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XUMHYECKHE TEXHOJIOT'HHU H OXPAHA TPY/IA

YK 543.08

MOIUPUIINPOBAHHAA METOAUKA
ONPEAEJIEHHUS YACJIA KOMIIOHEHTOB B PACTBOPE

0-p xum. nayxk M.A. 3SHJIbEEPIJIEHT
(Hncmumym oowieii u neopeanuueckoii xumuu HAH Benapycu, Munck);
Kano. mexu. nayk, ooy. M.O. HEBY YK, kano. mexu. nayk, ooy. B.JI. ®JIEHIIEP
(Benopycckuii 2ocyoapcmeennulii mexunonozudeckuil ynugepcumem, Munck);
Kano. xum. nayx, ooy. C.®@. AKYEOBCKHH
(ITonouxuii zocyoapcmeennslii ynueepcunent)

Paccmampusaiomesn ocobennocmu nposedenus aHanu3a CHeKmpo8 OpeaHUHecKUx COeOUHeHUl Memooom
Kaya u Yoaneca u eco nociedyowux moouguxayuii. Iloxazanvl 603MOMCHOCIU BO3HUKHOBEHUS OWUOOK Npu
UCNONBL308AHUU 0AHHO20 N00x00a. [Ipednoscena moougpuxayus memooa Kaya u Yoaneca, ona ueeo mampuyy
onmuyeckux niomnocmeii D neo6xodumo nepesecmu 6 mampuyy éuda DD' u mubo nonyuums nabop cobcmeen-
HBIX YUCen OISl Kanco020 NAPAIielbH020 OnpedeneHus, b0 noayuums Habop mampuy nymem npeoopazosanus
mampuywsr DD 6 sepxnempeyeonvuyio. B nepsom ciyuae onpeoensiiom uucio coGCmeeHHbIX Yucel, OmuudHbIX
om nyns. Bo emopom eapuanme onpeoensiom yucio OUAZOHATbHBIX JNeMEHMO8, OMAUYHbIX om Hyis. Ilpusede-
Hbl U Opyeue pekomeHoayuu, KOmopuvle No360Is0M NHOGbICUMb MOYHOCb ONpedesieHuUsl, Hanpumep, KOHMpOib
KOIUYECmBa KOMNOHEHMO8 6 PACMEOpe NYMEM PA3NONCEHUsL CheKmpa no2ioujenust Ha cocmagnsiiowue. Ilpuse-
OeH npumep GbINOAHEHUS AHANU3A OISl PACMEOPA MEMUTL08020 KPACHOZO.

Knrwouesvie cnosa: cnexmp opeanuyeckux coeounenuu, memoo Kaya u Yonneca, konmponv xoruuecmea
KOMNOHEHMO8, MOOUDUYUPOBAHHASL MEMOOUKA, COOCMEEHHbIE YUCLA, OUACOHATbHbIE DNEMEHbI.

Beenenune. Bo3M0XHOCTh MCHONB30BAaHUS CBOMCTBA aJAUTUBHOCTH AJIS ONPEAEICHUS YUCIIa KOMIOHEH-
TOB B CMECH JaBHO M3BECTHA B (PM3MKE W XUMUH. B 4aCTHOCTH, TaKHe METOABI UCIIOIB3YIOTCS U NIPH ONPENCTICHIN
YHCclia KOMIIOHEHTOB MU nomouu crekrpodoromerpun [1]. Tlpu ycnoBuu BblnmonHeHus 3akoHa JlamGepra —
Byrepa — bepa cBeTonoriouieHue pacTBopa paBHO CyMMe ONTHUYECKUX IIOTHOCTEH OTAEIbHBIX KOMIIOHEHTOB.
Jnist pa3nuyHBIX ATMH BOJIH MOXKHO 3alMCAaTh MAaTPUYHOE BBIPAKECHNE

D =EC,

rae E — marpuna ko3¢ dunuenros sxctuHknmi; C — MaTpuiia KOHIEHTpanuii; D — MaTpuma onTHYecKuX mioT-
Hocteif, anemeHTsl Djj KOTOpO# 11 i-ro pacTBOpa M j-if JIMHBI BOJIHBI BRIYUCISIOTCS 110 OOIIEH3BECTHOIH (hop-
myie JlamGepta — Byrepa — bepa.

D;=cie1+ Cogat ... + Cugp

Dy D1, Di1n

D,; D,, Don
D;

D D2 Din

Wnes onpeneneHus yucia KOMIIOHEHTOB C CIOJIb30BaHUEM MATPHIIBI ONTHIESCKUX MIOTHOCTEH COCTO-
UT U3 JIBYX 4YacTEei — B MEPBOU ONMPEACIAIOT PAHT MATPHIIBI, KOTOPBIH PaBeH YUCIY JTUHEHHO HE3aBHCHMBIX
CTPOK, BO BTOPOW YTOYHSIOT, Kakas U3 CTPOK MATPHIbI CTATHUCTUYCCKH HE3HAYMMO OTJIMYACTCS OT HYJIA.
Ha mamr B3risii, IMEHHO 3TO BTOpas 9acTh OMPENEICHUS O CHX IOpP ONMpEeNesaeTcss KpailHe HEKOPPEKTHO U
BBI3BIBACT PsiJl BOIIPOCOB.

Kak crnenyer u3 [1], mepBast pabora, rje onpeaessuicst panr MaTpuilsl, npuHaiexut Kamny u Yoirecy,
KOTOpBIEC MPUBOIUIN MATPHUILy ONTHIECKUX ITIOTHOCTEH K CTYIIEHYATOMY BHIY U CPABHUBAIH €€ C OJHOBPEMEH-
HO TPeoOpa30BaHHON MAaTPHIIEH CTATUCTHYECKUX MOTPEIIHOCTEH dKCIepruMenTa. K oCHOBHOMY HEOCTATKy Ta-
KOTO MOAX0Ja OTHOCUTCS MCIOJIb30BaHUE PABHOTOYCYHOW MATPUIIBI ONIMOOK. XPECTOMATUIHBIM SIBISICTCS YT-
BEp)KJIEHUE, YTO TOYHOCTh OMPENEICHHUs ONTHYECKON IIOTHOCTH 3aBHUCUT OT €€ BEJIMYHMHBI, a TakKe TOT (akT,
YTO HAMOOJIBIAS TOYHOCTD rmosrydaetces B uatepsaie D = 0,3...0,8I1pu BeIxoae U3 3THX MPEACIOB, OCOOCHHO B
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obsactu menble 0,2, ommbka onpeaeneHus yBennuusaercs B 1,5...3paza. Omnbka onpeaeneHus TakxKe 3aBu-
CHT OT KPUBH3HBI KpHBOW D — A, MHOT/Ia M OT TUHBI BOJIHEI.

ITo Kany u Yoitecy, nepeBo MaTpHILbI K CTYIIEHYaTOMY BHJY IIPOBOAUTCS IyTeM HEPECTaHOBKH CTOJO-
OB U CcTpoK. PaccmMoTpum Ha mpuMepe, K 4eMy MOKET IMPUBECTH JaHHbIN nmpuem. Huke, ¢ n1eBoil CTOPOHHI,
NPHUBEACHBI TPU OJMHAKOBBIE MaTPULIEI pa3MepoM 3% 3, KOTOPhIE OTIMYAIOTCSA APYT OT Apyra TOJBKO TeM, 4YTO B
HHX NEpPECTaBIICHbI CTPOKU U CTONIONBI. V3BeCTHO, YTO Takas repecTaHoBKa He BiMseT Ha paHr. C nmpaBoil cTo-
POHBI IPUBEJCHO NPEOOpa3OBaHUE ITHX MATPUIBI K CTyNEHYaTOMY BHUIY. J[0CTaTOYHO CPaBHHUTH 3JIEMEHTHI
npeoOpa30BaHHBIX MATPHIL, KaK CTAHOBHUTCSI OYEBUAHBIM, YTO HEKOTOpPbIC dneMeHThl (i,j) 3THX mpeobpasoBaH-
HBIX MaTpUIl OTJIMYAIOTCS JIPYr OT ApYra Ha MOPsIOK, B TO BpeMs Kak MaTpHLa OMIHOOK BCErza Ui BCEX TPEeX
Marpul ofHa U Ta xe. Clie0BaTesIbHO, BEPOSITHOCTD IOJYYUTh TPH OJMHAKOBBIX PE3yJbTara IPH CPaBHEHUU
MaTpHIBl ONTHYECKUX MJIOTHOCTEH M MaTPHILBI OLIMOOK KpaiiHe Maia.

05 06 01 05 06 02
06 09 015 0 018 -009
07 10 0,050 0 0 -015
07 10 005 07 10 005
06 09 015 0 0428 0107
05 06 02 0 0 04499
10 07 005 10 07 005
09 06 015 0 -003 0105
06 05 02 0O 0 045

BhI3bIBaET HHTEPEC PE3YIIbTAT M3YUCHHS peakiun raduus (4) ¢ XJI0paHUIoBOM KUCI0TON B 3M XJIOpHOI
kuciore B o0mactu 260...350uM, nmpuBeieHHblii B [2]. BbU10 H3MEPEHO CBETOIOIIIONIEHHE JBEHAILATH PACTBO-
POB IIpH JBaALATH OAHOM JnHe BoHBL [Ipu omubke 0,045...0,05Canr mMarpuip! (4MCI0O KOMIOHEHTOB) CO-
craisut aBa, npu ommbke 0,015...0,04%r1a BenmunHa yke Obuta paBHa TpeM, a mpu ommbke 0,005...0,015
u meHee 0,005 —COOTBETCTBEHHO YECTHIPEM H IISITH.

[Ipumepsl WILTIOCTPUPYIOT TOT (PAKT, YTO OCHOBHOU MPOOIEMO# OITpeIeIeH I YHCIIa KOMIIOHEHTOB B pac-
TBOPE ITUM METOJIOM SIBIISICTCS YUET OMIHOKHU OTPEIC/ICHUs] ONTUYECKON MIIOTHOCTH.

CymiectByromue MOAUGUKAIUN METO/Ia OIIEHKH PAaHra MaTPHUIBl ONTHYECKUX MJIOTHOCTEH MO-TIPEKHEMY
MPOJIOJDKAIOT HECTH B ce0e OMUCaHHbIe BbIlIe HeAoCTaTKu. Tak, Hampumep Mak-Mymnen [1] ¢ coaBropamu
MPEJIIOKUIT He TI0JIb30BATHCS MAaTPULIAMH MOTPEIIHOCTH, CUUTAs!, YTO BCE OMIMOKK paBHOTOYECUYHBI. [IJisi KaxKaoi
CTPOKH NPEOoOPa30BAHHON MAaTPHIIbI BBIYHCISAETCS €€ CPEAHEe CyMMbl KBaIPAaTHYHBIX 3HAYCHUH ONTHYECKUX
IUIOTHOCTEH, U3 KOTOPBIX 3aTE€M M3BJICKAIOT KBAJPATHbII KOopeHb. [lonydeHHOe 3HAUEeHHE CPABHUBAIOT CO Cpell-
HEKBaJPATHYHON MOTPEHIHOCTHIO MPU MOMOLIM CTATUCTUYECKOTO KpuTepus, Hanpumep, CthioneHTta. [Ipu sTom
JIAHHBIN CTIOCO0 pacyeTa HUYEeM He 00OCHOBaH.

B kauecTBe mprUMepa MCIOIb30BAHUS STOTO METOIa PACCMOTPUM OTIPECICHHE YHCIIa KOMIOHEHTOB [1]
B CIIEKTPax pacTBOpa aMuja CAIUIMIOBOM KHUCIIOTHI, MOJy4eHHOro mpu pasnuuyabix pH. IIpuBoaum Tpu
cTonbIia mociie Hamiero pacuera mo Mak-MyiieHy, pacioioXUB IPEABAPUTEIBHO CTPOKH MATPHUIBI IPOU3-
BOJIbHBIM 00pa3oM.

1 BapuanT 2 BapuaHT 3 BapuaHT
0,83292 0,396378 0,83292
0,365522 0,224016 1,901874
0,002835 0,019837 0,045971
0,001628 0,013385 0,004023

OueBuano, uto st omuOku 0,004u B 3aBUCUMOCTH OT TOTO, KaK MBI PACIOJIOKHIIN CTPOKU U CTOJIOLBI
MAaTPHIIBI, YUCIIO KOMIIOHCHTOB B pacTBOpe KoJiebercs ot 2 1o 4.

N3BecTHO, YTO paHT MATPHIIBI DD’ paBeH paHry matpuisl D, mostomy mist GOpMaNbHOTO ONpPEeIICHIs
paHra MaTpPHUIBI MOKHO BOCIIOJIb30BAThCSI ONPEICIICHUEM HEHYJIEBBIX COOCTBEHHBIX 3HAUYCHUI TAKOW MAaTPHIIBI.
OmHaKo BCe METO/IbI, OCHOBAHHBIC HA TAKOM IIOAXO/IC, TAKIKE HE HMEIOT YETKOro 000CHOBaHMs. Bo-11epBhIX, Kak
W paHee, MMpeIaraeTcs NCI0Ib30BaTh PABHOTOYCUHYIO MATPHIY OMIHOOK. BO-BTOPBIX, METO CTATUCTHYCCKOTO
000CHOBaHMUS HE J10 KOHIa sceH. Tak, Hanpumep, Kenkap [1] npemioxku cieayromuii KpUTepUuii 0CTaHOBA.
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Heobxoammo Borumcauts M = (DD"/g (g — KoIM4ecTBO PacTBOPOB Ml KOJIHUECTBO UIMH BOJIH B 3aBH-
CHMOCTH OT CTPYKTYpbI MaTpuibl D), a 3aTem Benuuuny S mo popmyre

Sc= (trM =3h) / (m=K)**,

rae trM — cinen marpunsl M; Aj — COOCTBEHHOE YUCIIO; M — YKCIIO JUIMH BOJIH, K — KOJMYECTBO COOCTBEHHBIX
YHces, paBHOE YHCIY CTPOK HWJIH CTOJOIOB KBaIApaTHON MaTpuubsl M.

Janee mporemypa mpeanoiaraeT mociIe0BaTeNbHO YBEIUUMBATE THCIO COOCTBEHHBIX urcel K B maHHO#
(dopmyiie U onpenenaTh BEIMYMHY S, CpaBHUBAs €€ C OLIMOKOI ornpeseneHus onTuyeckoil miorHoctu. Cratu-
CTUYECKOT'0 OOBSCHEHHS B IOJIb3Y TAKOTO NpueMa He npuBoauTcsi. OTCYTCTBYET TaKXKe M PEKOMEHAALMS B CIIy-
Yae MoJIy4eHUs] COOCTBEHHOT'0 YHCIIa B KOMIUIEKCHOH (hopme.

Takum 00pa3oM, HEJOCTATKH JAHHBIX METOZOB ONPEAEICHHS YiCIa KOMIIOHEHTOB B PaCTBOpPE — HUCIIOJIb-
30BaHUE MMOCTOSTHHOW OLIMOKHM ISl BCEX JIJIMH BOJIH M OTCYTCTBHE YETKOI0 0OOCHOBaHHS NPUEMOB pacyera.

B cBs131 ¢ 3THM TIIpeIaraeM cobcmeeH bl Memoo paciema Yucia KOMNOHeHmMOo8 8 pacmeope.

B nacrosmiee BpeMs He CYIIECTBYET HUKAKUX MPOOIEM ¢ BO3MOKHOCTBIO TIOTYICHHS CIIEKTPa, CHATOTO
3...5 pas. [TosTomy ommbka onpeesaeHus: OyAeT pa3Has IJisi KaXI0ro pacTBOpa M IS KaXAOH JAJMHBI BOJIHBI.
[osTyd4eHHbIEe MATPHIIBI ONTHICCKUX IUIOTHOCTEH D HeoGX0aMMO IepeBecTd B MaTpriy Bruxa DD'. CloKHOCTH
TAKOTO MEPEeBOIa OTCYTCTBYIOT. BO-TIepBhIX, B 3JeKTPOHHBIX Tabiuiax ExcelcymecTByer npocras ommms npe-
o6pasoBammst Matpursl D B DT —Biiagka BeraBuTh-TpPaHCHOHUPOBATH, 4 TAKKE OIIUS TIEPEMHOKEHHS IBYX
matpul — MYMHOZK. Bo-BTOpBIX, MOXHO BOCIMOJIB30BAaThCSl OHJAWH cepBHcamu, Hampumep, http://matrix.
reshish.ru/rank.php http://www.mathforyou.net/9tu cepBepsl nMeIOT Bce HEOOXOUMBIC BKJIAJKH AJIs pelie-
HUS TaKOW 3a7a4d. 3aTeM MOKHO BOCIOJIB30BaThCS JABYMs XOPOIIO M3BECTHBIMU IpeoOpa3oBanusmu. JInbo no-
JTy4uTh HA0Op COOCTBEHHBIX YHMCEN JUIS KaXKAOTO IapajlieIbHOTO OINpEACNICH s, TU00 MOIyYuTh Habop MaTpHuI
myTeM mnpeobpasoanus Matpuisl DD' B Bepxmerpeyronbmyio. HaGop Takmx ONIMHA HMEETCS Ha CepBepe
http://www.mathforyou.net/ty e npouemxypy MoxHO ocyliecTBuTh 1 B makete Mathcard.Tectuposanue mo-
JYYCHHBIX PEe3yIbTaTOB ITOKA3bIBAET, YTO COOCTBEHHBIC 3HAUCHHS COBEPIIEHHO HE CBSA3AaHBI CO CIOCOOOM (op-
MHUPOBAHMS UCXOTHON MaTpHbl. J(naroHagpHBIE 3JIEMEHTHI TPEYTOJIbHON MAaTpPHUIIH, HAIPOTHB, 3aBUCAT OT IIO0-
psnka GoOpMHPOBAHHKS CTPOK (CTOJIOLIOB) MAaTPHIIBI.

Paccmorpum nepswiii 6apuanm pacuema. B 5ToM cilyyae y Hac UMeeTCs HAOOp COOCTBEHHBIX YMCEN A,
rme P — HOMep COOCTBEHHOTO 4YHMCia, a | — HOMep OfHOTO W3 MapayulelbHBIX ompeaencHuit. Jlanee pemraetcs
CTaH/apTHAsl CTATUCTUYECKasl 33/1a4a — HACKOJIBbKO COOCTBEHHOE YMCIIO JUIsl 33JJaHHOTO YPOBHS 3HAYUMOCTH OT-
JUYHO OT HyJst. KOMU4ecTBO COOCTBEHHBIX YKCEN, OTAMYHBIX OT HYJs, U OyIeT ONpeAesaTh paHr MaTpuipsl D,
a CcJIeJOBATEIbHO U YUCIIO KOMIIOHEHTOB B pacTBope. [Ipu mosrydeHnn KOMIIEKCHOTO Yuciia He0OX0AMMO TIpel-
BapUTEJIBHO OINPEAEIUTh €r0 MOYJIb, & 3aTEM OTBETUTH Ha BOIPOC O 3HAYMMOM OTKJIOHEHUH OT HYJIS.

[lo émopomy sapuanmy mocie NoIy4eHHUs HECKOJIBKUX TPEYTOJBHBIX MATPHUI] B HUX PACCMATPUBAIOTCS
OJIMHAKOBBIC AMATOHAIBHBIC 3JIEMEHTH M TOYHO TaK XK€ PEIIaeTcsl CTaHAapTHAs CTaTUCTHYECKas 3a7ada, uyTo-
OBl ompeneNnuTh, HACKOJIBKO AMAarOHAIBHBIC 3JIEMEHTHI I 3aJaHHOTO YPOBHS 3HAYNMOCTH OTIMYHBI OT HYJIA.
Urcno nuaroHadbHBIX 3JIEMEHTOB, OTIMYHBIX OT HyI, OyAeT ompeaessTe paHr MaTpuis! D u, ciegoBaTensHO,
YHCII0 KOMIIOHCHTOB B PacTBOPE.

Eme 601ee cmpoeum pewienuem sBISETCS ONpeAETICHAE CPETHEKBAIPATHIHON OMNOKH OMPEaeNICHHS OTI-
TUYECKOH TUIOTHOCTH W PO3BITPHIII JaHHON BEIWIHHBI METOI0OM UMHTAIIIOHHOTO MOJEIHPOBAHUS IS KaXI0TO
3HAYEHHs ONTHYECKOH IIIOTHOCTH. J{J1s1 5TOr0 HEOOXOANMO BBIYHCIIUTD

X= SR1+ R+ ... +R12—6) +m,

rae X — HOpMaJlbHO paclpezielieHHas ciydaifHas BenndyuHa; R, — paBHOMEpHO pacmpeneneHHas CIrydaiHas
BEIMYNHA, S — CPSAHEKBAAPATUIHOE OTKIOHEHHE ONTHYECKOH IUIOTHOCTH; M — cpeiHee 3HAUCHHE OITHYe-
CKOM MJIOTHOCTH.

B snexrponnbix Tabnunax Excelumeercs coorBeTcTByOMIas (QYHKIMS MOJYUYEHUS CITydaiiHOro yncna R —
CJIYMC(), a camo 3HAUCHHE MOKHO MONYUYHUTh U3 CICAYIOIIETO BhIPAKCHHS:

A3=A1+A2*((CTYUC()+CITHUC()+CITHUC()+CITHUC()+CITYUC()+CITYNUC()+
+CJYUC()+CITYNUC()+CITYUC()+CITUNC()+CITUNC()+CITUNC())-6)).
3mech B suciike Al —cpenHee 3HaueHne; A2 —CpeaHee KBaAPaTHIHOE OTKJIOHEeHHE, A3 —pe3yIbTar.

IIpu npuMeHeHU METOA0B PacueTa, OCHOBAHHBIX HA ONPEAEICHUH PAHTa MaTPULbl ONTHYECKUX MIOTHOCTEH,
ClieJlyeT yYUTBIBATh, YTO [0 MEpPE POCTa YKcIa KOMIIOHEHTOB B PacTBOpE Oy/eT HAKaIUIMBATHCS OMIMOKA KaK JIM-
HelHast pyHKIus 3TUX yrces. Kpome Toro, HeoOxo1uMo ObITh YBepeHHBIM, uTo 3aKkoH Jlambepra — Byrepa — bepa
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co0uroiaeTcsi BO BCEM MHTEpBae JUIMH BOJH M JUIsl BceX pacTBOpoB. OfHAKO B MPAKTHKE PEIKO BCTpEHAETCs
TMIOJIHOE BBITIOJIHEHUE 3TOTO 3aKkoHa. [IpakTHyeckn Bcerzga CylniecTBYeT OLIMOKa MEXAY IMOCTPOSHHOH Kannopo-
BOYHOH KPUBOM U 3KCIIEPUMEHTAIbHBIMU JAaHHBIMU. DTa BEJIMYHHA, 110 HAIIAM JaHHBIM, BCETIa COMOCTaBUMA C
OLIMOKOH CHEKTPOGOTOMETPHUESCKOTO ONPEICIICHHs U JaXe MPEeBOCXOAUT ee. [[03ToOMy B CyMMapHYyIO OIIHOKY
HEOOXO0IMMO BKJIFOYATh BCE HAKOIUICHHBIC OUIMOKH U BBIYUCILITH 110 CiIeAytolei hopmyie:

S= (SJ?IBE + Scznek'rp ) 0’5'

Takoe OosblIOe 3HAYEHUE MPHUIACTCS OMIMOKE YKCHEPUMEHTA 110 HPUYHMHE TOTO, YTO PE3yJIbTaThl UC-
CJIeZIOBaHMs NIPH MpUMeHeHnH MeToauku Kana — Yosecca CHIIbHO 3aBUCST OT MOCJIEAHEH CTaauy ONUCKa paH-
ra MaTpHIbl ONTHYECKUX IUIOTHOCTEH. [laHHBIH (akT, 0€3yclIOBHO, SBISETCS HEIOCTATKOM TaKOrO MOJXO0Ja.
[Mo3ToMy MpH KMCHOJH30BAHWU METOIUKH C OIPEACICHUEM YHWCIa JIMHEHHO HE3aBHCHUMBIX CTPOK MaTpHIIBI
CIIeZlyeT MPUICPKHUBATHCS CICAYIOINX TPABUIL:

1) HeoOXOAMMO HAYMHATH C MATPHUIl KaK MOKHO MEHBILIETO pa3Mepa, MOCTENCHHO YBEIMYUBAs YUCIIO
ctpok (ctonbmoB). Tak Kak OIMOKA 3aBHCHT OT OmpeieieHus D, TO Mpu MpoYMX PaBHBIX YCJIOBHSX JIyYIIE
UMETh MATPHILy, Y KOTOPO#l YHCIIO JJTHH BOJH MEHBIIIE, YeM KOJMYECTBO PACTBOPOB,;

2) ciemyeT 0TKa3aThCs OT METOIMK, OMUCAHHBIX B [1], Kak Mo croco0y pacyera, Tak U IO HCIOIb30BAHHIO
MOCTOSIHHOTO 3HAYEHHSI OIIMOKH SKCIIEPUMEHTA JUTsl BCErO MHTEPBajia ONTUYECKHX IUIOTHOCTeH. [IpeioxkeHHas B
JIAHHOM CTaThe METOIMKA OIPEeNICHNs] PAHTa MaTPHILIBI JHIIEHA BCEX HEIOCTATKOB, Mpucyimux meroay Kara —
VYoreca 1 ero mocieAyromiuM MoauduKanusM (OmicaHHbIe BbIllie HeJ0ueThl). [Ipexe BCero, 3To CBI3aHO C TeM,
41O JII000E Tpeodpa3oBaHue 3aKaHUYMBACTCS MPOBEPKOM CTATUCTHYECKOW TMIIOTE3bl O PABEHCTBE HYJIIO JIEMEH-
TOB TO# WJIM MHOW MAaTPUIIbI, OJYYSHHOU C yIETOM HCTHHHOTO pa3dpoca IKCIIEPUMEHTAIbHBIX JaHHbIX;

3) ecnu Mo KakUM-IMOO MPHYMHAM HEJb3sl MONYYHTh MATPHILY OMIMOOK, HEOOXOIMMO HCIOJIb30BATh
pactBopbl Ouxpomata kanust B 0,051, KOH B o6xactu 215...4008M, pacTBOpHI cyiab(ara KoOaabTa-aMMOHHS
B c1a00OM pacTBOpE CEpPHON KHUCIOTH WM Cyiab(dara Menu B pa30aBIICHHOM PacTBOPE CEPHOHN KUCIOTHI B 00-
nactu 550...750uM;

4) n1si NOATBEPXKICHUSI PE3YIBTATOB HEOOXOJUMO HCIOIBb30BATh M APYTHE METObI OMPEACIICHHUS YUCTIa
KOMIIOHEHTOB B pacTBope. O4eBHIHO, YTO B JAaHHOM CIIy4ae MOAXOMUT METOJ pa3lielieHHs TOJIOC MOTJIOMEHUS C
noMolIbio GyHKINE rayccuana y =Y, + Aexp(—k — Xo)zlwz) ¥ JOpeHImana y = Yo + 2Am(W/(4(x — X))* + W). Bos-
MO’KHO TaK)Xe MCII0JIb30BaHHE BTOPOH NPOU3BOIHOI Juist 00paboTKu criekTpoB. IIpu 3TOM cieayer UMeTh cTaTu-
CTUYECKHU 3HAYMMOE MOTBEPIKACHHUE YIyUIICHHs Ka4eCTBa pa3eseHusl P U3MEHEHUH YHCIIa KOMIIOHEHTOB,;

5) HeoOX0IMMO BBHIOHpATE UTHHBI BOJIH, KOTOPBIC HE XapaKTePHU3YIOTCS KPYTHIMH YYaCTKaAMHU UTS 3aBH-
cumoct «D —A». [Ipn HeoOxoauMocTH pa3baBiieHHsI pacTBOpa OMIMOKY ONpPEAEICHHs ClelyeT YUUTBIBATh KaKk
CyMMY OIIMOOK pa30aBlieHUs] K OMIPEACICHUsI ONTHYECKO IOTHOCTH.

JKcnepuMeHTAIbHasl YacTh. B kauecTBe 00bEKTa HCCICIOBAHUS HMCIOJIb30BAIM METHIIOBBIH Kpac-
Hblit (4. 1. a., TY 6-09-5169-84)PacTBopeHie METHIIOBOTO KPACHOTO IIPOBOAMIIN B BOAHO-CITUPTOBOM pacTBoOpe
mo T'OCT 4919.1-77 PeaktuBsl B 0CO00 YHCTHIC BeliecTBAa. METOABI MPUTOTOBICHHUS PACTBOPOB MHINKATOPOB
(c Msmenennem Ne 1). CriekTpo(hOTOMETPHPOBAHKE OCYILECTBIISLIM Ha criekrpodoromerpe Solar PB 220Tnpu
330...650uM B KroBeTe TOMIIUHON 1 CM, B Ka4eCTBE PAcTBOpPA CPABHEHHUS HCIIOIB30BAIN PACTBOP TUCTUILTHPO-
BaHHOIl BOIbI. PasjeneHue CreKTpOB OCYLISCTBISLIM mpH momomiu nporpammsl Origin 8 CnpenBapuTenbHBIM
CrJIa)XMBaHHUEM TMMOJYYEHHBIX JTaHHBIX 110 MeToay CaBuiikoro — [oses.

O0cy:xaeHne pe3yasTaToB. B Tabnuie npeacraBieHbl 3HAYEHHS JHarOHaJIbHBIX JJIEMEHTOB KBaIpaTHOM
MaTpHIbl, IPUBEICHHON K TPEYTrOJbHOMY BHAY, @ TAKXKe 3HaYeHUE 30 AJIs HUX.

TpeyroJbHasi MATPHIIA, MOJIyUeHHAst U3 MATpHIbl DD’

Howtep napasue:bHoro JluaroHanbHbI€ JIEMEHTBI TPEYTOIbHOM MaTPHUIIbI
OIpEeIeNICHUS
1 2,826 0,0923 0,0078 0,0138 0,0014 0,0021 —0,00L3
2 2,901 0,0908 0,066 0,0091 —0,0009 —-0,00Q7 0,0009
3 2,978 0,0909 0,0074 0,0123 —0,0001 0,0068 —0,0062
Cpeee 2,902 0,091 0,027 0,012 0,000 0,003 —0,00p
3o 0,228 0,003 0,101 0,007 0,004 0,011 0,009

OdeBHAHO, UTO TEPBOE, BTOPOE W YETBEPTOE 3HAUCHHS CTATHCTUYECKH 3HAYNMO OTIMYAIOTCA OT HYJIS.
Takum o6pa3om, 1Mo popManbHEIM IPHU3HAKAM B PACTBOPE HAXOIHUTCS TPU KOMITIOHEHTA. JJaHHEIH pe3yapTaT COB-
naj ¢ rpaduueckuM METOIOM, U3JI0KEHHBIM B [2].
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OIHOBPEMEHHO MPOBOIIIICS AHAIN3 PA3JIOKEHUsSI CIICKTPA HA COCTABJISIONINE B BHE rayccuad (puc. 1, 2).
JlJist 3TOTO MCMOJIB30BAIM CIEKTPBI METHIOBOTO KpacHoro mpu pH = 6,5u 4,0. JI1st npoBepKU HATHUYUS B pac-
TBOpPE TPEX KOMIIOHEHTOB MPOU3BOAMIM pasjioeHue crekrpa Ha 1, 2u 3 rayccuanbsl. B pesynbraTe ObLId
MOJIYY€EHbl HEOKHIAHHBIE Pe3yabTaThl. HU OJMH M3 CIIEKTPOB HA TPHM COCTABIsAIOIIME He aeiwmiacsa. To ecTh
(dopMalibHOE JIeJIEHHE BO3MOXKHO, OJHAKO TOTJa TPETHH IHMK YaCTHYHO HAaXOMWICSA Obl B OOJIACTH OTpPHIIA-
TEJIbHBIX 3HAYEHUH ONTHYECKOW IUIOTHOCTH, a 3TOTO HE MOXKeT ObiTh. CyMMa KBagpaTOB OTKIOHEHHM OIBIT-
HBIX JaHHBIX OT PACUYCTHBIX i ogHoro muka coctaemia 0,004 mis pactBopa ¢ pH = 6,5. s aToro *xe pac-
TBOpA MPH Pa3JOKCHUU KPUBOM Ha JBa MHKa 5Ta ke BenuunHa cocraBmwia 0,0002.Pe3yibraThl pasinoxeHus
NpeJICTaBICHbI HAa pUcyHKe 1.

D

300 350 400 450 500 580 600

A, nm

Pucynok 1 —Cnextp mernioBoro kpacunoro npu pH = 6,5
OueBHHO, YTO KpUBas pasnaraercs Ha JBa nuka ¢ Makcumyma 409 u 463 M. MakcuMyM Ha oOreit
KpHBO# coctaBmi 435HM.
Amnanoru4Hasi npoueaypa Oblia nmpoaeiaHa ¢ KpuBoi, nmoiayuenHoit mpu pH = 4,0 puc. 2). Tak xe kak u

JUTSL TICPBOY KPUBO#i, OBLIO BBIJCICHO JBA MUKA ¢ MaKCHMyMa morionieHus 516u 554 um. Makcumym Ha o0mieit
KpHUBOH coctaBmil 548 HMm.

D

04

0,24

0,0 i -

T T T T T T T T T T T T 1
300 350 400 450 500 550 600
A, nm

Pucynok 2 —Cnextp metniaoBoro kpacuoro npu pH = 4,0

145



2016 BECTHHUK I1OJIOLIKOI'O I'OCYJ[APCTBEHHOI' O YHUBEPCUTETA. Cepusa B

st pactBopa ¢ pH = 4,0 cymma KBafpaTOB OTKJIOHEHHIU OIBITHBIX JAHHBIX OT PACUETHBIX JJISI OJHOTO
muka cocrasuiaa 0,003. /1151 3TOr0 Ke pacTBOpa MpH Pas3iioKEHUH KPUBOM Ha JBa MHKA 3T e BEIMYMHA COCTa-
Buina 0,0002.CrieoBatenbHO, BO BCEX CIydastX PACTBOP MOYKHO CYMTATh COCTOSIIIIAM M3 JBYX KOMIIOHCHTOB.

Takum 00pa3oM, METHJIOBBIN KPAcHbI B BOIHOM PAaCTBOPE B CIEKTPO(HOTOMETPUUECKOM OTHOIICHUH
OPEJICTaBIsIET CO00# CyMMy JByX KOMIIOHEHTOB. Y IUBIICHHUE BBI3bIBAET (KT, YTO ITH KOMIIOHEHTHI MEepeMe-
MIAIOTCS TT0 OcH abcruce mpu u3MeneHnr pH. CoracHo KiIacCHYecKo TEOPHU KHCIOTHO-OCHOBHBIX HHIUKATO-
POB MBI JOJKHBI OBl HAOJFOMaTh U3MEHEHHE COOTHOIICHUS MEXKIY dTHMH IBYMs (OpMaMu KOMITOHEHTOB [3].
Ckopee Bcero, 3TO sIBJIEHHE CBSI3aHO ¢ 00pa3oBaHMeM auMepoB. Tak, B nuteparype [4] omucano obpa3oBaHue
JIMMEPOB METHJIEHOBOTO TOIyOOro W (hYHOIETOBOTO KPHCTAILIMIECKOTO, ¥ KOTOPBIX MAaKCHMYMbI JUMEPHBIX W
MOHOMEPHBIX (HOpPM OTIHNYATHCH Ha 56 1 43 HAHOMETPOB COOTBETCTBEHHO. UTO KacaeTcsi METO/Ia OTPEACIICHHUS
YKCJTa KOMIIOHEHTOB MPH MOMOIIM ONPEICICHUS YKCIIa PAHTOB, TO HE CIEIyeT 3a0bIBaTh, YTO B MCXOIHOM I10-
JIO)KCHUM PAaHT MATPHIBI POW3BEICHUS IBYX MATPHUIl — MATPUIIGI KOHIICHTPAIIMA W MAaTPHUIBI MOJBHBIX DKC-
THHKIMA — He JIOJDKEH MPEBBIIATh PaHTa MATPHUIGI COMHOXUTENeH. Cle0BaTeNbHO, PAaHT MATPUIBI OTITHYC-
CKHUX IUIOTHOCTEH CIIEIyeT TOJKOBATh CIECIYIONIMM 00pa30oM: YHCII0O KOMIIOHEHTOB B PACTBOPE PABHO MIJIA MEHbB-
IlIe paHra MaTPHI(Bl ONTUYECKUX TIOTHOCTEH.

MOJKHO COTTIACHTRCS C aBTOpaMu [5], KOTOpbIE MPH M3yYEeHHH CIIEKTPO(GOTOMETPUUCCKAX XapaKTCPHCTHK
METHJIOBOTO OPAHXKEBOTO HAIIIA MHOXECTBO MPOTUBOPEYH B CBEACHHSIX O XUMHKO-aHAJTMTUUECKUX XapakTe-
puctukax nocieanero. O4eBUAHO, YTO ¥ METHJIOBBIA KPACHBIN, HECMOTPS Ha CTOJETHHU CPOK €ro HUCIOJIbh30Ba-
HHST, MOYKHO OTHECTH K TaKMM K€ OOBEKTaM.

Takum 006pa3oM, MOKa3aHbl BO3MOXKHbBIC MPOOIEMBI TIPU OMPEICICHUH YUCIa KOMIIOHEHTOB B PacTBOPE
meronoM Kara — Yornecca u ero mocieayomuMu MogudukanusMu. PacCMOTPEHBI IyTH, MO3BOJISIONINE YMEHb-
IIUTH BEPOSITHOCTH MOJTYICHHS OMUOOYHBIX PE3YIbTaTOB.
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MODIFIED METHOD FOR DETERMINING THE NUMBER
OF COMPONENTS IN SOLUTION

M. ZILBERGLEIT, 0. SHEVCHUK, V. FLEISHER, SYAKUBOVSKIY

In the article are features of carrying out the &rss of ranges of organic compounds by Katz and
Wallace’'s method and his subsequent modificatioossidered. Possibility of mistakes when using this
approach is shown. Modification of a method of Katd Wallace is offered. For this purpose the matfioptical
density oD needs to be transferred to a matrix of a typ®DBf and or to receive a set of own numbers for each
parallel definition, or to receive a set of matrixby transformation of a matrix &D' to the upper triangular
matrix. In the first case define number of own nerslother than zero. In the second option definmlmer of
diagonal elements other than zero. Other recommimuawhich allow to increase definition accuradgaare
provided in work. For example, control of quantitfycomponents in solution by decomposition of ageanf
absorption on components. The example of implenientaf the analysis for solution of the methyl iegjiven.

Keywords: range of organic compounds, method of Katz andagég| control the number of components,
modified method, proper numbers, diagonal elements.

146



