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BBEJIEHUE

BpicOkuil ypOBEHb 3HAHUM, aKaJeMU4YeCcKas U COLMAJIbHAA
MOOUJBHOCTh, TPOPECCUOHAIN3M  CHEUHAINCTOB, TOTOBHOCTH K
caMOOOpa30BaHWIO M  CaMOCOBEPIICHCTBOBAHUID —  TpeOOBaHUE
CErOJHAIIHEr0 JHS. B CBA3M C H3TUM MEHAIOTCA MOAXOABl K
IJIAHUPOBAHUIO, OPTaHU3alMU Y4€OHO-BOCIIUTATEILHON PabOThI, B TOM
YUCJIE U CAMOCTOSITEIbHON pabOThI CTYIEHTOB.

[Ipexnae Bcero, 3TO KacaeTcsi HW3MEHEHHUs XapakTepa H
colepKaHMsl ~ y4yeOHOro  mpolecca, IepeHoca  akleHTa  Ha
CaMOCTOSITEIbHBIN BUJ JIEATEIbHOCTH, KOTOPBIA SABJISIETCS HE IMPOCTO
CaMOLIEJbI0, & CPEJICTBOM JOCTHXKEHUSI TITyOOKUX WM MPOYHBIX 3HAHUM,
UHCTPYMEHTOM  (OPMHUPOBAaHUA Yy  CTYIEHTOB AaKTUBHOCTH U
CaMOCTOSITEIbHOCTH.

Lens METOANYECKUX PEKOMEH/IalIHii - MOBBIIIEHUE
3(PeKTUBHOCTH Y4YEOHOro IMpoliecca, B TOM YHUCIE MPAKTUUYECKON
CaMOCTOSITEIbHOM pabOThl, B KOTOPOMl CTYAEHT CTAHOBUTCS aKTUBHBIM
CyObEKTOM OOyYEHUSI, YTO O3HAYAET:

- CIIOCOOHOCTh 3aHUMAaTh B 00YYEHNUH AKTUBHYIO MO3ULIHIO;

- TOTOBHOCTb MOOWJIM30BaTh WHTEJUIEKTyalbHbIE W BOJICBBIC
YCUIIHS JJI1 IOCTUKEHUS YUEOHBIX LIETIeH;

- YMEHHE TMPOEKTUPOBaTh, IUIAHUPOBATH M MPOTHO3UPOBATH
y4eOHYIO JEATEIIbHOCTD;

- IPUBBIYKY UHULIMUPOBATH CBOIO MMO3HABATEIbHYIO JI€ATEIbHOCTD
Ha OCHOBE BHYTPEHHEHU MOJIOKUTEIbHON MOTUBALUY;

- OCO3HAHHUE CBOMX IMOTEHUUAIbHBIX Y4YEOHBIX BO3MOKXHOCTEN U
MICUXOJIOTUYECKYI0O TOTOBHOCTH COCTaBUTh MPOrpamMmy JEHUCTBUH IO
CaMOPa3BUTHIO.

JlaHHbBIE METOIUYECKUE YKA3aHUS MO BBIITOJIHEHUIO TPAKTUYECKOM
U CaMOCTOSITEIbHOM padOThl CTYACHTOB MPEIHA3HAYEHBI IS
yrayOJICHHOTO M3YYEHUs AUCUUIUIMHBI — «AHAJIUTUYECKas XUMUS,
«Ananutnueckas xumuss 1 @XMA» B ayIuTOpHOE M BHEAYAUTOPHOE
BpEMsI.



ONPEJEJIEHUE MOTI'PEIIHOCTEM
B XUMHNYECKOM AHAJIU3E

1 OcHOBHBIE TeOpeTHYECKHUE MOJIOKEHUS VISl PACYETOB

1.1 3nauawiue yugpol u npasuna OKpyzneHus

DKCNEPUMEHTAIIBHBIE TAHHBIE U PE3YJIbTaThl PACUETOB B XUMHUYEC-
KOM aHaJM3€ MPUHATO BBIPAXKATh TOJIBKO 3HAYAWUMU Yyugdpamu. 3Hada-
IIMMH Ha3bIBAIOT BCE JOCTOBEPHO M3BECTHBIE IU(PHI IUIIOC MEpBasi U3
HEJIOCTOBEPHBIX, T.€. BCE PE3YJbTATHI CIEAYET OKPYIVIATH O IEPBOU
HEJIOCTOBEPHOU LU(PHI.

JIns OUEHKH HEAOCTOBEPHOCTH PE3yJIbTATOB AHAIMTHYECKUX
OMpeNeNeHnd HEeoOXOAMMO YYMTBIBaTh pEajbHbIE BO3MOXXHOCTH
MCMOJIB3YyEMOI0 METOJIa WJIM METOJAWKH. B KadyecTBe CTaTUCTUUYECKUX
KPUTEPUEB MOXKET CIYKHUTh, HAIIPUMEDP, CTAHAAPTHOE OTKIOHECHHUE WIIU
NOBEPUTEIIbHBIN MHTEPBAJ. B cilyyae OTCYTCTBHUS TaKuUX CBEICHUM
HEJIOCTOBEPHOCTh TMPUHUMAKOT paBHOW +1 B TOCIeNHENH 3HaAYaIIeh
uudpe.

Ecnu 3a mepBoit HepgocToBepHOM I1udpoit ciexyer mnudpa 35,
OKpYTJIEHHE TPOBOAAT B CTOPOHY OJIMDKAMIIIEr0 YETHOrO YHUCJA.
Hanpumep, yncno 10.245 cnenyer okpyrmute 1o 10.24, a yucmo 10.255
— 10 10.26. PekomeHayeTcs OKpYIJIATh KOHEYHBIM PE3yJbTaT IOCIE
BBIMTOJIHEHUSI BCEX apU(PMETUUECKUX ACHCTBHIA.

Hynb B uncimax MOXKET ObITh 3HaYMMBIM U He3HauuMbIM. Hyunw,
CTOSIIIAE B HAYAJIE YKCIA, BCETJAa HE3HAYMMBI M CIIY>KAT JIMIIb IS
yKa3aHUsl MECTa 3amsiToOM B AecATUUHON Apoou. Hanpumep, uucno 0.005
COJICPKUT JIMIIb OAHY 3Hauamywo muppy. Hynu, crosuue mexny 1u-
dbpamu, Bcerga 3HauuMbl. Hampumep, B uucie 0.306 Tpu 3Hayaiue
uu@psl. Hynmu B KOHIE 4yMclia MOTYT OBITh 3HaYMMbl U HE3HAYHMBI.
Hynu, crosiue nocine 3ansiToll B AECATUYHONW APOOU, CUUTAIOTCS 3HA-
yumbiMi. Hanpumep, B yucie 4000.0 nares 3Havammx 1mudp. Hynu B
KOHIIE IIeJION0 YHuCia MOTYT O3HaudaTh 3Hayallyr mudpy, a Moryt
IPOCTO YKa3bIBaTh MOPSAIOK BenuuuHbl. Hampumep, B yncie 500 3Ha-
ganux nudp Moxert 0biTh: ogHa (5), aBe (5 u 0), Tpu (5, 0 u 0). UtoObI
n30€kaTh HEONMPEACICHHOCTH, PEKOMEHAYETCS B TaKUX Clydasx
MPEICTABUTh YUCIO B HOPMAJIBHOM BHJE, T.€. B BUJE IPOU3BEIACHUS
YKCIIa, COAEPIKAILEro TONLKO 3Havamue nudpsl, n-10". Hanpumep, eciu



B urciie 500 oxHa 3Hadamas mudpa, ero cieayer n300pasuTh Kak 5107,
€cJIu JB€ 3Havaiue nudper — 5 .0-102, €CJIU TPH 3Hayvalue uudpb —
5.00 -10°.

Croocenue u eviyumanue. 3HAYUMOCTb CYMMBI WJIM Pa3HOCTU
OMpEeNEeNseTCs 3HAYMMOCTBIO YHCJAa C  HAUMEHBIIUM  YHCIOM
NECATUYHBIX 3HaKOB. Hampumep, npu cnoxenun uucen 28.3; 5 u 0.46
3HAUUMOCTb  OMNpPEIEISAETCSd  HEJOCTOBEPHOCTBIO  yuCIa S5 W,
CIEI0BATENBHO, CyMMY uncen 33.76 cnenyer OKpyrinuTh 110 34.

Uucna, coaepkampe  CTENEHH, MNpeoOpa3yroT,  NPUBOASA
MOKA3aTeIu CTENEeHe craraeMbiXx K HauOosbliemy. Hampumep, mpu
CIIOKEHHU YHCEN 2'10'4, 6.00-10% u 2.5-10° wux HAJI0 TPEJICTABUTH
crepyomum obpazom: 0.02:107, 6.00- 107 u 0.25-107% Hcmomns3ys
MPABHIIO 3HAYMMOCTH CyMMBI Yncen, monydaem 6.27- 107, Tak kak 3Ha-
YUMOCTh CYMMBI OMPEIEISeTCsl 3HAYMMOCTBI0 dmcia 6.00-107 mme-
OILIETO HAUMEHBIIIEE YNCIIO IECITUUHBIX 3HAKOB.

Ymnoowcenue u oenenue. JIns OEHKU 3HAUUMOCTH TPOU3BEIICHUS
(WM YacTHOro) OOBIYHO TMOJB3YIOTCS  CICAYIOIIUM  ITPABUIIOM:
3HQUUMOCTh  NPOU3BEICHHMS  (WIM  YacTHOIO)  ONpEAeNsieTcs
3HAYUMOCTBIO COMHOYKHUTENS ¢ HAUMEHBIIMM YUCIOM 3HAadamux nudp.
Hanpumep, nepemnoxenune umcen 2.7 m 3.45 pmaer mnpousBeICHHE,
cojeprkariee A8e 3Havaue nudper — 9.3.

bonee cTporuii moaxoa OCHOBAaH HAa CPABHEHUU OTHOCHUTEIIbHBIX
HEJIOCTOBEPHOCTEH COMHOXKUTENIEM W TPOU3BEACHUS (WJIM YaCTHOTO).
OTHOCHUTENbHAS HEIOCTOBEPHOCTh paBHA OTHOUIEHUIO a0COIIOTHON He-
JOCTOBEPHOCTH YHUCJA K caMOMy uuciy. OTHOCHUTENbHAsT HENOCTOBEP-
HOCTh TPOU3BEACHUS (WJIM YAaCTHOIO) paBHA CYMME€ OTHOCHUTEIbHBIX
HEJIOCTOBEPHOCTEN COMHOXMTENEeH. Hampumep, Hago HaWTH 4YacTHOE
108:96.15. OTHOCHTENBHBIE HEJIOCTOBEPHOCTH COCTaBIISIIOT
(mpubmmkerHo): 1:108 = 1:107 1 0.01:96.15 = 1- 10™. CexoBarensHo,
OTHOCHUTEJIBbHAS HEAOCTOBEPHOCTh yacTHOroO coctasiieT 0.01 + 0.0001
= 110> IIpu peneHun 4dmMcesl ¢ MOMOLIBIO KAIBKYJISATOPA MOIYy4aeM
gucio 1.1232..., xoropoe cienyer okpyrauTh 10 1.12, mockonbky
HEJIOCTOBEPHA BTOpast (pa Mmocie 3aniaTou.

Boszsedenue 6 cmenensv. Ilpu BO3BEAECHWM YHUCIA B CTEIEHb
OTHOCHUTEJIbHAsI HEOCTOBEPHOCTh PE3yJIbTaTa YBEIUYMBAECTCS B YHCIIO
pa3, paBHOe creneHd. Hampumep, mpu BO3BEACHUMM B KBaApaT OHA
yJIBauBaeTCsl.



H3eneuenue K8a0pamHo20 KOPHSL. OTHOCUTENBHASA
HEJIOCTOBEPHOCTh pPE3yJIbTaTa M3BJICUEHUS] KOPHS BJIBOE MEHBbIIIE
OTHOCHUTEJIbHOW HEJOCTOBEPHOCTH MOAKOPEHHOTO YHCIA, MO3TOMY B
HEKOTOPBIX CIIydasX MOCJE U3BJICUYECHHS] KOPHSA YMCIIO 3HaYaIux mudp
YBEJIUYUBAECTCS. Harmpumep, \2=1.414, OTHOCUTEJIbHBIC
HeocToBepHOCTH 4ynciia 2.00 u pe3yaprara U3BICUYCHUS KOPHS PABHBI
1102 u 0.005 COOTBETCTBEHHO, CJIEJIOBATEIBbHO, HEOMPEICICHHOCTD
3aKJIIOUYEHA B TPETHEM 3HAKE MOCIIE 3aISATOM.

Joeapugmuposanue. Ilpu norapudMUpOBaHUN YUCIIO 3HAYAIIUX
uru@p B MAHTUCCE PABHO YKCIy HU(]p, KOTOPOE COAEPKAT HECTENIEHHOMN
YWIeH 4uciia. XapakTepuCTUKa Jorapudma HE BXOAUT B UHCIO
3HaYaIlMX UU@dp, Tak KaK OHM YKA3bIBAIOT JIMIIb Ha MOPSIAOK
norapudmupyemoro urcia. Hampumep, 1g0.1-107 = -3.0; 1g0.10-107 = -
3.00; 1g0.1 =-1.0. AoOcomtoTHasi HEIOCTOBEPHOCTh Jorapupma
MIPUMEPHO B 2.5 pa3a MEHbIIE OTHOCUTEIBHON HEIOCTOBEPHOCTH YHCIIA
nop Jorapudmom. Hanpumep, ecnu jorapudm HU3BECTEH C TOYHOCTHIO
1-107, oTHOCHTENBHAS MOTPELIHOCTD JOrapu(pMUpyeMon BEIHMYUHBI HE
meHee wem 2.5:107. [Ipy BBIYMCIEHUM AHTUJIIOTapU(PMOB UYHCIIO
3HaYaIKX LHGpP yMEHbIIACTCST;, Hampumep, antlg10.23 =1.7-10".

1.2 Oopadoomka pe3yromamos usmepeHui

[Tpu omnpeneneHun Kakux-amod0 KOMIIOHEHTOB (HalpuMep, Xpoma,
Maprasiia, MoJIMOJIeHa WJIM TECTULHJOB) B KOHKPETHBIX OOBEKTax
(cTajib, MOYBbI, MPUPOHBIC BOABI U T. JI.) HEOOXOAMMO OIEHUTh HAJICK-
HOCTb Y TOUHOCTh IIPOBEJCHUS XMMUUYECKOI0 aHaIu3a. ITO 4acTo ObIBa-
€T HE MEHEE BAXHOM U TPYAHOU 3aJa4eil, Y4eM OCYLIECTBICHUE CAMOI0
OMpPEICIICHUS.

ITox M3MepeHHON BEIIMYMHOM B XMMHUUYECKOM AHAIU3E MOHUMAOT
KaK KOJWYECTBO KOMIIOHEHTA, TaK ¥ aHAJIMTHUYECKHI CHUTHal, T. €.
(pU3UYECKYIO BEIMYMHY, (DYHKIMOHAJIBbHO CBSI3aHHYIO C COJIEpP’KaHHUEM
KOMIIOHEHTa (HampuMep, MHTEHCUBHOCTb M3JIyUYCHUS WJIM BeJIWYHMHA
OKHMCJIUTEIIbHO-BOCCTAHOBUTEIIBHOI'O OTEHIINAIA).

Korga roBopsT 0 TOYHOCTM XMUMHUUYECKOTO aHA/IU3a, O TOYHOM
METOAE WM TOYHOM MeETOAMKe, O OoJjice MIIM MEHEe TOYHOM CTaJIuu
OmpeAeieHUus, TO HMEIT B BHAY COOUpATEILHOE IIOHATHE,
BKJTIOUAIOIIEE JIBE KOJUUYECTBEHHBIC XaPAKTEPUCTUKU — MPABUIIBHOCTD
Y BOCHPOU3BOIUMOCTb.



Bocnpon3BoaMMOCTh  XapakTepU3yeT pacCcesiHuE EIUHHYHBIX
PE3YIABTATOB OTHOCHUTEJIBHO CPEAHET0, CTENEHb OJM30CTH APYT K JIPYTy
pE3YyIbTATOB €AUHUYHBIX ONpEACNICHH. B OTIEenbHBIX Ccllydasx Hapsamy
C  TEPMHUHOM  «BOCIPOU3BOAUMOCTBY»  MOJB3YIOTCS ~ TEPMUHOM
«CXoAUMOCThY. IIpu 3TOM MOJ «CXOAUMOCTHIO» MOHUMAKOT PACCETHUE
pPE3yIbTATOB NMapaJUICIbHBIX ONPEAEIICHH, T. €. IPOBOJAUMBIX B OJJHO U
TO € BpEMsl, B UACHTUYHBIX YCIOBUSX, a MOJI «BOCIPOU3BOAUMOCTBION
— paccessHUE pe3yJbTaTOB XUMHUYECKOTO aHalKn3a, MOJYyYECHHBIX B
pa3HbIX J1a0d0paTOpUsIX, B pa3HOE BpPEMS U T. [I.

[IpaBWJIBHOCTh ~ XapakTEpU3yeT  OTKJIOHEHHUE  IOJIYYEHHOIO
pe3yibTaTa aHaiu3a OT MCTUHHOIO 3HAYECHUS M3MEPSEMON BEJIMYHUHBI
WJIU OJIM30CTh K HYJIFO CUCTEMATUYECKON MOTPEUIHOCTH.

OTkJIOHEHHE pe3ynbTaTa aHaiu3a (CPEeJHEro 3HAYCHUS W3 H
ONpENIETICHUI) OT UCTUHHOTO COAEPKAHUS ONPEACIIIEMOr0 KOMIIOHEHTA
Ha3bIBAIOT MOTPEIIHOCTBIO onpeaeneHus. [lonarue «morpemnocTby —
JOBOJIBHO CJIOKHOE. B CHITy 3TOro CyllecTByeT HECKOJIBKO MOAXO0A0B K
KJIacCCU()MKAIMU MTOTPEIIHOCTEN.

Knaccupurayua noepewnocmeu. Ilo cnocoOy BbIYUCIEHUS
MNOTPEIIHOCTA  MOXKHO  NOAPAa3AeiuTh  Ha  aOCONIOTHBIE U
OTHOCHUTEJIbHBIE.

Abconiomnas noepewinocms PpaBHA Pa3sHOCTH MEXKIY CpPEIHUM U3
M3MEPEHHBIX 3HAYEHUI BEIUYMHBI (X.,) U UCTUHHBIM 3HAYEHHUEM (X,
ATOU BEJIUYUHBI:

B ormenpHbIX ciaydasX MOXKHO  pacCUMThIBATh  MOTPEUIHOCTH
€IUHUYHBIX olpeaeneHun: D=x;-x,.,.B 3aBUCUMOCTH OT 3HaKa
a0COJIFOTHBIE MTOTPEIIHOCTA MOTYT OBITh MOJEIEHBI HA MOJIOXKUTEIbHbIE
Y OTpUILIATENbHBIE.

OmHocumenvHas nocpeutHocms MOXKET ObITh BBIPA)KE€HA B JIOJSAX WIIA
MPOIEHTAaX:

D, = Dixyem wm D,,,, % = 100-D/x,.,, . OrTHOCUTEIbHAA
MOTPEITHOCTh OOBIYHO OEpeTCsl IO MOAYJIO.

Yaime Bcero MOTrPEIIHOCTH KIACCU(DUIMPYIOT IO XapakTepy
NPUYUH, HUX BbI3bIBAOIMMX. [Ipy 3TOM MOrpemiHOCTH JENsAT Ha
CUCTEMATHYECKUE U ciydyaiiHble. OOBIMHO NPU TAKOH KIIACCU(PUKALINU
BBIJIEJISIIOT TaKKe MPOMAaxXHU (MJIU TpyObI€ MOTPEIIHOCTH).

K cucmemamuueckum nocpewsnocmsam OTHOCSAT TOTPEMIHOCTH,
BBI3bIBAEMBIEC IIOCTOSIHHO JACHCTBYIOIIEH NPUYMHOM, NOCTOSHHBIE BO



BCEX M3MEPEHUSAX WA MEHSIOIIMECS IO IMOCTOSHHO JIEUCTBYIOIIEMY
3aKOHY. OHU MOTYT OBITH BBISIBJICHBI U YCTPAHEHBI.

K cayuaunviv — nNOrpemHOCTA, XaOTUYECKH MEHSIOIIUECS OT
U3MEPEHUS K U3MEPEHUI0, MPUUYUHBI KOTOPBIX JOCTOBEPHO HEU3BECTHBHI.
Nx BenuunHbl MOTYT OBITh OLEHEHBl C NPUMEHEHHEM METOOB
MaTEeMaTU4YECKON CTATUCTUKHU.

IIpomax — 3TO PE3KO UCKAKAIOIIAS PE3YIbTAT AHAIN3a U OOBIYHO
Jerko oOHapyXuBaemasi MOTPEIIHOCTb, BbI3BaHHAsA, Kak MPaBUJIO,
HEOPEKHOCTHIO UM HEKOMIIETEHTHOCTHIO XUMUKA-aHAJIUTHKA.

JleneHue TOrpemHOCTe Ha CHUCTEMAaTUYECKUE U CIIydyallHbIE B
U3BECTHOM Mepe YCIoBHO. (CHUCTEMAaTHYECKHE MOTPEIIHOCTH OJHOMN
BBIOOPKHM pE3YyJbTATOB MPU PACCMOTPEHUU OOJIBIIOIO YHUCJIA JAHHBIX
MOTYT TIepeXoIuTh B ciydaiHble. Hampumep, cucremarnyeckas
MOTPELIHOCTh, 00YCIIOBJIEHHAS] HEMTPABUIIBHBIMY MTOKa3aHUAMH ITPUOOpa
(cOuta mkana), Ipyu U3MEPEHUU AHAJIUTUYECKOIO CHUTHAJa B Pa3HBIX
JabopaToOpUsX M Ha Pa3HbIX NpUOOpax (Ha KaKJAOM U3 KOTOPBIX IKaja
cOuTa MO-CBOEMY) MEPEXOJUT B CIyUaANHYIO.

MoxHO KiIaccuPUIMPOBATh MOTPEIIHOCTA IO HCTOYHUKAM UX
MPOUCXOXKAeHUA. II0CKOIBKY UCTOYHUKOB MOTPELIHOCTEN YPE3BBIYANHO
MHOTO, TO M KJacCU(PUKalMs MO HUCTOYHUKAM HE MOXKET OBITh
OJHO3HAYHOM. MOXKHO TIPUBECTM HEKOTOPBIE IPUMEPBI  TaKOU
KJIacCU(UKaUU. ITO MOT'YT ObITh OTPEUIHOCTH METOJIa KaK TaAKOBOTO,
MHCTPYMEHTAIbHBIE MOTPEIIHOCTH, MOTPEITHOCTH METOJMKH aHAIIN3a,
BHOCHUMBIE Ha €r0 CTAMSIX, MPEAIIECTBYIOLUIUX U3MEPEHHUIO.

[Tocne Toro kak cucreMaTU4eckasi HOrpeIHOCTh BbISIBIEHA OJTHUM
U3 OMMCAHHBIX B JINTEpAType CIOCOOOB, OHA JOJIKHA OBITh OLICHEHA U
ycTpaHeHa. YWCIEHHO  OLIEHUTh  BEJIMYMHY  CHUCTEMATHYECKOH
MOTPEIIHOCTA MOXHO JIMIIb C TOYHOCTBIO, JIMNMUTHPYEMOM CiIy4ai-
HBIMU MOTPEIIHOCTAMM aHAJIN3a.

Ecnm 1npu  BBISIBICGHHMM M OLIEHUBAHUM CUCTEMATHYECKUX
MOTPELIHOCTEH  UCCIEAOBATENb  MOXET  OLIEHUTh  IMOTPELIHOCTH
OTIIENbHBIX CTA[WA W ONEpauuid, TO, MOJb3YyACh 3aKOHAMH CIIOKECHUS
MOTPELIHOCTEN, OH MOKET BBIYHMCIUTHh 3HAYEHHE OOIIEeH MOTrpeuIHOCTH
pe3yibTaTa aHajin3a.

OOpaboTka pe3yJabTaTOB XHUMHUYECKOTO aHalu3a METOJlaMu
MaTeMaTU4ecKoM cTaTucTUKU. K Hauvany oOpabOTKH CHUCTEMAaTUYECKUE
MOTPELIHOCTU JOJKHBI OBITh BBISIBJICHBI U YCTPAHEHBI WIIH MIEPEBEICHBI



B paspsan ciyyauHbIX. JlaHHbIE aHanmu3a NpPA  ITOM  SBIISIIOTCA
CIydyallHbIMH  BEJIIMYMHAMU C  OINPEACJIICHHBIM  paclpeiciCHuEM
BEPOSTHOCTH.

[lepen 00pabOTKOWM JAaHHBIX C MPUMEHEHHUEM  METOJOB
MaTeMaTHYEeCKOW CTAaTUCTUKA HEOOXOAMMO BBISIBUTH TIPOMaxW U
HCKJIIOUUTh UX U3 YKMCJIa PACCMATPUBAEMbBIX PE3YJIbTATOB. 3aMETUM, YTO
CMHCTBCHHBIM M BITOJIHE HAJC)KHBIM METOJIOM BBISBJICHHUS MPOMAXOB
ABJSICTCSL  JICTAJIbHOE  PACCMOTPEHHME  YCJIOBUM  AKCIIEPUMEHTA,
MO3BOJISIIOIIEE HCKIIOYUTh T€ HAOMIOJEHUS, MPU KOTOPBIX ObLIU
HapylIE€Hbl CTaHJAPTHBIC YCJIOBUS MeETOAUKH. Tem He MeHee,
CYIIECTBYET M PsIJi CTATUCTUYECKUX CIIOCOOOB BBISIBJICHUSI MPOMAaXoOB.
Onuum u3 Hambojee MPOCTHIX SABJISETCS METOJ ¢ HmpuMeHeHueM Q-
KpUTEPHSI.

CyTb 3TOro METOJIa 3aKJIIOYaeTCs B ClEAyromeM. PaccuuThIBaOT
BEUUUHY Q,icp. PABHYIO OTHOILIEHUIO PA3HOCTH BBIMAJIAIONIETO U OJIH-
KaAWIIEro K HEMY pe3yJibTaTa K pa3Maxy BapbUpoBaHUsl (pa3Max Bapbu-
POBaHUSI — PA3HOCTh HAMOOJBIIETO U HAMMEHBIIETO W3 PE3YyJIbTATOB
BBIOOPOUYHON COBOKYMHOCTH). [lonydyeHHOE 3HAUYEHUE CPaBHUBAIOT C
KPUTUYECKUM 3HaYeHUEM Qypyr. IIPU JOBEPUTEINBHOM BeposiTHOCTH 0.95.
Ecm Q,xern™Qxpur, BBIIAJAIOIMINI PE3YJIBTAT ABJISIETCS IPOMAaXOM M €ro
otOpachiBatOT. Ecin Qe < Qypur, TO PE3YNIBTAT HE OTOPACHIBAIOT.
Ilpumep. ITpu OIPELICIICHU N dbocdopa B JIACTBSIX
CIIEKTPOHOTOMETPUUECKAM METOAOM OBUIM TMOJYYEHBI CJEAYIOIINE
pesyabtatel (Mkr/kr): 3.4; 3.7; 3.5; 3.6; 4.2; 3.5. Cnenyer mm
WCKJIFOYUTH BEJIMUUHY 4,27
Pewenue. PaccunteiBaeM 3HaueHue Q.o = (4.2-3.7)/(4.2-3.4) = 0.5/0.8
= 0.62.

[TockonbKy Qypur=0.56 1 Qyxer™Qypur (0.62>0.56), TO pe3ynbTar ciegyer
HCKJTIOUUTD.

[Tocne uckiOYEHUs MpoMaxa OCTABIIMECS JIAHHBIE BHIOOPOUYHOMN
COBOKYITHOCTH MOXHO 00paboTaTh C€ TPUMEHEHUEM METOJIOB
MaTeMaTUYE€CKOM CTAaTUCTUKH.

OnHol U3 OCHOBHBIX 3aJa4 aHAJIWTHUKA MPU OIEHKE CIy4alHbIX
MOrPEIIHOCTEH  XMMHUUYECKOTO  aHajiu3a  SIBJISIETCA  HAaXOXJCHUE
GyHKIIUU pacnpeaeieHus, KOTOPOl OMUCHIBAIOTCS SKCIIEPUMEHTAIbLHbIC
JTaHHBIE.
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IIpexxne 4yem paccMmaTpuBaTh OLCHKY CIIYYalHBIX DOTIPEIIHOCTEM,
OCTaHOBHMMCSI Ha JIByX MOHSTHUSX: I'€HepaibHasi COBOKYITHOCTh U BBIOO-
pOYHasi COBOKYITHOCTb.
['enepanvhas co8oKynHocms — TUINIOTETHYECKAasi COBOKYITHOCTh BCEX
MBICIUMBIX PE3YIbTATOB (OT +00 710 -00).
Bwibopounas cosoxynrHocms (BbIOOpKA) — pEATBHOE YUCIIO 1 PE3YJIIb-
TaTOB, KOTOPOE UMEET UCCIIEIOBATEb.
[Ton reHepanbHON COBOKYITHOCTBIO PE3YJIbTATOB XMMHUYECKOTO aHAIU3a
CJIElyeT MOHUMATh BCE MBICIMMBIE PE3YNbTAaThl, KOTOPhIE MOIJIU Obl
OBITh MOJYYEHBI MPU aHAIU3E OJJHOTO U TOTO K€ 00BEKTa Pa3IMUYHBIMU
METOJIaMH, Ha Pa3IMYHBIX TpUOOpax, pa3HbIMU aHATUTHKAMU. OOBIYHO
pU MPOBEJCHUU aHAJIM3a OJHOTO M TOTO ke o0bekTa mmeeM 3 — 7
pE3yAbTATOB (BBIOOPOYHASE COBOKYITHOCTB ).
Bompoc o 6im3ocTu mapaMeTpoB BBIOOPOYHOM COBOKYMHOCTH M Ma-
PaMETPOB I'€HEPATbHON COBOKYITHOCTH CBSI3aH C OOBEMOM BBIOOPKH U
GyHKIMEH pacripeiesieHus ClydalHblXx BenuuuH. Kak mpaBuio, amis
pPEe3yJbTaTOB XMMUUYECKOTO aHaim3a npu n > 20-30 (u TeM Oosiee npu n
> 50-100) ¢ gocTaTOYHOM CTEIMEHBIO HAJIC)KHOCTH MOXKHO CUHUTATh, YTO
BBIOOPKA MPEJICTABISAECT COOOM reHEePaATbHYI0 COBOKYITHOCT.
MHOTOYHMCIEHHBIMUA HCCIICIOBAHUSAMU TOKa3aHO, 4YTO JIaHHbIE OO0JIb-
IIMHCTBA AHATUTHUYECKUX ONPEICICHUN TOUUHSIOTCS 3AKOHY HOPMAlb-
Ho2o pacnpedenenus (pactipenenenus ["aycca).
Mamemamuueckoe odxcuoanue (i) sl HENPEPHIBHOW CIydyailHOW Be-
JUYUHBI TIPEACTaBIAET COOOW TOT TMpeaes, K KOTOPOMY CTPEMHUTCS
CpeaHee X NPy HEOTPAHUYEHHOM YBEIMYEHUHN 00beMa BBIOOPKU. Takum
o0pa3oM, MaTEMaTUYECKOE OXKUIAHUE SIBISETCS Kak Obl CpEIHUM 3Haue-
HUEM Il BCEW TEHEpaJbHOM COBOKYIMHOCTH B IIEJIOM, IMOYEMY U
Ha3bIBaE€TCS MHOTAA TeHepalbHbIM cpeaHum. I[lpu  orcyrcTBUU
CUCTEMATUYECKUX TMOTPEIIHOCTEH MaTeMaTHYeCKOE OXKUJAHUE PaBHO
HUCTUHHOMY 3HAUYCHHIO X1
Jucnepcusi (6°) XapakTepH3YeT PACCESHHE CIIyYaiHOW BEIHYHHBI
OTHOCHUTEJIbHO CBOET0 MAaTEMaTHYECKOTO OXHUIAHUS U OMNpeessieTcs
KaK MaTEMaTUYECKOE OXKUJAaHUE KBAIPATOB OTKJIIOHEHUH X OT U.
[TonoxxutenbHOE 3HaYEHUE KOPHS KBAJIPATHOTO U3 JUCHEPCHUH (O)
Ha3bIBAIOT CMAHOAPMHLIM OMKIOHEeHUeM N TaAKKE UCIIONb3YIOT JUIs Xa-
PAKTEPUCTUKU PACCESIHUS CITy4YailHOW BEJIMYMUHBI X OTHOCUTEIHHO I'eHe-
pPaJbHOTO CPEIHETO L.
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[Ipu 00paboTKE pE3yabTATOB MHOTOKPATHOIO XUMHUYECKOTO
AHAJIM3Aa U COIYTCTBYIOIIMX KM CJIy4aWHBIX IOTPELIHOCTEU MPUHATO
NpPOBOAUTH  JIBA  CTAaTUCTUYECKUX  MapaMerpa —  I[IUPUHY
JOBEPUTEIBHOTO HMHTEpBajia, BHYTPU KOTOPOTO MOTYT JIEXKATh
pe3yibTaThl aHAM3a, U JOBEPUTEIbHYIO BEPOSTHOCTH TOTO, YTO OHU
MONaJalT B 3TOT UHTEPBAJL

[Tonb3ysich TaOJIMYHBIMU 3HAYEHUSIMA (PYHKUMH Jlarmaca, MOXKHO

MOKa3aTh, YTO 3HAYEHHUS BEPOSITHOCTH TOrO, YTO CIy4yaiHas
MOTPEIIHOCTh MPU MHOTOKPATHOM XUMHUYECKOM aHajau3e, T.e. IS
TreHEPAIbHOW COBOKYIMHOCTH PE3YyJbTaTOB aHalIN3a, HE MPEBBINIACT *0,
+20, £30 paBHa, cOOTBETCTBEHHO, 0.6826 (68.26 %), 0.9544 (95.44 %)
1 0.9973 (99.73 %).
HopmanbHbIil 3aKOH pacnpeleneHus HENpUMEHUM sl 00paboTKu
MaJioro 4ucia U3MEPEeHU BBIDOPOUYHON COBOKYIHOCTH (0OBIYHO 3-7) —
JaXe €Clii TeHepalibHasi COBOKYIMHOCTh B LIEJIOM paclpeeseHa Hop-
ManbHO. J[Ji1 ManbiX BBIOOPOK BMECTO HOPMAJBHOIO PaCHpEACIICHUS
UCTIOJIB3YIOT pachnpedenenue Cmovlooenma (t-pacnpeoeiienue), KOTOpoe
CBSI3bIBAE€T MEXKy COOOM TPU OCHOBHBIE XapaKTEPUCTUKU BHIOOPOUHOM
COBOKYITHOCTH: IIHUPUHY JOBEPUTEIBHOTO HWHTEPBaJA, COOTBETCTBY-
IOIIYI0 EMY BEpOSITHOCTh U 00BEM BHIOOPOYHON COBOKYITHOCTH.

[Ipexnae, yem paccmarpuBarh pacnpenencHue CTbIOAEHTa U €ro
MPUMEHEHHUE i1 00pabOTKU JaHHBIX XMMHUUYECKOTO aHalin3a, OCTaHO-
BUMCSI Ha HEKOTOPBIX OCHOBHBIX XapaKTEPUCTHKAX BBIOOPOYHOM
COBOKYITHOCTH.

J171st BBIOOPKH U3 U PE3YJIbTATOB PACCUUTHIBAIOT CpeoHee:

n
y = Zi=l Xi

cp n
U JUCIIEPCHUI0,  XapaKTEPHU3YIOUIYI0  paccesHue  Pe3ysIbTaToB

OTHOCUTCIIbHO CPCAHCTO!:
n 2
izl(xi _ xcp)

V =
n—1

B npenene, npu n—oo, cpeaHee X, CTPEMHUTCA K MAaTEeMaTHYECKOMY
O’KUJAHUIO TEHEPAIbHOM COBOKYITHOCTH |l (T€HEpPATbHOMY CPEIHEMY), a
aucnepcusi ¥V — K JUCNepCUu TeHEepPaIbHOM COBOKYMHOCTH ¢ (TeHe-
panbHOU TUCTIEPCUN ).
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Yucno, paBHoe (n-1), mpenacrasisier coOON YUCIIO CTENeHed CBOOOIbI
(f), T. e. YMCIO HE3aBUCUMBIX JaHHBIX B BBIOOPOYHOW COBOKYITHOCTH
MHUHYC YHUCJIO CBsI3el Mexay HuMmH f =n-1.

JInst XapakTepUCTUKA PACCESHHUS PE3yJIbTaTOB B BBIOOPOYHOM

COBOKYITHOCTH MCITOJIB3YIOT TaKKE€ CTAaHJAPTHOE OTKIIOHEHHE: S = VV
OTHOCUTENIBHOE CTAHJAPTHOE OTKJIOHEHHUE — S; = S/Xp.

Bce Tpum BenmumHBl — AuUCHEpCHs, CTAaHAAPTHOE OTKIOHEHHE U
OTHOCUTEIBHOE  CTAaHJAPTHOE  OTKIOHEHHE —  XapaKTEpU3YIOT
BOCIIPOM3BOJAMMOCTD PE3YJIbTATOB XUMUYECKOTO aHAJIN3A.

Hcnonp30BaHue IUCIEPCUM HE OYEHb YAOOHO, MOCKOJIbKY OHa
MMEET Pa3MEPHOCTh KBaApaTa U3MepsieMor BeanduHbl X. CTangapTHOe
OTKJIOHEHHE UMEET Ty K€ Pa3MEpPHOCTb, UTO U X. Yame apyrux xapak-
TEPUCTUK BOCIIPOM3BOAMMOCTH UCITOJIB3YIOT OTHOCUTEIBHOE CTAaHIAPT-
HOE OTKJIOHEHHE S,, SBIIAIOIIEECS 0e3pa3MepHON BETUUMHOM.

[Ipu o00paboTKe MAAHHBIX UCCIEAOBATENSI HMHTEPECYET TaKXKe
WHTEPBAJI, B KOTOPBIM NPU HMMEIOUIEICS BBIOOPKE B 7 PE3YJIbTATOB C
3aIaHHOW BEPOSITHOCTHIO NTONAIAET PE3yJIbTaT XUMHUYECKOIO aHAIU3a.

IIpu oOpabotke HeOosbmKuX (nN<20) BBIOOPOK M3 HOPMAJIBLHO
pacIpeieIEHHON TeHEPaJIbHOW COBOKYITHOCTH CJIENYET MCIIOJIb30BaTh t-
pacrpesiesiecHie, T. €. pacHpelesiCHUE HOPMUPOBAHHOM CIy4alHOMU
BEJIMYUHBL.

DTOT HHTEPBAII MOYKHO PACCUUTATH, MOJIb3YSACh BEIPAKECHUEM:

5 = + tp, f S

vn o

I7ie § — CTaHJAPTHOE OTKJIIOHEHUE U3MEPSIEMOM BEJIUYMHBI, PACCUUTAH-
HOE€ IS BHIOOPOYHOM COBOKYIMHOCTH M3 n JaHHbIX, a f=n-1. [o-
BEPUTEIIbHYIO BEPOSTHOCTh P 00BIYHO ITpuHUMAIOT paBHoi 0.95, X0Ts B
3aBUCUMOCTH OT XapakTepa pelIacMoOM 3aJadyd €€ MOXHO I10JIararh
paBHoi1 0.90, 0.99 unu kakoil-mud0 Jpyroi BeJIUUUHE.
JIOBEpUTENIBHBI HWHTEPBAJI XapPaKTEPU3YET KAaK BOCIPOU3BOIUMOCTD
pPE3yJbTATOB XMMHUYECKOIO aHAJIN3a, TAK W, €CIU M3BECTHO MCTUHHOE
3HAYCHUE Xycp, UX MTPABUIIBHOCT.

CiyyaliHast BeIMYMHA, KOTOpasi OLICHUBAETCA C NPUMEHEHUEM t-
pacrpeAesieHusi, MOXXET UMETh CaMYI0 Pa3HOOOpPa3HyO MPUPOAY. ITO
MOXET OBITh COJACP)KAHUE OMNPENENIEMOr0 KOMIIOHEHTA, BEJIUYMHA
AHAJTMTUYECKOT0 CHUTHaja, CJiydahHas M[OTPEUIHOCTb OIPEACIIEMON
BEJINYUHBI U T. 1I.
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Cpasnenue oucnepcuit u cpeonux. C TPUMEHEHUEM METOJIOB
MaTeMAaTU4YECKOM CTaTUCTHUKU MOXHO HE TOJIbKO OLICHUBATh PE3YyJIbTaThl
U CIy4YailHble MOTPEIIHOCTH E€AUHUYHOM CEpUM  PE3yJIbTaTOB
XUMHUYECKOT0 aHaln3a, HO U MPOBOAUTH CpasHeHue danublx. Tak, 4acto
BO3HUKAET HEOOXOJIUMOCTh CPABHEHUSI OUCNEPCUll U CPeoOHUX NBYX
BBIOOPOYHBIX COBOKYMHOCTEH. DTO MOTYT OBITh PE3yJibTaThl aHaM3a
OJIHOTO M TOTO k€ 00bEKTAa, MOJYYEHHbIE IBYMS Pa3HbIMH METOAAaMHU, B
IBYX pa3HbIX Ja00OpaTOPUSX, Pa3IMYHBIMA AHAIUTUKAMU U T. 1.
CpaBHeHME ABYX OHCHEPCHNA NPOBOAMTCS Ipu nomomu F-pacnpene-
nenust (pacrnipenenenust ®Ouiepa). Ecnmu Mbl uMeeM ABE BBIOOPOUYHBIE
COBOKYITHOCTH C AUCIIEpCUsIMU V' U V, U 4uciiamMu cTeneHel CBOOOIbI
fi=n-1 f,=n,-1, COOTBETCTBEHHO, TO PACCUUTHIBAEM 3HAYCHUE F .,
PaBHO OTHOIICHUIO OOJIbIIEH AUCIIEPCUM K MeHbluen: F,.., = V/ V.
(mpu V,> V).

[TonmydyeHHbI1  pe3yabTaT CpPaBHUBAOT CO 3HayeHueMm  F-
pacnpeneneHus IpyU YAciax cTerneHed cBo0onsl /1, fo. Eciau Fon > Fiopum
IIpU BBIOPAHHOW JOBEPUTENBHON BepoITHOCTH (00bI4HO 0.95 mim 0.99,
YTO COOTBETCTBYET YpOBHIO 3Hauumocty p = 0.05 wm 0.01,
COOTBETCTBEHHO), TO PACXOXKIECHUE MEXIY IUCIEPCHUSIMU 3HAYUMO U
paccMaTpruBaeMble BBIOOPOYHBIE COBOKYIMHOCTH pPa3jIMyarOTCs IO
BOCIIPOM3BOAMMOCTH. Ecimu F, < Fipyp TO pasnuuue B TUCIEPCHUAX
HMMEET CIy4aillHbIl XapakTtep, U 00e oHu —V, u V, — npubinxeHHbIe
OIICHKH OMHON M TOif e, 00Ieil /11 00eHX BHIOOPOK, DHCIEPCUH o
TE€HEPAIIbHON COBOKYITHOCTH.

Ecnm pacxoxaeHrue Mexay NUCHEPCUSMH HE3HAYMMO, BO3MOXKHO
CpaBHUBAaTh CpPEAHUE X U Z ABYX BBIOOPOUYHBIX COBOKYIHOCTEH, T.€.
BBISICHUTB, €CTh JIM CTATUCTUYECKH 3HAUMMasl Pa3sHULA MEXIY Pe3yib-
TaTaMl aHAJIM30B, MPEICTABICHHBIX 3TUMH cepusiMu. s pemeHus
MOCTABJICHHOW 33J1a4M UCTIONB3YIOT t-pactpeaenenue. [IpeasapurensHo

PACCUMTHIBAIOT CPEJHEE B3BEUICHHOE BYX JAUCIIEPCHIL:
g2 _ AVt fv,
fitfo
a 3aTCM BGJII/I‘II/IH}I

X —z
\/S 2 1’l1 + 1’l2

3HAUEHUE fye; CPABHUBAIOT C fypyr IPU YUCIIE CTENEHEH CBOOOABI f=f;+
f> = n; +ny,—2 v BBIOpAaHHON JOBEPUTEIILHOM BEPOSITHOCTH (IIJI1 STOTO
cimydas dame Oepyr P=0.99. Ecim npu oTOM  foen  >tpum, TO

nin;

tSKCH -
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pacxokKJAEHUE MEXKIY X W z 3HAYMMO M BBIOOPDKM HE MNpPUHAJJICKAT
OIHOW WU TOU X€ IEHEPaIbHOM COBOKYIMHOCTU. Ecmu t,.., < fypum, TO
pacxoKJAeHUE MEXKAy CPEOHMMHM HE3HAYuMoO, T. €. BBIOOPKHU
NPUHAJIEKAT OJHOM H TOM K€ TEHEPAIbHOM COBOKYIIHOCTH W,
CIEAOBATENIbHO, JIaHHBIE O0E€UX Ccepuil MOXKHO OOBEAUHUTH W
paccMarpuBaTh UX KaK OAHY BBIOOPOUHYIO COBOKYNHOCTH U3 (1; + ny)
pPE3yIbTaTOB.

1.3 Ilocmpoenue cpadyuposounozo zpaguka

XUMUYECKUN aHAJIU3 — CJIOKHBIA MHOI'OCTAJUWHBINA IPOLECC.
MO>HO BBIIEJIUTH CJEAYIOIIUE Talbl aHATU3a JII0OOro 00BEKTa: BBIOOD
METOJIa aHaju3a, 0OTOOp MPOOBI, MOJATOTOBKA MPOOBI K aHANIU3Y, MPOBE-
JeHUE U3MepeHus1, oopadboTka pe3ynbTaToB n3mepeHui. [locie orbopa
U TIOJIFOTOBKM MPOOBI HACTYIAET CTa/Msl aHallM3a, Ha KOTOPOH orpeje-
JIAIOT KOJIMYECTBO KOMIIOHEHTA. I 3TOro M3MEpSIOT aHAJIUTUYECKUUN
CUTHal — (PU3NYECKYI0 BEIMYMHY, (PYHKIMOHAIBHO CBSI3AHHYIO C
collep)kaHMeM  KoMmroHeHTa. [lpu  ompeaeneHun  KOJIWYECTBA
KOMITOHEHTa M3MEPSETCs BETMYMHA AHAIUTUYECKOTO CUTHaa: macca
ocaJika, CWJia TOKa, MHTEHCUBHOCTh JIMHUU CIEKTpa U T.J. 3aTeM
pPacCUUTHIBAIOT  COJEp)KAaHUE KOMIIOHEHTAa C  HCIOJIb30BaHUEM
(GYHKIIMOHAIBHON  3aBUCHUMOCTH  AQHAIMUTHYECKUM  CHUTHAI  —
COJZIEpKaHKE, KOTOPYIO B OOIIEM BHJIE€ MOKHO MPEACTABUTH KaK y=f(c).
DTa 3aBUCUMOCTb YCTAaHABIUBAETCS PACYETHBIM MJIM OMBITHBIM ITyTEM
U MOXET OBITh TpelacTaBjieHa B Buje GOpMyJbl, TaOIUIBl WU
rpapuka. [ omnpeneneHuss HEM3BECTHOrO KoJM4yecTBa  (Miu
KOHIICHTPAIMU) OMPEACIIEMOr0 KOMIIOHEHTa MCIOJIb3YIOT OJUH W3
TPEX METOJIOB: METOJI TPaJAyUPOBOUYHOTO rpadrka, METOJ] CTAHIaPTOB
u metoa n00aBok. Jpyrue cmocoObl OIpenesieHus, Kak MpaBuio,
SABJISIOTCS MOAU(PUKAITMEH ITUX TPEX METOJIOB.

Haubonee d4acto HCHOJB3YIOT Memoo 2epadyupo8OUHO20
epaghuxa. Ilpu 3TOM CTPOST TpaduK B KOOpPAMHATAX AHATUTUYECKUUN
CUTHaT — cojepKaHue (WM KOHIEHTpalus) KOMIIOHEHTa C
MCII0JIb30BaHUEM O0pa3l0B CPABHEHHUS, T.€. 00Pa3I0B C PA3JIUYHBIM U
TOYHO U3BECTHBIM COJIEPKAHUEM OTPEIEIIEMOTO KOMIIOHEHTA.

N3mepuB BeNMUMHY aHAIUTHUYECKOTO CUTHAJA aHAJTU3UPYEeMOM
npoObl, HAXOAAT HEHU3BECTHOE  COJEpPKAHHE  OMPEAECIIEMOro
KOMIIOHEHTa TI0 TpPaaydpoOBOYHOMY TrpaduKy. AHAIUTHYCCKHUN



15

CUTHaJl B JAHHOM CJIydae MOXKET ObIThb JIt0OOW (U3UUYECKOU
BEIMUMHOM (ONTHYEecKas IUIOTHOCTh, cuja Toka, IJC um 1. 1.),
(GYHKIIMOHAIBHO CBSI3aHHOW C COJiep)KaHUEM (BBIPA)KEHHBIM TaKke B
pPa3HbIX, MOJAXOIAIINX JJIsl TAHHOTO Clly4as, CAUHUIIAX ).

MoxeTr ObITh TOCTPOEH rpauK Kak JJs JIUHEHHOW, TaK U JJs
HEJIMHEMHON (YHKUMM aHAJUTUYECKUM CUTHAJI — COJAEpKaHue
KoMnoHeHTa. Jlisi  mocTpoeHuss  IrpadyupoBOYHOro  rpaduka,
HAWJIy4IIUM  00pa3oM  YJOBJICBOPSIIOIIETO  SKCHEPUMEHTAIbLHBIM
JAHHBIM, OOBIYHO HCHOJNB3YIOT Memo0 HAUMEHbWUX K8AOpamos
(MHK). ]Jlns mocTpoeHUsi HEJIMHEWMHOIro TpaJlyHMpOBOYHOIO Tpaduka
TpeOyeTcst 00JbIlee YUCITO IKCIIEPUMEHTAIBHBIX TaHHBIX U PE3yJIbTaT
omnpejesieHus ObIBaeT, KaK MpaBUiI0, MEHEE TOUHBIM.

B XxumuyeckoM  aHanM3e  4alle  BCEro  HMCHOJb3YIOT
NPSIMOJIMHEHHBIE TPAyUpPOBOYHBIC TpadUKU, TOCTPOCHHBIE IS
OMNPEACICHHOTO OUAna3oHa ONpPeoessieMblX CO0epiHCaHull, T.. B
00JIaCTH 3HAYCHHU OMpEACIsieMbIX COACPXKAHUN, MPETyCMOTPEHHBIX
JAaHHOM METOJIUKOM. YPaBHEHHUE NPAMOM MOXKHO 3alUCaThb B BUIE
y=a+bx. Ecim ™Mbl HMEEM m DSKCHEPUMEHTAIBHBIX TOYEK, TO,
ucnosb3ys noctyiaar MHK, moxkem HailTu mapameTpsl npsiMmoit a u b,
HAUJy4lIuM  00pa3oM  YJOBJICTBOPSIIONIME AKCIEPUMEHTAIbHBIM
JAHHBIM (CYMMHPOBAHHE BEAETC 10 1 0T 1 10 m):

.- YTy Xl ai — X Xy
my"xl — (C7x)?

myxy — XX Nl Vi
mYyxf — (X7 x)?

s rpagyrupOBOYHON MPAMOM, NMPOXOAALIEH Yepe3 Hadallo KOop-
IUHAT U onKcbiBaeMoil ypaBHeHneM Y = bx, MHK naert 3Hauenue:

b =

XY
X
MOoXHO paccuuTaTh HOBEPUTEIbHBIE UHTEPBAJIbI I MTAPAMETPOB
u b rpagy-upoBouHoro rpaduka Y=a+bx, NOJIy4eHHOrO C MPUMEHECHUEM
MHK. [lucniepeunsi, xapakTepu3yrolas PpacCesiHUE SKCIEPUMEHTAIbHBIX
3HAYEHUH ); OTHOCUTENILHO PACCUMTAHHOM NpsAMOi Y=a+bx, onpenensiercs
BBIPKEHUEM:

b
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_ Y™y — Y),°
m-—2

Vo

IJIe M — YKUCI0 00pa3IOB CPaBHEHUSI, UCITIOJIb30BAaHHBIX JIJISI TOCTPOCHUS
IpaayupOBOYHOrO rpaduka.
2
Bemmuuny Y1 (y; — Y); “MOXHO paccuurats o Gpopmyiie:

m m m m
Z(yi_y)iz = Zylz — azyi_ bzxi%‘
i i i i

Jucniepcun napaMeTpoB a U b paBHBbL:
X xf
2
myx; = (X" x;)?
m

mElaf — (X7 x)?

Vo=V

Vb: VO

W3 nucniepcuii MOXKHO paccuuTaTh CTAHJAPTHBIE OTKJIOHEHUS U J0-
BEPUTEbHBIE UHTEPBANIBI Uil @ U b: ats tp s bt sptp s TiE P — 00BIUHO
NpuHUMAIOT paBHbIM 0.95, a f=m-2.

2 PemieHMs1 THIIOBBIX 3adavd

Ilpumep 1. 1lpy TUTPOBAHUHU ATUKBOTHI COJITHOM KUCIIOTHI PACTBO-
POM THAPOKCHUIA HATPUA MOJIy4eHa Cepus 3HAUCHHN 00bEMOB TUTpPAHTA
(mm): 5.15; 5.28; 5.12; 5.16; 5.17. SBnsgercs nu BenudyuHa 5.28 M
IpoMaxom?

Pewenue. Ilpumennm Q-KpuTepril U HaWJIEM OTHOLLICHUE:

Ooken = (5.28-5.17)/(5.28-5.12) = 0.69. QOypur (n=5)= 0.64.
[TockonbKy Qipur> Osxen, 3HAUCHHE 5.28 MII ABIISETCS IIPOMAXOM.

[Ipu oOHapyxeHHH ITpomMaxa B JIFOOOW CEpUM JaHHBIX €r0 CIEAYET
UCKJIFOYUTh, 4 OCTaBUIYIOCA CEPUI0 IMPOBEPUTH HA MPOMAaxXH €lIe pa3
(mpoMax MOeT ObITh HE OJUH). IIpOBEpKY M HUCKIIOUEHHE MPOMAXOB
CJIeyeT BBIMIOIHATH BCEr/a MEepPe/] BHIUUCICHUEM CPEIHETO.
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llpumep 2. I3 naHHbIX, IPUBEACHHBIX B IIpUMepe 1, paccuuranre
cpeaHee 3HauYeHHe o0beMa TUTPaHTa U €0 JOBEPHUTEIbHBIN MHTEpBAI.
OneHuTe BOCHPOU3BOIMMOCTD 3HAUYEHU 0O0BEMOB TUTPAHTA.

Pewenue. Tlocne uckmroueHus mpoMaxa S5.28 HaWIEM CpEIHEE,
JTUCIIEPCHIO, CTAHIAPTHOE OTKJIOHCHUE:!
Xep=(5.15+5.12+5.16 + 5.17)/4 = 5.15 mu;
V= [(5.15-5.15)*+(5.16-5.15)*+(5.17-5.15)*+(5.17-5.15)*]/(4-1) =
=4.67-10%
S =VV=2.16:107 mm.
Jlnst pacuera JOBEPUTEIILHOTO HMHTEpPBaia BBIOEPEM JTOBEPUTEIHHYIO
BeposaTHOCTh P=0.95. Jlucnepcust V umeer f=(n-1=3) creneHu CBO-
0o1b1, ko3 duiment Ctoronenta ¢ (P = 0.95; =3) = 4.30. [Tonymupuny
JOBEPUTENIBHOTO HHTEpPBAJIA HAXOAUM Kak Ipr s\Nn = 4.302.16:10
2/2 = 0.05 M1 (B 9TO}i BEIMUMHE OCTABIISIEM 3HAdaIUe Tudps!).
Takum 00pazom, x.,= 5.15£0.05 mu (pe3yabTatr OKpyriasieM, OCTaBJIss B
HEM TOJIbKO 3HavaIue nudpst!).
J171s1 XapaKTepUCTUKH BOCIIPOU3BOIUMOCTH HCIIOIb3YEeM OTHOCUTEIBHOE
CTaHJAPTHOE OTKIIOHEHHE: S; = 8/X¢p = 2.16:102/5.15 = 0.004.

Ilpumep 3. Ilpu npUroTOBIECHUM pacTBOpa coju Mopa ObUIM CIIUTHI
10.1 M HacelmeHHOro pactBopa comu  Mopa, 2.55 wa
KOHILICHTPUPOBAHHOW cepHOUM kucioTel U 40 mu Boabl. KakoB oObem
MOJIYYEHHOT' 0 pacTBopa?

Pewenue. CxnanpiBaeM 00bEMBI BCEX PACTBOPOB

40+10.1 +2.55=52.65 mu.

Haumenbiiee yncno 3Ha4anmx nudp nocie 3ansitod umeer yucio 40,
MO3TOMY OKPYTJISIEM MOJYYEHHYI0 CYMMY A0 LIEJOro yucna: V =53 mi.

Ilpumep 4. llpenctaBbTe B HOPMAJIBHOM BHJE O00BEM KOJOBI
BMeCTUMOCTHIO 2000 M1, €CJi TOUHOCTH omnpeesieHus: oobema 10 mit.
Pewenue. TlorpentHoCTs HU3MEPEHUSI COACPKUTCA B TpeThed Hudpe
4yuciaa, N03TOMY MOCJIEIHHMI HyJb He3HauuM. Hucno 3Havamux uudp
pPaBHO TpeM, CJIEJOBATE€IbHO, B HOPMAJIBbHOM BHJE OOBEM KOJOBI
CJEAYET 3aMKcaTh CICIYIOMMNM 00pa3oM: 2.00-10° vt womm 2.00 1.

Ilpumep 5. KakoBa KOHUEHTpalMsi XJIOPHUI-HOHOB B PacTBOpE,
MOJIYYEHHOM MPH CIMBAHUM PaBHBIX 00bEMOB PACTBOPOB, COAECPKAIINX
2:10° M xuopuma Hatpus, 0.33-10* M XJopuaa Kanus u 5.0-10° M
COJISTHOM KUCJIOTBI?
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Pewenue. Cnauana mnpeoOpazyeM 4uciaa Tak, 4YTOObl YpaBHSATh
MOKa3aTesIu CTEMeHEeH, MPUBEIs X K HAanOOJIbIIeMY:

2:10°=0.2:10" 0.33-10*=0.33-10"% 5.0-10° = 0.05-10™

CruageiBaeM gncia: 0.2:10™ + 0.33-10*+0.05-10" = 0.580-10™*.
Yucno 3Hagammx nudp CyMMbI JOJDKHO OMPEACIIATHCS KOJTMYECTBOM UX
B YWCJIE O.2~10'4, MMEIONIEM HAaUMEHBIIIEE YN CIIO 3HAYAIIINX JIECATUYHBIX
3HaKoB. [loAaTOMY OKpyTJIieM MOJY4EHHYIO CyMMY 110 TIepBOM ITH(pHI
IocJje 3amsTou, T. €. 10

0.6:10". B komeunom obbeMe KOHIICHTpAlUsl  XJIOPUI-UOHOB

COCTaBJIACT.
0.6:10%/3 =0.2-10™,

Ilpumep 6. llpu onpeneneHnu Meau B CIUIABE MOJOMETPUYECKUM
METOJIOM Ha THUTpPOBaHWE alIWKBOTHOM 4actu 10.00 mun pactBOpa,
nonyyeHHoro pactBopenremM HaBecku 0.2000. r B oobeme 100.0 mu,
m3pacxogoBano 8.53 ma 0.0100 M pactBOpa THOCYNb(aTa HATPUS.
Brruncnute coaepxanue Mmeau B ciuiaBe. Mos. macca (Cu) 63.54.
Pewenue. Conepxxanue MeIi paCCUMTHIBAIOT 110 (hopMyIi€:
(8.53:0.0100:63.54-100/10.00-1000-0.2000)- 100 = 27.095 %.
HaumeHnbiiee yuciio 3Ha4yamux OUPP COAEPKUTCS B uucie 8.53,
IIOATOMY OKPYTJIAEM PE3YJIbTAT A0 COTHIX AoJier npouenTa: 27.10 %.

Ilpumep 7. Beraucnure pe3yJsibTaT U OKPYTIIUTE €T0:
1.76:10°(0.125/1.25).

Pewenue. BriuncneHnusi MpoU3BOJIMM Ha KAJBKYJIATOPE WIH BPYYHYIO:
noxydaem 1.76-107.

BrliuncinsieM OTHOCHUTENIbHBIE HEAOCTOBEPHOCTH, CUMUTAsi aOCOIIOTHBIE
HEJIOCTOBEPHOCTH paBHBIMM £1 B mocieHen 3Havaiien mudpe:
0.01-10/1.76:10° = 0.006; 0.001/0.125 = 0.008; 0.01/1.25 = 0.008.
Haxonum CyMMY OTHOCHUTEJIbHBIX HEJIOCTOBEPHOCTEM:
0.006+0.008+0.008 = 0.022. AOcodOTHAasT  HEIOCTOBEPHOCTh
pesyibraTa pasHa: 0.022-1.76:10°=0.04-10"°.

Takum 00pa3omM, HEIOCTOBEPHOCTh B MOcieIHEN u(pe npeBbiaet 1 u
NpaBHIIbHEE OKPYIIHTH pesynbTat 10 1.8-107.

Ipumep 8. Borauciure pH 6.3-10° M pacTBopa a30THOM KHCIOTSL.
Pewenue. Tlpu BeIMUCICHUN TTOB3YEMCS TaOJUIIAMH YEThIPEX3HAYHBIX
JorapupMoB:

pH =-1g6.3-10° =5 —0.7993 = 4.2007.
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B HecTeneHHOM 4ieHE JIOTapU(PMUPYEMOTO UHCIA COAEpKaTcs ABE
3HaYaIue Mudpel, MO3TOMY OKPYTJIIeM MaHTUCCY A0 ABYX nudp: pH =
4.20.

Ilpumep 9. PaccunTaiiTe KOHIIEHTPAIMIO XJIOPUA-UOHA B PACTBOPE, €CIIN
pCl1=5.12.

Pewenue. Cep.= antlg 5.12=7.6 -10° M.

Ilpumep 10. Ilpu aHanu3e cTaHAAPTHOrO 00pa3la CTaIM, COACPKALIETO
cortacHo nmacnopty 2.57 % Xpoma, NOJIyYEHbI CICIYIOIIUE PE3YIbTAThI
(Cr, %): 2.51; 2.42; 2.57; 2.49. MoxHO 1 YTBEPKAaTh, YTO METOJIMKA
COACPKUT CUCTEMATUUECKYIO MOTPEITHOCTD?

Pewenue. YOenuBmuch, 4YTO JaHHas CEpUsl HE COJICPIKUT
IpoOMaxoB (cM. mpumep 1), paccuntaeM BEIUUYUHBI X, %0 = 2.498 %, s =
0.0618 % w noBepUTENBHBIN WHTEPBAI I HAWJACHHOTO COJECPKAHUA
XxpoMa (cM. mpumep 2): X, , %o = 2.50£0.11.

[TactioptHOE conmepxkanne xpoma a = 2.57 %, KOTOpO€ MOKHO
CUUTATh UCTUHHBIM 3HAUYCHUEM, IMOMAJAECT B JIOBEPUTEIILHBINA MHTEPBAJ
JUIsL HAWJIEHHOrOo cojepkaHusa. TakuM o00pa3oM, HET OCHOBAaHUU
TOBOPUTH O HAJIMYMU CUCTEMATUYECKOW MOTPEUTHOCTH PE3YJIbTATOB.

Ilpumepll. TIpu onpenencHUM IUHKA MOJIYYEHBI CIECAYIOUIUE pEe3yJib-
TaThl:

BBeneHo Zn, MKr HaiineHno, Mkr
10.0 9.8;10.3; 10.2;9.9; 10.2
30.0 29.9; 30.6; 29.8; 30.2

3aBHUCUT JIA BOCIPOU3BOJAVMMOCTh PE3YJIbTATOB ONMPEACICHUS LIUHKA OT
€ro cojiepxanus (B ykazaHHOM Juarna3oHe)?

Pewenue. /[na XapakTepUCTUKNA BOCTIPOU3BOAUMOCTH MCIIOJIb3yEM
IUCTIEPCUM PE3YIbTaTOB. MMeem:

10 Mkr Zn: s;; =0.0216; f1=4; 30 Mkr Zn: s,= 0.0180; /> = 3.

Paccuutaem F,; = 0.129/0.047 = 2.74. Kputuueckoe 3Ha4YCHUE
Fipum PaBHO KO3(Q(QuuueHty duiepa i 3aJaHHONM JOBEPUTEIBHOM
BeposATHOCTH (BbIOMpaeM P = 0.95) U COOTBETCTBYIONIMX YUCEI CTEIe-
Hel cBOOOABI: 3 U 4 (IEpBBIM CIIEYET YHUCIO CTENEHEH CBOOOIBI
Oonblled AUCHEPCHHU, T. €. HaXOoAsAulencs B uucaurene) F,,, = F(P =
0.95;3;4)=6.6.
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ITockonbKy Foxen < Fypum BOCIPOU3BOAUMOCTBL PE3YJIBTATOB B
YKa3aHHOM JUAaIa3oHe COACPKaHUU CIIEAYyeT CYUTATh OAUHAKOBOM.

Ilpumep 12. ]Ing npOBEpPKU MPABUIBHOCTH BOJIBTAMIIEPOMETPUUECKON
(BA) wmeroauku omnpeneneHus KaAMUS ~ UCIOJIL30Bajd  aTOMHO-
abcopOImoHHy0 (AA) METOAUKY, HE COJCPKAIIYI0O CUCTEMATUYECKOU
norpemHocTy. [lpy aHanm3e OJHOrO M TOro XK€ OOBEKTa MOJYyYECHBI
caeaywomue pe3ynbTathl (Hr/mi Cd):

BA: 20.5;22.4;23.4;20.8 AA: 23.5; 20.1; 19.9; 19.2; 19.0; 22.8

CozepKUAT 11 BOJIBTAMIIEPOMETPUYECKAS METOAUKA CHUCTEMATHYECKYIO
ITOIPEIIHOCTD?

Pewenue. B ormuune oT cinydas, IpUBEICHHOTO B mHpumepe 3,
COJIEp’KaHHE BEIIECTBA, HCIOIb3YEMOE MJII CpPAaBHEHUS (B JAHHOM
ClIydyae — CpeaHee U3 pe3yJIbTaTOB aTOMHO-a0COpOIIMOHHOIO aHaJ13a),
YK€ HEJb351 CYNTATh UCTUHHBIM 3HAYECHUEM, IMOCKOJIBKY OHO COHEPKUT
CIIy4alHyl0 TOTPEUIHOCTh (XOTSA M HE COJAEPKUT CHUCTEMATHUYECKOM).
Cnenyer ucnosp3oBare Kpurepuid CTBIOAEHTA ISl CPABHEHUS IBYX
CpPEOHUX.

IIpennochuIKo  IPUMEHEHUs  3TOr0  KPUTEPUA  SBIACTCA
OTCYTCTBHUE 3HAUMMOT0 pa3anyus B qucrepcusx ooenx cepuil. [loaromy
MPEIBAPUTEINBHO MPOBEPUM, YTO 3HAYMMOE PA3IUYUE B JUCIIEPCHUSIX
o0enx cepuil JaHHBIX OTCYTCTBYET. MMeem:

BA:x,,; =21.78; V; =187, f =3, AA: x> =20.75; V,=3.68; f=5.

Jlnst penieHust BOmpoca O HAJIMYMKM WM OTCYTCTBMU 3HAYHUMOIO
pasnnuud aucnepcuil npuMmensieM kpurepuii Guiepa (cM. mpumep 4):

Foen = 3.68/1.87=1.97; Fypm=F(P =0.95; 5;3)=9.0.

Foken < Fipum 3HAUUMOE PA3IUUYUE B JUCIEPCUAX OTCYTCTBYET, BOCIIPO-
M3BOJMMOCTh 00EUX CEepUl TAaHHBIX MOXXHO CUUTATh OJAWMHAKOBOM. JIjs
€€ XapaKTEPUCTUKU BBIYMCIUM CPEIHEB3BEIICHHYIO JUCIEPCUI0 00enX
CEepUM TAHHBIX:

_ fuVat foVy _ _
s = P = (31.87+5:3.68)/(3+5) =3.00

Cpennee cTaHAapTHOE OTKIIOHEHHUE PABHO: Sy, = \/sczp =1.73.

Tenepp HaxoaUM
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1 2

boken =

, nin, _ (21.78-21.75) — 092

n{+ le 1.73 10
U CpaBHUBAEM €€ C KPUTHYECKUM 3HAYCHUEM lpyy PABHOMY
ko3 dunmenty Croronenta ¢t (P = 0.95; f = f;+f; = nitn, — 2 = 8§) =
2.31. TIOCKOMBKY tyyey < Lypur 3HAYMMOC PA3IUYHE B PE3YIIHTATAX JBYX
Cepuil aHAJIM30B OTCYTCTBYET, a TaK KaK M3BECTHO, YTO BTOpPAS CEpUS
JTAHHBIX (PE3yIbTAaThl ATOMHO-A0COPOIIMOHHOTO aHAJIN3a) HE COICPIKUT

CHUCTEMATHUYCCKOM MOTPCUIHOCTH, TO n PE3YyJIbTAaThI
BOJIbTAMIICPOMETPHUYICCKOI'O aHaJIn3a €€ HC COACPIKAT.

Scp

Ilpumep 13. B TEXHOTOTMYECKOM PACTBOPE OMPEICIWIA COACPKAHUE

HUKEJIIS (mr/mu1) JIBYMSI METOJaMH: mupdepeHnuanbHON
cnektpodoromerpun (CD) 1 aTOMHO-3MUCCUOHHBIM (AD):
Cd: 1.35;1.35; 1.37; 1.36; 1.34 AD:1.24;1.39; 1.34; 1.54; 1.46

N3BecTHO, 4TO CHIEKTPOGHOTOMETPUUECKASI METOJIUKA HE COAEPKUT
CUCTEMATUYECKON NOTpetHOCTUA. COEPIKUT JIM CUCTEMATUYECKYIO MOT-
PEIIHOCTh ATOMHO-3MUCCHOHHASI METOJIUKA?

Pewenue. JIns nByx cepuil pe3yabTaTOB UMEEM:

CD: Xep1 = 1.354; V, =1.30-10% s, = 1.14-10% n, = 5; fi=4;
AD: X = 1.394; V, = 1.31:107%; 5, = 0.114; n, = 5; f,=4

OTHOIIEHHE AUCTIEPCUN:
Fagen = 13110_2/(13010_4) =100.6 > FKpI/IT: F= (P:O95,4,4) =64.

Cepun pe3yabTaToOB 3HAYMMO PA3IUYAOTCS IO CBOEH BOCIIPOU3BOIUMO-
CTH, IO3TOMY NpuMeHeHue Kputepusi CThIOJEHTa JJIsl CPABHEHUS JBYX
cpenHux (cMm. mpumep S) 371eCh HEKOPPEeKTHO. OHAKO 3aMETHUM, YTO
Clly4aliHasi IOTPEUIHOCTh PE3YJIbTATOB CIIEKTPOPOTOMETPUUECKOTO aHa-
JiM3a HAMHOT'O MEHBIIIE, YeM aTOMHO-3MHUCCHOHHOrO (V;<<V). IloaTO0-
MY MOTPEIIHOCThIO CIIEKTPOPOTOMETPUUECKUX JAHHBIX MOKHO MPEHED-
pedb, CUUTATh X p; = 1.354 TOYHON BEIIMYMHOW U IPUMEHUTH KPUTEPUU
CTblOJIeHTa JJIs1 CPABHEHUSI CPEJTHETO U KOHCTAHTHI (CM. mpumep 3):
(1.394—1.354) JE = 078

Coken = 0114
Cypur =t (P=0095;f=4)=2.78. tyyern < Expur
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IToaTOMYy aTOMHO-DMHUCCHUOHHAs METOAMKA HE COAEPKUT CUCTEMATHU-
YECKOU MOTPELIHOCTH.

Ilpumep 14. 1locne uckmoueHus npoMaxoB nossiporpadguyeckum (1) u
aToMHO-a0copOimonubiM  (II) meTogaMu TMOMy4YEeHBI  CIEAYIOLINE
pe3ysibTaTbl NPU aHaJM3€ IIOBEPXHOCTHOM IPUPOJHOM BOABI Ha
cojep>kaHu€e CBUHIIA (MKI/J):
I 24;2.7,2.5;2.6;2.5
II 2.6;23:28;24;2.5;2.7;,2.3
Paccuuraiite cpenHee coaepKaHU€ CBUHIA U €r0 JOBEPUTEIIbHbBIN
uHTepBalL. [IpuHagnexar nu pe3ynbTaTbl 00EUX BBIOOPOK OJAHOW U TOM
K€ T€HEPaJIbHOW COBOKYITHOCTH?
Pewenue. PaccuntaeMm cpenHee, IHUCIEPCUIO U CTaHAAPTHOE
OTKJIOHEHUE 10 17151 BeIOOpku [ u 1I:
X = (2.4+2.742.5+2.6+2.5)/5 = 2.54;
X, = (2.6+2.3+2.8+2.4+2.5+2.7+2.3)/7 =2.51;
V| =[(0.14)*+(0.16)* + (0.04)*+(0.06)*+(0.06)*1/4 =0.013;
Vo=[(0.09)*+(0.21)*+(0.31)*+(0.11)*+(0.01)*+(0.19)*+(0.21)*)/6= 0.038;
s1="0.013 = 0.11; 5,=V0.038 = 0.20.

CrnenoBarenbHO, JOBEPUTENbHBIN HHTEpBa 1715l BbIOOpKU [ 1 11 paBeH:

5, =+2.780.11/N5=2.540.1; &, =42.45:0.20/N7 = 2.5+0.2
Jlanee cpaBHUBaEM pe3yJIbTaThl IBYX METOJOB 10 BOCIPOU3BOAMMOCTH,
T.€. IIPOBOAMM CpAaBHEHHUE [BYX JUCIEpCUUA 1pu nomouu F-
pacnpe/iesiCHuUs
Foxen = Vo/V;=0.038/0.013 =2.9
Pacxoxaenue Mexay IUCEPCUsIMU HE3HAUYUMO, Tak Kak F,,,=6.2 (ripu
fl, f2) u Fakcn < FKpI/IT'

CpaBHUBaEM CpPETHUE X; U X; IByX BBIOOPOUHBIX COBOKYITHOCTEM.
JI71s1 3TOTrO pacCUUTHIBAEM CPEJIHEE B3BEIICHHOE IBYX JTUCTIEPCHUA:
s* = (4:0.013+6-0.038)/10 = 0.028 1 ., = [(2.54-2.51)/70.028]/~24/10
=0.30

Tak KaK tyen < typur (pu P=0.99 u f = 10) = 3.17, TO pacxoxueHue
MEX]ly CPEIHUMHU HE3HAUYMMO M MOXKHO cuuTath ABE BbIOOpkU I u II
OJIHOM BBIOOPOYHOI COBOKYITHOCTBIO C YUCIIOM PE3yJIbTaTOB (n; + ny) =
12.
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3 3agavu I CaMOCTOATEIbHOM PadoThI

1. Cxonbpko 3Hauvamux nudp coaepxutcs B unciax 125.4; 0.012; 904;
2:107%; 3.51:10°; 3.00:10™*? Omeem: 4; 2; 3; 1; 3; 3.

2. Ckonpko 3Havamux mudp copepxkurcs B yuciax 325.45; 0.00015;
1.2:10™""; 1.20-10™"; 0.01500-10%; 300.0? Omesem: 5; 2; 2; 3; 4; 4.

3. IlpencraBere B HOpmanbHOM Bujae uncia 10000 u 1200, ecim
HEJIOCTOBEPHOCTh 3aK/II0UEHA B YETBEPTOW 3Havamen mudpe. Omesem:
1.000-10%; 1.200-10°.

4. Cxonpko mudp HYKHO OCTaBUTh B PE3YJIbTAT€ W3MEPCHUS CHUJIBI
Toka 0.00576 A, ecid MOrpemHocTs Mumthammepmerpa 1-10° A?
Omeem: Bce.

5. Okpyraurte ciaeAyrollue Yucia, YUYUThIBasi, YTO HEIOCTOBEPHA Tpe-
Ths 3Hauvamas nudpa: 10.13; 1.145; 0.3450; 0.3455. Omeem: 10.1; 1.14;
0.345; 0.345.

6. IlpencraBpTe B HOPMAJIBLHOM BHUJE O0BEM MEPHOM KOJIOBI BMECTHU-
MOCThIO 200 MJI, €clii NOTPEIHOCTh u3MepeHust oobema 1 mii. Omeem:
2.00-10.

7. CHoXWTE CAEAYIONINE YUCIa U OKpyTriIuTe pe3ybrart: 4) 6.75+0.443
+ 15.28;

0) 0.10+0.1+10;

B) 1.153+2.127+3.150. Omeem: a) 22.47; 0) 10; B) 6.430.

8. Haigure pa3HOCTB CHEAYIOIMX YUCET U OKPYIIIUTE PE3YIIbTAT:

a) 9.4514-9.0012;

0) 1.1315-0.8355;

B) 10.1412-10.0. Omsem: a) 0.4502; 6) 0.2960; B) 0.1.

9. Crnoxwure creayronye 4ucia U OKPYyriuTe pe3yibTar:

a) 2.0-10° +1.15-10° +0.2-107;

6) 4.183-10%+3.1-10° + 5.13-10°.  Omeem: a) 0.2107;6)4.54-10°

10. KakoBa KOHIIEHTpauusi OpOMHII-MOHOB B PACTBOPE, MOTYYEHHOM
npu ciauBaHuM paBHbIX 00beMoB 0.105 M pactBOpa OpomMuaa Kamus,
1.1:10% M pacrtBopa 6pomuna kammust u 2.03:10° M HBr? Omsem:
0,147 M.

11. CKoJBKO rpaMMOB M€Y COAEPKHUTCS B PACTBOPE, MOJIYYEHHOM MPH

cimBarny 1o 0.5 1 3107 u 4.05-10* M pacTBOpoOB cyJibdara meau?
Omeem: 1.38-107 .
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12. KakoBa KOHIEHTpalusi MOHOB BOJOPOAA B PACTBOPE, MOJIYYEHHOM
cMmemmBanueM Tpex odbemoB 0.1 M pacTBopa COJNSIHOM KHUCIOTBHI U
oxHoro obvema 1:10° M pactBopa a3oTHO# Kucnotel? Omeem. 0.08
M.

13. KakoBa KOHIEHTpanusi MOHOB BOJOPOAA B PAaCTBOPE, MOJIYYEHHOM
MPU CMEIIMBAHUU PaBHBIX 00HEMOB 1.0-10° M pacTBopa TUAPOKCHUIA
natpust 1 1.03 107 M pactBopa rumpokcraa kamms? Omeem. 1.8:107"7
M.

14. HaliguTe npousBeAeHUE CICAYIONIUX YMUCEN U OKPYIJIUTE PE3Yib-
Tar: a) 5.1- 12.00; 6) 1.1:10™ - 5-107 - 1.25; 8) 0.975 - 1.0. Omeem: a)
61.2;6) 7-107; 8) 0.98.

15. Beruucnure pesynbrar: a) 144:1250; 6) 1.05:97.8; B) 1.0-10° :
0.25:10™. Omgem: a) 0.115; 6) 0.01; B) 4:10™2.

16. Bpraucnure pe3ynbrar:

a) (1.12+0.035)-15.2+(0.035-0.01)-1.4;

0) ((1.145-1.140)-14.81)/ 18.2 Omeem: a) 17.6; 6) 4-107.
17. KakoBo coxepkaHue xKene3a B pPyJe, €CIM Ha TUTPOBAHHE
anukBoTHOM wactu 10.00 My pacTBOpa, MOJYYEHHOTO PACTBOPECHUEM
Haeckn 1.0000 r B 200 mn, umspacxomoBano 8.16 mu 0.05010 M
pactBOpa nuxpomarta kanua? Omeem. 9.13 %.

18. KakoBa KOHIIEHTpaIus HOHOB ce]ge6pa B HACBILIIECHHOM PacTBOPE
xopuza cepedpa, ecim K = 1.78:107'°? Omesem: 1.33:10” M.

19. KakoBa KOHIIEHTpallMs MUOHOB cepeOpa B HACBHIIIEHHOM PacTBOPE
xJjiopusia cepedpa B MPUCYTCTBUU 3.1-10° M XJIOpUJia HaTpus (PJIEKT-
POCTATUYECKMMHU  B3aUMOJCUCTBUSIMM U TOOOYHBIMU  pEaKLUSIMU
npenebpeds). Omeem. 5.74-10°° M.

20. Haiagure pH 0.01 M pactBopa a30THOM KHUCIIOTHI, 1.02:10* M
pactBopa consiHor kucsiotel, 0.0010 M pactBOopa ruapokcuia HaTpHS.
Omeem: 2.0; 3.99; 11.00.

21. Haimure pBr B pacTtBOpe, MOJYYEHHOM MPHU CIMBAHUM PABHBIX
o6bemos 1.01 - 10”° M pactBopa 6pomma kaust u 2.0-10 M pactBopa
HBr. Omeem: 1.98.

22. Haiiymre pH cMecu paBHbIX 06beMoB 2.01-10° M pactBOpa
comsroi u 1.1- 10° M pacTBOpa a30THOU KUCIOT. Omeem: 3.25.

23. Haiigute pH Bogpbl, ecu Ky, = 1.0-10"*. Omeem: 7.0.

24. KakoBa KOHIIEHTpallhsi MIOHOB BOJ0poja B pactBope ¢ pH 5.47
Omesem: 4-10° M.
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Bo Bcex mocnenyrommx 3ajadax MCIOJIb30BaThb 3HAYCHHE
NOBEPUTEIIBHOU BeposATHOCTH P = 0.95.

1. Paccuutaiite aOCOJIIOTHYIO M OTHOCHUTEIBHYIO CHUCTEMATUUYECKYIO
MOrPENTHOCTD MPHU NPUTOTOBJICHUU CIICTYIOIIAX PACTBOPOB.

a) 250.0 mu pactBopa K,Cr,07, C (1/6K,Cr,07) = 0.0500 M. Ilor-
PEITHOCTh KaIMOpOBKHM KOJIOBI +0.2 MII, TIOTPEIIHOCTh B3BEIIMBAHUS
+0.2 mr. Omeem.: A, = 0.00007 M, Ac/c=1.3-10'3 (0.13 %).

0) 200.0 mu pactBopa Na,C,04, C (1/2Na,C,04) = 0.0500 M. Ilor-
PEIIHOCTh KaJMOPOBKU KOJIObI +0.2 MJI, MOTrpEIIHOCTh B3BEIIMBAHUS
+0.2 mr. Omsem: A, =0.00007 M, A/c = 1.5-107 (0.15 %).

B) 100.00 mm 0.2000 M pactBopa AgNOQO;. IlorpemHocTs KaauopoBKU
kos0bl +0.05 mu, morpemHocts B3BewmnBaHusa +0.2 mr. Omeem: A=
0.0001 M,

A /c=0.6-107 (0.06 %).

r) 50.00 ma 0.1000 M pactBopa KI. ITorpeninocts kKaauOpPOBKH KOJIObI

+0.02 mn, norpemHOCTh B3BemMBanusa +£0.2 mr. Omeem: A, = 0.00007
M, A/c = 0.7-107 (0.07%).

n) 250.0 ma pactBopa KBrOs;, C (1/5 KBrOs) = 0.0500 M. Ilor-
PEIIHOCTh KaJMOPOBKU KOJIObI +0.2 MJI, MOrpeIIHOCTh B3BEIIMBAHUS
+0.2 wmr.

Omeem: A, = 0.00008 M, A /c =1.6- 107 (0.16 %).

e) 500.0 mx 0.1000 M pactBopa NaCl. IlorpemHocTh KanuOpOBKU
koJiobl +0,1 M, morpemHocTh B3BemuBaHus +0.2 mr. Omeem: A, =
0.00004 M, AJc = 0.4-107 (0.04 %).

x) 100.0 M 0.1000 M pactBopa 6eH30iMHON KUCHOTHI. [lorpenHocTs

KaIMOpoBKH K010bI +0.1 M1, morpemHocTh B3BemBanus +0.2 mr.
Omesem: A=0.0001 M, A, /c =1.3-107 (0.13 %).

2. Copepxanue ¢ocdopa B yyryHe 10 JAHHBIM aTOMHO-3MHUCCHOHHOTO
aHanmu3a cocrtaBisieT (%): 0.26; 0.24; 0.21; 0.23; 0.27; 0.30. SABnsercs
v BenmunHa 0.30 % npomaxom? Omeem: HE SIBIIAETCA.
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3. Conepxanne SiO, B oOpaslie CHIMKaTa MO pe3yjbTaraMm IpaBUME-
Tpuueckoro ananuza coctanisier (%): 43.10; 43.15; 43.25; 43.45; 43.20.
NmeeTcs 1 nmpoMax B BEIOOPKE pe3yabTaToB? Omeen: HE UMEETCS.

4. TIlpu ompenenenuu pH pactBOpa mMOIydeHBI CIEAYIONIUE PE3YJib-
tatel: 8.29; 8.30; 8.39; 8.28; 8.31. ABnsercsa nu BenmnuuHa 8.39 npoma-
xoM? Omeem: SIBIISIETCS.

5. Hmeercs 1au  npomax B pe3yabrarax,  IOJYy4YEHHBIX
XpoMaTtorpauyeckuM METOJIOM TIPU OMNPEACICHUU AaHTUIIMPUHA B
kpoBu (MKr/T mnasmsl): 0.01; 0.06; 0.03; 0.04; 0.02; 0.05? Omeem: He

HNMECTCHA.

6. IIoTeHIMOMETPUUECKUM METOJOM IMOJYYEHBI CIEAYIOIINE pPE3YIib-
TaThl ONpPEAENICHUS] HUTPATOB B KapTodene (Mr/kr npoaykra): 80, 100,
75, 90, 85. Mmeercs nu mpomax B BBIOOPKE PE3yJIbTATOB aHaau3a?
Omeem: poMaxa HeET.

7. VI3 nmaHHBIX, NPUBEACHHBIX HUXE JUISl Pa3HBIX BBIOOPOUYHBIX COBO-
KYIIHOCTEU, PacCUUTAUTE CPEIHEE U €ro JAOBEPUTEIbHBIA HMHTEPBAJ
(mpu P= 0.95). Ouenute BOCIPOU3BOAUMOCTD OINPEICTICHHUS.

a) HpI/I OonpcACIICHUN CBWHIA B IMHUIICBLIX IIPOAYKTAX aTOMHO-

a0COPOIIMOHHBIM METOJIOM TOJIYYEHBI CIEAYIOIINE PE3YIbTAThI (MI/KT):
5.5;54;5.6;5.7;,5.6;5.4. Omgem. 5.5£0.1, 5s,= 0.02.

0) Ilpu omnpeneneHur MaprasHiia B MOPUPOJHONW BOJIE IOIYYEHO
paaroakTuBalMOHHbBIM MeTogoM (Hr/mi): 0.35; 0.75; 0.65; 0.45; 0.55;
0.30; 0.80. Omsem: 0.5+0.2, s, = 0.35.

B) Ilpu ompenenenun HUTPATOB B apOy3aX METOAOM MPSMON MOTEH-
MOMETPUN TOJYYEHbI Clenyromue pe3ynbraTel (MKr/r): 0.28; 0.27;
0.25; 0.32; 0.26. Omegem: 0.28 £0,03; 5, =0.10.

I‘) I[aHHI)Ie onpcAcICHUA XpoMa B CTOYHBIX BOAAX KpPACHJIIbBHOI'O

MIPOU3BOJICTBA CHEKTPO(OTOMETPUUECKUM MeTooM (MKr/mu): (.25;
0.36; 0.29; 0.33. Omegem: 0.3140.08; s, = 0.16.

n) Ilpu omnpenenenun Bonb(ppaMa B mouBax (PEpMEHTATUBHBIM METO-
JIOM TIOJYYEHBI CJEAYIOIIUE pe3yabTaThl (MKI/T BBITSDKKH): 0.021;
0.042; 0.028; 0.053; 0.018. Omsem: 0.03+0,02; s, = 0.47.
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8. MOXHO 1M yTBEp)KJaTh HAa OCHOBAaHWU pE3YyJbTAaTOB aHAJINA3a
CTaHJAPTHBIX 00PA310B, YTO METOAUKA UMEET MOTPELIHOCTh?

a) Ilpm amanmse craHmgapTHOro oOpasma CTaldH, COJEpKaIlero IIo
nacnopty 0.27 % Hukens, nonydeHsl cienytomue naHueie (%): 0.26;
0.27;0.30; 0.26; 0.40; 0.28; 0.29. Omeem: HE UMEET.

0) Ilpu aHamuze crlaBa TUTPUMETPUUECKUM METOJIOM IOJTYYECHBI
cieayromue conepxkanus  Mmenu  (%):  8.29; 8.32; 8.36; 8.30.
Coneprxanue Menu 1o nacnopTy paBHoO 8.30 %. Omeem: HE UMEET.

B) Coxaepxanue pocdopa B cTaHIApTHOM 00pa3iie YyryHa Mo JaHHBIM
aTOMHO-3MHCCHOHHOTr0 aHajun3a coctapiser (%): 0.26; 0.16; 0.21; 0.26;
0.40. Conepxanne ¢ochopa no macnopty odOpaszua paBHo 0.39 %.
Omeem: AMeET.

r) Coxpep:xanue OpOMHUA-UOHOB B CTAaHJAPTHOM 00pa3lie MUHEPATbHON
BOJbl cocTaBisier mno mnacnopty 0.019 1/n, a mno JgaHHBIM
noreHuuomerpuueckoro anammsa — 0.008; 0.01; 0.019; 0.007; 0.016;
0.007 r/n. Omeem: umeer.

n) Copepxanne CaO B cranmapTHOM oOpasile KapOOHATHON TOpHOM
NOpoAbl MO JaHHBIM PEHTICHOMIYOPECHEHTHOrO aHajiu3a COCTaBIISET
20.3; 24.5; 18.8; 36.7; 22.4; 19.6 %, a no naciopty — 23.5 %. Omeem:
HE UMEeT.

9. B n1Byx y1abopatopusax nOpu ONpeAcIieHUN KPEMHUSI B OMOJIOTUYECKOM
Marepuane audPepeHImanbHO-CIEKTPOPOTOMETPUUECKUM  METOI0M
MOYYUIIH clieayronue pe3yabtarsl (%):

[—0.84;0.95; 0.91; 0.91
II—0.90; 0.82; 0.96; 0.91; 0.81.

CymiecTByeT Jid 3HAYUMOE PACXOXKIACHHE MEXKAY pe3yJbTaTaMu JBYX
naboparopuii? Eciu Her, 0ObeIMHUTE JaHHBIE B OJIHY BBIOOPKY, pac-
cuuTanTe cpeaHee u aoBeputTenbHbil uHTepBal (P = 0,95). Eciu na,
IPOBEUTE PACUEThI JJIsl KaXA0M 1a0opaToOpuu B OTAEIbHOCTH. Omeem:
Het; 0.89 £0.04.

10. Conepxanue docdopa B JIUCTHSIX, MOJTYYEHHOE
CHeKTpOo(OoTOMETPUIECKUM METOJIOM C oOpa3zoBaHueM
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dbochopuomonudaenoBoit (I) u do-chopHOBaHAAMEBOMOINOICHOBOM
(IT) kucnot, cocTaBUIIO (MKI/KT):

I—3.3;4.0;3.0;4.5
I1—2.5;4.0;3.3;4.2

OueHurte BOCHPOU3BOAUMOCTh AAHHBIX MPU UCHOJIB30BAHUHU METOJIUK.
MoxHO 1 1J1 OLIEHKU cojaepkaHusi Gocopa B JTUCTHIX 00BEAUHUTH
BCE JaHHbIe B OJHY BbIOOpPKY? Omeem. I — s, =0.18, II — 5, = 0.22;
MO>KHO.

11. Ilpu onpeneneHUun MOJEKYJISPHOW MacCChl IMENCHHA METOJ0M
anektpodopesa B noauakpuaamMuaHom rene (I) u merogom reiap-xpoma-
torpaduu (II) mosyyeHsl cieayromnme pe3yabTaThl:

[—3.5-10% 3.3-10* 5.4-10% 3.6-10% 11— 3.2 10* 6.2-10* 3.0-10*
3.7-10%

Ecnu 3T0 BO3MOXKHO, paccuvTaiiTe MOJICKYJISIPHYIO Maccy IeENcuHa 1o
JTAHHBIM, TIOJYYEHHBIM JABYMsI MeToJlamMu. Eciu HeT, paccuurtaiite ee
JUISL  KaXJIOT0O METOJa B OTICIBbHOCTH. YKAXKUTE JOBEPUTEIIbHBIC
UHTEpBabl. Omeem. N0 O0BEIUHEHHBIM JaHHBIM (3.4+0.3)- 10*.

12. B pyaHOM KOHUEHTpaTe ABa JabOpaHTa ONpPEAesId COAEp KaHUE
CBUHIIA U MOJYYWIIH CleaAyrolre pe3yabTaTsl (%):

[—1.15;1.32;1.17;1.28; 1.14; 1.09 ; 1 —1.08; 1.01; 1.10; 1.02

MoOXHO 1M OOBEIUHUTH ITHU PE3YJbTATHl JJISI pacuera COJCpKaAHUS
CBUHIIA B KOHIIEHTpare? Ecim na, paccunTtanTe €ro mo JaHHBIX JIBYX
cepu. Ecii HeET, pacCuMTaWTe IS KaXIOM CEpUM B OTACIBHOCTH.
Ykaxxure JOBEpUTEIbHBIE UHTEPBAIIBI. Omeem. HET, CPEIHUE Pa3INya-
IOTCSI 3HAYUMO; MO JaHHBIM 1-ro nabopanta — 1.19+0.09; no nanHbIM
2-ro nabopanta — 1.05+0.07.

13. Jliga npoBepKkH TOMOTE€HHOCTH O0paslia MEIUIIMHCKOrO Mpernapara
[IPOAHATU3UPOBAIIM ITOPLIMIO U3 BEPXHEU U HWKHEHN YacTel KOHTEHHEpa
Y TIOJTYYUJIM COJIEpKaHUe OCHOBHOrO KommnoHeHTa (%):

Bepx xonTerinepa — 26.3; 26.6; 26.1; 26.0; 26.9.

Hwu3 kouTeinepa — 26.8; 26.1; 25.9; 26.4; 26.6.
VYKa3bIBalOT JIM 3TU PE3YyJbTaThl HA HEOAHOPOIHOCTH Inpenapara? Om-
6em: HE YKa3bIBaIOT.
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14. IIpaBWIIBHOCTP HOBOM METOAMKHU ONPEAECIEHUS UUPKOHUS B CIIaBaX
MPOBEPSIIN C MOMOUIBIO MEXKIA00paTOpHbIX UcnbITaHuM. [Ipu ananmze
OJIHOTO U TOTO € CTaHJAPTHOTO o0pasla C COoJIepKaHUEM LHUPKOHUS
0.158 % nomydensl cienyroniue pe3yabTaTsl (%):

[—0.150; 0.157; 0.169; 0.154
II—0.174; 0.180; 0.160; 0.156; 0.190.

a) CylllecTByeT JIM 3HAYUMOE PACXOXKJIECHUE MEXKAY Pe3ybTaTaMu JABYX
nabopaTtopuii?

0) MoxHO 1M yTBEpXKAAaTh, YTO METOAWMKA  COHEPKHUT
CUCTEMATHYECKYIO MOrPEIIHOCTh? Omeem: a) HET; 0) HET.

15. Onpenenenue aHTUNMpUHA B KPOBU (MKI/T TJIa3Mbl) MPOBEIECHO
xpomatorpadpuueckum (I) u kunernueckum (II) metogamu. MoxxHO U
0o0bEeIMHUTh MOJIyYEHHbIC JIaHHbIE B OJHY BbIOOpPKY? Ecim na, pac-
CUUTAWUTE CPEIHEE U JIOBEPUTEIbHBIA HMHTEpPBAT i OObEAMHECHHOU
BbIOOpKU. Eciam HeT, mpoBeauTe pacdeTsl OTACIBbHO AJIS KaKJIOH BbI-
OOpKHU:

[—0.022; 0.042; 0.037; 0.028; 0.050
II—0.030; 0.075; 0.050; 0.066; 0.045

Omeem: moxHo, 0.05+0.01 MKr/T.

16. B o6pa3iie criaBa onpeaeanyii Meab aTOMHO-3MUCCUOHHBIM (I) u

tutpumerpuyeckuM (II) meromamu. IlomydyeHsl cienyromne pe3yabTaTbl
(%):

[—12.1; 14.1; 13.6; 14.8
IT—13.40; 13.75; 13.65; 13.58.

MoOHO 71U JJ1s1 pacyeTa COJAepKaHus MeIU OOBbEIUHUTh 3TU JTAHHBIC B
OJIHY BBIOOPKY? Omeem: HET, CEpUU JAHHBIX Pa3IMYalOTCA MO BOCIPO-
U3BOJUMOCTH.

17. B oOpasue craBa onpenenuiaun Menap rpaBumerpudeckum (I) u
tutpumerpudeckuM (II) merogamu. [lonyyeHsl cnenyromue pe3yabTaTbl

(%):

[—13.21;13.11; 13.17; 13.28
IT— 13.40; 13.75; 13.65; 13.58.
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MoOHO 71U JJ1s1 pacyeTa COJAepKaHus MeIU OOBEIUHUTh 3TU JTAHHBIC B
OIHY BBIOOpKY? Omeem. HET, CPEJHUE BEJIUYMHBI PaA3IUYAIOTCS
3HAYUMO.

18. IIpu ompenenenun BiaxHocTu (%) B ABYyX oOpasiax 3epHa
MOJIYYEHBI CIIEIYIONIUE PE3YTbTATHI:

[—28.7;29.8; 28.5; 28.0; 28.8; 28.2
IT—26.5; 28.6; 28.4; 29.9.

MOXHO U 3aKJIOYUTh, YTO BJIAXKHOCTH JBYX OOpa3lOB OJWHAKOBA?
Ecnu na, paccuuraiite ee, uCnosb3ys JaHHbIe 00eux