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ABTOpBI:

Hoaros Bragumup OBanecoB EBrenmii lernuxoBuuy Knasaus
BaagumupoBuy HukojgaeBnu AJlekcaHIpOBHA
3aBenyroumii kadeapoit mupekxtop Haydano- JOLEHT Kadeapsl KITMHIYECKON
KIIMHHUYECKOM MIPOU3BOJICTBEHHOTO nmabopaTOpHOIT TMATHOCTHKHI
nabopaTopHOIA npeanpusaTus « TeXHOMEeIIKay PMALIIO,
nuarHoctuku PMAITIO, KaHAUAAT MEAULIMHCKUX HayK

npodeccop, TOKTOp
MEIUIUHCKUX HAayK

Kuura craBuT 1enbi0 gaTh 0030p OCHOBHBIX ONTHYECKHX METOJOB M  IMOJIXOIOB
(doToOMETpUUYECKOIO  aHaluM3a, a Takke (POTOMETPOB, HCHOIB3YEMBIX B  KIMHHKO-
IUarHOCTUYECKUX JabopaTopusx. KHura B 3HAaYMTENbHOM Mepe HOCUT 00pa3oBaTeIbHBIH
XapakTep U MOXKET pacCMaTpPUBATHCS Kak yueOHOoe mocoOue no (OTOMETPUUECKUM METOAAM IS
CTYZICHTOB MEJIMKO-OMOIOrHYecKiX (DaKyJIbTETOB U CIEIUATUCTOB KIMHIUUECKOW TabopaTopHOi
JMarHOCTUKU. MaTepuan noJo0paH Ha OCHOBE OIbITa MPENOAAaBAHUS PA3JENIOB KIMHUYECKOM
71a00paTOPHOI TUArHOCTUKY KypCaHTaM IMKJIOB CIIEIHATU3AI[MH U YCOBEPIICHCTBOBAHUSI.

Cnoncopom uznanus kauru seisercs OO0 «Buran /[uarHoctukcCII16» (reHepanbHbIN
nupektop A.I'.IlnexoB) @upma Burtan /[narHoCTHKC - OMH U3 KPYNMHEHUIINX OTEUECTBEHHBIX
MOCTaBIIMKOB PEAKTHBOB M MPUOOPOB A KIMHUKO-TUArHOCTUYECKUX Jlaboparopuil. Pupma
MOJICP)KUBAaET 00pa3oBaTelbHBIE MPOrpaMMbl B OONACTH KJIMHUYECKOH JabopaTOpHOH
JIMarHOCTUKHU: OpPraHu3yeT CEMHUHaphl, y4acTBYeT B KOH(EpPEHLHMAX M BBICTABKaX, U3IAeT 3a
CBOM cCpeiCTBa Y4eOHO-METOAMUYECKYIO JUTepaTypy. ABTOpbl BbickaszbiBaloT OOO «Buran
JuarnoctukcCI10» nckpeHHIor 61aroJapHOCTh 3a U3/1aHUE KHUTH.
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OCHOBHBIE HHOHATUSA

OnTUyecKkre METOAbl HCCIENOBAaHHMS BEIIECTB OCHOBAHBI Ha CIIOCOOHOCTH JTHX BEIIECTB
HOpO)K)Z[aTb OIITUYECKOC Msnyqe}me NN BSaHMOﬂeﬁCTBOBaTb C HUM. .

Domomempus — COBOKYITHOCTb ONTHUYECKUX METOJIOB U CPEACTB U3MEPEHUS (hOMOMEMPUYECKUX
seauyut_ceemoso2o nomoxka. OCHOBHBIM TTOHATHEM (DOTOMETPHUH SBISIETCS TOTOK HM3IYUYEHHUS, CMBICI
KOTOPOT'O B MOIIIHOCTH NIEPEHOCUMOTO 3JIEKTPOMArHUTHOTO (ONTUYECKOT0) U3TyUEHUSI.

Cnexmpodhomomempus_- OnpeeiicHUe 3aBUCUMOCTH (DOTOMETPUYECKHX BEIUYHMH OT JIJTMHBI
BOJIHBI U3ITyYCHHUS .

Cnexkmpockonus WM SMUCCHOHHBIA CIEKTPAJIBHBIN aHaIW3 - OMPENCICHHE W3TydaTeIbHOU
CHOCOGHOCTI/I BEUICCTB B 3aBUCHUMOCTH OT AJIMHBI BOJIHBI 1/13nyqu1/1ﬂ.

B ananumuueckoii _xumuu __u__KIUHUUECKOU _J1aO0OpAmopHOi __OUAZHOCHUKE _UiUDOKOEe
HpUMEHEeHUe HAu1u_homomempuyecKue memoovl Koau4eCmeeHH020 aHANU3d, OCHOGAHHblE HA
nepeeeoeHul _OnpeoeiiemblX KOMNOHEHMOE 8 No2iouiaouiue ceem _COeOUHEHUs C_NOC1e0yIouum
onpeoeieHuem ux Koaiuuecme nymem usmepeHusi C6emonoziouieHus pacmeopos.

ITo okpacke pacTBOPOB OKpAIIEHHBIX BEIIECTB MOXHO OIPEACIATh KOHIICHTPAIHIO
KOMITIOHCHTOB HpH IIOMOIIIH q)OTOSHeKTpI/I‘-IeCKI/IX HpI/IeMHI/IKOB OIITUYCCKOI'O H3nyqu1/m
(poTOonpUEeMHHUKOB) - TPUOOPOB, TNPEBPAINAOIIMX CBETOBYK) JHEPrUI0 B JJeKTpuuyeckyr. Ecmu
u3MepeHue BeneTcs 0e3 BBICNCHHWS  Y3KOrO Juara3oHa JJIMH BOJIH, TO €CTh HW3MEPSIOTCS
XapaKTepUCTUKH BCET0 CBETOBOTO TIIOTOKA, TO TaKOM METOJI aHajW3a 4YacTO Ha3bIBaeTCs
Konopumempuyeckum. EcTu Xe BBIIEISIETCS XapaKTePHBIA MJis TOTJIOUIEHUS JaHHBIM BEIIECTBOM
ONTUYECKUH ITMAma30H W WU3MEPEHHUE IMPOBOJMUTCS Ha OMNPEACICHHOW JJIMHE BOJIHBI, TOTJIa TOBOPSAT O
coOCTBeHHO (OTOMETpPHYECKOM MeTofle aHamm3a. DoToMerpudueckwii MeTom sBisieTcs  Ooiee
06T)GKTI/IBHBIM MCTOOOM, YEM KOHOpHMGTpH‘ICCKHﬁ, HOCKOHBKy peSYJ'[BTaTI)I €ro MEHBIIC 3aBUCIAT OT
MOTJOIICHUS ceeta  ApyruMu  (MHTeppepUpPYIOMUMU) OKpAIIEHHBIMU  BEIIECTBAMHU.

DOTOMETPUYECKUI aHATN3 - OJJH U3 CaMBIX CTapbIX U PacCIpPOCTPAHEHHBIX (PU3UKO-XUMHUIECKHIX
METOJOB, I HEro TpeOyeTcs OTHOCHTENHLHO  IPOCTOe OOOpyIOBaHWE, B TO JKE€ BpEeMsl OH
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XapaKTEepPHU3yeTCs BHICOKON YYBCTBUTEIHLHOCTHIO M BO3MOXKHOCTBIO OIPEJIEICHUs] OOJBIIOTO KOJIMYECTBA
OpraHnveckux BeliecTB. OTKpPBITHE BCE HOBBIX M HOBBIX PEarcHTOB, O0Opa3yIONIMX OKpAIICHHBIC
COCAUHCHUA C HCOPraHM4Y€CKUMH HOHAMU H OPraHHM4Y€CKHMHU BCEUICCTBAMMU, paspa60TKa IMPUHOHUIIOB
COMPSUKCHHBIX ~PEakIMil JieJaeT B HACTOSIIEEe BpeMs MNPUMEHEHHWE JTOr0 MeEToAa IOYTH
HEOTpaHUYEHHBIM.

DoTOMETPUYECKUH METOJI aHallu3a MOXET TPUMEHAThCA JUIs OOJBIIOro Juamna3zoHa
ONpeaACIACMBbIX KOHHeHTpaHHﬁ. Ero HCIIOJB3YIOT KaK i1 ONpeAcCICHHSA OCHOBHBLIX KOMIIOHCHTOB
Pa3IMYHBIX CJIOXKHBIX BEIIECTB, TaK W IS OMNpEeNeNieHUs MHUKpompuMeced B OOBEKTax..
KomOuHHpOBaHHE C HEKOTOPHIMH METOJAMH pa3jiesicHUss W oOOTameHHs] - XpoMaTorpaduuecKuM,
OKCTPAaKIUMOHHBIM - IIO3BOJIACT Ha HECKOJIBbKO IMOpsAAKOB IIOBBICUTH YYBCTBUTCJIBbHOCTH
(OTOMETPUYECKUX METOJIOB.

DOTOMETPHUECKHE CBOWCTBA PACTBOPEHHOTO BEIIECTBA XapaKTEPU3YIOTCS KOIDDHUIIMEHTOM
nporryckanus T (1), koadduimenTom orpaxkerus R (p), u koadduitmeHToM noriomeHus A (o), KOTOpbIe
JUTSL OTHOTO M TOTO K€ BEIlecTBa CBA3aHbl cooTHomeHneM T+ R+ A =1.

Omnpenenenne Oe3pa3MepHbix BenuunH T, R w A BeIMONHSETCS C TOMOIIBID (POTOMETPOB
(TpubOopoOB mJIsT M3MEpPEHUST KaKOH-IINO00 (DOTOMETPUUIECKON BEIMYMHBI) ITyTEM PETUCTPAIMH PEAKITUI
MPpUEMHHKA ONTUYCCKOI'0O U3JTYYCHUA Ha COOTBETCTBYIOUIUC MOTOKH H3JIYyUCHH. HpI/I 3TOM B pYTHHHOfI
a00paTOpHO TpaKTUKE MPHHATO 0003HAYaTh NPUOOPHI, PETUCTPUPYIONIME IOTJIONICHHE CBETa
BEIICCTBOM, (homomempamu, OTPAKCHUE — OMPANCAMETbHBIMU (homomempamu.

DoTOMETPHUECKHE METOJIBI IPUMEHSIOTCS TAK)KE B TEX CIydasx, KOTJa U3ydaeTcsi CiocoOHOCTh
BEILIECTB pacceusams (Heheromempusa) W nponyckams N3NyUeHUe (mypoudumempus), nepeuznyians
noenowennoe uziyienue (ayopumempus), W3MEHATh CcHieNeHb noaApuzayuy W3IYYSHUS TPpU
MPOXOKICHUH €Tr0 Uepe3 ONTHYECKH AKTHBHBIE BEIECTBA (HoApUMEempus).

Kpome Toro, oHMUM M3 BaXKHBIX pa3zeiioB (PU3UUECCKON ONTHKH SBISCTCS pedpaxmomempus,
W3YYAOIIAsl HoKa3amenu npeiomieHus ONTHYECKOTO H3IIyYeHUS TBEPIBIX, KUAKUX W Ta3000pa3HBIX
BEIIECTB B 3aBUCUMOCTH OT JUTMHBI BOJHBI H3ITYUYCHUSI.

Ha3pannble onruueckue METOAblI HNPHUMCEHAKOTCA MJIA H3YUCHHUA COCTOAHUA OHMOJIOTHYECKHUX
CUCTEM M HMX H3MEHEHHUS B TMpPOIEccax acCOIMAlMU-IUCCOLUAIUN, B3aUMOJICHCTBUS C JPYTUMHU
MOJICKYJIaMH, O0pa3oBaHUs M pachaja KOMIUICKCOB (epMEHT-CYOCTpaT, aHTHICH-aHTUTENO, OenoK-
JUTIAL, OETOK-HYKJIEHHOBAs KUCIT0Ta; POTODHU3NIECKHX M (POTOXMMHYECKHUX MPOLIECCOB U T.1I.

Bbicokasi 4yBCTBUTEIBHOCTBIO, TOYHOCTh, OBICTPOJCHCTBHE M YIOOCTBO WCIIOJIB30BAaHUS JIS
PYTHHHBIX MCCIEIOBAHUI MTPENIONPEACIAIOT IIMPOKOE MPUMEHEHHE ONTHYECKUX METOJIOB B KIIMHUYECKON
1ab0paTOPHOI THAarHOCTHKE.

OU3NYECKHUE OCHOBbBI OIITUYECKUX METO/10B
NCCIEAOBAHUA BEHLIECTB

OIITUYECKOE U3JIYYEHME. CBET.

Onrtryeckoe U3TydeHHE MPECTABIACT COOON AIEKTPOMArHUTHBIE KOJECOAHUS ONpeNeeHHOro
JMara3oHa 4acTOT, PacCIpPOCTPAHSIONIUXCS B MPOCTPAHCTBE CO CKOPOCTBIO ¢, KOTOpas Hjs BaKkyyMa
coctapisier 3-10° a/c. OCHOBHOI XapaKTEPUCTHKOM IEKTPOMATHHTHOTO H3ITy4eHHs SBISETCS 4acTOTa V
WJIH JUTMHA BOJHBI JJIEKTPOMArHUTHBIX Konebanud A = ¢/ v.

YacTOTHBIN COCTAB ANEKTPOMArHUTHOTO M3JIyUYCHHUS] Ha3bIBAETCS €0 CIIEKTPOM.

CBOMCTBa 3JIEKTPOMArHUTHOT'O W3JYUYCHUs CUIBHO Pa3JIMYAlOTCS B 3aBUCHMOCTH OT YaCTOTHOTO
nuana3oHa. Hanbonee BBICOKOYACTOTHAs 00MacTh KOJIeOAaHHUU (CIIEKTpa), XapaKTepU3yIoascs ATUHON
Bomabl A <0,05 um (510" M), COOTBETCTBYET KOCMHYECKHM JydaM, MPOHM3BIBAIOIIAM 3EMHYIO
atMocdepy, ¥ raMMa-u3Ty4eHHUI0, BOSHUKAIOIIEMY TIPU AACPHBIX PEAKIUIX.

O6unacTh konebaHuil (CrieKTpa) ¢ JJIMHAMH BOJIH OT J0JIei HAaHOMETpPa J0 HECKOJBKUX JCCATKOB
HaHOMETPOB OTHOCHUTCS K PEHTI'€HOBCKOMY U3JIYyYEHHI0. «Msrkoey», T. €. Hanbosee JITHHHOBOJHOBOE U
HaUMEHEe MPOHMKAKIIEE PEHTTCHOBCKOE H3JydeHHE, MPUMBIKAET K YJIbTPa(HOIETOBOMY H3IYUYCHHIO
ONTUYECKOTO JHAIa3oHa.

OnTryeckuM JMAna30HOM DIICKTPOMATHUTHOTO W3ITyYeHHs HAa3bIBAaeTCsS CpPEAHSAsS 001acTh
CHEKTpa ¢ JUIMHOW BOJIHBI OT HECKOJBKHUX JIECSITKOB HAHOMETPOB (COTHIX JI0JIe MUKPOHA) 0 BEJTHMYHHEI
MOpsAJKAa COTHU MHUKPOMETPOB (moneit MuuimMmeTpa). ONTUYECKUI NUana3oH BKJIIOYACT: HEBUIAMMOE
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yIIbTpaHoIeTOBOE U3TyUYeHHE C AMMHON BOMHBI 10 380 Ham, 06JacTh BUAMMOTO M3AYYEHUS - c6em - C
ITIHOH BoJHBI OT 380 v 1o 780 v M HeBHAMMOE MH(pakpacHOe U3TydeHNE ¢ IITMHOW BOJHBI OOJIbIIIE
780 Hm

O0benuHeHne yapTpaduoaeToBOro, BUIMMOrO M HH(PAKPACHOTO M3TY4YEHHUsS B 00llee MOHATHE
onmuyecKuti Ouanazox OTIPaBIBIBAETCS KaK OJHOTUITHOCTHIO MPUHITUIIOB BO30YKICHHS 3TUX U3ITYYCHUH,
TaK W OOIIHOCTHIO METOMIOB MX WHIAMKAIIMK M MPeoOpa3oBaHMs. Y UUTHIBAS 3TO, MBI OyaeM yrnoTpeOsaTh
TEPMUH «CBET» (TO €CTh, BUAMMOE ONTHYECKOE H3TYYEHHE) BMECTO «ONTHYECKOE HW3IY4YEeHUE» s
o0JieryeHusi MOHUMAaHUS! HEKOTOPBIX ONTHYECKHUX SIBICHUH.

OnTHueckoe W3MydeHHe BO3HHKAeT JIMOO B pe3ysibTaTe BO30YXKIEHHWS aTOMOB WM KpPHCTAILIOB,
CONPOBOXKIAIONIETOCS] SHEPreTUUECKUMH TIepeX0JaMi HauMEHEe CBS3aHHBIX (BaJEHTHBIX) 3JIEKTPOHOB,
n00 B pe3yibTaTe TeMJIOBBIX KONeOaHW caMHX aTOMOB M MOJIEKYJ, HCIYCKAaroIMX HH(paKpacHoe
M3ITydeHre. PEHTTEHOBCKOE M3ITydeHNE OTIIMIAETCS OT ONTHIECKOTO TEM, YTO BO3HUKAET MPH BO30YKISHUN
3JIEKTPOHOB C BHYTPEHHHUX 000JI0YEK aTOMa, paIHON3ITydeHIe — MPH KOIeOaHUIX CBOOOIHBIX 3aPSIIOB.

Co cTopoHBI 0oJiee IIMHHBIX BOJIH K ONTHYECKOMY AMANa30Hy MPUMBIKAeT 00JacTh paJnOBOJIH.
Haubosnee IIMHHOBOJHOBOE JNEKTPOMATHHTHOE wm3nydenne (1 >10° M) cO3MalOT MPOMEIILIEHHEIE
YCTaHOBKH (T€HEPaTOPhI IIEPEMEHHOTO TOKA).

Ha puc. 1 u3o0paxkeH B 1orapuMuIeckoM MaciTade MoJHBIN CIEKTP EKTPOMArHUTHBIX
U3IIy4CHUM.

00le O1lmra lrma 10mma 100mma Iemea 10pmra 100pEm loma lema 10cra 1w 10 1
10* 10 107t 10° 10t 10* 10* 10* 10° 10° 107 10® 10° 10°
| | | | | | | | | | | | IE"M
3 Iw“‘ 3_'1019 i 3-1]u”]| ] 3-1||3‘5I I3I-1t|1" 3-1'013: I 3-{01“ | 3-'103 L3
Pemrenoscroe {“L‘: !“ ME "!
PRIy R ETE S | Pagncpome:
T avma-wimyesme 1 / b |
1 400 s2a ~ 7% ma |
| [P CT 3XOK |
| | Bumomii ceeT |
!__ OnTHYsCERE THAN 0K __!
Puc.1. Lllkana 31eKTPOMATHUTHBIX BOJH.
Tabmuna 1.
M cTOYHUKH 3JIEKTPOMATrHUTHBIX BOJIH
Yacrora Jnuna Jnamnazon Hcrounnku. OCHOBHBIE METOJIBI BO3OYKICHHS.
v, 't BOJIHBI A, M
10° 3x10* PannoBoJiHbL IlepemeHHBIE TOKM B IIPOBOJHUKAX U 3JEKTPOHHBIX MOTOKAaX
(reHepaTophl  pPamMOYACTOT, TEHEPATOPBl  CBEPXBBICOKUX
gactor CBY)
10" 30x10™
3,75x10" | 8x107 UK-nznyuenue | UznmyueHne MoyieKyn W aTOMOB IPH  TEIUIOBBIX
JNEKTPUYECKHUX BO3IECHCTBUIX
7,5x10" 4x107 Bugumeblii ceer | M3nydyeHue MoJieKyJl M aTOMOB MPU  TEIJIOBBIX
3JIEKTPUUECKUX BO3JIEUCTBUSAX
3x10" 107 YO W3nyuenne  aToMOB  MpU  BO3JEHCTBHUM  YCKOPEHHBIX
W3Iy4YEHHUE, 3JIEKTPOHOB
MATKHIA
pEHTIeH
3x10% 107" Penrtren, y- | ATOMHBIE Tpollecchl MpH  BO3AECHCTBUSAX  YCKOPEHHBIX
U3Iy4YEHHUE 3apsKEHHBIX YaCTHILL.
10% 3x107° y-U3TydeHUE SlnepHble mpolecchl, paauoaKTUBHBIM pacrall, KOCMHUYECKUE
MPOIECCHI
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rwra

MEra KMo

Puc. 2. O6aacTi UCNOJB30BAHMS 3JIEKTPOMATHUTHOTO M ONITHYECKOT0 M3JIyYeHUs

Tabnuna 2.

I[I/Ial'[a30HbI ONTHYCCKOI'0 U3JIYyYCHUSA

O0o03HaueHue

KopotkoBosHoBoe ynbrpaduoneroBoe uznydenue - C (YD-C)
CpenHeBoHOBOE yibTpaduosieTopoe usnyuenue - B (YO -B)

JnuHHOBOIHOBOE yibTpaduoneroBoe uznydeHne - A (YO -A)

Bunumelii cBeT:
duoneToBbIN
Cuani
T'omy6oit
3eJIeHbIN
Kenrterit
OpaHKeBblii
KpacHsiit

Bbmxnee undpakpacHoe uznyyenne A (MK-A)
Cpennee nndpakxpacHoe nznydenne B (UK -B)

Hanbuee nndpakpacuoe uanyuenue C (UK -C)

Bonnosoi JrariasoH

100 - 280 HM
280 -315 um
315 -380 am
380 - 780 uMm
380 —435
435 —-490
490 — 500
500 — 560
560 — 595
595 - 650
650 - 780
780 M - 1,4 MKM
1,4 - 3 MkMm

3 MKM - 1 MM

KopnyckyisipHO-BOJIHOBOM Ayaju3M CBeTa

Ceer mpencraBisieT COOOH CIOKHOE SIBJIEHME: B OJHHMX CIy4asx OH BeJeT cels Kak
3NIEKTPOMArHUTHAS BOJIHA, B IPYTHX — KaK MIOTOK OCOOBIX YaCTHII - POTOHOB.

OTO O3HayaeT, 4TO MpUpoAa cBera Oojee CIOXKHa, YeM MPUPOJAA MPHUBBIYHBIX IS HAc Tell
OKpy’Katomero Mupa. B JroObIX CBETOBBIX SBIEHUSAX MPU HX [NIyOOKOM HM3y4YeHHH OOHAapYKHBaeTCS
Hepa3pbIBHAS CBSI3b KBAHTOBBIX M BOJIHOBBIX CBOWCTB CBETA.

10
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BouanoBble XapPaKTEPUCTUKH CBETA

Ceer mpencraBisieT co0OH BONHBI JJIEKTPOMAarHUTHOTO TIOJNSA. B 3IEKTpOMAarHWTHOW BOJIHE
K0J€0JII0OTCS BEKTOPBI HANIPSAKCHHOCTH SJICKTPHUICCKOI'O IOJIA En BEKTOPBI HAITPSAXKCHHOCTH MarHUTHOT'O
nons B.

Kak mokaspiBaeT omeIT, (huznonorundeckoe, (GOTOXHMUYECKOe, (OTOIEKTPHUECKOE U IpyTHe
JIEHCTBUSI CBETa BBI3BIBAIOTCA KOJEOAHWSIMH 3JIEKTPUYECKOTO BEKTOpa. B cooTBeTCTBMM C 3TUM B
Z[aHbHeP'IHleM IMoJ CBETOBBIM BEKTOPOM IMOAPA3yMEBACTCA BEKTOP HANPSAKCHHOCTH SJICKTPUICCKOTO I10JIA
E. CBeroBbie BOMHBI SBISIOTCA IUIOCKO IONMEPEYHBIMH, PACIPOCTPAHSAIOTCS B OJHOPOJHOM cpene
MEPIEHANKYJIISTPHO HAMMPABICHUIO IIEKTPHYECKOTO ¥ MATHUTHOTO TOJIeH (PUCYHOK 3).

.HI/IHI/II/I, BOJIb KOTOPBLIX PAaCIpPOCTPAHACTCA CBETOBAsA OJOHEPIruUsd, HA3bIBAIOTCA JIydaMU. B
€CTECTBEHHOM CBETE KOJICOaHUsI pa3IUYHbIX HANpPaBICHUN OBICTPO M OECIIOPSAIOYHO CMEHSFOT JPYT APYTa.
CBer, B KOTOpPOM HampaBJleHHS KOIeOaHWI yHOpsAmOYeHbl KakuM-TuO0 o0pa3oMm, Ha3bIBaeTCs
noJisipu3oBaHHbIM. Ecnu kKojeOaHUsI CBETOBOTO BEKTOpa MPOUCXOIST TOIBKO B OJHON MPOXOISIIEH
yepe3 Jyd IUIOCKOCTH, CBET HAa3bIBaeTCs IUIOCKO TMOMAPU30BAaHHBIM (UJIM JHUHEHHO-
MOJNIIPU30BAHHBIM).

OCHOBHO# BOJIHOBOH XapaKTEPHUCTHKON CBETa SBISETCS IUIMHA BOJHBI A, BBIpakaemas B HM,
MKM, WJIU CM.

Puc. 3. CperoBasi BOJIHA paclnpoCTpPaHsETCs B HAIPaBICHUU OCH Z TNEPHEHAMKYJISIPHO BEKTOpaM
HaIPSOKEHHOCTU  3JIEKTpUdeckoro E u marHutHoro B moneil. XapakTepUCTHKOW CBETOBOTO IMOTOKA
ABsieTcsl ANMHA BOJHBI A. Eciam CBETOBOHW NOTOK COIEPHUT BOJHBI C OJWHAKOBOW OpHEHTalMel
IUIOCKOCTEH, B KOTOPBIX JIEkKAT BEKTOpa E CBETOBBIX BOJH, TO TAKOM CBET HA3bIBAECTCA MOJIAPU30OBAHHBIM.

Ontryeckoe  M3JIyuyeHHE  KaKOH-TMOO  00HOU  Onumbl  607HLI  TPEACTaBIAET  COOOM
MOHOXpoMamuyeckoe U3IyueHue.

Konebanne MOHOXpOMAaTHYECKOI CBETOBOI BOJIHBI OIMCBHIBACTCS BBHIPAKEHUEM FapMOHHUYECKOTO
KosiebaHus:

E=A4cos(tw + ¢) = A cos Cntc/i+ @),

3JIeCh ¢ — BPeMsi, ¢ — CKOPOCTh PaclpoCTpaHEeHHUs BOJHEI, ¢ — (aza rapMOHUYECKOro KojeOaHus B
TOYKE HAOIIOEHHUS.

BaxHO!l XapakTepHUCTHUKOW CBETOBBIX BOJH SIBISIETCS HMX  B3aUMHAsl KO2€PEHMHOCHIb.
Koeepenmnocms — smo  coenacoéannoe npomexanue 60 6peMeHU U NPOCHMPAHCIBE HECKOMbKUX
KOJIebamenbHuIX Uil GOJIHOBbIX NPOYECCO8, NPosAGIsoujeecs: npu ux ciodceruu. Konebanus nasvwieaiomest
KO2EPEHMHBIMU, eCU PAa3HOCMb UX (az ocmaemcsi NOCMOAHHOU 60 8PEMEHU, CLOJNCeHUe KoaeOaHull
onpeoensiem amnaumyoy CyMmMapHozo Kojaeoauus.

11
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[Tpu cnoxeHun KoneOaHW ABYX MOHOXPOMAaTHYECKHX CBETOBBIX BOJH oOpasyercsi KojieOaHue
TOM 7K€ 4aCTOThl. AMIUTUTY/A PE3yJIbTUPYIOLIETO KOJeOaH s

Ap = \/A12 + A22 +24,4, cos(p, —¢,)

MOKET U3MEHAThCA B Tipenenax oT A; + A, mo A; — A, B 3aBUCUMOCTH OT pa3sHOCTH a3 ¢; — ¢,
(pucyHOK 4).

Puc. 4. Cnoxenmne koJiedaHMii IBYX CBeTOBBIX BOJH (IIYHKTHp) C aMIIUTygamMu A; u A, npu
pasnnuHbIx (azax. PesynpTHpylomiee kojaedaHue — CIUIOUIHAS JIMHHS.

JIHEeBHO CBET WM CBET, MCIYCKAEMbIM JaMIlaMl HaKaJdUBaHMs, - 3TO CMECh HEKOIE€PEHTHBIX
AJICKTPOMArHUTHBIX BOJIH Pa3HbIX JJWH W (a3, o0pa3yroliux HENpepbIBHBIN (CIUIOIIHON) chexkmp.
BonHOBBEIE CBOICTBA CBETa MPOSBISIFOTCS B OMPAdNCEHUlU, NpeloMaAeHul, ouppakyuu, unmep@epenyuu,
RONAPU3AYUYU, PACCEUBAHUU CBETA.

KBantoBbI€ XapaKTEPUCTUKHU CBETA

Cset HCITYCKACTCA U MOIJIOACTCA BEIIECCTBOM B BUJAC CTPOIr0 OMPCACICHHBIX HOpLIHfI OHEpruu -
CBC€TOBBIX KBaHTax - q)OTOHaX. DOTOHBI - OJICMEHTApPHbBIC YaCTHULBI CBETA. Onu o6naz[a}0T BCEMH

E
XapakTEPUCTUKAMHU YacCTUI[ MHMKPOMMpA: ONpelelieHHONW »dHepruedl E =hv, wmaccoi m=—
c
14 c .
UMIyabcoM P =——, rie ¢ — CKOpPOCTh CBETa, V:; - "YacToTa JJIEKTPOMAarHUTHOW BOJHEI, /1 -
c

nocrosinas [nanka: hfooc-cex] = 6,625-107*,

[IpuanMnaneHoe OTiMHYMe (OTOHA OT MHUKPOYACTHI[ - OTCYTCTBHE MAcChl TOKOS, MO3TOMY
mopmoycenue (noznouienue) homona 006a3amenbHo c6A3AHO _C_NpespauieHueM Keanma ceéema 8
OpYy20it U0 IHepzuu Y TIPEKPAIICHUEM CAMOCTOSTEIBHOTO CYIIIECTBOBAHMUS.

DHeprusi cBeTa NpsiMO CBsi3aHa ¢ 4acToToi. KonnuecTBeHHYIO CBSI3b MEXKIY KOPILYCKYJISPHBIMU
cBoiicTBaMu E 1 BOTHOBOM XapaKTEPUCTHKON M3IyUeHHs vV ycTaHaBnuBaeT hopmyia [lranka:

E=hv

Kak cnemyeT U3 3TOro ypaBHEHHS, SHEPTUIOOPATHONIPOIIOPIIMOHATBHA JITTHHE BOJHBI, TO €CTh,

YeM KOOYE JIJTMHA BOJIHEI, TEM OOJIBIIYIO SHEPTHIO OHA HECET.

12
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KopmyckynspHble CBOWCTBa cBeTa OOHAPYKUBAIOTCS B TPOIECCAX JIOMUHECYeHyul, CIIEKTpax
TIOTJIOIIECHUS U UCITyCKaHus (gryopecyenyuu), SBICHUN ¢homosghghexma.

XAPAKTEPUCTUKH OIITUYECKOTI'O U3JIYYEHMUSI.

PaccmaTpuBas u3nmydyeHue Kak KojeOaTeslbHBIN MPOLEcC, MOKHO ONPENENUTh €r0 MHTEHCUBHOCTD,
Kak MOIIHOCTh JyYHCTOrO IMOTOKAa, NMPOHU3BIBAIOIIETO EJUHUYHYHI [IJIOINAJIKY, pacClOJI0KEHHYIO
HOPMaJbHO K HAalpaBlICHUIO PacHpOCTPaHEHHs BOJHBL I[IJOTHOCTE MOHOXPOMATHYECKOrO H3IyYEHHS
(JIy4ucTOro NoTOKa), POHU3IBAIOILETO JAHHYIO 00JaCTh IPOCTPAHCTBA, BHIPAYKACTCS YPABHEHUEM:

=%g
2

v -~ 2
TZIe ¥ —CKOPOCTh PAacHPOCTPAHEHHUs BOJHBI B Cpelie C IMUIEKTPUIECKON TOCTOSHHOU ¢ ; B —

aMITIATYa HAMIPSHKEHHOCTH AIEKTPUYECKOTO OIS 3JIEKTPOMArHUTHOW BOJTHBI.

NHTEHCUBHOCTh OJHOPOAHOTO (MOHOXPOMATHYECKOTO) U3IYYEHUSI C YacTOTOH V MOXKHO
M3MEPATh YHUCIOM (DOTOHOB, MPOXOMAIIMX Yepe3 €IUHUIY TMOBEPXHOCTH B €JUHUIY BPEMEHH; IMOTOK
($hoTOHOB N, CBSI3aH C MOITHOCTBIO H3TTYYEHUS] COOTHOIIIEHUEM:

N, [cex']= S

hv
Jly4ucTyI0 3HEPrHI0 MOKHO U3MEPSTh B OOBIYHBIX IHEPTETHUECKUX €IUHMLAX — JDKOYJISIX 00iC
WIIN KaJIOPUSX Kail WU KKaW/Moab (€CIH ee OUEHUBAIOT 10 TEIIOBOMY JAeHCTBUIO). JIyunucThIii TOTOK /

W3MEPSIOT B BaTTax BT niam kanopusx B CeKyHOY Kau/cex.

OpHako, IKOYJb CIIMIIKOM KpyIHas €IMHHULA M3MEPEHUs IJIsl OLIEHKH SHEPTUd €AMHUYHOIO
KBaHTa U3Ty4YeHHUs. DHEPruio (POTOHOB Hallle BCEro M3MEPSIOT B AJIEKTPOH-BOJbTax (1 26 paBeH 3Hepruw,
KOTOPYIO IPUOOPETAET IEKTPOH, MPOXOAs YHaCTOK 3JIEKTPHUUECKOTO MOl C pa3HOCThIO TOTEHLUAIOB B
16):

196 =1,610" 0xc (23 kran/mons)

CBs3p MECXKAY 3Hepmeﬁ KBAHTOB B DJJICKTPOH-BOJIbTAX H ,E[HHHOﬁ BOJIHBI HM3JIYUYCHHUSA B
HaHOMETpax ONpeACIACTCA CIEAYOIIUM COOTHOICHUEM:

he 1239
hy =25 = 2222
)

Tak, BuIIMOMY AMana3oHy MU3IydeHus ¢ rpanunamMu A; = 380 aM u A, = 780 HM COOTBETCTBYIOT
3Hepruu (poToHOB

he 1239 he 1239
or hv=—=—-=32696 10 hv =—=—-=1,62¢
A 380 A 780
Kaxiplii ICTOYHUK M3Ty4YEHHs XapaKTepH3yeTcsl ONMpENeNICHHBIM COCTaBOM YacTOT WIIH JUTHH BOJIH
W3ITyYeHHs (CHeKmPOM YACTOT WM JUTHH BOJIH), KOTOPBIA MOXKET OBITh NPEJICTABIICH B BUJIE CIIEKTPAILHOTO
pacnpezneneHus

dl

I, = % , rae dl - y4ucTeIii TOTOK, MPUXOASIIMNCS Ha CIIEKTPaIbHBIA HHTEpBaT AL.

Ecnu ucTouHnk MMeeT HeNpephIBHBIN CHEKTP M3Ty4YeHMs], TO CyMMapPHBIA JTy9HCTBINA MOTOK, KOTOPBIN
OH HCITyCKaeT, PaBeH

.
I=[I,dA
0
Ecmmn H3JTy4Y€HUE OTHOCUTCA K BHAMMOMY [IOHAlla3OHy, TO HWHTCHCHUBHOCTHL €TI0 MOXKET OBITH
onpeacjicHa BU3YaJlbHO. Honanaﬂ B IJla3, BUAWMOE H3IYYCHHE BBISBIBACT ONPCACIICHHOEC 3PUTCIIBHOC
OLIYUIECHHUE, 3aBUCANIICC OT MOIIHOCTHU U3JTYyUYCHUS U JJIMHBI BOJIHEI.

T'J1a3 ¥ ero onTu4eckKue CBOCTBA

I'maz - aT0 omTHMueckas cucremMa ais OTOOpakeHHs O0BEeKTa Ha cerdarke. B3ammopeiicTBue
KOMITOHEHTOB CETYaTKH, TepeaHel TJIa3HOW KaMephl, pamyXKHOW OO0OJIOYKH, TJIa3HOH JHMH3BI H

13



14

CTEKJIOBUHOTO TeJia MO3BOJISET T1a3y HACTPOUTHCS Ha Pa3sHOOOpa3HblE YCJIOBUS OCBelleHUs. HuxHss
TpaHUIla BOCIPUATHS TJa3a JISKHUT B TIpeieNiaX JoJei JoKe (CBET OT 3Be3bl HA HOYHOM Hele).

Faspes riasa, cxematn-
wpcnos naalpasauiEe
DA ARE O TS ECIN
BAMHEY OPTEHOB

e Porosuuz

Nnsas

Umatp
AMWTA COTHATEN

Croxnoangsoa Teno
- Agueous humour
FPapyssan cfonowa oo 3pason

PecswsnaEn MycEyna anm
HECTPOMIE NRHIN L IPEHED HAE
PAANM MRS PROCTDRKUR

HEepE

Ha coTsarss pacnon o sss
CERTDSyECTEBUTENEHBE PRLBNTEDL

Puc. 5. CxemaTnueckuii pa3pe3 rjiasa, Kak ONTHYECKON CUCTEMBI

OCHOBOH BOCHPHATHS CBETAa TJIA30M SBISIOTCS PEIENTOPHI, PACMoONOKEHHBIE B TJIa3HOM JIHE
(pucyHOK 5). B rma3zy mmeercs nBa THIA PELENTOPOB (IyBCTBHTEIBHBIX OpPraHOB) TaK Has3bIBaeMEBIE
MaJOYKH W Koja0ouku. [lamouku paboTarOT MpH HU3KOH OCBEIIEHHOCTH W MOTYT BOCHPUHUMATh OY€Hb
cnalbble CBETOBBIC MOTOKW (HOYHOE 3pPEHHE), HO HE CHOCOOHBI pasznuyaTh IBeTa (“HOYBI0 BCE KOIIKU
ceprie”). Konbouku ke 3aneiiCTBOBAaHBI B OCHOBHOM IIPH BBICOKHMX YPOBHSX OCBEICHHS M 00€CIIEINBAIOT
BOCIIPHUATHE TPEX OCHOBHBIX LIBETOB: KPACHOT0, 3€JICHOI'O U CHHETO (JIHEBHOE 3pEHHUE).

Opanxesnn
QMONeTOoBLY CHHNA PeneHLl KenThiig A KpacHuIM 4
P 1,0 T i : 1 I i
e g,9 i i f i
3 ! 1 ! I 1
c 0.8 1 1 . 1
et 2 _,rpaqu HOMHOTO rpadme AHEEHOIO IPpRHKA
" 1 [
é:g IpeHnA 1
g"’ 0,6 l |
h> i
%2 0.5 :
§§ 0,4 :
gE 0.3 i
i
ig 0,2 i
52 '
ag 0,1 1
E g 0'0 - v . v 3 - »
£e 400 450 500 550 600 850 700 750
—_—
507 555 AnuHa BonHe A (HM)

Puc. 6. CHeKTpaJ’IbHaH CBE€TOYYBCTBUTECJIBHOCTD Y€JI0BCYECCKOT0 IJI1a3a

YyBCTBUTENBHOCTb, KaK MaJIOUYEK, TAK U KOJIOOUYEK 3aBUCHUT OT [UIMHBI BOJIHBI MAJAIOIIETO CBETA.
Bocnpustue HaunHaercs nipu A = 380 HM (CHHHIA), MAKCUMYM JIEKHUT TPH Apa = 555 HM (3eNeHblil) 1
3akaH4YMBaeTcs npH A, = 780 HM (KpacHBIii). JTa 3aBUCUMOCTh BhIpa)keHa Tpa(uKoOM 4yBCTBUTEILHOCTH
rnaza V(1). B 3aBHCHMOCTH OT penenTopoB paznudaloT rpadyk THEBHOTO W HOYHOTO 3pEHUs (PUCYHOK
6). I'paduk HOUHOTO 3peHns obo3HagaeTcs V'(h).

CBeToTeXHHYECKHE XaPAKTEePUCTHKH ONITHYECKOT0 U3JIYy4YeHUsI
JIlyducTelii TOTOK, OLEHMBAEMBIM MO 3pUTENBHOMY OLIYLIEHWIO, KOTOPO€ OH MPOM3BOIMT,

Ha3bpIBaeTcsi CBETOBBIM MOTOKOM (l;). 3puTenpHBIE ONIyImIEHHWS CHJIBHO 3aBHCAT OT BHEIIHUX
ycioBuil. Ilpu ompeneneHWM CBETOBBIX XapaKTEPUCTHUK H3JIYYEHUS 3a OCHOBY IPUHATHI
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XapaKTepUCTUKH THEBHOro 3peHHs. [10CKOJIbKY Ila3 mpencTaBiisieT coOOW CEJIeKTHBHBIM MPUEMHHUK
U3Iy4YeHus, 00Mafaoni HEOAUHAKOBON YyBCTBUTEIBHOCTBIO K M3MYyUYEHHUIO PAa3lIMYHBIX IJIMH BOJH,
TO JYYHCTBIM MOTOKaM OJWHAKOBOW MOIIHOCTH, HO Pa3HOTO CHEKTPaIbHOIO COCTaBa, COOTBETCTBYIOT
pa3iauuHble BEIMYMHBI CBETOBOTO MOTOKa. CBETOBOW MOTOK M3MeEpSAETCs B CHEUUAIBHBIX CBETOBBIX
(CBETOTEXHUYECKUX) EAMHHULIAX.

Jns  ycTaHOBJIEHMs CHUCTEMBl CBETOBBIX €IMHHULl IPUHSIT YHUBEPCAJIbHBIA ITaJOHHBIN
IUIATUHOBBIA W3JIy4yaTeslb, HPEACTaBISIOIIUMNA co00M Mojenp aOCOJMIOTHO YEpHOro Tena, T. €.
PaBHOBECHBI TeMIIEpaTypHBIH M3IydaTesib € TOYHO (UKcHpoBaHHOM Temmeparypoid 2042°K
(TemmepaTypa 3aTBEpIEBaHUs PACIIaBICHHON IUIATHHBI), KOTOPas ONpENesieT CIIEKTPAIbHBIA COCTaB
Y MOUTHOCTH €T0 M3TYUYEeHHS.

Cuaoii cBeTa HCTOYHHMKA H3JTY4YE€HHUs] HA3bIBAETCS IMPOCTPAHCTBEHHAs (WJIM YIJOBas)
MJIOTHOCTh CO3aBa€MOI0 UM CBETOBOI'O MOTOKA:

dl
J = J <, TH€ O - TEJIECHBIH Yroj, B KOTOPOM PacHpOCTpPaHAEeTCs U3TyUeHHUE.
w

3a eqUHUITY CUJIBI CBETA IPUHATA CUJIA CBETA STAJIOHHOTO M3NydaTelss — KaHjaena (ko).

EnuHuma cBeToBOTO MOTOKAa — JIOMEH (M) TPEACTaBIsIeT COO0M CBETOBOM MOTOK, KOTOPKIH
WCITyCKaeT TOYCYHBIM W3ITydaTesib ¢ Cuiiol cBeta J = 1 k0 B mpenenax TelecHOro yria @ = 1
cmepaouan. T1odHBINA CBETOBOH MOTOK, UCITYyCKAEMBIH NCTOYHUKOM C CHIION cBeTa B 1 k0 paBHOMEPHO
110 BCEM HaIpaBJIECHUAM, paBeH l.;= 41 iu.

OcCBelIEHHOCTHI0 NMOBEPXHOCTH Ha3blBaeTCd OTHOILIEHWE TAajalollero Ha Hee
CBETOBOT'0 MOTOKA K IJIOIIAAN A paBHOMEPHO OCBELIEHHON MOBEPXHOCTH:

ol
A

EfuHnna 0CBemEeHHOCTH E - TIOKC (1K) paBHA OCBEIIEHHOCTH IUIOMAAX B | v’ MpH mageHuu
Ha Hee CBETOBOT'O MOTOKa B 1 m.

ToueuHBIi MCTOYHHK CBETa C CUJIOW cBeTa B | k0, MOMENIEHHBIH B IeHTpe chepsl ¢
paguycoM B 1 m, co3maeT Ha MOBEpXHOCTH chephl OCBEImEeHHOCTh B 1 six. CHila cBeTa TOYEYHOTO
HCTOYHHKA U cOo3JaBacMasi UM OCBCHICHHOCTH CBA3aHbl COOTHOILICHUEM

J
E= —ZCOS 0 , TAC I - paCCTOSAHNUE OT UICTOYHHUKA CBETA 1O OCBCIIACEMOU UM ITOBEPXHOCTHU,
r
60— yroj Mexay HallpaBJICHUEM CBETOBOI'O IMOTOKAa U HOPMaJIbIO K ocCBelllaeMou IMOBEPXHOCTH.

J
[ITpu HOpManbHOM MaJE€HUU CBETA E[/m] =— ,ecm J— B KaHgenax, ar - B METpax.
r

CBsi3b Me:K1Y JHEePreTH4eCKMMH M CBETOBBIMHU XapPAKTEePUCTHKAMM

CBs3p MEXIYy DHEPreTHYeCKUMH (OOBEKTUBHBIMH) M CBETOBBIMH (CYOBEKTHBHBIMH)
XapaKkTepUCTUKAMH HW3JTy4YEHHUs OCYUIECTBISETCS C YUYETOM CHEKTPAIbHOW XapaKTePHCTHKH
YYBCTBUTEJIILHOCTH «YCPEIHEHHOT0» YesoBedeckoro riaza. CrekTpalbHas YyBCTBUTEIBHOCTH IJIa3a
XapaKTepU3yeTcs BETNYNHON, TOJIYIUBIIEH HAa3BAHUE 6UOHOCHb Y U3MEPSIEMOMU B JIM/6M.
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Puc. 7. KpuBasi BUAHOCTH rJia3a.

Ha pucynke 7 mnpuBeneHa crHeKTpajbHas XapaKTepHUCTHKa OTHOCHUTENHHOM BUAHOCTU ki,
MOKAa3bIBAIOILAS OTHOCHTENBHBIA YPOBEHb CBETOBOI'O OLIYIIEHHS, BO3HHUKAIOIIETO B pPeE3yabTare
NeWCTBUS Ha TJ1a3 MOHOXPOMATHYECKOTO M3TYUYeHHs PAa3TUYHbIX JUIMH BOJIH, HO OJUHAKOBOM MOIITHOCTH.

OKCNepUMEHTAIbHBIMU ~ U3MEPEHUSIMH  YCTaHOBIeHO, 4dYTo 1 BT syumwcroro mnoroka
MOHOXPOMAaTHYECKOTO HM3JIYUE€HHUS C JJIMHON BOJHBI Apma = 555 HM (COOTBETCTBYIOLIEH MaKCHUMyMy
BUAHOCTH) paBeH 683 s CBETOBOrO MOTOKA. MHaue roBopsi, YyBCTBUTEIBHOCTh CPEJHETO IJ1a3a B
MaKCUMyMe KpHUBOW BUAHOCTH (IMHA BOJHBI 555 HM — 3€JIeHBIN CBET) YHCIEHHO paBHa 683 m/Bm.

Takum obpazom, 6O03MOHCHOCIMU __ 3DUMETIBHO20 anaiuia ceemosozo nomoka
02DAHUYEHDbl, 80-NEPBLIX, VIKUM CHEKMPAAbHbIM OUANAZOHOM, 80-8MODBIX, 3ABUCUMOCHIbIO
3pUMEIbHBIX OUWYUWLEH UL OM VC108 UL HADNI00CHUA U CREKMPAIbHO20 COCMAB8A U3TIVYUEHUS.

B3AUMO/JIEMCTBUE CBETA C BEIIECTBOM.

BzauMopeiicTBue cBeTa C BELIECTBAMH — 3TO B3aUMOJEHUCTBHE CBETOBOIO AJIEKTPOMArHUTHOIO
MOJISI, KOJICOJTIOIIETOCS! C BBICOKOW YacTOTOH, C JJIGKTpOHAMH, aTOMaMH M MOJICKYJIaMH BEIIECTB,
HaxoIAIIMMHCS B 5TOM MoJie. HanboJiee moHO Takoe B3aMMOAEHCTBHE OMUCHIBAET KBAHTOBAsI MEXaHHKA.
OnHaKO MHOTHE CBETOBBIC SIBJICHHUS MOTYT OBITH OIMCAHBI C MIO3UIUI KIACCUIECKON (PU3UKH.

Ceer Beger cebs, Kak OJIGKTPOMAarHWUTHAas BOJIHA TOJIBKO TPU PACIPOCTPAHCHHH dYepe3
HETOTJIOIAIOIINE Cpeibl. B OCTambHBIX CilydasX CBETOBOM MOTOK MPEACTABISIETCS, KaK MOTOK YaCTHUI] —
(oTOHOB.

CKOpOCTH 3JIEKTPOMArHUTHEIX BOJTH B BaKyyMe:

¢ =2,99792458 -10% m/c = 3 - 10® m/cex

CKOpOCTh pachpoCTpaHeHHs JJIEKTPOMArHUTHBIX BOJH B BaKyyMe€ SBISETCS OJHOM U3
(yHIaMEHTAIbHBIX (PU3MUECKUX MOCTOSTHHBIX.

CKOpOCTh pacpoCTpaHEHUS HIEKTPOMArHUTHOM BOJIHBI U€pPE3 BEILIECTBO KOHEYHA U 3aBUCUT OT
ANEKTPUYECKUX ¥ MAaTHUTHBIX CBOWCTB BEIIECTBA!

c
VEH
Yem Oouibllie JUANEKTPUYECKAs MM MAarHUTHAs MPOHUIIAEMOCTh BELIECTBA, TEM C MEHBIICH
CKOPOCTBIO paclpOCTPaHSIETCs CBET B ATOM BEIIECTBE.

U= , [JA€ € U U — OUDBJICKTPHUUICCKAaAd U MarHUTHas MMPOHULIa€EMOCTH BEUICCTBA.

OtpaxeHue W NMpesoOMJICHHE CBeTAa.

Ha rpanuiie pazznena IByX NpO3padHbIX CPEl CBET MOXKET YACTHYHO OTPA3UTHCS TaK, YTO YaCTh
CBETOBOM HHEpruu OyAeT paclpoCTPAHATHCS IMMOCIE OTPAKEHUsS 10 HOBOMY HAIPaBJICHUIO, OCTABIIASCS
JacTh MPOMAET Uepe3 TpaHuIly u OyIeT pacmpoCTPaHATBCS BO BTOPOH cpene (PUCYHOK 8).
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3akon ompadicenua ceema: MANAOMIMNA W OTPaKEHHBIM JyuW, a TakXkKe MEPHEeHAMKYISIp K
TpaHUIle pasfena JIBYX Cpel, BOCCTAHOBICHHBIN B TOUYKE MAJCHUS JIyda, JIe)KaT B OJHOW IIOCKOCTH
(nnockocmo nadenus). YTom OTpakeHHUs Y paBeH yIily MaJeHus o.

3axkon_npenomnenua ceema: NAfAOIUN U MPETOMIICHHBIM JTy4d, a TakXke MEPHEHIUKYIAp K
rpaHMLe pasfena ABYX Cpel, BOCCTAHOBJIECHHBIA B TOYKE MAaJECHUS JIyda, Jie)kKaT B OJHOH TJIOCKOCTH.
OTHolIeHNEe CHHYyCa yIJia MaJeHUs 0. K CHHYCY yIJia IpesioMiIeHHs B ecTh BEeIM4YHMHA, MOCTOSHHAS IS
JIBYX NaHHBIX CPEN:

St o
i M.
[TocTosIHHYI0 BENHYMHY # HA3BIBAIOT OMHOCUMETIbHLIM ROKA3AMeNeM NPeloMAeHUs BTOPOU
cpenbl OTHOCUTENbHO TepBoi. IlokazaTenb NPENOMIICHHS CpPEbl OTHOCHUTENBHO BaKyyma Ha3bIBAIOT
abconomHbIM NOKA3amenem npeiomMaeHuA.
OTHOCHTENBHBIA TIOKa3aTenb MPEeTOMIIEHHUS IBYX CpEel pPaBeH OTHOLIEHHIO WX abCONIOTHBIX
rokKa3zaresiel MpeJoMIICHUS:
n = m/n.
3aKOHBI OTpaXEHHS M TPENOMJICHUS HaxXoHsAT OOBsSCHEHWe B BOJHOBOW (Qm3muke. CoriacHo
BOJIHOBBIM MnpEaACTaBJICHUAM, IIPpEJIOMJICHUEC SIBJIACTCSA CJIICACTBUEM U3MCEHCHUA CKOpOCTHU
pacmpocTpaHeHUsl BOJH MpPH Mepexoie M3 ONHON cpeAbl B Apyryro. DU3MUYECKU CMBICT MOKa3aTes
MPENOMIIEHHSI — 3TO OTHOIIIEHHE CKOPOCTH PACIpPOCTPAHEHHUs BOJH B MEPBOM Cpele VU K CKOPOCTH HX
pacpocTpaHeHHs: BO BTOPOH CpeIe Vy:
bl
n=—.
b
AOCONIOTHBIN TMOKa3aTeib MPEJOMIICHHsS PaBeH OTHOIICHUIO CKOPOCTU CBETa ¢ B BaKyyMe K
CKOPOCTH CBETa V B Cpejie:

c
o=
u

IlnockocTs mageH A

L

2
%

R
%

Puc. 8. 3akoHbl oTpaxeHus M MPeJOMJIEHMSI: ¥ = 0; #18ina = #psinf.

Cpeny ¢ MeHbIIMM aOCOJIOTHBIM TMOKa3aTeslleM MpPeJOMIICHHUs] Ha3blBalOT ONTUYECKH MEHee
IIJIOTHOM.

ITpu nepeceyeHnu rpaHuLpl pazaena AByX CPed CBET YACTMYHO NPOXOIUT, YACTHYHO OTPAKAETCS
OT TpaHHIbl (3epKaJIbHOE OTpakeHHe). VHTEHCHMBHOCTh OTPAXEHHOTO CBETa XapaKTepuzyeTcs
kodpduumentom orpaxkenuss T W 3aBUCHUT OT yIJla MajeHUS W TOJSIPU3ALMK CBETa, a TaKKe OT
COOTHOLICHHMSI MOKA3aTeNeH MPENIOMIIEHHUS N U N; BTOPOH U MEPBOM Cpel.

IIpu mageHun cBEeTa O HOPMaJM K MOBEPXHOCTHU pa3zeia ABYX cpell, KO3(QQULIUEHT OTpakeHHs
HE 3aBUCHUT OT NOJAPU3ALUHA MTAAAIOMIETO IIyYKa U paBCH:
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T = (nz_nl)2

2
(”2 + nl)

B oueHb BaxXHOM cllydae HOPMAaJbLHOTO MAaJIeHUs CBETa M3 BO3JyXa Ha CTEKJIO Ha TPaHHUIly HUX
pasnena (Mg, = 1, ne, = 1,5) T = 4%. O4ueBUAHO, YTO MPH MPOXOXKJACHUU CBETA B MPOTUBOIIOIOKHOM
HanpaBiIeHNH, KO3PPHUIMEHT OTpaKeHHs Takxke Oyaer paBeH 4%.

Takoii ciry4aid BO3HMKAET NPU MPOXOXKICHUH CBETa B (JOTOMETPaX Yepe3 CTEKISHHYIO KIOBETY C
KUAKOW TPoOo (pUCYHOK 9).

4% ceera (1) oTpakaeTcsi OT BHEIIHEH mepenHeil CTEeHKH KIOBETHI HA TPAHMIIE pa3Jiena BO3MyX-
CTEKJIO B CTOPOHY MCTOYHHKA CBeTa U 4% OCTaBIIIErOCs CBETa — OT BHEITHEH 3a/lHEel CTEHKH KIOBETHI Ha
TpaHUIIe pa3jiena CTeKJIO-BO3AYyX TaKXKe B HANPaBIEHUH UCTOYHHKA CBETA.

Yacrts cBeta (I,) oTpasuTcs eme u OT BHYTpEHHEH mepeHel CTeHKH KIOBETHI Ha TPaHMIIE pa3jiera
CTEKJa M )KUJIKOCTH M OT BHYTPEHHEH 3a/iHel Ha rpaHulle paszaena sxuakoctu u crekna (T = 0,5%).

CyMMapHO, ¢ y4€TOM BCEX YEThIPEX T'PaHuIl pa3zesia, Ha OTPAKEHUH OT CTEHOK KIOBETHI TePSETCS
= 9,2% BXOMSIIEr0 CBETOBOI'O MOTOKA.

DTO OTpakeHHWE BOCIPHHUMAETCS MPHUEMHWUKOM H3ITydeHHs, KaK MOTJIONIEHWE CBETa TPH €ro
MPOXOXKICHUH Yepe3 KUAKYIO MPOOY U IOJIKHO OBITh YYTEHO BO U30€)KaHUE OIIMOKH U3MEPEHUS.

—irl ————
>
e | —fal b—
— =3
Iy - S
- -
‘—}f_ f-,
[ | S—
S »

N—

Puc. 9. OTpaxeHnne cBeTa 0T CTEHOK KIOBEThI C HEOKPAIIEHHON MPO3payHO )KUIKOCTHIO. [o—
najaromui cBeT; 1;— cBeT, OTpaXeHHBIA OT TPaHULIbl pa3esia BO3AyX-CTEKIO0; I, — CBET, OTpaKEHHBIA OT
rpaHulIbl pa3jiena >KUAKOCTb-CTEKIO0; | — npoleamnii cBeT.

ITpu mepexone cBeTa U3 ONTHYECKH OOJiee TUIOTHOM Cpellbl B ONTHYECKH MEHEE IUIOTHYIO 71; < 7y
(HampuMep, W3 CTEKJIa B BO3AYyX) MOXHO HaONOATh SIBIICHUE HOJIHO20 OMPAXNCEHUA, TO €CTh
WCYE3HOBEHHE TMpenoMieHHoro jay4ya (puc. 10). DTo sBieHue HaOMOAaeTcsl MpH yriax MaJeHus,
NPEBBINIAIONIMX HEKOTOPBIA KPUTHYECKUH YTOJl Oyp, KOTOPBIH HA3BIBAETCSA MPEOCTbHBIM Y210M NOJHO20
GHYMPEHHE20 OMPAXHCEH U .

Jns yria najeHust o = oy, sin B = 1 3Ha4eHue sin o, = my/ny < 1.

Ecnu BTOpoli cpenoii siBnsercst Bo3ayx (7, = 1), To popmyny ynoOHO nepenucaTs B BUIE:

Sin oy, = 1/n,
rae n = n;> 1 — abCONIOTHEIN MMOKa3aTeNb MPETOMIICHHS ITEPBON CPeIbl.

Jns TpaHUIEl pazmena CTEKI0—Bo3myX (7 = 1,5) KpUTHYECKHH Yrod paBeH Oy, = 42°, mid
p
rpaHulbl Boga—Bo3ayXx (n = 1,33) — o, = 48,7°.
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BO3IYE
BOfiA

Puc. 10. Ilos1HOe BHyTpeHHee OTpakeHHe CBeTa Ha TPaHMIIE BOIa—BO3yX; S — TOUEUHBIN HCTOUHUK
CBeTa.

SlBneHue MOJHOTO BHYTPEHHETO OTPaKEHUS HAXOIUT NPUMEHEHHE BO MHOTHUX ONTHYECKUX
ycTpoiicTBax. Hambonee WHTEpECHHIM W TPAKTHYECKH BAXKHBIM TIPUMEHEHHEM SIBIIICTCS CO3/IaHWe
60J/10KOHHBIX C6€M060008, KOTOPHIE TPEACTABISIOT CO00W TOHKHE (OT HECKOIBKHUX MHKPOMETPOB JI0
MUJUTUMETPOB) MPOU3BOJIBLHO M30THYTHIE HUTU U3 ONTHYECKU MPO3pavyHOro Marepuana (CTEKII0, KBapil).
Caert, onajaroui Ha TOPell CBETOBOA, MOKET PaCIPOCTPaHATHCS 110 HeMY Ha OOJIbIINE PacCTOSHUS 32
CYEeT IMOJIHOTO BHYTPEHHETO OTpaKeHUs OT OOKOBBIX MOBepXHOCTeH (pucyHok 11). HayuHo-TexHUYecKkoe
HalpaBjIeHHe, 3aHUMalolIeecss pa3paboTKON W NPUMEHEHHEM ONTUYECKUX CBETOBOJOB, HA3bIBACTCS
60/10KOHHOII ONMUKOIL.

g
P |
Puc. 11. PacipocTpaneHnue cBeTa B BOJIOKOHHOM cBeToBO/€. [Ipy cuiibHOM M3rube BOJIOKHA

BHYTPEHHETO OTPAKEHHUS HE IOCTATOYHO, CBET YACTHYHO BBIXOJUT M3 BOJIOKHA Yepe3 OOKOBYIO
MOBEPXHOCTb.

CormacHo MOJIEKYJApPHOM TEOpUM CBETa, MOJ HAEHCTBHEM JSJIEKTPOMAarHUTHOTO MO
CBETOBOW BOJIHBI B MOJIEKYJax Cpelpl NPOUCXOIMUT CMEINEHHE CBA3YIOMHUX Map BHEIIHHUX
(onTHUYECKUX) 3IEKTPOHOB B CTOPOHY 0OoJiee 3JIEKTPOOTPULATENBHOIO aToMa. DTO CMELICHUE
MPHUBOJNUT K HECOBNAAECHHUIO LIEHTPOB MOJIOKHUTEIBHBIX M OTPULIATENBHBIX 3apAJ0B, T.€. MOJEKYJIbI
NOJISIPU3YIOTCS U IPUOOPETAIOT XapakTep AUMoJei. J(unonu coBepiialoT BEIHYKACHHbIE KOJIeOaHUs
C YacTOTOM, PaBHOM dYacToTe majamuie cBeToBOW BoOJHBL. KpoMme TOro, AaHHbe IUIIOJIU
ABJSIOTCS MUCTOYHMKAMU BTOPUYHBIX cepuueckux BonH. Ecim cpena ogHOpoAHa W HM30TPOIHA
(cBO¥iCcTBa Ccpeabl OIMHAKOBBI BO BCEX HANpPABIEHUSX) U MaJarolias CBETOBas BOJHA IUIOCKas, TO U3-
3a HHTep(epeHUHMH €€ CO BCEMU BTOPUYHBIMU BOJHAMH, H3JIy4aeMbIMHU [MIIOJISIMU CpEXbl,
[OJIyd4aeTcs IUIoCKas pe3yJbTUPYIOIlas BOJHA, KOTOpas pacnpocTpaHsAeTcss B COOTBETCTBUU C
3aKOHaMM MPEJIOMIIEHHS U OTpaKeHHUs cBeTa. Tak Kak paclpoCTpaHEHHE CBETa B MpeaoMIsrouiel
cpele CBSA3aHO C MOJSAPU3YEeMOCTbIO €€ MOJIEKYJ, TO Pa3JWYHbIE COSAMHEHHUs], CPElIbl U BELIECTBA
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MMEIOT Pa3Hyl0 MPEIOMIISIONIYI0 CIIOCOOHOCTh. BeMWUMHBI N HEKOTOPHIX XUMHYECKUX BEIIECTB H
OMOJIOTUYECKUX CUCTEM IPUBEJCHBI B TA0NMUIlE 3.

Tabnuma 3.
3HaueHHs MoKa3aTeJiell MpeJIoMIeHNsI HEKOTOPBIX XHMHYEeCKHX BeleCTB 1
0M0JIOTHYECKNX 00bEKTOB
Bemiecto [Tokazatesb IpeIOMIICHHUS
Bo3nyx 1,00027
Kgapig 1,52
CTexJo KBapleBoe 1,469 (=404 um)
Crekno TsKenblid GauHT 1,63-1,76
Anmas 2,42
Bona nuctumnupoBaHHas 1,333
MeTunoBsli CuupT 1,329
OTUIIOBBIN CIUPT 1,361
ArnieToH 1,405
OTUJIEH XJIOPUJI 1,359
Xnopodopm 1,444
Tonyon 1,497
I'muniepun 6e3B0IHBII 1,501
40% pacTBOp caxapo3bl 1,4
45% pacTBOp caxapo3bl 1,42
5% pacTBOp arap-arapa 1,342
5% pacTBOp anbOyMHHA 1,422
KenaTuHOBBIN psif 1,360-1,420
Bupycsl 1,502-1,559
CTeHKH pacTUTENbHBIX KIETOK 1,500-1,530
Crnopsbl OakTepuii 1,460-1,537
OpUTPOLIUTHI YeJIOBEKa 1,385-1,393
JKUBOTHBIE KIIETKH 1,350-1,380

[Toka3aTenb mpejaoMJIEHHs  BellecTBa  sABiaseTcs  Oe3pasmepHoil  BenuuuHoil. OH
ompeesieTcsl XUMUYECKONH MPUPOJOH U UCXOAHBIM (U3UUECKHM COCTOSTHMEM BellecTBa (Tas,
KUJKOCTh, KpUCTaWI). B 3aBUCHMOCTH OT MJIOTHOCTH BelleCTBa OylIeT MEHSThCS KOJUYECTBO
aTOMOB M MOJIEKYJ B eAMHHMIE o00bema, M, CIeA0BaTeIbHO, H3MEHATHCA CKOPOCTh
pacrnpoCTpaHEHHUs CBETA B JAHHOM BELIECTBE U MOKA3aTENb IPEIOMIICHUA.

Pedpaxkuus cera

[Ipu yBenn4yeHnr TNIOTHOCTH MTOKAa3aTeNb MpeJoMiIeHus (#) Bo3pacTaeT. ITa 3aBUCHUMOCTD
pas3nuyvHa IS Pa3UUHBIX arperaTHbIX COCTOSHUN BewecTB. Tak A KUAKOCTEH HCnob3yeTcs hopmya
I'mancona-/lans:

n—1=rp, rae p — MWIOTHOCTb KUAKOCTH, I' — ylelbHas pepaKLys WM CBETONPETOMIISIONIAs
CHUJIa BELECTBA.

Huns r popmyna 'mancona-Zlanst mpeoOpasyercs K BULY:

r:(n—l)-l.
yo,
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B skcnepuMeHTaNbHOW NpakTHKE MCHOJIb3YIT 3akoH JlopeHua-JIopeHuna, KOTOpPBIN
UJEaIbHO BBIMOJHAETCS A U30TPOMHBIX cpell (Tra3bl, HEMOJIAPHBIE KUJIKOCTH) B BUJIUMOM U
ynbTpaduoIETOBOM AHAMMAa30HAX JIEKTPOMArHUTHOTO U3TYUYSHHUS:

n -1 1
r= 5
n+2 p

Pedpaxuus ectb Mepa 3JIEKTPOHHON MOJIIPU3YyEMOCTH BELIECTBA, XapaKTepu3yommas ero Gpuzuko-
XUMHYECKOE COCTOssHHE. Pedppakuuio HCoab3yIOT 11l ONPENEeNICHUs] COCTaBa U CTPYKTYPbl XUMUYECKHX
coenuHeHnid. Pedpakromerpudeckue MeETONBl HANUTM IMPUMEHEHHWE B JAa0OpPAaTOPHOW MEIHIUHE.
Hanpuwmep, nusmepenue coaepxanus oOLIero 0enka B CHIBOPOTKE KPOBH WJIHM B JTHO(UIBHO BBICYIIEHBIX
Ouomnpenaparax KpoBU — CHIBOPOTOYHOM albOyMmuHE, (PUOPUHOTCHE W JP. ¢ MOMOIIBIO CIICIUATBHOTO
npubopa pedpakTomMeTpa.

Peppaxromerp Adoe.
[Mpuanmn pabotel pedpakTomerpa AOOe 3akmrodaeTcss B HAONIOAEHWH CBETOBOTO ITIOTOKA,
MIPOIIEIIIETO Yepe3 CIION pacTBOpa BEIIECTBA, IIOMEIIEHHOTO MEXKIY IBYMS MTpU3MaMHu (PUCYHOK 12).

a ]
Puc. 12. Cxema npoxo:kaeHus 0eoro cera B peppaxkromerpe Adoe.
1 — 3epkano; 2 — npusma; 3 — cJI0M UCCIenyEMOro BELIECTBA; 4 — IlIKalla 0TCUETa; 5 — OKYJIsAp; 6 — moJe
OKyJIsIpa.

st onpeaenenus nokasaTessl MpeaoMiIeHus Ha pedpakromeTpe AOOe 2-3 Kariu UccleayeMoro
BEILIECTBA TOMEMIAIOT MKy MOJOBHHKAMH MPU3MbI | TUIOTHO ckuMaroT. [Ipormyckas Bomy
HEOOXOIUMOM TeMIepaTyphbl uepe3 00KIa Ky MPU3MBIL, JOOUBAIOTCS MOCTOSHCTBA TEMIIEPaTyPbl TPU3MBI
u uccneayemoro Beuiectsa. [IoBopoTom 3epkalia sipko OCBELIa0T NIpU3My O€JIbIM CBETOM (ITO3HLIUS «ay
Ha pucyHke 12). [Tocie 3T0oro moBopoToM NpHU3Mbl TOOMBAIOTCS MOSIBJICHUS] TEMHOTO TTOJISI B OKYJISIpE,
YTO COOTBETCTBYET MOJIOKEHHUIO TIPU3MBI, TPH KOTOPOM JIyd CBETa HCIBITHIBAET MOJTHOE BHYTPEHHEE
OTpaKeHHE OT MOBEPXHOCTH pa3jieia MeKAY MPU3MOH U UCCIIelyeMBbIM BEILIECTBOM (TI0JIe OKYJIsipa 6,
mo3uIyst «0» Ha pucyHke 12). 3HaueHrne n OTCUMUTHIBAIOT MO Kane 4. OTeuecTBEHHON
MPOMBIIITIEHHOCTBIO BBIITYCKAIOTCS pepaKTOMETPHI, BEIMOIHEHHBIE 10 MOAU(UIIMPOBAHHBIM CXeMaM
A060Ge: pedpakromerp PJIY (pedpakToMeTp AMCIIEPCUOHHBIN YHUBEpCaIbHBIN), pedpakTomerp PJI-2
(pedpakTomeTp 1a0OPATOPHBIN).

JAucnepcus cBera

AOGCOIOTHBIN MOKa3aTedb MPEeJOMIIEHHS XapaKTepu3yeT JeKTpUYeCKe U MarHUTHBIE CBOMCTBa
CpeJibl, OH 3aBHCHUT OT JJIMHBI BOJHBI CBETa (pUCYHOK 13):

}’l}L = 4/81/,11 , TIAC €U L JUIJICKTPUUCCKAA U MarHuTHas IpOHUIIAaCMOCTH BEIIECTBA

21



22

B oniyeckoit 06macTu crieKkTpa Ui BeeX BEIIECTB 4, =1, mostomy n, = |&, .

&, onpenenaeTca B3aUMOACUCTBUEM DJICKTPOMArHUTHOTO IOJIA CBETOBOM BOJIHBI C aTOMaMH U

MOJIEKYJIaMH{ BEIIECTBa.
PacnpocTpanenue cBeta B cpejie CBS3aHO ¢ MOJSIPU3yEeMOCThI0 MOJIEKYII JaHHOTO BemiecTBa. [Tox
JIEHCTBUEM IOJIsSI 3JICKTPOHBI aTOMOB HJIM MOJICKYJI BEIECTBA COBEPINAIOT BBIHYXKICHHBIC KOJICOAHUS. .
[lpu coBmameHUy 4acTOTHl KOJEOAHUS TOJsSI MPUXOMSANICH BOJHBI U COOCTBEHHOUW YacTOTHI KoJieOaHWH
JJIEKTPOHOB BO3HHMKAET PE30HAHC M TMOTJIONIeHHe cBeta. Ha dacToTax, OJHM3KMX K PE30HAHCHBIM,
NPOSIBJISIETCS CHJIbHAS 3aBUCUMOCTD £ OT A .
3aBUCUMOCTb (ha30BOI CKOPOCTH PacIpOCTPAHEHHs] CBETOBOW BOJHBI B BEHIECTBE OT JIJTHHEI
BOJIHBI Ha3bIBAIOT AUCHEpPCcHeii cBeTa, win pedpakToMeTpudeckoi aucriepcuei. Cpefpl, B KOTOPBIX 3Ta
3aBHCHMOCTD CYIIECTBYET, HA3BIBAIOT JUCIIEPTUPYIOIIHMH.
161

AM
<

15+
|
|
_;4 1 | 1 |

i 200 300 400 500 Amm

A 4

Puc.13. 3aBucuMocTh Noka3zaressi NpeJOMJIEHHS N OT AJIUHBI BOJHBI A JUIS KBapla.

Benuuunna, onpenensoas CKOPOCTh U3MEHEHUS! KOA(PPULUEHTA MPETOMIEHUS] ¢ U3MEHEHUEM
JUTMHBI BOJIHBI B BEIIECTBE, HAa3bIBAETCS AUCNIEPCHeil BelecTBa:

dn

Hanpumep, nucnepcuto kBapua Ha AyrHe BoaHbL 300 HM MOKHO ONpeAenuTh U3 pucyHka 13. Jlns
3TOr0 HEOOXOAMMO IPOBECTH KACATEIbHYIO K KpUBOM B Touke A =300 HM, ONpeNeauTh BEIUYUHBI An U
A\ ¥ BBIYUCITUTH TUCTIEPCHIO:

p An_  155-14 . 0,1577=3,10_9 1
AL (600-100)-10°  5-10 M

Jng Bcex mpo3padHBIX BemIeCTB KOA(M(UIIMEHT MPEeNOMIIEHUS # MOHOTOHHO BO3PacTaeT C
YMEHBIIICHUEM JUTHHBI BOJIHBI A , TO €CTh (PHOJIETOBbIE JTydH MPEIOMIISIFOTCS CHIIbHEE KPACHBIX (PUCYHOK
14). C yueToM Hanmu4us AWCIIEPCUU CBETa MpH ompeaeneHnu D, 1 n yKa3pIBaeTcs TemIeparypa u JUIiHa
BOJIHBI, IPU KOTOPOH MPOBOAMIIOCH M3MepeHHe. i onpeneieHHOCTH AJMHBI BOJH BBIOMpAIOTCS W3
XapaKTEPUCTUYECKHUX CIIEKTPOB U3ITyYEHUS] HEKOTOPBIX aTOMOB.

Hampumep, mokazarens mpeaoMiIeHns OUCTHITHPOBAHHON BOMBI AJIS JKEJITOW JIMHUU HATPUS MPH

0 20°C o o
. —
20°C 0003Ha4YalOT Kak np rae D YCJIIOBHOC 0003HaYEHUE KENTOU XAPAKTCPUCTUICCKOU JIMHBI

BOJIHBI M3ITy9eHHS (CTIEKTPATbHON JTMHUM ) HATpHs 589,2 HM.
Takum 00pa3oM, IO IMOKA3aTeNI0 MPEJOMJICHHS, PePpakiud M JUCIEPCHH MOXXHO CYIUTh O
CBETONPENIOMJISIONIEH clTOCOOHOCTH BEIIECTBA.
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Pucynok 14. Jlucniepcus cseta B ipo3paydHoii mpu3Me. bemnblii CBeT paciieruiseTcs Npu BBIXOIE
Y3 NPU3MBI Ha JIy4M Pa3HOro L(BETA.

Paznoxxenne cBera B AWCIEPTUPYIOUIMX TIPHU3Max HCIOJNB3YETCS B MOHOXpOMATOpax
(oTomMeTpOB 111 BRIZICTICHUS ONPEACICHHOMN ITUHBI BOJTHBIL.

HNurepdepennns cBera

Hnmepghepenuua nHabmopaercss MpHU ONPENENCHHBIX YCIOBUSIX INPH HANIOXKEHUM ABYX WIH
HECKOJIbKMX CBETOBBIX My4YKOB. IHTEHCHBHOCTH CBETa B 00JACTH MEPEKPHITUS MYyYKOB UMEET XapakTep
YepenyIoMMXCcsl CBETJIBIX W TEMHBIX I0JIOC, TPUYEM B MaKCHMMyMax WHTEHCHBHOCTH Oojiblle, a B
MUHMMYMaX MEHbIIE CyMMbl MHTEHCUBHOCTEH myd4koB. llpu wucnonb3oBaHun Oenoro cBeTa
unmephepenyuoHHble NONOCH OKA3bIBAIOTCS OKPALIEHHBIMH B pa3jInyHble 1IBETa ciekTpa. PaccMorpum
JIB€ MOHOXPOMaTHUYECKHUE KOI€PEHTHBIE CBETOBBIE BOJIHBI, PACHPOCTPAHSIOMIKUXCS HE3aBUCUMO APYT OT
JIpyra W3 ABYX TOYEK S| M Sp ¥ MPUXOIANINX B TOUKY HabmoaeHus P (pucyHok 15). Paccrosaus ot Touku
P 510 Touek S; u S; paBHbI COOTBETCTBEHHO T U I.

Puc. 15. SIBneHue I/IHTep(bepeHLII/II/I I[IPpHU HAJIO)KCHHUHU IBYX MOHOXPOMATHYCCKHUX KOTC€PCHTHBIX CBETOBBIX
BOJIH

I[Hﬂ MPOCTOTHI NPCAINOJIO0KNUM, YTO 00€ BOJIHBI UMEIOT OAVHAKOBYIO aMILUIUTYy. Torma B Touke P
KaxKaast U3 HUX CO3J4aCT HAIPSAKCHHOCTD JJICKTPUICCKOTO MOJIA E] )41 Ezi

E = Acos(%[rl) uk, = Acos(%zg)

®da3bl KoIeOaHMit, CO3/1aBaCMbIX BOJTHAMH OT UICTOYHUKOB S| U S, B Touke P, pa3inuHbL.
HNHuTepdepeHnus CBETOBBIX BOJIH 3aK/JII0YAETCS B CJI0KEHUU KOJ1e0AHUH 4YaCTOT ¢ Pa3HbIMU
dazamu:

E=E,+E, = Acos(%rrl)Jr Acos(27”r2)

YTBepKIeHHE O TOM, YTO BOJIHBI OT HCTOYHHUKOB S| U S, pacnpocTpaHAIOTCA HE3aBUCUMO JIPYT OT
JIpyra, a B TOYKE HAOJIOAEHUS OHU TPOCTO CKIAIBIBAIOTCS, SIBISETCS OMBITHBIM (PAKTOM M HOCHUT
Ha3BaHUE RPUHUUNA CYNEPRO3ULLU.
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Jlo HacTosIIero BpEMEHH HE CYIIECTBYET MPHUOOPOB, KOTOPBIE CIIOCOOHBI OBUTH OBbI CIEAHTH 3a
OBICTPBIMH U3MEHEHHSIMH TI0JISI CBETOBOM BOJIHBI B ONITHYECKOM quarna3one. Habawgaemoii BeTuanHoi
SIBJISIETCSI MOTOK DJHEPruu, KOTOPbIii MNPsMO NPOMOPUHMOHAJEH KBAApaTy AMILIMTY/bI
JIEKTPHYECKOT0 MOJISI BOJIHBI.

DU3NYECKYIO0 BEIMYMHY, PABHYIO KBAApPaTy aMIUIUTYIbl SJIEKTPUUECKOTO MOJS BOJHBI, IPUHSITO
HA3bIBATH UHMEHCUGHOCHIbIO C6en06020 nomoka: | = B2 JI1st CyTIepTo3UITIH IBYX BOJTH TIOJTYYHM:

Ip=242( +cos2ﬁ%)= 21(1 +cosZ7zV‘:17r2).

TakuM 00pa3oM, HHTEHCHBHOCTh CBETOBOT'O TIOTOKA B TOYKE P 3aBUCHUT OT OTHOIIEHHS Pa3HOCTH
XO/a CBETOBBIX BOJH A =1 - I; K JIJIMHE BOJNHBI A. IHTepdepeHIMOHHBI MaKCUMYyM (CBETJIas 1MOJI0Ca)
JIOCTUTAETCS B TEX TOYKAaX MPOCTPAHCTBA, B KOTOPBIX A = mh (m = 0, £1, £2,...). [Ipu 3ToM I,0x = 4 L.
HHTepdhepeHTMOHHbIT MUHUMYM (T€MHas I0JIoca) JocTuraercs mpu A = mh + A/2. MuHUMaIbHOE
3HAaYeHUE WHTEHCUBHOCTHU Ippin = 0.

Ha pucynke 16 noka3aHo pacnpeneneHie HHTEHCUBHOCTY CBeTa B MHTEP()EPEHIMOHHOHN KapTHHE
B 3aBUCHMOCTH OT Pa3HOCTH X0za A.

al
m=-21 m=-1 mg= 0 m=1 m =2

¥

-2A -\ A 2\ A= I -1m
Puc. 16. Pacnpeaesnenne HHTEHCHBHOCTH CBeTa B HHTeP()epeHUMOHHON KapTHHE B 3aBUCUMOCTU OT
pazHocTH Xoja A.
HNHuTepdepennns B TOHKHX IVICHKAX.

SBneHne MHTEPHEPEHIIUN YACTO MOXKHO HAOJIONATh B MAC/sSHBIX WJIM OCH3MHOBBIX IUICHKAaX Ha
BOJIE UJIK CTEKJIE (pUCYHOK 17).

r

Puc. 17. Xona jiyueil B TOHKOM cJ10€ MOJIYIIPO3PAYHOI0 BellecTBA.

Beﬂblﬁ CBET, Iajas Ha HHGHKy, YaCTUYHO OTpamaeTcs[, YaCTUYHO HpOHI/IKaeT B l'[.]'IeHKy Hu,
OTPa3UBIIMNCh OT HIDKHErO CJIOS IUICHKH, BBIXOAUT U3 Hee. Jlyuwm OTpa’keHHOro cBeTa SABJSIIOTCS
KOT€PEeHTHBIMHU, TaK KaK OHH IPOUCXOASAT OT OJHOTO BXOJHOTO Jy4da, HO WMEIT pa3HOCTh (a3
ONpeAeIEMON TOJNIIUHON MJIEHKH, YTJIOM NaJeHus U JJIMHON BOJIHBI CBETA!

A= 2dncosa+/21.
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Ha6mo;[aﬂ MacCJIdHYHO IUICHKY B CUTyallud, KOrJa YCJIOBUS I/IHTep(l)epeH]_[I/II/I BBITIOJTHAKOTCA OJIA
Ppa3IMYHbIX JJIUH BOJIH LIBeTOBOﬁ raMMbl, MOXXHO BUACTDH PadyKHYI0 OKpaCKy IIsATHA.

HNHaTepdepeHnoOHHBIN CBETOQUILTP

SBnenune mHTEp(EpPEHUNH MIMPOKO HCIMOJIB3YETCS B ONTHYECKOW TEXHHWKE, B YaCTHOCTH, s
W3rOTOBJIEHUS! MHTEP(EPEHIMOHHBIX CBETOPUILTPOB. MHTEphEepeHIHMOHHBIH CBETOQMIBTP COCTOUT U3
HECKOJIBKMX  IIOCJIEZIOBATEIbHO  PACIOJIOKEHHBIX  TOHYAWIIMX  HENOIVIOLIAIOIIMX  CJIOEB W3
JIUDJICKTPUUECKUX MaTepualioB — OKUCIOB Al,Os, SiO,, TiO,; dropunos MgF,, CaF,, LiF; cynsdhumos
ZnS, CdS u apyrux coeguHEHUH. DTH CIOM MOTYT ObITb 00pa3oBaHbl HA MAacCHBHOW IOIJIOKKE W3
CTeKJIa, KBapla METOAOM BAaKyyMHOIO HambuleHHs. J[Ba BHEIIHMX CJIOS MOTYT HM3TOTaBIMBATBHCS W3
METaJUIOB U CIIyXaT MOJIYNPO3PAvYHbIMU 3epKajgamMu (pUCYHOK 18).

nc  oc Hc ocC
—

_ 1200 1w
—_—
— B
— | 600 aM
600
. |2 500 1M

‘- 400 um
o ——

300 mm |
—_—

Puc. 18. A —ycrpoiictBo nHTepdepenunonnoro cseropuabrpa: UC — unrepdepeHonnas cucrema;
OC — otpe3atomias cucremMa; | — CTeKJITHHBIE UIOCKONAapasiesIbHbIE MIIACTUHKY; 2 — MOTYIIPO3payHble
METaJNIMYECKHUE CIIOM; 3 — TUIIEKTPUUECKHE CIIOM.

B. — [Ipeobpa3zoBanue Oenoro cBera MHTEPHEPSHIIMOHHBIM CBETODMIBTPOM C paboye ATUHON

BoJHBI 600 HM (3TO BTOpasi rapMOHUKA OCHOBHOTO Konebanus A, = 1200 um).

IIpu mpoxoxmeHun Oenoro cBera 4epe3 TaKyl CHCTEMY C MHOTOUYMCIEHHBIMHU TpaHHUIaMU
paszena CBET MHOTOKPAaTHO MepeoTpaxaercs. B pesynbrate MHTEPHEPEHIUH OTPAKEHHBIX JIydeh C
MPOXOAIIMMHU JTydaMu (OTpaKEHHBIE W TPOXOJSIINE JIyYH KOTE€PEHTHBI) YacTh CBETOBOTO MOTOKA

ocnaseTcs JINIIb He3HAUMTENBHO, a YacTh - B 10°- 10° pa3. Tomumuua coes noaGupaeTcs paBHOiL 70
JUTSE OCHOBHOW dYacTOThl KojebaHuit (B 2-3 pa3a MeHbIedl pabodeld 4acTOTHI CBETOPUILTPA), UYTO

A
obecrieunBaeT BBHIIETICHHE W3 OEIIOTO CBETa HM3IIyYEHUS C TapMOHHUKaMU 0O+ AA, tne n — HOMEp
n

TapMOHHKH.

2AN — 3TO mosioca MpoNycKaHWs (UIbTPA, OHA TEM MEHbIIE, 4eM OOoJblle CI0eB HMEET
cBeToUIBTP (pUCYyHOK 19).

Otpezaromas cucrema (OC) npenHa3HadeHa AJs MMOAABIEHUS BCEX YaCTOT, KpoMe paboueil, oHa
MOJXKET OBITh BBIMOJIHEHA M3 LBETHBIX CTEKISHHBIX (PUIBTPOB WM CIEIHATBLHOW MHTEPGEPEHIIMOHHOM
CUCTEMBI.

TexHUYeCcKH IOCTHKMMO H3TOTOBUTH CBETO(PHIBTPBI € MOJOCOM mpomyckanus 1o 1 HM. B
KJIMHAYECKOM OMOXMMMHU MCIOJb3YIOTCSl, KaK IMPaBHJIO, CBETO(MUIBTPbI CO CTaHAAPTHOW I0JIOCOM
nponyckanus 1042 M. CBETOQUIBTPHI UCTIONB3YIOTCS B OTOMETPAX B KAUYECTBE MOHOXPOMATOPOB.
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Puc. 19. Ilosioca nponyckanust cBeTOQUILTPA.
JAu¢ppaknus ceera.
Jubpakiys cBeta — 3TO OTKJIOHEHHE CBETA OT MPSIMOJIMHEHHOTO PacHpOCTPaHEHHMs, KOTAa CBET

orubaeT KOHTYp HEMpO3payHbIX Tell M, CIeJ0BATEIbHO, MPOHUKAET B 001aCTh T€OMETPUUECKONH TEHH.
Judpaxuus sBisieTcs MposiBICHUEM BOJTHOBBIX CBOMCTB cBeTa (pucyHOK 20).

Puc. 20. Andpaxumust mydka cBeTa Ha y3Koii mean. Ha skpane B 001aCTH TeOMETPUIECKON TEHU
00pa3yroTcs CBETIIBIE MONOCHL. M300parkeHne e pa3MbITO.

Ecnu Ha menp nagaer cBeToBas BOJHA, TO, (GOKyCHPYS JMH30M CBET, MPOLIEAIINH Yepes3 Ielb,
MOYKHO HaONIoJaTh YepeloBaHue MaKCUMYMOB U MUHHMYMOB OCBELIEHHOCTH. Eciu cBeT mazaeT He Ha
OJHY WIeNb, a HA PsJ MapaJUIeNbHBIX IIeNel (pemerKky), TO My4YKH, MCHBITaB TU(GPaKInio Ha KaXIOH
1IeNu, UHTEPPEPUPYIOT MEKITY COOOM.

[Mpocreiimas audpakuMOHHAsE peleTKa COCTOMT W3 MNPO3PavyHbIX Y4YacTKOB (Lienei),
pa3IeneHHbIX HeMpOo3pauHbIMH MIPOMEXYTKaMH. Ha perieTky HampaBiisieTcsi mapaie’dbHbIi IydoK CBETa.
HaGumronenne BeneTcss Ha HENPO3pavyHOM HKpaHe B (POKAIBHOM IUIOCKOCTH JIMH3BI, YCTAHOBJICHHOW 3a
peweTko# (pucyHok 21).
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Puc. 21. Indpaxuus cBeTa HA penieTKe.

B kaxnoii Touke P Ha sKpaHe B (POKaIbHON MIOCKOCTH JIMH3BI COOEPYTCS TyUH, KOTOPBIE 10 JTMH3BI ObLIH
napaiieabHbl MeXAY COOOH M OTKJIOHWIIMCH Ha PeLleTKe MO onpeaeneHHbM yriioM 0. [{ns toro, 94ToOsl
B Touke P Habmogancs HHTEPPEPEeHIIMOHHBIH MaKCUMyM, pPa3HOCTh XoAa A Mexay BOJHaMH,
WCMYIIEHHBIMHA COCETHUMH MIETSIMHU, TOJDKHA OBITH paBHA LEIOMY YMCITY AJMH BOJIH:

A=d sinf,=mA (m =0, £1, £2,...),

rae d — nepuoj| pemeTKy, m — LEeJN0e YUCI0, KOTOPOe Ha3bIBAETCS HOPAOKOM OUPPAKYUOHHO2O
Mmakcumyma. B Tex Toukax (poKaJbHOW MJIOCKOCTH JIMH3BI, AJsl KOTOPBIX 3TO YCJIOBHE BBHIIIOJHEHO,
pacmonararoTcs 21asHble MaKkcumMymol TAGHPAKIIMOHHONW KapTHHEI.

B kaxmoit Touke (hoKaabHOW IUIOCKOCTH MPOMCXOAHUT WHTEepdepeHius N BOJTH, MPUXOISIIINX B
3Ty TOYKy OT N mienedd pemieTku. B rnaBHble MakCMMyMbl Bce€ BOJHBI NPUXOIAT B (asze, MOTOMY
aMILTATY[a KoneGaHuil Bo3pacTaeT B N pa3, a HHTEHCHBHOCTb B N’ pa3 [0 CPaBHEHHIO ¢ KojeGaHHeM,
KOTOpO€ BO30YK/IaeT BOJIHA OT OJHOM IIENH.

['maBHBIE MaKCUMYMBbI NIpY TU(PAKLIUKN CBETAa HA pelIeTKe Ype3BbluaiiHO y3Ku. PucyHok 22 naer
MPEJICTaBIEHUE O TOM, KaK MEHSAETCS OCTPOTa IJIaBHBIX MAaKCHMyMOB INpPH YBEIMUYEHUM 4uCla Iienei
pELIETKU.

m=-1 m=0 m—l m=-1 m=0 m=1

Puc. 22. PacnipenejieHne MHTEHCHBHOCTH NPH THGPAKIMUA MOHOXPOMATHYECKOI0 CBETa HA
peleTKax C pa3jIMyHbIM YHCIIOM IIeNiei. /) — MHTEHCUBHOCTh KoJieOaHuH npu nudpakiuy cBeTa Ha
OJIHOH IIENTH.

Pemerka crnocobHa pasnaraTb W3Ay4deHHE B CHEKTpP, TO €CTb OHa SIBISETCA CNEKTPaJbHbIM
npudéopoM —  COCTAaBHOW  4YACTbI0  MOHOXPOMATOPOB  (YCTPOMCTB  [Jsi  BbIIeJCHHA
MOHOXpPOMATHYECKOro cBera). Ecnu Ha pelieTky magaeT HEMOHOXPOMATHYECKOE M3Iy4YeHUE, TO B
KaXJIOM TOpsiAke NUPPaKUUU (TO €CTh NMPU KaKIIOM 3HAYCHWU ) BO3HUKAET CIEKTP HCCIETyeMOro
n3nyuenus. Ha pucynke 23 n300pakeHbl CIEKTPhI Pa3InUHBIX MOPSAKOB AJisl Oeoro cBeTa.

m=- m=-2 m=-1m=1 m=2 m=3
Puc. 23. Pa3no:xenue Genoro CBETa B CIEKTP ¢ MOMOMbI0 TUPPAKIIMOHHON peleTKH.

OnHOl U3 BaKHEWIIMX XapaKTepUCTUK AU(PAKIMOHHOW PELIETKH SBISIETCS €€ paspeularouyas
CnOcoOHOCMb, XapaKTEpU3YIOIas BO3MOXHOCTb pa3[elieHHs C TOMOIIbI0 JaHHOW PEIIeTKH JBYX
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OJIM3KUX CHEKTPANbHBIX JTUHUN C ATMHAMH BOJH A U A-AA. CHeKTpanbHOH pa3peiaroneii cnocoOHOCThIO
R Ha3bIBaeTcsl OTHOILIEHHE AJMHBI BOJHBI A K MUHMMAJIbHOMY BO3MOXHOMY 3HaueHHt0 AL. Pazpemenne
JTUPPaKIIMOHHON PEeIeTKH 3aBUCHT TOJIBKO OT MOPS/IKA CIIEKTPa 71 ¥ OT YHCIa IEPHUOOB PEIIETKH .
Iycts pemerka umeeT nepuox d = 10~ mm (1000 neprooB Ha MM), ee summHa L = 10 cm. Torna,
N = 10° (310 xXopomas pelneTka). B cmekTpe 2-ro TOpsAka pa3pellalomas CIOCOGHOCTh PEMIETKH

A

R=-"-=mN  oxa3pBaetcs paBHOii R = 2-10°. DTo O03HAuYaeT, YTO MHHMMAIHHO pPA3PEIIMMEI

AL
MHTEPBAIl [UIMH BOJIH B 3e71eH0it oOmactu criekrpa (A = 550 uM) paBer AL =LA/ R ~2,8-10" um. B o1ux xe
YCIOBMSAX MpeseNnbHOe paspemenue pemeTkn ¢ d = 107 MM n L = 2 ¢M 0Ka3anoch Obl paBHBIM AL =
1,4:10"" 1M, uTO BHIOJTHE MPUEMIIEMO JUTs (POTOMETPHYECKHX LieIei.

IMonspusanusa ceera.

JBoiiHoe JyUyenpesoMiIeHue.

Bo MHOrmX KpHCTaNTMY9EeCKUX BEIIECTBaX MOKa3aTeNd MPEIOMJICHHS Pa3IUYHBI IS ABYX BOJIH
MMEIONINX B3aUMHO TEePIEHANKYISIPHBIE HAPaBICHNSI BEKTOPOB HANPSXKEHHOCTH SIEKTPUIECKOTO OIS
E (ansa nByx mnoispusanyi 3JCKTPOMAarHUTHBIX BOJH). [l03TOMY Takue KpUCTA/UIBI pa3iBavBarOT
MPOXOIAIIME Yepe3 HUX JIy4n (prucyHOK 24). J/IBa myya Ha BBIXOJE KpUCTAIlIa JUHEHHO TOISIPU30BaHbI BO
B3aMIMHO TEPIEHANKYJSPHBIX HampaBleHUsX. Kpucramipl, B KOTOPBIX MPOUCXOAUT O080IUHOE
JayuenpenomieHue, Ha3pIBalOTCI anuzomponnvimu. Eme B xonrne XVII Beka ObUT10 00HApyXEHO, YTO
kpuctasi uciaanackoro mmata (CaCOs) pa3aBanBaeT IpOXOAIINE Yepe3 HEro JTy4u.

-~
-~

]

Puc. 24. JIpoiinoe JiyuenpejaoMJieHHe JJIsl CBETOBBIX BOJIH, UMEIOIINX B3aHMHO MEPIEHAUKYIAPHbIC
HarnpaBJieHUs BEKTOPOB HAMPSHKEHHOCTH 3JICKTPUUYESCKOTO TOJIS MIPU MPOXOKICHUN CBETa Yepe3 KPUCTaI
WCIIaHJICKOTO 1InaTa. Eciy KprcTaut MoBOpauuBaTh OTHOCUTENILHO HAITPABIICHHUS TIEPBOHAYAIBEHOTO
Jy4a, 4T0 HOBOPAYMBAIOTCs 00a JIyya, MPOLIEIIINe Yepe3 KPUCTAILL.

IMonsipuzaumeid cBeTa Ha3bIBAE€TCAd BBIJEIEHUE M3 MydKa €CTECTBEHHOI'O CBETa JIyuew,
MOJIIPU30BAHHBIX B OMNPEIEICHHOW IIJIOCKOCTH. B HCTOYHMKAaxX CBeTa JJIEMEHTApHBIE IIPOIECCHI
W3Iy4eHUs] CBETa aTOMaMHU MPOMCXOJAT HE3aBUCHUMBIM 00pa3oM, TOSTOMY B OOBIYHOM CBETE OCH
ANIEKTPOMArHUTHBIX BOJIH OPUEHTHPOBAHBI XAOTUYHO M CBET, UCIYCKAeMbI OOBIYHBIMH HCTOYHUKAMU
(ConMHEYHBIN CBET, M3JIyYEeHUE JIaMIT HAKaJUBaHUA W T.I.), Henoaapu3oean. Henoasipu3oBaHHbINH CBeT
Ha3bIBAIOT TAK)KE €CHIEeCH8EHHbIM CEEHIOM.

[Ipu mpoxoxaeHUM CBeTa 4epe3 MHOTME KPHUCTaUlbl MOTJIOLIEHUE CBETa CUJIBHO 3aBUCUT OT
HarnpapJIeHUS JIEKTPUYECKOTO BEKTOPA B CBETOBOW BOJIHE. DTO SIBJIEHHUE HA3bIBAIOT OUXPOUIMOM. DTUM
CBOP‘ICTBOM, B 4aCTHOCTH, O6J'Ia)2[a}OT IJIaCTUHBI TypMaJiuHa. HpI/I OHpeIleHeHHOﬁ TOJIIIMHE IIJIaCTUHKA
TypMaJliHa MOYTH MOJHOCTHIO MOIJIONIAET OAHY U3 B3aUMHO MEPHNEHAUKYIISIPHO MOJISIPU30OBAHHBIX BOJH U
YaCTUYHO MPOMYCKaeT BTOPYIO BoMHY. HanpaBnenne koneOaHUil 3MEeKTPUYECKOTO BEKTOPA B MPOIIEAIIEH
BOJIHE HA3bIBACTCA pA3PEUieHHBIM Hanpaeienuem TNACTHHKU. [lmacThHKa TypMannHa MOXET OBITh
KCIIOJIb30BaHa KaK JUIsl MOJyYEeHUsI TIOJIIPU30BAHHOTO CBETA, TaK U JIJIS aHAJIN3a XapakTepa MoJspu3aluu
cBeTa (RONAPU3AMOP VI AHATUZAMOP).

Ecim mpomycTHTh CBET MOCIEAOBATENbHO Yepe3 ABE OJWHAKOBBIE IUIACTHHKH W3 TypMalnHA
(mpo3payHOe KPUCTAJUIMYECKOE BEIIECTBO 3€JEHOBATOW OKpackd), IOBOPAUYMBAIOIIMECST  JPYT
OTHOCHUTEIHHO JIpyTa Ha yroil ¢ (PUCYHOK 25), TO MHTEHCHBHOCTH TPOIIEIIIIETO CBETA OKAXETCS MPSIMO
MPONOPLIMOHAJIBHOM COS”(:

I~ cos’p (3akon Mamoca).
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Puc. 25. Noasipu3anus cBeTa. JleBas miacTuHKA MONISPOUAA, CASTAHHOTO M3 TypMaliHa (TIOJSpU3aTop)
BBIACIIACT 3JICKTPOMArHMTHBIC KoneOaHus ¢ BCPTHUKAJIIBHO HAIIPaBJICHHBIM BEKTOPOM E. UHTEHCUBHOCTD
CBETa, MPOLIEAIIET0 Yepe3 MpaByo MIIACTUHKY (aHANIU3aTop), 3aBUCUT OT yIila MOBOPOTa aHaIM3aTopa.

Ecnu npu pacnpocTpaHeHUH 3JEKTPOMArHUTHOM BOJIHBI BEKTOP E COXpaHsSeT CBOIO OPUEHTALMIO,
TaKyl0 BOJIHY Ha3bIBAIOT JIUHEUHO-NONAAPU3O6AHHON WU NI0CKO-noaapu3oéanHou. llnockocts, B
KoTopoil konebmnercs BekTop E Ha3wpiBaeTcs miockocmuio Koniebanuii (pucyHOK 26), a MIOCKOCTh, B
KOTOpOI1 coBeplaeT KojebaHre MarHUTHBIN BEKTOp B - miockocmuio nonsapuzauuu.

S P iy

" naockocTs
noASpHIaUMK

Puc. 26. HJ’IOCKO]’[O.TIﬂpI/BOBaHHaﬂ CBETOBadA BOJIHA

Ecim Bmoms OMHOTO W TOTO JK€ HANpPAaBIEHHs PACHpPOCTPAHSIOTCS IBE MOHOXPOMATHUYECKHE
BOJIHBI, TIOJIIPU30BaHHbIE B JBYX B3aUMHO TMEPIEHANKYJSPHBIX IUIOCKOCTSX, TO B pe3yJbTaTe HX
CJIOKEHUS B 00I1IEM CITy4yae BO3HUKACT AITUNMUUECKU-NONAPUI0BAHHAA 60IHA (PUCYHOK 27).

B smimnTH4ecku-monspu30BaHHOW BOJMHE B JIFO00H IUIOCKOCTH P, TepreHAuKYISpHOMI
HaANpaBIEHUIO PACIpOCTPaHEHUs BOJHBI, KOHEI[ pe3yJibTHpYOmero Bekropa E 3a ogmH mepuon
CBETOBOTO KOJieOaHMsI 00eraeT JUIHNIC, KOTOPBIA HA3BIBACTCS 2AUNCOM noaapusauuu. Dopma u pazmep
3JUIUIICA NOJSPU3ALUH ONPEAEIAI0TCS aMIUIUTYAAMHU dy U dy TUHEHHO-MOISPU30BAHHBIX BOJIH U (ha30BbIM
caBUroM A@ Mexay HUMH. YacTHBIM CITydaeM 3IUTHNTHYECKU-TIONIIPU30BAHHOMN BOJHBI SBIISIETCS BOJIHA C
Kpy2060ii nonapuzayuei (a, = ay, A¢ =+ 1/2).

Pucynox 27 gpmaer mpencTaBI€HHE O MPOCTPAHCTBEHHOW CTPYKTYpE  JJUIUNTUYECKHU-
MOJIIPU30BAHHON BOJIHEI.
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Puc. 27. DnexkTpuueckoe moJie B JUIMNTHYECKH NOJAPU30BAHHON BOJIHE.

JIuHEWHO TONIAPU30BAHHBIN CBET HCITyCKAeTCs JIa3epHBIMM KMCTOYHUKAMHU OIPEJIEICHHOM
KOHCTPYKIH. CBET MOXKET OKa3aThCs MOJIIPU30BAHHBIM NPU OTPAXKEHUH WM paccesiHuu. B yacTHOCTH,
roiy6oi cBeT OT Heba YaCTUYHO WMJIM TOJHOCTBIO TMOJsipu30BaH. JI0Oyio BOJHY (MTOJISIPU30BAHHYIO H
HeHOJ’[ﬂpI/ISOBaHHYIO) MOXHO MNpPEACTaBUTb KaK CYHNCPHO3UIUI0 IBYX ﬂHHeﬁHO-HOJ’[ﬂpHE}OBaHHbIX BO
B3aMIMHO TEPIEHIUKYISIPHBIX HAMTPABICHUIX BOJIH:

IHonspumerpus.

BemiectBa, crnocoOHble H3MEHATH (Bpallarh) MJIOCKOCTh MOJSPHU3ALMU CBETa, SBIAIOTCA
OnmMuYecKy aKmueHulMU BEIECTBAMU; BEUIECTBA, HE CIIOCOOHBIE M3MEHSTHh IIOCKOCThH IMOJSPU3AIIUU
CBETa SIBIIOTCS ONMUYECKU HEeAKMUBHBIMIL.

[Monsipumerpuyeckuid METOJ aHajiM3a OCHOBAaH Ha HM3MEPEHHWW YIiia BpallleHHs IUIOCKOCTH
MOJISIPU3ALMH JTyya CBeTa, MPOLIEeNIero Yepe3 ONTUUECKH aKTUBHYIO Cpefly, KOTOpasi IOMEILaeTCsl MKy
MOJIAPU32TOPOM M aHAITM3ATOPOM (CM. PUCYHOK 25).

OnrTuyeckas aKTHBHOCTh BEIIECTB OOyCIaBIMBAaeTCS IBYMsS (akTopaMu: a) OCOOEHHOCTHIO
KPHCTAIJIMYECKOHN PEIIEeTKH BellecTBa U 0) 0COOEHHOCTSIMH CTPOSHHSI MOJIEKYJIbI BEIL[ECTBA.

[lepBoii 0cOOEHHOCTHIO 00JIIal0T TBEPIbIE BEIIECTBA — KPUCTAJIIBI, HAIPUMEP, KBapIl, XJIOPHIT
HATpUS U IpyTHE.

Bropasi 0coOeHHOCTh CBOWCTBEHHA MHOTMM pPacTBOpam, TJIABHBIM O0pa3oM, OpPraHUYECKUX
BEIICCTB: IIFOKO3bl, BAHHON KUCIIOTHI, MOP(UHA U IPYTHM.

Tak MomneKyna TIIOKO3BI, TakKe KaK M JPYTHX TeKCO3, aCHMMETPHYHA TI0 PaCIONIOKEHHUIO
ruapokcuiasHOM rpymmel (-OH ) B mocinenneM nonoxennu nepen rpynmnoi -CH,OH (puc.28), mostomy
caxapa MMEIOT cTepeou3oMmepbl. AOOpeBuarypa D- mnu L- oTpaxkaer No3WIMI0 THAPOKCHILHOW; D-
M30MEPHI 3allUCBIBAIOTCS C PACHOJIOXKEHHEM THUAPOKCHIILHOW TPYIIIBI ClipaBa, L-W30MeEpHI - clieBa OT
aToMa yriiepoga. B oprannsMe denoBeka caxapa MpeacTaBlIeHBl B OCHOBHOM D-u3odopmamu, IMEHHO K
3TON M30dopMe creuUIHbl PEPMEHTHBIC CHCTEMBI U TPAaHCIOPTHBIE OEJIKH, MEPEHOCUYUKH YTIICBOJIOB
4yepe3 KIETOYHYI0 MeMOpaHy.
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1 ]Ii—li':—'fl H::]_:—D

2 H—C—0l  HO—({—H

3 H— I.—m—; H—C—0H

4 Ho- -(I.‘—I-t HO- {;:—iI

5 HO—C—H HO—C—H Pucynok 28.

6 CHyOH CH:(H CrpykTypHas ¢opMy./ia cTepeou30MepOB III0KO3bI.

OnTrUYecKy akTUBHBIM SIBIIICTCS 2 aTOM yTriepoja
D- raloko3a L-ralokosa

D- u L-u3oopmMbl caxapoB UMEIOT aCUMMETPUYHBIE aTOMBI YIJIEpOJa, CBA3aHHBIE C Pa3HBIMH
TpYNIUPOBKAMH, TMO3TOMY 00JaJar0T CIOCOOHOCTBIO BpalaTh IUIOCKOCTh MOJISpHU30BaHHOTO Jy4ya. Ha
3TOM OCHOBAHO OIpeAesieHue D-TiioKo3bl B MOYE € TOMOLIBIO MOJSIPUMETPA. YTOJ BPalEHUs MII0CKOCTU
MOJISIPU3ALIMY 3aBUCUT OT ONTHYECKOW TOJIIUHBI PpACTBOPA Y KOHLUEHTPALMH IIFOKO3bI B PACTBOPE.

Hoasipumerp.

OCHOBHOHM 4YacTpl0 J1000T0 MpubOpa Ui MOIAPUMETPUYECKOTO aHajiu3a SIBISAETCS MCTOUHUK
MOJISIPU30BAHHBIX JIyueH (MOJspU3aToOp) M M3MEPHUTENb yria moyisipu3auuu (aHanuzaTop). B kadectse
NOJSIPU3aTOPOB M aHAJIM3aTOPOB MCIONB3YETCs CleUuainbHas npusma Huxons, W3rotaBivBaeMas U3
UCJIaHZICKOT'O LINATa U Ha3bIBaeMasi KPaTKO HUKOb.

Ha pucynke 29 npuBeneHa cxema MpoCTEHIIEro NoasipuMeTpa.

NI e d

Puc. 29. Cxema npocreiinero noasipumMerpa. 1 - monspuszarop; 2 — miacTuHka OMKBapLa; 3 — KIOBETa C
pacTBOpoM; 4 — aHaIM3aTop.

[Ipu ucmonp30BaHUM MPOCTEUIIETO MOJSIPUMETPa aHAJU3aTOp HACTPAMBAIOT HA «TEMHOTY»,
Bpalliasl ero BOKpPYT MPOAOIBHOM OocH. 3aTeM BHOCAT B MPUOOP KIOBETY C UCCIIETYyEeMOU KUIKOCThI0. [1Ipu
3TOM HaOIOJaeTCs TMPOCBETICHWE IONI OKYIspa BCIEIACTBHE BPAIICHHS IIOCKOCTH TOJSIPU3AIlAU
pactBopoM. IloBopaunBasi aHaIM3aTOpP, TOOMBAIOTCS HOBOTO MOTEMHEHHUS TOJISI, IPUYEM YTroJl TIOBOPOTa
aHaJIM3aTopa COOTBETCTBYET YIUIy BpAIllEHHUS PaCTBOPOM ILIOCKOCTH TOjspu3anuu. J{ns Gosnee TOUHOTO
oTpeAieNieHNs] MOMEHTa 3aTeMHEHHsS TIOJs OKyJspa TNPUMEHSIOT JONOJHHUTEIbHYIO TIUIACTHHKY 2,
COCTOSIIIYI0 W3 JBYX IUIACTWHOK JIEBOBPAIIAIOIIETO0 M IMPABOBPAIIAIONIETO KBapla (Tak Ha3bIBaeMas
TJIACTUHKA DUKeapya).

Ecim HHMKONM B3aWMHO TapajuieibHBI (CBET MPOXOIUT MOTHOCTHIO), TO TUIACTHHKA OMKBapIa
OKpaIlleHa B CepoBaTo-(QHOJETOBBIH IBeT. [Ipy MasieiiieM IMOBOPOTE aHamW3aTopa 00€ TOJOBHHKH
OukBaplla MEHSIOT CBOIO OKpacKy: OJIHA CTAHOBUTCS CHHEH, a apyras — KpacHoi. Takum obOpazom
(uKcHpyeTCs MaNeHIuii MOBOPOT aHAIMU3ATOPA.

VYron BpameHus [ TMJIOCKOCTH TOJSPU3ALMK 3aBHUCHT OT TOJIIMHBI €O b, KOHIEHTpAIUH
pactBopa C W yIENbHOTO BpaIIeHUS TUIOCKOCTH TONSAPU3AIUN O— XapaKTepPHCTUYECKOTO CBOWCTBA
ONTUYECKH aKTUBHOTO BELIECTBA!

B=abC.

Jly1s KOHIIEHTpaIiK 3TO BRIpAXKEHUE Tpeo0pa3yercs K BUAY:

C ﬂ

ab
B kauecTBe npumMepa NoasipuMeTpa MOXKHO IPUBECTH U3MEPUTENb INIIOKO3bI MOJSIPUMETPUUECKUH
UIIT-01. [pubop npeaHazHayueH Ui U3MEPEHUs COAEPKAHUS TIFOKO3BI M CIEZ0B (PYKTO3bI B MOUE MPH
o0ce1oBaHMsAX HACEJIEHUS B JICUEOHBIX YUPEXKICHHUAX M B OBITY Ui KOHTPOJS COCTOSHUSI OOJIBHBIX
caxapHbeIM nuabetoM. OH TaKKe MOXKET MPUMEHSTHCS Ul U3MEPEHUSI KOHLEHTPALMK caxapa, IJIFOKO3bI,
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¢$pyKTO3bI, KaM(OPBI, BAHHOW KUCJIOTHI, HUKOTWHA, KOJIEUHA, MaJIbTO3bl, MEHTOJIA, afpeHaIHa U IPYTUX
ONTUYECKU AKTHUBHBIX BELIECTB B PACTBOPAX IHUINEBBIX MPOAYKTOB, JIEKAPCTBAX, CBEKIIOBUYHOM COKE,
(PYKTOBBIX COKaxX, CUpPOMax, Pa3iMYHBIX XUMHUYECKHUX BEIECTBaX.

Paccessnue cBera. MyTHBIE cpebl.

Ecnyn moMecTuTs MyTHBIH pacTBOP B KIOBETY (DOTOMETPUYECKOTO MPHOOpPaA, TO CBETOBOH MOTOK,
MPOXOIsl 4epe3 KIOBEeTy, OyAeT MOriomarhcs (€Cid pacTBOP OKpALIeH), YaCTHMYHO IMPOXOAUTH Yepes3
KIOBETY, HE U3MEHAS HaIpaBleHUs (TPAHCMHUCCHS ), YACTUYHO PACCEUBATHCS, N3MEHSAA CBOE HaIlpaBJIEHUE,
OTKJIOHSISICH TIOJT PA3MYHBIMHM yriaMH (paccenBaHMe). TpaHCMHUCCHS M paccesiHUe CBETa 3aBHUCAT OT
JUTMHBI BOJIHBI CBETOBOT'O TMOTOKA, €r0 YacTOThI, MHTEHCUBHOCTH, a TaKXe OT CBOMICTBA paccenBaroIien
cpelbl: pa3Mepa yacTull, UX (OpMbl, KOJUYECTBa, CIOCOOHOCTH K mojsipu3auuu u Ap. Ecnu B npouecce
M3MEpEeHHs pa3Mep 4YacTUI] B pacTBOpe OyIeT MeHAThCS (HampuMep, B pe3yjbTaTe B3auMOJEHCTBUS
AHTUT'CH-aHTUTEN0), TO OyIeT COOTBETCTBEHHO MEHSTHCS TMOTOK NPOXOASIIET0 W HHTEHCUBHOCTD
PacCessHHOTO CBETA.

OnpeneeHue cBeTopaccenBaHmsA.

XapakTtep (TUI) paccenBaHHs 3aBUCHT OT COOTHOILEHHS AJMHBI BOJHBI cBeTa (A) M OuaMeTpa
YacTHLBI, Ha KOTOPOW MPOUCXOOUT paccenBaHue (puc.36). Eciam pasmep uacTuil pacceuBaroLlei
PEaKIMOHHOM CMeCH 3HAYMUTENbHO MEHBIE IJMHBI BOJHBI CBETOBOTO TOTOKA, MPOXOIALIET0 HYepe3
KroBeTy (nuamerp yactuil < A/10), Tako#l BU paccesiHHUs Ha3bIBAIOT YIIPYTHIM.

VHTEeHCHBHOCTh MOTOKAa PAacCEMBAEMOr0 HEOONBIIMMH YacTHLAMH TMOAYMHSAETCS YPaBHEHUIO
Penes:

0t _n? 2
I, =1,-— . -Ain-(l+coszﬂ),
(ny +2n°) A'd

rae I, m I, cOOTBETCTBEHHO HMHTEHCHBHOCTH PACCESIHHOTO W MMAJAIOIIero CBeTa, N; M N —
KO3 GUITMESHTHI TPEJIOMIICHHUS YacTUIl U cpebl; N — o0lee Ynuciio 4actuil; V — 00beM YacTHIl;, A— JUIMHA
BOJIHBI Majamouero ceera; d — paccrosiHue 10 Habmromatens; B — yros, oOpa3oBaHHBIN MAAalOLIMM H
paccessHHBIM CBETOM.

[Tpu 1aGopaToOpHBIX HCCIEAOBAHUSAX BETUUMHBI V, Ny, n, A, d U B U3BECTHBI U MOCTOSHHBI /IS
uccnenyemoro BemectBa, a N = C-b; 3nece C — KOHIEHTpAIHMs BEMIECTBA, b — TOIIIMHA PacTBOpa
(Takxe n3BecTHas BenuunHa). [loaTomy 1is onpenenennoro yria 3 ¢opmyna Penes npumet Bua:

1

— =k - C, rue BCe U3BECTHBIE MapaMeTPbl 00beIHHEHBI B KOAPduUIneHT K.
0

B ocHoBe paccesHus Ha MallblX yacTULAX JEKUT sBieHHe nudpakuuu. PaccenBaHue cpera
KOKJIOM dYacTULEd He 3aBUCUT JApPYyr OT Jpyra, pacCEesHHBIA CBET paclIpoCTpaHAETCs BO BCEX
HaIpaBICHUSIX, OJHAKO MaKCHMaJIbHOE KOJMYECTBO cBeTa paccenBaetcs noxa yriaoM 0 m 180 rpagycos k
nydy, nagaromeMy Ha gactumy (puc. 30A). Ilpu mmuae Boaael 400 HM TakoH THIT paccewBaHUs OyaeT
XapakTepeH AJis yacTull nuametpoM MeHee 40 HM. K TakuM yactuiiam B miia3Me KpOBU OTHOCSITCS MHOTHE
Mia3MeHHble OeNKM, B TOM YHCJIe WMMYHOTTIOOYJHHBI, [—IHMIONPOTeHabl, ansOymMuH W T.O. [lpu
YBEITMYCHUH Pa3MEPOB HYacTUIl (IS TIa3MEHHBIX OenKoB pasMmep B auama3zoHe oT ~ 40 go 400 HM)
pacceMBaHr€ CTAHOBHUTCS HECHUMMETPUYHBIM M MaKCHMallbHOE€ KOJIMYECTBO CBETAa pAcCeMBAaeTCsi B
HanpasyieHnH najatoiero ay4a (puc 30B). Takoii Tin paccenBanus Oyaet xapakrepeH npu A 400 HM st
IgM, XUIOMHUKPOHOB M (POPMHUPYIOIIUXCS KOMIUIEKCOB aHTHUTE€HOB C HMMMyHornoOynuHamu. Korma
pasMep dYacTHIl MPEBHILACT AJMHY BOJHBI cBeTa (B HameM npumepe auaMeTrp Oosbme 400 HM)
HECHMMETPHUYIHOCTh CBeTOpaccesHus eme Oospine yBemudauBaeTcs (puc 30B). Takoi Tum paccemBaHus
Oyzer xapakTepeH Ui B3BeCHM OaKTepuil, AJsl KJIETOK KPOBU (TPOMOOLMTOB, 3PUTPOLMTOB) U IPYTUX
KPYMHBIX YacTHL. VIHTEHCHUBHOCTh paccessHHs CBETa ONPEAENSeTCs CPEIHUM YHCIOM pPacCEUBAIOIINX
YacTHILl B €IUHHLIE.
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> >
R A — XapakTep paccerBaHHUs CBETa Ha YaCTHLAX,
JUaMeTp KOTOPBIX MeHbIIe, 4eM B 10 pa3 IJIMHBI BOJTHEI
cBera (d <A/ 10),
b — xapakTep paccenBanus npu d <A,
>

B - xapakrep pacceuBanust npu d > A

Puc. 30. Xapakrep paccenBaHHfl CBeTa B 3aBHCHMOCTU OT COOTHOUICHHS JAMAMETPa PACCEUBAIOLIUX
YaCTHUI[ ¥ JUIMHBI BOJHBI MTAJAIOIIETO CBETA

Hedenomerpus - u3MepeHne paccessHHOI0 cBeTa.

CpaBHUBas BeJIMYMHBl pacCessHHOTO W TMajamomero ceera I, u I, MOXHO omnpenenars
KOHIIEHTpAIMIO BEIIECTB B pacTBope. Takod MeToj HCCIeNOBaHUS Ha3blBacTcsi HedesoMeTpHed, a
npruOOPbI, HA KOTOPBIX POU3BOAAT U3MEPEHUS — HedeJJoMeTPaMH.

Ha pucynke 31 mnpexncraBieHa NPUHLUMIIMANBHAS CXE€Ma H3MEPEHMs PpACCESHHOIO CBETa.
W3mepeHne cBeTopacceMBaHUsl O] pPa3HbBIMM yriamMud (Kak TpPaBUJIO, HUCIOJB3YIOTCS H3MEpEHHUE
MaJIOYIJIOBOTO paccerBaHusl) AaeT MH(OpPMALHKIO O pa3Mepax 4yacTull B pacTBope. B To ke Bpems, eciu
M3BECTHBI pa3Mephl YacCTHIl PACCEUBAIOIIEr0 BEIECTBA, TO BO3MOKHO MO MHTEHCHUBHOCTH PACCESIHHOTO
cBeTa MpHU (UKCUPOBAHHOM YIiie HU3MEpPEHHs ONpeNeuTh KOHIEHTPAlWIo BellecTBa. MeTopl,
OCHOBaHHBIE HA B3aMMOJECHCTBUM aHTUTE€H-aHTHUTENO, BBICOKO CHEHM(UYHBI, MTO3TOMY MPAKTHYECKH BO
BCEX CIy4Yasx MU3BECTHO, YTO u3Mepsiercs. Mcxoas us 3Toro, mpubops! Al HedeaoMeTpuH, Kak MpaBuio,
MPOrpPaMMHUPYIOTCS TMOJl HM3MEpPEHHE OINpPEAETeHHbIX CIeUn(PUIECKNX KOMIIOHEHTOB OHOJOTHYECKOMH
JKUJIKOCTH, Yallle BCEro MHANBUAYAIBHBIX OEITKOB.

KroBera ¢ 06paziom /9 naMa
OMOKUIKOCTH

OIITUYCCKHUEC
JIUH3BI Puc. 31.Cxema u3smepeHusn
MOHOXPOMATOP PAaccesTHHOTO CBeTA.

A - Hedenomerp,

PETUCTPUPYIOLLUN

MaJIOyTJI0BOE paCCEUBAHUE,
90° b - medenmomerp,
PETUCTPUPYIOLLNI
paccenBanue moj yriom 90
B -Ttypbumumertp

OIITHYCCKUEC
JIMH3bI

GUIBTp NEeTeKTOpa

JIETEKTOP

VYron usmepenus
paccenBaHUA

Ha puc. 32 nzo0pakeHa NpUHIMIKATILHAS CXeMa OTeUECTBEHHOTO Hedemomerpa HOM.
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6 7’ \B’

Puc. 32. OnTnyeckas cxema Hedeaomerpa HOM. 1 - nammna; 2, 11 — cBeTopUabTPHI; 3 — CTEKIITHHASA
MJIACTUHKA, pa3Aelsionias CBET Ha 2 My4ka; 4 — KIOBETa C paCTBOPOM HCCIIEyEMOro BEIeCTBa; 5 —
JIOBYILIKA CBETA; 6 — CTEKJIAHHBIN paccenBatens; 7, 7', 9, 9" — mun3el, 8, 8’ — ypaBHUTENIbHbIE THaPpPArMBbL;
10, 10’ — pombuueckue npusMsl; 12 — okymsp.

CBeT OT Jamnbl pa3aensercsa Ha 2 MydkKa — OJUH My4YO0K MPOXOJIUT Yepe3 pacTBOP UCCIETyEeMOro
BEIeCTBa, IPYTOi Yepe3 KaHall CpaBHEHUS. B okymspe BUIHBI 2 TIONS — OJHO M3MEPUTENBHOTO KaHana,
BTOpPO€ — KaHaja CpaBHEHHs. VI3MeHSs HIMPHUHY e, JOOWBAIOTCS PABHOW OCBEHIEHHOCTH ITOJICH.
Pesynprar mosydaroT mo KaJUOpPOBOYHBIM KPUBBIM, CBS3BIBAIOIIMM IIUPUHY IETH U KOHIICHTPAIIHIO
BemlecTBa. B mocnenHee Bpems B HedeloMeTpax BMECTO OOBIYHBIX JIAMIT HCIIONB3YIOT Ja3epHEIE
WCTOYHUKHU W3NydeHHs. Jlazep vMeeT BBICOKYIO WHTEHCHBHOCTb H3JIY4YEeHHS, CTPOTYIO HAIpPaBICHHOCTD
H3JIYUCHHA U CTPOIro (1)I/IKCI/IpOBaHHy}O AJIMHY BOJIHBI U3JIYYCHUS, YTO ACIACT na3epru71 JIYy4 uacaJibHbIM
JUTst He(heloMETPUIECKIX U3MEPEHUH.

TypOuaumerpus - u3MepeHue NpoLe ero cpera.

MeTton mccrnemoBaHUSI CBETOPACCEMBAIONIMX PACTBOPOB MO TMPOIIENIIEMY 4Yepe3 HHUX CBETY
HaspiBaeTcd TypOmaummerpueii. /[ u3MepeHUs CBETOBBIX IMOTOKOB MCIOJIB3YIOTCS TYypOUAMMETPSI,
MOCTPOEHHBIE IO MPUHLMITY BU3YaJIbHBIX WIN 3JIEKTPUUECKUX POTOMETPOB.

[Ipu TypOMauMETpHUYEeCKNX HMCCIENOBAaHUSIX MHTEHCHUBHOCTH MPOIIEAIIETO CBETOBOTO MOTOKA I
MOJKET OBITh OMpeziesieHa 10 YpaBHEHHUIO:

Chd’
I, d'+al'’

rae |, — MHTEHCUBHOCTD MaJaloIIero CBETOBOrO MOTOKA; I; — MHTEHCHBHOCTD IMOTOKA, MPOIIEIIIEro Yepe3
pactBop; C — KOHIIEHTpAIMs PacCeUBAIONIUX YaCTHUI] B PacTBOPE; b — TOJIIMHA MOTJIOMIAIONIETO CJI0s
pactBopa; d — cpeHUN AMaMeTp PacCEeMBAIOIIMX YACTHIL, K M 0. — KOHCTAHTHI, 3aBUCAIINE OT MPUPOIBI
BEIECTBA U METOA U3MEPEHHMS;, A - IJIMHA BOJIHBI.

[Tpu mocrosiHHBIX b, d, K, 00 1 A momy4um:

lgL:tC wma [, =1,-107¢
IO

- BbIpaxkeHHe, moaoOHoe 3akoHy bByrepa-JlamOepra-bepa nist okpalleHHBIX MPO3PAaYHBIX PACTBOPOB.
3neck t — MONSIPHBIN KO3 (OUITUEHT MYTHOCTH PacTBOPA W TYPOUIUMETPHS.

TakuMm 00pa3oM, MHTEHCUBHOCTb Iy4Ka (IUIOTHOCTb IIOTOKA) MapajuleNbHBIX Jydel cBeTa mpu
MPOXOXKACHUHN Y€PE3 KIOBETY BCJICACTBUC NOTJIOMICHUA MCHACTCA IO SKCIIOHCHUIHAJIBHOMY 3aKOHY. HpI/I
TypOUIMMETPUN NPOBOAUTCS HM3MEPEHHE MPOLIEAIIEr0 CBETOBOIO MyYKa, TAKXKE KaK H3Mepsercs U
abcopOmuss mpu  poromerpum (pucyHok 33). IlodToMy B KadecTBe TYpPOMAMMETPA MOKHO

HCI0JIb30BATH 0O0JBLIIHHCTBO (JOTOMETPOB M OMOXMMHYECKHX AHAJIU3ATOPOB, TaK KaK TOT CIIOCOO
He TpeOyeT 0co00i KOHCTPYKIMH MprOopa.
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Puc. 33.

TypOuaumerpus —
I, r METOJl U3MEPEHHUS
IIPOLIEIIErO Yepes
KIOBETY CBETOBOTO
MOTOKA.

v

OOBIYHO TIPU TYPOUAMMETPUUYECKUX HCCICOBAHUSAX HUCIOIB3YIOTCS KOPOTKHE JJUHBI BOJH, KaK
npaBwio, 340 HM. DTO CBSI3aHO € TeM, 4YTO JOJS PACCESIHHOTO CBETa YBEIUYMBACTCA OOpaTHO
MPOTIOPIMOHAILHO YETBEPTOM CTENEeHH JUIMHBI BOJIHBI, COOTBETCTBEHHO NPH MEHBIIEH JIMHE BOJIHEI
NpoleAmnid cBeT OyAeT COCTaBiATh OONBINYI0 dYacTh OT MaAaloulero, TO ecThb Oyaer Oonee
WHTEHCHBHEIM. B TO e BpeMs ONTHYECKHE CHCTEMBI, KaK MPaBHIO, YBEPEHHO pabOTalOT B OJVMKHEM
yapTpaduonere mpu 340 HM, B Oojee madpbHEM YIALTPA(QHOJIECTOBOM IHANa30HE HEOOXOIUMO
WCIIOJIb30BaTh CIICIHATLHYIO ONTHKY.

HNOI'JIOIMEHUE U U3JIYYEHUE CBETA.

IIpu  pacmpocTpaHeHw:m  depe3  MMOTJIOMIAIOIIYID  Cpemy  DJIEKTPOMAarHWTHAash  BOJIHA
B3aMMOJIEWCTBYET C BEIIECTBOM, HM3MEHSAS €ro JHEePreTHYeCKOe COCTOSHHE. OJTO B3aWMOJEHCTBHE
MPOMCXOAMUT IyTE€M MOTJIOUICHUS! BEHIECTBOM (DOTOHOB — KBAaHTOB SHEPIUH CBETOBOW BOJHBL TakuM
o0pa3oM, TpH KaXXJAOM aKTe IOTJIomeHuss (POTOHA BHYTPEHHSSI JSHEPTUsl BEIIECTBA YBEIUYHMBASTCS
MUCKPETHO — Ha BENWYMHY JHEPTUM KBaHTa cBera. HaoOOpoT, mpHM W3IydeHHH CBETa BEIIECTBOM
MPOMCXOANT AUCKPETHOE YMEHbIIIEHNE BHYTPEeHHEN sHeprun BeulecTsa. [lornomenne cBeta HEKOTOPHIMU
TBEPABIMHU BEILECTBAMHU NPUBOJUT K (POTOIIEKTPUIECKUM SIBJICHHUSM, 3TO MO3BOJISIET OCTATOYHO MPOCTO
pPETUCTPUPOBATh CBETOBBIE TMOTOKM M HM3MEPATh WX MapaMmeTphl. J{MCKpeTHOCTh OOMEHa JHEpPruu
00yCIIOBIEHAa CTPOEHHUEM aTOMOB BEIIECTBA, €r0 MOJIEKYJISIPHOW CTPYKTYpPHI. JIUCKpETHYIO CTPYKTypy
SHEPreTHYECKUX COCTOSHHI aTOMOB BIEpBble omucaid bop, BBABMHYBIIMH [Ba TOCTYJaTa, KOTOpPbIE
JIETTI B OCHOBY KBAaHTOBOM TEOPHHU CTPOCHHS BEIIECTBA.

KBanToBbIe nocryiaarsl bopa.

IHepeviii nocmynam bopa (MOCTYJIAT CTAMOHAPHBIX COCTOSIHMIA): ATOMHAsI CHCTEMA MOKET
HAXOAMTBCS TOJBKO B 0COOBIX CIAUUOHAPHLIX WIN K6AHMOGBIX COCTOSTHHUSAX, KAXKIOMY U3 KOTOPBIX
COOTBETCTBYeT ONpeAeaeHHas JHeprus E,. B cTanimoHapHBIX COCTOAHUSIX ATOM He H3JIy4aeT.

CornacHo 3ToMy mocTyiary bopa, aTom xapakTepu3yercsi CHCTEMOU IHepzemuuecKux ypoeHeil,
KOKIBI M3 KOTOPBIX COOTBETCTBYET OIMPEACICHHOMY CTallMOHAPHOMY COCTOSIHHIO (pUCYHOK 34).
MexaHuueckasi SHEPTHUs 3JIEKTPOHA, ABMXKYIIEroCs MO 3aMKHYTOW TPAaeKTOPHUU BOKPYT IMOJIOKUTEIBHO
3apsHUKEHHOTO  siipa, OTpunartenbHa. [lodTOMy BCeM CTalMOHAPHBIM COCTOSHHUSIM COOTBETCTBYIOT
3Hauenus sHepruu E, < 0. Ilpu E, > 0 snexkTtpoH ynamsercs oT sapa (MoHusanus). BenmnuwHa |E
HazbIBaeTca JHepzueil uonuszayuu. COCTOSIHUE C dHEprueil E; Ha3bIBACTCS OCHOGHBIM COCHMOAHUEM
aToMa.
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Sad VASAVANAVAY

5

Puc. 34. JHepreTnyeckue YpoBHHM aTOMA M YCIOBHOE N300payKEHUE TIPOIIECCOB TIOTJIOMICHUS 1
UCITyCKaHUsl (POTOHOB.

Bmopoi _nocmynam _bopa (npaseuno wuacmom): mnpu mnepexoae aroMa W3 OJHOIO
CTALIMOHAPHOI0 COCTOSIHMS ¢ JHeprueu E, B Apyroe crauMoHapHoe cocTosinue ¢ 3Heprueu E < E
u3zyuaemcsa KBaHT, JHEPrus KOTOPOro PaBHA PA3HOCTH JHEPIruil CTAMOHAPHBIX COCTOSIHUM:

hvnm = En - Ema
rac h — nocrosuHas [Inanka. OTCI-OI[a MOKHO BBIPa3UThb YaCTOTY HU3JIYUCHHUA:

_En_Em

'I.Fm = h .
Ecnu xe E,,> E,, TO IpU TaKOM MEPEXOJIE IJIEKTPOHA aTOM HO210Ui@em TaKOW ke MO BEeJIMYKHE

KBaHT SHEPruu.
JIuHeiluyaTbie CIEKTPbI ATOMOB.

[IpocTeiimuit U3 aToMOB, aTOM BOJOPOJA COJEPKUT €IUHCTBEHHBIN AJIEKTPOH. Smpom aToma
SIBIIIETCSI MPOMOHK — TIOJNIOKUTENBHO 3apspKeHHasl YacTHIA, 3apsii KOTOPOW paBeH MO MOIYJIIO 3apsiay
JJIEKTpOHA, a Macca B 1836 pa3 mpessimaeT maccy anekTpoHa. Eme B Hauane XIX Beka ObUIA OTKPBITHI
JIMCKPETHBIEC CIIEKTPAIBHBIC IMHUY B U3YYCHHH aTOMa BOJIOPO/Ia B BUIUMON 00JacTH (TaK Ha3bIBAEMBIN
aunenyamslit cnexkmp). COBOKYIMHOCTh CIIEKTPANBHBIX JIMHUM aTroMa BOAOPOAAa B BUAWMON YacTH
criektpa Obuta Ha3zBaHa cepueil banvmepa. 11o3xe aHAIOTHYHBIE CEPUH CIEKTPaIbHBIX JUHUN ObLIH
oOHapyXeHbl B YJIbTpaduoseToBON U MHPpakpacHO yacTsax cnektpa. CorjacHO BTOPOMY IOCTYJATy
Bopa, mpum mnepexone 5neKTpoHa C OJHOH CTaMOHApHOM OpOUTH ¢ »Heprued £, Ha Opyryo
CTaITMOHAPHYIO OpOUTY ¢ 3Heprueit £, < E, aTOM HCITyCKaeT KBaHT CBETA, 9aCTOTA V,, KOTOPOTO paBHA
AEym ! h:

UTOoOBI 2EKTPOH TEpEeIIe] W3 COCTOSHHUS C HHM3KOH JHepruel £, B COCTOSHHE C BBICOKOM
sHepruen E, : E, < E,, OH JIOJ>KEH NOTJIOTUTh KBAHT CBETA C YaCTOTOM Vyy, SHEPTHUS KOTOPOTO TaKKe
paBHa:

Takum oOpa3oM, TMepexoa aroMa U3 OJHOTO DHEPreTHMYECKOTO COCTOSHHE B JIPYroe
COTIPOBOXKIAETCS TUOO BEICBOOOKICHHEM dHEPTHH (M3TydeHne), TH0O MOTIIOMEHUEM YHEPTHH.
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Pucynok 35 unmroctpupyeT o0pazoBaHHE CHEKTPAIBHBIX CEPHH B M3IyYE€HHHM aToMa BOAOPOIA
NP TIEPEX0Jie MEKTPOHA C BHICOKUX CTALMOHAPHBIX OpPOUT Ha OoJiee HU3KHE.

Cepna Bamsmepa
(BH MBI CEET)

Cepna [Namexa
(HE)

Cepua Epesceta
(HIF) ¢

/ epuall pysma
| (HE)
e

=6

Puc. 35. Craunonapnbie opoOUMTBHI ATOMAa BOAOPOAA U 00pa30BaHUE CIIEKTPAIBLHBIX CEPUHL.

Ha pucynke 36 n3o0pakeHa duazpamma SHEPreTHIECKUX YPOBHEH aToMa BOIOPOAA M yKa3aHbBI
MEPEXOabl, COOTBETCTBYIOIIHE PA3JINYHBIM CIICKTPAJIBHBIM CEPUIM.

=0 =0
g:g WouusupopassEni aTom, =0 H%g gg
= S 03538
n=3 —Hk -1 v ei-151 3B
_' Cepsn Bpexera e
e L -3403B
HHHHH,
EEEERH
o~ <~ (0O
a2=32oR
Ry
AT TTE
1411 e =
I Bameme pa
i
n=1 ot -1362B
Ce pra
Jaftmars

Puc. 36. lmarpaMma 3HepreTn4ecKuX ypoBHeil aToMa BOAOPO/JA.
[Toka3zaHbl mepexo/ibl, COOTBETCTBYIOLIUE PA3IUYHBIM CIIEKTPAJbHBIM cepUsiM. I nepBbIX MSATH
JIMHUK cepun banbMepa B BUAMMOM 4acTH CIIEKTPA yYKa3aHbl JJIMHBI BOJIH.

JluHeHuaTBIMH CHIEKTPAaMH U3ITyUYeHHUs (M MOTJIOMIEHHMs) 00J1aal0T BCE BELIECTBA B ra3000pa3HOM
aTOMapHOM (HO HE MOJEKYJSIPHOM) COCTOSIHHH, NMPHUYEM Ka)K[0€ BEUIECTBO O0JaJaeT HEMOBTOPHUMBIM
pacrnosokeHHeM CHEKTPaJIbHBIX JUHUH (prucyHOK 37). B aToMm ciyuyae cBeT M3My4yarOT aTOMBI, KOTOpBIE
MPAaKTUYECKH HE B3aMMOJECHCTBYIOT IPYr C APYroM. DTO caMblii ()yHIaMEHTaJbHbIH, OCHOBHOM THI
criekTpoB. [loaToMy aToMapHbBIE CIIEKTPBI MCIONB3YIOTCA KaK STAJOHBI JJIUH BOJH NPH CHEKTPaTbHON
KaJHOpOBKE CHEKTPOPOTOMETPOB ¥ TPU ONpPEACTCHUU JUCIEPCHU U TOKa3aTels IPeOoMIICHHS
pa3nuuHbIx BemecTB (Tabmuua 4). OObluHO Ui HaOMIONEHHWS JHHEHYaTBIX CHEKTPOB MCHOIB3YIOT
CBEUYCHHE TIApOB BEIECTBAa B IJIAMEHHM WM CBEYEHHE Ta30BOTO paspsaa B TpyOKe, HANOJTHEHHOM
WICCIIETyEMbIM T'a30M.
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IIpu yBenn4YeHHH TUIOTHOCTH aTOMApHOIO Ta3a OTAEIbHBIE CIIEKTPAIbHbIE JTUHUH PACLIINPSIOTCS
(Tak KaK mpu CONMIKEHHUH aTOMOB SHEPreTHUECKHE YPOBHHU «PACLICTUISIIOTCS», NMPUHHUMAsi OMU3KUE K
OCHOBHOMY YPOBHIO 3HAa4€HHs) U MPH OY€Hb OOJIBIION TUIOTHOCTH Ta3a, KOTJa B3auMOJEICTBHE aTOMOB
CTaHOBHTCS CYILIECTBEHHBIM, 3TH JIMHUH MEPEKPHIBAIOT APYT Ipyra, 00pa3ys HeMpepbIBHBIN CIIEKTP.

Tabnuua 4.
00603Ha4eHHs U UIMHBI BOJIH CHIEKTPAIbHBIX JIMHUI NPH ONpeaeeHUH TUCTIePCHH H
NnoKa3aTeJsis MpPeJOMJIEHHs] Pa3IHYHBIX BelIeCTB
CrekTpanbHasi JUHUS 3JeMEHTa YcnoBHoe o0o3HaueHue | JlnuHa BOJHBI, HM
YO-nuaus pTyTH i 365,1
DuoJieToBas JIUHMSL PTYTH h 404,6
CuHsis TMHUS PTYTH g 435,8
CuHsIs TUHUS KaaMHS F’ 4799
CuHsig TMHUS BOJIOpOJia F 486,1
3esieHast JMHUS PTYTH e 546,0
JKenrast muHUS TENTHS d 587,5
Kenrtasg nuHus HaTpUs D 589,2
Kpacnas nunus kagmus C’ 643,8
Kpacnas nuaust Bogopoaa C 659,2
KpacHas nunus reaus r 706,5
NK-nmuaus 1e3us S 852,1
WK-nuHug pTYTH t 1013,9
CrniekTp U3J1yYeHUs: PTYTHOI ra3opa3psiHoii JaMIbl.
I, ,omm.eo.
1,0} !
g e
0.5
h
L ﬁllhll]illj | J L .
200 300 400 500 600 A, um

Puc. 37. JIuneiiuaTblii CHEKTP PTYTHOM ra3opa3psiAHOil JaMIbl.

CnexkTpajbHbIi aHAIH3

JluHeiuaThle CIIEKTPBI UTPAIOT 0CO00 BAXKHYIO POJIb, TAK KaK UX CTPYKTYpa MPSIMO CBsI3aHA CO CTPOCHHUEM
atoMa. OTH CIEKTPHl CO3HAIOTCS aTOMaMH, He WCIBITHIBAIONINMHA BHEITHHX BO3JEWCTBUH.
I'maBHOE CBOMCTBO JTMHENHYATHIX CIIEKTPOB COCTOUT B TOM, UTO OUHbL BOIH (UIU YACHOMbL) TUHENYAMO20
CHeKmpa 6ewecmaa 3a8ucsim moabKo Om CGOUCME AMOMO8 IMO20 Geuecmed U He 3a8UCAm Om cnocoda
6030yHCOeHUA C8eYeHUsI amMOMO8. ATOMBI TFOOOTO XMMHYECKOTO 3JIEMEHTa JAIOT CIEKTp, He MOXOKUN Ha
CIIEKTPHI BCEX APYTHX AJIEMEHTOB: OHU CIIOCOOHBI U3TydaTh CTPOTO ONpEIeICHHBIA HAaOOp JJINH BOJIH.

Ha aToM ocHOBaH cnexkmpanvhulil ananus - METOJl ONPEAESIEHUS] XUMHUUECKOT0 COCTaBa BEIECTBA MO €ro
criektpy. C TIOMOIIBIO CIEKTPAILHOTO aHalh3a MOXKHO OOHapYyXUTh NaHHBIH JIIEMEHT B COCTaBe
CIIOKHOTO BEIIECTBA, €CIM Jaxke ero Macca He mpesbimaer 107" M. DT0 04eHb 4yBCTBHTEIBHBIA METOL.
N3yuaroT CrieKTphI ¢ MOMOIIBI0 CIEKTPOMETPOB.

KonuuecTBeHHBIN aHamu3 cOCTaBa BEILIECTBA MO €r0 CIEKTPY 3aTPYAHEH, TaK KaK SIPKOCTh CIEKTPaIbHbIX
JUHUHA 3aBHCHT HE TOJIBKO OT MAacChl BEIIECTBA, HO M OT crioco0a Bo30yKIeHUs cBeueHHUs. Tak, mpu
HU3KUX TEMIIepaTypax MHOTHE CIIEKTPaJbHBIC JHHUU BOOOIIE HE TOSBISIOTCA. OHAKO TP COOTIOICHUH
CTaHJIapPTHBIX YCJIOBUN BO30YKIEHHUS CBEYCHHS MOXKHO MPOBOJUTh M KOJMYECTBEHHBIH CHEKTPaIbHBIN
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aHaJIN3.

B Hacrosiiee Bpemst onpeneneHbl CIEeKTPbl BCEX aTOMOB M COCTaBIEHB! TaONMIBI CIEKTPOB. braromaps
CpPaBHHUTEIBHON TMPOCTOTE M YHUBEPCATBHOCTH CHEKTPaJbHBINA aHajIu3 SBJISETCS OCHOBHBIM METOJIOM
aHaJM3a COCTaBa CIOXKHBIX, [NIABHBIM 00pa3oM opraHudeckux cmeceil. CriekTpalbHbIi aHAIN3 Oy
HIMPOKOE PACHpPOCTPAHEHHE B TOKCHKOJOTHH, KPUMHHAIMCTUYECKOW MEIUIMHE, NMPH HUCCIEAOBaHUU
MHKPO3JIEMEHTOB B TKAHAX U JKUAKOCTIX OpraHu3Ma.

MouJiekyJisipHbI€ CIEKTPBI.

B momekyne cocraBmsonipe ee siipa aTOMOB KOJEOJIIOTCS BIOJNb COSAWHSIOMIEH WX MpsSMOKN
JUHUU CBSA3M, MPHYEM 3TH KojeOaHWs crneur(UUHBl A7 JAHHOTO BHAA MOJIEKYJ; MOJIEKYJa TaKKe
BpaIllaeTCs Kak LEJIoe B MMPOCTPAHCTBE. BClleACTBHE 9TOrO BCs SHEPreTHYECKash MOJIEKYJISIpHas CHCTEMaA
OKa3bIBAECTCS KBAHTOBAHHOM B COOTBETCTBMM C TPEMS OCHOBHBIMM BHUAAMM DJHEPIUU: DSHEPTUU
3JIEKTPOHHBIX COCTOSIHUM, SHEPTUH KOJIeOaHWH aTOMOB M SHEPTUH BPALICHUS MOJIEKYJIBI.

Konebanust sipep BAONb JUHHWM CBA3M MEXIY aTOMaMH Has3bIBAIOTCS BAJCHTHBIMH, IPU 3TOM
pacCTOSIHUE MEXKIY aTOMaMM YMEHbBINAETCS WM YBEJIUYMBAECTCS, HO CaMH aTOMbI OCTalOTCId Ha OCH
BAJIEHTHOW CBSI3U.

Konebanus, cBs3aHHBIE C M3MEHEHHEM TOPCHOHHOTO YIJa MEXAY IUIOCKOCTAMH OTAEIBbHBIX
TPyTII aTOMOB B MOJIEKYJIE ITOJIyYHIN Ha3BaHUE KPYTHUIIBHBIX WIIH BPAILIATEIIbHBIX.

[Mpu ¢usnonoruyeckux TeMIepaTypax KojleOaHHs aTOMOB B MOJIEKYJaX COMPOBOKAAIOTCS
M3MEHEHHsAMH [UIMH CBA3eH MeXIy OTIeIbHBIME aToMaMu Ha + 0,05A (anrctpem, pasen 10"'%cm), a yrima
MEXIy CBsI3IMH — Ha + 5°.

[Tonnas aHeprust Mosexysl E; 3anucbIBaeTCs B BULE:

Ey=E) + Ect+ Egp

OTHU TPU COCTABJISAIOLIUE TIOTHOM SHEPTUU OTJIMYAIOTCS PYT OT Apyra npumepHo B 10 pas.
[Ipu koMHaATHOH TeMIiepaType MOJIeKyJia OOBIYHO HAXOIUTCS B OCHOBHOM KOJIEOATEIIFHOM COCTOSIHUH .
DHeprus, COOTBETCTBYIOIIAS PA3INIHBIM KOJIeOaTENbHBIM YPOBHSIM, ONMCHIBAETCS BRIPAKEHHEM:

E, = (V+%)hv0,

rae V — konebarenbHOe KBaHTOBOE YHCIIO, KOTOPOE MOXKET mpuHuMaTh 3HaueHus 0, 1, 2, 3 u T.4.; vy —
XapaKTepUCTUIECKas YacTOTa KOIeOaH!sl aTOMOB, 00Pa3yIOLINX MOJIEKYITY.
BpaiiarenbHas sHeprust JByXaTOMHOM MOJISKYJIBI B IIEPBOM MPHOIMIKEHUH BBIPAYKACTCS

_JJ+DIn

2 b

E
? 8

rae J — BpamarensHoe kBaHToBoe uncio (0, 1, 2, 3 u 1.11.); | — MOMEHT HHEPIIMH MOJIEKYJIBI.
CooTHOIIEHUS MCXKAY SHEPrusiMu, HGO6XOJII/IMI)IMI/I JJI OCYHICCTBJICHUA PAa3JIMYHBIX IMIEPEXOI0B
B JIByXaTOMHOI MOJIEKyJI€, TOKa3aHO CXeMaTU4HO Ha pucyHke 38.
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Eo z

Pucynok 38. CxemaTuyeckoe npejacraBjieHue yPpOBHeil JHEPIruu B ABYXaTOMHOM MoJiekyJie. Eq —
OCHOBHOE€ JIEKTPOHHOE cocTosiHNE; E| — mepBoe Bo30YyKAEHHOE 3JIEKTPOHHOE COCTOSHUE;
a — KoyiebaTenpHbIe YPOBHH aTOMOB; O - BpalllaTeJIbHbIE YPOBHU MOJIEKYJIHI.

ITockonbKy JTsI 37IEKTPOHHOTO YPOBHS MOKET U3MEHSTHCS KOJieOaTeTbHOE COCTOSTHUE MOJIEKYJIBL,
T.€. YBEIUYHMBATHCSA KOJeOaTeIbHOE KBAHTOBOE YHCIIO, MEXKIY JBYMS OCHOBHBIMH JJIEKTPOHHBIMHU
ypoBHsimu (Eq u E|) nosBnsieTcst psn KonedaTenbHBIX YPOBHEH, KOTOphIe M300paKeHBI HA JIEBOW YacTH
pucyska 38 . C y4eToM W3MEHEHHs BpallaTeIbHBIX COCTOSHUN KaKIBIH U3 HUX pa3OUBaeTCs Ha psij eIle
0oJiee TECHBIX BpalllaTeIbHBIX YPOBHEH, KOTOPHIC MOKa3aHbl HA MpaBoi yacTu pucyHka 38. [lornomenue
HEeOOJIBIIOTO KOJIMYECTBA SHEPTHH, COOTBETCTBYIOIIET0, HAMMPUMED, OPOYHOBCKOMY JBIMIKEHUIO MOJEKYI
MpH KOMHATHOH TeMmIieparype WiM u3dydeHnto B oOmactm CBY, MokeT BBI3BaThH BpamaTeilbHBIC
nepexo/ipl 0e3 U3MEHEHUS KOJIeOaTeIbHBIX UIH 3JICKTPOHHBIX COCTOSIHHM.

Jnst Toro ytoObl BBI3BATh M3JIyYeHHE, HEOOXOAUMO COOOLIMTH MOJIEKYJIE SHEPTHI0 OOJBIIYIO,
YeM SHEpTHs, IPH KOTOPOH MPOUCXOAUT ee Bo30yxkaeHue (puc. 39).
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Puc. 39. Ilorsomenne u3jay4eHus1 ¢ Mocjaeyoe morepeii sJHepruu:

a — mepexoA B Bo30y>KAEHHOE COCTOsIHME BCIeACTBHE noromenus Terna (H) unu kBanTa n3my4eHus
(hv); 6 — n3mydeHne B BUIIE KBaHTa HW3nydeHus (-/v) win B Buze Teruia (H) ; 6 —mepexom Mexmy
OJIM3KMMU SHEPTeTHUECKUMH YPOBHSIMH HE COTIPOBOXKAAETCS U3y4YeHUeM; 2 — pe3oHanc. KonebarenbHbie
ypoBHHU 0003HaUeHbl OykBamu Vo, Vi H T.1.

3HaYeHHS SHEPTHM KBAHTOBBIX MEPEXO0IOB B MOJICKYJIaX JTaHbI B TAOIHIIE 5.

Tabmuma 5.

JHeprusi KBaHTOBBIX IePeX010B B MOJIEKYJI1axX
[Tepexon | W3nydyenue | OHeprus | Yacrorta, I'ix | JnvHa BOJHBI
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SnepHblit Namma-nyun >120000 3B, >3x10" <107
>2760000 KkaJI1/MOJb
BHyTpenHne PeHTreHOBCKHE 1200-120000 5B, 3x10'73x10" 1072-1 M
AIIEKTPOHBI Tyqu 27600 — 2760000
aTOMOB KKaJI/MOJIb
Buemnue YnetpaduoneroBoe 35B - 1200 3B, 7,3 x10"- 1- 400 am
DIIEKTPOHBI M3ITyICHHE 69-27600 xxa/MOIBL 3x10"7
aTOMOB
Bremnne Bunumeiii ceet 1,5-3 3B, 3,6 x10"-7,3 400-800 aM
3IEKTPOHBI 34 - 69 xkan/monb x10"
aTOMOB
Konebanwus WudpakpacHbiii 0,124 - 1,5 5B, 2,9x10"=3,6 | 0,8 -1000 mMxMm
aTOMOB CBET 5,52 —34 xkan/Moib x10"
Bpawenue MUuKpoBOJIIHOBOE 0,019 - 5,52 kkan/MOJIb 10°— 2,9 x10" 1-300 mm
MOJICKYJI W3ITyYeHUe
S nepHslil ciuH PannoBoJIHEI 19 - 0,19 xan/momnn 1010’ 0,3-30M

Jns Monexyn, Tak e Kak W IS OTHIENbHBIX aTOMOB, OCYIIECTBISIETCS JIMIIb OTPaHWYCHHAS
YacTh U3 MOJIHOTO YHCJIa BO3MOXKHBIX MEPEX00B MEXKTY IHEPTrEeTHICCKUMHU YPOBHSIMU; BCICICTBHE ITOTO
OBLTM YCTaHOBICHBI pPAa3JIMYHBIE «IpaBWiIa OTOOpPa», KOTOPHIMH OMPEICNISIOTCS «pPa3pElICHHBICY
MIEPEXO/IBI.

B ouenp ympomeHHOM BHAE 53TH MpaBWIa MOXHO H3JIOXKHTH CIEAYIOMUM 00pa3oM: K
pa3peleHHbBIM OTHOCSTCS T€ IEPEXO0bl, B KOTOPBIX JIEKTPOHHOE, KojieOaTelbHOe U (WIK) BpallaTesbHOeS
KBaHTOBBIC YMCIIa U3MEHSIOTCS Ha £1.

Ionocarelii ciekTp

[Tomocatelif CIEKTP COCTOMT M3 OTAENBHBIX MOJIOC, pa3[elieHHBIX TEMHBIMHU MpoMexyTkamu. C
MOMOIIBI0 OYEHb XOPOLIETr0 CIEKTPAaJbHOTO amnmapara MOXXHO OOHapyXWUTh, YTO Kaxkaas mojoca
npeacTaBiseT co00i COBOKYMHOCTh OOJBLIOIO YMCIA OYE€Hb TECHO PACIOJIOKEHHBIX JMHUNA. B oTnnuue
OT JIMHEHYaThIX CIEKTPOB [10JI0CAThIE CHEKTPhI CO3AAI0TCSI HE aTOMaMH, & MOJIEKYJIaMHU, HE CBA3aHHBIMU
WK c1abo CBA3aHHBIMU APYT C IpyroM. (st HaGtoIeHUs] MONEKYJISIPHBIX CIIEKTPOB TakK ke, Kak W I
HaOJII0IEHHs JIMHEHYaThIX CHEKTPOB, OOBIYHO HMCIIOJIB3YIOT CBEYEHHE MApOB B IJAMEHHU WJIM CBEUYECHHUE
ra3oBOro paspsza.

IMHUCCHOHHAS CIIEKTPOCKONMA

HenoBTOpUMOCTB CIIEKTPOB aTOMOB TMO3BOJISIET U3Y4YaTh COCTAB BEIIECTB METOIOM IMUCCUOHHOU
CHeKmpOCKonuu. ITOT METOJ 3aKJII0YAeTCs] B SHEPreTHUECKOM BO30Y)XKIEHHH aTOMOB M HAOIOACHUH
CHEKTPOB MX M3JIY4YEHHS C IOMOLIbIO CHEKTPOMETPOB (NMPUOOPOB sl ONpENeNieHUs AJMH BOJH
m3nmydenusi). Jnsg ucnapeHuss u BO30YKICHHS aTOMOB, COAEpPIKAIMXCS B TBEPABIX TelaxX, OYCHb
3¢ GEKTUBHBIMU CPEICTBAMH SIBJISIOTCS SJIEKTPHUUECKUE Pa3psabl — HIEKTPOIYTOBBIE U SJIEKTPOUCKPOBBIE.
Korga B 3neKTpHuecKyl0 AYTy BBOAAT Kakoe-TUOO BEIIECTBO, COCTABIAIOLIME €ro 3JIEMEHTHl I0A
neicTBreM BbIcoKoM Temmepatypsl (3000-8000°K) ucmapsiroTcst B Iia3my Jyrd W ONPEIEIISIOT CIEKTP
W3Ty4eHUs I1a3MBbl.

st onpeneneHust 1erkoBo30yIMMBIX 3J1€MEHTOB UCIIOJIB3YIOT BO30YXKIEHHE B TNIAMEHH T'a30BOH
TOPEJIKH, @ B KAUeCTBE U3MEPUTEIILHOIO YCTPONUCTBA CIIY>KUT (POTOMETP.

Pa3zpaboTaHHble crenuanbHO [JIsi  OTHX Leliell npuOophl  Ha3bIBAIOTCA — NMJaMeHHbIMH
(poromerpamu.

[Tnams ocoOeHHO ymOOHO WCIOJIB30BATh IS BO30YKIACHHS METAIIOB, OOJIAMAIONTUX HU3KAM
MOTEHIIMAIOM HMOHM3aluK (TO €CTh IIEeNOYHBIX MeTauioB). [Ipomeaypa BBoja oOpaslia CpaBHUTEIBHO
MpocTa - pacTBOPHl MOKHO BBOAMTH B IMJaMs B BUAE adpo30jel. THUNMUYHOE YCTpOWCTBO mpubopa s
SMUCCHOHHOH ()OTOMETPHUH IIJIAMEHH MTOKa3aHo Ha pucyHke 40.
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Puc. 40. IlppuHnunuajbHag cxeMa njaMeHHoro ¢goromerpa. 1 - L{IuIMHAPHI ¢ TOMIMBOM U BO3LYXOM
WM KHCIIOPOJOM; 2 — KJIaNaHsbl, PEryIUPYIOIIKE AaBIECHHE U YCTPOMCTBA ISl U3MEPEHHS pacxo/ia ra3os;
3 — pacnbuIMTENBHASA Kamepa; 4 — ropesika; 5 — ucclielyeMbIi pacTBOP; 6 — yCTPOUCTBO JIJIst OCYIICHUS
pacibUIMTEIBHOMN KaMephl;, 7 — (OoKyCcHpyIolas JuH3a; 8 — BXoHas IIeJIb MOHOXpoMaropa (yCTpoicTBa
IUTsL pa3fesieHus CIIOKHOTO CTIEKTPa Ha OTAENbHbBIE CTIEKTpaJIbHBIE TUHUMN), 9 — MpU3Ma, pa3aeisonast
CBET 10 JTHHE BOJHEL, 10 — BEIXOAHAS MIeTTh MOHOXpoMaTopa; 11 — poToaeTekTop; perucTpupytoiiee
YCTPOMCTBO.

doToMeTpHS.

Croco0HOCTh XMMHUYECKOTO COCIUHECHHS TOTJIOMATh JTYYUCTYIO SHEPTHIO ONMPEIEICHHBIX JTHH
BOJIH UCTIOJIB3yeTCs TpH (POTOMETPUIESCKOM aHAJIH3E.

['pynmer aTOMOB, TTOTJIOMIAIOIINX KBAHTHI cBeTa B Y®- ¥ BUIUMOM 00JACTH CIIEKTpa, HA3hIBAIOT
xpomodgopamu. OCHOBHBIMH XpoMo(opaMu B OeJIKax sSBISIOTCS OCTaTKH apOMAaTUYECKUX aMHHOKHUCIIOT
(pernnananuH, TUPO3WH, TPUNTO(PAH), B HYKIEHHOBBIX KHCIOTaX - IyPUHOBBIE W MUPUMHUIHHOBBIC
a30THCTbIe OCHOBaHUS (aeHHH, TYaH!H, TAMHH, [IUTO3WH U YPaIlnI).

['pynmer aToMOB, KOTOpBIE CaMU HE MOTJIOMIAIOT CBET B YKa3aHHOM JIMAIMAa30HE CIIEKTpa, HO MPHU
BKIIIOUCHUHM B KaKyH-JIHOO XPOMOQOPHYI CHCTEMY MPHUBOJAT K CMEHICHHIO MaKCUMyMa IMOJIOCHI
MOTJIONICHNS W M3MEHEHHI0 €€ MHTEHCHUBHOCTH, Ha3bIBAIOT ayKcoxpoMamu. B Oenmkax aykcoxpoMamu
SIBIIIIOTCSL OKCO-, aMUHO- M CYJIb(DPTUAPHIIBHBIC TPYTIITHL.

CrnenyeT OTMETUTh, YTO OOpa30BaHUE OKPAIICHHBIX B BHJIMMOW OOJIACTH CIEKTpPa COCIUHCHMIA
HEOOXOIMMO TOJBKO JUIS METOJOB KOJOPHUMETPHUYECKOTO aHamim3a. [IpuMeHeHne WHCTPYMEHTAIBHBIX
METOJIOB TTO3BOJISIET MCTOIB30BATh CIIEKTPHI MOTIIOMICHHS, JIE)KAIIUe KaK B yIbTPa(HONIeTOBOH, TaK U B
WH(paKpacHOH 00JacTsAX CHEKTpa.

DOTOMETPUUECKUE HUCCIEOBAaHUS MPOBOAATCA Ha (oToMeTpax M cHekTpodoTromerpax, ¢
MMOMOIIBIO KOTOPBIX M3MEPSIOT ONTHYECKHE TUIOTHOCTH OKPAIIEHHBIX PACTBOPOB MCCIEAYEMBIX BEIECTB
B CIIEKTPAJIbHOM JTMaIla30He TOTJIONIECHUS BEIECTB.

CIIoIHBIE CIIEKTPBI U3YYal0TCs C IIOMOIIBIO CIIEKTPOPOTOMETPOB.

JIromuHecueHuus U QpuryopecueHus.

W3nyyenne cBera MoOJEKyJaMd — JIIOMHHECHEHLIHSI - MOKET IPOMCXOAWTH NpH Mepenade
SHEPTUU UM B Pa3IMYHBIX MPOLECCaX:

- BO3JEHCTBUE MOTOKOM 3JIEKTPOHOB (KaTOAHBIMH JIy4YaMH) — KaTOJOJIOMHUHECLCHLIUS;

- TEIUIOBOW HarpeB — TEPMOIIOMUHECLICHIINS;

- XMMHYECKHE PEaKLNH — XEMUITIOMHUHECIIEHIINS;

- BO3JEHCTBUE ANEKTPUUECKUM TOKOM — DIIEKTPOIIOMHUHECICHIIUS;

- YABTPa3BYKOBOE BO3JECHCTBUE — COHONIIOMHUHECLEHLIHS;

- BO3xeiCcTBHE MEXaHMYECKUM TPEHHEM - TPUOOITIOMHHECIICHIINS

- o0iyueHne HOHM3HUPYIOILEH paanannei — paanoIIOMUHECIICHIINS;

- o0myuyeHHe yIbTPAQHUOIETOBHIM W BUAWMBIM CBETOM — (DOTONOMUHECHEHLUS WU

(ryopecreHnus.
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Takum oOpa3om, QuyopecueHIUs SBISETCS YacTHBIM CIIy4aeM JIFOMUHECIICHIIUH, KOTJa
BTOPUYHOE CBEUEHHE OOBEKTa BHI3BAHO BO30YXKIECHHEM CBETOBOW BONHOHN. B030ykieHHe MpoOUCXOOUT
Npu OOJBINEH PHEPTUH, TO €CTh MPH MEHBIIEH IJIUHE BOJHBI, YeM BTOPUYHOE cBeueHue. [loaTtomy mpu
(dyopeclieHIIMM JJIMHA BOJIHBI CBEUEHUS OoOJiblle, YeM [UIMHA BOJIHBI BO30YyxaeHus. llporecc
(hIyopecIeHIINN MOYXKHO TIPEICTABUTH BHIPAKCHUEM:

X+hvo>X > X+hv,

rore X u X* crauMoHapHoe W BO30YXIEHHOE COCTOSHHE MOJIEKYJBbl, Ay W hv’ — KBaHT
BO30YKIAOIIEr0 M BTOPUYHO U3ITYISHHOTO CBETA.
ITo xapaktepy cBedeHusi paznudaroT ¢ocdopecueHUIMI0 — CBE€UEHHE, MPOJ0JDKAIOIIEeCs

OTHOCHTENBHO JIOJITO MOCHie MpeKpallleHus BO3ACHCTBYS, U (JIyopecHeHIHI0 — CBEUSHHUE, TPOUCXOISIIEe
TOJIBKO BO BpeMs BO3/IEHCTBUSI.

SBnenne ¢uyopecueHIMH (MM (GIFOOPECIEHINH) TOMYYHIO CBOE HA3BaHWE OT IPHPOIHOTO
muHepana — ¢moopura CaF,, y KoToporo oHO BhepBbie Habm0manoch. BemecTBamu, CIOCOOHBIMH K
cBeueHHo — ¢uiyopodopamMu — SBISIOTCS TaKue OMOIOTMYECKHE COeTMHEeHUs Kak TpunTodaH, THPO3UH,
¢dennnananuy, nykieoruasl (HAAH, HAA®-H), dnaBunsl, nopdupunsl, Xxnopoduiisl, KapOTHHOUIBI,
HEKOTOpBhIE BUTAMHHBI, OKHCIICHHBIE JUMUABL, O€NkM W apyrue. B kadecTBe METOK NIpH NPOBEICHUH
¢dyoheceHTHOTO ¥ JIIOMHHUCIIEHTHOTO aHalu3a 4acTO MCHONB3YIOTCS QiIyopodopbl H JTOMHHO(OPEI,
MIpEJICTaBJICHHBIE HA pUCYHKE 41.
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Puc. 41. Monekynspnas ctpykrypa 2 ¢yopodopoB u 2
9 - JFOMUHO(OPOB, MPUMEHAEMBIX B KIMHUYECKOH XHUMHUH.
|
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PucyHnok 42 wimtoctpupyert siBieHue (GiayopecleHItH.
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Puc. 42. JHepreTnuyeckue nepexoabl B MoJIeKyJ1ax npu ¢uyopecueHun.
A - 3JIEKTPOHHBbIE MePeX0/ibl, COOTBETCTBYOIINE Hoztoutenuro ceeta (Eg— E u Eg— E,),
Oe3uznyuamenbHbviM NEPEXOJAM HA HIKHUN BO30YkKIeHHbIH ypoBeHb (Ey) n usnyuenuro (Ey— Eo);
b - CnexTpajibHble KPUBbIE MOTJIOMEHHS U (MIyOpecleHIMH B CITy4dae IByX BO30YKIEHHBIX YPOBHEH
B MoeKyJie. M3imydeHune mpoucxoaur ¢ ogHoro Eg ypoBHs.

Ha pucynke 43 mnokazaHsl cxembl HaOmoaeHust (mayopecueHimu. [y ¢doToMeTprUUecKuX
uccieloBaHui (QyopecleHIH NPUMEHSIOT CIeLUaTu3upOBaHHbIe (OTOMETPEl — (UIyOpUMETpPbl, y
KOTOPBIX BBIXOHAs LIeb M3 KIOBETHI CMOHTHPOBaHA IOJ YIJIOM K IPOXOJSIIEMY CBETY, COIJIaCHO
NpUHOMITY, W300paxkeHHOMY Ha pucyHke 43. Yacto ¢uyopumMeTpsl oObeIMHEHB B OJWH MPHOOp C
¢doroMeTpamMH, Tak Kak OJOK OOJMydEeHHS] KIOBETBl M CHCTEMa O3JEKTPOHHOW PETHUCTpPAaLMH Y HHUX
OJIMHAKOBBIE.
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LE::*J—.' 2 ,LE:'LJ"? Puc. 43. Cxembl HaOM0aeHus (uyopecueHnuu. 1 — pryTHas
= [ — — & ) ]
}‘_,ﬁ mamma; 2 — CBeTOQMIBTP, 3 — KIOBETa C PacTBOPOM
I
E__l~"_ 17 'l"# t 251 HMCCJIElyEMOTO BEMIECTBA; 4 — IPUEMHHUK U3JTyYEHMS.
-— a — TPHEMHUK [PUHUMAET TOJBKO  (IIyOPECIEHTHOE
m3nydeHne. Takoe pacrojoKeHHe HCIOJb3yeTCss BO MHOTHX
Y v doromerpax. 6 — Takas cxema MPUMEHSETCS TOJBKO ISt
A 6 CHIBHO (DITyOpECIMPYOLINX PACTBOPOB

B aomMuHOMeTpax XapakTepHOH OCOOEHHOCTBIO SBIISETCS OTCYTCTBHE MCTOYHHMKA CBETa,
CBeUeHHe o0pasiia WHAYNHPYETCS XMUMHYCCKOW peakmuer (XeMHITIOMHHOMETPHI) WIH JIOOBIM JPYyTHM
Croco0OoM mepeiadur SHEPTHH BEIIECTBY.

B knuHWYecKkoW XUMHM JOCTaTOYHO 4YacTO BCTAaeT BOIPOC O BBHIOOpE TEXHOJOTHU JUIs
oTpeAeNIeHNs] TOW WJIM WHOW TPYMIBl aHaJIuTOB. HampumMep, onpenenenne ropMOHOB MOXXHO TIPOBOJIUTH
MeToaaMHu (pOTOMETPUPOBaHUS, B TOM 4ucie TypOuaumerpuei u nedenomerpuend mwim MDA -ananmzom,
MOYKHO BOCIOJB30BaTbCi TEXHOJOTHUSMH, OCHOBaHHBIMH Ha HCIOJb30BaHUM (IIOOPECLEHTHON WM
JMOMWHECIIEHTHOW MeTKHA. OCHOBHBIM HEIOCTATKOM (POTOMETPHUIECKUX METOOB SBIISETCS OTHOCHTEIHHO
Y3KUH JTMHEWHBIA [Uama3oH W3MEpPeHHs pe3yiabTaToB. Jlaxke myumme ¢GOTOMETPHI ITO3BOJISIOT
pErUCTPUPOBATh U3MEHEHHUS aHAITUTOB (TOPMOHOB) He Ooliee, UeM B mpenenax 4 AeCITUYHBIX MOPSAKOB.
O00peCUEHTHbIE W JIOMHHECLHEHTHBIE TEXHOJOTHH YBEJIMYMBAIOT JIMHEWHBIH AWana3zoH 10 6-8
JIECATUYHBIX TOPSIKOB, TO €CTh TMO3BOJAIOT paboTarth Oe3 pa3BeneHus. B Tabmume 6 mpencraBieHBI
CpaBHHTEJbHBIE TAHHBIE O YYBCTBUTENBHOCTH (DOTOMETPUIECKHX, (PITyOPECIEHTHBIX U TIOMUHECIIEHTHBIX
METO/IOB OIpeaelieHuss TOPMOHOB (M JApPYrux aHaiautoB). (DIyopecUeHTHblE M JIOMHHECLEHTHbIE
TEXHOJIOTHH TO3BOJISIIOT CYIIECTBEHHO YBEIMYUTh UYBCTBHTEIBHOCTh ONPEICIICHUS BEIIECTB B
O6uornpobax, OJHAKO OHH UCIOJIB3YIOTCS, KaK MPABUIIO, B 3aKPBITHIX TEXHOJIOTHIX, BKIIOYAIOIIUX MTPHOOp-
PEaKTUBBI-KaIMOPaTOPbI-KOHTPOJIbHbBIE MaTEPUAIBI U T. 1.

Tabnuna 6.

ComnocraBJjieHHe METOA0B NMPUMEHUTEC/IbHO K TOPMOHAJbHBIM MCC/ICA0BAHUAM

Merton aeTekiumn YygsctBuTenbHoCcTh | IIpeumyriecTa MeToia Henocrarku merona
(MOJIB/JT)

Hedenomerpus ~10° Bo3MoXHOCTB poBeeHUs | Y3KHil clieKkTp nmokazarenen

Typbumumerpus aHanusa B 6/x mpobe

DA 107 - 10° «OTKpBITOCTHY» CUCTEMBI KonuenTtpauus psna

TUIalevHas TOPMOHOB HHXE

TEXHOJIOTHSI YYBCTBUTEIBHOCTH
CHCTEMBI

DA 107 - 10° Bo03M0XHOCTE OBICTPOTO OrpaHuYeH CIEKTp,

MpoOHpoOUHas MOJTyYEHUsI pe3yibTaTa 3aKphITasg CUCTEMaA

TEXHOJIOTHSI (1anamus)

dnroopecueHIus 107 - 10" O ekt ramenus
(hIr00opeceHIN T,
3aKpbIThIE TEXHOJOTHU

dnroopecueHIus ¢ 10" -10” [To3BosII€T MPOBOAUTH 3aKpbIThIE TEXHOJIOTHH,

TeHepalieil CurHaga W3MEPEHHUS B IIUPOKOM OTpaHWYEH CIIEKTP

JIana3oHe KOHIIEHTpalMil | mokasartenen

JIroMuHEeCLIEHIIUA 107 -10%® 3aKpBITHIE TEXHOJIOTHH,
OTPaHUYEH CIEKTP
nokasareJyen

JlroMuHecHeHIus ¢ 10"°-10" M3MepeHus B IIMPOKOM 3aKpbIThIE TEXHOJOTHH,

reHeparuein ceTa JMarna3oHe KOHIIEHTPalUi, | orpaHUYeH CIEeKTP

BKJIIOYasi MUHUMAJIbHBIE noKaszaTenei

®OTOIJNEKTPUYECKUE ABJEHUSA B TBEPABIX TEJIAX.

DNEeKTpUYECKUEe SBIICHUS, MPOUCXOAAIINE B BEMIECTBAX IOJ MEHCTBUEM 3JIEKTPOMATrHUTHOTO
W3yYeHUs], Ha3bIBAIOTCA (POTOIJICKTPUUSCKUMH. (DOTOIJIEKTPUUECKHUE SBJICHUS BO3HHMKAIOT, KOTIa
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SHEprusi MOrJIoUEHHOrO (HOTOHA 3aTpadMBaeTCs Ha KBAHTOBBIM MEPEXOJ 3JEKTPOHA B COCTOSIHHE C
Oonbiielt sHEprued. B 3aBUCHUMOCTH OT COOTHOIIEHWSI MEXAY DHEprueil (JOTOHOB M XapaKTePHBIMHU
SHEPTrUsIMH BeIlecTBa (3Heprueil Bo30yKIEeHUS aTOMOB M MOJIEKYJI, SHEPrHel UX MOHHW3alWH, padoToil
BBIX0JA 3JIGKTPOHOB W3 TBEPJAOro TeJa W T.M.) TOTJIOLIEHHE 3JIEKTPOMAarHUTHOTO HU3IYYEHHS MOXKET
BBI3BIBATh Pa3HbIe (POTOIJIEKTPHUUECKHE SBICHHUSL.

Ecnu sHeprust o0gydeHus OCTATOYHO BeNMKa ISl MOHU3ALMKM aTOMOB M MOJEKYJ TIasa, TO
MPOUCXOAUT homouonuszaysl, KOra 3JIEKTPOH BBIXOAUT 3a Mpeelibl aToMa UM MoJieKyIbl. Eciiu Takast
SHEPrusl MOIJIOLIAETCS BJIEKTPOHAMHU J>KUAKOCTH MM TBEPAOTO Teja, BO3HUKAET (hOmOINeKmpoHHAs
amuccus. DOTOIAEKTPOHHYIO IMUCCHIO YacTO Ha3bIBalOT BHEIHUM (hoToddhdexkToM.

B ortnmmume ot BHemHero Qotodddexra, Bce (oTOINEKTpUUECKUE SBIEHHS, OOYCIOBICHHBIE
nepexoiaMi 3JEKTPOHOB K3 CBSA3aHHBIX COCTOSIHMH B KBa3WCBOOOJHBIE BHYTPH TBEPIOrO Tea,
00BenHAI0TCSA TepMUHOM (poTOdI(hdeKT BHYTPEHHMIA.

B Merammax wu3-3a OYE€Hb BBICOKOW DJIEKTPOTPOBOAHOCTH BHYTpeHHHH (oTodpdekT He
HaOdromaeTcss W BO3HMKAaeT TOJBKO (OTORNEKTpOHHAS dMuccus. [lpuMmepsl  (QOTONPHUEMHHKOB,
OCHOBaHHBIX Ha BHEIIHEM M BHyTpeHHeM (oTo3ddekTax, cxeMaTHUHO H300paskeHbl Ha pucyHke 44. Ha
ocHoBe BHemHero (oTtodddekrra GyHKITMOHUPYIOT (HOTOIIEMEHTH (pruc 44a), HAa OCHOBE BHYTPEHHETO
doroaddexra — poronuonsl (puc. 440).

6

Puc. 44. ®oTo3reKTpUYECKUE SABJIEHUS.
a — BHemHU# porodpdexr. [lox Bo3aciicTBHEM HOTOHOB CBETA BOZHUKAET (POTOIIEKTPUIECKASL
3MUCCHUS U B LENU NPOTEKAET TOK NPONOPLHUOHANBHBIA HHTEHCUBHOCTH ITOTOKA. DTO SIBJICHUE
HCIIOJIB3YETCS B (POTOIJIEMEHTAX.
0 — BayTpennnii porodpdexr. [lox Bo3aciicTBHEM (POTOHOB U3MEHSETCS COMPOTUBIICHHE
3JIEKTPOHHO-IBIPOYHOTO NMEPEX0a B MOJYNPOBOJIHUKE, B PE3YJIbTATE B LIENH U3MEHSIETCS TOK. DTO
SIBJICHUE UCIIOJIb3YETCA B IOIYIIPOBOJAHUKOBEIX (oTOAMOAAX.

TemoBoe H3JIYy4YC€HHUE BCIIECCTB.

AGCOIOTHO BCE BEIIECTBa MPH TEMIEpaType Bbile Hylst ‘K HM3Iy4aroT 31eKTpOMarHUTHBIC
SHEPTHI0, BO3HUKAIOMIYIO 32 CUET BHYTPEHHEW SHEPTHH BEMIECTBA. TemIoBoe N3MydeHne BO3HHUKAET MPH
Bcex 0e3u3IydaTeNbHBIX MPOoLEeccax, TO €CTh MPU Pa3iMYHbIX THIAX CTOJKHOBEHWH YacTHIl B Ta3ax, MpH
o0OMeHe HEeprHsAMHU JIEKTPOHHOTO M KoJeOaTeNbHOTO ABMKEHWH B TBepIBIX Tenax. Kak mpaBuio, HET
paBHOBECHsI MEXIy W3IydeHHEM U TMOTJIONIeHHeM dHeprun. ['opsdne Tema Goibliie W3MydaroT YHEPTHH,
YeM TMOTJIOMIAI0T, a XOJIOJAHbIE HA000POT — OO0JIbIIIE MOTJIOMIAIOT, YeM HM3My4aloT. M3nydenue oT ropsyero
Telda TmepenaeTcss xojogHoMy. /[lns mopnepkaHWs CTAalMOHAPHOTO, HEPaBHOBECHOTO COCTOSHUS K
M3IYYaroUM TeJlaM Hy»KHO MOJBOJNUTE 3HEPTHIO U3BHE, OT XOJIOAHBIX — OTBOJUT.

PaBHOBecHe mpo1eccoB U3ITydeHuUs U MOTJIOMIEHHS BHITIONHSIETCS IS A0COTI0THO YePHOTo TeJia.
CrekTp pPaBHOBECHOTO H3TY4YeHHs] aOCOJIOTHO YEpHOro Teja He 3aBUCHT OT MPHUPOJAbI BEIIECTBa.
CrieKTphl pacrpenesieHHss SHEPTUU PeaibHbIX BEIECTB OTJIMYAIOTCS OT CIEKTPOB aOCOIIOTHO YEPHOTO
tena. [Ipu 3TOM cymiecTByeT BBIpaK€HHAsT 3aBUCHMOCTH IDIOTHOCTH W3IYUYEHHsI OT TeMIepaTypbl. Omo
o3Hauaem, ymo 6 ciyuae omomMempuyecKux UsMepeHuill npu UCnoNb308aHUU JAMNbI HAKATUBAHUS 6
Kauecmee UCMOYHUKA C8emd NPUHYUNUATbHOE 3HAYEHUe UMeem CHMAaduIu3ayua memnepamypvl Humu
HAKAUBAHUA IAMHDL.
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KOJIOPUMETPUA.
OINITUYECKHUE CBOMCTBA OKPAIIEHHBIX PACTBOPOB.

[Ipn mpoxoxkmeHnn O€IOTO CBeTa ¢ HWHTCHCHUBHOCTBIO [y depe3 mpo3padHblii CTEKISTHHBIA COCY,
3aMoJIHEHHBIA PACTBOPOM, ITPOMCXOAMT OCIa0IeHHEe 3TOro cBeTa (pUcyHOK 45). Beixomsmuii cBet Oyner
UMETh JIPYTYI0, MEHBIIYI0, HHTeHCHBHOCTH 1. OcnabneHne CBETOBOrO MOTOKA CBSI3aHO, B OCHOBHOM, C
HOIJIOIIEHNeM cBeToBOH sHeprum I, pactBopom. Kpome Toro, mmeer mecto oTpaxkeHue cBeTa lyy, OT
TPaHMII pa3feiia BO3IyX-CTEKII0, CTEKIO-pacTBOp (CM. pucyHoK 45). HakoHell, B pacTBOpe MPOUCXOINUTD
paccesnue cseta I, MeIbYaiIMMK B3BEIICHHBIMHM YaCTULIAMHU.

Puc. 45. Hor.nomelme, pacceuBaHuE U OTPAKCHUE CBETA OT pacTBOpPa B KIOBETE.

Takum 00pa3oM, HHTEHCHBHOCTH MPOIIEAIIETO CBETa MOKHO BBIPAa3HUTh CIEAYIONINM YPaBHEHUEM:
I=1y-Lop-1,- 1,

1, npeacrapisieT co00i MHTEHCUBHOCTD (Iy — /,y,) yMEHbIIEHHYIO B A pa3, rae 4 < 1 — koadduuuent
MOTJIOIIEHHMS] PAacTBOPA, TO €CTh

I:A(Io_ ):AI((;X:

1 omp
rae /" - 4acTh CBETOBOTO MOTOKA /), IPOHUKAIOLIAS B PACTBOP.
J1st 1O0CTaTO4HO NPO3pavyHbIX PacTBOPoB /, =0 U ypaBHEHUE AJIs IPOLIEIIETO CBETa IPUMET BUJ:

I=(1-A4);.
B mnpakTuke aHanMTHYECKOW XUMHMU U OHMOXMMHHM HE OINpPENENAOT abCoMOTHbIE (OTOMETPUUECKHUE
BeNMYHMHBI [; W [ WCCIeyeMoro pacTBOpa, a HM3MEPSIOT WX MO OTHONICHHIO K (OTOMETPHUUECKUM
BEJIMYMHAM APYTOro pacTBOpa CpaBHEHHMs (CTaHAAPTA, XOJIOCTOM MpoOBI) C M3BECTHBIMU MapaMeTpamMH U
HaJUTOr0 B TOYHO TAaKOM K€ COCyHd, KaK M HcciaedyeMbld pacTBop. [Ins craHmapTHOro pacTBopa
ypaBHEHHUE JUIsl MPOLLEALIEro cBeTa OyneT

Icm = (I_Acm)[gx :
Ecnu pacTBOp cpaBHEHHs GecLBeTHBIH (Hemormomaromwuii), 10 4., =0u 1, = 1.
_ (A=A

6x 6x
IO 10

Benuuuna =(1-A) =T na3biBaetcs K0Ihpuuuenmom nponyckanus.

1
Bemnuuna D = lg? Ha3bIBAETCA ORMUUECKOU NIIOMHOCHIbIO.

OnTrdeckas TUIOTHOCTh €CTh Mepa HepO3pavyHOCTH PacTBOpA.
B nanbHeiieM Juis yIpoIieHus! U3JI0KEHUS MBI OyieM 0003Ha4YaTh BETUUUHY 1, gx Kak /.

OCHOBHOI1 32KOH KOJIOPHMETPHH.
VHTEHCHBHOCTBH OKPACKHU B KOJIOPUMETPHUH BBIPAKAIOT BEJIMYMHON ONTUYECKON IIIOTHOCTH D.

CBs13b MEXAY MHTEHCUBHOCTSIMMU MaJaloUIero CBETOBOro NOoToKa Iy 1 cBeToBoro moroka I, mpomeaiiero
gepe3 OKpalleHHBI pacTBOP, yCTaHABIIMBAETCS 3aKOHOM byrepa-Jlambepra.
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CornacHo 3TOMY 3aKOHY 0OHOPOOHble CNOU O00HO20 U MIO020 Jice Geuiecmed 0QUHAKOBOU MOIU{UHDL
RO2TIOWAIOM 0OHY U MY dice 00110 NAJAIOWLell HA HUX C8eMOB8OT IHEP2UML.
I'padmuecku 3akon byrepa-JlambOepra npeacTaBieH Ha pucyHKax 46 u 47.
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Puc. 46. 3aBHCHMOCTD HHTeHCHBHOCTH Puc. 47. 3aBHCHMOCTL ONITHYECKOH MOJIOTHOCTH

BBIXOAAIIECT0 CBETOBOI0O IIOTOKA OT TOJINMHBI OT TOJIIMHBI NOTJO0IIAIOIIEIO CJI05.
CJI0d nmoriomapumero semecraa.

U3 pucynka 46 momyunm: 1,/1p = 50/100 = 0,5; L,/I; = 25/50 = 0,5; 13/, = 12,5/25 = 0,5 u 1.71.

W3 pucyHka 47 BUIHO, YTO ONTHYECKas IUIOTHOCTh OJMHAKOBA ISl OJMHAKOBBIX IO TOJIIMHE
CJIOEB U, YTO O0IIas ONTHYEeCKas MIIOTHOCTh HECKOJBKUX CJIOEB PaBHO CyMME ONTUYECKHX IJIOTHOCTEH
OTIEJIBHBIX CJIOEB (C8OIHCHE0 AOUMUCHOCHIL):

D1_4 = D0_1 + D1_2 + D2_3 + D3_4 = 1,2 = 0,3 + 0,3 + 0,3 + 0,3

JpyruMuy ciioBaMH, ONTHYECKas IUIOTHOCTh BEIIECTBA MPSAMO MPONOPIMOHANIBHA TOJIIUHE
IOTIOIIAONIETO ClIosL. B 3TOM cocTouT ocnosnoil konopumempuu 3axon byzepa-Jlamoepma.

[lo3naee bepom OBLTO yCTaHOBIIEHO, YTO TMPH MPOXOXKICHWU CBETa 4Yepe3 ra3bl U PacTBOPHI
CTEeNEHb MOIJIOIIEHHUST BEIIeCTBa 3aBHCHUT OT 4YMCja YacTHI[ B €IUHHIIE 00beMa, TO €CTh ONTHYECKas
TJIOTHOCTh 3aBUCHUT OT KOHIICHTPAIK BEIICCTBA:

D=kIC,

rae k - moka3aTellb IMOTJIOMICHHUS — IMTOCTOSTHHAS BEJIMYHHA, XapaKTepHas I paCTBOPOB BEIIECTBA
(Is cBeTa ONpeNeCHHOM IMHBI BOJIHBI); [ — ToJMHA c1osl; C — KOHIICHTpallHsl BeLIECTRa.

DTa 3aBUCUMOCTb ONTUYECKON IIOTHOCTH OT KOHUEHTPALMU BEIIECTBA B PaCTBOPE U TOJIILMHBI
TTOTJIOMIAIOIIETO CJIOS W3BECTHA MO Ha3BaHWeM 3akona byzepa-/Tlamoepma-bepa.

Takum oOpa3om, onTHUecKasl MIIOTHOCTh DD €CTh Mepa HEMpO3pavyHOCTH BEIIECTBA TOJIIUHON /
JUTSL  ONTHYECKOro u3NydeHus. OnTuueckas IUIOTHOCTh XapaKTepu3yeT ociabjeHHe ONTHYECKOro
M3IYYEHUs] B CIIOSIX Pa3IMYHBIX BEIIECTB (KPACHUTENAX, CBETO(MWIBTpPaX, pPacTBOpax, razax M T. 1.).
Ornrryeckas MIOTHOCTh HE 3aBUCUT OT IIOMIAAH ITOMIEPETHOT0 CEUSHHS TaNarolIero Ha CJIOW BEIIecTBa
CBETOBOTO IIOTOKAa, OHA 3aBUCUT TOJBKO OT TOJIIWHBI TOTJIOMIAIOIIETO CJIOS, KOHIEHTPAINK
MOTJIOMIAOIIEr0 BEIIECTBA M MOTJIOMIAIOIIEH CIIOCOOHOCTH BEIECTBA.

IBer pacTBOpAa.

Oxkpacka pacTBopa 0OYCJIOBJI€HAa HEOJUHAKOBBIM IIOIJIOIIEHHWEM MOJIEKYJIaMH PacTBOPEHHOTO
BEUIECTBA ONTHYECKUX KOJEOAHWH pa3HBIX JAJUH BOJH. MAaKCHUMyM CBETOIOTJIOUIEHHS MHOTHUX
OKpAIICHHBIX BEIIECTB JIGKUT B BUAMMON oOnacTu cmekrpa. LlBeT pacTBopa ompenensiercs AJMHOM
BOJIHBI Apqy, COOTBETCTBYIOIEH MAaKCUMyMY CBETOINOIIOIIEHHS. IHTEHCHBHOCTh OKPACKH OMpPEneseTcs
CTEIEHBIO MOTJIOIIECHHUS, & KYUCTOTA» - IIUPUHON «IIMKa» CHEKTPAIBHON KPUBOM MOIVIOLIEHUS.

OCHOBHOH  3aKOH KOJOPHUMETPHHM CTPOrO  BBINOJHAETCA JIMIIb MNP  MPOXOKACHHUU
MOHOXPOMAaTHYECKOTO  CBE€Ta, HO BO MHOTMX  ClIy4agXx I@pH  [PUMEHEHUH  CIOKHOTO
(MONMMXPOMATHYECKOTO) U3JTyUYeHHs, OTKJIIOHEHHE OT 3aKoHa bepa MOXHO MHUHUMH3UPOBATh, MUCIONb3YA
MOHOXPOMAaTOPBI T CBETOMUIBTPHI [UIsl CYKEHHUS CIIEKTPa CBETOBOTO M3ITYUYEHHSI.
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KOJOPUMETPUYECKHUE METO/Ibl U3MEPEHUIA.

BusyajbHble METOIBI.

B Bu3yanbHBIX METO/aX YeIOBEUECKUH TJ1a3 OIIEHWBAET OKPACKy HccielyeMoro oopasia myTeM
CpaBHEHHMs CO CTaHAapTOM. Bu3yalbHblE METOABl OTHOCATCA K KOJOPUMETPUYECKHUM METOoJaM
(KoOpUMETpHS — U3MEPEHNE IIBETA).

BusyanbHble MeTOIBI BKIIOYArOT B ce0st psix croco6oB. HekoTopele M3 HUX NMpEACTaBICHBl HA
pucyHke 48.
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Puc. 48. BuzyajibHble MeTOABbI KOJTOPUMETPUH. | — METO 1BETOBBIX IIKaN (CTAaHAAPTHBIX CepHii); 2 —
MeTOoJ pa3z0aBieHus; 3 — METOJ ypaBHUBaHHS HWHTEHCHBHOCTH OKpacku;, 4 — MeToa auadparMm WM
ONTUYECKOTO KJIMHA.

B Merone 1uBeTroBoi IIKanbl MPUTOTABIMBAIOT CEPUI0 CTAHAAPTHBIX PACTBOPOB C Pa3IUUHOM
KOHLIEHTpalMel BellecTBa (C pa3TuuHON OKPAcKol pacTBOpoB). JlJisl 3TOro mpoBOASAT UBETHYIO PEaKLHIO
BEIIeCTBa C M3BECTHOW MaKCHMaJbHON KOHIIEHTpalUed B HECKOJIBKHUX MpoOupKax. 3areM A00aBISIOT B
MPOOHPKH Pa3INIHOE KOJIMYECTBO BOJBI, pa30aBisisi LIBETHBIE PACTBOPHI JI0 PA3IMYHBIX KOHIIEHTpPAIIU
BellecTBa (MHTEHCHBHOCTEH 1BeTa). {7 uccneayemMoro o0pasiia BelecTBa NpOBOAST UBETHYIO PEaKIHIO
U ONpPENENsOT KOHLEHTPAlMIo, CPaBHUBAs LIBET MOJIYYEHHOrO pPacTBOpa C I[BETaMU CTaHAAPTHBIX
pactBopoB. JlaHHBIH CITOCOO ITMPOKO UCMIONB3YETCS MPH MOTYKOJINIECTBEHHOW OIIEHKE CONEPIKaHus psaa
MeTaboJIMTOB B MOYE C MOMOIIIBIO TECT-MOJIOCOK, KOT/Ia OKPAcKa TECT-TI0JIOCKH CPaBHUBAETCS C IIBETHOM
IIKaJION, HAHECEHHOU Ha TYOY.

B metone pazbaBieHus ucciaemryeMbplil 1 CTaHIAPTHBIN (C M3BECTHON KOHIIEHTPAIUe) pacTBOPHI
(mpuMepHO OAMHAKOBOM KOHILIEHTPAllMM) HAJIMBAIOT B TNPO3payHble TPaJAyUPOBAHHBIE MPOOHPKH.
Habumronas okpacky 100aBisSIOT paCTBOPUTEIbL B IPOOUPKY ¢ 00JI€e OKPALICHHBIM PACTBOPOM JI0 TEX IO,
MOKa IIBeTa IMPOOMPOK, TO €CTh KOHLEHTPALUH, HE YpaBHAOTCI. Mckomoe conepaHue BellecTBa
HaxomAT U3 yeIoBUs: Cy = ay/Vy = Cep = Aen/Vem, OTKYIR Ay = Ao Vem/Vem -

MGTOJI YpaBHUBaHUA MWHTCHCHUBHOCTH OKpPAaCKM COCTOUT B CpaBHCHUM CTaHAAPTHOTO U
KCIIBITYEMOI'0 PacTBOPOB pPa3HOM TOMIIMHBL. JlJIs 3TOr0 HAJIMBAIOT 3TH PACTBOPHL B CTEKJISHHBIC
MWIAHAPEI ¢ TUIOCKUMH JOHBSIMHU M HAOJIOAAIOT OKPacKy CBEPXY CKBO3b TOJIIY PacTBOPOB W, CIMBAs
0oJiee MHTEHCHBHO OKpAallIEHHBIH PacTBOp, AOOMBAIOTCS OJMHAKOBON MHTEHCHUBHOCTH OKPAacKH B 000WX
muMHApax. ckoMyro KOHIIEHTpAIMI0 MOXHO HaiTh 13 cooTHoleHust C, = C, Lo/l .

VYpaBHUBaHHE CBETOBBIX IIOTOKOB MOXHO JOCTHUTHYTH TaKke B Meroae auadparMm win
ONTHUYECKOTO KJIMHA, CPABHHUBAsE MHTEHCHBHOCTh OKPACKH PacTBOpa C 3KPAHOM C MOJIXOMASIIEH OKPAaCKOH.
OCBELIEHHOCTh JKpaHa M3MEHSETCSs TpU W3MEHEHWH LIHMPHHBI JIuaparMbl, KOTOpas HMeEeT
COOTBETCTBYIOIIYIO MIKaly. BMecTo nuadparMbl MOKHO MCHOJIB30BaTh CTEKJISIHHBIM CBETOBOHM KJIMH, Y
KOTOpPOTO MHTEHCHBHOCTh OKPacCKH 3aBHCHT OT yd4acTka KinHa. llepememias kivuH BHOJH AnadparMel
MaKCHMAaJbHO pa3Mepa, J00MBAIOTCS COBIAEHUS OKPACKH PacTBOpa M dKpaHa.

B cBsi3u ¢ MHAUMBUAYaTbHBIMU, HETIOBTOPSIOIIMMHCS CBOMCTBAaMHU IJ1a3a, BU3yalbHblEe U3MEPEHUs
CyOBEKTUBHBI M XapaKTEPU3YIOTCSI OTHOCHTENBHO OOJBINON ommOkoi. YemoBedeckwid ria3 AOBOJBHO
OBICTPO yCTaeT, MOSTOMY TPH BBHIMOJHEHUH OONBIINX CEepUi BU3YalbHBIX OIpPENENeHUH TOYHOCTD
M3MEpEeHHs HETIpephIBHO yMeHblIaeTcs. Kpome Toro, mpou3BOANTENBHOCTh TAKMX UCCIENOBAHUN KpaiiHe
Mmasia. HecooTBeTcTBHE BU3yaIbHBIX METOJOB COBPEMEHHBIM TPEOOBAHUAM K TOUHOCTH OMOMEIUIIMHCKUX
M3MEPEeHHNH TTPUBETIO K UX BRITECHEHHUIO U3 MEIUIIMHCKOM MPAKTHKH (DOTORIEKTPUIECKUMHU METOTAMHU.
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B TO Xe BpeMsi HEKOTOpble METOIbl BH3YAJIbHON KOJIOPUMETPHHM BECbMa MPOCTHI, HCHOJB3YIOT
HECJIO)KHOE 000pynoBaHue (4acTo 0€3 AIEKTPONUTAHU ) U HEIOPOTHE PACXOAHBIE MaTEPHAIBI.

[TosTOMY MeEXIyHapOAHbIE OpraHU3allik 37PAaBOOXPAHEHHS COXPAHWIM OSTH METOHIbI JIIs
WCCIIEIOBaHUSl aHEMHMH y HacelleHHs B HEKOTOPBIX TPYIHOAOCTYNHBIX paiioHax Adpuku (Anemia
Detection Methods in Low-Resours Settings: A Manual Fof Health Workers. December 1997. U.S.
Agency for International Development USAID).

Onpenesienne reMorJio0MHa Mo NBETY HeJAbHON KANMM/UISPHOH KPOBH.

Puc. 49. Haoop ¢puabTpanuonnoit oymaru WHO HEMOGLOBIN COLOR SCALE.

Haubomnee mpocThiM SBIsieTCS  CKPUHHMHTOBBIN MMOMYKOJMYECTBEHHBI TECT HA aHEMHIO C
MOMOIIIBIO MOJIOCOK CHelUaIbHON puibTpanmonHoi o0ymaru u3z Habopa WHO HEMOGLOBIN COLOR
SCALE, pa3zpaboranHoro BO3 B 1997 rony (pucyHok 49). ConepxaHue reMorao0MHa OUEHHUBAETCS 10
IBETy KaIlIi IIeJIbHOM KaImMJULIPHOH KpPOBH ToMemaeMoil Ha Oymary (pucyHok 50). LlBeT kpoBH
OMPENIEIAETCS METOJIOM CpPaBHEHMS CO INKAJIOW I[BETHOCTH, HMemIelics B Habope. /lns Takoro
ompeJiesieHNs] He HYKHbI PeareHThl, He HY>KHO JIM3UPOBAaHUE, dIIEKTpuieckoe nuranue. K qocTomHcTam
METOJ]a OTHOCHUTCA TaK)Ke€ MOPTaTUBHOCTh. UyBCTBUTENHHOCTh M CHENU(PUIHOCTH METOJIa COCTABISET
90%. Tect naet pe3ynbTaT B T€YEHHE HECKOJIBKUX CEKYHI.

Puc. 50. Onpenesienne reMor;100MHA MO HBETY EJbHOH KPOBH.
Onpenenenue remoraoduna merogom Canu.

Ot mpubaBieHHs K KPOBU COJITHOM KHCJIOTBI T€MOITIOOMH
MpeBpalaeTcss B XJOPTeMUH (CONSAHOKUCHBIN TeMaTHH, ﬁ? “‘I{H
reMaTUH-XJOPruapaT) KOPUYHEBOIO IBeTa. VIHTEHCHUBHOCTH |

uBeTa onpezaensiercs konmuectsom Hb B kpoBu. Onpenenenue
MPOU3BOJAUTCA B YHPOLICHHOM KOJOPUMETpPE, Ha3bIBa€MOM
remomerp Camu (pucyHok 51), ciemyromum oO0pa3oM: B ,
TpyOouKy reMoMeTpa HanuBaroT n/10 consHol kKucioTsl A0 10
nenenusd. I'eMornoOuMHOBOM mnumeTkoM, eMkocTbio 0,02 M
HaOMpalOT KalWUIIPHYIO KPOBb, IEPEHOCAT B COJSTHOKHMCIIBIN
pactBop B TpyOOuKy, MEepeMEelMBAIOT U MOJy4aloT reMaTuH
KOPUYHEBOTO LBE€Ta. MIHTEHCMBHOCTb OKpAILMBAHUS 3aBHUCHUT

-
IIIIIIIIIlIIlIIIIIIEl
A

Puc. 51. 'emometp Canu.
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OT BpeMeHHM peakiuu. UYepe3 CTpPOro OMNpeneiceHHOE BpeMs peakius TMPEPhIBACTCS BIMBAHUEM
JMUCTHJUTMPOBAHHOW BOMABI. 3aTeM BOAY NOOAaBISIOT KAIUIAMH (TIepeMeIuBasi pacTBOp) O TeX MOp, MOKa
LIBET MPOOUPKH HE BBIPOBHSIETCS C IIBETOM CTEKJISHHBIX CTaHIAPTOB, PACIOJOKEHHBIX C JBYX CTOPOH OT
TpyOouku. Korma mBer pacTBopa CpaBHSETCS CO CTaHIAPTOM, OTCUHMTHIBAIOT YPOBEHb KHIKOCTH B
TpyOOUKe IO IKayie, MPOrpaAydpoBaHHONW B €IMHHUIAX KOHIIEHTpanuu remoriodwHa. Meron Camum
005aaeT PSIOM HCTOTHHKOB OITHOOK.
1. «[emarnHOBas OIIMOKa» - IBET XJOPIeMUHA 3aBUCUT OT MMOCTOPOHHHUX (PaKTOPOB, OCOOCHHO OT
KOJIMYECTBA U XapaKTepa MIa3MaTUIeCKuX OEIKOB.
2. HecTaOWIBHOCTE I[BETA IIBETHBIX CTAHIAPTOB, KOTOPHIE CO BpeMeHeM «OIIeTHEI0T» Ha CBETY. JTO
MPUBOJIUT K 3aBBIIICHHBIM pe3yJibTaTaM H3MepeHud. UToOBI 3TOro u30exaTh, HEOOXOIMMO
BpeMs OT BPEMEHHU MIPOBEPSTH TEMOMETP, KaIuOpys ero ApyrumMu, 0oiee HaIeKHBIMU METOIaMHU.
[Ipu cMeHe TpyOoUKH TaKke TpeOyeTcs mepenpoBepKa reMoMeTpa.
3. HerodHOCTE COOMIONEHUS BPEMEHHN PEaKIIHH.
4. CyOBbeKTUBHOCTH OIICHKH WHTCHCUBHOCTH OKPACKH.
Benuuanna ommbku metona Canu Haxomutes B ipenenax ot 10 mo 30%.
JlocTOMHCTBOM MeTOAa OTHOCHTCSI WCTOJIB30BAaHHWE IMOPTATHBHOIO MpHOOpa 0e3 3IeKTPUIECKOTO
MUTAHMS.

Onpezle.ne}me reMoOrji00MHa OKCHUIeMOIJIOOMHOBbIM HJIM TeMHUIJIO0MHIMAHUIHbIM
METOJaMMI HA KoMIIapaTtope nBerTa.

B o»ToM Merome 1uBer TemoriioOuMHa, TpaHCHOPMHUPOBAHHOTO B
OKCHUTeMOTIIO0NH WITH TeMUTITOOMHITTAHHT MOCPE/ICTBOM
COOTBETCTBYIOIIMX TPaHC(HOPMHUPYIOUIUX PAaCTBOPOB, CPABHUBAETCS C
[BETOM IIBETHBIX CTEK/ISIHHBIX CTaHAApPTOB, PACMOJIOKEHHBIX Ha
BpalaromemMcs AMCKe KoMnapaTopa (pUCyHOK 52).
[Tpouenypa onpeneneHus TeMOTI00NHA COCTOUT B CIIETYIOIIEM
(pucynox 53):

1. B mpoOupke (nnu KIOBeTe) MPOBOANTCS LIBETHAS

OKCUTeMOTIIOOMHOBAS MJTH TeMHUTIIOOMHIIMAaHU/HAS PEaKIIHsL.
2. B xomMmapaTop noMemaeTcs JUCK C IBETHBIMH CTEKIISTHHBIMU

Puc. 52. Kommapatop CTaHapTaMH, COOTBETCTBYIOLIUMU METO/IY MTPUTOTOBICHHUSI
Lovibond Comparator LBETHOTO PacTBopa.
System 2000 3. TIpoGupKa ¢ IBETHBIM PACTBOPOM ITOMEIIAETCS B KOMIIAPATOP.

4. Bpamas quck, moaOUparoT CTEKISHHBIM CTaHIapT C I[BETOM,
COBIAJAIOUIUM C LIBETOM PacTBOpa.
5. 3HaveHHME KOHIICHTPAITMN CUUTHIBAIOT B OKOIIIKE KOoMIIapaTropa (CrpaBa BHH3Y).

Puc. 53. IIpoueaypa onpenesieHusi reMorJio0MHAa Ha KOMIIapaTope

OrncanHbIit MeTon TpedyeT TouHOro mo3upoBaHus 0,02 M KpPOBH, TOYHOTO JTO3MPOBAHUS
TpaHC(HOPMUPYIOMIMX PacTBOPOB. [lorpemiHocTh ompeaeneHus IBeTa oOycloBlieHa 9 TpagauusiMu
LIBETOBBIX CTaHAAPTOB.

JloCTOMHCTBO KOMITApaTopa B €ro MOPTATUBHOCTH M OTCYTCTBHH AJIEKTPHUUECKOTO MTUTAHUS.
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Onpe)]e.nelme reMorjio0MHa CalNOHHHOBBLIM METOAOM Ha FeMOI‘.TIOﬁHHOMeTpe C
CEePbIM ONITUYIECCKHUM KJIUHOM.

I'emornodunomerp BMS (pucynok 54) comepkut
B KaueCTBE CTaHAAapTa ONTHUYECKUIN CEPBIM KJIIMH C IIABHO
U3MEHSIOLIEHCS  MHTEHCUBHOCTBKO  OKpacku.  Kars
. KalWIIPHON KPOBH HAaHOCUTCS Ha CTEKJITHHYIO MJIaCTHHY
J (pucyHOK 55) 1 TmepeMeImBaeTcsl JEPEeBIHHON NMaIOUKOH,
nponuTaHHoOM pacTBopoM canonuHa u EDTA, B TeueHue
_ MUHYTBl 70 TIOJHOTO JIM3MPOBAaHHS KPOBHU. 3aTeM
Puc. 54. TeMOr100MHOMETP ¢ [UTACTHHA TOMelIaeTcss B mpubop W HabmromaeTcs B
ONTHYeCKHM KimaoM BMS OMRON OKynspe mnpuOopa B CBET€ MUHHMATIOPHOW JIAMIIOYKH.
Oxpacka poObl CpaBHUBAETCS C OKPACKOW ONMTHYECKOTO
KJIMHA, KOTOPBI MEpeMeIIaeTcsl NajlbleM 3a PhIYaXoK 10
COBMAJEHUs  HMHTEHCHBHOCTEW  mBera.  IlomoxkeHue
pplYaXKa Ha IIKaje KOHIEHTpAlUil Jaer pes3ysbTar
U3MEPEHUSI.

[opratuBHbIi remoraoounomerp BMS nutaercs ot 6arapeit 1,5 B. UyBcTBUTENBHOCTD METONIA

77,5%, cneunduarocts 96%. [lorpemHocTs onpeneaeHns reMorioonHa okoio 5%.

£y

1 2 3

Puc. 55. Onpenesienne reMor;100MHAa Ha reMOrJIOOMHOMETpE € ONTHYECKUM KJIMHOM

POTOIJNIEKTPUYECKHUE METO/IbI

B ¢orosnekrpuyeckux METOAAX OINpPEHeNsieTcs MOIIHOCTh CBETOBOTO IOTOKA, MPOLIEALIErO
gyepe3 HccieLyeMblii pacTBOP C MOMOILBI0 (POTONETEKTOPOB — MPUEMHUKOB CBETOBOIO H3ilydeHus. B
COBpPEMEHHOHM amnmaparype 3TO, B OCHOBHOM, (OTO3JIEMEeHTH H (GOoToauoAbl. B oriauume oT riasa,
KOTOPBI CyOBEKTUBHO BOCIIPHHMMAET XapaKTEPUCTHKH CBETOBOTO M3IYUYEHHUS C YUETOM CIEKTPaJbHOM
KPHUBOH BUHOCTH (CM. PUCYHOK 7), (DOTO3JIEKTPUUECKHE AETEKTOPHI pEarupytoT Ha MOIHOCTb CBETOBOTO
notoka (cM. pucyHok 44). Ilpocreiimas cxema A U3MEPEHHUs MOIJIOMIEHUS OKPAIIEHHBIX PacTBOPOB
MIpeJICTaBJIeHa Ha PUCYHKE 56.

Humsatop

”/ Puc. 56. IIpocreiimas

doromeTpuUecKkas cxema.

Hetoymmx

Monoxpomarto
s i = Hecnemyemerit
pacTeop
\ I|IIIIIII PoTomeTEKTOD

Iy Y eHIA
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Ontudeckue mpuOOPbI, U3MEPSIOIIUE TOMUXPOMATHYECKHU (B CIIEKTpaIbHOU mojioce 7-12 HM) cBeTOBOI
MOTOK TOJBKO BHIAMMOTO JAMAna3oHa Has3bIBAIOTCS  (POTO3JIEKTpoKoJopuMerpamu. [Ipubopsr,
U3MEPSIONINE CBETOBOW IMOJUXPOMATHYECKUH CBETOBOW MOTOK B YIbTPapHOIETOBOM, BHIMNMOM U
WHPpaKpacHOM JHana3oHaX, Ha3bIBalOTCS (poTomMeTpamMu. METOABl HCCIENOBaHUS BEIIECTB C
WCIOJIb30BaHHEM (POTOMETPOB Ha3bIBAIOTCS (POTOMETPUUECKUMH.

OU3NYECKHUE ITPUHIUIIBI 1 METOJAbI ®POTOMETPUH

TepmuHoJiorus

B MemuuumHCKOW JMTepaType uacTO HCHOJb3yeTcs JOCTaTOYHO BOJbHOE OOpallleHHe C
TepMUHAMHU (PU3UUECKUX BEIUUIHH, YTO OOBSICHAETCS MPSIMBIM MPUMEHEHUEM aHTJIOS3BIYHBIX BBIPAXKEHUN
B pycckod uHTeprperauuu. [losTromy cuuTaem, yTO HEOOXOOUMO YIETUTh BHUMAaHUE TEPMUHOJIOTHHU,
WCTIONIb3yeMOH B IUTEpaType ISl onpeeseHus] pOTOMETPHUUECKHUX BETHYMH (Tabnuua 7).

Tabmuma 7.
Poccuiickue cTannapTH30BaHHBIE TEPMHUHBI 1 0003HAUYEHHUS Jlpyrue TepMuHBI 1 0003HAYESHUS, BCTPEYArONIuecs B
OTEUeCTBEHHOH U 3apy0eKHOH JInTeparype
Tepmun Cum- Ddopmyna Tepmun Cum- Dopmyna
BOJI BOJI
[pomyckanue T T=1Il,=10" Transmitance T T=1l,=10""
(mpomyckaHue)
OnTuaeckoe A A=1-T Absorbance A A=1-T
MOTJIONICHUE Ipu R=0 (ompadicenue) (omTHYeCcKOe
u S=0 (paccesnue) TOTJIOIICHHE)
Onrtryeckas MIOTHOCTh D =-1gT = Igly/I=kC | Absorbance A =-1gT = IlglyI=aC b
D =-1gT = IglyI= &, Cl (onTHyeckoe A =-IgT = Igly/I= £Cb
TOTJIOLICHHE)
Enunanna BeuuuHb! b Beauuuna onmuueckoit Absorbance A Benuuuna onmuuecko2o
ONTUYECKON nnomuocmu npu T =0,1 (enuHMIA noznowjenus npu T =0,1
IJIOTHOCTH, O€JII 15=-1g01 OINTHYECKOTO 14=-1g0,1
MOTJIOUICHHUS );
erH1La Eo.
ONTUYECKOU
IJIOTHOCTH
Koadhdpunment k k = pyel: Absorptivity a a=A/(Cb)
MTOTJIOIICHUS ¢ — epamm/aump; 1 - cm (mornomarenbpHas
CIOCcOOHOCTB)
MonspHBlii nokasarensb & &) = Dlel- Molar absorptivity e e= aM = AMI(Ch):
HOTJIOMICHNA ¢ — monv/aump; | - cm (MonspHas M — monexynsapnas macca
Ha JJIMHE BOJHBI A MOoTJIOLIaTeIbHAs
CIOCOOHOCTB); &)
Koaddunment
MOJISIPHOI
SKCTHHKIIUH,
MonstpHblit
K03 GULIHEeHT
MIOTJIOLIEHUS
Tommuna (cMm) / - Path length b -
MOTJIOIIAOIIETO CIIOS (BHYTpEHHSSA
OKpaLIeHHOTI0 pacTBopa JUTHHA KIOBETHI B
(BHYTpeHHUH pa3mep cM)
KIOBETHI)
JlmmHA BOJIHEI CBETA Y - JlnmmHA BOJIHEI CBETA A -
(HM), IPOXOSILETO (HM), TPOXOIAIIETO
4yepe3 pacTBOp 4yepe3 pacTBoOp

Yacro ynorpebisieMoe B MHCTPYKIMAX Ha pEareHThl 0003HAYCHHE ONTUYECKOW TUIOTHOCTH «A»
(BMecTo «D») HEKOPPEKTHO, Ja M HA3bIBAIOT ONTHUYECKYIO TNIOTHOCTDh HHOT/IA «ToTiomeHnem». Crnemyet
aKKypaTHO TMOJXOIUTh K TEPMUHOJOTHM M O0OO3HAUCHHUSM, TaK KaK BOJBHOE HMX HCIOJb30BAHHE
3aTpyAHSIET IOHUMAHUE CYTHU MPEIMETA.
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3akon byrepa.

Beltie mpuBOAMIIOCH BEIpAXKEHHE 11 ONTUYECKON TUIOTHOCTH:
D=alc,
rae D — onTHYecKasi MJIOTHOCTh PAacTBOpPa TOJIIMHON / ¢ KOHIEHTpAlMeW MOTJIOIAr0IIero
BEIIECTBA ¢, - MOKA3aTeJIb MOTJIONIEHUsI, 3aBUCAIIMIA OT JIMHBI BOJIHBI U IPUPOIBI BEIIECTBA.
3akoH ocnablieHHss MOHOXPOMATHYECKOro CBETa TPH TOTJIONIEHUH €r0 CIOEM BEleCTBa MOXKET
OBITH BRIPKEH B SKCTIOHCHIIMAILHOW MITH JIorapudmuaecko hopme:

[ =1,10""";

lg( I,/1)=1g = kCl =D

1
T

[TokazaTens MOIJOIIEHUS CBEeTa BELIECTBOM Kk oONpefeiseTrcs Kak BelIWYMHA, oOpaTHas
PaccTOSHUIO, HA KOTOPOM MOTOK M3JIy4eHHs, 00pasyoLIui napaiesbHbIi My4oK, ocnabmisercs B 10 pa3
B pe3yJIbTaTe MOIJIOUICHUS B BellecTBe. Pa3MepHOCTh NOKa3aTessl MOTJIO0IIEHUs PACTBOPEHHOT'O BEIIECTBA
YUHUTBIBaeT pa3MepHOCTh KOHIEHTpanuu pacteopa C.

Ecnu nnuHy KIOBETHI BHIPXXaIOT B CAHTUMETPAX, KOHLIEHTPALKIO PACTBOPa B MOJIB/IIUTP, TO a HAa3bIBAIOT

MOJIIDHBIM NoOKa3atesqeM norjomenuss & ; (CormacHo pexomengauusm MIOITAK  Ttepmun

«OKCTUHKLUSA» 3aKpeIUIeH 33 XapaKTepPUCTHKAMU IIPOLECCOB PACCEsHUSA, a HE IOIVIOLIEHMs CBETa).
PazmepHOCTh MOJISIPHOrO TOKa3aTens MOTJOLICHUS I/ (MOab'cM), a €ro YUCIEHHOE 3HAYeHHUE PaBHO
ONTHYECKOW TMJIOTHOCTM D pacTBopa ¢ KOHLEHTpauued 1 MoJb/lT mpu IUJIMHE KIOBETH 1 cM.
Hcnonp3oBaHue Ui KOHLEHTPALMK ¢ Pa3MEPHOCTH MOJIb Ha METp KyOMUYecKUH U U3MepeHue / B MeTpax
TIPUBOAT K Pa3MEPHOCTH MOJISIPHOTO MOKA3aTelNs HOTIOMEHHs M /Mo, IIpi 9TOM YHCIIeHHas BeMYHHA

51 6yzxeT MeHbme B 10 pas. MOJ'IHpHI:IfI IIOKa3aTCJIb IOIJIOLICHUA &; ABJIACTCA KOHCTaHTOM JaHHOI'O

pacTBOpa BEIIECTBA MPH NAHHOW JIMHE BOJHBI ONTUYECKOTO M3IYUYEHHs C OMpeAesIeHHBIMU YCIOBUSIMU
o Temreparype, pH, pacTBopuTesio u Tak ganee.

Benmuunna onrtudeckoldt miuotHoctH DD Ge3pa3MepHa, HO MOXKET HCUUCIATHCA B «Oeiiax»
(cokpamenue - b).

CrnenyeT 06paTUTh BHUMaHHE HA ICTOPUYECKHE KOPHH 3aKOHOB ONTHYECKOTO MOTIIOMIEHHMS.

BnepBrle 3aK0H NMPONOPIMOHATEHOCTH CTENEHU OCIAa0IEHUS CBETa TOJIIMHE CJI0Sl M KOJIUYECTBY
BEIIEeCTBa, Yepe3 KOTOpOe MPOXOAMT CBET, ObUT chopmynupoBaH byrepom B 1729 r. B 1760 r. JlamGepT
(co ccputkoi Ha byrepa) BeIpaszui 3aBUCHMOCTh MHTEHCHBHOCTH TPOIIEAIIETO CBETa OT TOJIIMHBI CIIOS
MaTeMaTudeckor Qopmysoi. BrocineacTBuu, Mo psay HPUBXOISAIIUX OOCTOATENBCTB 3aBUCHUMOCTh
CBETOINOIJIOLIEHUSI PACTBOPa OT €ro KOHLIEHTpalMu MOoJydusia Ha3BaHUe «3akoH bepay. B penensuun Ha
nepeuzganue tpyna byrepa C. M. BaBwioB nucan: «TpyaHO MNOCTHYL OCHOBaHUS TOW yHOpPHOM
HMCTOPUYECKON HECIPABEMINBOCTH, C KOTOPOM 10 HAIIEr0 BPEMEHHM 3aKOHBI, COBEPIICHHO SCHO H
0TUeTNINBO C(OpMYyIMpOBaHHBIE Byrepom, coeAwHSIOTCS C APYyrdMu aBTopamu (3akoH bepa, 3akoH
JlambGeprta u np.)... Mexny teM byeep dan ece npunyunvl omomempuu, KOMOPLIMU Mbl NOJb3VEMCSL 8
HEeUSMEeHEeHHOM 8ude 00 cux nop, chopmyruposanr mamemMamuyecky... OCHOBHOU 3AKOH HNO2N0UeHUs
ceema 8 3asUCUMOCHYU _OM ApKOCHUY, MOAwuHbl clos u Konyenmpayuuy». Cnenys pexomennanuu C. U.
BapuioBa, 3akoH ocnabieHHMs MOHOXPOMATHYECKOTO CBETa IpH IOTJIOMIEHHH €ro CJIOEM BEIIeCTBa,
BBIPOKECHHBIN B DKCITOHEHITHAIBHOHN WIIH JIOTapU(PMUIECKOHN (opMe, ClIeTyeT Ha3bIBaTh 3akoHom byzepa.

3aBUCUMOCTh OINTHUYECKON TUIOTHOCTA pPAacTBOpa WWJIM 3HAUYCHUNW MOJISIPHOTO TIOKa3aTems

HOTJIOIICHUSA 81 PAaCTBOPEHHOTO BCHICCTBA OT MAJIMHBI BOJIHBI HJIM YaCTOThbI HA3bIBAKOT CIICKTPOM

HOTJIOIICHHA.
CHCKprI IOTJIOMICHUA  COCTOAT U3 OTACIBHBIX TIIOJIOC IIOTJIOIICHMA, 06YCHOBHGHHBIX
QJICKTPOHHBIMH TEPEXO0JaMH B MOJICKYJIC BEIICCTBA. OCHOBHBIE XapaKTCPHUCTHUKHU IOJIOC MNOTJIOUICHUA

CIENYIOIIHE: TOIOKEHUE MakcumMyma (A~ WIM v ), 3HAYCHWE &£ . W NOJymupHuHa (A;,) paBHas

max X

LMpHHe 1oJ0ck! noromwenust mpu & = 0,5 .
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Ha pucynke 57 moka3aHo, 4TO mpomyckaHue 7 CBS3aHO OOpaTHO M JIOTApUPMHUYECKUA C
KOHLIEHTpAaLUeH ¢, TOrJa KaK ONTUYECKas IVIOTHOCTh D CBsi3aHa ¢ KOHUEHTPALMEH ¢ IPSIMO U JIMHEHHO.

Koaddunment

= )
= 5
: A g B
= =
= o
< =
[ =
o =
>
= g
2 :
=)
= =
=
=
o
KonuenTpauus, C Kounuentpauus, C

Puc. 57. CBsi3b nponycKaHus M MOIJIOLIEHUA ¢ KOHIEHTPalMe MorJomailero Bemecrna.
A - mporyckaHHe CBS3aHO OOpaTHO U JIOTapU(PMHUUECKU C KOHLEHTpaiuei, b - mormomeHue cBs3aHO
MPSMO U JJMHEWHO C KOHLIEHTPaLUEN.

CooTHoIlIeHne MEXKIy MPOIyCKaHUEM U TOTJIOMICHUEM JIJISI OJJHOTO M TOTO K€ BEIECTBA JTAaHO B TaOJIHIIE
8.

Tabauma 8
CooTHOLIEHHE MEKTY MPONYCKAHNEM U NMOTJIOIIEHHEM JIJIsl OJHOT0 BellleCTBA
OnTuyeckasd  IJIOTHOCTb,
6e3pasmepna wiu b (6emn) 1,0 0,5 0,25 0,125 0,06
Koadduuument
nponyckanus, % 10 31 56 75 87

MoJisipHbIii IOKA3aTEJIb MOIJIOIIECHUS &, .

3akoH bepa ycraHaBiIMBaeT, 4TO OINTHYECKas MJIOTHOCTh [D CBETOBOTO MOTOKAa OMpEAESICHHOU
JUIMHBI BOJIHBI TNPSIMO MPOMOPLMOHATBHO KoHUeHTpauuun C pacTBOPEHHOro BeulecTBa. B KkioBere ¢
(PMKCHPOBaHHOMW JIMHOM ONTUYECKOTo IMyTH / (B KITMHHYECKOW XUMUM NIPUHATA CTaHJApTHAs KIOBeTa B 1
CM) ONTHYECKAsk IUIOTHOCTh D M KOHLIEHTPAIHS ¢ CBA3aHbI yepe3 MOJIAPHBINA MOKa3aTeb MOTJIOEHUS

g,. OH cneuuduueH Ui KaKAOTO BELIECTBA, ONPENENseTcs CTPYKTypOil BeIlecTBa, XapaKTepusyeT

co00#1 CrMOCOOHOCTh MOJIEKYJI BELISCTBA MOIJIOMATh CBET C JJIMHONH BOJHBI A M HE 3aBUCHUT OT

koHentpanuu BemectBa. s HA-H u HAJI®-H ycraHoBieHbl clieqyrolue 3HA4YEHUS &£ MpU
COOTBETCTBYIOLIUX JJIMHAX BOJIH:

534 = 6,18 - 10° n/(monb - cM) ' }

HAJI'H u HAJI®-H
&4 = 6,22 - 10° n/(monb - cM) ™! flas HAZLH 1 HAX
g365 = 3,4 -10° 1/(monb - cm) ! Jlns HAJI-H
E55 = 3,5+ 10° /(Mo - cm) ! Js HAZI®-H

Ecnm xonnenTpanms BemectBa C U3MEPSIETCS] B MOJIB/JI, a JTMHA ONTHYECKOTO MyTH [/ — B CM, TO
€IMHULIEH M3MEpeHHs &, SABIAETCA n/(monb-cm) ™. TTockonbky MOJSIPHBIM MOKa3aTellb MOTJIOMIECHHUS

sBisieTcsl  (DYHKIWEW IJIMHBI BOJIHBI CBETa, 3aBHCHUMOCTDh &(4) MOXKET CIYKHUTh KOJIWYECTBEHHOM
XapaKTEPUCTUKOM CIIEKTpa JaHHOT'O BEIIECTRa.

JIms KaXk[Ioro BEIECTBA XapaKTepeH CBOW CIEKTP MOTJIONICHHUS, MPUYEM OH 4YacTO Pa3HbIN s
OKHCIICHHBIX W BOCCTAHOBIICHHBIX (opM. Ha H3MeHeHHMH cCIeKTpa TMOTJIOIMIEHHSI MpU TMepexoje
OKHCIICHHAs <> BOCCTaHOBJICHHas (OpMa aHaJIWTOB OCHOBAHO OMpEJCICHHE KOHICHTPAIUH
OONBITUHCTBA CyOCTPaTOB M AKTHBHOCTH MPAKTHIECKH BCeX (EPMEHTOB.

BennuvHbl £, UCTIONB3YIOTCS IS XapaKTePUCTUKU BEIECTB, Ui OIEHKH WX YHCTOTHI U JUIS
CpaBHEHHS YYBCTBHTEJILHOCTH M3MEPEHUI Pa3IMUHBIX MPOU3BOJHBIX BenlecTB. Hanpumep, OminpyouH,
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PacTBOpEHHBIH B XJ0podopme, npu Temieparype 25°C Oyaet UMeTh MOJISIPHBIIA TIOKa3aTeNb MOTIOMICHHUSI
60700£1600 Ha anunae BonHBI 453 HM. MonexyssipHbIi Bec OmnmpyOuHa paBeH 584. CremoBaresbHO,
pactBop, coaepxammii S5 wmwumrpamm/aurp (0,005 rpamm/nurp) OunMpyOMHA JOKEH HMMETh
OINTUYECKOE IOIJIOLIEHUE B KIOBETE C AJIMHOM ONTHYeCKOro myty 1 cMm
D = 60700-1-0,005/584 = 0,520
Haob6opoT, ecan onTuyeckas MIOTHOCTh PAacTBOpa C TaKOM e KOHLEHTpauueidl OunupyOuHa
uMeeT mIoTHocTh D=0,490 , To uncroTa Ounupy6omuna pasaa 0,490/0,52 nmm 94%.

HpI/IH].[I/Il'l AJAUTUBHOCTH.

bonee 120 ner wnaszanm K.Oupopar Ha mnpuMepe ABYX MOTJOMIAIOIIAX CBET BEIIECTB
chOopMyIHPOBAT U SKCIIEPUMEHTATBHO MOATBEPVI PUHIINAT aJIUTUBHOCTH ONTHYECKUX MIOTHOCTEH. B
COOTBETCTBHH C 3TUM TPUHIIUTIOM, ONITHYECKAs TUIOTHOCTh D cMecH m COeMHEHNH, KOKI0e 13 KOTOPBIX
MOAYNHACTCA 3aKOHY Byrepa, M HE BCTYNAOMUX B XUMUUYCCKOC B3aHMO}IeﬁCTBHe Apyr ¢ Apyrom, paBHa
CyMMe TMapHUaNbHBIX ONTHYECKHX IUIOTHOCTEH, OTBEYAIONIMX TOTJIOMIEHHUIO CBETa KAKIBIM
COCJIMHEHUEM:

D =gperlt eycyl+...+ epenl=lerci+ excrt...+ epncm);

T &), &3...6, —MOJSPHbBIC MOKA3ATENN MOTJIOUICHUS; C},C;...C,y — KOHIIGHTPAI[MH KOMIIOHEHTOB
cMecH; [ — IMHA KIOBETHI.

Ha HUCIIOJIb30BAHUH IIpyuHOMIIa AJIUTUBHOCTHU OCHOBAHBbI IMPAKTHYCCKHN BCC METObI
CHEKTPO(HOTOMETPHUECKOTO aHATN3a MHOTOKOMIIOHEHTHBIX CMecei.

I/I3Mepe1me B MHOIT'OKOMITIOHEHTHBIX pacTBopax.

PacTBOpBI B KIIMHUYECKOH XWMHH YacTO TPEACTABISIIOT COO0W MHOTOKOMIIOHEHTHBIE CHCTEMEI.
[Tpu dpoToMeTprveckoM N3MEPEHNH MHOTOKOMIIOHEHTHBIX CHCTEM MCIOJB3YIOT MPUHIUI aJIMTUBHOCTH,
COTJIaCHO KOTOPOMY MOTJIONIEHHE OTAEIHHOTO BENIECTBA HE 3aBUCUT OT JPYTHMX BEIIECTB, 00JIaJa0NINX
coOCTBEeHHBIM moTIomeHreM. [loaToMy, Ipy TaHHOW AJIMHE BOJHBI ONTHYECKAs MJIOTHOCTh PacTBOpa U3
CMECH KOMITIOHEHTOB, HE B3aMMOJIEUCTBYIOIINX MEXAY COOOH, paBHa CyMMe ONTHYECKHX IIJIOTHOCTEH
OTHENBHBIX KOMIIOHEHTOB MpU TOW K€ JJiuHe BONHBL. Ha pucyHke 58 mNpeAcTaBlieHbl CHEKTPHI
noryiomennss Kymaccn OpuiMaHTOBOTO chHEro 0e3 Oenmka M ¢ OenkoM. B 00oMX COCTOSHHSAX, Kak B
CBOOOITHOM, Tak M B KoMIuiekce ¢ OenkoM Kymaccw OpWIIMAHTOBBIA CHHHMIA IOTJIONMIAET, HO C pa3HOM
HMHTCHCHUBHOCTBIO.

A
1,0
E FPeaxTus ¢
8 Bemonm Puc. 58. CuoekTp MOTJIOIEHUs Kymacu
o OpH/IMAHTOBOIO0 CHHero 0e3 OelKka U B COEIUHEHUH C
* e OenkoMm. PeakTuB ucnonp3yercs i (pOTOMETPHUECKOTO
omnpeeeHus 6eka B MoJe.
0,4
PeakTHE TOMBEKD
0.2 {Bran)
1 1 | | .
Ll
400 500 A00 a0
A, mHM

Jnd OUEHKM CTeNneHu TOTJIOIIeHUs HCCIEeyeMOro pacTBOpa, COJEpIKaIlero Kakoe-1ubo
COeIMHEHHEe, MPOBOJAUTCS CPaBHEHHE HMHTEHCHUBHOCTH IOTOKA HW3JIyYEHHs, MPOLICAIIET0 4Yepe3 3TOT
pacTBOp, ¢ MHTEHCUBHOCTHIO TTOTOKA M3ITyYEHUs, MPOIIEAIIETO Yepe3 pacTBop cpaBHeHus (OmaHk). s
ompeJiesieHNsT KOHLIEHTPAIMK d3JeMEHTa B TOM PacTBOPE HCIOJBb3YIOT KaIMOPOBOUHBIA rpaduK HIIH
NPUHLMIIEL pacyeTa, HW3NOKeHHble Hike. s TOoCTpoeHus KalimOpOBOYHOrO Trpaduka MNPUMEHSIOT
CTaHJapTHEIE PAaCTBOPHI MM KATHOPATOPHL.
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N3mepenne B MakcHMyMe CNIEKTPAJILHOM M0/10ChI NOTJIOIIEHHS.

HccnenoBanne pacTBOPOB PEKOMEHAYETCS TPOBOAWTH TpHU JJUHE BOJIHBI OOIy4YeHHMS,
COOTBETCTBYIOIIEH MAaKCUMAJIbHOMY MOIVIOIIEHUIO, TO €CTh JJIMHE BOJIHBI, MPH KOTOPOH MakCHUMaleH
MOJIIpHBIM TIOKa3aTenb MOTJIOIEHUS &;. JleMCTBUTENBbHO, W3 PUCYHKAa 59 BHIHO, YTO TaHIEHC yria
HaKJIOHA MPSIMOM, CBS3BIBAIOIINI ONTHYECKYIO MIOTHOCTh D ¥ KOHUEHTPALUIO ¢, MAKCUMAJIEH MPH Ay -
W13 3akona byrepa Takke chemyer, 4to D = g,lc , TO€ & €CThb TAHI€HC yIJa HAKJIOHA YKa3aHHOM

3aBucuMoct mpu [ = 1.

MaKCHUMAaJIbHA TIPH A,y
&

O4eBHIHO, YTO YYBCTBUTEIHHOCTH (OTOMETPHUYECKOTO OMpPEIEIICHUS

(OITHYECKAA ONOTHOCTE

OnTHYECKad IMOTHOCTE

FKonnentpanna

1J\m. 11 i

Puc.59. ®oTromeTpuyeckass 9yBCTBHTEJIBLHOCTD:
a - ompe/ieNieHre Pa3HUIbI IBYyX KoHIeHTpanuid ananuta (C; — C,) CyIIeCTBEHHO BHIIIE TPY U3MEPEHUHU
Ha A, , COOTBETCTBYIOIIEH MaKCHMaTbHOMY KO3 (OUITUEHTY MOJISIPHOM SKCTUHKITUH £ aHAIINTA;

0 — 3aBHCHUMOCTH M3MEHEHHUS ONTHYECCKOW IJIOTHOCTH OT M3MEHEHHS KOHIICHTPAIUA UMEeT OOJBIIHH tg
TIPH U3MEPEHUH HA A4 , T.€. OOTBITYIO UyBCTBUTEIHHOCTD.

Opnako 1uyisi OOJIBIIMHCTBAa CYOCTPaTOB W MPOAYKTOB pPEAaKLUWH, HCCIENyeMbIX B KIMHUYECKOM
nabopaTopuy, MakCUMyM TIOTJIOLICHUS JIEKHUT MAajeKo 3a MpelelamMH CHEeKTPaJbHOrO AHMana3oHa
NPUMEHSEMBIX TNpPUOOPOB. B Takux ciydasix HCHONB3YIOT COIpPSKEHHBIE PEAaKLUUH, B KOTOPBIX
MPUMEHSIOT XPOMOTEHBI C XOpPOIIO M3BECTHBIMU CHEKTpamMH MOTrjouieHus. B tabmuue 9 npuBeneHsl
JJaHHBIE O MAaKCUMyM€ IIOIJIOIIEHUS BOJHBIX PAacTBOPOB XPOMOIEHOB, IIMPOKO HCMONB3YEMBIX B
(oTOMETpUYECKUX PEAKLHUIX, U MOJISIPHBIH ITOKa3aTesb MOMJIOMEHHS 3TUX XPOMOTEHOB.

Tabumma 9.

CrnekTpajbHble XapaKTEPUCTUKU XPOMOIeHOB, HCII0JIb3yeMbIX B (OTOMETPUYECKUX PeaKIUsX B
KJIMHUYECKOI J1a0opaTOPHOi JMATHOCTHKE.

MakcumyMm | MossipHBIii Cybctpar XpomoreH IIpuMeHeHne B KIMHUYECKOU
MOTJIOLEHHUS | MOKa3aTenb XUMUH
B BOJE, | MOTJIOILEHHMS,
/’Lwakc; HM &, (JI/MOJ'IL
cM)
340 6220 HAJI", HAJI®' HAJI-H, HAZI®-H | Ontuueckuii rect BapOypra
400 18300 p- p-auTpodeHon OnpeneneHue akTUBHOCTH
Hutpodermidocdar thochomonoacrepas. [Ipu 400
HM MOTJIONIAeT CyOCTpar,
MO3TOMY U3MEpPEHHE
npoBoJAT 1ipu 405 HM
420 21300 o-nutpodenmn-f—D- | o-HUTpOhEeHON OrmpenienieHre akKTHBHOCTH —
TaJIAKTOITHPAHO3U TaJIaKTO3UAa36I (JJaKTa3hl)
550 26600 denondranens-f-D- | penondranenn Onpenenenne akTHBHOCTH P—
TJIIOKYPOHUA [JIIOKYPOHUAA3bI
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550 Kommneke Cu™ ¢ | Buyperossiii METOJ
OenKoM omnpeneneHus Oexa
595 Kommeke 6emka ¢ | Meton Bpandopn
Kpacurenem orpejeNieHus OeKa B Moye
Kymacu G250
600 Tumonn- TAMOI(TAIENH Onpenenenue aKTHUBHOCTU
dbranenrdocdar e Io9HoN hocdaTasbl

B xnmHUYecKol OMOXMMHH 4acTO W3MEpPEeHHe MTPOU3BOIUTCS NMPH M3MEHEHHH [IBETa XPOMOTEHA B
pe3ynbTaTe pacuierieHus cyocrpara u o0pa3oBaHHs MPOAYKTa, KOTOPBIN MOTJIOMAET B APYroi obmactu
cniektpa. Tak, B pe3yibTare pacuieruieHus ImneiaodHod ¢ocdarazoii (ILD) 4—nutpodenondocdara
o0pa3yercs HUTPOPEeHOI, KOTOPBI UMeeT MakCUMyM mornomeHwst mpu 405 HM, rae cydcTpart BooOIIe He
noryoman (pucyHok 60). M3amepeHne ¢ y3KOMOJOCHBIM cBeTOGHUILTPOM 405 HM TMO3BOJISIET HAIEKHO
PETUCTPUPOBATH AAHHYIO PEAKLHIO.

IIpy OKMCJIMTENHbHO/BOCCTAHOBUTENBHON peakuuu ¢ nepexonom HAJ™ <> HAJI-H usmepenue
MPOBOJMTCS HE HA MAaKCUMyMe morioieHus npu 260 HM, rae o6e GopMbl aKTHBHO MOTJIOMIAIOT, a MPH
340 um, npu kotopoM y HAJI-H umeercs 2-oit muk nornomenus, a HAJ[™ mpakTudecky He MOTIOMaeT
(pucyHOK 61).

&
A ~
0.6
]. I.-"l I'III 2
0,3
0 T T T T T > >
250 300 350 400 450 500
Puc. 60. CnekTpsl norJiomeHus 4- Puc. 61. Cnextpsl noriomenuss HAJI (1) u
Hurpodenoadocdara (1) u 2-uurpodenonsnoro HAJ-H (2). Boccranosnenne HAJI no HAJI-H
aHuoHA (2), 00pa3yroLIErocs B Pe3yIbTaTe npociexuBaeTcs npu 340 HM — MaKCUMyMe
pacuienyienus cyoctpara. M3mepenue ¢ nornomenus HAJI-H, npu kotopom HAJI" e
MCTIOJIb30BAaHUEM HTOT'O XPOMOTE€HA TIPOBOTUTCS HOTJIOIIAET
mipu 405 HM

HN3MepeHue HA ONTUMAJIBHOM JJIMHE BOJIHbI.
Ecan B MHOIOKOMITOHEHTHOM CHCTEME JABa HUJIN 0oJjiee KOMIIOHEHTOB MMEIOT MAaKCHUMYM IIOIJIOICHUS B
OJIHO 00JIaCTH, TO YaCTO U3MEPEHUE NMPOBOAMUTCS HE HA A4, @ HA ONTUMAIBHOM JJTMHE BOJHBI Ay, HA
KOTOpPOW CYINECTBEHHO pa3jIMYaroTCsl OINTHYeCKas IUIOTHOCTh pabodero pactBopa (OyiaHka) u
HCCleyeMoro BemiecTBa (puCyHOK 62). Tak, B 4acTHOCTH, NMPOBOAST U3MEPEHUE TPU OMpPEISICHUU
KpeaTHHHHA METOJOM “‘KOHEYHOW TOUYKH’, Tak Kak CyOCTpaT peakIMH IMMKPHHOBASs KUCJIOTa U MPOIYKT
peakIuy MIeJIOYHOM MUKpaT, oOpasyomuiics B peakiuu Adde, UMeroT OJU3KKUE CIICKTPhI MOTJIOMICHHMS.
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Puc. 62. U3mepeHune oNTH4eCKOil MJIOTHOCTH HA
ONTUMATbHOMH AJUHE BOJHBI (A, ) TP OJIU3KAX
MaKCHMyMax TIOTJIONIEHUs pabodero pacrtBopa
(6manka) m nccaemyeMoro BemectBa (A,; H Ay).
I[lpu A, IOocTHUTaeTCSs MaKCHUMallbHAas pa3HUIlA

Mexay abcopOmmel OaHka W HCCIETYEeMOTO
itz Por BemiecTBa ( AD)

OnTHYecKad IIOTHOCTE

et
L

OOTOMETPHYECKHUE METO/bI BUOXUMHNYECKOTI'O AHAJIM3A
HN3mepenne no ka1MOPOBOYHOI KPUBOM.

IIpaBuiia mocTpoeHusi KaJTHOPOBOYHOI0 rpaduka.

s mocTpoeHHs: KaTMOPOBOYHBIX TPa(PUKOB UCTIONB3YIOT HECKOIBKO M3BECTHBIX KOHIICHTPAIMHA
OTpeNesIieMOro BellecTBa. B mpekHue roAsl sl 3TOr0 HCIHOJIb30BAIMCH OCHOBHBIE CTaHIapTHHIE
pacTBOpHI, M3 KOTOPBIX TOTOBWJIACH cepus paboumx pas3BeneHuil. B Hacrosimee BpeMs HCIIONB3YIOTCS
KaMOpaTopsl ¢ pasHBIM YPOBHEM KOHIICHTPAIIWW, OMPEIASICHHOW TOYHBIM (JIydmre pedepeHTHBIM)
MeToioM. OOBIYHO AJIST MOCTPOEHUS TPadUKOB HMCMOJB3YIOT YETHIPE-MATh Pa3IMYHBIX KOHLEHTPALUi
(kamOpOBOYHBIX TOYEK). [l KaxM0il KOHIIEHTpAIlMh COTJIACHO METOJIMKE OIPENEeHUs TIPOBOIAT TPH
MapajuleJIbHBIX HCCIENOBaHMs, B KOTOPBIX OMNPENENSIOT ONTHYECKYI0 IUIOTHOCTh [ B KaXaol
KaJauOpOBOYHOM Npode. Eciam pe3ynbTaThl MONydaroTcs pa3HbIMHU, TO YCPEAHSATh UX HE CIENYeT, TaK Kak
HE W3BECTHO, KaKue 3HaueHMs npaBuiibHbe. Ha ocn abcuuce oTkIaapiBaeTCs KOHLUEHTPALUS ¢, a Ha OCH
opauHaT — mIoTHOCT, D. Ha ocu D OTKIIa/pIBalOT BCE MOJYyYE€HHbIE 3HAY€HUs [;, COOTBETCTBYIOIINE
KOHIIEHTpalusM ¢; Uepe3 CKOIIeHHE TOYEeK HAWITYUYIIMM 00pa3oM MPOBOJAT JHHHUIO - KalHOPOBOYHBIH
rpaduk. Ecnu 3akon Byrepa cobmonaetcs, rpaguk OyaeT UMeTh BUA MPSIMOU JTMHUH, TPOXOAIIeH Yepes
HYJIEBYIO TOUKY (pucyHOK 63, rpaduk A). [logcuer daxrtopa B ciyqae rpaduka A MOXKHO MOBOJTUTH IO
OTHOIIEHUIO:

F = Ei’ rae F' — dakrop, C; — KOHIIEHTpAIUs BEIecTBa, D; — ONTHYECKas IIOTHOCTH 1 - TOTO
i

KajauOpaTopa

>
-y

D Puc. 63. BapuaHThI Ipy NOCTPOEHNH KATUOPOBOYHOIO

A rpauka npy JUHeHOI 3aBHCHMOCTH IKCTHHKIMH OT
KOHIEHTPalLUHU HccilelyeMoro Bemecrna:

B A - 3akoH byrepa-JlambepTa-bepa cobmonaercs, mpsmas
BBIXOJWT U3 HYJIEBOW TOUKH, IPaBUIbHBII BapuaHT
KaTrOpPOBOYHOTO rpaduka
b - umeer MecTo BiIMsHUE CUCTEMATUYECKOrO (hakTopa,
JKEJIaTeIbHO U3MEPEHHE 110 CPAaBHEHMIO C XOJIOCTON
npo0oii, B KOTOPOH OBl 3TOT (haKTOP yUUTHIBAJICSL.

B - n3mepenune HeBepHOE, TaK Kak HU3KHE KOHLEHTpPaLMU
BelllecTBa He m3MepstoTes. ['paduk crenyer mepenenarsd ¢

] Cl‘.; C|13 (lj . (ljj » JIPYTUM KaauOpaTopoM KU Ha APYyroM npudope

OnTHYECKAd INoTHOCTE

-]
—t—

B03MOXHBI BapHaHTBI NIPH MOCTPOCHUM KanuOpoBo4HOTO rpaduka. Ecnu nomydaercs rpaduk b
(pucyHOK 63), TO HMCHOIB30BaTh €r0 MOXKHO, HO HMEETCS CHCTEMaTHdecKas OIMHOKa, KOTOPYIO
HEOOXOMMO YYUTHIBATh MPU pacuere GakTopa:
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F =——— ,rne a— orpe3ok Ha ocu opauHaT oT 0 0 Havaja Kamu6pOBOYHOro rpaduKa.
D, —a

Ecmm momydaercs rpadmk B (pucyHOk 63), TO TMONB30BaThCA HMM HENB3s, TaK Kak He
OTIPENIENIIOTCSl TI0 TOMY TrpaduKy HH3KHE KOHIEHTpaluu KanuOparopa. HemocraTkoM pacdeToB c
MOMOIIIBIO KaJTMOPOBOYHBIX TPaUKOB MPU paboTe PYyYHBIMU METOJIAMU SIBJISETCS TO, YTO KaJTUOpPOBKA
MPOBOJIUTCSl PEAKO M OMBITHAs Mpo0a He HCCIemyeTcs OJHOBPEMEHHO C KamuOpoBOUHOH. Pacdersl mo
KaTMOPOBOYHBIM TpadukaM OOBIYHO HCHONB3YIOT JUIS METOIOB, MPH KOTOPBIX MMEIOTCS CTaOWILHBIC
pe3ysbTaThl W30 JHSA B JieHb (reMoriioOuH, oOmwmii Oenok). Crieayer OTMETHTh, YTO TpU paboTe Ha
COBPEMEHHBIX PYUYHBIX (OTOMETpax orneparopy (PakTHUEeCKH NPUXOAUTCS MPOBOAUTH KATHOPOBKY
KaXIBIH JeHb, TO €CTh CHUCTEMATHYECKH CTPOWTH W OIEHHBATh KAIMOpOBOYHBIE Tpaduku. OgHAKO MPU
paboTe Ha aHaIM3aTOpax MOCTPOCHUE W HCIOJIb30BaHHE T'pa)MKOB OCYIIECTBISIETCS ABTOMATHYECKH.
Henpuemnemo ucmonb30Bath rpaduku, MOCTPOCHHEIC HA APYTUX MPUOOpaX WM B IPYTHX JIA0OPATOPHSX.
Jnsg kaxxgoro ¢oromMerpa HEOOXOIUMO MPOBOAUTE CBOIO KaTMOPOBKY METOJIOB.

KanubOpoBounbie rpadguky HEOOXOAMMBI, TaK Kak TpadMueCKHid aHalu3 JaeT BO3MOXKHOCTh
YCTaHOBUTH CTEINICHb JTUHEWHOCTU CBSI3U MEXJY ONTUYCCKUM MOTJIONICHHEM [ M KOHIICHTpamuen c, a
TaK)Ke I03BOJISAET OIPENEINTh YYBCTBUTEILHOCTE METOA.

CyIiecTByIOT ONpee/IeHHbIE TPeOOBaHMS TIPH IMTOCTPOSHUH KaTHOPOBOYHOTO Tpaduka.

1. Heo0xomuMo ycTaHOBUTH JIMHEWHOCTh MEXAY HYJIEBOH W MUHMMAIBLHOW KaTHMOPOBOYHOM
TOYKOH: IS TOTO HYKHO UCIOJIh30BATh KATMOPATOPHI C HU3KOW KOHIICHTpAIMEl, TO eCTh TOCTPOUTh
KaTMOpOBOYHBIHN TpaduK IS OU4eHh HU3KUX KOHIIEHTPALWi, 9T00bI MIMETh MPaBO MPOBOIUTH PACUETHI
TP TOW CUTYaIluH, KOT/1a BCTPETUTCS O4€Hb HU3Kas KOHIIEHTPALHS ONPEAeieMOro aHAINTa.

2. Heo0xoauMo u3MepuTh KOHIEHTPAIMIO BEIIECTBA OKOJO MAKCUMAJIBHOW KaauOpOBOYHOMN
TOYKH, YTOOBI YOSIUTHCS B COXPAaHEHUHN 3aKOHA MPH BHICOKMX KOHIIEHTPALIUAX.
3. OLeHUTh OPUEHTHPOBOYHO BIHMSHME Bapuanuu. [[J1a 3TOro ClieyeT ONpEeNeNuTh TPETHIO

(cpenHor) KoHueHTpanuto 20 pa3, paccuMraTh cpeaHee apuMeTHvecKoe 3HAueHHE M CpeJHee
kBanparnyeckoe otkioHenue (CKO). Uepes cpemHee apupMeTHuecKoe 3HAYSHHE MPOBECTH HOBBIH
rpaduk. Bece TOukM Ha OCHOBHOM rpaduke HE JOJKHBI OTCTYNaTh OT BHOBb NMPOBEJICHHOW JMHUH
6oiee ueM Ha 1,2 CKO.

MeToa cpaBHeHHS CTAHAAPTHOIO M ONBITHOIO 00pa3ua.

DTOT METOJ| ONpEeNeNICeHUs KOHIIGHTPAlUW SBIseTcs Hauboyiee TPUEMIIEMBIM, TaK Kak
aHanu3WpyeMasi W CTaHAapTHas mnpoObl oOpabaThIBAIOTCS B OIMHAKOBBIX ychoBwsix. llosTomy mpu
OOJIBIINX CEePUAX MCCACIOBAHMIA CTaHAAPTHYIO MPOOY PEKOMEHIYIOT MCCISAOBaTh B Hadajie CepUU U
MpUMEPHO Yepe3 Kaxbie 20 aHAIM3UPYEMbIX P00, ONpenessisi OTHOMICHUE C.,, / D, unu daktop (F).

Pacuer BegyT no crangapty wim o GakTopy.

Pacuer no crangapty o603Ha4aeTCs B TOM CiIy4ae, €ClIM UCIOJb3YeTCs ypaBHEHHE:

C=D;-C,,/D,,,ne C;— uckoMas BeJIMYMHA

Pacuyer no hakTopy — 3TO TOT ciiyyaii, KOrjaa UCIONIb3yeTCsl YpaBHEHHUE:

C=D-F.

CrnenyeT TOMHHTh, YTO B ONBITHOM W CTaHAApPTHOW MpobOax Jo/bkeH o0pabaThiBaThCs
OJIMHAKOBBIA 00BeM oOpasna. Hampumep, B peakiuu HE0OXOaMMO HUCHONb30BaTh 100 MHUKpPOIUTPOB
o0pasma, B Ka4ecTBE OMOJOTHIECKOM KMIKOCTH HCITONIB3YETCs TUIa3Ma B TOM K€ 00beMe, HO B IIa3My
MpU ee MoylydeHuu aob6asisoT uutpar 1 : 9, cnemoBarensHo B 100 MukponuTpax mia3mbel Oyner
conepxkatbes 90 MK HcCieyeMoil OMOIOrHYECKOM KHUIKOCTH. DTO CIEAYET YUYUTHIBATh MPHU PacyeTax,
BBOJISI MTOTPAaBOYHBIN KOADDHUIHEHT.

JlaHHBIN METO pacdeTa CIPaBEINB MMOIbKO HA AUHEHOM Juanasone 3aBUCUMOCTH ONITHIECKOM
MJIOTHOCTH OT KOHIIEHTPAIUH.

MeToabl onpeacjacHusd Beuecrea 0e3 MCIoJIb30BaHNA Ka.lmﬁpaTopa.

DoToMeTpUUYECKHE eJUHHUIbI.
B HekoTophIX ciydasx, Koraa IJisi METoJa OTCYTCTBYET KauuMOparop (Hampumep CepoOMYKOHI,
CpeHHE MOJIEKYJIbl) AJIsl BBIPAKEHHMS KOJMYECTBAa BELIECTBA HCIOJB3YIOT H3MEPEHHYHO IUIOTHOCTB,
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KOTOPYIO HepeBOIsT B (oToMeTpuueckue enuHuibl (£0). ns 3Toro miaoTHocTh ymMHOXaT Ha 100.
Hampuwmep, D = 0,3, otBet B 6manke aHanuza — 30 Eo.

Onpenenenne KOHIHCHTPAIUHU 10 MOJAPHOMY NMOKAa3aTE/JaI0 MOIJIOIICHU .

OnpeneneHue OCHOBAHO Ha IPsMOM IPUMEHEHHMU 3akoHa byrepa, corimacHo KOTOpoMy
KOHLIEHTpALMs PacCUUThIBAeTCs 1Mo Gopmyie:

C=D/l¢

Konnentparus onpenensercs AeICHHEM U3MEPEHHON ONTHYECKOM MJIOTHOCTH Ha M3BECTHBIN IS
JTAHHOT'O BEINECTBA MOJIIPHBIN MMOKA3aTeNb MOTJIOMIEHUS MPH AJuHe BOJIHBI uaMepenus: C = D/ ¢ llpu
3TOM CJeyeT YYHUTHIBaTh pa3BeleHUe oOpa3ma. MONSIpHBIA IMOKa3aTeNnb TOTJIOMEHHS YCTaHOBIIECH
AKCIIEPUMEHTATBHO TSI MHOTHX BEIIECTB (CM. Ta0auIy 9).

HNPUMEP: onpeneneaue xonneHtpauun HAJIH Ha ocHOBe ompeaeleHds ONTHYECKOM
IJIOTHOCTH pacTBOpa.

Moumsipublii mokasarens nornomenus HAJIH npu 340 Bm 6,22x10° 1xmoms'em™'. M3mepennas
onTuyeckas mioTHocTh B 1 cMm kwBere npu 340 M cocraBuna 0,38. Konuenrtpamus HAJH
OTIPEIEISAETCS TI0 COOTHOIICHHIO:

D 0,38 0,38
C= = = — =6,11x107 Mmonb/n
&l 6,22x10° nxmomp'eM ' x 1em 6,22x10° axmoip”

[IpumepoM MCTONB30BaHUS TAKOTO K€ MPUHIMIA MOXKET CIYKUTh ONpEJesIeHHe reMoryioOnHa
TreMHIIOOMHIIMAHUIHBIM METOIOM 110 [pabkuny.

B xonme 30-x romoB JpaOkuH u3Mepun  CHEKTPOPOTOMETPHUECKHE  KOHCTAHTHI
IMaHMETTeMOTIIOONHA — MUJLTUMOJISIpHBIE KO3(D(PUIIMEHTBI SKCTUHKINM: Esq9 = 11,53 ; &545 = 11,52 ; &55;
= [1,10. B 50-x romax WOSBHINCH COOOIIEHHUS, YTO BEIWYMHA MIUIMMOJSAPHOTO TIOKa3aTems
MOTJIONICHNS ITMaHMeTreMoryioonaa npu 540 HM HIDKE BEIHYMHBI, NPHUBEACHHONH J[paOKWHBIM.
PasHornacust B BeNWYMHE &5y MO  IUAHMETreMorjoOmHa mocturamu 9  %. MexmyHapoaHas
reMaToJIoThYecKasl acCoUMalys W CO3JaHHBII €10 KOMHUTET MO CTaHAapTU3allud TeMOTIOOMHOMETPUHU
PELININ CYUTATh BETMYUHY MHUJUTUMOJIAPHOTO MOKa3aTessl MOIIOIeHH HUaHMeTreMornoonna npu 540
HM paBHOU 11,0 (&s490=11,0).

MornekynsapHas Macca reMoriao0una coctasisier 64458. Ha kaxnayto monekyny Hb npuxonurcs 4
remMa, KaXOblii K3 KOTOPBIX COCTOMT W3 aroMma Xeneza W mopdupuHOBOTO KONbIa. Korma B
CHEKTPO(HOTOMETPUUECKUX H3MEPEHUSAX TOBOPAT O Moiie reMoriioOMHa, TO MMEIOT B BHAY HE BCIO
MOJIEKYJY, @ TOJIBKO €€ %4 4acTb, T.e. 0AuH rpaMMdIKBHBaieHT Hb. B aTom cmeicie 1 Monb unu 1 rpamMm-
skBuBanieHT Hb comepxur 1 rpamm-aTtom skenes3a, cBs3biBatomuii 1 moms O, nnn CO. MonekynspHas
Macca Wi SKBUBalleHTHBIN Bec Hb paBen 64458 / 4 =16114 r, T.e. 1 MuuIEMOJIb COOTBETCTBYET 16,114 1
Hb B 1 1 xpoBHu.

Onpedenenue obweco 2emM02100UHa NO  2eMUSTIOOUHYUAHUOY CHEKMPODOMOMEmpU4ecKum
memooom. KpoBb pazBoIsT TpaHCHOPMHUPYIONTUM pacTBOPOM B oTHommeHun 1 : 251 , a umenno 0,02 mu
kpou (munerka Canum win kamwuisip “end-to-end”) cmemmBaroT ¢ 5,0 MiI TpaHC(HOPMUPYIOIIETO
peaktuBa. [locne nepememnBanus 4yepe3 3 MUH U3MEPAIOT ONTUYECKYIO TNIOTHOCTh D MPOTHUB BOABI IPU
540 HM B KIOBETE C TOJIIMHON ONTHYECKOTO cJos /=1 cM.

OnTryeckas INOTHOCTh X MUJUTUIKBUBAIIEHTHBIN BEC X pa3BeeHHE
HbBr/m = =
MUJLTUMOJISPHBIN MTOKA3aTelb TMOTJIOMIEHUS X TONIUHA ONTHYECKOTO CJI0S B CM

D x 16,114 x 251
= D x 367,7, ede D— u3MepeHHas ONTHYECKAs TUIOTHOCTD.

11,0 x 1,0
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HecMmoTpss Ha OTHOCHTENBHYIO MPOCTOTY H3MEpPEHHsS TeMOTJIO0MHA TeMUTI0O0MHIMAHUAHBIM
METOJIOM Ha CHEKTPO(OTOMETpPE, 3TOT CIOCOO0 HE TONYYHJ TOBCEMECTHOTO WCIOIb30BaHUS B
€XKEeHEBHOM TMPaKTHUKE OTEYECTBEHHBIX KIMHHUKO-IUAarHOCTHUECKHX Jlabopatopuil. OTO B MEPBYIO
ouepeab CBS3aHO C TE€M, YTO M3MEpEHHe MPOBOAUTCS HE Ha CHEeKTpodoToMeTpax, a Ha (OTOMETpax C
OTHOCUTENbHO OOJIBIION LIMPUHOM TOJIOCH MPOMYCKAaHHS, HAa KOTOPBIX HENb3 OBITh YBEPEHHBIM B
peayibHOW BeMWYMHE MWJLTUMOJISIPHOTO TMOKazaTens mornomenus. [loatomy pabora Ha doromerpax
CTapol KOHCTPYKIHH co cBeTodunbTpamu, rae 540 um coorBercTByeT 540 +10 HM (TO ecTh B AMamna3oHe
530 — 550 HM) He TO3BOJISIET UCIIOIB30BATh NPUBEACHHYIO (hOpMYIy pacdera , Tak Kak ¢ He OyAeT paBHO
11. Kpome TOro, CyIIeCTBEHHOE BIHSHHE MOXET OKa3aTh HEJIMHEWHOCTh NMPHOOPOB B IMHPOKOM
JMana3oHe ONTHYECKOW TIJIOTHOCTH, BIMAHHE pPEaKTHBOB M Jp. (akTtopoB. Iloaromy wusMepeHue
reMor;ioorHa Ha QoToMeTpax BEOyT, KaK MPaBWIIO, MO KaTHOpOBOUYHOMY TIpadHKy, MOCTPOSHHOMY IO
KaTMOpPOBOYHBIM PacTBOpaM TeMHUTIIOOWHIMaHu/a. Takue pacTBOPHI BBIMTyCKarOTcs, B yacTHocTH HIIO
“PEHAM?”, KoTOpBIE MOCTABJIAIOTCA B 4 aMmIyjaX W3 CBETO3AIMUTHOTO CTEKJa ¢ KOHIICHTpaIusMu (B
nepecyere Ha remMorioOuH), paBHeiMu 50, 100, 150 u 200 r/m. DTo mepekphIBacT MPaKTHYECKU BECh
JIMana3oH HOPMBI U MTaTOJIOTHH.

HN3MepeHue CKOPOCTH M3MEHEHHMs IOIJIOLIEHMS.

B ximHMuYeckod OMoXuMUHM (OTOMETPHUECKHE M3MEPEHHs B OOJIBIIMHCTBE CIy4aeB MPOBOISTCS
HETOCPEACTBEHHO MpPHU NPOTEKaHWH OMOXMMMYECKHX PpeakLHi, B IPOLECCE KOTOPHIX MOTPEOJISIOTCS
cyOCTpaThl, TOBBILIAETCS KOHIEHTPALHS TPOAYKTOB PEaKMii WIIK MEHSIOTCS KO-(paKTOpBl peaKIHid.

OpHUM U3 caMbIX PaclpOCTPaHEHHBIM ONTHYECKHX TECTOB siBisercst TecT BapOypra (Y®P-tect),
OCHOBAaHHBIA Ha TOM, YTO OJIMH W3 NPOIYKTOB NETHAPOI€HA3HOW pEaKUUM - BOCCTAHOBJIEHHas (opma
HUKOTUHAMUAaJeHUHANHYKIeoTH win ero ¢ocpar (HAAH wmm HAJDH) - umeer makcumym
TIOTJIOIIEHHUS [TPU JIMHE BOJHBI 340 HM, a UX OKHCJIEHHBIE ()OPMBI TIPH 3TOH JIMHE BOJHBI MPAKTHUECKH
He moriomaroT (puc. 61). VY®d-tecT MOKeT OBITH HCIIONB30BAaH IS OIpPENEICHHS CKOPOCTEH TeX
peaknmii, B KoTophix He ydacTByioT HAJl mmm HAJI®, HO oOpasyromuecss MpOAYKTHl MOCPEACTBOM
Ipyrux (QEepMEHTAaTUBHBIX peakuuii npuBoiiaT K okucinennto HAJIH wnu BoccranoBneHuto HAJL
(merpsiMolt onrtudeckuii Tect BapOypra).

ITpy KMHETHMUYECKOM ONPEAETIECHUH BBIYUCISIIOT H3MEHEHHE HOIJIOIEHHUS 32 1 MMH M PacCUUTHIBAIOT
aKTUBHOCTB 110 (hopMyJie:

V x 1000 AD
A= X Y &
exl xv MUuH
A — akTHUBHOCTb (epMeHTa, u3Mepsemas B MexayHapomHbix eauHuuax (ME wmu Exn wmm U),

oTpeAensieTcs] KaKk KOJIMIECTBO (pepMeHTa, KOTOpoe KaTalu3upyeT mpeBpaiienne | MUKpoModis (MKMOJTB)
cyoctpara B 1 wmuHyTy. Karamutuueckas akTHBHOCTh (epMeHTa BBIpaKaeTcs YWCIOM €IUHUILI,
paccunTaHHbIX A7s 1 muTpa 6uonoruueckoi sxuaxkoctu (En/m).
V' - 00beM peakIOHHOW CMECH, MIT,
1000 - ko3¢ duLMeHT NMepepacueTa MULUTHIONb B MUKPOMOJIb;
£— MWJUTUMOJIIPHBIN MoKazarteib noriomeHus HAIH B peakuuu 6,22 1/(MMOJIb X CM);
[ - nvHa ontruyeckoro myTH (1 cm);
v - 00beM npoOBI (CBIBOPOTKH KPOBU MJIM APYTOr0 MaTepuana), ML
AD - n3MeHeHe ONTHYECKON TUIOTHOCTH 3a | MHH.
V x 1000

Pe3ynbpTaT apudMeTHUECKUX BBIYUCICHUI IS TIEPBOM 1poOu GOpPMYJIIBI exlxv
apnsiercst pakTopoM (F). 3HaueHue (akropa BBOAUTCS B Mporpammy (oToMeTpa WM OMOXMMUYECKOTO
aHaIM3aTopa, KOTOPbIE PACCUUTHIBAIOT AaKTUBHOCTH (DEPMEHTa CIIEAYIOIINM 00pa3oM:

A = F x AD/mun
[lpu ompeneneHUu aKTUBHOCTH (EPMEHTOB C UCIOJIB30BAHUEM JUATHOCTUYECKMX HAOOPOB
MPUMEHSIOT TPOMUCH TMOCTAaHOBKM aHAIW30B, MPEJACTABICHHbIE B WHCTPYKIUSAX K Habopam. B aTmx

CITyJasiX W3BECTEH HCIIOJIb3YEMBIH XPOMOTEH (CIIeJOBATENbHO, M3BECTEH €ro KOA(PHUIMEHT MOJSPHOI
SKCTUHKIIUH), YCTAHOBJICHBI 00BEM PEaKIMOHHON cpelbl U 00beM oOpa3iia, Kak MpPaBUiIO, U3MEPEHHUE
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MPOBOJUTCS B KIOBETe C AMMHON onrthueckoro mytu 1 cm. [losTomy pacuer akTuBHOCTH (hepMeHTa
npoBoautcs o ¢axktopy (F), ymMHOKeHHOMY Ha AD/mun. dakTtop NPUBOIUTCA B WHCTPYKLMSX IS
pasHbIX Temmeparyp MHKyOanuu. B cOBpeMEHHBIX MpOrpaMMHUpPyeMbIX (OTOMETpax U OMOXMMHYECKHX
aHaJIM3aTopax BCE pacyeThbl IPOrPaMMUPYIOTCS M PE3YJIbTaThl I0JIy4aroTCs B KOHEUHOM BUJIE.

Ennnvnubl aktuBHOCcTH (epMenTOB. B cucreme Cu enuHuneld aKTUBHOCTH (EPMEHTOB SIBIISETCS
KaTaJ (KaT), KOTOPBIH COOTBETCTBYET KOJIMUYECTBY pepMeHTa, KOTopoe mpeBpaiaet 1 Moib cyOcTpaTa 3a
1 cexyHny.

B 1976 r. B uznanuu “MHCTpYyKUMH U1 aBTOPOB” MexAyHaponHoro 6unoxumudeckoro Corosa 6bu10
yKa3aHo, YTO, Hapsily ¢ UI3MEHEHHEM aKTUBHOCTH ()EPMEHTOB B KaTanax, eAMHUILY KOJHyecTBa (pepMeHTa
MOJKHO XapaKTepU30BaTh W APYToil BENWYMHON — Me:kayHapoaHoii eqununeii (ME) - xommdectBo
(dhepMeHTa, KOTOpOE KaTaau3upyeT mnpeBparienne 1 MukpoMos (MKMOb) cyOcTpara B 1 munyty. Ilpn
3TOM 00BbEeMHasi aKTHMBHOCTh (hepMeHTa BbIpaxkaeTcs kak ME/n, ynenbHas akTUBHOCTh — kak ME/mr
Oenka. [lpy HEOOXOOMMOCTHM BBIPa3UTh PE3YJbTaThl B Karajax CleAyeT IepecuyruTaTb KOHEYHbIE
Pe3ybTaThI 1O CAEAYIOUMM (HOopMyJIaM:

0,0167 16,7
e o
ME/n = MKKAaT/JI AU ME/n < - HKaT/II

B mocnemnee Bpemst 0OoJjiee TOYHBIM OMPEICICHHEM AaKTUBHOCTH (DEPMEHTOB CUMTACTCS
KMHETUYECKHHA METOJ] CO CTaHIapTOM (MCIOJB3YeTCS JUO(DHUIN3UPOBAaHHBIA (EPMEHT OIpeNeICHHOM
akTUBHOCTH). TakuM 00pa3oM (EpPMEHT NPOSBISIET CBOIO AKTUBHOCTh B KOHKPETHBIX YCIOBUSIX

npooul

npoBezieHus peakiuu. Pacuer nposoast no popmyne: Akm(E /1) = X Akm (E/n).

cmanoapma
cmanoapma

HN3mepenue no koHeuHoi Touke (end point method)

Peakuust, compoBoXkzaroIiascss H3MEHEHHEM (OTOMETPUUYECKOr0 CHMIHaja, pa3BUBaeTCs 3a
HEKOTOPBI TepHOoJl BPEMEHU W JOCTHTAeT OINpPEAEICHHOr0 KOHEYHOIO COCTOSIHMS, TaK Ha3blBaeMOM
KOHEYHOH TOYKH. M3MeHeHue curHana, Kak (QyHKOUsS BPEMEHH, NpPEACTaBIeHO Ha pucyHke 64. [Ipu
W3MEPEHUH [0 KOHEYHON TOYKE YPOBEHb CHUTHAJIa COOTBETCTBYET KOJIMYECTBY MPOAYKTOB PEAKLUH B
MHKYOalMOHHOM cpefie mociae GUKCUPOBAHHOTO BpeMeHH MHKyOaruu. Ilormomenne uamepsercs mocie
OKOHYaHUsl peaklUyy MpH CTaOMIILHOM 3HAYEHUU CUTHAJA.

ry Kone'raa Touka
6yhep
& mpoba
(]
O v
i ! Puc. 64. U3mepenne mo KOHe4YHOI TOYKe.
2 pEAKTHE [ CrpenkaMy TOKa3aHbl MOMEHTBHI BHECEHHS
E | AD = Doguw — Dirsea~ 0yhEPA, pEAKTHBA U OHOJOTHUECKO# MPOGEL,
i } B Ka4€CTBE KOTOPOU MOMKET OBITh CHIBOPOTKA,
E *'r GmanK o pabodeny mia3Ma, Mo4a H JApyras OuoJorHdecKas
B PACTEOPY + FRFOBETE JKUJKOCTh
O': (zonocTad npoba)
GIIAHK TI0 KFOEETE

L 4

Bpema

Cy1iecTByeT HECKOIIBKO CXeM H3MEPEHUs 10 KOHEYHOU TOUKeE.

1-Toue4yHOe H3MepeHHne HA IBYXJIY4eBOM (poTomeTpe.

[Ipu pabote Ha 2-X TydeBOM (HOTOMETPE U3MEPEHUE BENETCS B PEKMME CPaBHEHHS PacTBOPOB B
JIBYX KIOBETax. B Kakaylo KIOBETbI BHOCHTCS OJMHAKOBOE KOJIUYECTBO PEaKTHBa, 3aTeM B | KIOBETY
BHOCUTCA ¢ OMompo0a ¢ W3BECTHOM KOHLEHTpalMed M MOJIy4aloT CTAaHIAPTHBIA pacTBOp C M3BECTHOM
KOHIICHTpAIMeHd HCCIeyeMOro BelecTBa, a B JAPYTyI0 KIOBETY MOMEINAIOT KOIWUYECTBO BOJbI HIIH
(DU3NOIOTUYECKOTO PacTBOPa, PABHOE KOJIUYECTBY OMOMPOOBI, W TONYYAIOT TAaKUM 0Opa3oM OIMOPHEIH
pacTBop (OJ1aHK).
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2-x JydeBasi cxema (OTOMETPUPOBAHUS MPEAyCMaTPUBAaET aBTOMAaTHYECKOE BhIUMTaHUE OJlaHKa,
mpu 3TOM (HOTORNIEKTPUUECKUN CHUTHAN OaHka (ONTHYECKas IJIOTHOCTh) MPHHUMAETCS 3a HYJIEBOUH
OTCYET ONTUYECKOW MIOTHOCTH, OTHOCUTEIHHO KOTOPOM M MPOBOAUTCS 1-ToueuHoe uamepenue. [Ipumep
W3MEHEHHUS] CUTHaJIA MPH TMOCTPOEHHHM KAIMOPOBOYHOW KPWBOW MPH U3MEPEHHH MO KOHEYHOH TOYKe
NpEeACTaBleH Ha pHCyHKe 605. M3mepeHue mpoBoguTcs mo merony [-moueunoeo usmeperus (1-point
assay).

4 ——— Cré
=
[
o
£ Cr3
H
a3
& Cr.d
D ' Puc. 65. 1-Toueunoe n3mepernue. CurHai pa3BUBaETCS
E Kak (pyHKIMS BpPEeMEHHU i 6 CTaHIapToOB (B JaHHOM
= Cr3 Clly4ae  WCIIONIb30BAIMCh  CTaHAApTBl it IgA).
Hcxonnag Touka - HyJb. KOHUEHTpalMs KaxXaoro
e cTaHjapta usMmepsercs 1 pa3 mo KoHeuHOH Touke (1o
cril JOCTIKEHUU CTAllMOHAPHOTO YPOBHS)
>
MoMeHT HsMepeHia T Bpema

N3mepenue ¢ 0,1aHKOM (X0J10€TOI MP000ii) HA OHOJIy4eBOM (poTOMETPE.

IIpu pabdore c¢ I1-kaHATBHBIM (OTOMETPOM 1-TOUEUHOE M3MEpPEHUE COIMPOBOKIACTCS
3HAYUTEJBLHOW CUCTEeMAaTHYECKOW OINMOKOM, CBSA3aHHOM C BIMSHHUEM Ha KOHECUHBIH pe3ysbTaT pa0dodyero
peakTuBa, B KOTOPOM MPOBOJUIOCH U3MEPEHUE, OTPAXKEHUE CBETA OT CTEHOK KIOBEThI, TEMHOBBIM TOKOM
(hOoTOTIPHEMHHUKOB 1 AP.

HHH HUCKJIIOYCHHA CUCTEMATUYECKOI'O BJIMAHHUA Ha PE3YJIbTaTbl HMU3MCPEHUA BHCUHIHUX
uHTepdepupyromux GhakTopoB (BHE MPoObI) UCIOIL3YIOT U3MEPEHHE OTHOCUTENILHO OJlaHKa (XO0JIOCTOM
mpoOsl). Kak mpaBmio, Omank ompexpensieTcs mo pabodeMy peakTHBY, TO €CThb IO TOTOBOMY K
YNOTPEOJEHUIO pEaKTUBY Nepel Hu3MepeHHeM npoObl. Onruyeckas IUIOTHOCTE HPOOBI  (Dypose)
PaccUMTHIBAETCS 10 COOTHOIICHHUIO:

anoﬁbl = onnetmoﬁ mouku "~ D onanka

[Ipouenypa m3mepeHust ¢ OJaHKOM CXOXka C 1-TOYeUHBIM HU3MEPEHHEM, HO MPHU HW3MEPEHHH C
OJ1laHKOM yd4eT OJaHKa POBOAUTCS B PYYHOM PEKHUME.

[Ipu u3MepeHny 1Mo KOHEYHOM TOYKE C OJIAHKOM PEKOMEH[yETCsl COCTABIATh Pabouyro TabIuILy.
[Tpumepom mMoxeT ciykuTh Tabmuma 10, cocTaBieHHas IS ONPENETICHNs aHaJHNTa C HCIOJb30BaHUEM
CTaHJIapPTHOTO pacTBOpa.

Ta6muma 10

PaGouas Tabauua ajsi onpeaesieHuss KOHIEHTPALMU AHAJIUTA METOI0M U3MeEPEeHHUs ¢ OJIAHKOM IO
paGoyeMy peaKTHBY

Baank Cranpapt IIpoda
Pabounii pactBop 1 M 1 M 1 mn
JluctunnupoBaHHas Bojia 10 Mk - -
Crangapt - 10 Mxn -
[Ipoba - - 10 Mxn

I[NepemeliiaTh, H3MEPHUTH ONTHIECKYIO MIOTHOCTH Yepe3 5 MuH uHKyOaiwmu, t=37°C, A=540 um (520-560)

anoﬁbt - D6ﬂaHKa

Cnp06b1 -

X Ccmaydapma

D cmandapma ~ D onanka
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HN3mepenue ¢ npo3oHoii (assay with prozone check)

H3mMepeHne ¢ mpo30HOI sBIsSETCS Pa3HOBUAHOCTBIO M3MepeHHs ¢ OnankoMm. [Ipu u3mepeHuu B
OJIHOHM KIOBETE, KOTa OTCYTCTBYET KIOBETa CPAaBHEHHSI, COMIOCTABICHNE KOHEUHOTO PE3YJbTaTa MPOBOIST
B KIOBETE ¢ pab0OYNM PEaKTUBOM J0 MOMEHTA J00aBICHHUSI K HEMY HUCCIIeIyeMOr OHOTIPOOBI (CM. PHCYHOK
64). Takoii crocod U3MepeHus XapaKTePeH JJisi OMOXUMHUYECKUX aHAJTU3aTOPOB U 0003HAYaETCs 0OBIYHO
Kak 2-X moueuHoe usmepenue ¢ nposonoti. Takum o0pa3oMm, Mpo30HA — 3TO BPEMEHHOM MEPHOA M0
no0OaBJIeHUS B HM3MEPUTENbHYIO KIOBETY OHOmMpoObl. BaxkHo mpum 3TOM, YTOOBI NMpo30Ha HE Oblna
CJIMIIKOM KOPOTKOW M CHUCTeMa TMpH W3MEpeHHH OJlaHKa JOCTHIJIA CTAlMOHAPHOTO COCTOSHHA. [IpH
Jn00aBlieHHH B PEAKIMOHHYIO Cpely HECKOJIbKUX PEaKTUBOB MPO30HA OMNPEAENseTcsl MpHU JOCTUKEHUH
CTaOMIIBHOTO COCTOSIHMS TIOCJIE BHECEHHS BCEX PEAKTHBOB Mepe.] MpoOoi.

Taxkum 00pazom, OJaHK — 3TO XapaKTEPUCTHKA, OTHECEHHAS K ITKaJie ONTHYECKON IIJIOTHOCTH, OJIaHK
ompeJeNisieT ONTHYECKYIO IUIOTHOCTh paboyero peakThBa, NMPO30HA — XapaKTEPHCTHKA, OTHECEHHas K
LIKaJjie BpEMEHH, OHa OMNpEeAeIsieT MOMEHT JOCTHIKEHHUS CTaOMIIbHOTO YPOBHS pabouero peakTrusa

JBYXBOJIHOBOE H3MepeHHe C ONOPHOM AJTHMHON BOJIHBI

B otTmenpHBIX Ciydasx CTaBHTCS 3aJada ydera WHTepPepHpyronmx (Mermaronmx) (akTopoB
HU3MEPCHUA, HAIIPUMED B CiIyda€ y4d€Ta IreMoJjin3a, UKTCPUYHOCTU HJIU JIMNMUMUYHOCTH CBIBOPOTKH WJIN
MpH  WCMOJNB30BAHUW HCYCPUYCHHBIX KIOBET. B Takux choywyasx TpuOEraloT K U3MEPEHUI0 C
WCTOJIb30BAaHUEM OIMOPHON BOJHBI, T. €. W3MEpeHHs IUIOTHOCTH HAa 2 JJMHAX BOJH — OCHOBHOW M
MOJIePKUBAIOIIEH. JTa cXxeMa MpeJICTaBlIeHa Ha pUcyHKe 66. B aToM ciydae u3MepsieTcsi TOJIbKO CUTHAI,
CBSI3aHHBIM C MCCIEAYEeMbIM aHAJIWTOM, OJHAKO YacTh CHTHAJla, OMNpejaeiseMas CaMHM aHaJIHTOM,
oTceKaeTcs.

tﬂ‘

R R

= Docanpnas

[

=

= Puc. 66. JIByx BOJHOBasi cXxemMa
3 H3MepeHns c HCIO0JIL30BAHHEM
i . .

z OCHOBHOW M ONOPHO# [JIMH BOJH.
) [Tornomenue COOTBETCTBYIOIIAS
= Dnonnepsamaroman ’

E ------- AR AR mas BIMSHHUIO HHTEPPEpUPYIONIHNX (HaKTOPOB
- ; (TmorjomeHne Ha COCEOHHX JITMHAX

BOJTH), OTCEKAaeTCsl. VauteiBaeTcs
TOJIBKO IUIOTHOCTD BBIIE Doyopmian

Hmrea BoIHe

N »

0O EREHE RO I]aA A OCHOEHAA

JlanHas cxema MOXKeT OBITh IPUMEHEHA Ha TeX MPUOOopax, Y KOTOPHIX KIOBETa C TIPo0oii o0mydaeTcs
OenbIM CBETOM, @ MOHOXpOMATop (MpH3Ma MM PelieTKa) paclofiokKeHbl MOocie KIOBETHl (Takas cxema
WCIOJB3yeTCs B OMOXMMUYECKHX aHanu3aropax). [Ipy 3ToM yCIOBHO NMPUHATO, YTO OMOPHAsl BOJHA HE
IOJDKHA OTCTYTIaTh OT OCHOBHOM Oosee wem Ha 100 aM. [Ipu ncmmonp30BaHUN JUCKPETHBIX JUTHH BOJH Ha
OMOXUMHYECKHUX aHaJm3aTopax 0OBIYHO B Ka4decTBE OHOpHOP'I MPUMECHACTCA IJIMHA BOJIHBI, KOTOpasd
OJimke BCEro pacrojiiokeHa K OCHOBHOH. Ha TakoMm MpHUHIMIIE aHATU3UPYIOT CTENECHb WKTEPHUYHOCTH,
JUNAMHAA W TeMONH3a IS CHIBOPOTKH. CHEKTpHl MOTIOMEHUS I OunupyOWHa, OKCHTeMOTJIOOWHA
(HbO,) m paccewBaHUs TpH OIAJECIECHITUN JTUMUMHUYHON CBHIBOPOTKH NPEICTaBICHBI Ha PHCYHKE 67.
CrekTpsl reMoryioOnHa U OMITUpYyOUHA U3MEPsUI (POTOMETPUYESCKUM, a JTUIMHULI TYPOUIUMETPUICCKUM
METOJIaMH.
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B
!

460
g
2
£ T -\Bmmpyfim
(=]
= 500
g ! 576 597
B \ Puc. 67. CniekTpsbl
w o
B \ MOTJIOLIEHU A
5 1 Femornafum OKCHIeMOIJIO0OUHA, TUITHI0B
750 U Owimpyouna. PazHuua B

ONTHYECKOH MIOTHOCTH Ha
pa3HbIX JJIMHAX BOJIH
HCIONB3YETCsl ISl
ONPE/ICNICHUs CTENEHU
HUKTEPUYHOCTH, JIMITMMUYHOCTH
M TeMOoJIn3a

I T T T -
400 00 aaa Taa 200

DG BOJHEL

[puHnMn nonydyeHus WHGOPMAIMH O CTENCHW WUKTEPUYHOCTH, JUMMMHUYHOCTH WU TEMOJIM3A JIs
CHIBOPOTKH.

20 MKJ CBIBOPOTKH cMemHBaioT ¢ 200 MKJI TUCTHIUTMPOBAHHON BOJIBI, K ’TOMY PAacTBOPY B KauecTBE
peaktuBa nobapnsercs 600 mxin 1/15 M dochataoro d6ydepa (pH = 7,4). [IpuroroBneHHslid pacTBOp
u3Mepsaerca Ha JnuHax BoiH 460, 500, 576, 597 u 750 um. Ilo pe3yabTaTtam U3MEPEHU BBIYUCISAIOTCS
CJIeIyIoIre BETUINHBL:

1. AD 460/500 (pa3HocTs rutoTHOCTeH Ha 460 1 500 HM)

2. AD 576/597 (pa3HOCTb IUIOTHOCTEH HA 576 1 597 HM)

3. 4D 597/750 (pa3HocTh mimoTHOCTEW Ha 597 1 750 HM)

[lomyuennsie 3HaueHUs B QoroMeTpuueckux enuHunax (b) HCMOMB3YIOT UIS OLEHKH CTENeHH
ukrepuaHocTu (AD 460/500 ), remomutuaaocTH (AD 576/597) n nunumuaHoctu (AD 597/750) kaxmoro
3HaYeHHUA 10 4-X OabHOM mikane — 0, /, 2 win 3, 9TO COOTBETCTBYET YaCcTO HCIIOIB3yEMOM OIIEHKH dTHX
napameTpoB B “kpecrax” ( -,+, ++, +++ ). AOCOJIOTHBIE 3HAYEHUS YCTAHABIMBAIOTCS IS KAXKIOTO
npubopa OTAENBHO, TaK KaK U3MEPEHUE MOXKET MPOBOAUTHCS Ha OJIM3KUX K 0003HAYEHHBIM AJIMHAM BOJIH
1 Ha pubopax ¢ pa3HbIMU ONTUYECKIMH XapaKTepUCTUKaMu. TeM He MeHee, JIJIsl OPUEeHTAINH TPUBOIIM
XapaKTepHbIE paHroBble 3HadeHHs (Tabnuma 11). B Onmanke pe3ynbpTaToB aHamW3a MpU MPOBEIACHHUH
JaHHOW MpoLenypsl NOsBIsIeTCs «daar», TEM CaMbIM Bpad MOXKET OLEHUTh Pe3yJbTaT C YUETOM CIUSHUS
UHTEPPEPUPYIOLINX (AKTOPOB.

Tabmuma 11

PaHroBble 3HaUEHUS ONTHYECKOH MJIOTHOCTH AJIsi OUCHKH CTCNNCHU UKTCPUYIHOCTH, TUIIUMHYHOCTH U
remMoJin3a CbIBOPpOTKH KpPpOBHM.

Panrosoe 3HaueHME HxkrepuyuHocTh I'eMOIUTHYHOCTD JIMIMMAYHOCTE
(AD 460/500 ) (AD 576/597) (AD 597/750)

0 (-) <0,040 <0,002 < 0,006

1 (+) 0,040 — 0,103 0,002 —0,005 0,006 —0,011

2 (+) 0,104 — 0,204 0,006 — 0,009 0,012 —0,020

3 (+++) > (0,204 > (0,009 > (0,020

Kunernueckne usmepenns (kinetic measurement).

Kunerndyeckoe wu3MepeHue ImoOApa3yMeBaeT OINpelesIeHMe MEHsoIeiics B XOJe peakuun
onThyeckor mIoTHocTH. Haubonee mMpoko KHHETHUECKOE U3MEPEHUE HUCIIONB3YETCS ISl ONpeAeeHHs
AKTUBHOCTH ()EPMEHTOB, XOTS B TOCIEAHEEe BpeMsi pa3paboTaHO JOCTATOYHO MHOIO METOIOB
omnpeesieH!sI KOHLIEHTPAMU CyOCTpaToB B MEPHOA KHHETUYECKOTO MIPOTEKAHMUS PEAKIIMH.

Kunerndeckoe wusmepeHue T1peOyeT, Hapagy C COOTBETCTBYIOIIMM (DOTOMETPUYECKUM
000pyIOBaHMEM, TaK)Ke€ TOYHOTO MOJAEPKaHUs TEMIEpaTypbl B U3MEPUTEIBHON KIOBETE U MPABHILHOTO
oTcYeTa BPEMEHHBIX HHTEPBAJIOB. Tak, OOIIENPUHATHIM CUUTAETCA MOIAEP)KAHHE TEMIEepaTyphl B
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U3MEPHUTENBHOM sueiike B mnpenenax  + 0,2°C. DTH  yClOBUSL SABJISAIOTCS  00sI3aTENbHBIMHU IS
KUHETUYECKUX METOAOB M JOCTYMHBI TOJBKO MPH HCIONB30BaHHUM COBPEMEHHBIX (POTOMETPOB H
OMOXMMHYECKUX aHATU3aTOPOB.

Uro kacaercsi aOCOJIOTHOIO 3HAYEHUs TEMIIEpaTypbl, TO JUId OIpPEIEICHUS AaKTUBHOCTH
depmenTor ucnonbsyrores 25°C, 30°C u 37°C. Temmneparypa 25°C siBisieTcst CTaHIAPTHOM B (DU3UUECKOM
XMMUH, TIO3TOMY 3Ta TemIeparypa Obuta mpennokeHa Komuccued mo ¢epMmMeHTaM MeEXAyHapOIHOTO
Corosa mo ¢epmentam B 1961 r. B 1964 r. Obuio npemioxkeHo ucnonb3oBath 30°C, 4To CBS3aHO C
KITMMaTHYECKUMH 0COOEHHOCTSAMU PsiJia CTPAaH M MHEHHEM O HanOOoJblel CTAOMIBHOCTH PEe3yIbTaTOB M0
OTpeNIeNIeHNI0 aKTMBHOCTH (EPMEHTOB TpW 3TOM Temmepatype. OAHAKO B HACTOSIIEE BpeMs
OONBIIMHCTBO HM3MEPEHMH B OHOXMMHYECKHX aHaiam3aropax mpoBogurcs npu 37°C.  ®dakrop
TEMIIEpaTyphl CIAENYeT CTPOr0 YUUTHIBATh, TAK KaK OH BHOCUT CYLIECTBEHHbIE U3MEHEHUs B IOKa3aTeIH
akTUBHOCTH (epMmeHToB. B Tabmmue 12 mpuBeneHbl mepecdeTHble KOd(QQPUIUEHTHI IS KOPPEKLUH
TemreparypHoro ¢aktopa. T K03)OUIHEHTH HOCAT OPUEHTHPOBOUHBIN XapaKTep, TaK Kak 3aBHCAT HE
TOJIBKO OT KOHKPETHOTO epMeHTa, HO 1 oT Oydepa, pH, HOHHOH CHIIBI U T.1I.

Tabmuma 12.
KoppekTupyomue temnepatypHble KO3()QHIHEHTHI A1 AKTHBHOCTH ()epPMEHTOB.

depMeHT TeMneparypa B U3MEPUTEILHOMN siuehKe

25°C 30°C 37°C
AnanuHamuHoTpaHcdepasza (AJIT) 1,00 1,32 1,82
Acnapraramunotpancgepaza (ACT) 1,00 1,37 2,08
o—AMHIIasa 1,00 1,30 1,80
y—nmyramunrpancdepaza (I'TT) 1,00 1,37 1,79
Kpearunkunaza (KK) 1,00 1,56 2,44
Jlakratnerunporenasa (JIJII) 1,00 1,33 1,92
[lenounas pocdaraza (LID) 1,00 1,22 1,64
XomuHacTepasa (X09) 1,00 1,24 1,55

[IpoTekanne KHHETHYECKHX peaknuid HeoaHo3HaYHoe. Ha pucyHke 68 mpeacTaBieHsl TUITUYHbIE
BAapHAHTBl TPOTEKAaHUS KHHETHYECKMX peakuuid. CyInecTByeT HECKOJIBKO CX€M KHHETHYECKOTO
U3MEPEHHUS.
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7 Hamamezad daza
Ir ¥ .~ cxopocTs BpEMA
T T T T 1 T T T T 1 T T T T 1
1 2 3 4 4 1 2 3 4 3 1 2 3 4 5

Puc. 68. CxopocTh (pepMeHTATHBHOI peakuM Kak (PYHKIUS BPpeMeHH. A - CKOPOCTh MOCTOSIHHA B
TE€YEeHHE BCETr0 IMepuoja H3MEpeHHs, B JI00OH MepHoa MOXHO IO CKOPOCTHM pEaKlMW OLEHHUBAThH
aKTUBHOCTb (pepMeHTa, b - CKOpOCTh peakuuy MOCTOSIHHO CHWXKaeTcs, PEKOMEHIYETCS aKTUBHOCTb
(depMeHTa OIECHHWBATH II0 HAYaTbLHOW CKOPOCTH, B - JWHEHHBIA y4YacTOK, B TEYEHHE KOTOPOTO
PEKOMEHTyeTCsl OTIPEIENATh aKTUBHOCTh (DEPMEHTA, YCTAaHABIIMBAETCS B CEpeIMHE MEpUoa MHKYOaIHH.
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HN3mepeHue mo 2-rouKkam.

B ciydae MOCTOSHHOW CKOPOCTH KHHETHYECKOH peakmuu (PUCYHOK 68,A) W3MEpeHHEe MOXHO
MIPOBOJIUTH Ha JIFOOOM OTpe3Ke JIMHEHHOW KPUBOM, MPUBOJA M3MEpeHHe MoromieHus Kk 1 Munyre. Pacuer
BenyT 1o popmyne: Axm =AD/ munx F .

JOoCTOMHCTBOM JaHHOTO crocoda sIBIIsieTCs MPOCTOTa, BO3MOKHOCTh U3MepeHHs 0e3 MCIOIb30BaHuUs
CTaHIapTa, a TaKXKe HE3aBUCHMOCTb B Ipefeiax JWHEHHOro Iuana3oHa IUIOTHOCTEH OT BIMSHHUH
cucteMHbIX UWHTepdepupyromux QakropoB. Kunermueckuit crnoco® H3MEpeHUs JOMYCTUM TPH
WCIIOJIb30BaHUM BBIMBITHIX TIACTUKOBBIX KIOBET, KOTOPbIE NIPEeHA3HAUEHBI JJIsl pAa30BOTO MCIIOJIb30BAaHUS
B OMOXMMHYECKUX aHAIN3aTOPaX, TaK KaK ONTHYECKas IVIOTHOCTh MEHAETCS Ha ONpeAEICHHOE 3HAUECHUE
B J1000H MPOMEXYTOK BPEMEHH M HE 3aBUCHUT OT BEJIMYMHBI ONTHUYECKON INIOTHOCTH XOJOCTOH MPOOHI.
OpHako HeE0OX0AWMO yOeAWThCS, YTO HM3MEPEHHE MPOBOJIUTCS B JIMHEHHOM [Uana3oHe MpPOTEKaHHs
KMHETUYECKOH peaklny.

JByxTOoue4uHOE HM3MEpPEHHE MOTEHLHAIbHO BKJIIOYAE€T BO3MOXKHOCTb HECKOJBKMX METOIMYECKHX
omunbok. Ecnu peakiysi HauMHAeTCsd C OYEHb BBICOKON CKOPOCTBIO, TO OHA MOKET 3aMEIJIUTHCS WU
BOOOIIE MPEKPATUTHCS M3-3a TIOTPEOICHUST BCEro KONM4ecTBa cyOcTpara. BEISIBUTE TaKyr0 MOTPEITHOCTD
npY 2-X TOYEYHOM M3MEPEHMH HE MPEICTaBIsIETCs] BO3SMOKHBIM. Ha ommOKy yka3plBaeT HECOOTBETCTBHUE
pe3yabTaTOB OMOXMMHMYECKOIO HUCCIIEAOBaHMS KIMHUYECKUM JaHHBIM. Peakuus BooOIle MOXKET MMETh
HEJIMHENHBIN XapaKTep.

Peakuust moxer 3anepxkarbest Ha crapte (Lag ¢da3a B MyIbTH(hEPMEHTHBIX TecTaX, pUCyHOK 68, B).
Hamnune Lag ¢aspl, Kak mpaBuio, OOBSCHAIOT BBIPABHMBAHHEM TEMIIEPATYpbl M 3aJEPXKKOH s
PaBHOMEPHOT'O MepPeMENINBaHNS MPOOBI C PEAKTUBOM, OJIHAKO OCHOBHOE 3HaY€HHE UMEET, 0-BUAUMOMY,
3ajiepkka Uil oOpasoBaHMsl Komiuiekca cyOctpara [S] ¢ depmentom [E], mostomy Lag daza moxer
MOJOKATbCA O HECKOJbKMX MHHYT. [IpM KHHETHYEeCKHX HCCIENOBAaHHMAX CYIIECTBEHHOE 3HAUYEHHUE
HUMeeT NOPSIOK BHECEHUs peakTuBOB. CUMTAeTCs MPaBUIIBHBIM IS JIyYlLIEro NepeMEIIMBAHUS PEAKTHB
Oonbmero obbema A00aBIATH K MEHbIIEMY O0beMy, B M3MEPHUTEIbHYIO KIOBETY CHadaja BHOCHTCS
Ouonpoba (MeHbIMH 00BEM), a 3areM paboumii peakTuB (OONBIIMI 0O0BEM), TO €CTh, CTAPTYIOT
peakTuBOM. B coBpeMeHHBIX OMOXMMHYECKHMX aHAJIM3aTOpax MPOrpaMMbl COCTaBIEHBl TaK, 4YTO B
KayecTBe CTapTOBOTO PEAKTHBA HCIOJB3YIOT CHIBOPOTKY, TO €CTh, K OOJNbIIEMY 00bEMYy 100aBISIOT
MeHbIIHN. [lepemMelnBaHye B 3TUX CIIy4asX JOCTUIAETCS MCIOJIb30BAaHUEM CHELUATBHONW MPOLETYpHl, B
9YaCTHOCTH, PA3HOr0 POAa LIEWKEPOB WM BUOPALIMHU UIJT JO3aTOPOB, KOTOPBIE 3PPEKTUBHO U CTAHAAPTHO
[EPEMEIIMBAIOT PEAKUUOHHYI0 cpeay. [Ipy pydyHOM J03MPOBaHHMM KaueCTBEHHOI'O IepeMELIMBaHUs
I00UThCS JocTatouHo TpyAaHo. Kpome Toro, B cinyuae ompenenenus HAJIH-peruaporeHas mpu crapre
CBIBOPOTKOM MOXKeT OBITh AOMylleHa OMMOKa, CBA3aHHAs C HAKOIUIEHWEM SHAOTEHHBIX MPOLYKTOB.
Hampumep, npu ompeneneHuH aKTHBHOCTH JakTataeruaporeHaza (JIAI') Moxker B mpoOe HaKOMUTHCS
SHJIOTEHHAs! PUPOBUHOTPAIHASL KUCIIOTA, KOTOpasi Oy/AeT 3aBbIIAaTh Pe3yibTaT.

MHororoye4Hoe u3MepeHue.

B knuHHUYecKOi XUMUU I M3MEPEHHI, B KOTOPBIX perucTpupyeTcs 0osee 2 ToYeK, MPUHAT TEPMUH
“KHHETHYECKOE” HM3MEPEHHE, XOTS 2-X TOYEUHOE M3MEPEHHE TakXke KWHeTHueckoe. HempepriBHOE
(MHOrOTOYEYHOE) U3MEPEHNE ONTHYECKON IUIOTHOCTH B XOJ€ PEaKLHH MO3BOJISIET OLEHUBATH XapaKTEp
KMHETUKHU ¥ BBIOMPATH JJIsl pacueTOB JTMHEWHBIH yU4acTOK KPUBOIA.

MHOroKpaTHOe U3MEpEeHHE MPUPOCTa KOHLEHTPALUHK MPOAYKTa peakuuu (CHIKEHHs cyOcTpara,
b0 W3MEHEHWsI COCTOSHHUS KO(QEepMEHTa) CUYMTaeTCs HaumboJee TOYHBIM METOJIOM OIpeeIeHUs
aKTUBHOCTH (EpPMEHTOB. V3MEHEHHEe ONTHYECKOro TOTJIOUICHUSI B 3TOM cllydae JOJDKHO OBITh
O/IMHAaKOBBIM 3a pPaBHbIE TNPOMEXYTKH BPEMEHHU (JIOMYCK OTKJIOHEHHWH OT JIMHEHHOCTH HE MAOJKEH
npesbiats 10 %).

N3mepenne no HayaabHOM ckopocTH (initial rate)
CkopocTh (pepMEHTATUBHOM peakiM¥ 3aBHUCUT OT COOTHOIICHHMs KOHICHTpalMH CyOcTpata H
KOJIM4ECTBa Q)epMeHTa. PI/ICyHOK 69 IMOKa3bIBa€T, 4YTO CKOPOCTH PCAKIHWU MOKCET YBCIUMYHUBATLCA B

3aBUCHUMOCTH OT KOJIMYECCTBa (bepMeHTa Inpu O,Z[HHaKOBOfI HavaJIbHOU KOHOCHTpAaILun CY6CTpaTa. Taxas
3aBUCHUMOCTBb BO3HHKACT B TEX ClIydasaX, KOrga KOJIH4E€CTBO cbepMeHTa Mmaljo.
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Puc. 69. KunHernuyeckue KpHBbIe NMPH PpPa3HOM
HHU3KOH KOHIIEHTPALNH (pepmenTa U
MOCTOSTHHOM HAYAJIBbHOM KOHIEHTPALHUHU

cyocTpara. HauanbHasi ckopocTh Vo yaBauBaeTcs
NpH YIBOCHUU KoJuvecTBa (epMmeHTa. TeM He
MEHEe, KUHETHKA PeakUWu HEJIMHEHHa, MO3TOMY O
comepkaHun  GepMeHTa MOXHO CyOWUTh TIO
Ha4daJIbHON CKOPOCTH, KOTOpasi PETUCTPUPYETCSI.

DbpazoEadHe OIpoIyKTa

Bpema

B koHeuHOM cuere, miaro OyneT HOCTUTHYTO HAa OJHOM YPOBHE, HO BpeMs OCTHXKEHHS IJIaTo
MOJET OBITh YPE3BBIYAWHO MPOAOKUTENbHBIM. [109TOMY B Takux ciydasx He JKOyT AOCTHKEHHS IUIaTo,
a paboTaloT Ha HEMTMHEHHOM ydacTke. TeXHHMYECKH perucTpupyeTcs 3HaueHHe MaKCHUMaJIbHON CKOPOCTH
W3MEHEHUs] ONTUYECKOH TuIoTHOCTH (pucyHok 70), TOo ecth mpousBonHas AD /At . Kak mpaBuio, oHa
MMEEeT MecTO B Hayalle peakiuu (pucyHok 68, b), korma koHueHTpalus cyOcTpaTa MaKCHUMallbHa,
MO3TOMY CIOCOO Ha3bIBAETCS — MO HAdaJdbHOW CKOPOCTH. OUYEBHIHO, YTO TAKOW CMOCOO perucTpaluu
JOCTYIIEH TOJBbKO aBTOMATHUECKUM AHAIU3aTOPaM, OCHAILUEHHBIM COOTBETCTBYIOIIEH BBIYHMCIUTENBHON
TEXHUKOM.

CEOPOCTE
* LISKCHRANEHAL CKOPOCTE

Byrep mpoba

PEaKTHE Puc.70. H3MepeHHe  CKOpPOCTH  peakUMH.
Peructpupyercd M3MEHEHHE B KaXKIblH MOMEHT
BPEMEHHU CBETONPOIYCKaHUs (TepBasi MPOU3BOAHAS
win nuddepeHunan IUIOTHOCTH). B kauectBe
[I0Ka3aTesis, COOTBETCTBYIOLIET0 MAaKCHUMaJbHON
¥ jL ¥ CKOPOCTH, UCTOJIB3YETCsl 3HAUCHHE MaKCUMaJIbHON
CKOPOCTH U3MEHEHHS ONTHUYECKOT0 MOTJIOLIEHHMS.

EpEMA

Kunernuecknii MeToj ¢ koppexkuuei no 60JJaHKy oopasua.

Kunernyecknii MeTon H3MepeHHs B KIMHHYECKOW XWUMHHU HCIIONIB3YeTCS HE TOJBKO IS
ompeJiesieHNsl aKTUBHOCTH (EepMEHTOB, HO M JUIS KOJWYECTBEHHOTO W3MEPEHUs KOHIEHTPALUH
cyoctparoB. [Ipu 5TOM BO3MOXKHBI BapHaHTBI, PH KOTOPBIX OJHOBPEMEHHO MeHsieTcsl O6JaHk pabouero
peaktuBa (pucyHok 71). B aToMm ciydae B pacdyerax HEOOXOIMMO YYHTBHIBATH KOPPEKLHUIO MO OJIAHKY
obOpasma (pabodero peakTHBa) U BECTH PacueThl 0 COOTHOIICHHUIO:

Aanaﬁbz - AD bnanka

Cnpoﬁbl -
ADcmam)apma - AD6,'1{1HK(I

X Ccmam)apma
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[Tpoba rm
CTAHTRLT

Puc. 71. KuneTnueckoe usmMepeHue ¢

%. : _ Bmmcmo
g PEANTHEY KOppeKkuuei mo 6;1aHky odpasua.
" IIporpaMma HcCIOJAB3YETCS NPUH HECTAOMJIBHOM
Omanke.  CrpenkaMu  yKa3aHbl ~ BO3MOXKHBIE
> MOMEHTBI U3MePEHUs TPoObI U OIaHKa
1 2 3 »mH

TYPBUIUMETPUA U HE®EJIOMETPUA

TypOuanmerpust U HedeloMeTpuss B KIMHUYECKOH XMMHHU HCHONB3YeTCS B OCHOBHOM JUis
onpenesieH!sT MHAUBUIAYANbHBIX OenkoB. OCOOEHHOCTBIO TAaKHX OIpPEIENCHUN SIBISIETCS MOCTPOEHHUE
KaJMOPOBOYHOro rpauka ¢ UCIOJIb30BAaHUEM HE MEHee ISTH KOHLEHTpalMd, Tak Kak KaJuOpOBOYHBIH
rpadyK UMeeT HeTMHEHHBIN XapakTep.

Kpusas no3a-3¢¢pexr. (KaaudpoBounblii rpadguk, 0TpaKalIMi peakiuio
B3aMMO/IeHCTBHS AHTUTCHA H ATUTEJA).

Peakiusi aHTUTeH-aHTUTENO, MPOSIBISIETCS B pacTBOpPE B BHIE 00pa30BaHMs arperaTos.
CxeMaTHUYeCKH PEaKIMi0 B3aWMOJCHCTBUS aHTHUreHOB (Ag) c¢ aHTHTenamu (At) MOXHO H300pa3uTh
CIEeMyIOIKUM OOpa3oM: €Cld TpPH ONpEeAeNICHNH aHTHUIeHa BBECTH B TECT-CUCTEMY IIOCTOSTHHOE
KOJIMYECTBO AHTHUTEJ, TO MPU HEBBICOKOW KOHIEHTpalMu Oesika (aHTHreHa) BCe aHTUIEHBI CBS3aHBI C
aHTUTENIaMH, €CIH O00pa3ylolMecs HWMMYHHBIE KOMIUICKCHI OCalUTh IICHTPU(PYTHPOBAHHEM, TO B
CylepHaTaHTE MOXHO OIPENIEeNNTh HECBS3aHHBIE aHTHUTENa. Takoe SBICHHWE Ha3bIBae€TCS H30OBITKOM
aHTUTEN WM aHTHTeNo-d3Kcrecc (pucyHok 72, A ). Ilpu yBenmu4eHMH KOHIIGHTpAaIlMiH Ag MOBBIIIASTCS
ONTHUYECKAs IJIOTHOCTb.

Korna koHIeHTpaIysi aHTUTE€HOB W aHTUTEI MPOIOPIIUOHAIBHA, ITPOUCXOANT CBSI3BIBAHHE BCEX
aHTHUTEN W aHTUTEHOB, TAKOM KOMIUJIEKC BBIMIAJAaeT B OCAJOK B BHJE MPEIUNHTATA U B CyllepHATaHTE He
ONPENIEISAIOTCS aHTUTENA U AHTUTEHBI. Takoe COCTOSIHUE OMPeNeNsitoT KaK IKBUBaJIeHTHOE (puc. 72, b).

[lpu nanpHElWIIeM YBEIWMYEHWH KOHIIGHTPALMM aHTHTEHOB KOJWYECTBO AaHTUTEN ObIBaeT
HEJOCTaTOYHBIM JJIsi TIOMHOTO CBs3bIBaHWS Oenka. [Ipm STOM dYacTHIBI WMMYHHBIX KOMILIEKCOB
CTaHOBSITCS MEJKHMH, TPEIUITUTAT TNpPaKTUUYeCKH He dQopMmupyercs. B cymepHaTante npu 3TOM
OTIPECIISIOTCS CBOOOTHBIC aHTUIeHBI. TaKoe SIBJICHUE HOCUT Ha3BaHUE aHTHIeH JKciecc (pUcyHok 72 B).
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A. N30bITOK aHTHTEI.
0O \(YY )/ }\E* Bce aHTHTeHHBIE CalTHI (MecTa
A o O + \(Y )/ : CBS3BIBAHUS ) 3aHSTHI
y ~£7’ aHTUTEJIaMH U 00pa30BaHue
Y Y MPELUITUTATA TTOJIABJICHO

PactBopumsble

b. IIponopunonansHoe
B KOMIIJICKChI

cojiep:kaHue AHTHUI'€HOB H
00 Y AHTHTE
+ Y Y - OnrumanbHas MpOIOpLHS,
O O )/ Y — \%\ Korya 2-3 MoJIeKyJIbl aHTHTEIa
NPUXOIHUTCS Ha MOJIEKYITY
anTureHa. Oopazyercs

[Ipeuunurar
B MPELUNNTAT
o O Y B. M30bITOK aHTHT'€HOB.
O <
o) + Y 1% — Bce aHTUTENA CBA3AHBI,
© © ,83 o0pa3oBaHMs MPEIUINTUTATA HE
AHTUTECHBI aHTHUTENA IpoucxoauT
PactBopumsblie
KOMILJICKChI

Puc. 72. Cxemaruueckas guarpamma (GOpMUPOBaHUS MIPELUIUTATa IPU B3aUMOACHCTBUU aHTUT€H-
AHTUTEIIO.

B 1929r. Heidelberger nu Kendall onucanu rpaduk kiaccudeckoil NpelMIIMTALMOHHONW KPHBOH.
I'padmk HOCMT HaszBanume kpuBoW XadnenwOeprepa-Kennmans (pucyHok 73). DTy KPHUBYK MOMKHO
pa3aenuTh Ha 3 30HbI:

1) 3ona usbwimrka anmumen: BenuurHa OPEHUMUTATOB YBEITMYUBACTCS 110 MEPE 100ABICHHUS aHTUT'€HOB,

B CyIIEpHATaHTE COXPaHIIOTCS CBOOOAHBIE aHTUTENA
2) 3ona coomeemcmeus anmuzena u anmumena : VIMeeT MeCTO MaKCHMaJIbHas PELUIHTALIS,

CyIlepHATaHT HE COACPKUT HU CBOOOIHBIX aHTUTEN HU CBOOOHBIX aHTUTEHOB
3) 3ona uszbbimka anmueenog: 3-3a BRICOKOW KOHIIEHTPAIMH AHTHT€HOB (POPMHUPYIOTCS HEOObIINE

MMMYHHbIE KOMILIEKCHI, 8 HE IPELUIINTAT, CylIepHATaHT COAEPIKUT CBOOOIHBIE AaHTUTCHBI.

& curan
S —»

Zoma BoHa

H3HBITKA Y %oma ! H3BEITHA

SHTHTET . COOTBETCTEHA ; AHTHIEHA

| awTwTeEHam @
AHTHTEIA
Puc. 73. KpuBas no3a-3¢gdekr npu oOpazoBaHuu
Komerpaups anmaresa KOMIUIEKCOB aHTHI'€H-aHTHUTEJIO B
= > MMMYHOXUMHUYECKON peakiuu (KpuBas
AHTHT EHEI AHTHTEIA PACTEOPHMELS 2
KOMIVIEKCEI Xaitnennoeprepa-Kenmans

Takas ¢opma KpHBOH XapakTepHa MPAKTHYECKH U BCEX METOIOB WMMYHONPEIMITUTAIMH, BKIFOYas
UMMYHOTYPOUJIUMETPUIO U UMMYHOHE(PEIOMETPUIO, U PACCMATPUBAETCSI B OTHX METOJaX KaK KpuBas
no3a-3ddexr.

Kanu0poBounblii rpaguk

Jis mpakTU4ecKuX U3MepeHU Heo0X0AUMO, YTOOBI perucTpauys NpOBOAUIACH HA BOCXOSILIEM
yJacTKe KpHBOH 1103a-3((EKT, dTOT YYIaCTOK HCIIONB3YeTCs B KadeCTBE KaIMOPOBOYHOTO Tpaduka
(crangapTHOM KpHBOH) (pHcC. 74).
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KamuOpoBouHasi KpuBas CTpOUTCS [UId KaXAOTO WMHAMBUAYaIBHOTO Oejka, Ui KaKIoro
npubopa, mpu JOO0OM HM3MEHEHMH YCIOBHHM PErucTpaldd M IMEPUOJUYECKH IO MEpe IMPOBENEHHS
uccrnenoBanuil. [Ipu cepuitHBIX HCCIENOBAHUAX B CTaHIAPTHBIX YCIOBHUAX JTOMYCKAETCs] KOPPEKTHPOBKA
rpadyka Ha OCHOBaHMHM W3MEPEHHsI OJHOTO M3 CTaHAAPTOB. DTO OCHOBAHO Ha HAOIIOAEHUH O TOM, YTO
XapaKkTePHbIM BHI CTaHAAPTHOM KPWUBOW HE MEHSAETCS HM3-3a BIUSHMS CHUCTEMAaTHYEeCKUX (aKTOpOB, a
MIPOMCXOAMT MapajulebHbIA CABUI Beero rpaduka. B aTux ciydasx npousBoadr nepecuer rpaduka, Tak,
4TOOBI OH LIET MapajuieIbHO EPBUYHON KPUBOH, HO MPOXOIWII OBl Uepe3 HOBYIO TOUKY. J1Jisi TOCTpOeHHs
KaJMOPOBOYHOrO rpadyka MCHONB3YIOTCS CTaHAApThl, KOTOpble (PUPMa-MOCTABIIMK COOTBETCTBYIOIINX
TecT-HabOpOB 00513aHa MPEIOCTABIATH MOJIb30BATENSIM WM UX HEOOXOAMMO BBINHCHIBATH OTIAEIBHO.

& cprHan

Puc. 74. KanuOpoBo4Hblii rpadguK, XapaKTepHbIA
JUTSL OTIpeieNeH ] MHINBUAYaIbHBIX OETIKOB
TypOUIMMETPUIECKUM U HePeTOMETPHUECKIM
Mmeroaamu. s noctpoenus rpaduka Tpedyercs, mo
KpaifHel Mepe, 5 CTaHAapTHBIX PACTBOPOB aHTUT'€HA

Fl oEmT epIT AT AHTHTEHA

[
Ll

Tak kak 3aBHCUMOCTb KOHUEHTpalUuu Oenka OT CHrHaja M3MEpEeHHs ONpeleNseTcss KPUBOH
XainenoOeprepa-Kennans, To odeHb OoJblIOE 3HAYEHHUE UMEET ONTUMAbHOE OTHOLICHHE COJEepKaHUs
AQHTUTENl U AHTUICHOB B PEAaKUMOHHON cMecH. OOBIYHO COCTaB PEaKUMOHHOM cmecu mnoadupaercs
(upMaMu IPON3BOAUTENIMU HAOOPOB TaKUM 00pa3oM, YTOOBI ONpeieTieHre MPOBOANIOCH B 30HE KPUBOM
no3a-3gdexr, o003HayaeMoil Kak 30Ha HM30BITKAa aHTHTEN (AHTUTENO 3Kcuecc). VMHorma mpu odeHb
BBICOKOW KOHLIEHTpalMu Oeika B ONpenensieMol OMOJOrMYecKor KUIAKOCTH aHTHUTEN Uil 00pa3oBaHUs
MMMYHHOI'O KOMIUIEKCa ObIBa€T HEAOCTATOYHO (AHTUI'€H DKCLECC) U YACTULbl NPELMIINTATa CTAHOBATCS
MEJIKUMHU, OTIpeJiesieHHe MoMaAaeT B HUCXOAILY IO YacTh KpuBoil Xaiinensoeprepa-Kennans, B KOTOpO# ¢
yBEJIMYEHHEM KOHLEHTpaluu Oenka curHai npuOopa ymeHbliaeTcsi. B pesynbTare MoXeT ObITH BblIAaH
HETIPaBWJIBHBIA pPe3yibTaT (BMECTO BBICOKOW KOHIICHTPAIIMM - HU3Kas KOHIEHTparus Oenka). UToObI
n30eXaTh 3TOTO TMPOBOAAT pa3BeeHHWE Ouojormueckod sxkuakoctd. Ecnm curnan mpubopa
YBEIIMUUBAETCS, 3TO CBUAETEIBLCTBYET O TOM, YTO OIpelesieHHe MPOBOIWIOCH B HUCXOJSIIEH 4acTH
KPUBOM M JomylieHa omwuOka. Pa3BeneHue mpoBOAAT A0 TakoW KOHLEHTpauuu Oeiika, 4ToObl OHa
pacrosaraiack B 30HE HW30BbITKA aHTUTEN (BOCXOASAIIMH OTPE30K KaJuOpPOBOYHOro rpaduka).
[Nonmy4eHHbIi MPY KOHEYHOM pa3BeICHUH PE3yJIbTaT YMHOXKAIOT Ha CTeNEeHb pa3BeICHUs.

MHorue coBpeMeHHbIE NPUOOPHl (TypOUAMMETpEl U He(eToMeTpbl) CIIOCOOHBI ONpPEeAessTh U
OTCJIEXKUBATh M30BITOK aHTUICHOB aBToMaruuecku. [Iponenypa ocHOBaHa Ha PEruCTPaLMM yCKOPEHHs
peakuuu Tmocie J00aBlieHHs JOMOJHHUTENLHOTO KOJMYECTBA aHTHUIEHa, B KauecTBE KOTOPOTO
WCTIONIB3YIOTCS Majble 103kl KanuOparopa. Cxema Takoro MeToja mpeacTasieHa Ha puc. 75. Ecnu nocne
JIOTIOJTHUTEJIBHOT'O BHECEHHUS B PEAKLIMOHHYIO Cpelly aHTHUI€Ha, Peakuusl yCKOpsAeTcs, TO, CIeJ0BaTeNbHO,
peakiusi MpoTEeKaeT ¢ WU3OBITKOM aHTUTE]I M WU3MepeHHE NMPOBOAMTCS BEPHO, HAa BOCXOASIIEM OTPE3KE
KpuBOoH no3a-3¢dexr. Ecnu ke nomomHuTenbHoe N00aBIEHHE aHTUIeHa HE MPUBOAMT K YCKOPEHHIO
NPELUUNUTALKMH, TO U3MEPEHUE MPOBOIUTCA NPU M30BITKE AaHTUI'€HA HAa HUCXOISILEM OTpPE3Ke KPHUBOM
no3a-addext. M3mepenne He0OX0MUMO MMOBTOPUTH MPU 005S3aTETLHOM pa3BEIeHUU 00pasia, Tak Kak B
HEM UMeeTCsl U30BITOK aHTUT€HA.
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CHrHan Ecny nocne gofbapneHuA AHTHT EHa

it PEANITHA FCEOPAETCA, T0 HMEET MECTO
H:BRITOK SHTHTET
(LR MEDE LIS FPOEOUCR 880k )

AHTHTEIO

AHTHTEH

p, Ecny nocne noSasneHHA SHTHT EHa
PEAMIIHA He WCEOPARTCA, TO0 HMEET MECTD
H2ORITOR SHTHIEHA

(LA MEPE HIE BP0SaCITRe HEFDAGLITEHA )

JobaeneHne qomoi-
HHTEJEHO SHTHIOEHA

Bpema pearxIiiHn

Puc. 75. Cnoco0 ompenesenusi, B Kakoi 30He KpuUBOil a03a-3pPekT - M30bITKA AHTUTE] WIH
H30bITKA AHTUIE€HA - MPOUCXOAUT HM3MepeHMe. Eciiu peakuus yCKOPSIETCS MOC]e MOTOJHUTEIBHOTO
no0aBieHHs aHTUreHa (KamudpaTopa), TO H3MEPEHUE MPOBOAUTCS BEPHO

IIpy mocraHOBKE HMMMYHOTYpOUIVMETPUYECKUX peakiuid Ha oObldHOM (oTomeTpe s
MpeIyNpekIeHUS OMUOKH, CBSI3aHHON ¢ M30BITKOM aHTHIeHa, HEOOXOIUMO 3HATh JTUArHo3 3a00JIeBaHUS.
CrnenyeT MoauepKHYTh, YTO U30BITOK aHTUTEHA Yallle BCET0 HAOII0AeTCs B YPE3BHIYAWHBIX CUTYAIIHSX.
Hampumep, npu muenomMHoi Oone3nn koHmeHTpanus IgG (Ag) MoxeT OBITh OYEHb BBICOKOH, H
HCCJIeIOBaHME MONAAAET B 30HY M30bITKA aHTUTeHa. UTOORI n36€KaTh Takoi OmMUOKH, HEOOXOAMMO 3HATH
JIMaTHO3 M OLIEHUTH JAaHHBIE JIIEKTPO(OPETUUECKOTO ONpE/eNIeHUs] OCNKOB M KOHIIGHTPAIUU OOIIEero
Oenka. [lpu mHammumm M-rpagueHTa W BBICOKOH KOHIEHTpamuu odmero Oemka mpoOy Ha IgG HyxHO
pa3BecTH U MOBTOPHO omnpenenuts [gG IMMyHOTYpOHINMETPUIECKIM METOIOM.

Mertoapl TypOuanMETpUH U HE(eTOMETPHH MOXKHO aBTOMAaTU3UPOBATh, YTO JENAET BO3MOXKHBIM
NOJy4YEeHUEe pe3yjbTaTa aHaau3a B TEYCHHE HECKOJbKMX MHHYT. llpm cpaBHeHMM MeETOIOB
TypOUIMMETPpUN U HEePeTOMETPUH, KaK MPaBUIIO, CUUTAETCS, YTO He(eloMeTpUuYeckuid MeTox Oolee
YyBCTBHUTEJICH, TAK KaK B 3TOM Cllyyae U3MEpSeTCs TOJILKO paccesHHbIN cBeT. [Ipu TypOuauMeTpuiecknx
W3MEPEHUSX B OTHOCHTENBbHO MPO3PAuHBIX Cpedax, Koraa Npoxoaur 1o 95 % cBeTOBOro mOTOKa,
JIOCTAaTOYHO TPYAHO H30aBUTBCS OT HeOONbIIMX (QIUYKTyanud B paboOTe HMCTOYHHMKA H3TY4YECHUS U
HECTaOMJIBHOCTH BCEH H3MEPUTENFHOM CUCTeMBl. TeM He MeHee, 3a TIOC/IeIHee BpeMs CO3JaHbl
JOCTaTOYHO  CTaOWIbHBIE  BBICOKOpaspewaromue  (GoToMeTpuyecKkHue  CHUCTEMBI,  [O3TOMY
TypOUIUMETPUYECKHUE M3MEPEHUs] CTald KOHKYPEHTHBIMM C He(EeIOMETPUUECKMMU METOJaMH 10
YYBCTBUTEJIBHOCTH JJIS1 KOJUYECTBEHHBIX WMMYHOXHMHUYECKUX M3MEpPEHUI B KIMHUYECKOW OMOXHMUHU.
MeTozbl TO3BOJISIIOT € BBICOKOM CIEUU(UYHOCTHIO U UYBCTBUTENBHOCTBIO ONPENENATh KOHLEHTPALHIO
Oenka B konuyectBe | mr B gurpe. [lpu Oonee HM3KMX KOHLEHTpauMAX He(eIoMeTpHsi OCTaercs
MPENOYTUTETEHBIM METOAOM.

[MoguepkuBaeM, 4TO B Ka4eCTBE CTAHAAPTOB M KOHTPOJBHBIX MAaTepHaloB Uil TYpOUAUMETPUH U
HeenoMeTpUr HEOOXOIUMO HCIIOIb30BaTh CIELHAIbHO MOATOTOBIECHHBIE CTAHAAPTHI U KOHTPOJIbHBIE
CBIBOPOTKH,  COAEp)KAllle  WHAWBHIyalbHble  O€IKHM, KOHUEHTpPAIUs  KOTOPBIX  HM3MepeHa
TypOUIUMETPUYECKUM WM HEPETOMETPUUECKUM METOAAMH C HMCIIOJIb30BAaHHEM HMMMYHOXUMHUYECKOM
peaxkuum.

OOTOMETPUYECKHUE CXEMbI UBMEPEHUA OIITUYECKOI'O
HOTI'JIOINEHUSA PACTBOPOB.

[Mpocreiimas cxema U3MepeHHs1 U300pakeHa Ha pPUCYHKe 56. DTa cxema MOoApa3yMeBaeT, 4To
WHTEHCUBHOCTb CBETOBOIO IIOTOKAa, MAJAlOLIEr0o Ha MHCCIEAYyeMbI pacTBOp u3BecTHa. M3meputsb
abCOIOTHOE 3HAUYE€HHWE MHTEHCHUBHOCTH 3TOTO MOTOKA C JOCTaTOYHOM TOYHOCTHIO HEBO3MOXKHO, TaK Kak
YacTh MaJAIOMIEro MOTOKA OTPa)KaeTcsi OT CTEHOK COCYJOB COAEPKAaIlMX pacTBOp (CM. PUCYHOK 45) u
YYECTb BEJIMUYUHY 3TOI'0 OTPaKEHHsI ClIOKHO. [lo3TOMy B aHalIMTHYECKOH XMMUM U OMOXUMHH MPOBOAST
OTHOCUTENbHbIE (QOTOMETpUUECKHE H3MepeHHs. MeTon H3MEepeHHs ONTUYECKOTO IOTJIOIIEHHS
UCCIIEyEMOr0 pacTBOpa OTHOCUTENBHO PACTBOpPA CPAaBHEHUS B OJHOU M TOM ke CHEKTPaJbHOW MOJOCE
W3ITYyUYEHUs] pean3yeTcs JByMs. OCHOBHBIMH CXEMaMHU:
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1. Cxemoii GOTOMETPUPOBAHUS C OJHUM CBETOBBIM JIyuoM (OAHOTy4YEeBOE (POTOMETPUPOBAHUE).
2. Cxemoli  GOTOMETPHUPOBAHHS C  JBYMS CBETOBBIMH  Jy4yamMH  (JBYXIJTydeBOe
(doToMeTpupoBaHue).

OnnoaydeBoe (QoromerpupoBanume (pucyHok 76). BhHauane wu3MepsieTcss  CHTHAI
(oTomeTekTopa, COOTBETCTBYIONIUI BEIMUNHE W3Ty4YeHUS /., MPOLIEANIET0 Yepe3 pacTBOpP CpPaBHEHHS
(cTaHmapTHBIA PacTBOp, XOJOCTYIO MpoOy) M KIOBETY, COJEPXKAIlyl0 ATOT pacTBop. OnTudeckas
IUIOTHOCTB KIOBETBI C PACTBOPOM CPABHEHUS Doyt ymposup U CUTHAT I, CBA3aHBI COOTHOILIEHUEM:

cm+npobup = lg I

3aTeM wu3MepsieTcd CUTHal (OTOJNETEKTOPA, COOTBETCTBYIOIIMH BEJIMYMHE W3IydeHus I,
NPOIIEIIIErO Yepe3 KIOBETy ¢ MccaeayeMoi npoboi. Onrudeckas MIOTHOCTh MCCIEAYEMOIO pacTBOpa
D,y tnposup A CUTHAI I, CBA3aHBI COOTHOLIEHUEM

Dn+np05up = lg—

Hckomad mnoTHOCTh D, paBHa:

IO - I omp
Dn = Dn+npo6up - Dcm+npo6up = lg In - lg ]cm ]

PaccmoTpeHHas cxema M3MEPEHHUS! CONEPKHUT OAHO H3MEpUTeNbHOe Iiedo. YToObl M3MEPHUTh
CUTHaJIBl, COOTBETCTBYOMME [, U [, HEOOXOOUMO IONEPEMEHHO BBOAUTH B M3MEPHUTENBHOE ILIEUO
KIOBETY C MCCIIEyEMBIM PACTBOPOM U KIOBETY C PACTBOPOM CpaBHEHUs. Takylo CXeMy Ha3bIBalOT CXEMOM
npsaMoro (OTOMETPUPOBAHHS.

Mcenenyemein
pacteop
Puc. 76. Cxema
O/IHOJIY4€BOr0 MeToa
I, I w
- : H3MepPeHHsl ONTHYeCKOH
WerouHuk = > Pacreop c..l_ »
nany4eHus »{ MoHoxpomMmaTop I < Spamenns | DoToaeTeEKTOP »| WHavkaTop IUIOTHOCTH
s MCCIIEYEMOrO PacTBOPa
a) OTHOCHTEJILHO PacTBOpa
CpPaBHEHMS B OJHOU U TOU
I I, e CHEKTPAJIbHOM I10JI0CEe
HeTounmk ! P Uccneayembiin b »
uanyueHms | MoHoxpomatop P acraop »| TPoroaerekTop WHawkaTop HA3JTyYEHUs.
Lorp ITocnenoBarenbHO
HA3MEPSIETCSI ONITUYECKAs
IJIOTHOCTh KIOBETHI CO
Pacteop
CpaBHeH!s CTaHAapTOM (a) U

ncciexyeMoit nmpobotii (0)
0)

W3MepeHre ONTHUYECKOW TIUIOTHOCTH TIPOBOAUTCS B OJHOM KaHaue TNOcCie[oBaTenbHo. Bravane
M3MEpSeTCS CUTHAJI pacTBOpa cpaBHEHHWs (a), 3aTeM — wHcciemyemMoro pactBopa (0). PesymbraTsr
PETUCTPUPYIOTCS pa3lieNibHO, 00paboTKa MPOW3BOAMTCA Bpy4HYr. HemocraTok meroma B OOJBIIOM
BPEMEHHOM HWHTEpBaje MEXay (OTOMETPUPOBAHUEM PACTBOPOB, YTO MPUBOJUT K MOTPEITHOCTIM
WU3MEpPEHNH M3-32 BPEMEHHOW HECTAOMIBLHOCTH ONTHUKO-3JIEKTPOHHOTO TPaKTa (MCTOYHUKA WU3IYYCHUS W
(OTONPHEMHUKOB).
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JByxiryueBoe ¢oromerpupoBanue. Onruyeckass MJIOTHOCTb HCCIAEAYEMOIO M CPaBHUTEIBHOTO
00pasmoB Hu3MepseTCs OMHOBPEMEHHO B JBYX KaHamax. Jlagee MOryT OBITh pasIWYHBIMH CXEMBI
corocTaBlieHus1 curHanoB. Ha pucyHke 77 moka3zaHa cxeMa, MpU KOTOPOW CUTHaJIBl MOCTYMalT Ha 2
(doTornpreMHUKa M TPEACTABISIOTCS Ha 2-X MHAMKATOpaX. YCTpaHseTcs BPEMEHHAs HeCTaOMIbHOCTD
UCTOYHMKA M3iIydeHus. HemocrtaTok cxeMbl B HalM4MM 2-X (OTONPHUEMHHMKOB HMEIOLIUX Pa3HYIO
BPEMEHHYIO CTAaOMIIBHOCTh MTAPaMETPOB, YTO MMPUBOAUT K MOTPEUIHOCTSM H3MEPEHUH.

(1] - m
3epkano »| Viccneayembiii »| DoTonerekTop

V4 pacTBop s

Wenbe=—— | =

Y

WUHaukaTop

cTosHNK P MoHOXpomaTtop
WU3ny4YeHus

Wenbe=3 | ==

'l P T
acTeop = -
3epkano \ »|  cpasHenus P PoTogeTekTOp > WHaukaTop

Puc. 77. Cxema aByxiiy4eBoro (oTOMeTPHPOBAHHS C OJAHUM MOHOXPOMATOPOM M C JBYMS
pa3iejbHbIMU KAHAJIAMH U3MepPEeHHSI.

Ha pucynke 78 mnpeacraBieHa cxeMa, MPU KOTOPOM ONTHUYECKas IIJIOTHOCTh HCCIAEAYyEMOTO U
CpPaBHUTEJBHOTO 00pa3lloB M3MeEpsieTcss OJHOBPEMEHHO B JIByX KaHajlaX, CHIHajbl MOCTYMaloT Ha 2
(oTonpreMHHKa U HA YCTPOMCTBO CpaBHEHUsI. Y CTPOUCTBO CPaBHEHMSI MOKET OBITh HYJIb-UHIUKATOPOM,
B 3TOM cCilydae OOHOW W3 IIelled MOOWBArOTCSA BBIPAaBHHBAHHMS CHTHAJOB B 2-X KaHamax. Mckomyto
BEJIMUMHY HAaXOJAT Mo mmkane Ha menu (OPOK-56). B npyrom ciydae Ha HHIUKATOP MOKET BBIBOJUTHCS
HCKOMasi BeJIMYMHA.

YcTpansieTcss BpeMeHHasi HeCTaOWIbHOCTh MCTOYHWKA W3NMydeHHs. HemocTaTok cXeMbl B HAUYHUU 2-X
(OTONPHEMHUKOB, HMEIOMINX pPa3Hyl0 BPEMEHHYIO CTaOWIBHOCTH MapaMeTpoB, YTO TMPUBOIUT K
MOTPELIHOCTAM U3MEPEHUM.

lﬂ . l||
3epkano WUccneayemeii »| DorogerekTop
pacTeop
WensFirery | == ¥
UcTouHMK »| MoHoxpomarop YcrpoiicTBo » WHaukaTop
n3nyYeHus cpaBHeHUA
Wenk plabalad | — | +
N I, PacteOp =
3epkano S —»|  cpasHenus »| Poronerexrop

Puc. 78. Cxema aByXJly4eBOro (poroMeTpHpOBaHMS C OAHHM MOHOXPOMATOPOM, C JABYMA
(oTonpueMHNKAMHU H YCTPOICTBOM CPaBHEHMSI.

Cxema ¢ «pasgejenuem» 2-X Jydeil BO BpeMeHH (pucyHok 79). /[Ba myua oT MOHOXpomaTopa
MPUXOJIAT HA BPAIAIOIIANACS TUCK C 3epKaJbHBIMU M MPO3PAYHBIMU CEKIUSIMH (TIEPEKITIOYATENb JTIyqei).
KopoTtkne mmmynbscel 2-X Jnydel, paslieleHHble BO BPEMEHH, MOCTYMaloT Ha OAWH (OTONPHUEMHUK.
HMHyJII)CHI)Ie CHUI'HAJIbI (bOTOHpI/IeMHI/IKa CpaBHUBAIOTCA aHAJIM3aTOPOM MW Ha HWHIAUKATOP IOCTYIACT
WCKOMasl BEIMYMHA. Y CTPAHSAETCS BpeMEHHas HECTaOMILHOCTh UCTOYHUKA U3ITydeHUs U (DOTOITPHEMHOTO
TpakTa. Hambonee TouHas cxema n3MepeHws..
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3epkano 2 Uccneayembin I; y
ity
3epKan bHbIA
nepexnioYaTent
nyyei I
UeTouHuk »{ M e s, S
WanyyeHus QROAROMATOR _—_=_—| ®otoperextop (— Ananuzatop f— MWHaMKaTOR
ll'T
Pacteop

CpaBHEeHWA

Puc. 79. Cxema aByxiiy4eBOro (poTOMeTPHPOBAHMA € «pa3jejieHHeM» 2-X Jiyuyeid BO BpeMeHH C
OJIHUM MOHOXPOMAaTOPOM, OIHUM (DOTONPUEMHUKOM U aHAJIN3aTOPOM.

IHPUBOPHI U KOMITIOHEHTHDI IJI1 ®OTOMETPUYECKOI'O
AHAJIM3A.

CTPYKTYPHBIE CXEMbI ®OTOMETPOB

dotomertp

DoTOMETp — ONTHUUECKHI MTPUOOP, MO3BONIAIOLINI U3MEPSATH CBETOBOM MOTOK Ha (PUKCHPOBAHHBIX
JuinHax (auana3oHax) BoyiH. OCHOBHBIE KOMIIOHEHTBI OJHOKAHAIBHOTO (OAHOIY4YEBOro) ¢oromMeTpa
roka3aHbl Ha pucyHke 80.

>

M ctoonmenae
cheta e Ha  CBemo- EamBema Mem wa  [emermop  HMzmepumes
Bxoge  fumtp chposon BEmoge [(fomoquog)  [npoueccop)

—>

Puc.80. OcHOBHBIE KOMITIOHEHTHI OTHOKAHAJIBLHOTO oTOMETpa

CBeT OT UCTOYHHKA W3JTYYEHHUS TMPOXOJUT Yepe3 BXOIHYIO IIEib W MOMaaaeT Ha CBETODHIBLTP,
KOTOPBI MPOIMyCKaeT y3Kyl0 O00JIacTh CIEKTpa, HEOOXOAMMyro s u3Mepenus. CBET MoOMaaaeT Ha
KIOBETY ¢ 00pa3iioM, Y4aCTHYHO, B 3aBUCUMOCTH OT KOJIMYECTBa UCCIIEAYEMOr0 BEIIECTRA, MOTJIOIIACTCS B
kroBete. [Ipomeniimii yepe3 KIOBETY CBET OTAEISIETCS HAa BBIXOJHOM IIEIM OT paccestHHOro ceera. Ha
(boTonpHEMHHKE CBETOBOW TOTOK MPeoOpasyeTcs B DIICKTPHUUYECKHI CHUTHAJ, KOTOPBIA H3MepseTCs
MHKPOIPOIIECCOPOM. BenuurHa mpoiie/mero yepe3 KIOBETY CBETa 3aBUCHT OT COCTAaBa M KOJHYECTBA
BellecTBa B KioBeTe. Kak ykaswIBanoch BhIlie, B OJHOKAHATILHOM (POTOMETPE HM3MEPEHHE XOJIOCTOM
MpoObl, KATUOpaTopa, OMBITHBIX MPOO W KOHTPOJICH HM3MEPSeTCsl MOCIESIOBATENLHO, B JIBYXKAHATHLHOM
doTomeTpe M3MEpeHHEe MOXKET MPOBOIUTHCS MO CXEME KOMIICHCAIMH, T.€. MOCTOSHHOTO CPaBHEHHUS C
0y1aHKOM (XO0JIOCTOM TIPOOOIL).
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Cnexrpodoromerp

CnektpooTromMeTp — oONTHYECKWA NPUOOp, KOTOPHIM pa3imaraeT CBETOBOM TIOTOK Ha
HENPEPBIBHBIM CHEKTP U MO3BOJSET U3MEPATh €ro Ha Jr000# JJIMHE BOJIHBI B MpeEJenax ONTHUYECKOTO
nana3oHa. B kadecTBe MUCHEprupyroOIIero YCTPOMCTBA, pa3iararoniero CBET Ha MOHOXPOMATHYECKHIA,
UCTIONIB3YETCs TUCTIEPTUPYIOIIAs MPU3Ma WK TUPPAKITUOHHAS pelieTKa.

HOCHCHOBaTeHbHOCTB 1 MECTOPACIIOJIOKEHUC OTACJIbHBIX ONTUYCCKUX IJICEMCHTOB U CUCTEM Ha IMYyTHU
CJIeIOBaHMS CBETOBOTO TOTOKAa OT HMCTOYHUKA CBETa 1O ACTEKTOpa W3IY4YCHHS B TOM WIM WHOM
cnekTpooToOMeTpe XapakTepHbl JUis JaHHOro mnpubopa. CyIIeCTBEHHBIM IS CHEKTpodoTOMETpa
SIBJISIETCS] BOBMOYKHOCTD HETIPEPHIBHONW PETHCTPAIlH CIIEKTPa, pa3pelaronas CiocOOHOCTb.

OcHOBHBIE 2JIEMEHTHI clieKTpodoToMeTpa mpencTapieHa Ha pucynke 81. CBeT mpomyckaeTcs uepes
MOHOXpOMATOp, YTOOBI OOECHEeYUTh BHIOOP IKENATeNLHOW OO0NacTH CIIEKTpa, KOTOPYK HYXHO
WCTONBb30BaTh st u3MepeHuid. Lllenn HyXHBI, 4TOOBI BBIIEINTH Y3KWH ITyd CBETa M, TEM CaMbIM,
YIYYIIUTH [IBETHYIO YUCTOTY. CBET 3aTeM MPOXOAUT Yepe3 MOTIIOMAOIIYI0 SUeiKy (KIOBETY), I'/le YacThb
M3ITy4YaTeNIbHOW SHEPTUM TIOTJIOIIAETCS, B 3aBUCHMOCTH OT MPHUPOABI U KOHIIGHTpanuu pactBopa. He
TTOTJIONIEHHBIN CBET MomnaaaeT Ha GOoTONPHEMHHK ((hOTORIEMEHT, POTOYMHOXKHUTEND, POTOANOI U Ip.),
MpeoO0pasyIoNuil PHEPTUI0 HMIITYUYEHUS B JJCKTPUUYCCKHUN CHUTHAI, BEIUYMHA KOTOPOTO MOXKET OBITh
3apETUCTPUPOBAHA HM3MEPUTENBHBIM YCTPOWCTBOM W BBIBEJACHA HAa CTPENOYHBIA WiIu mudpoBoi
WHJIUKATOP.

.
KommmaTop MMpezma o BrmomHast Kiepera  [ems Ha $oTonpuemom  FHIMKaTOp
C BXD,I[HDifI IIOBOPOTHEIM IENE MIOHO- C BECIONE

JA8(=12) 2¢] MEMAHHS MO M HPOMATOPE mpoboR

Moncxzpomarop

Puc. 81. OcHOBHBIC KOMIIOHEHTHI CIIEKTPO(oTOMETpPa

Oco0eHHOCTH (POTOMETPHYECKOH CXeMbl OMOXUMHMYECKUX AHATHU3ATOPOB

OcHOBO# (DYHKITMOHUPOBaHUS OMOXMMHUYECKOTO aHAIIM3aTopa SBISETCS MOTydeHHe U30BITOUHON
nHpopMany, #u3 KOTOPOM KOMIBIOTEP C MOIIHBIM IPOTPAMMHBIM OOECIeYeHHEeM OTOMpaeT
HeoOXoauMble JaHHble. [l TONydeHWss  MHOromapaMeTpUuecKold WHQOpMauuu OHOXMMHUYECKHE
aHAM3aTOPhl OCHAINEHBI, KaK TMpaBWIO, Monuxpomaropamu (puc. 82), KOTOpble TO3BOJSIOT
OJTHOBPEMEHHO PErHCTPUPOBATh ONTHYECKYHO IUIOTHOCTh HMCCIIEAYEMBIX PAacTBOPOB HAa HECKOJILKUX
JJINHaX BOJIH.

Kmpera, B KOT OO B

FAHHED MOMEHT

TP CHEKOTHT e eeEEL
hoT OMETP AP IEAERE

IIonuxpoMaTop

Puc. 82. Tumu4Hasi cxeMa OCHOBHBIX Y3JI0B (POTOMETPHYECKOT0 0JI0KA OMOXMMHYECKOT0
aHaau3aTopa. Mcnoiap30BaHHE HECKOJIBKUX (DOTOAMOIOB, PETUCTPUPYIOMINX OJHOBPEMEHHO CUTHAIIBI
pa3HbIX YacTeH CIEKTPa, SIBJISETCS OCHOBHBIM KOMIIOHEHTOM MOJHUXPOMATOPA.
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Hcrounuk cBeta (Kak TpaBWIO, TajlOT€HOBas JiaMIla) HaXOIWTCA BHYTPH Kapycelu C
W3MEPHUTETHHBIMU KIOBETaMH, B KOTOPBIX COJAepiKaTcs mpoObl s m3MmepeHus. Kapycemp uyepes
(uKCcHpOBaHHBIE MPOMEXYTKH BpeMeHH, mpuMepHo uepe3 20 ¢, coBepiaer o00poT, MpH KOTOPOM Bce
KIOBETHI OCBEIIAIOTCSI OEJIBIM CBETOM, MPOXOIAIIMM Yepe3 BXOTHYIO Ieiib. Takum oOpa3zom, kaxsie 20 ¢
BCE KIOBETHI, HAXOJSIIMECS Ha Kapycend, (POTOMETpUPYIOTCA OelbIM CBETOM, MPUYEM YacTh U3 KIOBET
MOJKET OBITh ITyCTON WJIM MOETCS B 3TOT NIEPUOJI, TEM HE MEHEe, TaHHBIE O HUX MOCTYNAIOT B KOMITBIOTE.
[pomenmmii uepe3 KIOBETY CBET pazjiaraeTcsl Ha peleTKe B CIEKTp U u3Mepsaercs cepuer (no 12 mryk)
JETEKTOPOB, KX U3 KOTOPBIX HACTPOEH Ha ONpENENEeHHYIO AJUHY CIEKTpa, BKIIOYas U3MEPEHUE B
yapTpaduonere n OmmkHeM HH(ppakpacHOM auamazoHe (moiamxpomarop). KommberoTep aHaIH3HpyeT
PE3YIbTAThI I/IBMepeHI/Iﬁ BCEX HCTCKTOPOB, MPEACTABIACT PE3YJIbTaTbl B KOHECYHOM BHUAC, KPpOME TOIO,
KOMIIBIOTEP Yepe3 COOTBETCTBYIOUIME MAaTYMKH KOHTPOJIUpPYET padoTy TPaKTHYECKH BCEX Y3JIOB
aHaM3aropa.

Takum obpazoMm, B QoromeTpax Hu CHEKTPOPOTOMETPAX TPOUCXOTUT CEJEKIHUSI CBETOBOTO
CUTHalla, OTPaXKalOUIeTO0 KOHIEHTpaluio cyOcTpaTa WM aKTUBHOCTH QepMeHTa B Tmpobe. B
OMOXMMHUYECKMX aHAIM3aTOPax H3MEPSIOTCS MHOTOKPATHO MHOTOYHUCIEHHBIE KIOBETHI C MPOOaMu IO
HECKOJIbKMM CITEKTPAJbHBIM XapaKTePUCTHKaM, a KOMIBIOTEP MO 3aJaHHOH NpoTrpamMMe BBIOMpaEeT
HGO6XOZ[I/IMBIC CUTHaJIbl MU Ha OCHOBE aHalin3da HUX HU3MCHCHHA PpPaCCHUTHIBACT KOHICHTpPAUOWIO WJIN
AKTUBHOCTDH aHAJIUTOB.

KOMIIOHEHTBI ®OTOMETPUYECKHUX TPUBOPOB

HcTOYHMKH cBeTA.

TemnoBble HCTOYHUKHU CBETA.

TUNWYHBIMU TEIUIOBBIMHM HM3JIydaTeNsIMH SIBJIAIOTCS JIaMIlbl HakaduBaHus. B WX 3amasHHOH,
3all0OJJHEHHOW BaKyyMOM MWJIM HHEPTHBIM Tra3oM, Koj0e Boib(pamoBas chupanb MOJ JeHcTBUEM
3NIEKTPHYECKOr0 TOKA HAKANAeTcsi 70 BBICOKOM Temmeparyphl (okomo 2600-3000 °K), B pesynbrate
u3gy4aeTcs Temiao u cBeT. CHEeKTp HM3Iy4YeHHUs JlaMIbl HaKalMBaHMs SBISETCS HENPEpPBIBHBIM U
MOJIHOCTBIO MEpeKpbIBaeT onthuueckuit auamazon or 340 no 1000 M. OpHako, MHTEHCHBHOCTb
W3J1y4€HUs B yIbTpa(uOoJeTOBOM YaCTH CHEKTPa B COTHU Pa3 MEHbILIE, UeM B KPacHOH 00J1acTu (pUCYHOK
83). HepaBHOMepHOCTH cHEeKTpa MNpPUXOAUTCS  «BBIPABHUBATH» C  YYETOM  CHEKTpPaJbHON
qyBCTBUTEJIBHOCTH (OTONPUEMHHMKA BBEIEHHMEM B ONTHYECKYIO cxeMy (OTOMETpa CrHeLUalbHBIX
MOIJIOLIAOIIUX CBETO(QUILTPOB.
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Puc. 83. CneKkTpbl Bo1b()PaMOBOii J1aMIbl HAKAAMBaHus npu Temnepatypax 3000°K u 2800°K.

Baxxnelinme cBOHCTBa TaMITbl HAKATMBAHUS - CBETOBas OT/Iaya U CPOK CITY)KOBI - OIPENENSFOTCS
Temreparypoii crivipany. [Ipy MOBBIIEHHN TEMITEPATYPhl CIIUPATH BO3PACTAET IPKOCTh, HO BMECTE C TEM
COKpamraercs Cpok ciyk0bl. CoKpallleHHe CpOKa CIIyKOBI SBISETCS CIEACTBUEM TOTO, YTO HCIApECHHE
MaTepuana, U3 KOTOpOTO CJielaHa HUTh, NMPH BBICOKMX TEMIIEpaTypax MPOUCXOIUT ObIcTpee, Koyda
TEMHEET, & HUTh HaKala CTAHOBUTCS BCE TOHBIIC U B OMPEIEICHHBI MOMEHT PACIUIABJISETCS, JaMIa
BBIXOJUT U3 CTPOs.

[NoreMHeHMEe KOJOBI MOXXHO 3HAYUTEIBHO COKPATHTh 3a CUET YBEIWYCHHUsS JABJICHUS Ta30B-
HATIOJTHUTETICH, MPEUMYIIECTBEHHO TSKENBIX (aproH, KPUITOH, KCEHOH), BEAYIIEr0 K YMEHBIIECHUIO
CKOPOCTH UCTIAPEHHUsS] aTOMOB BOJIb(pama.
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I'ajioreHoBbI€e JIaMIIbI.

I"anoreHHble JlaMIbl HAKAJUBAHUSA MO CTPYKTYPE W NPUHLMILY NEHCTBUSI CPaBHUMBI C JlaMIIaMH
HaKaJIMBaHMs, HO OHM COJIEpXKAaT B ra3e-HaIoJIHUTeNe He3HAYUTENbHbIE 100aBKH ranoreHoB (Opom, XJop,
¢Top, fiox) nnu ux coequHeHus. C MOMOIIBIO 3THUX 100aBOK BO3MOKHO B ONPEAETICHHOM TEMIIEPATYPHOM
WHTEpBaJie€ MPAKTUYECKU TIOJHOCTBIO YCTPaHUTh IIOTEMHEHHE KOJObI M OOYCIOBJIEHHOE 3STHUM
YMEHBIIIEHUE CBETOBOTO MOTOKa (pHuc. 84). Pazmep koi0ObI B TaJOTEHHBIX JIaMITaX HAaKAJIUBAHHUS MOXKET
OBITH CHJIBHO yMEHBILIEH, BCIEACTBUE 4YEro, C OJHOM CTOPOHBI, MOXHO MOBBICUTH IaBJI€HHE B Tase-
HaIloJIHUTENE, a, C APYTOl CTOPOHBI, CTAHOBUTCS BO3MOXKHBIM NPHMEHEHHE NOPOTMX HWHEPTHBIX Ta3oB
KPUIITOHA M KCEHOHA B Ka4yecTBE ra30B-HamojHUTeNel. [loBblieHne naBneHust MHEPTHBIX Ta30B BHYTPH
KOJIOBI 3HAYMTENBbHO yMEHbIIAET HCIapeHHe BoibppamMa W YBEIUYMBAET TEM CaMbiM BpeMsi paboThI
JIaMIIbl, KOTOPOE COCTaBISAET s coBpeMeHHBIX Jami 10 4000 gacos (mpotuB ~ 100 yacoB 11t OOBIYHBIX

JIaMTI).
A:nbtb pam g

FanoreHdg e o
s [ | Eins b

Puc. 84. BoandpamMoBo-rajioreHHbIH UK. VcrmapeHHBIH W3 clHpanm B Tporecce padoThI
JIaMITbl BOJb(paM TomanaeT B pe3yiabrate auddy3ud Wik KOHBEKIIMU B TeMIepatypHyo oomacts (T; <
1400 K) BOsM3M cTeHKH KOJIOBI, Te 00pa3yeT cTaduiIbHOe BOJIb(pamMo-TalloTeHHOE coeTuHeHne. Bmecte
C TEIUIOBBIM TIOTOKOM 3TH COEIMHEHUS CHOBA MepeMeNIaTcs B 30Hy ropsueit cnmpanu (T, > 1400 K) u
TaM pacnazgarorcs. Yacte Bojb(pamMa BOCCTaHABIMBAETCA Ha CIMpald, HO YK€ Ha HOBOM MeEcCTe.
HopmanbHblil Boab(ppaMo-rajoreHHpId HUKI MIPUBOIUT K IPEJOTBPAIEHUI0 TOTEMHEHHS KOJIObI, HO HE K
YBEIIMUEHHUIO CPOKa CIYXObl, KOTOPBHI 3aKOHYMTCS B pe3yJbTaTe paspblBa CHHpaTd HAa BO3HUKLIMX
"ropssuux suerkax".

I'azopaspsaHble JJaMIIbI.

Bonopoanbie u JaeiiTepueBble JaMIbl TIPEACTABISIOT COOOH CTEKISHHYIO TpYyOKy ¢
KBaplEeBbIM OKOIIKOM MJIM KBaplLEBYIO TPYyOKy, COAEpXkallyl0 aHOA W KaToJ, 3alOJHEHHYI Ta3oM
BOJIOPOJA WU JEWUTepusl. DTU JAMIIbl OTHOCSTCSl K ra30CBETHBIM MCTOUYHHUKAM C JYTOBBIM Pa3psiiOM.
OHM [maoT HenpepwlBHBIA crnektp B Y®-oOmactu (185—360 HM), KOTOPBIM BO3HHKAET IPH
pekoMOMHanMu CBOOOIHBIX 3JIEKTPOHOB C MOHMU3MPOBAHHBIMH aTOMaMu BOJOpOAA WM AeHTepus,
HAIMOJHSIOUMMH Ta30pa3psAHbIA OaIOH.

B rase Bcernma HaXoQUTCS HEKOTOPOE KOTUYECTBO CBOOOJHBIX AJIEKTPOHOB U MOHOB, KOTOPHIC
oOpasyroTcs monx geWcTBueM Y®- W KOCMHUYECKOTOo wW3aydeHud. [Ipm HamoXeHWH pasHOCTH
MOTCHLIUAJIOB JJIEKTPOHLI HAYMHAKOT JABUTaTbCd K aHOAY, a4 HOHBI - K KaTrongy. JlaMnipl UMEIOT
HarpeBaeMble TEPMODJEKTPOHHBIE KaTOJNBI, KOTOPBIC BBIJAEISIOT TEPMODIEKTPOHHI (KaK MpPaBuUIIo,
HarpeBaeMbl€ KaTOIbl BKJIIOYAIOT 32 | MHH 10 3aXKHTaHUS Ta30BOrO paspsaa). YacTb HEHTpalbHBIX
aTOMOB BOAOpOga 501858 neﬁTepI/m npu CTOJIKHOBCHHNHU C BTOpPUYHBIMHA QJICKTpOHaAMU u
TEPMORJICKTPOHAMU HOHU3UPYETCS, YTO BBI3bIBACT CBEUYCHUE, KOTOpPOe (POPMUPYET HEMpPEepBIBHBIN
crnekTp B Y®-nuana3oHe J1JIMH BOJIH.

Jyrosbie pryTHbIE JIaMIIbI.

PTyTHO-KBapieBblE JaMIIBI OTHOCATCS K CMEIIaHHBIM  (JIFOMHUHECIIEHTHO-TETUIOBBIM )
WCTOYHUKAM C BBICOKOW HMHTEHCHMBHOCTBIO H3nydeHHs. LIupoko pacmpocTpaHEHHBIMH SIBISIOTCS
gamnel tuna JPT (APT-230, APT-400 u APT-1000) Ha3zBanue naMm oOTpakaeT HX OCHOBHBIE
KOHCTpYKTHBHBIE ocoOenHocTH: JIPT - nyrosas, pryTHas, TpyOuaras.

Jlamner tuma JIPT wumeroT camoHarpeBarommuecs BOJbGPaMOBBIE SJIEKTPOIbI, IOKPBITHIC
OKCHAHOW macToi. B mogocTh KBapueBOW KOJOBI JIaMIIBI TOMEIIAIOT CTPOr0 OMpPEAeICHHOE
KOJIMYECTBO PTYTH WU CHEKTPATBHO-YUCTHIM aprod npu gasienuu 1,5—3,0 klla. [lutanne pryTHO-
KBapIIEBBIX JIaMII NIEPEUUCIEHHBIX TUIIOB OCYILECTBIISIIOT OT CETH MEPEMEHHOr0 Toka ¢ yactotor 50 I'ig
n Hanpsokenuem 220 B. Jlnga HOpMalbHOTO BKIIOYEHHMS W paboOTHl JlaMnm HeoOxoauma
COOTBETCTBYIOIIas MyCKOperyiaupyromas annaparypa. [locme 3axuranus JyroBoro paspsaa
MPOUCXOIUT HAarpeBaHue Pa3psAHON TPYOKH M HAaUMHAETCS MCTapeHue PTYTH, BO3PACTaeT JaBleHNE ee
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MapoB, U3MEHSIOTCS ANEKTPUUECKUE TTapaMeTphbl PTYTHO-KBAPLEBBIX JIaMI. DTOT HAaYaldbHBIN mepuom ¢
HEYCTAHOBUBIIUMCS PEKUMOM COCTaBigeT OT 5 10 10 MUH 1 pa3HbBIX TUIOB JIaMIl. 3aTeM IpHU
CTa0MIJILHOM HamnpsOK€CHHUKW IMUTaHWUA J1IaMII UX DJJCKTPUYCECKHE IMapaMETpPhI CTa6I/IJ'[I/I3I/Ipy}OTC5I, JJaMIia
HayuHaeT padoTaTh B yCTAHOBUBIIEMCS PEIKUME.

OcHOBHYI0 4YacTh u3nydeHus jamn tuna J[PT cocTtaBiser u3iaydyeHHe IUIa3Mbl AYyTOBOTO
pa3psga mapoB PTYTH, MMEIOIee JTHHeWdaTeii criekTp (Tabmuma 13). Kpome crmekTpanbHBIX JTHHHMA
PTYTH XOpOIIO 3aMETEH CIEKTP, OOYCJOBJICHHBIH BBICOKOH TeMIIepaTypod OT AYroBOTO pa3psja,
MPUBOJSAIIETO K CBEYCHHIO pPAaCcKalleHHBIX Ta30B, CTEHOK M DJEKTPOJOB Ta3opa3psiIHOW TPYyOKH.
TakuMm 00pa3om, CIHEKTPHl W3IYYECHHUS JIaMI JAaHHOTO THIMa oxBaTbiBaioT Y®-, Bummmyto m UK-
00JacTH CreKTpa.

Tabauna 13
OTHoCHTe/IbHOE pacnpeiesieHne NOTOKA u3aydenus jgamn tunos APT-230, IPT-400 u APT-1000
JlnuHa BonHbI ciekTpalibHOM | [loTok u3nmydeHus JlnmuHa BOJTHBI [ToTok uzyueHus
JIMHUH, HM JMHUU, % CIIEKTPAJIbHOM JIMHUU, HM nHuA, %

2482 10,5 302,2 31,2
253,7 26,1 312,6 68,0
265,2 234 334,1 6,6

270,0 4,1 365,0 100,0
275,3 3,2 404,7 35,9
280,0 10,3 435,8 62,4
2894 5,0 546,1 71,8
296,7 14.3 577,0 70,4

Cpox ciyx0bl namn tuna JIPT cocraBmser 1500—3000 4. OH omnpenensercs B OCHOBHOM
YMEHbBIIEHUEM MIPO3PAYHOCTH KBAPLEBOH TPYOKu st Y D-uzmydeHus.

B cnekrpodoromerpax CD-26 u CD-46 mis rpaxydpoBKH HCHOIB3YIOT Ta30BBIE JAMITBI
JIyTOBOTO pa3psiia C HU3KUM JIaBJI€HHEM - pTyTHO-TenueBble Jamibl Tuna J[PI'C-12, konba koropoit
3amoJHAETCS HEOOIBIINM KOJIMYECTBOM PTYTH U MHEPTHBIM ra3oM (TeIHeM) 10 JaBJICHHS B HECKOJIBKO
MUJUTAMETPOB PTYTHOTO CTOJOA.

B wHactosmee BpeMs pa3paboTaHBl W IIUPOKO NPUMEHSIOTCS B  (POTOOHMOIOTHYECKUX
WCCIEIOBAHUSX HWCTOYHUKM CBETa HA OCHOBE PTYTHOTO pa3psja BBICOKOTO JaBICHUS C
M3IIyYaromuMu 1o0aBKaMy TaJOTeHHUIHBIX colied. Takue JmamIbl MO3BOJISIIOT MOJYYUTh H3TydeHHE,
CKOHIIGHTPUPOBAaHHOE B OJHOW WM HECKOJIBKHX O0O0JIacTAX ONTHYEeCKOro pAuama3oHa. Tak,
3¢ PeKTUBHBIA AMaNa30H M3IYUYEHHUS METAJJIOTaJOTeHHBIX JaMm JexuT B Y@D-obnacTu B mpeaenax
250—400 am (mammner JJPTU-125 u IPTU-1000) wiu B Buaumoii obnactu B npenenax 400-450 um
(mammer JIPTHU-125-1 u APTHU-1000-1) u npenenax 530-580 M (mammer JAPTU-125-2 u JAPTU-
1000-2).

Ceeronsiyyaromue JU0AbI.

Ceerouznyvaromui auo (CBETOJUOA) — 3TO TMOJYNPOBOJHUKOBBINM MpUOOp, Mpeodpa3yromuit
SJIEKTPUYECKYI0 DHEPTHI0 B DHEPrHI0 ONTHYECKOTO M3JIyYeHHs Ha OCHOBE SIBJICHHS WHKEKIMOHHOM
3JIEKTPOJIIOMUHHMCLIEHIIMH. B cBeTOoaMOAE PHU MPOTEKAaHWU B HEM ITOCTOSIHHOTO MJIM MIEPEMEHHOTO TOKA B
001aCTh MOJYNPOBOJAHMKA HHKEKTUPYIOTCS HM30BITOUHBIE HOCHUTENM TOKa - 3JEKTPOHBI M JIBIPKH; UX
PEKOMOMHALMS COIIPOBOXKAAETCS ONTHUYECKUM H3MydeHueM. CBETOAMOAbI HCIYCKAIOT HEKOTE€PEHTHOE
U3JIy4eHHUe, HO, B OTJINYME OT TEIUIOBBIX UCTOYHHUKOB CBETA, - C 00Jiee Y3KUM CIIEKTPOM, BCIEACTBUE YETO
U3Iy4Ye€HHEe B BUAMMON 00JacTU BOCIPUHUMAETCS Kak oaHoLBeTHoe. CHEKTp H3Iy4eHHUsl 3aBUCUT OT
MOJTyTPOBOJHUKOBOI0 MaTepuaina U ero jerupoBanus. [Ipumenstorcs coequnenus tuna GaP, GaN, GaP,
GaAs, SiC, a taxxe TBEpABIE pacTBOpHI (Haripumep, GaAds, P, Al.Ga;..As, Ga;.in.P).

[TprMepbl CBETOMOA0B M UX CHEKTPHI NPUBEJEHBI HA PUCYHKESS.

79




80

o
[}
2 4
% <
= %) o << <C o
[ = [] i) o ]
(L] 7] o U] (L] o
1,0
- / / \\ J /
1] /
350 400 450 500 550 600 650 700 750 nm

Puc. 85. I/IH?KCKIIHOHHI)IC CBETOAUOAbLI H UX HOPMAJTHU30BAHHBIE CIIEKTPLI

B mocnenHee BpeMs MOSBHIMCH CBETOAMOIHBIE WCTOYHHKH YJAbTPAadHOJIeTOBOr0 IHANMA30HA.
Ha pucynke 86 npencrasieHa MojgyNnpoBOAHUKOBAs CTPYKTYpa, U3JIydarolasi CBET Ha JIMHAX BOJH 278,
325 1 338 HM B AOCTATOYHO Y3KOM CHEKTPAJIBbHOM JUANA30HE, U HOPMaJIM30BaHHBIE CIIEKTPBI U3TYUYEHUS
TaKOW CTPYKTYPHI.

" p*- GaN ' p-6apbep 1,0
p- AlxGaixN akTUBHas
AlGaN/AlGaN MQW 30Ha
n- AlGa:xN n-Gaptep 0,5
AlGaN/AlGaN QW oydep
AIN
é‘ 0 V4
aq\qmposan NnoANoXKa
\ \ - 250 300 350 400 Hm

Puc.86. A- CTpykTypa ci10eB yJabTpaduo1eToBOro CBETOAU0Aa, KOTOpasi 00pa3yeT CI0KHYI0 CUCTEMY
SHEPreTHYECKUX ypOBHEH. [[nrMHa BOJHBI M3NIyYeHHs 3aBHCUT OT cocTaBa marepuana cioeB AlyGa;(N;
cioii p'-GaN uMeeT BLICOKYIO KOHIIEHTPALUIO aKLENTOPOB.

b- Hopmanu3oBaHHble CEKTPbI M3Jy4YeHHS] YJIbTPa(HOIeTOBBIX CBETOAMOAOB. M31yueHue nMeer
Y3KYIO0 CHEKTPAIbHYIO MOJIOCY ¢ MakCUMyMoM 278 HM — 9 HM; ¢ MakcumMyMoM 325 HM — 8,5 HM; C
MakcUMyMoM 338 HM — 10,2 HM

Jlazepsl.

Jlazepnt (Light Amplification by Stimulated Emission of Radiation) unu ontuueckue KBaHTOBbIE
reHepaTopbl — 3TO COBPEMEHHbIE KOT€pPEHTHBIE MCTOYHHMKU H3ITyYSHHUS, XapakTepuyromuecs: 1)y3Kum
HAaIpaBJIeHHBIM MTyYKOM H 2) KOT€PEeHTHOCTHIO. BaskHEHIINM CBOWCTBOM JIa3€pHOTO W3ITyUCHHUS SBIISETCS
YpEe3BBIYAHHO BBICOKAsl CTENEHb €ro MOHOXPOMAaTHYHOCTH, HEAOCTHKMMAs B M3IYUYCHHUH HeJa3epHBIX
MCTOYHHKOB (puc.87).
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Puc. 87. A - HekorepeHTHBIIi CBEeTOBOM NYY0K, b — KOrepeHTHBI My40K JIa3epPHOro U3J1y4eHus

KorepeHTHBIH 1y4 XapakTepU3yeTcsl BBICOKO MOHOXPOMATHYHOCTBE) U MUHUMAJIbHBIM PACCEUBAHUEM B
OJHOPOJIHOM cpene. B To ke BpeMs Uisi MOHOXPOMATHYHOTO Iy4YKa CBETa BBHITIOJHSIOTCS BCE 3aKOHBI
ONTHUKH. B 4YacTHOCTH, MO WHTCHCHBHOCTH OTKJIOHEHHUS JIa3€PHOTO JIyda TpU OTrMOaHUM YacTHIl C
W3BECTHBIMH pa3MepaMul OIpeAeNseTcs KOHIEHTpalus MNaHHBIX 4YacTHIl B pacTBope (J1lazepHas
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HedenoMeTpus). MOHOXpOMaTHYHOCTD JIa3€pHOTO U3Ty4YEHHsI BOSHUKAET B Pe3yJIbTaTe COTIaCOBaHHOIO,
KOOIEPAaTUBHOI'O UCITYCKaHMS CBETOBBIX KBAHTOB MHOTMMH aTOMaMHM pab0overo BelecTBa.

Ilpunoun padorbl Jasepa.. ATOM MOXET HAaxXOIUTbCA B PaA3JIMYHBIX OJHEPreTHUECKUX
cocTosiHUsIX ¢ aHeprusimu E), E; u 1.4. B Teopun bopa 3TH cocTosHUS HazbiBaloTCsl cTaOWiabHBIMHA. Ha
camMoOM Jeje CTaOWIbHBIM COCTOSHHEM, B KOTOPOM aTOM MOXET HaXOIUTbCS OECKOHEYHO IOJiro B
OTCYTCTBHE BHELIHMX BO3MYILEHHH, SBISETCS TOJIBKO COCTOSHHE C HauMEHbIUEH »Hepruei. IT1o0
COCTOSIHUE Ha3bIBAIOT OCHOBHBIM. Bce Apyrue cocTosHus HecTaOWiIbHBL. B0o30ymeHHBI aTOM MOXET
npeGbIBaTh B STHX COCTOAHMAX JIMIIb OdYeHb KOPOTKOE Bpems, nopsaaka 10°c, mocme sToro o
CaMOIIPOU3BOJIBHO MEPEXOAUT B OIHO W3 HU3IIMX COCTOSHUH, UCITyCKasl KBaHT CBETA, YaCTOTY KOTOPOTO
MOXHO OIIpPENEIUTh M3 BTOPOro mnocryiara bopa. M3nyueHue, ucnyckaeMoe IpH CaMOIPOU3BOJIBHOM
Iepexo[e aroMa U3 OJHOIO COCTOSHUSL B JpYyroe, HasblBalOT chnoOHmauHvim. Ha HexkoTophIX
SHEpPreTHUECKHX YPOBHAX aTOM MOXET NpeObIBaTh 3HAYMTENBHO Gobllee BpeMs, mopsaaka 10 °c. Takue
YPOBHU Ha3bIBAIOTCS MEMACMAOUTLHBIMU.

[lepexon aroma B 0Oojee BBICOKOE JHEPreTHYECKOE COCTOSIHUE MOXET MPOUCXOIUTH MpPHU
PE30HAHCHOM MOTJIOIIEHNH (HOTOHA, FHEPTUsl KOTOPOTO paBHA PAa3HOCTU IHEPrUil aToMa B KOHEYHOM U
Ha4aJIbHOM COCTOSAHUSAX. llepexos aeKTpoHa B aTOMe ¢ BEPXHEr0 3HEPreTHYECKOTO YPOBHS HAa HWKHUHI
MOXET IPOUCXOAUTH I10J BJIMSHUEM BHEIIHETO 3JEKTPOMATHUTHOTO IOJS, 4acTOTa KOTOPOro paBHA
COOCTBEHHOH HacToTe mepexonaa. Bo3HuKarolee Ipu 3TOM W3Iy4YE€HHE Ha3bIBAIOT GHIHYHCOEHHBIM WIIH
unoyuuposannvim. BEIHYKIEHHOE W3IIyUCHHE O00JIamaeT YIWBUTEIBHBIM CBOHCTBOM. OHO pe3Ko
OTJMYAETCsl OT CIIOHTaHHOIO H3IydeHus. B pesynbrare B3auMoneicTBUs BO30Y)KIEHHOIO aroMa C
(OTOHOM aTOM HUCIIyCKaeT elie OJUH (OTOH TOH K€ caMoil YacTOTHI, PaclpOCTPAHSIOUINICS B TOM Ke
HanpasiaeHUH. Ha s3pIke BOJTHOBOM TEOPUH 3TO O3HAYAET, YTO aTOM M3JIy4aeT 3JIEKTPOMarHUTHYIO BOJIHY,
y KOTOpOH yactoTta, (asa, Moispu3alus U HalpaBlIeHHE PAacHpOCTPaHEHHUs TOYHO TaKUe XK€, Kak U y
MEepPBOHAYATILHOM BOJHBI (KOrepeHTHOe W3Jdy4YeHHue). B pesynbraTe BBIHYKIEHHOIO HCITyCKaHUS
($OTOHOB 603pacmaem amnaumyoa BOJHBI, pacipocTpansiouienics B cpeae. C TOYKH 3peHHs KBaHTOBOU
TEOPHUH, B PE3YJIbTaTE€ B3aUMOICHUCTBHS BO30YXKIEHHOro aroma ¢ ()OTOHOM, 4acTOTa KOTOPOI'O PaBHA
4acTOTe [E€pexoja, TMOSBISAIOTCS JBa COBEPIIEHHO OAMHAKOBBIX (hoTOHa-Onm3Heua. VIMeHHO
WHIYyLHPOBaHHOE M3JTy4YeHHE sBJIsieTcs PU3ndecKkoil OCHOBOM paboThI Ja3epoB.

Ha pucynke 88 cxemarndyecku npeAcTaBiIeHb BO3MOKHbBIE MEXaHU3MBI IEPEXOJI0B MEXKAY ABYMS
9HEPreTUYECKUMH COCTOSTHUSIMM aTOMA C TOTJIOIEHUEM UJIH UCITyCKaHUEM KBaHTA.

B B O 5 O
AAVAV: 2
WLQ fvwvwdjtww
(a) )] ()

Puc. 88. H300pa:keHue mnpoueccoB (a) mnorJomeHusi, (b) CHNOHTAHHOro ucnyckaHusi u (c)
HHAYUMPOBAHHOIO UCITYCKAHMSA KBAaHTA.

B nonynpoBoaHukoBoM Ja3sepe (puc. 89), B OTJIMYHUE OT JIa3epOB JPYTUX TUIIOB, UCIIONb3YOTCS
W3JTy4aTelbHbIe KBAaHTOBBIE IEPEXOAbI HE MEXAY H30JMPOBAaHHBIMU YPOBHSIMH JSHEPIUH aTOMOB,
MOJIEKyl ¥ HOHOB, a MeXKIy pa3pelleHHbIMH DJHEPreTHYeCKHMH 30HaMHM KpucTaua. B
MOJYNIPOBOAHUKOBOM  Jlazepe BO30YKAAIOTCS W  KOJUIGKTUBHO M3Iy4arOT aTOMBI, CJararolue
KPUCTAIMYECKYIO PELIETKY. DTO OTJIMYME OIpeAesieT BaXXKHYI OCOOEHHOCTH MOJTYMPOBOAHHUKOBBIX
Na3epoB — Maible pasMephl M KOMMAKTHOCTh (00m&M kpuctamia ~10°—107cw’). BaxubiMu
0COOEHHOCTSMHU TIOJTYTIPOBOTHUKOBBIX JIA3€POB SIBJISIOTCS: BBICOKas d(QEKTUBHOCTh MpeoOpa3zoBaHUsI
3IIEKTPUYECKON DHEPTUHM B SHEPruio KorepeHTHoro m3nyudenus (1o 30—50%); manas MHEPIMOHHOCTS,
00yCIOBIMBAIONIAA LIMPOKYIO TOJOCY 4YacTOT mpsMol Momymsuuu (Gomee 10° I2y); mpocrota
KOHCTPYKIMH; BO3MOXKHOCTb T€PECTPOMKM UIMHBI BOJHBI M3Iy4€HHMs M HaJUdue OOJBIIOro dmucia
MOJTYTIPOBOJHUKOB, HEMPEPHIBHO MEPEKPHIBAIOIINX UHTEPBA AMUH BOJH 0T 320 10 32000 Hwm.
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Puc. 89 ®otorpadgusi mOJTYNpoOBOIHMKOBOIO
Jasepa

CIIEKTPAJIBHASA ®UJIBTPAIIUA

Cucrema ans BbineneHUs (QUIbTpalMu) W3Iy4aTeIbHOW HSHEPrHMM HEOOXOJUMOW JUIMHBI BOJHBI U
MONIaBJICHHUS JPYTHX JJIUH BOJH HAa3bIBAaeTCs MOHOXpoMaTopoM. CyIIeCTBYIOT pa3iHYHBIE CIOCOOBI
(buabTpaKMK, BKIFOYAs WCIIOJB30BaHUE (QMIBTPOB, MPU3M, W AUQPPAKITMOHHBIX perneTok. KoMOnHaImm
JIMH3 W 1IEJCH MOTYT YCTaHABJIMBATHCA JO U MOCJIE MOHOXPOMATHYECKOTO YCTPOMCTBA, YTOOBI CIE/IATh
CBETOBBIE JIYYH MapaUIeIbHBIMU WM BBIICITUTH Y3KHE CBETOBBIC MOTOKH. lllenn mepeMeHHO# MMpHHBI
WCTIONB3YIOTCS IS PETYJINPOBAHUS CBETOBBIMH TTOTOKAMH, JOCTUTAIOIINMH (POTOTIPHEMHHK.

Br16op THITa MOHOXpOMATOpa 3aBUCHUT OT IeJe aHATUTHIECKUX HCCIICOBAaHUHN. ¥Y3KOMOIOCHbBIE
(UIBTPHI KeTaTeNbHO UCTIONIB30BaTh B TNIAMEHHON ()OTOMETPUH, YTOOBI BBIJEIUTh N3Ty4eHUE HA TAHHOM
JUIMHE BOJIHBL. Y3Kasg CIHEKTpalbHas Tmosoca TpeOyercs Takxke B CHeKTpodoToMeTpax Ipu
WACHTU(UKALNK OCTPHIX CMEXHBIX CHEKTPaJIbHBIX MHKOB MOTJOMIEHWSA. B ToM ciydae, Korma 4acTb
M3Jy4eHUs MOHOXpPOMAaropa HE TMOIJIOMIAETCS HCCIASAYEMbIM BEIECTBOM, MPOUCXOIUT HapyIlICHHUE
3akoHa bepa. OObuHO 3T0 HabIrOAAaeTCs B IMUPOKONOJOCHBIX yCTpoHcTBaxX. [lpm yMeHbIIeHUU
CMIEKTPaTbHOW TIOJIOCHI MOXKET YBEJIWYHUTHCA TOTJIONIEHWE W YJIYUIIUThCS JIMHEHHAs CBA3b C
KOHIIEHTparuend. ITo 0COOEHHO Ba)KHO JISl BEUIECTB, KOTOPBIE UMEIOT OCTPBIN CIIEKTPAbHBIA MAaKCUMYM
MOTJIOLIEHHUS.

B kadecTBe mpruMepa MprBeieM CIEKTpalbHBIE KPUBBIE TIOTJIOIIEHUS pacTBOpa KompornoppupuHa
I (puc. 90). Ilpu yBenWYeHWH CHEKTPAIBHOW TOJIOCHI CIieKTpodoToMeTpupoBanus oOT 1 mgo 20 HM
MPOUCXOANUT yMEHbIIIEHHE MOTJIONIEHHSI B MakcuMyMe. Ecmecmeennan nonoca noziowienus eeuiecmea
onpeodenaemca KaK wupuHa CREeKMpaibHOll KPUGoil HA YPOGHE NOIO0GUHB! MAKCUMYMA NO2OUICHUA.
KpuBag mnormioiieHusi, moJiydeHHas CO CIEKTPadbHOM TOJIOCOM CKaHUpOBaHHWA | HM, BBISBISET
€CTECTBEHHYIO CIEKTPaJIbHYIO MO0JI0CY MHorioineHus: kompornopdupuna | npubmusurensio 10 HM. Kak
olliee TPaBWIO: YMOObl UIMEPUMb GeAUUUHY RO2I0OWieHUs 6 npederax 99.5 % om ucmunnoi
6eluYUHbl, CHEKMpPAIbHAA NON0CA He O00XcHa npeeviwams 10 % ecmecmeeHHOl noNOCH
noziowienus.

Puc. 90. BuusgHue cHekTpaldbHOH  MOJOCHI
(doTOMETpUpPOBaHUS HA M3MEPEHME IMOTJIOIECHUS
korporiopbupraa 1. KpuBas A  momydeHa
CKaHUpOBaHUEM C mojiocoil 1 HM, kpuBas B — ¢
nosnocoit 10 um, kpupast C — ¢ mosiocoid 20 HM.

[Ipu momoce 10 HM HaOIIOZAeTCS 3HAYUTEIBHOE
yMEHbIIIEHNE BEJIMYMHBI MaKCHMAaJIbHOTO
noryomenus, a npu 20 HM, mpu eme OonbLieM
YMEHBLIECHUU BEJIMYUHBI MMHKA MOMVIOLMIEHUS U €ro
«pa3MBITHSA», TPOUCXOIUT  CMEMICHUE  Ayac,
00yCTIOBJIEGHHOE  accUMETpHeld  eCTeCTBEHHOU
KpUBOM MOTJIOIECHHS. ol

OnTuyeckoe normoweHue, A

I A
I 380 30 400 40 420

AnuHa BOnHbI HM
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Konponopdupun 1 sBisercs HeOOBIYHBIM TPUMEPOM OYEHb Y3KOW €CTECTBEHHOUN CIEKTPATbHON
MOJIOCHI TTOTJIOMIEHHS. BONBITMHCTBO K& KIMHUYECKUX TPOIERyp JTab0paTOpHON OMOXMMHU HCIIONB3YET
MOTJIONIEHNE MOJIEKYJ, Uil KOTOPBIX ecTecTBeHHas mosoca coctaeiseT oT 40 mo 200 HM u Oonee.
EctectBennas mosnoca NADH - 58 aM (Ayu = 339 HM). Bbl10 OBI HI€aIBHO HCIIONB30BATh JIJIS TOUHBIX
M3MEPEHUN ATOr0 BEILECTBA CHEKTPAIbHYIO MOJOCYy 6 HM Wid MeHblle. DakTUYEeCKUe UCCIeNOBaHUs
MMOKa3aJId, YTO MCIOJB30BaHHUE CIIEKTpaIbHBIA mosiockl 10 HM Ha 340 HM IaeT U3MEpPEHHYIO aMILUTHTYIY
norJiommeHus B 98% OT BeTUYMHBI MOTJIONIEHHUS, TTOTyYeHHOH B mojioce 1 HM.

N3mepennst 0OBIMHO MPOBOASTCS HA JJIMHE BOJIHBI MaKCHMyMa TOTJIOMICHUS U3 COOOpaskeHWi
MOJTyYeHUs] HAanOOIbIIIe YyBCTBUTEIBHOCTH MCCIEIOBAHIS. DTO CBSI3aHO C TEM, YTO TIPU MAaKCHMAIbHOM
£ MaKCUMallbHa YyBCTBUTEIHHOCTH (POTOMETPHUYECKOTO OIpENeNeHNs W3MEHEHUH KOHIIEHTPAIuu
aHajguTa (CM. pUCYHOK 59).

OnHako, MHOTJa XKeNaTeIbHO BHIOPATh APYTYIO AJMHY BOJIHBI, YTOOBI MUHUMH3HPOBATH BIMSIHUE
JIpyruX BELIECTB Ha MPaBHIBHOCTh M3MepeHMs. Hampumep, TypOuanmerpuueckas 4yBCTBUTEIBHOCTD
Oonbilie B cMHEH 00J1acTH CIEKTpa, YeM B KpacHOH. TeMm He MeHee, MHOIZIa UMEHHO KpacHas 00JIacTh
NpEANoUTUTENbHEE Il TypOMIUMETPUYECKUX HCCIeOBaHUM, YTOObI M30eKaThb MOTJIOMICHUS CBETa
ommmpyonaoM (460 HM) wiu remorinoOonHoM (417 - 575 HM). PacTBOp, MOMYyYeHHBIH B MPOLEAYpe C
IICJIOYHBIM IHUKpAaTOM Jid Kp€aTHHHUHA, UMECT OTHOCUTEIBHO TIOCKHUH MaKCUMyM B BPI}II/IMOﬁ o0JacTu
npubau3uTensHo Ha 480 HM, HO peakTHB B OJIaHKE caM CHIIBHO MOTJIONIAaeT CBEeT B 0bnactu Menbire 500
HM. Kommpomuce HaxoguTcsi BBIOOPOM JUIMHBI BOJHBI 520 HM, Tlle MUHUMH3HUPYETCs BKJIaj ONaHKa.
3HadyeHus! OJlaHKa JTOJDKHBI, KOHEYHO, MOANEPKUBAaThCsI MUHMMabHBIMU. HeOombias pasHULa MEXIy
JABYM:1 OOJIBIIMMH  BEJIUYHHAMU MOrJIOmCHHUA TPUBOAUT K CyIHeCTBeHHOI‘/'I HEONPEACIICHHOCTH.
CrnenoBaresibHO, YMEHBLICHHE MOTJIOMEHHs OJaHKa yaydllaeT TOYHOCTh M MPaBUIBHOCTh M3MEPEHHUS.
JluneiiHblii pabounii Muama3oH MeToAa MOXKET OBITh pacHIMpeH W3MEpPeHHSIMHU HE B MaKCUMyMe
nortowmweHus. IlpeanoururenbHo, 0JHAKO, HE MPOBOIUTH U3MEPEHHs Ha KPYTOM CKJIOHE CIIEKTPajIbHOM
KPUBOHM MOTJIOMIEHHs, TaK Kak HeOonbliasg omrOKka B YCTaHOBKE UIMHBI BOJHBI CIEKTPOQoTOMETpa
MOYKET NPUBECTHU K CYIIECTBEHHON OMHKOKe B M3MepeHuHr noraouienus (puc.91).

A

AD

LIARC Puc. 91. 2 THma wu3MepeHHsi C WCNOJb30BaHHEM
Y3KOMOJIOCHOTO  CcBeTOpuIbTpa: Ha  MakCHUMyMe
NPONYCKaHWi W TpH JUIMHE BOJHBI, OTIMYHOM OT
AD MaKCHUMaJIbHOTO MPOITYyCKaHHUs.

[Ipn w3mepeHuM Ha MaKCHMyMe NpOMycCKas OIMOKa B
YCTaHOBKE NIJIWHBI BONHBEI (AA, KOTOpas MOXeT ObITh B
mpejenax IOMyCTUMOMN) MpaKTUIeCKu He OyAeT BIUATH Ha
[IPaBUJIBHOCTh ~ U3MEPEHHOW  ONTHUYECKOHM  IJIOTHOCTH
(4D, 4xc). Tlpu u3MepeHHH Ha JUIMHE BOJIHBI, OTIIMYHON OT
MaKCHMaJIBHOTO TPOIMYCKaHUs, OMMOKa B YCTAaHOBKE
JUIMHBl BOJIHBI - CYIIECTBEHHBIH (AKTOpP B BapHaIUH
M3MEPEeHHO abcopbuuu (A4;)

AAR

OUJIBTPBI.

CrexknsiHHBIN a0COpONMOHHBIN PHIBLTP

CrexssHHBIA a0COpPOIMOHHBIA (UIBTP - CaMBIH TPOCTOW THN (UIBTPA, 3TO TOHKOE IIBETHOE
cteksio. HekoTopble MeTalnyeckue COEAMHEHMS W COJH, PACTBOPEHHBIE WJIM B3BELICHHbIE B CTEKIIE,
OKpAIIMBAIOT €r0 B I[BET, COOTBETCTBYIOIIUI [UIMHAM BOJIH CBETa MPOLIEIIIEro CKBO3b CTeks0. CTporo
TOBOPSI, CTEKIISTHHBIN aOCOPOLMOHHBIN (UIBTP HE ABJISIETCS MOHOXPOMATOPOM, MOTOMY YTO MPOMYCKAeT
CBE€T B OTHOCHUTCJIbHO IIHWPOKOM AHAIIa30HE JIMH BOJIH. CneKTpaana;I qucrora Q)HHBTpa WKW OJpyroro
CHEKTPAILHOTO 3JIEMEHTa OOBIYHO OMHCHIBACTCS B TEPMHHAX CHEKTPalbHOM mosiockl. CrekTpaibHast
noJjioca ompejessieTcsl, Kak IMUpuHa (B HAHOMETPAax) CHEKTPAbHON KPUBOW MPOMYCKaHHWS Ha YPOBHE
TTOJIOBUHBI OT MAaKCHMaJIbHOTO TpOmycKaHus (pucyHOK 92a). OOBIYHO HCIOJIB3YEeMBIE CTEKIISHHBIC
GUIBTPEl W3 LBETHOTO CTEKJIa HMEIOT CIHEeKTpalbHyl0 MoJjiocy Oonbmie 50 HM W OTHOCATCSA K
IIPOKOTIOIOCHBIM (PHITETPAM.
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KoMOuHanmsi IMPONOJIOCHBIX H OTPE3AKIINX CTEKJISHHBIX (UIbTPOB

KomOuHanuss UIMPONOJOCHBIX M OTPE3alolIMX CTEKISIHHBIX — (WIBTPOB TPUMEHSETCS B
(doromeTpuueckux npudbopax (pucyHok 926). OaHu oTpesaronive (GUIBTPHI UMEET PE3KYH0 TPAHUILY B
CIEKTpE MOTJIOIEHHUS, MPOMYCKasi CBET C OONBLIMMHU AJMHAMH BOJH CIIPaBa OT TPAaHHULbI U MOAABIISS
KOPOTKOBOJTHOBYIO 4acTh. Jlpyrue GWIbTpHl MOJABJISIOT TOJBKO JUIMHHOBOJIHOBYIO —00JacTh.
KomOuHupyst OBYyMSI WJIM HECKOJBKUMH IIUPOKOIMOJOCHBIMH M OTPE3AIOIIUMH  (QHUILTPAMU, MOXKHO
MOJYYUTh KOMOMHUPOBAHHBINA QUIBTP € Oosee Y3KOH MOT0COM.

A A
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Puc. 92 ®uabstp U3 nBerHoro crekyaa 3C1. a - CnekrpanbHas moyioca GUIALTpA (7-m) OTpenesIeTcs,
Kak IIMpUHAa B HAHOMETPax CHEKTPaJbHOM KpUBOH IPOIyCKaHUs Ha YpPOBHE IIOJIOBUHBI OT
MaKCHMAaJbHOTO MpomycKaHus; 6 - OuiubTp, noayueHHs komOuHanuen crekosn C3C22 nu OC11 nmeer
CHEKTPaJIbHYIO T0JIOCY MpoIycKaHus 31 HM.

Y3K0mo/10CHbIe HHTEeP(pEepPeHIIHOHHbIE (PUILTPbI

V3KkomnosocHBIe HHTEPhEPEHIMOHHBIE GUIBTPHI - TpeTUi TUIl GrIbTpoB. MHTEpdEepeHTnoHHbIe
CBETOPHIBTPBI MOTYT HMMETh pPa3HOOOPa3HYyl0 KOHCTPYKIHMIO. B COBpeMEHHBIX OHOXUMHYECKUX
aHanu3aTopax HauOoliee pacmpocTpaHEeHbl (QUIBTPBI C TadapUTHBIM AMaMETpoM 12,7 MM U CBETOBOM
30HOM (araMeTp cBeronponyckanus) 8 MMm. KoHcTpykums HoBeliero gpunbTpa Ha 340 HM mpencTaBieHa
Ha pucyHke 93. MHTepdepeHIIMOHHOE TOKPBITHE HAHOCUTCS HA OJIHY M3 JABYX MOJIOKEK W3 MJIaBICHOTO
kBapua. [loa70XKHM MOHTHPYIOTCSI B T€PMETHUHYIO METAIIMYECKYIO OmpaBy. MexIy MNOIJIOKKAMH
HaxOIUTCS HMHEPTHBIA ra3, 00ECHEeYMBAIOLIMMA 3alIUTY M CTOMKOCTh IU(PPAKUUOHHOTO TOKPBITHUS.
KoHcrpykiust ¢huiabTpoB BHIMMOTO Auamna3zoHa Ooiee mpocra, Tak TpeboBaHus K GUIBTpaM HE CTOJb
*eCTKHe. VIHEpTHBIN ra3 B HUX HE IPUMEHSETCS.

MposHan
MexaHW YecKan

CBeTOM3IONALMWA

Noanoxxa 13
nnagneHHora
KBapua

FepmeTHyHag |
onpasa 4| —_—

~

AwdparumonHoe  WUHepTHBLIA ras
NoKpPbLITHE aproH

a 0
Puc. 93. Tunosble unTepdepeHIUOHHDbIE PUABTPBI: a — QUIALTP 1T OMOXUMHUYECKHX aHAIN3aTOPOB;
0 — KOHCTpYKLUMS QUABTPa JIs1 YIbTPa(hUOIETOBOTO IMarna3oHa

Tunuuxblie TpeOOBaHUSA K HHTEPHEPESHIIMOHHBIM CBETOPHILTPAM JJIs1 OMOXUMUHU:

TOYHOCTh YCTAHOBKH JITMHBI BOJIHBI - + 2HM;

CnekrpanbHas mosioca — 10 M * 1 HM;

[TomaBnenne moctoponHero ceera B auamnazone ot 100 am mo 1200 HM (kpoMe pabodeii moJ0Ch
npornyckanus). Ctenenb nogasieHus - 0,01% oT Ty cBeTOPUIBTPa (10'4).
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MOHOXPOMATOPBI

MoHoXpoMaTop — 3TO ONTHYECKAsi CUCTEMA I BBIEJIEHUS Y3KUX YYaCTKOB CIIEKTpa U3IyUYEHHS
C 3aJaHHOW AJMHOM BOJHBL IIpocTO MOHOXpPOMAarop BKIOYAET BXOJHYIO LIEIb, KOJUIUMATOP,
JIACTIEPTUPYIOIIEE YCTPOHCTBO, POKYCUPYIOMIHI O0BEKTHUB 1 BRIXOAHYIO MIeih (cM. puc. 81).

Bvixoonas u 6vixoOHas wenu MOHOXpOMAaTopa MpenHa3HaueHbl AJsl TONy4YeHHs OCTaTOYHO
PE3KOTO M YETKOTO HM300paKEHHs CIEKTPATBHOW JMHHUU ONTHYECKOTO W3ITYUYEHHs, Ka4eCTBO KOTOPOTO
ompeneseTCs pa3MepamMu Imeneld — MmMUpHHOW ©  BeICOTOW. Illemm o0OBIYHO WMeEET pa3Mepsl
npsMoyroipHuka. [ledxu (kpas) menei nepeMeniaroTcs ¢ MOMOLIbI0 BUHTA C BBICOKOW TOYHOCTHIO (10 1
MKM). Pabovas mmpuna meneil 3aBUCUT OT LIMPHHBI TIOJIOC MPOITycKaHusl U cocTtasiuser 1o 1 mm. lenu
HEOOXOIMMO TPEAOXPAHATH OT 3arpsA3HEHUS MBUIBIO, IS 3TOTO MX 3aKPBIBAIOT CHENHMATFHON HACAIKOM.

Konnumamop — 3T0 ONTHYECKOE YCTPOWUCTBO, MpeIHA3HAYCHHOE ISl TIOTYYEeHHUs MapauieIbHbBIX
My4YKoB OENOro cBeTa, HalpaBISIEMbIX HAa AWCHEPTUpPYIOMYI0 cucTeMy. OH COCTOMT U3 OOBEKTHBA HIIH
BOTHYTOTO 3€pKayia, B (OKyC€ KOTOPOTO pacrojaraercs BXOHHAas Ineib. B coBpeMeHHBIX mpudopax
IIMPOKO HCIIOJIB3YIOTCS MOHOXPOMATOpbl C aBTOKOJUIMMATOPHBIMH yCTPOWCTBAMH, B KOTOPBIX
coBMelIeHb! (YHKIUU O0OBbEKTHUBA KOJITUMATOpa, BXOAHOM 1IeNu 1 GoKycHpyloliero oobektuBa. B Takux
nprbopax CBET MPOXOIUT Yepe3 OUH U TOT K€ 0OBEKTUB ABAXKABI B IPSMOM M 00paTHOM HarpaBleHUH,
YTO TI03BOJISIET YMEHBIITUTH pa3Mephl CIeKTPo(OTOMETpa, CAeTaTh €ro KOMITAKTHBIM H yIEIIIEBUTb.

Lucnepeupyrowum yCTpOHCTBOM MOXKET OBITh KaK MpU3Ma, TaK JUPPaKIUOHHAS WU
ronorpaduyeckass pemerka. OOS3aTENbHON YacThIO MOHOXpOMAaTopa SBIAETCS MEXaHHYEeCKOe
YCTPOMCTBO TSI M3MEHEHHsI MOJIOKEHHUS TUCTIEPTHPYIONMIEH CHCTEMBI 10 OTHOIICHHIO K TaIaioIieMy
Ty4y. OT0 obecrieunBaeT U3MEHEHHE CIIEKTPaIbHOMN JIMHUH, [T0/1aBa€MOM Ha BBIXOJHYIO LIEIb.

Ipu3mebl.

[Ipu3mMBl MIMPOKO HCIOJIB3YIOTCS B MOHOXpomartopax. IIpu3ma mpeobOpasyer Oemnblii CBET B
HEMPEPHIBHBIN CHEKTP 3a CueT AUCHepCcUd MperomieHus. [lelicTBUE NMpU3Mbl OCHOBAaHO Ha SIBIICHUU
oucnepcuu, TO €CTh 3aBUCHUMOCTH TIOKa3aTelsl MPEIOMIIEHUS 7 BEIIeCTBa OT JUIMHBI BOJHBI CBETa A.
Nznyuenne ¢ KOPOTKMMH BOJHAMH OTKJIOHSETCH (WM TpeNoMisaercs) Npu3Mon Oounblie, 4eMm C
JIUIMHHBIMA BOJNTHaMH (puc. 94). DTO MpUBOIUT K HEIMHEHHON «pa3BEepTKE» CIEKTpa: JUIMHHBIC BOJHBI
pacmooXKeHbl Ha IIKalle JUIMH TUIOTHEE, YeM KOPOTKHE, HO C MOMOIMIBI0 IIETH B CIEKTPe MOXKET OBITh
BEIJIETICHBI Y3Kasl 1MoJioca.

DuoneToBHE

Puc. 94. PaszinoxkeHue M3aydeHUs B CIeKTpP npu momomu nmpusmbl. lllens S, Ha KoTOpyro mamaer
uccienyeMoe u3ilydeHue, Haxoautcss B QokanbHoi tuockoctd (Fp) mumser JI;. Ota wacte mpubopa
Ha3bIBAETCS KOMIUMAmMOpOM. BBIXOAAIMN U3 JIMH3bI MapajulesibHbIM MyYOK CBETa MajaeTr Ha mpusmy P.
BCJ’IC)Z[CTBI/IC AUCTIEPCHUU CBET PA3HBIX MJIMH BOJIH BBIXOAWT H3 MNPU3MbI IIOJ pPAa3HbBIMH YTJIaMH. B
¢dokanbHOM mIockocTH JNMH3BL JI, pacmonmaraercs SKkpaH (WM BBIXOASIIAsl IIEJb), HA KOTOPOM
(doxycupyercs n3nmydeHue. B pesynbprare B pa3HBIX MeCTaxX dKpaHa BO3HHKAeT W300pakeHHE BXOIHOU
menu S B CBETE pa3HBIX JJIMH BOJIH.

VY Bcex Mpo3payHbIX TBEPIBIX BEIIECTB (CTEKIO, KBApIl), U3 KOTOPHIX U3TOTOBISIOTCS MPU3MBL,
MoKasaTejib NPEJIOMJICHHUA #n B JUAlla30HE BUAUMOI'O CBETa y6bIBaeT C YBCJIMYCHUEM [IOJIMHBI BOJIHBI 7\,,
MO3TOMY Han0o0Jee CHIBLHO MPU3Ma OTKJIOHSET OT NMEPBOHAYAIILHOTO HANpPaBJICHUS CUHUE U (DUOJIETOBBIE
Jy9d W HaWMEHee — KpacHble. MOHOTOHHO YOBIBAfOIIass 3aBUCHUMOCTH 7(A) Ha3BIBACTCS HOPMAIbHOLL
oucnepcueil.
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JAudpakunonnas peumerka.

B cnexTpanbpHBIX mMpuOOpax BBICOKOTO Kjacca BMECTO MPU3M NMPUMEHSIOTCS NU(PaKIMOHHBIE
pemieTkn. BHe 3aBUCUMOCTH OT COCO0a U3rOTOBJICHUS PEIIETKH MPEACTABISIOT COO0H MeproIuiecKue
CTPYKTYPHI (TI0JIOCHI MM IITPUXH).

[Ipy W3roTOBJEHUH PEIIETOK C MOMOIIBIO pe3lla, OHAa Ha3bIBa€TCs MeXaHudecko. Jlydiiue
pewerku comepxkat or 1000 mo 2000 NMHUI/MM M H3rOTaBIMBAIOTCS C 0COOOH TIIATETHHOCTHIO.
W3rotoBieHne Takux pelieTok TpeOyeT MPUMEHEHHUs CaMbIX BHICOKMX TEXHOJIOTHH W OHU HCHOJB3YIOTCS
KaK MaTpHIbl Ui W3TOTOBIICHUS MEHEE NOPOTUX TOYHBIX KOMWW, KOTOPHIE YK€ HWCIIONB3YIOTCS B
CIIEKTpaIbHBIX Mpubopax (puUcyHOK 95). Ha mpakTuke MpUMEHSIOTCS Takxke B 0oJiee TpyOble PEIIeTKH ¢
50-100 mTpuxaMu Ha MIUJUTMMETP, HAHECEHHBIMU Ha TOBEPXHOCTH MPO3PaYHOil MIICHKH.

Puc. 95. Indpakunonnas pemetka. J[udpakiponHas perierka
W3rOTaBIMBACTCS IMyTEM HAHECEHUsI TOHKOTO CJIOS aJIIOMUHHUEBO -
MEIHOr0 CIUlaBa Ha [OBEPXHOCTh IIJIOCKOM  CTEKISIHHOU
TUTACTHHBI, HA KOTOPOH MEXaHMYECKH TPaBHPYIOTCS MHOMXECTBO
MaJIEHbKHX MapauIeNbHBIX 00p03] (JIMHUM).

[Ipu mageHuu Ha peuieTky O€NOoro cBeTa 3a PEeIIeTKOW BO3HMKHET Pa3IOXKEHHBIH MO LBETOBBIM
My4ykaMm CBeT, TO €CTh, JAW(PAKIMOHHAS pelleTka pasjaraeT Oenblii CBET Ha CHEKTpajbHbIE
COCTaBIISIIONINE, MOTOMY OHa YMOTPEONseTCs Kak IMCIEPrUpyIOIIUi 3JIEeMEeHT MOHOoXpomaropa. s
paloThl B IPOXOSIIEM CBETE NPUMEHSAIOT [UIOCKHE MPO3payuHble CTEKIISTHHbIE TU(PPAKLUOHHbBIE PEIIETKU
(puc. 96A), mnsg WCCIENOBaHWKA B OTPAKEHHOM CBETE WCIONB3YIOT CTyIEeHYATHIE (Juie/Lientbl)
oTpakateibHble AudpakuroHHble pemeTkd (puc. 96b). [locnemnue npexacTaBisioT — coboit
METaJUIMYECKUE TUIACTMHKM, Ha KOTOPBIX C IOMOLIbIO CHELHAIBHO 3aTOYEHHBIX aJlMa3HBIX PE3LOB
HaHECEHbl Ha OYEHb OJIM3KOM PACCTOSIHUM MOPsIKAa HECKOJIbKMX MHKPOH PaBHOOTCTOAIIME JpPYr OT
Jpyra MWTPUXH.

Puc. 96. Ilosry4yeHue ciekTpa Ha
AU PaKUMOHHBIX pemeTKax. A
— XOJ JIy4e¥ Ha IIPO3payHOu
mudpaknoHHOH pernetke, b —
XO0J1 JIy4el Ha OTpa)kaTeJIbHOM
TQpaKMOHHON peleTke.

Iosorpajduyueckas pemerka

CoBpeMeHHbIe TosIorpaduiecKue peleTKH W3rOTaBIMBAIOTCS C IIOMOIIBIO JIa3€PHBIX TEXHOIOTHH
WM BBICOKOTOYHOM MexaHnueckoi o0paboTku. Ha Takux pemierkax qocTuraercs yactora nosuoc g0 6000
Ha 1 MM. ['onorpadudeckre pemeTk MPUMEHIIOTCS I paboThl B Y D- 1 BUAUMOI 001acTSIX CIEKTpa.

[MapannenbHbIe THHUM «PUCYIOTCS» HA (POTOUYBCTBHTEILHOM MaTtepualie ((POTOpE3UCT) XOPOIIO
c(OKyCHUpOBaHHBIM J1a3epHbIM JiydyoM. [locie Toro kak JMHMM HaHeclId Ha (OTOPE3UCT, OH
o0OpabaTbiBaeTCsl XMMHUYECKHMH pEareHTaMH, KOTOPbIE DPACTBOPSIIOT U BBIMBIBAIOT TIOABEP)KEHHBIE
BO3/EHCTBHUIO Jla3epa MecTa GoTope3ucTta, 00pasyst TakuM 0Opa3oM JMHUM pemeTku. [locie xuMuueckoit
00paboTkK Ha (OTOPE3UCT HANBUIAIOT CIIOW MaTepHuaja ¢ BBICOKOW OTpa)kaTelbHOW CHOCOOHOCTBIO —
peleTka rotoBa Uil UCHonb3oBaHusA. OCHOBaHHEM [JIsl TOJOrpadMuecKOd PELIETKH MOXET CIIY)KUTh
IUIOCKasi WM BOTHYTasl MOBEPXHOCTb. BorHyras peumierka, kpome Toro, (OoKycHpyeT CBET HOAOOHO
3epKallbHOM JIMH3e W Ha3bIBaeTcs caModokycupylomield. [onorpaduueckre pemieTku 4Ype3BbIYaiHO
TOYHBI, 00najgaroT cIabblM Tapa3UTHBIM CBETOBBIM pPAaCCESIHMEM M IIUPOKO HCIOIB3YIOTCS B
OMOXMMHYECKUX CIIEKTPO(OTOMETpaX.

JudpaknroHHass pelieTka JaeT 3HAYUTEIbHBIH BBIMTPHINI B HMHTEHCHBHOCTH BBIJIEIEHHBIX
CHEKTpaBHBIX cocTaBifomux. Kpome Toro, mkana «pa3BepTKH» MO IJIMHAM BOJH Y AU(PaKIMOHHOM
PELIETKY JIMHEWHAS:
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VY npu3mbl OKa3aTesb NPEOMIICHHsI # B Uana3oHe BUANMOTO CBETa yObIBAaeT C yBelHUEHHEM
JUIMHBL BOJIHBI A, TIOTOMY HauOolsiee CHIBHO MpHU3Ma OTKJIOHAET OT MEPBOHAYAIBLHOTO HAIpPaBJICHUS
cuHHEe W (huosjeToBBIC JydydM M HaMMeHee — KpacHble. CONOCTaBIEHHME KAl CHEKTPOB, Pa3BEPHYTHIX
MPU3MON U TUPPAKIIMOHHOHN PeleTKOM, MpeACcTaBIeHbl Ha pucyHke 97.

700 600 500 400

bbb oona e goe boe o g Puc. 97. ComocraBjeHHe KAl CIEKTPOB,

a «pa3BepPHYTHIX» NPU3MOI (a) U pewieTkoii (0).
VY npusMbl B Juana3oHe BUAMMOTO CBETa IIKaja
700 600 500 400 yOBIBaET C YBEINWYEHUEM JUTUHBI BOJNHEI A. Y
ahialoaloanlinloanloanl IM(PaKIMOHHON PENIETKH IIKAla «Pa3sBEPTKU» II0

6 —_A, HM JUTMHaM BOJIH JINHEWHasl.
IHoamxpomarop.

Jucneprupyroiue onTU4ecKre CUCTEMBI (TPU3MBI, PEIIETKH) «Pa3BOpadHBAIOT) MaJAIOMUN Ha
HUX CBET B CNEKTP. UTOOBI BHIACIUTH Y3KYIO CHEKTPaJbHYIO MOJOCY Ha MYTH Pa3ioKEHHOTO B CIEKTP
W3Ty4EHUs] yCTaHABIMBAIOT HEMPO3PAUYHbIA 3KpaH co menbio. [uprHa menu onpeaenuT CreKTPalbHyo
10JI0CYy MOHOXpoMaTopa. Eciiu BMeCTO 3KkpaHa pa3MecTUTh B KBa3MHENPEPHIBHBIN psill pOTONpUEMHUKHY,
TO Ha KaXIbplii NpUEeMHUK OyAeT manaTh M3JIyYE€HHE CO CIEKTPaJbHOW TOJOCOM, ompenenseMoin
TreOMETPUYECKUMHU pa3MepaMH (POTOUYyBCTBUTENBHON MJIOLIAAKM MPHUEMHHUKA. TakuMm o0pa3oMm, CHUTHANI
Kaxzaoro QortonpueMHuka OyAeT COOTBETCTBOBATh WHTEHCHMBHOCTH MAaJAIOIIEr0 HAa HEro H3Iy4eHHs
Y3KOH CIEKTpaJbHOW MOJOCHL, @ BCS COBOKYIHOCTh 3THUX CHTHAJIOB OYyJET COOTBETCTBOBAThH CIEKTPY
n3nydeHust (pUCyHOK 98).

MOHOXPOMATOP NMONMUXPOMATOP

— - -

Ny
PeweTka I I — Pewetka |

1
BbixoaHasn:

WcTouHmKk G - WcTouHmk
cBeTa KioBeta [ ;:] cBeTa

i JInHel Hag maTpuua
dotoauon u3 7-mu hotoanooB

Puc. 98. Cxembl poTOMETPUPOBAHNS ¢ MOHOXPOMATOPOM (CJIeBa) H C MOJUXpoMaTopoM (cnpasa). B
MOHOXpOMarope pabodas CIEKTpalbHasi [0J0ca ONPENENsAeTCs BBIXOJHOW IIENbl0, ONTHYECKAas
TUIOTHOCTH ompenensercs no curianam [ u I, ogHoro dotompuemMuuka. B mommxpomaTope Bech CIEKTP
BOCIIpHHUMaeTCsl MaTpuuel GpoTonpueMHUKoB. Pabouas cnexTpaibHas mojoca onpeneseTcs pazMepoM
¢doronpuemHuka. OnTHYecKas MIOTHOCTb MOXKET U3MEPATHCS OJTHOBPEMEHHO KaXKIBIM (POTONPUEMHUKOM
MAaTpPHULBI B COOTBETCBYIOLIEN 3TOMY IPUEMHHKY CHEKTPAIBHOMN IOJIOCE.

TOHKMUE JIMH3bI U 3EPKAJIA

JIMH3BI

JInH30¥ Ha3bIBaCTCSA MPO3PavyHOE TEJIO, OTPAaHUUYCHHOE NBYMS CHEPUUECKUMU MOBEPXHOCTIMH.
Ecnu tommmAa caMoii TMH3BI Majia IO CPABHEHHIO C pajiilycaMi KPUBHU3HBI C(HEPHUECKUX TIOBEPXHOCTEH,
TO JIMH3Y Ha3bIBAIOT MOHKOIL.

JIuH3BI BXOAAT B COCTaB MPAKTHUECKH BCEX ONTUYECKUX NpubopoB. JIMH3BI OBIBaIOT
cobuparowumu v pacceugarwoujumu. Cobuparomas JMH3a B CEepeOUHE TOJIIE, YeM Yy Kpaes,
paccenBaroIas JuH3a, HA000pOT, B CpeaHEH 9acTH TOHBIIE (PUCYHOK 99).
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Puc. 99. Co6uparmiue (a) u paccenBarmnue (b) JMH3BI U UX YCIOBHbIC 0003HAYCHUSI.

[Ipsimas, mpoxopsmias depe3 IeHTpbl kpuBu3HBI O n (O, chepuueckux moBepxHocTed (puc. 100),
Ha3bIBACTCA 2IAGHOI ONMUYECKOU 0CbI0 TUH3BL. B cilydae TOHKMX JTMH3 MOXXHO NMPUOIKEHHO CUNTATH,
YTO TJIaBHAs ONTHYECKas OCh MEpPECceKaeTcsl C JMH30M B ONHOW TOYKE, KOTOPYIO MPHUHITO Ha3bIBaTh
onmuueckum yewmpom nuu3bl O. Jlyd cBeTa MPOXOIUT Yepe3 ONTUYECKUN LIEHTP JIMH3bI, HE OTKJIOHSACH
OT NCPBOHAYAJIBHOTO HAITPpAaBJICHUA. Bce MMPpAMBIC, IPOXOAAIINE YEPE3 ONTUYECKUI LCHTP, HAa3bIBAIOTCA
HOOOYUHBIMU ONMUYECKUMU OCAMU.

Ecnu Ha 5uH3Yy HampaBUTh IY4OK Jydel, NapajjieabHbIX TIJAaBHOM ONTHYECKOM OCH, TO TMOCHe
IIPOXOKAEHUsT 4epe3 JMH3Y JOydd (WIM HUX INpOAOJDKEHUs) cobepyTcst B OAHOM Touke F, Koropas
Ha3bIBACTCSA 2MAGHbIM (POKycom JUH3BL. Y COOMparolmuMX JHMH3 - (OKYChl JCHCTBHUTENBHBIC, Y
pacceuBaronX — MuuMvle. [lyuku nydei, mapajuienbHBIX OJHON M3 NOOOYHBIX ONTHYECKUX OCEH, TAKKe
(oKyCHpYIOTCS 1TOCIIe MPOXOKACHUS Yepe3 JUH3Y B TOUKY F, KOTOpas pacHoIoKeHa MpU MepecedeHu
moOo4HOM ocu ¢ (okaabHON MIocKOcTbI0 D, TO ecTh MIOCKOCTBIO, MEPNEHAUKYISPHOW TIIaBHOMN
ONTUYECKOW OCH M MPOXOJsIel uepes3 riaaBHbli Gokyc. PaccTosHre MeKAy ONTHYECKUM LIEHTPOM JIMH3BI
O u rnaBHBIM (hOKycoM F HazbIBaeTcs (DOKYCHBIM pacCTOSTHUEM U 0003HadaeTCsl TOH ke OyKBOit F.

f -
Q j_%of____ :ﬁé (2 P
: rc.100. IlpenomiieHue Napaiie/JibHOrO My4Ka
i / » » .
‘V i Jy4eil B coOuparoiueii (a) u paccenBaromeii (b)
® aun3ax. Touku O; u O, — UEHTPBI CHEepUIECKUX
— noBepxHocted, 010, — rnaBHas ONTUYECKas OCh,
o) P #%]!_*/F”;”/ g O — onrmueckuii neHTp, F' — rmaBHbIA dokyc, F' —
/Jﬁfif f nobounblii pokyc, OF' — nobGoyHas onTudeckas
2 &)'K ocb, @ — PokanbHas MIOCKOCTb.

OcCHOBHOE CBOWCTBO JHMH3 — CHOCOOHOCTb JaBaTb u3obpavicenus npeomemos. B doromerprudeckux
npuOopax JIMH3BI HCHOIB3YIOTCS B KOJJIMMATOPAX JUTA ITPeoOpa30BaHMs PACXOSIINXCS MTyYKOB CBETa B
napajyielbHble ¥ B (POKYCHMPYIOIIUX YCTPOHCTBAaX [UIsi MpeoOpa3oBaHWs MapaUIeIbHBIX WM
PacXOSIIUXCS MyYKOB CBETA B CXOASALINECS MyYKH.

Cdepuueckue 3epkaJia.

Jdns neneld  (QOKyCHPOBKM MOTYT CIYXUTh TakXkKe OSJUTMNTHYECKHE, Mapaboilndeckue |
cdepuyeckue 3epkana. DIUIMOTHYECKHE 3epKaja UMEIOT OTPaKaloONIyl0 MMOBEPXHOCTh B BHIE CErMEHTa
anMIica, napadonnveckue — mapabodbl, chepuueckue — cdepsl. LleHTp cdepbl, U3 KOTOPOH BbIpe3aH
CETMEHT, Ha3bIBAIOT ONMUYECKUM YeHmMpPOoM cepuyeckoeo 3epkana. BepumHy cdeprudeckoro cermenra
Ha3bIBAIOT noswocom. IIpsMas, mMpoxoasmas depe3 ONTHYECKHH HEHTP M IMOJIOC 3epKana, Ha3bIBaeTCs
2NaBHOU ONMuU4eckoll ocbio chepuueckoro 3epkana. [1aBHas onTuyeckas OChb BHIJEIEHA U3 BCEX JIPYTHX
NPSMBIX, TPOXOASANINX Yepe3 ONTHYECKUH IEHTP, TOJBKO TE€M, YTO OHA SIBISIETCS OChEO CHMMETPUH
3epKaia.

Codepuueckue 3epkasia ObIBAIOT 60ZHymuIMu W eévinykasimu. Eciv Ha BorHyTOe cdepryeckoe
3epKaJio MaJlaeT IMyyoK JIyueid, mapaieibHbli [NIaBHOW ONTUYECKON OCH, TO TIOCIE OTPAKEHHS OT 3epKajia
Jy4u TIEPECEeKyTCs B 2nasHoM ¢pokyce 3epkana F. Y BOTHYTOro cheprvecKoro 3epkajia TiaBHBINH (GOKyC
el CcTBUTEIRHBIN (prcyHOK 101).

88



89

I'naBublil QoKyc 6vinmyxioco 3epkana SBISETCS MHUMbIM. ECIM Ha BBITYKIIOE 3€pKaJIO Magaer
MYYOK JIy4el, napasiesbHbIX TJ1aBHOW ONTHYECKOM OCH, TO MOCje OTpakeHus! B (poKyce mepecekyTcst He
caMH| JIy4H, a uX npoAosnkeHus (pucyHok 102).

%
S
———

=

- Z
R |
Puc.101. Otpaxkenne mnapanienbHoro mnydka Puc. 102. Otpaskenne mnapajuieIbHOT0 MyYKa
Jy4dyeH OT BOTHYTOro c(epHM4ecKoro 3epkaja. Jy4Yeidl OT BBINYKJIOr0 3epkaja. [’ — MHUMBIA
Toukm O — onruyeckuid neHTp, P — momoc, F — Qokyc 3epkama, O — onTudeckuidl meHtp; OP —
rmaBHbIl  Qokyc 3epkana; OP — TJiaBHas TJaBHAs ONTHYECKas OCh.

OIITHUYECKasa OCh, R- paanyC KpMBU3HLI 3€pKaJia.

Il1ockue 3€pKaJja.
[Lrockue 3€pKajla HCHOJB3YIOTCA IJId HW3MEHCHUA HallpaBJICHUA ITydKa CBE€Ta B HpI/I60an.
ITnockue 3€pKajia HEC USMCHAIOT paCcXO0AUMOCTb UJIN CXOAUMOCTb CBETOBOI'O ITy4Ka.

KIOBETBI.

KroBeTbl MOryT OBITh HWJIMHAPUYECKUMHU (KPYTIBIMH B CEYCHHH), KBAJAPATHBIMH WU
OPSAMOYTOJbHBIMM (B CEYEHUH), M MOTYT M3rOTaBIMBATbCS M3 OOBIKHOBEHHOTO CTEKIa,
KBapIEBOrO CTEKJa, OOpPOCHIMKATHOTO CTEKJIa WM IlacTMaccel. KBaapaTtHele wiH
NPSAMOYTOJIbHbIE KIOBETBl HMMEIOT IIJIOCKO-NApauIeibHbIE ONTHYECKUE MOBEPXHOCTH U
MIOCTOSIHHYIO TOJIIMHY (cBeToBOM myTh). Hambonee pacnpocTpaHEHHbIE KIOBETBI HMEIOT
ToMmKHY 1,0 CM C )KECTKUMHU JJOITyCKaMH.

CrexJIsHHBbIC M KBapleBble KIOBETHI.

BaxHO! XapaKTEpUCTUKON KIOBET SABJISIETCS MPOIYCKaHUE CBETOBOI'O IOTOKA CTEHKaMH
KIOBETBHI, 3TO 3aBUCUT OT Marepuasia, i3 KOTOpOro U3roTOBJIEHA KIOBETA.

KroBeTbl M3 OOBIYHOTO CTEKIa HE PEKOMEHIYIOT HCIOJb30BAaTh Jake B OJMKHEM
ynbTpaduonere, To ectb npu 340 HM H3-32 CUIBHOTO TOIVIOIICHHS CTEKJIa B 3TOW obnactu
criektpa. st paboThl B abHEM YIbTpadHosieTe peKOMEHAYETCS UCTIOIb30BaTh (IIyOPUTOBBIE
KIOBETBI, KOTOpbIE Tpo3payHbl s H BodH 125 — 200 HM. KroBeTsl W3 0OOBIYHOTO
OOPOCHIIMKATHOTO CTEKJIa MOAXOAAT Ui HM3MEPEHMH B BHUIUMOW U OnmmkHed Y@ wyacTsix
cnekrpa. s pabotel B 0Oojee KOpOTKOBOJHOBOW oOmactu (MeHbmie 300 HM) TpeOyroTcs
KIOBeThl W3 KBapua. CreKTpalbHble XapaKTEPUCTUKM ONTHUECKUX MAaTepUalioB Ul KIOBET
npecTaBieHbl Ha pucyHke 103 (OKOHHOE CTEKIIO JaHO IS CPABHEHHUS).

100 -
Suprasil — _ -l

) . KY-1 — BoroFloat
o =
E 60 |
e Boro Glass u BK7
(="
c 56 OKOHHO®e CTeKro

250 300 350 400

[AnvHa BONHbLI, HM

Pucynok 103. CnexTpsl mponycKkaHHsl ONTHYECKUX MaTepUasoB.
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B knumHudeckod OWOXUMHU IMPUHATO HCIIOJb30BaTh MPAMOYTOJBHBIC KIOBCTBHI C
IJIOCKOIIapaJlJICIbHBIMA CTCHKAMU U I[J'IPIHOﬁ OINITHUYCCKOTO IIYyTHU 1 cm. HpHMOYFOJ'ILHBIe KIOBCTHI
MPAKTUYCCKU HC U3MCHAIOT HAIPaBJICHUC CBCTOBOT'O IMMOTOKA M HC3HAYUTCIIBbHBIC MEPEMCIICHUSA
TaKOM KIOBEThI B CBETOBOM ITOTOKE HE MPUBOJAT K CYIICCTBCHHBIM OIIMOKaM HU3MCPCHUA.

Ili1acTHKOBBIE KIOBETHI.

B cmektpodoromerpax W COBPEMEHHBIX (OTOMETpPax MIMPOKO MPUMEHSIOTCS
MPSIMOYTOJIbHBIE KIOBETHI M3 MoJucTUposa Makpotuna (pasmep 10 x 10 x 45 mMm), B KOTOpBIX
M3MEpEeHHNe BeleTCs B 00beMe OKOJIO 1 MII, M MONyMHUKpOKioBeTaxX (pucyHok 104) pazmepom 10
x 4 x 45 MM, 06beM peakuMOHHON cMecu okosio 0,5 M. B MHUKpoKIOBETax Jyd MPOXOIUT MO
Y3KOMY KaHally IIUPUHOM 10 2 MM TO ke paccrosiHue B 10 MM, Kak B MaKpOKIOBETax, MO3TOMY
Jy4 JOKEH ObITh y3KUM. /[l TOYHOW OpuEeHTaluu KIOBET TpeOyroTcsl creunagbHble

ACPIKaATCIIN.

100

o MukpokioBeTbl BRAND

MonyMukpo-

60 I'makpo-_~

KHBETbI BRAND/

® /[
MonucTupon
20 j i
OprcTekno
250

300 350

Mponyckauue, %

AnuHa BOMHbI, HM
Pucynok 104. ITnactukoBbie Makpo-, Pucynok 105. Cnextpsl nponyckaHus
MOJYMUKPO- 1 MUKPOKIOBETHI BRAND ¢ TTACTUKOBBIX KIOBET
MapKepaMH MOJIOKEHHUS

CoBpeMeHHbIe MJIACTUKOBBIE KIOBETHI UMEIOT CIIEKTPalIbHbIE XapaKTEPUCTUKU OJIM3KHE K
KBapieBomy crekiy (pucynok 105).

[TnacTmaccoBbie KIOBETHl MMEIOT XOPOLIYIO PO3PaYHOCTh U B BUAUMOM, 1 YD 061acTsX,
HO UCIOJb30BAaHUE IIJJACTMACCOBBIX KIOBET HATaJKMBaeTCs Ha MpoOieMbl obecredeHus
JIOITYCKOB, OYUCTKH, CTOMKOCTH K BO3JICHCTBHIO PACTBOPUTENCH, TeMIIEpaTypHbIX Ae(opmariuii.
BoNbIIMHCTBO MIACTMACCOBBIX KIOBET pa3paboTaHO JJIsl OAHOPA30BOr0 UCIOJIb30BAHHUS.

XHUMHUYECKask CTOMKOCTD IIACTUKOBBIX KIOBET:

[IC — xroBersl w3 momuctupona; [IMMK — kroBeTsl U3 moguMeTuiMeTakpuiata (U3
oprcrekina); BRAND - miactukoBbie ktoBeTsl BRAND.

BewectBo I1C [IMMK BRAND
YKcycHas KucioTa - -
AlleToH - -
Hawateipb + +
Benzaldehyde - -
Butanon - -
Xmopodhopm - -
Dioxan - -

DMF - -

Ethyl acetate - -
Hexane - + -
Hydrochloric acid, 36% + -
Hydrofluoric acid, 10% + +

|+

+ |+ |+

+

+
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Isopropanol + + T
Nitric acid, 65% - - T
Sodium hydroxide + + +

Co3pmanbl Takke (OTOMETPBI, B KOTOPBIX (POTOMETPUPOBAHUE MPOBOIUTHCS B KPYIJIbIX
npobupkax. Poromerpuyeckas syelka Takux (HOTOMETPOB CKOHCTPYHPOBAHA TaKUM 00pa3oM,
4TO NMPOOMpPKA 3aHMMAET BCET/Ia OJJHO M TOXKE MOJIOKEHUE B CBETOBOM MOTOKE (LIEHTPUPYETCH).
B mpoTuBHOM ciiyyae HE3HAYMTEIbHBIE CMEIICHUSI TPOOUPKHU OT 3aJaHHOTO MOJOXKEHHUS MOTYT
NPUBECTH K OOJBIIMM OIIMOKaM, Tak Kak NMpoOMpKa IMpeJCTaBiseT COOOW LMIMHIPUYECKYIO
TuH3Y. Jpyroit HCTOUHUK OMIUOKH — SJUTMIITHYHOCTE (OTKIOHEHHE OT LMJIMHAPUIECKON (OpMBbI)
OpoOUpPKH. YCTPaHHUTh 3Ty OIIMOKY MOXKHO TOJBKO 3KCIIEPUMEHTaIbHBIM IyTeM. HykHO
HAaHECTH MapKep Ha OAHY KakKylo-THOO CTOPOHY NMPOOMPKM M YCTaHABIWBATh B JaJbHEUIIEM
npoOUpKy B (OTOMETP TOJNBKO B OJHOW M TOW K€ OpPUEHTAlMU. DJUIMITHYHOCTH NMPUBOIUT K
M3MEHEHMIO CTAaHAaPTHOM ONTHYECKON NTMHBI TPOOUPKH M 3TO OTKIOHEHHE (CHCTEMATUYECKYIO
oKOKY) HY>KHO ONPEAEIUTh C OMOILBIO CTAHJIAPTHBIX PACTBOPOB U YUUTHIBATh B JlaJIbHEHIIIEM
npu 006paboTke pe3ynbTaToB. KOHEYHO, 3TOT METO/A MPUTOAEH TOJIBKO Il PyYHBIX TEXHOJIOTHNA
paboThl Ha hOoTOMETpax.

Kpome mnpsMOyronbHeIX KIOBET W TpOOMpPOK B (oTOMEeTpax C BEPTUKAIBHBIM
(oTOMETPUPOBAHNEM MPUMEHSIOTCS TPYIIOBbIE KIOBETHI — 8-MU M 12-TH JIyHOUYHBIE CTpPHIIBI,
IUTAHIIETHI U3 96 TyHOK U 9-Tu yHOUHBIEe 010KkM (prcyHOK 106). InanmeTs! ObIBalOT LEAbHBIMU
1 HaOOpHBIMU U3 8-12 CTpHUIIOB.

Pucynok 106. CrexnsHHas
pSMOYTOJIbHAS
MaKpOKIOBETA, MJIACTUKOBAs
MOJTYMHKPOKIOBETA,
npodupka u3 60poCUITHKAT-
HOTO CTEKJIa ¥ OJIUCTHPO-
JIOBBIM TUTAHLIET € 96
JTyHKaMH.

Pucynox 107. KoHcTpykuus 9-Mu JTyHOUYHOTO
6noka s ananuzatopa FP-901.

1 — 9 kroBeT (JIyHOK); 2 — TJIOCKOE ONTHYECKOE
OKHO; 3allUTHBIA 000/10K; 4 — mpopesb Ui
MpaBUIILHON OpUEHTAIMK 0JI0Ka B (hOTOMETDE;
5 — MecTO a7 UASHTU()UKALMOHHOM 3aIUCH.

Jlynkn B cTpumax M IUIaHIIETaX HMMEIT LMIMHIPUYECKYI0 (opMy HEOOIBIIOro
JUaMeTpa, YTO MPUBOJIUT K BOSHUKHOBEHHIO MEHUCKA KUAKOCTU. BOrHYTHIM MEHHMCK MOJ00€H
pacceuBarolle JMH3E, BBIMYKIbIA — coOuparomeid nuH3e. Hamnume menucka chepuueckoit
(bopMBI TPETBSIBIISET CTPOTHE TPEOOBAHUS K MO3UIIMOHUPOBAHUIO JIYHKH B ONTUYECKOM KaHale
¢doromerpa. Iy KOMIEHCAUN BIMSHUS MEHHMCKA JIOHbS JIYHOK MHOT/Ia JENaloT chepudecKon
(dopMBI, a CBETOBOH JIyd BO3MOXKHO TOHBIIE U (POKYCHPYIOT €ro Ha MOBEPXHOCTh MEHHCKA Ha
OCH CUMMETPHH.
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Pucynok 107. Xoz mydeil B IyHKax IUIaHIIETA.

a) — BBITTYKJIBIM MEHHUCK CBOAUT OOKOBBIE JTYUH;

0) — BOTHYTBI MEHHCK Pa3BOIUT OOKOBBIE JTYUH:
B) — c(epuueckoe THO JYHKH HCIPABISET XOJ
OOKOBBIX JTyUei;

LlenTpanpHblii Ty4 B ciiydasix a), 0), ¢) MPOXOJUT
4yepe3 JTYHKY HE OTKIIOHSISICh.

I) — HENpaBWIbHOE TO3ULHOHUPOBAHUE JIYHKHU
a) 6) 8) 2) MIPUBOJUT K OTKJIOHEHHMIO JIy4a.

A p \

KroBeThl TOMKHBI OBITH YMCTHIMA M ONTHYECKH MPO3padyHBIMU. Pa3Bonbl WM HaleT Ha
CTEHKax, OYEBHMJHO, U3MEHAT BEJIMYMHY ToriomeHus. CTeKISHHbIE KIOBETbI, HCIOIb3yeMble B
BUIAMMOM JHana3oHe, OYWIIAIOTCS OOWJIBHBIM  OITOJIACKMBAIOIIMM  BOJOMPOBOTHOW W
JUCTWITUPOBaHHOM Bojol. LllenouHble pacTBOpPbI HE JOJDKHBI OCTaBaTbCs B KIOBETaX
JUTATEIIEHOE BPEMsI, TaK KaK IIEJI0Yb MEUIEHHO PAacTBOPSET CTEKIIO, YTO MPUBOJAUT K Pa3BOJaM.
KroBeTsl MOryT  ouMmiaThCsi B YMEpPEHHOM MOMOIIEM CpPEICTBE WM OMNOJACKUBATHCS
ckoHueHTpupoBanHoit cmeceto HC1 : Boma : stanon (1:3:4). KroBeTsl HMKOTrHAa HE HYXXHO
OTOJIACKMBATh IIBETHBIMU OUHWIIAIOIIMMHU PACTBOpPAMH, TaK KaK PaCTBOPHI MMEIOT TEHICHIIHIO
aIcopOMPOBATHCS HA TOBEPXHOCTH M U3MEHSTH IIBET CTEKIIA.

KroBeTsl, wucnonb3dyemble s u3MepeHuii B Y@ obOmactu chnekTpa  JOJKHBI
oOpabaThiBaThCsl C 0COOOM TIIATENBHOCTHIO. HeBuanmbie 1apanuHbl, OTIEYATKH MAJIBLIEB WX
OCTAaTOYHBIE CJEAbl paHee M3MEPEHHbIX pPACTBOPOB MOTYT 3HAYMUTEIBHO TOBIHUATH Ha
MIOTJIOIIEHHNE. XOPOIIHA Croco0 MPOBEPKH KIOBET 3aKJIIOYACTCS B TOM, YTO BCE HCIOIb3yEeMbIe
KIOBETHI 3aMONHAIOTCA JAUCTUINIMPOBAHHON BOJOW, 3aTeM HU3MEpseTCs MOTJOLIEHUE KaKIOou
KIOBETHI MPOTHUB OJaHKa. JTa BETMYMHA, 10 CYIIECTBY, TOJHKHA OBITh paBHA HYJIIO.

B nHacrosiee Bpemsi B HEKOTOPBIX (OTOMETpPAX UCHOIB3YIOTCS MPOTOYHBIE KIOBETHL. B
OTHX KIOBETaX pEaKIMOHHAs CMEeCh 4Yepe3 IOMITy TOJAaeTCs B Y3KHH KaHall, B KOTOPOM
MPOU3BOIUTCS M3MEPEHHE ONTHUYECKON TuIoTHOCTH. CTaHaapTHas MpPOTOYHAs KIOBETa HMeEEeT
BHYTpEHHUH 00BeM (B KOTOpPOM MPOU3BOJUTCS HEMOCPEACTBEHHO u3MepeHue) ~30 mkia. B
NPOTOYHBIX KIOBETaX MOCJIENyolas npobda BHIMBIBAET M3 KIOBETHI Mpeablnylryto mnpody. s
TOro 4yToOBl He ObLIO 3(deKkTa mnepeHoca MpU IMOCIEI0BATEIbHOM HW3MEPEHUM pa3HBIX Mpo0
(HaZe)XHO TPOMBIBAJIACh KIOBETA), PEKOMEHJIyeTCsl MPOIycKaTh uyepe3 KioBeTy He meHee 10-
KpaTHOro 00beMa M0 CPaBHEHHIO C U3MEPUTEIbHBIM 00BEMOM, TO ecTh He MeHee 300 MKJI.

VYMmeHblleHHEe 00bEMa pPEaKLMOHHOM KIOBETbI MMeeT orpaHuyeHus. llpu pyuHom
JIO3MPOBAHUH JIaXKe C MCITOJIb30BAaHHEM aBTOMATHU3MPOBAHHBIX MMUTIETOK HEXEJAaTeIbHO PadoTaTh
c o0bemamMu MeHee 8 — 10 MKJI, TaKk KaK MPHU TaKOM J03MPOBAHUM CYLIECTBEHHO YBEIMYMBAETCS
omnOKa, cBsizaHHass ¢ o0beMoM OuonpoObl. OCOOEHHO CHIBHO 3TOT (AKTOp BIMSET INPHU
JO3UPOBAHUHU BS3KUX pacTBOpoB. Kak mpaBwiio B KIMHUYECKOW XHMHUHU HCIIOJIB3YIOTCS
COOTHOIIEHHE 00BbeM OHmonpoOb/00beM pabodero peaktwBa B auamazone 1 : 10 - 1 : 200.
[ToaTomy Hanbonee pacnpoCTpaHEHHBIMU SBIISIOTCS U3MEPUTEIbHBIE KIOBETHI C 00EMOM OKOJIO
1 mo.

B OuoxuMmuyeckux aBTOaHAM3aTOPax HMCIONb3YIOTCS PEAKIMOHHBIE KIOBETHI C MallbIM
oowemoM a0 100 mki. IIpu sToM mo3upoBanue ocyiiecTBisercs ¢ quanazonom B 0,1 mxi. Jlis
ATOr0 HCIONB3YIOTCS CHElHalbHble TaMUJIbTOHOBCKUE IITPUIIEBBIE N03aTOPbl U CTaHAApTHas
nporenypa no3upoBanus. Kpome TOro, mpuUMEHSIOTCS CXEMBI JTO3UPOBAHUS C pa3JeliCHHEM B
HAKOHEYHHKE BO3AYLIHOW MPoOKoK 00beMOB OMOMPOOHI U pabodyero peakTHBa U BHIMBIBAaHHE U3
HaKOHEUYHHKA OUOTMPOOKI TOMOJIHUTEIBHBIM 00bEMOM PACTBOPUTETIS.
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IMPUEMHUKHU OITUYECKOI'O U3JITYUYEHUA

Baxnelimumu ~ snemeHtamu  J11000r0 ¢dorosnekTpuueckoro  mpubopa  SBISIOTCA
(OTOUYBCTBHUTEIIEHBIE 3JEMEHTHI (E€TEKTOPHI), KOTOPBIE CBS3BIBAIOT B €JHHOE LEIOE ONTHYECKYIO H
JJIEKTPOHHYIO YacTH CHCTEMBl. B ()OTOUYBCTBUTENBHBIX DJJIEMEHTaX TOJ| BO3JEHCTBUEM KBAHTOB
MOTJIOIEHHOTO  CBETa MPOMCXOAWT W3MEHEHHE COMPOTHBIEHHA 0€3 BBIXOJA DJJIEKTPOHOB W3
YYBCTBUTENBHOTO DJJIeMeHTa (BHYTpeHHHH (HOTOdP(EKT) WM HUCHyCKaHHWE ODIIEKTPOHOB (BHEIIHUI
dhoTorpdext mm PoToITEKTPOHHASI IMUCCHS ).

JIeKTPOBaKYyYMHbIE (DOTOII€MEHTHI.

DNeKTpOBaKyyMHBIM ()OTO3JEMEHTOM Ha3bIBalOT BaKyyMHBIA MM MOHHBIA AMOI, OCHOBaHHBIN
Ha SBJICHUU (POTORNEKTPOHHOW 3MHUCCHU 3JEKTPOHOB B BaKyyM (SJIEKTPOHHBIA (POTORIEMEHT) WM Ta3
(MOHHBIN (HOTORIEMEHT), TTPEOOPA3YIOMINNA IHEPTHIO ONITHYECKOTO M3IYUEHHUS B IJIEKTPUICCKUE CHTHAIBI

U conepkanuii porokaroa u anoA (pucynok 108).

a) CHE-4 P-4 -8

Puc. 108. Cxembl CTaHAapPTHBIX 3JIEKTPOBAKYYMHBIX (POTOIIEMEHTOB (a) M  CIEKTPaJbHBIE
XapaKTePUCTUKH HEKOTOPBIX (poTokatonos (0): K— dorokaron, JI—anon; OK — oxpaHHOE KOJIBLIO

HonHbie (razoHarnofHeHHbIE) (OTOAIEMEHTHI PUMEHSIOTCS peiko. Hanbomnee pacnpocTpaHeHsl
3JIEKTPOBaKyyMHbIE (oTo3neMeHTHI (D).

Pazmep @D, paccrosiHue MeXAy SIEKTPOJAMH, KOHCTPYKIHS IIOKOJS, BBIBOJIOB 3aBUCST OT
THUNIA ammaparypbl, B KOTOpPOH OH wucnonbdyerca. DopMmy Qorokarona W aHoAa ONPENENSIIOT
TpeboBaHUs MOJTHOrO cOOpa SMUTHPOBAHHBIX 3JEKTPONOB Ha aHoA. Tum oTokarona u MaTepuasn OKHa
kosObl OO onpenessoT JUana3oH ero CIeKTPaIbHOW YyBCTBUTEIbHOCTH.

CrnexTpanbHash YyBCTBHTEIBHOCTh (POTORIEMEHTAa 3aBHCUT B OCHOBHOM OT (POTOKATOAA: €ro
TOJIIIMHBI, MaTepuaia MoJJIOKKH U OKOH OansioHa. B MeHblel cTerneHn OHa 3aBUCHT OT TeMIepaTyphl
¢dorokarona (M3MeHsieTcss paboTa BBIXOJA JJEKTPOHA), €ro cTapeHus (IMOCTEeNeHHOrO0 H3MEHEHHs
CBOMCTB ()OTOKATO/A 3a CUET HEUACAITHFHOIO BaKyyMa M Ta300TIEIECHHUS apMaTypbl U CTEHOK KOJIOBI),
HaIpsKEHHOCTH DJIEKTPUUYECKOTO 1MoJisl y OTOKaTo/1a, 3aBUCSIICH OT MPUIIOKEHHOTO HaIpshKeHUs (TIpH
OCBeLIeHUH (POTOKATOAa KOPOTKOBOJHOBBIMU KBaHTaMH BBUIETAIOIINE (POTOIIEKTPOHBI MMEIOT OOJIBIIYIO
SHEPTHIO B cOop X Ha (PoTOKATOM TPeOYET BEICOKOTO HAMPSHKEHUS TUTaHUs), YTOMIIEHUSA (OTOKATOa.

YToMIIeHHE XapaKTepU3yeTcss HepaBHOMEPHBIM MOHMKEHHEM CIIEKTPAIbHON YyBCTBUTEIBHOCTH
(mon mefcTBHEM MOTOKA M3My4YeHHs1) POoTokaToAa BO BpeMEHH (1yBCTBUTEILHOCTh YMEHBIIAETCS CHUIIbHEE
B JJIMHHOBOJIHOBOM 00JacTW CIEKTpa), OHO 3aBHCUT OT KayecTBa M TUMa (OTOKATOHA, OT PeKUMa
OCBEILEHHOCTH (POTOKATO/IA, OT AHOIHOTO HANPSDKEHMS M TEMIIEpaTyphl CPeJibl, a TAKKe OT UKIMIHOCTH
paboret @D Bo BpemeHH. Haumbosee cunmbHOe yTOMJIEHME HaOmogaeTcsi y cepeOpsHO-KHUCIOPOIHO-
LEe3UEBbIX (POTOKATOIOB.

JIns OLIEHKH CHEKTPaNbHON YyBCTBUTEIBHOCTH (DOTORIEMEHTOB pa3padOTaHa CUCTEMa TUIOBBIX
CIEKTPATBHBIX XapaKTepUCTUK. CBETOBBIE XapPaKTEPUCTHKH BaKyyMHBIX (DD JHHEWHBI B LIUPOKOM
JIMHAMHAYECKOM JMana3oHe (quana3oHe U3MEHEHUs! CBETOBOT0 MOTOKA) ~10",
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Bpemennoe paspemenne @D ompenensercs BpEMEHEM JBIKEHHS JJIEKTPOHOB OT MECTa WX
00pa30BaHKs IPH OCBEILICHAN 10 MOBEPXHOCTH Kartoma (10~ ¢), BpeMeHeM mposieTa X OT KaToma 10
aroma (10"~ 10~'" ¢) u mepexoamsiMu nponeccamu B nenu O - Harpyska.

D0T031eKTPOHHBIE YMHOKUTEIHU.

®DoTodneKTpoHHBIM  yMHOXHUTeneM  (PDY)  Ha3pIBAalOT  JNEKTPOBAKyYMHBIA  TIpHOOP,
MpeoOpasyomuid 3HEPTHUI0 ONTHYECKOTO W3JIYyYEeHHUS B JJIEKTPUYECKHE CHTHAIBI W COAEp Kamluit
(oTOKaTO, BTOPUUHO-IJIEKTPOHHBIA YMHOKUTENb ¥ aHOJ.

KoncrpykTuBHO OT BakyyMHOTro (potosnementa @Y ornuuaercs TeM, 4To KpoMe GoToKaToAa u
aHo/la CONEPXKHUT eme (HOKYCHPYIOIIYIO DJJIEKTPOHHO-ONTHYECKYI0 cucTeMy, aAmadparMmy U
JIOTIOTHUTENBHBIE JICKTPOABI (IMHOIBI), SIBJISIONTUECS IMUTTEPAMU BTOPUYHBIX JIEKTPOHOB (puc.109).
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Puc. 109. ®oTo31exTpoHHBbIN yMHOKATENb DY 1 - MPUHLIMI KAaCKaAHOTO YCUIIEHHUS CUTHAana, 2 -
ycrpoiicteo IV

[Tpu oceemennn Gortokaron ! SMUTUPYET MEPBUYHBIE (OTORIEKTPOHBI, KOTOPBIE YCKOPSIOTCS
JIIEKTPUYECKUM TOJIEM M (DOKYCHUPYIOTCS 3JIEKTPOHHO-ONTHYECKOW CHCTEMOH 2 Ha MepBbId AMHON I
BEI3BIBAsI €0 YBEJIMYCHHYIO0 BTOPHUYHYIO JIEKTPOHHYIO SMUCCHIO. BTOpHYHBIE 3NIEKTPOHBI, BBUIETEBIINE
W3 TIEPBOTO JHWHOMA, YCKODPSIOTCA JJIEKTPUYECKUM IIOJIEM W HAmpaBisIOTCS Ha BTOPOW AMHOA O,
YBEJIMYEHHBIH MOTOK 3JEKTPOHOB CO BTOPOTO JUHO/A HAMPABISAIOTCS HAa TPETHH U T. II.

DJEeKTpUUYECKOe TI0J€, YCKODAIOLIEEe JJEKTPOHBI, CO3AAETCS  JEJNUTENeM TOCTOSIHHOTO
HanpsKEHHs, 00eCHeunBaONIMM OOJNBIINN TONOXHUTEIBHBIA IMOTEHIMAN KaXJ0TO TOCIEAYIOETO
KacKaJla OTHOCUTENBHO npeapiayiero R1—R1 1.

®orokatoasl OOV ananmornuyHbl dorokatogam DD u MOryT paboTaTh «Ha MPOCBET» U «HA
oTtpakeHuey. [Ipu pabore «Ha MPOCBET» MOIYIPO3PAYHBIA (POTOKATO HAHOCUTCS HA IIIOCKOE BBIXOIHOE
OKHO KOJIOBI B BHjE Kpyra nuamerpom 10-50 mm (memarot mo 250 mm). IIpu pabore «Ha OTpaxeHHE»
BXOZHOE OKHO YaCTO pacmoJiaraloT Ha OOKOBOHM CTEHKe KOJOBI, a M3My4YeHre MomnaaaeT Ha (OTOKaTol CO
CTOPOHBI BaKyyMa.

dDoToauoabI.

doroaroaamMy  Ha3bIBAIOT IONYNPOBOAHUKOBBIE TPUOOpPHI, OCHOBAaHHbIE Ha BHYTPEHHEM
dhoTtorddekTe, HCMOIL3YIONHE OJHOCTOPOHHIOK TPOBOAWMOCTE p-#n TEpeXojia, MNPH OCBEIICHUU
KOTOpOTO TOSIBIIAETCS 3.1.C. ((pOoTOoranbBaHUYECKUI peXUM) WU (MIPU HATMYUHM MUTAHUS) U3MEHSETCS
3HaUYeHue 00paTHOTO ToKa ((hOTOIMOIHBIN PEKIM).
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Puc. 110. ®otoamon.
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A — puHIUI 00pa30BaHus 3.7.C. IpU 00IYYeHUU CBETOM; b - cxema reHepupoBaHUs U pa3ieiicHHs map
HOCHTEIIeH 3apsaa MpH OCBEIICHUH p-# -Tiepexoaa (a) M pexXUMBbI BKITFOUCHHS (POoTOANOaa: (POTOIHUOTHEII
(0) u poToranbBaHUYECKHUI (B)

®otommonsl I GOTOMETPOB BHUAWMOTO M ONIKHEro yibTpaduoJIETOBOTO IHMAIA30HOB
W3rOTAaBIMBAIOT HAa OCHOBE KpeMHUs. CreKTpajbHble YYBCTBUTEIBHOCTH (OTOIAMOAOB HAJsl BHIUMOM
(potoamon mapku S1337-BR) u ynbrpaduonerosoii+suaumont (horonnon mapku S1337-BQ) obnacreit
CIIeKTpa MpuBeJieHbl Ha pUcyHke 111.

0.7

08 N

51337-BR /
A

CunexTpajbHble YYBCTBUTEIbHOCTH

,/ (oToan0a0B HA OCHOBE CEHCUOUITM3UPOBAHHOTO B
Y®-ob6mactu ciektpa kpemuawns (S1337-BQ) u

\ o0bruHoro kpemuus (S1337-BR)

% 51337-BR

7-BQ

0'3 17 \ Puc. 111.
\

i

D oTOMYBCTBMTENbLHOCTL, AMnep/BatT

e .
.2 Fg

400 600 800 1000
OnuHa BONHbI, HM

B coBpemeHHBIX ¢oTOMETpax HCHOIB3YIOT KaK OJUHOYHBIE (OTOMMONBI, TaK U MAaTPHIIBI
(hoTOIMOI0B CMOHTHPOBAHHBIX B OJTHOH KOHCTPYKIMU. OIUHOYHBIE (POTOTUOBI MOTYT OBITh Pa3IMYHOM
KOHCTPYKITMH U UMETh Pa3IndHble pa3Mepsl (JOTOUYBCTBUTEILHOM TUIOIIAKU (pucyHoK 110a).

Matpuusl GOTOAUOA0B TPEICTABIAIOT COOOH ONHOMEPHBIM WM JByMEPHBIH MAacCHB JIHOIIOB
(pucynox 112 6,B cooTBeTCTBEHHO). Pa3zmep oTmensHOTO (JOTOUYBCTBUTEIHHOTO 3JIEMEHTA B JTMHEHHON
Matpuiie coctapiseT 0,3 x 3,2 mm, a 1BymMepHoi maTpuie — 1,3 x1,3 mm.

Marpuua boroguogos 16x1E

Puc. 112. MaTpuusbl ¢poToanoa0B: a - oqHOIHBIE (HOTOAUOABI, O - OMTHOMEPHBIH , B - IBYMEPHBII
MaccHB (OTOINOIOB

PazBuTHe nomynpoBOJHUKOBEIX MaTpHLl (POTOAMOIOB U UX MCIOJIB30BAHHE B KAUECTBE MPUEMHHUKOB
U3JYYCHHS B CIIEKTPO(POTOMETPaxX MPUBEIO K CO3JaHHIO YCTPONCTB, M3MEPAIOUIMX MOTOK H3IydYeHHS
OJHOBPEMEHHO Ha MHOXecTBe HAJIMH BoiH. Kaxaplii (oTrommon Marpuubsl B O3THX YCTPOHCTBax
IPUHUMAET)» OMPEIEIICHHYIO UTHHY BOJHBI (pucyHOK 113). HekoTophle JaTYMKN MMEIT pa3pelieHue 2
HM Ha oawH auon B mHTEepBaie oT 200 go 340 HM u paspemieHne 1HM Ha Awon B mHTEpBajie oT 340 mo
800 HM™.
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Borkyrans ronorpaduyeckan pelerka

Monuxpomarop

Puc. 113. Cnektpodotomerp SPEKOL 1100 u ero onTuyeckasi cxema. 3a CYET HCIIOIH30BaHHUS
MaTpHUIlbl POTOTUOIOB CYIIECTBEHHO YMEHBIIIAITCS Pa3Mephl CIIEKTPO(HOTOMETpa U HCUE3aET
[IOBOPOTHBIA MEXaHU3M IMOJIUXPOMATOPA.

BOJIOKOHHAS OIITUKA.

Hcnonb3oBanue B ¢oToMeTpax TPaAMLUOHHBIX ONTHUYECKUX JJIEMEHTOB JIMH3, PELIETOK,
(GUIBTPOB, KIOBET M T.A. HAKJIAAbIBAacT OOJbIINE OrPaHMYCHUS HAa BO3MOXKHOCTH KOHCTPYHPOBAHHS
HOBBIX 3(QQeKTUBHBIX MpUOOPoB. CTEKIOBOJOKOHHBIE CBETOBOMBI, MpeACTaBIsIOIIME CcO00i 10O
OTIENbHOE BOJOKHO, JHUOO CBSI3KY BOJIOKOH, OOJIaalOT, C OJHOW CTOPOHBI, YCTPOMCTBAMH IS
KaHaJIbHOI'O INPOIYCKaHUsl CBETa, C JIPYroil CTOPOHBI, UX T'MOKOCTb, BO3MOYKHOCTb Pa3[elieHUs OJHOIO
MMy4yKa Ha HECKOJBKO CBETOBOJOB, JAIOT HEOLIEHWMBIE NPEUMYIIECTBA I HOBEHIIMX KOHCTPYKLMH
(oToMeTpoB.

[IpuMeHeHHEe BOJIOKOHHOW ONTMKM B CHEKTPOGOTOMETpax IIO3BOJIAET JIy4lle pPaclpeieauTh
(HampaBUTb) BHYTpU IpHOOpa CBETOBBIE IMOTOKM, MUHHATIOPU3UPOBATh U YACLIEBUTH ONTHYECKHE
MOJCUCTEMBI JAJIsl UCIOJB30BaHUSI B aBTOMATH3MPOBAaHHBIX YCTpOMCTBax. Hampumep, eIMHCTBEHHBIH
HCTOYHHUK CBETAa MOXKET ObITh MYJbTUIUIEKCUPOBAH C MHOTOYMCIEHHBIMU AATYHKAMHU Y€PE3 BOJOKOHHYIO
ONTUKY AJISi ONTUMAIBHOTO PACHOJIO0XKEHHS HCTOYHHKA M JATYMKOB B MpEJesaXx aBTOMAaTH3HMPOBAHHOMN
cucTeMbl (pUCyHOK 114).
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Puc. 114. Bo1oKOHHBIN CBETOBOI
MUHUMH3UPYET ONTHYECKYIO CXEMY

! IIaHImeTHOro (hoTOMETpa

i SPECTRAmax PLUS

8-Tu KaHanbHBR
BOMOKOHHER
CBETOBOR
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o
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s hoTonpUeMHa _ _ 4

CoBMeEILIEHHE ONTOBOJIOKOHHOM TEXHOJOTMH C JIA3€pHOM MNPEUU3HOHHOM TEXHOJOruen
rosorpauyeckux pemerok U MHUKPOIIEKTPOHHKH TPUBENO K CO3JaHUI0 THOPHIHBIX MHHHUATIOPHBIX
¢doromeTpoB (pucyHok 115). CBet HampasisieTcs: uepe3 riOKrid BOJOKOHHBIN CBETOBO/. TaKue 3IeMEHTHI
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MNPUMCHSIOTCS B IUIAICYHBIX (I)OTOMCTan, B OTpaXaTCJIbHbIX (I)OTOMGTan JJIsA HOJ'H/I(l)YHK]_[I/IOHaJ'IBHHX
ITIOJIOCOK «CyXast XUMUsI».

CamodhokycHpyrowwan

Puc. 115. MukpocnekTpodoTomeTp
¢upmel MicroPart Ha ocHOBe
MHKPO3JIEKTPOHHOI'0 YHIIa C
(hoTOAMOAHOM JTMHEHKOM.

1 — oOmmii BUI; 2 — KOHCTPYKLHMS
yuna: b — Oenwlii ceer, C- cuHuUi
y4acTOK cIeKkTpa, K- kpacHbIi y4acTok
CIIEKTpa

onTu4ecku
CBETOBOAHLIH
Bx0A

1 2

HenocrarkoM BOJIOKOHHOW ONTHKW SIBJSIETCS 3HAUYMUTENIBHBIM pPACCESTHHBIM CBET, W3MEHEHME
CBeTOHpOHyCKaHI/Iﬂ 3a CUYET H3MCHCHHUIA KOE)(i)(bI/IHI/IeHTOB HpeHOMHeHI/IH OIITUYCCKUX MaTepI/IaI[OB
CBETOBOJOB, a Takke IMOTepU IMpH INepenaye CBeTa IMOCie MNPOJOJKUTEIBHOTO HCHOIb30BaHUS
cBeToBOAOB B UV 00macTu criekTpa. ITH TOTEPH CBSA3AHBI C COApU3AUUell OITHICCKAX MAaTeprajIoB H
HpI/IBOlIﬂT K YMCHI)HICHI/IIO OHTquCKOﬁ LI}/BCTBI/ITCHBHOCTI/I q)OTOMeTpOB.

YCTPOVMCTBA CUUTHIBAHUS

Benuunna  anekTpudeckoro curHaia  (oTompeoOpa3zoBaTenss  MOXET — CUMTHIBAThCS U
0TOOpaXKaThCsli Ha CTPENOYHBIX TralbBaHOMETpPaX, HU(PPOBBIX WHIUKATOPAaX CO CBETOJHUOTHBIMU
(hopMO0OPa3yIOIIUMH DIIEMEHTAMH, KUJIKOKPUCTAUTHISCKUX WHANKATOPAX U DKpaHaXx.

l'anpBaHOMETPHI MOTYT H3MEPATh BEIMYMHY JJIEKTPUUECKOTO TOKa (POTOSIEMEHTa HAIMpPSIMYIO
WIN CITY’KUTh WHAWKATOPOM HYJIS B CXE€MaxX BBIPABHMBAHMS CUTHAJIA 00paslia OTHOCHTENBHO CTaHIapTa
win OnaHka. BeipaBHHBaHHME MPOM3BOJWTCS TOBOPOTOM pY4YKH (M3MEHEHHEM) pe3rcTopa B IUede
CpPaBHEHHUs DJICKTPUYECKUX TOKOB 00Opa3slia M CTaHJapTa, MCKOMas BEJIMYMHA OTCUMUTHIBACTCSA Ha INKaJIE,
MEXaHUYECKH CBS3aHHOHN C PYYKOW pe3ucropa. B MpsaMbIX cHCTeMax CUMTHIBaHUS BBIXOJ (POTOIIEMEHTa
MOJIKITFOYAETCSl K YyBCTBUTEILHOMY TallbBAHOMETPY 0€3 MpeBapUTEIbHOr0 YCHICHUS ToKa. B mpyrux
npubopax  YCHIUTEIM TOKa CIyXKaT JUis YBEIMYCHHS CUTHana (OTONpPUEMHHMKA JI0 HEOOXOIUMOM
BEJTMYHHBI.

[{udpoBbie ycTpoiicTBa WHAWKAIMH TOAKIIOYAIOTCS K BBIXOAY OJIOKOB YCHIICHHS TOKa U
nudposoit 06paboTku GoTOMETpUUECKUX TAHHBIX M 00ECIIEUYHNBAIOT BU3YyAIBHOE OTOOpaKEHHE YHCEN,
COOTBCTCTBYIOINX ONTUYECKOM IIJIOTHOCTHU, MPOMYCKAHWUIO WM KOHULCHTpaluHHu. ITo CpPaBHCHUIO C
ralbBaHOMETpaMHu, U(POBHIE YCTPOHUCTBA CYMTHIBAHHUS UMEIOT OOJbIliee OBICTPOIECHCTBHIE, YI00HEe IS
BOCIIPHUATHUS UHPOPMALIMHN U MEHBIIIE YTOMIISIOT ONIEPaTOPA.

CoBpeMeHHbIe (POTOMETPBI COACPIKAT MUKPOIIPOIIECCOPHBIE YCTPONCTBA CUMTHIBAHHS BEIUUMHBI
(OTOTOKAa ¥ TPOrPaMMHOTO OMpPEENICHUs] IIOTHOCTH 00paslia OTHOCUTENHHO IUIOTHOCTH OJlaHKa.
3HavyeHue MIOTHOCTH OJaHKa XPaHUTCS B TAMSATH MUKPOIPOIIECCOPA.

PETMCTPUPYIOIIUE YCTPOUCTBA.

DOTOMETPBI MOTYT OBITH OCHAILIEHBI YCTPOMCTBAMH PETUCTPALIMU JaHHBIX, KAK B TEKCTOBOM, TaKk
U B rpad)uueckoM Buze (HampuMep, CIEKTPHI MOTJIOMIEHUs U NPOMyCKaHusl KaKk (YHKLUUH BPEMEHHU HIIH
JUIMHBI BOJIHBI). 3aBUCHUMOCTb IIOIJIOLIEHUS] OT BPEMEHM IIUPOKO HCIOIb3YeTCA Ul KUHETHUYECKHX
I/ICCHGILOBaHI/Iﬁ AKTHBHOCTH (l)epMeHTOB. TaK, IIpyu KMHETHYCCKOM OINPCACICHUN JTAKTAaTACTUAPOTCHA3EI,
CKOpOCTh yMeHblleHusi kKoHueHTpaunn HAJIH moxer oToOpaxkaThCsi B BHIE M3MEHEHHS ONTUYECKOH
IJIOTHOCTH Ha ummHE BOJNHBI 340 HM MO Mepe TOro, Kak ITypHBaT IpeoOpasyercs B JakrTaT. B
COBPEMCHHBIX OMOXUMHYECKUX aHaJIM3aTopax MHOXCECTBCHHBIC U3MEPECHUA IIJIOTHOCTU YEPE3 KOPOTKHUE
WHTEpBaJbl BpEMEHHU 00palaThIBAIOTCS MMKPOIIPOLECCOPHOH CHUCTEMOH, YTOOBI BBHIAETUTH JIMHEHHYIO
9acTh KPWBOH, paccunTaTh HaKIOH AD/MHH, yMHOXHUTH Ha COOTBETCTBYIOIIYIO KOHCTaHTY ((hakTop) u
MOJIYYUTh UCKOMYIO BEJIMUMHY, KOTOpas 0TOOpa)kaeTcsl Ha IUCIJIee WM pacliedyarslBaeTcs Ha Oymare.

Yamie Bcero B KaueCTBE TaKUX YCTPOHCTB PErMCTPAallM HCIOJB3YIOTCS MajorabapuTHbIC
NPUHTEPBl CO CTPYHHOHM meuaTbio (Ha OOBIYHYIO OyMmary) Wid ¢ TepMmoneyarbio (Ha TepMoOymary).
BooOmie, coBpeMeHHBIE MPUHTEPHl MOTYT HUMETh 000 ¢opMar medath (pa3Mepbl IO IedYaTH),
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KOTOPBI BBIOMpAeTCs UCXOIs M3 KOHKpEeTHOH 3azaun. HekoTopble crekTpodoToMeTpbl 000pyHOBaHbI
rpadonoCTPOUTENSIMI — YCTPOMCTBaMU I OTOOpaskeHUs (HOTOMETPUYECKHX ITaHHBIX Ha Oymare c
MIOMOLLBIO YIIPABJISIEMON 110 OJHOM WM ABYM KOOPAMHATAM YEPHHWIBHOMN TOJIOBKH.

HPUBOPHBI JIAA ®POTOMETPUYECKOI'O AHAJIU3A.

doTtoMeTpruecKie TPUOOpHI, TMPHUMEHsieMble MJisi JTabopaTOpHBIX HUCCIENOBAHWM, MOXKHO
pa3fenuTh Ha 2 TPYIbL:

1. dotomeTpsl U cEeKTPoGOTOMETPHl O0IIET0 HAa3HAYECHUS, KOTOPBIE MpeIHa3HAYeHBI IS
OIpeAeNIeH:s ONTHYEeCKOW IIOTHOCTH WM MPOITyCKAaHHWS PAcTBOPOB C TOCIEAYIOIIUM MNEepPecyeToM
(oTOMETpUYECKUX TMapaMeTpOB B 3HAU€HHS HCKOMBIX MapaMeTpOB HMCCIEAYEMBIX BEIIECTB JTHOO IO
¢dopmynam, 1160 o Tabnuuam, JIMO0 Mo KaTMOPOBOYHBIM IpaduKaMm.

2. dotomeTpsl M CTEKTPO(OTOMETPHI CHENMATBHOTO HA3HAYCHUS WM aHATU3aTOPhI
(doToMeTpuIecKue - peHa3HAueHbI TS TPOBEIEHHS UCCIIeIOBAHUI PACTBOPOB OTPEIEIEHHBIX BEIIECTB
M0 METOJIUKaM, BHECEHHBIM B alrOPUTMBI Pa0OTHl MpuOOopa, C MOJTy4YeHHEM, KaK MPaBUIIO, KOHEYHOTO
pe3yJsibTaTta B BHIE U3MEPSIEMOro rnapameTpa aHajIHTa.

®OTOMETPHI OBIIEI'O HASHAYEHUS.

OaHosryuyeBble MEKPOKOJOPUMETPbI MeaunuHckne poromerpuyeckue MKM®-1 n
MKM®-2.

MHUKpPOKOJIOPUMETP MPUMEHSIOT AJII U3MEPEHUs] ONTUYECKOW IIOTHOCTH M CBETONPOILYCKaHHUS
pacTBOpPOB B JIMara3oHe BUIUMOTO cBeTa 425-610 HM. B kauecTBe HCTOYHHKA CBETA UCIIONB3YETCS JIaMIla
HakanuBaHus. [lpueMHuK u3nydeHus — ¢ortosnement D-9. [Mpubop cHaGxeH HAOOPOM CMEHSEMBIX
BPYUHYIO CBETOQMIIBTPOB C IJIMHAMH BOJH B Makcumyme 425, 458, 515, 540, 570, 610 um. B xauectse
PETUCTPUPYIOLIETO YCTPOMCTBA MPUMEHEH TaJIbBAHOMETP C IIMPOKOW IIKaynod. J[Ji1 yCTaHOBKH HYJiA
MPOMyCKaHus 1 HeoOxoauMoro koddduuuenta ycunenus (100% mnponyckaHus) UMEIOTCS 2 PYUKH.

Muxkpokonopumerp MKM®-02 umeer BCTPOECHHBIH MHKpONPOLIECCOP, BMECTO T'ajbBaHOMETpA
UCIIOJIB3YIOTCS CBETOANOIHBIE HHANKATOPBHI.

P MEL RIS
17 2 3 4 5 6 7

Puc.116. Muxkpokojsopumerp MKM®-1: ontrueckas cxeMa U BHELTHUI BUJ.
1 — mamma HaKaaUBaHUS;, 2 — KOHJEHCOPHAS JINH3a; 3 — CMEHSAEMBIN (BPYUHYIO) CBETOPIIBTP; KIOBETA; 5
— nuadparma (menb); 6 — POTOIIEMEHT; 7 — FraIbBAaHOMETP.

JAByxiyueBoii porodiekrpudeckuii konopumerp @IK-56.

Komopumerp mnpuUMEHSIOT A7l W3MEPEHHUs] ONTHYECKOW IUIOTHOCTH U CBETOMPOIYCKaHHs
pactBopoB B oOnactu criektpa 315-630 HM. B kauecTBe MCTOYHHMKOB CBETa HCIIONB3YIOT JBE CMEHHBIE
JIaMIIbl: JIaMIly HakKajJuBaHUS, JAIOUIYIO CIUIOLIHOM CHEKTP M3JIyueHHs B BUAMMON 0OJacCTH CHIEKTpa, U
PTYTHYIO JIaMIy C JIMHEHYaThIM CIEKTPOM H3JIyuYeHHs B YJIbTPadHUOIETOBOH M BHUAMMOW 00JacTsX.
[IpuemHMKaMu cBeTa CHyKaT [Ba CYypbMSHO-LIIE3MEBBIX QoTosiemMenTta P-4, BKIIOYEHHBIX 10
maddepennmansHot  cxeme. [Ipubop  cHabxkeH  HaOOpPOM  Y3KOIOJIOCHBIX  CBETO(MIBTPOB,
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PacmoI0KEeHHBIX Ha TIOBOPOTHOH Typenu. B Habop BXOST CBETOMMIBTPHI C MAKCUMYMaMU MPOITYCKaHUs
Ha 315, 364, 400, 434, 490, 540, 582 um (Bapuantsl — 597 u 630 M) (pucynok 117).
I— %

2
5 ?ao} 8__g

80

300 %00 500 660 700

Puc.117. ®@oTtodriexTpoxosopumerp ®IK-56. a) — BHenmHUI BUd; 0) — onTHdeckas cxema: 1 —
MCTOYHHMK CBETa; 2 — CBETOPHIILTP; 3 — CBETOACIUTEIIbHAS TPU3Ma; 4 — KIOBETHI 1)1 UCCIICAYEMBIX H
CTaHJIAPTHBIX PaCTBOPOB; 5 — KOMIIEHCAIMOHHAs Aradparma; 6 — GOTOIIEMEHTHI; B) CIIEKTPaIbHbIE

XapaKTEPUCTHKHN CBETOPHUIBLTPOB ,1-9 — HOMepa CBETOPMIETPOB.

CBeT OT UCTOYHHMKA, TPOHIS Yepe3 CBeTOQMWIBTp, MOMaAaeT Ha IPU3MY, KOTOpast IEHT IMOTOK Ha
2 nmyda: JIeBbIM W TipaBbId. Jlanee 3TH Jdy4u WAYT MO NMapauie]bHBIM KaHAIaM depe3 KIOBEThI, TuadpparMbl
W rmomajarT Ha (GoTodneMeHThl. DOTO37IeMEHTHl MOAKIIoUeHbl Mo AuddepeHaIbHOl cXxemMe depes
YCWIINTENIb Ha WHIUKATOPHYIO JIaMITy, HWCIOJB3yeMyI0 B KadyeCcTBe HyJIb-MHIWKaTOpa. M3MepeHue
TUIOTHOCTH WJIM CBETONPOIYCKaHHUS IMPOBOANTCS BpallleHneM OapabaHa mpuBoja mend. V3MeHss pa3Mep
nienu, J0OMBAlOTCS PABEHCTBA CBETOBBIX IMOTOKOB, MAJalONIMX Ha (POTORNEMEHTHl JBYX KaHAJOB.
PaBeHcTBO MHAMIMpYeETCsl HyIb-HHAMKATOpOM. [lo HaHeceHHbIM Ha OapabaHbl IKajgaM OIPEIEISIOT
IUIOTHOCTh MJIM TPOIMYCKAaHHE OTHOCHUTENBHO OMOPHOIO KaHalla, B KOTOPBIA MOXET OBITh IOMEIeHa
KIOBETa C OJJAHKOM WJIM CTaH/IapTOM.

Konopumerpsr MKM®-02 u ®3K-56 — mpubops! obmero HazHadeHus. Hecmotps Ha TO, 9TO
OHU HIUMPOKO TMNPUMECHAIOTCA B KIMHHUKO-AUATHOCTUYCCKUX na60paT0pm1x, OHHU HE ABJIAIOTCA
CHEIMATU3NPOBAaHHBIMIA MEIUIIMHCKUMHU NMPUOOpaMU W HE MPHU3BAHBI BHITIONHATH CYTy00 MEIUIIMHCKHE
3a/1ayM, B TOM YHCIIE TT0 00ECIIEYCHHIO HEOOXOIUMOT0 KayeCcTBa JJA0OPATOPHBIX NCCIICIOBaHUM.

OCHOBHBIMU HeaoCTaTKaMUu TaKHuX HpI/I60pOB JUUIA KJIIMHUYECKON XUMHUHAN SABJIAKOTCA
WCIOJb30BaHUE KIMHOBUAHOTO KIanaHa, KOTOPBIM i KOMIIGHCAIIMM YMEHBIIAeT CBETOBOW IIOTOK,
NPOXONAIIMA  4Yepe3 KIOBETY, TNPUMEHEHHE [IMPOKOMOJIOCHBIX  CBETO(QUIBTPOB, OTCYTCTBHUE
TEPMOCTATHPOBAHHS U OTHOCUTEIBHO MAJIbIA ONITHYECKHH UANa30H.

Tak, pekoMmeHayemblii onthyeckuid auanazon minsa DOOKos cocraBmser 0,2 — 0,8 enuHun
ontuyeckoi mioTHOcTH (Oemn). B coBpemeHHBIX ¢oToMeTpax W OHOXMMHUYECKHX aHAIM3aTopax
JIUHEHHBIM ONTHYECKU nmama3oH pacmmped ot 0 mo 2,5 m gmaxe 3,0 Gemr. DTo CYIIECTBEHHOE
yIIy4IllIeHHE, KOTOPOE TIO3BOJISIET 3HAYMTEIBHO PACHIMPUTH JUAMa30H H3MEPSIEMbIX KOHIICHTPALUH
aHanutoB Oe3 wux pasBeneHus (puc. 116) W TO3BONSET IIMPE HCIOIB30BaTh pacdyeT HEM3BECTHOU
KOHIICHTPAIIUH 110 CTAaHJIAPTYy.

————————————— Puc. 118. Paciunpenne 1uana3ona u3mMepeHust

% KOHIIEeHTPALMH AHAJUTA B 3aBUCUMOCTH OT

£ ONTHYECKOT0 IMATNA30HA.

% ®OK ¢ JuHEHHBIM JIHMAINla30HOM  ONTHYECKOM
= mwiotHocTH OoT 0,2 10 0,8 b mo3BonseT m3mepsaTs 0e3
—roTmtT pa3BeneHrsT KOHIIEHTPAIMIO aHalluTa B TMpenenax,
{ o06o3nayeHHbIx “C2”; CoBpeMeHHbIH (QOTOMETp C
JIMHEHHBIM IMANa30HOM ONTHUYECKOU MIOTHOCTH OT 0
0 04 08 12 16 20 24 mo 2,5 b mo3Bomsier w3MepATh 0e3 pa3BeeHHS
KOHIICHTpAIMI0 aHaiuTa B 3 pasza Oojee MIMPOKHX
npejenax, 00o3Ha4eHHbIx “C17

OnTHdecKad IWIOTHOCTE, )
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Onnoayuesoii ciektpogoromerp CPD-46.

B ocHoBy pabotel cnekrpodoromerpa CD-46 (puc 119a) monoxkeH NPUHLMI H3MEPEHUS
OTHOIIIEHHUSI BYX CBETOBBIX MOTOKOB: MOTOKA, MPOIIEIIETO Yepe3 UCCIeNyeMblid 00pasell, U MOTOoKa,
MaJlaloIIero Ha uccieayeMblid 00pa3enn (UK MPOoIIeAIIeTro Yepe3 KOHTPOJIbHBIN o0paserr).

CrtpykTypHasi cxema crektpodoroMerpa npejacraBiicHa Ha pucyHkel196. CeeToBoil my4ok
M3 OCBETHUTENS MOoMajaeT B MOHOXPOMATOp 4Yepe3 BXOJHYIO IIeNb W pas3iaraercs AuGpakIrOHHON
peUIeTKOM B ceKTp. B MOHOXpOMaTHUYECKUH MOTOK U3JIYyUYEHHUs, MOCTYNAOMMNN U3 BBIXOJHOU 1IEIU B
KIOBETHOE OTJEJICHHE, TTOOUYEPETHO BBOJATCS KOHTPOJBHBIM M HCCIeAyeMbIit 00pa3ubl. U3nydeHue,
npouienniee depe3 obpasel, momagaeT Ha KaToh (OTORIEMEHTa B MPHEMHO-YCHIMTEIBHOM OJIOKE.
DJIEKTPUIECKUN TOK, MPOXOMAIIHNA depe3 pe3nucTop Ry, KOTOpHIH BKIIOYEH B IEMb (OTOIEMEHTA,
CO3/1aeT Ha Pe3UCTOope MaJleHHe HaMpsKEHUs, TPOMOPLUHUOHAIBHOE MOTOKY M3JTyUeHHs, MaJalollemMy
Ha (OTOKATONI.

Yeunurens TOCTOSHHOTO TOKa C KOIG(HUIMEHTOM YCHUJIEHUS, ONM3KUM K €IWHUIIE,
obecreurBaeT Iepenady CHUTHAJIOB Ha BXOJ MHUKpoOIpoleccopHoi cuctembl (gaiee - MC). MC mo
KOMaHJIe OIepaTropa MOOYEPENHO u3MepseT U 3anomuHaer Hanpsbkenus Up, U, um U,
MPONOPLUUOHATILHEIE TEMHOBOMY TOKY (OTO3J€MEHTa, TOTOKY, MPOLIEAIIEMY Yepe3 KOHTPOJBbHBIHA
oOpa3zer, ¥ TIOTOKY, MPOLIEAIIEMY Yepe3 HcClenyeMblii oOpaser cooTBeTcTBeHHO. [locie m3mepeHus
MC paccuuntsiBaeT k03pPuireHT npomyckanus T ucciemryemMoro oopasia.

3HavueHNe U3MEPEHHOW BEJIMUMHBI BEICBEUHBaeTCs Ha HudppoBom Tabio.

oCBEeTUTEL
N
/N : 0

« | »

KIBETHO

moHoxpomatop —i|= QrLencHme !up'.mun_n-‘.'::unu-i | MuxponpoueccooHan
|TenpHbit Gnox CHCTOME
L

| .
s 2 | [ELEIE]
T T: oS =T

L || aialol

- Puc. 119. Cnektpodoromerp CD-46
) a — BHEIIHUN BUJT
HTﬂ [H 0 - CTPYKTypHas cxema creKTpopoTomMeTpa

/ B - onTHYecKas cxema: 1, 1’ — HMCTOYHHMKM CBETa;
2 — 3epKaJbHBI KOHJEHCOpP; 3 - MOBOPOTHOE
3epkano; 4 -imH3a; S5 — BXOoAHAsA IIETh
< MOHOXpoMaTopa; 6 — audpakuuoHHAs peleTKa;
v \- 7 - BBIXOJIHasl ILIEJIb MOHOXpomaTopa; 8 u 9 —

¢ nuH3bl; 10 — moBopoTHoe 3epkano; 11 u 12 —
13 4 :

¢dotosneMeHTsI; 13 — cBETOPUIBTP
3 9127 10

OnTnyeckasi cxema C®-46 nokazaHa Ha pucyHke 119B. M3znydyenune ot ucrounuka 1 mwmm 1’
MajgaeT Ha 3€pKaJIbHbII KOHAEHCOP 2, KOTOPBIA HANPAaBISIET €r0 Ha IJIOCKOE MOBOPOTHOE 3€PKaio 3 u
JacT U300pakeHHe MCTOYHHMKA M3JIYy4YEHHs! B IUIOCKOCTH JIMH3BI 4, pacroyloKeHHOW BOJIM3M BXOJHOMN
menu 5 MoHoxpoMaropa. MOHOXpPOMATOp MOCTPOEH MO BEPTUKAIBbHON aBTOKOJUIMMAIMOHHOW CXEME.
[Ipoweamee yepe3 BXOAHYIO LIEJIb M3Iy4YE€HHE MAAaeT Ha BOTHYTYIO NU(PAKLMOHHYIO PELIETKy 6 C
NEPEMEHHBIM I1IaroM M KPHUBOJMHEHHBIM WITpUXOM. PemeTka u3roraBnuBaercss Ha cdepuuecKou
MOBEPXHOCTH, MO3TOMY, TIOMHMO JUCIEPTUPYIOUIUX CBOMCTB, OHa 00JagaeT CHOCOOHOCTHIO
¢doxycupoBaTh crnekTp. [IpuMeHeHHe MEPeMEHHOro Iara U KPUBOJWHEHHOTO IITPHXa 3HAYUTEIHHO
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yMeHbIIaeT a0eppalMOHHBIE HCKaXEHUs BOTHYTOHW AMPPakUMOHHON pEIIeTKH W TO03BOJSET
MOJTYyYUTh BEICOKOE Ka4eCTBO CIEKTpPa BO BceM pabodeM Jquara3oHe IJIWH BOJH.

HduapparMupoBaHHbIl Ty4oK (OKycHpyeTcss B  IUIOCKOCTH  BBIXOJHOW  menu 7
MOHOXPOMAaTOpa, pacloNoXeHHOW Haja BXOAHOM 1meibio 5. CKaHHpPOBaHHME OCYIIECTBISETCS
MOBOPOTOM AU(PPAKLUMOHHON PEIIETKH, MPU 3TOM MOHOXPOMATHYECKOE M3IyUYEHHE Pa3IMYHBIX AJUH
BOJTH MTPOXOIUT Yepe3 BEIXOAHYIO IIENb 7, TUH3Y 8, KOHTPOJBHBIN UM H3MEpPsIeMbIld 00pasell, THH3Y 9
W C TIOMOIIBIO MOBOPOTHOTO 3epkana 10 momagaer Ha CBETOUYBCTBUTENBHBIN cioi hoTolneMmenta 11
unn 12. JIng yMeHbIIEHHS pacCesHHOTO CBETa W Cpe3aHMsd BBICHIMX MOPSAKOB IU(pakuuU B
CIeKTpo(oTOMETpEe UCIONB3YIOTCS aBa cBeToQmubTpa: u3 crekia [IC11 ams paboTsl B 00J1aCTH CIIEKTpa
230—450 um u w3 crexiaa OCl4 nns pabotel B obmactu cmekrpa 600—1100 M. CMmena
CBETO(HIBTPOB MPOU3BOUTCA aBTOMATHYECKH.

JIMH3BI W3rOTOBJIEHHI M3 KBAPIEBOTO CTEKJA C BBICOKUM KOI(P(MHUIIMEHTOM MPOMYCKaHHS B
yabTpaduoseToBol obmactu cmnekrpa. st obecrniedenuss paboTel ceKTpopoToMeTpa B IMHPOKOM
CIEKTPaJIbHOM JAMamna3oHe HCHOJb3YIOTCs ABa (OTOdJIeMEeHTa M JBa HMCTOYHWUKA HW3IY4YEHHUS
cmomwiHoro crnekrpa. CypbMsiHO-Ie3UeBBIH  (DOTO3JIEMEHT C OKHOM M3 KBapleEeBOTO CTeKJa
TIpUMEHSETCS IS u3MepeHud B obOmactu cmektpa oT 190 mo 700 HM, KHCIOPOIHO-IIE3WEBHIN
($oTO3JIEeMEHT - i u3MepeHuil B oonactu crnekrpa ot 600 nqo 1100 HM. J[muHA BOJIHBI, TPU KOTOPOH
clelyeT TNepeXxOoAuTh OT HM3MEpPEeHUH ¢ OOHUM (OTORINEMEHTOM K H3MEPEHHSIM C JpyTUM
(doTodTEMEHTOM, YKa3aHa B macmopre cnekrpodoromerpa. Jleirepuenas naMia npegHa3HadeHa IS
pabotel B obiactu cnektpa oT 190 no 350 HM, Jamma HaKaJlMBaHUA - 71 paOOTHI B 00JIaCTH CIEKTpa
oT 340 no 1100 aM. [Ing nmpoBepkH I'paAyHpOBKH MpUOOpa UCHOJIB3YETCS PTYTHO-TeIHNeBas JlaMia
JAPTC-12.

Cnekrpodoromerp CD-46 — mpubop oOmiero Ha3zHAdYeHUS. B KIMHKO-THArHOCTHYECKUX
nabopaTopusx MPUMEHSETCs JUisl MCCIeAOBaHWM Ha JIJIMHAX BOJH, KOTOpPBIE HE XapaKTepHBI s
LIMPOKO MPUMEHSAEMBIX XPOMOTEHOB, a TaKXe HpPHU MPOBEAEHUU padoOT, CBA3AHHBIX C KOHTPOJEM
KavecTBa.

AByxay4eBoii cnekTpodporomerp BECKMAN UV 5240.

Cnexrpodoromerp BECKMAN UV 5240, paboTaromiuii B yJIbTpadroIeTOBOM, BUAMMON 1
ommkueit K obnmacTsx criekTpa B JABYX JY4Y€BOM HIIM OJHO JIyYEBOM pPEXHMAX, MPEACTaBIISCT
coboi 1QpoBOI CEKTPO(OTOMETP C MPSIMBIM CUUTHIBAHMEM JAHHBIX, BBHIOJIHSIOLIUI 3amuch
WHPOPMAILIUU B COOTHOCHTENBHOU (hopme. O mpenHazHAueH Ui POBEICHHUS OBICTPBIX U TOYHBIX
M3MEPEHUH CTIeKTPaIbHBIX U3MEPEHUI TOTJIOLIEHHUS, TPOIYCKaHHUs WM KOHIEHTpaluu o0paslia B
nuanazone AyuH BoiH oT 190 1o 800 am u ot 800 10 3000 HM.

Ha cnextpodoTtomerpe MOXKHO MPOU3BOIUTH KAUECTBEHHBIE U KOJMYECTBEHHBIC aHAIIU3bI
KHUJIKOCTEH, Ta30B U TBEPJbIX TEI.

OcHoBHBIMU KOMIIOHeHTamMu cniektpodotromerpa BECKMAN UV 5240 sBastorcs:
MOHOXpoOMaTop (IU(paKkIMOHHAS peIIeTKa), HWCTOYHUKK W3IIydeHHs (C aBTOMATUYECKUM
nepexsIroueHneM) — Bosb(pamoBas JlaMna W JieiTepreBas jamiia, 3JeKTPOHHOe 000pyIOBaHUE,
camoruicen, OOJBIION OTCeK i 00pasioB, ¢oronpueMHukn Y@, Buaumoro u MK nuanazoHos.
CkaHupoBaHUE IO AJMHAM BOJIH MPOU3BOJUTCS aBTOMATHYECKU WM Bpy4YHYI0. BbiOOp mImpuHbI
LIETM  TaKkKe MOXKET [POU3BOJAUTBHCS BPYUYHYHO WIM MPOTPaMMHO  CEPBOMEXAHU3MOM
(MeXaHMYeCKUM TTPUBOIOM).

3anuchIBaloIee YCTPOMCTBO CHEKTPOPOTOMETpAa HMMEET CHCTEMY Ui TEPUOTMYECKU
MOBTOPSIIOIIETOCS CKAaHUPOBAaHUS, KOTOpas MOXKET MPOU3BOAMUTH JIMOO TMOCIEN0BATEILHOE
CKaHWUpOBaHUE, MO0 OJHOBPEMEHHOE CKaHMWpoBaHHUE. B crekTpodoromerpe nmeercs: cucrema u3
HECKOJIbKMX MOTEHIIMOMETPOB, KOTOpasi MO3BOJISIET ONepaTopy MPOU3BOAUTE HY>KHYIO MOACTPONKY
HYJISL.

OdyHknuoHanbHas cxema crekTpodoromerpa Beckmann UV 5240 wuzobpakeHa Ha
pucynke 120. M3nydenue oT Boib(ppaMOBON UM ASHTEPUEBOH JIAMITBI TTOMAAAET B MOHOXPOMATOP
4yepe3 BXOJHYIO LIeNb M Yepe3 IIMPOKOMOJIOCHbIE (DUIBTPHI MpelBapUTENbHON (UIBTPALUN C
nmaamu BoiH 300, 350, 400, 460, 560 u 690 M. Ilocine MoHOXpoMaTopa CBET MOXOAUT yepe3
BBIXOJHYIO IIEJb U pazfeNisieTcs NepeKiIoyaTesieM CBeTa Ha Ba OJAMHAKOBBIX JTy4a, MPOXOASIINX
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Yyepe3 OMbITHBIA 00pasel] u yepes oOpaser] CpaBHEHHsI. 2 JTyda, BEIXOJSIIHE U3 OTCEeKa ¢ 00pazaMu
HAINpPAaBJSIFOTCS. BTOPHIM TEPEKITIOYaTeNieM CBeTa Ha OAWH (POTONMPHUEMHHUK MOCIIETOBATEILHO BO
BPEMEHH OT OIBITHOTO 00pasia M oOpasua cpaBHeHHs. Pe3ynbTaT n3mMepeHus MpeacTaBiseTcss Ha
(poBOM JWCIIIee B BUIE 3HAYECHHs JTMOO TPOIMYCKaHMs, JTHOO ONTHYECKOW TUIOTHOCTH, JIHOO
KOHIIEHTpaLK. BoTHOBEIE MapaMeTpbl N3ITy4YeHHs PECTAaBISIOTCS Ha MPELM3MOHHBIX IKaIaX.

ABTOMaTUYECKaR

nogcTponka "0" D

A
D,USSE —— ALIM log
WMHgukaTtop
15 14 13

Pucynox 120. JIsyxiyueBoii criektpodotomerp Beckmann UV 5240. OOuwmii Bu
(yHKLIMOHATIBHASA CXEMa.

1 — UCTOYHHMK CBeTa; 2 — HCCIeayeMblid 00pasell; 3 — cTaHAapTHHIN oOpaselr; 4 — 3acOHKa; 5 —
MOHOXpoMaTop; 6 — poTonpueMHUK; 7 — ycunuTenb GOTOTOKA; 9 — MepeKIroyaTenu cBeTa
(IMCKU C 3epKaIbHBIMU U TIPO3pauyHbIMU cekTopamu); 10 — 3epkana; 11 — ycTpoicTBO
ABTOMAaTHYECKOTO PEryaupoBaHus; 12 — ycTpoicTBa 3NEKTPUYECKON MOACTPOUKH ycuiutens; 13
— aHAJIOTOBBIN JIorapuPMUUecKuil mpeoOpa3zoBaTenb (U1 pekruMa U3MEPEHUS IIIOTHOCTH); 14 —
aHaoro-udpoBoi npeodpazoBarenp; 15 — MHAMKATOPHOE YCTPOICTBO. Perucrparop He
n300pakeH.

TexHuueckue napamMeTpbl U XapakTepucTuku crnekrpodoromerpa Beckmann UV 5240.

Onucanue XxapakKTEpUCTUKHU WK apaMeTpa XapakTepUCTUKA WM 3HAUE€HUE apaMeTpa
[IpuHumn paboTs JIByX n1y4eBOU U
OJIHO JTY4€BOH peXKUMBI pabOThI
Monoxpomatop JudpakimonHas pemeTka 1 nmpeIBapuTeTbHas
CHeKTpasibHas GUIbTPALIUS
Jnana3oHbl JjIMH BOJH 190-800 um
800-3000 Hm
To4YHOCTH yCTAaHOBKH JUIMHBI BOJIHBI 0,5 um (190-800 um)
12,5 M (800-3000 HM)
Bocnpon3BoIuMOCTb JJIMHBI BOJIHBI 0,1 am (190-800 HMm)
0,5 am (800-3000 HM)
Pa3pemenue <0,2 1™ (190-800 HM)
<1,2 am (800-3000 HM™)
dotoMeTpuiecKas JTUHEHHOCTh 0,3% npu onrtrueckoi mmotHocTH 1,0 Oen
0,5% mpu 2,0 6emn
3% npu 3,0 Gemn
dotoMeTpuyecKas BOCIPOU3BOIUMOCTh 0,002 6emn mpu oNTHYECKOH TIOTHOCTH 1 Oernn
0,003 Gemt mpu ONTHYECKOM IIIOTHOCTH 2 O€III
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0,015 Gemt mpu ONTUYECKOM MIOTHOCTH 3 Oet

PaccesHnoe n3nyuenue <0,1 % na 370 am
<0,1 % na 220 aMm
CTaOuIBbHOCTD HYJIS 0,0005 6emn/gac wm 0,005 Oemn/neHs npu

onTuyeckoil miorHocty 0 Gerut

AHAJIMBATOPBI MEJUIIMHCKHUE ®OTOMETPUYECKUE.

B nmanHOM pa3zene paccMaTpHUBalOTCs CHELMAIM3UPOBaHHbIE (DOTOMETpHUUYECKHE NPUOOPHL,
MpeHAa3HAYCHHBIE U1 MPOBEACHUS MEAWIMHCKUX J1abopaTopHBIX HccienoBaHUid. B 3aBucMMOCTH OT
Ha3HaueHHss B OCHOBE mpubopa sexuT cnektpodoromerp mnu Qortomerp. Ilpubopel comepxkar
BCEBO3MOXKHBIE yCTpOMCTBa 00paOOTKM [HaHHBIX W aBTOMAaTH3alUM JIabOpaTOpHBIX mpouenyp. B
HACTOSIIIIEe BpEeMs HCIIOJIL3YEeTCS OrPOMHOE KOIMYECTBO (OTOMETPOB U  CIEKTPOGOTOMETPOB
CHEIMATBFHOTO HA3HAUYEHHUS - aHAIM3aTOPOB, HEKOTOPhIE U3 HUX MPEICTaBIEHBI Ha pucyHke 119.

C TOYKM 3peHMs] METOAOB YIPABICHHS HW3MEPEHHEM aHAJIN3aTOpPhl JAENATCS Ha pY4HBIE,
IMMOJIyaBTOMAaTU4YCCKHUE U aBTOMATHYCCKHUC.

B pyuHsix QoTomerpax ympaBlieHHE MpoLeccoM (QOTOMETPHUPOBAHUS U KalUOpPOBKH
MPOM3BOJAUTCS BPYYHYIO M TOJIBKO NpEACTaBIEHHE JAaHHBIX ObIBaeT aBTOMATH3MPOBaHO. Tak B
KoJopuMeTpe GoToMeTprudeckoM KoHImeHTparmoHnHoM K®K-3 ycTtaHOoBKa JIMHBI BOHBI, CIIEKTPAIBHON
MOJIOCHI U KaJIMOPOBKM TMPOU3ZBOIATCS BPYUYHYIO. BCTpOEHHBI mporeccop MOXKET MNepecUUTHIBATh
W3MEPEHHYIO MJIOTHOCTH 3Hau€HHs MO (AaKTOpy B UMCIEHHOE 3HAYEHHE W3MEPSAEMOro mapamerpa, B TOM
YHCIIE U PEKUME Pa3JEICHUs BPEMEHH ISl IBYX TOUEYHBIX KHHETHUECKUX UCCIIEOBAHNN.

B monyaBroMaTudeckux aHamm3aTtopax (pucyHok 119), kak mpaBmIIO, HMEETCS MPOTrpaMMHOE
YCTPOMCTBO, COAEprKallee aliroputM (OTOMETPUPOBAHHA MO OMOXMMHYECKUM MeTonukam. Omepartop
BBIOMpAET HEOOXOAUMBIN AJTOPUTM M YCTaHABJIMBAET MCCIEAyeMblil oOpaszen B npubop. IIporpammuoe
YCTPOHCTBO  aBTOMAaTMYECKM  BBIOMpPAeT  CIEKTpajbHble  AMAna3oHbl  (OTOMETPUPOBAHUS,
[IOCJIEIOBATENBHOCTE U3MEPEHUH, BPEMEHHBIE HHTEpBaJbl M3MepeHud u T.4. IIpu 3tom anroputm
npeaycMaTpuBaeT M OpOUEAYypbl KanuOpPOBKM C 3allOMMHAHMEM KaJIMOPOBOUHBIX JAHHBIX H
aBTOMATHYECKIM «IIOCTPOSHHEM» KAIMOPOBOYHOW KPUBOW. J[aHHBIE M3MEPEHNUH MOTYT HPEICTaBISATHCS
Ha yCTpOfICTBElX WHAWKAIMKU WKW pacnedaTblBaTbCAd BCTPOCHHBIMU IMPUHTCPAMMU. MHorue "3 Takux
aHaM3aToOPOB CIIOCOOHBI «00ydaTcs», TO €CTb B HUX MOXHO BHOCHTH AOINOJHUTENbHBIE METOIUKH
uccienoBaHni. TakWe aHamM3aTopel OTHOCAT K  «OTKPBITBIM» —cucTteMaM. [IpumepoM  Takoro
[IPOrpaMMHUPYEMOro aHaIU3aTopa MOXET CIYKUTb OHOXMMHUYECKMH aHanu3atop buAn (mosHoe
Ha3BaHHWE - aHATU3ATOP OMOXMMHYECKHH (POTOMETPUYECKUH KMHETHUYECKHM, THUIT CPEICTBA W3MEPEHHUs
ABbx®x-02-«HIIII-TM»). TIpoGomoAroropka B IOJyaBTOMATHYECKMX aHAIU3ATOPaX MPOU3BOIMUTCS

BPYYHYIO.
Tunossle poTOMeTpHYECKHE TTApaMETPhl TPOTPAMMHUPYEMBIX (POTOMETPOB:
- JInneiHbIi Tnana3oH u3MepeHns ontudeckor miotHoct 0,2 — 2 b.
- Jluneitnocts 5% - 1%.
- CKO 0,005 - 0,001.
- CnexTpanbHas monoca (ans puastpoB) 8-10 HM.
- Uucno cnekTpanbHBIX KaHanoB (GuabTpoB) 4 - 8.
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Puc. 121. ®@oTomeTpsl 1 cieKTPoGOoTOMETPBI 1JIs1 KIIMHHKO-THATHOCTHYECKHX Ja0opaTopuii.
1 - buA# (Poccus); 2 — SPECTRAmax Plus; 3 — Photometer 5010; 4 — ScreenMaster;
5 — Human 2000; 6 — StatFax 1904 Plus; 7 — Specol 1100; 8 — Specord 30; 9 — Yuaumnan (Poccus).

Bbuoxumuyeckuii anaansarop buAm.

buoxumunueckuit ananuzarop buAn (pucyHok 121, 1) npenHasHadeH  Afs OIpeneneHus
KOHLIEHTPAllu{ BEILECTB B JKUAKHUX OMOJOrMYECKHX Mpo0ax MO M3MEPEHHOMY 3HAUEHHIO ONTHYECKOi
IUIOTHOCTH B CTAHAAPTHBIX KBapLEBBIX M CTEK/ISHHBIX KIOBETaX WJIM B LMIMHAPUYECKUX MPOOHPKaX C
JUIMHON onThudeckoro myTu 10 MM Npu NpoBeleHUH OMOXMMHUYECKUX aHAIN30B KMHETHYECKUM METOZ0M
Y TI0 KOHEYHOH TOUKE.

VYerpoiictBo ananuzatopa buUAH npencraBieHo Ha pucyHke 122. OmvH MHUKpPOIPOLECCOP
ynpasiseT paboToil (yHKIHMOHAIBHBIX IEMEHTOB ()OTOMETpa: TUCIUIEEM, MHUKPOJBHUIraTeNIeM MPHBOJA
BpalEHUs Typelln, PeXUMOM Pa0OTHI JIaMIIbl OCBETHUTENs, HarpeBaTeIbHbIMU 3JIEMEHTaMHU U 1aTYNKAMU
TEMIIepaTypbl TEPMOCTATOB, KHOMNKAMU YIPABJICHUS, JEKTPOHHOW CXEMOHW ycwieHHs U 00pabOoTKu
¢dororoka u T.1. BTOpoil mpoueccop comepk UT KOMaH[bl YHPaBJIE€HUs IPU BBIIOJHEHUU Pa3IMUHBIX
orepauuii, HEOOXOAWMBIX HJsi TPOBEJCHUS JTabOpPaTOpHOrO HcclenoBaHus. B sTom mpomeccope
peanu30BaH aaropuT™ UHTEpdeiica noap3oBaTens.

4 A 2 3 4 5 6 7

N
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Puc. 122. YerpoiicTBo anann3aTopa bnAmn.

a - ONTHYECKHH OJIOK COCTOMT M3 IJIACTMAcCOBOTO Kopmyca 6, CEKUMM C OBYMs THE3IaMM [UIs
YCTaHOBKHM KIOBET HJIM MPOOMPOK 5, KapTpUIKa C OCBETUTENHHOMN TaJOreHOBOM JlaMmnol 4, ceKkIuu ¢
(hOoTOMETPHUYECKUM THE3AOM 3, KAPTPUIKEM C TYpPENblo [ YCTAHOBKH CBETOMMIIBTPOB 2, M MeYaTHOU
iatoi 1. Ha koprmyce ycTaHOBIIEH Takke JaTYHK MOJIOKEHUS KIOBETHI (MpoOupkn) 7.

0 - ontuyeckas cxema (oTtomerpa: 1 — rajoreHoBas jama, 2 - BBIPAaBHHUBAIOIIMKA CBETOMUIBTP, 3 —
KOJUTUMATOp, 4 - KioBeTa ¢ OnonpoOoH, 5 — nuadparma, 6- HHTEPPEPEHIMOHHBINA CBETOPHUIBTP, 7 -
tdhotonmon

B ananuzatope BuAH THe3xa cexuuu 5 U QoTOMETpHUYECKOE THE3OA0 TEPMOCTATUPYIOTCS MpU
temneparype 37 rpamycos. [Ipu pabore ¢ ¢hOoTOMETPOM HCIONB3YIOTCSA KakK MPOOUPKH, TaK U KIOBETHI.
[Ipu ncronp30BaHNY NUIHMHIPHYECKUX MPOOMPOK B THE3MA (POTOMETpA YCTAaHABIMBAETCS CIIEUANBHBIN
MeXaHH4YeCcKHe agantep (MepexoaHUK — AepKaTelb), 00ecreyrBaoii MO3UIMOHUPOBAHHE TPOOUPOK B
ONTHUYECKOM KaHaJle ¢ BBICOKOH TOYHOCTBIO.

Hanwuue cranmapTHOro OTOMETPHYECKOTO THE3/a MO3BOJISET MPOU3BOAUTE METPOIOTUIECKHIA
KOHTPOJIb M TPOBEPATH PabOTOCMOCOOHOCTh (OTOMETpa C MOMOIIBIO CTEKISHHBIX Mep, KOTOpHIE
pasMelleHbl B KOphycax ¢ rabapuTaMy CTaHIApTHOM KIOBETHI (HA0Op CTEKISIHHBIX MEp ONTHYECKOM
miotHoctt HOCMOII-7).

Onrryeckas cxeMa aHanu3aropa buAH nm3o0pakena Ha pucynke 1210. B xauecTBe ocBeTuTeNs B
ONTUYECKOW CXEME UCIOJIb3YETCs TalloTeHoBasl jJaMia. TeMIepaTypHblid 6ajJaHC TOCTUTAeTCsl B TEUEHHUE
10-15 MUHYT TOCJe MPOTpeBa OKPYKAIOMIMX JIAMITy 3JIEMEHTOB Kopiryca Oioka. C [enbio CHIDKEHUS
TEIUIOBOTO TOTOKAa JlamMma paboTaeT B HMITyJbCHOM pEXHME, TPH 3ITOM BpEMEHHas auarpamma
AJIEKTPUYECKOTO0 TOKa JIaMIlbl 0OecreYMBaeT YBEJIMYEHHE JIOJITOBEHYHOCTH Jammbl. JIjisi TOro, 4TOOBI
ONTUMM3UPOBATH CHEKTP MW3JIyYEHHUs JaMIbl, NPUMEHEH BbIPABHUBAIOLIMNA CBETOPUIBTP, OH XKe
BEITIOJNHSET (YHKIHMIO TIOJABJICHUS paccessHHOro cpera. KoyummmaTtop (IMH3a) CO37aeT CXOAAIIUICS
CBETOBOM TMOTOK, HAIIPABJIIEMBIH Ha KIOBETY (IIPOoOUpPKY) ¢ 6ronpoboit. CBETOBOI MOTOK OrpaHUYHBAETCS
muadparmoii. Ilocne QoTomeTpuueckol KIOBETHI CBET MPOXOAUT dYepe3 HWHTepPEepPeHLMOHHBIN
cBeToQWIBTp M mnomazaer Ha Qortoauona. MHrepdepeHUHMOHHbIE CBETOQMIBTPHl PACHOIOXKEHBl Ha
Bpalnaromieiics Typenu. Pa3MereHHblii HemocpeaCcTBeHHO mnepen (poToauoaoM cBeTohMIbTp ocnadiseT
BJIMSIHUE BHEIIHUX 3aCBETOK, YTO Ba)KHO IPH OTKPHITOM (oToMeTpuyeckoM rHes3ne. TOHKOCTEHHBIH
KOpITyC TepMocTaTa 00ecrevyrnBaeT AOCTATOYHYIO TEIUIONPOBOJHOCTD AJISI CTAOMIM3alUKU TeMIepaTyphl
TepMocTaTa MpH JAWHAMHUYECKOM HarpeBe. llpm TakoMm peXuMe HarpeBa pacXoayeTcs MUHUMYM
MOIIIHOCTH TIPH TOYHOCTH cTabunuzanuu +0,2 rpamyca.

CnexTpanbHble KaHanbl aHanu3atopa buAn: 340 um, 405 um, 492 um, 540 M, 620 M, 690 HM,
CIIEKTpabHas 1MoJIoca MPOITyCKaHus nHTep(epeHINOHHBIX (GriabTpoB 10+2 HM.

Jwnanazon onrndeckux miotHocrer 0 — 3 b, muueinocts ipu 2 b — 3%, CKO npu 2 b — 0,0015.

AHaJIM3aTOPBI C BePTHKAJBHBIM (DOTOMETPHPOBAHHEM.

@oTOMETpbl C BEPTUKAIBHBIM (POTOMETPUPOBAHHEM NPUMEHSIOTCA JUISl Pa3TUUHBIX
OMOXMMHMUYECKUX UM HMMMYHO(QEPMEHTHBIX aHaiu3oB. KOHCTpyKIMs TakuXx (QOTOMETPOB
MO3BOJIAET NPOBOJUTH NApajUIEIbHbIE U3MEPEHUSI OJHOBPEMEHHO 0 HECKOJIIBKUM ONTHUYECKUM
kaHanam (pucyHku 123-126). JIpyroit 0coO€HHOCTh 3TUX (OTOMETPOB SBISAETCS UCIOJIb30BAHNE
MHUKPOKIOBET — JIYHOK CTPHUIIOB WJIM IUIAHIIETOB ¢ MHUKPOOOBEMaMH PAaCTBOPOB HCCIEIYEMbIX
BEIIIECTB.
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Pucynok 123. OnTudeckas cxema JIeBATH KaHAJIbHOTO
ananuzaropa FP-901.

1 — ranoreHoBast 1amma; 2 — 00TrOpaTop (IIpeprIBaTeh
CBETa — BpallaOLIMiicd TUCK C OTBEPCTHAMH); 3 —
MIOBOPOTHOE 3€pKasio; 4 — Typeib C Yy3KOIOJIOCHBIMU
UHTEPPEPEHIIMOHHBIMU  (QUIBTPAMH; 5 — ONTHKO-
BOJIOKOHHHBIN Pa3BETBUTENb CBETA Ha 9 KaHAJOB; 6 —
9 KOWIMMHPYIOIIKUX JUH3; 7 — 9-TM JYHOYHBIH
TUTAaHIIET; 8 — KpeMHUEBbIE (DOTOANO/IBI.
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Pucynok 124. Ontuyeckas cxema BOCbMU KaHaJIbHOTO
aHaim3aropa Multiscan.

1 — ramoreHoBas nammna; 2 — oOTooparop; 3 —
KOJUTMMATop; 4 — MOBOPOTHOE 3epKallo; 5 — ameprypa
(memp); 6 - Typerb ¢ wuHTEp(EPECHINOHHBIMU

¢wibTpaMu; 7 - ONTUKO-BOJOKOHHHBIN Pa3BETBHUTEIb
cBeTa Ha 8 kaHaioB; 8 — (pokycupyronme JIUH3b; 9 —
BEPXHUE JTMH3BI U POTOIPHUEMHUKH.

Pucynoxk 125. OnTuueckas cxema BOCbMHU KaHaJIbHBIX
ananu3atopoB Mutascreen, Bioscreen u Auto-EIA.

1 — ramoreHoBas namma; 2 — oOTioparop;, 3 -
MOBOPOTHOE 3epKaio; 4 —  Typelnb c
uHTep(PEepEHITMOHHBIME  QUIBTPAMH; S5 — ONTHUKO-

BOJIOKOHHHBIA pa3BETBUTEIb CBETA Ha 8 KaHAJOB; 6 -
¢dokycupyromue JUH3bL; 7 — JYHKH IJIaHIIeTa; 8 —
dokycupyromue  JMH3BL; 9  —  KpeMHHUEBbIE
¢doronpuemMHuky; 10 — ycunurens GoTOTOKA.

IInaHmeTHbIH aHAIU3ATOP ¢ BepTHKAJILHBIM (poTromeTrpupoBanuem «Y HUITJIAH»

[Tpubop "YHUIIIAH" mnpencraBiser coboil (oToMeTp ¢ BepTUKAIBHBIM XOIOM
CBETOBOI'O JIyya M IpeJHa3Ha4YeH AJI pEerucTpaliy pe3yJbTaToB UMMYHO(MEPMEHTHOTO aHaIn3a
(UDA), npoBoAMMOro Ha CielMAIbHBIX MOJUCTUPOJIbHBIX IUIAHIIETaX ¢ 96 TyHKaMH.
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I:'/ 7. dotozneTeKTop

A
|6. HNHTephepeHIMOoH bl QUIBTP |
Z Z'/
C:>/|5 Konnmumupyromias auH3a |

/|4, Jlynka nnanmieTa ¢ uccueayemMoit mpoooi

3. duadpparma
— | =

T Komencop |

®/|1 . KBapueBas Bosib(hpamo-rajoreHHas Jama

Puc.126. IlnaHmeTHblid (oToOMeTP ¢ BepTHKAJBHBLIM ()OTOMETPHUPOBAHHEM — OOIMMUNA BHUI W
OnTHyeckas cxema npudopa

CBeT OT KBapIeBO-TAJIOTEHHOH JaMIbl, C(HOPMHPOBAHHBIM KOHIACHCOPOM M OTpPaHUYCHHBIN
muadparmMol, TPOXOAWT dYepe3 JIYHKY [MOJUCTUPOJIBHOrO IUIAHIETa, B KOTOPOM HaXOJHTCS
aHanu3upyemas npoda. OcnabiieHHbIH MPoOOi CBETOBOM MOTOK MPOXOIUT 4epe3 KOIMMHUPYIOIIYIO
JMH3Y, UHTEP()EPEHIHMOHHbBIH CBETO(UIBTP, BBHIACIAIOUINNA Y3KUH CHEKTPaIbHBIN Y4acTOK M MOCTYMaeT
Ha (hOTOZIETEKTOP.

[Tpubop obecneunBaeT n3MepeHre ONTHYECKON MIOTHOCTH B auanaszone ot 0 mo 3,0 b (6emn) B
cnektpanbHoM uHTEpBane 400-700 HM ¢ TouHOcThIO 1,5% wim 0,005 b. Bpemsa usmepenus 96 myHox
IUIaHIeTa He 6osee 1 MuH.

[MpoBeneHre W3MEpeHUH MPOU3BOIUTCS IO BCTPOSHHBIM MPOTpaMMaM Uil TECT-CHUCTEM,
BBINTyCKaeMbIM Kak B Poccuu, Tak u 3a pyoexom.

OI[HOBOJIHOBBIG AHAJIN3ATOPbI

I'emorsnoouHomMeTpbl poToMeTpuueckue nopraTuBHbie AI'®-03-1 Munul’EM 540 u AI'®-
03-2 Munul'EM 523.

[ HEKOTOPBIX MacCOBBIX MCCIEAOBaHUM JOCTATOYHO MCIOJb30BAHME MPOCTHIX aHAJIM3aTOPOB,
pacCUMTaHHBIX Ha OJHY METOAHMKY ()OTOMETPHUYECKOTo ompezaeneHus BemectBa. K Ttakum (oTomeTpam
OTHOCSITCSI 0OHOBONHOGbLE 2eMo2N0bunoMempyl homomempuyeckue nopmamushvie AI'@-03-1 Munul EM
540 u AI'D-03-2 Munul EM 523.

DoTOMETPHUECKOE HCCIIEeIOBAHNE KOHIIEHTPAIMU OOIIEro reMOorIo0nHa - MOYKET MPOBOIUTHCS
Kak Ha criektpodoroMeTpax u orokojgopumerpax oduiero HazHauenus (CD-46, CD-56, CD-121, GOK-
56, KOK-3 u T.m.), Tak ¥ Ha CleUUadIu3UpOBaHHBIX (OoTOMETpax — remorjobouHoMerpax. Hambonee
TOYHBIE PE3yJbTATHl MONYYAOTCAd Ha CIEKTPOo(OTOMETpax, OAHAKO, M3MEPEHNE Ha HUX OTHOCHTEIHHO
CIIOKHOE W TpymoeMkoe. MccnenoBanue e Ha (OTOKOIOPUMETPaX TPeOyeT JacTou MpenBapUTeIbHOM
KaJTMOPOBKH MpHOOpa 1Mo KAJIMOPOBOYHBIM PacTBOpaAM, YTO TaKKe HEYH00HO. ['eMOrnoOuHOMETpHI JatoT
NPUEMIIEMYIO [UIl PYTHHHBIX HMCCIEIOBaHMI TOYHOCTH M B TO K€ BpeMsl NPOCTBl U YAOOHBI B
JKcIUTyaTammd. B maboparopusix  MCHONB3YIOT  HECKONBKO  THIIOB  TeMOTVIOOWHOMETPOB -
remoryioonHoMetp ortoanekrpudeckuii ['D-11-04, remoraoouHoMeTp hoToannekrpudeckuii "['emonan-5",
Mukpodoromerp MP-1020, remorinodbuHoMeTp GoTomeTpuueckuii nopratuBHblii AI'®-03 Munul EM.
Haubonee u3BecTHs! nBa mocneqaux. ['emornodonnomerp Muaul EM (puc. 127) mupoko mpencTaBieH B
poccuiickuX JabopaTopusiX M B TIOCIEIHHE TOIBl JKCHOpTHpyeTcs 3a pyOexx. OH Belmensercs
COBpPEMEHHBIM AM3aliHOM, (DYHKIMOHAIBHOW MPOCTOTON M, CAMOE IJIaBHOE, CTAOMIILHOCTHIO N3MEPEHHUH,
KOoTOpasi oOecreuyrBaeTcs YHUKaJIbHOM (yHKIMEH aBTOMAaTHUYECKOW KOPPEKUMEH ONTHYECKHUX
rapameTpoB (aBTOKATHOPOBKA).
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DoToaH0T CBeToanos

Puc. 122. T'emorsioonnomerp Munul'EM - ontuueckasi cxeMa U BHELIHUM BU.

Munul'EM - cnenuanu3upoBaHHBIA (OTOMETP Ui ONpPENCiICHUsS KOHIIGHTPAIUU TeMOTJIOONHA
KpoBU B TI/1. M3MepeHHe ONTHYECKOH IUIOTHOCTH MPOBOAMTCS B Y3KOM CHEKTPAJIBHOM JHAma3oHe C
WCIIOJIB30BaHUEM cTaHAapTHOH 10 MM (OTOMETPHUYECKOW KIOBETHI C IMOCIEAYIOIINM aBTOMAaTHYECKUM
TIEPECYETOM B pe3yJIbTaT aHaJIK3a M0 33JaHHOMY aJITOPUTMY.

OpurvHaspHas ~ ONTHYECKass  CXeMa, MCHOoJb3YIollas  Y3KOMOJOCHBIE  CBETO(QHIBLTPHI,
BBICOKOYYBCTBHUTENIbHAS 3JEKTPOHHAst 00padoTka ¢ (yHKIHMEH aBTOMATHYECKOr0 KOHTPOJISI MapaMeTpoB
OITUKO-3JIEKTPOHHOTO TpakTa oOOEeClNeYMBalOT TOYHOCTb, @ TAKKE XOPOLIYI0 BOCIPOU3BOIUMOCTb
pe3yJIbTaTOB U3MEPEHMUS.

[Ipu noaroroBke mnpubopa k pabore He TpeOylOTCA NpPUCYLIME MHOTUM (QOTOMETpaM H
¢doToKOoNnOpUMETPaM MPOLEAYPHl YCTAaHOBKM HyJIs M KanuOpoBku. Ornamaer HeoOXOIUMOCTb
UCTOJIb30BaHUsl  KalMOpPOBOYHBIX pacTBOpoB. KOHTponb TPaBUILHOCTH KaJHOPOBKH mpuOopa
OCYILECTBIISIETCS TPH TOMOLIM MPUJIaraeMoil KOHTPOJBHOW ONTHYECKOH Mephl (cBeTO(MIbTpa H3
CHELUaIBHO MOJOOPaHHBIX ONTHYECKUX cTeKoi). IIpeaycMoTpeH Takxke KOHTPOJIb YMCTOTHI U KauecTBa
MOBEPXHOCTEM OMNTHYECKOH KIOBETHI M YPOBHS ONTHYECKOTO HYJS, OT KOTOPBIX, HE B MOCIEIHION0
ouepenb, 3aBUCUT TOYHOCTh W3MepeHnid. KOHTpoIb ypoBHS ONTHYECKOTO HYJISl (ONTHYECKOW TNIOTHOCTH
OylaHKa) OCYIIECTBIISIETCS IO ONTHYECKOW KIOBETE, 3allOJIHEHHOW NHUCTHWILIMPOBaHHON Bomod. Ha ToT
Cilydail, KOrza KayecTBO KIOBEThl HE3HAYMTENBHO OTJIMYAETCA OT CTaHAAPTHBIX TpeOoBaHMHU (Haauuue
HeOONBIINX IapanvH, HEOAHOPOTHOCTEW B CTeKJIe W Tp.), B NpuUOOpe MperycMOTpeHa Mpouexypa
«0OHyNeHHs» TI0 KioBeTe ¢ BoAoH. [IpocToTa n3MepeHuii 1 OTCYTCTBUE NPOLEAYP KaTMOPOBKH CHUKAIOT
BEPOSITHOCTh OIIMOOK Ja)ke MAJsl HEONBITHOIO J1a0OpaHTa MM MEICECTpPbl M PACLIMPSIOT 30HY
MpUMEHEHUs TPUOOPa B MEAULIMHCKUX YUPEKICHHUSIX.

Texunveckne gaHHble. [[Mana3zoH U3MepsIeMO KOHLEHTPALKUK 00LIero reMorioOuHa KpoBU OT
40 no 360 r/n. CymMMapHas MOTPENIHOCTh ONpeAeNieHHs] KOHIIEHTPAllMU TeMOTJI00MHA, TTOTydeHHas PU
MEIMIHCKUAX MCTIBITAHUAX, HE TIpEBBIIaeT 2% BO BCEM JHMaIra3oHe U3MepseMbIX KOHIeHTpanuid. O0bem
npoObl Ans GoTomMeTpupoBaHus - He MeHee 1 mu u He Oosiee 4 mul. [ITMHAa ONTHYECKOTO MyTH KIOBETHI -
10£0,1 mMm. [Tutanue npubopa MOXKET OCYLIECTBIATHCS OT CETH MEPEMEHHOr0 ToKa HanpsbkeHueM 220 B
50 I'm wnmm oT 3-X BHYTPEHHUX CTAaHIAPTHBIX CYXHX DJIEMEHTOB muTanus tuma AA. Ilpubop comepxut
SKOHOMHUYHYIO DJIEKTPOHHYIO CXEMY, MO3TOMY BpeMsi pabOThl B aBTOHOMHOM pEXKHME COCTABISET OT
OJIHOTO ToJia 110 4 JIeT JIeT (B TeYeHUE BCEro CPOKa TOIAHOCTH Oarapeii) Oe3 3aMeHBI 3JIEMEHTOB TUTAHHS.

Brimryckaercs 2 Momenu remorioomHomerpa Muaul EM: Munnl’EM 540 (tTun cpencrtsa
m3meperns AI'®-03-1) u Munaul EM 523 (tun cpencrsa nsmepenuss AI'®-03-2).

B npubope oTcyTCTBYIOT Kakue-IMOO PYUKH MM KHOMKH BKJIIOYEHHS M YIPABJICHHUS MPOLIECCOM
n3Mepenus. [Ipubop aBTOMaTHYeCKH BKIIOYAETCS M ABTOMATHYECKH NPOM3BOAMT M3MEPEHHE, KOra B
HEro rnomeuiaercss GoToMeTpuyecKas KIOBETa WIX KOHTPOJIbHBIA cBETOGMIBTP. IIoBTOpHBIE H3MEpEeHUs
MPOU3BOJATCS Yepe3 Kaxkble 4 CEKyHABI 10 TeX IOop, MOKa KIOBETa WM KOHTPOJIbHBIA CBETO(UIBTP He
OyayT u3BIE€YEHBI M3 KIOBETHOrO oOTxeneHus. KaXaplii HM3MEpHUTENbHBIA LUK COMPOBOXKAAETCS
3BYKOBBIMH CUTHAaJaMH.

ITocne m3BneUeHUsT KIOBETH MPUOOP HaXOAWUTCS B MACCUBHOM PEXHUME O0KHUIaHMS, ITOKA B HETO
BHOBb He OyJeT moMelleHa KIoBeTa WM KOHTPONbHBIH cBeTopuiabTp. B maccuBHOM pexume
3JIEKTPOHEPTHUsl MPAKTUYECKH HE MOTpedssieTcsi, 4To 00ecreyrBaeT AOJTOBPEMEHHOE HCIOIb30BaHUE
3JIEMEHTOB MUTaHUA 6€3 NX 3aMEHBI.
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Hcrounukom cBera B remorioOuHomerpe Munul EM sBnsiercs sipkuil MOJTYHpPOBOAHUKOBBIN
CBETOAMO/I 3€JICHOTO LIBETA CBEUEHUS C Y3KOM NuarpaMMoi u3iaydeHus. CBETOBOM My4YOK OT CBETOAUOA
MajaeT Ha HaXOAUIYIocsd B (JOTOMETPHUECKON siueiike KIOBETY € UCCIeAyeMbIM pacTBopoM. [Ipomeamunit
KIOBETY CBETOBOM MOTOK MaJaeT Ha CBETOPHIBLTP, KOTOPBHIA BBIpE3aeT Y3Kyl0 00JacTh CIEKTpa.
CriekTpanbHas KpUBas NpomycKaHusi (uiabTpa MMeEET MakCUMyM Ha AJuHe BOJHBI 540 HM s
remoriaoonHomMeTpa Muaul EM 540 m 523 uM nmns remornmobmHomerpa Munul EM 523. Jlanee cer
nomnaaaeT Ha (OTONMPHEMHHUK, B KaUeCTBE KOTOPOTO HCIIOIb3YyeTCsl MOJyNPOBOIHUKOBEIH (oTtonnos. B
(oTonpreMHHKE MPOUCXOAUT NPEOOPa30BAHUE CBETA B NIEKTPUUECKUI CUTHAIL.

ONEKTpOHHAs. II1aTa CONEPKUT aHAJIOTOBYK) CXEMY YCHICHHS n 1npeoOpa3oBaHUA
(OTOIEKTPHYECKOTO CUTHaNa (OTONPHUEMHHUKA B IM(POBOI CUTHAN, MHUKPOMPOIECCOPHYIO CHUCTEMY
W3MEpeHHss W  YIpaBleHUS, a TaKkKe  IKUIKOKPUCTAIMYECKHH WHAMKATOp. (OCOOEHHOCTHIO
MHUKpPOIIPOLIECCOPHON CHUCTEMBI SBIISETCS WCMOJB30BAHME B HEH 3HEPrOHE3aBUCHUMON 3JIEKTPOHHOH
naMsITH, [peJHa3HAadYeHHOW s XpaHeHUs Habopa 4YMcels, MCHOJIb3YEMBIX B QJITOPUTME IepecueTa
3JIEKTPUYECKOT0 CUTHANA B 3HAUE€HUE KOHLIEHTpalMu TreMoriobouHa. Cpasy mocie BKIIOUeHus nmprudopa B
CEeTh WJIM YCTAaHOBKH 3JIEMEHTOB MUTAHHUS, a 3aTeM MPUMEPHO Yepe3 KaKAbli yac, mpuOop aBTOMAaTHUECKH
MEPEXOJUT B AaKTUBHBIM pEXHM, IPOM3BOAUT KOHTPOJBHOE H3MEPEHHE TMApaMETPOB ONTHKO-
3JIEKTPOHHOTO TPaKTa U CHOBA MEPEXOUT B MACCUBHBIN peXUM (aBTOKAJITHOPOBKA)

Metoabl omnpenejeHusi remorjooumHa. Munul EM-540 npennazHaueH i oOmpeneseHus
KOHIICHTpAIM: OOINEero TeMOTJIoONHa YHUGUIMPOBAHHBIM T'e€MHUTIOOMHIIMAHUIHBEIM  METOIOM C
(dhoToMeTpupoBaHHeM Ha JuTHHE BOJIHBI 540 HM (pucyHOK 128, a).

MornouweHWe, OTHOCUT. eAWHULbI
l'lornou.l.eﬂne, OTHOCHT. efMHMLbI

460 500 540 580 450 500 550 600 650
AnuHa BONHBL HM OnvHa BonHbl, HM

a) 6)
Puc.128. CriekTp morjomeHusi IPOM3BOJHBIX FeMOr100MHA.
a) — crekTp norjomeHus remuriaoonannanuaa (CNmetHb),
0) — cHekTpsl MOIJIONMICHHS MPOW3BOAHBIX TemMorioduna: 1 — ne3okcuremormobmna (HbH); 2 —
kapbokcuremornobuna (HbCO) 3 — okcuremornoduna (HbO,); 4 — merremornoduna (MetHb).

&
*
&
o

I'eMornoOHIIMAaHUAHBIA METOJl OCHOBaH Ha MpPeoOpa3oBaHMM OCHOBHBIX IPOU3BOJHBIX
reMorioonHa — OKCHUTeMOrJoOMHa, METreMorjoOnHa W KapOOKcHreMorioonHa B OIHY (opMmy
reMornoouHIManu (remoryioOnHuManua). CrnekrpaibHas KpUBas MOTJIOMIEHUS TeMUTTIOOMHLIMAaHUAA
MMeeT IHMPOKUH MaKCHUMyM Ha uHHE BOJHBI 540 HM. DoTOMETpHpOBaHHWE OMOMPOOBI HA ATOW IJIMHE
BOJIHBI 00ECMEeYHBaeT MaKCUMAIbHYI0 TOYHOCTh W3MEpPEHHs KOHIEHTPalMH reMorjioOuHiuaHuaa (T.e.
obmiero remorinobunHa). Bpems npobonoaroroBku cocrasisier 15-20 munyt. [1o nanaeiM Komurera BO3
0 CTAaHAAPTH3AIHMH B TEMaTOJIOTUH TOYHOCTh T€MOTTIOOMHITMAHUTHOTO METOIa COCTaBIsAET 2%.

«Muanl'EM  523» Takke ompenenseT KOHIEHTpAIMIO OOIero reMorioOonHa, HO MpHU
¢doToMeTpupoBaHUK OHMONPOOBI KPOBH, MPUTOTOBICHHONW B €1a00OM pacTBOpE aMMMaKa, Ha JAJTUHE BOJIHBI
523 am (MoandumupoBanHblii MeTox epBusa-BopoOresa).

[Ipon3BoaHbIE TEeMOTIIOOMHA OCTAIOTCS TPU ATOM METO/E HEM3MEHHBIMU M Ka)KJasi IMEET CBOIO
KPHUBYIO CIIEKTPalbHYI0 KPHBYIO morjiomieHus (pucyHok 12806). CrekTpbl OCHOBHBIX NPOW3BOIHBIX
OKCHI'eMOTJI00MHAa M METTeMOITIOOMHa MMEI0T W300eCTHYECKyl0 TOYKY Ha JUIMHE BOJNHBI 523 HM.
[lornomenne Ha 3TOW [IMHE BOJNHBI Yy 3THUX TPOU3BOJHBIX OIMHAKOBO M ONTHYECKAs IUIOTHOCTH
OMonpoOBl HE 3aBUCUT OT MPOLEHTHOTO COOTHOUIEHHWS NPOM3BOJIHBIX. Meroauueckas oOImMOKa
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ompelesNieHUss TeMOriIo0MHa W3-3a Haluuusl KapOoKcureMmorioOnHa He mpeBblmaer 1,5%, ecnu
KOHIIEHTpaInus kKapOokcureMoriioOnHa B KpoBH He Bhie 10%.

[IpenMymiecTBOM 3TOro MeTOAa SABISETCS MPOCTOTa MPOOOMOATOTOBKH: TPaH(POPMHUPYIIUH
pactBop mpexacrasiser cobor 0,04% BoaHBIA pacTBOp aMMuaka, a BpeMs JU3UPOBaHUS — OKOJo 1
CEKYH/BI.

buxpomaTrnyeckne aHaAJIU3ATOPHI.
Ananu3atop Ounupyouna goromerpudeckii HeoHaTaabHblil AbB®-04 buanmer K

Anamuzarop OwimmpyOnHa QortoMerpudeckii HeoHartambHbIH ABD-04 bumumer K — mpubop,
MpeIHa3HAYCHHBIH JUIS ONpeACSCHUS KOHILEHTpalud OuiupyOuHa mNpsAMBIM (DOTOMETPHUPOBAHUEM
1a3Mbl KPOBH.

Jns onpeneneHus KOHIIEHTPAMU O0IIero OMIMPYOMHA U TIPSIMOTO OMITMPYOWHA MCTIOIB3YIOTCS
pa3nvHble OMOXUMHYECKHE METOJUKH C MPOBEJACHUEM XMMHUYECKUX peakiuid. [Ipu 3Tom cymiecTByer
BO3MOKHOCTb OTIpeJieNIeHHsI KOHIEHTPaluK 0011ero OMimpyornHa METOJ0M MPIMOTo (pOTOMETPUPOBAHUS
T1a3Mbl KpoBU. HecMoTps Ha TO, 4TO MPHU 3TOM OMPEAENSeTCS TOIBKO OOIUH OMIHPYOUH STOT TOIXO.
MIPEJICTABIAET 3HAUNTENbHBI UHTEPEC B HEOHATOJIOTHH, TaK KaK y HOBOPOXACHHBIX JleTel mpeobiamaer
0JlHa TIPOU3BO/IHAS OMIMPYOHHA, TPAKTHUECKH paBHAsi KOHIEHTPALUK 001ero ounupyouna. bunupyoun
MPEJICTaBIAeT COOOM MUTMEHT C SIPKO BBIPAKEHHOW >KeNTOM okpackod. Ero cmektpanbHas KpuBas
MIOTJIONMIEHUS HMMEET MaKCHMyM Ha JinHe BoidHBI 460 HM (cHMHAA o007acTh crmektpa). Mamepss
TIOTJIOIICHNE Ha 3TOM JJIMHE BOJHBI MOXKHO OBLITO OBl OTIPEIEeINTh KOHIICHTPAIIIO 00IIero OmiipyOrHa B
kpoBu. OpHako psn (GaKTOpOB YCIOKHAIOT Takoe u3MepeHue. BunMpyOuH SBIsSETCS CHIBHBIM
MOTJIOTUTEINIEM U MO3TOMY ONTHUMANbHAS JUIA MocTpoeHus ¢oromerpa miotHocTh 0,3-0,5 b ontudeckoit
IJIOTHOCTH JOCTUTAETCS B KIOBETE C JUTMHOM ONTHYECKOTO IMyTH puMepHO 250 MukpomMeTpoB (0,25 Mm).
WzrotoBuTh Takyio KiOBeTy HempocTto. Kpome Toro, ¢oromerpupoBaHHe HENOCPEACTBEHHO KPOBH
YCIIOXKHSETCS TPUCYTCTBUEM (POPMEHHBIX JJIEMEHTOB KPOBH, PAacCEesSHHUEM CBETa Ha HHX, a TaKXKe
uHTepdepeHnrel OnnmpyornHa ¢ TeMOTIOOMHOM, KOTOPHIF YaCTUYHO TOTJIOIAET CBET B CHHEH 00acTu
criektpa. Iloatomy miast dhoTOMeTpuUpOBaHHUS HEOOXOIUMO, BO-TIEPBBIX, TMOMYYHUTh OOpaslbl IUIa3MBI
KpPOBH, a, BO-BTOPBIX, HY)KHO HCKIIOYHWTH BIUSHUE TEMOTIOOMHA, MPUCYTCTBYIOIIETO B HEOOJBIIIOM
KonudecTBe B Tuiaszme. [lmasmy mist poToMeTpupoBaHUs MOMYYarOT Ha JTaOOPAaTOPHBIX IEHTpU(yrax B
TeMapuHU3UPOBAHHBIX TEeMATOKPUTHBIX Kamwuigpax. [lpuHnum GoTomMeTpudeckoro ompeneneHus
KOHIIEHTpaluy OninupyOuHa B I1a3Me KPOBH MOSICHSIETCS Ha pucyHke 129.

IITazmMa

Mornouw edue, yen. eq.

Hb (remornoBun)

DEIi4BD

Bi (DvnupyGuH)

I O R T T T R VR S UH Y | NI

jwilw)

Hbs50

5 T I :

400 450 s00 550 [=]uls] B HEA

Puc. 129. IlpuHmum onTtH4Yeckoro ¢(OTOMETPHPOBAHMA IPH OMNpedeJeHMH KOHIEHTPAIMH
OuupyonHa B mJjaa3me.
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DoTOMETPUPOBAHUE MOKHO MPOBOAUTE Ha CHEKTPO(OTOMETpax Ha ABYX IIMHaxX BOJiH 460 u 550
HM, Ha KOTOPBIX I'€MOIJIOOMH MMEET OJMHAKOBBbIC KOA(D(GHUIMEHTHI MOTJIOMIECHHUS, a OWIMPYOUH MMEeT
MaKCHUMYM TOTJIOMICHH Ha JJIMHE BOJTHBI 460 HM M He MOTJoIIaeT Ha AyiuHe BOJIHBI 550 HM. IMeHHO 3TO
MO3BOJISET UCKITFOYUTH BIUSHUE TEMOTIIOONHA TIPY M3MEPEHUH KOHIIEHTpaIluu OninpyOuHa.

D (460 um) = Dy, (460 HM)+ Dy;(460 HM)

TLI1a3M:

D (550 aM) = Dy, (550 Em)+ Dyi(550 HM)

Dyg; (460) = Dmama(460 HM) - DmagMa(SSO HM),

nockoNbKy Dgi(550 M) = 0, a Dy (550 aM) = Dy, (460 HM)

®ortomerp Omaupyonna buanmer K

OnHako cnekTpooToMeTpbl OOIIEer0 Ha3HA4YeHWS Majo MPHUTOJHBI Ui TaKUX PYTHHHBIX

W3MEpPEHHH, TaK Kak He0O0OX0ANMO UMETh CIIEHaIbHbIE KIOBETHI C MaJlO ONTUYECKOM ITMHOU. J{7st 3THX
neneil  CIyKUT —creuuanu3upoBaHHbll  ¢oromerp bumumer K —  ananuzarop OmimpyOuHa
(hoTOMETPHUIECKUH HEOHATATLHBIN (THUT cpencTBa n3Mepenns AbD-04).
OmnpeneneHne KOHIEHTpaluu odmero Owmmupyouna ananm3zaropom BUJIMMET K npowusBomutcs
METOJIOM TIPSAMOTO (HOTOMETPHUPOBAHMS TUIA3MBI KPOBHM B TOHKOM CTEKISHHOM Karmmyuisape. Jlms
paszeneHus KpOBU B KammuIApe Ha (PaKIWH UCTIOIB3YETCs YCTPOHUCTBO IS TOTYYSHHS TUTa3Mbl KPOBH
VIIK-01-«HIIIT TM unu noaxonsiias reMarokputHas neHTpudyra. Pesynprat (QoToMeTpupoBaHuUs
MOXKeET OBITh pacreyaraH ycrporcTBoM nevararonium Y I1-02-«HIIIT TM»

OnTHyeckas IIOTHOCTh UCCIIEyEeMOTO 00pasiia BEIUMCISIETCS KaK Jorapu(M OTHOIIEHWS
CBETOBBIX ITOTOKOB Ha JIBYX JJIMHAX BOJH. J[BYXBOJHOBas METOIMKA M3MEPEHUS BBIOpaHa /s
YMEHBIIIEHUS MOTPEIIHOCTeH U3MEPEHHUS U YCTPAHEHUS BIMSAHUS MPUCYTCTBUS B KalMJUISIPE OCTATOYHOMN
JU3UPOBAHON KPOBH, KOTOpast JaéT OKPACKy PacTBOpa B KPACHOM YaCTH CIEKTpa.
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Pucynok 130. Ananusatop bunumer K: BHEIIHUI BUI M KOHCTPYKLIHS.

®dotomerp bunmumet K u3mepseT ontudeckoe MorionieHue Ha JyinHax BoH 492 aM u 523 uM
(Dsgis92, Dgis23).

Br16op nnuHbl BosHbI 492 HM 1711 poTOMETpUpOBaHUS OMIMPYOHHA CBsI3aH C TEM, UYTO B
MaKCHUMyMe TToTJIoneHus 460 HM IIpH ONTHIECKOM TONIHHE Kamuyuisipa ~0,9 MM onrTrdeckast INIOTHOCTh
cocraisieT ~3D. [Ipon3BoANTH TOYHBIE U3MEPEHUS! TP TAKOH MIIOTHOCTH AOBOJILHO CII0KHO. BTopast
JUTMHA BOJIHBI — U300€CTHYECKAs TOUKA CIIEKTPOB MOTIIOMIEHHs! TPOU3BOIHBIX T€MOTIO0ONHA.

OO0patuM BHUMaHHE, YTO BHIOPAHHBIE TOUKH JIEKAT Ha CKIOHAX CIIEKTPATBHBIX KPUBBIX
MOTJIOMIEHUSI 1 0COOEHHOCTh 3TOTO METO/a 3aKJIF0UaeTCsl B TOM, UTO U3MEpEeHHe HEOOXOMMO
MPOU3BOJUTH MPH MMOMOILH IMyYKOB CBETA C Y3KOW IIMPUHOMN CIIEKTPa U CTPOro GUKCUPOBAHHOMN TMHON
BOJIHBI. Takas METOJIMKA U3MEPEHHS MPEAIOoJIaraeT UCT0Ib30BaHHE MOHOXPOMATHUYECKUX HITH
Y3KOTIOJIOCHBIX CBETOBBIX ITYYKOB, ITOJyYaeMbIX MPH MOMOIIM HHTEPPEPEHIIMOHHBIX CBETOMHUIBTPOB.
OpHako MpaKTUKa MoKa3ana, YTo 3TH PUIBTPBI HIMEIOT CBOMCTBO CO BpEeMEHEM MEHSTh, XOTS U
HE3HAYUTEIbHO, AJTUHY BOJIHBL, a MOTJIOIEHHUE, U3MEPIEMOE Ha CKIIOHE CHIEKTPaIbHON KPUBOH, CUIIBHO

111



112

3aBUCUT UMEHHO OT JJIMHBI BOJHBL. Takum 00pa3oM, BO3HUKAET HEOOXOAUMOCTh B YTOUHEHHHU AJIMH BOJIH
cBEeTOPHIBTPOB. DTO MOXKHO C/IETIaTh, U3MEPSIS MOTIIOMIEHHE CTEKISTHHON Mephl (1iBeTHOTO cTekna OCo).
CrekinsiHHas Mepa o6safiaeT CTaOMIbHOCTBIO CTIEKTPAIBHON XapaKTePUCTUKH, U 110 TaK Ha3bIBAEMOMY
YAETBbHOMY HaKJIOHY CIIEKTPalbHOM JTMHUH, XapaKTepU3YIOIIEeMy 3aBUCUMOCTh HaKJIOHA JTMHUU CIEKTpa
0T a0COJIIOTHOTO 3HAYEHUS TOTJIOIIEHHSI, MOXKHO BBIYMCIIUTD JJIMHBI BOJIH, HA KOTOPBIX HAXOISATCS
MaKCHUMYMBbI IIPOITYCKaHUsI CBETO(QMIIBTPOB.

Ilepen onpenenenuem OwupyOnHa Ha aHanmu3atope bumumer K HEoO0X0IMMO HamNOJIHHUTH
KalUIAp KPOBBIO (Yalle BCEro M3 MATKH HOBOPOXKIEHHOTO) M MOJIYYHUTh HA LEeHTpudyre miazmy. s
dhoToMeTpupoBaHHS HeoOXomuMo HaxkaTh KHomMKy LOAD Ha muieBod mnaHenw aHamu3aropa. M3
aHajJm3aTopa BBIABHHETCA KapE€TKa C er’[y6HeHI/IeM, Kyda YKIaAbIBA€TCA KallWUJIJIAp Tak, 4TOOBI YacTh
Kalmuusgpa ¢ I1a3MOi MOJMHOCTBIO 3aKpblila MUHUATIOPHYIO LIEJb C JIEBOH CTOPOHBI KapeTKH (PUCYHOK
131). Ilocne moBTOpHOTO Haxkathss Ha kHOMKY LOAD kapeTka aBTOMaTHYECKH TEPEMECTHTCS BHYTPh
¢doroMeTpa, HpU €€ ABWKEHUH NPUOOp aBTOMATHUYECKH «HoAKaInOpyercs». doTomerpupoBaHUe
MPOU30HAET aBTOMATUYECKH, KaK TOJBKO KapeTKa 3aiiMeT CBOE MOJIOKEeHHEe BHYTPU MpUOOpa U 3HAUEHHUE
KOHLIEHTpamu otobpasurcs Ha nudpoBoM aucmiee. PoroMeTprupoBaHre MPOObl ATUTCS AONU CEKYHIBI.
ITocne doromerprupoBaHMs KapeTka aBTOMAaTH4eCKH BBIABUraercs u3 npudopa. Pesynbrar mamepeHus
¢dukcupyetcs 1100 BpyUHYI0, IMOO pacrevaTsiBaeTcs NevaTalouuM ycTpoictBoM YII1-02.

Puc. 13 1. Onpenesienne Ouanpyouna Ha goromerpe buanmer K.

J{ByXBOJIHOBBIi OTpakaTeJbHbIH ananu3aTop bunurtect 2000

JIByXBOJNHOBBIA OTpaxkaTenbHBIH aHanmm3atop bummrect 2000 (puc. 132) - aBromMaTHuyecKuit
JIByXBOJHOBBIH  (OTOMETp JUIi HEWHBA3UBHOTO OINpENENCHHUs] CTEeNeHH THIepOrITupyOuHeMun
HOBOPOXKACHHBIX. METOJl CHEKTPaJbHOr0 H3MEpPEHUs MOJAOO0EH METOAY [BYXBOJHOBOTO H3MEpPEHHS
npubopom bumnmer K. CnekrpodoroMerpuueckue M3MEpEHHs ONTHYECKOrO CHUTHAla Ha YKa3aHHBIX
JUIMHAX BOJIH TPOBOAATCS NpPU OOJyUYECHHH HCCIEyeMOH KOXXKHOM IOBEPXHOCTH HOBOPOXKIEHHOTO
KOPOTKHUM CBE€TOBLIM HMMITYJIBCOM OT CBE€TOJUOIAA CUHEC-3CJICHOTO CBETA I/ISHy‘{eHHblﬁ CBETOBOM HUMITYJIBC
MOABOOUTCS K 00JIy4aeMOMY YYacTKy KOXH C IIOMOLIbIO ITOABMXXHOM CBETOBOAHOW T'OJOBKH,
o0ecreunBaoNIe Takke Mmociaeayomuid coop 1 moasoa K (HOTOMETEKTOpPaM pacCcessHHOTO B oOpaTHOM
HanpaByieHnH cBera. ONTUKO-IIIEKTPOHHAS CXeMa aHAIM3UPYET paccesHHOe B OOpaTHOM HaIpaBiCHUH
CBETOBOE M3IyUYEHHE Ha AJMHAX BOJH 492 u 523 HM M BbLAaeT Ha IU(POBOE KUAKOKPUCTAIINYECKOE
TabJI0 CUTHAJI, COAEPIKAIUI H3MEPUTENHHYI0 HH()OPMAITHIO.
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A

Puc. 132. 1 - Buemnuii Bug ananmuzatopa bumutect 2000, 2 - mpoBepka aHamu3aTopa C MOMOIIBIO
UMUTATOPOB KOXH.

KocBenHo wu3MepseMoli (oTomMeTpudeckoil BETUUMHON SBISETCS JACCATHYHBIA Jorapudm
OTHOIIEHHUS CHEKTPANbHBIX KO3((UIMEHTOB OTpa)kKeHUs] CBeTa OT MOJKOXKHOW KIIETYATKH Ha ABYX
pabounx muuHAX BOJMH 492 m 523 HM (TpaHCKyTaHHBIA OWIMpyOWHOBBIM WHIekc TBHW), KoTOpBIid
KoppenupyeT ¢ kodddunreHToM koppensiuu > 0,9 ¢ KoHUeHTpalue OnupyOrHa B CHIBOPOTKE KPOBH
(pucyHok 128) 1 mpuMeHsieTcs 7Sl yCTAaHOBJIEHUs] Y HOBOPOXIEHHBIX CTENEHH TUNepOMInpyOnHEMUH B
POMMIIBHEIX TOMaX, KIMHUKaX aKyIIepCTBa, NETCKUX OOJMBHUIIAX W IEHTPAaX OXpaHbl 3J0POBbS MaTepH U
pebenka.

MokazaH 1A Npudopa
40

a0l KoaQuUMEH T KoppenaLni . . . *

R=0.92 "
20 Ky i

. e e Puc. 133. KoppeasinnonHas cBsi3b

) o nokasanuii npuoopa Bunurect 2000 (B TBN)
10k c o m . Y KOHIICHTpalnyen OninnpyOrHa B mia3zme

KOHLEHTpaLMR BuAMpyEuHa
E CHIEOPOTKE KPOEW [MKMOAL/A)
] ]

(CBIBOPOTKE) KPOBH.

0 100 200 300 400
TpaHckyTaHHasi OMIHPYOMHOMETPHS

[IpuHIIMT TpaHCKYyTaHHOW OMIMPYOMHOMETPHH OCHOBBIBAETCS Ha SIBJICHUH 00paTHOUW muddys3nm
OunpyOMHa M3 KPOBU B OKPYJKAIOIIYIO TKaHb (AepMy). YBelWueHHE KOHUEHTpaUuu OWIupyOHHA B
KPOBH TPHUBOAWT K YBEIMYEHUIO KOHIEHTpalMM OWIMpPyOMHA B NepMe, M HAoO0OpOT, YMEHBIIEHUE
KOHIICHTpaIy OMIMpyOnHa B KPOBHU (HANpPUMEpP, NPH TEPEeTUBAaHUHA KPOBH) MPHUBOIUT K 0OpaTHOMY
JIBWKEHUIO OMnMpyOMHA U3 JepMbl B KPOBb 0 TE€X MOp, MOKAa MEXKAY ITUMHU JABYMS CHCTEMaMH He
HACTYITUT paBHOBECHE

Pesynprar HEWHBAa3MBHOTO ONpeAeNieHHs OWIMpPyOWMHa 3aBUCHUT OT TakKuX (PHU3MYECKUAX
napamMeTpoB OMOTKaHH HOBOPOXJICHHOTO, KaK TOJIIMHA KOXKHOTO TIOKPOBa W IOJKOXXHOW KHPOBOH
KIIETYaTKU, HUSMEHMAayus Kodicu, HACBIEHHOCTh MOJKOXHOM KJIETYaTKW KPOBEHOCHBIMH KaIlUJIIPaMHU.
Bapuanms 3HaueHwii comepkaHus OWiIMpyOMHA, CBA3aHA C WHIAMBUAYAIBHBIMH OCOOCHHOCTSMH ITHX
nmapaMeTpoB y peOeHKa B cilydae HE3HAYHTEIbHOW OMIMpYyOMHEMHH, OKa3bIBAETCS COMOCTaBHMOM CO
3HAa4YeHUEM KOHLIEHTpaluu OWInpyOruHa B KPOBH.

s yMeHbIIEHUS BIUSHAS WHAVNBUIYAILHOW Bapualuy (pU3MUecKrX mapaMeTpoB KOKHU peOeHKa
(B 0COOCHHOCTH — MUTMEHTAITMH KOKH) B aHaiam3arope bumurect 2000 ucmonb3yeTcss METOT BEIYUTAHUS
CUTHAJIOB JBYX ONITHYCCKHUX KaHAJIOB C pa3H01‘/'1 ONTHYECKOMN )IJ'[I/IHOﬁ.
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[ns nosicuenns npuHuuna onpenenenus ThbU na ananuzarope bunurect 2000 paccMoTpuM ABYX
CIOMHYI0O MOJENb KOXKH. B 3TOH MoIenu Ko’ka ONMMCBIBAETCS B BHIE JIBYX CIIOEB — BEPXHETO CIIOA,
KOTOPOU MPEJCTABIIAET COO0M SMUACPMHUC, U HUKHETO CJI0s — AepMbI (pUCYHOK 134).

Ontudeckass cxemMa MpuOOpa COACPKHUT JBa MepeAalolIUX CBETOBOIA, MEXKIY KOTOPBIMU
ACCHUMETPUYHO Pa3MeIIaeTcsl MPUHUMAIOLINKA CBETOBOJ (pUCYHOK 134). PaccTosiHUS OT MPUHUMAIOLLETO
CBETOBOJA 10 OJIMKAUIIETO TMepearoniero CBeToBona cocTapisaoT 0,2 MM (OMMKHANM KaHa — KOPOTKHHA
cBETOBOM Ty Th /;) 1 0,5 MM (anbHUI KaHAN — AJTUHHBIA CBETOBOH MYyTh /).

CBeTOBOI IOTOK OT

CBETOAMO/A Yepe3
ONM>KHUM CBETOBOJ OOpaTHEIA CBETOBOM MOTOK,

paCCCHHHLIﬁ snuTeINalibHBIMHU

TKaHsIMH CBETOBOI1 ITOTOK OT

CBETO/IMO/A Yepe3 NalbHUI
CBETOBOJL

Snuaepmuc 0,1 mm
T'naBHBIE coCTaBsIIOIINE
(doromerpun

Menanun
I'emorno6ux
Bunnpyoun

Jepma
I'naBHBIE cocTaBistONIME
(doromerpun

T'emornobun
Bunupyoun

Onruyeckue IIyTH CBE€TA B
OIIMTCINAJIBbHBIX TKAHAX

Pucynok 134. CxematnyHoe n300pa>keHHe ONTHYECKUX MTyTeH CBETa B KOXKe (ABYXCIIOHAs
MO/JI€JIb) U OCHOBHBIE MOTJIOMIAIOIINE U PACCEHBAIOIIIME BEIIECTBA Ha BRIOPAHHBIX JUIMHAX BOJIH 492 u 523
HM.

CBETOBOM MOTOK, HCXOISIINAN U3 OIMKHETO CBETOBOIA, TIPOXOIUT CIION SMHAEPMHUCA, HEKOTOPBIMA
MyTh /; B IepME U, MOTJIONIAsICh U PACCEUBAsACH, NOMAIAeT B MEPEIAIOIMA CBETOBOI, BHOBb MPOWIS CIIOH
snuaepMuca. AHaJOTMYHO MOYHO OMHKCAaTh ONTUYECKUH MYyTh, KOTOPBIA MPOXOIUT CBETOBOM MOTOK OT
YAaJNeHHOTO CBETOBOJAA, HO C YYETOM TOTO, YTO OH OMHMCHIBAET HEKOTOPBIA JPyroil myTh [, B Jepme.
Paccrosinue MCXKAY YAAJICHHBIM IMEPEAAOIUMM CBETOBOAOM U IMPUHUMAIOIIHUM CBETOBOAOM YBEJIIMYCHO C
0.2 mm 10 0.5 MM UMEHHO AJIsl TOTO, YTOOBI ONTHYECKUE MyTH CBETOBBIX MOTOKOB Pa3jinyainch. TakuM
00pa3oM, CBETOBBIE MOTOKM Kak 4epe3 OMMKHUN, TaKk W Yepe3 MaIbHUN CBETOBOJIBI MEPECEKaroT CIIOH
3MUACPMHCA JIBaKIbI (IPU BXOJE M NMPH BBIXOJE M3 SMUTEIHAIBHBIX TKaHeid). CUrHaibl OJMOKHETO U
JAJIbHETO KaHAJIOB COAEPKaT OJMHAKOBBIE CUT'HAJIBI, 00YCIIOBIEHHBIE BO3JCHCTBIEM MEJIAHMHA U APYTHX
(aKTOpPOB TOHKOIO BEPXHErO CJIOSA, M HEOJUHAKOBBIE CHTHAJbl, OOYCIIOBICHHBIE COJEpKaHHUEM
OmnmpyOWHA M TEeMOTJIOOMHA B TOJICTOM HIDKHEM ciioe. [103ToMy, W3 pa3HOCTHOTO CHTHaja OIMKHETO H
JAJILHETO KaHAJIOB MOYKHO ONPEAEIIUTH 110 IByX BOJIHOBOW MeToauke OunupyOuH (kak B bumumere K).

MeToauka npoBeIeHusi TPAHCKYTAHHON OMJIMPYOHMHOMETPHH.
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bunurect 2000 ¢ ycTaHOBIEHHBIMHM 3JIEMEHTAMH MUTAHUS HE TpeOyeT BKIKOYEHUS U
BBIKJIIOUEHHMSI W aBTOMATHYECKHM HAXOAWUTCA B PEXUME OXHAaHUA U3MepeHHi. OOBIYHO
m3mepenuss TBU mnpoBoastcs Ha 10y Haa mnepeHocuued (pucynok 135). B cioydae
HEOOXOIMMOCTH, Ui TIONYYEHHUS  JIOTIONIHUTENbHOW  MHpOpMamuum O  JUHAMHUKE
«MpOKpaluBaHus» Koxu pedbenka, TBU onpenensiercs Ha rpyu peGeHKa U Ha MATOYKE.

Puc. 135. TpanckyTaHHOe
onpeaejeHue  OwaupyomHa ¢
MOMOUIbI0 a”HaJmM3aTopa
Buanrect 2000.

Hdnsa  ompenenenuss TbM y HOBOPOXKAEHHOIO TOpEL MOJABHMXKHOW TOJIOBKM aHaIM3aTOpa
YCTaHaBIUBAETCS IJIOTHO W MEPIICHIUKYIISIPHO K BEIOPAHHOMY YYacTKy KOxkH. Mi3MepeHne mpou3BOANTCS
MpH HAXaTHM Ha TPUOOp C TUTABHBIM YBEIWYEHHEM YCHIUS JO TMOSBJICHHS 3BYKOBOI'O CHUTHAJA.
OKoH4YaHue 3BYKOBOTO cUTrHama (uepe3 1-3 ceKyH/bl) CBUAETENBCTBYET O 3aBEPUIEHUH U3MEPEHUS, MTOCTe
4yero npudoOp OTBOAUTCA OT KOXKH.

3navenne TBU orobpaxkaercs Ha mudpoBoM Tadiio. [IoBTOpHBEIE M3MEPEHNUS MOKHO TPOBOIUTH
yepe3 Kaxayro cekyHay. Uepes 30 cekyH] Mocje MOCIEAHEr0 M3MEpeHus Tabjo racHeT, U mpudop
ABTOMATUYECKH NTEPEXOIUT B PEXKUM OKUIAHHUSA N3MEPEHHH.

[Ipu nmpoBeneHNN U3MEPEHHIA CIETyeT UMETh B BUIY, YTO PE3YJIbTAThI UCCIIEIOBAaHUN MOTYT OBITH
HEJIOCTOBEPHBIMH, €CJIH B 00J1aCTH U3MEPEHHs UMEIOTCS MOJIKOKHBIE TEMaTOMBI HIIH COCYUCTBIC MATHA
(Hanpumep, mocie npoBeaeHNUss MHQY3UOHHOH Tepanuu). B 3ToMm ciydae nmpeanodTuTenbHee MPOBOIUTD
n3Mmepenne TbU Ha BepxHel dactu rpyauHsl. [Ipu onpenenennn ThU y ManoBecHBIX HOBOPOXIEHHBIX,
HaXOZSMIUXCA B THKEIOM COMATUYECKOM COCTOSHHU C PAacCTPOHCTBAMM TE€MOJWHAMHKH, Ha MECTe
COIIPUKOCHOBEHHUsI MPUOOpa ¢ KOKeH W HEKOTOPOTO HaKMMa TIOSIBISAETCS MATHO THIIEPEMHUH, OBICTPO U
camocTosTenbHO ucuesawiee. OqHaKo MOBTOpHBIE 3amepbl TBU B 3TO# 005acTH MAlOT 3aBBIICHHBIE
PEe3yNIbTaThl U3-3a JIOKAIBHOTO CTa3a KPOBH.

[P ®OTOTEPAIIMU, B nporiecce KOTOPOM NPOMCXOAUT (POTOOKUCIEHHUE OMIMPYOMHA |
MpEeBpalIeHue €ro B HETOKCHYHYIO BOJOPACTBOPUMYIO (HOpMY - JIOMUPYOWH, MPSIMOI KOPpENSLUH C
ypoBHEM OMIMpyOWHa B KpOBH He oTMedaercsi. Bmecre ¢ TeM, MpuMHMMas BO BHHUMAaHHE H3BECTHYIO
CTaIUHOCTh B 0OMeHe OmnmupyOmHa mpu (HOTOTEpanmuu, MOKHO Ha OCHOBAaHWH JTMHAMHKHU TIOKa3aHUN
npubopa "bunutect" onpeaenuts 3GQGEKTHUBHOCTh MNpoBeneHHS (OTOTepanud y KOHKPETHOTO
HOBOPOXIEHHOTO.

1 cramus - 310 TepBBIe 4 yaca GoToTepanuu. B 3TOT meproI MpoOUCXOIUT OBICTPOE pa3ioKeHHE
OunpyOuHa B Koke (M 3HauMTenbHOe yMeHnblienne TBU) npu coxpaHeHNH HEN3MEHHOW KOHIEHTPALUH
OunMpyOHHA B CHIBOPOTKE.

2 ctagms - 4-12 gacoB oTorepanuu. 3a 3TOT MEPHOJT MPOUCXOANUT dITUMUHAIINSA TIOMHPYOHHA 13
KPOBH C JKEMYbI0 M MOYOH, a CHIBOPOTOYHBIM OWIMPYOMH TMPOHWKAeT B TKaHM Ha MECTO
W30MEpPHU30BaHHOTO. B pesynbrare B 3TOT nmepros HabI0AaeTcss CHUKEHHE CHIBOPOTOYHOTO OMnpyOrHa
npu nosbimieHud THU.

3 cramus - 2-3 cyTku (HOTOTEpamuu, OTMEYAEeTCs BBIpAaBHUBAHUE TOKa3aTeIedl CHIBOPOTOYHOTO
ownupyouna u ThU.

4 cragus - mocie OKOH4aHus ¢ororepanuu. bunupyOuH W3 KpOBH MPOAOIIKAET BHIAEISATHCA C
JKETYBI0 W MOYOH, a TaKKe IMPOHWKAET B KOXY, B CBSI3M C OTHM MPOJOIDKAETCS MajeHne YPOBHS
CHIBOPOTOYHOTO OMIIMPYOHMHA NpU 3aMeyieHuH yMeHbieHus: ThI.
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Wzmepenne TBU B nepuon dororepanun He Aae€T BO3MOXHOCTU OJHO3HAYHO CYIUTH 00 ypOBHE
OunupyOMHa B KpPOBH, a JHMIIb MO3BOJNAET ONPENENUTh AWHAMHUKY MNPOKPALIMBAHUS KOXH H
3G PEKTUBHOCTh TPOBEACHUS JIAHHOTO JeueHHus. B cBs3um ¢ 3tum usmepenne TBU B mpomecce
¢dororepanuu 1enecoobpa3HO TONBKO B TEUEHHE BCETO MEpHOjAa MPOBeNeHHsS NAaHHOW MpoUenyphl U He
HMMEET CMBICIIA B SMTU30AUYECKOTO BH/IE.

[IPU TEMOJIMTUYECKON BOJIE3HHM HOBOPOXIEHHBIX PEKOMEHIYETCS B HEPBYIO OUepeib
KOHTPOJIMPOBATh TIOKa3aTellb MOYacOBOTO IMPHUPOCTa CHIBOPOTOYHOTO OWMIMpyOMHA (MOHHTOpPHUHT). B
CTaJiuM pasrapa MpH BBHICOKOM IOYAaCOBOM MPUPOCTE B PE3yJIbTaTE MHTEHCHBHOTO BHYTPUCOCYAHCTOTO
reMoJIn3a MPOHUKHOBEHHE OMIMPYOHHA B KOXKY M €€ MPOKPALIMBAaHUE MOTYT OTCTaBaTh OT HapacTaHWs
CBIBOPOTOYHOTO OMIMpyOHHa. B 3TOM cilydae 1a)ke OTHOCUTENbHO HEeBbICOKHE Moka3aTenu ThU tpedyioT
KOHTPOJIS CBIBOPOTOYHOTO OmiimpyOuHa (MoxkHO mpubopom «bunumer») u koutpons TBU kaxneie 30 -
60 MUHYT IUIS BBISABJICHHWS HHTEHCHBHOCTH KOXXHOTO IMPOKPALIMBAaHUS, YTO B KaKOH-TO Mepe Oyner
YKa3blBaTh Ha BBIPAXXEHHOCTh HAKOIJICHUSI CBIBOPOTOYHOTO OMIMpyOHHA.

TypOnanmerpuyeckue aHATH3ATOPBI

Typbunumerpudeckne METOABI Yallle BCEr0 NPUMEHSIOTCA IMpH aHamm3e OenkoB. Kak yxe
0TMEYasoch BhIIIE, B OONBUIMHCTBE CIydaeB Uil TypOUIMMETPUH XapaKTepHa HelTMHEeHHast 3aBUCHMOCTb
ONTUYECKOW IJIOTHOCTH OT KOHIEHTparuu OenkoB. [lo3ToMy &ais MpOBEACHUS WCCIEIOBAHUN STHM
MeToJ0M TpeOyeTcs, Kak MpaBrjIo, MHOTOTOYeTHAs KaTnopoBka (onpenenenne C-peakTHBHOTO OeIKa).

Opnaxo, B cllydyae MaJIbIX KOHIIEHTPALW pacCEeMBAIOIINX YACTHI] ONTUYECKAs TNIOTHOCTh CBA3aHA
C KOHLIeHTpauuei Oenka MpakTU4eCKH JIMHEHHO. JTa 0COOEHHOCTh UCIOJIb3YETCS B aHAJIM3aTOpe OOLIETo
oenka B Mmoue «BEJIYP 600», paspaborannoro HIIIT «Texnomennka» (Poccus).

CymiecTBeHHOE BJIHMSIHAE Ha CBETONPOITYCKAHUE OKA3hIBAET U Pa3Mep PacCeMBAIOMIMX YacTHil. B
cilydae, KOTJa paccerBalolIMe YacTHULBl TEpEMElIaloTcsi B «IoJie  3peHus’» QoToMeTpa, Ha
(doTonpreMHUKE BO3HUKAET OJJIEKTPUYECKUH CHUTHAN, BEJIWYMHA KOTOPOI'O CBsi3aHa C pa3MepoM
NBUKYIIEHCS YacTHUIBl, TepeceKaromeil ontudyecknii kaHan. CTaTUCTHYECKWH aHanmn3 QIyKTyarui
CBETONPOITYCKAaHUS HCIIOJB3YeTCS B JIA3epPHOM aHaIW3atope arperaudd TpomOomutoB AJIAT2-
«BHOJIA», pazpadboranHom HII® «buona» (Poccus). JlasepHblii aHamu3aTop NpeAHA3HAYCH IS
ompezeneHs] KOHIIEHTPAUA TPOMOOIIMTOB W JWHAMHUYECKOTO WCCIEOBAHUS IPOIecca arperamuu
TPOMOOITUTOB

Ananu3artop o0mero Oesaka B mode «beayp 600»

Benyp 600 npenHa3zHaueH i onpeAeeHus oomero oenka B Moue cyJib(oCcanuIOBbIM
METOAOM (TYpOHIMMETPHS), MUPOTAIIIONOBBIM KpacHbIM U bpendopn (horomerpust). KoncrpykTuHO
npubdop aramorudeH remoryioonHoMeTpy « MuHul EM», TOBKO B Ka4eCTBE HCTOYHUKA U3ITyICHUS
UCIIOJIB3YETCSl OPaHKEBBIM CBETOANOJ U CBETOQHUIBLTP ¢ AMHHOM BosHBI 600 HM (pucyHok 1). Ha
pucynke 137 mpeacraBieHa 3aBUCUMOCTb U3MEPEHHOH ONTUYECKOH IIIOTHOCTH OT KOHLIEHTPALUK
oOmero Oenka B Moue. B nuanazone ot 0 1o 2 r/n 3Ta 3aBUCUMOCTB C JJOCTATOYHON TOUHOCTHEO MOKET
OBITH IPUHSTA TUHENHOM.

HUamomunaTop

¢ oromeTpuueckoii Kioeta ¢ 6nonpodoii
siveiikn
. Hamomuaatop
Yakono1ocH LI ! lINI'I“\IE'I'pII‘IECKOﬁ
CcBeTOPHILTP /] P —
DoToaH0T CBeToIH0]1

Pucynoxk 136. Ananusatop besyp 600 - onTudeckas cxema v BHEITHHHN BUJL.
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JlazepHblii anaau3atop arperauuu TpoMoouToB AJIAT2-«BUOJIA»

AHanm3aTop arperamnuy — 3T0 MUKPOIIPOIIECCOPHEII MPUOOp, peaHa3HAYSHHBIN IS
WICCIIEZIOBAHMS arperanui KPOBSHBIX IIIACTUHOK (TPOMOOIIMTOR) M APYTUX KIETOK B CYCIIEH3UH, OLEHKH
¢daxTopa GopMBI TPOMOOLIUTOB, ONIPEAETICHUS] KOHIEHTPALMN TPOMOOLIMTOB, a TAK)KE ONpPEAeTIeHHUs
aKTUBHOCTHU (akTopa BuineOpanTa. Arperauusi perucTpupyercst Kak TpaauLHOHHBIM
TypOUAUMETPUIECKIM METO/I, TAK U METOJOM, OCHOBAaHHBIM Ha OLIEHKE CPEJHEeTO pa3Mepa arperaTtos B
Mpolecce uX 00pa3oBaHus U POCTa.

OcHOBHbIE KOMITOHEHTHI JJa3€pHOr0 aHaIM3aTopa MNoKa3aHbl Ha pUcyHKe 138.

3 v

11

Pucynox 138. biiok-cxema nazepHoro ananmuzatopa arperamuu TpoMOoruTos AJIAT2-«BOJIA»

KroBera 3 ycTaHaBmUBaeTCsS B TEPMOCTATUPYEMBIN OJIOK 4. DINEKTPOMArHUTHI 5 CO3/IAI0T
parmarorieecss MarHuTHoe mnoJje. [1oaynpoBoMHUKOBEIH Tazep 1 ¢ KOJTTUMUPYIOMIEH JTMH30M 2 JaeT y3Kui
MYYOK CBETa, TAK YTO ONTHYECKUI KaHaN 3aHMMaeT Mayo 4yacTh oOpa3ua. MomHocTs a3epa
MOJ/IEP’KUBAETCS HAa TIOCTOSTHHOM YPOBHE BBICOKOCTa0MIIBHOM 3/1eKTpOHHOH cxeMoii. Takum obpaszom,
WHTEHCHBHOCTH CBETA, MMAJaromiero Ha GoToanuo 1 6 MponopIoHaIbHA CBETOMPOITYCKaHUIO 00pasiia,
KOTOpOE, B CBOIO OYepe/lb, 3aBUCUT OT KOHLEHTPALIUU TPOMOOLUTOB, OT KOJIMYECTBA U Pa3MEPOB
arperatoB. Tok (oronnona nmpeoOpasyeTcs B HAPSKEHUE YCUITUTEIeM 7. DTO HaNpsHKEHUE MOIAeTCs Ha
BXOJIBI (PUIIBTPA HU3KUX YACTOT § M (PHUIIBTPA BHICOKUX YacTOT 9. GUIBTP HU3KUX YaCTOT BIAEISET
MCIJICHHO MCHAIOINYIOCSA KOMIIOHCHTY OIITHYECKOT0O CUT'HaJI1a I. (DI/IHpr BBICOKUX YaCTOT BBIACIACT
(GIyKTyaluy CBETONPOIYCKaHUs, BEI3BAHHBIE «CITyYaHBIM» H3MEHEHHEM YMCIIa YaCTUI] B ONITUYECKOM
kaHaje. Curaain ¢ puiabTpa BEICOKMX YacTOT IMOCTYHAET Ha BRIIPSIMHUTENH 10, BEIXOIHOE HANIPSKEHE
KOTOPOTO MPOMOPIIMOHANIBHO CPENHEKBAIPATHIECKOMY OTKIOHEHHIO cBeTonpomnyckanus ¢. Kak I, Tak u
6 nipeoOpa3yrTcs B IUPPOBYIO POpMY U 00pabaThIBAIOTCS BCTPOSHHBIM MUKPOKOHTPOJIIICPOM.

B ananuzarope AJIAT2-«BUOJIA» ucnomnb3yeTcst CTaTUCTUYECKUN MeTO[] aHann3a QIIyKTyauni
CBETONPOITyCKaHUs oborameHHoi Tpomoonutamu miazMel (DCII-meton). [Ipu nepememmBannn obpasma
YHUCJIIO TpOM6OHI/ITOB I/I/I/I.]'II/I HX arpe€raTtoB, HAXOAAIMXCA B OIITUUCCKOM KaHaJI€, MCHACTCSA CIIy‘-IafIHBIM
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o0Opazom. OTHOCHTENIbHAS JUCTIEPCHs] TAaKUX (DIYKTYyaluid IponopUoOHaIbHa CPEAHEMY ONTHUECKOMY
panuycy 3THX YacTHIL:
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CBETONPOITYCKaHUS KaK PYHKIHS pa3MepoB
YacTHLI.
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B ciygae onrHOYHOTO paccesHus ONTHYECKas IIOTHOCTh CYCIEH3UH KJIeTOK D mpormopiimonaibHa
KOHILICHTpAIUH KJIETOK:

D=Ilg 70 ~ N, tne I u [j— HHTEHCUBHOCTE CBETA, POXOIAIIETO YePe3 CPEIy ¢ YaCTHIIAMHM U 6€3 HUX

COOTBETCTBEHHO. Ecii 00beM onTHYECKOTo KaHaa Mall 10 CpaBHEHUIO 00beMOM MTPOOLI, Bapralus
Yyclla YaCTHIl B HEM OINUCHIBaeTCs pacnpezeneHuemM [lyaccona 1 OTHOCUTEIbHOE CPEeAHEKBAAPAaTHUECKOE
OTKJIOHEHHE CBETONPOIYCKaHHUsI UMEET 3aBUCUMOCTh:

1 2
o > D-1
—~N?>wum | — | ~N.
1 o

Ha pucyHke 5 nano cpaBHeHHE pe3yJIbTaTOB H3MEPEHHUS! KOHIICHTPAI[UX TPOMOOIIMTOB YeIoBeKa
JIa3€pHBIM aHAJIN3aTOPOM U B Kamepe ['opsesa.
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NazepHbii TOP, ThICAY YacTUu/
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D®AKTOPBI, BIUAIOIIUE HA KAYECTBO ®OTOMETPUPOBAHUS

IIpu4uHbl KaxylMXCHA OTKJIOHEHHUH oT 3akoHa byrepa

3akoH byrepa, cTporo roeops, copaBeAsUB JHUIIb AJsI NPOXOISALIETO Yepe3 TOMOTEHHYIO
M30TPONHYIO Cpely IUIOCKOMapaljIelbHOTO IMydYka MOHOXPOMATHYECKOTO CBETa IPH COOTBETCTBUHU
BEIMYMHBI ¢=D/¢/ NICTUHHOW KOHILIEHTPAIMK BEIECTBa B PACTBOPE U HE3HAUWTENILHOW 3aCeIeHHOCTH
BO30YKIIEHHOT'O SHEPreTHYecKOro YpoBHsA. Eciu TodIMHA CJI0s BBIAEPKUBAETCS MOCTOSHHOW H
paBHOU /=1, TO 3aBUCUMOCTb D = f(c) m3o0paxkaeTcs MPSIMON JTUHHEH, MPOXOAAIIeH depe3 Hadaao
KOOPJIMHAT C TAHTEHCOM YTJIa HAKJIOHA, PABHBIM &.

Hapymenne yka3zaHHBIX yCJIOBMH NMPUBOIWT K KaKyIIMMCS OTKJIOHEHHUSIM OT 3akoHa byrepa,
BBIPKAIONINMCST B HCKPUBIEHHUH 3aBUCUMOCTH D = f{c). Jlpyrumu crnoBamu, Koddduiuent
MOTJIOMEHNsT & B YypaBHeHHH c=D/el/ mepecTtaeT OBITh NOCTOSHHBIM, a BO3pacTaeT WU
YMEHbIIAETCS C POCTOM c¢. B mepBoM ciydae TOBOPAT O TMOJOXHUTENBHBIX, BO BTOPOM - 00
OTpULATENBHBIX OTKJIOHEHHX OT 3aKoHa byrepa (puc. 142).

Haubonee gacTo BcTpedaromuecs MPpUIHHBI OTKJIOHEHWH OT 3aKoHa byrepa MOKHO pa3aeiauTh
Ha TpU Tpynnsl: 1) QU3NKO-XMMHUYECKHE, CBsI3aHHBIE CO CBOMCTBaMHU aHAIM3MPYEMOTO BEHIECTBA HIIH
BCEro  pacTBOpa; 2) HMHCTPyMEHTallbHble, CBSI3aHHBIE C  OCOOEHHOCTAMHM  JaHHOTO
criekTpodoToMeTpa; 3) CBI3aHHBIC C AaHU30TPOIIHEH N3y4aeMoro 00heKTa.

Pu3uKo-XUMHUYECKAS reTEPOreHHOCTb UCCJIICAYEMOI'0O pacTBOpa

K ¢u3nko-XuMu4ecKiM Mpu4rHaM OTHOCHTCS, TIPEXK/e BCEro, HECOOTBETCTBHE MOJCTABIIEMOTO
B ypaBHEHHMs 3HAYEHUS ¢ WCTHHHOW KOHIIEHTPAlMM BellleCTBa B pacTBOpPe. JTO HECOOTBETCTBUE
MOXET OBITh BBI3BAHO PEAKLHUSIMHU AWCCOLMALNH, ACCOLUALUN WIM XMMHYECKOTO B3aWMOJICHCTBUS
PAcTBOPEHHOT'O BEIIECTBA C PACTBOPHUTENEM M T. M., €CIIM MOJIAPHBIE MOKA3aTEIH TOTJIOMICHHS
MPOAYKTOB dTUX PEaKIMi OTINYAIOTCS OT MOJISIPHBIX MTOKa3aTeNel MOTIOIIeH s UCXOIHBIX BEIECTB
(pucyHok 141).

1,6
1,4
]
3
K 12
b
s 10
-3
33 ogs
[+]
a2kt
c2 08
g PucyHok 141. CrnektpanbHas
E O 3aBHCHMOCTD BEIIMYUHBI
= 0,2 MUJIAMOJISIPHOTO oKasaTesst
MOTJIOLIEHUS METreMOrIo0nHa
450 475 s00 525 550 575 oo 625 sesc MetHb or pH pacreopa: 1 — pH =
FInHHa BONHbI, HM 10,22;2-pH=74;3-pH=6,1.

Ecnyv koOHCTaHTBI 3THX TIPOIIECCOB M MOJISIpPHBIE TIOKa3aTeAM MOTJOIIEHUs MNPOAYKTOB
(HampuMep accomMaToOB) HW3BECTHHI, OTKIOHEHHS OT 3akoHa byrepa Moryrt OBITH YCTpaHEHBI
MOJCTAaHOBKON ypaBHEHHUE JJIs ONPENEICHUA ONTUYECKON MIOTHOCTU DD WCTUHHBIX 3HAYEHUH ¢ U &.
Yacro ynaercs nogo0paTh HHTEpBaAJ KOHIIEHTPAIH, B KOTOPOM SIBIICHHS aCCOIMAIIMU U TUCCOLIUAIUH
He HaOJIFOTaf0TCs M OTKJIOHEHHS OT 3aKOHa byrepa oTCyTCTBYIOT.
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Puc. 142. 3aBUCUMOCTL OITHYECKOI MJIOTHOCTH .
D 0T KOHLEHTpaUuMW MOrJOMIAIOLIETr0 CBET
BEIIeCTBa B pacTBOpe IpH COOJIOJACHUH 3aKOHA
Byrepa (1), IIOJIOKUTEJIBHBIX (2) u
OTPHIATENBHBIX (3) OTKIOHEHHUSIX OT HETO.

0 c

Jpyroit  (GU3HKO-XMMHUYECKOW TPUYMHOW OTKJIOHEHHS OT 3aKoHa byrepa sBisercs
¢yopecueHLns] aHATM3UPYyEeMOro BellecTa. [lomaganue MCIMycKaeMoro pacTBOpPOM (hiIyopecleHTHOTO
MOTOKa Ha (POTODIEMEHT MPHUBOINUT K YBEIMUEHUIO MHTEHCHBHOCTH TMPOIIE/IIEr0 Yepe3 pacTBOp CBETa,
YTO, €CTECTBEHHO, CHIDKAET HKCIEPUMEHTAIFHO OMpPENENIeMyl0 ONTHYECKYIO0 MJIOTHOCTh. BeriencTeue
JaCTUYHON peaObcopOLru (IyOpeCICHTHOTO CBeTa HAOI01aeMble OTKJIOHEHHS OyayT 3aBUCETh OT JITMHBI
KroBeTHI. [Ipy MpoYnx paBHBIX YCIOBHSX OTKJIOHEHHWS OT 3aKoHa byrepa BcnencTBue (uryopecieHITuu
OyIoyT BO3pacTarh C yBEIIMYCHHEM ONTHYECKOW IIOTHOCTH M YMEHBINATHCA C POCTOM KOHIIEHTPAITUH
pactBopeHHOro BetiecTa (3 dekr Tymenws).

Kpome nByX pacCMOTPEHHBIX BBIIIE CIEAYET YHIOMSHYTh TPEThIO TPYMIy MPUYMH KaXKyIIUXCS
OTKJIOHEHHH OT 3akoHa bepa, CBA3aHHYIO C pacIpeielieHHeM MOTJIOMIAINIET0 BellecTBa B 00beMe
aHaNMM3UpyeMoro o0BekTa. Tak, i  ONTUYECKH  aHM30TPOMHBIX  MOJEKYJd  TOIJIOIIEHHE
HCIIOJIAPHU30BAHHOTO CBE€Ta 3aBHCUT OT CTCHEHU UX YIOPAAOUCHHOCTH. DTO SsBIECHHE MOKET
HAOIOaThCs, HANpPUMEpP, NPU MHUKPOCHEKTPOPOTOMETPUU OHOJOTHYECKHX OOBEKTOB, OO0JIATArOIINX
OIpeAEIEHHON CTPYKTYPOH.

OTKJI0HEHHUsT OT 3akoHa bepa MOryT mposBIATHCA U HM3-32 HEPABHOMEPHOI'O paclpeneieHus
MOTJIONIANOIIErO BEIIECTBa B Iydke cBeTa (kioBeTe). [lomoOHBIE OMMMOKM TaKKe BCTPEYANOTCS, B
OCHOBHOM, B MUKPOCIEKTPOGOTOMETPUH U 3/IECh HE PACCMATPUBAIOTCS.

HNHcTpyMeHTATbHBIE HCKAKEHUS
YcranoBka JAJHHBI BOJIHbBI

JI1 MHOTHX aHaJUTHYECKHUX LieNed NIMHA BOJHBI MOXKET OBbITh YAOBJIETBOPUTENBHOW, €CIM OHa
O0mu3ka K Ayge CHEKTpa IMOTJIOIICHHS HW3MEpSEeMOro XpOMOTeHa W €cld 3Ta AJMHA BOJHBI JIETKO
BOCIIPOM3BOIUMA. BONBIIMHCTBO (PUIBTPOB MOMagaeT B 3Ty KaTErOpUIO M BeChbMa yIOBIETBOPUTENBHO,
TaK KaK IPU 3TOM MCCIEAYyeMblil PacTBOP CPaBHMBAETCS CO CTaHAAPTOM Ha (UKCHPOBAHHOM IJIMHE
BOJIHBI M B (DUKCUPOBAHHOM CHEKTPaJIbHOM mosoce wu3aydeHus. OgHakKo ¢ MNpu3MaMu U
IUPPaKUMOHHBIMM pPELUIeTKAMH BO3MOKEH HENpEepbIBHBIM HAOOp AMMH BOJH, WU B 3TOM Cilydae
CTaHOBHUTCS HEOOXOOMMOM MNpPOBEPKAa HMX TOYHOCTH M BOCIPOU3BOAWMOCTH. 3HAHHE TOUHOW IJIMHBI
BOJIHBl CTAHOBUTCSI KPUTHYECKUM IPU MCIIOJIb30BAHUN U3BECTHOI'O MOJISIPHOTO NOKA3aTeJIsl MOTJI0IIEHUs
JUTs MACHTH(UKAUK BEIECTB B TOKCUKOJIOTUYECKUX UCCIIEIOBaHUAX U B AU depeHraIbHbIX METOIaX.
Hanpumep, wuccnenoBanue ¢epmenTtoB, ocHoBanHoe Ha NAD-NADH peaknuun, O6asupyercss Ha
KOHCTaHTE MOJISIPHOTO NokazaTeis nmoriomnieHus paBHoro 6220 ninsa NADH nHa nnuse BosiHbl 340 HM.
[ToaTomy, mpu UCMOJIB30BAaHUM (POTOMETPHUSCKUX KOHCTAHT HEOOXOIMMO, YTOOBI YCTAaHOBKA JIJIMHBI
BOJIHBI OblIa TOYHOW M BOCHPOM3BOAMMON M, YTOOBI M3MEPUTENBHBIA MpuOOp obnazan JOCTaTOYHON
(hoTOMETPUIECKOH TOYHOCTHIO.

g nmpubopoB ¢ y3KO#i CHEKTPaTbHON MMOJIOCON B Ka4eCTBE CTaHAapTa JUIMH BOJH B Auana3oHe 280
— 650 HM MoOXeT OBIThb HCIONB30BAHO CTEKJIO C OKCHIOM TOJIBMHUSA. DTO CTEKIO HMMEET CIEKTp
NPOIMYCKaHUS C OYEeHb Y3KUMH MHUHMMYMaMmH B TNPOINYCKaHMM Ha (UKCUPOBAHHBIX [UIMHAX BOJH H,
u3Mepss MOIJIOIIEHHE 3TOr0 CTEK/Ia, MOXKHO CPaBHUTH IOJYYEHHBIH 10 MakCUMyMaM MOIVIOLIEHHMS
MacIuTad MIKaJIbI JJIMH BOJIH C TAaCTIOPTU30BAaHHBIMU JaHHBIMU. Ecan stn JaHHbIC HC COBIIaAar0T, MOXXHO
MOCTPOUTH KAIMOPOBOUHYIO KPUBYIO, 4YTOOBI CBs3aTh MPHOOpHBIE AaHHBIE MaciiTaba ¢ MCTUHHBIMU
JUTMHAMM BOJIHBI. TUMWYHBIN CHOEKTp MPOMyCKaHUs JUIsi OKCHJa TOJIbMHS TOKa3aH Ha pucyHke 131a.
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MakcuMyMBI TIOTJIOMIEHUS 3TOT0 (PUIBTPa, TOIXOASIINE I KATUOPOBKHU, UMEIOT CICAYIONINE JTHHEI
BoyH (HM): 279.3; 287.6; 333.8; 360.8; 418.5; 536.4; 637.5. PacTtBophl OKCHIA TOJBMUS,
pa3BelicHHBIE B XJIOPHOH KUCIIOTE, MOT'YT MCIIOJIB30BAThCSA /IS IIPOBEPKH JHOO0OT0 CIIEKTPOPOTOMETpA.

B Poccuun Beimyckaercs ¢wibTp u3 crekna [IC7 Ha OCHOBE CMECH OKHCIIOB PEIKO3EMENIbHBIX
3JIEMEHTOB, KOTOPBIH TaK)Ke MOXKET CIYXKHUTh JUIS MTPOBEPKH IIIKAJ CIIeKTpoPoToMeTpoB (pucyHok 1310).
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Puc. 131. CnexkTpsl nponyckanus (puiIbTPOB, HCIOJIb3yEeMBbIX /ISl TOBEPKHU cNIeKTPOGOTOMETPOB.
1 — cniexTp nporyckanusl GUIbTPa Ha OCHOBE OKCHIIA TOJIbMHS;
2 — CHEeKTp NPoITycKaHus (pUIbTpa HA OCHOBE JUIUMa (CMECH OKCHIIOB PEIKO3EMETbHBIX 3JIEMEHTOB).

Bausinue MOHOXPOMATHYHOCTH CBETA

Yacmoti MHCTPYMEHTAIBHOW MPUYIMHOW KaXKYITUXCS OTKJIOHEHHWH OT 3akoHa byrepa siBisercs
HEMOHOXPOMATHYHOCTh MAaJarollero Ha odpaseln CBEeTOBOro MoToka. B o0oM peaibHOM (QOTOMETpE C
HENPEPHIBHBIM HMCTOYHUKOM H3IIy9E€HUS W3 BBIXOIHOW IIENM HCXOAUT IYyYOK CBETa C HEKOTOPHIM
WHTEPBAJIOM JJIMH BOJH S, KOTOPBHIH OIpemenseTcs IMMPUHON BBIXOMHON eI 7 W TUCTIEPCHEH
MOHOXpPOMAaTOpa WK MOJ0COM MPOIyCcKaHUs CBETOPUIBTPA .

B of0mem cnyuae yBenuMueHHe HMHTEpBaia JUIMH BOJIH S NPUBOJUT K MAJACHUIO HU3MEPSIEMOI0
MOTJIONICHUS U KaXKYIIeWCs BEHMYMHBI € B 00J1aCTH MAaKCHMYMOB ¥ OJJHOBPEMEHHO K YBENTHYEHHUIO D U € B
oOJactu MHUHHUMYMOB CIIEKTPaJIbHbBIX KPUBBIX. DTH U3MEHEHHS MAJIO 3aMETHEI JJ1d BEIECTB C HIMPOKHUMHU
CHEKTpaJbHBIMH TOJIOCaMH (B 3THX CiIydasX 3akoH byrepa BBIMOJHSETCS M MPH OONBIIUX LIETSIX) U
MOTYT OBITh OYEHb PE3KUMH IPH IOJIOCAX Majiol MMPHUHBL. s Toro, 4ToObl Ha MpaKTUKE M30ekKaTh
CYIIECTBEHHOTO HCKa)K€HUSI (POPMBI CIIEKTPATbHOW TOJOCHI W BEJIWYHMHBI &, HEOOXOAMMO, YTOOBI
CIIEKTpajibHad HIUpHUHA ICJTIH Obl1a 3HAYUTEIHLHO MEHBIIIE TMOJTYIIUPHUHBI Mccnez[yeMoﬁ ITIOJIOCHI:

s <0,2A )

Ha pucynke 144 mnpuBeneHBl CHEKTpPaIbHBIE KPHUBBIE PACTBOPOB TEMHUTIOOWHIMAHWIA C
koHueHTpanued 50, 100, 150 u 200 1/1 1 obnacTU CBETONMPOINYCKaHUs CBETO(PUIBTPOB C HIMPOKOH M
Y3KOM MoJjocol mpomyckaHusi (MHTEPBAJIOM UIMH BOJIH §). OTCYTCTBHE MOHOXPOMAaTHYHOCTH HPHU
W3MEPEHHH MOXET MPHUBECTH K JOIMOJIHUTENbHBIM OIIMOKaM H3MEpeHHs. JTO CBSI3aHO C TEM, YTO B
001acTH CIIEKTPaNbHOW YYyBCTBUTENBHOCTH TPUOOpa, KOTOpas OMpeAessieTcsl TMOJIOCOH MpOITyCKaHUs
CcBETOQUIIBTPA, ONTHYECKAsl IUIOTHOCTh HEOAMHAKOBA JUIS PA3IMYHbIX AJUH BOJH. DTO NPUBOIUT K TOMY,
YTO 3aBUCHUMOCTH CHTHasa QoTompeoOpa3oBaTeNis OT KOHIIGHTpPAIlMd pPacTBOpa WMEET HEITWHEHHBIH
xapakrep. CreneHb HETMHEMHOCTH 3aBHCHUT OT LIMPUHBI MpOMyckaHus cBeTouiabTpa. Yem Oosblie
KpHBas TOTJIOUICHUSI B OONAacCTH CBETONMPOIYCKAaHUS OTKJIOHSETCS OT YPOBHS Asy , TEM K OOJbluei
HEJIMHEHHOCTH 3TO MPUBOJIUT, OCOOCHHO Ha JJIWHAX BOJH Oonbiie 540 HM.
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440- 540 640 L, HM

OTKNOHEHHe, Y

Puc. 144 . CnekTpanbHble KpHBBIE PacTBOPOB
reMurJIOOMHIMAHUAA ¢ KoHIeHTpanued CI1 = 50,
C2 =100, CI = 150 u C4 = 200 r/n u obmactu

Puc.145. Ommodka u3MepeHMii KOHIEHTpaUMH
reMOrJJOOMHIUAHUAA TIpU Pa3IMYHOU T0JIOCE
MPOITYCKaHHS cBeTOUIBTpa (ctrenenu

CBETOMNPOITYCKaHUSI CBETOPUIBTPOB C TIONOCOH | MOHOXPOMATUYHOCTH CBETA)
nmpomnyckanus Ha ypoBHE 5% - 200 M (1), 35 HM
(2) u 15 am (3). OTcyTcTBHE MOHOXPOMATHYHOCTH
Npd WM3MEPEHWH TPUBOIUT K CYIIECTBEHHBIM

OIIHOKAM HN3MCPCHUA

Ha pucynke 145 npuBeaeHsl rpaduKy HETMHEHHOCTH U1 Pa3IUUHBIX HHTEPBAIOM JUTHH BOJH .
[IpssmonmHeliHAsS CBETOCHUTHAJIBHAS XapaKTepUCTUKA (HAKIOH Tpaduka KOHIEHTPAHsI — dIEKTPHUECKUI
CHUTHAJT) MOKET OBITh «IIPUBSI3aHa» MPHU KATHOPOBKE MpHOOpa K TO0BIM 2 3HAYCHHUSIM KOHIleHTpanuu. Ha
pucynke 133 mpencrtaBieH ciydaid, Korja oImMOKa 3a CUeT HEJIMHEHMHOCTH paBHA HYJIO IpH
koHueHTpaumu 0 r/n u 200 r/n. Ilpu 3TomM ommOKka MakcHMallbHa B CEpeluHE 3TOr0 AHana3oHa U
coctaBisieT 6% A mrUpokonoaocHoro GuiasTpa (200 HM, TaKyI0 XapaKTepPUCTHKY UMEET 3eJIEHOe CTEKIIO
3C-1), 0.8% s punstpa 30 HM, 0.003% g puastpa 10 HM 1 0% A cnektpodoromerpa. Omudka B
6% 171 MIMPOKOTMOJIOCHOTO (UIbTPa B HECKOJBKO pa3 MPEBLILACT AOMYCTUMBIA mpenen. M30exarb
OIIMOKU MOXKHO TOJIBKO MyTEM KaTHOPOBKH (POTOKOIOPHMETpA MPH MOMOIIU KATHOPOBOYHBIX PACTBOPOB
TeMHUTIIOOMHIIMAHUIA Pa3ITUYHON TUIOTHOCTH. /[l crekTpodoToMeTpoB ommnOKa, CBA3aHHAs C
HEJIMHEWHOW 3aBUCUMOCTBIO CUTHANA OT MJIOTHOCTH, MPEeHEOPEeXMMO Majia U KalnOpoBaTh MX MOJOOHBIM
00pa3oM He HYKHO.

B cnemmanusupoBaHHBIX (HOTOMETpax — aHAIM3aTOpax - KaAIMOPOBOYHAS KPUBas MOXKET OBITH
BHECEHA B IporpaMMy 00pabOTKH 3JIEKTPUUECKOT0 CUIHajla M MOKa3aHUsl TaKUX MpUOOpOB (B €AMHHUIIAX
KOHLIEHTPAIM1) TaK)Ke UMEIOT JIMHEHHYIO 3aBUCUMOCTb OT KOHLEHTPALUH UCCIEAyEMOro pacTBopa.

CrnekrpanbHasi mojoca ¢oTroMerpa OOBIYHO 3asBISETCS H3TOTOBUTENEM. OTOT TMapamerp
npuHUMaeTcss 0e3 MPOBEpKH HM3-3a OTCYTCTBHS YAOOHOrOo MeTojia KoHTpouisi. CriekTpalibHas 1osoca
MOXeT OBITh HM3MEpeHa Ha CHeKTpo(oToMeTpe NpH MOMOIIM PTYTHOW JIAMIMbl, CIEKTP H3JIyYeHHs
KOTOPOM MMEET MHOXKECTBO OCTPBIX, YETKUX JIMHUU u3nydeHus mexay 250 u 580 um. OueBUIHO, UTO
IIFPUHA TIOJIOCH M3ITy4eHus: Ha ypoBHE 0,5 MaKCHMyMa CIeKTpa M3Iy4eHHsI MOXKET OBITh CIIEKTPaTbHON
nosnocoit poromerpa. CrieKTpanbHas T0JI0Ca MOKET ObITH paccUMTaHa Mo JOKYMEHTALUN U3TOTOBUTEIS.
i mpoBepKH CIEKTPOPOTOMETPOB CO CHEKTPATbHOM MOJIOCOM OT 8 HM MOTYT HCHOJIb30BaThCs
HHTEPPEPEHIMOHHBIE (PHIIBTPHI € TIOJIOCOH OT 1 10 2 HM.

PaccessHHbIN cBeT.

[ToMrMO KOHEYHOW MIMPHUHBI IIETH, HEMOHOXPOMAaTHYHOCTh CBETOBOTO TMOTOKAa MOXET OBITh
BbI3BaHA MPUCYTCTBHEM paccesHHOro cBeTa. [loag paccesHHBIM CBETOM OOBIYHO TMOHHMAIOT
MOJMXPOMAaTHUECKOE HW3JIy4YeHHe, TMOMajaiollee B KIOBETHYIO Kamepy QoTomeTrpa B pe3yJbTaTe
pPa3IMUHBIX OTpPaKEHUW W paccesHM B aucneprupyromer cucreme. K paccesHHio cBeTa NPUBOJAT
JIeQeKThl B MpHU3Max, 3epkanax, AU((QpakIMOHHBIX pelieTKax WM CBeTO(PUIBTPax, BO3HUKAIOIIUE Ha
ONTHUYECKUX JACTANSX B «IIPOMBILUIEHHONW» aTMocdepe HaleThl, MblIb U T. M. J[JTMHBI BOJH PaccesHHOTO
CBeTa HE OTPaHMYEHBl KAKUM-THOO WHTEPBajOM, KaK ITO MMEET MECTO JUIi HEMOHOXPOMATHYECKOTO
CBETa, MPOXOJIIIETO Yepe3 NIMPOKYIO IIellb. PaccesiHHBIN CBET - 3TO M3IIyueHHE JUTMH BOJIH BHE Y3KOM
CHEKTpaLHON MOJIOCH HOMHHAJIBHO TMEepeAaHHOH MOHOXpoMaTopoMm win ¢uibTpoMm. Kak mpaBuio, B
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paccessHHOM M3IYy4YEHHH NMPUCYTCTBYET CBET BCEX UIMH BOJIH, KOTOPBIE HCITyCKAaeT UCTOYHUK U3ITYy4EHHUS,
NprYeM MHTEHCHBHOCTh PAaCCESHHOM paiualyy Majo 3aBUCHUT OT €€ AJIMHBI BOJIHBI.

Paccesunviii ceéem 6o30eiicmeyem Ha GomonpueMHuk 6 npedeiax obracmu CcneKmpaibHoU
yyecmeumenvHocmuy npuemnuka. Hamudne paccesHHOro cBeTa MPUBOAUT K HapyIIEHUIO JHHEHHOCTH
W3MEPEHHBIX 3HAYEHUH TUIOTHOCTH OTHOCUTEIBHO KOHIIEHTPALHH.

NneanpHBI MOHOXpOMATOP MPOITYCTHII OBl CBET TOJIBKO B 3alaHHOM CIEKTpaidbHOU mojoce. Ha
MpaKkTUKe paccesHue W IU(pPakIus BHYTPH MOHOXpoMaropa I0O0aBJISIOT CBET JAPYTHX [UIMH BOJIHBI B
BBIXOOHOM Jsyd. Takod cBer panee mpeoOpasyeTcs IpyruMH KOMIIOHEHTaMu (oToMmeTpa H
HETIOCPEACTBEHHO MCCIeNyeMbIM 00pa3ioM. PaccesHHBIN cBeT MOXKeT momajzaTh Ha (POTONPHUEMHHK U
MUHYs oOpaserl.

HcTouHnkamMy Mapa3uTHOrO W3JIYyYEHHsT CBeTa SBIAIOTCS TakKe HEIUIOTHAs CBETOU3OJISLHS
¢doromeTpuueckoi suedku M ¢uiroopecueHMs oOpasua. HapymieHuss CBETOM3ONISLUM  AOJKHBI
uckmoyarscs. CBeT, SBISIOIIUICS pe3yabTaToM (PIOOpPECLEeHINH, YBEIUIUBAET apasUTHBIA CUTHAII Ha
(oTONpPUEMHHK, YTO MPHUBOAMT K KaxylleMycs YMEHbIIEHHI0 ToriouieHus. @uoopecuepyromye
WCTOYHHUKH PACCESHHOTO CBETA CI0XKHO yYeCTh IPH OOBIYHON OLIEHKE PACCESIHHOTO CBETA.

VICTOYHUKOM PaccessHHOrO CBeTa MOT'YT OBbITh HapyIIEHHs LEJIOCTHOCTH UHTEP(EPUPYIOIIHX CIIOEB
UHTEePPEPEHIIMOHHOTO (QWIBTPa WM HEIOCTATOYHOE MOJaBJIeHHE W3TYYeHHUs 3a TpejaeiaMu padodeil
CHEKTpaJIbHOH MOJIOCHl (pribTpa.

Haubonee cuinbHO BIMSHUE PACCESTHHOTO CBETA CKa3bIBAETCS IIPU M3MEPEHHUSX B KOPOTKOBOJHOBOM
JMana3oHe CIeKTpa.

Msorue ¢GOTOMETpHl OCHAIIEHBl OJHWUM MM HECKOJBKUMH (QUIbTpaMH, TOAABISIOMINMH
paccesHHbI cBeT (pucyHok 134). Tak, cuHuit UIBTP HCHONMB3yeTCS C BOIB(PAMOBOWN JIAMITON
HaKaJIMBaHWS IS MMOAaBiIeHus JIuH BoiH Oombie 400 uM. Ecim ciektpodoromeTp ycranorinen Ha 340
HM, Hampumep, O0JbIlas YacTh PACCESTHHOTO CBETa MMEET JJIMHBI BOJHBI B BUIMMOM auana3zone. CHHUN
¢uneTp mornouiaer OONBIIYIO YacTh BUAMMOIO CBETa, HO XOPOLIO MPOIYyCKAaeT YJbTPadHOIEeTOBYIO
gacTh cnektpa. [lo aHamoruu, KpacHeId (GUIBTP MCIIONB3YETCS ISl UTMH BOJIH B AranazoHe oT 650 mo
800 HM™.

Puc. 146. TexnoJsorus

YMeHbIIEeHUS PACCESIHHOTO CBeTa

B ciektpodoromerpe SPECORD
soronererop 30, [lepen nudpakmoHHO#
e PELIETKOM pa3MelleHbl QUIIbTPHI,

CYXHBAIOLLIE CIEKTPAIBbHYIO

MOJIOCY C LENbI0 CHIKSHHUS
paccenBaroIero CBETa.

Brixogsas
wenb Keapuesoe
3epKano

Kesapuyesoe
sepkanc

Keapuesoe
Ieprano

Jnis oOHapyKeHUsl paccessHHOTO cBeTa yIoOHbI oTpesatomue GuiabTpel. OHU MOTYT UMETh CTEKJIO,
mo1o0HOe MOAABISIONIMMH (UIIBTPAM, KOTOPOE PE3KO «OTPE3aeT» YacTh CIEKTPa, IMOYTH TOITHOCTHIO
rorJioniasi MW3MydyeHHe B OJHOM JMala3oHe CIEKTpa M XOPOIIO MpOMycKas HW3Iy4YeHHE B JPyroM
nuanazone. JKunkue QuiabTpel 3¢GQGEKTHBHBI M yOOOHBI B YJIBTPaUONETOBOM [Hamna3oHe, TIAe
pacCessHHBIM CBET AOCTABISIET OCOOEHHO MHOTO XJIOTMOT. Bomubeiii pactBop HuTputa HaTpus 50 1/
JIOJDKEH T0Ka3aTh, MO cymiecTBy, 0 % mpomyckaHus Npy U3MEPEeHUH MPOTUB BOJBI B nuana3one ot 300
110 385 HM. AIIETOH, U3MEPEHHBII NPOTUB BOBI, NoJxkeH AaBaTh 0 % mporyckaHusg B Auamna3oHe ot 250
10 320 HM.

PaccessHHBIN CBeT OOBIYHO OMpeNENseTcss KaK OTHOIIEHHWE WM TPOIEHT PACCeTHHOTO CBETa K
00I1IeMy KOJIMYECTBY CBETa. YPOBEHb PAaCCESHHOTO CBETa o MPH AAHHOW JJIMHE BOJHBI XapaKTepH3YIOT
OTHOILIEHUEM:

I, I,
a = —-100 % = ——-100 % ,
I, , I,
rac Ip u ]M - KHTCHCUBHOCTU PACCEAHHOIO U MOHOXPOMATHUYCCKOI'O0 HU3ITYHUCHUS.
Tak kak Ip MaJIO UBMECHACTCA C I[JII/IHOFI BOJIHBI, BEJIMYHUHA O OCO6GHHO BCJIIMKA B TCX O6HaCT}IX
cnekrpa, rae [, Mano, T. €. Majia YMUCCHUS UICTOYHHKA MM YyBCTBUTEIBHOCTh (DOTOMPHUEMHUKA (TPaHHIIbI
CHEKTPAJIbHOT'O zu/lar[a30Ha). KpOMe TOro, [M PE3KO MagacT B TEX CIy4dasX, KOraa BCJIMKa ONTHUYCCKasA

IJIOTHOCTh pacTBOpa cpaBHeHUs (B Merome auddepeHanbHol ¢GoToMeTpuu). PaccesHHBIN CcBeT
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CKa3bIBaeTCs TaKXKe B Clydyae M3MEPEHHs C OMOPHOW BOJIHOW IMpH JBYX BOJHOBOH (poTOMETpHHU, €CITU
pasHuna D, U Dypop HeseMUuKa. DTH OTTACHOCTH 0OCOOCHHO pealIbHEI B nanbHel Y d-o6mactu (190 — 220
HM), rae paCCCﬂHHBIﬁ CBET MOXET BbI3bIBATH CIABUT'H MaKCI/IMYMOB IOTJIOIICHUS, ITOABJIICHHUE JIOKHBIX
MaKCHMYMOB U JIpYTHe apTe(aKThl.

B MpUCYTCTBHH pPacCEeSsHHOTO CBeTa H3MepseMoe (Kaxyleecs) MmporyckaHue pactBopa T '
PaBHO:
1,7 +1,T,

I , Tt I,

rae T u T, - mponycKaHre MOHOXPOMATHYECKOI0 M PACCESTHHOTO CBETa COOTBETCTBEHHO.

KoMOuuupyst ypaBHeHHs Uit o0 1 T ', TOMy4MM BBIpayKEHHE JJIsl TIOTPEIIHOCTH, BHOCHMOW B
W3MepeHHe MPOMYCKaHNs BCIEICTBUE PUCYTCTBUS PACCESTHHOTO CBETa!

— r_ — —
AT, =T T a(Tp T)/100

AHanM3 3TOr0 BBIPAXKEHHS IMOKA3bIBaeT, YTO C YMEHBLIEHHEM MPOMYCKaHHS HCCIETYEMOTO
pacTBopa (yBEIMYEHHEM €ro ONTHYECKOH MIOTHOCTH) norpemHoctsb A7, Bo3pactaer. Tak, mpu a = 0,5%
u T, = 1 oTHOCHTENbHAS TOrPeIIHOCT u3MepeHust D = 1 cocraisiet 2%, a npu D = 2 oHa BO3pacTaeT 10
8,75%. Ilpu T,<T paccesHHBIA CBET MPHUBOJUT K yMEHbIIEHWIO, a Tpu 7, > T - K yBETUYEHHUIO
M3MEpSieMOro TpPOMyCKaHus. B pe3yibrare MpUCYTCTBHE PACCESTHHOTO CBETa YXYALAET CTPYKTYpPY
M3MEpSIeMOro CHEeKTpa, CHUXkaeT ee paspewenue. [lpu 7, = T Beanuuna AT, = 0, m03TOMY paccestHHBIN
CBET HE BIMET WM MaJIO BIUSET HAa PE3YIbTaThl U3MEPEHUs! TPOILYCKAaHUS HEUTPaIbHBIX QUILTPOB.

Haubonee npocTbIM METOIOM U3MEPEHUS YPOBHsI PacCEsSHHOI'O CBETa SIBJIIETCA METOA (DUIBTPOB.
Mertoq 3akitouaeTcd B U3MEPEHUH KaXKyIerocs MpOIyCKaHUs NMPaKTHYECKH HEMIPO3pavyHbIX MPU JaHHOH
JuinHe BoJHBI 00BekTOB (7 = 0), cBOOOIHO MPOITYyCKAIOUINX U3IYUYEHHE C APYTUMH ATUHaMH BosH (7, =
1). B COOTBETCTBUM C BBIpQXKEHHEM ISl TIOTPENTHOCTH AT, M3MepseMoe MPOMyCKaHue TaKuX 0OBEKTOB
(B TpolLIeHTax) YUCIEHHO PaBHO BelMuYWHE o. B kauectBe PuiabTpoB st fmuH BoiaH 200 - 220 HM
pexoMeHyetcs ucnoib3oBaTh pactBop KCl1 10 /1, oxono 270 um - pactBop KI unu Nal 10 r/xn, anst anuH
BoutH 300-330 uM - artetoH, a 340 - 370 aM - pactBop NaNO; 50 1/t (B0 Bcex caydasx / =1 cm).

HenocraTkoM yka3aHHOTO METO/A SIBIAETCS HEOOXOAUMOCTh U3MEPEHNS OUEHb HU3KUX 3HAYEHH
nponyckanud. Eciy n3MepsaTh NpomycKkaHUe OJHOrO M3 3TUX PAacTBOPOB B 1 CM KIOBETE OTHOCHUTENIBHO
Toro ke pactBopa B 0,5 cM KiOBETe, TO PErHCTPUPYEMbIE BEIMYMHBI OYyAyT HAaXOAMUTHCS B Oosee
0J1aroNpUsTHOM JAJIs1 U3MEPEHUsI I1ana3oHe.

[TponopuMoHaIBHOCTE MEKY ONTUYECKOW MNIOTHOCTHIO MU KOHUEHTpALMEW BEWIECTBA B pacTBOpE
HapylIaeTcsl TaKKe NPH YPE3BbIYAHHO OOJBIION HMHTEHCMBHOCTH MAJAlOLIEr0 Ha BELIECTBO CBETa
(J1a3epHOE M3Iy4YeHHE), KOIZa 3HAYMTENbHAsl YacTh MOJIEKYJ BELIECTBA OKa3bIBAeTCA B BO30Y)KICHHOM
COCTOSTHHH.

!

JIuneiiHoCcTH

Jist Toro 4yToObI (POTOMETP MPAaBUIBHO U3MEPSUT MOTJIOMICHHE B CBOEM AHMara3oHe MIOTHOCTEH, ero
OTKIIMKA Ha W3MEHEHHs CBETOBOTO TIOTOKA JOJDKHBI OBITh JIMHEHHO MPONOPIMOHAIBHEI 3TUM
W3MEHEHUsIM. OTO O3Ha4daeT, MEeXAy IOTJIOMIEHHBIM CBETOM W TOKa3aHWsMHU MpuOopa JOJDKHA
CYIIIECTBOBATH JINHEIHASI 3aBUCUMOCTb.

Y1oOBl MpPOBEPUTH JUHEHHOCTb MHCTPYMEHTAa MOTYT HCIOJNb30BaThCs pasiinuHble pacTBOpbl. C
MOMOMIBI0 KHUJKUX MAaTepUalOB MOXXHO BBISIBUTh OIIMOKHM pa3BeNeHUs, HEeCTaOMIbHOCTh, CIBUT
MOTJIONIEHNsT TIpH W3MeHeHun pH, TemmneparypHoe BiusHHE. ANBTEPHATHBOW KHUIKHM pacTBOpaMm
CITy’)KUT CTEKJISIHHBIN (PUIBTp, KOTOPBIA Ha NaHHOHM JJIMHE BOJHBI MMEET HE3HAUYUTEIbHOE MOTJIOLIEHHE.
Ounbtp [1C7 nmeer nornowenue 0.09 B 550 HM ¥ MOXKET UCHOJB30BATHCA ISl MPOBEPKU JTUHEUHOCTH
CIETYIOMNM 00pa3oM:

1. VYcraHoBuTe ANMHY BOJHBI 550 HM, 3aKpOHTE KIOBETHOE OTAENEHUU (POTOMETpA M YCTaHOBUTE
norjonieHre Hoib (mponyckanue 100%).

YcraHnoBuTe QUIBTP U ONPEIENUTE TOTJIOMEHHE. 3aUITNTe Pe3yIbTar.

VYnanure GuabTp ¥ yCTaHOBUTE IIIOTHOCTH 0,25,

CHoBa ycTaHOBUTE QUIBTP U ONPENEIUTE TUIOTHOCTS.

[ToBTOpUTE MpoLEenypy A psina Apyrux miotHocteit 0.50, 0.75, 1.00, 1.25 u t.1.

. Ompenenvre BEIWYUHBI MPUPALICHUN TUIOTHOCTH (PUIBTpa AJIS KAXKIOTO U3MEPEHHSL.

JIuHelHOCTh yAOBIETBOPUTEIbHA, €CIHM MPHUPAIIEHUS OCTAIOTCH IOCTOSIHHBIMH. Takas xKe
npoueaypa HCHONb3YyeTcsd € MOAXOAAUIMM (UIBTPOM Ha CHEKTPodOTOMETpax, B KOTOPHIX PacTBOP

VR W
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OnaHKa MMeEeT psl AMCKPETHBIX 3HAUYEHWH IUIOTHOCTEH C IMIaroM NpUOIM3UTENbHO B | eauHUIY
MOTJIOLEHHUSI.

Bonee mpocToit MeTon 3aKiIi04aeTcss B TOM, YTOOBI HCMOJIb30BaTh pabovHii pacTBOp MaKCUMAaJIbHOM
KOHLeHTpauuu. KonndecTBo pacTBOpa AOMKHO OBITh, MO BO3MOXHOCTH, OONBIINM M HW3BECTHBIM.
PacTBOp nomeraercs B cocya, 1o 00beMy B HECKOJIBKO pa3 OoJibile, YeM padounii pacTBop. 3aTeM:

1. YHactp pacTBOpa HajJMBaeTCs B KIOBETY W OMNPEACISIETCS €ro IJIOTHOCTh Ha 3aJlaHHOW JJIMHE
BOJIHBI.

2. Bechb pacTBOp M3 KIOBETHI BO3BPALIAETCS B COCYI.

3. B cocyn moGamiseTcss 00beM BOIBI, PABHBIH 00bEMY MCXOIHOTO PacTBOPA, IMOIYUYAETCS pacTBOP,
pa30baBieHHBIHN B 2 pa3a.

4. IloBTOpsitoTCs Mpoueayps! 1-2.

5. B cocyn nobasnsiercsi 00beM BOJBI, paBHBI 00heMy pa30aBICHHOTO PacTBOPA.

6. [ToBTOpsroTCs mporeaypst 1,2, 5, 1.

B pesynbraTte momyuaercst psg KOHUEHTPALUUH C MIOTHOCTSIMHU B oTHoweHuu 1: 1/2 :1/4 : 1/16 u T.1.
OTUM KOHUEHTPALMSIM JOJDKHO COOTBETCTBOBATh OTHOIIEHHE M3MEPEHHBIX IioTHocTer 1: 1/2 :1/4 :
1/16 n T1.n1. HenmpomopumHoHATBHOCTE HM3MEPEHHBIX 3HAYEHWUH IIIOTHOCTEH CBUIETENBCTBYET 00
OTCYTCTBUU JIMHEHHOCTH B JMAaNa3oHe IUIOTHOCTEW pabodero pactBopa. bomibiioil o0beM HCXOTHOTO
pactBopa HEOOXOAMM s MHMHUMH3ALMH OMHMOOK pa30aBieHHs. DTOT METOX XOpOIl TeM, YTO
oTpenensieTcs JUHEHHOCTh M3MEPEHMH HENOCPEACTBEHHO B OTHOIIEHHMHM KOHKPETHOTO HCCIEAYeMOIo
BEILIECTBA.

Hcnonb30BaHue KOHCTAHT B (POTOMETPUYECKOM HCCJIETOBAHUH.

Brimie  mpencTaBiieHbl METOIBI  (POTOMETPHUYECKOTO OMNPECIICHUsT KOHIICHTPAIlMK BEIIeCTBa
MOCPEICTBOM M3MEPEHUS ONTUIECKOH TUIOTHOCTH PacTBOpa M pacdeTa KOHIIEHTPAIUH C HCIIOJIb30BaHUEM
TaKUX KOHCTAHT, KaK (paKTOp MM MOJIEKYJISIPHBIA TTOKa3aTeb MOTJIOMEHHS.

HyHO OBITH BHUMATEIbHBIM IPU HCIONB30BAHWU TaKUX KOHCTaHT. Hu mpu Kakux ycIOBHUAX
KOHCTaHTa HE JOJKHA MCIOJb30BaThCsA, €CJIM IUIOTHOCTh CTaHJAApPTa WM MCCIEAYEMBIX PacTBOPOB
BBIXOJIAT 3a MPEJENbl INHEHHOTO yJacTKa KalnOpOBOYHOW KPUBOM, TO €CTh, €CITH KPHUBas HE OTpPaKaeT
3ak0H byrepa. UToObl HampsMy0 CpaBHHUBAaTh HCCIEIYyEMBIM PacTBOP CO CTAaHAAPTOM WM HYTOOBI
OTIPEACIUTh KAIMOPOBOYHYIO KOHCTAHTY, HEOOXOJIMMO HCIOJB30BaTh TPH WM OOJIbIIE KalinOpaTopa B
KOKIOW CepUr OTpeAelieHHid, TaKk KaKk M3MEHEHHsS B peareHrax, yCIOBHSAX paboThl, pa3Mepax KIOBET,
yXyAlLIeHUE WK U3MEHEHHE NapaMeTpoB (poToMeTpa MOTYT MPUBOAUTE K KaKIOJHEBHBIM N3MEHEHHSIM B
BEJIMYMHE ONTUYECKOTO TOIMJIONICHUS HW3-3a HW3MEHEHMHM mMapaMeTpoB KanuOparopa. Henuneiinas
KamuOpOBOYHAST KpWUBas MOXKET WCIONb30BAaThCS JIMIIb B TOM Clydae, €clid s KaTuOpPOBKHU
WCTIONIB3YeTCA JIOCTaTOYHOE KOJIWYECTBO KaauOpaTopoB C pazIUYHBIMH KOHIIEHTPALUSMH, HYTOOBI
MEPEKPHITh BECh TUATIA30H O’KUAEMBIX TJIOTHOCTEH HEU3BECTHBIX PACTBOPOB.

B HekoTOphIX ciay4asx KayeCTBEHHBIC KalHMOPOBOYHBIE MAaTepUANbl MOTYT OKa3aThCs TPYIHO
JIOCTYIHBIMH, TOTJa MOXXHO HCIIOJIb30BaTh KOHCTAHTHI, IMOJYYEHHbIE HA KA4€CTBEHHBIX MaTepHaiax U
omyOJIMKOBaHHBIE B JuTeparype. B olmem cioyyae wWCHOIb30BaHHE OIMyOJMKOBAHHBIX KOHCTaHT
MPUBOJUT K HEHAJCKHBIM Pe3yJibTaTaM, €CJIM HE CIeA0BaTh OMYyOJMKOBAHHOMY METOAY 10 MeJouyei u
€CJIM HCIONB3yeMBbId (OTOMETp He o0ecrnedrBaeT BBICOKYIO CIHEKTPAIbHYH YHUCTOTY ONTHYECKOTO
M3Iy4YeHus] B pabodeM AnWanazoHe IJIWH BOJNH. Vcrmonb30BaHWE HIMPOKOIIOIOCHOTO HM3ITydeHHUS OOBITHO
BElleT K 3aHWXeHuio mnoryomenus. Ontuueckas 1wioTHocTh NADH mpu 340 uM, Hampumep, 4acTo
WCIOJB3yeTCsl, Kak pedepeHTHas I ONpe/eicHUs aKTHBHOCTH ()EPMEHTOB M OCHOBaHa Ha MOJISPHOM
rokaszareJsie morjoieHusi papHoM 6220. 3Ta BeIMYMHA MOJy4YaeTCsl MPU TOYHO OMMCAHHBIX W TIIATEIbHO
KOHTPOJIMPYEMBIX YCIOBUSAX U HE MOXKET UCIIOIb30BAThCS, €CITU 3TH YCIOBUS HE COOTIOAI0TCS.

MOoHO CKa3aTh, YTO OMYOJIMKOBAHHBIC JAHHBIC JJII MOJISIPHOTO TIOKa3aTelsl MOTJIOUICHHUS WU
Kod(UIMEeHTa MOTIOMIEHHS MOTYT OBITh UCTOJIB30BAHBI KaK CIIPABOYHBIC 3HAUEHUS JO TEX IOp, MOKa
OHM He OyAyT MOATBEP)KIEHBI M3MEPEHHSIMH, MPOBEACHHBIMA Ha XOPOIIWX CTAaHAAPTHHIX MaTephanax
MMEHHO Ha JJaHHOM (POTOMETpE.

MeHuCK B JIYHKAX IIJIAHIIETOB
IlosiBIeHME MEHHUCKA M €TO KpHUBHU3HA 3aBUCAT OT CMAaUYMBACMOCTHU CTCHOK IUIACTUKOBOM

JIYHKH pacTBOPOM CpPAaBHCHHUA U aHAJIUTOM. Ha PUCYHKC 147 moka3aHBl BO3MOXKHBIC BapHUaHTbI
BJIMAHUA MCHHCKA Ha pPE3yJIbTaThbl (bOTOMeTpI/IpOBaHI/ISI. BI/I)IHO, 4TO B ClIydac OAHMHAaKOBBIX
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MEHHCKOB Uil OJlaHKa M aHalMTa 3aBUCHMOCTh ONTHYECKOH IJIOTHOCTH OT KOHLEHTPALUH
JMHEWHA, O/JHAKO HAKJIOH JIMHWW CYIIECTBEHHO MEHBIIE, YeM IPH OTCYTCTBHHM MEHHCKA, YTO
NPUBOJHUT K 3aHW)KEHHBIM 3HAUYCHHSM HM3MEPEHHOH IUIOTHOCTH. B ciydae OTIMYUS MEHHCKOB
Ui OJaHKa M aHAJTUTA 3aBUCHUMOCTD TaK)Ke JIMHEHHa, OJTHAKO JIMHUS UMEEeT MEHBIINA HAKIIOH U
CMeIlIeHa OTHOCHTENIFHO LIKAJbl TUIOTHOCTH, YTO TAaKKe NMPUBENET K OUIMOKaM OMNpeeiIeHUs
ONTUYECKOW TUIOTHOCTH. M30exaTh BIMSHHA MEHHCKAa MOXXHO JIMIIb COOTBETCBYIOIIEH
KamuOpOBKO# mpubopa 1mo KaaruOpoBOYHBIM 00pa3iam.

. 1 S i |52

Laii MuHua2 |10
Pucynox 147. BnausHue MeHUCKa IIpH — e
BEPTUKAIBHOM  (OTOMETPUPOBAHWUU  Ha /
3aBUCUMOCTh OITHYECKON IIIOTHOCTH OT e
KOHIIEHTpauuu BemecTBa (anamusarop FP- KoHUeHTpaLms Hmﬂ Tuwuen 3 [e5s 8
901).

BnaHk AHanut

Temneparypa.

Muorue QOTOMETpHYECKUE MPOLEAYPHl CBA3aHBI C KHHETHYSCKUMH HCCIICIOBAHHSIMHU
aKTUBHOCTA (PEPMEHTOB, TO €CTh M3MEPEHHSIMH ONTHYECKOW IUIOTHOCTH CyOCTpPaToB B IpOIEcCe
(epMEHTAaTHBHON peakiyu. Y CTAaHOBIEHO, YTO CKOPOCTh ()EPMEHTATHBHBIX pPEaKIUN MPH HU3MEHEHHH
temriepatyphl Ha 10 °C u3mensiercst B 2 pasza. Hanpumep, aktuBHOCTE ACT B CBIBOPOTKE, ONpeAeIEHHAS
Habopom ¢upmbel Randox mpu 37°C, cocraBnser 35 En/n, a npu 25°C — 16 Ea/n. [lpu nanphelimem
TOHIKEHUH TEMIIePATyphl PEaKIMOHHOW CMECH CKOpPOCTh peakiuu Oyner cHikaThes: mpu 15°C
aktuBHOCTE ACT paHa 8 En/n, mpu 5°C — 4 En/n. doToMmeTphl misd KMHETHYECKHX HCCIEIOBAHHUM
COJICPXKAT TEPMOCTATUPYyeMylo (oToMeTpuueckyro suelky. CTeneHb CTa0MIM3allid HOMHHAJIBHOM
TEMIIEPaTyphl  OIpPEEeNIeTCs 3aJaHHOU MOTPEIIHOCTHI0  OTPEJIEICHNs aKTHBHOCTH (hepMEHTA.
Hanpumep, nns 3amaHHON morpemrHocTd 4% Temreparypa OJKHA BBIICPKUBAThCS B Mpeesax =+
0,2°C.

skeskosk

B 6onvuuncmee  gomomempuyeckux aHanUMU4ecKux npoyeoypax oOnmuyecKkas NIOMHOCHb
uccnedyemo2o pacmeopa CpasHUBAemcs HeNOCPeOCMEEeHHO ¢ ONMUYECKOol NIOMHOCIbIO Kaiubpamopa
unu pada kaibpamopos. B maxux ycnogusax nesHayumenvuvie oWUOKU 8 KarubposKe OuUHbl 80IHbL, 6
UBMeHeHUU CNEKMPAIbHOU NOJIOCL ONMUYECKO20 UZNYYEHUSl, He3HAYUMENbHbLI PACCESIHHbII C8em U MAK
danee, 0OLIYHO He 6HOCAM CepbesHble OowuOKU 6 pezyrbmam usmepenus. Hcnonvsoeanue psioa
Kanuopamopos, Nepexpuléaiomux wupoxull OUanason KOHYeHmpayuil, maxdce Modicem o0becneyums
HeobX00uMyr JUHEUHOCMb, MO ecmb coomeemcmeue  3akoHy byeepa ona oOanmoeo memooda u
omomempa. Cnedyem 0cob0 nooduepkHyms, 4mo 6 nociedHee 6peMsi NOSBUNUCL Kalubpamopvl He
MOIbKO 0I5l CYOCmpamos, HO U Ol KanubposKy aKmusHOCuU pepmenmos. Imo o4eHb 8aiCHO, MAaK KaK
NOABUNACH NPUHYUNUATLHASL 803MOJCHOCTNL  VIVYUUMD KAYecmeo onpeodeienus NpaKmuyecku 6ce2o
CHeKmpa PYMUHHbBLX, HACMO UCNOIb3YEMbIX 6 KIUHUYeCKou Ouoxumuu nokazamenei B ciyuae
UCNONb306aHUSL _ ONYOIUKOBAHHBIX 8 HAVYHOU Jumepamype uiu NpeosapumenbHo OnpeoeneHHbIX
MONAPHBIX noKazamenell no2nowenus, Ko3@duyuenmos nponyckanus uny @daxkmopos K gomomempam
npedvasiaiomes boree cmpocue mpebosanus ho ammecmayuu ux napamempos. Ilepuoduyeckas
nposepxa  cnekmpogomomempos  (pomomempos) makdice yaywuaem HAOENICHOCHb  OOLIYHBIX
CPAaBHUMENbHBIX UCCIE008AHUII.
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METPOJIOI'MYECKHUE ACIIEKTBI ®OTOMETPHUMN.

IIpaBuiabHOCTE GOTOMETPHYECKHUX JAHHBIX
[IpaBumpHOCT, M3MEPEHWH OTpaXkaeT OJIM30CTh K HYNIO CHUCTEMAaTHYECKOW TMOTPENIHOCTH W
XapaKTEepU3yeTCsl Pa3HOCTHIO CPEHEro pe3yibTaTa CEepud H3MepeHuit (X)W HMCTHHHOTO 3HAYEeHHs

M3MepSIeMON BETUIHHBI (L).

[MpaBunbHOCTE (HOTOMETPUYECKUX AAHHBIX MOXHO OIIGHHUTH 10 pe3yJbTaTaM HCCIeJ0BaHUs
CTaHIApPTHBIX 00pa3LOB (3TAJIOHOB), CBOHCTBA KOTOPBIX CYMTAIOTCS U3BECTHBIMHU.

doroMeTprUecKoe MCCIeIOBaHNE JaeT JBa BHUIA PE3yJbTaTOB, OJHH M3 KOTOPHIX BHIPAKEHEHI B
€IMHNLIAX JITMHBI BOJHBI (4aCTOTHI), a APYTHE - ONTHYECKOM MIOTHOCTH (TIporycKaHus). B cooTBeTcTBUM
C 3THM B (JOTOMETPHUH HCIOJB3YIOT CTAHIAPTHI JUIsl TIOBEPKHU IIKAIBI JUIMH BOJH M IIKAJIBI ONTUYECKON
TJIOTHOCTH HITH TIPOITY CKaHWSI.

IloBepky mIkanpl [JIMH BOJH CHEKTPO(GOTOMETpa Jyd4llle BCEr0 MPOU3BOAMTH IO CIEKTPY
M3Iy4YeHUs] PTYTHOH JlaMnibl (cM. pucyHok 37). B atom crekrpe B o0nactu 220 -1150 HM umeeTcs psf
BECBbMa y3KHX MHKOB, MTOJIOKEHUE KOTOPBIX M3BECTHO ¢ TOYHOCTHIO 10 0,01 HM. /[ Tekymiero KOHTpos
IIKaNbl UIMH BOJH MOTYT WCIOJB30BAThCS PACTBOPHI WM CTEKISTHHbIE (DMIBTPHI C PEIKO3EMETHHBIMHU
3JIeMEeHTaMH, 00JIaIal0NIMMHU BeCbMa Y3KUMH MOJIOCaMH TOTJIOLICHUSI.

[ToBepka mIKambl MPOMYCKaHUs CIEKTPOPOTOMETPOB MO JeicTByromeil B Poccun cucreme
CTaHIapTH3alMK TPOU3BOJUTCS TIO Ha0opaM HEHTpPaNbHBIX CBETO(QWIBTPOB, AaTTECTOBAaHHBIX Ha
obpasmoBoM mpudope. [Iponyckanue 3THX QUIBTPOB MO 3aBUCHT OT JJIMHBI BOJHEI, TIO3TOMY TaKas
MOBEpKa XapaKTepu3yeT JHILIb JUHEHHOCTh KAl IPOMyCKaHus nMproopa 1 He obecrieunBaeT eANHCTBA
pEe3yNbTaTOB HM3MEpPEeHUl OOBEKTOB C CENEKTHUBHBIM IOTJOMIeHHeM. M3-3a OTCYTCTBUS CTaHIAPTOB
ONTUYECKOW IIJIOTHOCTH IIKAaJlia ONTHYECKHX IUJIOTHOCTEH B OTEUYECTBEHHBIX MMPHOOpaX OpraHamu
loccranmapra He moBepsietcd. B Tex cmywasx, korma TpeOyercs MpoBepKa IIKajdbl IJIOTHOCTH,
UCTONB3YIOT ~ CTaHJApThl  ONTHYECKOr0  MPOMycKaHus ¢  Kodp(duUMEeHTaMH  MPOITyCKaHUs,
MEPECYNTAHHBIMH B ONITUYECKYIO IIOTHOCTH OTHOCHUTENHHO BOJIBI MIIH KBAPIEBOTO MTPO3PAYHOTO CTEKJIA.

3a pyOexoM B KadecTBE 3TajOHa ONTHYECKOW IUIOTHOCTH HMCHOJB3YIOT dYalle BCEro pPacTBOP
0,06006 t/n (0,006006%) K,Cr,O; B 0,005 M H,SO4 OnTtuueckyr IUIOTHOCTh 3TOTO pacTBOpa
HEOJTHOKPATHO M3MEPSIM Ha MpUOOpax pasHBIX TUIOB MMpH AnuHaX BoiH 235, 257, 313 u 350 uwm,
COOTBETCTBYIOLIMX MaKCMMyMaM W MHHHMyMaMm TMOTJIOmEeHus. PekoMeHayemble cpenHue 3HaueHUs
ONTHYECKUX IIJIOTHOCTEM - 0,7483 nmisg 235 um, 0,8645 - msa 257 um, 0,2916 - nig 313 am u 0,6403 - nis
350 um. HaOmronaemble fi1st pa3HbIX IPpUOOPOB OTKIOHEHHMS OT 3TUX BedU4YuH He mpesbimaioT 0,004 mis
235 um 1 0,002 7151 TpOYMX JJIMH BOJIH.

Jnsa moBepku paboTsl mpubopa mnpu 0oJiee KOPOTKHUX AJTMHAX BOJH MOXHO HCIOJIB30BATh PACTBOP
HuKOTHHOBOW KucaoThl (0,016399 r/kr B 0,1 M HCI), onTudeckas mioTHOCTh KoToporo mpu 210 HM
pasHa 0,7533.

HammonansHoe Oropo cranmaptoB CIIA mns crapmapTU3anve  HU3MEPEHHH ONTHYECKOM
MJIOTHOCTH pekoMeHayeT pacTBopsl K,Cr,O7 B 0,001 M HC10,4 (Standard References Material SRM-935)
(tabmuua 13). Kpome yka3aHHBIX BbIllE UIMH BOJIH MCHOJB3YIOT W3MepeHHs npu 345 HM. DTa AnuHa
BOJIHBI COOTBETCTBYET H300ECTHUECKOM TOUKE PABHOBECHS

2HCrO, <& CI/'2072_ +H,0.

Kaxymuecss mokazarenu morjiomieHds npu 345 HM He 3aBUCAT OT KOHIIGHTPALMH pPacTBOpa
K,Cr,07 (Tabauua 14). [loaToMy 3TH JUlMHA BOJIHBI PEKOMEHAOBaHA Ui MOBEPKU JMHEWHOCTH LIKAJbI
mpudopa.

W3mMepenns, BBIOJHEHHBIE NTa)Ke Ha TIHIATEIHHO BBIBEPEHHOM II0 STaJIOHaM mpudope, OyayT
CoJiepKaTh CHCTEMAaTHUECKHE IOTPEHIHOCTH, KaK B 3HAYEHUAX Ayue, TAK U B BEIMYHMHAX €. OJTH
MOTPEIIHOCTH CBA3aHbl ¢ HEMOHOXPOMATUYHOCTBIO MCIIOJIB3YEMOT0 M3IMYUYEHHUS! M MOJHOCTBIO M30€KaTh
WX TIpY TIPAMEHEHUN UCTOYHHUKOB M3IIyYEHHUS C HEMPEPBIBHBIM CIEKTPOM HEBO3MOXKHO. UeM yike momoca
MOTJIONIEHUS, YEM MEHbIIIE €€ CUMMETPUA U YeM B Oojiee KOPOTKOBOJIHOBOM 00JacTH OHa PacroioKeHa,
TeM cuibHee (IPU MPOYMX PaBHBIX YCIOBHSX) UCKAKEHUS B Ayue U € U3-32 HEMOHOXPOMATHYHOCTH
W3ITyYEeHWSL.
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Tabauma 14.
Kaxyumuecs nokasartesn norJjomenus ¢ [B kr/(r cm)] pacrsopa K,Cr,0; B 0,001 M HC10,
(23,5 °0C)
K,Cr,0,, r/kr JlnnHA BOJHBI, HM
pacTBopa

235 257 313 345 350
0,020 12,26 14,26 4,80 10,60 10,67
0,040 12,30 14,32 4,81 10,60 10,68
0,060 12,35 14,37 4,82 10,60 10,69
0,080 12,39 14,43 4,82 10,60 10,70
0,100 12,43 14,49 4,83 10,60 10,75

* CnextpanbHas mupuHa meau 1,2 am mis 235 aM u 0,8 HM 17151 IpYTUX AJIUH BOJTH

CxoaumMocTh (POTOMETPUYECKUX JAHHBIX

CX0oAMMOCTh OTpakaeT OJIM30CTh JPYr K JAPYrY pe3ylbTaToB MapalielbHBIX H3MEpPCHHUH,
BBHITOJIHEHHBIX B OJIMHAKOBBIX YCJIOBHSX, W XapaKTepU3yeTcss B a0CONIOTHBIX 3HAYEHHUSIX CPEIHUM
KBaJpaTUYECKUM (CTaHIApTHBIM) OTKJIOHEHHEM (O - «curma», SD, mucmepcusi), ompeneaseMon IIo
COOTHOIIEHHUIO:

2
Z(Xi — Xcp)
O =
n—1
CXO,[[I/IMOCTB B OTHOCHUTCIIBHBIX C€IWHUIAX OIPEACTIACTCA KOE)(i)(l)I/IHI/IeHTOM Bapuanuun (V 501051
CVcx), pacCUUTHIBAEMOM T10 YPaBHEHHUIO:

o

Xep

CxomuMoCTh  pe3ynbTaToB  (OTOMETPUYECKHX W3MEPEHH OJHOTO M TOTo K€ OOBeKTa,
BBITIOJTHEHHBIX HA OJTHOM M TOM K€ MPUOOpPE B T€UEHNE KOPOTKOTO MMPOMEKYTKA BPEMEHH, OTNPEesieTCs
MOrPeIHOCTAMU HacTpoiiku mpubopa Ha 0 w 100% mnpomyckaHusi, MOTPEIIHOCTAMHU OTCUETa IO
M3MEPHUTEITHLHOMY TPUOOPY, HECTAOMILHOCTHIO DIEKTPOHHON CXEMBI MPUOOpa B MPOLIECCe U3MEPEHUs U
JIPYTUMH TPUYHUHAMH.

B 3aBHCMMOCTHM OT BEJIMYMHBI ONTHYECKOM IUIOTHOCTH (NIPOIYCKAaHUs) M OCOOCHHOCTEH
(doTomMeTpa BKIIaJ pa3IUYHbIX (PAKTOPOB B CYMMAapHYIO JUCIIEPCHIO U3MepeHus OyeT pa3HbIM. [loaTomy
CXOOMMOCTh pE3YNbTAaTOB (HOTOMETPUUECKHX W3MEPEHU OOBIYHO XapaKTePU3yIT 3aBHCHMOCTHIO
K03 GUIIMEHTa BapHaIlMU ONTHYECKOM MI0THOCTH (V) OT BenuuuHbl D.

®dakTHdeckas MOrpeurHoCcTh U3MEPEHUH Ha JaHHOM MPUOOPEe MOXKET OBITh OIpe/e/icHa Ha OCHOBE
SKCIEPUMEHTAILHOTO HWccienoBanus. [lo pe3ynmpTaTaM Takoro HWCCIEAOBaHUS 3aBUCHUMOCTH Ve, OT D
MOJKET OBITh alMPOKCUMHUPOBAHA C TOMOIIIBIO METO/Ia HAUMEHBIINX KBAJAPAaTOB YPaBHEHUEM:

ch = ko + k]D + kg'Dz

BrluucienHsle 3HaYEHUSI 0., MOKHO HCHOJb30BaTh, HAIpHUMEP, AJI1 OLEHKA CTATUCTHUUYECKUX
BECOB U3MEPEHUH.

OTMETHM, YTO B OTEYECTBEHHBIX CIIEKTPO(POTOMETPaxX BEIMYMHA O, OTHOCHUTEIHHO MaJjia IO
CPaBHEHUIO C BEIUYUHOU Ogpepp, XAPAKTEPUIYIOUIEH BOCIPOU3BOIUMOCTb PE3YIbTATOB H3MEPEHMIA
(pucyHoK 136).

V= x100%

Bocnpoun3BoanumMocTh (pOTOMETPUYECKHUX TAHHBIX

Ecnu u3mepenust (wiu cepust M3MEPEHNI) BBITMONIHEHBI B Pa3IMYHBIX YCIOBUSIX (B pa3HOE BpeMs,
Ha pa3HBIX NpUOOpax, pa3IMYHBIMU METOJaMM M T. IL), TO JUIS OLEHKWA OJIM30CTH pPE3YJbTaTOB
HCIIOJIB3YIOT TEPMHUH «BOCIIPOU3BOANMOCTD).

O‘ICBI/IIIHO, YTO CXOAUMOCTH ONPEACIACTCA JTUIIb CquaﬁHBIMH IMOrp€IIHOCTAMMA SKCIICPUMEHTA,
a B OLCHKY BOCIPOU3BOAUMOCTHU MOTYT BXOAWUTH U CUCTEMATHYCCKHUE IMOIrpCIIHOCTHU, CBA3aHHBLIC C
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0CcOOEHHOCTAMH pa3HBIX MPUOOPOB, METOAOB, BpEMEHHBIM JIpei(oM U T. 1. J[1s KoITM4ecTBEHHON OLEHKH
BOCTIPOHM3BOIMMOCTH TaK)K€ UCTIOIB3YIOT BETMYMHBI JUCTIEPCHH WIH 0.

PaznenpHOE omucaHWe TOTPENTHOCTEH CHEKTPO(OTOMETPHUYECKOTO H3MEPEHUs, CBA3AHHBIX CO
CXOJIMMOCTBIO M BOCIIPOM3BOJMMOCTBIO PE3YJIbTAaTOB, HE SBIAETCS O0menpuHITHIM. OHO Lenecoo0pa3Ho
MPU 3KCIEPUMEHTAIIBHOM HM3YYE€HHH COCTABISIOMIMX OOIIEH MOTPEIIHOCTH M3MEPEHHUs] Ha KOHKPETHOM
(hoTOMETpE WK B CEPUN H3MEPEHHUH OHOTO 00OBEKTA Ha Psifie IPHOOPOB.

HepetmanM OCHOBHBIC q)aKTOpI)I, BJIHUAOIINUC Ha BOCIIPOU3BOAUMOCTD PE3YILTATOB
CHEKTPOHOTOMETPUIECKOTO U3MEPEHHUS.

1. Xumnyeckue U (oToXUMUYecKre (HaKTOPBI: CIydailHbIE MOTPEITHOCTH B TMPHUTOTOBICHHUU
aHAJIM3UPYEMOTO PAcTBOPA, BIUSHIE MYTHOCTH pacTBopa M (hIyOopecleHIINH aHaIHU3UPYyEeMOro BEIECTBA
WM COZIEPIKAILMXCSl B pACTBOPE MPUMECEH.

2. KroBeTHas MOTPENTHOCTh, BKITIOYAIOIIasi B ce0s HEKOMITEHCHPOBAHHOE M3-3a PA3HOU TONIIUHBI
KIOBET TIOTJIOIIEHHWE PACTBOPHTENS, Pa3HOE CBETOIOTJIONIEHHE KIOBET, MHOTOKpPATHBIE BHYTpEHHHE
OTpakeHHs1 cBeTa B KioBeTax. [locieqHsisi mpuunHa BBI3BIBAET MPU OOBIYHBIX YCIOBHUSIX TMOTPEUIHOCTD B
0,05—0,2% npomyckanus. Hanbosee cyimecTBEHHBIM KOMIIOHEHTOM KIOBETHOW MOTPELIHOCTH SIBIISETCS
HEBOCTIPOM3BOJUMOCTh  TOJIOKEHHS KIOBET OTHOCHTEIBHO ONTHYECKOTo Iydka. lmenHo oara
MOTPEIIHOCTh JIMMUTUPYET OOIIYI0 BOCIPOU3BOJAUMOCTH CIEKTPOPOTOMETPHUECKOTO H3MEpPEHHs Ha
OTEYECTBEHHBIX MPHOOpPaXx.

3. TlorpemrHoCcTh XOJOCTOTO OMBITA, CKIAABIBAIONIASsICS (aHAIOTHYHO T.1) W3 MOTrpemrHocTe B
MPUTOTOBJIEHWH PACTBOPOB, a TaKXK€ BIUSHHUS MX MYTHOCTH WM CIIOCOOHOCTH K (IIyOpecleHLWH.
B03MOXHO HECKOJBKO CIIOCOOOB y4yeTa ONTHYECKOH IUIOTHOCTH XOJIOCTOTO PAacTBOpa, W3 KOTOPBIX
HamOoyiee TOYHBIM SIBIIIETCS HETIOCPEICTBEHHOE HW3MEPEHHE ONTUYECKOW IUIOTHOCTH HCHBITYEMOTO
pacTBOpa OTHOCHUTEIHHO XOJIOCTOTO.

4. HOFpeHIHOCTL YCTaHOBKH aHAJIMTUYECKON JJIMHBI BOJIHBI, CKJIAABbIBAIOIIAsACA M3 IMOI'PCIIHOCTHU
oTcyera MO INKajde JAJMH BOJH M SBJICHUH «THCTEpe3uca», T. €. HECOOTBETCTBHS IOJIOKEHHS
JMUCTIEPTHPYIOIIETO dJIeMeHTa (MPU3MBI, PEHIeTKH) W yKa3aTellsd Ha MiKane AIuH BoiH. [Ipu pabore B
paiioHe TOJIOroro MakCHMMyMa IOTJIOMICHHsI aHaJM3HMpPYyEeMOro BeIeCTBA HETOYHAs YCTaHOBKA JTHHBI
BOJIHB MPAKTHYECKH HE CKAa3bIBAETCSl HA TOYHOCTH M3MepeHHid. B To ke BpeMs Ha KpyTbIX ydacTKax
CIEKTpa 3Ta MOrPELIHOCTh MOXKET Bo3pacTath A0 0,7% u3MepsieMoil BeNUYHHBL.

OTHOCUTENBHBI BKJIAJ TEPEYUCICHHBIX (PAaKTOPOB 3aBHUCHT OT CHEKTpPa MOTJIONICHUS
aHaM3UpPyeMOro BelllecTBa, OcoOeHHOCTed mpubopa W ycnoBud aHanmuza. OueBUAHO, YTO MpPH
MOoCIe0BaTeNbHBIX U3MEPEHUIX OAHOT0 00bEKTa, HE CBSI3aHHBIX C MEPECTAHOBKOW KIOBET, BKIIOYEHHUEM
Y BBIKITIOYEHHEM, NTPHOO0pa, MOTPEIIHOCTh PE3yIbTaTOB MOKHO OIIEHWBATh BETMYNHON 0.,. B OCTaIbHBIX
Cllydasix CJEQYeT HCIMOJb30BATh Gypeny WM BEIMYMHY ONTHYECKOW TMIIOTHOCTH 0p, XapaKTEPU3YIOILYIO
CYMMapHYI0 NOTPEIIHOCTh U3MEpeHUsl Oe3 pa3AesieHus ee Ha COCTAaBIIIONINE TOTPELIHOCTH.

DKCrepuMeHTa bHass 3aBUCUMOCTh OTHOCHUTENHFHOTO K03(dHIreHTa Bapranuy OT BETHYUHBI D
mas cnektpodoromerpa C®D-26 mnpencraBieHa Ha pucyHke 148a. AHaJIOTMYHBIE 3aBUCHMOCTH
XapakTepHbl A CHEeKTPo(OTOMETPOB ApYyrux THMOB (puc. 1480) . AHanu3 3THX 3aBUCHMOCTEH
MOKAa3bIBAET, YTO ONTUMAJIBHOE MO BOCIPOU3BOJMMOCTH 3HAYEHUE ONTHYECKOW IUIOTHOCTH D,y JEXKUT
00p19HO B nHTEpBase 0,3 - 0,8 En.
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Puc. 148. IorpemHoctu GoTOMEeTPUPOBAHUSA NMPU PA3HOIi ONTHYECKOH NMJIOTHOCTH HCCIIETYEMOTO
pactBopa. Jlyuiue pe3yibTaThl MPU ONPEACICHUM KOHIIEHTPAllMd HCCIIENyeMOTo BellecTBa OyayT
nmocturatbes B guanasone 0,3 — 0,8 Ex.
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a - 3aBUCUMOCTb KO3 GUIMEHTa Bapyualuy Ui cXOAUMOCTH (1) 1 BOCIPOU3BOAUMOCTH (2) U3MEpeHuit
Ha criekTpodoromerpe CD-26 (pactBopsl K,Cr,O; B 0,005 M H,SO4) 0T BeTMYMHBI ONTHYECKOM ITIOTHOCTH
pacTBopa; 0 — aHAJIOTUYHAsK KPHUBasi, peICcTaBisieMast B 3apyOexHbIX cTtouHnkax (Lewandrowski, 2002)

OTHOCHUTENbHAS TIOTPEITHOCTE (POTOMETPHIECKOTO M3MEPEHHUsT pe3ko Bo3pacTaeT npu D < 0,2 u
JIMIIB MEJUIEHHO yBenuuuBaetcs npu D >1,5.

C BemuunHo# D,,, CBS3aH BOMNPOC O PEKOMEHOyeMOM paboueM HHTepBajie ONTHUYECKUX
motHocTed. Ilociemuuii ompenenstoT TakuM oOpa3oM, YTOOBI BO BCEM HHTEpBaje KO3 UIINCHT
BapHaIiy He MPEBhIIal YABOCHHOTO MUHUMAIBHOTO VMun 3HAUEHUS TIPU Dy

Ogocnp /D = 2 (Geocnp /D)MuH

Jns  OONpIIMHCTBA COBPEMEHHBIX OHOXHMHYECKHX (HOTOMETPOB pabodyuii WHTEpBal
ONITHYECKUX TIJIOTHOCTEH paBeH 0,2 - 2,0.

PesynbraTel oTOMETpUUECKUX HM3MEpPEHHH B OOJIBIIMHCTBE CIy4acB WHTEPECHBI HE CaMU IO
cebe, a B CPaBHEHMH C aHAJOTUYHBIMU PE3yNbTaTaMHM, MOTYYEHHBIMU B IPYroe BpeMmsl, A OPYroro
00BeKTa, 9yacTo Ha Apyrom npubdope. Hampumep, onpeseseHne KOHIEHTPALMU BELIECTBA B PaCTBOPE
CBOJIUTCS K CpPAaBHEHHWIO ONTHYECKHUX IUIOTHOCTEH HCCIEAYeMOTrO pacTBopa M pacTBOpa CTaHAapTa
OmpenesnsieMOro BEUIeCTBa C H3BECTHOM KOHLeHTpauued. Wnentuduxamnus BemiecTBa BKIJIIOYAET
CpaBHEHHE €ro (POTOMETPUUECKUX NapaMeTPOB (BEIUYUH A, a4, OTHOLIEHUH ONTUYECKUX TUIOTHOCTEH
MIPH OTIpE/IETICHHBIX JJIMHAX BOJH U T. I1.) C aHAJOTHYHBIMH ITapaMeTpaMH CTaHAapTa.

[Tpu n3MepeHnu ONTHYECKUX MIIOTHOCTEH OAHUX U TeX ke OOBEKTOB Ha pazIMyHBIX (OTOMETpax
(B TOM uucie Ha MpUOOpax OJHOTO THUMA) MOJNyYCHHBIE 3HaUYeHUS MOTYT otimdaTthcs Ha 0,02—0,05
SIMHUITBI ONITHYECKON MIIOTHOCTH; B 00J1acTU A<235 HM OTKJIOHEHHS MOTYT OBITH M OOJbIIe.

IIpenen oOHaApyKeHUA 1 MUHMMAJIBHO ONpeae/sieMasi KOHIEHTPauus

Jlis OUEHKH BO3MOXHOCTH ONpEJENeHUs JTaHHBIM METOJIOM HH3KHX KOHIIGHTpalud Win
KOJIMYECTB aHAJIM3UPYEMOIr'0 BEIIECTBA IMPUHATO pPAacCMAaTPUBATh JBE XaPAKTCPUCTHUKU - TMpeae
00HaApyXEHUS] 1 MUHUMAITLHO OMPE/IeNIIeMYE0 KOHIICHTPAIIHIO.

[IpenenoMm oOHapy»XeHUsS HA3BIBAIOT HAWNMEHBIIYIO KOHIIEHTPAIMIO HIH KOJHMYECTBO (C,)
BEILIECTBA, KOTOPHIC OMPEACISAIOTCS JaHHBIM METOJOM C 3aJaHHOH BEpPOSATHOCThIO. BennuuHa C,
3aBHUCHUT OT CyMMAapHOU MOTPENIHOCTH XOJOCTOr0 OnbiTa ((hoHA) U OMPEEsIeTCs TEM MHHUMAIbHBIM
AHAIUTUYECKUM CHTHAJIOM, KOTOPBIH MOXHO 3aperucTpUpPOBAaTh OTHOCHTEIBHO 3TOro (QoHa C
3aJ]JaHHBIM YPOBHEM 3HAYUMOCTH. [Ipy 3TOM MpeBBINICHUE PETHCTPUPYEMOTO aHATUTHYECKOTO CUTHAJIA
HaJ| YKa3aHHbIM MHHUMAaJbHBIM 3HAUYEHUEM HE JIOJKHO CIIY)KHTh MEpOl (haKTHUECKOW KOHIICHTpPAIUH
(konmMyuecTBa) BEMIECTBA B AHAIM3UPYEMOM pacTBOpe. OTO TPEBBIINICHUE SBISETCS JIUIIb
CBUJIETENILCTBOM MPUCYTCTBHSI aHAIM3UPYEMOTO BEIIECTBA B MCCIIEAYEMOM pacTBope. TakuM oOpazom,
npeaes oOHapyIKEHUs ABJIAETCSA KaueCTBEHHOM XapaKTepUCTUKONW METO/a aHaI13a.,

[Ipu cnekTpopOTOMETPHUUECKUX U3MEPEHUSX HAUMEHBINUN OOHAPYKMBACMBIH aHAIMTHYECCKUN
CUTHAJI:

D L = D xon + kax(m
rac on,v - Cp€aHsAd ONnTHYCCKasd IINIOTHOCTL B XOJIOCTOM OIIBITE; k - KO3(1)(1)PILII/I€HT C
PEKOMECHAYEMbBIM 3HAYCHUCM 3; Oyon - 3HAYCHUC Oop IPU D = on.v .

Ecru D, =0, T0 ipenen oGHapyKeHus

CL = DL/SZ

Ecnu, nanpumep, ecau npu D = 0 BenmumnHa op = 0,008, to D, = 0,024. MakcumanbHO
BO3MOYKHOE 3HAYCHHE MOJIIPHOTO IIOKA3aTemsl TOTJIOMEHUS IS OPraHHYeCKHX COSIUHEHHH OKOJIOo
1,5-10°. IIpu /=1 cMm 310 cooTBeTCTBYET Cp = 1,6:107 moub/.

MuHuManeHO onpeaensemMas KOHIEHTpaIusl Wik KonudecTBo BemecTBa C,,,, - 9TO HaMMEHBIIIas
KOHIICHTpAIMs WM KOJUYECTBO, OIpEAeNsseMble MaHHBIM METOJOM C 3aJaHHOW MOTPEITHOCTHIO.
3nauenue C,,, SBIAETCS KOJIMYCCTBCHHON XapaKTEPUCTUKON METOJa aHaliM3a W 3aBUCHUT OT BapUaIlUH
pe3ynbTaTa aHanu3a (0,,,) B oomactu C>0. O6br4na0 C,,,)) OTIPEACISIOT U3 YCIOBUS

C’l/tllH =3 O Cruun’t,

rae ¢t — kputepuit CThIOZeHTA.

[lpu nunefiHoM rpanyupoBoyHoMm rpaduke C,,, = 2C;. Bwruucienue C,,, TpeOyer
SKCMEPUMEHTAIEHOTO OMPEACIIEHUS Oy, IPA HU3KUX 3HAYCHUSX KOHIIEHTPAIHI.
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OuneHka nmorpemIHoOCTel onpeaejeHusi aKTUBHOCTH ()ePMEHTOB KHHETHYECKUM METOIOM C
NPUMEHEHUEeM JIHHEeHHOM perpeccuu

Kunerndeckuii MeTonm OmMpeneNneHus aKTUBHOCTH (PEPMEHTOB OINTHYECKHM METOIOM 3aKIo4aeTcs B
OTpeAeNeHN CKOPOCTH HW3MEHEHHUS ONTHYECKOH TIJIOTHOCTM pPEaKkLMOHHOH cMecH BO BpeMms
(hepMEeHTaTHUBHOHN peaKIny.

AKTHUBHOCTH epMeHTa EA4 CBsA3aHA CO CKOPOCTBIO g M3MEHEHHS TFIOTHOCTH [ COOTHOIICHUEM:

F
b
t(munym)
rie F — daxrop,  — BpeMsi, a — CKOPOCTh U3MEHEHHS ONTHYECKOH MIOTHOCTH.
Ha pucynke 136 npencraBieH rpaduk 3aBUCUMOCTH ONTHYECKOHN TIIOTHOCTH D 0T BpeMeHH IpOTEKaHUs

peakiuy 7. OnTHYecKast INIOTHOCTh, KaK (DyHKIMS BPEMEHH, onpenersercs BeipakenuneM D = D —at
AD _ D,-D,

At ot —t,

OnpeneneHHas TakuM 00pa3oM CKOpPOCTh a OyJeT HMMETh 3HAYUTEIbHYI0 IOTPEITHOCTh. UTOOBI

YMEHBIIUTH TOTPENTHOCTD, ONTUYECKYIO IIIOTHOCTH OTPEAEISIOT MHOTOKPATHO (7 pa3) 3a BpeMs peaKinu
At depe3 HeOOJbIINE WHTEPBAJIBl BPEMEHH 7, & CKOPOCTh W3MEHEHUS TUIOTHOCTH HaXOAST KaK TaHTeHC

A€ a - CKOPpOCTb UBMCHEHUA ITJIOTHOCTU: A =

yIila HaKJIOHA a, IpsaMoi perpeceun D =D, —at.

OnTuyeckasa NNoOTHOCTb

to t1 t
Bpema to+T(n-1)

Puc. 149. Onpenesienne CKOPOCTH H3MEHEHHSI ONITHYECKOW MVIOTHOCTH 110 JIMHEHHOMH perpeccun.

1 — KOJIMYECTBO ONPECIICHUI ONTHYECKOU IIIOTHOCTH; 0p— CTAaHIAPTHOE OTKJIOHEHHE OTIpEACICHUS
TUIOTHOCTH; T = (;-1y)/(n-1) — MHTEPBAIBI BpEMEHH MEXTy ONPEIeIECHUSIMH IJIOTHOCTH; (1;-f)) — BpeMs
HaOJroieHus peakiuy. Yepes paBHbIe HHTEPBAIbI BpeMEHH T (POTOMETP U3MEPSIET # 3HAUCHU
IIJIOTHOCTH. TeOpeTI/I‘IeCKI/I XUMHUYCCKas peaKus I/I)léT C JIMHEMHBIM U3MEHEHHUEM ONTHUUYECKOM INIOTHOCTH
Y BCE 3TU TOYKH JTOJKHBI JIEXKATh HA OJHON MPSAMOIA.

IIJ'IH HOPMAJIBHOT'O pacClipeacJICHN HAKJIOH Hpi[MOﬁ perpeccun o,,CBA3aH CO CTAaHAAPTHBIM OTKJIOHCHUCM
OINPECACTICHUA ONTHYECKOH IUIOTHOCTH Op BBIPAKCHUEM

12(n—-1)
N\ n(n+1)
CranmapTHOE OTKJIOHEHHE CIIyYalHOM COCTaBJISAIONIEH ONpeeIeHHs aKTUBHOCTH (pepMeHTa:
F 12(n—-1)

Oy

- At(munym) \ n(n+1)

[Ipu n>5 3T0 BBIpaX€HHE MOKHO YIPOCTUTH C TOYHOCTHIO A0 10%:

131



132

Oy = F 3 o
F At(murym) N
[Ipu At = I muHyTa 1711 OTOMETpPA MOTYIUM:
Jn

Op =0gy 3F
[Tonb3ysick  3TUM  BBIPaXXEHHUEM  MOXHO  OLEHUTh MPENENbHOE  CTAaHIAPTHOE  OTKIOHEHHE
(hoTOMETPHUPOBAHMS TIPHU OIpPENeSICHHH aKTHBHOCTH (pepMeHTOB. OIEHKH TOYHOCTHBIX XapaKTEPHUCTHK
pu GOTOMETPUYECKUX KMHETHUECKUX OIPEICIICHUSX aKTUBHOCTEH HEKOTOPHIX (DEPMEHTOB MPUBEICHBI B
Tabnwuie 15.
OOpaTtrM BHUMaHHE, YTO MOIyYeHHBIE OlleHKH CV He0OX0IUMO COOTHOCHUTH CO 3HAYCHHEM ONTHYCCKOM
IJIOTHOCTH Dy, Tak Kak, BooOIe roBops, CV paznuyHo 11 60JIBIIMX U MaNBIX IUIOTHOCTEH. B maHHOM
cinydae CV COOTBETCTBYET IUIOTHOCTSIM MOPsAKa 2-X OCII.
Tabnuna 15

To4YHOCTHBIE XapPAKTEPUCTUKHM ONpe/iesieHis AKTUBHOCTH hepMeHTOB (POTOMETPHUYECKUM
KMHETHYECKUM METOI0M

depMeHT Hnuna | ®akrop | AktuBHOCTh | Bapua- op Cwmere- Henu-
BOJIHBI ¢bepmenTa s 0g4 | doToMeTpa HUE HEHHOCTh
A, HM ME/mn %CV %B thotomeTpa
Ayer, Y0
A-amuniaza 405 11077 110 10 11 0,0017 15 9
AJIT 340 1745 20 15 3 0,0029 15 9
ACT 340 1745 20 10 2 0,0019 10 4
ITT 405 1158 20 10 2 0,0029 15 9
K®K 340 4127 100 20 20 0,0082 20 14
JIar 340 16030 330 10 33 0,0035 10 4
mao 405 2757 200 10 20 0,0123 15 9

OueHka cucTeMaTH4eCKHX MOTPEIHOCTEH onpeaeieHNus AKTHBHOCTH (DePMEHTOB
BenmuarHa crucreMaTHYECKOM MOTPEITHOCTH OIpeIeIeHns aKTUBHOCTH (DEPMEHTOB 3aBUCHT OT
TEMIIEPaTyPHOU HECTAOUIBHOCTH PEAKIIMOHHON CMECH, HEJIMHEHHOCTH ONTHYECKOM MIIOTHOCTH U
Ka4yeCcTBa JO3UPOBAHUS:

Acucm = Ame.vm + AHm + Adm

Bhliiie y’e roBOPHUIIOCH, YTO MPU U3MEHEHHH TeMIIePaTypbl peakiionHo# cMecu Ha 0,2°C cKOpoCTh
peakunu u3mMeHurcs Ha 4%. Omunbka 103UpOBaHUs COCTABIISIET nopsaka 2%.
[IpenenbHO mommycTHMas BeMMYWHA cUcTeMaTHaeckoi ommoOku onpeneneHus ACT ykazana B [Ipukasze
Mumnznpasa Poccun Ne 45 ot 07.02.2000r. u coctaBnset 10 %. [ToaToMy BIIOJNIHE CIipaBeIUBO Oy IET
NPEObsBUTH MIPEENbHO IOMyCTUMOE TpeOOBaHNE K HENMHEHHOCTH:

AHGJI = Acucm - Ame,wr - Az)os

i A, = (10—4—2)% = 4%.
OILIeHKH MPENEeTbHO JOIMYCTUMBIX HETMHEHHOCTEH I ApyTruX epMEHTOB MPUBENEHEI B TabmuIe 15.

Pazymeertcs, npu BbiOope poTomMeTpa ciienyeT pyKOBOACTBOBATHCS HAMMEHBIIMMH 3HAYSHUSIMU
MapaMeTpoOB MOTPEITHOCTEMN.
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COIIOCTABJIEHUE TOYHOCTHBIX XAPAKTEPUCTUK JIABOPATOPHBIX
METOAOB HA TPUMEPE UCCJIIEJOBAHUSA TEMOI'JIOBUHA

MeTtoabl onpeaeaeHusi reMorJi00MHa

HccnenoBanne KOHIEHTPALMU T€MOTIO0MHA KPOBH SIBJISIETCSI OJJHUM M3 HanboJee MacCOBBIX U
KIMHAYECKH Ba)KHBIX Ja0OpaTOpHBIX HcclemoBaHuid. M3BecTHO, YTO CyTOYHas BapHalusi 3TOrO
nmapaMeTrpa MOXET JOCTHTaTh y denoBeka 2%. HopMbl TodHOCTH, TIpeabsaBiIsieMble K J1aO0OpaTOPHOMY
UCCIIEZIOBAHUIO TEMOIJIO0MHA, OMNpeieieHbl OTpacieBbiM cTaHgaptoMm «llpaBuia mpoBeneHUs
BHYTPHJIa0OPATOPHOTO KOHTPOJISl KayecTBa KOJIMYECTBEHHBIX METOAOB KIMHUYECKHUX J1a0OpaTOPHBIX
HCCIIEOBAHUI ¢  UCIOJb30BaHHMEM KOHTPOJbHBIX MarepuanoB» OCT 91500.13.0001-2003,
yTBepkIeHHbIM [Ipukazom MunzapaBa PO Ne 220 ot 26.05.2003 r. IlpemenbHO OOMyCTUMBIE
3HaueHus cmelneHus (B) m koadduumenta obmeit ananutruyeckoit Bapuauuu (CV), paccuuTaHHBIE 110
pesynbratam 20 W3MepeHWi OompenenseMoro Mmokaszarels B KOHTPOJIBHOM MaTepuaje TreMOTiIoOWHa,
coctaBimsitoT + 4% u 4% cooTBeTcTBEHHO. JOCTHMKEHHME TakOW TOYHOCTH TpeOyeT TLIATEIbHOTO
MPOBENIEHUs] M3MEPEHNH, aHaln3a M YCTPaHEHUs BCEX WMCTOYHUKOB ToOrpemrHocteld. B obmem ciydae
MOTPEIIHOCTH MOXKHO pa3leNuTh Ha TOTPEIIHOCTH METO/a, MOTPEIIHOCTH MPOOOTOATOTOBKH H
MOTPEITHOCTH HU3MepeHuil (poToMeTpupoBaHUs - A ONTHYECKUX METOJOB), TO €CTh MPUOOpPHEIE
MOTPEITHOCTH.

HawnbGonee maccoBbIMH, pyTHHHBIMH METOJIAMHU HMCCIEIOBAHHUA T'€MOTJIOOMHA KPOBHU SIBIISIOTCS
(doToMeTpHYECKHE METOABI, HCIOJIB3YIOIINE CBOWCTBO TEMOTIOOMHA M €ro MPOU3BOIHBIX XOPOILIO
pacTBOpATHCS B BOJE, OKpalllMBas PacTBOpP XapaKTEepHBIM LBETOM. Huke paccMoTpeHbl Haunbosee
pacmpoCTpaHEHHBIE METONIBI, B KOTOPBIX s (OTOMETPUPOBAHUS HWCIONB3YIOTCS PacTBOPHI
reMUrI00MHIIMaHu 1A (TeMUTIO0MHIIMAaHUIHBIA METO/T), TeMUXpoMa (TEMUXPOMHBIN METO) HJIM BOAHbBIE
pacTBOphl MPOU3BOJHBIX MEMOIJOOMHA KPOBH B MPHUCYTCTBUU He3HauuTedbHOTo KonmuecTa (0,04%)
aMMuaka (MoauduIpoBaHHbIi MeTo JlepBusa-BopoObeBa). CyIIHOCTh METOIOB MPOCTA - C TIOMOIIIBIO
TpaHC(OPMUPYIOLINX PACTBOPOB M3 IEIBHON KPOBH TMPUTOTABIMBAETCS (OTOMETPUUECKHI pacTBOP
(6buomnpoba), Mo ONTHYECKON TIIOTHOCTH KOTOPOTO OMpeAesieTcss KOHIEHTpaIHs reMorIo0rnHa:

Cup(e/n) = (D(2)nposw - F - 10)/L

rie D(2) uposw - ONTHYECKAS TUIOTHOCTH OMONIPOORI Ha paboueit mmmHe; F - koadpumment (daxTop)
rnepecyeTra  ONTUYECKOM  IUJIOTHOCTU B KOHUEHTPaUUIO, 10 - rtommuHa  "WaeanbHON"
CHEeKTPO(OTOMETPUUECKOM KIOBETHI, L - MICTUHHAS JIMHA KIOBETHI.

Jns remurnmoOuHIIMaENAA (AKTOP ABISIETCSA U3BECTHOM BeIHUWHOMN U paBeH 367,7 (A =540 uMm).
s remuxpomHOTo MeTona pakTop Taxke m3BecTeH U paBeH 398,0 (s A=540 am).

OOpaTM BHUMaHHME, YTO BeJNMYMHA (aKTopa oOmpeneieHa Ais MOHOXPOMAaTHYECKOIro
WU3MEpEeHMsl, KOTAa CIeKTpanbHas moJjioca coctaBisieT 1| HM. Takas mojoca JOCTUTaeTcs TOJBKO B
criekrpodoToMerpax. ComepikaHne TeMoriIo0nHa MOYKHO OTIPEAEIIUTD U 10 hopmyire (2):

CHb( 2/, ﬂ) = meﬁpamana ' (D ()“) rwu6bz/ D (l)kamﬁpamvba)

€ Ciuuopamopa - KOHLEHTpaAlUUs TEMOIJoOMHa B KaJMOPOBOYHOM pacTBOpE, KOTOPHIH
TpujaraeTcs, Kak MpaBmiIo, K TpaHchopMupyromemy peareHty; D(A),pos. - ONTHUECKAs TIOTHOCTH
6101po6bl; D(A)ananopa - ONITHYECKAS! IUIOTHOCTH KanuOpaTopa.
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Puc. 150. CnekTpsl NMOrJI0LEeHHus
remurjoounnuanuaa (1) u remuxpoma (2)

MornoweHue, OTHOCUT. eAUHULLI

460 500 540 580
[AnwuHa BONHLI, HM

OnTuManbHONW 00JIACTBEI0 (POTOMETPHPOBAHUS SBISETCS MAKCUMyM CHEKTPATBHOW KPHUBOM
norjouienus. Jns remurnoOuHnuanuaa - 3to 540 HM (pucyHok 150), koTopas u ecTh pabouasi JirHA
BOJIHBI JUIA 3TOTO MeToza. 3MepeHne B MakcuMyMe KPUBOH, Tlle CMATYAIOTCS TpeOOBaHUS K TOUHOCTH
YCTaHOBKH JJIMHBI BOJIHBI, CHMXAeT TPeOOBaHWS K TOYHOCTH W3TOTOBICHHUS W CTaOWIBHOCTH
ONTHYECKUX QUIBTPOB. MaKCUMyM KPHBOM TOTJIOIMIEHHUS TeMUXpOMa HAXOAMTCS Ha JUIMHE BOJNHBI 533
HM. OpHaKo UW3MepeHHWe Ha JTOM JJIMHE BOJHBI BO3MOXKHO TOJILKO B crekTpodoromerpax. B
CIETMAIM3UPOBAHHBIX (POTOMETPAX MPHUMEHSIOTCS IOJIOCOBBIE CBETO(GHUIBTPHI C THUIMOBBIMU JJIMHAMHU
BonH. bmwkaiimas k 533 ©M TumoBas umHAa BOJHBI 540 HM, Ha KOTOPOM W TPOBOTUTCS
(dhoTOMeTpUpOBaHUE C yu4eToM Ko3dduimerTa nepecuera it 540 HM.

Hns momudunuposannoro merona Jlepusa-BopoObeBa onrumansHOU (paboueit) sBiseTcs
n3obectudeckas Touka 523 HM, B KOTOPOM MHHHUMHU3HPYIOTCS TMOTPEITHOCTH H3MEpPEHHH (PUCYHOK
1286).

HOFpeIIIHOCTI/I METOAO0B OolpeacacHus reMorJjioonHa

K morpemHocTsM MeToja OTHOCATCS MOTPEITHOCTH, CBA3aHHBIE C ONTUYECKUMM CBOWCTBAMH
OmompoObI, crocodaMy TOATOTOBKH OHOMPOOBI, a Takke crocodamMu (ONTHYECKHUMH CXEMaMH)
¢doromerpupoBanus. Cormacumcs, 4YTO BCE€ MOTPEUIHOCTH Ciy4allHble M HMEIT HOPMalbHOE
pacmpesneneHde, MO3ITOMY OyneM ONepupoBaTh JJsi BEIPaXEHHS METOJAMYECKON TOTPemrHOCTH
BEJIMYMHON CTaHJApTHOTO OTKIOHeHHs (o). [l Kaxkaoro Merojla OINpelesieHUs] reMoriioonHa
CyMMapHasi TOTPEIIHOCTh OyJIeT B HalleM MpUMEpe OIMpeaesieHUs TeMOrjJoOMHa CKIAIbIBaThCA W3
MOTPENIHOCTEHN, CBA3aHHBIX C MPUCYTCTBHEM pa3HBIX (popM reMorioOWHa B KpOBHU, NMpeoOpa3OBaHHUS
reMorJIOONHAa TIPH MPHUTOTOBJICHHUUW NPOOBI i1 (HOTOMETPHUPOBAHMS, IOTPEITHOCTEH NpHOOPHBIX,
KaTMOPOBKH, I03UPOBAHMUSI, KOHTPOJIBHBIX MATEPUATIOB.

I[orpemHocTH, CBSI3aHHbIE ¢ IPUCYTCTBHEM Pa3HbIX (DOPM reMorJio0uHA

B xpoBu reMoriioOWH CyIIecTBYeT B YETBHIpEX OCHOBHBIX (hopmax: okcuremoriodbun (HbO,),
nesokcuremornooun (HbH), kap6okcuremornobun (HbCO) u metremornooun (HbMet). [IpousBoansie
reMorfio0MHa MMEIOT XapaKTepHbIe CHEKTPbl MorjoueHus (cM. pucyHok 1286). doromerpupoBaHue
HEMOCPEACTBEHHO KPOBH 3aTPYIHUTENHHO TIO CIEITYIOININM TPHYNHAM:

1. 'emorioOMH B KpOBU HE CBOOOJICH, a HAXOIUTCS B dpUTpoIMTax. Hamnure KiIeTok U 6eIKOB
MPUBOJUT K 3HAUUTENBHOMY PAacCEsSHUIO CBETa, ONTHYECKHE CBOWCTBA KPOBH HE MOJUUHSIOTCS 3aKOHY
Byrepa-Jlambepra-bepa, KOTOpBIi ycTaHaBIMBaeT MPSIMO MPOMOPIHOHATIHHYIO 3aBUCHMOCTH MEXIY
MOTJIONIEHWEM CBETOBOTO TOTOKa OMpENeJIeHHOW IMHBI BOJHBI M KOHIEHTpalueld pacTBOPEHHOTO
BEIIECTBA.

2. KoHuenrtpanust reMornoOnHa B KPOBH BBICOKA, MO3TOMY IJIsi JOCTHXKEHHUS ONTHUMAalbHON
mioTHOCTH (otomeTpupoBanus 0,5 b (6emr) (60IBIIMHCTBO (GOTOMETPOB pabOTaeT MPH TIIOTHOCTH
6uronpod 0,2-2 B) TpebGyercs KioBeTa ¢ ATUHON ONTHYECKOTO MyTH 50 MUKPOMETPOB. M3roTOBUTH TaKyro
KIOBETY ¢ HEOOXOMMOM TOYHOCTBIO U TIOMECTUTD B HEE KPOBb MPOOJIEMATHUHO.

3. Tak kak TPOW3BOAHBIE TEMOTIIOOMHA HWMEIOT pa3JIMYaIONUecs CIEeKTpalbHbIe KPHUBBIC
TMOrJIOIICHUA, PE3YyIbTaT q)OTOMeTpI/IpOBaHI/If{ 3aBUCUT OT COOTHOLICHHSA IPOU3BOJHBIX, KOTOPOC B
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oluieM ciydae HEM3BECTHO. UTOOBI OMpeNesuTh 3TO COOTHOLIEHHWE HM3MEPEHHsS HYKHO IMPOBOAMTH B
HECKOJIPKMX TOYKAX CHEKTPa, & 3TO CI0XKHO U JOPOTO.

W3 cka3aHHOTO BBITEKAIOT CIEAYIONIE TpeOOBaHUs K MpoOe KPOBHU: OHA JA0JKHA UMETh OKPACKy
u ObITh mpo3payHoi. OmnTHuYeckas IUIOTHOCTH MPOOBI B CTAaHAAPTHBIX CHEKTPO(OTOMETpHUUECKUX
kroBeTax (10 mM) momxkHa ObITh B mpeaenax 0,2 - 2 Gemn. [Ipoba momkHa UMETh OJHY MPOU3BOTHYIO
remorjiobnHa ¢ yOoOHBIM 11 (OTOMETPUPOBAHWUSA CIEKTPOM TIOTJIOMICHHS WM  CIIOCO0
(oTOMETPUPOBAHUS IOJKEH YUUTHIBATH MOTJIOMIEHUE Pa3HBIX (POPM reMorIo0HHa.

OOHaKo CyIIECTBYIOT OCOOEHHOCTH, KOTOpbIE TakkKe HeOOXOAMMO YYMTHIBaTh MpPHU
dbotomeTpupoBanuu  Omompo6. Tak, 3akoH byrepa-Jlambepra-bepa chnpaBemauB TOJIBKO IpH
(hoTOMETpUPOBaHUM PACTBOPOB B MOHOXPOMATHUYECKOM cBeTe. [I0CKONbKY MOTIONICHHE POU3BOTHBIX
reMOrJo0MHa MMeeT CIEeKTPAIbHYI0 3aBUCHUMOCTb, TO, B CIIy4ae HMCIOJb30BAHUS B ONTHYECKOW CXeMme
cBeTOMIBTPa C MIMPOKOW TMOJIOCON MPOMYyCKaHUs, JIMHEHHAsT 3aBUCUMOCTh ONTHYECKON TUIOTHOCTH OT
KOHIIEHTpAIINH BElIeCTBa HAPYIIaeTCs.

[Tpu ¢doToMeTprpoBaHUK TeMUTITOOWHIMAHKUIA [l AOCOPOLUMOHHBIX CBETO(PUIBTPOB C MOIOCON
npormyckanusi 200 HM (3enmenoe crekio 3C-1) HenmHeiHocTh (ommOka) pocturaer 6%. Takue
CBETO(MIBTPEI UMEIOT CTaphle ()OTOMETPHI W B TAKOM Ciydae HE0OXOoIaMMa KaJHOpOBKA C ITOMOIIBIO
KaTuOpOBOYHBIX pacTBOpPoB. COBpEMEHHBIE KOJOPUMETPhl W CIEHUATM3UPOBaHHBIE (HOTOMETpPHI -
TeMOTJI0OOMHOMETPBI CONEPXKaT Y3KOIMOJIOCHBIE CBETOQHIBTPBI € MOJOCOW mpomyckanus MeHee 40 HM,
KOTOpbIe 00€CTIeunBaIOT HEIMHEHHOCTh MEHBIIe mporeHTa. [llnprHa momock mpomyckannus OKa3bIBaeT
BIIMSIHME HA BEJIMYMHY MMOTPEITHOCTH M3MEPEHHs U B Jpyrom ciydae. [Ipu GoTomeTpupoBanun Kposw,
pa3BeneHHoi B cradbom (0,04%) pacTBope amMMuaka (OKCHIEeMOTJIOOMHOBBIN METOI, MPEIJIOKECHHBIA B
1959 rony HdepBu3oMm u BopoObeBBbIM), B CiIydae HCIIOJIB30BAaHHS CBETOPHIBTPA C IIUPOKOW MOIOCOM
nporryckanus (ImupoKas 3allTpuxoBaHHas 00JIacTh Ha pucyHKe 1280) W IpH HAIMYWHM CYIIECTBEHHBIX
KOJIMYECTB METIeMOIIOONHA U KapOOKCUTEMOTJIOOMHA OIMOKa U3MEPEHHUsT MOXKET Jocturath 30%, 9to
a0COIOTHO HETTPUEMIIEMO.

B y3Kkoii criekTpaimbHOM mosioce ¢ IEHTpoM Ha mmHe 523 HM (Y3Kas 3allTpuxOoBaHHas 00lacTb Ha
pucyHOK 1246) 1Ba OCHOBHBIX MPOM3BOAHBIX I'eMOIJIOOMHA - OKCHUTEMOTJIOOMH M METT€MOITIOOMH HMMEIOT
OJJMHAKOBOE TOIINOLIEHNE (M300ecTHYeCKasl TOUKa), MO3TOMY pPe3yJbTaT (POTOMETPHUPOBAHHSI HE 3aBUCHUT OT
OTHOCHUTEJIFHOTO COJIEPXaHUSl ATUX TPOU3BOIHBIX B pactBope. llornomieHne ke TpeTheld MpOW3BOMHOM -
KapOokcuremornoonHoM 6ombie Ha BeamuuHy (0,97-0,84)/0,84-100 = 15,4% (mpu 100% conepskanun
KapOOKCHIeMOorioouHa B KpoBH). B Tabnuie 16 npeacTaBieHbl TaHHBIE O METOIUYECKOM OLITMOKE TIPU Pa3HOM
MIPOLICHTHOM COJICPYKaHUHM KapOOKCHT€MOITIOOMHA W COMYTCTBYIOIIMX CHMIITOMAaX OTPABJICHUS YTapHBIM
ra3oM.

Tabauma 16
MeTtoanyeckasi OIIMOKA MPH Pa3HOM MPOLEHTHOM COJeP’KAHHH KapOOKCHTeMOTrJI00MHA B KPOBH

% HbCO CHMIITOMBI OTPaBJEHHSI YTapHBIM T'a30M Omnbka, %
10 5% Kypenne 0-0,75
10 CUMITOMOB HET 1,5
10-20 Hanpspkenue Bo JI0y, paciipeHre KOKHBIX COCYI0B 1,5-3
20-30 I"onoBHas 00JIb M MyJIbC B BUCKAX 3-4,5
30-40 Peskas rosnoBHas 0onb, yCTajoCTh, TOJIOBOKPYXEHHE, OclIabIeHHHOE

3pEHHE, TOIIHOTA, PBOTA, YIaJI0K CHUJI 4,5-6
40-50 Pe3kass romoBHasi 0o0ib, YyCTaNOCTh, TOJOBOKPYXEHHE, OCIa0JICHHOE

3peHHe, TOIIHOTA, PBOTA, YNAJA0K CUJI MJIIOC YYALICHHBIA TEMIT JbIXaHUS U

YAYLIbE 6-7,5
50-60 Kowma, kouByJibcuu, npixanue Yeitna-Crokca 7,5-9
60-70 Kowma, KoHBYJIbCHH, cl1a00€ AbIXaHUE U MYJIbC, BO3MOKHA CMEPTh 9-10,5
70-80 3aMeUIeHHE U OCTaHOBKA JIBIXaHUs, CMEPTh YePe3 HECKOJIBKO YacoB 10,5-12

Takum o00pa3oM, B MOAABIAIONIEM OOJBIIMHCTBE CIIydaeB (OTOMETpUPOBAHWE B y3KOM
CIIEKTPAJIbHOM IMOJIOCE ¢ MAaKCHMyMOM Ha JUIMHE BOJHBI 523 HM (MoauduimpoBaHHBIA MeTon JlepBu3a-
BopoObeBa) nmaer BHONHE MpPUEMJIEMBIA JUIS TPAKTHKH pPe3yldbTaT. OJTOT METOJ pPealn30BaH B
remorsioonHomMerpe "Muan-I' EM-523". Mertoaudeckas omuOKa ONpeIeIieHHs TeMOTJIo0HHa W3-3a
HaJTM4 sl KapOOKCUTeMOTrI00MHa He TipeBbImaeT 1,5%, eciu KOHIEHTpaIHs KapOOKCHUTeMOTIIOONHA B KPOBH
He Beie 10%.
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IorpemnocTu npeodpa3oBaHus reMorJa00MHa

[Ipu npuroToBiaeHnn OMONMPOO TeMUIITOOMHLUMAHKAA W TEMUXPOMa BO3HUKAIOT MOTPEIIHOCTH,
CBsI3aHHBIE C MMOTPEUTHOCTHIO MPe0Opa30BaHUs IPOU3BOHBIX, C YUCTOTON M MPO3PaYHOCTHIO PACTBOPOB,
BeanunHOM pH.

O TOYHOCTM mpeoOpa3oBaHMs MOXKHO CYOUTh [0  KaJIMOPOBOYHBIM  pacTBOpaM
reMurjioOouHIManuaa U reMmuxpoma. CorjiacHo MacHOpTHBIM JaHHBIM, MOTPEIIHOCTD AJIsl ATUX PAacTBOPOB
cocrasisieT 2%. [ToCKOMBKY TE€XHOJOTHS MPUIOTOBICHUS! (HOTOMETPUYECKUX PacTBOPOB (OMOMpoO) s
3THX METOAOB TMON00HAa TEXHOJIOTUM MPUTOTOBICHHUS KAJIWOPOBOYHBIX PAaCTBOPOB, IOTPELIHOCTD
ompeneneHusl TeMHUITIOOMHIMaHUIa W reMuxpoma npeBbimaer 2%, Tak Kak B KPOBH MOTYT
MPUCYTCTBOBATH IPUMECH, MCKaKAIOIINE CIIEKTP U IPO3PavyHOCTh PacTBOpA.

IIpnOopHbIe MOrpemIHoOCTH

K ocHOBHO# MpHOOPHOH MOTPEIIHOCTH MOKHO OTHECTH MOTPENTHOCTh YCTAHOBKH ONTHYECKOTO
"Hyns", KOTOPBIH urpaetr QyHIAMEHTaIbHYI0 poib B (poToMeTpuueckux m3MepeHusix. OTHOCHUTENHHO
3TOW BEIIMYMHBI ONTHYECKON IJIOTHOCTH OIPEAeNseTcs IUIOTHOCTH pacTBOpoB. [lpm uccnemoBaHuu
reMorjio0nHa ONTHYSCKWH "HONB" - 3TO IUIOTHOCTH XOJOCTOH MpOOBI WM IHCTHUTMPOBAHOM BOIBI,
HaJUTHIX B a0COIOTHO YMCTYIO KIOBETY. M3MepeHHas! TNIOTHOCTh XOJIOCTON MPOOBI MPUHIUMAETCS 32 HOJb
OTCUeTa IIIOTHOCTEH PacTBOPOB TeMorioduHa. Eciu n3Mepenne mioTHOCTH X0JIOCTOH MpoOBl MPOU3BEACHO
B 3arps3HEHHON KIOBETE, TO ONTHYECKWN HOJbh OyAET OINpelelieH HEMpaBWIbHO W OIMMOKA M3MEpEeHUH
MOXKET OBITh aOCONIOTHO HempuemieMon. M30exaTh 3TOM OMMOKHM MOXKHO TOJNBKO TIIATEILHOH U
aKKypaTHOH paboToii ¢ MpubOPOM U KIOBETOH.

[pyrue mNpUYMHBI, TakWe Kak 3arps3HEHUE ONTHYECKOro KaHama (oToMeTpa, H3MEHCHHE
SPKOCTH MCTOYHHKA CBETAa MPU M3MEHEHWW WM HAIMPSDKEHHS JJIEKTPUYECKOT0 MUTAHHUA WIA BHEIIHEH
TeMIIepaTypbl (ONMTUKO-3JIEKTPOHHBIE TApaMeTPhI), TAKXKe MPUBOASIT K OMIHUOKE OMpeaeeH s] ONTHYECKON
WIOTHOCTH. KOHTpONMpOBaTh MpOSBICHUE 3TUX (AKTOPOB MOXKHO, TOCTOSHHO TPOBEPSS YpPOBCHb
ONTHUYECKOTO HYIIS, YTO KpaiiHe HeYJOOHO MPHU PYTUHHBIX MCCIEeOBaHUAX. ABTOMaTHUECKOe "clekeHne"
3a YPOBHEM ONTHYECKOTO HYJISI OCYLIECTBISIETCS B IBYX JIyUeBBIX (IByX KaHAIBHBIX) CIIEKTPOPOTOMETPAX, B
KOTOpBIX XoJiocTas mpo0a yCTaHABIMBACTCS B OMOPHBIA KaHan (KaHan cpaBHeHus). OmHaKo, Takoe
o0opyioBaHWE U JIOPOTO W HEYAOOHO Ui PYTUHHBIX HcchenoBanuid. Kak yxe 0TMEYasoch BEHIIIE,
CIIEITHAM3UPOBAaHHBIE  (OTOMETPEI - TemoriaoouHoMeTpsl "MunHul EM-540" u "Mwunaul EM-523"
JIMIIEHbl TAaKMX HEJAOCTaTKOB, TaK Kak B HHUX I[pPUH T[OMOIINM MHKPOIPOLECcopa IEePUOIUYCCKU
OTIPEJICNIAIOTCS ONTHUKO-3JIEKTPOHHBIC MapaMeTpbl MpUOOpa U TeM caMbIM '"OTCleKuBaeTcs" ypOBEHb
ONTHYECKOTO HYJIS (aBTOKaTHOPOBKA).

ITorpemnocT KaJMOpPOBKH NPUOOPOB

Jns Tex mpubopoB, KOTOPBEIC KAIHOPYIOTCA C TOMOINBIO KaaHOPOBOYHBIX pPacTBOPOB, K
MPUOOPHBIM TMOTPEIIHOCTAM J00aBIAeTCs MOTPEUIHOCTh KanuOpoBKH. llorpemHocTts KaauOpOBKH
00ycioBIIeHa MOTPEIIHOCTBIO MPUTOTOBICHHS KaTMOPOBOYHBIX PACTBOPOB U MOXET COCTABIATH OT 1% 110
6% B 3aBUCMMOCTH OT 3HAKOB PEabHBIX OTKIOHEHUH KOHLEHTpAMi (IIJTF0C WIM MUHYC) KaTHOPOBOYHBIX
pacTBOPOB OT UCTUHHBIX 3HAYECHUN KOHUEHTPALIUM.

IMorpemHOCTH 103MPOBAHNUSI KPOBH M PACTBOPOB

HcTouyHnKOM OMIHOOK Impu AO3UPOBAHHU SABJIACTCA HeKaHI/I6pOBaHHBIe A03aTOPbl WU HU3KaA
KBaJ'II/I(l)I/IKaHI/IH Ha60paHTOB. KpOMC TOTrO0, UMECT 3HAYCHUC JIMYHBIN OIIBIT ﬂa60paHTa. I[OCTI/I)KI/IMaﬂ
TOYHOCTb AO3UPOBAaHUsA COCTABIIACT 1%.

KoHTpo/ibHbIEe MaTepHAaJIbl H UX TOYHOCTHbIE XapPAKTEPUCTUKHI

Jyist KaKI0ro MEeTo1a BBITYCKAIOTCSl PEareHThl U KOHTPOJIbHBIE MaTepHalbl.

Jns remuxpomuoro merona d¢upmoir "Bektop-bect" (HoBocmOupck) BEIMyCKarOTCsT HaOOpPHI
pearentoB "I'emorno6un-HoBo" u kanubpoBounbie pacTBopsl "I'emoco-Hoo".

Jluneiinas obnacTe ompeneneHHss KOHLIEHTpauuu remoriobuna - 30-180 r/m, oTkIOHEHHE OT
nuHelHoCcTH He Oonee 2%. UyBCTBUTENBHOCTH OmpeaesieHus - He Oosee 25 r/n. Bpemsa peakunu - 5
MUH. OKpacka pacTBOpOB ycToiWuuBa 10 5 yacoB. PoToMETpUpOBaHHE Ha JJIMHE BOJHBI 540 HM (cMm.
pucyHok 138). B cocraB Habopa "['emoco-HoBo" BXomaT 4 ammysibl 0 5 MJT KaTMOPOBOYHBIX PacTBOPOB
TeMHUXpPOMa, COOTBETCTBYIOIIMX KOHIEHTparwsiM remoriiodnHa ot 50 mo 190 r/m +/- 2%, xko3dduiment
BapHaIMy JJ1s1 KaxX 10l KoHIIeHTparuu 2%.
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Hna remurnobuHumanugHoro meroxa ¢upmoit "Penam" (MockBa) BBIMYCKaeTCs peareHT
"Iuarem-T". Bpems peakmuu - 30 mua. O6macts uHEiHOCTH 50-200 /71, OTKIOHEHHE OT JIMHEHHOCTH -
2%. UyBCTBUTENBHOCTD 2,5 1/11. doTOMETpHUpOBaHue Ha JuTMHE BOJIHBI 540 HM (cM. pucyHok 138).

HaGop kanuOpOBOYHBIX pACcTBOPOB TeMUTIIOOWMHIMaHHMIAa IJTOH ke Qupmbel  "Penam"
npeaHa3HaueH [uisd KauuOpoBku QoTtomeTpoB. Habop comepxur 4 aMmmynsl 1Mo 5 M pacTBopa C
koHueHTpauusamu 50, 10, 150, 200 r/n +/-2% npu xodddunmente Bapuanyu i KaKI0H KOHIIEHTPALUH
2%. llocne BCKpBHITHS aMIysbl pacTBOp MNPUTONEH A HCMOJb30BaHMA B TedeHHe & wyacoB. [lpu
MPOU3BOACTBE KaTMOPOBOYHBIX PACTBOPOB reMurioOMHUIManuaa ¢pupma "PeHam" Mcnons3yeT B KauecTBe
CTaHIapTa PacTBOP TEMHUTIOOMHITMAHN A, KOTOPEIH BeITyckaeT National Institute of Public Health and the
Environment, I'omnmanaus. TourocTs sToro ctagnapta 0,2%.

Habop xoHTponbHBIX pacTBOpoB remoriobOuHa "marem-K" Bkirouaer B ceOsi pacTBOpPHI ¢
KOHIeHTpanusMu B nuamnazoHax 70-90, 110-130 u 140-180 r/nm mpu TouHoCcTH 2% 1 Kod(dummeHTe
Bapuanuu 2%.

TpanchopMupyoOmUM pacTBOpOM Mpu MoguduiupoBaHHoM MeTone [lepsuza-BopoOnesa
apnsieTcst cnabeiid 0,04% pactBop ammuaka. Bpems peakuun - 1-2 cexynzasl. [locie cyTok xpaHeHus
MPUTOTOBJIEHHOTO PAacTBOpPa KPOBH OKCHTEMOTIIOOMH HAaYWHAET MEPEeXOIUTh B METI€MOTTIOOWH, YTO HE
MEHSET CyMMapHO€ MOTJIOIIeHNe Ha pabouell IiuHE BOJHBI 523 HM, U, CIEA0BaTEIbHO, U3MEPAEMYIO
KOHIIGHTpaluio TreMoriobmuHa. Jlng KoHTponst 3Toro mertoaa mnpurogeH "KOHTponbHBIA pacTBOp
TreMOoTJIOOMHA JIsI HETEMHUTJIOOMHITHAHUTHBIX METOMIOB MCCiemoBanus reMorntoonHa" "Kamboparop-Penam"
¢upmel "Penam". KoHTpobHOE 3HaYeHHe KOHIIEHTPAIMU HaXoauTcs B mpeenax 15-170 r/im. ¢ ToOYHOCTBIO
2% mpu ko3 dunpente Bapuanyu 2%.

CyMMapHasi NOrpelHoCTh H3MEPEHHUH O.

Hcxons W3 TpUBENEHHBIX BHIIIE TOYHOCTHBIX IMapaMETPOB PEareHTOB W KaJIUOPOBOYHBIX
pacTBOPOB, a TaKXe METOAMYSCKUX ITOTPEITHOCTeH HW3MEPEHHUH, MOYKHO OIICHHUTHh IOTPEIIHOCTD
ompeeeHUs KOHIIEHTPAINMK TeMOTJIO0MHA KaXIbIM U3 OITMCAHHBIX METOOB.

BBenem 0003HaueHUS:

07 - COBOKYITHAsI METOAMIECKAs MTOTPEITHOCTD.

0, - TOTPEIIHOCTh Mpeo0pa3oBaHUs TI'eMOrJIOo0MHA MPH NPHUTOTOBICHUU OUOMPOOBI ISt
(dhoTOMeTpUpOBAHUS.

03 - HOFpeH]HOCTI), CBs3aHHasA TOYHOCTBHO yCTaHOBKI/I OIITUYECCKOI'O HYJIA.

04 - TIOTPEIIHOCTbD, CBSI3aHHAsS CO CTAOUIBHOCTHIO DIEKTPOONITUIECKUX MTaPaMETPOB.

05 - IOTPENTHOCTh KATHOPOBKH.

06 - IOTPEITHOCTh JO3UPOBAHUS, KOTOPAs MPUCYTCTBYET KaK MPH TO3UPOBAHUU KPOBU, TaK H
peareHTta, MO3TOMY €€ HYXHO YYWUTHIBAaTh C ABOMHBIM BeCOM. BEIIIE MBI TOBOPHIIHM, YTO B XOPOIIEM
ciaydae os~ 1 %.

07 - IOTPEIIHOCTH MPUTOTOBJICHUS KOHTPOJIBHBIX paCTBOPOB FeMOTI00HHA.

[Togpa3ymeBaercs, 4TO BCE MOTPEIIHOCTH CIIy4ailHbIE M UMEIOT HOPMaJIbHOE pacipenesieHre

Temuxpomnvlii unu cemuenioOuHYUAHUOHBLE Memoobl C UCNONb308AHUEM CheKmpogpomomempa
(CD-46, CD-50). B cnekrpodoromeTpax MOKHO YCTAHOBHTH Y3KYIO CIIEKTpalibHYIO Mojiocy 1 HM,
nostomy o;=0. B 3Tux npubopax uaMepeHus NpoBOAATCS OTHOCUTENBHO OMOPHOMN (X0JI0CTON MPOOHI).
Ecnu K1oBeThI, B KOTOPBIE HATMBAIOTCS U3MEPUTEIbHAS U XOJIOCTasi MPOoOBl a0COTOTHO OJMHAKOBHI (110
ONTUYECKOMY MOTJIOLIEHUIO CTEHOK U MO ONTUYECKOH IJIMHE, TO TOTAa MOXKHO NPUHATE 03=0, 04=0.

IMpu pacuete koHUEHTpanuu 1o ¢akropy os=0. byaeM cunTaTh NpUBEJACHHBIE MOTPEITHOCTH
HE3aBUCHMBIMH, TOTJIa CyMMapHasi MOTPelHoCTb G OyAeT:

o =(0,) +(0,)* =22 +1> =4[5 =2.23%
[TonyueHHbIlt  pe3ylabTaT  yIOBIETBOpSAET  OHOJOTHMYECKH OOOCHOBaHHBIM  HOpMaM
aHanuTH4ecKoil TouHocTH onpeaeneHHbiM OCTom 91500.13.0001-2003.
Ecnu ompenenenne KOHIIEHTpPALMH MPOBOIATCA OTHOCHUTENBHO Kammopartopa (05=2%) , TO
CyMMapHasi TIOTPelTHOCTh G CTaHEeT:
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0 =(0,)* +(0,)° +(0)* =N22+22 +1% = /9 =3.00%

Takum 00pa3zom, MakCHMallbHAasi TOYHOCTh JOCTUTAETCA Ha CEKTPO(OTOMETpax MpH U3MEPEHUHN
ONTHUYECKON TUIOTHOCTH B y3KOM CIEKTPAJILHOW MOJIOCE C PacyeTOM KOHIICHTPAIMM TeMOTJIOOWHA TI0
¢dakropy. Mcrnonp3oBanue xe KaauOpaTopoB B CIEKTPOPOTOMETPAX MOKET TOJIBKO YXY/IIUTh TOYHOCTh
M3MEpeHUH TUIOTHOCTH PACTBOPOB reMOTJIO0MHA.

371ech crieqyeT nenaTh oroBopKy. s reMornoOnHa u3BecTeH MOHOXPOMATUIECKUH MOJISIPHBIH
MoKa3aTejb TMOIJIONMEHUs Ha JyiuHe BOJAHBI 540 HM, MO3TOMY XOPOIIO OTPEryJIUpOBaHHBIN
CIEKTPOPOTOMETP HE HYKJIAETCS B KATMOPOBKE 1O KaTUOOBOYHBIM 00pa3iiaM reMorjio0nHa.

"Munul EM-540" (cemoenobunyuanudnsiii memod) CONEPXKHUT CBETOQHIBTP C IOJOCOM
nponyckanus 30 HM, modtoMy o; = 1% (HenuHEeWHOCTH). [IpubOp HMEEeT BCTPOCHHYIO CXEMY
MHKPOTIPOIIECCOPHOTO KOHTPOJIS ONMTUYECKOTO HYIS, T.€. 03=0, 04=0. [Ipubop n3mMepsIeT onTHIECKYIO
IJIOTHOCTh FEMUTJIOOWHIIMAHKIA C aBTOMATHYECKUM TIEPECYSTOM B KOHIICHTPAIIUIO TeMOTJI00MHA IO
(dakTOopy W HHUKaKWe KaauOpaToOpbl MpH H3MEPEHUU HE HCIONB3yIOTCsA. JlJis TeMorioOHmHOMETpa
"Munul ' EM-540" noay4um cleayroilyto OlleHKY TOYHOCTH:

o =(0,) +(0,) +(0,)* =V +22 + > =/6 =2.45%

3T0 ynoBieTBOpsET OMOIOTHYECKH 000CHOBaHHBIM HOPMaM aHAIUTHYECKOH TOYHOCTH.

Temoenoounomemp  "Munul EM-523" (OKCUTeMOTTIOOMHOBBIH  MOIW(DHIIMPOBAHHBI ~ METO
JepBuza u BopoObeBa) - mpH OIlEHKE TOYHOCTH HEOOXOAMMO YYeCTh NaHHbIe Tabmurpl 15, [l
OOJIBIIMHCTBA KIMHUYECKUX CIy4aeB KOHIEHTpalus KapOokcuremoriobouHa He mpesblmaer 10% wu,
noaTomy, 6; < 1,5%. Ouenka cyMMapHOW OLIMOKH AJIsl 3TOTO CiIydasi:

0 =(0,)} +(0,) +(0,)* =V1.5>+22 +1% = 7.25 = 2.69%

Takum obpazom, MomuduIpoBaHHEIN MeToA JlepBu3a-BopoOheBa Mo TOYHOCTH MPAKTUIECKH
COBMAJAET C TeMUTTIOOMHIMAHUIHBIM U TEMUXPOMHBIM METO/IaMH, €CJIM B HUX U3MEPEHHUs] POBOIUTD
Ha CIIEKTPOOTOMETpax Mo KarudpaTopy.

Brilie npuBeseHa olieHKa MakCHMallbHOM TOYHOCTH. Eciiv u3MepeHus: mpoBOAATCA B IpSA3HOM
KioBeTe (HEJOMYCTUMBI JaKe CJIEAbl MaJbIEB!), WIM UCIOJIb3YeMbIi MPUOOp HECTaOWIeH B IMpolecce
M3MepeHuii, To nomymenne 4to o03=0, 04=0 HecupaBeIINBO W OIMUOKH H3MEpPEHUH BO3PACTAIOT
MHOTOKpPaTHO. 3aMeTUM TaKXe, 4YTO CYIIECTBEHHYIO [OJI0 CYMMapHOH OHIMOKH COCTaBIISIOT
MOTPENIHOCTH KanMOPOBOYHBIX PACTBOPOB M peareHToB. Kpome Toro, TpyaHO "ynepxaTs" npeaeabHyo
TOYHOCTb Jo3upoBaHus. [locieaHee OOCTOATENBCTBO CKIOHSET MHOTMX K HAEE HCIOIb30BaTh
KOHTPOJIBHBIE PACTBOPHI TeMOTIIOOMHA WITH 00pa3Ilbl KOHTPOJIBHON KPOBH IS "CKBO3HOH" KaaHOpPOBKH
CUCTEMBI  J103aTOpP-KPOBb-J03aTOp-peareHT-npubop. Cuuraercs, YTO B 3TOM CIydae MOXKHO
"moacTpouThes" K OWMOKaM JO3UPOBKH, Kanudpys ¢GoToMeTp Mo (OTOMETPUUYECKUM PacTBOpaM
reMUTIIOOMHIIMaHuIa (Ororpobam), MOTYUESHHBIM U3 KATHOPOBOYHBIX 00pa3IioB reMorioonHa. OmgHako
B 9TOM Clly4ae MOXXHO CHU3HUTh 3HaueHue cMmeuieHus (B), Ho Bapuanumonnas omubka (CV) Takum
oOpa3oM He ycTpanutrcs. [IpoBeneM aHAJIOTHYHYIO OLEHKY MHHHMAJIBHOW TOTPEMIHOCTH ¢ VIS
"'CKBO3HOH" KaMMOPOBKH C YYETOM MOTPEIIHOCTH KOHTPOJIBHBIX PACTBOPOB TeMorioouHa 67 = 2%:

o =(0,)* +(0,)* =22 +27 =8 =2.83%

OTo He nydmMd pe3ynbTar. B ciydae He CIMIIKOM KayeCTBEHHBIX MPUOOPOB, y KOTOPBIX
BEJIMYUHBI 0, 03, G4, 05 UMEIOT OOJIbIIME 3HAYCHUS, CYIECTBYET ONMACHOCTh TOTO, YTO BHISBUThL ONIHOKY
B CHUCTEME, IJIe BCe MOXET OBbITh OJJHOBPEMEHHO ILIOXO, Helb3s. [103TOMY TO, YTO MOKHO HPOBEPUTH,
Jyd4llle MPOBEPUTh M OTKANHOpOBaTh HE3aBUCHMO. B MepByI0 ouepeqb MOXHO W HYKHO MPOBEPUTH
¢dorometp. Torma B cucteme 103aTOp-KpOBb-103aTOP-PEAreHT-NPUOOP YKe €CTh allpHOPH TOYHOE 3BEHO
1 OIMHOKY HY>KHO OyJeT HCKaTh BHE 3TOTO 3BEHA.

CPEACTBA KOHTPOJIA ®POTOMETPUYECKHUX ITPUBOPOB

B cootBetcTBUU ¢ PoccuiickuM 3aKOHOIATEILCTBOM (POTOMETPHI U CIIEKTPO(HOTOMETPHI, a TAKKE
aHAJIM3aTOPhl Ha WX OCHOBE, MCIIOJIB3YEMbIE B MEIUIIMHCKUX J1a00paTOpUAX, OTHOCATCS K CPEICTBAM
M3MEpeHns MEAWIMHCKOTO HazHadeHWs. Kak cpencTBa W3MEpeHHs, OHM TOIUIeXaT 00sA3aTelbHON
MpoLeaAype CepTUGHUKAIMM W MEePUOJUYECKON TMoBepke B 3Ikciuryaranuu. CpencTBa IMOBEPKH
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(oToMeTprUecKuX MPUOOPOB CaMu SIBIISIOTCS CPECTBAMU U3MEpPEHHs U BHOCATCS B ['ocymapcTBEHHBIH
peecTp cpeicTB U3MepeHus: HapaBHe ¢ (JOTOMETpaMu U APYTUMHU CPEACTBaMU m3MepeHus (Tabmuma 17).
CpencTtBa MOBEpPKH BIIOJIHE TMOAXOMAAT W ISl TMPOBEPKHM MPHOOPOB B TIOBCETHEBHON IPaKTHKE.
[MpencraBnenHsle B Tabmiuie
NpedHa3HAa4YeHbl Ul KOHKPETHBIX MPUOOPOB, OJHAKO MHOTHME W3 HUX TMPUTOTHBI Ui OOLIETo
NPUMEHEHUs, TaK KaK JepXKaTeld CTEKJISHHBIX Mep BBHINOJIHEHbI B rabapuTax CTaHIAPTHON KIOBETHI
(manpumep, Habopst Mep HOCMOII-6, HOCMOII-7, HOCMOII-9, KC-105 u npyrue).

17 onThueckue Mepsl

KOHCTPYKTHUBHO pas3jinvdaroTcsd,

TaK Kak

Tabamma 17
IlepevyeHb CTeKJISHHBIX ONTHYECKHX Mep JJIf MOBEPKH CPEACTB U3MEPEHHs MeINIUHCKOT0
Ha3HAYEeHHsI
Ne Ne roc.

n/m HanmMeHoBaHue Tun perucTpauuu JwnanazoH unu nosepsiembie CU
1. Habop 06pa3noBeIx HOCM-5 13177-92 Amnanmuzatop runepOuIupyOnHEMUN
CTHEKTPabHBIX Mep (doToMeTpuIecKuii

Al'®-02 (bumurect)
2 Hab6op 06pa3mnoBeIx HOCMOII-5 AHanmu3atop OnIupyorHa
CTEKJISTHHBIX Mep (doToMeTpuIecKuit
ONTUYECKOMN INIOTHOCTH AB®-01 (bunumer)
3. Habop o6pa3zuoBbix HOCMOII-6 15582-02 I'emornoOuHOMETp
CTEKJISTHHBIX MEP (hoTOoMeTpHUIECKUI TTOPTATUBHEII
ONTHYECKON IIIOTHOCTH AI'®-03 (Munul EM)
4, Ha6op crexnsaneix mep | HOCMOII-7 20818-01 AHanuzatop OMOXUMHUYECKHIMA
ONTHYECKOU IIOTHOCTH thotomerpuuecknii AbxDx-02
(buAn)
5. Habop crexiastHHBIX Mep HOCM-8 21582-01 AHanuzarop runepouInpyOnHeMUH
(hoTomeTpuieckuii
Al'®-04 (bumutect-2000)
6 Ha6op crexnsaanaeix mep | HOCMOII-9 23929-02 AHanu3arop OnnupyonHa
ONTUYECKOW MIIOTHOCTH dhotomeTpuyeckuii AbD-04
(bunumer K)
7 Komruiekr KHC-10.1 22617-02 400-800 um; A=0,15-0,25%
CBETOHIHTPOB
8 Kommiekr KC-105 22054-02 Crnekropodoromerpsl UV-VIS.
CBETOQHUIBTPOB A=0,5%
9 CBeTo(hunbTphl CoII-01 21755-01 Amnanuzarop ['apaHT-3. AKTHBHOCTb
MIOBEPOYHBIE XOJIMHACTUPA3 KPOBH.
10 Kommnext KO®-02 20560-00 Ananuzarop xuakoctu @nroopar-02
CBETOOHIBTPOB
11 Kommnekt AJIB-K®-c60 18955-99 Amnanuzarop Ab-01-YOM3
CBETOHUIBTPOB
12 Komrmiext KCII-01 18091-99 NDA u b/X. 0-2,5 b; 340, 405, 450,
CBETOUIBTPOB 480, 490, 540, 570, 620, 630 M
MIOBEPOYHBIX
13 Kommnexr 12135-90 UDA- AUD-1TI-01C. 1,5-93%
CBETO(UIBTPOB
MIOBEPOYHBIX
14 Kommnnekr KC-102 9117-83 YHUBepcanbHbIN. 400-800 am
CBeTO(PUIBTPOB
15 Kommrekt KC-100; KC- 7821-86 YHUBEpCaTLHBIN. 200-110 am
CBETOQHUIBTPOB 101
16 Meps! onTHYecKne RVP 24205-03 HNDA. 0-4b. A=0,015-0,006 b
TUTAHIIETHEIE
17 Ha6op ontrueckoit 12959-91 HNDA. AKUII-01; AKHII-02
TUIOTHOCTH
18 Habop mep KH®-1 11894-89 0,03-2,1 b
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KO3 pUIHEeHTa DOK-56,60; IMD-69,72; KDOK;
POy CKaHUSI K®K-2; KOK-2MII; KOO; ®O-
ONTUYECKOM MUIOTHOCTH 1;HOP; KOK-3
19 Kommiekt 06pa3oBsIx col 13054-89 400 — 5000 cm™'
MEp ONTHUYECKOU
TUTOTHOCTH W BOJTHOBBIX
qHUCEN
20 Meps! 06pa3ioBbie TAC-1 12308-90 200-900 am
BOJIHOBBIX YHCEll
21 Meps! mis mpubopa Poarpad 22006-01 [Tokazarens POD.

s mpoBepku (POTOMETPOB MOTYT MCIOJIB30BaThCS U LIBETHBIE XKHUIKKE PacTBOPHI. B kauecTBe mpumepa
npuBeneM xapaktepuctuku Habopa REDI-CHECK (dupma???), cocrosiuero u3 >KMAKHX LBETHBIX
PacTBOPOB C pPAa3NUYHBIMU CIEKTPAJbHBIMA XapaKTEPUCTHKaMU (PUCYHOK 151) u pasnuuHbIMU
TUIOTHOCTSIMU. Paboume pacTBOpHI MPHUTrOTABIMBAIOTCS TEpel HCIONb30BaHHWEM IyTeM pa3BEACHHUS B
Pa3IN4HON CTEeNEeHN LBETHBIX PacTBOPOB B Oy(epHbIX pacTBopax. [LIOTHOCTH pa3nUYHBIX pa3BedeHU
JUTS Ka)KJIOTo IIBeTa NMEIOT cooTHomenwue 1:1; 1:2; 1:4; 1:8.
Habop no3BossieT mpoBepUTh JIMHEHHOCTH (DOTOMETpa B AUaNa30He ONTHYECKUX TUIOTHOCTEH 10 2 Genn
Y B CIIEKTPANbHBIX AMANa3oHax:

OnTuyeckas NMNOTHOCTb,

LIBeT pacTBOpa Hcnomp3yemblit GuiIbTp, HM
Kenteii 340, 380
Tony6oii 405, 415, 545-550, 600
OpanxeBbId 415, 450
Kpachblit 490-492, 505
1,0 < IR e
\ N %] N | e
0,8 \ s , .‘ 'g.' ‘\‘ ’l‘ “'~
= 0 ARSIRNE AL AR
E \/ *, 5 A
?‘} 04 W A A 'n/ 3T\
s 3\ \ T 7 Ny \
7 'J' LS 4 A \‘
5 0.2 \“ﬂ P el A NL 2|
L SE—— -* b - "\\
e
300 350 400 450 500 550 600 650 700 750 800

IAnuHa BONHbI, HM

Pucynoxk 151. Hopmanu3oBaHHBIE CIIEKTPHI MOTJIOUIEHUS CTAaHIAPTHBIX PaCTBOPOB
REDI-CHECK.
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