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OBLIAS XAPAKTEPUCTUKA PABOTHBI

AKTYaJIbHOCTH T€MBI.

B mocnennee Bpemsi ©MEET MECTO MHTEHCHBHOE Pa3BUTHE HWHOOPMAIMOHHBIX
TEXHOJIOTHIA C MCTOJIb30BAHUEM KOMIBIOTEPOB M MPOTPAMMHOIO 00ECTICUCHUS IS
CO3JaHusl, XpaHEHHUs, nepegayr U oOpabOTKHU NaHHbIX. Tak Kak COBpeMEHHbIE LU(-
poBbie BuacoyctporictBa — ¢otokamepsl (LIPK) u mranmernsie ckaneps! (I1C) mo-
3BOJISIIOT C IOCTATOYHOM /17151 KOJMYECTBEHHOTO OIPEACNIEHUS TOYHOCTBIO Mepe/1aBaTh
SAPKOCTh, IIBET U MOP(]OJOrHi0 00BEKTOB, JIEKTPOHHBIE M300paKEHUS BCE IIHUPE
IPUMEHSIOT B KAUECTBE UHTETPAIbHOTO MH(GOPMATUBHOTO napamerpa. Kontponupys
MHTEHCUBHOCTH LBETOBBIX KOMIIOHEHTOB aHAJIU3WPYEMBIX PAaCTBOPOB IOCIIE MPOBE-
JICHUSI 1IBETHBIX PEAKIIUHA, MOXKHO TMOIYYUTh 3HAYUMBIN JUIsI UACHTH(UKAIMH HAOOD
nseromerpuueckux (LIM) nanusix. [1o n3amenennro ¢Gopmbl U pazMepa aHaJIU3UPYe-
MOro TpaduyecKoro 0ObEKTa, MOCTPOSHHOTO B CPEJe KOMIIBIOTEPHBIX MPOTPAMM,
UMeeTCs MPUHIIUITHAIbHAS BO3MOXHOCTh CY/IUTh O COCTaBE U KOHIIEHTPAIIMH aHAJH-
ta. OAHUM U3 MOTEHIMATIBHBIX CIIOCOOOB TECT-KOHTPOJISI MOTYT CITY>KUTh U3MEHEHHS
o0béMa (HaOyxaHWe U KOHTpaKLHKs) NOJMMEPHBIX MaTpHIl B pacTBopax. Benuunna
3THX 3G(HEKTOB 3aBUCUT OT XUMUYECKOW MPUPOBI BEUIECTB M OT UX KOHIIEHTPAILIUU B
pacTBopax, B KOTOpBIE TMOMEIICHBI TPaHyJbl, CIEI0BATEIBHO, BO3ZHUKAET BO3MOXK-
HOCTb HCIIOJb30BaTh UX B KAYECTBE MEPBUYHBIX U3MEPUTEIBHBIX MpeoOpa3oBaTeiei
(ITAIT) m peanu3oBaTh MYJIbTUCEHCOPHYIO CHUCTEMY, B OCHOBY KOTOpPOH IMOJIOKEH
crioco6 udporoit mukpodororpaduu (M®) cepun HaOyXarOUUX TpaHyl.

Jliis yBenudenust ”HOOPMATUBHOCTH U CHHYKEHUS TOTPEITHOCTH aHajlu3a B Jihar-
HOCTHKE BEILECTB U MaTEpHUaJIOB BCE OOJBIIYIO HMOMYJISIPHOCTh MPUOOPETAIOT MYJb-
TUCEHCOPHBIE MTPUOOPHI C JETEKTUPYIOIINUM YCTPOHCTBOM M3 HECKOJIBKUX MEPEKPECT-
HO-YyBCTBUTEIBHBIX XMUMHUYECKUX CEHCOPOB, NAIOIIMX MHOTOMEPHBIA HH(POPMATHUB-
HbIH curHai. OgHako npoOiema oOpaboTKK M BH3yalu3allid MHOTOMEPHBIX HHQOP-
MaTUBHBIX CHUTHAJIOB, Pa3pabOTKM METOAMK PAcIO3HAaBaHUA OOPa30B Ha IIEKTPOH-
HBIX U300PAKEHUSX 10 CUX MOP OCTAETCS aKTyaJbHOM.

Heabo auccepranuoHHOM PadOTHI SBISETCA PELICHHE aKTyalbHOW HAY4YHO-
TEXHUYECKOH 3a7auu, 3aKItovaronieiicss B pa3paboTke anroputMa noiydeHus: u oopa-
OOTKM HHTETPANbHOTO WH(GOPMATUBHOTO CHTHANA, MOJYYEHHOTO OT HECKOJBKHUX
U(POBBIX BUACOYCTPOUCTB, JIJIsi KAUECTBEHHOTO U KOJIMYECTBEHHOI'O KOHTPOJIS pac-
TBOPOB OMOJIOTHYECKH aKTUBHBIX BeniecTB (BAB).

OcHoOBHBIC 3212a4M IHUCCEPTALUOHHOM PadOTHI:

— pa3palboTKa aaropuTMa KaueCTBEHHOI'O U KOJIMYECTBEHHOI'O OIpe/eIeHHs aHa-
JUTOB, MPOPEArupOBaBIIUX C I[BETOOOPA3YIOIIMMU PEaKTHBAMU, MO BEITUYMHE WH-
TEHCUBHOCTH I[BETOBBIX KOMIIOHEHTOB 3JIEKTPOHHOI'O N300paXeHMUs;

— pa3paboTka METOJIUYECKOTO OOECICUCHHS W amlapaTypHO-IMPUOOPHOTO KOM-
IUIeKca JJIsl SKCIEPUMEHTAIBHOTO OIpPEAETCHHs MapaMeTpOB I[BETHOCTH, MOIYyYEH-
HBIX OT IU(PPOBBIX YCTPOUCTB;

— YCTaHOBJICHHE 3aBUCHUMOCTEHl 00BEMOB rpaHyj MOHOTEHHBIX U HEMOHOTC€HHBIX
MOJTUMEPOB OT KOHIIEHTPAIIMH, a TAK)Ke OT HEeMH(OPMATUBHBIX TAPaMETPOB;

— pa3zpaboTka aiaropuTMa MHTEPHpPETAIMd MHOTOMEPHOTO MH(POPMATHUBHOTO CHT-



HaJla, MOJIyYeHHOTO OT IU(PPOBBIX ONTHUYECKHX MYJIBTUCEHCOPHBIX CHUCTEM, PETHUCT-
pUPYIOIINX MH(POPMATHBHBIM CHUTHANI B BHJIE T€OMETPUYECKUX MapaMeTpoB Haly-
XaroUuMX rpaHyd;

— MojepHu3alus crnocoda u3MepeHus: 00bEMOB I'paHyJl MOJIUMEPHBIX COPOEHTOB,
pa3paboTKa NPOTOTUIIA ONTHYECKON MYJIbTUCEHCOPHOM CUCTEMBI JIJIsi KAYUECTBEHHOTO
Y KOJIMYECTBEHHOTO aHaju3a pacTBopoB bAB;

— MOATBEPKJICHUE 3aJaHHBIX METPOJIOTMYECKUX XApaKTEPUCTUK pa3pabdOTaHHBIX
croco0oB ormpeaenieHus pactBopoB BAB B cpaBHEHUHU C TUIIOBBIMU METOJAMU HHCT-
PYMEHTAIBHOTO KOHTPOJS (CHEKTPO(OTOKOIOPUMETPUUECKUM, pePpakToMeTpuye-
CKHM, OPTaHOJICNITUYECKHM).

Metoabl ucciaegopanus. B pabore ncnonb30BaHbl OCHOBHBIE MOJIOKEHUS TEOPUU
xumudeckoro [{M ananuza, skcnepuMeHTalIbHbIE HccaeaoBanus 3¢dexToB HaOyxa-
HUS TOJUMEPHBIX COPOEHTOB, METOABI MATEMATUYECKOr0 TPOTrPaMMHUPOBAHUS, METO-
Il KOMIBIOTEPHON 00pabOTKM NaHHBIX, MPUMEHEHBI CTEIIEHHbIC (YHKIUHU IS afl-
IPOKCUMAUU HEJTMHENHBIX XapaKTEPUCTUK.

JloCTOBEPHOCTH pE3YyJbTAaTOB MOATBEPKAAECTCS IKCIEPUMEHTAIBLHON MPOBEPKOM
10 METOJUKE «BBEJICHO-HANIEHO», @ TaKXKe€ HE3aBUCUMBIMH METOJaMU (CHeKTpodo-
TOKOJIOPUMETPHUSI, ITUIATOMETPHUSI, pePpakTOMETpusi, BEICOKOIP(PEKTUBHAS KHUIKO-
cTHasi xpomatorpadus U Ap.), HEIPOTUBOPEUUBOCTHIO (PU3UYECKUM 3aKOHAM, PH-
MEHEHHEM COBPEMEHHBIX METOJOB CTATUCTUYECKOTO aHAJIN3A.

Ha 3amuTy BbIHOCATCA:

— KaueCTBEHHBI U KOJIMYECTBEHHBIM aHaIu3a BOAHBIX pacTBOpoB BAB mo 3Ha-
YEHUSIM MHTEHCUBHOCTH ILBETOBBIX KOMIIOHEHTOB 3JIEKTPOHHBIX H300pa)K€HUM OK-
palICHHBIX PACTBOPOB, MOJYYEHHBIX IIOCJIE MPOBEACHUS JBYX LIBETHBIX PEAKLUU C
aHaJIUTOM U peructpupyembix ¢ nomolbo [{OK mnu [1C;

— QJITOPUTM PACIO3HABAHMS WM NOATBEPKIACHUS MOJJIMHHOCTH aHAJIU3HPYEMOM
npoObl BOAHBIX PACTBOPOB AMHHOKHCIIOT M MX MPOU3BOJHBIX, ()EHOTA U €T0 MPOU3-
BOJIHBIX, TIO aHanMu3y npoduis nenectkoBeix auarpamm (JIJI) u pacuére ux reomer-
PUYECKUX MapaMETPOB;

— aIrOpuTM 00pabOTKM HECKOIBKUX LUPPOBBIX HHPOPMATUBHBIX CUTHAJIOB IS
NOJIyYEHHS] MHTErPAJIbHOTO MOKa3aTess, OTPAKAIOIIEr0 KaueCTBEHHbIE M KOJUYECT-
BEHHbBIE XapaKTEPUCTUKH AHAJINTA;

— ¢mocod KOJMYECTBEHHOIO ONpeNeNieHUs COAEep>KaHUus BOJbI B  BOJHO-
ATAaHOJBHBIX U BOJIHO-aLlETOHUTPUIIbHBIX PACTBOPAX C MOMOILIBIO ONTHYECKON MYJIb-
THUCEHCOPHOW CUCTEMBI;

— MYJIbTUCEHCOPHAsl ONTUYECKas CUCTEMA, COCTOSAIIAs U3 TEPMOCTATUPYEMOIO
IJIAHIIETa C ONTHYECKUMHM sueiikamu, Mmukpockona u [IOK, peructpupyromas 3¢-
(GexTel HaOyXaHHs HECKOJbKUX T'paHyJ MOJMMEPHBIX COPOEHTOB, UCIOIb3yEMBIX B
kauectse [TUII.

Hayuynas HoBm3Ha. Pazpaboran anroputm LIM omnpeneneHuss KOHLEHTpAUUU U
UACHTU(UKAIIMA aMUHOKHUCIIOT, (JEHOJIOB U UX MPOU3BOJAHBIX, B X0OJ€ KOTOPOro ¢o-
TOrpaUpyroT JIB€ KIOBEThI C OKPAIIEHHBIMU MPOAYKTAMH JBYX LIBETHBIX PEAKLIUM, C
LHEHTPOB 3TUX ABYX LHUQPPOBBIX U300paKEHUN CUUTHIBAIOT YCPEIHEHHYIO UHTEHCHUB-



HOCTh IIBETOBBIX KOMIOHEHTOB R, G ¥ B, 10 3TUM BEJIMYUHAM CTPOSAT IIECTUIETe-
CTKOBYIO JUarpamMmy, o NepuMEeTpy U IUIOIIAJAN KOTOPOU HAXOJAT UCKOMYIO KOH-
LEHTpALMIO, a M0 TPOoPuI0 U KO3PPUIMEHTY OIU30CTH BEKTOPHBIX MAaCCHUBOB IPO-
BOJISIT UJICHTU(PUKAITUIO.

[IpenyoxxeH anropuT™M omnpeeeHus] KOHIICHTPAIUU U UACHTU(DUKAIIMN BOJIHBIX
U BOJHO-CIIUPTOBBIX pacTBOpoB BAB, npenycmaTpuBaronuii cieayonme dTansl: a) B
6 s'ueeK MUKPOOMOJIOTMYECKOr0 TUIAHIIEeTa MOMEIIAOT 6 TpaHyJsl MOJUMEPHBIX COp-
oentoB (ITAA 3, IIBC 20, BII-1am, BII-14K, Wofatit EA, Wofatit ES); 0) 3anuBarot
B STYCHKU aHATU3UPYEMbIA PACTBOP M JI0KHUIAIOTCS paBHOBECHOTO HAOyXaHUS MOJH-
MepHBIX copbeHToB 5 — 10 MuHyT; B) poTorpadupyror HaOyXiue TpaHyibl Ipu MO-
mvomu [[PK, coBmemeHHol ¢ MHUKPOCKOIOM; T) MO IUGPOBBIM H300PAKEHUSIM B
npwioKeHNH Pixia ompenemnstoT OTHOCUTENbHBIA 00bEM TpaHyll; 1) 1O JTaHHBIM Be-
JUYUHAM CTPOSIT IIECTUJICTIECTKOBYIO JHAarpaMMmy; €) MO NEePUMETpPy U IUIOLIaIu
TUarpaMMbl HAaXOJAT UCKOMYIO KOHIIEHTPAITUIO; JK) MO NMPO(II0 AuarpaMMbl U KO-
s punmenHTy 6,1M30CTH BEKTOPHBIX MACCUBOB HICHTU(UIIUPYIOT BELIECTBO.

IIpakTnyeckass meHHocTh padoThl. OnpeneneHa MeXIpUOOpHas BOCIPOU3BO-
JTUMOCTbh MHTEHCHUBHOCTEH KOMIIOHEHTOB IIBETa B IIBETOBOM Mojenu RGB nnsa nud-
poBeix yctpoiictB DK u IIC Benymux pupM-nponsBoauTeneu.

B o6omnouke nmakeros [10 Mathcad u MS Excel co3mansl anropurmbl 00pabOTKu
IIBETHBIX M300pakeHuii, mocrpoenus JIJI, pacuéra ux S u P, cTaTUYECKUX XapakTe-
puctuk (CX), KOHLIEHTpAMU aHAIMTOB U TOTPEIIHOCTEN U3MEPEHHUS.

Moaudunupopansl 1udposeie 1IM crocoObl onpeneneHns HEKOTOPhIX aMHUHO-
kucnot (AK), denonoB u nexapctBennnix Gopm c¢ npumenenueMm [[DPK u IIC co
cmaitn-agantepoM. CKOHCTpYyHpOBaHbI OOKCHI Aig (hoTorpaduyeckoro M CKaHepo-
METPHUYECKOTO CIIOCOO0B PEruCTpallii BUICOCUTHAIA.

Pazpaboran M® cnocob onpenesieHus: COAEPKaHUs BOJIbI B BOJHO-3TaHOJIbHBIX U
BOJHO-AIETOHUTPWILHBIX PACTBOpaX, UACHTU(GUKAIINKI dTAaHOJBHBIX PACTBOPOB pac-
TUTEJbHBIX IKCTPAKTOB.

[IpensioxxeHHble cnocoObl KOHTPOJIA anpoOupoBanbl Ha npeanpustuu OO0 «Ar-
JTI0TEeH», Ha Kadenpe dhapMaleBTUYECKON XUMUU U (apMalleBTUYECKON TEXHOJIOTUU
BI'MA, OAO «Boponexckuit Monounbiii komOunaty, OO0 «HTL «2tanom».

Anpobanus 4 peajiu3anus pe3yjabTaToB padoThl.

OcCHOBHBIE TIOJIOKEHHUSI W pe3yJIbTaThl paOOThl JIOJOXKEHbI Ha KOH(epeHUHUsX:
Mexa. koH(. «loHHBIM TIEpeHOC B OPraHUYECKUX W HEOPTaHMUYECKUX MEMOpaHax»»
(Kemeposo, 2010); Beepocc. koud. «bytnepockoe Hacnenue» (Kazann, 2011); III
Bcepocc. cumn. «Pa3zaenenne u KOHIIEHTPUPOBAHUE B aHAJUTUYECKOW XMMUU U pa-
muoxumun» (Kpacuomap 2011); XIII Mexnaynap. koHdp. «PU3UKO-XUMHUECKHE OC-
HOBBI MOHOOOMEHHBIX M Xpomarorpaduueckux mpoieccoBy, (Boponex, 2011);
Bceepocc. n.-meton. koHd. «IIpobremMbl 310poBbecOEpEKEHUS TOMIKOIPHUKOB, y4a-
muxXcs ¥ CTyAeHToB. HoBbie 3m0poBbecOeperaronye TeHACHINA B papMalud U Me-
aunuae» (Boponex, 2011); 65-as, 66-as Beepoce. H.-nipakt. koH]. "MHHOBanuu B
chepe Hayku, oOpa3zoBaHusi U BbicOKUXx TexHojoruit" (Bopouex, 2010, 2011); VI
Bcepocc. koH(. «DPU3NKO-XUMUYECKHE MPOLIECCHl B KOHACHCUPOBAHHBIX Cpeax v Ha



mexdazupix rpanunax» - ®AI'PAH  (Boponex, 2012); Bcepocc. xoud. ¢ mMex.
ydyacTueM 1o aHaimutuyeckoil crnektpockonuu (Kpacnomap 2012); VII Bcepocc.
koH(. «Menaenees-2012y», (Canxt-IletepOypr, 2012); Mexn. HTK «CoBpemeHHbIe
JOCTH)KEHUSI OMOTEXHOJIOTMH. BHOTEXHOJOrMs NHILEBBIX Mpou3BoAcTB» (CraBpo-
noisib, 2011); Beepoce. H. koH(]. «MeTonbl aHanu3a U KOHTPOJISI KauecTBa BOJbIY,
(Mockaa, 2012).

I[yoaukanus pe3yJbTaToB HccjaenoBanmii. [lo Teme nuccepranuu omyOIuKo-
BaHO 23 paloThl, B TOM yucie 12 craTedl B NEPUOJUUECKUX U3TAHUSX, PEKOMEHI0-
BaHHbIX BAK P®, 1 narent P® Ha none3nyto mojaenb, 10 T€3MCOB U MaTepuaaoB
JIOKJIaJIOB Ha MEXIyHapOJHbIX, BCEPOCCUNUCKUX CHMIIO3UyMaX U KOH(PEPEHIHUAX.

Crpykrypa n 00béMm nuccepranuu. Marepuain uznoxen Ha 180 crpanuiax, co-
TEPKUT 68 puCyHKOB, 32 TabimIbl, Onbauorpadudeckuii cmucok 260 CChUIOK.

B nuccepranuu 00001LIEHbI pe3yJbTaThl HCCIIEJOBAHUMN, BBIIIOJHEHHBIX aBTOPOM B
nepuoa ¢ 2009 o 2013 rr.

OCHOBHOE COJEPXAHUE PABOTHBI

Bo BBegeHMHU MokazaHa aKTyaJIbHOCTb TEMbI U IIPAKTUYECKas 3HAYUMOCTh pabdo-
Thl, IPUBEJICHBI LEJb U 33J]a4M, CPOPMYJIMPOBAHbI HAyuyHas HOBU3HA U MPaKTUYECKas
LHEHHOCTb palOThl, @ TAKKE PE3yJIbTaThl peaanu3aluy U anpoOaluy.

B nepgoii riase nan 0030p npuMeHeHus GoTokoopuMerpuueckux, [IM u npy-
MX ONTHYECKUX METOJIOB KOHTPOJIA KauecTBa MUILEBOU U (PapMalieBTUYECKOM Mpo-
nykuuu, coaepxamieii BAB. OOcyxleHbl pa3nuyHbie I[BETOBbIE MOJENH, MpUMe-
HsieMble [l UG POoBBIX n300paxkenuil. Paccmorpens a3 dexTs HaOyxaHus Moaume-
POB B pacTBOpax, CIOCOOBI UX PErUCTPaLUU, 00JACTH MPUMEHEHUS! MYJIBTHCEHCOp-
HBIX CUCTEM B XMMUYECKOM aHAJIM3E.

Bo BTOpOIi ri1aBe oxapakTepru3oBaHbl 00BEKTHI aHATN3a, MATEPHAIIBI M METOIUKH
uccnenoBanuii. @ainel nzobpaxkennit mpod momydanu ¢ nomompo [IOK (Nikon
D3000) u IIC (HP ScanJet 3500 u ap.) B 6okce u KroBeroaepxkarene (puc. 1, 2). Ha-
OyxaHue rpaHyJ COpOECHTOB B pacTBOpax M3ydain Mukpodororpadpudeckum (puc. 3)
U aunaroMerpudyeckuM merogamu Ha ycraHoBke YUII-70 (LIKb PAH). [dns uccne-
JIOBaHUM MCMOJB30BaANIN chepuueckue rpanysibl HoHoooMeHHbix cmoi: C 120 E; AB
17 CI', BII-1 Am, BII 14 K, Wofatit ES, Wofatit EA 60, 1 HEeHOHOT€HHBIX TTOJIUMEPOB
— ITAA 3 u IIBC 20. Pasmep rpanyi u chepuyHOCTb, KOHTPOJUPOBAIN HA JTa3ePHOM
mudpaktomerpe Fritsch Analysette 22 NanoTech Combi.
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Puc. 1. Kroseronepxarens ms I1C: Puc. 2. Cxema 6okca qst LIOK:  / —cmeHHBII
1 — newxymuiics cencop I1C; 2 — kopryc; 3KpaH; 2 — JaMIIbl OJICBETKHU; 3 — OTBEPCTHE B
3 — ocBeTHTeNb Chalig-ananTepa; 4 — KIOBETA,; Kpbiike 18 oosekrusa LOK; 4 — xroBeTonep-

5 — crexuo IIC; 6 — obopaunBaromye 3epkaia JKaresb; 5 — 000paYnBaroLIEe 3€pPKajIo



Puc. 3 Ilpubop ans perucrpauuu
apdexToB HaOyXaHHS TpaHyl:
1/ — MCTOYHHUK cBeTa (CBETOMMON);
2 — TepMocTaTHpyeMasi ONTHYe-
CKasg  syedka ¢  TpaHyJIOH;
3 — mukpockorn; 4 — HOK; 5 — TIK

CraTuctrueckyio oOpabOTKy M ammpOKCHUMAIMIO JAaHHBIX BBIMIOJIHSUIA C TIOMO-
mipio [10 MS Excel XP, SigmaPlot, Pixia, u Fractal 2, Adobe Photoshop.

Anroputm noctpoenusi CX pazpaboran B obOonouke Mathcad 14. Bennunnbl
wowaau S u nepumerpa P JIJ{ paccuntsiBanu no ypaBHeHusMm (1) u (2):

C

1 )
S, => Eaj,n-aj,nﬂ-smA(o ’ )

n=1

Pj = ZC: \/(Olj,n)z(aj,nﬂ)2 - 2 'aj,n .aj,n+1 - COS A(D 5 (2)
n=1

r7ie j — MHAEKC COpOeHTa WK 1IBETOBOI KOMIIOHEHTHI; #7 — MH/IEKC KOHIIEHTpAuu; A¢@ — yIJIbl Me-
KOy coceqHuMH pannycamu Ha JIJI; a — nuna oceit JI/I.

JI1st ycTaHOBJIEHUSI CUCTEMATUUYECKUX MOTpeIIHOCTeN (IIpOBEpKa MPaBUIbLHOCTH)
IPUMEHSUIM METOJ| «BBEIECHO-HANIEHO». C LENbI0 YMEHBIIEHUS U YCTPAHEHUSI CHUC-
TEMAaTUYECKUX MOTPEIIHOCTENH HCIOJIb30BAIM METOJl PeNATUBU3aUUU (OTIEIbHBIE
AHAJIMTUYECKUE ONEpalyy NPOBOJUIN B MICHTUYHBIX YCIOBHUSX, HUBEIHUPYS CUCTE-
MaTHUYECKHE MOTPEIIHOCTH) M PaHIOMH3AlMU (CUCTEMAaTUYEeCKUE MOrPEIIHOCTH Tie-
PEBOAMIIN B pa3psia cirydyaiHbix). Ouenky npaBuibHOCTH [IM crioco6a nmpoBoauiiu ¢
nomouero kpurepust CThIOJIEHTA.

B Tpetneii riaBe o0CyXEHBI pe3yJIbTaThl U3YUEHHS] BO3MOKHOCTH IPUMEHECHHUS
U(POBBIX TEXHOJIOTUH C HCIOJIb30BAHUEM MapaMeTPOB I[BETHOCTU B XUMHUYECKOM
ananuze AK 1 ux nmpousBoaHbIX, peHo0IIOB, Apyrux BAB 1 nekapcTBEHHBIX CPEJCTB B
BOJHBIX PACTBOPAX C UCIIOIb30BAHMUEM LIBETHBIX PEAKLUN.

OrneHky nmpaBUILHOCTH pa3padboTanHoro [{M crmocoba mpoBoaw ¢ TOMOIIBIO KPH-
tepus CtbiofeHTa. Tak, MpH ONpeneJeHHH MapaMeTpOB [BETHOCTH 0Opa3loB OKpa-
[MIEHHOW OyMarv yCTaHOBJIEHO, YTO CyMMapHas HEy4YTeHHas cUcTeMaThuyeckas Io-
IPEIHOCTh i u3Mepenuit ¢ momoibto [1C coctaBuna 3,1 % (n = 5; p = 0,95; ts,
= 2,78). B ciiyuae npumenenust LIOK cymmapHas HeyuTeHHasi cucTreMariyeckas mno-
IPELIHOCTh OKa3anachk paBHoit 5,4 % (n =5; p = 0,95; t,u6, = 2,78). Ilpumenenue F-



KpUuTepusi U TOYHOro Kputepus CTbIOJIEHTa JJIsi CPAaBHEHHS MOJYYEHHBIX Pa3HBIMHU
METOJIMKaMHU 3HAY€HH MHTEHCUBHOCTM KOMIIOHEHT LIBETHOCTH MOKa3ajo, YTO pe-
3yJIbTaThl, MOdy4YeHHbIe ¢ ToMolblo [{PK, 3HauMMO OTIAMYHBI OT PE3yJIbTATOB POTO-
KoJIopuMeTpuieckorn Meroguku. Pesynbprarel nzmepennit Ha 1IC u KOK-3 crartu-
CTUYECKHU OJINHAKOBBI.

brina Takke mpoaHanu3npoBaHa MEXIPUOOpPHAsT BOCIIPOU3BOAMMOCTD. [Ipu mpo-
Bepke [IM cnocoba Ha mpeameT amnmapaTHOM 3aBUCHUMOCTHU, MOMYYWIH IU(GPOBBIC
n3o0paxeHus 8 3TaoHOB 1BeTa (00pasiel okpameHHoi 6ymarn) mis 5 [1C u 12 ata-
nonoB 1BeToB it 4 LIOK u mpoBenu crarucTuueckyro o0paboTKy 3THX pe3yiibTa-
TOB. CTaTUCTUYECKHI1 aHAIN3 YCPEIHEHHBIX 3HAUEHUH KOMIIOHEHT LIBETHOCTHU F 1MO-
Ka3aj, uto npu BenuunHe F < 50 (a1 oTAENbHO B3ATOW KOMIOHEHTHI R, G unu B)
OTHOCHUTEJIbHOE CTaHAAPTHOE OTKIOHEHUE S, > 16 — 62%. IIpu F' > 50 + 255 »ta Be-
JMYWHA HAXOIUTCA B mpenenax 2 — 16 %. Jlna Gemoro mera pa3dopoc BenmmunH F HE
npessimaet 0,2 %.

MexnpubopHasi HOTPEIIHOCTh ONpPEEICHUs IBETOBBIX KOMIIOHEHT RGB Takke
OIICHUBAJIM HAa OCHOBE OJHO(PAKTOPHOTO AUCIEPCHOHHOrO aHanu3a (Ttadn. 1). Pe-
3yJbTaThl MOKa3ajd, YTO JAaHHBIC NI LIBETOBBIX KOMIIOHEHT, mojydeHHble Ha [IC
i L{OK pasHbpix npousBoauTeneil, 3Ha4NMO HE Pa3IMYarOTCA.

Tab6mumna 1

JlarHbIe 0JHO(PAKTOPHOTO TUCTICPCUOHHOTO aHam3a (odpasern

OyMaru 3eJIeHOTO IBeTa, Fu6, (0,95, f1 =4, > =14)=3,1)

Ri — Gi — Bi —

Cranep 1 T2/3 R |°[1 7213 | ¢ |5[1]273 18] "%
Canonmp210 |2 |2 |2 ]20(0,00|171|170| 171 [170,7 [0,58|49 |50 | 50 |49,7| 0,58
Hp 24010 0] 0]0]001]000[122]122] 122 [122,0 [0,00]55|55]| 55 | 55,0/ 0,00
Hp 3670 212]21]201000]170]170]| 170 [170,0 |0,00]49 |49 | 50 | 49,3| 0,58
Canonmf4018 | 1 | 2 | 1 | 1,3[0,58] 152|154 | 153 [153,0 |1,00]55]54 | 54 | 54,3] 0,58
Hp 3800 1|1|2]1,3]058] 168|168 | 168 |168,0|0,00/51 51| 51 | 51,0 0,00
P S(1)=0,8, SQ2)= 4,4, S(1)=20,7, SQ2)=113,5, S(1)=2.6, S(2) = 14,6,
F=S(1)% 5(2)*=0,03 F=S(1)%/ 8(2)*=0,03 F=S(1)% 5(2)*=0,03

& -x _ my (X, Xy x=yd_y N
rae S(1) ZT’ S(2)—506/J;1:\/T, oOuiee cpeanee — Zm mN

y 2
00lIlee CTAHAAPTHOE OTKJIOHEHHUE EMHUYHBIX U3MEPEHUN — O ¢ =\/ Z(X i —X)" /(mN=1)

Takum 00pa3om, MOXKHO cJieiaTh BBIBOJ, 4TO U3MepeHus 1peTHOCTH Ha [1C unu
[H®K B cucreme RGB npu MHTEHCUBHOCTU I[BETOBBIX KOMIIOHEHT B Juarna3zoHe oT 50
1m0 255 nmarT pa3dpoc OTHOCHUTEIBHO CPEIHEr0 MPaKTUYSCKH TUIWYHBINA IS
WHCTPYMEHTAJIbHBIX METOJIOB aHaiu3a. JlJIs BBITTOTHEHUS W3MEPEHUN HeoOxoauma
rpaydpoBKa KOHKPETHOTO CKaHHMPYIOIIETO YCTPONCTBA MO CTAHJAPTHBIM o0pasiiam,
HNPUHATHIM B KOHKPETHOU METO/IUKE.

Kauecmeennulit u KonuuecmeeHHvlil AHAIU3 PACMEOPOE amuHokucaom. On-
peneNnsuIn KOHIEHTPALMIO Kak MHAuBUAyalnbHOM AK, Tak M cyMMapHoe conaepxaHue
cmecu AK B BOJHBIX pacTBOpax Ha OCHOBE aHajiu3a OIU(POBAHHBIX HU300pAKEHUN
pacTBOpOB MOCJE MPOBEACHNU OUYpEeTOBOM M HUHTUIAPUHOBOW peakuuit (puc. 4). Jlns



pusyanm3annu UM nmaHHbIX npumenwnu JIJ[ ¢ ocsamu, oTpakaromuMmy 3HAYECHMS
I[BETOBBIX KOMIIOHEHTOB B mocienoBarenbHoctd R, G, B,, R;, G5 By, (Tae UHACKC H
U O OTHOCATCSI K HHIHTMJIPUHOBOM 1 OMYypETOBOM pEaKMU COOTBETCTBEHHO).

Kak Bunno u3 puc. 5, JIJ ang pasueix AK nMeroT MHAMBUIYaIbHBIA POQPUIIb,
COXPaHSIIOLIUNACS MPU U3MEHEHUU KOHIIeHTpaluu (puc. 6 a). T.o., BU3yaibHas OIlCH-
ka npo¢uist JIJI moxer ObITh ncnonb30BaHa A uaeHtuduxanuu AK.

JIJ1s1 KOJIMYECTBEHHOM OLICHKH
KoHLeHTpauu AK ucnonb3oBanu
reomeTpuueckue pasmepsl JIJI — S
u P (puc. 6, 6). B oboux cimydasx
MMeNa MECTO BBICOKAs CTENEHb
ammpokcuManmn  (R° > 0,99) CX,
YTO YKa3blBa€T HA BO3MOKHOCTH
npuMeHeHus JIJ{ kak B KayeCTBEH-
HOM, TaK U B KOJHUYECTBEHHOM
aHanuze. Ha monenbHBIX cMecsx
5-tu AK ycTaHoBji€Ha KOJIMYECT-
BEHHas 3aBucuMoctb [IM xapak-
TEPUCTUK OT CyMMapHOM KOHLECH-
Tpauuu. V3MeHeHue COOTHOIE-
HUSI KOMIIOHEHTOB B CMECH IIPUBO-
II0 K u3MeHeHuto npodust JIJI,
IIPU COXPAaHEHHWH BBICOKOW CTere-
HHU AaIllPOKCUMAald CyMMapHBIX
CX.
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Puc. 5. JIJI paznuy-
veix AK, C=5r/x:
[—L-acnaparus;

2— DL-anaHuH;

3 — I'JIAIUH;

4 — TPEOHUH;

5 — TIMIUI-TININH,
6 — L-rmyramus;

BH

GH

- 7 — W30JIeHIHH;

8 — L-opHuTHH

[Tpumepamu ans anpoGanuu paspadoranHoro IIM cmocoba ¢ ucmonb30BaHHEM
JIBYX LBETHBIX peakuuil (OMypeToBOM M HUHTHAPUHOBOI) SIBISIOTCS Mpenaparbl MH-
de3oi1, KOTOpBIN TIpeAcTaBisieT codoit cMech 14 AK v uHCYNUH (ToJUnenTua, Coaep-
xanui 51 octatok AK). Ilo pesynbraram [IM usmepenunit nmoctpoenst JIJI pis pac-
TBOPOB MH(E30Ja U UHYJIMHA C PA3IMYHBIMU KOHIEHTPALMSIMH, TOCTPOEHBI MaTeMa-



TUYECKHE MOJIENIN, UCIIOIB30BAaHHbIEC JIJISl TPAAyUpPOBKH (Tabm. 2). YcTaHOBIEHA TpH-
MeHuMocTh [IM MeTonuku u crocoba CBEPTKU aHATUTHYECKONH MH(DOpPMAIK B BHUJE
JIJI B XuMuyecKoM aHanu3e BOJHBIX pacTBOpoB AK M MX MPOU3BOIHBIX.
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Puc.6. a) HI[ L-nu3una nu3una npu paznmuyaeix C (r/m): 1 — 1,25, 2—-2,55; 3 —-5,00; 4 —10,00;
—20,00; 6) CX Syp (mpsimas 1) u Pyyyp (mpsimast 2) oT KOHHeHTpaI_II/II/I

[TapanyenbHble ONBITHI IO KOJIMYECTBEHHOMY orpeneneHnto AK B BOogHBIX pac-
TBOpaxX pa3HbIMU METOJMKAMH TOKa3ajd XOPOIIYyI BOCHPOU3BOAUMOCTH (Tabi. 3).
Hcnonb3oBanue F-Kputepus il CPAaBHEHUS JUCIIEPCUN MPUBEICHHBIX PE3yJIbTAaTOB
ONPENEIICHNUS Pa3HBIMM METOJUKAMH I10KA3aJl0, YTO OHM 3HAYMMO HE Pa3INYaroTCs.
[Ipumenenue kputepust CThIOJECHTA AT BO3MOXXHOCTb CUMTATh, YTO 3HAYMMOIO
paznuuusa Mexnay pesyiabratamu onpeaeneHus AK, monydenneiMu Ha KOK-3, ¢ no-
momibio 11C u LK we cymectByer. Mertonuka [IM no3BosisieT aHaau3upoBaTh pac-
TBOpbl AK B Oosiee mupokom untepBane C (mupe JuHelHble Auana3onsl). [Ipu sTom
OHa HE YCTYIaeT MO TOYHOCTU (POTOKOJIOPUMETPUUECKOM, €ciiu B KauecTBe MHMOP-
MAaTHUBHBIX CHUTHAJIOB HCIOJIb30BaTh 3aBUCUMOCTH WHJMBUIAYAIbHBIX KOMIIOHEHT
usetHoctu F;= f{C) (Tabmn. 3).

Tabmua 2
KonneHnTpannoHHbie 3aBUCUMOCTH JIJIs1 paCTBOPOB MHCYJIMHA 10 S 1 P JIJ]
(n=5;P=0,95,C=0,02-1,01/m)
Cnoco0 perucrpaiuu CX R S,
1[DK Snp=(48100+380)—(10909+85)C R*=0,94 0,006
Py =(930+£5)(141£3)C R?=0,95 0,004
c Snp=(7580+£50)—(1965+8)C R?=10,99 0,004
Pun=(492+£12—-(90+3)C R?*=0,99 0,003
Tabnuna 3
Pesynbrater onpenenenus konuentpaiuii AK ¢ nmpumenenuem LK, T1C
co crnaig-agantepoM u Ha KOK-3 (n =3, P=0,95)
Bseneno, [MOK I1C K®K-3
Bewecrso r/n HaWgeHO S, HaWgEeHO S, HaWgeHO S,
TIAIAH 4.0 4,2+0,1 0,02 3,8+0,1 0,01 4,3+0,1 0,01
O-JIaHUH 4,0 4,3+0,2 0,02 4,1+0,1 0,02 3,7+0,2 0,02
M30JIEHIIMH 4,0 4,7+0,3 0,03 5,0£0,1 0,01 4,5+0,1 0,02
TIULPUITIAIIH 4,0 4,6+0,2 0,03 4,620,1 0,01 4,5+0,1 0,01

Kauecmeennulii u Kon1uvyecmeeHHblil AHAIU3 60OHBIX PACMEOPOE (PeHONbHbIX
coeounenuil. B pomy XpOMOTEHHBIX PEaKIid UCIIOIb30BAIN a30COUYETaHHE (PSHOIIOB C
XPOMOTEHHBIM areHTOM, MOJIyY€HHBIM TUAa30THPOBAHUEM napa-HUTPOAHWINHA (peak-
st 1), u peakuuto ¢ FeCls (peakius 2), moctpoens! JIJI ¢ uHAMBUyaIbHBIM TTPOQU-



7€M, KOTOPbIE KOJIMYECTBEHHO 0XapaKTEPU30BAIN HE TOJIbKO BEIMYMHAMU Sy U Py,
HO (hpakTanbHOCTHIO D U K03 PHUIIMEeHTOM OJIM30CTH BEKTOPHBIX MAaCCHUBOB ¢ (TalI.
4). BenuuuHbl Sjyq U Py B cilydae OJUHAKOBOW KOHLIEHTPALMKA MOXKHO paccMarpu-
BaTh Kak (DaKTOp, YUUTHIBAIOIIMI PEAKLIMOHHYIO CIIOCOOHOCTh M CTPYKTYpPY COEAU-
HeHus. YeMm MeHblle 3TH mapaMeTphl (YeM TeMHEee MOJy4YeHHas OKpacKa pacTBopa),
TeM 0oJiee MOJIHO NPOILIa LBETHASL PeaKUusl, UM CUIbHEH BBIPaK€H XpOMO(OPHBIit
3¢ deKkT, KOTOPBIH 3aBUCUT OT OaylaHCa ME30MEPHOTO UM MHIYKTHUBHOTO 3()(PEKTOB B
OKpallIEHHOM KoMIulekce. Tak, eciiu y AUTuAPOKCUOEH30J10B B HAJIUYUU 2 TPYMIbI -
OH, onu o6e OynyT pearupoBaTh ¢ XPOMOT€HHBIM PEAreéHTOM. AJIKUIIbHBIE 3aMECTH-
TEJIU, OCOOEHHO C Pa3BETBIIEHHBIM YTIJIEPOJHBIM CKEJIETOM B Opmo-TIOJI0KEHUU CTe-
PUYECKHU 3aTPYAHSIOT LBETHYIO peakuuto. ['pynna —OH B opmo-110510KeHUN Takxe,
3a cuet obpaszoBanus H-cBsizu ¢ cocenueit rpynmnoit —OH, MoxeT 3aTpyIHATH 1ieTie-
ByIO peakuuo. Bennunnbl D 1 ko3 PuUIMEHTa € MaJlo 3aBUCAT OT KOHLEHTPALMH
aHayMTa ¥ B OOJIBIICH CTEMEHU XapaKTepU3yIOT HHAUBUAYaIbHOCTh ipodus JI/I.

Tabnumna 4
I'eomerpuueckue mapamerpsl JIJI nist pa3ubix GpeHomoB

CoenunHenue H C 1/n St Prn D P
napa-JIurupoxcu0eH30J1 0,56 0,183 27250 657 1,78 0,215
Mema-JIurupokcruOeH301 0,80 0,166 19050 623 1,67 0,260
opmo-JIurupokcuOeH301 0,91 0,168 27940 740 1,81 0,248
deHon 1,64 0,186 36270 813 1,82 0
mema-Kpezon 2,00 0,160 32370 775 1,66 0,430
napa-Kpe3on 2,13 0,147 33010 778 1,27 0,302
opmo-Kpesoi 2,13 0,171 39820 866 1,41 0,170
opmo-mpem-byTundeHon 3,35 0,161 53260 894 1,66 0,472

B Tabn. 4 reomerpuyeckue napamerpsl JIJI oTcopTUpoBaHbI IO BETUYHHE THAPO-
dobnoctu henonos H, koTopas paBHa jJorapudmy pacrupeneiacHus: GeHomsa MexIy H-
OKTaHOJIOM W Bojou. Ha puc. 7 mpencrasiena rpaduk, mo KOTOPOMY BHJICH OCTa-
TOYHO YETKHUH TPEH — YeM BbIIe TUAPo(PoOHOCTh (peHoma, TeM OOJbIIe MI0MAaIh |
nepumetp JIJI. Munumansusie pasmepst JIJI nuMeroT quruapokcuOeH30bl, cKa3biBa-
€TCsl HaJIMYMe JBYX THJIPOKCUIIOB, IPUYEM OpmOo-ITUTUAPOKCHUOEH30J1 OO0JIbIIE MOX0XK
Ha (heHOoJ, T.€. OH JAaeT MEHEe TEMHYIO OKPACKY, 4eM OXKuaanock oT asyx OH-rpymnm,
YTO MOATBEPKIAET MPEIONIOKEHUE O MOHMKEHUU pPeaKIMOHHON criocoOHoctu OH-
rpynisl B opmo-nonoxenuu. JIJI napa- v mema-kpe3ona cnabo OTAMYAIOTCS APYT OT
Ipyra, a BOT opmo-Kpe30d U opmo-mpem-0yTuin@eHo, 1eHCTBUTEIbHO, Tal0T Hau-
Oonee OJjeAHOE OKpAIIMBAHHE PACTBOPOB, UTO JIETKO OOBSICHUMO CTEPUUYECKUM (-
dexrom 3amectutens. Ha nmapamerpst JIJ| opmo-mpem-Oytuidenona cka3blBaeTcs u
CPaBHUTEJIHHO HU3Kas KOHIIEHTpAIUs, BhIpaKeHHass B MMOJb/1. @opma duryp JIJI
HE CIIUIIKOM CIJIOKHA, YTOOBI 3 (PexkTuBHO MpuMeHsITh PpakTanbHOCTh D. bonee nn-
dbopMaTUBHOM OKa3ajlach OTHOCUTEIbHAS BEJTUYMHA &, KOTOPas SIBJISIETCS T€OMETPH-
YEeCKUM LEHTpoM TsikecTu JIJ[ u xapaktepuszyer OJM30CTh BEKTOPHBIX MacCHBOB
e=,/(a—ba—-b)/(a a). 3a1a4a UAHTU(UKAIIMN CBOAUTCS K cpaBHeHuto JIJI ¢ atamon-
HOM JAuarpaMMoM, XapakTepu3yeMoil BEKTOPOM b, HJig KOTOPOTO BEKTOp olpasua a
JaeT HAMMEHBIIYIO BEJIMYMHY &. B kadecTBe aTasnionHoi ¢urypsl Beiopanu JIJ1 ¢peno-
na, mostomy mist Hee € = 0. Ecnm mcxoauTh W3 TOro, 4To HauOOJbINAs BU3yallbHAS




MIOXO0KECTh MPOSBIIICTCS TIPH MEHBIIIEM 3HAUYCHUU KOIPPUIIUEHTA &, JJOTUIHO, YTO
HauOOJIBIINE OTJIUYUSA B I[BETHBIX TECTaX MPOSBISIOTCS MEXIY (PEHOJIOM U Opmo-
mpem-0yTuidenonoM, y koroporo rpynna —OH ucHbITBIBaeT CUIIBHOE CTEPUUECKOE
SKpaHUPOBaHUE 00BEMHBIM opmo-3aMecTuTesieM. Takum o0pa3om, IIBETHbIEC PEeaKIun
(GEeHOJIOB M3-32 OTJIMYUSI B CTPOCHUU MPUBOMAST HE K HIACHTUYHBIM, & K Pa3TUYHBIM
napamMeTpaM I[BETHOCTH, U KOI(PPUIMEHT & KOJUYECTBEHHO XapaKTEpU3yeT ITH OT-
JUYHUSL, T.€. OH MOXKET ObITh UCIIOJIB30BAH JIJIs1 KAUECTBEHHOTO aHAJIK3a.
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Puc. 7. 3aBucumocts mnomanu Sy (a) u nepumerpa Py (60) ot rugpododbroct dhenonos H: 1 —
Mema-TUTUPOKCUOCH30; 2 — napa-auruapokcuOeH3our; 3 — GeHomn; 4 — opmo-TUTHPOKCUOCH30IT; 5
— Mema-Kpe3on; 6 — napa-Kpe3on; 7 — opmo-Kpe3on, 8§ — opmo-mpem-0yTuidenon

Y cTaHOBIIEHO, UTO TeoMeTpuuyecKre napameTpsl JIJI npuMeHuMBI 111 KOJIMYeCT-
BeHHOTO omnpezenenust ¢eHonoB [IM crmocobom. Haiineno, yto B amanazone C =
0,014 — 0,2 /1 uMeeT MEeCTO MPAKTUYECKU JTUHEHHOE YMEHBIIICHUE TIIOMAEH U TIe-
pumetpoB JIJI 3a cuet tenaeHuui F; (255, 255, 255) — F;(0, 0, 0). C yBenuueHuem
KOHIeHTpauu B 10 pa3 U COOTBETCTBYIOIIMM PACIIMPEHUEM JHAIa30Ha 3aBUCHUMO-
ctu C = f(Syp) u C = f{Pyy) craHoBsATcs HenuHeWHbIMU. [Ipenen oOnapyxkenus C,,, =
0,005 — 0,010 r/n. Cpennee Bpemsi €TMHUYHOTO aHainu3a — 15 muH. Jlj1s onpeneneHus
dbenonoB Ha ypoBHe IIJIK IIM criocobom HeoOxoauma AOMOJHUTENbHAS CTaaus B
poOOIOATOTOBKE — SKCTPAKIITMOHHOE WJIM COPOIIMOHHOE KOHIICHTPHUPOBAHHE.

B 4deTBepTOii IJ1aBe MpUBEIEHBI Pe3yIbTaThl HccieqoBaHui 3¢ dhekToB Habyxa-
HUS TTOJIMMEPHBIX COPOEHTOB B BOJHBIX PacTBOpax 3TaHOJA, alleTOHUTPHUIIA, BOIHO-
CUpPTOBBIX pacTBOpax BAB. M3ydeno BiusiHre TeMIepaTypsl Ha cTeneHb HaOyXaHus
rpaHyll, a TAK)KE UX TUHAMHYECKHE XapaKTePUCTHKHU.

[Tpu u3yueHuu BIUSHUS TEMIEpaTyphl Ha CTETIeHb Ha0yxaHusi B Boje (puc. 8) u
ATaHOJIE€ KOHTPOJMPOBAIM BeNUUUHY f,=V;/V5, THEe V; —00béM rpanyiibl copOeHTa
IpH 3aJaHHON TeMIIepatype #, Vo — 00béM rpanyisl copoenta mpu 20 °C. s 60iib-
IIMHCTBA HMCIIBITAHHBIX COPOCHTOB M3MEHEHWE BEIUYMHEI f; B 9TOM HUHTEpBAaJE TEM-
neparyp He npesbimiaeT 5 % u cocrasister 5 —10 % npu nossimennu ¢ 10 70 °C. Ot-
MeYaeTcsl HeJIMHEIHOEe U3MEHEHHUE f, TIPU 3TOM HAOJIOJAI0TCS KaK MOJOKUTEIbHBIE,
TaK U OTPULATEIbHBIE AKCTPEMYMBI, a TaKXKE CTYNEHYATBI XapaKTep TemIiepaTyp-
HBIX KpuBbIX. [IposBienne r3pexToB HaOyxaHUs TpaHyJl B BOJIE U ITAHOJE CYIIECT-
BEHHO paznuuaerca. Hanbonee uyBcTBuTeeH 3G deKkT HAOyXaHUs K HATUIUIO BOJBI B
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cucreme. CenaH BBIBOJI O IEIECOO00PA3HOCTH TEPMOCTATUPOBAHUS ONTHUECKUX SUe-
€K, 4TO YUTCHO B KOHCTPYKIUH mpubdopa (puc. 3).

3 3 1,25 - 3
1,07 f: y.e 07 I;, y.e. f;’ y.e.
t g BM-14K
1,06 T 1,06 7 2 . 12 MBC
" o Wofatit ES S
1,05 1 Vol e, /
| .f'f; S e 7w P sy L
e /7 BM-fan ¢/ 103 1
1,03 4 g/ / 1,02 o~ @ 111 J.}" MAA
r, ’,"J .l/a i ~ = _EI
: R - o —a
]/ P &+ WofatitEA 60, Pl
/s P 1B e 105 o % ﬂ_,—-""
1,01 - L s
/? —° t°C  owmy @ ~——7 to¢ |/ e toc
1 :J;LO- T T T T 1 0,98 T T T T ! i 1 ?—"’Fﬁ . . . . ! .
20 30 4 50 80 70 20 30 40 50 60 0 3 4 S0 60 70

Puc.8. CX oTHOCHTEIBHOTO 0OBbEMa MOJIMMEPHBIX COPOSHTOB OT TEMIIEPATYPHI

[Ipu u3ydyeHun AMHAMUYECKUX XapPAKTEPUCTUK YCTAHOBJIICHO BPEMS U OTHOCH-
TEIbHBIE pa3Mephbl TPaHyJl B COCTOSTHUU, OJM3KOM K paBHOBecHOMY (puc. 8). 3amaB
JMHAMHYECKasl MOTPEIIHOCTD Ay, HAXOAUIN BpeMs, Yepe3 KOTOPOe MOKHO OIpee-
JSATHh cTeneHb HaOyXaHus TpaHyJl (IS BCEX THUIOB COPOCHTOB BPEMS BBIJIEPKKH CO-
ctaBuwio 3 — 5 muHyT). CTeneHb HaOyXaHUs KOHTPOJIMPOBAIM [0 H3MEHEHUIO
f=V/V,, npencrasistoniemy co0oii oTHoIeHne 00bEMa IpaHyIibl B pacTBOPE aHAH-
3UpyeMOro BemecTBa ' k 00bEMY B UMCTOM pacTBopuTelie (Boxae) V. YCcTaHOBIIEHO,
YTO TpaHysbl U3yYEHHBIX MOJHMMEPOB, BBIIECP)KAHHBIE MPEIBAPUTEIHLHO B PEKTH(H-
KoBaHHOM crnupTe (96 Macc. %), B BOJHO-CIUPTOBBIX pacTBOpaxX HAOyXarOT MPOIop-
[IMOHAJILHO COJICP>KAHUIO BOJIBI, a TPAHYJIbl, BbIIEP)KaHHBIE B BOJIC, KOHTPAKTUPYIOT B
BOJIHO-CIIMPTOBBIX PACTBOPAX MPOMOPIIMOHATBHO MAaCCOBOM A0Je 3TaHosna. Hanbonee
cuiIbHBIN 3¢ dexT Habmoaanu 11t HenoHoreHHbIX nmoaumepoB [TAA u [IBC nabyxa-
Hue B 3,5 — 4 paza B Bojie, IJIsl HUX K€ XapaKTepHa MakcuMajbHas KOHTpakius — 70
— 80 % B 96 %-HoM 3TaHoN€e (puUc. 9).

_ 3 _
44 1fye A 117 fye
3 9 o _'ﬂ'li 5 1 7
' 0,9 - 5
2.4 4 4 0.8 4 4
2.9 0.7 7 = 3
3 0,6 -
2.4 A 05 - 2
a
M MWH 0.2 7 f
Ulg rrrrrrrrrrrrrrrrrrrrrrrrrrrrrri D|1 |||||||IIIIIIIIIIIIIIIIIIIIhlqllleI
@ 3 6 9 12 15 6 0 3 § 9 12 15

Puc. 9. /Ilunamuyeckue XapakTepUCTHKU rpaHysl HEMOHOTeHHOTO noinuMepa [TAA, BeiaepxaH-
HOTO B PeKTU()UKOBAHHOM 3TaHOJIE (@) ¥ B Bojie (6), B BOIHO-CIIMPTOBBIX PACTBOpAX Pa3IUIHOM
koHuentpanuu: [ —30; 2 —60; 3 —80; 4—95; 5 — 100 % 00. BozbI

JU1s MOATBEPKACHHS pe3yJIbTaToOB, NOJy4eHHbIX M@ criocoOoM, TMHaMHYECKHUE
XapaKTEPUCTUKU TPaHyJl M3y4alu JuiaaToMmerpuyecku (puc. 10).
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Puc. 10. lunamnueckue xapakrepuctuku katnonura C 120 E:
a — munaroMerpudeckuii; 6 — M® criocob

[Tonyuenst CX creneHu HaOyXaHHsl TpaHysl YaCTUYHO CEJIEKTUBHBIX COPOCHTOB
Oaps = f(Cy) U151 BOAHO-CIIUPTOBBIX M BOJIHO-AIIETOHUTPUIIBHBIX CMECEH.

Benmuuunset S u P JIJI, 0 OCSM KOTOPBIX OTJIOXKEHBI 0,5, BBIOPAHHBIX COPOCHTOB,
(GYHKIMOHAIBHO 3aBUCAT OT KOJIMYECTBA BOJbI B CMECSIX, OHU MOTYT MCIIOJIb30BAThCS
HE TOJIbKO JJisi UJICHTU(HUKAIIMU, HO U JUIsl KOJIMYECTBEHHBIX ompeneneHuit (puc.ll,
12). IIpaBUIBHOCTh METOJAUK OIpPEAECICHUS KOHLEHTPALMU KOMIIOHEHTOB BOJHO-
OpraHUYECKUX CMeced MpoBepsuI PePPaKTOMETPUUECKH W METOJOM «BBEIEHO-

HaAUJIEHOY.
350 1MAA3 300 , MNAA3Z
3,00

2,50

5 . MBG 20
WOFATIT ES ' 2 WOFATIT ES .
MNBcC 20 »/

50

0,00

WOFATIT EA B0 BIT An WOFATIT EA GO Bl An

BIT 14K BM 14 K
Puc. 11. JIJI pa3nuuHbIX KOHLIEHTPALUUK BOJHBIX PACTBOPOB: @ — aueroHutpuna: I —25; 2 — 50;
3—75;4-100 % 006. Bompr; 6 — 3tanona: I — 30, 2— 60; 3—80; 4—95;5— 100 % 006. BoabI

B xone paboTel poBenéH aHanW3, CUCTEMATU3alUs U CPaBHEHHUE COBPEMEHHBIX
MHCTPYMEHTAJIbHBIX METOJOB KOHTPOJI BELIECTB: CHEKTPO(POTOKOIOPUMETPUU
(CD), BbicOKOd(PheKTHBHON KUAKOCTHOU XpomaTtorpaduu (BIXKX), Tonkocmoii-
HOM XpoMaTorpaduu, KOTOPbII MOKAa3bIBAET, YTO I MaJTOOIOKETHBIX TAO0OPaTOPHii
Hapsiny ¢ CO 1 TOHKOCIONHHOM Xpomarorpadueit 10cTaTouHo ) PEKTUBHBIMU SBIISI-
foTcs  crocoOsl Berometpuu ¢ npuMenenuem LIOK wmm [IC u mukpodoTtorpaduu
HaOyxaromie rpanyisl (Tad. 5).

12



2
14 4 Spp, Y& Pnp, ve 14 4 _n Snn InPpy |4
12 L 12 3 - -3
10 L1027 -2
R? = 0,997
8 4 8 1 1
0 - F 0
6 - - 6
-1 1 -1
4 - R2 = 0,999 L 4
2 - L2
2 4 -2 3 R2= 0,999 -3
C,06. % InC
0 T L T T 0 -4 T T T -4
20 40 60 80 100 3 3,5 4 45

Puc. 12. CX Sy (mpsimast 1) 1 Py (psiMast 2) OT KOHLIEHTPALK BOJBI B
BOJIHBIX pacTBOpax dTaHoja (@) U aneToHuTpuia (0)

Oddexrel HaOyxaHWs, W3YYCHHBIC C TIOMOIIBIO Pa3pabOTAaHHOW ONTHYECKOU
MYJIBTHCEHCOPHON CHCTEMBI OBUTA YYTECHBI TIPH KOHCTPYHUPOBAHUH HOHOOOMEHHBIX
¢unpTpoB. B X0m€ sKCmEepHMeHTa MPOBOAWIA COPOIMOHHYIO OYHMCTKY STaHOJA,
CMEIIIAHHOTO C KOHIICHTPATOM TOJIOBHBIX W MPOMEXKYTOUHBIX TpUMecei, oopa3sye-
MBIX B npornecce OparopektTupukanuu. IHHEeKTUBHOCTh COPOLUU OLEHUBAIU METO-
nom kanwuisipHot [OKX. Jlns copOeHToB, HanboJiee MPUTOIHBIX JJIi OYUCTKHU dTa-
HOJIA TTOJIYYeHbl KHHETHYECKUE KPUBBIE COPOIIMH MO KIIFOUEBHIM KOMIIOHEHTAM.

Tabmuma 5
TexHnveckue XxapakTepUCTHKH TPUOOPOB

L[OK | T1C MO | Ccd | BIKX
Onpenensiemble OkxkpallieHHbIe TPO3pavHble WK [Tpo3pauHbie B BUAMMOM I
BEIIECTBA HETPO3pPavyHbIC PACTBOPHL, IMYJIb- |  yIBTPApHUOIETOBON O0IACTH CIIEKTPa

CHH, CyCIICH3HH, TBEP/IbIC BELIECT- pacTBOpHI
Ba, MJIM UMEIONINE CTaHJapTHHIC
I[BETHBIC PEaKIHU

O0BEM TTPOOBI, MIT 0,5-5 0,25-1 05-5 0,1-0,2
OcHoBHas +5,5 +3.5 +7,0 +2.0 +3,0
MOTPEIIHOCTb, %
Temneparypa okpy —20...+40 +15...+35
xaroneit cpepl, °C
Yucno onepauuii 4 4 3 6 7
['abaputHbIC 500%350x 450%300x 200%x200% | 440%320% 270x160x
pa3Mepsbl, MM 300 160 500 175 50
Macca, kr 2,0 2,5 3,5 15 40
Ilena anmapatypsil, 10 —15 3-5 15-20 60 — 600 13 000 —
ThIC. PYO. 50 000

OCHOBHBIE PE3YJIBTATBI PABOTbBI
1. Pemiena HaydHO-TEXHUYECKas 3ajaya, 3aKIIOYalONIasica B pa3paboOTKe aro-

pUTMa MOJy4YeHUss U 00pabOTKU MHTErpaIbHOr0 MH(POPMATUBHOTO CUTHAJIA OT He-
CKOJIBKUX IU(POBBIX N300paKEHUN aHATU3UPYEMOT0 pacTBOpa, B KOTOPOM KOHTPO-
JUPYIOTCST MapaMeTpbl [IBETHOCTH PACTBOPA, UM F€OMETPUUYECKHE MapamMeTphl IOo-
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JUMEPHBIX TpaHyJ, MOMEIICHHBIX B PACTBOP aHAIM3UPyeMOM MpoObl. Pe3ynbrarsl
BBITTOJTHEHHBIX UCCJIEAOBAHUN MO3BOJISIOT UCIIOIB30BaTh JAHHBIE MapaMeTpbl JJIs Ka-
YECTBEHHOT'O M KOJUYECTBEHHOTO TECTHUPOBAHUS PACTBOPOB OHOJOTMYECKH AKTHB-
HBIX BEIIECTB.

2. Pa3paboTaH BETOMETPUYECKUM CIOCOO UJICHTU(HUKAIIMU U KOJIMYECTBEHHOTO
U3MEPEHUST KOHUEHTPALUUU AMUHOKHCIIOT, JEKAPCTBEHHBIX MpPENapaToB WHCYJIMHA,
uH(e305a, MapaneraMmosia, OJHO- U JIByXaTOMHbBIX (DEHOJIOB B BOAHBIX PACTBOPAX C
UCIIOJIb30BaHUEM IU(POBBIX BUJIEOYCTPOICTB, B KOTOPOM PETUCTPUPYETCS HHTEH-
CUBHOCTH LIBETOBBIX KOMIIOHEHTOB AJICKTPOHHBIX M300pa)KEHUU PAacTBOPOB aHAIMUTA
MOCJIe MMPOBEACHUS ABYX IIBETHBIX PEAKIIMiA, YTO MO3BOJISIET TOBBICUTH HH(POPMATHUB-
HOCTbh U TOYHOCTh aHaJIU3a.

3. Pa3zpaboTtana KOHCTPYKIMS U METOAMYECKOEe olecredeHue npudopa uis dKc-
MEPUMEHTAIIBHOTO OIpPEEICHUS UHTEHCUBHOCTEN I[BETOBBIX KOMIIOHEHTOB, BBIYMC-
JSIEMBIX C TOMOIIBIO CTAHAAPTHOTO MPOTPAMMHOTO OOECHEYEHHUs MO JIEKTPOHHBIM
N300pakKeHHSIM, TIOJyYEHHBIM OT HU(PPOBBIX ycTpoiicTB. [Ipubop obnamaer 3na4m-
TEJIbHBIM MPEUMYIIECTBOM MO CTOMMOCTH M MPOCTOTE MCMOJIb30BAHMS, HE TPeOyeT
BBICOKOM KBaJIM(PUKALUU MEPCOHANA, MOKET MPUMEHSITHCS B MaJIOOKOIKETHBIX J1a0o-
paTOpUAX U MOJIEBBIX YCIOBUSX.

4. Pa3zpaboTtan MHTETrpaibHbINA MMOKa3aTeNlb B BUJIE JENECTKOBBIX JUarpaMm, Mpu-
TOJIHBIN ISl MHTEpPIpEeTaly MH(OOPMATUBHOIO MYJIbTHCEHOPHOIO MJIM MHOTrOIapa-
MeTpuueckoro curHaia. [lokazarenb onmpoOoBaH B HU(PPOBOM I[BETOMETPHUYECKOM
croco0e TeCT-KOHTPOJISi PACTBOPOB aHAIMTOB MO ABYM I[BETHBIM PEAKIIHSAM, B OMNTH-
YECKOM MYJbTHCECHCOPHOM CHCTEME, MCIOJB3YIONMEeH MUuppoBOe H300pakeHHE He-
CKOJIbKUX HaOyXarlIMX rpaHyJl B paCTBOPAX aHAINTA, UMEIOIINX YaCTUYHYIO CENIeK-
TUBHOCTH K €ro npupoje. [lokazano, 4To reoMeTpuYECKUE MapaMeTpPhbl JENECTKOBBIX
JqyarpamMm — IUIOLAb U MEPUMETP, MPUMEHUMBI JJIsl KOJTMYECTBEHHOTO ONPEACICHUS
COJIEpKaHus alleTOHUTPUIIA, ITAHOIA, aMUHOKHCIOT U X MPOU3BOAHBIX, ()EHOJIOB U
UX MPOU3BOJHBIX B BOJAHBIX PACTBOPAX.

5. YcraHoBneHa 3aBUCUMOCTh U3MEHEHUsI 00bEMOB IpaHyJl HOHOT'€HHBIX U HEHO-
HOTE€HHBIX MOJUMEPOB OT KOHILIEHTPALMU U COCTaBa PAacTBOPOB OHMOJOTMYECKH aK-
TUBHBIX BeLIECTB. Peann3oBaH cnoco0 ompeneneHus COAEp>KaHHusl BOJbl B BOJHO-
ATAaHOJIBHOM UM BOJIHO-AallETOHUTPUIILHOM PACTBOPax BO BCEM BO3MOKHOM JIMAINa30HE
KOHIIEHTpaLui 1 TeMneparypaoM unrepsaie 20 — 70 °C.

6. YCOBEpIICHCTBOBAHA ONTHYECKAsl MYJbTUCEHCOPHAsl CUCTEMA, CO3/JaHHAsl Ha
OCHOBe LM(poBOro (oroarmapara, COBMEIIEHHOIO C ONTHYECKUM MHUKPOCKOIIOM U
OBM, peructpupyromas HaOyxaHue rpaHyJl HCHOHOT€HHBIX MOJIMMEPOB M MOHOOO-
MEHHBIX cMOJ. J[aHHas cucTeMa NMPUMEHUMA KakK JJisl UCCIEAOBaHUS TEPMOMEXAHU-
YECKUX CBOMCTB MOHOTCHHBIX U HEMOHOTEHHBIX COPOCHTOB, TaK W JIsl UCIOJIb30Ba-
HUS TTIOTMMEPHBIX copOeHTOB B kKauecTBe [1UI1, pearnpyromiero Ha mpupoy aHaauTa
U3MEHEHHEM CBOEro 00bEMa.

7. TlomoOpaHbl ONTUMAaJIbHBIE MAapaMeTpbl pabOThl ONTUYECKON MYIBTUCEHCOP-
HOM CHCTEMBI: YCTAHOBJIEHO BIIMSIHUE TeMIEpaTypbl Ha 00bEMHBIE 3(D(PEKTHI IpaHyI,
POU3BEAECHBI MapaMeTpbl OTOPAKOBKM HEKOHAUIIMOHHBIX MOJUMEPHBIX COPOEHTOB,
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Ompe/iesieHa CEJIEKTUBHOCTh MO OTHOIICHUIO K MCCIICIOBAHHBIM aHAJUTaM, ONTHUMHU-
3UPOBAHO MX YMCIIO, B XOJI€ U3YUYCHHS] JUHAMUUYECKUX XapaKTEPUCTUK YCTAHOBIICHO
ONTUMAJILHOE BpeMsI BBIJEPKKY B TOM UJIM MHOM aHAJIUTE.

8. Ins monaTBepKAEHUS 3aJaHHBIX METPOJOTMYECKHX XapaKTEPUCTHK pa3pado-
TaHHBIX CIIOCOOOB OMNpENIETEHUsI PACTBOPOB OMOJIOTMUECKH aKTUBHBIX BEIIECTB MPO-
BEJICH CPABHUTEIbHBIN aHANIM3 C TUIIOBBIMU METOJIaMU MHCTPYMEHTAJILHOTO KOHTPO-
7s1. DKCIIEpPUMEHTAIbHOE CPAaBHEHHE Pa3pabOTaHHOrO LBETOMETPUYECKOTO crocoba
CO CTaHJIAPTHBIM CHEKTPOPOTOMETPUUECKUM METOI0M MOKA3aJI0 COOCTABUMOCTh T10
TOYHOCTH W BO3MOKHOCTH aHaju3a 0ojiee KOHIEHTPUPOBAHHBIX pacTBOpoB. [lpu
CPaBHUTEIHHOM HCCIIEIOBAHUHU TOJMMEPHBIX TpaHysl MUKophoTrpaduueckum u au-
JATOMETPUYECKUM CIIOCOOOM TOJIYyYEeHBI HICHTUYHBIC JUHAMUYECKUE XapaKTePUCTH-
K. TOYHOCTHh KOJIMYECTBEHHOI'O OINpPECICHNUs] OMOJOTUYECKU aKTUBHBIX BEIIECTB C
MIOMOIIBI0 pa3paboTaHHOTO0 MHUKpodoTorpaduueckoro crmocoda moATBEPKIACHO ped-
PAKTOMETPUYECKHU.

9. UccnenoBanHble MOHOOOMEHHE CMOJIBI MOTYT OBITh IPUMEHEHBI B COPOLIMOH-
HBIX QUIBTpPaX MO OUYKUCTKE dTaHOJa. BKIloUueHne B cXeMy THUIOBON peKTU(UKAIIMOH-
HOM YCTaHOBKHM TaKOI'0 HOHOOOMEHHOI'O (PMIIbTPa MO3BOJIET OCYIIECTBUTH JOMOIHU-
TEIbHOE BBIJEICHUE NPUMECEH, TPYIHOYIaJIsIEMbIX B X0/1€ PEKTU(PUKALIUH.

10. Pe3ynbraThl, MOJy4YE€HHBIE B AUCCEpPTALMU, UCTIONB3YIOT B OO0 «ArntoTeny,
OAO «Boponexckuii Mojounblii komouHaT?y, OO0 «HTIl «2Tanom», u B yueOHOM
nporecce Ha Kadeape dapmaleBTUYECKON XUMUU U (PapMalieBTUYECKON TEeXHOJIO-
ruu BI'MA.

Cnucok ony0JMKOBaHHBIX PadoT no TeMe auccepranuu. OCHOBHBIE PE3YyJIbTaThl JUCCEPTa-
WU U3JIOKEHBI B paboTax:
1. Pynakona JI.B., Kynyxosa W.I'. YcoBepmieHcTBOBaHHE crioco0a OnpeAeeHUs aMHHOKUCIIOT IO
[IBETHBIM PEAKIMIM C IPUMEHEHUEM ITU(POBBIX TeXHOJOTHH // 3aBonckas maboparopus. Jluarno-
ctuka matepuanon. T. 78. Ne 12, 2012. C. 20 — 26.
2. Pynaxoga JI.B., Kynyxosa N.I'., Cenemene B.®. [Ipumenenune mukpodororpaduaeckoro cro-
coba peructpanun 3¢pdexkroB HaOyXaHHUsT COPOIIMOHHO-aKTHBHBIX MOJUMEPHBIX TPAHYJl B aHAJIN3E
OMOJIOTMUECKH aKTUBHBIX BEIIECTB // AHanuThka U KOHTpoJib. T. 16. Ne 1. 2012. C. 68 —74.
3. Pynaxos O.b., Pynakosa JI.B., Kynyxosa WN.I'., I'onosunckuii I1.A., Xopoxopauna E.A., I'po-
meB E.H. YcosepmencrBoBanue crocoba omnpezenenusi (HEHOIOB MO IBETHBIM PEAKITUSAM C TTpUMe-
HEHHEM IU(PPOBBIX TEXHOJIOTUH // AHanmuTHKa U KOHTpOJb. T. 16. Ne 4. 2012. C. 570 — 580.
4. Kynyxosa W.I'., Pynakosa JI.B., Pynakos O.b., Hazapos B.M. MynbTuceHcOpHbIi MHKPOQOTO-
rpaduueckuil croco0 orpeaesieHus] BOJbl B BOJHO-CIMPTOBBIX cMecsax // Boma. Xumus u skosno-
rust. Ne 12.2011. C. 89 — 93.
5. Pynaxosa JI.B., PygakoB O.b., Kynyxoa N.I'., Cenemene B.®. [{udposas perucrpauus 3¢-
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24. Ne2.2011. C.16 — 21.
6. Pynaxosa JI.B., Cenemene B.®., Pynakos O.b., Kyayxosa W.I'., Hukutuna C.1IO. Bnusgnue
TEeMIIepaTypbl Ha XapakTep PaBHOBECHOI0 HaOyXaHMs MOJIMMEPHBIX I'paHys B BOJE U 3TaHoje //
CopOrmonnbie u xpomaTtorpaduaeckue mporeccsl. T.13. Ne5. 2013.
C. 676 — 686.
7. Kynyxosa W.I'., PynakoB O.b., Pynakosa JI.B., ®epanontoB H.b. Kunetnka HaOyxaHust TpanHyt
U3 MOHOT€HHBIX M HEMOHOTEHHBIX MOJIMMEPHBIX MaTE€pHUaJOB B BOJHO-CIUPTOBBIX pacTBopax //
CopOrmonnsie u xpomaTtorpaduaeckue mporeccsl. T. 10. Beim. 4. 2010. C. 583 — 594.
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