipecc-GopMbl U TpeccyloT yewmeMm 1,22 - 10° I'm (10 7). KioBeThl
€ 3anpecCOBAHHLIMM IpalyMpOBOYHBIMHM 0Opa3LlaMH H YHCTHIM NAJUTAIHEM TIOMEUIAIOT B MPo6ONoRalomyio
KacceTty criekrpoMerpa. O6pasusl ¢ MaccoBoi fonei uMHKa 0,01% M YMCTRIN NaIagyii HCTIOAB3YIOTCH KaK
«BHEUIHMH cTaHAApT» U «)OHOBOH cTaHAApT». PexuM paboThl CrieKTpOMeTpa XapakTepH3yeTcsl apameT-
paMH: HallpsDKEHHE Ha peHTreHOBcKoM Tpybke — 70 XB; Tok TpyOKm — 25 MA,; IeTeKTop — COBMECTHAs
pabora NponopLUHOHAIBPHOIO U CUMHTWUBIIIMOHHOTO c4eTynKoB. KowmMarop — rpy6unit.  Kpueramn —
aHanuzatop — LiF (200) B nepBoM mopsiike oTpaxeHHA. Perucrpaumss MHTEHCHBHOCTEH BHINOMHA-
eTcsi IpH BpallleHMH obpasua B BakyyMe He Hike 6 - 10! MM pr. cT. CKOpOCTh ra30Boro moToKa CMecH
(90% aprona u 10% merana) — 7 aM’/MMH, 3KcnosHums — 40 c.

5.2.2.2. PexwM paboThl aMIUIMTYHOIO aHATHU3aTOpa MMITYNILCOB — MU (e peHIIHANBHBLIHA ¢ aBTOMA-
THYECKHM BBIOOPOM TOJIOXKEHHS OKHa (ext).

5.2.2.3. I'panyvpoBoyHEle 06pa3ubl 06Ty4alOT HITY4YEHUEM PEHTTEHOBCKOM TPYOKH H PErHCTPHPYIOT
HHTEHCHBHOCTb yopecueHTHOro Manyyenuss ZnKo, ,, mHuM (A =0,1437 HM) B mepBoM mnopsake
OTpaXeHHs1 He MeHee Tpex pas. [locne kaxnoro U3MepeHHs pe3y/IbTaT aBTOMATHYCCKHM I1€9aTaloT. 3aTeM
OLEHHMBAIOT pa3bpoc pesynvTaros. Ecau pasbpoc pesy/IbTaToB NPEBBINAET CTATHCTHYECKYIO NOTPELIHOCT
3VN,tne N— cpenHee apuPMETHYECKOE 3HaYEHHE YHCIIa HAOHPaeMBIX HMITYJILCOB, TO CEPHIO H3MEPCHHH
noBTopsAIoT. UKcno HabMpaeMBbIX MMITYNLCOB NPONOPLMOHAIBHO HHTCHCHBHOCTH aHAMTHYECKOM JIHHMH
LIMHKa OT NpoOBbl.

5.2.2.4. AHaNOTMYHYIO CEDHIO M3MEPECHMI BBLINOJHSAIOT NOCHEAOBATENLHO VIS KaXaoro obpasima,
NpHYeM [UISl «BHEUIHETO CTaHAapTa» H «bpOHOBOIO CTaHAapTa» 3Ta CEpHsi NOBTOPSIETCS Yepes JBa IpayH-
POBOYHBIX 06pasua ¥ pe3ybTaThl H3MEPEHHI KaXnoi cepuH ycpeausior. [Ipy NoCTpoeHMH IpalyHpOBOY-
HOro rpaguKa IpOBOAAT HE MEHee TpeX cepud HM3MepeHHN. OTHOCHTEILHYI0O HHTEHCHBHOCTh
aHATTHTHYCCKOM JIMHMM LIMHKA BLIYHCISIOT o dopMysie

]Zn=_1__VZn'}_v_Z: )
N$.-N3’

rae Nzo, N%, u N%, — cpenHMe 3HaYCHMS YMCNa MMNYNbCOB, HaGHpaeMBIX 3a BpeMsl SKCTIOSHIMH,
COOTBETCTBEHHO, OT IpaXyMpPOBOYHOIO oOpaslia, «(pOHOBOIO» M <BHEUIHEIO
CTAHIAPTOB»,

Io HafneHHbIM TaKNM 06pa30M OTHOCHTE/ILHBIM HHTEHCHBHOCTSIM OT TPayHPOBOYHbIX OGPa3LOB B
MAaCCOBBIM JI0JIIM LIMHKA B HHX CTPOSIT IPalyH pOBOYHBIH rpadHK, 110 OCH OPIHHAT KOTOPOTO OTKJIANKNBACTCS
MaccoBasi I0/1s1 IMHKA, a 110 OCH abcuMcc — OTHOCHTE/IbHbIE HHTEHCHBHOCTH. [IpH HaJIMYMH MporpaMMM-
PYIOLIETO HACTOJIPHOTO KAbKY/IATOpa rpaaydpoBOYHbIH rpaduK alnpoKCHMMPYIOT THHeHHOM dyHKIMeH

Cr=mI™+ B, )
rie CZ* — peicTBUTENbHAA MaccoBas 4ONS LMHKA B npobe;
I"— oTHOCHTENbHAS MHTEHCHBHOCTh AHATHTHYECKOH JTMHMM LIMHKA.
mu B — perpeccnonHble K03pdHLMEHTHI, OnpefensieMble 3KCICPHMEHTAILHO C HCIIONb30BAHHEM

METOa HAaMMEHBLIHX KBaApaTOB.

Monoxenue rpanyMpoBoYHOro rpaguka (WIH BETMYHHBI IPAXyMPOBOYHBIX k03pPHLHEHTOB) KOH-
TPOJIUPYETCs MOC/E NMPOBEACHHS paboT 1Mo PEMOHTY, HACTPOIKE HIIHM CMEHE CIIEKTPOMETpa.

(M3menennan penakums, Mam. Ne 5).
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53.I1poBenedne aHanusa

AHanM3upyeMble 00pa3iibl Na/UTAIH IS YIAICHUSA NOBEPXHOCTHBIX 3arpSI3HEHUH KMIISITSIT B pacTBOpe
COJITHOM KMCJIOTBHI B TeYeHHE 2 MHH, TIPOMBIBAIOT BoIO# U cymar. HaBecku npo6 Maccoit 20 r npeccyior
B CIEKTPOMETPHUECKHE KIOBeThl. B mnpofononamoiyio KacceTy CNEKTpOMETpa INOMEINAOT KIOBETHI C
«BHEIIHHM» H «DOHOBBLIM CTAHIAPTOM» U ABYMs npobaMu. [TpoBonsT cepHio H3MEPEHHH HHTEHCHUBHOCTEH
IO TPH pa3a OT «BHEIIHETO» H «(pOHOBOTO CTAHIAPTOB» H ABYX NPO6 MpH peXyMax, NpHBEeACHHLIX B 1. 5.2.2.

CepHM M3MEPEHHH NOBTOPAIOT YETHIPE pasa.

54. ObpaboTKa pe3ynbTaTOB

5.4.1. PesynbTaThl U3MEepeHMH MO KaXIOH CEpHH YCPEAHSIOT H HAXOASAT OTHOCHTEJIbHbIE HHTCHCHB-
RBocTH 1o popmyrie (1). [To oTHOCHUTENBHBIM HHTEHCHBHOCTSIM ONPEAE/ISIOT MACCOBYIO JOJIO LIHHKA B Tipobe
C MOMOIIBIO IPaXyMPOBOYHOTO rpadHKa WIM pacCYMTLIBAIOT no dopmyne (2).

5.4.2. Eciu MakcHMaJbHOE pacyeTHOE pacXOXIeHHe IapajUleIbHBIX Ppe3y/IbTaTOB H3MEPEHHH
Ap=C Za(max) — CZ* (min) He TIPEBBIIAET HOMYCKAEMBIX PacxXoXIeHHH A, NTPH HOBEPUTEIbHOH BEpPOST-
HocTH P = 0,95, T0 33 OKOHYaTe/IbHBIH Pe3yJIbTaT aHaIM3a IPHHHMAIOT CpeiHee apH(PMeTHYECKOe 3Hade-
HMe MaccoBoli aam C Z® Beex cepHii U3MEpEHHH, paBHOE

”n
xcio
E'%":izl

3)

n ’

roe C,%“ (/) — 3HaYcHHe MaccOBOH JOJH LIMHKA B Npobe, COOTBETCTBYIOWIEE i-OM CEPHM H3MEPEHHI;
n — KOJHYECTBO CEpHii H3MEPECHUIA.
3HaveHHd A , (cM. Tabn. 1) paccYHTaHBI C HCTIOIL30BAHHEM BEJIHUMH OLIMOKH 3KCTIEPUMEHTA G, H
nosepurensHoro gaxropa D no ITupcony no popmyne
Ay=c.-D(@P,n). @)
5.4.3. AGCOmIOTHbIC NOMyCKAGMbIE PACXOXICHHS PE3y/IbTaTOB MNApaUIeJbHBLIX ONpelcNeHHH IpH
JOBEPHTENILHOHN BepostTHOCTH P = 0,95 He NOJDKHBI NpeBLIaTh 3HAYCHH, YKa3aHHLIX B Tabn. 4.

Tabnuuna 4

AGCOMOTHOE NONYCKIeMOe

Maccosas no1g npeEMecH, %
a P ? pacxoxnenue, %

Or 0,001 mo 0,003 ‘ 0,0004
Cs. 0,003 » 0,01 0,0005
»0,01 » 0,02 0,0006

Ecmi pacxoXieHue KpaiHHX pe3yNbTaTOB aHAM3a NPEBBILAET BEAMYMHY A, TO OLEHKY PE3KO
BBUIEJISIOLIMXCS OTKJIOHEHHH BBINOJHSIOT C UCTIONIb30BAHHEM I-KPHTEPHS.
Hnst 31010 PacCYHTHIBAIOT 3KCNEPHMEHTAILHOE 3HAYEHHE I o GopMye

_cBp-ch (5)

=—7rT—,
sVt

rae

\/Elcwn—?f‘l’ (6)
Sc= s

n-1

S — CpemHeKBaNpaTHYECKOe OTKIOHEHHE eIMHHYHOTO Pe3y/IbTaTa H3MEPEHHH.

Tor pesynbrat, nid XOTOpPOro HaiIcHHOE 3HAYEHHE I; NPEBOCXOAUT MO a6COMCTWOM BafHYMHE
3HAYCHHE I, — pacnpeleicHust Vil YPOBHA 3HaYMMocTH o = 0,05 ¢ yncnoM cTeneHei cBobosl;

f = n—2 (cM. Tabn. 5), oTGpackIBAIOT KaK OLUMOGOUHBIIL.

3HaYeHHUs 1 — KPUTEPHUA WISl YPOBHSI 3Ha4UMOCTH o = 0,05 (IBYXCTOPOHHMII KpHTEPHIA) IPUBENCHBI
B Tabn. 5.
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Ta6auma S

Yucsio cTeneHelt cBOGObI r(a = 0,05 0)
1 1,409
2 1,645

Ecnn cpenu Bcex peaynbTaToB Ba 3aBbIIICHHBIN M 3aHMXCHHBIN, TO CHayasa NPOBEPSIOT OMH H3
HHX, HanpuMep, MakCUMalbHbIA. Ecnu aT1oT pesynbraT or6pachiBalor, To noacumThBalor CZ* u S, no
OCTaBUIMMCS Pe3yIbTaTaM M BLITIOJHAIOT OLEHKY MHHMMAIbHOIO 3HAYEHHS.

3a OKOHYATe/IbHBIH pe3ynbTaT aHAJIM3a NPUHUMAIOT cpefHee apuPMETHYECKOe TpeX WIH IBYX OCTaB-
LLIMXCSl pe3yNILTAaTOB.

[IpMep pacuera MaccoBoi QO LIMHKA B NA/UIAAHM TIPHBEAECH B NPWIOXCHHH.
5.4.1-5.4.3. (M3menennan penakums, Mam. Ne 5).

ITPH/IOXEHHE
Pexomendyemoe

NMPUMEP PACYETA MACCOBOW JOJIM IIMHKA B NMAJUIAJIMM

1. Pe3y/ibTaThl M3MEPEHHSA HHTCHCHBHOCTH aHATHTHYECKOH! IMHMM IMHKA PHBEACHK B Tabur. 1.

Ta6nuna 1

Cpennee apHdMeTHIECKOE 3HAYEHHE YKC/IA HAOHPaeMbIX HMITYJIBCOB
Homep cepun uaMepeHHH —
Nza () N, Nza ()
1 104073 75839 83665
2 103406 75751 82596
3 103077 75199 81823
4 103762 75315 82920

2. PacyeT OTHOCHTENbHON WHTCHCHBHOCTH aHATMTHYECKON JTHHUM LIMHKA pHBEICH B Tabil. 2

Zo, . M (i)-NF (D)
l ( : ) - 55 C - »
Nza(i)-N%,
fle i — HOMEp CepHH U3MEpeHUH,
i=12134
Ta6nena 2
OTHOCHTe/TbHAs HHTEHCHBHOCTD Zn K@) ; — JIMHEM JUI4 i—H3MepeRn
Homep npobu
1 2 3 4
I 0,2772 0,2475 0,2376 0,26733

3. Pacyer mMaccoBoit JoIH UMHKa B MaUIAMMM MMPHBENCH B Tabu. 3.

C,%“(i) =ml zn(i) + B,
rae m = 0,0101; B = 0,0004.
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Tabnuma 3

MaccoBas Joji8 IIMHKA, PaCCYHTaHHAs WA i- HIMEPEHHS
Homep mpobu
1 2 3 4
1 0,0032 0,0029 0,0028 0,0031

4. OneHka pe3y/IbTATOB M pacdeT CpeNHENo 3HAYeHMA.

Tak xak MakKcHMalIbHOE PacXoXicHUEe Iapa/UIeIBHHX pe3y/IbTaTOB paBHO

| C#" (max) - CZ" (min)| =

=10,0032 - 0,0028] = 0,0004 < Ay 32 OKOHYATEMBHHI PE3YNETAT aHATH3A MMPHHHMAIOT cpefiHee aprudbMETHIECKOE BCEX

H3MEpEeHHUH.

—zn _ 0,0032 + 0,0029 + 0,0028 + 0,0031
=

4

(M3menennas penakues, Ham. Ne 1, 5).

=0,003 %.



