Math-Net. Ru

E. A. Cmocapesa, A. I'. Cusbix, M. A. I'epacumosa, B. B. Cnadko, C. A. MbicsuBerr,
Kearnmosas snexmponura, 2012, Tom 42, Homep 8, 687-692

HcnonpzoBanue Obmepoccuiickoro Mmaremarudeckoro nopraua Math-Net.Ru monpasymesaer, 9To BbI IPOYATAIN U
COIVIACHBI C IIOJIb30BATEIHCKUM COIJIAIIEHHEM
http://www.mathnet.ru/rus/agreement

[lapaMeTps 3arpys3ku:
IP: 84.237.90.20
7 merabps 2020 r., 14:31:33




«KBaHTOBas 271eKTpoHNKa», 42, Ne 8 (2012)

ke@sci.lebedev.ru — http://www.quantum-electron.ru 687

PACS 82.50.-m; 42.55.Mv

Jlazepubiii poT0 M3 (PIyOPOHOBBIX KpacuTesel B XUTO3aHOBOM

MaTpule

E.A.CmocapeBa, A.I'.Cu3zbix, M.A.I'epacumona, B.B.Ciaabdko, C.A.MpbiciuBen

Hcceneoosana kunemuxa naszepro2o gpomoobecyseuuganus @GayopoHoswvix kpacumereil (@ayopecyeuna, oubpomguyopecyeuna,
v03una Y, spumposuna B, b6eneanscko2o po306020) 8 Xumosanosoti mampuye. [ns 6cex kpacumeneti Kunemuxka pomoooecyse-
WUGAHUS NPU  UHMEHCUBHOCMAX Jazepno2o usiyuenus (0.7—11.9 Bm/cm? umeem KeasuMOHOMONCKYIAPHbII XApaKmep.
Peszynomamut npoananuzuposanst ¢ nomoupio KUHEMu4eckoll Mooenu, nocmpoentoil na ocnose yemoipexyposnesoii (Sy, Sj,
T;, T,) cxembl kpacumens ¢ yu4emom XuMuiecKu aKmugHslX mpuniemmusix cocmosnuil. Iloxaszano, umo Koncmanmol ckopo-
cmeti XUMUYeckoll peakyui ¢ Yuacmuem GblCUUX MPUNIEMHbIX COCMOAHUL UCCIe008AHHBIX Kpacumenei cOCMmAsiaom
(3.9-18.6)x10° ¢! u na deeamv nopadkos npeeviaiom anano2udHbIe GeaUUUNDbL OIS PeAKYUU ¢ YHACIUCM NEPEbIX MPUniem-
neix cocmosnuti. CKopocms peakyuu ¢ yuacmuem nepebix mpunienHsblx coCMOoaHUil 0Ka3andacy Ha 00UH-08a NOPAOKA 8blude, YeM
NPU YHACUU BbICUUUX MPUNTEMHBIX COCIMOAHUL U3-30 HUZKOT HaceaeHHocmu hocaeonux. IIposedeno obcyicoenue 603M04CHO-
20 Mexanusma gomoobecysequsanusn Kpacumeneli ¢ yuacmuem Xumo3ana, KOmopblti 3aKaouaemcs 8 80CCmMano8aIeHuy Kpacu-
mensi 6 1eUKOGOpMY nymem nepeHoca 6000p00d U3 XUMOo3aH080t MAMPUYb.

Kniouesvie cnosa: nazepruiii homonus, gayopecyeur, oubpompayopecyeur, 203ur Y, sapumposur B, beneanvcruii po3osulil, xu-

mo3aH, KuHemuka ¢0m006€€1/[6‘€'{u6(1HM}1, bgyxcmynel-lttamae noezjioujerue.

1. BBenenne

dortoxumust GpIyopoHOB, BXOASIIUX B OOJiee HIMPOKUI
KJIACC KCAHTEHOBBIX KpAaCHTENleil, aKTUBHO 0OCYXIaeTcs B
nutepatype [1-7]. Uutepec k (HoTOOOECIIBEUNBAHUIO Kpa-
cuteneil 00yCIOBIEH BO3MOKHOCTBIO €rO MCIIOIb30BAHUS B
(usuke nazepoB Ha Kpacurtelsix [§], B KOHPOKAIBHONH MUKPO-
CKOMHU (3/1eCh KpacUTeNb SIBIISIETCS MUILIEHBIO, CBSI3AHHON C
OeKaMu WM KJIETOYHBIMU KOMIIOHEHTaMHu) [9], B UMMYyHO-
JIOTUYECKOM aHaJIN3€e, B TEXHOJIOTHU CO3JaHUS PETUCTPUPY-
IOIIMX CPell I ONTUYecKol 3amucu uHpopmanuu (poto-
XUMHUYECKUI aKT SIBIISETCS KITIOYEBBIM TIPU (POPMUPOBAHUU
aeMeHTOB 3anucu) [10], st aKKyMyJIUpPOBAHUS COJTHEUHON
sHeprui [11]. @oToobeciBeunBaHue GIyoOpPOHOBBIX KpACHUTE-
JIel CBSI3BIBAIOT C OKUCIHTEIHHO-BOCCTAHOBUTEILHBIMU pe-
AKIHUSMU C yYACTUEM UX TPHUIUIETHBIX COCTOSIHUIA [3].

Hccnenyemslii psin kpacureneid (diyopecient, 1uopom-
(dbayopecuienH, 303uH Y, 3pUTPO3UH B, OeHranbCkuii pO30BBbIit)
MHTEPECEH TEM, UTO B HUX BEPOSITHOCTh HHTEPKOMOUHALIMOH-
HO¥ KOHBEPCHH B ITEPBOE TPHUILIETHOE COCTOSIHUE U3MEHSETCS
B IIMPOKUX IpeneriaXx. ITo 00YCIOBIEHO IOCIIE0BATEEHBIM
3aMellIeHHeM aTOMOB BOAOpOa 0oJiee TSHKEIBIMU aTOMaMHU
rajioreHoB. B Hacrosiueit padore ncciaeqoBaHa KUHETHKA JIa-
3epHoro (A = 532 um) poroobectBeunBanus (GIyOPOHOBBIX
KpacuTelell B MAaTpHILIe XUTO3aHa, XOPOIIO U3BECTHOTO CBOMMH
OMoMeMUMHCKUMH TTpuitoxeHusivu [12, 13]. [Tpumenenne ku-
HETHYECKON Mo (OTOMPOIIECCOB U AHAIIU3 CIIEKTPaIb-
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HO-(DJTyOPECLIEHTHBIX XapaKTePUCTUK Kpacutels U (GOTOIpo-
JOYKTa TO3BOJIMIMA U3BJICYb KAYCCTBEHHYIO M KOJHUYCCTBEH-
HYI0 HHGOPMALIUIO 0 MeXaHU3Me (OTOXUMHUIECKOH peaklnu
(bIIyOpOHOBBIX KpacHTelleil B MaTPHIIE XUTO3aHA.

2. Marepuajibl 1 METO/IbI

2.1. PeakTuBbl

B paboTe ncrnonb30Bannch HATPHEBBIE CONTN CIECTYIONIIX
(dbayoponoBsix kpacuteneit (Sigma Chemicals): diyopectien-
Ha (F1), s03una Y (Bry-Fl), aputposuna B (I4-F1), 6enranbcko-
ro pozosoro (I4Cl-Fl). Kpacurens 4',5-mudpomdiryopecrienH
(Br,-Fl) (Fluka) npumensiicst B kucioit gpopme (puc.l,a).

JI71s1 IPUTOTOBJICHUS TUIEHOK HCIIONB30BAJICS XUTO3aH —
aMHUHOTIOIUCAXapusl (2-aMUHO-2-7e0KCH-[3-D-TJII0KaH) HI3KO-
Bs3knit (Fluka, Biochemika), pactBopennsii B 1 %-HOM BOJI-
HOM pacTBOpe YKCYCHOH kuciotsl (puc.l,6). IToxyuyeHHbII
pacTBOp cMelmBacs ¢ BOJHbIM (it Bry-F1— co ciupToBbiM)
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Puc.1. CrpykrypHble GopMyIbl AHAHHOHOB (hIyOPOHOBBIX KpacuTe-
neit: guyopecuenna (R! = R? = R? = H), qu6pomdiyopecuenna (R! =
R?2 = H, R3 = Br), sosuna Y (R! = H, R? = R3 = Br), spurposuna B
(R'=H, R?=R?*=1) u 6enransckoro pozosoro (R' = Cl, R2=R3=1)
(a), a Taxxe xuTo3aHa (0).
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pPacTBOPOM KpacHTeNs ¥ HAHOCWICS Ha CTEKIISIHHYIO TOPH-
30HTAJIbHYIO OI0XKKY. [Tocie BbICyIIMBaHUs IPU KOMHAT-
HOH TeMIlepaType B TEUYEHHE JIBYX-TpeX AHEH oOpasibl Mmpei-
CTaBIISLTU COOOM TUIEHKU TOMIIUHON ~ 10 MKM ¢ KOHIIEHTpa-
meit kpacuTeneit B xutozane 0.25 Bec.% (~ 1073 M).

2.2. DKcHepUMeHTAIbHASE YCTAHOBKA JIJIS1 JIa3€PHOT0
dorosmza

3aBUCUMOCTD ONITUYECKOH TUIOTHOCTH OOPA3I[0B OT Bpe-
MEHH 00JIyueHHS] U3MEPSUIACh HA YCTAHOBKE, CXeMa KOTOPOH
npuBeneHa Ha puc.2. M3amyuyenne masepa Millennia 5s / Ha-
MIPaBJsUIOCh IPU3MOM MOJHOTO BHYTPEHHETO OTPaKeHUs 2
Ha CBETOQWIBTD 3, MOTJIONIAIONIUI M3JIyYeHUe MEePBOH Trap-
MOHUKH (A = 1.06 MKM) U MPOITYCKAIOIINI M3IyUeHNE BTOPOI
rapmonuku (4 = 532 uwm). JIazepHblil y4OK, OTPAKCHHBIN
CTCKJITHHOM TUTACTUHKOM 4, majgan Ha gotoauon DJ1-24K 5,
MpeaHa3HaYeHHBIN 711 KOHTPOJIS MOIHOCTH T€HEepAIIUH Jia-
3epa BO BpeMs 3aIMCH CUTHAIIA IPOIycKaHus oopasua. Jiunza
6 ¢ (OKYCHBIM paccTosiHueM 8 cM (hopMuUpoBaja pacxojis-
IIMICS ITyYOK B OOJIACTH, IJie Haxomuicst oopasen. [Tmactuaka
Al4 7 mpeBpamiana JIMHEWHO MOJSIPU30BAHHOE U3IyUeHUE B
LUPKYJSIPHO MOJISIPU30BAHHOE. AKCHAbHAS YaCTh IMyYKa M3-
JIydeHusl Bblaesuiach auadparmoit § nnamerpom 1.4 mm. 3a
nuadparmMoii Ha paccrossHuM 1 MM pacrojaraicst oopasery 9
C YCTPOWCTBOM JIsl €ro IMO3WIIMOHUPOBAHMS B TUIOCKOCTH,
MIEPIICHTUKYISIPHON OCH JTa3epHOTo Mmy4Kka. M3imyueHue, mpo-
nrejee 4epes obpasel, perucTpupoBajiock (HOTOIHMOIOM
DJ1-24K 10. Oba poronerexkTopa (5 u 10) paboTanu B 1UOA-
HOM PEeXHMe C HampsbkeHneM nutanus 5 B. Momnocts nana-
olIero Ha oOpasel] U3IydYeHUs] U3MEPSUIACh TEIUIOBBIM (HOTO-
npuemaukoM 407A (Spectra-Physics) /7, KOTOpBIil ycTaHAB-
JIMBAJICS B MECTE PACIIONIOKEHUST 00pasia. DIeKTPHIECKUE CUT-
HaJbl AETEKTOPOB U3MEPSUIUCH U 3aIMChIBAJIUCH C TOMOLIbIO
nporpaMmmupyemoro mudposoro ocumutorpada NI PXT 5122
12. Tlpu mocTaHOBKE IKCIEPUMEHTA yUUTHIBATIUCH TEOPETH-
YEeCKHUEe OIICHKHU, chopMyTupoBaHHbIC B padboTe [14].

2.3. I1pudopsb! il CIEKTPAJIBLHBIX H3MepPeHMii

CrieKTpbl MOTJIONIEHHST PETUCTPUPOBAIUCH CIIEKTPOHOTO-
Merpom Lambda 35 (Perkin Elmer, CILIA), a ciekTpsl ¢iyo-
pectieHnu — criektpodiyopumerpom Fluorolog 3-22 (Horiba
Jobin Yvon, ®pannust). Bo3OyxeHre GpiyopecieHIul mpo-
BOJMIIOCH Ha juinHaxX BojiH 460 um (s Fl), 480 um (st

10

Puc.2. Cxema 3KCIepUMEHTAIBHOI YCTAHOBKHU IS JIa3epHOro (oTo-
nn3a (CM. TTOSICHEHUS B TEKCTE).

Br,-Fl, Bry-Fl), 490 um (st I4-F1) u 505 um (st 1,Cly-Fl)
C HCIIOJIb30BAHUEM I'€OMETPUU (PPOHTAIBHOTO BO30YKAECHMUS.
[TonmyueHHble CHEKTPBI OBUIM CKOPPEKTHPOBAHBI C YUETOM
peabcopOIMU U CHEKTPATILHOM YyBCTBUTEIIBHOCTH PETHCTPH-
pyromieit cucteMbl. Bee m3MepeHns MPOBOIWINCH TTPU KOM-
HATHOU TeMIlepaType.

3. Pe3yabTaThl M MX 00CYy:K/IeHHE

3.1. DkcnepuMeHTAIbLHOE UCCIIEI0BAHNE KHHETHKH
(oToxuMuUecKoii peakuun

IIepBble MOIOCH! NOIJIOUIEHUS] UCCIEIOBAHHbBIX KpacuTe-
JIeH JIeKAT B BUIUMO# 00JIaCTH CIIEKTpa, HO CIIBUHYTHI OTHO-
cuTeNbHO pyr apyra (puc.3). CeueHue MOTJIOIIEHUST KpacH-
Tenel (o)) HA JUTMHE BOTHBI 532 HM SIBISIETCS HAMOOJBIINM
st Bry-Fl, I;-F1 u mourn Ha nopsinox mensbine s [,Cly-Fl
u F1. [1ns1 Bcex KpacuTesnel npu BO3ICHCTBUU HEPEPHIBHOTO
JIA3epHOT0 U3JTydeHHsi HaOmoaaeTcs 3QpQPekT HeoOPATUMOTO
o0ecIBeUNBAHMS.

Kunernka u3MeHeHUs: ONTHYECKOH TNIOTHOCTH D TJIEHOK
IIPU BO3JEHCTBUM JIA3€PHOTO U3IIyUEHUS! PA3IMYHON MHTEH-
CHBHOCTH Ha IpuMepe o0pasuos ¢ podaskoii I4-F1 mokazana
Ha puc.4, Te U3 ONTHUYECKON INIOTHOCTH 00Pa3LoB BEIYTEHO

oy (1071 em?)

4_

S oy

A( H’M)

550
Puc.3. Crekrtpsbl moriomieHust pJIyopoHOBBIX KpACUTENIEH B XUTO3aHE.
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Puc.4. 3aBUCHMOCTH HOPMUPOBAHHOUN ONTUYECKOH TIOTHOCTH IUICHOK
14-F1 B xuTo3aHe oT BpeMeHM OOIyueHNUs TPH HHTEHCUBHOCTH JIa3epHO-
ro usnyuenus 0.7 (1), 1.9 (2), 4.5 (3), 7.9 (4) u 11.9 Br/cm? (5). Cepole
CIUTOIIHBIE KPUBBIE — arpokcumarys mo gpopmyaie (1).
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Puc.5. 3aBucumocTH HaGIFO1aeMO# KOHCTAHTBI CKOPOCTH 0beciBevn-
BaHUs k OT MHTEHCUBHOCTH JIA3epHOTO M3ITydeHus [ sl KpacuTesen
F1 (1), Br,-F1 (2), Bry-F1 (3), 1-F1 (4) u I,Cl4-F1 (5).

ee (pOHOBOE 3HAYEHME IIPH ¢ —> 0. XapaKTePHO, UYTO C yBEIU-
YEHUEM MHTEHCUBHOCTH CKOPOCTh OOECIIBEUMBAHUS YBEITUUH-
BaeTcs. [loaydeHHbIe 3aBUCUMOCTU ONTHYECKOIl MIIOTHOCTH
OT BPEMEHH yOBICTBOPUTEIILHO OIHMCHIBAIOTCS BHIPAKECHUEM

ﬁ = exp(—kt), (1)

YTO F'OBOPUT O KBA3UMOHOMOJIEKYJISIPHOM MeXaHu3Me (HoTo-
XMUMHUYECKOH peakiu. AHAIOTUYHBIE PE3YJbTAThl IMOIyYEHbI
JUIs 00pasioB Beex (IyopoHOBBIX Kpacutenei. [Tpu mganb-
HeHIeM aHajau3e pe3yabTaToB OyIeM UCIOIb30BaTh HAOIIIO-
JlaeMyIo KOHCTaHTY CKOpOCTH obecupeunsanus k (B ¢ '), xa-
PAKTEPU3YIOIIYIO KCIIOHEHLUAIbHOE YMEHbIIEHUE ONTHYE-
CKOI INIOTHOCTH.

3aBUCHMOCTH KOHCTAHTBI CKOPOCTH OOECIIBEUMBAHUS TIJIE-
HOK (DTyOpOHOBBIX KpacHTeJel OT MHTEHCHBHOCTH JIA3ePHOTO
U3JIy4eHUs! IIPeICTaBIeHbl Ha puc.5. BUgHO, 4TO OHU UMEIOT
HeNuHeNHHbIN xapaxTep. ITonyueHHble pe3yIbTaThl 00Cykaa-
FOTCS HIWKE C MPUBIICYEHUEM MOJIENM KUHETUKU (PoTodusu-
YEeCKMX MPOLECCOB M yUeTOM (POTOXUMHUECKON peaKlny.

3.2. MoaeaupoBanue KHHETHKH (POTOXUMHUYECKOIl peakiiuu

JI71s1 omucaHus JTa3epHO-UHIYIIMPOBAHHBIX MPOIIECCOB B
Kpacuresie OyJIeM HCIIOIb30BaTh YETHIPEXYPOBHEBYIO CXEMY,
IMOKA3aHHYIO Ha PACIIMPEHHOM narpamme S1010HcKoro (puc.6).
JnarpaMMa BKITIOYaeT B ce0sl aKThI CUHIJIET-CUHTIIETHOTO

—/—\ R
— T” k¢h2

S ¥

IU] krad Sy

So

Puc.6. Juarpamma S610HCKOro AJIst KpacUTeNs (CM. MOSICHEHUS B TEK-
cTe).

3 KeaHmoeas anekmpoHuka, m. 42, Ne 8

(So—S) u tpuruter-Tpuruiernoro (T, —T,) morsomienws, ¢iayo-
pecueHuo (S;—S), Tymenue (S;—S,, T1—S,), uHTEpKOMOU-
HalMOHHY KoHBepcuto (S;—T)), pochopecuenunto (T;—S),
BHyTpeHHo0 koHBepeuto (T,—T) u Goroxumuueckyw pe-
AKIIMIO C Y9aCTHEM TPHILUIETHBIX coctostHmid T u T,,. B cxeme
HE yYTEeHbI OUMOJIEKYJISIPHBIE MPOLIECCHI TYIIIEHHSI BO30Y K/IeH-
HBIX COCTOSIHUH W3-3a UX HU3KOW MHTEHCHBHOCTH, a TAKXKE
XUMHUYECKasl peaklusl ¢ y4acTHEeM MEPBOrO CHUHIJIETHOTO CO-
CTOSIHMS M3-32 CYLLIECTBEHHO MEHBIIEr0 BPEMEHH €ro JKU3HU 110
CPAaBHEHUIO C TEPBBIM TPUIUIETHBIM COCTOsIHMEM. HeyuTeH-
HbIe 00pATHBIE UHTEPKOMOMHAIIMOHHBIE MIEPEXO/IbI CYIIECTBEH-
HO HE BIMSIOT Ha pe3yJIbTaThl PACYETOB BCIEACTBHE MX Ma-
noi apdexruBHOCTH [15].

Cucrema ypaBHEHUI MaTepHaIbHOTO OaJlaHca, ONUChIBA-
IoIasi Ta3epHO-UHAYLUUPOBAHHBIE MPOIECCH B KpacuTele,
HAMeEET CIeyIOIUN B

d[S
Eil‘()] =-10,[Se] + (kradsl + kqsl) [S1]

+ (kradTl + qul) [T]] >

d[S + + k S
[ tl] = Io'l [SO] — (kradS| kisc qSl)[ 1] >
d[T + + /o I
([1t1] = Kisc[S1] — (kraa T kq I )T

+ kie[T,] = kent [T1],

d[7,
dt

o

= —(kic + ko) [T, ] + 15[ Ty].

3nechb [Sol, [Si], [T;], [T,] — HOpMHUpOBaHHBIE HA HAYAIBHYIO
KOHIIEHTPAIIUIO KPACUTENsT HACEJIEHHOCTH OCHOBHOTO, CHH-
[JIETHOT'O M TPUIUIETHBIX BO30Y>KAEHHBIX COCTOSIHUIA; [ — MH-
TEHCUBHOCTD JIA3€PHOTO U3IIYUSHHUST; 0] U 05 — CEUSHUs TTOTIIO0-
IIEHHSI HA CHHTJIET-CHHTJICTHBIX U TPHUITIET-TPUIUIETHBIX IIepe-
xonmax. B cucreme ypaBHeHMIt (2) HCIIOTE30BAJTUCH KOHCTAHTBI
CKOPOCTEH M3IIy4aTeNnbHOTO (kyuqs, = 1/T;aqs,) 1 Oe3bI3ITyya-
TEJIbHBIX NIEPEXO/I0B C IEPBOI'O CUHIJIETHOI'O YPOBHS — TYILIE-
nus (kqs,) 1 MHTEPKOMOUMHALMOHHOMH KonBepcun T —S; (Kig);
U3IyyaTenbHoro nepexofa (Kpgr, = 1/Truqr,) ¥ Oe3bI3inyya-
TENBHOTO TIEPeX01a (TYIEHUs Ky ,) U3 TIEPBOTO TPHILIETHO-
IO COCTOSIHHSI; BHYTPEHHEHl KOHBEPCUU U3 BBICOKOBO30YXK-
JICHHBIX COCTOSIHUM B HIIKHEE TPUILIETHOE COCTOsiHME (K;.);
(HOTOXMMUYECKOH peakuy MOJIEKYJ C Y4acTHEeM IIepBOTO
(keny) m BeICHINX (ko) TPUIUIETHBIX cOCTOSIHMIA. Bee paccma-
TpUBAEMbIE IIPOIECCHl UMEIOT MOHOMOJIEKYIISIPHBIA Xapak-
Tep, & COOTBETCTBYIOIIME MM KOHCTAHTBI CKOPOCTEH M3Mepsi-
1oTcs B ¢ L.
Pemenue cucremsl (2) HaiiileHO B KBa3UCTAllMOHAPHOM
npuoIIMkeHuu [16], COOTBETCTBYIOIIEM HEITPEPBIBHOMY PEXKH-
My Te€HEepaluy Ja3epHOTO M3IIyUeHUs M HEPEPhIBHOW PEru-
CTpallUy CUTHAJa MpoItyckaHus. [Ipu pacuere MPUHSATO BO
BHUMaHMe, 4To 3a Bpemsa 1071073 ¢ B cucteMe ycranasiu-
BAeTCs KBA3MPABHOBECHOE paCIpe/ieNieHIe HACEIEHHOCTEH 3a
cueT OBICTPBIX POTOPU3UUECKUX TTPOIIECCOB, KOTOPOE 3aTeM
MeIUIEHHO M3MEHSeTCsl BCIeACTBUE (OTOXMMMUYECKON peak-
nuu. MemeHHOe M3MEHEeHHe HOPMHUPOBAHHOM ONTHYECKOMH
TUIOTHOCTH OIUCHIBAETCS CIIEAYIONINM YPaBHEHUEM:

D _ . kena0»
m = exp[ a(kchl + 7]( I>I:|, (3)

1C
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rie
-1
_ (kradTl + qu|)(kradsl + kqs, + kisc)

a=|1+ keolo) . @)
Brons obo3Hauennst kpgr, + kqr, = Uy W kags, + ks, + kise =
1/tq, monyvyaem

[N S 5
¢ _< * TphTﬂkisclal) ' %)

CrietyeT OTMETHTD, YTO TAapaMeTp ¢ U3MEHSIETCS B IIpeeax
0—1 1 mocTuraer eAMHUIIBI IPU WHTEHCUBHOCTH JIA3€PHOTO
M3ITyUeHHS, COOTBETCTBYIOIICH HACBIIICHHUIO IIEPEX0/1a B Mep-
BO€ TPUIUIETHOE cocTosiHue. B Goiee cioxxHO# cutyaimu,
korma ¢ < 1, anmpoKCUMAIHsI IKCIIEPUMEHTATIbHBIX 3aBUCH-
MOCTel (puc.5) AOJKHA MPOBOIUTHCS C IMOMOIIBIO GOopMy-
eI (3) ¢ yuerom (5).

3.3. O6cy:kneHne KHHETHKH (POTOXHMHYECKON peakinu

J1st aHanmM3a 9KCIEePUMEHTANIBHBIX Pe3YJIbTaTOB (pHC.S)
BOCIIOJTB3yeMCsT 3HAYCHUAMU (POTODU3NUESCKIX KOHCTAHT (ITyO-
POHOBBIX KpacuTeliel B XUTO3aHOBOM IUICHKE, IPEACTABIICHHbI-
Mmu B Ta011.1. [To 3TMM 3HaYeHHUSIM OBUI pACCUUTAH ITApaAMETP
@, KOTOPBIIl OKA3aJICsl MEHbLIE €IMHUIBI BO BCEM HCCIIEIO-
BaHHOM HMHTEpBajie MHTEHCHBHOCTEH. AIMPOKCHMAIIUS 3aBH-
CHMOCTH HaOJII0JJaeMOI KOHCTAHTBI CKOPOCTH (hoTOOOECIIBE-
YUBAHUS K OT MHTEHCUBHOCTH € romolibio ¢popmyn (3), (5)
MMO3BOJIMJIA ONIPEACTUTh KOHCTAHTHI K¢y U Ky CKOPOCTEH XH-
MHUYECKUX PEAKIHi ¢ yJacTHeM IEePBOTO U BBICOKOBO30YXK-
JIEHHOTO TPHUIUIETHBIX COCTOSHHI KPACUTENS COOTBETCTBEHHO.
W3 1abn.1 BUAHO, UTO 3T KOHCTAHTHI CYIIECTBEHHO (IIpH-
MEPHO Ha JEBSATH MOPSIKOB) Pa3IMUalOTCs.

OLeHUM OTHOILEHUE HACETIEHHOCTEH MEpBOTO U BBICLIErO
TPUIUIETHBIX COCTOSIHUN B mpoiiecce poTooOeciBeUnBaAHUS
no gopmyne [T]/[T,] = kq/(Io;) [16]. B uccnenoBannoM uH-
TepBane MHTEHCHBHOCTeH oHO cocTaBmser 10'0-10', Vup-
TBIBasl pasiiuie B KOHCTAHTAX CKOPOCTeH (HOTOXUMHUIECKON
peaKIny, MoJIy4aeM, 4TO CKOPOCTh PEAKIMH C YIaCTHEM Tep-
BBIX TPUIUIETHBIX COCTOSIHUN Ha OJMH-[BA MOPSAKA BBIIIE,
YeM C yJaCTHEM BBICIIHMX TPUIUIETHBIX COCTOSTHUN. Takum 00-
pa3oM, HECMOTPSI Ha OOJIBLIYIO KOHCTAHTY CKOPOCTHU ISl MO-
JIEKYJT B BBICIIMX TPUIUIETHBIX COCTOSIHUSIX, M3-32 MX MaJIOi
HACEJICHHOCTH OINYTUMBINA BKJIAJT B XUMUYECKYIO PEaKIIUIO
BHOCSIT JIMILIb [E€PBbIE TPUILIETHbIE COCTOSIHUA. B aTOM city-
qae ceyeT MPEeaIooKUTh CyLIecTBOBaHUE B oOpasle cra-
00 CBSI3aHHBIX aTOMOB BOJIOPOJIa C TIOPOTOBOM 3HEpruel oT-
pBIBa, OIM3KOI K QHEPTUU IIEPBOTO TPUILIETHOTO COCTOSIHUS
(cM. maree). YBeMMUeHNE MHTEHCUBHOCTH HAKA4YKU OoJjiee YeM
Ha TMOPSIOK [0 CPaBHEHUIO C UCIOIb30BAHHOW B AKCIIEPU-
MEHTEe NPUBEAET K YBEIMUYCHUIO BBIXOJA XMMUYECKOH peak-
LU C YUYACTHEM BBICIIUX TPUIUIETHBIX COCTOSHUH.

3.4. Oo6cy:xnenne Mexann3ma (poroodecBeTHBAHNS

Cpean BO3MOXKHBIX MEXaHM3MOB JIA3ePHO-UHIYLUPOBAH-
HOT'O 00OECIIBEUMBAHUS KPACHTEIICH B MIOJMMEPHBIX MATPHIIAX
B OTCYTCTBHUE 100aBOK, KOPPEKTUPYIOMIHX (POTOXUMIUECKIE
IPOILIECChI, OOBIYHO OOCYKIAI0TCs cieayolue [2]: ¢poroobec-
[BEUMBAHKE KPACUTENS C YUACTHEM TIPOTOHOHOPHBIX U 3JI€K-
TPOHAOHOPHBIX IPyIIl, (OoTOOOECIBEYNBAHNE B PE3yJIbTATE
OUMOJICKYJIIPHOTO B3aUMOJICHCTBHUS KPACUTEIICH B TPUILICT-
HOM COCTOSIHHH, JIeTaJIOTeHUPOBAHHE.

B Hacrosmieii pabote mpemmnoiaraercs, 4To o0eciBedr-
BaHUE (IIyOPOHOBBIX KpacHuTelell 00yCIOBICHO UX MEepexo-
JIOM B BOccTaHOBIIeHHYI0 Gopmy [3]. TlepeHOC TPOTOHOB K
MOJIEKYJIe KpaCUTellsi OT MAaTPUIIbI (XUTO3aHA) MTPOUCXOIUT
B pPe3yJbTaTe IOCIIEIOBATEIILHOCTU CIICAYIOIUX COOBITHIA:
TIOTJIONIECHUSI JTA3EPHOTO U3TYUEHHS HA CHHTJIET-CUHTIIETHOM
niepexoyie (Sy—S;), MHTepKOMOWHALIMOHHONW KOHBEPCUH Hace-
JICHHOCTHU B TIEpBOE TPUILIETHOE cocTosiHue T 1 mocieayro-
LIEr0 TPHIUIET-TPUILUICTHOTO MOIJIOIIEHUSI B cocTostHUsS T,
ITpu poroobeciBeUMBAHUN KPACUTENIEH MMPOUCXOJAUT UX Tie-
pexoj B OeclBeTHYIO (GopMy (HE UMEIOIIYI0 MHTEHCHUBHOTO
CIIeKTpa IOIJIOLIeHNs B BUIUMOH oOmnactu, puc.7). L{Bernas
n OeciBeTHast (GOPMBI pas3zeieHbl HEPreTUYECKUM Oapbe-
POM, Ha IPEOJIOJICHUE KOTOPOTrO PACXOAYETCS JHEprus Jja-
3€PHOTO U3JIyUYeHUs. B MMONb3y BBICKA3aHHOIO IIPEIIIOI0NKE-
HUSI TOBOPUT TAKXKE AHAJIU3 CIICKTPATbHO-(ITyOPECLICHTHBIX
CBOWCTB MCXOJHOTO Kpacutelis U (HOTOMPOIYKTa, KHHETHKU
obecIBeUnBaHMsI 00PA3IOB, & TAKXKe IHEPreTHUECKOro Oa-
naHca (GOTOXMMUIECKON peakIiK, KOTOPbIi OYIeT MpoBeIeH
HIKE.

3.4.1. CnekTpanabHO-()JIyopeclieHTHbIE CBOHCTBA

ITo MonoXkeHnro MaKCUMYMOB CIIEKTPOB TOTJIONICHUS 10
1 TIOCTIe OOJTyUeHHS, & TAKKE TIO CHIDKEHHMIO ONTHYECKOH ILTOT-
HOCTU (POTONPOAYKTA B MOJIOCE MOTJIOIIEHHS HCXOAHOU (op-

D/D™max I/ I
1.0 1.0
0.8F 0.8
0.6 0.6
0.4F 0.4
0.2 0.2

ez 2 A e e

500 550 600 A (um)

Puc.7. Cnexrpsr nmornomenus (/,2) u ¢ayopecueniym (3,4) 14-F1 B
XUTO3aHOBO# Matpuiie 70 (/,3) u mocrne (2,4) obaydeHus: B TCUCHUE
11 muH.

Tab6n.1. doroxumnueckue 1 GoTodHU3NUECKIE KOHCTAHTHI (IIYOPOHOBBIX KpPACHTEIEH.

Kpacu-  Aj™ (1m) 77 (HC) ) Kise 01(532 HMm) a(0.7 Briem?)—  0x(532 M) ki Kem kemolkic ke
TeNb [17] [18] ph (103¢hy (10 em?) [18]  a(11.9 Br/em?)* (107 cem?)  (102¢h) (103 ¢ )™ (109%™  (10%¢!)*
Fl 634 4.10 69 [19] 0.073** 0.21 0.07-0.58 2.6 [21] R 11.7¢1.6  10.5£1.2 10.5
Br,-F1 684 2.62 4.44[20] 0.67[20] 1.33 0.15-0.77 3. 5% | R 11.6£2.0 16.9%£29 16.9
Br,-F1 691 2.39 3.58[20] 0.70[20] 3.19 0.25-0.86 3.5[22] 11[23] 13.8+1.4 10.3£1.0 10.3
1,-F1 694 0.55 0.60 [20] 8.74[20] 3.28 0.14-0.75 3.6 [22] 2[23] 5.4+0.9 9.3+0.6 18.6
1,Cl-F1 741 0.85 0.28 [20] 8.04[20] 0.57 0.02-0.26 3.9[22] 1[23] 3.9%1.1 3.9+0.7 3.9

*Paccuntano no ¢opmyie (5); ** MoIyueHO MyTEM aIlpPOKCUMALINY IKCIIEPUMEHTAIBHBIX JAaHHBIX (pHc.5) ¢ momolbio Gpopmynsr (3);
B3SITO PaBHBIM 3HaueHUIO ISt Bry-Fl.

Hokokok

HO 110 hopmyIe kiy. = D /tq, ToE Pie = 0.03 [24];

e

paccunTa-
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MBI KPACHUTEIIS MOYKHO TIPEIONIOKHUTh, YTO €r0 UCXOIHAS M-
aHNOHHAs (hopMa MEePexoaUT B HEHTPAIBHYIO JIeHKohopMYy.
B sxuakux pactBopax (piyopoHOB NEpexo/i KpacHTeNsl B HEk-
TPAJIbHYIO OeCIBETHYIO (POPMY COTIPOBOXKIACTCS CMEIICHUEM
TIOJIOC TTOTJIONIEHHSI B KOPOTKOBOIHOBYIO 00JIACTh (11st horyo-
pecuenHa Ha 5—20 HM, 303uHa Ha 20—25 HM, sputpo3uHa B
Ha 25 HM) U CyIIIECTBEHHBIM YMEHBIIIEHHEM MOJIIPHOTO KO3(]-
(unmenTa sKCTUHKIMU (B 9—22 pasa [yis pa3InYHbIX KpacuTe-
Jieit) [25,26]. B TBepabix pacTBopax GyiyopoOHOB B XUTO3aHE T10-
crie o6mydenns B Teuenwe 11 MHH ¢ MHTeHCHBHOCTEIO 13 Br/em?
MMEET MECTO aHAJIOTHUYHOE U3MEHEHHUE CIIEKTPOB MOTIIOMICHUS
(st pyopeciienHa CABHUT TIOJI0C HEe HAOIIOMACTCS, JUTSI M-
O6pomdiryopecrienHa OH paBeH 9 HM, AJIs 203uHa Y U 9PUTPO-
3uHa B — 6 HM, a [17151 GEHraIbCKOro po30BOro — 0KOJIOo 15 HM).
CIBUT TIOJIOCHI TTOTJIOMIEHUS, CBSI3AHHBII C IEPEX0IOM KPACH-
TeJIs B HEUTPAIBHYIO JTAKTOHHYIO (DOpMY B BOJHBIX PaCTBOpPAX,
00JIbIIIe, YeM B IMOJMMEPHON MATPUIIE, T.K. PETHCTPUPYETCS
CYMMApHbI CIIEKTP MOTJIOIIEHNsT POTOMPOIYKTA U OCTABIIICH-
csl Toclie 00JIydeHus: UCXOAHOM hopmbl KpacuTens. Onruue-
CKas TUIOTHOCTh OOPa3LOB B Pe3yJIbTaTe OOIyUeHUS YMEHb-
IUIach TSl pa3HbIX Kpacuteneit B 4—11 pa3. Ocratounas
ONTUYECKAs TUIOTHOCTh MOET CBUJICTEILCTBOBAThH O HAJIH-
YUH UCXOTHOTO KPACUTEJIS.

CnexTp QuyopecueHIuu o0JyYeHHOW YacTH IJICHKU W3-
MEHSIETCSI TTO CPABHEHUIO CO CIIEKTPOM HEOOTyUeHHOM YacTu.
Tak, B pe3ynbTaTe OOIyUYeHHsI MAKCUMYM CIIEKTpa CMeIaeT-
csl B KOPOTKOBOJTHOBYIO 00JIacTh: ISl (UTyopeclienHa Ha 3 HM,
nubpomdiyopectienHa Ha 12 HM, 203uHa Y Ha 10 HM, 3pu-
Tpo3uHa B Ha 14 HM, GeHranbckoro po3oBoro Ha 5 HM. beutn
OLICHEHBI KBAHTOBBIE BBIXOJbI ()IyOPECHEHLIUN OOIyUYeHHON
1 HeOOTyIeHHOH YacTel TIeHKU, KOTOPBIE COBIAIH IS (PIIyo-
peclienHa 1 3puTpo3nHa B 1 oka3amnch OIIM3KUMU TSI OCTAITh-
HBIX KpacuTelleil. DTH OIEHKH MOTYT CBHICTEIbCTBOBATH O
TOM, UTO IPOAYKT (HOTOOOECBEUNBAHUS HE (IIyOpEeCLUPYET,
YTO OTMEYEHO B paborax [27,28].

Kak Ob110 MOKa3aHO C MOMOIIBIO0 KBAHTOBO-XHMHUYECKUX
pacueToB TMAaHUOHOB (DIIyOPOHOB, HHTEHCUBHAS I10OJIOCA TIO-
TJIOINEHUST B BUMIMOM 00JIaCTH CIIeKTpa 00YCIOBJIeHA CTPYK-
TYypOI TPUIMKIIA MOJIEKYJIbI KpacuTtens. [TocmenoBaTenbHoe
raJIoreH3aMelleHne IPUBOIUT K CMELEHHIO JIEKTPOHHBIX I10-
JI0C MOTJIOIIEHHS B JUTHHHOBOJIHOBYIO 00JIACTh C COXpaHEHNUEM
VX BBICOKOM HHTEHCHUBHOCTH M YMEHBIIIEHHEM KBAHTOBOTO BbI-
xoza ¢uyopecteHmu [29], a neraloreHupoBaHUE — K CMEILICHUIO
MaKCHMyMa CIIeKTpa B KOPOTKOBOJIIHOBYIO OOJIACTh M YBEITHYE-
HUIO KBaHTOBOTO BhIxoj1a (rryopecteHiuu [30]. Dtu npoTuso-
MIOJIOKHO HAIlpaBJIEHHBIE MPOLIECCHl HE CBS3aHbI C peakiei
(boToobecBeunBanusi, cocTosmiell B (pOTOMHIYIUPOBAHHOM
TIepeXo/Ie NCXOTHOTO KPACHUTENS B JIAKTOHHYIO JIeHKohopMmy.

3.4.2. AHau3 KHHETHKH o0eclBeYHBAHUS

PaccMmoTpum MexaHu3M GOTOOOECIIBEUMBAHKS B PE3YJib-
TaTe OMMOJIEKYIISIPHOTO B3aUMOICHCTBHUS IBYX MOJIEKYIT KpacH-
TeJISI B TPUIUIETHOM COCTOSIHIH TIPU BBICOKHMX KOHIIEHTPAIHSIX
Kpacureisl B MaTpulie. BO3MOXXHBI /1Ba BapraHTa TAKOTO B3au-
MOJIEHCTBUS BO30YKIEHHBIX MOJIEKYJI: KOOIIEPATUBHBIN MPO-
LIecC ¥ TPUILIET-TPUILICTHAS aHHUT IS, B o6oux cimyuasx
HeoOxonuMo KopoTkozeiictBue (1.0—1.5 HM), 1 pe3yIpTaToM
B3aMMOJICHCTBHSI SIBIISIETCS CIIOKEHUE SHEPTHIl BO30YKICHUS
JBYX MOJIeKys. OTHAKO OIEHKA CPETHErO PACCTOSIHUS MEXKITY
MOJIEKYTaMU NPH KOHIEHTpauu Kpacurens ~107 M maer
~ 14 M. JIokanmu3zaiyst MOJIEKYJI KpaCUTEINsI HA COCETHUX MOHO-
MEPHBIX TPYIIAaX XUTO3aHA BO3MOXKHA, HO TPEOYET IKCIepH-
MEHTAJIBHOTO MOATBEP)KAECHUS. MOXKHO CUMTATD, YTO OOCYXK-
JAeMBblil MEXaHU3M IIPU YKA3aHHBIX YCIOBHUSIX MaTOBEPOSITEH.

B Hamem ciyyae U3 WCCIEAOBAHMS KHHETHKH pPEaKIIUU
BBITEKACT €€ KBA3MMOHOMOJICKYJISIPHBIN MeXaHU3M. DTO Xa-
pPAKTepHO [UTs Cily4asi, KOr/ia OAWH U3 KOMIIOHEHTOB peak-
LUK HAXOTUTCS B M30bITKE. TaKMM U30BITOYHBIM KOMITOHEH-
TOM MOYXHO CYMTATh BOZOPOJ OMOTIOTUMEPHOI MATPHIIBI.

3.4.3. DHepreTnyeckuii dananc

JIByxXcTyneHuaToe BO30YXICHHE 0OECIeUYMBACT IHEPTHUIO,
JIOCTATOYHYIO JUIsl AKTUBALIMU PEAKIIMU 00ECIIBEUMBAHMS Ue-
pe3 BBICIIIee TPUTLIETHOE COCTOSTHUE. 1151 BHITIOIHEHHSI OIIEHOK
BOCIOJIB3yeMCsl TaHHBIMH Ta0i.1. [leficTBUTEIBHO, SHEPTHS
KBaHTa JIa3¢PHOTO M3ITyYCHUsS Ha IUTMHE BOJHBI 532 HM co-
craBisier 226 kJ>K/MOIb, MOTJIONIEHHE BTOPOTO KBAHTA MOJIe-
KYJIOM KpacuTensl, HaXOAsIIelcsl Ha HIKHEM KONleOaTeTIbHOM
YpOBHE HEPBOT0 TPHUIDIETHOTO COCTOSHUS, IS psiaa ¢uryo-
POHOB, OT (IIyopeclenHa 10 OEHraIbCKOTO PO30BOTO, O3BO-
JISIET JIOCTHYb 9Heprun Bo30yxaeHus ot 415 mo 387 kIx/moib
COOTBETCTBEHHO. MI3BECTHO, UTO 3HEPIUs OTPhIBA BOJOPOIA OT
MOJIEKYJISIPHBIX TPYIIIT XUTO3aHA cocTaBisieT 357—-433 kx/Moib,
YTO MPUMEPHO COOTBETCTBYET SHEPTHU BO30OYKICHHSI BBICIIIIX
TPUILIETHBIX COCTOSTHUI (piryopoHoB. HanMenbIiast KOHCTaH-
Ta cKopocTH (poToobeciBeunBaHus ObLIa MOJTyYeHa ISl OCH-
raJbCKOro pO30BOTr0, YTO COINIACYETCS TAKKE C IKCIIEPUMEH-
TaJIBHBIMU pe3ysibTaTaMu paboThl [2]. [TpuunHoi 3TOTO MO-
KET SIBIIATHCS Mallasi SHEPrusl TPUIUIETHOT'O COCTOSIHUS, HE
MTO3BOJISIOIIAS TTOYIUTH TIPU JIBYXCTYIIEHYATOM TOTIIONIEHUN
W3ITy9eHNST MOJIEKYJIAMH KPACHTEIISI SHEPTHIO, HEOOXOIMYIO
st 6osiee 3pexTuBHOrO NMpoTeKaHust HOTOXMMUUIECKOIT pe-
AKIMH.

Oripe/iesieHHY0 poJjib B TIpoliecce (POTOXUMHUECKON peak-
UM MOTYT MTPaTh BOJOPOMHBIE CBSI3U (IIyOPOH —OIUMED.
W3BecTHO, 4TO O0ITEe TpOYHasi BOZOPOIHAS CBSI3b IPHBOAUT
K YCWJIEHUIO TeHAEHIIMNU NepeHoca npoToHa [31]. CpaBHUTENb-
HO MaJlble SHEPIUM aKTUBALUU PoTOOOECIIBEUNBAHUS (IIyO-
pecuenHa (7-21 kJI>x/Mob) U GEHIraIbCKOTrO PO30BOTO B TIO-
TuBUHIIOBOM cniupre (85 x/x/Monb) [2], a Taxke 203uHa Y
B kenatuHe (22 k/x/Moib) [32] cOoCTaBUMBI ¢ S9HEPTUSIMU
HEeUTpaJbHON U MOHHOI BOoJOpOoaHOM cBs3U. Cile10BaTEIbHO,
00pa3oBaHie MEKMOJIEKYIISIPHBIX BOLOPOIHBIX CBA3eH (iryo-
POH—XHUTO3aH MOET YMEHbIIATh YHEPTUIO OTPHIBA BOAOPO-
Ja B peakuuu (GoTooOeCBEUNBAHUS.

3.4.4. Posb xuTo3ana B npouecce odecuednBanus ¢1yopoHOB
TTocKoNIbKY aMHHOCOIEPIKALIME COCTUHEHUS SIBIISTFOTCSI TY-
LIATESIMUA BO30YKICHHBIX COCTOSIHUI Pa3HOW MYIbTHILICT-
HOCTH [2], TO aMHHOTPYIIIBI XMUTO3aHA MPEANOIOKHUTEILHO
MOTYT CIOCOOCTBOBATh CHIKEHHIO CKOPOCTH (pOTOOOECIIBE-
yrBaHusl GiyopoHoB. B pabore [32] mpoBeieHO McciIenoBaHue
(boToobeciBeunBaHUs 3031UHA Y B TPEX MOJUMEPHBIX MaTPH-
Lax ¢ Pa3IUYHBbIM COACPKAHUEM aMUHOIPYII (IIOJIMBUHIII-
OyTHpaJIb, )KEITATHHA U XMUTO3aH) U MOKa3aHo, uTo 3(pdekTns-
Has KOHCTAHTA CKOPOCTH OOECIIBEUMBAHMS KPACHUTEIIS H3ITY-
YeHHEM aproHoBoro jasepa (A = 488 HM) yMmeHbIIaeTCs Ha
MOPSZIOK TP TIEPeXo/ie OT MOJIUBUHIIIOYTUPAIIS K XUTO3aHY.
Taxum 06pazoM, 0Opa3zoBaHKe BOJOPOIHON CBSI3U U TyIle-
HHUE aMHUHOTPYIIIIAMU SIBJISIFOTCS. KOHKYPUPYIOIIUMHU [TPOLIEC-
camu 1pu (HOTOOOECIBEUNBAHUY KPACUTEISI B XUTO3AHE.

4. BoiBoabl

Taxum oOpa3om, B HACTOAIIEH pabOTE BHIMIOIHEHO KOM-
TUTEKCHOE HCCIIEIOBAaHME JIA3ePHOTO (OTOOOECIBEUHBAHHUS
TBEP/BIX PACTBOPOB ISATH (DIIyOPOHOBBIX KpacUTeNleil B Ma-
TPHIIE XUTO3aHA C UCIIOJIb30BAHIEM CIIEKTPAIbHBIX U (HOTO-
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(bU3MUECKIX METO/IOB, a TaK)Ke KWHETHUECKNX pacueToB. ITo-
Ka3aHO, YTO B YCIIOBHSIX 3KCIEPHMEHTA peai3yeTcs Mexa-
HU3M (OTOOOECIBEUNBAHMS C YIACTHEM HEPBBIX TPUILUIETHBIX
COCTOSTHHMI. BBICIINE TpHITIETHBIE COCTOSIHUS, MOJTydacMble
MyTeM ABYXCTYIIEHYATOTO Ja3epHOTO BO30YXICHUS, OyIyT
BHOCHTD CYLIECTBEHHBIN BKJIA/ MPU HHTEHCUBHOCTSIX CBBILIIE
100 Br/cm?. B3aumoeiicTBie KpacuTess ¢ MaTpULEi XUTO-
3aHa B rporecce POTO0OECIBEUNBAHIS MOKET KOPPEKTHPO-
BATh YHEPreTUUECKUI OallaHC peakluu 3a c4eT 0Opa3oBaHUS
BOZOPOJHBIX CBSI3el, a TaK)Ke CHUKATb HACEIEHHOCTb BO3-
OY>KICHHBIX COCTOSHMI 3a CYeT MX TYHICHHs aMHHOTPYIIIa-
Mu. CpaBHUTENBFHO Mallasi KOHCTAHTa CKOPOCTH (oToodec-
LBEUMBAHUS C YUACTHEM BBICIIUX TPHUIUIETHBIX COCTOSHUI
OEHTaJIbCKOTO PO30BOI0O CBsI3aHA ¢ OoJIee HU3KOI IHeprueit
MEepBOTO TPUIUICTHOTO YPOBHS, YTO HE OOECIICUMBACT IPHU
JBYXCTYNEHYATOM BO30Y>KI€HUM 9HEPTUHU, JOCTATOUYHON 115
3¢ HeKTHBHOTO MPOTEKAHNS PEAKIIHH.
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