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YK 539
B.1O. bapuu - Bypmuna, ctyneHr 2 - oro Kypca MarcTparypbl
HoBoxkys3Henkuit ”HCTHTYT (uman)
(heziepabHOTO rocyIapCTBEHHOr0 OFOKETHOTO
00pa30BaTENFHOTO YUPEKIACHHS BHICIIETO 00pa30BaHUS
«KemepoBckuii rocy1apCTBEHHbIN YHUBEPCUTED
r. HoBoky3Henk, PO

PEHIEHUE MMPAHATJIA U XWUJIJIA. TUHUU TOKA SHEPI'MA B PELIEHUA
MPAHATJIA U XWIJIA

Pewenne Ipanaris u Xuna.

BonbIIMHCTBO 3a7a4 O BJABIMBAHMM INTaMIld B IUIACTHYECKYIO Cpey MMEET 3aMKHYTOEe
peLICHUE, OCTAIBHBIEC 33/[aull PUBOITCS K KOMOMHAIMAM KPAeBbIX 3aad ISl KAHOHHMYECKHX
CHCTEM ypaBHEHHMH. PaccMoTpuM 3a1a4y O IIacTHYeCKOM TeYEHHH IPH BIABIMBAHUN a0COIIOTHO
JKECTKOTO INTaMIIa C TUIOCKMM OCHOBAHHEM B JKECTKO - IUIACTHYECKOE TeJO, OTrPaHHUCHHOE
wiockocThio (puc. 1) [1]. Jlomyckaem, 4To TpeHHe N0 IOBEPXHOCTH KOHTAKTa OTCYTCTBYeET. [Ipu
BJ/IABJIMBAHUH ILITAMIIa MaTepyaJl, BIABJICHHBIH [ITaMIIOM, 00pa3yer 110 CTOPOHaM BO3BbIIlIeHUs. B
TIPEZIEIBHOM COCTOSIHUM LITAMIT JBHKETCS] BHU3 CO CKOPOCTBIO, TP 3TOM HPEJIIONAraeTcsl, 4To
O]l LITAMIIOM JiaBjleHue paBHOMepHOe. Ilone ckombkeHHs (puc. 1, a) COMIACHO PELIEHUIO
IpanxTs crpoures cnemyrorm oopasom. [Toctpoerne HaunHaeTcst co CBOOOHOM MOBEPXHOCTH
cneBa OT mrammna. HekoTopblil y4acToK TODKEH OBITh TUIACTHYECKUM, TaK Kak B MPOTHBHOM
CITy4ae HEBO3MOXKHO 00pa30BaTh Hajl IOBEPXHOCTHIO BBICTYIL

Pucynoxk 1 — Iore ckompKeHusI ToJT IITaMIIoM

HOCKOHLKy Ha CBO60,HHOI71 TIOBEPXHOCTU M3 YCJIOBUA IUIACTUYHOCTA JUIA TOYCK 9TON
TMIOBECPXHOCTH IOJTy4acM

)
3HaK MHHYC B3ST Ha OCHOBaHHM TOTO, YTO B HAIPABJICHWUM TPOHMCXOIUT CxKathe. Tak Kak
KacaTeJIbHbIC HATpPSDKEHHS] Ha CBOOOJHOM MOBEPXHOCTH PaBHBI HYIFO, TO JIMHHU CKOJIBKCHHSI
MIePeCceKaloT ee MoJ yriioM 45 W (BIOJb JIMHUM TOCTOSHHBI, TO3TOMY COIVIaCHO (hopMyJiam
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rapamMeTpbl BJOJb 3TOH JIMHAM TaKKe He
m3MenstioTcs. CreioBaTeNbHO, IO IMHUEH HaXOAMTCSl paBHOMEPHOE TIoJIe HarpsbKeHni (puc, 1,
a). [Tpu 3TOM B/10JIb JIMHUH CKOJIBKEHUS &

@

Ecimir GBI TOUKA IIIACTHYECKOTO yJacTKa CBOOOHOM TMOBEPXHOCTH OblTa M3BECTHA, TO TOT/A
nox JimHWeH ObUIO OBl  OMPENENCHO paBHO MEpHOE TIOJIe  HAMPSDKEHHWI, KOTOPOE
XapaKTepH30BaIOCh ObI PaBHOOEAPEHHBIM HPSIMOYTOJIGHBIM TPEYTOIBHUKOM. [10CKONIBKY JIMHUSI
CKOJTEKEHIS TIPsIMast, JTMHUM CKOJIBKEHWST CeMelCTBa CIpaBa OT TIPECTABIIIIOT cOOOH TpsiMble
nuHun. VICX0mst U3 CUMMETpUM 3a/iadi YTBEPIKIaeM, YTO O[] IITAMIIOM PACIOI0KEHO TAKKe
PpaBHOMEpHOE T0JIe HAIPSDKEHHH, a 3HAYMT, U IaBJICHHE TI0]] IITAMITOM paBHOMEpHOE. Y KazaHHbIE
paBHOMEpHBIC TIONS HAMPSHKCHUH COSMHEHBI MEKIy COOOH IICHTPHUPOBAHHBIM  HOJIEM.
CrienoBaTesbHO, JIMHUSI CKOJIBKEHHST B TIOJE SIBJISIETCS MPSIMOiA, B TIOJIE OHA MEPEXOUT B JIyTY
OKPYXHOCTH, a B TIOJIe B NPSIMYIO. JTO yKas3blBaeT Ha TO, YTO JUTMHA IUIACTHYECKOrO ydacTKa
CBOOOHOM TMOBEPXHOCTH pPaBHA INMPUHE ITamiia. [lapamMerp BIOMb JIMHUM CKOJBKCHHS a
TOCTOSTHEH, a B OOJIACTH JIMHUM CKOJIBKECHHSI & HAKJIOHEHBI IOJI YIJIOM OCH. B cBsi3u ¢ 3THM,

HCIIONB3YsI BBIPAXKCHUE u (2), HaxomuM
(©)
CormnacHo C Y4eToM Toro, 4ro ompenensiercs o dopmyine (3),
TIOJTy4aeM
Q)

Tax Kak HampsuKCHHs BIOJIb JIMHUM HE W3MEHSFOTCS, TO CHJIA, BJIABJIMBAIOIIAS IITAMII, [IPU
KOTOPO# HACTYIAET IIIACTUYECKOE TeUECHHUE, OPE/IEIISIeTCs TaK:

®
P. Xunn nokasan, yro perienHue IIpaHImis He SBIACTCA EGAMHCTBEHHBIM, M INPEIONKHII
peILeHHe, COrTIACHO KOTOPOMY II0JIe CKOJIBKEHHSI COCTOUT PABHOMEPHBIX TIOJICH HANpsHKCHUS 1
COEIIMHEHHBIX IIEHTPHPOBAHHBIM TosieM (puc. 1, 0). JInHa racTiyeckoro ydactka CBOOOIHOM
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MIOBEPXHOCTH paBHA IMOJOBUHE IIMPHMHBI ITamna. HanpsokeHuss B PaBHOMEPHBIX IOJSIX
HaNpsOKEHUH M B IIEHTPUPOBAHHOM I10JI€ OCTAIOTCS TAKUMH ke, Kak U B pemeHnn [Ipanars.[2]
[IpunoxeHHas K IITaMITy CHJIa, P KOTOPOM HACTYTIaeT IUIACTUYECKOE TeUEHHE, ONpeeNsIeTcs
(bopmyoi (5).

[Tparep mpeUIoKUI IOCTPOUTH PEIICHHE 3a1a4K O BIABIMBAHUH IIITAMIIA B BIJIE KOMOMHAIMI
petenuit [panams n Xuswia. OHaKo 3TO JaeT MpaBo yTBEP)KIATh, YTO HOMYYEHHbIE PELIeHNs
MOTYT OBITh HEOHO3HAYHEIMH. [103TOMY TIpH MOCTPOSHNH TIONeH JIMHHH CKOMBKEHIS CIeIyeT
HUCTIONB30BaTh HKCIIEPUMEHTAIbHBIC PE3yIbTaThl. PacCMOTpUM JIMHUM TOKA 3HEPIUU B JKECTKO -
IUIACTHYECKOH 3a/1a4e O LITaMIIe. DHEPreTHUCCKUH OIX0/] O0BSIHHSCT CBOMCTBA HAIPSDKCHHH U
CKOPOCTEH CMEIICHHH, TTO3BOJIAA BEIOPATh PEIICHNE 3a/add, KOTOpoe OOJbIe COOTBETCTBYET
3THM CBOMCTBaM.

Jlunuu Toka yHepruu B pemennu [panaris.

OnpeneniM BBIPKEHUST HANPSDKEHUH W CKOPOCTEH CMEIICHHH B JIEKapTOBOM CHCTeMe
KOOpIMHAT, a TaKKe HalpaBleHWs JIMHWA TOKA OJHEPrMM  COMNIACHO  YPaBHEHHUIO
dx, _ oul + 7l

(©)
dx, oyU; +15U;
B o, =—kr,
u =0,
TPEYTOJIBLHUKE o, =—kQ+7), E dx _
ABC (cm. puc. , =V, dy
1) Txy :O’
B o, =2k, u Vv
TPEYTOJIbHUKE o -0, x 2’ ﬂ:o
BDE nmeem Y u =Y dx
. =0, y 2’
Xy
B cexrope BCD o, = —k(1+%+2(p—sin 2¢) , u, \\//Ecosw ,
Va . AV
o-y=—k(1+5+2(p+sm2(p), uyz—Tzsm(p,
z, =kcos2¢, 7£S(p££
: ) 2
7T .
dx (1+5+2§0)COS¢—SII’13¢
dy cos3¢)—(l+%+2(p)sin(p

TJIC YTOJ ¢ OTKJIA/IBIBACTCS OT BEPTUKAIIH TI0 YaCOBOH CTperKe (cM. puc. 1a).

Ha puc. 2 nocTpoeHs! HHTerpalbHbIe KPUBbIE ypaBHEHIS (6) BO BCell MIacTHYecKoil 001acTu.
PazpwiB cmerennii Bionb suauit AC, BC npuBOJUT K YIIIoBbIM ToukaM Ha otpeskax AC, BC. [3]

[ItpuxoBoil JuHKUEN OTMEYEeHbI ITPAHUYHBIEC JIMHUM TOKA 3HEPrUH, KOTOpask MEPEHOCUTCS OT
TpeyroipHuka ABC B TOPH3OHTATBHBIX HampaBleHusX. CHeayeT OTMETHTh, YTO JIMHHH
CKOJIRKEHVS B PerieHnH [IpaHaTIis IpakTHYecKy COOTBETCTBYIOT STOMY TIPOIIECCY.
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PaccmoTpuM sHepreTudeckuii OanaHc B PELIeHHH 3a/1a4H C TIOMOIIIBIO BEKTOpa MAKCUMAJILHOM
IJIOTHOCTH CKOPOCTH TOKa 3Hepruu. COracHO BBIPOKEHUIO BEKTOPA CKOPOCTH MaKCHMAJIbHOM

TIOTHOCTH TOKa SHeprum: E = —(unx +r U7 U+ O'yuy)

n peuennto Ilpannmist B TpeyronbhHuke ABC CKOPOCTh MaKCHMAJIbHOM IUIOTHOCTH TOKa
SHEprU HanpaslieHa ceepxy Bans: £ = (0, —KV(2 + )).

-30 -20 -10 0 10 20 x 30

Puc. 2. JIunnu ToKa 3Hepruu B perenyu [panaris

OmHako 3Ta CKOPOCTH TOKa SHEPrHH JIMIIb YacTHYHO MEPEXOIUT B IUIOTHOCTH CKOPOCTEH
paboThI C/BUTA, JIOKATW30BAHHOTO BIOJIb 0Tpeska BC: T, (pV( y/j ) =kV/~2 (14 % ) u pabotbt
HOPMAJIFHOTO BEKTOpA HANpSUKEHW HAa BEKTOPE CKOPOCTH CMEIIEHWH, TeKyIIeld depe3 ATOT
OTpE30K: ;n U= kV(l + 7[) (80 % ). JleticTBUTENEHO, TEH30P HATIPSDKEHUH 1 BEKTOP BHEITHEH

HopMaH K cektopy BCD B Toukax otpeska BC MMEHOT BUTT

_ (—kx 0 (=12
o= , nN= )
0 —k(2+7) 1/2
a BEKTOPBI HOPMATTGHBIX HATIPsLKEHAH coracHo (opmyre Ko 1 ckopocTn cMerieHuit
_ kz/~2 _ V /2
o = , u= .
—kQ+7)/~N2 -V /2

Torza mosy4aeM yka3aHHOE BBILIE BEIPKEHHE PaOOTHI HOPMAIBHOTO BEKTOPA HAIPSDKCHHI Ha
BEKTOpe CKopocTH cMemieHnil. CymMa IDIOTHOCTEH 3TOH paboThI M paboTel CHBHTa,

JIOKATM30BAHHOTO BAOML OTpeska BC, paBHa kV(l/ V2 +1+7Z') u cocrapnger 943 % or

TUIOTHOCTH TOKA PHEPTUU B Tpeyroibhuke 4ABC (M ~ 0,943). Ocrambusre 5,7 %
2+

SHEPIUM TEPSIOTCS BCIEICTBUE Pa3phblBa KAcaTENIbHOM COCTABILIIOIIEH CKOPOCTH CMEILEHHS Ha
JIMHUM CKOJbKeHust. [loTepst sHepruM NpornopLMoHaIbHA TIPOU3BEICHHUIO 3TOM COCTABILIONICH 1
JIABTICHUS HA JINHUK CKOJBKeHUs. Takium 00pa3oM, CKOPOCTb CYMMapHOH paboTh! MIAaCTHYECKOTO
CKOJIBKEHUS IPUOIIVKEHHO PABHAETCS SHEPIUHU AABAILETO LITaMIIa.

[TnotHOCTH paboThl BIOMH OTpe3ka BC, B CBOIO OUepeb, MEPEXOIUT B INIOTHOCTH PabOTHI

rde =kVz [ 2+/2 (M. pc.

zl4
CKOPOCTEH CIIBHIa 7]r,, BIOJb ¢ - TMHMIA cekTopa BCD J’ L7
4
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la) M IUIOTHOCTH CKOPOCTH 3HEPruM, TEKyIled uepe3 3TOT oTpe3ok BD cneBa Hampaso:
E=(kV,0).

JIMHMHM TOKA 3HEePIruu B pemieHnn XuLia.

OrnipezienniM  BBIPOKEHNST HANPsDKCHWH M CMEILEHNH B JICKApTOBOM CHUCTEME KOOPAMHAT U
TOZICTAaBHM UX B IPABYIO YacTb YpaBHEHHUs 0, = —( , 7, = 0. (6) CormacHo puc. 16

B Tpeyronbruke OBC o, =—kr, v
u =V,
o, =—kQ2+7x), %:7L.
Y u,=-V, dy 2+p
T, =0,
B 1peyrombHuke BDE| (o =2k,
MeeM u,=Vv. dy
o, =0, =
u,=v, dx
[ =0,

cextope BCD 4 .
B CEKTOP o-x:—k(1+5+2(p7$m2§0), Ux:V\/EC05¢7,

o, =—k(1+%+2(p+sin2(p), u, =-V~/2sing,

T T
. =kcos2p, —C<p<T,
w ¢ 4774

dx (1+%+2¢)cosrp—sin3(p
dy

cos3¢p — (1 +%+2(p)sin(p

Ha puc. 4 moctpoeHsl UHTErpaIbHBIE KPUBBIE YpaBHEeHHs (6) BO Beel IIIACTUUECKON 00IacTi
petenns Xuia. HempepbIBHOCTH OIS CMEIICHUI IPUBOUT K TTI4IKUM JIMHHSIM TOKA.

Puc. 4. JIunuu Toka 3HepruM B pereHnn Xuuia

ItpuxoBoii JMHMEH OTMEYEHbI TPAaHWYHBbIE JIMHUM TOKA SHEPIHH, KOTOPHIE MEPEHOCHUT
sHepruto oT TpeyronbHukoB OBC u OAF B ropu3oHTanbHOM HarpasieHHu. ClieyeT OTMETHTb,
YTO JIMHUM CKOJIBKEHUS B PEIIeHHH XWUIa HE COOTBEICTBYIOT 3TOMY IPOLECCY: JIMHUM TOKa
CYIIIECTBEHHO BBIXOJIAT 32 IPAHUILY TIACTHYECKOM o0acTy; sHeprus peyronsHukoB OBC u OAF
JIIIb YACTUYHO HEPEHOCUTCS B TOPU3OHTAIBHOM HAIPaBIICHHH.

PaccMoTpyM 3HepreTHyecKknii GaiaHe B PELICHHUH 33/1a4k ¢ IOMOILBIO BEKTOPa MAKCUMAIILHON
IJIOTHOCTH CKOPOCTH TOKa 3Hepruu. COracHO BBIPAXKEHHIO BEKTOPA CKOPOCTH MaKCHMAJIBHOM

IUIOTHOCTH TOKA BHEPrUU M pelieHuto Xumwia B TpeyroibHuke OBC cKOpOCTh MaKCUMAaJbHON
IUIOTHOCTH TOKA SHEPIUH

E =(kVz,—kV (2 +7)).
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B sTOM pelieHrn cKopocTH HenpepbIBHBI Ha otpeske BC, Mo3ToMy IUIOTHOCTH CKOPOCTH
paboThl C/BHTa, JOKAIM30BAaHHOTO BJOJb 3TONO OTpe3ka, paBHa Hymo. CKOpocTb paboTEl,
MOCTYTAOILIEH Yepe3 oTpe3ok BC, NPONOPLMOHAIBHA HIMPUHE MOJIOCHI TOKA SHEPTHH, T. €. JUIUHE

sroro otpeska @/ ~2. TlostoMy cyMmapHas CKOpOCTh paGOThI HaBEraiomiero MOTOKa,
BBIXOJILLIETO 32 TPaHuLBI Tpeyroibanka OBC, Gombiue 31oi ckopoctn B (2+ 77)/ (1+ ) pas.
Takum 00pa3oM, CKOPOCTb CyMMapHOH PabOThI TIACTUYECKOTO CKOJNBKEHHUS COCTABIIET JINIIb
80,6 % ot moTHOCTH TOKa 3HEpruu B Tpeyroibauke BCO ( l+7z 0,806 )- Ocranbhbie 19,4 %
2+
SHEPIUH TEPSIOTCA MPU BBIXOJIE JIMHUI TOKA SHEPIUHU 3a IPAHUITY 00JIACTH CKOJIBKEHHA.
Ckopocth paboThl, mocTyraromeil yepe3 otpe3ok BC, NMEPeXOAUT B IUIOTHOCTH pabOThI

CKOPOCTEH C/IBHra 7y, BIOJb ¢ - MHMi cexropa BCD ”JMz- rdp=kVrz/ V2 (em. puc.
—l4
2) W IUIOTHOCTH CKOPOCTH SHEPIHH, TEKyLIeH uepe3 3TOoT oTpe3ok BD crea Hampaso:
E =(2kV,0).

Taxum 00pa3oM, CKOPOCTb CyMMapHOH pa0OoThI IIACTHYECKOTO CKOJIBKEHHS COCTABIISIET JIUIIb
80,6 % or mommHocti mramna. [Tostomy perienne Ilpanaris Oonee TOYHO COOTBETCTBYET

peaTbHOMY MPOLIECCY TUIACTUYECKOTO TeUEHHS [4].

I’(p’7l’(0

CHnucoK MCIoJIb30BaHHON JIHTEPATYPBI

1. Tlucapenxo, I.C. YpaBHeHus M KpaeBble 3a7aud TEOPUH IUIACTHYHOCTH M IOJI3Yy4eCTH
[Texcr]: crpaBounoe nocobue / [Mucaperxko, I'.C., Moxaposckuit H. C — Kues: Hayk. mymxa,
1981. - 496 c.

2. TopmkoB A.I. Teopus ynpyroctu u 1wacriuasoctu [Teker]: ydueOnuk / A.I'. Topiikos,
J1.B. Tapnakosckuit, 3.1. CrapooiitoB — M.: DUSMATIIUT, 2011. - 416 c.

3. Jlunmun . JI. Marematideckiie MOJICIH YIIPYTOCTH, INIACTUYHOCTH U TTo3ydecTH [ Tekcr]:
koHcnekt Jtekimid / TJI. JTuammu, HOU KemIY. — HoBokysHerik, 2012. — 199 c.

4. Kanemmn B.O., Aympuenko C.M., MurkeBnu Ab., Pemernnkosa E.B., Cenosa E.A.,
[nakoBa 10.B. MopenupoBanne CTaTUKA W JWHAMHKH OOOJIOYEYHBIX KOHCTPYKIMHA U3
KOMITO3ULIMOHHBIX MaTepHasos. - M.: @usmariur, 2014. - 196 c.

© B.1O.bapuu - Bypmuna, 2017

YIK 519.62 : 621.31
A.W. 3ambIciioBa
K.m.u., nouent kadenps «Maremarukay BUTU HUAY MUOU
U.A. Baprom
Crynent 2 Kypca (haKyJbTera aTOMHOM SHEPreTHKH U MAIITHOCTPOCHHST
BUTHU HUASY MUOU
I'". Bonrononck, Poccuiickas deneparust

JNOPEPEHIIVMAJIBHBIE YPABHEHUS B JIEKTPOSHEPT'ETUKE

B Texmmueckux BVY3ax wmaremarrka HOCHT TPHKIQIHOH XapakTep, TPH ITOMOIIN
muhepeHIMANbHBIX  YPAaBHEHHH — pelIaeTcss MHOMKECTBO — IIPOM3BOJCTBEHHBIX  3aad.
Juddepenimansaple  ypaBHEHHsT HALUIM IIMPOKOE IPUMEHEHHE B 3JIEKTPOIHEPreTHKE |
MIEKTPOTEXHUKE. B KauecTBe npumepa pacCMOTPHM HEKOTOPbIE U3 HUX.
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Yacto B IpaKTHKE HWH)KEHEpPA SHEPreTHKa BO3HMKAET HEOOXOIMMOCTh aHaM3a Ierneil ¢
pactipesienieHHpIME - rrapamerpamu. It 3toro  ymoOHO wmcronb3oBath  AnddepeHmanbHoe
ypaBHEHHe JIMHHOM JimHNA. Kak 5T0 BUIHO 13 pelieHns 3a1a4un: B IByXIpoBOIHOI OHOPOIHOM
JMHUM  (DU3MYECKUE TapaMeTpbl DPaBHOMEPHO pacrpeleleHsl Mo ee JumHe. PaccuuTarhb
HEPEXOIHOM U yCTAHOBUBLIEINCS PEXKUM JIMHHH, €CIIM U3BECTHEI €& mapamerpsl Ry, L,, G,,C, .

Vnenvrbie mapamerpbl ymuHEM R, L,, G, 3aBHUCAT OT (u3MYECKHX MApaMETPOB CaMHX

IIPOBOJIOB M OKPYKAFOIIMI X cpelibl. Pa3fenm BCro JIMHUIO Ha 3JIeMEHTApHbIE YYACTKH JUTMHOM
dX u paccMOTPHUM OIMH M3 TAKMX YUACTKOB, HAXOMSIIHMICSA HA PACCTOSHMM X OT HAyana JMHUM.
B Hauane paccMaTprBaeMoro yyactka HanpsbkeHue M Tok U u 1. B KoHIe yyacTka HanpspKeHHe 1

ouU . a ,
npupamienus: AU = ——dx u Al = —0X | ®ynkimn nanpskerus u toka (U ||
TOK ronyyarot PYP x x YH p: (u.h

3aBUCAT OT JIBYX TapameTpoB X u {, onn m3amenstiorest B npoctpancTse 1 Bo Bpemern. ITpuversist
BTOpOH 3akoH Kupxroda, momyunm muddepeHnmansHpie YPABHEHUA B YaCTHBIX NMPOM3BOIHBIX
ou . oi
JUIst CXeMBI 3amertieHmst — — = Rji+ L, —
ox ot’
Oi ou

IMpumensist 3akoH Oma u mepBblii 3akoH Kupxroga mnomydaem: o Gu+C, X
OCHOBHOE M epeHIanbHOe  ypaBHEHHE BYXTIPOBOTHOK JIMHMM C  paclpeleleHHbIMU
1apaMeTpamMy, KOTOpble HCIIONB3YeTCsl VIl pacdera Kak MEepeXOIHOro, TaK M YCTAHOBUBILETOCs
PeKHUMa JIMHHHL.

B npakTHYecKoW NESTETPHOCTH — HIDKCHEpPY OHEPreTHKY 4acTo Uil  HAXOXKICHHS
HANPsDKEHHOCTH  HJIEKTPHYECKOTO  IOJIST  NPHUXOIUTCS HMMETh JeN0 C  KPHBOJMHEHHBIMU
NPOBOJIHUKAMY, — HANPSHKCHHOCTh  TOJIS  PALMOHAIBHO — HAXOOMTh € HOMOLIBIO
JuddepeHIMaTBHOTO ypaBHEHHs, pa3OMB 3apsi/] IPOBOIHNKA HA TOUCUHbIE 3apsi/ibl.

PaccMoTpyM 3aliady Ha HAXOXKICHHE MOIYJSI HANPSDKEHHOCTH

’ areKTprHeckoro monst: TOHKOe TONMyKONbIo paanyca R =20cu
7 sapsokeHo pasHoMepHO 3apagom (| = 0.70mx. Haiitu momynn
HANpPsDKEHHOCTH AJIEKTPUYECKOTO MOJIs B LEHTPE KPUBHU3HBI ATOrO
dF HOJTYKOJIBLIA (CM. pHC.1).
*a E’y Beitermam Ha kombie snement ayru Al | mverommait sapsn dQ .
® Jg | Mooydb HanpsHKEHHOCTH TIOJNS 3TOTO dJeMeHTa B HCHIPC
k nosykosbiia pasen: dE = diqz
4R

df

W3 coobpakenuii CUMMETpHH SICHO, UTO BekTop E B meHTpe
HOIYKOJblia Oy[eT HampaBlICH BIONB OCH Y, CIENOBAaTENBHO

E=/dE,. dE, =dEsina
Dnement ayru Al umeer sapsn: dg = Adl
q . y
A= 1 nuneinas mwioTHOCTS 3apsna mmwoit Al | rme dl = Rder - Geckoneuno Maybii
NEMEHT MOMYKOIBIIA.
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| = 7R, crenosatensho, dg = % Rda = ﬂdot .

Jlns  HaxOKIeHWsT MOyl HANPSDKEHHOCTH TOJS  SJieMeHTa B IieHTpe OTYKOIbIA
nnrerpupyem dE, na orpeske (0,7 ).

x

E= I ! > adaz%fsinada:—%cosa‘gz%

7 4me,R 4re R 4re R 277g,R

Ilepen MHKEHEPOM YACTO BCTAaeT 3a]a4a HAWTH Kakue - JIMOO XapaKTEpHCTHKH Ha MAalloM
«EJIMHAYHOMY Y4aCTKe, OBICTPOE M KOMITAKTHOE PElICHNE TaKUX 3314 JA0T i epeHpaTbHbe
ypaBHCHUS.

JuddepeHimanbble ypaBHEHUS NPEICTAaBISIOT COOOH COBOKYIHOCTb Pa3IMUHBIX (DAKTOB,
UJICH M METOIOB IS IPUJIOKEHHH M MCCIIEIOBAHNI BO MHOTHX pazJieniaX (pU3HKH 1 MaTeMaTHKH.
borbiuas 4YacTh €CTECTBEHHOHAYUHBIX TNPHIOKCHHMHA CBf3aHa C  Au(QepeHIHaTbHbIMUI
ypaBHeHMsMH. MHKeHepbl B TPOQECCHOHATIBHOW  JESTENBHOCTH — YacTO  HCIIONB3YHOT
nddepeHIaTbHbIC YPaBHEHHUS IS PEILICHHs TIPAKTHUYECKHX 3a71ad.

Crnucok ucnoJib30BaHHOM JIMTepaTyphl:

1. TOD - TeoperHyeckue OCHOBBI NEKTPOTEXHUKN [DneKTpoHHbIH pecype] // 3amaua. URL:
http: // toehelp.com.ua / lekcii / 087.htm (nara obparenus: 21.12.2016).

2. Omsnueckuit Daxynsrer Kem['Y [Onektponnsiii pecypce] // 3amawa. URL: http: //
physic.kemsu.ru / pub / library / learn _ pos / electr _ magn / % D0 % 97 % DO % B0 % D0 % B4
% D0 % B0 % D1 % 87 % D0 % B8 / % D0 % 97 % D0 % B0 % DO0 % B4 % D0 % B0 % D1 %
87 % D0 % B8 % 201 / 1.6.htm (nara obpamtenns: 21.12.2016).

© AWM. 3ameiciiona, 2017
©N.A. baprom, 2017
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TUTPEMUATPAYECKHAN AHAJIN3

Turpumerpuuecknil aHamm3 (TUTPUMETPUs) - 9TO KOJIMUECTBEHHBI XUMMUECKUH METO[
aHaIM3a, OCHOBAHHBIM HAa TOYHOM M3MEpEHHH O0beMa CTaHIAPTHOrO pacTBopa (TWUTpaHTa),
BCTYTIAIOLIETO B PEAKLUIO C OMPE/EIEMbIM BELLIECTBOM.

CraHpapTHBIM HA3bIBA€TCSl PACTBOP peareHTa C TOYHO M3BECTHOM KOHIICHTpALMEH.
CranmapTHelid pacTBOp J00aBisieTcss M3 OIOPETKM MO KAIUBIM K OMPEIeIeHHOMY O0BeMy
QHAIIM3UPYEMOT'0 PACTBOPA. ITOT HPOLECC HA3BIBAETCS TUTPOBAHKEM.

CocTosHIE CHCTEMBI, KOT/Ia KOMMYECTBO J00aBIIEMOTr0 THTPAHTA SKBUBAJICHTHO KOJIIIECTBY
OIpPENEISIEMOrO BELIECTBA, HA3bIBACTCS TOUKOH SKBUBAJIEHTHOCTH, WIM TEOPETUUYECKOH TOUKON
KOHI[A THTPOBAaHWSA. {1 (PUKCHPOBAHMS TOYKM SKBHUBAJICHTHOCTH HCIIONB3YIOT DA3IYHbIC
MHIMKATOPbl WIM HHCTPyMEHTalIbHble METONbl. Pe3koe M3MeHeHHe OKpacku WHAMKATopa
COOTBETCTBYET KOHEYHOI TOUKE THTPOBAHHS, KOTOpasi, CTPOrO TOBOPsI, HE BCEra COBIMAAET C
TOYKOM SKBUBAIEHTHOCTH. [1.,.247]

Touky SKBHMBAJIEHTHOCTM B TUTPUMETPHUECKOM AaHAIU3E OLPENE/SIOT B COOTBETCTBHU
M3MEHEHUIO OKPACKH THTPYEMOTO PacTBOpa JIM00 MHIMKATOPa, BKIFOYAEMOT0 B Havase , IH0o B
XO71€ TUTPOBAHUS

[Iporenypy TUTpOBaHHS MPEACTABISIOT TpadHuecky B BUE KPUBBIX TUTPOBAHHS, KOTOpPBIE
JIAIOT BO3MOMKHOCTB SICHO TIOKA3aTh TMOJHBI MPOLIECC THTPOBaHWS M TMOAOOPATbh MHAMKATOP,
Han0oJIee ONTUMATBHBII € LENBIO MOMyYeHHs] KOHKPETHBIX PE3yTIHTATOB.

[MorpemHocT B THTPHUMETPUYECKOM — aHAM3E MOTYT OBITh  METOAMYECKIMH U
CIeIM(DHIECKIMIL, 00YCIIOBICHHBIMI OTIHYHTETEHBIMI YepTaMH JAHHON PEaKIHIL.

Bbinosinenne npoBeIeHusi TATPUMETPHYECKOT0 AHAIH3A

1.010mMpaeM TpH MOMOITM THIICTKU OINPEIEeCHHBIH 00BheM aHAIM3UPYEMOr0 pacTBopa —
KOTOPBIil Ha3bIBACTCS ATMKBOTA

2. IlepeHocHM alMKBOTY B TIPOOMPKY C IENbIO THTPOBAHUS, Pa30aBIsieM BOJIOO ¥ J00aBIsieM
WH]IUKATOP.

3.3anonHsieM OFOPETKY BEMIECTBOM TUTPAHTA M OCYIIECTBISIEM THPOBAHKME — MEUICHHO, TIO
KaIsiM, MpROaBJIeH e THTpaHTa K aTMKBOTE ACCIIEyeMOTo pacTBOpa.

4 3akaHuMBAEM THTPHPOBAHUE B MEPHOJ, KOT/Ia HHMKATOP TIOMEHSET COOCTBEHHYIO OKPACKY.
OTOT MOMEHT MMEHYETCsl KOHEYHOU TouKOW TuTpoBaHus — KTT.

S5.M3mepsitor  00ObeM THUTpaHaTa, KOTOPHIM TIOIIE] HA TWUTPOBAHME M BBIYUCISIOT €ro
KOHIICHTPALIUIO UCCIIEyEeMOTO PAacTBOPA.
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Knaccudpukanusi THTpUMeTPHYECKHX METO/I0B 0 MPHeMaM THTPOBAHUS

DI Ipamoe mumposanue. ONpenernseMplil 3MEMEHT HalpsIMy0 TUTPYIOT BELLECTBOM pearcHTa
00 HATIPOTHB.

2)Obpammnoe mumposanie. AHATI3UPYEMOE BELIIECTBO B3aUMOJICHCTBYET HE C TUTPAHTOM, a C
JIPYTEM KOMIIOHEHTOM ,HAaXO/ISIIIEMCS] B M30BITKE

3)3amecmumensroe (kocéerHoe) - aHATM3UPYEMOE BEILIECTBO X HE Pearupyer ¢ TUTPAHTOM, &
OIpEIENIETCs] KOCBEHHO.

TuNbI THATPHMETPUYECKOT0 AHAIH3A

TutprMeTprUUecKHii aHATIN3 MOJKET ObITh OCHOBAH Ha PA3HBIX BUAX XUMHYECKNX PEAKLMA:

o KHCIIOTHO - OCHOBHOE TUTPOBAHHE — PEAKIUI HEUTPaTIN3aLULL;

e OKHCIIMTEIBHO - BOCCTAHOBMTEIBPHOE THTPOBaHHE (IIEPMAHIaHATOMETPHS, HOIOMETPHS,

XpOMaTOMETpusi, LEPUMETpHs, OpOMATOMETpHs, BAHANATOMETPHS) — OKUCIHTEIBHO -
BOCCTAaHOBUTEJIbHBIC PEAKINH;
e OCaIUTENEHOE THTPOBaHUE (apreHTomerpus, reKCcoLaHo(eppaToOMeTpHs,

MEpKYpOMETpHsI) — PEaKLMH, MPOTEKAIOLINE ¢ 00pa30OBaHHEM MaJIOPACTBOPUMOIO COEIMHEHHS,
TIPH 3TOM M3MEHSIOTCSl KOHIICHTPALMN OCaXIAEMBIX HOHOB B PACTBOPE;

o KOMIUIEKCHMETPHYECKOE TUTPOBAHNE — PEAKIMH, OCHOBAHHBIC HAa 00PAa30BaHUH IIPOUHBIX
KOMIUICKCHBIX ~COGIMHEHMI, Hampumep, ¢ KomiuiekcoHoM (oOpmuo D/ITA), mpu 3ToM
W3MEHSIOTCS] KOHLIEHTPALIMK HOHOB METAIIIOB B TUTPYEMOM pactBope [2.,c166]

K xuMudeckoii peakuuy THTPOBAHUS NPEIbSBJISIOTCS MOC/IETYIOIIHE YCJIOBUS:

1. Crporast CTeEXHOMETPUYHOCTB, OTCYTCTBUE BTOPOCTENEHHBIX PEAKIINii

2. 3HaunTeNbHAs CKOPOCTh

3.IIpaxruueckass HeOOPATUMOCTb, OOCCIEUMBAIONIAS UYHCICHHOE M3MEHEHHE peardupyrommx
KOMITOHEHTOB B MPOJTYKTHI PEAKIIIN

4.Hanmaue noaxo/sIero HHuKaTopa

OcHOBHBIE /1eiicCTBHSI THTPHMETPHYECKOT0 aHAIN3A

1.0uncTKa, MBITBE, XpaHEHNE N3MEPUTEIILHOMN TTOCY IBL.

2. KoHTpOJ1b BMECTUMOCTU U3MEPHUTENBLHON MOCY IIbL.

3. B3sitre HaBeCKH € TOYHO U3BECTHOM MAcCOi 110 Pa3HOCTH UTOTOB JIBYX B3BCILIMBAHUI

4. KommuecTBeHHOE IIEpPEHECCHHE HABECKU BEIECTBA B MEPHYIO KOIOy M PacTBOPEHHE
BEILIECTBA.

5.3aronHe e U3MEpUTENIBHOMN TT0CY/IbI BEILIECTBOM.

6.0160p AIMKBOTHOM J0JTM AHATM3UPYEMOTO PacTBOPA.

7. TUTpOBaHKE 1 BHIYUCIICHHUS COITIACHO UTOraM THTPOBAHMSL.

HNugukaTopsl

1) uHmMKaTtop 00s3aH XOPOIIO PACTBOPSTHCS, MPESIOCTABIISSI PACTBOPBI, YCTONYMBBIC MPH
XpaHEeHHH;

2)B pacTBOpE MHAUKATOP 00513aH JeHCTBOBAaTh BO MHOTHMX KOH(UIypaLmsIX

3) LBETHOI MHAMKATOP JIOJDKEH CUIICHHO TTOTJIOIIATh CBET B 3aMETHOM c(epe CriekTpa

4) paznuusbie (JOPMbI MHAMKATOPA I0JDKHBI ObITh Pa3/IMYHbI COITIACHO CBOEH OKpacKe,

5) TpaHcopMaIms HHIUKATOpa M3 OAHOW KOH(HUIYpaliy B IPYTYIO NPH N3MEHEHUH COCTaBa
pacTBopa AOJDKEH IPOTEKATh BECbMa OBICTPO

6) 1epexo]| JOJDKEH BbI3BIBATHCA CAMHCTBEHHBIM TPEOOBAaHMEM, OZHUM M TeM XKe y BCeX
MHJIUKaTOPOB 3TOT0 BUJIA .
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MMOTEHLIMOMETPUYECKHI METOJ AHAJTH3A

[Norenmmomerprst (OT JAaTHHCKOTO potentia - Chiia, MOIIHOCTH M TPEYECKOro metreo -
M3MEPSIIO), AJICKTPOXUMMUECKUI METOJ| OIPENENICHNs BEIIECTB, KOTOPBII OCHOBBIBACTCS Ha
3aBUCHMOCTH PABHOBECHOTO 3JIEKTPOAHOrO moTeHuuana E or TepMouHaMU4eckoil akTUBHOCTH
BELLIECTB B AJIEKTPOXUMHUUECKOHN peaKLiH.

AXTyanbHOCTh JTAaHHOW TEeMBI 3aKJTIOYaeTcs B IIMPOKOM HCHOJB30BAHME TAHHOTO METONa
aHaIlM3a B TAKUX CIy4yasX, KOrja HY>KHO BOCHPOM3BECTH HKCIPECC - aHalIW3 BEUIEeCTBa, a
HE0OXOMMBIX PEAKTUBOB U 00OPYIOBAHHSI HET MIJTM OHO HEJIOCTYITHO B JAHHBIN MOMEHT .

[lpn TOTEHIMOMETPHYECKNX W3MEPEHHE COCTABISIETCS TAIBBAHMYCCKHMIT DIEMEHT C
VHUKATOPHBIM 3JIEKTPOJIOM M 3JIEKTPOJOM CPABHEHHS U OMPENENIOT 37C aHAIM3UPYEeMOro
3emMenTa. JlaHHBIA METOT JCUTCS Ha:

[Ipsimyro moTeHIOMETprN

[oreHnmoMeTprUecKoe TUTPOBAHHE.

[psivast noTeHIIOMeTpry Ga3UpyeTCst Ha ONpe/IeNIeHIN KOHIICHTPAIMH (aKTUBHOCTH) BEIIIECTB
TI0 M3MEPEHHBIM 3HaYEHHUSIM d7IC. B 3aBHCHMOCTH OT 00BEKTa UCCIIEIOBaHMUS BEIONPAIOT Hy KHBIH
VHMKATOPHBIA 9JeKTpoJ. B KadecTBe MHIMKATOPHBIX SIIEKTPOJOB YACTO TMPUMEHSIOT
cepeOpsiHbIe, TUIATHHOBBIC, CTEK/ISIHHBIC, a TAKKe HOHOCEIEKTHBHBIC JJIEKTPOIBL DIEKTPOIBI
CpaBHEHMs1 UMEIOT HeH3MEHAEMBbI IOTEHIUANT; IOCTATOYHO IIMPOKO MPUMEHSIOT KaJIOMEIIBbHBIN 1
XJ1opcepeOpsiHbIii  anekTpoa. [IpsiMas MOTEHIMOMETPUM HCIIONB3YeTCsl B TEXHOXHMMUYECKHX
KOHTpOJIe BUHOJENHS ISl OIpeJieIeHNs] KOHLIEHTPALMK B BUHE KaJbLMs, KaJIUsl, PACTBOPEHHOTO
Kucnopona, pH BuHa 1 BUHOMAaTepHaIOB.

[loTeHrmomeTprieckoe TUTPOBAHME OCHOBBIBACTCS HA M3MEPEHHH 37C HWHANKATOPHOTO
9NIEKTPOIa BO BpEMsl TUTPOBAHUS VI OMNpPEACNCHHS TOYKH HSKBUBAICHTHOCTH B PEAKLMUSIX
HEUTpaIn3alliy, OKHUCICHHS - BOCCTAHOBIICHHS, KOMIUIEKCOOOPA30BaHHS WM OCAKICHHSL.
BaxxupM sIBIISIETCST pe3koe M3MEeHEHHE MOTeHIaa HHIMKAaTOPHOTO AMEKTPOA PSZIOM C TOUKON
9KBUBAJIEHTHOCTU. [loTeHIIMOMETpUYECKOe THUTPOBAHME MWCIMONB3YETCd MPH  HEMPEPbIBHOM
HM3MEPEHUH 3IC KOMIICHCAILIMOHHBIM METOZIOM, a TAKKE C IOMOIIBIO PasiIMYHbIX YIPOILEHHBIX
CXeM, TO3BOJLIONIMX OINpEIENUTh TONBKO CKAadOK H7C B MOMEHT KOHIIA THTPOBAaHWSI.
IloTeHmomeTpruyeckoe TUTPOBAHME IMPOKO HCIONB3YETCsl TPU OIMpENETICHUN COJEpKaHuUs
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KUCIIOT B Ppa3IM4HBIX COKaX W BHHOMAarepHaiax. J{OCTOMHCTBA MOTEHLMOMETPHUECKOrO
THTPOBAHUS — 9TO HU3KWE TPAHUIIBI OMPEIENIEMbIX KOHIIEHTPAINi, 00BEKTHBHOCTH U TOYHOCTD
YCTaHOBJICHUS. KOHEYHOM TOYKM THTPOBAHMS, BO3MOJKHOCTh THTPOBAHUS B OKPAIICHHBIX M
MYTHBIX Cpe€lax, IIOCJIE/IOBATE/IbHOE TUTPOBAHUE HECKOIBKUX KOMIIOHEHTOB, IPOCTOTA
aBromMatmzanyu [ 1,c.372].

ToteHImOMeTpUYECKHIT METOA — 3TO METOJI Ka4eCTBEHHOTO M KOJIMYECTBEHHOIO aHAIN3a,
OCHOBAaHHBI Ha M3MEPEHUU TOTEHIMAJIOB, BO3HUKAIOIIMX MEX/y HCIBITYEeMbIM PacTBOPOM M
TIOTPY’KEHHBIM B HETO DJeKTpofoM. JlaHHBII MeTox peKOMEHIyeTcs JUIsl yCTaHOBJICHUS
JIOOPOKAYECTBEHHOCTH ¥ KOJIMYECTBEHHOTO aHA/IM3a HEKOTOPBIX (hapMaKONEHHBIX IPEernaparoB.
Hcnonb3yro  MOTEHIMOMETPUYECKOE TUTPOBAHUE, MOXHO Oosiee OOBEKTHBHO YCTAHABIMBATH
TOUKY SKBHUBAJICHTHOCTH, T09TOMY METOJI HAXO/HT IIMPOKOE TpaKTUYECKoe puMeHerue. OHIM
U3 HaIpaBJICHHs OTCHIMOMETPUYECKOrO METO/Ia SIBISIeTCsl XpOoHOoHoTeHIoMeTpust. CylHOCTb
9TOr0 METOfIa 3AKIIFOYAaeTCsl B TOM, YTO IMOTEHIMAI OJHOIO HMX JIEKTPOJOB 3aIMCHIBAIOT KaK
¢GyHKMIO BpeMeHH. [TOMMMO aHAJIMTHYECKUX 1eIed METOJl MOYKET OBbITh HCIIOJIB30BaH JUIsI
M3YYCHHS KUHETHKHM XUMHYECKHUX TTpO1eccoB. [I0TEHIIMOMETPHYECKUH METOL TAKKE MOKET ObITh
UCIIOJIb30BaH TIPM  VICCIIEIOBAaHUHM  TIPOLIECCOB  PAspyIUCHUs JIGKAPCTBEHHBIX BEIIECTB IPH
XpaHeHuu [2].

ToteHimoMeTpUst UMEET PsiJi NPEUMYILECTB - OOBEKTUBHOCTh M TOYHOCTb B OIpE/CICHHUE
KOHEYHOW TOYKHM THUTPOBAHMS, TAKKE HU3Kas TPAHULA ONpEEeNseMbIX KOHIIHTpALH,
BO3MOJKHOCTh TIPOBEJICHHSI aHAJIM3a B MYTHBIX M OKpAIICHHBIX PACTBOPOB, BO3MOXKHOCTb
J(hEPSHIMPOBAHHOTO  OIPE/IENICHUS PA3IMYHBIX KOMIIOHEHTOB CMECEH W3 OHOM IMOpLMH
pacTBopa, MpH YCIIOBHE pasinyumsi Ey COOTBETCTBYIOMIMX KOMIIOHEHTOB JJOCTATOYHO PA3IINYArOTCL.
TTOTEHIIMOMETPHIO MOYKHO TPOBOJIUTH ABTOMATHYECKH JI0 3a[[AHHOTO 3HAYCHHs TOTCHIMANIA,
KPHBBIC THTPOBAHUS MOXKHO 3alMCaTh KaK B MHTETPAIBHOW, a Takke B Ju(pdepeHIHaTbHOM
thopwme..

Cniucok MCnoJIb30BaHHOM JIHTePaTyphl:
1.AneckoBckuii B. b. ®usuko - xumudeckue MeTonibl aHamu3a. [IpakTidyeckoe pyKOBOICTBO:
[Vueb. mocoOue U1t XUM. ¥ XUM. - TEXHOJIOT. criell. By30B]. — J1.: Xumus, 1988.
2. http: // anchem.ru / literature / books / 01.asp
© JI.A buxbaesa, 2016

YK 543
3.U.I'anumoBa
CTYJIEHT 2 Kypca eCTECTBEHHOHAYyYHOTO (haKyJIbTeTa
CreprmtamMakckuid (puman barkupekoro rocy1apcTBeHHOTO YHHBEPCHTETA
Hayunsiii pykoBoaurens: T.®.lexTsipb
K.X.H., IOLEHT Kadeapbl «XUMHUHI 1 XUMUYECKOH TEXHOJIOTUI
Creprmtamakckuid puman barkupekoro rocy1apcTBeHHOTO YHHBEPCHTETA
I'. Crepnuramak, Poccuiickas ®eneparpst

TOHKOCJIOMHASI XPOMATOI PA®US

ToHkocy0lHas Xpomarorpadust B HACTOSIIEE BPeMs SBISETCS BaXKHBIM METOZOM aHAIM3a B
QHAIMTYECKON XMMHH, KOTOPbIH 3aHMMAET OJHO U3 BEAYLIMX MECT KaK B KAYECTBEHHOM, TaK U B
KOJIMYECTBEHHOM ~ aHam3e  (hapMaLeBTHYECKUX, MEAMKOOMOIOTHYECKUX, TPHPOJHBIX W
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XUMHYECKUX 00BEKTOB. ITO 0YeHb A(h(PEKTUBHBIN METOI aHAIIM3a CIIOKHBIX cMeceld. OH MpOCT 110
METO/IMKE BBINOJHCHHUS, TPeOyeT Mallo armapatypbl, [UIs aHaim3a He TpeOyercst OONBIIMX
KOJIMYECTB BellecTB. VIMEHHO MO NMpUYMHAM YIOMSHYTBHIM BBIIIE, M3YYEHHE TOHKOCIONHOM
XpoMaTtorpaguu ABILETCs aKTyaIbHOM MPOOIeMOi Ha JTAHHBII MOMEHT.

Xpomarorpadmaeckrii porece, MPOTEKAIOIIMI MPX JBIKEHNH TTOABIDKHONW (Pa3bl B TOHKOM
cinoe copOeHTa, HAHECCHHOM HA MHEPTHYIO TBEPAYK) TOMIOKKY (IUIACTHHKY) U3
COOTBETCTBYIOILIEIO MaTepuaia - CTeKia, MeTaula WM MOJMMEpPa, Ha3bIBACTCA TOHKOCIOWHOM
Xpomarorpadueli uim xpomarorpadueii B ToHKoM ciioe copoerta [1].

Meron Tonkocnoiinoit xpomarorpaduu (TXC), nomyynBImii B HACTOsIIEE BPeMsl IIMPOKOES
pactipoctpanenue, obut pazpadoran H.A Vzmaiinossiv 1 M.C. HlpaiiGep eme B 1938 1 [2, ¢.321].

B merone TCX HenozxBwkHas TBepzas (a3a TOHKMM CJIOEM HAHOCHTCS Ha CTCKIISIHHYIO,
METaUIMYECKYIO W IIaCTMACcCOBYIO IIACTUHKY. B 2 - 3 cM 0T Kpast [IIACTUHKU Ha CTapTOBYIO
JIMHUIO BHOCAT TpoOy aHAIM3UPYEeMOH JKMAKOCTH M Kpail IUIACTHHKM MOIPY)XalT B
pacTBOpUTENb, KOTOPBIH JEWCTBYyeT Kak TMOIBWKHAS (haza >KMAKOCTHOM —ajICcOpOIMOHHOM
xpoMarorpadum. Ilom meficTBHEM KaWULIPHBIX CHJI PACTBOPUTENb IBIDKETCS BIONb CIIOS
copOeHTa M C pPasHOW CKOPOCTBIO MEPEHOCHUT KOMIIOHEHTBI CMECH, YTO MPUBOAUT K HX
TPOCTPAHCTBEHHOMY paszierientio [2, ¢.321].

Cop0eHTbI M IIACTHHBI

Homnoxku 111 copOeHTa (TUIACTHHKK) OOBIYHO H3TOTOBISIIOT W3 CTEKIIA, AFOMHHHUEBOM
(bonbru wm nommGUpHOI rieHkH [3, ¢.41].

Inactums! os TCX cocTosT U3 Tpex IEMEHTOB: MOUIOKKA, CIIOH ancopOeHTa 1 CBA3YIOLIIEe.
B kauecTBe MNOIVIOKKM HCIONB3YIOT CTEKIISHHBIC IUIACTHHBI, ATIOMUHHEBYIO (ONBry U
TOJIMMEpHbIE TUIeHKH (TJIaBHBIM 00pa3oM mormdTiieHTepedTanataeie) [4, c¢.346]. CopbeHt
MOXKET OBITH HaHECEH Ha TMOIOKKY B BHJIE INMACTBI (3AKPEIUICHHBIN CJIOH), TOHKOTO TTOPOIIKa
(HEe3aKPEIUICHHBII CJIOM) WK ObITh MPUTOTOBJICHHBIM NP OOXKHUIE CHIIMKATENsl HA CTCKIITHHOW
wiactude [2, ¢.323].

Bce oHM JOJDKHBI yI0BIETBOPATH OOIINM TPEOOBAHMSAM:

- HE PaCTBOPATHCS B MOJBIKHOM (ase;

- XUMHYECKU HE pearupoBaTh ¢ XpoMarorpagupyeMbIM BELLIECTBOM;

- HE COJIEPKaTh KOMIIOHEHTOB, MEIIAOIIUX JIETEKTUPOBAHUIO U Pa3/IeIICHHIO;

- BEIIIECTBA, UCTIONb3yeMbIE [Tt 00pa30BaHusl CJI0SI, HE JIOJDKHBI ObITh OKpAILeHs! [ S, ¢.26].

Bbi0op pacTBopuTeIsi 1 HaHeceHHe MPOObI

BbI00p pacTBOpUTENS 3aBUCHT OT MPUPOJIBI COPOSHTA U CBOICTB QHATIM3UPYEMBIX COSIHHCHUH.
HacTo NpUMEHSTIOT CMECH PACTBOPUTENIEH 13 ABYX MM TPEX KOMIIOHEHTOB.

K pacrBopurernto, 13 KOTOporo npody HaHOCAT Ha CIIOH COPOEHTA, NPEIBSBISIOT CIEIYIOINe
TpeOOBaHMSA: MOJHAsA PAcTBOPUMOCTb B HEM BCEX KOMIIOHEHTOB IIPOOBI;, OTHOCHTENIbHAS
JeTy4ecTb (JUIs1 OBICTPOTrO YIAICHHS C IUIACTUHBI Pl HAYalIoM Pa3eseHNs1); HU3KOe 3HAUCHUE
R xoporas cMaunBaeMOoCTb CIIOS.

Jlns HaHeceHHMs 1POO MCTIONB3YIOT CTEKJIHHBIC WM IUIATUHOBO - MPUJMEBbBIC KalWIUIAPHI,
MHKPOIMIIETKH, IINPHUIBI, @ TAKKE CHELUANBHBIC JO3UPYIOIHE YCTporcTBa. s coXpaHeHus
AKTUBHOCTH CJIOS a7ICOpPOEHTa PEKOMEH/TyeTCsl BO BpeMs HAHECEHHUsI P00 TOKPHIBATh afcOPOSHT
BBILIIE JIMHUM HAHECEHHs CTCKIIIHHOM IUIACTHMHON M HAHOCUTH IPOOY 110 BO3MOXKHOCTH OBICTPO U
TIATEIILHO BBICYIIIMBATH Tiepest XxpoMarorpaduposanueM [4, ¢.352].

Cnoco6n1 mpoBeaennst TCX

B TCX 6naronapst OTKpbITOMY CJIOKO COPOEHTa MOKHO OCYILECTBHTD TPH THIIA JTFOMPOBAHUS:
JIMHEHHOEe, KPyroBoe M aHTUKpyroBoe (puc.l). Hambomee mmpoxo HCMONB3yIOT JIHHEHHOE
pasBuTre xpomarorpamm. [IpoObl HAHOCST Ha CTAPTOBYIO JIMHUIO [APAJLIEBHO OJHOM U3 CTOPOH
miacTuHbl. [InacTuHy NOMEIAloT BEpTUKAIBHO B XpoMarorpaduueckyro Kamepy, Ha JHO
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KOTOPOH HAaMT SIOEHT, W mpoBoaaT Bocxomamyro TCX [4, c¢354]. B Bocxomsueit
XpoMaTorpaguy pacTBOPUTENb IOJHUMACTCS BBEPX MOX NEHCTBHEM KAIWULIPHBIX CHII, B
HUCXOJSALIEH — PaCTBOPUTENb NEPEABUTACTCS 110 CIIOI0 BHU3 [OJ JEHCTBUEM U KAIWULIPHBIX, H
TPaBUTALOHHBIX CUII [2, ¢.324]. JIuneliHoe pa3BUTHE XpOMATOrpaMM MO>KHO OCYIIECTBHUTD U TIPH
FOPU30HTAILHOM ~PACMONIOKEHUH IUIacTuHbl [4, ¢.354]. T'opusoHTanbHas Xpomarorpadus
BBINOJIHSICTCS. B BHJIC KPYrOBOW M CO CBOOOJHBIM HCIAPEHHEM pacTBOpHTENS. B Kkpyrooii
xpoMarorpaguy B IEHTP TIOPU3OHTAIBHO YCTAHOBJIEHHOH IUIACTUHKY BHOCAT —KaIUIIO
AQHAIIM3UPYEMON CMECH U HeNpEephIBHO MOJAIOT PACTBOPHUTENb, KOTOPBIA IO JAeHCTBHEM
KalWULIPHBIX CIJI ABWKETCS B PaiMaIbHOM HaIpaBlIeHMH OT LeHTpa. B antuxpyrosoii TCX
1poOBI HAHOCST 1O OKPY>KHOCTH TI0 Tiepe(hepr TUIACTUHBI U DITIOSHT MOJAI0T B HATIPaBICHAH K
LIEHTPY IJIaCTUHHI [2, ¢.324].

Pucynox 1 — Tunst amonposanus B TCX: a — muHeiiHOe (BEPTHKAILHOE),
0 — mmHelHOe (TOPH30HTAIIBHOE), B — KPYTOBOE, I' — AaHTUKPYTOBOE

IposiB/ieHHe XpoMATOrpaMM U MAEHTHHUKALUS

ITo oxoH4aHMM XpomarorpaupoBaHKs 30HBI HA XPOMATOrpaMMe MPOSIBISIOT XHMHYECKIM
win guzndeckuM criocoboM. [Ipr XMMHUUYecKoM croco0e MIIACTUHKY OIMPBICKUBAIOT PacTBOPOM
peaKTHBa, B3aMMOJIEICTBYIOIIEro ¢ KOMIIOHEHTOM cMecH. [Ipu oOpaboTke, HanpyMep, mapamu
MOJIa YETKO TIPOSIBILIOTCS HEINpeiesibHbIe CoeMHeHHs. B (u3uueckux criocodax MposiBICHHUS
UCIIONB3YeTCsl  CIIOCOOHOCTh  HEKOTOPBIX ~ BEHIECTB  (MIyOpecMpoBaTh MO JSHCTBUEM
YIABTPAUONICTOBOIO H3IYYCHHs, 4YacTo TpH J00aBlIeHUH (IIyOCHMpPYIOIEr0 WH/MKATOPA,
B3aMMOJICHCTBYIOIIET0 C KOMIIOHEHTaMH CMecH. Belecta, 0ONaaromuye paauoakTUBHBIM
W3Ty4YeHHEM, OOHAPYXKUBAIOTCS METOIOM — PAJMOAaBTOTpaguu €  TIOMOIIBI  Pa3IMYHBIX
(oromarepuaios. [Tocie POsIBICHHS XPOMATOrPaMMBI TIPUCTYIAIOT K HICHTH(UKALAN BEIECTB
U anbHelmeMy aHammsy [2, ¢.324].

KauecrBennblii anaan3

ITpomre Beero mueHTH(HKAINS BEIIECTBA MOJKET OBITH ClIENIaHa, €CIH IISITHO ONPEEIIeMOro
BEIECTBA HMEET XapakTepHYI0 OKpacKy WJIM ONpelelsieMoe BeIIecTBO o0pasyer Ha
XpOMATOrpaMMe OKPAIIeHHOE IISITHO TI0J] JIEHCTBHEM CIEHHATBHOIO peakTiBa. OIHAKO YHCIIO
TaKMX BEIECTB, OCOOCHHO OPraHMYECKHX, HEBEIMKO, TO3TOMY METOJ MMEET OrpaHHYCHHOE
npuMeHenve (2, ¢.324].

KosnyecTBenHblii ananims

Komnuectennble onpenenennsi B TCX MoryT ObITh CHOENaHbl MM HEMOCPEICTBEHHO Ha
TUTACTUHKE, WK TI0CJIC Y/IAJICHHS! BEIECTBA C IUIACTUHKHU. [IpH HEMoCpeICTBeHHOM OTpE/IeIICHUH
Ha TUIACTHHKE MBMEPSIOT TeM WM WHBIM METOIOM IUIOIIA[b IATHA (HarpuMep, ¢ MOMOLIBIO
MWUTIMETPOBOH KaIbKH) M IO 3apaHee MOCTPOSHHOMY I'PalyHpOBOYHOMY IpadUKy HAXOIST
KOJIMYECTBO BEIIIECTBA.

[MpuMeHsrOT ~ Talke TPSAMOE  CHEKTPO(POTOMETPHPOBAHHE IUIACTHHKH C  TOMOILBIO
CIIEKTPOJICHCUTOMETPOB. JJsi  KOJIMYECTBEHHBIX PACYETOB TAKKE IIPEABAPUTENIBHO CTPOST
TPalypOBOYHBIH IpadHK, UCIIONB3YsI ONTHYECKYO TUIOTHOCTh B IIEHTpE msTHa [2, ¢.325].
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Ilpumenenue

BbiaernsitoT Tpr OCHOBHBIX 00J1aCTH MPUMEHEHHsI TOHKOCIIONHOM XpoMaTorpagu.

1. JlemoHcTpanust OCHOB XpomMatorpaduu, ObICTphIe MPEIBAPUTENBHbIC IKCIIEPUMEHTHI VIS
ONTHMH3ALMH [PENAPATUBHBIX XPOMATOrPaUUECKHX Pas/IeIICHH.

2. MHccnenoBarelbcKkue MHCTPYMEHTBI B aKaIEMHYECKOW W TMPUKIIATHON MPOMBIILICHHOH
HayKe, MCIOJb3yeMble Ul M3y4eHHs OOJBIIOro 4Kcia 0Opa3lioB; KOMOMHALMSA IUIAHAPHOTO
paszieneHust ¢ OGUOJIOTMYECKOM, CIIEKTPOCKOIMYECKOM U MacC - CIIEKTPOMETPUUYECKOM JIeTeKIMeit
(3aMeHa MeTo/Ty KOJIOHOYHO# Xpomarorpadun).

3. Wpentudwkamyss MEIUMIMHCKUX ¥ TMIIEBBIX  PACTUTEIBHBIX ~ KOMIIOHEHTOB  IIO
BJIMJMPOBAHHBIM ~ METOJMKAM  C  MOBBIIIGHHBIMM  TPeOOBAaHMSIMM K  TOYHOCTH,
BOCHPOM3BOAMMOCTHU U 4yBCTBUTENHLHOCTH [6].
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1. Tpéxropusiii, Poccuiickas @enepanust

TEXHOJIOT'MU U OBOPYJOBAHUE OUUCTHBIX COOPYKEHUM
NMPUBOPOCTPOUTEJIBHOI'O ITPOU3BOJICTBA

Ipesunenrom Poccuiickoit ®eneparmu 2017 ron Obul 00bsiBIeH ['070M  HKOIOTHH.
OOs13aTeIbHBIM ~ YCIIOBHEM  JIFOOOTO  TIPOM3BOJICTBA  SBILIETCST  oOecredeHne  Oe30IacHOCTH
OKPYIKAFOIIIEeH Cpejibl MPU YTHITM3AINN OTXO/I0B MPeAnpusTHs. [TpobiieMa OUYHCTKHA CTOYHBIX BOJL
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deneparbHOrO rocyJapCTBEHHOIO YHUTApHOro npeanpusitis «[IpuOopocTpoUTeNbHBI 3aBOI
(OI'VIT «IIC3») Hazpena nmaBHo. Ha cerommsmummii nens pykoBoactBom DIVIT «I1C3»
TIOJITOTOBJIEHA BCS TPOEKTHAst MOKYMEHTAIWsI M Hadagach paboTa MO TOAO0OpY M TIOMCKY
addexrrBHbIX TexHONOrHMH. K 3TOH pabore ObUIM MOJKIFOYEHBI CTYACHTHI TPEXropHOro
TexHonorndeckoro uacrutyta HASTY MU®U. Llemn u 3ama4m ObUTH MTOCTABIICHBI HAYATEHUKOM
LeHTpaibHO# 3aBockoit madoparopuu OIYTI «I1C3» — [NenensieBbiv B.D.

Tenp: npoanamM3upoBaTh CYIIECTBYIOIIME TEXHOJIOTHH OYKMCTKH IPOMBIIIICHHBIX CTOYHBIX
BOJI OT OTIPEJIEIICHHBIX BEIIECTB, BEIOPATh HanOoee Y(h(pEeKTHBHEIE ¥ YHHBEPCAIbHBIE.

Ounctky npoMbIUIeHHBIX CTOUHBIX Box DI'VII «IIC3» HEOOXOmMMO OCYIIECTBIATH OT
CHENYIOIMX KOMIIOHGHTOB: CYXOH OCTATOK, B3BCIICHHBIC BEIECTBA, CHHTECTHYCCKHE
noBepxHocTHO - aktuBHbIe BeuiectBa (CIIAB), xmopumapl, cyib(ursl, (ocdarsl, aMMOHHI -
HOHBI, IaHuIbI, xerne30, xpoM (111, VI), muHK, KagMui, Meb, HUKeIb, CBUHEL, HehTerpoIyKTsl,
HUTPUTHI, HUTpAThI, OHomordeckoe norpedienue kuciopona (bI1K), ¢propumst.

B cBoeii paboTe, 110 1oa00py 1 aHAIM3Y METOJIOB U TEXHOJIOIUH, OIMPAIINCH Ha CICYIOLINS
kputepur: P(EKTUBHOCTH OYMCTKH OT 3arpsi3HEHHBIX BEIIECTB; [HANa30H PUMEHEHUs
TEXHOJIOTHH  (HarpuMep, 3IeKTPO(IIOTAlMs IPOU3BOAUT OYHMCTKY OT KaTHOHOB TSDKEIBIX
metamioB: Cu, Ni, Zn, Cd, Cr, Al, Pb, Fe, Ca, Mg); npor3BoIHTEIIEHOCTE 000PY/I0BAHHIS.

MeTo0B OrpOMHOE MHOXKECTBO, MIMEHHO, B OTOM M 3aKJIFOYaeTcsl ofHa u3 mpobiem. Bee
METO/IbI OUVICTKH CTOYHBIX BOJ MOAPA3ICIIOTCS Ha (hr3HMUecKre, XMMHUYECKUe, OHOTOrHIeCcKHe.
B GobLIMHCTBE Ciy4aeB MCIOJIB3YeTCs] KOMILIEKC Mep JULs 00eCIIeYeH s KaueCTBEHHOH OYMCTKH.

Ilo pesynbTaTtam NOHWCKOBOW HAyYHO - HCCIIEAOBATENBCKONM pPAOOThL, CKOMIIOHOBAaHHBIM
MarepuajaM ObUla COCTaBjeHa CBOAHAs Tabiuma 1, ¢ TOJOOpaHHBIMM METONaMH U
TEXHOJIOTHSIMHL.

Tabmuma 1 — TexHonorun 1 000pyAOBAHUE OUUCTKU CTOYHBIX BOJ

Merton O4uIaeMbIid KOMITOHEHT

DutbTparys ¢ IPUMEHEHHEM NH,, B3BeILCHHbIC BEILECTBA

MMIIETHUPOBAHHOTO YIIIs

Aspamus NH.,", Mn, CH,, H,S , Fe

OO0paTHBIIT 0cMOC NH,', Li, Na, SO427, B, NH;, Fe, NOs ™, PO43 cl,
Ca, Mg, Mn, Pb, Cd, cyxoii ocratok

XiopupoBaHe NH,', C¢HsOH

MoH00OMEHHBIH MeTOT CIIAB, NH,', Cr, Zn, Fe, Pb, Cu, Hg,
coequHeHHs (hocopa, HAHUIB

Buonoruueckuii MeTo CIIAB, SO,”",NH,", Cd, Pb, Zn

CopOrmst NH,', B3BEIILB - Ba, He(TETPOIYKTHI, MACTA 1
JKUPBI

Drorarus NH,', [TIAB, HedTh, HeTEPOTYKThI, MacJIa,
BOJIOKHHCTBIE MaTEpUAIIbl, B3BEIIL B - Ba

AncopOrust CITAB, C¢HsOH, repOuimibt, IeCTHITHIEL,
APOMATHIECKHE HUTPOCOCSIMHEHUSI

DITEeKTPOKOATYIISIIHS CIIAB, anxusncyns(hoHaThI, SMYITECHN
HEe(DTENPOTYKTOB, XKUPOB M MaCe

AHMOHOOOMEHHBIE CMOJIBI SO, Cl',NO; ™, CO*

DJeKTpo a3 Cyxoii octatok, NO;~

OnektpodiioTaTop Cu, Ni, Zn, Cd, Cr, Al, Pb, Fe, Fe, Ca, Mg

OuuctHble coopy>xeHust Bekca BIIKS, HedrenpoyKThl, B3BEILL B - Ba

Pearentrpiii(Ce(S04)2 / Ce2(S04)3) F~
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VY kaxnoro Merona ObUTH M3YHYEHBI CICYIOIIME MOKasaTenu: 3(PQeKTUBHOCTb, CTOUMOCTD,
TIPOH3BOMTEIBHOCTD, TOCTOMHCTBA, HeloCTaTKH. Harprmvep, kpaTkast HH(OpMAIHS 0 HEKOTOPBIX
MeTozax. DIeKTPO(IOTALMS — METOJ] OUHCTKU CTOUHBIX BOJI TSDKEJIBIX METAJLIOB, MAcel U KUPOB,
OCHOBAHHBII Ha 3MIEKTPOXUMUUYECKUX IIPOLECCAX BBIICIEHUS BOAOPOAA M KHUCIOPOJA 3a CUET
AMIeKTposM3a BOAbl M (uoTaionHoro 3(dekra. JIOCTOMHCTBA: BO3BpAT OYMINAEMOW BOJIBI
00paTHO B MPOM3BOICTBO, OYHCTKA IPOM3BOAUTECS OT OONBIIOTO CIIEKTpa 3arps3HEHIIL
Henocrarku: HeoOXOAMMOCTb  pa30aBlIeHMs] CHIIBHOKOHLIEHTPHPOBAHHBIX BOJX, aHOL U3
Joporocrosiiero Marepuana [1, c. 10 - 12].

Haubonee yHuBepcanbHbIil XMMUYECKH MeTO/] — copOis. OCHOBaHBI OHM Ha CIOCOOHOCTH
HEKOTOPBIX BEIIECTB MOMIIONIATE ApyTHe. B kadecTBe copOeHTa MOKHO HCTIONB30BaTh IPEBECHBII
yIoJlb, aKTMBUPOBAHHBIA Yrojib, KOKC, Topd M 1p. B mporecce ourctkn HeoOXomumo Oyner
OuYMIIaTh COPOCHTHL JIOCTOMHCTBA: BBICOKAS CTCIICHb OYMCTKU CITaOOKOHIICHTPHPOBAHHBIX
CTOYHBIX BOJ; BO3MOXKHOCTb OUMCTKM Cpa3y HECKOJBKUX BEIIECTB M HX PEKyINEpaLHIo.
Henocratkn: orpaHimIeHHas eMKOCTB a/ICOPOEHTA; BRICOKAS CTOMMOCTD CMEHHBIX JJIEMEHTOB.

B nexabpe cocrosiiack BCTpeda C  Kyparopamu —JaHHoro rmpoekta ¢ DI'YII
«IIpruOOpPOCTPONTENEHEI  3aBOMY: HAYANBHIKOM IICHTPAIBHON 3aBOACKOI  J1abopaTopu
[enemnsiebv B.®. 1 pykoBoueneM rpymmsl sxonoruyeckoro odecriedennst UIBKT IlactyxoBoit
T. Bpumm onpe/ierneHs! IepCIeKTUBBI JaTbHEHITIeH paboThL, a IMEHHO, OTPE/ICIICHBI 1Ba OCHOBHBIX
HaIpaBJIEHUs: OYKMCTKA BOJ OT CMA304HO - OXJIMKIAIOLIEH JKMIKOCTH M yTWIM3aLusl OTXOJO0B
HoCTIe  AMEeKTpornoupoBki. Ha Oase 3aBoja MiaHUpyeTcs CO3MaHHEe HEKOTOPBIX MoJerel
OYHCTHBIX YCTAHOBOK, HAIIPAMEp, OYHCTKA BOJ TTOCE padOThl MOCYHBIX MAIlH B Hexax. Taroke
OblTa 3aIIaHMPOBaHa KCKYpCHs B IleXa C MOTEHIMAIGHBIMH 3arps3HEHUSMH CTOYHBIX BOJ
HPeIPUSATHSL.

CrHcoK HCIO0/Ib30BAHHOI JIUTEPaTyphbI:

1. KonecmmkoB B. A., Kamyctun 0. U. u ngp. / Tlom pen. B. A. Komecnukosa.
OneKTpodIOTAIMOHHAS TEXHOJOTHST OYMCTKU CTOYHBIX BOJ IPOMBIIIICHHBIX TPEIPHSTHIA. M.,
2007.

© D.A. T'auamos, E.I'. Cyposuosa, 2017

VK 543.244.6
A.C.I'opneeBa
CTYZIEHT 2 Kypca eCTeCTBEHHOHAYYHOTO (haKyIbTeTa
Crepnutamakckoro ¢punmana balkupekoro rocy1apcTBEHHOTO YHUBEPCUTETA
Hayunblii pykoBogutens: T.®.[lexTsapb
K.(b.H., 101IeHT Kadeapbl « XUMUH U XUMHYECKON TEXHOJIOT D)
Creprtamakckoro (punmmana bakupekoro rocy1apcTBEHHOTO YHUBEPCHTETA
I'. Crepnuramax, Poccuiickast @eneparmst

KOMILIEKCOHOMETPUSA

KOMHJ'ICKCOHOMGTpI/Iﬂ — OTO OJIMH M3 METOIOB, HCIIOJIBE3YCMbIX B AHATUTUYECKON XUMUU,
TMPUHIAIT  KOTOPOro  3aKIIFOYAcTCd B o6pa3013aHHe KOMIUICKCHBIX ~ COCTUHCHHUI MEKIDY
AHAJIM3UPYEMBbIMA KaTUOHAMM C OPraHMYCCKUMU pear€HTaMu — KOMIIJICKCOHAMMU.
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AKTyallbHOCTh  TAHHOW TEMbl COCTOMT B MCIOJIB30BAHUS KOMIUIGKCOHOMETPHUM IS
ONpeIeNeH!s] KOHIEHTPAIMN HOHOB OOJTBIIION0 KOTIMYECTBA METAILIOB (MArHUM, KAJIBLHS ,[IAHKA 1
T. I.) B PacTBOpa. DTOT METOJ IIMPOKO NPUMEHSIOT JJIsl OLPEAETICHHUS YKECTKOCTH BOJBL.

Ipy KOMITTEKCOHOMETPUIECKOM aHAIM3E B KA4eCTBE PabOyero BEHIECTBA JIOCTATOYHO YacTo
MOXKET UCTIONb30BaThest TpuitoH b(1) .

NaOOCCH, \_ ~ CHyCOOH
N-CHz-CHz-N\
HOOCCHj5 CH,COONa(1)

Tpunmonom b Tak Ha3pBalOT By3aMEIICHHYIO HATPHEBYIO COJb  OPTaHMYECKOM
STUICHANAMUHOTETPAYKCYCHON KHCIIOTHI.

Tpumon b — 570 Wb OOHO W3 Ha3BaHME BEIIECTBA; TAKKE MAHHOTO OPraHAYECKOe
COC/IMHEHFIC IMECT Ha3BaHHE: XeIaTOH, BepCeH, 1 KomIuiekcoH I11.

CoxparlieHHOe 0003HaYeHHE MOJIEKYJIbI JaHHOTO coeuueHnst: Na,Hy Y.

OTO OpraHMYecKoe BEIECTBO JIOCTATOYHO JIETKO MOXET O0pa3oBbIBaTb IIPOUHBIC
BHYTPHUKOMILIEKCHBIE COMU ¢ OOJBIINM KOJIUYECTBOM KaTHOHOB MeTauioB. Comu 00pasyrores, 3a
CYeT 3aMELICHMS METAUIOM BOJOpOAA KapOOKCWIBHBIX TIpYINN, a TaKkKe B PeE3yJbTaTe
00pa3oBaHIs KOOPIMHALMOHHBIX CBSA3EH MEX Ty HOHAMHI METajlla M aTOMaMH a30Ta.

[Ipn KOMIIIEKCOHOMETPHYECKOM THTPOBAaHWM K aHAIM3UPYEMOMY PAcTBOPY, COIEpIKAILEMY
ONpe/IeIsieMblil BUIl MOHOB, MEIICHHO NPHIMBAIOT THTPOBAHHBIM PacTBOp KOMILIeKcoHa. [1o
Mepe MPOTEKaHUsT THTPOBAHUS, OMpeNeNsieMble HOHbI HAYMHAIOT CBSI3BIBATHCS B KOMILIEKC, a B
TOYKE SKBUBAJICHTHOCTH OHM IPAKTHYCCKU IOJHOCTBIO IEPEXOIAT B KOMIUIEKC, HcUesas H3
AHAIM3UPYEMOT'0 PacTBOpaA. JIaHHYIO PEaKIIIO B 00LIEM BUJIE MOMKHO 3aIMcaTh TaK (2):

Mg™ + NaH,Y =Na,MgY +2H" (2)

JInst IONHOro MPOTEKaHWs Peakiy MPH KOMIUIEKCOHOMETPHYECKOM aHan3e, HE0OXOIUMO
9ToOBl HMOHBI BOJAOPOJA HAXOMWIMCh B DAacTBOpe B CBs3aHHOM Buie. Uit storo mpu
KOMITIEKCOHOMETPHYECKOM THTPOBAHNE HEOOXOIMMO K aHAIM3UPYEMOMY PacTBOpY J00aBIICHHE
OydepHOro pacTBopa, HalpUMep, AMMHAYHO - Oy(pepHast CHCTEMBI .

Komrmrekconarst D/ITA ¢ moHaMH METaIOB MPEJICTABILIIOT COO0H OeCIBETHBIE COSIMHEHUS,
kak 1 D/ITA, mosToMy TOYKa IKBUBAIETHOCTH KOMILIEKCOHOMETPHUESCKOTO THTPOBAHUS MOXKHO
(MKCHPOBATH JIMIIL NP TIOMOIIM HHJMKATOPOB. B TakMX CiIydasx MOXKHO HCIOJNB30BATH
KHCJIOTHO - OCHOBHBIC HH/IMKATOPBI, OTTUTPOBBIBAS B X IPHUCYTCTBHH IIETI0YBE0 HOHBI BOJIOPO/IA,
o0OpasoBaBIivecs npu B3aumoyieicTBur katnoHoB ¢ DJITA (kocBeHHOe TuTpoBaHKe). OHAKO,
KaK MPaBHIO KOHEYHYI0 TOYKYy THTPOBaHHWS B  KOMIUICKCOHOMETPHH  ONPEAEILIOT
METaIUIOXPOMHBIMH HHIMKAaTOpaMy. JIaHHbIe HHAMKATOPHI SBISIIOTCS COJISIMH MHOTOTPOTOHHBIX
OpPraHMYeCKHX KHCIIOT, CIIOCOOHBIX 00pa30BbIBATH C HOHAMU METAILIOB HHTEHCHBHO OKpAIlICHHBIE
coemuHenws [ 1, c.424].

WHIMKaTopsl — BEIECTBA, KOTOpBIE CIY)KAaT KOHEYHOW TOUYKOH THTPOBAHHS, KOTOPbIS
00pa3yIoT OKpAIIICHHbIC COSIMHEHUS ¢ HOHAMHU OOJBIIMHCTBA METAIUIOB. TaKiM HHIMKATOPOM,
HarpuMep, ABJIAETCs KUCIOTHBIN XpoM cuHuii K.

WHapKaTopsl HIMEIOT pa3HbIe MOKa3aTeNH TyBCTBUTEIBHOCTH, X OKPAIICHHBIE COCIMHEHMS C
MOHAMH METAJIOB BO3HUKAIOT HPH PA3JTMYHBIX, HO OMPE/IEICHHBIX VTS JAHHOTO MHIMKAaTopa U
JUTS. BBIOPAHHBIX YCJIOBHI KOHIIGHTPAIMSX 3THX HOHOB. Hampumep, sproxpom yepHbiidi T paer
OKpaIIIeHHbIE COSIMHEHNE C KTBLIMEM IPU KOHLIEHTPAIIMH STOTO HOHA PUMEPHO 7 MKT — 3KB / T,
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[0 OTHOLICHHIO K HMOHAM MarHusi 3TOT MHIMKATOp Oo0Jee YyBCTBHTENEH, TaK KaK OKpacka
HAUMHAET BO3HUKATh YoKe PH 4 — 5 MKT - 5KB / JL.

YCTONUMBOCTE KOMILIEKCA UMEET CYLIECTBEHHYIO 3aBUCUMOCTB OT nokaszarens pH pactsopa.
[TosTOMy KOMILIEKCOHOMETPUYECKOE THUTPOBAaHHE IPOM3BOIAT B 3aJaHHOM HHTepBaie pH,
HCTIONB3ys pasindHble OygepHble pacTBOpbl. HekoTopble KOMILIEKCOHATBI, HAIPUMEpP, MOHOB
Ca>" u Mg”', MoryT GbITh YCTOHUMBBI JIMIIb B IIEIOUHOM cpene. MoHsI, oGpasyrommme Goree
MIPOYHBIE KOMILIEKChI (Zn2+, Pb* ), MoxxHO THTpoBath DJITA B yMepeHHO KHCIOH cpene, a,
HaIIPUMEp HOHbI GFe3+, Zr4+), MOXKHO TUTPOBATh U B CWJIbHOKUCIION. Brumsinue 3nauennst pH Ha
HPOYHOCTh KOMIUIEKCOHATOB J1aeT BO3MOMKHOCTH IOCPEACTBOM peryiupoBkd pH mpoBoauTsb
KOJIMYECTBEHHBIC OIPE/IEICHHs] HY)KHBIX HOHOB B HPUCYTCTBHM HHBIX(MEILIAIOIMX aHAIU3Y)
HOHOB. B 3aBHCHMOCTH OT HOCTaBIEHHOH LIEJHM QHAIN3a KOMILIEKCOHOMETPUYECKOE TUTPOBAHHE
MPOBOZIAT TIPSIMBIM, OOpAaTHBIM MJIM  3aMECTUTENBHBIM  CIIOCOOOM. Peakiio THTpOBaHMS
mozermpytor TKT, moctpoenHoid B koopmuHatax «pMe - V(OATA)». Bemmumna ckauka
TUTPOBAHUSA PACTeT C YBEIWYCHHEM KOHIIGHTPALMi pearnpyrolyX BEIIECTB, BEIMYMHbBI
KOHCTaHTbI YCTOMYMBOCTH KOMILIEKCOHATA U TEMIIEPATyphlI [2].

Takum 00pa3oM, METOOM KOMIUIEKCOHOMETPUM MOMKHO HCHONB30BaTh IS OHMPEIeICHHUS
KaTHUOHBI OOJIBIIOTO KOJMIECTBA META/UIOB: MAarHIs, KaJIbLIWSL, IIMHKA, ATIOMUHIS, Oapysi, CBUHIIA
1 MHOrue apyrue — 6osee 40 pa3niHbIX KATHOHOB.

CrHcok ucnosIb30BaHHOM JIMTepaTyphbI:
1.Kynre V., HIeenr I'. OcHOBBI Ka4eCTBEHHOTO M KOJIMYECTBEHHOT0 anamm3a. M.: Mup, 1997.
2. http: // revolution.allbest.ru / chemistry / 00107471 _ 0.html.
© A.CI'opneesa, 2016

YIK 543.242
3.H./{aBs1eTky/10Ba
CTYZEHT 2 Kypca eCTeCTBEHHOHAY4HOTr0 (paKysbTeTa
Creprmmramakckuii human bamkupekoro rocyjapcTBeHHONO YHUBEPCHTETA
Hayunblii pyxoBoautesib: T.MD.JlexTsipb
K.X.H., JIOLEHT Kadeapb! « XHMHH 1 XUMHIECKOH TEXHOJIOTHID)
Creprmramaxckuii ¢umman barkupekoro rocy1apcTBeHHOTO YHUBEpCHTETa
I'. Crepnuramak, Poccuickas ®enepartiist

OIIPEJEJIEHUE KEJIE3A OKUCJIMTEJIBHO - BOCCTAHOBUTEJIbHBIM
TUTPOBAHUEM

B aHamMTHYecKHX JIaDOpaTOPHsX OIPEICICHHEM JKejie3a MPUXOIUTCS 3aHHUMAThCSI OYCHB
YacTo, MPH UCCIICIOBAHNN CAMBIX Pa3HOOOPA3HBIX PUPOJHBIX U [POMBIIILICHHBIX MaTepHalioB. B
GOJIBIIIMHCTBE CITy4YacB Ha MPAKTHKE 9TO OKa3bIBACTCS HEJIETKOM 3a/1auei, Tak Kak MHOTHE METOTbI
OIpe/IeNIeHHsI XKeJIe3a HECEICKTUBHBI.

JKeneso sBisieTcss OJHUM U3 CaMbIX HCIIOIb3YEMBIX METAUIOB, HA HETO MpUXOoAUTCs 10 95 %
MHPOBOTO METAJLTYPrHYECKOr0 MPOM3BOJCTBA. DTOT METAIUT MPOSIBIISACT PasIMUHbIC CBOWCTBA M
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00J1acTy ero MpUMEHEHHsI OUeHb Pa3HOO0Pa3HbL. ITO, MOXKATYM, CAMBII BKHBIN B HAIIICH JKH3HA
Metau1. CTaB M3BECTHBIM 4EJIOBEUECTBY, OH 3aHSII MECTO OPOH3BI, KOTOpasi Ha TOT MOMEHT ObLia
OCHOBHBIM MAaTepUaJiOM JUISl M3TOTOBJIICHHSI BCEX OPYIHMI TpyZa, a Takke opyxus. Hambomee
W3BECTHBIE CIUIABHI KeJe3a - CTalb W YyTYH BO MHOTOM IIPEBOCXOIAT CIUIAB MEH C OJIOBOM C
TOYKH 3PEHHsI CBOMX (PU3HMUECKHX CBOWCTB M YCTOYMBOCTH K MEXaHUUECKUM BO3ICHUCTBHUSIM [ 1].

Ha mpaktuke s onpesesneHus xese3a MCHOJB3YIOT OKHUCIHTEIBHO - BOCCTAaHOBUTEIBHOE
TUTPOBaHUE. METO/ PEIOKCUMETPUYECKOTO THTPOBAHMS SBIISIETCS YaCTO MCIIONIB3YEMBIM CPEIH
TUTPAMETPHYIECKIX METONOB. MeTOIpl OKHCIHUTENBHO - BOCCTAHOBUTEIBHOTO THTPOBAHUS
OCHOBaHbI HA HCIOJIG30BAaHMM PEAKUMH C MEPEeHOCOM 3JIEKTPOHOB OKHCIMTEIBHO -
BOCCTAHOBHTENBHBIX peakiwil. [lo Jpyromy, peIoKCMeTpusi - 3T0 THTPOBAHHME KOTODOE,
COTIPOBOJKZIAETCSL TIEPEXOIOM JIEKTPOHOB OT HOHA - JOHOpA MIIM MOJIEKYJIBI (BOCCTAHOBHUTEIIS)
Red; x akueniropy (oxucimTenmo) Ox,:

Redﬁ OX2: OX1+ Redz

BoccranosnenHast opma omHoro BemiectBa Red; oTmaer SneKTpoHsl M HEpEXOIMT B
okucneHnyto popmy Ox, Toro ke BetecTsa. Tak oOpasyercst omHa penoke - mapa Red,10x;.

Oxucrennast ¢opma Ox, BTOPOro BEINECTBA, YYACTBYIOUIETO B  OKHCIUTCIBHO -
BOCCTAHOBHTENIFHON PEAKIMH MPHUHUMAET JIeKTPOHBI U TIEPEXOUT B BOCCTAHOBIICHHYIO (hOpMY
Red, Toro sxe BemectBa. O6e 311 popMBI TakxKe 00pasyroT penokc - napy Red,10x,.

B m000ii OKUCIIMTENBHO - BOCCTAHOBUTENIBHOW PEAKIIMU MOXKET Yy4acTBOBATH MUHHMYM JIBE
pernokce - mapsi [2, ¢.137 - 138].

13BeCTHO MHOKECTBO PA3IMYHBIX METO/IOB OKUCIUTEIEHO - BOCCTAHOBUTEIIEHOTO TUTPOBAHHS.
Ho, st onpeenenyst sxenesa ABYXBaJIEHTHOTO IPHMEHSTIOT TIepMAHTaHATOMETPHIO.

TlepmanranatomMeTpust — OIMH W3 HauOOJIEE YacTO MPUMEHSEMbBIX METO/IOB OKHCIUTEIBHO -
BOCCTAHOBUTEJIBHOTO TUTPOBAHMS. 37€Ch, IEPMaHraHAT Kalus MHCIOJNB3YeTCcs B KayecTBe
TUTPAHTA, OKUCIIUTENIbHBIE CBOHCTBA KOTOPOIO PETYJIMPYIOT B 3aBHCHMOCTH OT KHCJIOTHOCTH
pacTBopa.

TlepmaHranaroMeTpuyecKuii METOZ UMEET Psif JOCTOMHCTB:

1) pactBopom KMnO, MOXXHO TUTpOBATH B JTE000# cpefie (KUCIIOi, HeHTpaIbHOIM, IIEJIOUHON ),

2) BO3MOKHOCTB TipuMeHeHus1 pactBopoB KMnO, B kucioii cpezie 1Uisi OnpeeeHiuss MHOTHX
BEIIIECTB, HE BCTYMAIOIINX B PEAKIHIO ¢ O0JIee CITa0bIMI OKHUCITHTEISIMY;

3) CTeXHOMETPUYHOCTb, TAKXKE JIOCTATOYHO BBICOKAS! CKOPOCTH OOJBIIMHCTBA OKUCIIHTEIHHO -

BOCCTAHOBUTEIIBHBIX PEAKIHii ¢ ydacteM Mn .