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I[TOTEHIINAJI BOAbI, HACBILHEHHON BOAOPOJOM.

[Tuckapes U.M. (piskarev@depni.sinp.msu.ru)(1), Ymkanos B.A. (1),
JIuxaues ILII. (2), Mbiciusen T.C. (2)

(1) HUU anepuoit puzuku um. J1.B.Cxobenpipina MI'Y um. M.B.JlomonocoBa,
(2) HimxkHeTaruibCKUii TEXHOIOTHUECKUI MHCTUTYT ((puinai) ¥YpaabCcKoro
rocyAapCTBEHHOro TexHuueckoro yuusepcureta (YIIN)

[Toka3aHo, 4YTO OKHUCIHTEIbHO-BOCCTAHOBUTEIBHBIM  IMOTEHIMAT  BOJbI,
HACBIIIEHHON BOJOPOJAOM, JocTUraeT MuHyc (500 + 700) mMB. Bpems ycranoBieHus
MOTEHIIMaa CcocTaBiseT mnpumepHo 24 yaca. [loTeHnMan HEMHOrO YBEIMYMBACTCS C
yBeJIMYEHHEM 00beMa BOJOPO/ia, BBOAUMOIO B €MKOCTh C BOJIOM, U MPAKTHUECKU HE 3aBUCUT
OT HaJuuus B BOjAE J00aBOK IpPHU YCIOBUHU, YTO STH J00ABKM HE BOCCTAaHABIMBAIOTCS
BogoponoM. Ilpu BBeneHuu Bomopona pH Boxbl He MeHsercs. B CTeKIIIHHON Iocynae C
METaJUTMYECKOW KPBIIIKOH, JieXkaliel Ha OOKy, M3MEHEHHE TIOTCHIIMANIa BOJIbI, HACBIIIIEHHOMN
BOJIOPOJIOM, 3a ~3 Mecsila XpaHeHHus He Habmomanock. [Ipu XxpaHeHUu 3Toi BOJBI OT 3 110 6
MECAIIEB B OTIEIbHBIX MpobOax HaOmoganock moBeimeHne OBII, cBs3aHHOE ¢ yTedKOM
BOJIOPOJIa 4epe3 HEKAaYeCTBEHHYIO MpoOKy. B muacTtmaccoBbix OyThUIAX HAOIIOAANOCh
YMEHBILIEHHE COAEPKAHMS BOJOPO/IA, €ro MPAKTUYECKHU MTOJIHOE NCYE3HOBEHUE NIPU XPAHEHUN
Ooinee 2 Hexenb, U Kak CIEACTBHE, BO3pACTaHWE MOTEHIMANA 4yepe3 2 HEeAeTH 10 ypOBHS,
XapakTEepHOro JUIsl UCXOJHOM BOAbL. B OTKpBITON MOCyAe NMOTEHIMAI MOYKET COXPAHSITHCS
OTPHULIATENIbHBIM B TEYEHHE OJHOTO - ABYX JHeH. OOcyXIaeTcs MeXaHW3M aKTHBAIUU
BOJIOpPOJa B BOJHOM pAacTBOPE M BO3MOXKHOCTh OECKOHTAKTHOM 3JIEKTPOXMMHYECKOMN
aKTUBAIlMU KUAKOCTEH B ciyuyae, Korna npuuuHoi noHmxeHus OBII sBnserca Hamuume
BOZIOpPOJA.

Beenenne. Boma ¢ oTpULATENbHBIM  OKHCIIUTEIBHO-BOCCTAHOBUTEIIBHBIM
noteHmaniom (OBII) wu oOmanmaromas BOCCTAaHOBUTEIBHBIMH — CBOMCTBAMU  OOBIYHO
Ha3bIBaeTCs "aKTUBUPOBAHHOM'". AKTHBHPOBAHHOM HAa3bIBACTCS TaKXKe BOAAa C OOJBIIMM
nonoxkutenbHbiM  OBII, oOnapmaromasi 3aMeTHO — BBIPAKEHHBIMH — OKHCIIUTEIbHBIMU
cBoiictBaMu. OCHOBHOM TE€XHOJIOTHEHN MOJIYUYEHUS] TAKUX BUJIOB BOABI SBISAETCS JIEKTPOIIU3.
Karonut u aHOIUT 0051a1a10T COOTBETCTBEHHO OTPUIIATENILHBIM U OOJIBIITUM MOJOKUTEIbHBIM
OBIL. IIpunaATO cuuTaTh, YTO MPOLECCHI, MPUBOSALINE KAK K CH)KEHUIO, TaK U MOBBIIICHUIO
OBII, mpoucxomsT B 00JacTH TPaHUIBI C IMOBEPXHOCTHIO DJIEKTPOJOB, TJE BO3MOXKHBI
OoJbIIIMEe HAMPSDKEHHOCTH 3JIEKTPUYECKOro mojs. McciaenoBaHWI0O MEXaHW3MOB aKTHBAIUU
BOJIBI TTOCBSAIICH psif pa0boT [1-4].

B mporuecce snexTposnnza Ha Karone oOpa3yercss MOJEKYJISPHBIM BOJOPOJ, KOTOPBIN
ABJISIETCST BOCCTaHOBUTENEM. [l03TOMYy €CTECTBEHHO NPEAINONOKUTh, YTO OTPHULATEIILHOE
3nayenne OBII karonurta 00ycrnoBIeHO pacTBOpeHHEM Bojopoja B Boze. B paborax [1, 2]
O0TMEYaJOCh, YTO NMPHU HACHIIIEHUN BOJBI BOJIOPOJIOM HE MOXKET OBITh IIOJyUEHO HalIro1aeMoe
Ha onblte 3HaueHue OBII nopsnka munyc 600 mB. Ilpu ananuse mporecca B KauecTBE
MEXaHu3Ma JIEUCTBUS BOAOPO/Ia PaCCMaTPUBAJIACh PEAKLUs

2H' +2¢" <> Hy
CTaHJAapPTHBIM MOTEHLHUAT KOTOPOH OTHOCUTEIBHO HOPMAJIBHOIO BOJOPOJHOIO 3JIEMEHTA
(u.B.3.) mpu pH = 7 cocraBnsier munyc 414 mB [5]. B manHoit pabote mokaszaHo, 4TO MpU
HACBIIICHUH BOJABI BOJOPOJOM (KOHIIEHTpAmus ~ 8 107 Mmoub/n) 3Hauenus OBII moryt
coctaBiaTh MuHyc (500 + 700) MB. Peakuueii, koTopas o0ecreunuT Takon MOTEHITHA, MOYKHO
paccMaTpHUBaTh MPOILIECC

2H,0 +2e¢ <> H, +20H"
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JUIST KOTOPOTO CTaHJApTHHIM MOTEHIMA OTHOCHTENIBHO H.B.3. COCTaBiisieT MUHYyC 828 MB.
Taxkum oOpaszom, BennuuHa OBII, nocTmwxumas mpu 3JI€KTPOJIM3E, MOXKET ObITh OOBsSCHEHA
pacTBOpeHUEM BoI0poaa U auddy3ucit ero 1mo BceMmy 00beMy KUIKOCTH.

Pe3ynbrarhl SKCIEpUMEHTOB MO AaKTUBAIMU >KUAKOCTH B CTaKaHEe W3 pPa3HOro
Marepuana, MOMEIMIEHHOTO B KaTtoiauT ¢ orpuniareabHbiM OBII [4], Takxke MoOryt OBITh
o0bsicHeHbl nu¢¢y3ueit Bonopona. B padore [4] nabmonanocs ymensiienue OBII Boabl B
CTaKaHe, MOMEIIEHHOM B KaTOJUT, €CJIM CTaKaH CHENaH M3 TOHKOM IIacTMacChl WM BOJA
HaxXoAMUTCA B MelKe u3 noiaudTwieHa. Msmenenne OBII B cTekIIHHOM cTakaHe IIPU TEX kKe
YCJIOBHSX HE HaOII0a10Ch.

OcobennocTn u3MepeHusi BequunHbl OBII B o0gacTu  oTpuIaTeIbHBIX
3HAYCHUH.

ITpu u3mepennn OBII B o0nacTu OTpUIATENbHBIX 3HAYCHUH CYIECTBYET IMpobiema,
CBS3aHHAsl C OTCYTCTBUEM HAJEKHO YCTAHOBJIEHHBIX W NPU3HAHHBIX 3JIEKTPOXUMHKAMU
sTanoHoB. JI10O60#i pacTBOp, MPUTOTOBIEHHBIM Ha BO3MyXe, OBICTPO MOTJIOMIAET KHUCIOPO.
Bo3ayxa. [lornomenue kucnopoga BeAET K OBICTPOMY U HEKOHTPOJIUPYEMOMY YBEINYEHHUIO
OBII B cTOpoHYy mOJIOKHUTENbHBIX 3HaueHui. OtanoHsl OBII cymectByror s
MOJIO’KUTENBHBIX 3HAUEHUH, I7I€ TOTJIOIEHNE KUCIOPO/a HE UTPAET CYILECTBEHHON POJIH.

Ynobuele B paboTe MOPTATHUBHBIE KOMMepYeckue MpuOopsl  (KapaHaaliu)
M3TOTOBJIEHBI Ha OCHOBE 3JIEKTPOJOB, CEKPEThl MPOU3BOJCTBA KOTOPHIX HE PACKPHIBAIOTCS.
KanubpoBka Takux mpuOOpOB MO CTAaHAAPTHBIM PACTBOpPAM KpPAaCHOM M KENTOM KPOBSIHOMN
conmu B oOmactu mnosoxkutenbHbIXx OBII He naeT HuMKakoW rapaHTUM Ha MPaBUIBHOCTh
nokazaHui mnpu orpunarenbHsix OBII. Mcnonb3oBaHne IUIATUHOBBIX 3JEKTPOAOB U
CTaHJAPTHBIX 3JEKTPOJOB CpaBHEHUS (HAIpUMEp, XJIOp-CepeOpsHbIX), Ha TMEPBbIM B3I
rapaHTUpyeT NpaBUWIbHBIM pe3ynbTaT. OJHAKO, YUUTHIBAS KOMMEPUYECKUN XapakTep paboThl
Ha COBPEMEHHBIX MPEANPUATHUAX, U3TOTABIUBAIOLINX 3JIEKTPOJbl, IPU OTCYTCTBUHU 3TalOHA
IIOJIHOM TapaHTHHM BCE PAaBHO HET. YMECTHO HAIlOMHMTb, 4TO Ipu u3MepeHuu pH Bcerna
M0JIb3YIOTCS ATAJIOHHBIMU PACTBOPAMH.

Kpome Toro, HeT cTaHgapTHON MpOLEAYpPbl U3MEPEHHI J1ake B CiIydae IJIATUHOBBIX
ANIEKTPOAOB. V3BECTHO, YTO MOKa3aHUs MUWILIMBOJIbTMETpa npu uzMepenun OBII B obnactu
OTPHUIIATENILHBIX 3HAYCHUH BeAyT ceOs cremayronum odpazoM. Mcxomno mpubop moka3pBaeT
MIOJIOKUTENBHOE 3HAUEHUE HanpspkeHus. [Ipu morpyeHuM 3J€KTpOJOB B HCIHBITHIBAEMYIO
JKUJKOCTh TOKa3aHUS yMEHbIIAOTCA. HanpspkeHue TOCTUraeT MHUHMMYMa, 3aT€M HAadyWHAeT
YBEJIMUUBAThCA. Bpems HOCTHM)KEHNS MUHHUMAJIbHOTO HAIPSDKEHHUS MOXKET BapbUpPOBATHCS OT
1 - 2 no 30 munyT. OHO onpeneNnsieTcss BpEMEHEM YCTAHOBIICHUSI PABHOBECHOT'O COCTOSIHUS, U
BIIOJIHE €CTECTBEHHO, UTO JJIS1 pa3HbIX pacTBOPOB OHO pa3zHoe. IIpu u3MepeHusx noTeHuuana
MOXET HCIIOJIb30BATHCS WM HE HMCIOJIb30BAaThCS MAarHUTHAas Melalka. JTO IOBIUSET Ha
JUHAMUKY W3MEHEHHMH NOKa3aHWH MWUIMBOJIBTMETPAa M Ha 3a(MKCUPOBAHHYIO BEITUYUHY
noteHuuaita. O moApoOHOCTAX MpOLEAYphl NPOBEIACHHUS U3MEPEHHI aBTOpPhI OOBIYHO HE
coobmraror. TeM camMbIM MOXET BO3HMKATh OOJIbINAsi HEOINPEIEJICHHOCTh B pe3yJbTaTax,
MIOJIyYEHHBIX Pa3HBIMU aBTOPaMHU.

IIpoueaypa noJiyyeHusi BOAbl, HACHIIIIEHHOI BOXOPOA0OM, U u3mepenusi OBII.

Bopopoa momydasicsi B 3JEKTPOIUTHYECKON SYEUKE C HUKEIEBBIMHU JJIEKTPOIAMHU.
Onexrpoaut - 30% BoxHusbli pactBop KOH. Tok anekrponuzepa 5 A. [IpousBoanuTenbHOCTh
0 MOJIEKYJIIpHOMY BojopoAy 2,1 i/4. CHayana OyThUIb 3al0HSIIACh UCCIIETYyEMbIM BOJHBIM
pacTBOpoM 10BepXy. ['OpibIKo OyThUIM 3aKpbIBaiu MpOOKOW. 3aTeM OyThUIb BBEPX IHOM
OTyCKaJu B BaHHY ¢ Bojo# 3 (cM. puc. 1). [Tox Bomoi mpoOKy OTKpBIBAIM, U Yepe3 TPYOKY B
OyTbLIb BBOAMJICSI BOJOPOJ M3 3JIEKTpoNu3HOU stueiiku. Kakas-mbo ouncTka Bomopona He
npoBoauiack. Pacteopumocts Bogopoaa cocrasisier 1,78 mu B 100 mu Boasl npu 20 °C. B
obwveme 0,5 1 pactBoputcs 8,9 MI BoAOpOAa, MOATOMY 7Sl TIOMYyYEHHUsI BOABI, HACHIIIICHHON
BOJIOPOJIOM, B MOJ-JIUTPOBYIO OYThUIb CIE€IyEeT BBOJAUTH HE MeHee 9 Mia Bojopoaa. Ilocne
BBEJICHUS TpeOyeMOro KOIM4YecTBa BOI0OpoAa OyThIIIb CHOBA MO BOJAOM 3aKphIBAIH MPOOKOH.
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3amnoJHEHHYI0 BOJOPOAOM OYTHUIb HM3BJIEKAIM W3 BAaHHBI, JEPXKaIH BBEPX AHOM JHOO Ha
00Ky, HO HU B KOEM cllydae He MepeBOPaYNBAIHA BBEPX TOPIBIIIKOM.

1
d
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_0 2 4

R
N . — — Pucynok 1. 3anonnenue OyThUn ¢ BOJOM
— ° BOJOPOJOM. 1 - 3amoyiHeHHas: BOAOPOIOM
— MoJIOCTh, 2 - OyTbUIb C  BOJHBIM
3 pacTBOopoM; 3 - BaHHA C BOJIOH; 4 - mogaya

BOJIOpO/A.

[Tocrne BBIIEPKKHM B TAaKOM IMOJIOKEHWW B TEUCHUE 3aJaHHOTO BPEMEHH MPOOKY
OTKpBIBAJIM, B cHenuaibHbld cocya s u3mepeHuss OBII 3anuBanmu npumepHo 250 mi
UCIIBITBIBAEMOM KUAKOCTH. OKUCIUTENbHO-BOCCTAHOBUTENIBHBIA MOTEHIIMANI U3MEPSIIU XJIOP-
CepeOpsSHBIM M IUIATHHOBBIM JJICKTPOJIaMH C TOMOIIsi0 mpudopa IOkcrept-001 dhupmbr
"Okonukc". Ilpu M3MEpeHMAX YUHUTHIBAJIOCh, YTO COOCTBEHHBIH NOTEHIMAT XJIOp-
CepeOPSHOTO ANEKTPOJIa OTHOCUTEIBHO H.B.3. cocTaBisul + 201 MB nmns 3M pactBopa KCl
npu 20°C. KamumbOpoBka mnpuOopa OCYIIECTBISUIACh [0 3TAJIOHHOMY pPAacTBOpPY NpHU
nonoxkutenbHoM OBII. B mpouecce wu3MepeHui, 0pu MOTPYKEHUU OJIEKTPOAOB B
UCCIIETyeMblid pacTBOp, MOKa3aHHs HW3MEPUTENBHOTO MpuOOpa cHayala YMEHBIIAIUChH,
JOCTUTAId MUHUMYMa MOTOM YBEJIMYUBAIUCH. BpeMs TOCTHKEHUST MUHUMAJIHHOTO OTCUETa
COCTaBISJIO IS pa3HbIX pacTBOpoB oOT 1 1m0 30 MuUHYT. YBenuyeHHe MOTEHIMAla
IPOUCXOIMIIO TIOCTATOYHO MENJIEHHO, IMHAMUKa pocTa MOTEHIMaNa Mpe/icTaBiIeHa Jajnee Ha
puc. 50. 3a BeNWYMHY MOTEHIMANa MPUHUMAJCS MUHUMAJIbHBIA OTCYET MUJLTUBOJIIBTMETPA.
Orcrona Ha ocHoBe cootHomeHnus OBII = E (MmB) + 201 mB, roe E - morenmnman,
HETMOCPEJACTBEHHO U3MEPEHHBIN mpubopoM, monydainu 3Hauenue OBIL

Jnist 9KCIIEpUMEHTOB HCITONB30BAIM OYTHUTM Pa3HOTro TWMa: |) MIacTUKOBBIE M3-TIOJ
nuTheBOM BOAbl oObeMoMm 0,5 1; 2) crekisHHble OyThulM eMkocTeio 0,5 1 ¢
3aKpyYMBAIOIIMUMUCS ~METAUIMYECKUM TMPOOKaMU, HMMEIONMMUA TOHKHH  TIJIACTUKOBBIN
VIUIOTHUTENB; 3) CTEKJISIHHbIE OYyTBUTM €MKOCTBHIO | JI ¢ MONHUATUICHOBBIMH MpoOkamu; 4)
OyThuin U3 (roporuiacta eMKOCThi0 11. Bo Bcex skcmepuMeHTax HCIOJb30Bajach BOJA,
OUMILIEHHAsT XOJOJHOM Ta3Moi Ha ycraHoBke bBOP-49-M  cepun "l[lunumun" [6].
O6paboTanHass Ha O5TOH YCTaHOBKE BOJa OYHIIAIACh OT HOHOB TSKEIBIX METAJUIOB.
Opranuyeckue TPUMECH pasliarajuch J0 YIJIEKHCIOro Tra3a u Bojbl. lMcxomHoe 3HaueHue
OBII uepe3 cyTku TmoOcClie OYHMCTKH (K Hadady 3ampaBKHd MPOO KHJIKOCTH BOJOPOIOM)
coctaBmsio + (150 + 250) mB, pH = 7,3 + 7,4. [lepmanranaTHasi OKHUCISIEMOCTb BOJbI
cocraBisia He 6onee 1 mr O/n. Boxa nmpu oOpabotke nesmHdummpoaiack. PaznuBaemas B
nocyny Boaa cojaepkana mpumepHo 0,3 Mr/a o3oHa, 4To obOecheunBano JAC3UH(EKIIUIO
MOCY/Ibl M HAXOSIINXCS B HEM XUMHUECKUX PEAKTHBOB.

CHayana B OyTbUIM BBOJWJIOCH BEILECTBO, PAaCTBOP KOTOPOIO MPEAINoiaraioch
UCCIIeIOBaTh. 3aTeM OYTBUTM 10 BEpPXy 3aJMBAIUCh BOJOW HETMOCPEICTBEHHO C BBIXOJA
ycraHoBku BOP-49-M. 3amnpaBka BOJIOpPOAOM MPOU3BOJMIIACH HA CIEAYIONIUME CYTKH MOCIIE
HATIOTHEHUST OyTHUTH BOJOHM IS TOTO, YTOOBI O30H, COACPAIIUKCS B OYHINEHHOW BOJE,
ycreBaJ MOJIHOCTBIO pacnacTthes. [locie 3anpaBku BOJOPOIOM B OyTHIISX OCTaBaJICS Ia30BbIN
My3bIPb, 3aMI0JIHEHHBIN BOJAOPOIOM.
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CBoiicTBa BO/bl, HACHIIICHHOW BOIOPOAOM, H XPAHAILIEHCH B 3aKPBHITHIX COCYIaX.

3aBucumocts OBII oT BpeMeHHM BBIACPKKH OYTBUIM C MOMEHTA 3allOJIHEHUS
BOJIOPOJIOM JI0 OTKYIIOPUBAHHUA AJIs TUIACTUKOBBIX M CTEKJISHHBIX OyTbUIEH IpelcTaBieHa Ha
pUCyHKax 2, 3. ByTbun 3anoiHsIM BOAOIIPOBOAHOM BOJOW, OYMILEHHOM Ha ycTaHOBKE BOP-
49-M 06e3 kakux-1u00 100aBOoK. KoimuecTBO BBOAMMOrO Ha BTOpBIE CYTKH BOJOPOJA
coctapisiio 40 - 50 mu. MuHUMaNbHOE BpeMsl BBIAEPKKHU OyTHUIH ¢ BOAOPOJOM COCTABIISLIO 2
MUHYTHI. 32 3TO BpeMsl ycrieBajo ycraHoBUThes 3HaueHne OBII Ha yposhe - (200 + 250) mB.
B Teuenne yaca OBII ymenbianocs npumepHo 110 - 400 MB. D10 3HaueHHe TPaKTUYECKHU HE
MEHSI0Ch B TedeHue 4 + 5 yacoB. 3areM uepe3 12 + 15 yacoB mocne BBEAEHHUS BOAOPOIA
OBII nocrurano 3nauenust okoio - 600 mB. Xapakrep uzmenenus: OBII ot ucxomgnoro 1o -
600 MB B mepBbie 15 CyTOK MPUMEPHO OJMHAKOB JIJIS TIACTUKOBBIX M CTEKJISIHHBIX OyTBLICH.
[Ipn xpanenun Oonee 15 nHel Mexay IUIACTUKOBBIMM U CTEKISIHHBIMU OYTBHUIIMU
MPOSIBISIOTCSA OTYeT/IMBBIE pasnuuus. B crexmsaabix OyTohunsix OBII coxpansuics Ha ypoBHE
munyc 600 mB 3a ~ 3 mecsina Habmonenust (cm. puc. 3). [Ipu xpanenuu ot 3 10 6 mMecsIEeB B
OTJIeNbHBIX Mpobax Habmoaanoch noseimieHue OBII, cBsizaHHOE ¢ yTeukol BOgOpoda yepes
HEKAueCTBEHHYI0 TpoOKy. B mmactukoBoii Oyteimum uepe3 15 npueit OBIl naumnaer
BO3pacTarh, HaOMIOJAeTCsl CHUIIBHBIA pa3Opoc IKCMEPUMEHTAIbHBIX TOYEK, W Yepe3 MECSI]
OBII nocturaer 3HaueHus, 6JM3KOro K 3HaueHuto B ucxogHou Boxe (0 + 50 mB). Ily3sips
raza B CTEKJIISTHHOW OYTBUIM ¢ METAJUTMYECKON MPOOKOi 3a BCce BpeMsl HAOJIOJICHHUI OCTAeTCs
HEM3MEHHBIM. B macTukoBoi OyThUIM My3bIph T'a3a (BOJOPOJA) MOCTENICHHO YMEHBIIAETCS,
OyTbuIb cxuMaeTcs. M3meHeHue Gopmbl OyThUIM MOKa3aHO Ha pucyHke 4. Korma myssipb
BOJIOPOJIa B IUIACTUKOBOM OyThUM mpakTHuecku ucyesaer, OBII Bo3pacraer mpumepHO 10
Hyss. AranoruaHo Mensiercss OBIT Bo ¢roporutactoBoii Oyteuin. Tam my3sIpek Bozopoaa
TOKE TIOCTETIEHHO YMEHbINAETCs, OyThUIb CAABIUBACTCA. B CTEKISIHHBIX Oy THIISIX 00BeMOM 1
7, 3aKPBITHIX TOJMATHICHOBON MPOOKOH, MpH XpaHEHUH C BOAOPOJOM Oojee 2 Hemelnb
Habmroaercs cuiibHbIN pazdopoc OBII, moutu ot 0 1o munyc (400 + 500) MB.
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Pucynok 2. VYcranoBinenne OBII nocie BBeaenus Bojopona. JKuakocTe - BOJA,
ounieHHas yctaHoBKkoi BOP-49-M. KonnuectBo BBogumMoro Bogopona 40 + 50 miu. Crnesa -
IUTaCTHKOBass OyThbUIb, crpaBa - cTekisiHHas. OOobem Oytbumn 0,5 1. CneBa - MIaCTUKOBBIC
OyTBLIM, CIpaBa - CTEKJISHHbIE OYTBUIM C 3aKPYUYHBAIOIUMUCS METAIMYECKUMH MTPOOKaMH.
[lepBas Touka Ha Bcex rpadukax MojydyeHa Mpu BPEeMEHH BBIICPKKH OYTHUIH ¢ BOAOPOAOM 2

MUHYTHIL.
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Pucynok 3. Coxpanenne Benuunnbl OBII B 3akpbiToil OyTHITH 32 ITUTEIHLHOE BpEeMs
MOCJIE 3aIpPaBKU BOJOPOAOM. JKHUIIKOCTD - BOAQ, OYHUIIIEHHAS YCTaHOBKOW BOP-49-M.
KommaectBo BBoguMoro Bogopoaa 40 + 50 mu. CreBa - I1acTUKOBEIE OyTHUIH, CIIpaBa -
CTEKJISTHHBIE OYTBUIH C 3aKPYYHBAIOIIUMUCS METAIUTMYECKUMH TTpoOkamMu. OO0beM OyThIIei
0,5 n. IlepBast Touka moxy4yeHa yepe3 2 MUHYTHI MIOCJIE BBEICHUS BOAOPO/IA.

3nauenue pH BoIbI IpH BBIAEPKKE C BOJOPOJIOM HE MEHSETCS U OCTAeTCs PaBHBIM 7,3
+ 7,4 XaKk B HCXOJTHOU BOJIE JIO 3aIOTHCHHS Oy THUICH BOAOPOIOM.

Oo6napyxxennoe yBenundeHue OBII B mmacTukoBbIX OyThUIAX uepe3 15 gHelt mocie
3armpaBKy BOJIOPOJIOM MOKHO OOBSICHUTH YTEUKOUW Bogopoaa. Bogopon nerko auddynaupyer
yepe3 IiactMaccy. A30T UM KHCIOpPOJA, CoOJepkaliecss B aTMOC(EepHOM BO3IyXe,
b GyHARPYIOT 0OpPaTHO HAMHOTO MEJJICHHEE, MOJTOMY IOCNe YTEUKH BOJOpOoJa OYyThUIb
OKa3bIBAETCsl CAABIEHHOM (CM. pHC. 4). B CTEKISHHBIX OYTHUISAX, 3aKPBHITHIX METANTNYECKUMU
MpOoOKaMU ¢ TOHKUMU IJIACTMACCOBBIMH YIUIOTHEHUSMH, YMEHBIIICHHE Ta30BOTO ITy3bIps 3a ~
3 Mmecsma xpaHeHus He HaOmoaanock. [1y3pips Bogopoaa BO (TOPOIIIACTOBOM OYTHUIH TaKkKe
MOCTEIIEHHO YMEHbINAJICs, U OYThUIb CIABIUBalIach. B CTEKISHHBIX OyTHUIKAX, 3aKPBITHIX
MOJIUATUIIEHOBOU MTPOOKOI, M3MEHEHUs pa3Mepa Iy3bIpsi raza He Hab0Janock, OJJHAKO Yepe3
npoOKy Morjia ObITh yTe4Ka Bojopoja. /laBieHue B CTEKISTHHOW HenepopMupyemMoii OyThUTH
IpU 3TOM CWJIBHO MaJaeT, U BO3MOXKEH MOJcoc aTtMocdepHoro Bosayxa. M3-3a storo
3HaueHre OBII MOrII0 CUIBHO MEHSITHCSL.

Pucynok 4. Byteumu o6bemom 1,5 1
nocJie xpaHeHus B reueHue 20 gHeil.
1 - OyThUIL OBLIA 3ampaBiieHa BOJOPOJIOM;
2 - OyTBUIb 3aIpaBJIeHA BO3AYXOM.
Bonopon auddynaupoan uz Oyteun 1, B
pe3yipTare OHa OKa3aJach CHABICHHOM.
3nayenue OBII Boabl B o00enx OyThUIAX
IPUMEPHO OAMHAKOBO U coctasiseT 50 + 70
MB.




N3menenne OBII B oTKpBITBIX cocyaax.

Kuneruka ycranoBienuss OBII B oTkpeiToM cocyae ob6vemoM 1 11 mpu
npoOyJIbKUBAHUM BOJOPO/Ia YEPE3 MOBEPXHOCTHBIN CIIOM TONMKHON 3 + 4 MM, peAcTaBieHa
Ha pucyHke 5a. CKopocTh o1aun Bojopoaa cocrasisiia 1 /4. I3 pucyHka BUIIHO, UTO Yepe3
yac nocie Havana npoxayBa OBII gocturaer snauenus munyc 150 mB, uepes 2,5 + 3 yaca
npumepHo Munyc 300 MB. Yepes cytku nponysa ycranasnuaetrcst OBII = - 450 mB.

Kunetnka Bo3pactanuss OBII mpu XpaHeHUM HACBIILIEHHOH BOJOPOJOM BOIBI B
OTKPBITOM cocyne o0bemoM 250 Mi mpenacraBicHa Ha puc. 50. HadansHoe 3Hauenune OBII
munyc 520 MB. 3a 6 yacoB OBII Bo3pacrtaeT no munyc 380 MB. [lanee B TeueHue Tpex cyTok
OBII Bo3zpactaet 10 munyc 100 mB.

a) 6)
Mponys Bogopoaom OTKpbITas nocyaa
100 0 ‘ ‘ ‘
0 f f
m D 2 4 6
s 100 | E
c (=
1]
o -200 8
-300 -
-400
Bpewms, yacbl Bpewms, cyTku

Pucynok 5. U3menenus OBII B oTkpbITOM mocye.

a) Ymensimenue OBII npu mpoyBe BOJ0OpoaOM uepe3 BEpXHUH CIION BOBI, TTOJTHBIN
o0wvem Bogbl 1 1. CkopocTs ipoayBa Bogopoaom 1 11/4. Uepes 24 gaca OBII cranoBuTCS
paBHbIM MuHYyC 450 MB.

0) YBenunuenue OBII, HacbIeHHON BOOPOIOM, IPH XPAHEHUH B OTKPBITOM MOCY 1€
00BeMOM Xunkoctu 250 M.

3asucumocts OBII o1 00BbeMa Bogopoaa B OyThbLIN.

3aBucumocts OBII Bompl, ounmieHHoil Ha ycraHoBke bBOP-49-M, ot o0bema
BOJIOPOJIa, BBOAMMOIO B CTEKJISIHHYIO OyThUIb 0,5 11, 4yepe3 CyTKH Iociie BBEISHHs BOAOPOIa
npejcTaBieHa Ha puc. 6a. O6beM Bogopoxa oT 9 no 63 miu. U3 pucyHka BUAHO, YTO C
yBenudeHueM oobema Bogopoaa OBII ymenpmaercs ot munyc 400 mo munyc 600 mB. IIpu
BBeaeHuu 120 ma Bogopoaa yepe3 cytku OBII nocturano munyc 790 mB. Ilocne usmepenus
OBII XuaKocTh BBUIMBAIM OOpaTHO B OyThUIb, MPOOKA 3aKphIBAIACh. 3aKpbITash OYTHUIb
nexxana Ha OOKy CyTKH, mocje dero npouenypy uzmeperus OBII moBTopsumm. 3aBUCUMOCTh
OBII Boxapl, mepBOHAYAILHO HACHIMICHHONW pa3HBIMH 00BEMaMH BOJOPOJA, OT BPEMEHH
XpaHEHHUsl TOClie MEPBOro0 OTKYNMOpUBaHUS OYyThUIM MpeacTaBieHa Ha puc. 66. M3 atoro
pucyHka BUAHO, uTo 3HaueHuss OBII npu XpaneHun BOJbI B OTKYNOPEHHBIX MOCIE 3alPaBKU
BOJIOPOJIOM OYTBHUISAX YBEIHMYMUBAIUCH, YEPE3 TPOE CYTOK OHU COCTaBIsuM OoT MuHyc 50 10
muHyc 150 MB, uepe3 5 cytok 30 + 50 mMB.

3aBucumocts OBII oT cocTaBa BOIHOr0 pacTBOPa M KOHIEHTPALIMH COJIM.

B omnbiTe, aHamorMyHOM ONMCAHHOMY BBIIIE, HUccienoBaiack 3aBucuMocTb OBII
BOJHOI'O pacTBOpa OT KOHIIEHTpAlMU cOoH. B KadecTBe COJM MCHOIb30BAJICS CEPHOKHUCIBIN
aMMOHHA. BpIOOp comm 00yCIIOBIEH TeM, YTO HM aHWUOH, HU KaTHOH HE MOTYT M3MEHSTHCS
MpU B3aUMOJICHCTBUH ¢ BOAopoaoM. O0beM BBOAMMOTO Bojaopojna coctaBimsut 40 + 50 mo,
KOHIIeHTpanusi coau oT 1 mo 64 r/m. OOpasubl pacTBOPOB MPUTOTOBISIIN CIEAYIOUUM
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cocoboM. B crexnstHHBIE OyThUTH BMecTUMOCTBIO 0,5 J1 3achINaiy HABECKY CEPHOKHCIIOTO
aMMOHUs. 3aTeM OyTBUIM 3alpaBlisUIM BOJAOHM, ouumileHHOW Ha ycTtaHoBke BbOP-49-M. Ha
CIEAYIOIINE CYTKHU II0CJIE 3aJIMBKU BOJBI BBOJIMJICSA BOJXOPOA. Uepe3 CyTKHM IOCJIE BBEACHMS
BOJ10poJ1a OyTHUIM OTKPBIBAIM U MPOU3BOAMIM nepBoe u3mepenue OBIIL.

[lonyuyennas 3aBucumocts OBII 0T KOHIIEHTpaMM CEPHOKHUCIOIO AaMMOHUS
npencrasieHa Ha puc. 7a. CpaBHuBas ¢ OBII uucToii Bozbl, N3MEPEHHOW B aHAJIOTMYHBIX
ycinoBusx (Muayc 580 MB, cM. puc. 4) BUIUM, 9TO TP KOHIICHTPAIIUU COJIA | T/ 3HAYCHUE
OBII (munyc 570 MB) nmpumepHO Takoe jxe, Kak B uucToid Bozae. Ilpu yBenuueHun
KOHIIEHTpauu conu 110 2 r/1 u 6onee OBII yBemmuuBaercs 1o munyc 500 MB n npaktudeckn
HE 3aBUCUT OT KOHIICHTPALMM CEPHOKHUCIIOTO aMMOHHUsA. Taxxke, Kak B cilydae C BOJOPOJIOM
6e3 mo6aBok comu, mocine u3mepenust OBII pactBop 3anuBanu 00paTtHO B OyTHUIb, 3aKPHIBAIN
npoOKy. 3akpbiTas OyThUIb JIeKaja Ha OOKY CyTKH, IOciie yero nporuenypy uzmepenus OBII
noBTopsuid (puc. 76). Taxke, Kak B UUCTOM BOJIE ¢ BOJOPOJIOM, HAOIIOJAIOCH yBEIMYEHUE
OBII mpakTH4ecku 10 HyJIS 3@ YETBIPE JHS.

3aBucumocts OBII mpu oTkynopuBaHuM OyThbuIeH uYepe3 CYTKH IIOCJIE BBEIEHUS
BOJIOpOJIa OT BHUAA JKUIKOCTU IpejcTaBieHa Ha puc. 8. Lludpamu obGoznauensl: 1 -
JTUCTUUTMPOBAHHAS BOJA; 2 - BOJAA, OuMilieHHas Ha ycraHoBke BOP-49-M, 6e3 kakux-nmbdo
no6aBok; 3 - pactBop NaCl; 4 - pactBop NH4SOy; 5 - pactBop NayCOs; 6 - pactBop KCl; 7 -
pactBop KI; 8 - pactBop pesopumna. Mcnonb3oBannch XMMHYECKH YHCTHIE PEAKTHBBI,
KOHIIEHTpalus Bcex 100aBok Obuta 1 r/i1. M3 pucyHka 8 BUJIHO, UTO MPHU OTKPHIBAHUU OyTHUIH
yepe3 CyTKH Mociie BBeAeHus Bogopoaa OBII npakTuyecku He 3aBUCUT OT BUA KUJIKOCTH U
cocrtapisieT muHyc (600 + 670) MB.

a) 0)
3aBucMMOCTb OT 403bl Bogopoaa YmeHbLeHue OBI npu pa3Hbix gosax
Bogopoaa
0 10 20 30 40 50 60 70
0 Il Il Il Il Il Il 0 1 2 3 4 5
100 ! |
100 o g
200 100 g ° ¢9mn
- a m18 Mn
- m -200 -
c -300 s A27 mn
8 = -300 1 " X 36 Mn
-400 - Q , ‘
O -400 4 X45 mn
-500 - -500 @54 mn
-600
600 - +63 mn
-700
-700 Bpemsi nocne oTkynopuBaHus
KonuyectBo Bogopopaa, mn OyTbINU, CYyTKM
Pucynox 6.

a) 3aBucumocth OBII oT kommMuecTBa BOAOpPOaA, BBOJUMOTO B CTEKISIHHYIO OyTBHUIb
o0bsemoM 0,5 11, Tpu OTKYOPUBAaHUU OyTHUIM Yepe3 CyTKH MOCIE BBEICHUS BOAOPOAA.
0) M3menenust OBII BojibI, HACHIIICHHOM pa3HBIMU 00beMaMu Bogopoaa (0T 9 1o 63 mi),
IpY XPaHEHUH T0CJIe OTKYOPUBaHUS OyThUIA. By ThITH OBLIH 3ampaBiieHbl BOJOPOJIOM 32
CYTKH 10 Ha4aJla U3MEPEHUH.



a) 0)
CepHOKMCIIbI aMMOHMIA CepHOKUCIbIA aMMOHUIA
0 1 2 3 4
0 10 20 30 40 50 60 70 0 ‘ ‘ ‘ §
-300 I I I I ! ! 100 4 Q % &1r/n
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@ o« T, ~ © 400 - . e32r/n
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% +64r/n
-550 - -500
-600 -600
KoHLEHTpaLmst aMMOHusi, /i Bpems BblAepKKU OTKYNOPEeHHO Gy Thinu,
CYTKU
Pucynox 7.

a) 3aBucumocth OBII OT KOHIIEHTpAIIMN CEPHOKHUCIIONO0 aMMOHHUS Y€pPE3 CYTKH MOCIE
3anpaBKu OyThUIEH BOAOPOIOM U Cpa3y MOCie OTKYTIOPUBAHUS Oy THUIH.

0) 3aBucumocts OBII BogHOTO pacTBOpa CEPHOKKUCIOTO AMMOHUSI OT BPEMCHH ITOCIIS
OTKYTOpHUBaHUSI OyTHUTH (CYTKH) MPH KOHLIEHTPALMUSIX CEPHOKUCIOTO aMMOHHUS OT 1 10 64

/1.
3asucumoctb OBI1 oT B1uaa nobasku
1 2 3 4 5 6 7
-400 L ! | | | !
-450 -
-500 -
m
s
= -550 -
3
-600 - ¢ . . .
*
-650 -
* *
-700
Homep npo6bI xxugkoctu

Pucynok 8. 3aBucumocts OBII uepes cyTku mociie BBeIeHUS BOJIOPOAA OT BHIa
xuakoctu. Kormnentparus Bcex 1006aBok 1 1/i1. 1 - mucTwimmupoBaHHas Boja, 2 - BOJA,

ounnieHHas Ha ycranoBke bOP-49-M, 3 - NaCl; 4 - NH4SOs, 5 - Na,COs, 6 - KCl, 7 - K1, 8 -
PE30pIIHH.

3aBucumocts OBII oT BpeMeHu XpaHEHHs IOCJIE€ IEPBOrO OTKPBIBAHUSA OYThUIN
npelcTaBicHa Ha puc. 9. Jlyig Bcex XKHUAKOCTEH, KpoOMe pacTBopa yriekucioro Hatpus, OBII
yBenuuuBaercs 10 3HaueHuil 0 + muuyc 50 mMB. B pactBope yrnekucnoro Hatpus OBII
YBEJIIMYMBAETCS 0 BeJIWYMHBI npumepHo muHyc 200 mB, paBHoil 3HaueHutro OBII B
HCXOJIHOM PacTBOpE MPH KOHIEHTpauuu 1 1/11.
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3aBucumocTb OBI1 oT BUaa gobasku

0 0,5 1 1,5 2 25 3 35 4
o I I I I I ﬁ
-100 - 6 1
X
X N o2
0 : s x ¢
2 300 1 X o X4
C

5 -400 | A XS5
e} 6
-500 +7
-600 Q -8

700 T

Bpems ¢ Havana HabntoaeHus, CYTKM

Pucynok 9. 3aBucumocts OBII npu pasHoM BpeMeHM MOCIE OTKYIIOPUBAHUSA
OyThIIeH M Havayia HaOMroACHUS OT BUAa A00aBku. Bpems nabmogeHus: 0 - Hadaso
u3MepeHui, 1 - nepBblil 1€Hb, 2 - BTOPOU J€Hb, 3 - TPETHUI I€Hb, 4 - YETBEPTHII JI€Hb.

Buna no6aBku (koHIIEHTpaIus Bcex 100aBok 1 r/m): 1 - nuctuminpoBaHHas
BOJa, 2 - Boja, ouniieHHas Ha ycraHoBke bOP-49-M, 3 - NaCl; 4 - NH4SOy, 5 -
Na,COs, 6 - KCl, 7 - KI, 8 - pe3opruH.

Hao0.1iro1eHne BOCCTAHOBHUTEJIBHBIX PeaKIMid B BO/Ie, HACBIIIICHHON BOIOPOAOM.

Bocecmanosenenue monexynaprozo uooa.

B mractukoByio OyTeiie 00beMoM 1 1 Haymm 10 mur pactBopa KI koHmeHTpanmei
0,1M. 3arem OyTbUIb 3aMOJIHHUIN JO BEPXY BOJOW HEMOCPEACTBEHHO C BBIXOJA YCTaHOBKHU
BOP-49-M. Taxk kak 3ta Bozia cojaepxut 030H (0,3 mr/m), To pactBop cpasy moxenren. [locme
storo B OyTeuib BBenmu 50 mi Bomopoaa. byTeuih monokunu Ha Ook. Cpa3y HUKaKHX
U3MEHEHUN He HaONI0/ajoch, OJAHAKO HA CIEAYIOIIMN JEHb PAacTBOP CTal OECIIBETHBIM.
ByTbu1b ObL1a OTKpHITA, 3HaUeHHe OBII = - 606 MB.

BoccraHoBnenue noja ONUChIBA€TCS PeaKIUei:

I +2e 221

CrangapTHelii oTeHUMan 3Toll peakuuu E = + 536 MB, mosToMy BoccTaHOBIIEHHE
Bo3MokHO Tipu OBII < -536 MB. B mepBwie wacwl mocie BBEACHHUS BOJOpOAa, KaK OBLIO
nokazano Bsile, OBII Ha ypoBae Munyc 300 + 400 mB, 3HaueHue noteHumana 1o muayc 600
MB ycranaBnuBaercs mpuMmepHo uepe3 cyTku. [lostomy cpasy mociie BBEAEHHUS BOJOPOJA,
KOT'Jla MOTEHIMAl YMEHBIIWICA ell€ HeIOCTaTOYHO, U3MEHEHUI IIBETa pacTBOpa HE BHUIHO, a
yepe3 CyTKH, KOrja MOTEHLMaJ JOoCTUraeT npumepHo MuHyc 600 mMB, monexynspHbId Moz
BOCCTAHABIIMBAETCS M PACTBOP CTAHOBUTCS OECIIBETHBIM.

Boccmanosnenue map2anya 6 pacmeope nepmancanama Kauus.

OBII pacTBOpa nepMaHranaTta Kajius KOHIIEHTpaluei 1 /71 He MeHsUICs Py BBEACHUHU
BOJIOposia U cocTaBisl 1itoc 330 MB M HUKakuMX M3MEHEHMH B pacTBOpE IMpPH BBEIACHUU
BOZIopoja He npoucxoauio. Mcxoausiii pactBop umen OBII = + 330 mB, nocne 3anonnenus
BOJZIOPOJIOM U BBIJIEP’KKHU B TEUEHUE HECKOIBKUX CyTOK 3HaueHue OBII ocraBanock npexHum,
LIBET pacTBOpPa HE MEHSICA.
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Kornma B3smu OnenmHblid pacTBOp MapraHieBkd (KoHieHTpanus He Ooinee 0,01 r/m),
cutyanust u3MeHwiack. [Ipu BBeneHMH B OyTbUIb C PO30BBIM PAaCTBOPOM MapraHLEBKU
oovemom 0,5 1 mpumepHo 150 mn Bogopona (mpu 3tom yepes cytku OBII napano no Munyc
790 MB) pactBOp Hauan MeHATH L[BeT. Uepe3 CYyTKM pacTBOp CTal MpPO3payHbIM, a HA JHE
OyThUTH 00pa30BajICs 0CaIOK OKUCH MapraHIia.

ITporiecc MOXKeT UATH B ABE CTaIUU

MnO4 +e < Mn042_

MnO4* +2H,0 + 2¢~ <> MnOx) + 40H™

CrangapTHelii MOTEHIMAN NEpBOM peakuuu cocrasisieT +540 MB, BTopoi + 580 mB.
3nauennie OBII pactBopa mocie BbimazeHust ocagka cocraBwio MuHyc 530 mB. Takum
o0pa3oM, Korja KOJIMYECTBO BBEJACHHOIO BOJOpOJa ObUIO HENOCTATOYHBIM IS
BOCCTAHOBJICHHSI BCETO BemecTBa, Haxomsmierocs B OyTeumn, OBII He wmensutocs. Korma
BOJIOPOJIa XBATUJIO C M30BITKOM, BBINAJI OCaJ0K MPOAYKTOB BOCCTAHOBJIEHMS, U 3HAYCHHE
OBII ocTanoch 0TpULIATENbHBIM.

OKucnenue Memaniuyeckozo dxicenesd.

Habmonanock BiusiHEE BOJIOPOAA HA OKUCIICHHE TNIACTHHOK METATUYECKOTO JKele3a
B Bojie. B OyThutn 06beMom 0,7 1 mOMemany OJUHAKOBBIC JKEJIE3HbIC TUIACTUHKU pa3MepamMu
10 x 30 MM TOIIIMHON 1 MM M 3aNIOJIHSUIA UX OYMILEHHOM, OTCTOSIBILIEHUCS OJJHU CYTKH BOJOM.
B oxHO# OyThUIM OCTaBISIM BO3MYIIHBIA IMy3bIpek mpuMmepHo 50 mur. Bropyro OyThUIb
3aMOIHSUIN MOTHOCTHIO M BBoAMIN 50 Mi Bogopona. O6e OyTeutn nexanu Ha 00ky. ByTeuin
JIKATU TIPUMEPHO TpH Mecstia. Pa3 B Mecs1| ra3oBas cpeia 00HOBIISUIACH, OYTHUTH OTKPHIBAIIN
Y CHOBA 3allyCKalM TyJla BO3AyX WIH Bojxopod. Cienyer mog4epKHyTh, UTO IEPBOHAYAIBHO
HajuTas B 00e OyThUTH BOJa cojepikana kuciaopoa. Ha pucynke 10 mpuBeneHsl hoTorpanuu
OyThuiel yepe3 Tpu Mecsma. Pa3Huia B 1BeTe ocajika, 0Opasyromerocss B OyThUIAX, Oblia
BUJHA Bceraa. B OyThuIH, 3ampaBlieHHOM BOJOPOOM, TIOCTIE IMEPBOTO MECsIa SKCIICPUMEHTA
TOKe HaOJIOAaNCs KPacHOBATHIA 0CaJOK, HO €ro ObLJI0O HAMHOTO MEHbINE, YeM B OYTBHUIU C
Bo3yxoM. [locie BBeneHUs CBEXEl MOPLUU BOJOPOAA Yepe3 MECSI] XpaHEHHs 0CaI0K CTaj
yepHbIM. [locrme BBeneHuss BOAOpPOAAa HA TPETHM MecsAll LBET OCTABajCs YEPHbIM U HE
MeHsICA. YepHbIil 0CaIOK JIexKall Ha IHE, caMa BOJIa BBITJISA €A COBEPIICHHO MPO3PAYHOM.

(= B

£ -*“E@_éﬂyx —m—— ‘

Pucynok 10. HabnromeHre OKHCICHUS METaJUIMYECKOro keje3a B Boue. CieBa - B
ra3oBoii (aze Bo3myx. CmpaBa - B BOIy, NMEPBOHAYAIBHO COACPIKAIIYIO PAaCTBOPCHHBIH
KHCJIOPOJ BO3/IyXa, BBOAUJICS BOAOPO/A. BHIHO, YTO MPOIYKTHI OKUCIICHUS Pa3HBIC.

Orcroa BHUIIHO, YTO MPOAYKTHI, oOpasyromuecs B cpele Boaopoja W 0e3 Hero,
CYIIECTBEHHO Pa3UYAIOTCsI. DTO yKa3blBaeT HA XMMHUYECKYIO aKTHBHOCTH MOJIEKYJISIPHOTO
BOJIOPOJIa B YCJIOBHSIX DKCIIEPHUMEHTA.
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MexaHu3M aKTHBAIUM MOJIEKYJISIPHOTO BOAOPOAA.

MonekyspHbIii BOJOPOJ, BBOAUMBIN B JKUAKOCTH, SBISETCS HEUTPaTbHBIM.
N3BecTHO, 4TO cMech BOAOPOJA C KHCIOPOAOM MOKET XpaHHUThbCs. Jljig B3pbIBa €€ HYXKHO
no/kedb. [lomKuranne WHUIMHUPYET LEMHYI0 PEaKIUI0 TOPEHHs, KOTopas HpuU OOJBIINX
KOHIIEHTpALUAX PEarupyrolnux ra3zoB IPOTEKaeT O4YeHb ObICTpO. 3 BBINMONHEHHBIX HaMU
9KCIIEPUMEHTOB BUIHO, YTO BBEAEHHBIN B BOJY BOJOPOJA HAOUpAeT XUMHUUYECKYIO aKTHBHOCTh
MEJIEHHO, BpeMsl yCTaHOBJEHHUS oTpuuarenbHoro 3HadeHuss OBII cocraBiser He MeHee
CYyTOK. Me/JIeHHYI0 aKTHUBAllMI0 MOXHO KadyeCTBEHHO OOBSICHUTH BO3JECHCTBHEM C1ab0ro
WCTOYHMKA aKTUBHBIX YacTHUIl. VICTOYHMKOM 4YacTWI, MHUIUUYPYIOIIUM IICTHYI0 PEaKIUIo
aKTUBALIMU BOJOPOAA, MOXKET CIYKUTh KOCMUYECKOE U3IIyUCHHUE.

@dopMaIbHO MOXHO CKa3aTh, YTO AaKTHUBALlUS DPACTBOPEHHOIO B BOJE BOAOPOJA
npoucxoaut npu usmepenuun OBII mIaTHHOBBIM 3JEKTPOJOM, TaK Kak IJIATHHA SIBISETCS
KaTaJau3aTOpOM pa3joKEHUs MOJEKYJSIpHOro Bojxopoaa. OpHako B 3TOM clyyae He
HaOmoanuch Obl XMMHUYECKHE MPOIECChl BOCCTAHOBJICHHSI, OMHCAHHBIE B MPEABIAYIIEM
paznerne.

Takum 00pa3oM, XMMHYECKYIO aKTHBHOCTh MOJEKYJSIPHOTO BOJOpPOAa B BOJAHOM
pacTBope, MOSBISAIONLYIOCS HE cpa3y, a yepe3 HEKOTOpPOoe BpeMs Iociie BBEIEHUS BOAOPOAA,
MO’KHO Ka4eCTBEHHO OOBSCHUTH LIETTHBIMH MPOIIECCAMU, MPOUCXOIALIIMMH C BOJIOPOAOM MO
JeCTBUEM MAJOMOIIHOTO MCTOYHHMKA NMEPBUYHBIX BBICOKO PEAKIIMOHHOCTIOCOOHBIX YaCTHII,
HaIpUMep, KOCMUYECKOTO U3ITyUYeHUSI.

Onenka BO3MOKHOCTH 0€CKOHTAKTHOH AKTHBAaIlHH BOJbI.

B pabortax, BBIMOTHEHHBIX MEPBOOTKPHIBATEISIMU AaKTHBUPOBAHHOW BoAbl [4],
uccinenoBaivch n3mMenenus OBII Boael, HaxozsIIelica B cTakaHe, OTPYKEHHOM B KAaTOJIUT.
Hab6monanocy ymensinenne OBII Boabl, HanUTOW B TOJMATUICHOBBIA MENIOK WIA B
TOHKOCTEHHBIM IIACTUKOBBINA crTakaH. M3menenus OBII Boapl, HaIUTOM B CTEKISHHBIN
CTakaH, He 3apeructpupoBanbl. OOHapyxkeHHoe wu3MeHeHne OBII Opl10  Ha3BaHO
0eCcKOHTAaKTHOH akTuBanueil. TepMuH "GeckoHTakTHast" OBUI HCIOJIB30BAH B CBA3H C TEM, YTO
KUJKOCTH HE MOTJIM oOMeHUBaThCs MoJieKyidamu. [IpoBeneHHble HAMHM HCCIIEIO0BaHUS
MOKA3bIBAIOT, YTO PE3YJbTAThl 3TUX PabOT MOXXHO OOBSICHUTH Auddy3ueil Bogopoaa yepes
TOHKYIO IIACTMaccoByI0 neperoponky. Auddysus Bogopoaa yepes3 CTEKJI0 HAMHOTO MEHee
BEpOATHA, MO3TOMY u3MeHeHus: OBII Boxbl B CTEKISHHOM CTakaHe, IMOIPY)KEHHOM B
BUIKOCTEL ¢ MeHpIIUM OBII, He Habmromanocs.

Hamu wuccrnenoBana Bo3moxHOCTh u3MeHeHuss OBII B ciywae, korma muddysus
BOJIOPOJIa MEXAYy cocylamu ¢ pazHbiM OBII uckitoueHa, a reoOMeTpusi ONbITa aHAIOTMYHA
Clly4aro, KOrjJa CTakaH IOrpyXeH B XuakocTb. Eciaum usMenenus OBII cBsa3ano co
"CBEpXKOTEPEHTHBIM'" U3ITyYEHHEM, O CYIIECTBOBAHHHM KOTOPOTO COOOIIAeTcs B psijie pador,
TO 3TH U3MEHEHHS JIOJKHBI OBITh OOHAPYKEHBI B OIIMCAHHOM HIKE OIIBITE.

DKCIEPUMEHT BBITIONHIICS cieayromuM oOpazoM. beuta nHabpana "Oatapes" u3z 24
CTEKJIIHHBIX OyThuIeH eMKOCThIO 0,5 1. ByThUTH 3aNIOIHSIIN OYHMIEHHOM BOJON M BBOJWIIN TIO
40 + 50 ma Bomopoaa B KaxAyr. byTebumm ¢ BOAOpPOJOM YKJIaabIBaIuCh Ha OOK. B 3Tmx
ycnosusix OBII Bozab! B kaxkao# OyTbun cocTaBiisil nopsaka Munyc 600 MB.

OumieHHYI0 BOJy HAJIMBAJIU JIOBEPXY B IUIACTUKOBbIE OyTBHUIM TOTrO € 00bema,
My3bIpEK BO3JyXa MPAKTUYECKH OTCYTCTBOBaJ. DTHU OYTHUIM MOJOXKWIM Ha OaTapero Tak,
4yTOOBl Kaxkaas OyTbUIb C MPOCTON BOJOW ObUIA OKpYXEHa CO BCEX CTOPOH OYTHUISIMH C
orpuniatensibiM - OBIL. Kpome Ttoro, B 0OaTapeio MOMECTWIM IJIACTHKOBBIE OYTHUIHU,
3anpaBJeHHbIE BOJOPOIOM, KaK CTEKJIsSHHbIE. Takue ke OyTbUIM C IPOCTOW OUMIICHHOU
BOJIOH B IMJIACTUKOBBIX OYTBHUISX MOMECTHIIA HA PACCTOSIHUM 2 METpa OT OaTapeu.

UYepe3 7 mueit mamepunn OBII Bogsl B OyThUISX, JeKaBIIMX Ha Oatapee W Ha
yaaneHuu ot He€. Pe3ynbpTaTel mpuBeneHsl B Tabnuie 1.
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Tabnuma 1. OBII Boas! B OyThUISX, JIEKaBIINX Ha OaTapee ¢ moreHuanoM Munyc 600
MB 1 Ha paccTosiHuu 2 MeTpa OT He€.

ByTeun, nexxaBmme Ha 6arapee ByTbutH, ynaneHHsie oT OaTapen
+37 MB
OBII, mB + 38 MB +35MB
+ 39 MB +34 MB
+42 mMB + 36 MB

N3 tabmuiel BuaHo, uto pasHuiel OBII B OyThursax, sexaBmmx Ha Oarapee, H
yAaJIEeHHBIX OT He€, He HabmoaaeTcsl. B MIIacTUKOBBIX OYTHUIAX, 3aIPABICHHBIX BOJOPOIOM U
JeKaBIIUX B Oarapee, My3bIpek raza (BOAOpojaa) MOCTENEHHO YMEHBIIAJICS U 4epe3 MECSIT
nponan coBceM. byTbuln cTanu caaBlIeHHBIMM, Kak IOKa3aHo Ha puc. 4. 3nadueHue OBII, B
nepBbie THU paBHOEe MuHYyC 500 + 600 MB, uepe3 mecsin okazanocs B npeaenax 50 + 100 mB.

Octaercss HESCHOM WpPUYMHA TONYYEHHS B OTOM OJKCHEPUMEHTE TOHUKEHHOTO
saauenuss OBIT o6paboTanHoii Boabl. OOBIMHO, JaKe TP HAIMYUU B JJaOopaTopuu OaTapen
Ooyteutok ¢ Hu3kuM OBII, 3nauenus OBII ouunieHHON BOABI MPH ATUTEIBHOM XpaHEHUU
nexat B npenenax He Hiwke 70 + 150 mB.

OueHka BO3MOKHOCTH 0€CKOHTAKTHOM aKTUBAIMU BOAbI B PABOCJIABHOM Xpame.

BrinosiHeHHbIE HaMU paHee [6] uccnenoBaHusl CBATOM BOJIbI, B3STOM B MPABOCIABHOM
XpaMme, nokazan, yro BenuuuHa OBII Haxonutcs B npenenax 50 + 70 mB. Bennunna OBII
POIHUKOBOI BOJIbI, KOTOPOM 3aIlOJIHAIOT EMKOCTHU Ul CBSITOM BOJABI, KaK NMPaBUIIO, 3aMETHO
Bbllle. HemocpenCTBEHHO MNpu BBIXOAE U3 3€MJIM POAHMKOBAas BOJA MOXKET HUMETh
orpuniarensubiii OBII (B mpenenmax munyc 50 + 100 mMB), omHako mocie MOTJIOMICHHS
kuciopoaa Bozayxa OBII pactet no uiroc 100 + 200 mB. Takum oOpa3zoMm, cBsATas Boja,
HECMOTpsl Ha HaJM4M€ B HEH PACTBOPEHHOIO KHUCIOPOAA, MMEET 3aMETHO IOHWKCHHBIN
OKHUCJIUTEIbHO-BOCCTAHOBUTENbHBIN MOTEHIUAIL.

XapaKTepUCTUKU CBATOM BOJbI, B3sATOM B Xpame Xpucta Cnacurens (r. Mocksa),
npuBeaeHbl B Tabnuue 2. M3 Tabmuubl BUIHO, YTO BOJA Cpa3y U3 Xpama HMeEeT
orpunarensHbelii OBII, a nocie xpanenus B naboparopuu npuodperaer OBII, xapakTepHblii
JUISl OYMIIEHHOM BOOIIPOBOJHOM BOJIBI.

Tabnuua 2. XapakTepucTUKH Bobl U3 Xxpama Xpucra Cnacurens

Bpewms ucnblTanus BOJbI OBII pH
ToJibKO YTO U3 Xpama -23 MB 7,95
Cnycts 10 nHelt XxpaHeHHs BOJbI B 3akpbiToil | + 93 MB 7,9
IUIACTUKOBOM OYyThUIH, JeKalield Ha O0Ky

B »Tom XpaMe€, HaxomdmemMcsa B MNOCHTPC T1opoJda, OTCYTCTBYIOT POJHUKOBLIC
MCTOYHUKHU BOJBI, U BOJA MPUBO3UTCS B XpaM B S-TUTPOBBIX MIACTUKOBBIX OyThUIsiX. Hamu B
xpame Xpucra Cracutens ObLI BBIMOJNHEH CIEAYIOMUNA 3KcniepuMeHT. OUuIleHHas BOJA,
NPUTOTOBJICHHAs] IO METOAMKE, OMHMCAHHOM BbIle, OblIa pa3iuTa B IUIACTUKOBBIE U
crexisinable OyThun 0,5 1. KoHTposibHBIE OyTBUIM OCTaIMCh B JIAOOpaTOpUU. ABTOPHI
MOCETHJIM XpaM, B3sIB ¢ CO00 OyThUIM C 3TOM BomoW. B Xxpame nBe OyThUIM OCTaIHCh
HETPOHYTHIMH (IIJIACTUKOBAs M CTEKJISIHHAsS). M3 MIacTUKOBBIX OyThUIEH OTIWIM MPUMEPHO
100 ma Boapl. Ilpum »TOM OyThUIM 3alOJHUIUCH BO3AYXOM M3 Xpama. OKCIEPUMEHT
MOBTOPSUICS HECKONIbKO pa3. IIpoObl Opanuch kKak B mepepbiBax (IHEM), TaK U BO BpeMs
Oorociyxenus (Beuepom). Pe3ynbprarel npuBeeHBI B TA0IHUIIE 3.
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Tabnuna 3. M3menenus OBII Boas! B xpame Xpucra Criacuress.

XapakTepucTuka nmpoosl OBII AOBII [Ipumeuanue

CrexnsHHas OyThUIb, ObIBIIAS B

Xpame 51 ocraBmasics | 106 MB | - 10 MB | KonTposibHas Boga
HepacrneyaTaHHO! OBII=116 MmB
[TnactukoBast OyTbuIh, ObIBIIAs B | 102 MB | - 14 MB

Xxpame U ocCTaBIIasACA

Hepacne4yaTaHHOU [Ipoba nmHem (cityxObI
IImactukoBast OyThLIb, u3 | 87 MB -29MB | HeT)

KoTopou ot ~ 100 M BoaBI

CrexisiHHass OyTbUIb, ObIBIIAs B

Xpame u ocraBmasics | 139 mMB | -4 MB Kontponbnas Bona
HEpacne4yaTaHHOU OBII = 143 MB
[TnactukoBast OyTHUIb, OBIBIIAS B

Xpame u ocraBmascs | 135mMB | -8 MB

HepacneYaTaHHOU [Ipoba  Beuwepom  (BO
[InactukoBas OyTBLIb, u3z | 116 MB | -27 MB | Bpems ciryO0bI)

Kotopoit ornmiu ~ 100 M1 BOJIbI

N3 tabmuner 3 BugHO, uTOo BO Beex ciydasx OBII Bojawl, moObIBaBIIEH B Xpame,
MEHBIIIE, YeM y TOW e BOJBI, OCTaBaBIleics B 1abopaTopuu. Korna OyThUTh HE OTKpPBIBAIIH,
ymenbiienne OBII 6b110 Ha ypoBHe 10 MB. Cama sTa BenuumHa HEOOJBINAsS U OHA MOMKET
ObITh B mpenenax omuOku, onHako ymenbinenne OBII Bo Bcex mpoOax ykaspIBaeT Ha
teHaeHnuo. Korma B OyThuth ¢ BO/IOM HaOupanu Bo3nyX U3 Xpama, ymenbinenue OBII Obuto
nopsinka 25 + 30 MB, uTo ¢ rapanTuel BhIllie BCEX BO3MOXKHBIX OIMTUOOK. DTO 03HAYAET, 4TO B
BO3/yXe TOMEIICHHsI ObLT Ta3, 00J1aaf0Inii BOCCTAHOBUTEIILHEIMU CBOHCTBAMH, BO3MOXHO,
BOJIOPOI.

3aBucumoctb OBII oT MecTa npoBeaeHns aHaIU3A.

B sTOoM skcnepumeHTe CpaBHUBAIMCH MPOOBI OJHOM M TOM k€ BOABI B MOCKBE U B
Hwxuem Tarune. B mepBoil cepun 3KCIepUMEHTOB MPOOBI BOJBI M3 Pa3HBIX HMCTOYHUKOB
Huxnero Tarmna nocraBnsmu B MockBy u usmepsuin OBIIL. [IpoObl TOil ke BOAbI
aHanuzupoBanuch Ha mecte (B Hmwknem Tarmne). Okazanoch, uto B Huxkaem Tarune OBII
Bcex npoO Ha 150 + 200 MB menbuie. AHanoru4HbIM 00pa3oM, IpoObl BOJbI U3 MOCKBBI
noctaBisuiich B Hukanit Tarun u ananusupoBanuck. M B 3Tom ciiyyae OBII MmockoBckoi
BOJbI, U3MepeHHbIl B Hixxknem Tarune, okazancs Ha 100 + 200 mB MeHbl1ire.

Bo BTOpOii cepun sxcnepumerToB OBII Boabl H3Mepsuii OTHUM U TEM e TPHOOPOM ¢
TEMHU K€ DSJIeKTpojamMu (IUIATUHOBBIM U xJop-cepeOpsHbiM). Okaszanock, uyto OBII
MOCKOBCKOM BO/bI, U3MEpEHHBIH TeM xe npudopoM B Hwxkuem Tarwmne, na 100 + 200 mB
MeHbie, yeM B MockBe. OBII mpo0 HMKXHETarwibCKOW BOJBI, M3MEPEHHBIH Ha MECTe
MOCKOBCKUM MPUOOPOM, COBIIAAJI C MOKA3aHUSIMH HUKHETarvibCKOTo Mpuodopa.

B uncne npuumH oOHapykeHHOTO 3¢ ¢deKTa MOKHO yKa3aTh HAJIMYHE B ypPaTbCKOM
BO3JYyX€ MOJIEKYJSIPHOTO BOoAopoja. M3BeCTHO, YTO B pallOHaxX pa3jioOMOB 3€MHOM KOPBI W3
Help B aTMocepy BBIIEISETCS BOJIOPOJA, U €ro KOHIIEHTpAlUs B BO3AyXE 3TUX pailoHOB
3aMETHO BBIIIE, YEM B APYTUX PaiOHAX, I/I€ pa3IOMOB KOpHI HET. Takum 00pa3oMm, U B 3TOM
cinyuae moHmxkeHue OBII Bombl MokeT OBITH OOBSICHEHO HalW4YueM B aTMocdepe Ta3oB,
00J1aJaf0IKX BOCCTAHOBUTEIBHBIMU CBOWCTBAMH.

[IpoBeneHHBIE 3KCIEPUMEHTHI MO3BOJIIOT MPEAIONIOKUTh, YTO JUISI UCCIIETOBAHHBIX
MPOIECCOB OCHOBHYIO poiib B moHmkeHuH OBIl xuakoctu urpaer ras, oOmamaromuit
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BOCCTAHOBUTEJIBHBIMU CBOMCTBAMM, B IIEPBYIO OYepenb, BOLOPOA. Jlpyrue sBICHHsS MOTYT
UrpaTh poJib, HO UX BKJIax B noHwkenue OBII HamHOro MeHnsbie.

OcHOBHBIE pe3yJabTaThl IKCINIEPUMEHTOB.

1. Bpems ycraHOBIIeHUsI MOTEHIMANA B OyTHUIM C BOJIOM, HAIOJHEHHON BOJOPOAOM,
COCTaBJIsET IPUMEPHO | CyTKH.

2. BennuuHa yCTaHOBHUBILETOCS MOTEHIMANa 3aBUCUT OT KOJMYECTBA BBEIECHHOIO
BOJIOPOJIA: TIOTEHIMAT PAcTeT MPH YBEIWYCHHH OOBEMa BOJOpOJa B OYTBUIM M HMEET
TEHJEHLHUIO K BBIXOY Ha IJIATO.

3. Bemnumna pH aucTwuMpoBaHHOW BOJBI, TPOCTO OYHUIICHHOW BOABI M BCEX
MCCJIE0BAHHBIX BOJAHBIX PACTBOPOB IIPH HACBILIEHUU BOAOPOJIOM HE MEHSETCS.

4. BenuunHa MOTEHLIMAJa, YCTAHOBUBIIETOCS 4epe3 CYTKH, Majo 3aBUCUT OT BHJA
pPacTBOPEHHOI0 BEIIECTBA M €ro KOHIIEHTPAllUM, €CJIM pPAacCTBOPEHHOE BEIECTBO HE
B3aWMO/JICHCTBYET C BOJIOPOJIOM.

5. YBemnuenne OBII npu XpaHeHMM NEpPBOHAYAJIBHO HACBIIMIEHHOTO BOJAOPOJIOM
pacTBOpa CBSI3aHO C YTEUKOH BoAopoJa u3 odbema. Ecnu yTeuku Bogopoa HET, yBEIUUECHUS
MOTEHIIMaNa He HaOMo1aeTcs.

6. beckoHTakTHasi akTHBALMs PacTBOPOB, Korna pactBop c¢ orpuuarenbHbiM OBII u
KOHTPOJIbHBII pacTBOpP HAXOASTCS B Pa3HBIX OYTHUIAX, HE HAOII01a1acCh.

7. OcHoBHY10 poiib B noHmwxkeHnn OBII B riccieoBaHHBIX ITpoLieccax Urpaer
BOJIOPOJ1, PAaCTBOPEHHBIN B BoJe. BKiiax qpyrux npoueccoB, KOTOPbIE TAKKE MOTYT
npuBOANTH K oHMKeHU0 OBII, HamHOTO MeHbIIIE.
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