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oOuielt, puznueckoit u opranndeckoit xumuu I'OYBIIO «/JJOHHTVY».

M54 MeToan4yeckue yKa3aHHMsi K CaMOCTOSITeJIbHOW padore 1Mo
aucuuIiuiniHie  «OCHOBBI  TEOPHUHM  IBETHOCTH  OPraHUYeCKHUX
coelMHEeHHID» [DNEeKTPOHHBIM pecypc]: il  oOyYarommxcs 10
HanpaieHnto moArotoBku 18.03.01 «Xumuyeckas TEXHOIOTHSY;
npodmib  «XuUMHUYECKas TEXHOJOTUS  XUMHUKO-(papManeBTHUYECKUX
penapaToB U KOCMETHYECKUX cpeacTB» Bcex hopm oOyuenus/ [OYBIIO
«JOHHTY», Kad. obmieit, puznyeckoil 1 opraHu4ecKOil XUMHH; COCT.
JL.U.Py6nesa - lonenk: JJOHHTY, 2021. — Cucrem. tpeboBanus: ZIP-
apXuBaToOp. — 3aril. ¢ TUTYJI. dKpaHa.

Meronnueckue yka3aHUsl [JIs1 CAMOCTOSITENbHOW pPaOOThl BKIIIOYAIOT
KpPaTKOE€ M3JIOKEHUE OCHOBHBIX TEOPETUUYECKUX OCHOB U TMOJOKEHUU TEOPHUH
LIBETHOCTH  OPraHUYECKHX  COEAUHUHN, OOBACHSIET  3aKOHOMEPHOCTH
(GbopMHpOBaHUS OKPACKM BEIIECTB, BBOAUT B CHCTEMY HOMEHKJIATYpbl H
Kiaccudukanmm  Kpacurened. PaccMOTpeHbl  BaKHEWIIME  MPUHLUIIBI
(bopMHpPOBaHUS OKPACKU OPTraHUYECKUX COCTUHEHUN, MEXAHU3MbI JEHCTBUS
ANEKTPOHHBIX 3()PEKTOB B MOJIEKYJaX KpACSIIMX BELIECTB, XPOMOQOpHBIE
cucteMsbl kpacuresneit. CrmocoOCTBYIOT (HOPMUPOBAHUIO YCTONYMBBIX 3HAHHUH U
HaBBIKOB MO juciuminHe. Ocoboe BHMMAHHE YAEJIEHO BOIPOCAaM TEOpUU
[BETHOCTH, BBI3BbIBAIOIIMM HAWOOJIBIINE TPYJHOCTH Y OOYyYarOLIUXCA.
PexoMeHnayeTcst uCoab30BaTh U1 CAMOKOHTPOJISI CAMOCTOATEIBHON paboTHhl,
BBITNIOJIHEHMSI MHAMBUIyaJIbHBIX 3a/1aHUN 1 BBIIIOJIHEHUS! KOHTPOJIBHOM pabOThI
00y4JaroIuxcs 3a049HOM (OPMBI.
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OBLWME METOANYECKUE PEKOMEHOALIUUN

I[aHHBIe MECTOOUYCCKHEC PECKOMCHAAINH IMPCAHA3HAYCHBI pInIb: |
CaMOCTOSITCJIbHOM IIOATOTOBKH 06yqa}0nmx051 II0 OCHOBHBIM pa3aciiaM Kypca
TCOPHUH ONBCTHOCTH OPTaHUYCCKUX COGHHHGHHﬁ, OKa3aHHA CYHIGCTBCHHOﬁ ITIOMOIIIH
IIPpH MOATOTOBKEC K BBIITOJIHCHUIO ITPAKTHUYICCKUX pa60T H KOHTPOJIbHBIX BaI[aHPIfI.

B meronuueckux pekOMEHIAIUsAX MPEACTABICHbI CICAYIOIINE MaTepUabl:
KpPaTKO€ H3JI0KEHUE OCHOBHBIX TEOPETHUYECKHX OCHOB U IIOJOKEHUU TEOPHH
[[BETHOCTH OPTaHUYECKUX COEIUHUMN, 3aKOHOMEPHOCTH (POPMHUPOBAHUS OKPACKH
BEIIIECTB, CUCTEMa HOMEHKJIATYphl U KiIaccuPuKaluu Kpacuteneil. PaccMoTpeHbl
BaXHEHIIME NPUHIUIBI (OPMUPOBAHUSA OKPACKH OPraHHMYECKUX COCAMHEHUH,
MEXaHU3MBI JEUCTBUA ANEKTPOHHBIX 3()(PEKTOB B MOJIEKyIaX KpacsIlUX BEILECTB,
xpoModopHbIe CUCTEMBI KpacuTenel. PazpaboTka criocoOCTBYyeT (POPMUPOBAHUIO
YCTOMUYMBBIX 3HAHUW W HABBIKOB IO aucuuiuinHe. Ocoboe BHHUMAaHHE YAEIECHO
BOIPOCAaM TEOPUM LIBETHOCTH, BbI3BIBAIOIUM HAWOOJbIINE TPYAHOCTH Y
oOy4Jaroumxcs. Pekomenyercs UCII0JIb30BaTh TSt CaMOKOHTPOJIS
CaMOCTOATENbHON pabOThl, BBIMOJHEHUS WHAUBUIYAIbHBIX 3aJaHAd W JUIs
BBINIOJIHEHHUS KOHTPOJBHBIX paboT oOydaroniuxcst 3a0uHoil (opmbl. [IprBeaeHs
BOIIPOCHI JJIs1 CAMOKOHTPOJIS 110 BCEM paz/ieaM JUCIHUIUINHBI K IEPEUYEHb BOIPOCOB
JUIs IOATOTOBKH K dK3aMeHy. Takxke pa3padoTka npeaHazHaueHa Jisl BBIOJIHEHUS
JIOMAIIIHEW KOHTPOJIbHOM paboThI JIJ1s1 00yYaAIOIINXCS 3a04YHOTO OTIEJICHUSI.

Homep BapuanTa paboThl (MHAMBUAYaJIbHOTO 33/1aHUs) YCTAaHABIIMBAETCA IO
nocyienHen nudpe HoMepa 3a4eTHOW KHIDKKHU CTyjAeHTa. Hampumep, ecnu HOMeEp
3aueTHOU KHIKKU 815911, TOo BapuaHT KOHTpONBHOM paboTel — 1, ecniu 815928, To
BapuaHT — 8. TUTYNIBHBIN JUCT KOHTPOJIBHOU pabOThl OPOPMIISETCS CIIECTYIOITUM
obOpazom:

KonTtposnbHast pabota (MHIUBUIYyaIbHOE 3aaHKE) 110 TUCIUILTHHE
«OCHOBBI TEOPUHU IIBETHOCTH OPTaHUYECKUX COCTUHEHUI
CTyJ€HTa 3a04HOTO (haKkynbTeTA, IP. . . . ..

®.1.0.
HOMED 3a4CTHOM KHWKKH . . .. ... ......

KonTtponbHyto paboTy HE00X0IUMO 0GOPMIISTH aKKypaTHO: MHUCATh YETKO U
SCHO, OCTaBJISIsl MOJS JUIsl TIOMETOK MpEenojaBaTeis; HOMepa U YCIOBUA 3ajad
MEePENUChIBaTh B TAKOW MOCJIEI0BATEILHOCTH, B KOTOPO OHU yKa3aHbl B 3aJaHUMU.
Pemienue 3aau ¥ OTBETHI HA TEOPETUUECKUE BOTIPOCHI JOJKHBI OBITH 0OOCHOBAHBI.
B xon11e paboThl 1OHKHA CTOSITH AaTa €€ BHITIOJHEHHS U MTOAMKUCH 00yYaromerocs.
KoHTposnbHbIe paboThI, BEITIOJIHEHHBIE HE TIO CBOEMY BapUAHTY, HE 3aCUUTHIBAIOTCA.
B cnygae, ecniu KOHTpoJibHAsi paboTa HE 3auyTeHa, OOYYarOUTUNCS BBITMIOJHSET €€
MOBTOPHO W TPEJOCTABISICT Ha Kadeapy BMecTe C HempuHsAToW paboroit. Ecim

5



HeopaboTku B paboTe HE3HAYUTEIbHBIE, TO HOBOE pEIICHHE 3a7ad MOXKHO
BBITIOJTHUTH B KOHIIE HE 3a4TE€HHOU paOoThl. B 000UX ciydasix Ha TUTYJILHOM JIUCTE
TeTpaayd HY>XHO HaIlUCaTh <«HAIpaBiisgeTcsl MOBTOpHO». KoHTposbHas paborta
(MHAMBUya bHOE 3a/laHUE) BKIIOYAET JECITh 3aJaHuii, IIECTh W3 KOTOPBIX
KacaloTcs TIOJIOKEHHM TEOpUM IIBETHOCTH M YEThIpe — KIacCUPUKAIUU W
HOMEHKJIATYPbl KpacuTeJIeH.

3aganusa NeNe 1-6.

Omnucath XpoMOGOPHYIO CHCTEMY KpAacHUTENIEH B COOTBETCTBUHU C aJITOPUTMOM
U3YYCHHUS IIBETHOCTH COCAWMHCHHUS, PYKOBOJICTBYSCH IIOJOKCHHSIMU TCOPHUH
uBeTHOCTH NoNel-6.

[lepeueHb OKpaIlIeHHBIX COSAMHEHUM JIJIs BBIMOJHEHMS 3aanuii Ne 1-6 mo
OCHOBHBIM TTOJIOKECHUSAM T€OPUH LIBETHOCTH

Ne Haspanue Popmyna [IBeT
1 | nukonuH Me e e KpacHBIN
VS S Me
Me Me Me Me
2 | KpoUeTUH Me Me oR HKENTHI
o) s
>\C A Y N S S Y g N C“o
RO Me Me
R=H
3 | KpouuH Me Me oR KEJITHIA
o) s
>\C A Y g N6 T Y S C*‘o
RO Me Me
R =CpHxnOn
4 | pnaBon KENTHIN
5 | OukcuH Me Me o~O | opamieBo-
Q .
RO Me Me
1
R=H. R =Me




aypoH o KEITO-
CH@ OpaH>KEBbIN
7 | P-xaporHn Me Me OpaHXEBbIN
1
D T Y Ve NP s U WU N R
Me Me
. Me Me
Me
8 | nmroreuH Me Me OpaHXEeBbIii
1
D T T e P N e N R
Me Me
R= Me  _Me p1_ Mey Me
i j\ :i "OH
Me OH Me
9 | anm3apun g OH KpacHBIN
o
0
10 | nucnepcHsIii C= KENTHIN
JKEJITHIN Et:N C:=C/
H \C..-DEt
]
O
11 | kemdepon o) KEITHIN
L__oH
Sy
12 | nroreonuu OH JKEJITHIM




13

TUIIEPULIUH KpacCHBII
14 | xenTeii s NH, JKEJITHIN
mexa H
O,N NH,.HCI
15 | ¢aBan 0. OpaHKEBBIN
(le
,
5
16 | xopruHEBBIii KOPUYHEBBIH
o1 mexa T R4§i>—|\,m2
17 | xpacHsbIit KPacHBIH
OpcHH
18 | OukcuH OpaHKEeBO-
(opnean) JKENThIN
19 | xporeTun KAPIUYHO-
KpaCHBIN




20

KYpKyMUH o0  OH JKENTBIN
R'=R’=OMe
21 | opcennHOBasK CH; OH Iy pITy pHBIH
KUCIIOTA
0
HO OH
22 | nekaHOpoOBast CHy O Iy pITy pHBIH
KUCIIOTA
CHy; O OH
HO OH
23 | ycHMHOBAs CHs HKEIITHINA
KHCIIOTa 0 0 OH
H4C
H;C  OH 0
24 | kapTaMOH HO  O-Glu KENTHIH
OH
Sal
OH O OH
CH,OH
o
Glu= OH
0
OH
25 | OPUILTHAHTOBBI JKEJITHIH
1 KEJNThIN
(RO N=N CH}
2

SO.H




26 | makmyc 0 (uoneToBbIl
(HeuTpanpHas N
bopma) /C[ X
HO 0]
27 | noycoH O KOMITOHCHT
0
o]
28 | kpoIHH KEJTO-
port Me Me y
(madpan) ~ ~ R KPacHBIH
R X S T
Me Me
29 | GukcuH KpacHo-
OpaHKEBbIN
30 | Tupckmii AHTHYHBII
IypIryp IIypIiyp
R=Br
31 | yuaAUTO CHHHUI
KOMITOHEHT
OGacMbI
=H
32 | pesena _H.. JKEJITBIN
P oo
| OH
HO O | o~
“ “OH
33 | muKpuHOBas OH KENTHIN
KHCIIOTa O5N NO,
NO,

10



34

[[HaHUH 7\ =\ XHHOJMHOBBI
R—Ne CH= N—R H CHHMI
; %\j}
R= - CH,CH,CHMe,
35 | pykcun R R! SPKO-
(po3aHuUIIUH) H-N @ )ﬁ;,r NH, KpPAaCHBII
-
C
R2
NH,
36 | 4-amMmuHO0a30- JKEITHIN
OeH30 N=N N2
(aHWITMHOBBIN
JKEJITHIi)
37 | mupaHTpOH 0 30JI0TUCTO-
OpaHKEBbIN
38 | mepuIeHSI 0 O O 0 KpacHBIN
p2atede
O @]
39 | ¢pranormanuH 3€JIEHOBATO-
romy0oi
Z N\ y
NH N
=N
S HN \
AN

11



40

KOMITIEKC SIPKO-
dramonraHnHa roJryooi
c HOHOM
Cu(+2)
41 | rerpaueH JKEJITBIN
42 | meHTaIcH roryooit
43 | kopoHeH " KEJThIH
44 | yepHbIii YCPHBII
rpagur
45 | TapTpasuH SO;Na SKENTBIN
N
NaOSS—Q—N=N 7
=N
NaOOC
46 | MHIUTOKAPMUH o 170504051
Arokap NaO,S i § ! ¢
N SOsNa
3
H @]
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47

Xpu30(peHUH 30JI0THUCTO-
( RCH@iN:NQ CH} JKEIITHIN
2
SO.H
R =Et
48 | mpsimoit cooy | KopuuHe-
KOPHYHEBBII }{10 H @ BBI
. N=N N=N OH
CBETOIIPOYHBIN O~ }'u/ o O Q
X plite
HO5S
49 | aypamMuH ® JKEITHIN
MEEN—Q— :;:=©=NMe
NH- C
50 | MaaxuTOBBIN 3€JICHBIN
i @ <]
3€IICHBIN
Rﬂ@(;:@:hﬁ X ClI
Ph
R =Me.
51 | ¢moneroBbrit (buoneToBkI
6 ® =]
JeiiOnepa Rﬂ‘@*'?:@'zn% % Cl
Ph
R=H
52 | OCHOBHBII 3EJIEHBIN
- i ® =]
0-3ee
APKO=3CIICHbIH REN@C:QZNRE X Cl
|
Ph
R = Et
53 | OCHOBHBII roxry0oit
roixy6oi

R? R?

) @ =]
RN = =NHRY,
-

R4

R!=Me. R*=H. R =Me, R* =NO,.

13



54

rapapo3aHu- ® o KpacCHBII
TIMH H2N©\ /@NHQ x Cl
C/
NH2
S5 | cunmii CHUHMIA
e O-H-COs-O50
METaHOBBIHN H '
)
56 | KUCIOTHBIN HOS s0.0° 3CJICHBIN
3eJIeHBII * B @ Et 2
N C= =N_
CH; Bh CH;
o7 | cuHUH ® (0350505051
MaTEHTOBAHHBI NEt;
nV
e
SO,
C
,©/ S0,0+Ca?*
58 | KUCIOTHBIM H, 3CJICHBIN
3€JIEHBIH U1 Hogsﬂ C = /e E
KOXH Et/N{”?_C:\:)_N‘ — 5
= | HaC—y /.?‘—803
N
SO.H
59 | (eHo0OBBII ) KpacCHBII
KpacCHBII

M-KaTHOH MIEJOYHOr0 MeTajlia

14



60 | aypanmus NO, ON KEJThIN
O-N N=— NO;
NO, IN \é
O ONH,
61 aHTpaJlaH HO.S 05N JKEIITHIN
JKEJIThIN @-H i:: H i:: NO,
62 | rumpos n = CUHHIA
Muxnepa (CHS)QNT)\ KYN(CHS)e Cl
X Y
CI{ A4
63 | HuTpO30- F Iy pITy pHBIH
TpudTOpMETaH . I NO
F
64 | azynen ' | roxry0oii
Howmepa okpaiiieHHbIX cOeAMHEHUH 7151 BhIMOJIHEHU 3a1anuii NoNel-6 B
COOTBETCTBHUM C BAPUAHTOM
Bapuant | Homepa okpatiieHHbIX coeiuHeHUH 13 repedHs K 3ananusam NoNe 1-6
0 1 11 21 31 41 51
1 2 12 22 32 42 52
2 3 13 23 33 43 53
3 4 14 24 34 44 o4
4 5 15 25 35 45 95
5 6 16 26 36 46 56
6 7 17 27 37 47 57
7 8 18 28 38 48 58
8 9 19 29 39 49 59
9 10 20 30 40 50 60

15



3aganusa NeNe 7-10.

I[aTB XUMHUYCCKYIH0O MW TCXHHUYCCKYIO KJIaCCH(i)I/IKaHI/II-O npcaAcCTaBJICHHOI'O
KpacuTeisl U IMMOACHUTL €0 HOMCHKIIATYPY

[lepedyeHn npUMEHsIEMBIX KpacuTeseu Jiiis BeInoJdHeHus 3aaanus No7-10

No Howmenknarypa kpacurens
1 | [Ipsmoit uepHsiii C

2 | IlporpaBHO# cunuii Y

3 | AkTuBHBIN r1y0O0KO-4epHbIi 11

4 | AKTuBHBIN ioTckuid cuanii MIT

5 | AKTUBHBIU gpKo-cuHUM 20

6 | [Ipsamotii sipko-xkenteiiit CM

7/ | KyOoBbslii sipko-rosryooit X40

8 | Ky6oBniit opanxeBbiii CB

9 | [Ipsamotii opankesbiit 4K

10 | [Ipsimoit xaku X

11 | Cepnuctsiif onuBkoBeIi be 2K

12 | HucnepcHblii opamkeBbii 2K

13 | Hucnepcupiii anpiid 20K

14 | Hucnepcubiii ambiii C

15 | HucnepcHbiii pyOuHOBBIH JK

16 | ducnepcHbld xenTo-KopuaHeBbiid 20K
17 | AucnepcHblid po3oBslid 2C

18 | JlucniepcHblil TeMHO-KOpu4YHEBBIH 20K
19 | IucnepcHbli TEMHO-3e7eHbIH 20K

20 | Jucnepcusiii yepnbiii 2C KO

21 | AKTUBHBIU SIPKO-KENTHIN 53

22 | AxtuBHbIl duosietoBbiii T 4K

23 | AxtuBHbIH yepHbId K

24 | CoBenaH xenTeii M

25 | CoBenan anbii M

26 | CoBeman 6opno M

27 | CoBenan onuBKOBbIH H

28 | CoBenaH KpacHO-KOPUYHEBBI M

29 | Kucnotnsrit sxentsiii K

30 | Kucnotusiii kpacHslii 2C

31 | KucnoTHbl ipKO-CUHUI aHTPaXUHOHOBBIN
32 | KucnotHbll sipko-3eeHblid anTpaxuHOoHOBbIN H4K
33 | AxtuBHbIN KpacHbIi 7C

34 | AxtuBHBIN TeMHO-cuHHN 2K

35 | I'BunHelickuii 3e1eHbIN J]

16



36 | XKenteiii comaeyno3akaTHbii XK

37 | Oputpo3un

38 | AmapanTt

39 | Ilynuossriit 4C

40 | OuapoBarenbHbIi kpacHbld AC

41 | llutpycoBblil KpacHbId Y

42 | 3enensiii mpounbii M

43 | Cunnii onectsammii [150

44 | CvHuii 1maTeHTOBAaHHbIN V

45 | Kapramun xentbii 43

Howmepa kpacuteneii 1y1st BeimoaHeHUs 3aqanuii NeNe7-10

B COOTBCTCTBUMN C BApUAHTOM

Bapuant Howmepa kpacuteneii u3 nepeuns k 3aganusim NeNe 7-10
0 1 11 21 31
1 2 12 22 32
2 3 13 23 33
3 4 14 24 34
4 5 15 25 35
5 6 16 26 36
6 7 17 27 37
7 8 18 28 38
8 9 19 29 39
9 10 20 30 40




BeBegeHue

[lepBble cCUHTETHYECKUE KPACUTEIH, OTHOCSIIUECS K KJIACCy apUIaMUHOBBIX, ObLIN
IOJIy4eHbl B cpeavHe 19 Beka NpH HM3yYEHUM pPEaKUUMid apOMATHYECKHX aMUHOB
HE3aBUCHUMO ApYT OT apyra Hamancornom B Poccun, Bepeenom Bo @panuun u Yunvamom
Ilepxunvim B AHIIIMM, KOTOPBIA B KOPOTKHMM CPOK OpPraHHM30Bajl ITPOMBIIIJIEHHOE
IIPOM3BOJICTBO IYPIIYPHOTO KpPACHUTENA AN IIepcTH U menka MosenHa. Ecin oTkpbITHE
IIEPBBIX KPACUTEJIEHN TPOU30IILIO CIIy4aliHO, TO BOSBHUKHOBEHHE XMMHUH U TEXHOJIOTUHU Kpa-
cuTeseld BO BTOpPO nosioBuHE 19-ro Beka ObLIO BIOJHE 3aKOHOMEPHBIM SIBIEHUEM. DTO
ObUIO O0YCJOBJIEHO MOTPEOHOCTSIMM OBICTPO PACTyIEr0 MAIIMHHOTO IPOM3BOJCTBA
TEKCTWJIbHBIX U3/IeJIUi U OyMaru B HEAOPOTMX U MPOUYHBIX KPACSIIUX BELIECTBaX. XUMHUS
CUHTETHUYECKUX KpacUTeJIeld Havajla CBOE pa3BUTHE KaK Ba)kHas 00JIaCTh MOJIOJON Opra-
HUYECKOH XxuMuu, a co3aanue B 70 — 90-p1e roas! 19-T0 Beka MPOMBIIIJICHHOCTH OpTraHu-
YeCKMX KpacuTelsiel (aHWIMHOKPACOYHOM MPOMBIIIIIEHHOCTH ) MOJI0XKHIIO HA4aJIo BCEM CO-
BPEMEHHBIM TEXHONOIMMSIM TOHKOFO OPraHNYeCcKoro CUHTe3a.

Ha nauvanpHOW cTaguu XUMUS KpacuTeled ObLIa YUCTO SMIMPUYECKON HAyKOW U
OpUEHTUPOBAJIACH, IPEKJE BCEro, Ha PELIEHUE NPUKIAIHBIX 3a7ad. OCHOBHON LEJbIO
OBbUIO MOIYYUTh KpacsIiye BEllecTBa HIMPOKOM IBETOBON raMMBbI, KOTOpbIE MOTJIH OBl 3a-
MEHUTh JOPOTHe MPUPOAHbIE KpacuTeau. Bmecte ¢ TeM pe3yibTaTsl 3TOM pabOThl BbIpa-
JKaJIUCh U B OTKPBITUU PAHEE HEU3BECTHBIX XUMUYECKUX PEAKIMI U HOBBIX KJIACCOB Opra-
HUYECKUX COCAVHEHMM.

B 3T roapl XMMHMKN CUHTE3UPOBAIM MHOTOUYHCIIEHHBIE COEMHEHM S, KOTOPbIE Aajie-
KO HE Bcerja OblIM OKpalIEeHHBIMU WJIM MOTJIM OBITh HCTIOIb30BaHbl KAK KPACUTENH, OHA-
KO, MHOTHE U3 HUX 00JIafagy APYTUMH NMPAKTUYECKH LIEHHBIMU cBoiicTBamMu. OgHOBpe-
MEHHO pa3palbaThIBAJIUCh U CIIELUATbHbIE IPUEMbI BbIIECICHUS, OYMCTKH U UACHTU(UKa-
IIUU TOJIyYEHHBbIX coequHeHuil. HoBble mpenapaTuBHbIE METO/bI HE TOJBKO OOOramaim
CUHTETHUYECKYIO MPAKTUKY OPraHMYEeCKOW XMMHUHU, HO ¥ BOIUIOIIAJIMCH B IPOMBIIIJIEHHBIX
TeXHOJIOTUsAX. OHU OCHOBBIBAJIUCH HA (PU3MUECKUX U (PU3UKO-XMMUYECKUX 3aKOHAX U Me-
Toznax. [Io3ToMy HEyIMBUTENBHO, UTO pa3BUTUE XMMUU KpacuTenen U cnoco6oB ux npw-
MEHEHUsA C caMoro Havyana 6bIno TeCHO CBSI3aHO C MPOrpeccoM opraHU4eckown, gusmnye-
CKOW, aHaNMTU4YeCKON U KOOPANHALMOHHON XUMUMN.

JlocTaTo4HO BCIOMHHTB, uyTO Oiaromapst otkpbeituto [lerepom ['puccom B 1858-64 r.
peakuui ANa3oTMPOBaHMUA M a30COYETaHUSA CTAJIO BO3MOXKHBIM HE TOJIBKO MOJIYYEHHE a30-
KpacuTeseld — BaKHEHIero 1 Haubojaee MHOTOUHUCIEHHOTO Klacca OpraHM4eCcKUX Kpacu-
TeJIel, HO ¥ ObUT OTKPBIT yIOOHBIHM MyTh CHHTE3a HEKOTOPBIX BUIOB a30TCOJAEPKAIIUX I'e-
TEPOLMKIIOB U JIEMEHTOPraHU4YeCKUX coelMHeHui. [IoTpeOHOCTh B BBICOKOIIPOUYHBIX Kpa-
CUTEJIIX CTUMYJIMPOBAa OOIIMPHBIE UCCIEIOBAHUS B 00JIaCTH XMMMUU MOMULMKNUYECKNX
coeIMHEeHMIN apoMaTU4YeCKOro 1 reTepoLMKIINYeCcKoro psaaa, pe3yabTaTbl KOTOPBIX HAILIN
HIMpoyYaiiiiee MPUMEHEHHE U B IPYTHX TEXHOJOTHUSX - IPOU3BOJICTBE JIEKAPCTB, OMOJIOTH-
YECKH aKTUBHBIX BEUIECTB, AaHAJIMTUYECKUX PEAreHTOB, JIA3EPHOU TEXHUKE U JP.

[Tpu uccnenoBaHUKM CBOMCTB OKpALICHHBIX BELIECTB OBLIM M3YyYEHBl U MOJIYUHUIIU
00BsICHEHUE TaKUe SIBJICHUS KaK ¢priyopecLieHUUs, XeMUntoM1MHecLeHLUmMs n poToxpomus,
KOTOpbI€ PaCHIMPUIN TPAJUIIMOHHBIE O0JACTH U CHOCOOBI MPUMEHEHUS! OPraHMYeCKHX
Kpacuteneid. Harmpumep, B kauecTBe JTIOMUHECHEHTHBIX MHIUKATOPOB, ONTHYECKUX OTOE-
JMBATENIEN, aKTUBHBIX CPEJ IS JIA3EPHBIX YCTPONCTB, OPraHMYECKHUX MOJIYIPOBOAHUKOB.

C ucnoap30BaHUEM KPACUTENIEH CBA3aHO U pELIEHHE TaKOM BaKHEHILIEH /115 YeoBe-
yecTBa NMpoOJIEMbl KaK 3annchb, XpaHeHUe U TUpaxupoBaHue UHgopmMaLmn.

B xoniie 19-ro Beka O6b11a OTKpbITA CIOCOOHOCTh HEKOTOPBIX KpacUTENEH paciupsTh
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JMana3oH CBETOYYBCTBUTEIBLHOCTH raJIOr€HUI0B cepedpa, YTO MO3BOJIUIIO CO31aTh COBpE-
MeHHYI0 (Qororpaduio U KuHO. SIBIeHHME ceHcUBMNM3auMM - OYYBCTBIICHHUE
¢doTomMaTepuanos PoIEMOHCTPUPOBAIIO B3AUMOCBSI3b SBJICHUS IBETHOCTH OPTaHUYECKUX
COEIMHEHUH C aKTOM MPe0oOpa30BaHUs SHEPTUU CBETA B XMMHUECKYIO PEAKIIHIO.

Pa3BuTHe 31O uaen B JaJbHEWIIEM PEAIN30BAJIOCH B CTAHOBJIEHUHM HOBOM 00J1aCTH
HAyKHU — (POTOXUMUMU, a B IPAKTHUUECKOM TIIaHE B H300peTeHUH 0e3cepeOpsIHbIX CBETOUYB-
CTBUTEJIbHBIX MaTEPUAJIOB - (POTOPE3UCTOB.

doTope3ncTbl 00Ja0aI0T 3aMeYaTeIbHOW OCOOCHHOCTBIO NoA AeNCTBUEM CBeTa U3-
MEHATb HEKOTOpble XUMUyeckne unu pusnyeckue CBOMCTBa, TAKUE KAaK MPO3PAYHOCTH,
MOKa3aTelb IPEJOMIIEHUS CBETA, paCTBOPUMOCTD, aAre3uto u apyrue. [Ipu nocnenyromem
"MposBIEHUH" MPOUCXOIUT MEPEBOJA CKPBITOIO M300pa)KeHUs B UHYIO (PopMy, KOTOpas
(U3HYECKH OTIMYAETCSA OT HEIKCIIOHMPOBAHHOIO (POHA, YTO MO3BOJISET 3aTEM €T0 CIENATh,
00BEMHBIM U BUAUMBIM H300pakeHreM. Takoro posia ¢oToXUMHUECKHE TPOLIECCHI, BBI3bI-
BaeMbl€ BUJUMBIM CBETOM, TENEPh UCIOIB3YIOTCS IPU KCEPOKOITUPOBAHUH, TPOU3BOJICTBE
tunorpagckux ¢Gopm, IpH U3TOTOBJICHUH WHTErPAJIbHBIX 3JIEKTPOHHBIX CXEM, IPUMEHSI-
I0TCS B 3aMHUCHIBAIOIINX YCTPOMCTBAX C ONTUYECKUM CUNTHIBAHUEM WH(DOPMAIIHH J1JIs1 KOM-
MBIOTEPOB U BUACOTEXHUKHU (KOMITAKT-AUCKH).

[TapannenbHO ¢ pa3BUTHEM MPAKTUYECKON XUMHHM KPACUTEJEH JIENAIUCHh MTOCTOSH-
HBIE MOIBITKA YCTAaHOBUTb MPUYUHY NOSIBIIEHUS OKPAcku y OpraHMYecKMX CoeAuHEHUN,
YCTaHOBUTb CBSA3b MeXAy XMMUYEeCKOW CTPYKTYPOM U LIBETHOCTbIO, YTO IIPEACTABIISIIO CO-
oot mpobnemy (QpyHIaMEHTAIBHONW BaXXHOCTHU JIJIs TEOPETUUECKOM OPraHUueCKOM XUMUH.
Taxk B koH1e 19-T0 1 Hauane 20-ro Beka ObUIM CO3JaHbl Pa3IUYHbIE XUMUUYECKHE TEOPUH,
co3JaTensiMi KOTOpBIX Obutd Bumm (XxpomodopHO-ayKCOXpoMHast Teopus, 1885 T.),
Apmcmpone n Heykuti (xuHOMmHast Teopus, 1888 r.), Jummeii n Buyuneep (Teopus
KOOPJMHAITMOHHO HEHACHIMEeHHBIX atoMoB, 1920 r.). Bce 3Tu Teopuu OCHOBaHBI Ha
MOJyDMIIUPUYECKUX 3aKOHOMEPHOCTSIX U ObLIIM BEChbMa HECOBEPIIEHHBI.

Tonbko ¢ pa3BuTHEM 3HAHUN 00 3JIEKTPOHHOM CTPOEHUHU aTOMOB M MOJIEKYJI Ha OC-
HOBE KBAaHTOBO-MEXaHMYECKUX MOJXOA0B ¢ Hayana 20-ro Beka Hadaja popmupoBaThCA
COBpEMeHHas 3NeKTPOHHasA Teopus LIBETHOCTU, KOTOPasi UMEET CEPbE3HOE TEOPETHUECKOE
000CHOBaHME U TECHYIO CBSA3b CO CIIEKTPOCKOMUEH, SKCTIEpUMEHTaIbHOU (POTOPU3UKON 1
KBaHTOBOI xumuei. iMenno B 3tu roasl (1910 - 1950 r.) xuMus opraHm4ecKkux Kpacure-
jeil chopMupoBanach Kak CaMOCTOSITENIbHAsi HayyHas JUCLUIUIMHA, OCTaBasCh, I1O-
MpeXHEMY, CBSI3aHHOUM C OpraHu4ecKom, Gu3ndeckor Xumuen u PoToXxumMuen.

MpeameToM COBPEMEHHOWN XUMMUMN U TEXHOIIOTUM OPraHNYeCKUX KpacuTenen siBIIsIeTCS

0 u3ydeHue OCHOB TEOPUU IIBETHOCTH OPraHMUYECKUX COEIMHEHU;

0 wu3yyeHHe BaXXKHEUIIMX MPOMBIIUICHHBIX CIOCOO0B MPOU3BOJICTBA KpacUTeNeH;

0 u3ydeHue 3aBUCUMOCTH MEX/Y CTPOCHHEM KpacUTelNeil U CIOCOOHOCThIO 3aKPEILIATh-
Csl Ha PAa3JINYHBIX TEJIax, JaBasi OKPaCKH, yCTOMYMBHIC K BHEITHIUM BO3JICHCTBHSIM (Ccge-
my, C6emonocooe, Cyxomy u MOKpOMY mMpeHuro, meniy, pacmeopam MOowux cpeocms,
xXumuyeckum oobpabomkam, omoenusanuio u op. , éceeo okono 20 noxazameneit).

[lepen Tem Kak MPUCTYMUTH K U3J0KEHUIO OCHOBHOTO MaTepuasa JaJiuM OIpeese-

HHUE JIBYM CO3BYYHBIM M OJTHOKOPHEBBIM TOHSTHSIM Kpacumesnb U Kpacka. boJabIImHCTBO

JFO/ICH, a HEPEIKO U XUMUKH, HE Pa3INYaloT U JTaXKe OTOXKISCTBIISAIOT 3TH oHATHs. OTHa-

KO aHaJIN3 COCOOO0B MOJMYYECHUS U IPUMEHEHUS KPacuTesel U KpacoK MOKa3bIBaeT CyIIe-

CTBEHHOE Pa3INune MEXTy HUMH.
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Kpackom Ha3bIBalOT CMeCb MMrMeHTa Co CBA3YHLMMM BewecTBaMmu, KOTOpbIe HE0O-
XOJUMBI JIJIsl yACPKUBAHUS MUTMEHTA HA MOBEPXHOCTH Tena. [IurMeHTaMu ciykaT Kak
HEOpraHMYeCKHe BEIEeCTBAa, TaK M HEPACTBOPUMBIE B BOJE Kpacurenau. B kauecTBe
CBSI3YIOIIMX BEHIECTB MPUMEHSIOT CUHTETUYECKHE CMOJIbI WM BBICHIXAIOIINE Macia, KO-
TOpblE B pe3yJbTaTe MOJMMEpPU3AlMK 00pa3yloT Ha IMOBEPXHOCTH Tejla NPOYHYIO U
PaBHOMEPHO OKpaIIeHHYIO TUIeHKY. [Ip1 3TOM 1IBETHOE MOKPHITHE, TOMUMO JI€KOPATUBHO-
ro, UMEEeT aHTUKOPPO3UOHHOE, 3alIUTHOE Ha3HAYEHUE.

KpacutenaiMm B TpaguIlMOHHOM, Y3KOM MMOHUMAHUM HA3bIBAIOT MHTEHCUBHO OKpa-
[ICHHbIE OPTAaHUYECKUE COCTMHEHHUS, KOTOPbIE CIIOCOOHBI COOOIAaTh PABHOMEPHYIO U yC-
TOMYMBYIO OKPAacCKy BO BCeM 06 beMe BONOKHMCTOro MaTepuana.

bnaronaps cpoacTBYy KpacuTelld CaMOIIPOU3BOJILHO MEPEXOASIT U3 BOJHOTO pacTBOpa
Ha BOJIOKHO M 3aKPEIUISIOTCA Ha HEM 3a CUET (PU3UKO-XUMUYECKOTO WIH XUMHUYECKOTO B3a-
UMOJICHCTBUSI HEMOCPEJICTBEHHO C OKpamuBaeMbiM cyOcTtparoM. Takum oOpazoMm,
Hanu4ue cpodcmea, OTIIMYAET OPTaHUYECKUE KPACUTENN OT KPACOK U JIAKOKPACOYHBIX CO-
CTaBOB.

MpousBoacTBO KpacuTenen OCHOBAHO HA MCTOJIb30BaHUU OOIIMX METOJOB OpraHu-
YEeCKOT0 CHHTE3a B apOMATUUYECKOM pANY (peakyuu HUMpo8aHus, 60CCMAHOBNEHUS, KOH-
OoeHcayuu, cyrbuposanuss, OUa30mMupos8arus, azocouemanus u op.). DT PeaKkIuu ocy-
HIECTBJISIOTCS B IMPOKOM JHana3oHe TeMIepaTyp, MHOT/Aa MO AaBJICHUEM, TPEeOYyIOT Mpu-
MeHEeHUs 0OJIBIIIOTO Habopa peareHToB, pacTBOpUTENeH, Katanu3aTopoB. [Ipu npousBoa-
CTBE KpAaCHUTENIe HCMOJB3YeTCS TEXHUUYECKU CIIOKHOE OO0OpYyIO0BaHUE, CIICIHAIIbHBIC
MPUEMBI BBIJICJICHUS W OYUCTKH Kpacutenei. Takum 00pa3om, MPOMBINIIEHHOCTh
OpraHMYECKHX  KpacHUTeNel  SBISETCS  OTPACIBI0O  MPOMBIIUICHHOCTH  TOHKOTO
OpPraHNYeCKOro CHHTE3a U TECHO CBsI3aHa C MPOU3BOJICTBAMU

O JekapcTB, BHUTAMHHOB, MappIOMEPHO-KOCMETHYECKMX W  MHUIIEBKYCOBBIX

BEILIECTB;

O kuHO(DOTOMATEPHUANIOB;

O XMMHKATOB JJIsl CEIbCKOTO XO351CTBA;

O yckopuTesnel ByJIKaHU3AIlMU PE3UHBI U CTA0OMIN3aTOPOB MOJUMEPOB;

O B3pHIBYATHIX BEIICCTB

3a moutu 150-7ETHIOI HCTOPHUIO CHUHTETUYECKUE KPACUTEIU Hapsgy CO CBOUM
NepBOHAYAIHHBIM Ha3HAYEHUEM - OKPAIIMBAHUEM BOJIOKHUCTHIX MaTEPHAJIOB, IPUOOpETU
HOBBIC U OUYEHBb BaXKHBIE 00JIACTH IPUMEHEHHUSI:

O peryadpoBaHHE CBETOUYBCTBUTEIHHOCTH (JOTOMATEPUAIIOB;

O komupoBalibHAS U MHOKUTEJIbHAS TEXHUKA,

O mnpuKiIaaHas JIOMUHECIICHIINS U ONITHYECKOE OTOSITMBAHNE;

O na3epHasi TeXHUKA U (POTOXUMHUYECKUN KaTaIu3.

[ToaTromy ompeneneHue MOHSATHS KpPacUTENlb, B KOTOPOM TJIaBHBIMH IPU3HAKAMHU
SBJISIIOTCS Yeem U cpoAcmeo K 80JIOKHY, HYKJACTCsl B PACITUPEHUN U YTOYHEHUHU.
CoBpeMeHHOE OMpeICNICHUE 3BYUYUT CIICAYIOIMINM 00pa3oM.

KpacutensamMm HasbiBalOTCsl oOpraHu4yeckue coeauHeHusi, oOGnaparowme
CNOCOGHOCTbIO WMHTEHCUBHO nornowartb W npeobpa3oBbiBaTb 3HEPruro
3M1eKTPOMArHMTHOIro U3NlyYeHusi B BUAMMOM U B BNVMXKHUX yNnbTpacuoneToBon u
MHdpakpacHOW 06NnacTaAX cnekTpa W NpUMeHsieMble AnA NpUAaHUA 3TOWM
CNoOCOBHOCTU APYrUM Tenam.

Ot xapakTtepa mpeoOpa3oBaHUsI TOTJOIMICHHOW JHEPTUM 3aBHUCUT CMoco6
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NPpaKTn4ecKoro npuMmeHeHus KpacuTterns.

Co6CTBEHHO KpacuTenu IpeoOpas3yloT MOIVIONIEHHYI0 3HEPIrui0 CBeTa B Temio. B
pe3yJIbTaTe HEMOJHBIM, UMEIOIUN NpoOesl CHEKTP OTPaKEHHOT'O CBETA BBI3BIBAET
OLYIIEHHE [IBETA, OKPACKHU.

Kpacutenu-ceHcmbunusatopbl MpeoOpa3yloT IMOMIOMIEHHYI0 CBETOBYIO JHEPIUI0 B
DHEPrUI0 XMMHUYECKOro Ipouecca. AHAJIOTMYHO BeAyT ce0s U (POTOXMMHYECKHE
KaTalu3aTopbl U PeareHTHI.

KpacuTtenu-nioMmuHodopsl 1 kpacutenu pnyopecueHTHbIe oT6enuBaTenuy NpeoopasyioT B
TEIIO TOJIBKO YaCTh MOIJIOIIEHHOW CBETOBOM PHEPTHH, & OCTATOK M3Iy4aloT B BUJIE
cBeTa ¢ OOJIBIIEH JUTMHOMN BOJIHBL.

Bo Bcex INCPCUHUCICHHBIX CIy4aaX IICPBHUYHBIM W OCHOBHBIM 4aKTOM pa6OTBI
KpaCUTCJIs1I OKa3bIBACTCA €TO B3aUMOJICUCTBHUE CO CBCTOM, IIPUBOAAIICC K IIOTJIOLICHUIO
9aCTH CBCTOBOI'O IIOTOKA.

YueHune 0 3aBUCUMOCTH MEKTy XUMUUYECKUM CTPOCHUEM OPTraHUYECKUX COCTUHEHUM
U CIOCOOHOCTBIO TOTJIOMATh W MPeoOpa3oBBIBATh CBETOBYIO JHEPrHUI0 Ha3blBaeTcs
Teopuei LBETHOCTU OpraHNYeCcKUX CoeaUHEHUMN.

Teopusi UBeTHOCTU OOBEIUHSIET U CUCTEMATU3UPYET BCE MHOTO0Opa3ne KpacuTeen
(a ux cuaTe3upoBano 6osiee 100 000) B KTacChl ¥ TPYIIIBI B COOTBETCTBUU C OOIIHOCTHIO
UX XMMHYECKOTO CTPOEHUS, a TAKXKEe MO3BOJISET MPEJICKa3aTh BIUSHUE CTPYKTYPHBIX U3-
MEHEHHI B MOJIEKYJIe Ha €€ IIBETOBBIC XapaKTEPUCTHKHU.

Bonpocut ons camoxoumpons:
1. OxapakTepu3yiTe paHHUE XUMUYECKHE TEOPUH [IBETHOCTH
2. Tosicuure siBneHust GIyOPECUECHIIUN, XEMUTIOMUHECIIEHIINU, (DOTOXPOMUU,
CEHCUOMIN3AIINH.
3. CpopmupyiiTe NOHITHUSI KPACKU, KPACUTEIS, IUTMEHTA.
4. Ha3oBUTe OTIMYME OPraHUYECKUX KPACUTEIIEM OT KPACOK M JIAKOKPACOYHBIX
COCTaBOB.
5. Oxapakrepu3syiiTe cClIOCOOBI IPAKTUYECKOTO MPUMEHEHUS KpacuTelen
6. IlosicHuTe 3HaYCHUE XUMHUH KPACUTEIICH.
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1. ®U3nyeckKkme OCHOBbI LLBETHOCTU

1.1. Mpunpoaa cBeta U NPOUCXOXKAEHUE LBETOOLLYLUEHUSA

Bunumelil cBeT - 3TO y3Kasg 00JIaCTh B CHEKTPE 3JIEKTPOMArHUTHBIX H3IY4YEHHI,
KOTOPYK)  pa3jIM4aeT  YeJIOBEUECKHM  Ia3.  OJEKTPOMarHUTHOE  M3JIy4Y€HUE
XapaKTepU3yeTcs

— ANWHOI BonHLI A , Meroleii pasMepHocTs Hm, 107° u;
— vacToToW V, uMeroniel pasmepHocts ¢ 1, 'y,
—  BOSIHOBBLIM YUCNOM V, HMEIOHNIEM pPa3MEPHOCTh ML , KOTOpPOE IOKa3hIBaeT

CKOJIBKO JUIMH BOJIH JUIMHOM A yKiaabiBaercs B 1 ¢y BEKTOpa MPOCTPAaHCTBA.
OTH BEIMYHMHBI CBSI3aHBI MEKIY COOOW M CO CKOPOCTBIO pacIpOCTpaHEHUS CBETa B
BaKyyMe ¢, (3-108 w/c) cnenyrommum o6paszom:

V=—O° ‘7:—:—

Jlnst Toro yToObl MEepeBeCTH IJIMHY BOJHBI, HanpuMep 760 HM, B BOJIHOBOE YHUCIIO
HEOOXOAMMO COBEPIIUTH CIEAYIOINE ONEPALHH.

L. 1 197 13200 om0
A 760-10 7 cm 760

CoryiacHO KBaHTOBOI TEOPUM MOJsl JIEKTPOMATHUTHOE M3Iy4YeHHE obnapaer He
TOJIbKO BOJTHOBBIMU CBOWCTBaMH, HO U CBOMCTBaMu NoToka 4YacTul. BoiHOBBIE CBOIICTBA
NPOSBIIAIOTCS B SIBICHUSX Judpakuuu u  uHTepdepeHuun cpeta. Dortosrdpdext
(ucmyckaHue SJIEKTPOHOB BEIIECTBA IMOJ JCHCTBHE DJIEKTPOMATHUTHOTO H3TyYCHHUS,
Cmonemos 1888 2.) u >pdexr Komnrona (ympyroe paccesHue 3JIEKTPOMAarHUTHOTO
U3IIy4eHUs] Ha CBOOOJHBIX D3JIEKTpoHax, [9222.) CBUAETEIBCTBYIOT O JUCKPETHOCTHU
U3IIy4eHUs, KOTOpasi CBOMCTBEHHA JIBIXKYIIIUMCS YaCTUIIAM.

[IpencraBineHre O JABOWCTBEHHOW NPUPOJAE HJIEKTPOMATHUTHOTO M3JIyYEHUS U
AJIEMEHTApHBIX YacThll (KOPIMYCKYJISPHO-BOJHOBOM Jyajau3M) CTajlo OJHHM U3
OCHOBOITIOJIATAIOIINX IIOJOKEHUM KBAaHTOBOM MexaHWkh. M ¢ mHavama 20-ro Beka
ANIEKTPOMATHUTHOE M3JIyUYE€HHUE TMPUHATO PACCMATPUBATH KaK MOTOK 3fieMEeHTapHbIX
yacTul - POTOHOB, KOTOPHIE HE UMEIOT MAcCChl IMOKOS, HO 00JIaJal0T UMITYJIbCOM YHEPTUU
).

p = nh/A, Toe N — eounuuHbll 6eKMOpP, YKAZBIBAIOWUIL HANPABTICHUE PACNPOCMPAHEHUs
B0JIHYI.

MHbIMM crnoBaMu, CBeTOBbIE Ny4y NPeACcTaBnsoT co60i NoTok hOTOHOB, HECYLLX
oTaernbHble NOpuUun (KBaHTbI) 3NIEKTPOMarHUTHON 3HEPrum.

Bemnunna osHeprum ¢ortonoB E (k/oic) Bwlpakaercs ypaBHeHWeM [lnmaHka-
OitHImTEHA

lam=10"7cm; Vv =

E =h-v, rme h - nocrosunas [lnanka, pasuas 6,62 10 il k/lic ¢

YenoBeyecKmii I71a3 BOCHIPMHUMAET CBETOBBIE JIyun ¢ oHeprueit 2,5 - 5 1022 kJlx u
JUIMHaMu BOoJIH B uHTepBaie 400-760 Hm.

VO®-nyun Buaumelii cBeT NK-nyun i

| |
200 400 760 1100

Crnenuduueckue CBOMCTBa Jy4ded dSTolW 007acTh CHeKTpa OOYCIIOBIEHBI HX
CrocOoOHOCTHIO, IGMCTBYS Ha CETYATKY TJa3a, IepeaaBaTh BO30YKACHNUE IO 3pUTEILHOMY
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HEPBY B IOJIOBHOW MO3T, BbI3bIBasl OLIYLIEHUS [[BETA, OKPACKH.

Y®-nyun uMeOT JIMHBI BOJIH MeHee 400 HM U NpH MOMNAJaHuU Ha CETYaTKy TJia3a
BBI3BIBAIOT OOJICBYIO pPEakIuio U 0Xor. UK-nyun UMeEroT JJIMHY BOJHBEI Oosiee 760 HM U
BOCIIPUHUMAIOTCS TJIa30M Kak Temio. YeM Oouiblilie JyiMHA BOJIHBI, TEM MEHBILIE SHEPTHs
U3IIyYeHUsl. DHEeprus U3IydeHus najaaet B paay: Y® > Bugumasa > UK obnacTs.

OpHoBpemeHHoe aercTBUue Beex nyyen ¢ jymmHaMu BoH 400 - 760 HM BBI3BIBAET y
YeJIOBEKA OIYIIEHNE 6enoro, HeOKpalleHHOro CBeTa.

N3nyyenne ¢ onpeneseHHOM JIMHOM BOJIHBI WJIA YaCTOTOM 3JIEKTPOMArHUTHBIX
KoJieOaHUN HAa3bIBAETCS MOHOXPOMATMYECKUM M3fyYeHWeM WM MOHOXPOMAaTHYECKUM
CBETOM.

PaszgenbHoe peicTBME MOHOXPOMATMUYECKUMX WM3NyYeHMA WM TIOTOKa JIyder cC
JIOBOJIBHO Y3KHM JIMAIa30HOM JJIMH BOJIH (2-5 HM) NPpOM3BOAUT OLLyLIIeHUEe OKPaLLEHHOro
cBeta. [Ipu TOM BocIipuHUMAaeMbI LIBET 3aBUCUT OT JIJTMHBI BOJIHBI MOHOXPOMATHUYECKOTO
W3JIyYCHUS W HA3bIBACTCS CneKTpanbHbIM uBeToMm. B mpuBeneHHON Hmke Tadiwmie 1
MPUBEECHBl HWHTEPBAJbl JUIMH BOJH MW BBI3BIBAEMBIC HMH IIBETOBBIC OIIYIICHUS,
CIIEKTPAJIbHBIC U JOTOJHUTEIbHBIC I[BETA.

Ta6muma 1. CiekTpanabHbIC U TOMOJTHUTEIBHBIC IIBETA

Crnexrpanbubiii 1BeT (LBet HNurepsan JOTIOTHUTENBHBIN 1IBET
MOHOXPOMATHYECKOTO JIy4a) U3ITyYEHUs B HM (LIBeT okpalieHHOro Tena)
1 ®DuroIeTOBBIN 400-435 3e1eH0BATO-KEIThII
2 Cunnit 435-480 Kenreiii
g Tomy6oii 480-490 OpamxeBbIit
4 3eneHoBaTO-TOIy00i 490-500 KpacHsrii
5 3eeHbli 500-560 [TyprypHblit
6 JKenroBaro-3eieHbIi 560-580 ®duoneToBbIi
7 Kenterii 580-595 Cunnii
8 OpanrkeBbIii 595-605 ["ony©6oii
9 Kpacusbiit 605-730 3eneHoBaToO-TOIy00H
10 [TyprypHbrit 730-760 3eeHbIi

[{BeToomIyIIIEHUE, BRI3BIBAEMOE MOHOXPOMATHIECKUMH JTy9aMH, SIBJISICTCS NepBbIM
crmoco0oM BO3OYIUTh ONIPEICIICHHYIO 3PUTEIIBHYIO PEAKIIHIO.

[Tpu B3aumopelicTBuU 6e10ro cBeTa (CBETOBOIO MOTOKA C MHTEPBAJIOM JUIMH BOJIH
400-760 HM) ¢ TPO3payHBIM UJIM HE MPO3PAYHBIM TEJIOM MOTYT MPOUCXOIUTH CIEAYIOIINE
SIBJICHHUS.

_________ 2760 400-490 HM " ~=~____
\-#\4§0‘0_:::\>§ HM 500- 760’51:>M_—:::=ff:3;

1. Bce BUauMBIE Ty4H MOJHOCTHIO OTPA)KAIOTCSl MOBEPXHOCTHIO TEJIa WM MOJHOCTHIO
IIPOXOJAT CKBO3b IIPO3PAYHOE TEJI0. B 3TOM Ciydae HEMPO3payHOe TEI0 HaM KaKeTCs
6enbIM, a IIpo3pavyHOE — 6ecLBETHLIM.

2. Benblil cBeT MOTHOCTHIO MOTJIOMIAETCS TEJIOM, U TEJIO0 KaXeTCS HaM YepPHbIM.
3. IloTok BUAMMBIX Jy4eill YaCTHYHO W PABHOMEPHO MOTJIOIIACTCS TEJIOM, @ YaCTHYHO
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OTpPaXacTCA UM. B sTtom CJlIydac TCJI0 UMCCT OTTeHKN ceporo 1BCTaA.

4. Teno I/136I/IpaTeJ'IBHO IIOTJIOMIACT HCKOTOPHIC JIYUN BUJIMMOM YacTHU CIICKTpa, a OCTaJIb-
HBIC JIYUHU OTPAXAIOTCs WJIN MMPOXOJAT CKBO3b TCJIO. B takom Cciry4dac TCjia nNpcacTaB-
JIACTCA HaM OKpalleHHbIM, LU BETHbIM.

Hanpumep, ecau mpu MpoXoKACHNUH ITy4Ka O€JI0ro CBETa 4epe3 CBETOPHMIBTP, CTEKIIO 0T -
nomraet ayun B uaTepsaie 490 - 500 am, Toraa npomeamuii CBeToQUIBTP CBETOBOM MMOTOK
¢ mymaamu BostH 400 - 490 u 500 -760 HM BOoCTIpUHHUMAETCS TJIa30M Kak KPaCHBIi CBET.

Nrak, BTOpoi cnoco6 BhI3BATH OLIYIICHUE 1IBETA 3aKJIFOYAETCS B BO3JAECHCTBUU Ha
CEeTUATKy IJIa3a IMOTOKAa JIy4ell BO BCEHW BUJAMMOM JMANa30HE, HO B KOTOPOM MMeeTcs
npo6en, BBI3BaHHBINM U30MpATEILHBIM MOTJIOIICHUEM CBETA.

LiBeTa, oulyuieHMe KOTOPbIX BO3HMKAET Npyu BO3OAENCTBMU Ha 3pUTerNbHbIM annapar
BCEX CBETOBbIX Jly4yeill BUANMOMN YacTu CNEKTpa 3a BbIYETOM NOrMoLWEeHHbIX, Ha3blBalOTCS
[OMNOJTHUTENbHbLIMU LiBETaMMU.

JIOMOMHUTENBFHBIA 1[BET 10 CYyWecTBY SBMsieTCA cMelwaHHbIM uBeTtom. OH
oOpazyeTcsi B pe3yJibTaTe KOMOWHAIIMK BCEX HE MOTJIOMIEHHBIX TEJIOM CHEKTPATbHBIX
nBeTHBIX Jiyueil. I[losTomy Takoil cmoco0 o00pa3oBaHHsI OKpacKd Ha3bIBAETCS
cyompakmuenvim cunmeszom yeema. CoCTaBICHHUE 1IBETA MPOUCXOIUT TTOCIIC BEIYUTAHUS
(ot mar. subtarctio) u3 CBETOBOIro IOTOKa, ITOTJIOIIEHHOMN ero 4acTH.

B 3aBHCHMOCTH OT MOMOXEHUsi U WUPUHbI Npo6Gena B CBETOBOM MOTOKE BO3HHUKAET
OIIYIIEHUE BIIOJIHE OMPEACIICHHOTO TOMOJHUTEIBHOTO 1[BETa, YTO MOKa3aHO B TPEThEH
KOJIOHKE U300pa>keHHOM BbIILIE TAOJIUIIBI.

W3 mpuBeIeHHBIX COOTHOIIIEHUH CTAHOBUTCS MOHSTHBIM HPOUCXOXHCOCHUE HA3Z8AHUS
oononnumensvhslil yBeT. COBMECTHOE JICHCTBUE COOTBETCTBYIOIIEH Maphl CIEKTPAILHOTO
U JIOTIOJIHUTEIHOTO K HEMY IIBETOB BOCIIPUHHMMAETCS HAOIIO/aTeNIeM KakK OIIyIICHUE
0eJoro 1BeTa.

Bce BocnpuHuMaemble TJIa30M  I[BETa JCNATCS Ha axpomaTuyeckue WU
xpomaTtuuyeckue. K axpomarnueckuM IBeTaM OTHOCSATCS Oe€nblil, YEpHBIH U OTTCHKHU
ceporo. XpoMaTHYEeCKHE I[BETa XapaKTepU3yIOTCS LBETOBbIM TOHOM, TE€M, 4YTO MbI
Ha3bIBAEM CJIOBAMM: KEJITHIN, KPACHBIN, CHHUN, 3€JICHBIN.

[TockoabKY LIBETOBOE 3pEHHE YEJIOBEKA TPUXPOMATUYHO (OCHOBAHO Ha COBMECTHOM
pabote Tpex THUMOB (POTOPEHENTOPOB - (HUOJETOBO-CHHUX, 3E€JCHO-)KEITHIX U JKEITO-
KpPaCHbIX) CYLIECTBYET TPETUM CNOCO6 BBI3BATH OUIYIICHHE OINpeereHHoro neera. OH
3aKJII0YAeTC B COBMECTHOM JIEWCTBHUU Ha CETYATKYy TIJla3a TPeX OCHOBHbIX (JIMHEIHO-
HE3aBUCHUMBIX) [AOMOSHUTENbHbLIX LBETOB. JKEJITOro, MNypIypHOTO M ToIy0oro B
COOTBETCTBUH CO CXEMOM

Cyompakmuenwlit cunmes yeema

B aTom ciydae opaH)kXeBbIi U KpacHbBIN 1IBETa 00pa3yroTCs NPU CMELIEHUH JKEITOTO
U IypPIYPHOIO B Pa3JIMYHBIX COOTHOIIEHUSAX. PUOJIETOBBI M CHUHUN LIBETa yAAE€TCS
MOJIyYUTh TMPH CMEIIEHUH TOayOOoro H MmypmypHOoro mnBeToB. OTTEHKH 3€JIEHOTO
MOJTYYaroTCsl IPH CMELICHUH KEJITOTO U TOIy0oro.

Takoii croco® BocCIpoW3BeNEHUS IBETa OOBIYHO HCIONB3YETCS B JKUBOIMHCH,
Tunorpa)ckoi mevyaTH, COBPEMEHHOM LBETHOM Qororpadum M NpUMEHSETCS Npu
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KPAIICHU! TEKCTUIILHBIX MATEPUAJIOB C IIOMOMIBIO TPUAJIHBIX CHCTEM KPACHUTEIICH.
B cerdaTtke ri1aza 4ermoBeka MPUCYTCTBYIOT TPU Pa3HOBUIHOCTH (OTOPEIEITOPOB,
KOTOPBIE UyBCTBUTEIBHBI B CIICYIOIMIUX CIIEKTPAIBHBIX THATIA30HAX:
400-500 HM, TO €CThb K CHHEMY CHEKTPaJIbHOMY IIBETY,
500-600 uM, TO €cTb K 3eIEHOMY CIIEKTPAILHOMY CBETY,
600-760 HM, TO €CTh K KpaCHOMY CIIEKTPaIbHOMY IIBETY.

DTO 00CTOSATENHCTBO OOYCIOBIMBAET CYIIECTBOBAaHHE KM 4YeTBEpPTOro cnocoba
BBI3BaTh J00O€ IIBETOOIIYIICHHUE C TIOMOIIBIO H3JIYYEHHUH TpPEeX CaMOCBETAIIUXCS
UCTOYHHMKOB. AJIUTHUBHBIA cuHTE3 I1BeTa (ot mar. addition - croowcenue) cocrout B
BO3JICUCTBUU (CYMMHUpPOBAHHMHM) B OIPEACICHHBIX COOTHOIICHHUSX TPEX OCHOBHbIX
CneKTpanbHbIX LBETOB CUHETO, 3€JIEHOTO MJIM KPACHOTO B COOTBETCTBUU CO CXEMOM.

A eoal é aeai 0 é /E3€0 0 €
c & AT
N o Aooumuenulit cunmes uyeema
Nei ee Aaed e E3aii 06
Oeledotané
| 631 681 01 é

Taxoii croco0 IBCTOCHUHTEC3a HUCIIOJB3YCTCA B IBCTHOM TCICBUACHHU C IIOMOIIBIO
HAaHCCCHHBIX Ha BHYTPCHHIOIO ITOBEPXHOCTDL 3KpaHa MHOKCECTBA COIMMPHUKACAIOIMHUXCS TOUYCK
TPEX pPa3HBIX J'IIOMI/IHO(l)OpOB, CBCUCHHC KaXXJI0I0 M3 KOTOPBIX MHHUIUUPYCETCA IMyUYKaMH
HU3JIYUYCHUA COOTB@TCTBYIOHIGIZ OHCPI'HUU.

1.2. CnekTpanbHbIA CcNocob6 pernucrTpauMm noOrfoWweHHOro cBeTa U
cnekTpanbHas TepMMUHONOrus

YenoBeueckuil TIJla3 — COBEPIICHHBIM onTHYeckuil npubop. O ero BBICOKOH
YyBCTBUTEIILHOCTH CBUIETEIBCTBYET CIIOCOOHOCTH pa3inyaTh B BaAKyyMe KOCMHUYECKOIO
IIPOCTPAHCTBA CBET OT UCTOYHHMKA MOIIIHOCTHIO PABHOM IrOpsIIe CBEYHM HAa pacCTOSIHUU 17
KM. AJTalITUPOBAHHBIN K TEMHOTE IJ1a3 YETKO (PUKCUPYET OAMH KBAHT CBETOBOM SHEPTHUU.
[';ma3 pacnio3HaeT MHOTHE IECATKU LIBETOB U OTTEHKOB. BMmecTe ¢ TeM 3aKOHOMEpPHOCTH
3PUTEIBLHOTO BOCHPUATHS OKPACKHU OTNPEAEISIOTCS (PU3HOIOTHYECKUMH O0COOEHHOCTIMU
riaza. [loaToMy ¢opMupyembliii B TOJTOBHOM MO3ry 00pa3 ONpeeIeHHOIO I[BETa MOKET
OBITh BbI3BaH HE €IMHCTBEHHBIM CIIOCOOOM. Bu3yanbHoe HaOnI0eHNEe IBETa JAeT TOIbKO
ero KaueCTBEHHYIO U CYOBEKTUBHYIO XapaKTepUCTUKY. KolnuecTBeHHYIO OIICHKY I[BeTa U
OTpeJIeNIeHNs TPaHUL] U30MPATEIHHOIO MOTJIOUIEHUS! CBETA BEIIECTBOM MPOBOAST TOJIBKO
C TIOMOIIbIO CIEKTPOPOTOMETPHUH.

CrniekTpooTOMETpUUECKHUI AKCIIEPUMEHT OCHOBAaH Ha 3akoHe byrepa-JlamOepra-
bepa, KOTOpBIN I1acuT: ocnabneHne MHTEHCUBHOCTM MOHOXPOMaTU4YeCKOro cBeTa
NPsIMO NPONOPLMUOHANBbLHO MOMSAPHOW KOHLeHTPauumn nornoujarLlero BewecTsa 1
TOJLWMNHE NOrfoLWakoLero cros.

B ananutuueckoii (hopme 3aKOH BbIpaXaeTcs:

s
lg —2 = ¢gcl = Dﬂ
1
20e IO ul - UHMEHCUBHOCMb C6EN0B020 JIyUa 00 u nocie npOXOJfC()eHuﬂ nocnowarouieco Cios

(UHMEHCUBHOCMb C8A3AHA C AMNIUMYOOL AHATUMUYECKOU 80JIHbL);
E — MONAPHLIL KOIDDuyuenm no2ioueHus uiy SKCMUHKYUs, 1/Moib Cm
C — MOJAPHAS KOHYeHmpayus eewecmed, Moab/1,
| — monwuna noznowarowezo cnos, cm;
D — onmuueckas nnomnocme npu dannotl onune 60aHbl.
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MonsipHbIit k03 PULIMEHT NornoLyeHus - pr3ndeckas KOHCTAHTA BEIIECTBA, KOTOpast
XapaKTepu3yeT B3aUMOJICHCTBUE SJIEKTPOMArHUTHOTO U3TyUEHUS C BEIIECTBOM.

Crenenp  ocnalJIeHHs ~ CBETOBOTO  TIOTOKA  H3MeEpSAETCS € MOMOIIBIO
cnexktpodoromeTpoB. Mcmonb3ysi KBapIeByO MPU3MY WM JUPPAKIIMOHHYIO PEIICTKY,
CBETOBOM MOTOK pa3BOPAYMBAIOT B CIIEKTP. 13 HETo BBIpE3aroT MOHOXPOMATUYECKHE JTyYH,
MOOYEPETHO TPOMYCKAIOT Yepe3 pacTBOP MCCIEAYEeMOIro BEIIECTBA U PACTBOPUTENb U
PETUCTPUPYIOT OCIIA0ICHHE WX WHTEHCUBHOCTH HA KaXKIOW BHIOPAHHOW JIJTMHE BOJIHBI B
BBIOpPAHHOM JIMaIla30HE.

Pe3ynbTaThl n3MepeHui MpeICTaBISIOTCS B rpa@ueckoM BHJIE, OTMeuast
Ha ocd adcmmce (x) 3HaueHHs GakTopa JUTHHBI BOJHBI A WM BOJHOBOE YHCIIO V,

Ha ocu opauHAT (y) 3HaueHUs ¢GakTopa MHTCHCUBHOCTH TMOTJIOMICHUS: KOd()PUIMeHT
TOTJIOIIEHHUS &, ero jorapudm Ig & wnm onTryeckyro mwIoTHOCTH D.

B mpoctom cnekrtpe, coaepXkamieM OIHY IIOJIOCY TIIOTJIONICHUS, ITOJOXKEHUE

MaKCHMyMa Ha ocu X XapakTepHu3yeT LBeT BeliecTBa.

€ A c A

» }\,,HM
T T T e

i T
Amare 400 500 600 700

> A rm

Puc.1. [Ipumepsl CIEKTPOB MOTJIOMICHHUS

Hampumep, eciut Ayqxe TEKUT B mpeaenax 500-560 HM, TO BEHMICCTBO MOTIIONIAET
CHEKTpaJIbHbIE 3€JICHbIE JIYYH U, CJIEOBATENIbHO, UMEET MypPIypPHbINA JTONOJHUTEIbHBIN
BET.

[Ton BIMSHUMEM XUMHYECKOTO U (PU3NYECKOrO BO3ACUCTBUS HA BEIIECTBO B €ro
CHEKTPE MOTYT MIPOUCXOJIUTh ONPE/IEICHHbIE U3MEHEHUSI.

CMelnieHe MaKCUMyMa TMOTJIOMIEHUS Ayaxe B JUTAHHOBOJIHOBYIO 00JAcTh (BIPaBO)
Ha3bIBAIOT 6aTOXPOMHBbIM caBurom. ColpoBOKIAIOUIEE 3TOT CIABUI U3MEHEHUE OKPACKU
Ha3bIBAIOT Yrny6neHvem uBeTa.

CMmernieHre MakCUMyMa TOTJIOMIEHUS Ayaxe B KOPOTKOBOJIHOBYIO 00JIacTh (BJIEBO)
Ha3bIBAIOT FTMNCOXPOMHbIM caBurom. CoNpoBOKIAIOUIEE ITOT CABUT U3MEHEHUE OKPACKU
Ha3bIBAlOT NOBbIWEHWEM LiBeTa.

[TonoxxeHne MakcMMyMa TIOTJIOIIEHUS Ha oOcu Y, &y XapaKTEPU3YET
MHTEHCUBHOCTb OKpacku BewlecTBa. Tak B CIEKTpax MPAKTUYECKU IIEHHBIX KpacuTeIeh
Ewmaxe, KaK MpaBmiio, 6ombine 10000.

VBenuueHne HWHTEHCHBHOCTH TIOJOCHI MOIJIONICHHS I10J] BIMSHHUEM BHEIIHHX
(akTOpOB HA3BIBAIOT rMNEPXPOMHbIM 3(PPEKTOM, a YMEHBIIIEHHEe HWHTCHCUBHOCTU -
rMnoxXpomMHbIM 3dpchpeKTom.

Ecmu mapaM€Tpbl TOYKHM MaKCMMyMa XapaKTCPHU3YIOT XpOMaTI/I‘IGCKI/Iﬁ OBET
BCIIECTBA M €I'0 HHTCHCHUBHOCTb, TO OTTEHKU LBeTa 3aBHUCAT OT (1)0pr1 KpHBOﬁ
IHOrJI0IICHUA.

YucTelll 1 HPKI/Iﬁ OBET UMCIOT KPACUTECIIN, B CIICKTPEC KOTOPBIX MPUCYTCTBYCT y3Kasd
IMOJIOCA MOTJIOMCHUA C YETKNUM MAaKCUMYMOM M KPYTO MagatOIIUMHU CKIIOHAMM.

26



G ¥ FlyprypHbit €4 Yucmo-yepHbiii
,—'n.~,--~~
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qepr/D\‘
Gopdo A
KopuuHeebili \
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T T T T > 7\.; HM T T T T » )\/, HM
400 500 600 700 400 500 600 700

Puc.2. Bu bl nojoc noriomeHus OKpPAaIICHHBIX BCUICCTB

Yem Ooiee Mooru CKIOHBI CIIEKTPAIbHON KPUBOM, TEM OO0JIbIIE MOTJIOICHHBIN CBET
OTIIMYAETCsl OT MOHOXpOMaTuyeckoro. Kpacurenu ¢ mpokKuM MaKCUMYMOM HOTJIOLIEHUS
IpHOOPETAIOT MEHEee YUCTBIN IIBET U3-3a IPUMECH CEPOTO LIBETA.

Ecnu ciexTp noriomeHus coIepKUT HeCKONbKO NepeKpbIBaloLMXCsl MONOC, KpUBast
UMeeT Neperndbl, TO MHTEPBAJ MOTJIONIEHUSI CBETOBOTO MTOTOKA pe3Ko ymupsercs. L{Bera
TaKMX KpacuTelIed COAepXaT NPUMECH IPYIMX LBETOB U CTaHOBATCS CMeLUaHHbIMMU,
HEeYMCTbIMM, TIPUOIIIIKASACH K aXPOMAaTHUYECKUM I[BETaM.

CMech KpacHOT0, OPaH)XEBOTO U KEJITOTO Ja€T KOPUYHEBbIW IBET.

CMech KpacHOTO, CMHEro M Toiy0oro /JaeT OTTEHKHM YepHOro LBeTa. 3aMETHM,
naeanbHbIN YepHbIW LBET - aXpOMAaTUYEH U €0 CIIEKTPaIbHBI COCTAB XapaKTEPU3yeTCs
npsIMOM, mapajuieabHo ocu abcuuce (X). MHauBuyanbHble KPACUTEIU HE MOTYT UMETh
TaKOW CIIEKTPAJIBHOW KPHUBOM, IOATOMY YEPHBIM LBET BOCHPOU3BOAAT C IOMOIIBIO, IO
KpailHell mepe, ABYX KpacuTeseil, 4ToObl JOOUThCsS Oojiee paBHOMEPHOTO MOIJIOIIEHUS
CBeTa BO BCEM BUAMMOM jauana3one. [loaromy yepHas okpacka 0ObIYHO BOCIIPUHUMAETCS
Ha0JIt0/1aTeIeM C ONPEIETICHHBIM LIBETOBBIM OTTEHKOM.

Oco0Oblii  MHTEpeC NpPEACTaBIseT Cllydyai, KOrja B CIEKTpe MOIJIOMIEHUs
IPUCYTCTBYIOT JABE HENEPEKPHITHIE MOJIOCHI MOVIOIEHHSI, HAIPUMED, ¢ MAKCUMyMaMH TpU
440 am n 620 HM, TaKOW KPaCUTEIIb OKa3bIBACTCS 3CJICHBIM.

8“

3eneHsbi

B)

T T : T > 7\., HM

400 500 600 700
Puc.3. YO-cnekTp ¢ pazzieneHreM mojaoc morIoneHUs

DOTO pe3yiabTaT BHYTPUMOSIEKYNSIDHOTO CMELWEeHUs JKEJITOr0 U Troiyooro
JIOTIOJIHUTENbHBIX 1BETOB. JlaHHBIN TNpuUMep CBUIETEIBCTBYET O HeUOeHMUYHOCHU
nonamuili GAaTOXPOMHBIN CIBUT W yriyoneHue npeta. [losBieHne 3e1eHON OKpacKu He
CBSI3aHO C JUIMHHOBOJHOBBIM CMEIICHUEM MAKCHUMyMa TMOTJONIEHUs, a SBISAETCSA
CJICICTBUEM MPHUCYTCTBUSI MOJIOCHI MOTJIONIEHUS B KOPOTKOBOJHOBOM 00JIaCTH.

Bonpocwi 0ns camoxkonmpons:
1. HazoBuTe crieKTpasibHbIE U JOTIOJHUTEIIbHBIE [[BETA.
2. OxapakTepusyiTe u30uparenbHOe MOTJIONICHHE CBETA.
3. Ha3oBuTe npu4rHBI OKpACKH Tena.
3. OxapakTepusyuTe CIeKTpaabHbIE€ KPUBBIE MOTJIOIIECHMUS.
4. Yto Takoe «yriyOieHHe» U «IoBbIIeHne» 1nsera? Uem oHO 00ycinoBieHO?
5. Yem omnpenensieTcss NHTEHCUBHOCTb OKPACKH BEIIECTB?
6. [laiiTe onpeneneHrue SHEPrUN BO30YKACHHUS MOJICKYJI.
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2. OCHOBHbI€ NOJIOXKEeHUSAA TeoOpPUN LLBETHOCTH
2.1. lNepBoe NonoxeHne TeOpUnN LLBETHOCTU
PaCCMOTpI/IM Ha IIpUMCPC YITICBOAOPOA0B PA3JIMYHBIX KJIACCOB.

Bce nuHeiiHBIE ankaHbl U JaXe MOJIMATHIIEH, KOTophliid comepxkut ao 1 000 000
npocteix C-C cBsi3eit, OecierHbl. CKa3aHHOE CIPABEJIMBO W JUIS Pa3BETBICHHBIX
AJTKaHOB U IUKJIOATKAHOB.

TakuM 00pa3oM  MOJIEKYJSIpDHBIE  CTPYKTYPBI, KOTOpBIE COJAEPKaT TOJBKO
MPOCThIE G-CBSI3U, HE MIPEICTABISAIOT HHTEpEca Il XUMHUU KPACUTENEH.

Opra"nndeckue MOJIEKYJIbI C conpsiKeHHbIMU cBA3AMU. CONPSHKEHHBIMU CUCTEMaMU
00Ja1al0T MOJIEKYJIbI, COJIEpKallle Yepeayrolrecs: MpOoCcThle U JIBOMHBIE CBs3U. WX
CKEJIET COCTOMT U3 aTOMOB YIJIEPOJA U IPYTHX aTOMOB B COCTOSHMU SP? -THOPUIU3AIIUH.

YiHeHue COMNpSKEHHOW CHUCTEMbI B apOMATHUYECKUX  YIJIEBOJAOPOAAX MOXKET
MPOUCXOJUTH B PE3yJIbTaTE:

— aHHeNUPOBaHUsA, TO €CTh YBEJIMYCHHUS B MOJICKYJIE YHCJIa KOHIEHCUPOBAHHBIX
OEH30JIbHBIX KOJIeIl; N

— IyTEM MPUCOEAUHEHHS OEH30JIbHBIX KOJIEI IPOCTHIMU G-CBSI3SIMHU.
MonuayeHsi. llepexon K TOJUIMKINYECKUM KOHIECHCUPOBAHHBIM YIJIEBOJAOPOAAM
COMPOBOXKJAETCS  OAaTOXPOMHBIM  CIBHUTOM BCEX TpPEX XapaKTEPUCTHUUYECKUX IOJIOC
norjomeHus: Oenzona. OMHAKO JAMHAMHMKA MX CJBHTa 3aBUCUT OT MPHUHAJJICKHOCTH
noJiarieHa K  ONPEACICHHOMY  CTPYKTYpHOMY  Tumly. Pa3nu4aroT  nuHeurHo
aHHeNnWpoBaHHble U aHrynspHO aHHeNnuMpoBaHHble MonuaueHbl (COCAMHEHUS THUIIA
(dbeHnaHTpeHa ¢ pacnoyioKeHHEeM KOJIel] o] yriioM). B Tabnuiie 2 npeacTaBiieHbl JaHHBIE O
CBETOTOIJIONIAIOIINX CBONCTBAX TPEX COEAMHEHHM — MpeACTaBUTENEH KaXXJOoro THUIa
MOJINALIEHOB.
Tabnuna 2. CBeTONMOTrJomAoNMe CBOMCTBA JIMHEHHO W AHTYJISIPHO aHHEIUPOBAHHBIX
MOJIMAIIEHOB (KaTa-KOH/ICHCUPOBAHHbBIX MOJIUAIICHOB).

ITonoxkxeHne moa0CHl, HM
Ne | Ha3zBanue dopmyna Koronoca B-nonoca LBer
1 benzon O 203 255 OeCIBETHBIN
2 Hadranun 275 310 OecLBETHBII
3 AHTpaueH 375 — OeclBeTHBIT
4 Terpanen CCO@ 471 — OpaHXXEBBIN
5 [Tentanen OOCO@ 582 428 ¢duoneToBbIi
3 deHaHTpeH CQ@ 292 330 O€eCI[BETHBIN
4 XpuzeH CG@ 319 360 OecIIBETHBII
5 [uuen Cé@ 329 376 C1a00-KEeNThIN
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B psgy nuHeMHO KOHAEHCUPOBaHHbLIX MOMMWAaLEHOB HAWOONbIIEe CMEIICHHUE
ucnbiThiBaeT K-mosoca. E€ casur cocraBiser 70-100 HM, mo3TOMy yKe B CHEKTpax
aHTpalleHa U TeTpaieHa B-monoca mepekpbiBaercs, a B crekTpe neHramnena K-monoca
OKa3pIBa€TCA CaMOM JUIMHHOBOJIHOBOW, OIEepeauB B cMmelleHud B-momocy, u
00ycioBIMBaeT (HPUOJIETOBYIO OKPACKY COCAMHEHUS.

B psgy aHrynsipHo  KOHOEHCUMPOBAHHbLIX  MNONWALIEHOB  AHHEJIMPOBAHUE
COINPOBOKIAETCS NPUMEPHO OJMHAKOBBIM JJIMHHOBOJHOBBIM cMmeieHneM K u B-monoc.
[ToaToMy naxe B NATUSIAEPHOM IMHIIEHE MEPEKPHIBAHUS U MHBEPCHM 3TUX IOJOC HE
MIPOUCXOJTUT.

Ba)xHO OTMETUTB, YTO MPU OAHOM U TOM K€ YHCIIe KOHJIEHCUPOBAHHBIX KOJEIl U,
CJIeIOBATENbHO, OJMHAKOBOW T-CHCTEME, IMOTJIOIICHUE AHTYJSIPHO KOHACHCHPOBAHHBIX
COCJIMHEHUN TMPOUCXOJUT TMPH 3HAYUTEIHHO MEHBIIUX IJUHAX BOJH IO CPAaBHEHHIO C
JMHEIHO aHHETMPOBAHHBIMH YTIIEBOJIOPOIAMHU.

PaccMoTpeHHbIE BbIIIE JTUHEMHO M AHTYJISPHO KOHAECHCUPOBAHHBIE  CHUCTEMBI
OTHOCSITCSI K Kama-KOHAeHCUPOBaHHbIM nonuaueHam. B Takux Mosekynax Bce aTOMbl
yraepoja MPpUHUMAIOT y4acTue B (POPMUPOBAHUU ITUKINIECKON CUCTEMBI COTPSIKCHHUS.

B otnuyne oT HUX B mepu-KOHAEeHCUPOBaHHbIX nonuaueHax (Tabi.4) He Bce
aToMbI yriaepoaa GopMHUPYIOT nepudepuueckyro cucremy conpsbkenus. Yacts C-aToMoB
B TaKUX MOJIEKYJIaX OKAa3bIBAIOTCS W30JUPOBAHHBIMU WIH 00pa3yloT (opMalibHO
ABTOHOMHYIO IIETIOYKY COMPSHKEHUS (B (OpMyJIax OHH OTMEUEHBI YKUPHBIMU TOYKAMH ).

Tabnuua 3. CBeTONOIIOMA0IINE CBONCTBA IEPU-KOHIEHCUPOBAHHBIX MTOJIMALIEHOB.

[TapameTpsI IOJIOCHI MOTIIOIIEHUS,
Coenunenus
Ne A«Makc , HM (8) ]_[BeT
Ha3zeanue Dopmyna K B

@,
),

4 [Mupen 333 (52000) 362 (400) becneTHbIit

5 | Mepuren O‘ 434 (95000) 338 (2800) | Oparkensiii

“‘ 433 (82000) dacmuino

6 AHTaHTpeH OpankeBbIii
nepexpvima

7 Koponen 342(71000) 428 (180) Kenrerid

[ToaToMy nepu-KOHIEHCUPOBAHHBIE YTIIEBOJOPOAbl OKA3bIBAIOTCS 00JI€€ CI0KHBIMU
00BeKTaMH B OTHOILIEHHWU PEAKIIMOHHON CIIOCOOHOCTH W 3aKOHOMEPHOCTEH MeExXay
CTPOEHUEM U MOJIO0KEHUEM I10JIOC ITOTJIOIEHUS B 3JIEKTPOHHBIX cieKTpax. OTMETHUM JINIIb
HEKOTOpPbIE OCOOCHHOCTH CTPYKTYPbI CIIEKTPOB 71€p-KOHICHCUPOBAHHBIX MOJIUAIICHOB. .

Tak K-monocsl B CIEKTpax nepu-KkOHAEHCUPOBaHHbIX MNONMaLEHOB OTINYalTCA
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ropazno OoJbllIeli WHTEHCHMBHOCTHIO TI0 CPAaBHCHHIO C Kama-KOHICHCUPOBAHHBIMU
CHUCTEMaMH.

VYBenudeHne pa3MepoB T-CHCTEMBI COIMPOBOXKIAETCS MPHUMEPHO OJUHAKOBBIM
cmemenneM K- mw B-monoc B AJIMHHOBOJMHOBYIO o06Osactb. C pocToM uyucia
KoHIeHcupoBaHHBIX KoJen] K-momoca omepekaer B-mosocy B BenmuuHe 0aTOXPOMHOTO
C/IBHTA TOJILKO B TOM ClIy4ae, eciiu Herepudepuiiabie (BHYTPEHHUE) aTOMBI yTiIepoa
00pa3yIoT OTACIBHYIO COMPSKEHHYIO IIETIOUKY .

Ilepu-KOHIEHCUPOBAHHBIC YTIICBOIOPOABI MPEBOCXOMAT KAMA-KOHICHCUPOBAHHBIC
YTICBOJOPOIBI TI0 XMUMHUYECKOW M (OTOXUMHUYECKOH CTAOMIBLHOCTH, TOATOMY Ha HX
OCHOBE IMOJIYYaIOT MPAKTHYECKHU IICHHBIC KPACUTEIH.

Monugperunst. CoenuneHrue ABYX OEH30JIBHBIX KOJIEI[ MPOCTOM CBSI3bIO0 BBI3BIBAECT
CHWJIbHBINA OaToXpoMHBIN cnBur K-monockl. Tak B criekTpe 6ugheHuna 3T0 WHTEHCUBHAS
nojioca pacrnojaraercas npu 251 HM U OOyCIOBJIEHAa pPAa3pelICHHBIM 3JIEKTPOHHBIM
MEPEXO/IOM B €IMHON T-CHUCTEME.

Bewson ) 203w (8000) >  Budpermn 251 1m (14000)

JlanbHeiiiee cowieHeHne KoJjell 1o Ou(eHUIbHOMY THUIy MOXKET JaTh ABa psAa
COeAUHEeHUN, KOTOpble MMEIOT (OPMAIBHO OJMHAKOBOE YHUCIO JBOMHBIX CBSA3EH, HO
OTJIMYAIOTCS B3aMMHBIM PACIIOJIOKEHUEM COCETHUX OM(EHUITBHBIX CBsA3eH (Tabn.4).

Tabnuua 4. CBeTonoraomaronme cBoicTBa NoaueHnIoB.

K-mosnoca K-mmomnoca
No
Aataxc HM, (8) O O n Avaxe HM, (8)

1 | n-Tepdennn 280 (33000) m-Tephennn 251 (39000)
2 | n-Ksatephenun 300 (50000) m-KBarepdenn 252 (64000)
3 | n-KBunkBugenmn 310 (62500) Mm-KBUHKBUDEHHT 252 (80000)

OTO paznuyure MPUBOIUT K TOMY, YTO B psAy napa-nonudeHUnoB TPHUCOCTUHCHHE
Ka)KJIOTO HOBOTO KOJIbI]a YBEITUYHMBACT MPOTSHKEHHOCTH TT-CUCTEMBI 10 KpaiftHel Mepe Ha
JIBE COTPSIKEHHBIE CBSI3U M COIPOBOXKJIACTCS AATBHEHIIUM 110 CPAaBHEHUIO ¢ OU(EeHUIOM
6aToXpoMHBIM cABUTOM K-10I0CHI.

B papy mema-nonudeHnnoB COTpsHKEHHE BO3MOXKHO TOJIBKO MEXKITY IBYMsI COCEI-
HUMHU KousibliaMu. llocnenoBarenbHas MapKUpOBKAa Nap JBOWHBIX M IMPOCTBIX CBS3EH,
HAa4YMHAsE C JIF00OT0 KOJbIA, TOKAa3bIBACT HAJMYKME pa3pblBa B HEMPEPHIBHOCTH
yepesoBaHusl cBsizeil. Jlaxke B MPOTSHKEHHBIX MOJIEKYJIaX TT-cUcTeMa (aKTUYECKU COCTOUT
U3 HECKOJBKMX pPa300IIeHHBIX T-cucTeM Oudenuna (B m-tepheHusne - aBe, B M-
KBaTep(eHuse - Tpu 1 T.1.).

[TosTOMy B crieKkTpax Mmema-noTUQEHUIIOB MoJIokeHne K-Tomockl mpakTHYecKu He
U3MCHSETCS, & WHTEHCUMBHOCTb NOrnoweHust (€axc ) CACTEMATHYECKH BO3PACTAET, TaK
KaK KaxIpld Ou(eHWIbHBIN (QparMeHT  B3aUMOJICHCTBYET CO CBETOM aBTOHOMHO
(He3aBUCHMO).

[TpuBeneHHBIE TaHHBIC O MOTJIONICHUN CBETA YTIIEBOJIOPOIaMHU PA3IIUYHBIX KJIACCOB
MO3BOJISTIOT C)OPMYIIMPOBATH NEPBOE, OCHOBOMNONAraroLLee NosoXxeHne TeOpPUM LIBETHOCTM.

MNpu Hanuuum B Monekyne TONbKO OAMHAPHbLIX UM Pa306LEeHHbIX ABOMHbIX
cBsi3en, He3aBUCUMO OT UX YUCHIA, NOrNOoLEeHMe cBeTa NpoucxoauT B ganekon Y-
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obnacTu.

MornoweHne cmewaeTcs B ANMMHHOBONHOBY 06N1acTb CNeKTpa TONbKO Npu
Hanu4uun B MOneKysie OTKPbITOM UM 3aMKHYTOM CUCTEMbl CONpPSXeHHbIX ABOM-
HbIX cBA3eW. CTeneHb ANIMHHOBOJIHOBOrO CMeELLEeHMUA NoNnoc NOrnoLweHns onpeae-
NAeTcA pa3aMepoM U 0COGEHHOCTAMMU CTPOEHUA (Tonornornemn) ConpPsiXKeHHOM m-CUC-
TeMbl MONeKynbl.

Bonpocwl 0ns camokonmpons:
1. HazoBuTe sHEpPreTUUECKNE YPOBHU U THUIIBI 3JIEKTPOHHBIX IIEPEXO/I0B.
2. OxapakTepu3yiTe OCHOBHOE MOJI0KEHHE TEOPUU LIBETHOCTH.
3. Kak BimsieT yijIMHEHNE COTPSDKEHHOW CHCTEMBI Ha CABUT MOJIOCHI TIOTJIOMICHHS ?
4. Yem 00ycioBiieHa YHEPTUSI BO30YKICHUS BaJICHTHBIX 3JIEKTPOHOB?
5. KakoB XxapakTep MOIJIOLIEHHUS CBETOBBIX JIy4yedl IIpM HAJWYUU B MOJIEKYJIax
OpPraHUYECKUX COEAMHEHHUM TOJIBKO OpJUHAPHBIX (IPOCTHIX) U M30JIUPOBAHHBIX TBOMHBIX
CBSI3€l, HE3aBUCHUMO OT MX YHUCJIA.

2.2. BTopoe noféioxeHume Teopun LUBETHOCTU

2.2.1. AnbTepHaHTHbIE N HeanbTepPHaHTHbIE T-CUCTEMBbI

JIuHeliHbIE TOJMMEHBI M AapOMATHYECKHE YIVIEBOJOPOIBI OTHOCATCA K KIAcCy
anbTepHaHTHbIX TT-cuctem (AC). B MeTone XIOKKENA 3T COCAUHEHHs XapaKTepU3yIOTCs
CJIEAYIOIIMM CBOMCTBOM. ECiM aTOMBI B CONPSKEHHOM CUCTEME Noo4YepeAHo, Yepes oauH
noMeTuTb 3Be3AoukamMm (*), To HM O/IHA U3 AP HeNOCPeACTBEHHO CBA3aHHbIX aTOMOB HE
OyZeT coaep:KaTh OJAHOTUIIHO MOMEYeHHble aToMbl. OJHAKO yAoOHee NPOU3BOIUTH
MapKHpPOBKY 3HAauKaMH JABYX THIIOB, Hampumep, 3Be3foukamu (*) u Homsmu (©). OTO
MO3BOJISIET MpPH MCCIECOBAaHUM AJbTEPHAHTHOCTH CIIOKHBIX MOJIEKYJN H30exkaThb
IPOITYCKOB T-aTOMOB U OLIMOOK B IMOJCYETE UX KOJWYECTBA. Takoi mpuéM Mbl U OyJaem
UCIIOJIB30BATh B NAJILHEUILIEM.

o * X * _ _

. SHe . (():H o o) OOO 0O el

cH,” " Ny *O*O* *INT* *QQHZ *@NHZ
(0] (0] -0 (0] * (o) *

[TogoOHas mporeaypa NMpUMEHMMa U JJISI T-CUCTEM, KOTOPBIE BKIIOUYAIOT YTJIEPOJ U
reTepoaToOMBI, COJIEpKaIIFe HETOIeJICHHBIE TTaphl AJICKTPOHOB HA OpOUTAJISAX TT-THUIIA.

B knacc aibTepHAHTHBIX MOTYT BXOJWUTH COIPSIKEHHBIE CHUCTEMbI, KaAK C YETHBIM
YHUCIIOM aTOMOB - YeTHble anbTepHaHTHble cuctembl (HAC), TaK U C HEUYETHBIM YUCIIOM
aTOMOB - He4YeTHble anbTepHaHTHble cuctembl (HYAC). B mnocinenneM ciydae
3BE3/I0YKaMH MapKHUPYIOTCS aTOMbI O0JIbIIEr0 Habopa.

@Ou3NYeCKUil CMBICT ATBTEPHAHTHOCTH 3aKJIIOYACTCSI B TOM, YTO T-3JIEKTPOHBI
COCEIHUX aTOMOB WMEIOT aHTUnapannenbHble cnuHbl. [lodTOMy anbTepHAHTHBIE
MOJIEKYJIbI ~ HETIOJIIPHBI, DJIEKTPOHEHTpanbHB  (PaBHOMEpPHOE pachpeieiieHHe T-
AJICKTPOHHOMU MJIOTHOCTH) U UX JIUTIOJIbHBIC MOMEHTBI OJIU3KH K HYJIIO.

K HeanbTepHaHTHbIM T-CUCTeMaM OTHOCSITCS MOJICKYJIB, B KOTOPBIX ITOCIIEC
MapKUPOBKHU OKa3bIBACTCS MO KpallHEel Mepe OJTHA Mapa CBsI3aHHBIX aTOMOB, OTHOCSIIIIUXCS
K OJTHOMY Habopy.
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HeanbTepHaHTHBIE CUCTEMBI OOBIYHO COJIEPKAT IIUKIIBI C HEUETHBIM YHCJIOM aTOMOB.
HeanprepHaHTHBIE MOJIEKYJIBI UMEIOT OCO60€ 3NEeKTPOHHOEe COCTOsIHUE, BBI3BAHHOE ITPH-
CYTCTBHUEM JIByX COCEIHUX aTOMOB, T-3JIEKTPOHBI KOTOPBIX UMEIOT MapannenbHble Chu-
Hbl. DTO MPUBOAUT K HEPABHOMEPHOMY PACHPEIECICHUIO T-3JICKTPOHHOM IJIOTHOCTH, T10-
ATOMY HEaJbTEPHAHTHBIEC YIJIEBOAOPOJbI UMEIOT 3HAYUTEIbHBIN JUMOJIbHBIA MOMEHT.

K HeanpTepHATHBIM CHCTEMaM HE MPUMEHHMMO M TPaBUIIO, COIVIACHO KOTOPOMY
YBEIIMYEHUE YHCIIA CONPSIKCHHBIX JBOMHBIX CBSI3€M B MOJIEKYJIE COIPOBOXKAAETCA
0aTOXPOMHBIM CJIBUTOM IT0JIOCHI TIOTJIOIICHUS WX yTIyOJICHHEM OKPAacKH OKpAaIIeHHBIX
COEJIMHEHUHN.

[TosToMy Tpu pPacCMOTPEHHH 3aBUCUMOCTH MEXK]Y CTPOCHHUEM T-CUCTEMbI U €€

CBETOMNOTJIOMIAIOIINMHU CBOMCTBAMU CIIETYET BCErAa MPOBOAUTH

* G s HCCIICIOBaHUE  aIBTEPHAHTHOCTH  MOJICKYIL Hanpuwmep,

‘,‘O dubeH3oneHmasieH CIeAyeT OTHECTH K HEAIBTEPHAHTHBIM

*OOR 4 YIJIEBOJIOPOJIaM, XOTS B HEM W COOJIOAETCS 4YepelOBaHHE
MPOCTHIX U IBOMHBIX CBA3ECH.

Tunbl BO3MyLLEHUA U UX BNUsHUE Ha 3Hepruto 7—~MO
ConpsikeHHBIE CUCTEMBI MOTYT Pa3IMuaThCs MEXy COOOM B TFOOOM M3 TPEX OTHOILIEHHIA:
— pa3nuMyHbl aTOMbI, 00pa3yoIIKe 3TH CUCTEMBI;

+
o — 0 — O
F Z

—B (I)OpMaJIBHO OJHWHAKOBLIX TT-CUCTEMaXx cBA3aHbl pa3fiuiHble aTOMbI,

6
D: «— 1/\/\5/ S @

— Ppa3in4acTCAa obuwee yncno conpsAXxeHHbIX aTOMOB.

O« O — O

Jtoboe oOmiee pasznuyre MOXKHO BBIPA3UTh KaK CyMMY HWHAMBHIYaJbHBIX

BO3MYIIICHUI Tpex BuAaoB. Bo3MyrieHus KiacCuPUIMPYIOT Kak

0O opHOUEHTpOBble BO3MYLUEHUsI, KOTJIa KaKOW-THOO aTOM HM3MEHEH (MpPOTOHUPOBAH)
WJIM 3aMEHEH JAPYTUM aTOMOM;

0 BHyTpuMoOneKynsipHbie ABYXLEHTPOBbIE BO3MYLLEHUSA, ITIPU KOTOPBIX BOZHUKAET HOBAs
CBSI3b B MOJIEKYJIE U U3MEHSETCS €€ CTPOCHHUE;

O mexmMonekynsipHble ABYXLEHTPOBble BO3MYLUEHUsl, TIPU KOTOPBIX JBE MEHBIIUE
T—CUCTEMBI COEAMHSIIOTCS MEX 1y co00il ¢ 00pa3oBaHHEM OOJIbIIEH T—CUCTEMBI.

[Tpu 0THOLIEHTPOBOM BO3MYIIICHUU MBI 3aMCHSIEM B HallleH CONPSHKEHHOU crcTeMe aToMm f

Ha JIpyroi atom f', mpu IBYXIICHTPOBOM - IPUCOCTUHICM K HEMY 3aMECTUTEINb Yepe3 aToM L.
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2.2.2. dNeKTpOHHbIe Nepexoabl B MOJieKyrax, coaepXalmx retepoaTomMbl

nepexonbl B retepouenHbIX 4YeTHbIX afibTepHaAHTHbIX CUCTeMax
K COCAUHCHUAM 3TOI'O THIIA ITPCKIC BCCTO CIACAYCT OTHCCTH I'CTCPOApPpOMATHUYCCKUC
COCIUHCHUA C OAHUM HUJIN HECKOJBbKUMHU KOHI[CHCI/IpOBaHHBIMI/I HMICCTUYJICHHBIMUA ITUKJIA-
mu. Hanmpumep, mupuanH, ¢GTana3suH, aKpUIHH.
* * * * * %
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MapkupoBKka aTOMOB, OOpa3yIOIMUX 3TH TETEPOIUKIBI JaeT OAMHAKOBOE YHCIIO
OJIHOTHITHO TTOMEUEHHBIX aTOMOB.

K 4eTHBIM anbTepHAHTHBIM CHCTEMaM MPHUHAAIEKAT TAKXKE U MOJEKYJbI, KOTOPbIC
coJiepKat reTepoaToM B JIMHEHHOM (MOCTHKOBOM) yYaCTKE COTPSKEHHON CHCTEMBI, Kak B
ciydyae OCH3WINICHAaHWINHA U a300€H30J1a.

['erepoapomaTrueckuie COEIUHEHHS, OCOOCHHO a30TcolepKaiine, 0OHaApYKUBAIOT
HE TOJBKO CTPYKTYPHOE CXOJICTBO C COOTBETCTBYIOIIMMHU KapOorukiamu. [[ins HHX
XapaKTepHbl W OJU3KHE CIEKTPAIbHBIC CBOWCTBA. DTO MPOSBISAECTCS B TOM, 4YTO B
AIIEKTPOHHBIX CIIEKTPaxX a30TCOJEPKAIIUX TETEPOIMKIIOB psJia MUPUANHA TPUCYTCTBYIOT
MOJIOCHI TIOTJIONICHUS, BBI3BAHHBIE TEMH JKE€ JIOKAIBHBIMH T-T* 3JIEKTPOHHBIMU
MIEPEX0/IaMHU, YTO COBEPIIAIOTCS B MOJIEKYJIaX aileHoOB. [Ipy 3TOM 3TH TOJI0CHI TOTIIOMIECHUS
pacrojararTcs MpUMEpHO B TEX K€ Ararna3zoHax JUIMH BOJH.

Tabmuma 5. CpaBHEHHE TOJOXKEHHS  IOJIOC kap0o- U

TCTCPOUUKINICCKUX COC)II/IHGHI/Iﬁ

IIOTJIOIIICHU A

HesnaunrtenbHbI crieKTpadbHBINA 3P PEKT OT BKIIOUEHHS TeTEPOATOMOB BTOPOTO MEPHO/Ia

[TosokeHHE MOJIOC MOTIOMICHHS, Avaxe HM, (€)

CoenuHeHus

K - monoca B - momnoca [Tonoca n-n* nmepexona
benszon 203 (1 7400) 254 (205) -
[Tupuaun 201 (15000) 257 (3950) 270 (450)
Hadranun 275 (03200) 310 (650) -
dTanazux 259 (14650) 290 (1990) 357 (. 57)
AHTpateH 356 (/8500) MEPEeKPhITa -
AxpuauH 363 (12200) epeKphITa epeKphITa

B apOMAaTHYCCKUE COMPSIKCHHBIC MOJICKYJIBI CBA3aH!:

O  BO-IEpBBIX, C HAEHTUYHOCTHIO T-OPOUTATBHON CTPYKTYpPbI KapOo- U TeTepOIMKIOB
ATOrO THUIIA,
0  BO-BTOpPBIX, C OAVMHAKOBBIM OTKJIMKOM IIAPHBIX YETHBIX AJIBTCPHAHTHBIX CUCTEM HA

OJIHOLICHTPOBOE BO3MYIIICHHE.
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[losicHMM CKa3aHHOE Ha INpUMEpEe NMPOCTEHMIIMX MPEICTABUTENEW 3TOro psaa -
OeH3oma ¥ nupuavHA. ATOM asoTa B NMUPHAMHE, KAK U aTOMBI YIJIepoja, HaXOAUTCS B
cocTosiHMM  SP?-rubpumuMsanmu. A30T mnpenoctaBuser 2p; AO i popMmuUpoBaHus
KOJIBLIEBOM TT-CUCTEMBI.

Henoeennas mapa 3J1eKTPOHOB a30Ta 3aHMMAeT Sp>-0pOHTallb, KOTOpPAs JEKHUT B
IUIOCKOCTH KouibLia. [I0aTOMy MosieKyna mupuInHa U303anekTpoHHa OeH30ITy.

bornee 3amMeTHbIM B CHEKTPaJIbHOM OTHOIICHHUH 3pheKToM 3ameHbl aToMoB
yrnepopa Ha a30T SBJSIECTCS HApYLICHHE CHMMETPUH [ECTUWIECHHOTO IUKJIA, YTO CBSA3aHO
c OosblIell aTOMHOM Maccod a3oTa W OonbIIMM 3apsaoM sapa. Iloatomy B cmektpe
nupuaiHa B-nonoca yBenuumBaeT MHTeHCMBHOCTb IpuMepHO B 10 pa3 M yacTMYHO
yTpauuBaeT TOHKYIO CTPyKTypy. ClielyeT OTMETUTh TakK€ M IOSIBICHHE B CIEKTpax
reTepoapoMaTUYECKNX COCAVMHEHUN HOBOW, TaK Ha3bIlBaeMOM, R-monocbl, KOTOpas
o0ycIoBiieHa NePeX0/1aMu C Y4acTUEM HETIO/IEJICHHBIX IEKTPOHOB I'eTepoaToMa.

Mepexoabl B reTepouenHbiX HEYETHbIX anbTePHAHTHbIX CUCTEMAX

XapakTepHO OCOOCHHOCTBIO CTPOCHUSI AapUIMETAHOBBIX, AapPUIAMUHOBBIX W
MOJIMMETUHOBBIX KpacuTeNlel SBJSETCS HaTU4he B UX MOJIEKYJaX apOMaTUYECKUX WITU
reTepoapoMaTHUECcKuX siaep, Hecyumx D/1- u DA-3amecTUTeNnu, MpUYeM sijipa COeIMHEHbBI
HEHACHIIIIEHHON MoCTHKOBOM rpytmmoi; X-Ar-M=Ar’ =Y,

K coeauHeHHsIM Takoro TuUma OTHOCHUTCS, Hampumep, rony6oi rugpon Muxnepa.
MapkupoBka aTtoMoOB, OOpa3ylIIMX CHUCTEMY COMNPSIKCHHBIX JBOMHBIX CBS3EH,
MOKAa3bIBAET, YTO TUIPOJI Muxiiepa U APyTHe, CTPYKTYPHO MOJ0OHBIC KPACUTENH, CICIYET
OTHECTU K HEYETHbIM anbTePHAHTHbIM CUCTEMAM.

- +
Me,N o4 A9 NMe,
ry \U m 2 runpon Muxnepa (cunnii),
O -
*
e : R ¢ ICIT A 603 am.

Maxc
16 m-31erkmponnan cucmema,

DTa 0COOCHHOCTH JIEKTPOHHOTO CTPOCHHUS MPHUBOJUT K TOMY, YTO 3aMEHa aToma
yriepoja Ha TeTepoaToM B COIpPSKEHHOW CHCTEME BechbMa CHJIBHO CKa3bIBAaeTCs Ha
MOJIOKEHUHU JJTMHHOBOJIHOBOM MOJIOCHI U, COOTBETCTBEHHO, HA I[BETE€ KPACUTEIS

Ha ocHoBannu JaHHBIX 06 ONTUYECKUX CBOMCTBaX ICTCPOUCIIHBIX COIIPAKCHHBIX
CUCTEM MOXHO C(I)OpMyJII/IpOBaTB BTOpoOe nojioxkeHne Teopun UBETHOCTU OPraHNYCCKUX
COCIUHCHMM.

BknroyeHne B conpsikeHHYHO CUCTEMYy retepoatomMa, Mmerowero opbutasnb
T-TUNa, NO-pasHOMY OTpa)kaeTcsl Ha CBETOMNOINOoLWarLWmux CBOMCTBaX MONEKY bl U
3aBUCUT OT OCOBEHHOCTEN €€ MOJEKYNSAPHO-OpOUTanbLHON CTPYKTYPbI.

B 4emHbix anbmepHaHmMHbIX cucTemax 3ddeKT 3amMeHbl yrrepoga Ha
reTepoaTtom HeBeruK.

B He4YemHbIX anbmepHaHMHbLIX CUCTeMax B  3aBMCMMOCTU  OT
NPUHaANeXXHOCTU 3aMEeHAEeMOro atoma K 6onblemMy (MOMeYeHHbIEe) U MeHbLUeMy
Habopy U OT INEKTPOOTPULIATENIbHOCTU reTepoaTomMa, 3aMeHa MOXeT Bbi3BaTb
KaKk 0aTOXpPOMHbLIA, TaK U TFUNCOXPOMHbLIA CABUI NOSIOCHLI MOrfoOWeHns, T.e.
NPUBECTU K YrNyOGneHMIO U NOBLIWEHUIO OKPaCKU KpacuTtens.

Bonpocwl o5 camokonmpons:
1. KakoB xapakTep 3J€KTPOHHBIX MIEPEX0I0OB B MOJIEKYJIaX C TeTepoaToMaMu?
2. OxapakTepu3yHuTe YETHbIC U HEYETHHIE aJIbTEPHAHTHBIE CUCTEMBI.
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3. OxapakTepusyiTe 3JIeKTPOHHBIE IEPEXO/IbI B PA3IMYHBIX AIbTEPHAHTHBIX CUCTEMaX

4. OxapakTepu3yiTe THUIBI BO3MYIICHUH M MX BIUSHUE HA JHEPTUIO MOJEKYJSPHBIX
opOuTanei.

5. HazoBuTe BTOpOE MOJ0KEHNE TEOPUH LIBETHOCTH.

2.3. TpeTbe MNONOXEeHUue TeopuM LBETHOCTU. BnusiHue nonsipusyrowmx
3amMecTuTenem Ha nornoweHue cBeTa CONPSXXeHHbIMU cCUCTeMaMu

Knaccudmkauunsa samecturtenen

B 3aBUCUMOCTH OT  CIIOCOOHOCTH  3aMECTHUTENsS HETIOCPECTBEHHO
B3aMMOJICHCTBOBATh C T-MOJICKYJIIPHBIMU OpPOUTAIISIMHU, 3aMECTUTEIIN MOYKHO Pa3/ICIUTh
Ha JIBa OCHOBHBIX THIIa - HHAYKTUBHEIE (1) 1 Me3oMepHbIe (M).

UHpykTuBHble 3amectutenu (l) He umeloT op6utaneit T-TMna, MEPEKpPHIBAaHHE C
cocenlHel m-cucteMoil HeBenuko. [loaTomy nipu BBenieHuu |-3aMecTuTens npoTsKEHHOCTh
COTIPSHKCHHOM CHCTEMBI He U3MEHseTCs. IHAYKTUBHBIC 3aMECTHTETN OKA3bIBAIOT BIIMSHHIE
TOJIKO Ha AJIEKTPOOTPHUIATEIILHOCTH TOTO aTOMa, C KOTOPBIM OHU COEIMHEHBI G-CBSI3bI0.

+|-3amectutenn (CHs-; MesC-) yBemuuuBaror
IpOOHBIA OTPHUIATENBHBIN 3aps Ha COCETHEM ¥ v Vo

aToMe Hu TEM CaMbIM CHMXaloT ero CH,— CH— CH= CH+—CH,
3MeKTPoOoTPULIATENbHOCTb

—l-zamectutenn (NHs3*-; CFs3-) orrsarusaror Ha
cedsl DJEeKTPOHHYK IUIOTHOCTb, CO3JaBas Ha ~ ~ 54 +
COCE/IHEM aToMe JApOOHBII MOJIOKUTEIBHBIN 3apsis, | CH,=—~ CH— CH= CH—"NH,
U TeM CaMBbIM yBenuuuBalT  ero
3MeKTPOOTPULIATENIbHOCTb.

TakuM 00pa3oM crieKTpalbHbIN A3PHEKT OT MIPUCOECTUHEHUS K CONPSKEHHOM cUcTeMe
|-3amecTuTENs aHamOrMyeH 3aMEHE aToMa YIJepojAa Ha TeTepoaToM, UMEIOUIUI IPYTyro
ANIEKTPOOTPUIATENBHOCTE. OOBIUHO 3TOT 3(P(EKT HEBEIUK, TaK Kak 3(PQPEeKTUBHBIN
MOJIOKUTEIBHBIN WM OTPUIATEIbHBIN (O) 3apsa Mall.

Hanpumep, B pesynbrare N-METHIUPOBaHUS aMHHOTPYII B apHJIAMUHOBOM

KpacuTele
P t _NH. Me,N NMe,
HN._ e o o NH,y Ve g N VL6 H,
Ly s S
TRTENTY N

H_,Cf 6~

Fony6Goit (a) 3eneHelil (o)

Hpoucxedum cruxcenne nexkmpoompuyamensiocmu N amoma
u yeerudenue 3 3pghexma 3anecmumenn

IEKTPOOTPULIATEIILHOCTD IIOMEUYEHHBIX aTOMOB a30Ta CHMXKACTCS W LBET KPaCHUTEI
yIIyOJIIeTCsl OT TOIyOOro /10 3€JIEHOTO.

MesomepHble 3amectutenu (M) umeloT MonekynsipHble op6uTtanu m-tuna. [lpu
BBeicHMU M-3amecTtuTensi IIPOTSHKEHHOCTb COIPSKEHHOW CHCTEMBbI yBeau4yuBaercs. B
pe3yiabTaTe T-T NEpPEKpbIBaHUS OpOUTANeld B CHCTEME, COAEPXKALIEH Me30MEpHBIH
3aMecTUTeNh, GopMupyroTcs HoBbie MO.

Me3omepHbIe 3aMECTUTENIH OKa3bIBAlOT HAa T-CHCTEMY CUJIBHOE NOJIIPU3YIOLIEE
neiictBue. OTOT 3¢ (deKT BBI3BIBAECT MPHUCYTCTBHE B M-3aMECTHTENSIX TETEPOATOMOB,
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KOTOpbIE OTJIMYAIOTCA OT YTriepojia MHOW BJIEKTPOOTPULIATEIbHOCTHIO WM HAJIHM4YHEM
BakaHTHBIX d-opOuTasneii. B 3aBUCHMOCTH OT HampaBICHHUS MOJISIPU3YIONIETO JIEHCTBHS
ME30MEpHBIC 3aMECTUTCIIN JIETIATCS Ha 311eKTPOHOOOHOPHbIE (+M),
anekTpoHoakuenTopHble (-M) n HeTpanbHbie ( +M), Hanpumep, CH, =CH- ; CgHs—.

AneKTPOHOAOHOPHbLIE 3aMeCTUTENN

K 3amectutensim takoro tuna otHocarcs RO-; RoN-; RS-rpynmsr, e R = H; Alk;
Ar. V ranorenoB (F; Cl; Br) l-acdhdbekt npeBocxoaut +M adydpekT U UX CHEKTpaIbHOE
BIIUSTHUE OIPEAEISIeTCS B OCHOBHOM MHIYKTUBHBIM 3((HEKTOM. DIEKTPOHHBIE IEPEXOIbI
B TaJIOTEH3aMEIEHHBIX MOPOXKJIAIOT B CIEKTPE HOBBIE MOJIOCHI MOTJIOMICHHS, HO OHU
pacrnionaraiotcsi B najgekod Y ®-obmactu. B DJ[-3amectuTensx mMeercs HEmoJieleHHas
napa 3JIEKTPOHOB, KOTOpasi IPUHAJICKUT FETEPOATOMY.

[lepexon m-cucteMbl B BO30YKJACHHOE COCTOSIHUE COIMPOBOXKIAETCS APYrUM
peanbHBIM SIBICGHHUEM - nonsipusauvMed Mornekynbl. Ha ogHOM KOHIlE LETOYKH
COTPSDKEHHBIX IBOMHBIX CBSI3€U MOSBISETCS IPOOHBIN MOMOXKUTEIBHBIN 3apsiy (0+), a Ha
JIpYyroM — IpOOHBIM OTpHULATeNbHbIN 3apsay (0-). B ciiyyae 6yrapueHa 31O Bblpakaercs
yBEIWYEHUEM BKJIa/ia MPEIeTbHON JUMOISAPHON CTPYKTYPHI.

CHFCH-CH=CH, —»  *CH;CH=CH-CH, A s 217 11

[Tonkmrouenue k uenu conpsokenus D)1 3amectutens EN-rpynmbl mpuBoaut k
TOMY, UTO HEMOJIeJICHHasl Tapa B3aUMOJICHCTBYET C T-AJIEKTPOHAMH, OTTAJIKUBAs UX OT
ce6s1. Takum 006pa3om, yke B OCHOBHOM COCTOSTHUHM 3aMETHBIM BKJIaJ BHOCUT TOJISpHAs
CTPYKTypa, UYTO TMpPOSIBISIETCS B HAJIUYUU Y AUITUNAMUHOGYTagueHa JIUIIOJIBHOTO
MOMEHTA.

n=165D CH?CH—CH?CHCNEtZ LN CHZ—CH:CH—CH=1J\5Et2 A sen 2811010
[Tepexom ATO¥ MOJEKYJBI B BO30YKIECHHOE COCTOSIHHE, TJI¢ TOJIApHAs CTPYKTypa
CTAaHOBWTCS TJIABHOW, TEMeph MOTPEOYyeT MEHBIIUX 3aTpaT SHEPTHH IO CPABHEHUIO C
OyTamueHoM. DTO BeIpaxkaeTcss B OaToxpomMHoM casure K-momockl ¢ 217 am 10 281 HM.
Hampumep, npu noAKIIOYeHUH K TT-cucTeMe OeH30J1a TUMHYHOTO DJ]-3aMecTuTerns —
HoN-rpynmsl (aHUIMH) B 2JIGKTPOHHOM CIIEKTPE ITTMHHOBOIHOBAS MTOJIOCA PACIIOIaraeTcs
npu 280 HM, €€ CIABUT MO CPAaBHEHHUIO C OCH30JI0M COCTaBIsECT 25 HM.

Bnusinue npyrux D]J[-3amecTuTenei Ha MOJIOKEHUE JIMHHOBOJIHOBOM B-mosiockl B
CIIEKTPaxX 3aMEIICHHBIX O€H30J1a JEMOHCTPUPYIOT JaHHbBIE Ta0J1.6

Tabmuna 6. CrHekTpbl TMOIVIOIMIEHUS 3aMEIIEHHBIX O€H30J1a, COJepKaluX
AIIEKTPOHOJOHOPHBIE 3aMECTUTEIN

CoeavHeHus B-nonoca, Auaxe , HM
benszon 255
Tuodenon 269
®denou 275
AHHMIINH 280
N,N-/lumMeTnnaHuInH 298

Cnenyet orMeTuth, uTo RO- 1 RS-rpynnbl BbI3bIBAIOT MEHBIINN OATOXPOMHBIN
CIBUT, YeM aMHHOTPYIITIA.
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OneKTpPOHOaKLEeNTOPHbIE 3aMeCcTUTeNnu

DNEKTPOHOAKIIETITOPHBIE ~ 3aMECTUTENH  00s3aTENIbHO  COJIEpPXKaT  T-CBA3b,
00pa30oBaHHYI0 aTOMaMHU pa3jIM4HOMN AneKTpooTpunaTenbHocTu. [loaTomy BHYyTpH DA
3aMECTUTENs] UMEET MECTO MOCTOSHHOE CMEIICHHE AJIEKTPOHHOU IIOTHOCTH B CTOPOHY
aToMa OOJIbIIEH 3JIEKTPOOTPULIATEILHOCTH.

R ~ ~ R N 0
DA rpynnsl ,C=0: -N=0: —C=N: C=NH N
€a04i i eéui ay ieooic- oeai - deitiei eiiay O jeoal-

[Tpy MoAKIIOUEHUH K COMPSDKEHHOUW cucteme OyTaJueHa auemuibHOul Zpynnvl —
TUMIUYHOTO DA-3aMECTUTEIN MPOUCXOAUT T, AJIEKTPOHHOE B3aUMOJEHUCTBHE 00X
CHUCTEM, UTO MPHUBOJUT K MOCTOSSTHHOMY, HE3aBUCAILEMY OT JEUCTBHUSI CBETAa CMEILICHUIO
T- 3JIEKTPOHHOM TUIOTHOCTH B CTOPOHY 3aMECTHUTEIIS.

A A - PR
u=165D CHFCH-CH=CH-C=0: — 5 *CH;CH=CH-CH=C-07 X 47 26311

CH CH

3 3

Takum o0pa3oMm, B OCHOBHOE COCTOSIHUE ayemusbymadueHa 3HaYUTEIbHBIA BKJIA]
BHOCHUT MOJISIpHAsA CTPYKTYypa. DTO MPOSBISETCS B HAIMYUU Y MOJEKYJIbl JTUIOJBHOTO
MoMeHTa. brnarogaps nonspusyromemMy neicTBUI0 DA-3aMECTUTENS IEPEXO0/1 MOJIEKYJIIbI B
$boTOBO30YK/IEHHOE COCTOSHUE, TJe TOJIIpHAas CTPYKTypa CTaHOBHUTCS TJIABHOI,
norpedyer  MEHbIIEH  JHEpruM IO CpaBHEHUIO C OyragueHoM. B cmekrtpe
aneTui0yTaaueHa HadmonaeTcst 0aTtoxpoMubiit casur K-mosocsl ¢ 217 uM 10 263 HM.

B nanHom ciyuae criekTpanbHbIN 3D PEeKT OT BBeeHUST IA-3aMeCTUTEJIS SBIISETCS
pe3yJIbTaTOM YBEIMYCHUS pa3Mepa -CUCTEMBI.

PaccMoTpuM M3MeHEHMs], TPOUCXOAIINE B CIIEKTpe OEH30J1a IPU MOAKIIOYEHUH K
Hemy ¢popmunsHoli (CH=0) rpynmnel — TunuaHoro DA-3aMmectuTelis. B anekTpoHHOM
CHEKTpe OCH3ANBAUTUAA Ayaxc JNTAHHOBOJHOBOM IMOJIOCHI pacmonaraetcs npu 280 HM, TO
eCTh €€ OATOXPOMHBIN CIBUT 110 CPABHEHUIO C OEH30JI0M COCTABIISIET 25 HM.

Bnusnue, ananorunynoe GOpMMIBHON TpyIIe, OKa3bIBAIOT U Apyrue JA-3amecTu-
TEJH, YTO BUJIHO U3 IAHHBIX O MOJO0KEHUHU B-1onockl B criekTpax 3aMelieHHbIX OeH307a.

Tabnmuua 7. ChoekTpbl TMOIJIOIMIEHUS 3aMEIIEHHBIX O€H30J1a, COJepKaluX
AJIEKTPOHOAKLENTOPHBIE 3aMECTUTEIN

B OCII Ayaxe,HM (€) B OCIT Awaxc,HM (€)
CoeaunHeHuns CoepgunHeHus
B-nonoca | R-nonoca B-nonoca R-nornoca
benzon 255 benszanpaerua 280 328 (58)
BbenzonuTpun 271 Hutpo3obenzon 281 756 (45)
Hutpoben3zon 268 330 (165)

VYcaoxkHeHue CONpSKEHHOW CUCTEMBI 3a CYET MOAKIYEHHS DA 3aMecTUTeNs
COMPOBOXKJAETCS HE TOJBKO JUIMHHOBOJIHOBBIM CMEIICHHEM TI0JO0C  AJNEKTPOHHBIX
NEPEXO0/I0B, HO U MPHUBOJUT K MOSBIICHUIO B CIIEKTPaX 3aMEUICHHBIX COCAMHEHHI HOBbIX
nonoc. OTU NEPEXOJbl MPOUCXOAAT C y4acTUEeM HenoAerieHHbIX Nap 3MEeKTPOHOB Ha
rerepoaroMax, KOTOpPbIE BCJIEICTBHE OPTOrOHaIbHOCTHU HX n-AQO HE ydacTBYIOT B
CONpPSIKEHUU C T-CHUCTEMOM MOJIEKYJbl. OTUM DA-3aMECTUTENH OTIMYarTcs OoT /]
3aMECTHUTENEH.
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CooTBeTCTBYIOIIKME 3TUM IIEpeXoaaM R-nonockl, XOTS U SBISIOTCS CaMbIMH JITMH-
HOBOJIHOBBIMM, BCET1a MaJIOUHTCHCUBHBI U B PsAJIE CIIy4aeB YaCTUYHO UIIU IIOJIHOCTBIO I1e-
PEKpBITHL. R-110J10CHI HE MpeACTaBIAIOT O0IBIIOT0 MHTEPECA C TOUKH 3PEHUSI XUMHUHU Kpa-
CUTEJIEN, XOTSI U MOTYT BbI3bIBATh aHOMAJILHO [NIYOOKYIO OKPacKy CpaBHUTEIBHO MPOCTHIX
COCUHEHHM, TAK HUMPO300€eH30]1 — COETUHEHHE €1a00 3€JIEHOr0 BETA.

CoBmMmecTHOe aencTBue nonsipusyrowmnx 3 n DA 3amecTutenemn

Haubonee cunpHOE BIMSHUE HAa TMOJIOKEHHE TIOJIOC TOTJIOIICHUS] OKa3bIBaeT
OJIHOBPEMEHHOE TOJKIIOUEHHE MO KOHI[AM IIETIOYKH COMpPsDKEHHBIX cBsizedt D) m DA
3aMECTHUTENCH. DTOT BaXKHBIN ISl TECOPUH IIBETHOCTH BBIBOJ MOXKHO MPOUJLTIOCTPUPOBATH
Ha TOpUMEpax OTKPBITBIX W 3aMKHYTBIX COHNPAKCHHBIX CUCTCM.

Tabmuma 8. CpaBHeHue TmonoKeHHe K-MOI0OChl B AJIEKTPOHHBIX CIIEKTpax
3aMEILEHHBIX OyTagueHa.

CoeguHeHus MNonoxeHne K-nonocsl, HM BaToXpOMHbIN caBur
CH>=CH-CH=CH> 217
EtoN-CH=CH-CH=CH: 281 +61
CH>=CH-CH=CH-COCHj3 263 +46
Eto2N-CH=CH-CH=CH-COCHj3 378 +161

biarogaps corsiacoBaHHOMY NOJISIPU3YIOIIEMY JEUCTBUIO 3aMECTUTEIEH, CMEILICHUE
T-3JIEKTPOHOB MPOUCXOAUT OCOOCHHO JIETKO, a 3TO MPUBOJIUT K PE3KOMY, HEAJIMNTUBHOMY
CABUTY TIOJIOC SJIEKTPOHHBIX MEPEXOIOB.

Jlnst mpumepa, paccCMOTPUM CMEIIEHHE TIOJIOCHl B Psily 6eH3on, ¢)eHONAT-aHUOH,
HUTPOGEH301, n-HUTPOPEHONAT-aHMUOH (B YUCIIUTENE TIPUBENICHO MoJiokeHue K-monockr
B CIICKTpE, B 3HAMCHATENIC — €€ UHTCHCUBHOCTD Eyarc)

20311 'OO 23511 @ 26811 'OQ 36011
7200 9400 NOo, 7800 NO, 19300

Onnako coBMecTHoe jaeiictBue /[ m DA 3amecTuTeneid Ha T-CUCTEMY He
UCYEeprbIBacTCS OAaTOXPOMHBIM CIABUTOM TMOJOC ToriomieHus. Jlemas m-cucremy
COMPSDKEHHBIX JBOWHBIX CBsA3eH Oojiee MOJBIKHOW, NONSipU3ylowme 3amecTuTenu
yBeNnu4MBaloT BEPOATHOCTb 3eKTPOHHbIX NepexoAoB. DTO BhIPAKACTCS B 3HAYUTEIBHOM
MOBBIIIIEHNM WHTEHCUBHOCTH TIOTJIOMIEHHS MOJIOCHI U, CJIEAOBATEIbHO, HHTEHCUBHOCTHU
OKpPAaCKM — BAXXHEWILIETO MpU3HAKa KpacutTend. Tak €uaecx JAJIMHHOBOJIHOBOW IOJIOCHI B
AJNIEKTPOHHOM CIIEKTPE n-HUTPOGEHOISITA HATPUs B 42 paza MPEBOCXOJAUT WHTCHCUBHOCTh
B-monocel B He3aMemeHHOM OeH301J1e.

JlaHHBIE O BIMSHUM TMOJAPU3YIOMIMX 3aMECTUTEIEH Ha SHEPrUI0 AJIEKTPOHHBIX
MEPEXO/IOB B MOJIEKYJIaX MO3BOJISIIOT COPMYIUPOBATH TpeTbe MNONOXeHue Teopuu
LIBETHOCTW OPraHUYECKUX COCIMHEHUM.

BBeaeHne B MONEKynbl C  COMPSKeHHbIMU  OBOWHbLIMU  CBA3SAMM
nonspusyrowmnx J— n JA-3amecTuteneun, KOTopblie 00yCnoBMBaOT CMeLLEeHUe T-
3NIeKTPOHHON MJIOTHOCTU B OCHOBHOM COCTOSIHUM, NMPUBOAUT K CABUrY MNOJOC
NnornoweHns B AOJIMHHOBOJIHOBYKD oOOnactb, YyBeNM4YMBaeT WHTEHCUBHOCTb
norrfoweHns U Bbi3bIBaeT NosiBNIeHUe B CMEKTPe Nosioc nepeHoca 3apsaa.

BBeaeHne nonsapusyoWmnx 3amectutenen siBnseTcs cambiM 3 peKTUBHbLIM
cnocobom yrny6neHus oKkpacku opraHun4ecKom MoneKynbil.
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Bonpocwi 0ns camokonmpons:
1. Oxapakrepusyire BIHMSIHHME DSJIEKTPOHOJOHOPHBIX M  DIEKTPOHOAKLENTOPHBIX
3aMECTUTENEN Ha XapaKTEPUCTUKH LIBETHOCTU OPraHMYECKUX COEIMHEHUN.
2. HazoBuTe BaKHEMIIME DJIEKTPOHOAOHOPHBIE 3aMECTUTENIA B XUMHUU KpacUTEIEH
3. OxapakTepu3ylTe BIUSHUE OHIIEKTPOHOAKIENTOPHBIX 3aMECTUTENIeH Ha OKpPacKy
COEMHEHUS.
4. OxapakTepu3yiTe COBMECTHOE JEHCTBUE MOIAPU3YIOIINX 3aMECTUTENIEH U YCIOBUE €ETO
IIPOSIBJICHUS.
5. HazoBute TpeThe n0JI0KEHNE TEOPUH LIBETHOCTH

2.4. YeTBepTOE NOJIOXKEHWe Teopun LUBEeTHOCTU. BnusiHne noHmnsauum
Ha nonsipusylollee aeMcTBUe 3aMecTuTenemn

B OpFaHquCKOﬁ XUMHUHU IIPOHCCChI NOHMU3AIWX Yalll€ BCCT'O CBA3aHbI
— C NPOTONIU3OM, OTHICTIIICHUEM IIPOTOHA:

AH + OH +——= A + H,0
— WJIM C NPOTOHMPOBaHUEM, IPUCOCINHEHUEM IPOTOHA!
+ > +
B: + H <+<——— BH

TakoMmy mnpeBpalieHHI0 OOBIYHO MOJBEpraroTcs mnoispusyromme /- u DA-3a-
MECTUTEIN, KOTOPBIE MOTYT COAEPKATh MOABUKHBIE MPOTOHBI WM HETOEICHHBIE ITapbl
AIIEKTPOHOB, 00YCJIOBIMBAIOIINE OCHOBHBIE CBOWCTBA (DYHKIIMOHAIBHOW IPYIIIBL.

Tenepp paccMOTpUM BIMSHME HWOHM3AlMM Ha CIOCOOHOCTh MOJSPU3YIOLINX

3aMECTUTENEN BO3JIEHCTBOBATh HAa PACHpPEIEICHUE T-IIEKTPOHOB B CONPSKEHHBIX
CUCTEMax U COMPOBOKJIAOIINE HOHU3AINIO CIIEKTPaIbHbIE YPPEKTHI.

MoHusauusa d[1-zamecTurtenen

Mpotonus HO- u SH-rpynn IpOWCXOAUT IMpPU YBEIUYEHHUH OCHOBHOCTHU CPEIBL.
WNonuzanust 3TuX Tpynn BO3MOXKHA, Ojarofaps CHJIBHOM MOJSIpU3AIMM CBA3H MEXKIY
reTe€POaTOMOM U IMPOTOHOM.

Ar-OH + OH #+#=— ArO: + H,0

[TosiBeHNE OTPULIATETBHOTO 3apsla Ha aTOMax KHUCIOpOJAa WM CEphl MOHWXKaeT
aneKkTpooTpuuaTenbLHOCTL retepoatomoB. HemozgeneHHas mapa 3JIEKTPOHOB  T-
CUMMETPUH Ha MOHU3MPOBAHHBIX T'€TEPOATOMAX TOpa3/io ciadee yIep)KUBACTCS SAPOM,
MO3TOMY  3MEKTPOHOAOHOPHble  CBOWCTBA  HWOHWU3MPOBAHHOW  THAPOKCH- U
MEPKaNTOrPYIIIbl 3HAYUTEITFHO YCUNUBAIOTCA.

B pesynbraTe B criekTpe HaOII01aeTCsl JTMHHOBOIHOBOE CMEIIEHHE ITOJI0C MOTJIOIIe-
HUS U YBEITMYCHUE UX HHTEHCUBHOCTHU. DTO BUIHO, HAIPUMED, U3 CPABHEHUS ITapaMeTPOB
nosockl I13 B n-HuTpodeHomne u n-HuTpoheHoIAT-aHUOHE, 1-HUTPOTUOPEHOIE U H-HUTPO-
THO(EHOIAT-aHUOHE (B YUCITUTENEC TPUBEACHBI 3HAYCHUS Ayaxc, B 3HAMEHATEIIC Eyaxc)-

OOH i NOo, 312ii OO i O, 40011
ON Som 12000 ON Co- 24000

2 2
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QSH  xo. 31511 OS  No, 48571

| C...2 I C. =2
O,N SH 15000 ON S 22000
npOTOHMpOBaHMe NHz-prnan MPOUCXOIUNT IIPU YBCINICHUU KUCIIOTHOCTHU CPCABI U

00ycCIIOBJIEHa HEMOJIHOM JelOoKaln3alel HENmoJeIeHHON Mapbl a30Ta, YTO OOBICHSET
OCHOBHBIE CBOWCTBA apOMAaTUYECKUX aMUHOB.

L H+ +
Orin, 0 O

HoHun3anus conpoBoKaaeTcs 00pa3oBaHUEM HOBOM G-CBSI3M 3a CUET HEMOJEeIEHHON
napsl AEKTPOHOB a30Ta. [Ipy 3TOM Ha rerepoaroMe BO3HUKAET MOJIOKUTENbHBIN 3aps] U
3NeKTPoOTPULIaTENbHOCTL a30Ta 3HaYMTEeNbLHO Bo3pacTaer.

[IpeBpanieHue aMUHOTPYNIBI B aMMOHHMEBYIO TPYIILY CYILIECTBEHHO MEHSET
XapaKkTep BIUSHUA 3aMECTHUTEN Ha COCCIHIOI0 COIPSDKCHHYIO cHCTeMy. Bcenencrsue
VCYE3HOBEHHUS HEMOJEICHHONW Iapbl AJIEKTPOHOB, aMMOHHEBAs IpYIINa yTpayuBaeT
cpoiictBa J/I-3amectutens. OHa B3aUMOAECUCTBYET C T-CUCTEMOM TOJIBKO KaK CUIbHbIN
uupyktuBHbii (-1) 3amecTuTens, MOBBIIIAs 3JEKTPOOTPHIIATEIEHOCT CBSI3aHHOTO C HUM
aToMa.

Takum o60pasom, mnpu wuoHuzauuu NHz-rpynmbel  (akTHUeCKH TPOUCXOIUT
YKOPOUEHHE T-CUCTEMBI U MOJIEKYJa B3aHMMOJAEHUCTBYET CO CBETOM, Kak OyITO 3TOTro
3amectutens HeT. Hampumep, npu nporoHupoBaHuu aHuiuHa ero K- m B-momocer B
CIIEKTpE MPETEPIEBAIOT TUIICOXPOMHBIN CIIBUT.

Tabnuua 9. [TonoxeHue Moxoc NOrIOWEHUS TPU HOHU3ALUNA AMUHO-TPYTIIIHI.

MonoxeHwe nonocbl B AC Ayaxc , HM (€)
CoepguHeHus
K-nonoca B-nonoca
AHUIUH 230 (8600) 280 (1430)
AHWIMHUN THAPOXJIOPH]T 203 (7500) 254 ( 160)
benzon 203 (7400) 255 (1304)

B pesynprare cnektpanpbHas KpUBas AHWIMHUK-KaTHOHA NPAKTUYECKU HE
OTJINYAETCS OT KPUBOU HE3aMEIIEHHOT0 OEH301/1a.
UoHnsauusa DA-zamectutenen

Cpenu  3JEKTPOHOAKIENTOPHBIX  3aMECTUTENICH, TOJIBKO KapOGoHunbHasaA U
XWUHOHMMMWHHasA TPYIIIbI IPOTOHUPYIOTCA B BOJHBIX PacTBOpax KuciotT. IIpucoennnenue
MPOTOHA TPOUCXOAUT K aTOMy KHUCJIOpOJAa WM a30Ta 3a CUeT UMEKIIMXCS Yy HUX
HETIO/IEIEHHEIX T1ap SJIEKTPOHOB, PACHOIOKEHHEIX HA AO SP- WM Sp?-THIA.

= > \ et
C=1:+ HY —— /C= 11 /C=I_\_IH + HY —— /CQNHZ

[IpoTOHMpOBaHKHE CONPOBOXKAACTCS IOSIBICHUEM IOJIOKUTEJIBHOIO 3apsja Ha
aToMax a3oTa Wi Kuciopoaa. Tak Kak MOHU3ALMS HE 3aTParuBacT T-CBA3b, yBenM4YeHne
3NeKTPoOTPULIATENBHOCTU reTepoaToMa yCUIMBAET BHYTPEHHIOKO MOISPU3ALMIO B CAMOM
3amecturene. Iloatomy 3NeKTPOHOAKLIENTOPHOE AeNcTBUe IIPOTOHUPOBAHHBIX
KapOOHWJIBHOW W XMHOHMMHHHOM TpYyNI Ha COCEIHIOI CONPSHKEHHYIO CHUCTEMY
ycunuBaeTcs.

OTO B CBOIO OuYepe/b BBI3BIBAET OATOXPOMHBIM U TUIEPXPOMHBIM CIBUT TMOJIOC
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IOra0ICHUA COHp?DKCHHOfI CHUCTCMBI.

JleticTBuTEeNIBHO 00pabOTKa 4-aMUHOGYKCOHUMUHA, COSIUHEHUS JKEJITOTO IIBETa,
BOJHOM COJITHOM KHUCJIOTOM MNPUBOAMT K OOpa30BAHMIO HHTEHCHBHO OKpPAIIEHHOIO
Kpacurelis - Puosiemosozo [elibHepa.

MoHunsauma cnoxHbIX MOSeKyrs

B cioXHBIX CONPSIKEHHBIX CHCTEMAX KPACUTENEH, CONECPKAIMNX NOHU3UPYIOIIHECS
O[- m DA-3amecTUTENM, HWOHU3ALUS MOXKET MPOUCXOJUTH CTYIEHYATO, IOITOMY
HaOII0aeTCsl N3MEHEHHNE OKPACKU KpacUTeNs B 3aBUCUMOCTH OT pH cpenpl.

DT0 00CTOSATEIHCTBO MO3BOJISET MCIOJIB30BATh TAKOTO PO/ KPACUTENIHN B KAU€CTBE
KHCJIOTHO-OCHOBHBIX UHJIMKATOPOB.

Hanpumep, ®eHonoesnili kpacHbili (BeH3aypuHcynbgokucsoma) CYIIECTBYET B
HEHOHU3UPOBAHHOM (popMe KaK BEIEeCTBO JKEJITOTo I[BeTa B mHTepBaie pH 3-8.

558 11 (io6oiodi0é) 43311 (sBe006) 503 i1 (edadiaeé)
Ero uBer yriy0unsiercst B KUCION cpesie 10 KPacHOro, BCIIECTBUE MPOTOHUPOBAHMS
KapOOHUJIBHOM TPYIIBI, U B MIEJIOYHON cpelie — A0 MypIypHOro, 3a CUET MPOTOIM3a
ruapokcurpynnsl. [Ipu HOHU3ALUUN €yaxe TIOTOCHI B BUIUMOM 00J1aCTH BO3pacTaeT B 2,2 U
2,7 pa3a, COOTBETCTBEHHO.
N3noxeHHbII MaTepuall Mo3BojseT chOpMyIHpPOBATh YeTBEPTOe NoroXeHne Teopum
LIBETHOCTM.

MoHunsauuna, npumBoaswlas K YCUNEHUK INEeKTPOHOA4OHOpPHocTM -
3amecTuTteneun nnm 3NIeKTPOHOAKLENTOPHOCTH JA-3amecTuTenen,
CONpPOBOXAAeTCA CABUIOM MOJIOC NOrNoWeHusi B AJIMHHOBOJIHOBYK 06nactb M
POCTY MX UHTEHCUBHOCTM.

Ecnu noHM3aumusa yHUUTOXaeT 3NeKTPOHOO4OHOPHOCTL J[1-3amecTuUTens, npo-
MCXOAUT CMEeLLEeHMe NMoJyioc B KOPOTKOBOJTHOBYHO 06MnacTb.

Bonpocuvt ons camoxoumpons:
1. JlaiiTe mOHATHE HOHU3ALIHMH.
2. OxapaxkTepu3zyidTe HMOHHM3ALMIO DJIEKTPOHOJOHOPHBIX M AJIEKTPOHOAKIEHITOPHBIX
3aMECTUTEIICH.
3. OxapakTepu3yiTe HOHU3AIUIO CIOKHBIX MOJICKYJI CO CMEIIaHHBIMU 3aMECTUTEISIMUA U
3aBUCUMOCTh X OKpacku oT pH cpemabl
4. HazoBuTe IrpaHUIIBl IPUMEHUMOCTH CTPYKTYPHBIX (hopmy.
5. HazoBuTe yeTBEpTOE MOTOKEHUE TEOPUH IIBETHOCTH.
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2.5. MATOoe nonoxeHne TeOPUM LUBETHOCTU. CrioXHbIe KOHKYpUpYoLWMe ¢
nepeKpeLliMBaloLnecs ConpsHkeHHble CUCTEMbI

ConpskeHHbIE CUCTEMBI C OOHUM OJI- U onxHUM DA-3aMECTUTENIEM IO KOHIAM,
Hanpumep, 1-aMuHo-4-aneTmiOyTa ueH, IBISI0TCSA IPOCTEUILIUMHU.

Y] CH, [IpucoennHenne K LEMOYKE CONPSKECHHBIX TBOMHBIX CBA3EHU
H N/\/\/C\\O MEXy KOHLEBBIMH /- 1 DA- 3aMeCTUTENIIMU AOMNONHUTENBLHON
T-CUCTEeMbI UJIU AONOJIHUTENbHbIX NONAPU3YIOLMUX 3amMmecTUuTenen
YCIIOXKHSIET COINPSDKEHHYIO CUCTEMY M BBI3IBACT M3MEHEHHS B IMOIVIOUICHUU CBETA.
XapakTep BO3HUKAIOIINUX MPH 3TOM CIIEKTPAIBHBIX 3()PEKTOB OMpeesseTcsl TOMOIOTHEH
CJI0KHOM CONPSI)KEHHON CUCTEMBI.
Pa3BeTBrneHHble conpsiXKeHHble CUCTEMbI
Pa3BeTBiIEHHBIE CONPSIKEHHBIE CUCTEMBI BO3HUKAIOT, KOrAa HOBble 3aMecTUTenn unm
AONONHUTENbHbIE TT-CUCTEMbI BCTYNAlOT B CONMPSXXeHUe C 3aMecTUTEeNsiM1, MUMetoLMMUCA
B NPOCTOMN COMPSXXeHHOW cUcTeme.
Hanpumep, Takasg cuTyamus peaauszyercs, Koraa K MOCTHKOBOMY aTOMY B MOJIEKYJIE
rugposia Muxiepa IpUCOEIUHSIETCA AIEKTPOHOJOHOPHAsT aMHUHOTPYIIA, B PE3ybTaTe
4yero oopaszyeTcst Moyiekyia Aypamuna.

. + ")
MezN\©\ //©¢NMe2 Me,N NMe,
CH feast & 1 ededsa Adaai ei

B monekyne AypaMuHa MOKHO BBIJICIHUTH ABe LENOYKU CONPSXKEHHbIX ABONHbIX
cBA3en.
— OoAHY naTu3BeHHyto ¢ Me2N-rpynmnoii 1 MFOHU3UPOBAHHONW XMHOHMOHUMHUHHOM IpyHnoiu
10 KOHIIaM, IPUHAJIC)KABIIEH cUcTEME ruiposa Muxinepa;
— JIpYTYyI0 HOBYIO, Tpex3BeHHyto ¢ HoN-rpynmnoif 1 XWHOHUMHUHHOM TPYyMION MO KOHLAM.
[TockonbKky o06e uUenoyYkn wuMerT O6WMIA y4YacToK, MOXKHO TOBOPUTH O
BO3HMKHOBEHUU PA3BETBICHHOW COMNPSHDKEHHOW CUCTEMbI C  Pa3BETBICHUEM Y
HeHTpaibHOro atoma. Ilpu ¢poroBo30yxaeHUN B AypaMUHE COBEPIIAIOTCS CIENYIOLIUE
ANEKTPOHHBIE MEPEXO/IBL:
0 B nepBoHa4YanbHOW, NATU3BEHHOW CONPSIKEHHOW CUCTEME, XapaKTEPHOM ISl TUAPOIIA
Muxiiepa, KOTOPbIi 00YCIIOBIMBAET MOSBICHUE TTOJIOCHI C Ayaxe TIpH 430 HM;

.. +
Me,N NMe, h v Me NMe2
Ve O
‘N

Ay e 430 4001
2 ‘N 2

O wu B HoBoOW, 0ojiee  KOPOTKOW, TPeX3BEHHOW COMpPSHDKEHHOW CHUCTEME, KOTOPbIN
00yCIJIOBIMBAET MOSABJICHUE HOBOM MoOckl B Y®-yacTu crekTpa € Ayaxe IpU 372 HM.

Me NMe hv Me N NMe
g / O s

H, My 567 37211 H,

HaGmronaemoe noBbiweHue yBeTa OT CHHETO B ruposie Muxnepa (Auae 603 HM) 110
KENToro B AypaMuHe OOBSCHACTCS YMCHBIICHHEM ITOCTOSHHOIO CMEIICHHUS T-
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AJIEKTPOHOB B ISATU3BEHHOM ILIENOYKE Ha ydacTKe Mexay KoHueBod Me:N-rpynmnoi u
HOBBIM D /I-3aMeCTUTENIEM, KOTOPOE BbI3BaHO KOHKYPEHLMeN B CONpsXXeHUU Mexay ABYMSs
3-3amecTutenamm ¢ JA-rpynnomn.

TakuM 00pa3oM, nosBNeHUe KOHKYPUPYHOLUX CONPSHKEHHbIX CUCTEM PaBHOCUIBLHO
YKOPOYEHMIO LieNN CONPSKEHUA U COIIPOBOKIAETCSA TUIICOXPOMHBIM CABUTOM I10JIOCHI I10-
[JIOLICHUS.

ALeTHIINpOBaHHE HoN-rpynmnst B Aypamune pe3Ko YMEHBIIAET
AIIEKTPOHOJIOHOPHBIN 3P ekt 3Toro 3amecturens. [loatomy B Ayemunaypamune uenp
CONPSDKCHUS BOCCTAHABIMBACTCS IIOYTH [0 TAaKOIO € COCTOSHUA, KaK Yy THIpoJia
Muxinepa, 1 OKpacka pOU3BOAHOIO BHOBb yrny6n;1eTc51 J10 CUHEH.

A6a
Gt e

Pa3BeTBNeHHble KOHKypupylolMe CUCTEMbI BO3HMKAlOT W MNpPU  3aMblKaHWK
OCH30JIBHBIX KOJICIl MOJICKYJIBI THIpOiIa Muxiepa retepoatoMmHbiMu moctukamm (-NH-, -
O-, -S-). B o6pasyromuxcsi TpeXbaIepHbIX, IIIOCKUX T€TEPOIMKIaX HETOeICHHAs mapa
AIIEKTPOHOB reTepoaToMa pacronaraercs Ha pz-AO, umeronieit n-cummerputo. [losTomy

MOCTUKOBbIN reTepoaTomMm obnagaeT cBoncTBamu J0-samecTurtens.
+

Me,N X NMe, AL, MeN \Me, ?@ Me N X NMe,
SagaaLFengy 9¢S
X Z =

= NH O S
Pa3BeTBIiIeHHAs CONPSKEHHAs] CUCTEMA 3TUX T'€TEPOIMKIOB OHOTUIIHA U COCTOUT U3:
O OnHOM, nNATU3BEHHOM LIENOYKWU, XapaKTEPHOMU s ruaposa Muxiiepa,
PaCIIOIOKEHHON MEXKITY JIEKTPOHOIOHOPHOM Me2N-rpynnoi U

ANIEKTPOHOAKLENITOPHON XNHOHUMHUHHOW IPYIIION;
O npyroii, AByx3BE€HHON LIEMOYKN MEXKIY MIEKTPOHOJOHOPHBIM I'E€TEPOATOMOM X: U
XUHOHUMUHHOM TPYIIION.

Bcenencrue koHkypeHuun mexay Me2N-rpynmnoif 1 rerepoaToMoM B COMpsiXKeHUM
¢ DA-3aMecTHTENIeM AIIEKTPOHHBIN Nepexof B NATU3BEHHON Lienoyke MoTpedyeT OombIen
SHEprum, 4em B ruaposie Muxisepa. IlodToMy cOOTBETCTBYyIOIIAast JTOMY IEPEXONy
JUIMHHOBOJIHOBas. I0J0OCa B CIEKTpax TeTEepOLMKINYECKUX KpacuTened Oyner
MCNbITbIBaTb MTMNCOXPOMHbIA CABUT [0 CPABHEHUIO C €€ NEPBOHAYATIBHBIM MOJI0KEHUEM
B CHIEKTpe rujpona Muxiepa.

DJEeKTPOHHBII nepexoA B ABYX3BeHHOM Leno4vke OOYCIOBIMBAET MOSBICHHE B
CIIEKTpE KpPaCUTEJIEW BTOpOM, 6onee KOPOTKOBONTHOBOM ITOJIOCHI.

Tabnuua 10. [TonoxkeHne MoOJI0C MOTJIOMICHUS B Pa3BETBICHHBIX KOHKYPHUPYIOLIUX
CHUCTEMAaxX

Me,N NMe 1 2
? -X- A maxe » HM A maxe » HM

I'mapon Muxmepa Hem 603 HET
AKpUIMHOBBIN OpaH>KEBbII NH 488 305
[TuponuH (KpacHBIN) @) 550 510
MeTHIeHOBBIM KpacHBIN S 568 505
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W3 naHHBIX NPUBEIEHHBIX B TA0JIULIE BUJIHO, YTO BEJIMYKMHA TUIICOXPOMHOI'O CIBUTA
JUTMHHOBOJIHOBOM IOJIOCHI ONpeAensAeTcs 3feKTPOHOAOHOPHOCTbLIO FeTepPoOMOCTHKA. .

NH-rpynna HauOosiee cuwibHBIA JJ/[-3aMecTuTenh B 3TOM psly, [OATOMY B
AKpHUIMHOBOM OpPaH)XEBOM HMEET MECTO HauOoublllas KOHKYpEHIUs W HaOro1aercs
HauOOJIbIIIEE TOBBIIIEHUE OKPACKU.

Kucnopop, kak 0oiiee 3JIEKTPOOTPHUIIATENILHBIN aTOM, CHJIbHEE YAEpPKUBAET CBOIO
HEMOJACJIICHHYIO Mapy U sBisieTca Oosiee cinaboil 3JIeKTPOHOJAOHOPHOM MOCTHUKOBOM
rpymnmou, yem a3ot. Iloaromy user Iluponuna nosslmaercs TOIbKO 10 KPaCHOTO.

Cepa - 2sieMeHT 3-ero nepuoaa. B Hem HenoaeneHHas napa 3JIEeKTPOHOB T-CUMMET-
puu pacnonoxena Ha 3pz-AO - opOutanu 6onblero pasmepa. BeneacTsue Xyammx yc-
J0BUM 3pr -2px IEPEKPBIBAHUS C T-CUCTEMON AJIEKTPOHOIOHOPHOCTH CYIb(UAHOTO MOC-
TUKa OKa3bIBaeTcs HauMeHsbliei. Liser Memunenoeozo kpacnozo (TuonupoHuHa) UMeeT
3aMETHBIN (PUOJIETOBBIN OTTEHOK.

MpoTBONONOXHbLIA cnekTpanbHbIn 3dpcheKT HabngaeTca B cnyvyae npucoeguHe-
HUA K LLleHTpanbHOMY aTomy yrnepopga rugpona Muxnepa 6eH30NnbLHOro Konbua.

OO0oraieHne MpoCTON COMPSKEHHON cHCTeMbl Mexay O/1- 1 DA-3aMecTUTEIIMH
T-DJICKTPOHAMH IIPUBOAUT K OATOXPOMHOMY CIIBHTY TIOJIOCHI ITOTJIOMISHHUS, TOPOKISHHOK
ANEKTPOHHBIM MEPEXOJIOM B UCXOAHOWN NATU3BEHHOW COIPSIKEHHOM LIETIOYKE, Moace .

' Me,N O ‘ \Me,  Me N NMe,
—>
/ " “
51300 g2 13200

OnHoBpeMeHHO B Manaxumogom 3eneHomM BO3HWKAeT HOBasA pa3BeTBIIeHHas
LlenoYvka conpsikeHusl, KOTOpasi BKJIFOYaeT OEH30JIbHOE U XMHOUIHO MMOCTPOCHHOE SIAPO C
DA-3amectureneM. M3-3a 0TCyTCTBHS BO BTOPOIl KOHKYPUPYIOLIEH CUCTEME MOJISIPU3YIO-
IIETO 3aMECTHUTEIIS DJICKTPOHHBIM NEPEX0J] B HE MeHee BEposITeH M TpeOyeT OombIei
sHeprur. COOTBETCTBYIONIAS 3TOMY MEPEXOAY MOJIOCA PACTIOIATAETCS B KOPOTKOBOJIHOBOM
00JaCTH ¥ UMEET MEHBIITYI0 HHTEHCUBHOCTb.

Takum oOpa3om, B pe3ysbTaTe Pa3BETBICHUS COMPSHKEHHOW CHUCTEMBI B BUIUMOM
JacTH CIeKTpa MalaXuTOBOT'O 3€JICHOTO IMOSBIISIIOTCS JIBE MOJOCH C Ayace 621 HM 1 430
HM. MepBas moioca 00yCIOBIMBACT JAOMOTHUTEIBHBIN TOyOO 1IBET, BTOPasA - KEITHIM.
B pe3ynbraTe BHYTPUMOJIEKYIISIPHOTO CMEIICHHSI IIBETOB 00Pa3yeTcst KpacUTENb 3eJIEHOTO
1[BETA.

BBenenue B n'-monokeHHWE  TPEeTheTo  OCH30JIBHOTO  KOJbIA  MOJICKYJIBI
MamaxutoBoro 3eneHoro CHzO-rpynnel - DJ[-3amecTurens cpeiaHeil Cuibl, obneryaeTt
AJIEKTPOHHBIA NIEPEX0] BO BTOPOU, KOHKYPUPYIOLIEH CONPSKEHHOM cucteme. biaronaps
ATOMY, BTOpasi Norioca MOrmnolweHnst CcMelaercs OaTOXpOMHO M €€ MHTCHCHBHOCTH
BO3PACTaeT.
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Tabomauna 11. [Tonoxenue nmosoc nornoueHus B 9C ManaxuTtoBOro 3eJI€H0ro
U €ro n -MPOU3BOAHBIX

Me,N /f(jMez R A vaxe , HM () Ayaxe , HM (€)
Ve H 621 (51300) 430 (13200)
OCHs 600 (95000) 477 (33100)
Q) NMe; 590 (100000)
R *NHMe; 630(?) |  436(?)

OnHOBpEMEHHO, BCrneacTBue KOHKypeHuun B conpsbkeHun Mexay MeaN- u CH3zO-
rpynmnamMu ¢ DA-3aMeCcTUTENIeM, 3aTPYAHSIETCS CMEUIEHUE T-AJICKTPOHOB B HCXOJIHOM,
naTu3BeHHOU cucteme. [loaToMy nepBasi nonoca npetepneBaeT rMNCOXPOMHbIA COBWI.
Curyanus, momoOHasi TOW, 4TO HAOIIOMAETCS B KPACHUTENAX - TETEPOLUKIMYECKUX
MIPOM3BOIHBIX THApPOIa Muxiepa.

Ycunenue 3IeKTPOHOJOHOPHOCTH BTOPOTO 3aMECTHUTENS YBEIMYMBAET BCTPEUHOE
cMeleHre nosioc. Tak Mmpu BBEACHHH B 1'-TIOJIOKEHUE TPETHEro OEH30JBbHOTO KOJbIIA
Me:N-rpynnbl  (Kpucmannuueckuii  ¢puonemoewtit) 10 KOHIIAM KOHKYPHUPYIOIIHX
CONPSDKCHHBIX CHCTEM pAcIoJiaraloTcs JiBa OJWHAKOBBIX W 0Oojiee CHIBHBIX D/[-
3aMEeCTUTEIsI M obe MONocbl CNUBalOTCA B OAHY WMHTEHCUBHYHO nonocy (pe3ylbrar
0aTOXPOMHOTO CIBUTa KOPOTKOBOJHOBOW TIOJIOCKI M  THUIICOXPOMHOTO  CJABHUTA
JUTMHHOBOJIHOBOM TTOJIOCHI).

+ . + . .
Me,N NMe, Me,N NMe, Me,N NMe,
O™
IS | aéf ~ | aéf ( 2
—>
a

‘ 01 T 6871 10 é faaea O 43016511 1 0é faae m
C R C R RY

+
R = H, OCH,, NMe,, HNMe,

OJHAKO CTOUT YHUUTOXUTh 3JIEKTPOHOAOHOPHOCTH BTOpoit Me2N-rpynnel mytem eé
npoToHupoBanus 10 Me;HN'-rpymnmbl, kak BOCCTaHABIMBACTCs MEPBOHAYANIbHAS IICTIh
conpspkenusi. Ilpu pH 2 pactBop Kpucmannuueckozo ¢huonemogozo ctaHoBUTCS
3€JICHBIM.

N3 3Tux npuMepoB CIeAYIOT ABa MPaBUIIA.

BeedeHnue 3[-3amecmumensi 8 HerNnoOMeYeHHbIE [MOJIOKEHUS] COMPSKeHHOU cumeMbl
ebI3bleaem 2urcoXpoMHbIl cOeua MoJIoCbl [MO2J/IOWeHUSI U Mo8biWeHUe OKpacKu
Kpacumens.

BeedeHue JA-zamecmumernell u KapboyerHbIX COMPSHKEHHbIX 2Py 8 HernoMe4YeHHble
nosioxeHusi Oebi3bieaem 6amoxpoMHbIU cOeuz2 MOJIOC no2sioweHuUss u yanybneHue
OKpackKu Kpacumernsi.

MepekpelimBaroWmMecs ConpsikeHHbIe CUCTEMbDI

Ecnu HOBBINM 3aMecTUTENh WM HOBas COMpPSKEHHAs CHCTEMa MPHUCOSTUHSIOTCS K
MOJICKYJIC B TAKOM TOJIOXKCHHH, YTO MKy HUMH U YK€ UMEIONUMUCS 3aMECTUTEIISIMU
WIK OTJACIBHBIMM yYacTKaMH MOJICKYJIBI CONPSDKCHHE HEBO3MOXKHO, BO3HMKAaeT
nepeKpeLLMBaloLascsa cConpsiXXeHHasi cuctema.

Tak pu nepexojie ot xkenToro MoHoaszokpacutens (1) u3 cynb(aHUIOBON KUCIOTHI
U pe3opuunHa k aucazokpacurento (1) — Kucnommuoiit ceéemno-kopuunesntit 011 Koxcu, B
MOCJICTHEM BO3HUKAOT JIB€ KBA3UABTOHOMHBIE TT-CUCTEMBI.
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B nucazokpacurene (11) Hadptunaso- u ceHunasorpynnbl HE CONPSDKEHBI JPYT C
JPYTOM, pacIojiarasich B Mema-TOJIOKEHUH APYyT K Apyry. B To ke Bpems Kaxmas
THIPOKCU-TPYINIa W (EHWIBHOE  KOJBIIO HAXOIATCS B CONPSDKEHUM C  KaKIbIM
apuiia3opparMeHoOM.

CnemoBatenbHO, B  ILEHTPAJbHOM OCH30JBHOM  KOJBIE  JHCA30KPACUTEIS
NIEPEKPEIINBAIOTCS JBE COMPSDHKCHHBIC CHUCTEMBI, cojepxkamue 1o KoHmam J/I-
3aMECTHTEIM. B 3THX cHCTeMax MOTYT COBEpIIaThCs, 1O KpalHeH Mepe, dYeThIpe
pPa3IMYHBIX 110 JHEPTUU DJIEKTPOHHBIX TIEpexoja C o0pa3oBaHUEM BO30YKIESHHBIX
npeneabHbIx cTpykTyp (11 a-r).

o Chata o0
lla
1a J:Z[
() uo

OH

B cnektpe nornomenus kpacutenss Kuciommuutii ceéemno-Kopuunesvlii 01 Koicu

(1) mpUCYTCTBYIOT HECKOJBKO OJIM3KO PACHOJOXKEHHBIX TOJ0c. OHU MEpEeKPHIBAIOTCS

JIpyT C JPYroM W CIHMBAIOTCA B OJHY MUPOKyr mojocy B mHTepBaie 400-600 M,

XapaKkTEePHYIO ISl COCIUHCHHSI KOPUYHEBOIO IBeTa (OpaH)KEBO-KPACHBIM C MPHUMECHIO
Ceporo IBETA).

Fos A

/ /'\\
a\/\ /e

/
/ \/6 vl \\ /
I v/
/ l\ l \ /
/ / / \
/ / \ / \ /
/I // )/\ \\ //
. i — A, HM
400 500 600

Puc.4. YO-cnekTp ¢ pa3zieieHHueM MoI0C MOTJIONIEHUS

B azokpacurene Ha ocHoBe ['amma kuciotsl (111 @) NHz-rpynma He compsbkena ¢
dbeHunazorpynmnon, Ho B3aumojelcTByer ¢ HO-rpymnmoi, BCIeICTBHE YEro BO3HUKAET
NEPEKPEIIMBAIOIIAsACS CONPSKEHHAs CHUCTEMA U KpacUTelIb NMPUOOpPETAeT KOPUYHEBBIN

OTTCHOK.
OH OH
QN:NNHZ @’N=NNHCOCHa
HO,S

HO,S
111 &; E7 8¢+ 43407 -1 8ai 0440 é édane0del 111 &; R OéT -7 0ai ®aad é édafieoasu
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AunerunupoBanue NHo-rpymmbel numraer e€ 371eKTPOHOIOHOPHBIX CBOMCTB, BTOpas
CHCTEMa COMPSDKCHHBIX CBs3eii mepectaer (yukuuonupoats u kpacutens (I 6)
CTaHOBUTCS SIPKO-OPAH)KEBBIM.

B mpakTuke cuHTE3a KpacHWTeled CO3MaHHE MEePEKPEIIMBAIONINXCS COMPSKEHHBIX
CUCTEM SIBJISICTCS OOBIYHBIM MPHEMOM IIOJIYYCHHUSI KPACHTENeH HEYHCTBIX, CMEIIaHHBIX
I[BETOB: KOPUYHEBOT'O, OJIMBKOBOTO, YEPHOTO.

[TpuBeneHHBIE JaHHBIC IMO3BOJSIOT CPOPMYIHMPOBATH NATOE MNONOXEHUE Teopuu
LIBETHOCTM.

Mpn BBegeHMM B NpPoOCTbie CONPsKEHHble cucTeMbl J[-3amecTutenei unu
npucoeavHeHUe K HUM [OMOSNHUTENbHBLIX COMPSIKEHHbIX CUCTEM MOryT BO3HMKaTb
KOHKypupyHLiMe pa3BeTBNEeHHbIe UM NepeKpeLuBaloLLmecs ConpsiXKeHHble CUCTEMbI.

B nepBomM criy4yae norfioca nornouweHus cMmelaeTtcsad r’MnCoOXpomMHO, U NOABIAKTCA
HOBble, KOPOTKOBOJIHOBbLIE MOJIOChI, BCreaACTBMe 4ero npomMcxoauT noBbilleHUe OKPaACKU
nnu 06pasoBaHMe OKpPacCKu, ABnNALWencs pe3yrnibTaTOM CJIOXeHUA AOONOJIHUTEeJIbHbIX
LuBeTOB, eClin HoBad NoJjioCa HaxoAUTCA B BMAMMOM 4acTu CneKTpa.

Bo BTOpPOM cCliyYyae npoucxoguT paclunpeHue nosiocbl nornoiweHuns u 06pasoBaHMe
OKpackKu, OTNIMYaIOLENCA HEYUCTLIM OTTEHKOM.

Bonpocwi 0ns camokonmpons:
1. OxapakrepusyiiTe BIMSHUE BBEICHHS B MOJIEKYJYy BTOPOTO 3JIEKTPOHOIOHOPHOTO
3aMEeCTUTEINS Ha MOIJIOIIEHHUE CBETA.
2. Yem o0OycnOBIIEHBl JOMOJHUTENbHbIE IIOJIOCHl MOIVIOMIEHUS B Pa3BETBICHHBIX
CONPSIKEHHBIX CUCTEMAX?
3. HazoBuTe nsiTO€ MOJI0OKEHNE TEOPUHU LIBETHOCTH.
4. Y1o Takoe «NEPEKPEIINBAIOIINECS CONPAKEHHBIE CTPYKTYpPBhD)?
5. [losicHuTe cyliecTBOBaHHE PAa3BETBICHHBIX KOHKYPUPYIOIIUX COMPSHKEHHBIX CUCTEM.

2.6. LWecToe nofioXxeHue Teopum LLBETHOCTM. BnusHue
NPOCTPAHCTBEHHbIX (paKTOPOB Ha NOrnoweHue ceeTa

[Tpu oOcy>kaeHUH CBETOIMOTIOMIAIOIINX CBOMCTB COMPSKEHHBIX CUCTEM IMpeaoa-
rajgoch, 4TO aTOMBI B SP>-THOPUIHOM COCTOSHUM OOpa3yIONIUE CONPSKEHHYIO CHCTEMY,
JeXaT B OJHOU IUIOCKOCTH. TOJBKO ITPU TAaKOM YCIOBUU OCH Pz-AO OKa3bIBAaIOTCS Mapai-
JeTbHBIMU U OPOUTAIN HAXOJIATCS B HanOoJiee G1aronpusiTHOM MOJIOKEHUH IS IIEPEKPhI-
BaHUs 1O T-TUITY (OOKOBOE MEPEKPHIBAHMUE).

[110CKOCTHOE CTPOEHUE CONPSIKEHHON CUCTEMBI:

QO Bo-mepBbIX, 00YCIOBIUBAET 3(pPpeKTUBHOE T-TT M P-TT B3aMMOAENCTBUE MEX]Ty BCEMU
Y4aCTKaMH LEMU CONPSKEHUS U TPUCOEANHEHHBIMU K Hell D/]- u DA-3aMecTUTensimu;

O BO-BTOpPBHIX, 00ECIIEUNBAECT MaKCUMarnbHoe cOnukeHne T-ypoBHeW OCHOBHOTO U BO3-
Oy »XJICHHBIX COCTOSTHHI;

O B-TpeTHbUX, MUHUMHU3UPYET NOTEHLMANBbHYIO 3HEPIUI0 BCEU TT-CUCTEMBI.

OnHako B peajbHbIX MOJIEKYJaX, KOTOPhIE UMEOT OTKPBIThIE YYACTKU CONPSKEHHON
LENA, KaK IIPaBWIO, NPOABMSIIOTCA CWUMbl NPOTUBOAENCTBYIOLME comnpsbkeHuto. B
pe3yJbTare MPOCTPAHCTBEHHOIO MEPEKPHIBAHUSA MEXIY aTOMaMH U TpylnaMu, KOTOPbIE
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MPUCOCIUHCHBI K COHp?DKGHHOfI CUCTEMC, B MOJICKYJIC BO3HUKaKOT NPOCTPaHCTBEHHbLbIe
HanpsaXeHwusl.

+
MezN HH NMe2
s
C
H N> H
H H Aodai ei

IIockOIPKY MOJEKYJIBl BCErAa CTPEMSTCA IIOHU3UTh BHYTPEHHIOIO DJHEPIHIO,
HaNPsHKEHUsI MOTYT CHUMATBCS MM YaCTHYHO OCJIA0JIATHCS JIIOOBIM U3 JIBYX CIIOCOOOB:
—NOBOPOTOM UIN CBOGOAHLIM BpalleHMeM pparMeHTa MOJIEKYJIbl OTHOCUTEIBLHO IIPOCTOM
G-CBSI3M, TO €CTh HApYyIIEHUEM KOIIJIaHAPHOCTH;

— UCKaXXeHueM HopMaribHbIX BaneHTHbIX YIoB MeXAY CBA3AMM, TO €CTh 0€3 HApyIICHHUS
IUIOCKOCTHOCTH MOJIEKYJIBI.

PaccMoTpuM, Kak mnpocTpaHCTBEHHbIE 3((EKThl BIUAIOT Ha TOJOKEHUE U

MHTEHCUBHOCTh XapaKTEPUCTUUECKUX MOJIOC MOTJIOMICHHS CONPSKEHHBIX CUCTEM.

HapylweHue KkonnaHapHOCTU CONPSAXXEeHHOW CUCTEMbI

CTpyKTypHO ONM3KUN psifi COEAUMHEHMM, MIPEeACTaBIEHHbIX B Tabnuue 12: ¢ghayopen
(1), 9,10-0uzuopopenanmpen (2), ougpenun (3), 2-memunougenun (4), 2,2'-oumemu.-
ougpenun (5) u oumesumun (6) umeroT HopMaIbHO OJMHAKOBBIC 12 T-3NMEKTPOHHbIE
cucTteMbl. B TO ke BpeMs, 3TH MOJICKYJIbI OTJIUYAIOTCS B IPOCTPAHCTBCHHOM OTHOIICHHH,
a IMEHHO, YTJIOM MOBOPOTa (Y) OEH30JIBHBIX KOJICI] OTHOCUTEIBHO APYT JApyra Bokpyr C-
C OMapwIIbHOM CBS3HM. DTOT yroJl HAa3bIBACTCS ABYrPaHHbLIM MEXMNIOCKOCTHLIM YroM.

(3-5)

M3MeHeHne BETWYMH MEXIUIOCKOCTHOTO YIJIa B JTOM DpSIy COEOUHEHUH W
MIOJIO)KCHHUE TIOJIOCHI TIOTJIONICHHUSI B CIIEKTPE MPHBEACHO B Tabnuie 12 u oObscHsAeTCS
CIEAYIOIHUM 00pa3oM.

Cs3piBanue 2,2'-TIONIOKEHHA OWQeHnIa METHJICHOBOW TPYNIOH (PUKCHUPYET
OeH30/IbHBIC KOJIbLIA B ¢haayopene (1) B ONHOM IUTOCKOCTH. YBEIMUYCHHE JJTHHBI
JOTIOTHUTENLHBIX CBS3EH MEXKIY KOJIbIamMu (2), pa3pbiB KECTKOM CBSI3U MEXTY KOJIbIIAMU
(3), yBenmmuenue uncia oobemucThix CHa -rpymm B monokenusix 2,2' (4—6) npuBoauT K
pOCTYy  CTEPUYECKUX  HAMPsDKCHHW, KOTOpPhIE  KOMIIGHCHUPYIOTCS  yBenuM4eHuem
mexnnockocTHoro yrna ot 0° B miockom ghayopene (1) no 90° B oumesumune (6).

[Tepexom B oAHO M3 BO30YXKJIECHHBIX COCTOSIHHMM 3THX MOJIEKYJ COIPOBOXKIACTCS
OJTHOTHITHOMW TOJISIPU3AIIUEH T-CUCTEMBbI BJIOJIb JUTMHHON OCH 1 MPUOJIMIKEHUEM MOJICKYJTBI
K JIMIIOJISIPHON MOHHOW CTPYKTYype, JIJIi KOTOPOW XapakTepHO Hanuuvne ABOMHOMW CBSA3U
Mexay KonbLuamu.
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Tabnuua 12. MeXmIocKocTHOW yros y u mojioxeHue K-mojockl B 31€KTPOHHBIX
CHEKTpax MPOU3BOAHBIX OudeHuna.

Ilonoxenne K-1mmomocsl

No Coenunenue dopmyna yo \ ©
make » HM (€

1 | ®nyopen 0 267 (21000)

2 | 9,10-Iurunpodenantpen 10 265 (17000)

H H
3 | budenun 35 251 (15000)

4 | 2-Metunbudennn 50 237 (12000)

5 | 2,2'-Numerunoudenun 70 218 (11000)

H,C CH,

6 | bumesutun H3CCH3 90 208 (19600)

H,C CH,

DNEeKTPOHHBIN Mepexo/ TAaKOro TUIA aHAJOTHYeH OEH30JIy M €My COOTBETCTBYET B
CIIeKTpe uHTeHcHuBHas K-nosioca. B OCHOBHOM COCTOSIHUM YPOBHU DHEPTUU COECIUHEHUN
(1-5) Mano, ueM OTIIMYAIOTCS JPYT OT ApyTa.

BozHukaromue nmpocTpaHCTBEHHbIE (CTEPUUECKHE) HAMPSHKEHUS] B HUX CHUMAIOTCS
MOBOPOTOM BOKPYT OMapHUIbHON CBSI3H.

YpoBHH 3HEPTUM BO30YKJIEHHOTO COCTOSIHUS 3THX COCJIMHEHHN JTOJKHBI 3aMETHO
paznuyathbes. [TocKoIbKy noBOpoT 6€H30MbHbIX KoreLl, OTHOCUTENbHO ABOWHOW B BO36Y-
XXOEHHOM COCTOSIHUM GMapunbLHOW CBA3U HEBO3MOXEH, IIEPEBOJT B BO30YKIEHHOE COCTO-
STHUE HETUIOCKUX MOJIEKYJI (2-5) moTpeOyeT JOMOTHUTENbHBIX 3aTPaT YHEPTUH JIsl BOCCTA-
HOBJICHUS TUIOCKOM CTPYKTYpbI. [I[pUHITO CUMTATH, YTO ITa IOMOJHUTEIbHAS SJHEPTHUS pac-
xoJyeTcs Ha AedhopMalliio G-CBI3ei, KOTOPBIMH MPOCTPAHCTBEHHO B3aMMOJICHCTBYIOIINE
TPYIIIIBI TPUCOCIUHEHBI K TT-CUCTEME.

Yem Oobllie MEXIUIOCKOCTHOM Yrojl B COCAMHEHUU IO CPAaBHEHUIO C IJIOCKUM
bayopeHoMm, TeM OoJblas dHEpPrus JNOHKHA OBITh 3aTpaueHa JJisi BO30YKJICHHS STOM
Mosiekynbl. [losTomy B psny coenuHeHuil (1-5) mpouCXOauT yBeIWYEHUE SHEPrUU
BO30YXKJIEHUSI, a B DJEKTPOHHBIX CIEKTpax HaOmomaercs cmemeHue K-momocel B
KOPOTKOBOJIHOBYIO 00JIaCTh U MOHUKEHNE €€ UHTCHCUBHOCTH.
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[TpuBeaeHHbIE TPUMEPHI WILTIOCTPUPYET CTEPUUECKUI TUIICOXPOMHBIN 3P (DEKT.

B oumezumune (6) npocTpaHCTBEHHBIEC TPYTHOCTH, CO3/1aBACMbIC YETBIPbMS OpMIO-
pacnonoxxeHHbiMi CH3-rpynmnamu, HaCTOIBKO BEIMKH, YTO BOCCTAHOBJIEHHE KOIIaHAp-
HOCTH B BO30Y>K/IECHHOM COCTOSIHUM HEBO3MOKHO 0€3 pa3pblBa OMapUIIbHOM CBSI3H.

CH, CH,H,C
H,C hv -
—» «— + - - +
H,C {_)—CH, <+—» HC SRR cH, n
H,C CHH.C Al &ceo €, A, 555 208 11
Ch, 3

[Tpu 3TOM NPOUCXOAUT MOJIHOE pa300IeHne OEH30IbHBIX T-CUCTEM M OHHM B3aMMO-
JEHCTBYIOT CO CBETOM HE3aBHCHUMO JAPYT OT JIPYyra, Kak JBE MOJIEKYJIbl ME3UTHIICHA.
H,C H,C
hv _ + ]
CH, —> - CH, | &ceo &8ai, A, »

H,C H,C
HOBTOMy nonokeuue K-momocel B CIICKTpax oumesumuna N Mme3umuieHda

IMPAKTUYICCKH OJWHAKOBO, 4 pPa3/IMUUC BBIPAXKACTCA JIUIIb B OoJIbIIIEH MHTEHCUBHOCTH

IIOTJIOIICHUA B CIIy4dac OMMe3uTHIIA.
€

50000 \ K-nonoca Puc. 5. DnexTpOHHBIE CIIEKTPHI
HOTJIOIIECHUS:

10000 1- ¢pyopena (1);

5000

1000

500 \ 3- bumesutuna (6).
o H,C CH,

'
B-nonoca 4
\ e )4 )en
A, HM

100 | | | w 8|
220 240 260 280 H,C CH,

B cayuae OumesuTmiia ¢ OpPTOTOHATBHBIM PACIONOKEHUEM (DEHWIBHBIX SAEp,
s deKTHBHOE T,MT-B3aMMOJICHCTBIE MEXIY HUMU HEBO3MOXKHO. B 31IEKTpOHHOM CrieKTpe
oumesutuia (cM. puc. 5) Makcumymsbl noriomienuss K- m B-monocsl pacnonaratorcs
MPaKTUYECKH TIPU TeX XKe JUIMHAX BOJIH, YTO U B CIEKTPE ME3UTHJICHA, HO C MPUMEPHO
BJIBOE 0OJIbIIIeH HHTEHCUBHOCTBIO.

W3meHeHMe reomeTpun (KOHPUTYpAIIH) CONPSXKEHHOW CUCTEMbI MyTeM HapyLUEHUs
KONnaHapHOCTU ee YacTel IIMPOKO NPUMEHSETCS B MPAKTHKE IOJy4YEHHUs KpacuTenei
Pa3IUYHbBIX [IBETOB U PA3JIMYHbBIX TEXHUYECKUX KJIACCOB.

Hanpumep, Ha OCHOBE n-AMMETUIAMUHO-71-HUTPOA300€H30JIa MOJIy4eHa CepHs
IUTMEHTOB, IBET KOTOPBIX IMOCTENEHHO MOBBILIAETCS OT KPacHOBATO-OPAaHXKEBOIO J0
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KCIITOrO.

..CH, CH3 CH, HgfISCH:’
OO0 o O OrRG on< el

Aiaen 47311 (€) r 44011 (0,75 ¢) A 5er 42011 (0,60 ¢)

I aén

Oro nmocrturaercs BBeaeHHeM B o-mojioxkeHue K (CHs)oN-rpymme o0BeMHBIX
3amectuTenei. [Ipu yBennueHnn pasmepa 3amectuTens (nepexoa k Me-, a 3aTtem Kk u30-Pr)
BO3pacTalolIfe MPOCTPAHCTBEHHbIE TPYIHOCTH BBIBOJSAT JIUMETUIAMUHOTPYIIY W3
IJIOCKOCTH KoJiblla. BenencTBue 3Toro ociabeBaeT p-m B3aUMOJICHCTBUE HEMOCICHHON
maphbl 2JIEKTPOHOB a30Ta C T-CHCTEMOM a300eH30/a. Ocnabnenne 3-appekra (CHz)2N-
IpyNIbl CONPOBOXAAETCA T[UMCOXPOMHbLIM CABWUIOM MAaKCUMyMa MOrnolwleHus U
YMEHBIICHUEM WHTEHCUBHOCTH MOJIOCHI MOTJIOIICHHUS.

Crnenyromuii mpuMep TOKa3bIBA€T, YTO HapylleHUe KOMMaHapHOCTU MOMeKynbl
KpPacHUTENsI MOXKET BBI3BaTh HE TOJBKO TMOBBIIICHUE 1IBETA, HO U CYIIECTBEHHO Ocnabutb
CUnbl CPOACTBA KpacuTens K Lienmnono3Hon ocHoBe (MEXMOJIEKYIISIPHOE B3aUMOJIEHCTBHE
MOJIEKYJI KpacHuTelsi U 6a3bl, 3aKperisioniee KpachenL Ha Heﬁ).

HOS

e H e s omn SO.H
-édafi 0 é 503 FefieT 01 061 6al afalé E 3

dyiiéoeieaotal

B pesynbrare paspeiBa kecTkoil SO2-CBSI3U MEXIy OCH30JBHBIMU KOJBIIAMH |
BBEJICHUE B 0,0-TIOJIOKEHUST OudeHnIa AByX 00bEeMHUCTHIX CYIb(Orpynmn B OpaHKEBOM
KpacuTelie MOHOa30(p)parMeHTBl pacrojaralTcs IMoj YriioM mpumepHo 60° Mmexmy
MJIOCKOCTSIMHU.

Hemnnockast Mosiekyia quiiaeTcs CmocOOHOCTH TPOYHO B3aUMO/ICHCTBOBATH C 0a30i,
OpaHXEBBI KpacWTelb Ha OCHOBE O€H3UIWH-2,2’-TUCyNb(POKUCIOTH yTpauyuBaeT
CyOCTaHTUBHOCTh (KOTJa KpacuTelb IOJBEpraercs CcopOLMH Ha OKpAalluBaeMOM
MaTtepuase, He U3MEHSS PU ’TOM XUMHUUECKOUN CTPYKTYPhI) U OKA3bIBAETCS HE MPSIMBIM, a

KHUCJIOTHBIM KPaCHUTCIICM.

Nuorma  ocmabieHue  MPOCTPAHCTBEHHOTO  B3aUMOJACHCTBUS ~ OOBEMHBIX
3aMeCTUTENeH HEIO0CTaTOYHO, YTOObI BBI3BATh YIIIYOJICHHE I[BETA COCIWHEHUS, OJJHAKO
YAaCTUYHOE CHSTUE CTEPUUYECKHX TMPEMSITCTBUM  CONPSIKEHUIO BBI3BIBAET  POCT
WHTEHCUBHOCTH TOTJIONICHHUS.

CH, H,C
N= =N
L, Oy o< S o
’ : HO
OH  NaO,S SO,Na HO H SO,Na COOH
COOH  NaO,S

EeneioitéadeotéE 18y 1é178ai adal é fado 1181 +i0é o
ComnocrasieHue cTpoeHus kpacutesei KucnotHein xentbint K 1 Mpsimon opaHxeBbIn
CBETONPOYHbLIN Y IOKAa3bIBAET, YTO BO BTOPOM KpACHUTENE 3a CUET BHEAPECHUSI MEXKAY

OCH30JbHBIMM KOJbI[AMU BHHMJIEHOBOW TpYMIbl PACCTOSHHE MEXIY OOBEMHBIMU
cyabporpynnamMu YBEITUYMBAETCS W TPOCTPAHCTBEHHBIC 3aTPYJHEHHUS B MOJIEKYJIE
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noHmxaroTcs. IlosToMy KpacuTenb Ha OCHOBE CTWIBOEH-2,2’-AHCYINb()OKUCIOTHI
CTaHOBUTCS OoJiee SIPKUM, MPHOOpETaeT CpOJCTBO K LEJIIOJIO3HOMY BOJIOKHY, YTO
CBUJICTEIBCTBYET O YACTUYHOM BOCCTAaHOBJIEHHUHU IUIOCKOCTHOCTH €r0 MOJIEKYJIBI.

Pa3o6ueHne OTACIBHBIX YacTeil COMpPSHKEHHOW CUCTEMBI BCreacTBue cBo6oaHOro
BpalleHUsi BOKPYr MNPOCTOW CBAI3M  HCHOJB3yeTcsl s moiyueHus addexra
BHYTPUMOJICKYJISIPHOTO ~ CMEIIEHHs] 1[BETOB. Hampumep, 3eieHblii UBET mpuc-
a30KpacuTelsi COOTBETCTBYET CMECH KEJITOr0 MOHOA30KPACUTENISI U TEMHO-CUHETrO Ouc-
a30KpacuTels.

OH NH,
HOOC HO3S SOSH
V Vv
/ago G e Q4 11 -fef eé

CrnenoBaTenbHO, HAPYLIEHUE TT-TT B3aUMOJACUCTBHS JEHCTBUTEIBHO NMPOUCXOIUT Ha
yuactke ondenmibHoi C-C-cBs3H, BOKPYT KOTOPOH CBOOOIHO BpallaeTcs a30(parMeHThI.
UckaxxeHne BaneHTHbIX yrnoB

['opa3no pexe MNpOCTPaHCTBEHHbIE 3aTPyJAHEHUS B CONPSIKEHHBIX CHCTEMax
BBI3bIBAIOT OATOXPOMHBIN CABHUI IMOJIOC MOTJIOLIEHUSA. DTO MPOUCXOJUT, KOTJa CHATHE
CTEPUYECKUX HAMPSKEHUN B MOJIEKYJIE TPOUCXOAUT MYTEM MCKaXKECHUS BAJICHTHBIX yTIIOB
MEXIYy G-CBS3IMH NPOCTPAHCTBEHHO B3aNMO/ICHCTBYIOIIMX IPYIIIL.

Takoli cmoco0 MOHUKEHUS PHEPTUU MOJEKYJISPHON CHUCTEMBI peau3yeTcs, e€Clu
MIPOCTPAHCTBEHHO COJIM)KEHHBIE TPYMIBI SBISIOTCS YacTbIO LIMKNUYECKOW CUCTEMbI U
npucoegnHeHbl K 4BOVNHOMN CBA3M.

CkazaHHOE€ MOXKHO HPOWUIIOCTPUPOBATh Ha MpPUMEPE ABYX MUAUUAHUHOBHIX
kpacumeneii (A) u (B), KoTOpble pa3IUYAlOTCSs TEM, YTO BO BTOPOM KpacHUTele B
METHHOBOU rpynme BMecTo H-aroma nmprcoennHena 00beMHass METUIbHAS TPYTIIA.

H S-S = H sS
. s Y=Y M osan 521110 S Y
A @E — N. i aéi ¥ 7\ N Ax
N mo 280 6 R S
CH, CH,
H s S . H s S
A @ES — 1;0 \f x' aéf S4511 +S / \\lf A*
C < 2 C
fN CH,0 H3 i 631 681 0 é N  CH,O: s
e CH,

OTO0 pasznuyhe B CTPOEHUU MPUBOAUT K MPOCTPAHCTBEHHOMY NEPEKPHIBAHUIO
N-MetunbpHON rpynnsl U1 C-metunbHO# rpynmsl B kpacutene (B). [lockonbky moBopoT
BOKpPYI' JBOMHOW CBSI3M Y THA30JIbHOTO KOJbLA B OCHOBHOM COCTOSIHUHM HEBO3MOJKEH,
cTepuyeckue HanpsbkeHUss B KpacuTene npeoAoneBalOTCA 3a CUET YBEJIMYCHUS
BasieHTHOTrOo yria y cBsisu C-CHs ot 120° no 128° u Bbhixoga N-MeTHIBHOM Tpynmbl U3
IUIOCKOCTH KOJIbIIa Ha 9°.

Crepuueckue HanpsHKEHUS JIETKO CHUMAIOTCS Iy TEM [TOBOPOTA FeTePOLIMKINYECKOrO
¢parMenTa Ha HekoTopblii yron. Takum oOpa3om, »dHeprus BO30YKICHHS
IPOCTPAHCTBEHHO IMeperpykeHHoro kpacutens (Bb) oka3piBaeTcss MeHblIeW M mosoca
NOTJIOIIEHUSI B €r0 CIEKTpe cMelleHa O0aTOXpoMHO Ha 21 HM MO CpaBHEHHUIO C €€
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NOJIOXKEHHEM B Kpacutee (A).

B To ke Bpems HalW4KMe HAMPSHKCHUH B MOJIEKYJIC BCE-TaKH MPOSBIISIETCS B
CHIDKCHUH MHTEHCUBHOCTH TTOJIOCHI MOTJIOIIEHUS B criekTpe kpacuresst (B) B 1.2 pasa.

WNHorma B MOJIEKYJI€ MPOMCXOAMT MHOXKECTBCHHOEC HCKAKEHHUE HOPMAaIbHBIX
BAJICHTHBIX YIJIOB, IPOCTPAHCTBEHHBIC HAMPSDKCHHS B  CONPSDKEHHON —CHCTEME
HAKAIUTMBAIOTCS W CPABHHUTEIFHO TIPOCTOE COCIUHEHUE OKa3bIBaeTCS TITyOOKO
okpamieHHbIM. Tak mnepudepuiiHas m-cucTeMa B OCCI[BETHOM IMHUPCHE W LHUKIO(aHe
OJTMHAKOBBI.

CH,
ﬁ Efeaadi e L ~13° _ =
<—/:§_ —> 7‘] - 63011 <=2;§=> ?\’i A8 36211

CH, Oeééetoai,aleoaié | edai, 4dnoado i é

Ho B mmockoit  wmonekyne nukiodana CHs-rpynmer  pacmonararotcs
MEePHEHIUKYISIPHO TIOCKOCTH, @ BAJICHTHBIC YIJIBI MEXKAY OCTaIbHBIMU MPOCTHIMU G-
cBs3simu y C-atromoB BHyTpeHHero CHs-C-C-CHs ¢parmenta paBasl He 107°, a 120°, xak
y HEHAchIlLIEHHOH cBsi3u. MckaxeHus coctaBisatoT 17° u 13°, coorBercTBeHHO. [loaTOMY
HaIpPsDKEHHBIM [UKITI0(aH UMEET CHHIOI OKPAacKy M B €ro 3JIEKTPOHHOM CIEKTPE Amaxc
JUIMHHOBOJIHOBAasE TOJIOCHI HaxoauTcst mpu 622 HM. To ecTh OTHOCHUTENBHO NHpEHa
BEIIMYMHA OATOXPOMHOTO CABUTA cocTaBisieT 260 HM.

Ha ocHoBaHMH HaHHBIX O IOTJIOIICHUM CBETa IIPOCTPAHCTBCHHO IICPCTPYKCHHBIMHA
COIIPsOKCHHBIMM  CUCTCMAMH, MOXKHO C(l)OpMy.]'II/IPOBaTB wecTtoe noJsyioXXeHne Teopuun
LUBEeTHOCTMU.

HapylieHrMe NNOCKOCTHOro CTPOEHUsI MONieKyn B pe3ynbTaTe NoBopoTa ee
yacTel BOKpPYr NPOCTOM CBSA3M NoA BUSHUEM NMPOCTPAHCTBEHHbIX 3aTPyAHEeHUN
NPUBOAMUT K 0CcrabneHnio T-B3aMMoA4eNCTBUSA OTAENbHbIX Y4aCTKOB CONpPshKeHHOWM
CUCTEMbl, YTO COMPOBOXOAETCA IUMNCOXPOMHbLIM COBUIOM M  YMeHbLUeHUeM
WHTEHCUBHOCTM MOJIOChI NMOrTOLEHUS.

Ecnu npocTpaHCTBeHHble TPYyAHOCTU CHUMaAKOTCA Oe3 HapyuweHus

KONMaHapHOCTM YacTen CONPS)KEHHON CUCTEeMbIl, @ NyTeM UCKaXXeHUS BaneHTHbIX
yrnos, HabnogaeTcAa 6aTOXPOMHbIM CABUI NOJNOCHI NOrfOLWEHUS.

Bonpocwl o5 camokonmponsa:
1. TloscHuTe 3aBUCHMOCTH IIOTJIONMICHHS CBE€Ta OT CTEPUUYCCKHX (PAKTOPOB,
HMCKAXAIOUUX IPOCTPAHCTBEHHOE CTPOCHUE OPraHUUYECKUX MOJIEKYIL.
2. Oxapaktepusyite (aKTOPbl, TPUBOIAIINE K U3MEHECHHUIO TIAHAPHOCTH MOJICKYIIBI.
3. Maiite onpeaenenue 3hPpexTy BHYTPUMOICKYJISIPHOTO CMEIICHUS I[BETOB.
4. Kak BiusieT Ha yriryOJieHUe 1IBETa HCKAKEHUE BAJICHTHBIX yTIIOB?
5. ChopmynupyiiTe mecToe MoJ0KEHNE TEOPUH IIBETHOCTH.
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2.7 Cepgbmoe nonoxeHue Teopum LBeTHocTU. Komnnekcoo6pasoBaHue
C MeTannamm

Kommekcoo6pazoBaHue JOBOJIBHO YaCTO MPUMEHSIOT B XMMHH KPAaCUTENEH, KaK JIIs
paciIMpeHusl IBETOBOM TaMMbl KpacuTeNleld, Tak W JUIsl YBEIWYEHHS] YCTONYHMBOCTHU
MOJTy4aeMbIX OKPACOK K JIEHCTBUIO CBETA U MOKPBIM 00pabOoTKaM.

B kadectBe MeTalsioB KOMILIEKcOOOpa3zoBaTelel  HMCHOJB3YIOT TpeX- |
JIByXBaJICHTHbIE KATHOHBI METAJUIOB, UMEIOLIUX BaKaHTHble d- u f-op6utanu. 310 00BIYHO
Al° (2,8,3), Cr° (2,8,13,1), Fe® (2,8,14,2), Co° (2,8,15,2), Ni° (2,8,16,2), Cu°®(2,8,18,1) —

IPUBEJECHO PACIPEIEICHUE JIEKTPOHOB B HEUTPAIIBHOM
H ’Al atome no ciaosm K, L, M, N.
0 O Al L0 IO X B Mmoiekyiie BHYTPHKOMIUIEKCHOTO COEIWHEHHMS
N o N KaTHOH METalla BXOJWUT B YCTOMYMBBIM MATH- WIH
m -H m HIECTUYICHHBIN IIUKJ B PE3yJIbTaTe 00pa30BaAHUS MEKIY
METaNIOM U (YHKIMOHAJIBHBIMU TPYIIIAMU KpacuTes
JBYX BUJOB CBA3EH.

OpHa U3 HUX - CUNbHO NONSAAPM30BaHHas KoBaneHTHasA cBA3b. OHa 00pasyeTcs myTeM
3aMemIeHusT MOABMKHBIX (Kucibeix) H-atomoB B OH-, SH-, pexe B NH-rpynme. B
pe3yJsbTare 3aMellleHrs POTOHOB Ha FeTepoaTOMe HECKOJIBKO BO3pacTaeT 3PeKTUBHBIN
otpunarenbHbIi 3apsaa (0—); O «— Met, S « Met, 4To BBI3BIBACT YMEHBIIICHUE DJICKTPO-
OTPHULIATENIBHOCTA TETEPOATOMa B COCTABE COOTBETCTBYIOIIEro J/[-3aMecTurensi.

Jpyras cBsI3b - KOOPAMHALMOHHAsA UNN AOHOPHo-akuenTopHaAa. OHa oOpasyercs 3a
CYeT HEMOICJICHHOU Taphl 3JeKTpoHOB rerepoaroma O, N, S, pacrionoxennoii Ha n-AO, n
BaKaHTHOW OpOUTANIM KaTHOHA METaJlIa-KOMILIEKCOO0pa3oBaTelis. DTU reTepoaToMbl 00bI-
YHO BXOJSIT B COCTaB KaKoro-nu6o DA- 3aMeCTUTENSL.

Takum o0pa3om, komnnekcoo6pazoBaHMe CONPOBOXAAETCSA UBMEHEHNEM INEKTPOH-
HOro COCTOSIHUS1 OpraHM4yeckon MoneKynbl KpacuTens.

YcunuBaetcst 3JIEKTPOHOAKIENTOPHBIA 3PdekT DA-3aMmecTuTensi, aToM KOTOPOTo
KOOPJMHAIIMOHHO CBfI3aH C MeTauioM (mpu 00pa3oBaHMU KOOPJIMHALMOHHOW CBSA3U
rerepoaToM  IMPHOOpeTaeT  MOJOXKHUTEIbHBIA  3apsfl W YBEIUYMBAET  CBOIO
AIEKTPOOTPHUIIATEITLHOCTB ).

B Monekyne MeTamioKoMILIeKca MOSIBISIETCS TOMOJHUTENbHAS CUCTEMA 3aHATHIX U
BaKaHTHBIX d- 1 f-ypoBHE#, BHOCUMBIX B MOJIEKYJIY METAJIIIOM.

KommnekcooOpazoBanue HEM30EKHO COMPOBOXKIACTCS OOJBIIUM WM MEHBIITUM
M3MEHEHHUEM TIOJI0KEHHUSI UMEIOIIMXCS B CIEKTPE TMOJIOC MOTJIOMEHUS WU TOSBICHUEM
HOBBIX TI0JIOC, YTO MOYKET OKa3bIBaTh CYIICCTBCHHOE BIMSHUE HA IIBET KPACUTEJIS.

Komnnekcoobpa3oBaHue ¢ yrnyo6neHnem uBeTta

Ecnu atom, npeocTaBisOINNA HEMOAEIEHHYIO NIapy JIEKTPOHOB /1JI1 00pa30BaHUs
KOOPJIMHAIIMOHHON CBSI3W C METaJUIOM, BXOAUT B FMABHYK CUCTEMY COIPSIKEHHBIX
NBOMHBIX  CBSI3€HM, OTBETCTBEHHYIO 3a JJIMHHOBOJIHOBOE MOTJIONIEHUE,  TO
KOMILIEKCOOOpa30BaHUE COMPOBOKIACTCS yIITyOJIEHUEM IIBETA.

B tpuapunmMeranoBoM kpacuterne XpoMOBbIW YUCTO-rony6omn ansa wenka O/1- u
DA-3aMecTUTENH, MPUHUMAIOIINE YyYacThe B KOMIUIEKCOOOPAa30BaHUHU, CTOAT MO KOHI[AM
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CaMOM NPOTSKEHHOMW, IMIATU3BEHHOU CONPSIYKEHHON LETIOYKH.

[Tosromy B pe3ynbTare XpOMHPOBAHHMS KpacHTENs 3aMECTHUTEIH, OCOOCHHO
KapOOHMJIbHAS TPYyIa, YCHJIUBAIOT CBOE IMOJISPU3YIOIIEe JCHCTBHE M LBET KPACHTENS
yTIyOJsieTcst OT KpacHOTO 110 roiry6oro. [Ipu 3ToM 6aTOXpOMHBIHN CIBUT TTHHHOBOJTHOBOM
11oJ1ockl cocrasisteT 190 Hwm.

B anTpaxrHOHOBOM Kpacutene ANMU3apuH IEMOYKa CONPSKECHHBIX IBOMHBIX CBS3EH
Mexay kapbonunsHoi 1 HO-Tpymmoii kopode, Mo3ToMy KoMIuiekcooopazosanue ¢ Al
BBI3BIBAET MCHBIIIEE CMEIIEHUE TTOJIOCH B JUTMHHOBOJIHOBYO 001aCTh, AAyaxc 96 HM.

' A
O O o G o
A * o
AN sas 9601
(0] /A0 (G é hach o ESART 0 é

[Ipu 3TOM LIBET KpacuTensi yriyoIseTcst OT KEITOTO A0 KPaCHOTO.

B moHnoazokpacutenie XpomoBbIv YepHbii 2C B 00pa3oBaHUU KOOPIMHAIIMOHHOMN
CBSI3M Y4YaCTBYET CBOEH HENOAECICHHOM IapoW JJIEKTPOHOB OJWH M3 aTOMOB a30Ta
a30TPYIIIEI U PACIIOIOKEHHBIC 0 KOHIIAM LIETIOYKH COMPSKEHHBIX cBsizet OH-rpynmbr —
nBa JJ/[-3amecturens.

3+
Cr
NaO S’N N‘: aé 56 I'i NaO S“’ ‘8

OH HO
Edafi 1220 1-6 ef 8o fané o— Cr o Nei &-+4di 0 é

B pesynprare XpoMupoBaHUS OaTOXPOMHBIA CABHUI JJIMHHOBOJHOBOM IOJIOCHI
KpacUTeliss OTHOCUTEIIBHO HEBENUK, Alyae D6 HM, HO B JUIMHHOBOJIHOBOW 00JacTH
MOSIBIIIETCSI  HOBAasi MHTEHCHBHAs I10J0CA IOIVIOLIEHHUs, IO-BUJIMMOMY, BbI3BaHHas
anekTpoHHbiM mepexogoM Tuna II3M™" . B pesynbrate crnekTpaibHas KpuBas pe3KO
YIIUPSIETCS U [IBET KPACUTENsI U3MEHSIETCS OT (PHOIETOBOTO IO CHHE-UYEPHOTO.

Komnnekcoo6pa3oBaHue 6e3 yrnyoneHus uBeTa

Ecnu rerepoatoM, NpenOCTaBIAIOIIMKM HENOACICHHYIO I1apy JJIEKTPOHOB JUIA
O6pa3OBaHI/I${ KOOpI[I/IHaL[HOHHOﬁ CBA3M C MCTALJIOM, He y4YacTByeT B CMeleHUun T-
3MEeKTPOHOB B [NIaBHON CUCTEMEe COMPSXKEeHHbIX CBA3ei, TO KOMIUIEKCOOOpa3oBaHUE
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MPaKTUYECKU HE OTPAXKAETCA Ha 1BETE METAJNIOKOMILIEKCA.

Hampumep, B MOHOa30KpacuTese Ha OCHOBE CAIMIUIIOBON KUCIOTHI MIPUCYTCTBYET
XEJATHBIM LEHTP: Opmo-pacloNokKeHHbIe THIPOKCH- U KapOoKcuiabHas rpynmbl. OHaKO
MIPU KOMILJIEKCOOOPa30BaHUU 3TOT KPACUTENb MPAKTUUECKU HE MEHSIET OKPACKY.

3+
O < Cren(Qo
L e r

O,N co: O.N c=0"

HO ~ /Reolé 2 HO =~ 1 daiadaaoi-adeoaé

B nem COOH-rpynmna HaxonuTes B Mema-monoxeHnu K peamnazorpynne. [Tloaromy
U3MEHEHHUE DIIEKTPOHHOrO 3¢ dexkTa 3TOro 3aMecTUTeNs, KOTOpPOE COMPOBOXKIAET
oOpa3zoBaHue KOOPAMHAIIMOHHON CBSI3M MEXAY aTOMOM KHCIOpOJa W METaJIOM He
OKa3bIBa€T 3aMETHOTO0 BJIMSHUS Ha CMEIIEHHWE T-—DJEKTPOHOB B  CHUCTEME
THJIPOKCHA300€H30J1a OTBETCTBEHHON 32 OKPACKY 3TOT'0 KPACUTEIS.

XpOMHpOBAaHUE  KHUCJIOTHO-TIPOTPABHOTO a3oKkpacuTels  Jpyroro  TUMAa
COMPOBOXKIAETCs 00pa30BaHNEM KOOPAMHAIIMOHHOM CBSI3M MEx 1y MeTaioM U N-atomom
reTEPOLUKINYECKON CUCTEMBI 8-TUIPOKCUXHHOJINHA.

SO,Na SO,Na
3+

Cr
OH — N=N (I)
P oaiaRané Cl \ N»Cr 1o shané

OOHakKo 3TOT aToOM a30Ta B IoJiokeHuU 1 U nBoiHas cBsi3b C=N He HaxoguTcs B
COMPSHKEHUU C a30TPYMION PACHON0KEHHOW B MOJOXKEHUH 5. ITOT (PparMEeHT MOXKET
OKa3bIBATh TOJBKO c1a00€ MHAYKTUBHOMN BIHMSIHUE HA CMEIIEHUE T—3JIEKTPOHOB B CUCTEME
napa-rupoKCUA30KPACUTENS.

ITosTomy, IIPOUCXOAsIIEE pu KOMIUIEKCOOOpa30BaHUH, W3MEHEHUE
aneKTpooTpunaTeibHOCTH N-aroma Mano BIUSET HA DHEPTUI0 T—>T* 3JIEKTPOHHOTO
nepexojia B XpoMo(OpHOU crCcTeMe THIPOKCHXUHOINHA300eH301a. J[eCTBUTEIbHO, 3TOT
KpPAacHUTENb U €r0 XpOMOBBIN KOMIUIEKC UMEIOT OPAHKEBBIN LIBET.

N=N

Cl

[IpuBeneHHbIC JaHHBIE TTO3BOJISIOT CPOPMYITUPOBATH CeAbMOe NMOSIoXeHMe Teopum
LBETHOCTM.

Komnnekcoo6paszoBaHue opraHM4eckKux coeauHeHun ¢ meTannamu cosgaeT
BO3MOXHOCTb OOMONIHUTENbHbLIX 3MEKTPOHHbLIX nepexogos Tuna M3 ¢ yuyacTuem
T-3NIeKTPOHOB B 06Lleil cucteMe MoneKynsipHbIX opbuTanen nuraHga v metanna-
Komnnekcoo6pasoBaTens.

Komnnekcoo6paszoBaHue NpuBOAUT K yrnybGreHuI0o Unm U3MeHeHUIo LBeTa,
ecnu npu o6pa3oBaHUM KOMMJIEKca KpacuTens C MeTansioM KOOpAWHauMOHHas
CBA3b BO3HMKAeT 3a CYeT HenogenieHHOM MNapbl 3NIeKTPOHOB aToma, KOTOpbIM
BXOOUT B COMPSHKEHHYI CUCTeMYy KpacuTens-nuraHaa, OTBETCTBEHHYK 3a
nornoiieHne cBeTa B BUOMMOM YacTU CreKkTpa.

56



Bonpocul ons camoxonmpons:
1. IlosicHuTe MEXaHNU3M KOMIUIEKCOOOpa30BaHus ¢ YIIIyOJIeHUEM U Oe3 yriryOieHus
I[BETA.
2. Oxapaktepu3yiTe 3aBUCUMOCTh OKPAacCKH BHYTPUKOMIUJIEKCHBIX COCAMHEHUM OT
IPHUPO/IBI METAIITIA-KOMIUIEKCOOOpa30BaTEIs.
3.  Oxapakrtepu3yiiTe  U3MEHEHHMS B  CHEKTpaxX  MOIJIOUIEHUS  MpHU
KOMILIEKCOOOpa30BaHUN OPTaHUYECKUX COCTMHEHUN C MeTalJIaMU

4. HazoBuTe S3JICKTPOHHBIC B3aMMOJICMCTBUS B MOJIEKYJIE BHYTPUKOMIUJIEKCHOTO
COCIMHEHMS, HE TIPUBOIAIINE K U3MEHEHUIO OKPACKMU.
5. Chopmynupyiite cepbMOe MOJ0KEHUE TEOPUH [IBETHOCTH.
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3. XpomodcdopHaa cuctema Kpacurteneu

PaccMOoTpeHHEe OCHOBHBIX IIOJIO)KEHMM TEOPHUM LBETHOCTH  OPraHUYECKUX
COCIMHEHUM IPUBOAMT K BBIBOAY, YTO KNaccuyeckue npeacrasBrieHnsi o xpomodpopax Kak
cnenupUYecKux rpyInax, o0yCIOBIMBAIOIIUX MOSBICHUE OKPACKHU, U ayKCOXpOMaXx Kak
3aMECTHUTENSX, YCUIMBAIOIINX JIEHCTBHE XpOMO(]OPOB, YTPATUIN CBOE 3HAUCHHE.

[TosToMy B HacTosiIIee BpeMs L1e1eCO00pa3HO TOBOPUTH HE 00 OTJENIbHBIX TpyIax-
LIBETOHOCUTENAX WIHM TPyNIax-IBETOYCWINTEIAX, & O €AUHON XPOMOMOpPHOW cucTeme
Kpacutens.

Mop xpomocdopHOM cucTtemon nogpasymMmeBaeTcsi COBOKYNMHOCTb BceXx
CTPYKTYPHbIX 3J/IEMEHTOB MOMNEeKyfbl, B3auMoAenCcTBUE KOTOPbIX
obecneuynBaeT MHTEHCUBHOE TMoOrJfouWeHUe cBeTa B BUAMMOM obGnacTtu
cnekTpa.

OcHoBOI XpoMO(OPHOI CUCTEMBI, TO €CTh KJIIOYEBBIM CTPYKTYPHBIM 3JIEMEHTOM,
CNYXWUT AOCTAaTOYHO MPOTSDKEHHasA Lienoyvka ConpsikeHHbIX ABOWHbIX cBA3ew. B Ooiee
CIOXHBIX  CIydasgX »d3TO HECKOJIbKO  H30JMPOBAaHHBIX, PAa3BETBICHHBIX WU
NEPEKPEINBAIOIINXCS LENOYEK B COCTABE OJITHON MOJIEKYJIBI.

Bakneiinieil yacteio XpoMO(OPHOH CUCTEMBI ABJIAIOTCS NPUCOEANHEHHBIE K COIPSI-
KeHHOU 1enu 3 m DA 3aMecTUTENN M AONONHUTENbHbIE CTPYKTYPHbIE 3neMeHTbl (aTo-
MBI, TPYIIIBI U CBSI3H), KOTOPBIE OKA3BIBAIOT 3JIEKTPOHHOE U NPOCTPAHCTBEHHOE BIIUSHUE
Ha MPOLECC CMEIIEHUS T-3JIEKTPOHOB IPH MOTJIOIIEHNH MOJIEKYJION CBETOBOM YHEPTHUHU.

O¢ddexTuBHOE BO3IEHCTBHE HA XapakTep CMEHIEHHUsS T-3JIEKTPOHOB TaKXKe
IPOSBIIIIOT KOMMneKkcoo6pasylowwme 3aMecTUTenu u MetTannbi-komnnekcoobpasoBarenu,
KOTOpbIE MOTYT CYIIECTBEHHO U3MEHSATh 3JIEKTPOHHOE COCTOSIHUE 3JIEMEHTOB XpoModop-
HOM CUCTEMBI.

MocnepoBaTenbHOCTL aHanNu3a CTPYKTYPbI NOTEHUMNANMbHOIo Kpacurtens

1. IlepBas 3amada, KOTOpas BOSHUKAET IIPU U3YUYEHUU KpacUTENEH, 3aKiIIo4aeTcs B
0OHapy’KEHUHU BCEX 3JIEMEHTOB, OTHOCSIIUXCS K XpOMO(QOPHOI1 cucteme.

2. Jlanee HEOOXOAMMO YCTaHOBUTb BHUJ U CTPYKTYPY CONPSIKEHHON CHCTEMBI,
BBISIBUTH BO3MOKHOCTh pPa300IlEHUsl OTAENbHBIX €€ Y4YacCTKOB, OIpPEAEIUTh
PAacCIIONIOKEHNE U B3aNMHOE BIIMSIHUE PA3ITMYHBIX 3aMECTUTEIICH.

3. Ilpu Hamuuum 3amecTUTeNel, CIOCOOHBIX K KOMILIEKCOOOpPa30BaHUIO, PEIINUTh
BOIPOC O BO3MOXKHBIX H3MEHEHUSX IJICKTPOHHON CTPYKTYPhl aTOMOB, BXO/ISIIIIUX
B XpOMO(OpHYIO CHCTEMY, B pe3yJIibTaTe KOMILIEKCOooOpa3oBaHus. [1om100HbBIM
aHAJM3 TIO3BOJIACT BBISBUTH OCHOBHBIC THITBI XPOMO(MOPHBIX CHCTEM U
YCTAaHOBHUTH MPHUCYIIUE UM 3aKOHOMEPHOCTH IIBETHOCTH.

Ilpumep. Bocnonp3dyeMcss 3TUMU IIpaBUJIAMH M IPOAHAIU3UPYEM CTPOCHHE

XpOMO(GOPHOH CHCTEMBI KCAHTEHOBOTO KPACUTEISI CISAYIOMIETO0 CTPOSHUS B CPAaBHEHHUH C
KENTHIM (ITyOpPECLICHHOM.
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dnyopecueunH

Ero monekyna cOOEpKUT JABE IIATU3BEHHBIX WM OJHY TPEX3BEHHYIO CHCTEMY
COIPSDKEHHBIX TBOMHBIX CBSI3€H, KOTOPBIE UMEIOT OOIIMHA YYacTOK MEXKIY LIEHTPAIbHBIM
aTOMOM U KapOOHMJIBHOHM I'pyNION, TO €CTh KPAaCUTENIb UMEET JIBAXK/bl Pa3BETBICHHYIO
CONPSKEHHYIO CUCTEMY.

ITo KOHIIaM CONPSKEHHBIX LENOYEK pacnojararoTcs Tpu O/ 3aMecturens cpenHen
cuiibl — ABe OH-rpynnbel 1 MOCTUKOBBIM KHCIOPO/], KOTOPBIE COMPSIKEHBI ¢ KapOOHUIBHON
TPYIIION - CWIBHBIM DA 3aMECTUTEIIEM.

Crepuueckue 3aTpyIHEHUs, KOTOPBIE BbI3bIBAET 00bEMHasl KapOOKCHUIIbHAS IpyTIa B
TpeTbeM OEH30JbHOM KOJbLIE, PACIOJIOKEHHAs B 0pmo-TIOJIOKEHUU K LEHTPaIbHOMY
aTOMy YIJVIEpOJa, BBIBOJUT U3 IIJIOCKOCTH OEH30JIbHOE KOJbLO, 4YTO Ocaadiser
KOHKYPEHTHOE B3aMMOJICUCTBUE B TPETHEN CONPSKEHHON Lenoyke. 1lo3aToMy nBeT sToro
KpacuTels MaJIo OTJIMYAETCS OT OKpacKu xkeyroro diryopecuenHa.

B TperpeM O€H30JIbHOM KOJbIE MPUCYTCTBYET XEJIaTHBIA IIEHTP, HO €ro
KapOOKCHWJIbHAs TpyIllla paclojoKeHa B Mema-TIOJNOKEHUU K ILIEHTPAJIbHOMY aToMy
yIJIEpOJila U HE COMpPSHKEHA C TJIABHOM ISTU3BEHHOM LEMOYKON COMNPSIKEHHBIX CBS3EH,
MO3TOMY B pe3yJibTaTe KOMIUIEKCOOOpa30BaHMs HE JIOJDKHO HMPOUCXOAUTH 3aMETHOIO
WU3MEHEHUS OKPACKU UCXOHOTO KPACHUTEIIA.

B cnpaBounuke kpacuteneit Colour Index sror kpacuTenb Has3bIBacTCsS Kak
[TpotpasHoii xenteiii 11 (Mordant Yellow 11).

Bonpocwi 0ns camoxonmpons:
1. Jaiite moHsTHE «XpOMOPOPHI» U «AYKCOXPOMBI.
2. OxapakTepusyuTe CTPYKTYpy XpOMO(POPHOI CUCTEMBI.
3.HazoBuTE airOPUTM U3YUYEHHUS [IBETHOCTU COECTUHEHHS.
4. ChopmynupyiiTe 3HaUeHHE XPOMO(POPHON TEOPUH KPaCUTENCH.
5. Ha3oBuTe airOpUT™M M3y4€HUS [IBETHOCTH COCIMHECHUS
6. [losicHuTe 3HaueHne XpoMO(pOPHON TEOPUU KpacuTeeu
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4. Knaccudgpumkauma n HoMmeHkKnaTypa Kpacuresneu

4.1 Xumnyeckasa knaccucpukaums Kkpacurenem

B xumuueckoil kinaccUpUKalUKM KpacuUTeId OOBEIAWHEHbI B TPYNIbl TJIAaBHBIM
00pa3oM MO CXOJCTBY XMMHUYECKOTO CTPOCHHUS WJIM METOJIOB IoJydyeHusi. OpraHudeckue
KpPAacCUTENIN IOCTPOEHBI OYEHB CII0KHO, U OCHOBOW 00BEIMHEHUS UX B IPYIIIBI 10 CXOJICTBY
XUMHUYECKOTO CTPOEHUS CIYKUT CXOJCTBO XpomodopHoil cucrtemsl. Hampumep,
KpacHUTENH, COIEpIKalllie HUTPO30IpyIIy, 00bEIMHEHBI B IPYIILy HUTPO30KpAacUTENEH, a
coJieprKallue a30rpynily — B IPYIILY a30KpacUTEIIEH.

HekoTopelie kpacurenu oObeAMHEHBI B TPYIIY 110 CIOCOOY MOIYYEHHsI, HAIPUMED
CEpHHCTHIE KpacuTeau. Bo MHOrUX citydasx KpacUTENH ¢ OAMHAKOBBIMU XPOMO(QOPHBIMU
CHUCTEMaMH II0JIy4aloT OAMHAKOBBIMHM crnocoOamu. Hampumep, Bce a3okpacurenu
IIOJIy4YaroT IIyTEM JIMAa30THUPOBAHMS apOMATHUYECKUX AMUHOB M COYETAaHHs NIPOLYKTOB
IUa30TUPOBaHUs ¢ (¢eHoJlaMd WIM aMHUHaMU. Bce HUTPO30KpacuTenu MOoIy4aroT
HUTPO3UpPOBaHUEM (DEHOJIOB MU HA(PTOJIOB.

Xumuueckas Kiaccudukanus ooserdaeT n3y4eHrne CBONCTB KpacuTelnel u croco0oB
ux nosydeHusd. [1o xumuuecko kaaccupuKaluu opraHuuecKre KpacuTeIu pa3eisioT Ha
CJEAYIOIINE TPYTIIIbI:

1. Hurpokpacutenu. B 3Tux KpacuTensx HUMEIOTCS 3IIEKTPOHOAKIEITOPHBIE
3aMecTUTENN HUTporpymmsl. [IpeacraBurens 3TOM rpynnbl — KpacUTedb HA(TOIOBBIN
XKENTHIN (IUHATpHUEBast coib 2,4-NTUHUTPO-1-HAPTON-/-CyNb()OKUCIOTHI).

2. Hutposokpacutenu. Onu cogepxat Hurpozorpynnsl — NO. IlpeacraBurenu 3toi
IpYMIIbI — IPOU3BOJIHBIE |-HUTPO30-2-HadTONA.

3. Azokpacuremn. B ux xpomodopHyto cuctemy BxomuT azorpymma -N = N-.
[IpeacraBuTeny 3TOM rpynmbl — KUCIOTHBIN cUHUM 2K 1 KOHIO KpacHBIH.

4. ApunmeraHoBble KpacuTeld. VX OCHOBY COCTaBIIIIOT MOJEKYJIbl JHApWI- WIH
tpuapmwimetana (I u II) mu6o dbenunkcantena (I1I). Xpomodopuyro cucremy obpasyer
CHUCTEMa COIPSIKEHHBIX CBA3EH C DJEKTPOHOAKLENTOPHBIMU U 3JIEKTPOHOJAOHOPHBIMHU
3amectutensimu (X - O, NH). IIpeacraBurenu 3Toi rpynmnbl — KUCIOTHBIN SPKO-TOIyOOH
3 (I) u dpmroopecuun (II).

5. XMHOHUMUHOBBIE KpacuTenu. B Ux Monekyse UMEeroTCsI XHHOHUMUHOBBIE TPYIIIIBI.
[IpencraButens 3TOM IpyHIbl — KPACUTENb IPSIMON PKO-TOITY0O0M CBETONPOYHBIN.

6. Cepuucteiec kpacuteau. OHU 00BEIWHEHBI MO CIOCO0Y MOJYYCHHS OCEPHEHUEM
apoOMaTH4YEeCKUX aMHUHO- M HUTPOCOEAMHEHHH. XUMHUYECKOE CTPOCHHE OOJBIIMHCTBA
CEpPHUCTBIX KpacuTeled He yCTaHOBIEHO. IIpencraBurenu 3TOM Ipynnsl — CEPHUCTBIN
4EPHBIN, MMOy4aeMblii OcepHEeHUEM 2,4-TUHUTPOGEHOIA, U CEPHUCTHIN KOpUIHEBBIH K,
MOJIy4aeMbIil OCEpHEHHUEM 2,4-AMHUTPOTOIYOIA.

7. AHTpaxWHOHOBBIE KpacuTeNlu. SIBASIOTCA  MNPOU3BOJHBIMU  AHTPAaXUHOHA.
[IpencraButenu 3Toii rpymnibl — anu3apuH (1) u KUCIOTHBIN 3en€HbIN aHTpaxuHOHOBBIH (11)

8. KyOoBble MOTMIMKIOKETOHOBBIE KpacuTeIn. MONEKyJbl HX COAEPKAT HECKOIBKO
KOHJICHCUPOBAHHBIX apOMaTHYECKUX KOJIEIl U HE MEHee JABYX KapOOHWJIBHBIX TPYIIIL,
aTOMBbI yriepoaa OObIYHO TaKXKe MPUHAJUIeKAT apoMaTUYecKuM siapam. IlpencraBuresns
3TOH rpynmsl — KyOoBbIit cunuit O.

9. HuaurouaHsle kpacuTenu. B oCHOBE CTpOeHUS 3TUX KPACHUTENEH JIGKHUT CTPYKTypa
mosiekysnbl uHAUTO (I) wnu Twomnmuro (II). drTamoumaHoBbie KpacuTenu. SIBIAIOTCS
MPOU3BOIHBIMH (PTAIOIMAHUHA.
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4.2 TexHnyeckas Knaccucpukauuma Kkpacutenen

Xumuyeckas Kiaccu(ukamus OTpakaeT CTPOEHHE ¢ CIOCOOBI  TMOTYYECHHS
KpAacUTEJEN, HO HE OTPAXKAET UX TEXHUYECKUX CBOMCTB M Ha3HAYCHUSA. MEXIy TeM I
TE€X OTpacjedl NMPOMBILIJIEHHOCTH, KOTOpPbIE NPUMEHSIOT KPAaCUTEIU, BAaXKHO 3HATh HX
TEXHUYECKHE CBOMCTBA, T.€. ISl KPAILICHHS] KaKUX MaTepUajoB MPEJHA3HAYECH KPACUTEIb
U B KakKUX YCJOBHUSIX €ro npuMmeHstor. [loatoMy cymiecTByeT BTOpas Kiaccudukaims
Kpacutened — TEXHUYECKas, B KOTOPOM KpacuTeld OOBEAMHEHBI B TPYIIBI MO HX
TEXHUYECKOMY Ha3zHaueHHto. KpamieHue — CII0KHBIM MpOIEecc, B KOTOPOM KpacHUTEIb
MOXXET B3aUMOJEHCTBOBATh C OKPAIIMBAEMBIM MAaTE€pPUAJIOM XUMHUYECKH, a MOXKET
afcopOMpoBaThCs IMOBEPXHOCTHIO MaTepuaja U  yACPKUBATHCS TMPU  MOMOIIU
a7copOLMOHHBIX CWI. B 3aBUCHMOCTH OT CBOWCTB KpacUTENIs U OKpAIIMBAEMOTO
Marepuaia KpaleHue BeIyT B pa3IMuHbIX YCIOBUAX, BBOJS B PACTBOP KPACUTENS pa3HbIE
00aBKH, U3MEHSIS TEMIIEPATYPY BaHHBI, KOHIICHTPAILMIO Kpacutens u.T.1. B mpocreiiniem
cllydae KpacHUTellb paCTBOPSIOT B BOJAC M TKaHb OKPAIMUBAIOT, MOTPYXkasi B KPACHIbHYIO
BaHHY. [[pyrue kpacutenu TpeOyIOT IpeaBapuTeIbHON 00paOOTKH TKAHU CHEIIUATIbHBIMU
BEIIECTBAMU — MpPOTpaBaMU. TpeTbH HYXKIAIOTCA B TMOCIEAyroIie oOpaboTke s
3aKperieHuss  Kpacutens Ha  Hocurene.  CylecTBYIOT — IpyHnmbl — KpPAacUTEINEH,
HEPACTBOPUMBIX B BojJe. WX mepeBoAsST B pacTBOpP BOCCTAaHOBICHHEM B (GopMy
neiikocoeauuennss  (OECHIBETHYIO MM Ci1ab0 OKpaIleHHYI0 BOCCTaHOBJICHHYIO
dbopMy), 1 B TAKOM BHJIE€ OHU IIEPEXOIAT Ha BOJOKHO. IIpH mocieyoneM OKHCICHHH OHI
NepexoJAT B KpacHUTellb HENOCPEACTBEHHO Ha BoOJIOKHE. Hekoropsle Kpacurenu
CUHTE3UPYIOT Ha CAMOM BOJIOKHE: TKaHb IPOIUTHIBAIOT MOCJIEI0BATEIBHO PACTBOPaAMHU
MIPOMEXYTOYHBIX MPOIYKTOB, KOTOPHIE pearupyroT MexIy co0oil Ha BOJOKHE, oOpa3ys
Kpacutenb. Psjg HepacTBOPUMBIX B BOJE KpPACHUTENIEW pPACTBOPSAETCS B OpPraHUYECKHUX
pactBopuTeisiX. K HUM OTHOCSITCS KUPO-, CHUPTO-, U ALIETOHOPACTBOPUMBIE KPACUTEINH, a
TaK)K€ KpacuTeIW, PacTBOPUMBIC B MOJUMEpax — mojduamuaax u mnonuddupax. Ilo
TEXHUYECKOW KJIacCHU(PUKAIMKA KPACUTENHU TOAPA3JCISIIOT HA CIEAYIONUME BaKHEHUIINE
rpynisl. [Ipy npakTuuecKoM NPUMEHEHUH KpacuTeNell UX XUMMHUYECKOe CTPOECHHUE UMEET
BTOPOCTETICHHOE 3HA4YEHUE, a HauboJee BaXXHBIMU SBISIIOTCS PACTBOPUMOCTh U
XUMH4Yeckre cBoicTBa. [loaToMy Hapsimy ¢ XMMUYECKOW KiaccupuKaIeil CcylecTByeT
TEXHHYECKasi, OCHOBBI KOTOpoH Obutn copmynupoBansl B 1896 r. akamemukom B.T.
[[ManmomaukoBeiM.  CoBpeMeHHasi TEXHUYECKas KJIacCU(PUKAIUSI KPaCUTENCH YIUTHIBAET
dakTopsl, onpenenstonme cnocod u 00JacTy NPUMEHEHUs! KpacuTeel, B YaCTHOCTH, OHa
MO3BOJISIET CBOOOJTHO OPHEHTUPOBATHCS B BOMPOCAX NPUMEHEHHUS KpacuTened s
KpallleHUs BOJIOKHUCTBIX MaT€pPUaIOB.

[To TexHM4eckoi KiaccupuKauu KpacuTeNu AeNIAT Ha cneaytolme Knacchbi:

1. KucnotHbie kpacutenu. [IpencraBnsitor coOoii pacTBOpUMBIE B BOJIE COJHU
OpPraHUYECKUX KHUCIIOT, TJIAaBHBIM 00pa3oM cylib(]o-, peske KapOOHOBBIX KHCJIOT, WHOTIA
conu ¢eHoN0B. B BOIHBIX pacTBOpax AMCCOUUUPYIOT ¢ 00pa30BaHUEM IIBETHBIX AHHOHOB.
KoMneHcupyoomum KaTHOHOM OOJBINEH YacThiO SIBISACTCS KAaTHOH HATPHs, peXKe —
amMmonus. OOJIamal0T CPOACTBOM K MaTepuaiaM, HUMEIONUM aMQpOTEepPHBIA XapaKTep
(OenkoBble M MOJIMAMUIHBIE CTPYKTYpPbl), U OKpAIIMBAIOT MX W3 BOJHOIO pacTBOpa B
MPUCYTCTBUU KHUCIIOT, BCTyMasi B COJIE00pa30BaHUE C MOJIEKYJIaMHU 3TUX BEIIECTB 3a CUET
COJIEpIKAIUXCS B HUX OCHOBHBIX IPYIII (AMUHOTPYI); YAEP>KUBAIOTCSI HA OCHOBE CUJIaMU
MOHHBIX cBs3e. K memntonose cpoacTBoM He 001a1a10T.

[To xuMHUYECKOMY CTPOCHHIO U CTIOCO0aM PUMEHEHUS KUCIIOTHBIE KPACUTEIH JIETISAT
Ha TPYINbl: KHUCIOTHBIE OOBIYHBIE KpPACHUTENH, KHUCJIOTHBIE METAJIJICOAEpIKAIIUE
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KpacUTENM, OKpAIlMBAIOIMEe W3 CHJIBHOKUCIOW BaHHBI (KOMIUIEKCH cocTtaBa 1:1),
KHUCIIOTHBIE METaJUICOJEpKallie KPAacUTEIH, OKpallUBaIOIINe W3 CIa0O0KHCION BaHHBI
(xomruIeKchl cocTaBa 1:2) U KUCTOTHBIE AHTPAXUHOHOBBIE KPACUTEH.

= A orpacHTENH
(0T EENTHZ o DHEHE, EOPHIHESEE, E6

- A HTpaEHHOHOBRE
(hHGTETOEERE, EHHNE, 2eIeHER)

- ﬁ;HTpOHOPETEpOL[I-ﬂ{JIH‘IECKHE

(AR, s, (G TOEEE)
> A pHIMeTaHOEEHE
(EpacHER, CHEHE, 3eIeHEE)

- NuazuHoBLE
{ CEEEE )

Eucnorune KpacHTEenH

—» Hutposokpacutenu
{zemeHEE)

2. OcHoBHble kpacutenu. [lpeacTaBistoT coOOil pacTBOpPUMBIE B BOJE COJIH
OpPraHWYecKHMX OCHOBaHMH. B BOAHBIX pacTBOpax AHCCOLMUPYIOT C 0Opa3oBaHHEM
[BETHBIX KAaTHOHOB. KOMIIEHCHUpPYIOIIMMHM aHUOHAMHU OOBIYHO SIBISIOTCS XJIOPUA-,
oucynbdpar- U okcamar-aHuoHsl. OOJIaAalOT CPOACTBOM K MarepuajiaM, HMEIUIUM
am(poTepHbIil (OeNKOBbIE U MOJIMAMUAHBIE) U KUCIOTHBIN (amerarHble, MOJu3(UpHBIE,
HOJUAKPUIOHUTPUIIBHBIE M T. II.) XapakTep, U OKPAIIMBAIOT UX W3 BOJHOIO PacTBOPA,
BCTyMasi B COJIEO0pa30BaHUE C MOJIEKYJIaMH ATHX BEIIECTB 3a CUET COJEPIKALIUXCS B HUX
KHUCIIOTHBIX TpyMIl (KapOOKCWIIbHBIE U Jp.); YIEPKUBAIOTCS HA OCHOBE CHJIAMH MOHHBIX
cBsazeil. K 1emmrono3e cpoacTBOM He 00MaJaloT, HO MOTYT OKpallMBaTh €€ I0cIe
npenBapuTeNbHOW  00paboTku  BemiecTBaMU  (EHOJIBHOTO  Xapakrepa (TaHHUHBI,
CUHTETHYECKHE (DEHOTbHBIE OJIUTOMEPHI U T. I1.), IPUAAIOIIUMHU LEJTI0JI03€ CITa00KUCITBIN
xapakTep (KpallleHre 0 TAHHUHOBOH U T. II. POTPaBam).

OcHOBHBIE KpacuTenu oOpa3yloT OYeHb SpPKHE U YHCThIE OKPAaCKH, OIHAKO
YCTOMYMBOCTb OKPACOK K CBETY M MOKPBbIM 00pab0oTKaM HHU3Ka.

AzoKpacHTEIH
{®enTHE, HOPHYHEBEE)

(JCHOEHEE KpacHTENH A pHTaMHHOEERE

(0T EPEEEER o 3 EIEHEE)

A pHTMETAHOELIE
{ 0T HENTLX 00 SENEHEE)

—= A2 OKpACHTETH
(EpacHEE, CHHHE)

= A HTPAXHHOHOEHE

FKarnonnme (fHONETOBLE, CHHHE]

ACHTEIH
P = & 1 BT AMH H OELLE

{BHpIOS OBLIE)

L [JomHMETHHOELE
(0T HENTHE 10 FEER B0
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3. MpoTpaBHbie kpacuTenu. [Ipencrapisitor coO0i pacTBOpUMBIE B BOJI€ (MIJIM BOAHO-
IIEJIOYHOM  Ccpelle) KpacuTeld, COJAepKalllue 3aMECTHTENH, O0OYyCIOBIMBAIOIIUE
CIIOCOOHOCTh K KOMIUIEKCOOOpPA30BaHUIO ¢ MeTa/llaMu (KpalleHHe MO MeTaInYecKOn
npotpase). He 00magatoT 70CTaTOUYHBIM CPOACTBOM K LIEJUIOJIO3€, HO 3aKPEIUISIOTCS Ha
HEl 1oclie MpeABapUTEIbHON O00paOOTKM LEJUIIOJIO3bl COJSIMA METAJIIIOB BCIIEJICTBUE
o0pa3oBaHusi HEPACTBOPUMOIO BHYTPUKOMIUIEKCHOTO COEIUHEHUs (npompasHbvie
kpacumenu). Ilpu HaIUYUM KUCJIOTHBIX TpPYyIN oOOJagal0T CPOJCTBOM K OEJIKOBBIM
cTpyktypam (kucromuo-npompashuie kpacumen). [10CKoJIbKY B KOMILUIEKCOOOpa30BaHUH
C MeTa/llaM{ YYacTBYIOT HE TOJIbKO MOJIEKYJbl KPACUTENS, HO U MOJIEKYJIbI OEITKOBOTO
BEIIECTBA, KUCIOTHO-MIPOTPABHBIE KPACUTENIU YJIEPKUBAIOTCS HAa OEIKOBOW OCHOBE Kak
CUJIaMU MOHHBIX CBSI3€U KPacUTEIb—BOJIOKHO, TAK U CHJIAMHU KOOPAMHAIMOHHBIX CBS3EH
KpacuTeIb—METaIJI—BOJIOKHO.

—» AsoKpacHTENH
(0T WEITHE N0 CHHEY, EUPHSHEEEE, FEE)

—a A HTPAXHHOHOEHE
(0T opaHEEBLEX IO 3eMcHHE, EOPHIHEBEE)

— = ApHIMETAHOEBHE
(EpacHELE, hHONETOBEE, ronyhEEe]

» lepunonoELe
{EEeITHE)

IIpoTpaEuLe EpacHTEDH

—w DranouaHHHOBLIE
{BHpIOSCBLIE)

4. Mpambie kpacutenu. llpencraBinsioT co0oil pacTBOpHMBIE B BOJAE COJIH
OpraHnYecKux CyJib(okuciaoT. B BOAHBIX pacTBOpax MUCCOLUHUPYIOT ¢ 0Opa3zoBaHUEM
[BETHBIX AHUOHOB, OOJajgalOMMX  OONBIIOW  CKIOHHOCTBIO K  ACCOLMAIIHH.
KoMmneHcupyromumMy KaThoHaMu 0OBIYHO SIBJISIIOTCS] KATUOHBI HATPUS, pEXKE — aMMOHHUSL.
O06naa0T CPOACTBOM K IIEJUTIONIO3€ M OKPAIIMBAIOT €€ HEMOCPEACTBEHHO M3 BOJHOIO
pacTBopa B NPUCYTCTBHM MIEKTPOIMUTOB. [lepexoasiT Ha LEII0JI03HYI0 OCHOBY B BHJIE
COJIEM M YAECPKMUBAIOTCS CHJIAaMHM BOJOPOJHBIX CBsi3e M cwiamu BaHn-nep-Baanbca.
O06us1agaroT Takke CpoACTBOM K MaTtepuanaM aM(pOTEpHOT0 XapaKTepa U OKPalIUBaIOT UX
U3 BOJHOT'O pacTBOpPa B NMPUCYTCTBHM KHUCIIOT; HA OCHOBY MEPEXOJAT B BHUJIE AaHUOHOB U
YAEPAKUBAIOTCS CUIIaMU MOHHBIX CBSI3EH.

[lo cBoiicTBamM M crnoco0aM MPUMEHEHHS MPSIMble KPACUTENIU JENSAT Ha TPYIIIbL:
npsiMble OOBIYHBIE KPACUTEINH, IPSIMbIE CBETOIIPOYHbIE KPACUTEIH, IPSIMbIE YIIPOUHSEMbIE
KpPacUTENIN U NPsIMbIE JUA30TUPYEMBbIE KPACUTEIH.

AsoRpacHTEIH

IIpamee kpacuTenu (BCA UBETOBAA rania)

PrancHaEHEOBEE
(EUpPIOSOBLIE, S EIEHEE)

5. AkTuBHble kpacutenu. llpencraBnsioT coOOH pacTBOpUMBIE B BOJE COJIH
OpraHUYeCKHUX KUCIOT WK OCHOBAHUM, COACPIKAIINX MOBUKHBIC (AKTUBHBIEC) aTOMBI UJTU
Ipynnbl, KOTOpble B MOMEHT KpallleHHUs OTIUEIUISIOTCA, WIM aKTHBHbIE (JIETKO
packpsIBaroIyecs) cBA3U. [locTaTouHbIM CPOACTBOM K OKpAIllMBAEMBIM BELIECTBAM, Kak
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ImpaBnJIoO, HEC O6JI&I[3.IOT, 3AKPCIUIAOTCA Ha HUX CHUJIAaMHU KOBAJICHTHBIX CBHBGﬁ, KOTOPBIC
06pa3y}0Tc;1 MCXKAY OKpalIMBACMbIM BCIICCTBOM M KPACHUTCIICM 3a CUCT OTHICILICHUS OT
IMMOCJICAHCTO aKTHBHBIX aTOMOB HWJIM I'PYIIII UJIHW PACKPBITHA daKTUBHBIX CBSI3CH.

AsoppacHTenH
(0T WENTLE 00 (HONETGERR)

AWTHEHEE KPACHTENH |—» AHTPAXHHOHOEBLIE
{cHERE, ronybee)

— DTancnHaHHHOBLIE
{BHpHOSCBEIE, SENIE HELE)

6. Ky6oBbie kpacutenu. [IpencraBusitor co6oli HepaCTBOPUMBIE B BOJE KpacUTeENU
(IMrMEeHThI), CIOCOOHBIE BOCCTAHABIMBATBCA €  OOpa3oBaHUMEM  MPOU3BOIHBIX,
pPacTBOPUMBIX B IIEIOYHBIX Cpelax M O0JIaJaloluX CpOJACTBOM K Hocutemo. [locie
KpAaIlIeHHsI BOCCTAHOBIIEHHBIE COSTUHEHUS OKUCIISIOTCS KUCIOPOIOM BO3/yXa B HCXOIHBIN
HEPACTBOPUMBIN KPAacUTENb U YAEPKUBAIOTCS HA OCHOBE BCJIE/ICTBUE HEPACTBOPHUMOCTH.
BoccranoBnenne mpou3BOAUTCS OOJBIIEH YacThiO JIEHCTBHEM IUTHOHUTA HaTpus (B
AHWJIMHOKPACOYHOM W TEKCTWJIBHOW MPOMBINUICHHOCTH IWTUOHUT HATPHsl Ha3bIBAIOT
THAPOCYJIBPUTOM, YTO HE COOTBETCTBYET (hopmyisie NaxS204; ruapocynbGUT HaTpUsI —
10 NaHSO3.) B mienouHoi cpee, mo3roMy KyOOBbIE KPACUTEIN TPUMEHSIOTCS TJIaBHBIM
o0pa3oM i KpallleHHus IeJUTI0JI03bl BOJIOKOH. HekoTopeie KpacuTenu, CHOCOOHbBIE
BOCCTAHABJIMBATHCS B CIAOOIIEIOYHON Cpefie B MATKUX YCJIOBUSAX, MOTYT MPUMEHSITHCS
JUTSL KpaleHus Oerka.

= AHTHAYHHOHOTETEPOUHEIHYECKHE
{EpacHee, D HONETOBLIE, CHHHE , KOPHYHEELIE)

— AHTHOHOTETED O UHKIHYECK HE
(CHHHE, CepLIE)

— HasHHOELIE
(WEmTLE)

|y Hugmronguee
{opaMEeEHe, EEEEHERE, HF e A e E=IaE
cunue, HEFEEE)

—» [lepHHOHOERE

(opaHKeEHE KPACHEE, (SNHE, KopHIHEEEE)

= [lonuIMmIoXHHEOHOERE
{EEeNTHE, opaHEeEHE, HONETOEEE, CHHHE,

2ENEHEE, HEEE |

Dranonmapbasoae
(3 EenTHE, 2eNEeHE e, KOPHIHEBEIE, CEpPEIE)

EwvboBue kpacurenyn

Y

Y

TranonHagHEOERE
(romybrie)

7. CepHucTble kpacutenu. [IpencTaBisior co60i HepacTBOPUMBIE B BOJIE KPACUTEIIH,
10 CTOCO0y NMPUMEHEHHUsI aHAJIOTMYHbIE KyOOBBIM, HO OTIMYAIOIIUECS OT HUX TE€M, YTO
BOCCTAHOBJIEHUE B PACTBOPUMBIE MIPOU3BOJIHBIE OCYIIECTBISETCS NEHCTBUEM PacTBOPOB
cynbuna HaTpus. Tak Kak BOCCTAaHOBJIGHME BEIETCS B CHJIBHOIICIIOYHOW Cpele,
NPUMEHSIFOTCS JIMIb JJIS KPAIIEHUs EJUTION03bI.
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HuasHHoBRE

(Y. I HGNETOEEE, EOpHIHEEER, FERETE)
T Haz HHOBLE

(EHHEHE, SENeHEE, EEEREE)

T uas onoELIE

(EENTHE, opaHEEELE, HOPHIHEEEE)

CepHHCTLIE
KpPACHTENH

8. OucnepcHblie kpacutenu. [IpeactaBisioT co0oil He pacTBOpUMBbIE WU CJ1a00
pPacTBOpPUMBIE B BOJIE KPAaCUTEINH, OKpallluBaroiye ruipogoOHbie MaTepUasl (alleTaTHbIE,
CUHTETHUYECKHE) U3 BOJHBIX aucriepcuil. [Iporecce kpalieHus 3akit04aeTcsi B paCTBOPEHUU
KpacuTells B OCHOBE ¢ 00pa3oBaHMEM TBEPAOro pactBopa. Ilo xumMuueckum cBoiicTBam U
croco0aMm KpallleHUs JUCIIEPCHBbIE KPACUTENH JENSITCs Ha TPU TPYMIBL: TUCIEPCHBIE
OOBbIYHBIE  KpacUTENH, JHUCIEPCHBbIE JUA30TUPYEMbIE  KpPacUTENIH, JIUCHEPCHbIE
METaJJICOIepKaINE KPACUTENH.

— e ASOKpPACHTETH
(0T WENTHE 10 CHEHHE)

—3 AHTDEXHHOHOEELE
(0T OPAHEEELE 10 DHHEY)

AHuCnepCHEE KpACHTETH [ HuTpoKpacHTEIH
(HEITHE)

- [[epHHOHOEEE
{HEeITHE)

e [[onHMETHHOELIE
(mEemTLE)

9. Kpacutenu, pacTBOopuMble B OpraHuM4Yeckux cpepax (GKUPOPACTBOPUMBIE,
CIIUPTOPACTBOPUMBIC, AIlETOHOPACTBOPUMBIE W T.I1.) TPEACTABISIIOT CO0OW He
pPacTBOPUMBIE B BOJAE KPACUTEIHU, MPUMEHSIEMBIE UIsI OKPAIIMBAHUSA COOTBETCTBYIOIIUX
OpraHWYeCKUX BemiecTB (yIJIeBOJOPOJOB, BOCKOB, JKHPOB, CIOHUPTOB H T.IL.),
CHHTETUYECKUX BOJIOKOH B Macce, INIACTUYECKUX MACC, PE3UHBI.

w
|
= AsorpacHTens
=
o B (0T EeNTHE 10 EpEEHER, BopHSHESEE)
(=]
=
=
% i AHTpaxHHOHOBLE
B (W HGNETCERIE, CHEHE, SEIEHEE)
5O
e ApuTaMHHECEHE
Q (CHEHRE, FEEE)

10. MurmeHTbl M naku. [IpeacraBisAoT coO0N HE pacTBOPUMBIE B BOJAE KpacUTEIN
(MMrMEeHThI) WJIM HEpacTBOPUMBIE IPOU3BOAHBIE PACTBOPUMBIX KpacuTeneil (Jakn).
[TpumeHstoTCs AJI1 M3TOTOBJIEHUS TUIOTPAPCKUX KPAacOK M KPACOK JJIsi MUTMEHTHOMN
NevyaTy Ha TKaHsX, a TaKKe JUIsl OKpaIllMBaHUsI PE3UHBI, MJIACTHYECKUX MacC, 0yMa)KHbIX U
KapaHJallIHbIX Macc U Apyrux ueneil. [Iponecc kpaiieHns 3aKa04aeTcsi B MEXaHUYECKOM
pacnpelielieHM B CBSI3YIOIIMX BEIIECTBAX, PAacTBOpaxX CBA3YIOMIMX BEUIECTB WU
HEMOCPEJCTBEHHO B OKPAIIMBAEMbIX MaTEpHaIaX.
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11. PacTBopuMble NpPOM3BOAHbLIE HEPACTBOPUMBLIX Kpacutenen: KyO0301u—
pacTBOpUMBIE  TMPOU3BOAHBIE KYOOBBIX  KpacUTeled, muo3oiu— pacTBOPUMBIC
IIPOU3BOJHBIE CEPHUCTBIX KPACUTENEeH, yuauaibl— PaCTBOPUMBIE IPOU3BOJHbBIE
MaKpOreTepOLUKINYECKUX  (PTaJOLMAaHUHOBBIX  Kpacureneil. Beimyckarores Ui
YOPOILIEHHsT MPOLECCOB KPALICHHWS HEPACTBOPUMBIMHM KPACUTEISIMH, IIOBBILICHHUS
KauecTBa OKpPAacCOK MW pacuupeHus oobnactedt mnpumenenus. OOnagaioT cBocTBaMU
PACTBOPUMBIX KpacuTesel (IpsIMbIX, OCHOBHBIX, KUCJIOTHBIX) U OKPAIIMBAIOT MaTepUaIbI
COOTBETCTBYIOLIMM CIIOCOOOM M3 BOAHBIX pacTBOpoB. Ilocie kpalieHus npeBpamaroTcs
Ha OCHOBE B MCXOJIHbIE HEPACTBOPUMBIE KPACUTENIH UIIM B HEPACTBOPUMBIE IPOU3BOIHBIE,
OTJIMYAIONIMeCs] OT HWCXOJHBIX, M 3aKpeIuIsIloTcs Ha cyOcTpare  BCIEICTBUE
HEpPacTBOPUMOCTH.

12. HepacTBOpuMbIe KpacuTenu, obpasyemMmble Ha OKpalwMBaeMbIX MaTepuanax —
a302eHbl, KOMNOHEHMbl OJIsl OKUCUMENLHO20 KpauleHus, Kybo2envl, (hmaioyuanoceHsi.
[IpeacraBnsitor  co0Ol  MPOMEKYTOUHBIE TPOIYKTHI, M3 KOTOPBIX  KpacUTEIH
CUHTE3UPYIOTCSI B MOMEHT KpPAILEHUSI HEIOCPEICTBEHHO HAa OKpAaIlIMBAa€MOM MaTepualie.
3aKperuIstoTcs Ha OKpalImBaeMOM CyOCTpaTe BCIICICTBUE HEPACTBOPHUMOCTH.

o &2 O I HT MEHTEL
(0T HenTHx Io EPECHERE, oS 0BLIE)
o & HTP B HHOHOEELE

(EpEEHEE, senentE)

o & HTR OHOTETED O LUK HY e CH HE
(#enTee)

- & T AMEH OBLLE
(proneToEEE, FEEEIE)

e A HIIMETAHOEIE

IImrmentu
(posobtie, HGNETOEEIE, CIHIE)

e [T T HT 0 M H ELE
(EpacHEHE)

b H T 02 0P 2 CHTETH
(semenee)

e[ [ep HHOHOELIE
(opamwertie, KpacHse, [TTREY

o= [ Lo HIHEN 0K HHOHOBELE
(#enTHE, tpalEcEEE, IHSNETOEEE, 5 N HELE)

e DTANOUHAHNHOELE
{romyble, sEIEHEE)

—e An o awH

{oT opauxesoro no N

= AHTPAYHHOHOEELE
Tagcu (KpacHEHE)

- .n":'i.p HIMETAHOEERIE

(EpecHErE| (W HONETOEEIE] CHHEE, 3 cIEHEE)

L DramonHaHHHOBEE
{(bHprosoBEIE)
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13. OcoOyro Tpymiy KpacuTeled COCTaBISIIOT ONTUYecKue oTGenuBatenu —
BEIIECTBA, NpPHUMEHSAEMbIe [UIsi YycwieHus dpdekra «OeTu3Hb» HEOKpPAaIICHHBIX
MaTepuasioB. Onrudeckue OTOeNMBATEIW [UIS LEJUTIONO03Bl  TPEICTABISIOT COOOM
pacTBOPUMEIE B BOJIE COJIM OPTaHUYECKHUX KUCIIOT, 00JIa1atoie CPOACTBOM K CyOCTpary;
COeIMHEHUsI BeyT ceOsl Kak MmpsiMble Kpacutenu. OnTu4yeckue oTOeNInBaTeNM sl Oenka
BHIMIYCKAIOT B BHJE pacCTBOPHUMBIX B BOJEC HATPHEBBIX COJCH apOMAaTUYCCKHX
CyIb(POKHUCIOT, KOTOPBIE 3aKPEIUIAIOTCS Ha CyOCTpaTe MoJ00HO KUCIOTHBIM KPACUTEIISIM.
JIJ1st CHHTETUYECKOM OCHOBBI TPOU3BOASAT OTOEIMBATENM B IUCIIEPCHON (popme.

B HacTosiiee BpeMsi OpraHMYecKHe KpacUTENId NPUMEHSIOTCS B PA3JIMYHBIX
o0nacTsaX: KpallleHue TEKCTWIbHBIX MaTepuanoB, IBeTHass ¢oTorpadus, JasepHas
TEXHHKA, COBPEMEHHAsl KONUPOBAJIbHAs M MHOKUTEIbHAS TEXHHUKA, IPOU3BOJICTBO
OpPraHWYECKUX MOJYNPOBOJHUKOB M KUIAKOKPUCTAIIMYECKUX MaTepHalloB, B KaueCTBE
KaTaJu3aTOpOB XMMUYECKHUX IPOIIECCOB, MPOU3BOJCTBO CTPOMMATEpHAIOB M CTEKOJI,
IIPOU3BOJICTBO TOBApPOB OBITOBOM XMMHH, KOCMETHUYECKAs U MUIIEBAs POMBIIIICHHOCTb,
CUHTE3 Pa3HOOOPA3HBIX JIEKAPCTBEHHBIX POPM U T.1I.

K kpacurtensm mnpenbsaBisItOTCS OMpeAeSieHHbIe TpeOOBaHMS B 3aBUCUMOCTH OT
YCIIOBHH TMpoIlecca AKCIUTyaTalldd OKpPAIICHHBIX H3ICTUHd W 00JacTH NPUMCHEHUS.
3HavueHWE HMMEIOT JIMIIb T€ KPacHUTENIH, KOTOphle 00pa3yrT OKpacKH, IOCTaTOYHO
YCTOMYMBBIE K PA3TUYHBIM (U3UKO-XUMUUYECKUM BO3JCUCTBUSAM, a TaKKe B IMPOIECCe
nepepaboTKH OKpalIeHHBIX MarepuaigoB. (CBETOCTOMKOCTh OKPACOK OIEHUBAIOT 10
BOCHbMHOAIJIBHON IHIKAJE:

8 — MakcuMallbHast yCTOWYUBOCT,
{ — npeBocXoHas,

6 — odeHb xopormasi,

5 — xoporas,

4 — ynoOBIETBOPUTEIbHAS,

3 — yMepeHHasl,

2 — HU3Kasl,

1 — nnoxas.

YCTONYHUBOCTh OKPACOK KO BCEM OCTaJbHbIM BO3JICMCTBUSM OLIEHUBAIOT 10
MATAOAJUILHOM IIKAJIE:

5 — OTTEHOK HE U3MEHSETCH,
4 — ouensb ci1aboe U3MEHCHHE,
3 — 3HAYMUTEIIbHOE,

2 — BHJIMMOC,

1 — Goabmioe.

VY CTOMUNBOCTh OKPAaCOK K HEKOTOPHIM BO3AECHCTBHSIM (MOKpbIE 00pabOTKH U Ap.)
OLICHMBAETCSI TakK€ I10 CIOCOOHOCTH NPOTUBOCTOATH IIEPEXO]y KpacuTens Ha
HEOKpAILIEHHBIN MaTepual:

5 — He 3aKpalluBaer,
4 — oyeHb cnaboe 3aKpallvBaHue,
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3 — 3aMeTHOE 3aKpallruBaHue,
2 — CWIBHOE 3aKpalliBaHHUE,
1 — ry6Gokoe 3aKpaliuBaHue.

Crnenyer UMETh B BUJY, YTO YCTOMUHMBOCTh OKPACOK 3aBHCHUT HE TOJIBKO OT XMMHUYECKOU
IPUPOJBI KpAaCUTENS, HO M OT KOHLIEHTPALlMU KpAacuUTeNs B KpacWJIbHOM BaHHE, crioco0a
KpalleHust U Apyrux gakropoB. Tak, Juisi OAHOTO U TOTO K€ KPacUTENsl yCTOWYUBOCTh K
CTUPKE U TPEHUIO TEM HMKE, YEM KOHLIEHTPUPOBAHHEE OKpPACKa, a yCTOMYMBOCTD K CBETY,
HA000pOT, C YBEIMUEHUEM KOHLEHTPALMU OKPACKU MOBBIIIAETCS. 3aBUCUT YCTOWUMBOCTh
OKpacoK U OT OKpaluuBaeMoro marepuana. Hanpumep, HEKOTOpbIE OCHOBHBIC KPACUTENH,
oOpasyrone Ha  LEUII0JIO3€  OKPACKM C  HU3KOM  CBETOCTOMKOCTBIO,  Ha
NOJIMAKPUIIOHUTPWIBHON OCHOBE OOHAPYKUBAIOT UCKIIOYUTENBHYIO CBETOCTOMKOCTb.

4.3 HomeHknaTtypa Kpacuteneu

B HavanbHBI NEPUON pPa3BUTHA NPOMBIIUIEHHOCTH HA3BAaHHUS MHOTHM
KpacuTeNsIM JaBajld MPOU3BOJBHO, 0€3 KaKoW-1M00 CHCTEMbl. DTH Ha3BaHMS HE
OTPaXaJIA IIOJHOCTBIO HU XMMMYECKUX, HU TEXHUYECKHUX CBOWCTB KpacuTess, a
3a4acTyI0 HE yKa3bIBaJM JAXKE Ha €ro 1BeT. HecMoTps Ha IBHOE HECOBEPIICHCTBO
TaKUX Ha3BaHWM, MHOTHE U3 HUX COXPAHWINUCH JO HACTOALIEr0 BPEMEHU U IIPOYHO
YKOPEHWINCh B TEXHUKE, HAIPUMED, aypPaMUH, 303UH, PYKCUH, POJAMHUH, UHAUIO U
np. WHorma kK TakuM Ha3BaHMSM J00ABISIOT YKa3aHUE Ha LBET KpPacUTEI,
HaIlpUMep, KOHIO KPACHBIN, HA(TOIOBBIN KENTHIN, METHUIICHOBBIN TOIYO00ii.

B Poccum mpuHATa equHas HOMEHKIATypa KpPacHUTENIEW, B COOTBETCTBHUH C
KOTOPOW Ha3BaHUE KPACUTEI CTPOUTCA TAK, YTO OHO OTPAXKAET MeXHuyecKue
ceolicmea Kpacumensi u e2o yeem. IIpuBOOMM Ha3BaHUA psia KpAaCHUTEIEH,
IIOCTPOCHHBIE B COOTBETCTBUU C 3TOM HOMEHKJIATYPOMW: IMPOTPABHOU 3€IE€HBIN bc;
OCHOBHOM KOpHUYHEBbIA 2K; KHUCIOTHBIM OpaHXKEBBIM; KUCIOTHBIA 3€nE¢HBIN JK;
KUCIOTHBIN anbiid 20K; npsamoit cunuit KM; mUrMeHT XKENThIM CBETONMPOYHBIN;
CEpPHHUCTBI YEPHBINA; MUTMEHT TOJyOOW (DTATOIMAHOBBIN, KUCIOTHBIN 3€NIEHBIH
aHTPAaXWHOHOBBII; KyOOBbIi cuHUI O; KyOOBBIN 30J0THCTO-KENTHIN KX.

N3 »>Tux npuMepoB BHIHO, YTO HA3BAaHWE KpacUTENS COCTABJIEHO U3
HECKOJIbKUX MPUJIaraTeIbHbIX, IEPBOE U3 KOTOPHIX YKA3bIBAECT HA MPUHAJIEKHOCTD
KpacuTess K TOM WM HHOW TPYTIIE [0 TEXHUYECKOH KiIacCU(PUKALIMU, @ BTOPOE — Ha
uBer kpacutens. Ha 0coOOEHHOCTh XMMHMUYECKOTO CTPOEHHUS YKa3bIBAIOT CJIOBA:
AHTPAXWHOHOBBIM, (TAJTOUMAHUHOBBIA M JAp., Hanmpumep XPOMOBBIM 3eJIeHbII
AHTPAXWHOHOBBIN, a TaKXKe MHAEKCHI: | — KpacuTenb BBINMYIIEH B BUAE ABOWHOMU
COJIY C XJIOPUIOM ITMHKA, bc — B Buje OucynbpuTHOTO npou3BoaHoro. Ha o6macth
MPUMEHEHUS KPACUTENICH YKa3bIBAIOT CJIOBA: JIJIsI KOXKH, JJIS IIEJIKA, MO (PUPHBIH,
MOJIMAMHUJIHBIA ¥ T. 7., Hampumep JlucniepcHwiii cunmii nmommddupubeiii. [locne
HAWMEHOBAaHUS KpacWUTeJNied, BBIMMYCKAaeMbIX B TacTe, cTaBUTCS OykBa «[D»,
Harpumep, KyOoBsiii sipko-romy6oii 311.

YacTo B Ha3BaHWM KPACUTEISI UMEETCS eII¢ CIIOBO MM OyKBa, YKa3bIBAOIIAs
Ha OTTEHOK KpacuTess WM Ha ero ocooOble cBoiicTBa. (111 0003HAUYeHHS I[BETa
IIPUHATHI CIEAYIOLME TEPMUHBIL: KEITHIN, 30JI0TUCTO-KEITHIN, OPAHKEBBIN, aJlblii,
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KpacHBIM, PO30BBIM, PYyOMHOBBIM, 00pIO, KpacHO-(HUOJETOBBIN, (PHOJIETOBBINH,
CUHUH, TOJyOOW, OWPIO30BBIN, CHUHE-3CJICHBIN, 3€JCHBINA, OJWUBKOBBIA, IKEITO-
KOPUYHEBBIN, KPACHO-KOPUYHEBBIN, KOPUYHEBBIN, CEPBIN, CHHE-UYEPHBIN U YEPHBIM.
Nuorga nns Oonee TOYHOM XapakTEpUCTUKM LBeTa dYepe3 Jneduc maroTcs
0003HAYEHUS: YUCTO-, CBETIIO-, SIPKO-, TEMHO- U JApPYyTHE.

Jl5g yKka3aHus OTTEHKa KpacUTeNel CTaBATCS OyKBEHHbIE 0003HAUCHUS:

7K- >)xenToBaThIi,

K — kpacHoBaThIii,

C — cuneBarhbIi,

3 — 3eJICHOBATHIMH,

O— OCHOBHOM OTTEHOK JIAHHOTO IIBETA.

Hampumep, B Ha3BaHUU KpacHUTEIs «KUCIOTHBIN 3enénblil XK» OykBa XK yka3biBaer
Ha YKEJITOBATHIN OTTEHOK 3TOTO 3€JIEHOTO KPacCUTEIISI.

Bosee pe3ko BbIpaKeHHbIE OTTEHKM 0003HAYarOT IUppaMu, KOTOPhIE CTaBST
nepen unaekcamu, Harpumep: 2K, 4K, 2K, 4K, SK u 1. 1.; He ynoTpebseTcs Juib
udpa «3» (T. K. ee myTaroT ¢ OyKBOM «3»).

Kpome nepeunciieHHbIX 00IMMX 0003HAYEHHM B KaXKJIOM KJlacce Kpacurtemein
UMEIOTCS JIOMOJIHUTENbHBIE CIeIU(UIECKUE UH]ICKCHI.

s npameix kpacumerneu:
M — B MoJleKyJie KpacHUTENsl UMEETCS KOMILJIEKCHO-CBS3aHHBIM aTOM MeETalia;
Y — oxpacka aoikHa OBITh 3aKpeIlieHa COJIIMHU Meau uiu 3akpenutenem J(1IM
(mpoyKTOM KOHACHCAIMW JHWIHAAaHANaMKIA, (OopMaibJIeruaa W ameraTta MEIu);
X — OKpacka MOXET OBITH 3aKperieHa COJISIMU XpoMma;
[T — xpacurenpb npeHa3HAYEH TOJIBKO JJIsI KpAIIeHUs IIIyOHON OBUMHBI.

s ceprucmuvix Kpacumernei:
Y — okpacka nomkHa ObITh yrnpodHeHa 3akpenureneM M wnm conmsiMmu menu;
bc — kpacutensb sBasieTcss OUCYIbPUTHBIM MPOU3BOIHBIM (7151 BOJOPACTBOPUMBIX
CEPHUCTBIX KpacuTenen).

s kybosvix kpacumeneti:
B — kpacutenb B TOHKOIUCTIEPCHOM (DOpME /T KpallleHUs BUCKO3bI B MacCe;
JI — xpacuTenb B TOHKOJUCIIEPCHOM (popMe ISl CYyCTIEH3MOHHOTO KPaIlleHHUS,
M — kpacuTens I KpalleHus Mexa,
IT — macTa gis neyartu;
X — KpacuTellb OKpaIlIUBAET IEJUTI0I03Y U OCJIOK MO «XO0JIOJHOMY» CIOco0y (mpu
HU3KOM TeMIepaType U MaJloW MICTOYHOCTH CPEIbI).

s kucnommuwix kpacumeneu:

M — B MoJIeKyJie KpacHUTENIsl UMEETCS KOMILJIEKCHO-CBS3aHHBIM aTOM MeETalia;
H — «xpacutenp oOKpammBaeT W3 HEUTPaIbHOW M CJIA0OKUCIOW BaHH;
[T — kpacurens mpeaHa3HAYCH JJIs1 KpAIICHUS ITyOHOW OBYMHBI.

Jlnsa akmusHblx Kpacumereu:

[ — kpacurens, mOpemHA3HAYCH ISl KpalleHWs TOJUAMUIHBIX CyOCTpPaTOB;
T — KpacuTenb OKpaIIMBaeT IEJUTI0N03Y BOJIOKHA IO «TEIUIOMY» CIOCO0y
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(cpennem MEXTY OOBIYHBIM U XOJIOJHBIM);
X — KpacHuTelb OKpaIINBAET ICJUTIOI03HBIE BOJIOKHA M0 «XOJIOAHOMY» CTIOCO0Y;
[T — xpacurenb npeHa3HAYEH JUIS1 KPALICHUSI IIIEPCTH.

s oucnepcuvix kpacumerneu:
MII — meramiconepxamui KpacuTeNb I IIOJTUAMHIHBIX BOJIOKOH.

s ocnosubix Kpacumerneu:
I — kpacuTesnp BBITYIIEH B BUJIE IBOMHOM COJIM C XJIOPUCTHIM LIMHKOM.

Jns nuemenmos:.

Y — nurMment ((QrasonaHUHOBBIN) B 0CO00H YCTOWUYMBOM MOAMGBUKAIINU,
TII — nurMeHTsl IS TEKCTWIBHOW TNIMTMEHTHOM TI€4aTH W KpalleHUs
(TOHKOAMCIIEPCHBIC);
B — IIUTMEHTBI TS KpaIlICHUS BHCKO3bI B Macce;
A — [OurMeHTtsl Ui KpallleHWs  aleTaTHOro  Iejika B MAacce;
P — nurmeHThI AJ1s1 KpalieHus: pe3uHbI

Jlns naxos.
b, K, M u H — nak sBnsiercst coyiblo Oapusi, KaJblUsi, MapraHila Wi HaTpus
COOTBETCTBEHHO.

Ha3Banusi Kpacureneidl, oOpa3oBaHHbIE IO MpaBWIaM palMOHAIBHON
HOMEHKJIaTyphl, JAlOT HMCUEPIBIBAIOIIME CBEACHHS O CBOMCTBaxX, CIOCO0ax u
00JacTsAX NPUMEHEHHS KpacuTesel, a TakKe O CBOMCTBAX MOJIy4aeMbIX OKPAaCOK.
Tak, HazBanue KucnoTHelil opanxkeBblii cBeTonpouHblii H4KM o3HauaeT, 4To 310
METaJJICOJAEPKAMM  KpacuTedb JJs IIEPCTH, OOpa3yloluil OpaHXeBble C
3aMETHBIM KpPAaCHOBaTbIM OTTEHKOM OKpAacKH, KOTOpbIE O0JIaJal0T BbICOKOM
CBETOCTOMKOCTBIO; KPACUTENIb MOXKHO IPUMEHSATH I KPAILLCHUs MOy IIEPCTAHBIX
M3IENUN, T. K. KpallleHUe UM BEAYT U3 HeuTpajabHOW BaHHbL. Hazanue [Ipsmoit
nua3o-0opao cBeronpouHblii C yKa3bIBaeT Ha TO, YTO 3TO KPACUTENb, CIIOCOOHBIN
OKpalIMBaTh LEJUIIOJ03HbIE BOJIOKHA HEMOCPEICTBEHHO M3 BOJHOTO PacTBOpa B
NPUCYTCTBUM DJIEKTPOJIMTA B LBET OOpJIO C CMHEBATHIM OTTEHKOM; 00pazyeMble
OKPAaCKM YCTOMYHMBBI K CBETY, & YCTOWYMBOCTh K CTUPKE MOXKET ObITh MOBBIIIEHA
IyTEM JHMA30TUPOBAaHUS HAa BOJOKHE M COYETAaHUS C COOTBETCTBYIOLIEH
a30cocTaBisitomIel  (IIsl  MOJY4YeHUs  KpPacHbIX  OKpacok — C  2-
ruapokcuHadranuaom). Hazpanne OgHOXpOMOBBIN OJIMBKOBBIN JK 03Ha4aeT, uto
3TO KHUCIOTHO-TIPOTPABHOM KpacuUTeNb ISl IIEPCTH, OKPAIIMBAIOIIMM €€ B
OJIUBKOBBIM I[BET C JKEJITOBAaTbIM OTTEHKOM, NPUYEM IpoTpaBieHHE (00pabOTKy
COJISIMH XpOMa) MOXKHO NPOBOJUTH OAHOBPEMEHHO C KpalI€HUEM. AHAJIOTHYHO
pacinpoBBIBAIOTCS HA3BaHUS U JPYTUX KpacuTemei.

Bonpocuvt ons camoxoumpons:
1. OxapakTepu3yiiTe XUMHUUYECKYIO KIaCCU(PUKALIMIO KpACUTENEH.
2. HasoBure JOCTOMHCTBA U HEJIOCTATKU KJIACCU(DUKAITUN TI0 HATMIUIO OJTMHAKOBBIX
XpOMO(OpOB.
3. Texnuueckas kinaccuukaiys Kpacutemnen.
4. [ToHsiTHE O KpAaCUTENSIX Pa3IMUHbIX KJIACCOB
5. Kak popmupyetcs Ha3BaHUE KpacUTEIS?
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MNepeyeHb BONpPOCOB ANA NOArOTOBKMU K 3K3aMeHy

PaHHuEe XUMHYECKHE TEOPUH LIBETHOCTH.

2. SlBneHus ¢yopectenumu, XEMWIFOMUHECIIEHITNH, doroxpomumu,
CEeHCUOMITU3AIINH.

3. Ilonsatus kpacku, kpacutens, TurMenTa. OTanurne OpraHndeckuX KpacuTemnei
OT KPaCOK U JIJAKOKPACOYHBIX COCTABOB.

4. Cnoco0Obl MPaKTUYECKOTO MPUMEHEHHUS KpacuTeseil: COOCTBEHHO KpacHUTelu,

KPaCUTEIN-CEHCUOMIN3aTOPBI, KpacCUTEIU-TIOMUHODOPHI, KpacuTelu-

(bayopeciieHTHbIe 0TOCIMBATEIH.

3HaueHuEe XUMHH KpacuTesei.

OneKkTpoMarHuTHbIN criekTp. CrieKTpaibHbIe U TOTOJHUTEIbHBIC 1IBETA.

7. YnbTpaduoneroBas u uH(]pakpacHas oOnactu crekrtpa. HM3buparenbHoe
MOTJIOIIEHHE CBETA.

8. SIBrmeHus, BOSHHUKAIONINE TIPU B3aWMOJCUCTBUU 0€JI0r0 CBETa C Pa3IMYHbIMU
oObekTamu. [IpuunHa okpacku Tena.

9. CnexTpanbHble KPUBBIE IOTJIONICHUSA. YTIyOsieHue (OaTOXPOMHBIA CHBUT
MaKCUMyMa MOIJIONIEHUS) U MOBBIIIEHUE (TUIICOXPOMHBINA CIBUT) IIBETA.

10.IHTEeHCUBHOCTh OKpPAacKd - THUIEPXPOMHBIA W THUIIOXPOMHBIN 3(PQPEKTHI.
OHeprus Bo30YyKICHHUS MOJIEKYJI.

11.9HepreTuueckre ypoBHU MOJIEKYII.

12.OnexTpoHHble TIepexo/ibl. Pa3nuuus B sHEpruu BO30YXKIEHUS AJIEKTPOHOB,
BXOJSIIMX B COCTaB MOJIEKYJ. OHEprus BO30YXKICHHS BaJCHTHbBIX
AJIEKTPOHOB.

13.9HepreTuueckre ypoBHU U TUIIbI 3JIEKTPOHHBIX MEPEX0/IOB.

14.OxcniepuMeHTalbHbIE JaHHBIE O TMOIMVIOMIEHUH CBETa YTJIEBOJIOPOJIaMHU
Pa3IMYHBIX KIJIACCOB.

15.1TepBoe (OCHOBHOE) MOJIOKEHUE TEOPUU LIBETHOCTH.

16. XapakTep 5SIEKTPOHHBIX IIEPEXOJOB B MOJEKyJaXx C TeTepOaTOMAaMH.
Hanbonee AIMHHOBOJIHOBBIE MOJOCKI MoriomeHust (R-monockl) pa3amyHbix
3aMECTHUTENIEH U UX OCOOEHHOCTH.

17.BnusiHue 371€KTPOHOJOHOPHBIX M AJIEKTPOHOAKIIENITOPHBIX 3aMECTUTENIEH Ha
XapaKTEPUCTHKY [[BETHOCTH OPTaHUYECKUX COEAMHEHUM.

18.Baxkuetinme IeKTPOHOJOHOPHBIE 3aMECTUTENIM B XUMUU KpPacUTENIeH U HX
BJIMSTHUE HA COIPSKEHHBIE CUCTEMBI.

19.BnusiHie 31EeKTPOHOAKLETITOPHBIX 3aMECTUTENIEH, B KOTOPBIX I'€T€pOATOMbI
CBSI3aHbl JIBOMHOM CBA3BK0 WM TMOJKIIOYEHBI K COIPSIKEHHOW CUCTEME, Ha
OKpPacKy COE€IUHEHUS.

20.CoBMecTHOE JCHCTBHE TOJISIPU3YIOIIMX 3aMECTUTENIEM M YCJIOBHE €ro
nposBieHus. ['unepxpomusiid 3QPEeKT NoIIpU3YIOMUX 3aMECTUTEIICH.

21.CrnoxHble CONPSHKEHHBIE CUCTEMBI C MOJSPU3YIOIIUMHU 3aMECTUTEIISIMH.

22.BTopoe nojokeHnue TeoOprur IBETHOCTH.

23.1lonsTHE MOHU3ALIUU. Nonuzanus ANEKTPOHOAOHOPHBIX u
ANIEKTPOHOAKIIETITOPHBIX 3aMECTUTEIIEH.

=

o
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24 VloHu3anysi CIOXKHBIX MOJIEKYJ CO CMEHIAHHBIMU 3aMECTUTEISIMU U
3aBUCUMOCTh X OKpacku oT pH cpepr.

25.TpeThe MO0KEHNE TEOPHUH IIBETHOCTH.

26.ITpuMeHUMOCTh CTPYKTYpHBIX Popmyd. [IpeaenbHbie CTPYKTYPBHI.

27.BnusiHrie BBeICHUSI B MOJIEKYJTYy BTOPOTO AJICKTPOHOJOHOPHOTO 3aMECTUTEIIS
Ha TIOTJIONICHUE CBETA.

28.JlonoTHUTENBHBIC TIOJIOCHI TIOTJIONMIEHUS B PAa3BETBICHHBIX COMPSHKEHHBIX
CUCTEMaX.

29.Cy111eCTBOBaHHUE PA3BETBICHHBIX KOHKYPUPYIOMIMX COMPSDKEHHBIX CHUCTEM B
YCJIOBUSIX 3aMbIKaHUS TE€TEPOIUKIIA.

30.[TepekpenmBaromuecs COMPSKEHHBIE CTPYKTYPhI, XapaKTepU3YIOLIuecs
NPUHAIJICKHOCTHIO OTIEIBHBIX (PArMEHTOB MOJIEKYJbI OJHOBPEMEHHO
HECKOJIbKUM «KBa3MaBTOHOMHBIMY COMPSKEHHBIM CUCTEMAaM.

31.YerBepToe MOJIOKCHUE TCOPHH IIBETHOCTH.

32.3aBUCUMOCTH TIOTJIOIICHHUS CBETa OT CTEPUUYECKHUX (PAKTOPOB, MCKAKAIOIITUX
MIPOCTPAHCTBEHHOE CTPOEHUE OPTAaHUICCKUX MOJIEKYI.

33.Hapymieane mI0CKOW CTPYKTYphl MoOJeKkyid. DakTopel, TPHUBOAAIINAE K
W3MEHEHUIO TIJIAHAPHOCTH.

34.9¢hexT BHYTPUMOICKYJISIPHOTO CMEIIICHUS I[BETOB.

35.MckaxeHne BaJICHTHBIX YTJIOB U €T0 BIMSHHE HA YTITyOJICHHUE IIBETA.

36.I1sT0e mosiokeHre TEOPUU IIBETHOCTH.

37.KomrmnekcooOpa3oBaHue ¢ yriayOJeHHEM I[BETa

38.KomrmekcooOpa3zoBanue 6e3 yriyoieHus 1BeTa.

39.3aBUCUMOCTh OKpPacKd BHYTPUKOMIUIEKCHBIX COCAMHEHHH OT TPHUPOIBI
MeTaslia-KOMILIEKCO00pa3oBaTelis.

40.M3MeHeHHusT B CHEKTpax TOTJIONMIEHUS TIPH  KOMILIEKCOOOpa30BaHUH
OpPTaHUYECKUX COCTUHECHUN C METaJUTaMH.

41.ONEeKTPOHHBIE  B3aUMOJCHCTBHSA B  MOJIGKYJIE  BHYTPUKOMIUIEKCHOTO
COCTMHEHMUSI, HE TPUBOAAIINE K N3MEHEHHIO OKPACKH.

42 .1llecToe monoKeHue TEOPUH IIBETHOCTH.

43.TTonsTre 0 xpoModopax u aykcoxpomax. CTpyKTypa XpoMO(GOPHOI CHCTEMBI.

44, AnTOpuUTM HM3YUEHHUS IIBETHOCTU COCIUHECHMUSI.

45.3HayeHue XpoMoQOpPHOU TEOPUH KPaCUTEIIEH.

46.Xumnueckas kiaccudukarus kpacurteneid. J[OCTOMHCTBA W HEIOCTAaTKH
KJ1acCU(UKAITMN 110 HAJTUIUIO OJUHAKOBBIX XPOMO(OPOB.

47 Knaccudukanus KpacUTeNe Ha OCHOBE XUHOUIHOU TEOPHUH IIBETHOCTH.

48. Texnuueckas cucreMa KiiacCu(huKanuy OpraHndecKuX KpacuTeNeH.

49.TloHaTue 0 KpaCUTENSIX Pa3TUIHBIX KJIACCOB.

50.CoBpemeHHasi HOMEHKJIATypa KpacuTee
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