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IIpogeMoHCTpUpPOBaHBI BO3MOKHOCTH HEJWHEWHOU Ja3epHOU (hIyopuMMeTPUHN B OmMpee-
JIEHMM KBAHTOBOTO BBIXOAA B TPUILIeTHOEe cocTosiHue. V3 KpuUBBIX HachlleHus (ayopec-
LHEHIMH ONpee/eHbl 3HAUEHUsI CEUYEHUs MOTJIOIEHNS U KBAHTOBOTO BbIX0JA B TPUILIETHOE
cocTosiHMe s Kpacureneil 6-amunodeHoneHona u pogamuna 62K (ucmoassyemoro B Ka-

yecTBE TeCTa).

BBenenune

OrmpesiesieHrie  KBaHTOBOTO BBIXOJA B TPHIIETHOE
COCTOSIHHE 7) MOJIEKYJI CJIOXKHBIX OPraHHUECKHX COeIH-
wenu#t (COC) — TpanuunoHHast 3anada (HhJayopuMeTpHH.
Benwuuna 7 wucnosbayercs anas anarHoctuku COC
(Ha MOJIeKy/JSIPHOM YPOBHE) B Pa3JHUHbIX cpemax [l].
[Torck HOBBIX METOJOB OIpeleseHUs] 7) SIBJASETCs aK-
TyaJbHOH 3aiaueil, MOCKOJbKY TPaauLHOHHbIE METO/bI
M3MepeHHsl 3TOro mapameTpa [2] 4acTo He YIOBJIETBO-
PSIIOT TMOTPeGHOCTAM aHaJH3a.

B mnacrosimielt pabore uCCIeIyIOTCS BO3MOXKHOCTH
HeJTMHEeHHOH J1a3epHOH (PJYOPHUMETPUH B OTpe/ieseHuH
napamerpa 7. s 3TOH IesH TPOBeNEHO UHCJIEHHOE
MOZleIMPOBaHUe MPSMON W 006paTHOM 3amaud HeJUHeH-
HOU (pIyOPUMETpPHH, OIpeie/ieHbl COOTHOLIEHHs napa-
METPOB MOJI&JIH, TIPH KOTOPBIX 7) MOXKET ObITb ONpejeJe-
HO C Y/IOBJIETBOPHTEJNBHON TOUHOCTBIO U C YUETOM 3THX
pe3y/bTaTOB MeTOIOM HeJIMHEHHOH (pJyopHMeTPHUH JKC-
NepUMEeHTAa/IbHO OIpe/ieleHbl 3HAYeHHsI MapaMeTpa 1)
IJISL IByX KpacuteJsiedl B BOIHBIX PacTBOPaXx.

1. MeTton HequHEHHOH (PIyopuMeTpHA

B ocHoBe MeTonma HenMHENHOH (DIyOpUMETPHUH Kak
MEeTOfla OTIpeleseHHsT MOJIEKY/ISIPHBIX (DOTO(PU3UUECKHX
napametpoB (PI1) COC nexut nsMepeHHe 3aBUCHMO-
CTH MHTEHCHBHOCTH (psiyopecieHIMn Nj OT TJIOTHOCTH
noTokKa (POTOHOB BO3OYKOAIOIIET0 U3JayUeHus F B TOU
obsractu, rae 3aBUCHMOCTb Nj(F) siBasieTcss HeJHHeH-
HOM. B 3TOM c/ydae TroBOpSIT O HACHIILIEHHH (JIyO-
peclLeHLHH, a HeJuHelHyl0 KpuBylo Nj(F) Ha3sbBa-
I0T KPUBOW HachlllleHus (JyopecueHunn. HaceieHnue
(hJTyopeclieHIIUM JIEXKUT B OCHOBE METONA HeJWHeWHOU
¢GayopumeTpuun [3], CyTb KOTOPOTO COCTOUT B OMpeje-
JeHuu (MyTeM pelieHust 0OpaTHOH 3amayu Mo 3aJaHHOH
MozlesH  (POPMHUPOBAHHS (HJIYOPECIEHTHOr0 OTKJIHKA)

mosekyasipabix PIT COC u3 Bupa 3aBucumoctu Ny (F).
B Hacrosime#t pabore uCnonb30Basach TPeXypoBHEBAs
Mozesb  (POPMHUPOBAHUS (DJIYOPECUEeHLHH, COCTOsIIIas
M3 OCHOBHOTO, IEPBOr0 BO30YKIEHHOrO CHHIJIETHO-
ro W TIePBOTO BO30YXKAEHHOTO TPHUIJIETHOTO COCTO-
sindit [4]. ot comocTaByieHHs 3KCIEPUMEHTaNbHbIX
M TeopeTHYeCKUX JaHHBIX YH0OHO ONMepHpoBaTh He
saBucuMocthio N (F) [3], a 3aBUCHMOCTbIO (Takxke
HaspiBaeMoll KpuBoi Hackimenus) ®~1(F) = Ni/Ny,
rie Nyj — penepHbiil CHrHaj, B KauecTBe KOTOPOTO
Mbl HCIOJIb30BaNH YacTb BO30YKIAIOIIEr0 H3/JTydeHHs,
HaIPaBJIEHHOTO OTBOJHOU MJIACTUHKOU B penepHbId Ka-
HaJl CUCTeMbl PerucTpalny.

2. YucseHHoOe MoeJMpOBaHHUE 3aa4yd
ornpeneJeHus MapaMmerpa 1)

[lesbi0 UKMCIEHHOTO MOJENHUPOBAHHS OBbLIH BbISIB-
JIeHHe O0COOEHHOCTeH MOBeeHUs] KPUBBIX HACDILIEHHS
dayopecuenuu COC ®~!(F) npu usmeHeHHH 3Haue-
HHUSI 7) U OLEHKA MOTPELIHOCTeH onpesie/ieHusl napamer-
pa m TIpM pelIeHWH IBYX oOpaTHbIX 3amau. [lepas
3ajaya — JByXmnapamerpuueckasi (OIHOBPEMEHHO W3
KPWBOH HACBIILIEHUST OTpefienisioTest napametpsl {n; o}
NPpY HW3BECTHOM 7T WM {1;T} NpH H3BECTHOM O,
rme o — ceueHHe TIOMVIOLIEHWs, a T — BpeMs 3a-
TyXaHusi (PJIyopecleHlnH BO3OYKAEHHOTO CHHIJIETHOTO
cocrostuusi COC), BTopasi — ofnHonapamerpuueckas (13
KPUBOH HACBILEHUS] OTPEeeIsieTCsl 1) MPH H3BECTHBIX
ouT).

B pesysbrarte 6110 yCTAHOBJIEHO, UTO JJisI OJHOBpE-
MEeHHOTO oTpefieleHHsT napameTpoB {n; o} nau {n; 7}
¢ npuemJsemoi TouHocTbio (He xyxe 30%) HeoOX0aUMO,
4TOOBl IIYMbl KPUBBIX HachilleHus Obiid MeHbIne 10%
(xopueBoit wym, 10% — wyM Npu MakCHMajbHOM 3Ha-
uyeHHW F, 3KCTepUMeHTaJlbHOM KPHBOH HACBILIEHHS).
[Ipu stom:
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a) I JByXmapaMeTpUyecKoil oOpaTHOH 3amauu
{m; o} norpemHocTyH onpeneNeHust N U ¢ He OYLYT Hpe-
sermate 10%, ecnn n/a =1 (e =71/7,, THE T, — MK~
TeJIbHOCTD J1A3€PHOTO UMITYJ/IbCa), OTPEIIHOCTD KPUBOH
HacblllleHHs] MeHee 3%, a WCMOJb30BaHHBIH B MO-
nend (opMmpakTop anmnpoKCHUMHpPyeT NPOCTPaHCTBeH-
HO-BpeMeHHOe pacrpejie/leHHe JIa3ePHOTO HMIIYJIbCa,
¢ tTouHocTbio He xyxe 10%. Uem cusbHee oTHOLIEHHE
n/a OTnMUaeTcs OT eAMHULBI (KaK B GOJbIIYIO, Tak
¥ B MEHbBIIYI0 CTOPOHY), TeM MeHbIIle TOJKHBI ObITh
IIYMbl KPUBOM HACHIIEHUs MJIST ONpeNeseHus n U o
C TOH Ke TOYHOCTLIO;

6) IByXmapaMmeTpuueckasi oOparTHas 3agada {n; T}
NpaKTHYeCKH CHMMeTpuuHa 3ajzade {rn;c}. Pasnuune
COCTOMT JIMIIb B TOM, 4T0 TIpH 7/ > 1 kpuBas &' (F)
3aBHCHT OT 0 X 1), HO He 3aBHCHT OT 7. 3HAuHT,
C Xopollell TOUHOCTbIO OyleT ONpelessiTbCsl 17, HO MPH
3TOM MPaKTHUECKH HEBO3MOXKHO OY/IeT ONpelesHTh T;

B) TOUHOCTb peIleHHs] 00paTHOH OfHONAapamMeTpuue-
CKOH 3aJaud MO OMpelesieHHI0 1) He TaK KPUTHUYHA
K IIyMaM 3KCMepUMeHTAJbHBIX KPHBBIX, KaK [ByXIIa-
pameTpuueckasi. [Ipi 3HaueHHsIX oTHoueHus n/a > 0.3
napaMeTp 7) BOCCTAHABJHMBAETCS C TOUHOCTBIO He XYyXKe
20% mnipu ypoBHe 11ymMoB BioTh 10 5%. [Ipu n/a < 0.3

-1

BO3MOKHO OTpEIe/UTh 3HaueHHe 1) TPH YPOBHe MIy-
Ma < 1%.

3. IkcnepuMeHT

B skcnepumeHTa/NbHON 9acTH paGOTH HAMH HCIOJb-
30BaJsiCsl Jla3epHbIH (DJIyOopUMETp, OMHUCaHHBIH B [D],
CTOCOOHBIM paboTaTh B IBYX peKHMaX: a) B PexH-
Me CHSITHSI KPUBBIX HACBIIIEHUS (PHCYHOK) H3Mepsis-
Csl MPOMHTETPUPOBAHHBIN MO BpeMeHM CHTHa/l (Jyo-
peclueHUHH; 6) B pexuMe H3MepeHHs KHHeTHUeCKOH
KPHUBOH H3Mepsiziach 3aBUCHMOCTb CHrHazma (QJyopec-
IeHIMH (MPOTIOPIHOHATBHOTO YHCIY (DOTOHOB B CTPOOE
NpHeMHMKa) OT BpeMeHM 3alepKKH cTpoba (umupuHa
10 Hc, mar nepemeleHnst 2.5 HC) OTHOCHTENBHO Ja-
3€PHOTO HMITy/JbCa; METOAMKA HM3MepeHHsl H3J0kKeHa
B [b]. HesaBucumoe omnpenenenne o (3amauu (6) u (B)
MyHKTa 2) MPOBOAMJIOCH Ha crekTpodoromerpe (c/d)
HITACHI-557.

DKCIMeprUMeHThl TPOBOAMIIUCH HA CIEIYIOMINX 00BbeK-
Tax: pacTBOPbl Kpacutenei ponamuHa 62K u 6-amuHo-
deHonenona Kounentpanueii 108 mosan/n. Tlpu sroi
KOHIIEHTPALHWH BO3MOXKHO CHSITHE KPUBBIX HACHIIIEHHUS
(GayopecueHy ¢ TouHOCTBIO 1% (B MakCHMyMe KpH-
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KpuBbie HachileHust GJyopeclieHny KpacuTened ponamuna 62K (TeMHble KBagpaThl) U 6-aMUHO(EHOEHO-
Ha (cBeTible KPyxKH). ® — dayopecieHTHbIH mapameTp (CM. TekcT), F — MJIOTHOCTb MOTOKA (hOTOHOB
BO3GYKAIOLIErO JIA3€PHOTO U3JYUEHHUS]

®Porohusnyeckne napamMeTpbl UCCIEAyEMbIX KpacuTeaein

Ponamun 67K, Hamy usmepeHus 6-aMHHO(EHOJIEHOH, HAIIH U3MePEeHHSs]
[TapameTpsi Mertop Mertop
1 5 3 Jluteparypa 1 5 3
o, 10710 cm? | 23404 2.5 2.5 2.5 [4] 0.6£0.1 0.5 0.5
T, HC 4.5 43+1 4.5 4 [4] 3.5 3.1+1 3.5
n <0.01 <0.01 | <0.01 0.002 [4] 0.16+0.04 | 0.18£0.04 | 0.16 £0.04
n/a <0.03 0.6
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Bo#). L/ ompenesieHnst TOTPEIIHOCTEH KPUBBIE HAChI-
IEeHHs] CHUMaJHCh 6 pas. [losyyeHHbIH HaGOp KCMEpU-
MEHTaJIbHBIX TaHHBIX MO3BOJIHUJ anpoOupoBaTh BCe TPU
aJTOpUTMa pelLleHUss O0OpaTHOH 3amaud, H3J0XKeHHbIe
BbIllIe. Pe3ysbTaThl MpencTaBieHsl B TabJ/HLe.

1. IIByxnapamerpuyeckasi 3agada {n;o}. HcnoJsb-
3ysl T, ONpefeJieHHOe U3 KMHEeTHYeCKOU KPUBOH, OIpe-
IeNWJIH o W 1) U3 KPHUBBIX HACHILIEHHSI.

2. JlByxnapamerpuueckasi 3amada {n;7}. HcnoJsb-
30BallM ¢, OmpejiesieHHOe Ha ¢/, ONpelesund T U 1)
M3 KPHUBOW HACBHILIEHHSI.

3. Onnonapamerpuueckasi 3amaua {n}. Hcnosabso-
BaJl T U O, ONpele/ieHHble U3 KHHETHUYeCKOH KPHBOH
M Ha ¢/¢ COOTBETCTBEHHO, OMpENeJSiIH 1) U3 KPUBOH
HaChILEHUS.

BriBoabl

B pabote n3yueHBl yClOBHS, NTPU KOTOPHIX BO3MOXK-
HO OIpejie/leHHe KBAaHTOBOIO BBIXOJA B TPHUILJIETHOE
COCTOSIHME 7) W3 KpPUBOH HaCBILIEHUS (JyopeclieH-
uud. [lokasaHo, 4To ero onpeneseHHe BO3MOXKHO My-
TeM pelleHHs] OOPaTHBIX AByXIapaMeTPUYeCKHX 3ajad
({o;n}, {r;n}) nnu onHomapameTpuUeCKOH 3a1adH.

Pemlenviem o0paTHOl 3ajaud HeJUHEHHOH (J1yo-
pUMETPUH ONpelesieHbl 3HadeHUs o, T WU 10 17
a) Kpacuress popamuHa 62K, KoTOpele B TIpesesax

MOT'PEIIHOCTEH COBMAJH C M3BECTHBIMU M3 JIUTEPATYPHI;
6) KpacuTessi 6-amrHo(peHoNeHOHA. [TosydeHHOE BBICO-
KOe 3HauyeHue 7] 1Js 6-aMHHO(EHOJEeHOHA 00BSICHSIET
TOT (DaKkT, UTO 3TOT KPACHUTEeJb XOPOIIO TeHepHpyeT
npu Bo30yxuaeHun 2-ii rapmonukod MAT:Nd-nazepa
(532 HM), 0mHAKO He TreHEpUPYeT MNpH JAaMIOBOH Ha-
Kauke [6].
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