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BBEJIEHUE

CrnoxHasi cuTyarusi ooecrieueHus1 HaceleHusi Poccuu kauecTBEHHON MUTHEBOM BOJIOM, COOTBETA-
BYIOIIEH CAHUTAPHO-TUTMEHUYECKUM TPEOOBAHUSIM MPUOOpPETaeT B MOCIEIHUE TOIbl COLUATbHBIN
XxapakTep. DTO CBSI3aHO ¢ TeM, 4To okojo 70% pek u o3ep Poccun mo pazHbIM MpUYMHAM MPAKH-
YeCKH yTpaTHJIA CBOM KauecTBa KaK MCTOUYHUKH MUTHEBOro BojocHaOkeHus. Ha psae Bonozabopon
MOA3EMHBIX BOJI TAK)K€ OTMEUEHO IMPEBBIINICHHE COACPKAHUSA PA3IUYHBIX XMMUYECKHUX BEIECTB.
VYuiep6 oT 3arpsi3HeHHs] BOAHBIX HCTOUYHHUKOB OLIEHUBAETCS] B COTHU MIULIUApIoB pyoieil. B To xe
BpeMmsi 10 40% JIeHCTBYIOIIMX COOPYKEHMH MUTHEBOIO BOJOCHAOKEHHS HAXOJUTCS Ha KpailiHe
HU3KOM YpOBHE JKCIUTyaTallid B CBSI3U C M3HOCOM oOopynoBaHus. Kak cienctBue, 3a TpHU rojaa
(1991 - 1993) ormedeHo, uto 6ojee yeM B 2 pa3a BO3POCIIO YHUCIIO SMHUICMHYECKUX BCIBIIMICK OQ-
PBIX KUIIEYHBbIX MH(EKIHMOHHBIX 3a00JIeBaHUNM U MOYTH B 3,5 pasza yBeNIWYWIOCH YHUCIO MOCTR-
JABIIMX OT HUX JIIOJIeH. DTH JaHHbIEe TIpuBeaeHbl B ['ocynapcTBeHHOM nokiajne "Boma mutheBas"
[1], moaroToBieHHOM MUHHUCTEPCTBOM OXpaHbl OKPYKAIOIICH Cpeabl U MPUPOIHBIX pecypcoB Pa-
cuiickoi ~ degepauu  COBMECTHO € [ OCymapCTBEHHBIM  KOMHTETOM  CAHUTApPHO-
AMHUAEMHUOJIOTHYECKOro Haazopa Poccuiickoit @enepanun, Komurerom Poccuiickon denepanuu mno
BOJHOMY XO3SHCTBY, a TaK)Xe JPYTMMHU KOMUTETaMU U MUHHUCTEPCTBAMHU, UMEIOIIMMH OTHOILIEHHE
K IaHHOM mpooieme.

B noknazne Hapsay ¢ aHaTU30M U BBISIBICHHUEM MPUYMH CIOKUBIIECHCS CUTYallMH C TUTHEBBIM
BoZlocHaOxeHreM B Poccum oTpakeHbl OCHOBHBIE CTpAaTeTMUYECKUE HAMpaBlIEHUs PEIICHUS H-
3peBIICH MPoOJIeMbl, KOO YIOBICTBOPEHHE MOTPEOHOCTEH HACEICHHUS B KaU€CTBEHHON MUTHEBOU
BOJIe KOHCTUTYIIMOHHO 3akperuieHo B 1994 r. Ykazom [Ipesunenta PO "O rocymapcTBeHHOU CTR-
terun Poccuiickoit denepanu Mo oxXpaHe OKPYXKAIOMIEH Cpeapl U 00CCIEYCHUI0 yYCTOWYHUBOTO
pazButus".

[Ipo6yiema 4MCTOM MUTHEBOM BOJBI MHOTOACIIEKTHA, TAK KaK OJHOBPEMEHHO C PEIICHHEM B~
Jlad M0 YJIYyYLIEHUI0 KaYeCTBEHHOI'O COCTOSIHUSI MCTOYHHMKOB BOJOCHAOXKEHUs TpeOyercs cyllea-
BEHHO YJIYYIIUTh YPOBEHb BOJOMOJATOTOBKH B CUCTEMaX KOMMYHAJIBHOIO U BEJOMCTBEHHOI'O BOD-
CHA0KEHUs MPEXK/Ie BCETo IyTeM BBO/IA B SKCILTyaTallUIO HOBBIX TEXHOJIOTHI BOJIOOYUCTKU U 006-
3apa)XMBaHUs MUTHEBON BOJIBI.

N3-3a mOCTOSTHHO BO3pACTAIOLIEro 3arpsi3HEHUs MPUPOJHBIX BOJAOEMOB Ipobiema obe33ap-
KUBaHUS BOJbI puodperaeT ocodboe 3HayeHue. [Ipy 3ToM MoTydUBIINI IIUPOKOE paclpocTpare-
HUE BO BCEM MHpE METOJ 00e33apa)KMBaHus BOJAbI XJOPUPOBAHHEM OyIydyd 3KOJIOIMUECKH M-
CTBIM, HAJEXKHBIM U SKOHOMHYHBIM HMEET Cepbe3Hble HENOCTATKH, BBI3BIBAIOIINE Yy PA3IUYHBIX
CHEUAINCTOB U OTpeOUTeNell COMHEHHS B 11€JIECOO0PAa3HOCTH €ro MPUMEHEHUSI.

KaxoBbl OHM 1 KakoOBa MEPCHEKTHUBA MCIOJIb30BAHUS XJIOpa M €r0 MPOU3BOAHBIX JJIS JE31H-
(dbexuu nmutheBoi BoAbl. EcTh mu ansTepHaTuBa? O30HupOBaHue?

B nocnennue roapl KpUTHKeE MOJBEPraeTcs eile OJAMH XUMUUECKUH MeTo]] 00pabOTKH MUTE-
BOHM BOJBI - (PTOpHpPOBaHUE, IPUMEHIEMOE [0 PEKOMEHIAlUAM CIIEUATUCTOB KaK Kapuecnpodu-
naktuaeckoe cpenactBo. C gyem 310 cBsazano? [lompoOyemM OTBETHTH HAa 3TH BOMPOCHI, MCTIOIB3YS
HH(POpPMAIIHIO OTEYECTBEHHBIX M 3apy0eKHBIX HCTOUYHUKOB 3a nocieaaue (1990 - 1995) roasr.



I'1asa 1. TATUEHUYECKAS OIIEHKA KAYECTBA IMMUTHEBOM BObI

Boga npupogHbpIX HCTOYHUKOB BCEI/la COJEPKUT PAa3IMUHbIE BHJIbI MUKPOOPTaHU3MOB, KOJIHYEQ-
BO KOTOPBIX OMPEIENsIeTCs] XapaKTepoM U MPOUCXOXKJACHHEM BOJOMCTOYHHKA, a TaKKe TaKUMU
(dakTopamu, Kak cofiepKaHue B BOJE MUTATENIbHBIX BEIIECTB, TEMIIEpATypa, HACHILIIEHHOCTh KUCID-
pozioM U Jip.

Cpeny MUKpOOPTaHU3MOB, ONPEACIIIEMBIX B BOJIE, - BUPYCHI pazmepom oT 0,02 mo 0,3 mkmM,
6aktepun (0,22 - 1 MKM) 1 mpocTeiimue - Hanboaee kpynHbie 6omee 1 MkmM. Ocob0 omacHbI It
YyesoBeKka OaKkTepuu, YUCIIO BUAOB KOTOphIX gocturaetr 3000, mpuyeM MHOTHE W3 HUX SIBIISIOTCS
MMaToreHHsIMu [2 - 8].

[lo manHBIM, IpUBEACHHBIM B [2], OaKkTepHalibHAsI 3apa)K€HHOCTb BOJbl B 3aBHCHUMOCTH OT
MecTa 0TOOpa XapaKTepU3yeTCs CIASAYIOIMMMH TTOKa3aTesIMU (KOIMYecTBO OakTepuit B 1 mu):

Bolla apTe3sHAHCKHX CKBaXKH 0
Knouesag Bona, samMuieHHas oT 6akTepuanbHoro sarpasHeHus 0 - 200
To xe, HEMONHOCTLIO 3aliHIeHHas 10 - 3000
Kononesnas sona. sauiueHHas ot aarpsasHeHudt 10 - 1000
To xe, HEMONHOCTBIO 3ALLMULICHHAR no 80000
Bopa Gonbuiux osep Ao 1500
Ysicras peunas Bona ' no 125000
MosepxHocTHas BOAa, ouMileHHas yepe3 c/oW necKa no 100

EcTtecTBEHHO, UTO MUKPOOPTaHU3MBI, HAXOASIINECS B BOAE MPUPOJAHBIX UCTOUYHUKOB, MOCO-
SIHHO TIOJIBEPIaloTCsl BO3ACHCTBHUIO PAa3IMYHBIX BHEIIHUX (pu3ndeckux (yapTpaduosieToBoe, BUM-
MO€ M paJM0aKTUBHOE U3ITyYeHHUE, TEIIOBOE BO3AEHCTBUE U JIP.), XUMUUECKHUX (pa3IuvHbIE COeM-
HEHUs, MOMNAaJaloNIie B BOJOEMBI CO CTOYHBIMU BOJIaMHU), OMOJIOTUYECKUX (AHTArOHU3M MEXy Bi-
JaMA MHKPOOHMOJIOTHUYECKOTO COOOIIECTBAa) U APYrux (HaKTOpoB. DTO B OMPEACICHHOW CTENEHU
M3MEHsIeT 0aKTepUOJIOTHYECKHE TTOKa3aTeau MPUPOIHBIX BOJI, OJHAKO, TI0 MHEHHUIO aBTOPOB pa®-
THI [9], aHAIM3 MTOKa3aTeneld MUKPOOHOTO U OaKTEPUATIBLHOTO 3arpsI3HEHUS MUTHEBOW BOJIBI U 3a@®-
JIEBAEMOCTH KUIIEYHBIMU HH(EKIUSIMU CBUAETEILCTBYET O TOM, YTO "BCE yalle MPUXOAUTCA K-
M0JIb30BaTh B KAa4eCTBE MCTOYHMKA LEHTPAJIW30BAHHOIO MUTHEBOIO BOJOCHAOXKEHUS HE YHCTYIO
MIPUPOJIHYIO BOY, a pa30aBIICHHYIO CTOYHYIO".

B nocnennue roasl BO MHOTHX CTpaHaX MUpa PErUCTPUPYIOTCSI BCHBIIIKA KUIIEYHBIX 3a®-
JIeBaHUM, BBI3BAHHBIX MOTPEOJICHUEM BOJIbI, 3apPAKEHHON MATOT€HHBIMH MPOCTEHIIMMH, TaKUMU
KaK JU3CHTEPHUIHbIE aMeObl, KPUTITOCTIOpUANH, Oamantuaun u ap. [6 - 8, 10]. [lapasutupys B @-
raHu3Me 4esloBeKa B BEreTaTUBHON (popMe 3TH MpOCTEHIINe BBIIEISIOTCS BO BHEIIHIOIO Cpelay B
BUJIE TOKOSIIMXCS CTaIUI - IIUCT, OOIKCT, 3alIUIICHHBIX IIJIOTHON 000JI0YKOI OT BO3JIEHCTBUS -
OmaronpusTHEIX QakTopoB. [lomagas B Bogoem B pe3yibTaTe COPOCOB OBITOBBIX M CEIBCKOXO035M-
CTBEHHBIX CTOYHBIX BOJI, CTOKOB C MPWJIETAIOLIUX TEPPUTOPHIl B MABOAKOBBIN MEPHOJ U BO BpeMs
JIUBHEBBIX JTOXKCH, OHH MOTYT JIJTUTEILHOE BPEMS COXPAaHATh KU3HECTTOCOOHOCTH [4, 5]. B pe3yib-
TaTe KaueCTBO BOJ MOBEPXHOCTHHIX BOJIOMCTOYHUKOB 110 MUKPOOHOJIOTUYECKUM MOKA3ATENSIM 3H-
YUTEJIbHO YCTYIaeT TAaKOBBIM ISl BOJI IIOJI3€MHBIX HICTOYHUKOB.

[To manubIM [6], €XErogHO B OTKPHITHIE BOjOeMbl Poccum cOpacwiBaeTcs Oosee 610° M
CTOYHBIX BOJ 0€3 OUYMCTKH U OKOJIO 1,7-1010 M HEIOCTAaTOYHO OYHMIEeHHBIX. Kak mokas3anm uccre-
noBanus (¢ 1990 r.) HUNMKBOB coBmecTtHO ¢ MHCTUTYTOM MEIUIIMHCKOW MApa3UTOJIOTHH U TD-
nudeckod MeaunuHbl uM. E.M. MapuuHOBCKOro mpu ydactuud opraHoB ['occaHsamuaHaa3opa, Bce
Hal0I10/1aeMble TIOBEPXHOCTHBIE BOJAOMCTOUYHUKU M CHCTEMbI BOJOCHAOXKEHUS, PACIOJIO)KEHHbBIE B
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pa3IuYHbIX KIMMaTU4YecKuX 30Hax cTpanbl (CeBepo-3anaaHblii peruoH, LlenTpanbHblil paiion Pe-
cuu, JlanpHuit BocTok), B TOM MM MHOW Mepe COAEpKaJId LUCTHI JIIMOJIMN U IPYTUX MATOTC€HHBIX
MPOCTEHIINX, KOHLIEHTPAUsI KOTOPBIX OOBIYHO 3aBHCUT OT MecTa oTOopa mpob. B Boae y Bonoz-
OOpHBIX COOpPYKEHHUI 4acTo OOHApYXHMBAIOT BEChb KOMIUIEIC MPOCTEHIINX, 3apEerHCTPUPOBAHHBIX
BBIIIIE 110 TEUEHUIO PEKH U B 060JIee BEICOKUX KOHLIEHTPALIUSAX.

B 1993 r. oTmMe4eHO yXyAllIeHHe KauecTBa BOAbl MCTOUYHMKOB LIEHTPAIIN30BAHHOIO XO35AHa-
BEHHO-TIUTHEBOr0 BojocHaOxeHus: Poccuu (puc. 1.1). ITo canuTapHO-XMMHUYECKHM MOKa3aTeNsM
30,5% npo6 He oTBevanu rUurueHudeckuM TpeboBanusM. B psne pernonos (Uysamms, bpsHckas,
Kypckas, TromeHnckas u npyrue o01actu) 3TOT 1okaszarenib Bbiiie oT 1,5 1o 2 pa3 u 6onee. Kaxnas
TPEThsl U3 UCCIIeTOBaHHbIX Mpo0 (28,25%) Obula HecTaHAAPTHA IO MUKPOOUOIOTUYECKUM MOKaR-
TeNsIM, U3 HUX 88% - BCIENCTBUE NPEBBIIIEHNS TMIMEHUYECKOIO HOpMAaTHBa COJEP/KaHUs JIAKD-
30M0JIOKUTENBHBIX KUIIEUHBIX Majo4yek U 9,73% - u3-3a MOBBIIIEHHOTO COAEpKaHHs Konudaros -
KOCBEHHOI'O TIOKa3aTelsi BUPYCHOro 3arpsisHeHus. B mpobax Hepeako oOHapyxuBamuch (5,41%)
B0O30yAuTENN HH(EKIIMOHHBIX 3a00JIEBaHUI U OMACHBIX JJIs YeJIoBeKa relbMuHTO30B [1, 11].

OmnacHocTh 3a00JieBaHMsI BO3HMKAET JJIS YEJOBEKa HE TOJBKO NMPH MOTPEOJIEHUU HETOCH-
TOYHO OYMILEHHOU U JIe3UH(UIMPOBAHHON BOJIbI, HO M TOCJE OTAbIXA HA BOJE, 3apaXEHHOH MaD-
TeHHBIMM MMKpoOpraHu3Mamu. Tak, JoKazaHa B TOCJIeIHHE Toabl poib Oakrepuit Legionella
pheumophila, oburaromux B pacrnpenenuTeNbHbIX CUCTEMax ropsiueid M XOJOJIHOW BOJbI, B BG-
HUKHOBEHHH 3a00JI€BaHUN, UMEIONIMX PA3IMYHYIO TSXKECTh TEUSHHS OT JIETKUX (OPM 10 TSKEITBIX
co cMepTenbHbIM ucxoaoM [7]. Onucano yxe 6onee 100 Bemblmek 3a00fieBaHUMN, BhI3BAHHBIX JB-
ruoHesmamu. Hambonbiee copepskanue ux oOHApY>KUBAeTCsl B BOJE IJIaBaTeIbHBIX OAcCEHOB,
0Cc00€HHO ¢ Ter1oi Bojoi. MccnenoBanus Ha OJTHOM U3 TOPHBIX KypOPTOB ABCTPUHU MOKA3aJId, 4TO
B MECTaX HMCIIOJIb30BAHUS TEPMHUHAIBHBIX BOJI JIETHOHEIUIBI BHICEBAIOTCSA M3 HUX B OOJIBIIIOM YHCIIE
po6 (B 57 u3 77), 4TO yKa3bpIBaeT Ha OOJIBIIYIO BEPOSTHOCTh 3apayKEHUS JIeUallUXCsl Ha KypopTax.
Ota npobieMa UMeeT MECTO U B OBITY, B YaCTHOCTH IPH MOJIb30BAaHUH JYIIEM, KOTJa MOTYT BJbI-
XaThCs JIESTMOHEIUIBI, HaXOAIIMECS B BOJHBIX a’po3oisix [12].

Posib BogHOTO (pakTOpa B HAaMOONbBIIECH CTETIEHU MPOSBISETCS B PACIPOCTPAHEHUH TaKUX TA-
Pa3uTO30B, KAaK OMUCTOPXO03, JUPHIIOO0TPHO3bI - IIUPOKO PACHPOCTPAHEHHBIX HA TEPPUTOPUHU
Poccun, tpemaronossl - sHnemuunble A JlanbHero Bocroka, nceBaamducTomMos, ekapuosbl U
ap. Jns Bcex yka3aHHBIX MApa3HTO30B BOJHBIA (DaKTOp MMEET OIpeelisolniee 3HaueHue BO BCEX
3BEHbSIX AMHUJIEMUYECKOH 1enu. B MeHblIel creneHu (HO TakXe JOCTaTOYHO OIIYTHMO) BIIUSHUE
BOJHOTO (pakTOpa MPOSBISAETCS B U3MEHEHUH CUTYAIlMH MO0 aCKapHI03y U JPYIMM I'eJIbMUHTO3aM,
HO B IOJHOM Mepe OHO CKa3bIBA€TCs HA PACHPOCTPAHEHHM KHUILIEYHBIX MMPOTO30030B (JIAMOINO03a,
Kpunrocnopuaunosza u np.) [13]. Hanpumep, no nanusim Komutera skcneproB BO3 (1987 r.), B
Azun, Adpuxke, JlaTuHCKONW AMEpUKe €XEeroJHo 3apa)xaroTcs JIMOauo30M okojo 200 MIH yem-
Bek. B CIIIA ero pacnpoctpanenHocTs coctaBiseT 7,4%; B Hopseruu - 3,2%. B CILIA nsam6i1mo3
paccMaTpHuBaeTcs KaK OJHO M3 OCHOBHBIX KHUIIEYHBIX 3a00JieBaHUM, BO3OYIUTEIN KOTOPBIX IEfe-
JAt0TCsl ¢ MUTHEBOM BoJoN. OTMeUeHBI 3TH 00JIe3HU Takxke B AHrianu, Kanaae u B Apyrux crpaHax
[4].

B Poccun Taxke eXeroiHo perucTpupyercss Bce 0oJjblliee KOJIUYECTBO BCIBIIIEK OCTPBIX
KHIIEYHBIX 3a00JIeBaHU, 00YCIIOBIEHHBIX BOAHBIM (paKTOpOM Inepenayun uHpexuu (cMm. puc. 1.1).
Ecmu B 1991 1. ObUIO 3aperucTpupoBaHo 9 Takux BCHbIIEK ¢ 877 mocTpaiaBmuMu, To B 1992 r. -
yxke 16 m 2457, a B 1993 r. - 21 Benbiika ¢ 2992 noctpagasimumu. B paifonax, rae kauecTBO BOJIbI
MOBEPXHOCTHBIX UCTOYHUKOB MO MUKPOOHBIM MOKa3aTeNsiM JOCTHTal0 BBICOKOTO M Ype3BBIYAHO
BBICOKOTO YpPOBHEH COINIACHO TMTMEHWYECKON KiacCH(HKaIMK, 3a00J1€Ba€MOCTh BUPYCHBIM TeIa-
TUTOM (pukcupoBanach Ha ypoBHe 40 - 80, nuzentepueii - 800 - 900, cymma OCTpBIX KHUIIEYHBIX
unopekuuit 2000 - 2500 wa 100 ThICc. yenoBek. Tonpko B 1993 r. 3aperucTpupoBaHbl KpylHas
BCIIBIIIKA OpromHoro Tuda B r. Bonrogoncke PocToBckoil obmactu ¢ 4McaoM MOCTpaJaBIIUX ®-
nee 200 yenoBek, BCIBIIIKU OcTpoil qu3zeHTepun B CeepHoil Ocetun, PecnyOnuke Caxa, Apxa-
renbckoit oonactu, Kpacnosipckom u Kpacnonapckom kpasix [1].
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Bbicokas cTeneHb BBDKMBAEMOCTH OTACIBHBIX BHJOB MAaTOI€HHBIX MHKPOOPraHW3MOB U
MIPAKTHUYECKU MOCTOSHHOE UX OOHapYKEeHUE B BOJIE, IOCTYHAIOIIEH Ha BO103a00pHBIE COOPYKEHUS,
BBIIBUTAIOT 33Jauy MEpPEOLEeHKH HCTOYHMKOB BOJOCHAOKEHHUS M BOJOOUYHUCTHBIX COOPYKEHHUH C
TOYKU 3pEHHs SIMUIEMHUYECKOM O€30MacHOCTH BOJABI B OTHOLIEHHHM BO30yauTeNed MpPOTO30MHBIX
KHIIEYHBIX 3a00JIeBaHUM. AKTYyaJlbHOCTb 3TOM MpoOJIeMbl BbI3Bala HEOOXOJUMOCTh BKIIIOUEHHS
[1apa3uToJIOTMUECKUX IoKa3zarened B nmpoekT HoBoro I'OCTa "KauectBo Boasl. Boma murtheBas.
KoHTpons 3a kauecTBoM".

He nmyumie cutyanus ¢ 3arpsi3HeHHEM BOJJOMCTOYHUKOB PAa3JIMUHBIMM XMMHUYECKUMU Belllea-
Bamu. HaOop BermiecTB, MOMagamUX B TOBEPXHOCTHBIE BOJbI, PA3HOOOPA3eH U 3aBHCUT OOBIYHO
OT MHOTHX (DaKTOpOB: THUIIa MPOMBIIIJICHHBIX U CEIbCKOXO3SHUCTBEHHBIX NPEINpPUATUI B paiioHe
B0/10cO0OPa, KOJIMYECTBA U KAUeCTBA OUMCTHBIX COOPYXEHHM, KIMMAaTHUECKUX U JaHIIIa(THBIX Y-
JoBUi U T. 1. PacnpocTtpanenue cnenupuueckux 3arpsA3HeHUH TEXHOTEHHOTO MPOMCXOXKICHUS B
UCTOYHHKAX MHUTHEBOI'O BOJOCHAOKEHHUS OOBIYHO KOPPETUPYET C PACIOJIIOKEHHBIMU B JTAHHBIX
pailoHax 0ObeKTaMu pa3IUYHbIX OTpaciiell MPOMBIIIIEHHOCTH [6, 14, 15].

Io oTpacisM NpOMBIIUIEHHOCTH TPe00IaaatoT CIIEAYIOIINE 3arPsI3HAOIINE KOMIIOHEHTHI [ 1]:

UBK, nepesoofpaGorka, necHas Cyabdarsi, JMIHMHBI, CMOAHCTBIE M XHMDHBIE CO-

NPOMBIIUNEHHOCTD CAWHEHHUS, ApYyras OpraHUKAa

Hedrerasonobbiua, uedrerasone- Hedrenpomyxsl, CIIAB’, denonnbl, aMMoHHIHbIE

pepa6orxa cosm, cyabbuas

MamunocTpoenue, Mmetawnyprusi, COCIMHEHHUS METAINOB, BIBEIEHHBIC BELIECTBA,

MetaunoobpaboTka bropHabl, posanHuabl, UMAHUABI, AMMOHMIAHbBIE CO-
Jn, HeTENPOAYKTHI, CMOAN, (beHonsl, ProTope-
A&reHTHI

Xummueckas, Heprexummuueckas  ®eHonni, nHedrenponykrsi, CITAB, MAY", ne-
OPraHUUECKHE COeaMHEHHUS

TopHoRo6bIBaIOWAL, YrOABHAS @notopearenTsl, (HEHOMB, BIBELIEHHBIE HEOPra-
HHUYECKHE BELUECTRA

Jlerxas, TexcrunbHas, numenas CIIAB, nedTenponykrul, OPraHHuecKMe XpacHTe-
M, APYTHE OPFAHMYECKHE BELIECTBA

L]
+«CIIAB - cusmeTumecKie [10BcpXHOCTHO-AKTHBHDIC BELECTBA
MAY - nonuusxIHMecKue apoMaTHiecKie YrNeBOROPOIBI

Cepbe3Holl mpo06sIeMOoll SIBISIETCS 3arpsi3HEHNE MOBEPXHOCTHBIX BOJ MECTULUAAMH, MTPUM-
HSEMBIMH B CEJIbCKOM Xo3siiicTBe. BhiHOC Xslopoprannyeckux nectunuioB Ha 80 - 95% oOycnae-
JIeH BeCeHHUM cTOKOM. B Gaccelinax pek [ledopa, O0b, Ypan u Apyrux 4acTo coaepkaHue MECH-
uunos Obuto 6ombiie I1JIK Ha 20% u Gonee, npesbimenue 10 u 50 IIJIK ormeueno pexe, a 100
I[IJIK - B ormensHBIX ciay4asx (B pexkax O0p u Bomra) [1]. Takum oOGpa3zoMm perreHne mpoOaeMbl
oOecreyeHus: HaceJIeHHUs! CTPAaHbl MUThEBOM BOJOM IPH MCIOJIB30BAHUH MTOBEPXHOCTHBIX BOJ 3aBi-
CHUT OT KOMIUIEKCa (DaKTOPOB aHTPOIIOTC€HHOTO U MPUPOJTHOTO XapaKTepa, a Takke oT 3PHEeKTUBD-
CTH CYIIECTBYIOIIMX Ha BOAONPOBOJHBIX CTAHIUAX (U3UKO-XUMHUYECKUX METOJO0B OYHCTKH,
BKJIFOYAIOIIMX KOaryJupoBaHHe, OTCTauBaHME, (MIbTpOBAHUE U 00e33apa)KMBaHHUE BOJIbI (dale
BCETO XJIOPUPOBAHUEM ).

Kax cBuIeTenbCTBYIOT JaHHBIE CAHUTAPHO-IIUIAEMHOIOTUYECKOMN CiIyKObl, IPUBEJICHHbBIE B
lNocynapctBennom nokiane "Boma mutheBass" [1], B Poccum oTmedeHa TEHIEHIMS YBETWYEHUS
YHClla MPeANnpUsATUN BOJAOCHAOXKEHHUSI, TOAAIOIINX BoAy 0e3 1ocTaTouHoN ouncTku(puc. 1.2).

Kak pe3ynbrar - kauecTBO BOJbI, IOTYy4aeMON HACEJIEHUEM, YaCcTO HE YJOBIIETBOPSIET TUTke-
HUYEeCKUM HopMaM (TadJ. 1.1 u 1.2).

OpHOBpEeMEHHO MOKa3aTeau KauecTBa MUTHEBOM BOJABI U3 BEIOMCTBEHHBIX BOJOIPOBOJIOB
3HAUUTEIBHO XYK€ MYHULIUTAJIbHBIX.

KauecTBO BOIBI - 340pOBbE HACETIEHUS - SKOHOMHKA CTPAHBI - 3TO TECHO CBA3aHHBIE 3BEHBS
onHou nenu. Ecnu mocnencTBus MCHOJIb30BaHUS BOJBI, HE COOTBETCTBYIOLIEH OaKTEpHUOIOTHeE-
CKUM HOpPMaM, OYEBMJIHBI U MOHSITHBI PSIOBOMY MHOTPEOUTENIO, TO MPEBBILIEHUE TOMYCTUMBIX
YpOBHEH COJlepKaHUsI B MUTHEBOM BOJIE XMMUYECKUX 3JIEMEHTOB M COCIUHEHUI MPOSBIAETCS ID-
CTENEHHO HE TOJIbKO B MOBBIIIEHNH 001el WK crienrduueckoit 3a00J1eBa€MOCTH, HO U B IBMEHE-
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CocTosiHMe BOAHbIX OObEY.TOB B MECTax
BOJONONb3OBAHUS HACENEHHS

28
24
20
16

12

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
[ - no XMMHUECKHM MOKA3ATE/SIM - 0o 6axTepPHONOrHUYECKHM MTOKA3ATENIM

Puc. 1.2. Koanuectso npo6 soabl (Ha 100 MCCAENOBAHHBIX), HE OTBEUAIOWMX
rMrueHnyeckmM Hopmartueam [1]

Tabanwnua 1.1

Koamuectso, cootserctayioweit FOCTy Boanl, nopasaemMon
B BOAONPOBOAHYIO ceTb Poccuu B 1992 1. [1]

NMopano s ogry 3a ron, Togano poael, coorsercryioineii NOCTY
KM o l %
P® scero, B T.4. 21,76 22,56 81,27
rOPNOCENIEHHIM 23,18 19,56 84,38
CEeNBCKOH MECTHOCTH 4,58 3,01 65,72

Tabaumua 1.2

Y aensHbIi BEC aHAIM3OB BOJl, HE COOTBETCTRYIOMMX TpeSosaHMAM
roCT 2874-82 “Bona nutsesan” [1]

Bonotmpobosibl
[oxasarenn KOMMYHaNMLHbIC BenoMcTeenHbiC
1984 1990 1992 1993 1984 1990 1992 1993
Xumuueckue 17 19 20 20,29 19 25 23 22,89
Mukpobuono-
rMyecxue 8,5 8.8 8.79 14,9 14,9 14,53

HUHU OTACJIIbHBIX ImoKa3aTenei 300pOBbA, CBUACTCILCTBYIOIINX O HAYAJIBHBIX HJIM ITATOJIOTUYCCKHUX
CABHUIax B OpraHu3Mc.
TaK, HUCCIICOAOBAHUSAMHA YCTAHOBJICHO, YTO IPEBBIMICHUC COACPIKAHUA B IMUTHEBOM BOJIC MP-

raiiia MNpUBOJAMT K Pa3BUTHUIO aHEMHUU, HapYyIIEHUI0 (QYHKIHMOHAIBHOIO COCTOSHUS LEHTPATIbHON
HEPBHOM CHCTEMBbI; MEJIU - IOCTETIEHHOMY MOPaKEHUIO CIIM3UCTHIX 000JI0YEK MOYEK U MMEeYSHU; Hi-

KCIIA - MOPAXXCHUIO KOXKH; MBIIIbAKA - IMOPAKCHUAM HeHTpaJ'IBHOI\/’I HepBHOfI CHUCTCEMbI, KaIMUsa -
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Pa3BUTHUIO 3JI0KAYECTBEHHBIX OITyXOJIEH, MOBPEXKIECHUSAM KOCTEH, OCIO0KHEHUSIM OEpeMEHHOCTH U
pooB, MepTBOpoxaaeMocTH; nectuuuaoB (JIT) - mopakeHno HEPBHOM CHUCTEMBI KaK LIEHTpab-
HOT0, TaK ¥ NMepuQepudeckux OTIAENIOB, MeYeHH (0T runepTpopuu aunochep 10 MOpaxeHHs Kie-
TOK); MOJINXJIOPUPOBAHHBIX OM(EHMIOB - OCTENICHHOMY HAKOILJICHUIO B MI€YEHH, CHaYyaja Mpow-
XOJIUT €€ YBEeJIIMYEHUE, a 3aTeM U mopaxenue, a [IAY knaccupuimpyroT kKak MyTareHbl 1 KaHIS[-
reHpl U T. 1. [16 - 18].

JKoHOMMYECKHUI ymep0, no ganHeiM [loknaga [1], oT 3arpsi3HEHUsT BOJHBIX UCTOYHUKOB
MHOTOTPAaHEH U MPOsBIseTCs B cpepe MaTepUaIbHOTO MPOU3BOJICTBA, 3/JPaBOOXPAHEHUS, COLlUAIb-
Horo obecneuenusi, pekpeauuu. Ho B obmieit cymme nmpeobiasaer TpyaHO HOJAAIOMIMICS TOTHOM
OlLlIeHKe yuiepO OT 3a00seBaHMN HacelleHUs, MOTPEOJIIONET0 HEKaueCTBEHHYI0 MUTHEBYIO BOJY.
DKOHOMHUSA Ha Mepax I0 3aluTe BOJ OT 3arpsA3HeHHUs 000paunBaETCs MOTEPSAMHU TPYLOBOTO MOTE-
nuana Poccum, HENpPONU3BOAUTEIBLHBIMH PACXOAAMH IO JIMKBUJALMY MTOCJIEICTBUNH KOCBEHHOTO K-
ToweHus BoA. Tosnbko B 1993 1. nononHUTENbHBIE 3aTpaThl HA BOJOMOATOTBKY Ha 3arpsi3HEHHBIX
BOJI0O€MAaX COCTABHIIH (TIO HEMOJIHBIM JIaHHBIM) 0KoJ10 250 - 300 mupa pyo.

OTmeueHo, 4TO 00OCTpSIOIIAsCs BOJOXO3diCTBEHHass oOCTaHOBKa B Poccum B pesynbrare
cOpoca 3arps3HSIONIMX BEUIECTB B BOJHBIE OOBEKTHI U MJIOXOI0 TEXHUYECKOTO COCTOSIHUS BOJI0X0-
3sIMCTBEHHBIX (DOHJIOB HAHOCHIIA €XKETOoAHO ymiepd B pasmepe 5,5 TpuwiumoHa pyOneid (6e3 yuerta
aTMOC(EPHOT0 3arpsi3HEHUs C BOJOCOOPHOM IUIOIIAAM). 3JOPOBbIO HACEICHUS 3a CUET HEYJIOBJe-
TBOPUTEJILHOTO COCTOSHUSI PEKPEallMOHHBIX BOJHBIX OOBEKTOB HAHOCUTCS YIIEPO €XKEroJHO B
cpenHeMm Ha 9 muipa py6. JlukBuaanus naHHoro ymepOa, TpeOyromas 61aroycTpoicTBa BOJIOX-
PaHHBIX 30H I MCIIOJIb30BAHUSA BOJHBIX OOBEKTOB B PEKPEALMOHHBIX IIENISX, OPUEHTHUPOBOYHO
crout 11 mapx pyO. [1].



I'napa 2. TATUEHWYECKUE TPEBOBAHUS K KAUECTBY IIMTHEBOM BO/JIbBI

KauecTBO MuTHEBOI BOJBI B KOMMYHAJIBHBIX BOJOMPOBO/IAX B COOTBETCTBUH C TOCYJapCTBEHHBIMU
CTaHIAPTaMU KOHTPOJMPYETCS TOCTATOYHO CTPOTO C IEJIBhI0 MPEXyNPEeKICHHS] BOSHUKHOBCHUS H
pPa3BUTHUS Cper HaceleHus 3a0o0ieBaHu MH(DEKITMOHHON ¥ HeMH(EKIIMOHHON Mpupos! 2, 19 - 22].

I'OCT 2874-82 npemycmaTpuBaeT OIEHKY KauyecTBa MUTHEBOM BOBI 10 TPEM TpyIIam HQ-
MaTHBOB, OXBATHIBAIOIINM OPTaHOJICTITHYECKHE CBOMCTBA BOJIBI (OPTaHOJICTITHYECKHE ITOKA3ATENH),
0€3BpeTHOCTh XMMHUYECKOTO COCTaBa (CaHUTAPHO-TOKCHKOJIOTHUECKUE MMOKA3aTENN) U JIHAICMID-
JIOTHYECKYI0 6€30MacCHOCTh BOJIBI (0aKTEPUOIOTHUUECKUE TTIOKA3ATENH ).

OprasonentTuveckre MoKa3aTeNId MUThEBON BOJBI BKIIOYAIOT HOPMATHUBBI IS BEIIECTB, KaK
MPHUCYTCTBOBABIINX B MPHUPOTHBIX BOAAX, TaK U 00ABISIEMBIX PEareHTOB B MPOIIECCE BOAOMOID-
ToBKH. KOHIIEHTpaIiu 3THX BEUIECTB HE JOJDKHBI MPEBBIIIATH CICAYIONINX YCTAHOBICHHBIX HOPM,
MT/T:

Xnopuant (CI) - 350 Ocratounsiit amomuauit (AI’*) - 0,5
Cynvdatsi (SO.2) - 500 Monudocdatsr octatoussie (POsY) - 3,5
. Xeneso (Fe*”, Fe’’) - 0,3 Cvxoit ocratox - 1000
Mapraney, (Mn2+) - 0,1 O06was KecTkocTb, Mr-3k8/n - 7
Mens (Cuz*) - 1,0 ‘ Bonoponnuiét nokasarens (pH) 6,0 - 9,0.

Uk (Zn®*) - 5,0

B oTnenpHBIX clydasix TOMyCKaeTcs HCIOJIb30BAHUE BOJIBI C CYyXHM ocTaTKoM 10 1500 mr/im u
JKECTKOCTHIO 10 10 Mr-sKB/II.
OpraHosenTuueckue CBONCTBA BOJIBI OIICHMBAIOTCS IO CJICIYIONTAM TTOKa3aTessiM (He @iee):

3anax npu 20°C u npu HarpeBanuu a0 60°C, 6amn - 2 (mo 5-6anbHOMU mKae).

Bxyc u nmpuskyc nipu 20°C, 6am - 2 (1o 5-6anpHO# mKane).

BeTHOCTB, Tpagyc - 20 (mo 70°-i mkane).

L[BeTHOCTB BOJBI TIO COTIIACOBAHHIO C OPraHAMHU CAaHUTAPHO-ITHIEMUOJIOTHIECKOH CITY>KOBI -
35° (mo 70°-i1 mkane).

MyTHOCTH 1O CTaHIAPTHOM IIKaje, MI/i - 1,5 (B TaBOIKOBBINA MEPUOJ - 1O 2 MI/T).

TokcHKo0JIOTHYECKHE NMOKA3aTeJIH KadyecTBa NMHUTHEBOW BOJBI, XapaKTepU3YIONIHE ee O0e3-
BPEAHOCTh, BKJIIOYAIOT HOPMATHBBI JJIS BEIICCTB, BCTPEUAIOIINXCS B MPUPOTHBIX Bojax (Oepwi-
JAHA, MOJIUOJIEH, MBIIIBSIK, CTPOHIIMN U T.1I.), T0OABIsEMBIX K BOJIE B IpoIecce ee o0paboTku (-
MIPUMED, TTOTHAKPIIIAMHA/T), TIOSIBIISTFOIIMXCS B PE3yJbTaTe MPOMBIIIICHHOTO U CeITLCKOX03SHCTRE -
HOTO 3arpsi3HEHUS BOJAOUCTOYHHKA HEPTSIPOAYKTAMH, IECTUITUIAMHE H JIP.

CaHHATapHO-TOKCUKOJOTHYSCKUMHA HOPMATHBAMH OTPAaHWYUBACTCS KOHIICHTPAIHMS B BOJE
CIICTYFOIINX XHMHYECKUX BEIIECTB, MI/JI:
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AJIOMUHHI ocTaTounsbilt (AIY) ue Gonee - 0.5

Bepunanii (Be?*) - 0,0002

Moaunbaen (Mo?*) - 0,25

Muibak (As>*, As®*) - 0,05

[Monuakpunamua ocratounstit - 2,00

Hurpartsl (NO3) - 45,00

Ceunen (Pb?*) - 0,03

Cenen (Se®*) - 0,001

CrpoHum#t (Sr**) - 7,00

®rop (F) ana kaumatudeckux paiiodos [ n II - 1,5
I1 - 1,2
IV - 0.7.

Ecau B BOzE OJHOBPCMCHHO MPHUCYTCTBYIOT BCIICCTBA, HOPMUPYCMBIC IO OPraHOJICIITU®E-
CKUM HWJIM CAHUTAPHO-TOKCUKOJIOTHYCCKUM IIOKA3aTCIIKIM, CyMMApHasd KOHLCHTpALUusa KX, BbI@-
JKCHHAas B 04X OT HI[K KaXa0ro BCIICCTBA, HC NOJIKHA IIPCBLIMIATL CAMHUIIBL:

Ci/NAK; + Co/NAK; + ... Co/NIK, < 1,

rae Cy, C»...C, - o6HapyXeHHbie KOHLIEHTPALMK, MI/ 1.

CaHMTapHO-3IN1EMHOJI0THYecKasi 0€30MaCHOCTh NMUTheBOI BOAbI OIPEIEISIETCS KOCBEH-
HBIMU TTOKa3aTeIsIMH - OaKTEPUSMHU TPYIITHI KUIIIEYHOW MAJOYKH, YUCIIO KOTOPBIX B 1 J1 HE TOKHO
MPEBBIIATh 3, U OOIMHUM KOJIMYECTBOM CanmpO(UTHBIX OaKTEepuid, KOTOPOE HE JOJDKHO MPEBHIIIAThH
100 B 1 M1 BOZEL.

KonmnuecTBo KUIIEYHBIX MaJIoYEK B Bojie BeIpaxaeTcs KomuTutpom (KT), T.e. 06beMoM BOABI
B MIJUTHJIUTPAX, COJACPIKAIIAM OJHY KUIIECYHYIO Tanouky win komuuHaekcoM (KI) - konmaectBom
KHUIIEYHBIX Tajouek B 1 11 Bogwl. [lepepacyeT mokasareneil mpou3BOAUTCS 1O GopMysIam

KH = 1000/KT; KT = 1000/KHU.

[Ipu oOHapyXeHHH B BOJOMPOBOJHON BOJE OAKTEPUATBHOTO 3arpsi3HEHUS BHIIIEC JTOMYCH-
MBIX HOPM MPOBOST MOBTOPHBINH OTOOpP TTPOO C JOTOJHUTEIBHBIM OMpeIeIEHUEeM OaKTepHil TpyI-
bl KUIIEYHBIX Mmajiovek (nmpeumyiiectBeHHO E. coli) mo T'OCTy 18963-73. Kpome Toro mpu ornai-
Ke KavyecTBa MUTHEBOM BOJIBI 0OpaIaloT BHUMAHWE Ha HAJIMYUE POCTA HA CPENie DH/IO0 TPaMOTPHIR-
TEJBHBIX OaKTEePUi, HE OTHOCSIIMXCS K OaKTEpHUSM TPYIIIBI KHIIIEYHOM majmouku. VX oTcyrcTBHE B B-
JIe YKa3bIBaeT Ha HEYIOBJICTBOPUTEIILHOE CAHUTAPHOE COCTOSTHUE BOIOMPOBOTHBIX ©®OPYKEHHUH.

Ecim kagecTBO BOJBI B HICTOYHHMKE BOJNOCHAOKEHHS MO3BOIAET UCIIOIL30BaTh €€ Iocje 00a-
3apakUBaHUs 0€3 MpeBapUTEIbHON OYNCTKH, 3HAUCHHE KOJU-UHJEKCAa BOABI B BOJOMCTOUYHHUKE HE
nomkHO npeBbimath 1000. [Ipu mosiHOW OYMCTKE BOJBI JOMYCKAETCS 3HAYEHHE KOJU-WHIECKCA B
UCTOYHHKE BoxocHa0xeHus 10 10000.

Jl1st cpaBHEHHS PUBEAEM CAHUTAPHO-TUTHEHUYECKUE TPEOOBAHUS, MMPEIBABIISIEMBIE K THH-

eBoit Boge B CIIIA, Kanane, ctpanax EBpomneiickoro coobmectBa u pekomenaanuu BO3 mo coa-
BETCTBYIOIIUM IMMOKa3zaTessim (Tadu. 2.1).
B MunyBIee necsatunietve B psae CTpaH ObUIM YCTAHOBJIEHBI HOBBIE CTAHIAPThHI HA KAYECTBO MU'B-
€BOM BOJIbI, B KOTOPBIE HAPAIY C TPATUIIMOHHBIMU MUKPOOHOJIOTHYECKIMHU U OPTraHOJICTITHICCRHI-
MH TIOKa3aTeIsIMUA BBEJICHBI HOPMBI Ha COJIEpKAaHWE TOKCUYHBIX BemecTB. OTMETUM, YTO TOKCHIO-
JOTHS, KaK HayKa O sifaX, B KOHTEKCTE 3arpsi3HCHUS MUTHEBON BOJIBI XUMUUYECKUMHU BEIIECTBAMHU
ompenenseT ux Oe3omacHwie mpenenbl. Tokcuyeckne dPGeKThl XUMHUIECKUX 3arpsS3HUTENIEH BOJIBI
(HEpacCTBOPUMBIX YACTHUII, HAITPUMEP, acOecTa, pauOaKTUBHBIX, HEOPTAHUYECKUX U OPTaHUYECKHUX
BEIIIECTB) BKJIFOYAIOT TaKW€ BPEIHBIC M OIMACHBIC MOCIEIACTBUS OT WX BO3JCHCTBHS, KaK PAKOBBIC
3a00J€BaHMs, MyTareHe3 KJIETOK, yIiepO pa3IudHbIM OpraHaM, B TOM YHCJI€ KPOBETBOPHBIM U [B-
MPOAYKTHBHBIM, a TAK)Ke IMMYHHOU cucteMe. OnpenenseTcs 3TOT yimepo ¢ MOCIeayolend SKCT -
MOJISAIAEH Pe3yIbTaTOB Ha OIEHKY TOKCHYECKOTO MOTEHIINAIa XUMHUYECKOTO BEIIECTBA C TIOMOIIIBIO
YeThIpex MeToA0B [23]:
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Tabanuua 2.1

CsopHas Ta6amua peryimpyeMsix MOKa3aTeNeil KayecTBa NUTLEBOH sons1 B CLIA, Kanape, crpanax EQC

u pexomenanaumuu BO3 [22]

MMorasaTens WM KOMOOHEHT CLUIA Kanaga EBpopciickie craknaptsi BO3
Makcumansapiii Makcumansio PeroMenmyeMbIii ypoBeHb Maxcumaniio pormycruman Pexomentye-
YPOBEHDL 3arpR3HeHHA | HOMyCTHMBI Nipexen KOHUEHTPALAN MBbIH YPOBCHE
Xnopuabl, Mr/a 250 250 25 NS 250
Iiser 15§ ENlI 15 EMU 1 mr P1-Co/n 20 mr Pt-Co/n 15 EU1I
Menb, Mr/n 1 1,0 0,1 npu obpaborke pacrenmii NS 1.0
KOppO3HOHHOCTD Hexopposnonnas Bona ne ponxua 6bith
arpeccHBHOMN
Drop, Mr/n 2 1.5 1,5
Jereprents 0,5 NS NS NS
Xeneso, mr/n 0,3 0,3 0,05 0,3 0,3
Mapraneut, mr/a 0,05 0,05 0,02 0,05 0,1
3anax, 6ann 3 0 2
pH 6,5-8,5 6.5-8.5 6,5-8,5 NS 6,5-8,5
Cyapdathi, Mr/n 250 500 25 NS 400
Cyxoit octatok, mMr/n 500 500 NS NS 1,0
Umnx, mr/n ) 5 0,1 NS 5,0
Mukpobuonaornveckne noxasarenu
Koandopmubie Mukpo- <1 10 0 0
opraHmnamsl B 100 mn
MyTtHocTh, HEM 1-5 50 0-4 < 1

-
He ofm3atentHel K uecnonHennto; NS - Her crabfapra; EHL - enuuuust uetunnon uservocru: HEM

- HeheTOMETPHMECKHE EQUHHUULI MYTHOCTH



- MHJIEMUOJIOTUYECKUE HCCIeI0OBaHUs (M3yuyeHUEe MHIUACHTOB, UX PAaclpOCTpaHEHHE, KOH-
TPOJIb 3a00JIEBaHN HACETICHNU);

- U3y4eHHE TOKCUYHOCTH BEIIECTB HAa 3KCIEPUMEHTAIbHBIX KUBOTHBIX;

- KpaTKOCPOYHbIE TECThI ONPEEICHNUsS MyTareHHOr0 U KaHLEPOreHHOI0 MOTEHIIMala CoeIn-
HEHUS Ha )KUBOTHBIX;

- aHaJIM3 MOJIEKYJIIPHOU CTPYKTYPhl COETUHEHHS U CBSI3b €€ ¢ OMOJIOTHYECKON aKTUBHOCTBIO.

Haubonee BaKHBIMHM W3 IMpEACTaBICHHBIX YETHIPEX METOJOB SBIISAIOTCSA JBa MepBbiX. Eciu
BO3MOXKHbIE TOKCHYECKHE dPPEKThl TaKUX 3arps3HUTENEH BOJIbI, KaK acOecT, paJlOaKTUBHbBIE U
HEOpraHUYecKHe BellecTBa (MBILIbSIK, KaAMUl, OpoM, CBUHEL, HUTPATHI U Jp.) JOCTaTOYHO U3yue-
HbI, @ HOPMBI Ha X COJIEp>KaHKE B MMUTHEBOI BOJIE BBEJCHBI JaBHO U K HACTOSIIEMY BPEMEHU IpaK-
TUYECKU OJIMHAKOBBI JIJIS1 Pa3BUTHIX CTpaH, TO OTPOMHOE pa3HooOpasue onpeaenseMbix (Omaronaps
OBICTPOMY Pa3BUTHUIO AHATUTHUYECKON TEXHUKH) B BOJIE OPraHMYECKHUX BELIECTB C UX HE MEHEE IIu-
POKUM JTMana30HOM TOKCHYECKOIO BO3ICHCTBHS Ha OPraHHU3M YelIOBEKa aKTHBHO HCCIEAyeTCs B
MOCJIEHUE TOJbl. Y CTAaHOBJICHHE OTPUIATENILHOTO BO3IEUCTBUS MHOTUX OPraHUYECKHUX 3arps3Hu-
TeJel Ha yenoBeKa 00yCIOBHIIO BKIIOYEHHE X KaK TOKCUKAHTOB B CTAHAAPTHI ISl MUTHEBOM BOJIbI
JIUIIb B MOCJIETHUE TOJIBI.

Haubonbiiee kolIn4ecTBO TOKCUKAHTOB B MUTHEBOM BOjE (CM. Ha MpUMEpe MPHOPUTETHBIX
TOKCHKAHTOB B TadJ. 2.2, 2.3) perynupyercs ctangapramu CIIA u Poccuu, rae nelcTByIOT moka
craugapthl ObiBIIero CCCP. B CIIIA, xak ormeueHo B [21], Bce HOpMUPOBaHHBIC B TUTHEBOM BOJIE
BEIIECTBA JKECTKO KOHTPOJUPYIOTCS, M IPUHSTHINA CTaHAApT oOsA3aTeNieH K HCIOIHEHHIO, TaK Kak
JUIS Ka)KJIOTO PEryJIMpyeMOro TOKCMKaHTa pa3paboTaH M 3aKOHOJATEIbHO YTBEPXKIEH METO]| aHa-
nr3a U 00pabOTKU BOJIBI, TTO3BOJISIOMIMKA JOCTUYh HEOOXOIUMOTO YPOBHS OMpPEACIICHUS C pa3yM-
HBIMU 3aTpaTtamu (cM. Hanmpumep, Methods for organic compounds chemical analysis of municipal
and industrial wastewater - ERA/600 - 4 - 82 - 057 - July - 1992 ; Methods for the determination of
organic compounds in drinking Water - EPA/600 - 4 - 89 - 039 - Dec - 1988).

KadectBo mutheBoii Boael B Poccum, kak oTmedeHo Bhimmie, perimamentupyercs ['OCTom
2874-82 [19], mokazarenu kotoporo oym3ku K crangaptam CIIA u pekomennanusm BO3. Ognako
JIUIIb 10 HEKOTOPBIM U3 PETIAMEHTHPYEMBIX BEIIECTB (a Uil OPraHUYeCKUX COSAMHEHHUI YCTaHOB-
nenbl [IJIK mms 6onmee 1000 coenrHeHmit) MPOBOAUTCS pEryispHbIi aHanu3. [losTomy cucrema
I[TJK, HopMmupyomas B 1EeJIOM MOYTH 1,5 ThIC. COENMHEHUN-TOKCUKAHTOB, PAllHOHAIBHO MOXET
HCIOJIb30BATHCS TOJIBKO MPH aHAIN3€ TOKCUYHOCTH U BEPOSITHOM COpOCE KOMIUIEKCAa XUMUYECKIX
BEIIECTB CO CTOYHBIMHU BOJIaMU Ha KOHKPETHOM MpeAnpusiTuu. ABTOp 0030pa [21] oTmeuaeT Tak-
ke, 4yTo B pane ciydaeB [IJIK HOCHT 4MCTO AeKJIapaTUBHBIN XapaKTep, MOCKOIbKY PEKOMEHIyeMbIE
CTaH/IapTHbIE METOJUKU HE TO3BOJIIOT OMPENEIATh YCTAaHOBICHHbIE KOHIEHTPALUU COCTUHEHUI.
Taxk, IIJIK mns muoxcuna u 6en3(a)mupena HacTosbko HU3KHU (0,000035 u 0,000005 mr/m cooTBeT-
CTBEHHO), YTO MOTYT OBITh OINpEAeNIeHbl TOJbKO B HECKOJbKUX, OCHALICHHBIX JOPOTOCTOSLIUM
obopynoBaHuEM J1a00OPATOPUIX CTPAHBI.

Jlanubie 0030pa [22] CBUAETENBCTBYIOT O TOM, YTO OOJIBIIMHCTBO WHIYCTPUATBHBIX CTpaH
Ceepnoii Amepuku u EBpombl (Bkimrogass Poccrro) mMOCTOSSHHO pa3BHUBAIOT M COBEPIICHCTBYIOT
CTaH/apThl MUTHEBON BOJBI B CTOPOHY UX YKecToueHus. [loguepkuBasi, 4TO HET €IMHBIX CTaHJIap-
TOB, Y/IOBJIETBOPSIOUINX BCE HAIlMM, OTMEUYEHO, YTO MMEETCS BCE-TaKH 3HAUMTENIbHASI CTENEHb CO-
rJIacusi O 3arpsi3HEHUAX, KOTOPbIE JOJKHBI ObITh JKECTKO PEryIHpyeMbl U Ha KakoMm ypoBHe. [lpu
3TOM MEPBBIM MPUOPUTETOM [Tl CITY>KO BO100OECIIEUEHUS BO BCEX CTpaHaX SBISETCS OaKTEpHUOIIO-
rudeckasi 0e30MacHOCTh MUTHEBOM BOJIBI; CIEAYIOLIUM - APYTUE 3arpSA3HUTENN, OCOOEHHO CHHTETH-
YecKUe OpraHMYecKHe BEIIEeCTBA, YPEe3BbIYalHO HIMPOKO PaCIpOCTPAHUBIIMECS B OKpYKaIOIIEi
cpene. Ilporpecc, JOCTUTHYTHII B MOCHEHEe AECATUIETHE B ONpeAeTeHUH yiiepOa, HAHOCUMOTO
3/I0pOBBIO HACEJCHMSI, U MPOSBUBIIUNCSA B 3HAYUTEIILHO BO3POCIIEM IE€pPEUHE 3arpsi3HUTENEH, 00-
Hapy>KEHHBIX B MMUTHEBOU BOJIE, MPEAONpPEEsieT He00OX0JUMOCTh B OoJiee )KECTKUX CTaHIapTax U
COOTBETCTBEHHO B UCIOJIb30BAHUU 00JIe€ TOHKUX M CIOKHBIX TEXHOJOTUHN BOJIO-IOATOTOBKH.

PaccmoTpuM oHY 13 BaXKHEHIIIMX CTaUi TIOATOTOBKY IMUTHEBOM BOJIBI - €€ 00€33apayKUBaHHE.



Tabanua 2.2

CTanzapThi H& COREPXKAHME NPUOPHTETHBIX HEOPrAHMYECKMUX
TOKCHXAHTOB B nuTheBoi Boae ([21, 24] u ccouxm oTTYAR)

Npepensian KoHUEHTPALUR, MT/]1

Bemnecrso CCCP
BO3 CLIA Kanana E3C dpaHuus $PT (Poccus)

Muinibgx 0,05 0,05 0,05 0,05 0,05 0,04 0,03
Kaamuit 0,005 0,01 0,005 0,005 0,005 0,005 0,001

Xpom 0,05 0,05 0,05 0,005 0,05 0,05 0,05
Linasnab 0,1 9 0,2 0.05 0,05 0,05 0,1
®rop 1,5 4 1,5 1,5 1,5 1,5 1,5
Caunel 0,05 0,05 0,05 0,05 0,05 0,04 0,03
Prytb 0,000 0,002 0001 0001 0001 0,001 00005
Hutparsi 10° 10" 10° 50 50 50 10
HutpuTst — 1,0 1,0 0,1 0,1 0,1 1
CeneH 0,01 0,01 0,00 0,01 0,01 — 0,001
Cepebpo - 0,05 0.05 0,01 0,01 — 0,05
Tanaui — 3 - - — — 0,0001
Bapwit — i 1 0,05 - - 0.1
Cypbma — S — 0,01 0,01 —_ 0,05
Baunanuit — S —_— — — — 0.1
Bepunnuit - S — — — — 0,0002
Monubnex —_ S —_ — - — 0,25
Huxess — S — 0,05 0,05 0,05 0,1
Bop - - 5.0 0,1 — — 0.5
Acbect — 71" — - - — -

:,B pacicre Ha N.
MunIHOHLI BOJIOKON Ha AHTP.
S - Cranpapr paspabaTiiBacTes B HaCTORLLEE BpEMA.



Tabauua 2.3

CTaHaapTsl HA COMEPXKAHHE TIPHOPUTETHBIX OPrAHHUECKHMX
TOKCHKAHTOB B NHTLEBOi Bone ([21] M cchiku oTTYHA)

Beurectno

MaxcuMansisiit yposeun, mMr/n

Pmn;eoamuuu CLUA Poccun (CCCP)
1 2 3 4
Jleryane oprannyeckue semecrsa (JIOB)
Bex3on 0,01 0,005 0,5 (0,00015)
YeThIpexxA0pHCTbiit yraepon 0,003 0,005 0,006 (0,00039)
1,2-guxnoparan 0,01 0,005 0,02 (0,00029)
1,1-auxnopatunex 0,0003 0,007 0,0006 (0,001)
Terpaxnoparuien 0,001 - 0,002 (0,00044)
- Tpuxnopatunen 0,003 0,005 0,06 (0,0012)

MoHoxnop6enaon - 0,06 0,02
ny-auxaopbenson — 0,075 0,002
o-nuxnopbenzon — 0,62 0,002
1,1,1-tpuxaop3arau - 0,2 —
BuHHUAXOpHA —_ 0,002 0,005
Xnopocropm 0,03 0.1° 0,06
umc-1,2-auxnoparmnex —_ 0,07 —_
TpaHc-1,2-quxsopatunen — 0,07 —_
MeTrmneHxnopua - S 7.5
Tpuxaopbenaons —_ S 0,03

CHHTETMSECKHE OPraHH4eCKHe BellecTsa

AnMnatbl - S _—
Anaxnop — 0 -
Amauxapb — 0,009 —_
Anbapun/puneapmn 0,00003 - 0,002
Axpunamug —_ 0 0,01
ATpazmu — S 0,5
Bena(a)nupen 0,00001 S 0,00005
Bupar —_ S —
Cexcaxaopbenson 0,00001 — 0,05
CexcaxnopumxioneHragmeH  — S 0,001
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Oxonuanme tabn.

2.3

4

I'macdpocat

Jananox

2,4-1

AOT

O nbpomxnopnponax
JAnxsot

JuHoceb

AnoKCHH
1,2-auxa0opnponasx
Kap6Sodypau
Kcnnonst

JIMHAAH
MeToxkcHxJiop

IMAY
INenTaxnopdenon
Muxnopam
IMonuxnopbudenmnnt
Cumasun

Crupon

Toxcaden

2,4,5-TP
1,1,2-TpuxnopITaH
2,4,6-tpuxnopdenon
QDranatii

Xnopnau

Inporann

JHppHH
Anuxaopruaprna
Atunbenaon

I rneHamubpomma

0,003
0,3

0,01

0,01

0,0003

wn w»n O

0,006
0,036
0,44
0,0004
0,1

0,22

0,14
0,005
0,01

n ©

0,0002
0

0,68

0

2,0
0,2
0,1

0,01
0,01

:,Cymma xnopogopma, rpomogopma, SpoMaNUIOPMETAHa H ZUGpoMXIOpMeTaNa.

AMUHHAR CONb.
S - eranpapTLi BBOAKICH.

® - pnaa CHUA yxasan uenesoll yposeHb, OKOHYaTeNIbHEIH CTAHOAPT HE YCTAHOMICH.
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I'nasa 3. OBE33APA’KUBAHUE BO/JbI XJIOPUPOBAHUEM

HeobxonuMocTh 00e33apakuBaHusl BOABI B TEXHOJIOTHH BOJIOTIOJTOTOBKH OOYCIIOBJICHA TE€M, UTO
Ha MpeABIAYIINX dTanax ee 00padoTku (ocBeTIeHHe, 00ecIBeUBaHNE KOAryJIMPOBAaHHEM, OTCTau-
BaHHE U (WIBTPOBAHKE) yAaeTcs yaaauTh juilb 90 - 95% 3arps3HAIoNMX BOIy MHKPOOpPTaHU3-
MOB, CPEJHM OCTABIIMXCS MOTYT OBITh MATOTEHHBIC BUPYCHI U OakTepuu. Kpome TOTro JaHHEIH, 3a-
KIIFOUUTENBHBIN 3Tan 00paboTKU BOJBI HApSAy C Ae3uH(MEKIHeld crocoOCTBYeT YIydIlIeHUIO ee Ka-
YECTBA 33 CUET OKUCIUTENBHOTO PAa3pyIICHHS U CBA3BIBAHUS HEKOTOPHIX MPUMECEH BOJIBI.

W3 cymecTByOMUX MPakKTUYECKUX METOA0B 00e33apaKMBaHUsl BOMBI, pa3/ieiseMbIX Ha pea-
TeHTHBIE (C TTOMOIIBIO OKHUCITUTENEH, HOHOB METAJUIOB - MeIH, cepedpa U ap.) U Oe3peareHTHBIE
(Tepmudeckuii, ynbTpa3BykoBoi, Y D-00myueHus, paJuoaKTHBHOTO M3JIy4eHUs1), Hanboee Mmpo-
KO MPUMEHSIOT OKHCIUTENbHYIO Jne3uHdekuto Boasl [2, 20, 25 - 30]. B xadecTBe oKHCIUTENCH
KCIIONB3YIOT XJIOP, AUOKCHJI XJI0pa, TUIIOXJIOPUT HATPHUS U KaJbIUsA, a TAKXKE 030H, PE3KE MEPOKCU]T
BOJIOpOJa, IEPMAaHTaHaT Kaius u Ap. B cBoro odepenp U3 HUX, HA MPAKTUKE NPENOYTECHUE OTIAI0T
XJIOPY, €ro MPOU3BOJAHBIM U 030HY. B Ka)10M KOHKPETHOM CiIydae BBIOOp MeToqa 00e33apakuBa-
HUS OIpEAeNseTCs] PacXxoJoM U KadecTBOM o0pabaThiBaeMOil BOABI, a Takke TpeOOBaHUSIMH,
MpenbIBIsIEMbIMUA K Hell, 3 (HEKTUBHOCTHIO €e MpeaBapUTEIbHON OYNUCTKH, YCIOBUSIMH MOCTABKH,
TPaHCIOPTa U XPAaHEHHUS PEareHTOB, TEXHUKO-3KOHOMHUYECKUMHU pacue€TaMu, BO3MOKHOCTbIO aBTO-
MaTHU3alliy TpoIecca U MEXaHM3AIMH TPYAOEMKHX padOT W HaJAEKHOCTHIO BBIOPAHHOTO METOJa
o0e33apa)KuBaHus BOJBI B JAHHBIX YCIOBHUSX.

BonbIMHCTBY U3 IEPEUUCIICHHBIX TPEOOBAHUN YIOBIETBOPSIET UCTIOIB3YEMbIi (B OCHOBHOM)
METO/]I XJIOPUPOBAHUSI MUTHEBOU BOJIbI, HECMOTPS Ha CYIIECTBEHHBIC HEJOCTATKU (B YACTHOCTH, TSI
KHUJKOTO XJIOpa) TaKhe KaK: BHICOKAs TOKCUYHOCTh, OMPEEIISIONIas OMAaCHOCTh MPH OOpaIIeHUN C
HUM; B3PBIBOOMIACHOCTh M3-32 BBICOKOH PEaKIIMOHHOW CITOCOOHOCTH XJIOpA - CHIIBHOTO OKHCIIHTE-
JI5; BOBMOYKHOCTH 00pa30oBaHus TOOOUYHBIX TOKCUYHBIX XJIOPIIPOU3BOIHBIX B IIPOIECCE XITOPUPOBA-
HUSI IPUMECEN BOJIbI; BBICOKAsi KOPPO3MOHHAsI aKTUBHOCTh BOJIHBIX PAacTBOPOB XJIOpa M HEIOCTa-
TOYHOE BO3JICHCTBUE Ha CrIopooOpasyromue 6aktepuu. Xots, otmeueHo [31], uro ceifuac He cyie-
CTBYET HU OJTHOTO METOJIa U CPEJICTBA O€3 TeX MJIM MHBIX HEIOCTATKOB M YHUBEPCATBHOTO JIJISl BCEX
BUJIOB 00pabOTKU BOJBI: OT MOATOTOBKU MUTHEBOHM BOJABI 10 00e€33apa)KUBaHUsl OBITOBBIX M MPO-
MBIIICHHBIX CTOKOB.

O6e33apakuBaHie BOJBI XJOPUPOBAHHWEM UCHOJIB3YyEeTCSd B MPAKTHUKE BOJMO-TIOATOTOBKHU
CHIA, ctpan 3anagnoit EBponbl u Poccuu ¢ Hauana Beka. K HacTosiieMy BpeMeHU 3TOT METOJ 10-
JTy49UJI BO BCEM MHpE IIHMPOKOE PacIpOoCTpaHEeHHE OIaromapsi TOCTATOYHO BBICOKOW HAIECKHOCTH
OAKTepULIUTHOTO JIEHUCTBUS, BO3MOXHOCTH IMPOCTOTO OMEPATUBHOTO KOHTPOJIS 3a IMpolieccaMu
o0e33apaKuBaHusl, SKOHOMUYHOCTH, MPOCTOTE KOHCTPYKTUBHOTO O(GOPMIICHHS W BO3MOXKHOCTH
MOJTyYeHUS Ie3UHPUITUPYIOIIETO peareHTa B TOTOBOM BHUJIE.

OCHOBBI METOJa, UCTIOJIb3YEMbIE PEareHThl U 000PyAOBaHHE JOCTATOYHO MOAPOOHO Mpe-
CTaBJICHBI B MOHOTPAa(UIX ¥ MHOTOYUCIICHHBIX CTaThsSIX CIEUUATNCTOB (CM., Hapumep, [2, 20, 25,
28, 29] u mp.), mo3TOMY B JaHHOM paszenie 0030pa, KpaTko 0003HaYMB OCHOBHBIE aCTIEKTHI MPOIIEC-
ca, OCTAaHOBUMCSI Ha BaKHEHIIEH HKOJOTHMUECKON MpobieMe XJIOPUPOBaHUS - 0Opa30BaHUU TOK-
CUYHBIX TaJIOTCHCOAEPKAIIUX COCTUHEHH, UeMy, KCTaTH, MOCBSIICHA MpeodIaaronias 4acTh oTe-
YECTBEHHBIX U 3apYOEKHBIX MyOTUKALUN, pacCMAaTPUBAIOLIUX MPOOIEMbI OKHCIUTEIHHOTO 00e33a-
paXXuBaHUS MUTHEBOM BOJBI.

B nmpakTtuke o06e33apakiBaHUs U OYUCTKU BOJABI XJIOPUPOBAHUEM HCIIONB3YIOT KUIKUN XJIOD,
npenaparsl, COJAEpKallMe aKTUBHBIA XJIOP (XJIOPHYIO U3BECTh, TUIIOXJIOPUTHI HATPUS U KaJIbLUs,
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JUOKCH]I XJIOpa, XJIOPAMHHBI), a TaKXK€ aKTHUBHBIA XJIOp, MOJYYEHHBIM METOJOM AJIEKTPOJIM3a Ha
MecTe TOTpeOICHUS.

Hcnonb30BaHue TOro WM HWHOTO peareHTa OINpeAesisieT COOTBETCTBYIOIIEE armapaTypHoe
odopmileHHE Tpoliecca U UMEET CBOM COIMYTCTBYIOIIME TEXHOJIOTUYECKUE U IKOJOTHYECKHE Mpo-
0JIeMBbl, OJTHAKO, OOIIIEH SBIISIETCS BHIICYIIOMSHYTas Tpodjiema.

PacnipocTpanenHoi ¢opMoi MCIIONB30BaHUSI XJIOpa B MPOIECCE BOAO-TTOATOTOBKH SIBISETCS
BBeJieHHE B 00pabdaThIBaeMyI0 BOJY €0 BOAHBIX pacTBOPOB. B Bojie MPOUCXOIUT THIPOIU3 XJI0pa €
00pa3oBaHNEM XJIOPHOBATUCTON KHUCIOTHI, JUCCOMMHUPYIONIEH naiee B 3aBUCUMOCTH OT pH 1o ru-
noxJiopuTHoHa [2, 19, 20, 25].

pH > 8
Cly + HyO = HCl + HOCI === H’ + OCI'
pH < 7
pH 4 5 6 7 8 9 10 1

ocCr, % 0,05 0,5 25 21,0 750 97.0 995 999
HOC1, % 9995 995 975 790 250 3.0 0.5 0,1

Kak Bugno, npu pH < 7 ocnoBHast yacts HOCI ocraercs HeauccounnpoBanHou, a mpu ~ pH
> 8 - B (hopme nona OCI. Xnop, HaxoAALIMICA B pacTBOPE B BHJIE XJIOPHOBATUCTOM KUCIOTHI U
THITOXJIOPUT-UOHA, HAa3bIBAIOT CBOOOIHBIM aKTUBHBIM XJIOPOM.

[IIupoko mpakTUKyeTcs Takke oO0paboTKa BOJABI COCTUHEHUSMH, COJEPKAIIUMH aKTUBHBIN
XJIOp (XJIOPHOW M3BECTHIO, TMIIOXJIOPUTOM HATPHUS MM KaJbIMs, AUOKCUAOM xyopa). [Ipu stom
UCTOJIb30BAHUE, HATIPUMED, XJIOPHOW M3BECTH AJIS Je3UH(EKIINH BOJIBI POXOJUT TaKXkKe C BBICBO-
00K JIeHUEeM THIIOXJIOPUT-UOHA!

2CaOCl; + 2H;0 — CaCl; + Ca(OH); + 2HCIO
Il
H + OCI

KonneHnTpanust akTUBHBIX (pOpM XJIOpa B BOJI€ B OCHOBHOM OIPEEINISAETCS THIPOIU30M XJI0-
pa, nuccoumarueir HOCI u Bogsl. OkucnuTenbHas ciocoOHOCTh aKTUBHBIX (DOPM XJI0pa, KOTOPYIO
CBSI3BIBAIOT C PEAKIIMOHHOM CIIOCOOHOCTBHIO M OAaKTEPULUIHOCTBIO JA€3MH(EKTaHTOB, MOKET OBITH
OLIEHEHA BEJIMYMHOM OKHMCIMTEIBHOTO noTeHnuana. M, nedcTBurenbHo, 6ojee BBICOKHM OKHCIH-
TEJIbHBIA MOTEHIIHAT XJIOPHOBATUCTON KUCIOTH (pHC. 3.1) COOTBETCTBYET €€ BBHICOKOH OakTepu-
IUAHOCTH, npeBbimatomniei B 40 - 50 pa3 TakoByIO AJis TUIIOXJIOPUTOB, XOTS U TO, U IpYrO€ COeIu-
HEHUE BECbMa HEYCTONYMBO, IIOCTENIEHHO pa3jarasich, OHU TEPSIIOT CBOIO aKTUBHOCTb.

1,45 B

1,50 B

|
a
1.56 B 1,27 B-Ci02-1,15 B

|—— 1508 — I Im

Cr-1,36 B-Cl;-1,63 B-HCIO-1,64 B-HC10,-1,21 B-C103™-1,19 B-CIO4

L 1.63B_— | |
1,47 B
1,39 B
1,38 B
0.85 B :
1,16 B-C102-0,50 B 6
— 0,7 B — | _
CI'-1,36 B-Cl3-0,40 B-C10"-0,66 B-Cl0y-0,33 B-C103-8,36 B-CIO4
&—M—— 0.898——JL—— 0508 — I |
T 063B A |
0.56B - .

PHc. 3.1. OxucmTensHbie NOTEHUHAND! XJAOPCOREPKAUMX COGAUHEHM B KUCAOH ()
u weaounon (6) cpepe [28}]
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CkopocTh U HampaBJeHHME MX pachaja B BOJIHBIX pacTBopax 3aBuciAT oT pH, Temmeparypsl,
KOHLEHTPALUY, HATTUYHSI COJIEH TSKENIBIX METAIJIOB (0OCOOEHHO MENU M HUKEeNsl) U KOHTaKTa C OK-
PYXKaIOIIUM BO3IyXOM.

JIaHHBIX O KOJMYECTBE XJIOPA, KOTOPOE HYKHO BBOJUTH B Ka)KJJOM KOHKPETHOM Cilydae Ipu
o0OpaboTke Bojbl, HeT. [IpakTuka ne3snHpeKnny onpeaenser 103y BBOAUMOIO XJIOpa KaK claraeMoe
JIBYX BEJIMYUH - KOJIMYECTBA XJIOpa, PaCX0yeMOro Ha OKHUCJIEHHE IpUMecel BOJbl, U OCTaTOYHOTO
XJIOpa, MPUCYTCTBUE KOTOPOTO SIBJISIETCSA TapaHTHEN 3aBEPLIMBIIETOCS MpoIlecca OKUCIEeHUs OaKTe-
puit u opranudeckux BemiecTB. CTeneHpb Ne3MHPEKIUN 3aBUCUT OT KOHIIEHTpAuu U GOpPMBI OCTa-
TOYHOT'O XJIOpa, BpEMEHU KOHTaKTa, pearenra, pH, TemnepaTypsl 1 Ipyrux (pakTopoB.

XnopHoBatucTas Kuciota 6osnee 3ppexTuBHA, YeM HOH THIOXJIOPHUTA, TTOITOMY aKTUBHOCTh
CBOOOJTHOTO OCTATOYHOTO XJIOpa YMEHBIIAeTcs ¢ yBenudaenneMm pH. bakrepunnmnoe neiicteue cBsi-
3aHHOTO XJIOpa 3HAYUTENIbHO MEHbIIIE OaKTEPULIUTHOTO AEUCTBUSA CBOOOIHOTO OCTaTOYHOTO XJIOpa.
C yBenuueHHeM KOHIEHTPALMU XJIOpa B BOJIE, MOBHIIICHUEM €€ TeMIIEpaTyphl U MEPEBOIOM XJIopa
B CPaBHHUTEIBHO JIETKO TU(DPYHIUPYIONIYIO, HEAUCCOIMUPOBAHHYIO (popMy 00IIIasi CKOPOCTh MPO-
necca obe3zapaxxuBanus Bo3pactaet [20].

B 3aBucuMocTu oT XxapakTepa 3arps3HeHuN B oOpabaThIBaeMOW BOJI€ M OCOOCHHOCTEH HC-
M0JI3YEMOT0 00OpYIOBaHMS METObl XJIOPUPOBAHUS KIACCU(PUIUPYIOT Ha JABE TPYIIBI - OCT- U
MIPEXJIOPUPOBAHKE, OTPENIEISISI TAKUM 00pa30M TEXHOJIOTHIECKYIO CXeMY BOJIOTIOATOTOBKH [2, 20, 26].

IMocTxJIOppoBaHue BOABLI OOBIYHO SIBISICTCS 3aBEPIIAIOIICH cTaauell 09nucTKU Boabl. OHO
MO>KET OBITh HOPMAaJIbHBIM, CYIEpXJIOpHUpOBaHHEM U KOMOMHHpOBaHHBIM. HopMmaJjibHOe XJ10pupo-
BaHHUe MPUMEHSIOT MpU HEOOJIBIIIOM 3arps3HEHUH BoAbI. Jl03y XJIopa yCTaHABIMBAIOT TaKylo, 4TO-
OBl 111 COXpaHEHUs OAKTEPULIUIHBIX CBOWCTB B TEUEHHE AJUTEIBHOIO BPEMEHHM KOHLIEHTPALUS
OCTaTOYHOTO XJiopa B Boje mocyie 30-MHUHYTHOTO KOHTAaKTa BOJBI C XJopoMm Obputa He Menee 0,3
mr/n. [lpu snuzoguyeckoM OakTepHalbHOM 3arps3HEHMHM BOJbI CTOMKHMMHU KyJIbTypaMu, KOTJa
HOPMaJIbHOE XJIOPUPOBAHHUE HE JAaeT TPeOyeMoro OakTepuiuaHoro 3 dexTa win yxyaaeT opra-
HOJIETITUYECKHE MOKa3aTeNn KayecTBa BObI, IPOBOJIAT CyNepXJI0pPHUPOBaHUE BOJbI IOBBIIICHHbI-
MU J103aMu xjopa. KonnyecTBo BBOAUMOTO XJI0pa U BpeMsi KOHTAaKTa ero ¢ BOJOW yCTaHABIMBAIOT
HKCIIEPUMEHTAIBLHO B KaXKIOM KOHKPETHOM citydae. [lo3a ocTaTOYHOro XJiopa IpHu 3TOM JOIycKa-
ercs B mpenenax 1,0 - 10,0 mr/n. M30BITOK OCTaTOYHOTO XJIOpa YAAISIIOT IEXJOPUPOBAHUEM; HE-
OOJBIION M3OBITOK - adpUPOBAHHEM; OOJBIIEE KOIMYECTBO - JOOABKAaMU BOCCTAHABIMBAIOIIETO
areHTa - JaexJyiopa (Tuocynbdarta win cyiabhuTa HaTpus, TUCYab()HUTa HATPHUS, aMMHAKa, CEPHUCTO-
ro aHTUApUAa, AKTUBUPOBAHHOTO yruist). [l ycuiieHus 1edcTBUs XJopa IPUMEHSIOT KOMOUHUPO-
BaHHbIE METO/bI, T. €. 00pabOTKY BOJBI XJIOPOM COBMECTHO C APYTUMHU OaKTepUIUAHBIMU Mperna-
paTtaMu. DTO XJOPHUPOBAHUE C MAHTAHUPOBAHUEM, XJIOPCEPEOPSHBIM U XJIOPMEIHBIA CITOCOOBI, a
TaK)Ke XJIOPUPOBAHHUE C aMMOHHU3ALIUEH.

IIpexsiopupoBaHue BObI IPOBOIUTCS MEpe IPYTUMHU MEeToaMu ee 00paboTKU MpHU 3HAUU-
TEJIBHBIX 3apa)XKeHUsIX BOJbI U OONbIIUMU JTo3aMu xjopa. [Ipu sTom He TpebyeTcs mociaeayronero
JeXJIOPUPOBAHUSA, TaK KaK U30BITOYHOE KOJIMYECTBO XJIOpa MpH JajdbHEHIINX mpoieccax oopadboT-
KM MOJIHOCTBIO yJaNIIeTCs.

[IpakTHdeckoe UCMONb30BaHKUE POIECCOB XJIOPUPOBAHUS B OCHOBHOM OXBAThIBAETCS Ipe- U
noctxjopupoBanueM. Hepeako mpoBoIsT IBOHHOE XJIOpHpoOBaHHE (IIpe- U MOCTXJIOPHUPOBAHUE):
MEPBUYHOE JI MOATOTOBKHU BOBI K MOCIEAYIOUINM 3TalaM €€ OYHCTKH, BTOPUYHOE - Il oOecre-
YyeHHs] TpeOyeMol KOHLIEHTpAalluU OCTaTOYHOI'O XJIOpa B BOJIe, TapaHTHpYIollel Tpedyemoe caHu-
TapHOE €€ KaueCTBO.

3.1. bakrepuuuaHoe JelCTBHE OKUCIUTEILHBIX 1€3MH(EKTAHTOB

Paznuynas GakTepUIIUIHOCTh XUMHUYECKUX Ne3MH(EKTAaHTOB (107 KOTOPO MOHUMAIOT CBOHCTBO
HEKOTOPBIX BEIIECTB YHUUYTOXKATh OakTepuu [2, 32]) cmocoOcTBOBaNA N3yYEHUIO MEXaHU3Ma dTOTO
nporecca, 6o nmonumanue ero, mo mueHuto JILA. Kymnbckoro u cotp. [28], umeer BaxkHOE 3Haue-
HUe Tpu pa3paboTke 3PGEeKTUBHBIX METOI0B 00e33apaKUBAHUS TUTHEBOU BOJIBI.
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C Touku 3peHusi aBTOpPoB paboTsl [33], HECMOTPs Ha OOWJIME MyOJUKAITUi, OMUCHIBAIOIINX
IpoLecchl 00e33apakKMBaHUs BOABI C TOMOIIBIO XUMHUECKHUX JI€3MH(PEKTAaHTOB, pACCMOTPEHHE Me-
XaHU3Ma UX OaKTEePHUIIMIHOTO JAEUCTBUS BCE XKe 11eJ1ecO00pa3HO MPOBOJUTH COBMECTHBIM aHAIH30M
OMOXUMHYECKUX OCOOEHHOCTEH CTPYKTYPHBIX €AMHHI] OaKTepHUaTbHON KJIETKU (OPTraHOMIOB) KakK
MOTEHIMABHBIX MHIIEHEN N B3aWMOJEHUCTBHUS C MOJEKyJaMU Je3UH(PEKTaHTOB U (U3UKO-
XUMHYECKHX XapaKTEPUCTUK MOCIEIHUX, YTO UMEET NMPUHIUIHAIBHOE 3HAaYeHHE ISl B3aUMO/IeH-
CTBUS CO CTPYKTYPHBIMU €MHUIIAMH OaKTepHAIIbHOMN KJIETKHU, U TPAHCIIOPTA JAe3MH(pEKTaHTa U3BHE
BOBHYTPh OaKTepUaIbHON KIETKH.

VYA3BUMOCTh MHILIEHU B OaKTEpHabHOM KIIETKE OIpenesseTcss TakuMu (akTopaMu, Kak ee
BaXHOCTb B OOECIEUEHUU >KU3HEACITEIbHOCTU KIIETKH; JOCTYIMHOCTh ISl XMMHYECKOTO Ie3WH-
(ekTaHTa; HAIMYNE XUMUYECKH aKTUBHBIX TPYII, KOTOPbIE MOTYT B3aUMOJIEHCTBOBATh C MOJIEKY-
naMu Ae3uH(EeKTaHTa ¢ 00pa3oBaHHEM COCIWHEHUM, HE CITOCOOHBIX BBIMOJHATH OWOJIOTHYECKUE
(GYHKIIMHA MCXOTHOW MUIIIEHU; MUHUMaJbHAs (¢ Touku 3penus [1JIK mms genmoBeueckoro opranms-
Ma) KOHIEHTpalMsl aKTUBHBIX TPYIII MUILEHHU, B3aUMOJCHCTBIE KOTOPBIX C Je3UH(EKTAaHTOM IpH-
BeJIO0 Obl K MAKCUMAJILHOM CTENEeHN HeOOpaTUMOI HHAKTUBAIIUU KIETKH.

Hamomuum, uto 6akTepuanpHas kierka (pasmepsl 0,5 - 5 MKkM, cpeaHsis Macca 4.10%2 T) 10C-
TaTOYHO MPOYHO 3aIUIICHA OT BO3JEHCTBUS BHEIIHHX (DaKTOPOB, MPOYHOW U yCTOMYMBOM 000-
nmoukoit (tommuua 10 - 40 HM), KoTOpas pazOyxas, 00pa3yeT HapyKHBII Te1e00pa3HbIA, CTU3UCTHIN
CJIOH (Karcyiy), SBISIIONIYIOCS Y psia MaTOTeHHBIX OaKTepHil HAJEKHOMW 3aIUTON OT TYOHTEIIbHO-
ro AEMCTBUSI aHTHUTEIN, B COCTaB OOOJIOUKH BXOJST OEJIKH, MYKOIOJIHCAaXapUJbl, MyKOIIPOTEHUHBI,
TumouAbl caxapa. B coctaB kamcymsl, TommuHa KOoTopor (~ 0,2 MKM) com3aMepruMa C pa3zMepaMu
KJIETOK, BXOJAT TJIFOKO3a, caxaposa, PpyKTo3a, TJIIOKYPOHOBBIE KHCIOTHI, TeJlakTaH U JIpyrue Be-
miectBa. [log 000I0YKON KIETKH HAXOMUTCS NHUTOIIa3MaThdeckas MemOpaHa (TommuHa 5 - 10
HM), ’KHU3HEHHO Ba)XKHOE IMpeJHa3HauYeHHuEe KOTOPOH - OapbepHas (GYHKIHS MPU KOHUEHTPUPOBAHUU
BHYTPH KJIETKU MUTATEIbHBIX BEIIECTB U BbIICICHUHN HAPYXKY IPOIYKTOB OOMEHa.

B nwuromnasmaruueckyro MeMmOpaHy 3akilOyeHa LHUTOIUIa3Ma - KOMIUIEKC KOJUIOMIHBIX Be-
IIECTB U OPTaHOMUJIOB KJIETKH C BSI3KOCTBHIO B 103 - 1¢ pa3 OoJbIIIel BA3KOCTH BOABI. B muTommazme
KaKIIOW KJIETKU HACUUTHIBAETCS 10 10% pubocoM, cocrosmux u3 6enka, pochomunuaos u PHK. B
OOJIBIIMHCTBE KJIETOK BMECTO YETKO BBIPAXKEHHOTO sijipa OOHApPYKUBAIOT SACPHYIO BaKyollb, BHYT-
pu KoTtopoit Haxoautes cryctok Hutei JIHK. B HeGmaronpusTHBIX )KH3HEHHBIX YCIOBUSAX HEKOTO-
phIe BUIBI OaKTepuii 00pa3yroT CIIOPHI C CUIILHO YIIJIOTHEHHOW BHYTPH IIUTOIIA3MOM.

Takum 00pa3zom, ¢ TOUKHU 3peHUs] 00eCreUeHUs KU3HEIEATEIbHOCTH KIETKH, OCHOBHBIMH Op-
raHouJaMH, MOpakeHne KOTOPhIX MPUBOAUT K MHAKTUBAIMK KJIEeTKH, sBistorca JJHK nykneoruna,
pubocomsl (B komuiekce ¢ Apyrumu PHK) u iurormazmatnyeckast memopana [28, 33, 34].

XuMHYeckoe B3auMOJeicTBie Ne3nH(EeKTaHTa ¢ Ha3BaHHBIMH MULICHSIMH MPOUCXOAUT OJia-
rogaps HAJIWYHIO B XUMHYECKHX CTPYKTypaxX MOCIETHUX AKTUBHBIX (DYHKIIMOHAIBHBIX TPYII.
Cpenu HUX HanboJiee PeaKIMOHHOCIIOCOOHBIMU B OTHOIIEHUH BO3/IEUCTBUS OKUCIUTENEH SIBISIOT-
csl Cynb(OTUAPUIBHBIC TPYIIIHI, BXOIANINE B XUMUYECKYIO CTPYKTYPY LIUCTEUHA - COCTABHOM 4acTh
MPaKTUYECKH BCEX OENKOB IUTOIIa3MaTudeckoil MeMOpanbl. [Ipu okuciennu cyiabGruIpuibHbIX
rpymn o0pa3yrTcst TUCYTb(PUAHBIE CBSI3U MEXIY aMHHO-KHUCIOTaMHu, GOpMHUpYs TakuM 00pazom
BTOPUYHYIO U TPETUYHYIO CTPYKTypy OenkoB. Kpome Toro, cynbdruapuibHas rpynmna sBiseTcs
4acThio KopepMeHTa A, BBIMOJHSIOIIETO CBOIO (DYHKIIMIO B IHKJIE TPUKAPOOHOBBIX KUCIOT (KO-
HEYHOE OKMCIICHUE MUTATENbHBIX BEUIECTB, CHHTE3 U 00ecleyeHre KJIEeTKH OCHOBHBIMU CTPYKTYp-
HBIMH €MHHIIAMH), a TAK)KE B COCTaBE LMCTEHHA KEJIE30CEPHBIX OENKOB y4acTBYeT B IEpeHOCE
AJIEKTPOHOB AbIXaTeIbHOM Lenu U mpouecca GochopunupoBanus. B 1o ke BpeMs aucynbduanbie
TPYIIIHI JIETKO BOCCTAHABIMBAIOTCS B CYIbPruapuiabHbie. CIBUT pAaBHOBECHS B CTOPOHY OKHCIICHHUS
TpeOyeT N30bITKAa OKUCIIAIONIETO areHTa.

W3 mepeunclieHHbIX MHUIEHEH HamOojee ysI3BUMOU (TIO0 KM3HEHHOW BAXKHOCTH, HAJTHUYUIO
(YHKIIMOHATBHBIX TPYII, AOCTYIMHOCTH IJs TpaHCIOpTa Ne3uH(EeKTaHTa U MHUHUMAJIbHOW €ro
KOHIIEHTPALMH JTsI THAKTUBAIIUU MUILIEHH) SIBISIETCS IUTOTUIa3MaTHUeCcKass MeMOpaHa.
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UccnenoBarenu pabotel [33] mpennararoT CIeayOIMHA MyTh HHAKTHBAIIMH MHUKPOOHBIX Kile-
Tok. [Tocie peaknuu ¢ Bomoi oOpa3oBaBIIasics TUApPATHPOBaHHAsS (popMma ae3nH(eKTaHTa B3anmMO-
NEeNCTBYET ¢ Cyab(rUApUIbHBIMU TPYIIIaMU OEJTKOB HapyKHBIX CIOEB KIJIETOK, MPUBOAS K UX IO-
paxkenuro. Eciau mo3BosisieT KOHUEHTpalus 1e3uHPeKTaHTa, MPOUCXOAUT JalbHEWIee ero B3auMo-
JefcTBHE (TaKKe B OCHOBHOM 4epe3 CyIb(OTUAPUIBHBIC TPYIIIBI) C IATOIIa3MaTHIECKOW MeMOpa-
HOM U ¢ IPUMBIKAIONMMU K Hel OelKaMu, HaXOAUIMMUCS Ha MIOBEPXHOCTH, B 00beMe U Ha BHYT-
peHHell cTopoHe MeMOpaHbl U BBIMONHSIOMMMU (YHKIIMH KU3HEHHO BAXKHBIX (PEPMEHTOB M KO-
dhepmenToB. Eciu B 30He mopaykeHUs BCe €Ile MPUCYTCTBYET HEOOX0IMMas 103a Je3uH(PEKTaHTa U
JIOCTaTOYHA €r0 XMMHUYECKas aKTUBHOCTH (OmpefernsieMas OKHCINTEIbHO-BOCCTAHOBUTENIbHBIM I10-
TEHIIMAJIOM ¥ CIIOCOOHOCTBIO 00Pa30BBIBATh MaJIOIUCCOIMUPYEeMbIe coequHeHust ¢ SH-rpymmamm)
MIPOUCXOIUT MHAKTUBAIUS OaKTEpUaTbHOU KIIETKH.

OtMmeueno ([28] u CCBUIKM OTTyza), OJHAKO, YTO, BO3MOXKHO, JIJIi TIOJIHOW WHAKTHBAIIUU
KJIETKU HE0OXOJIMMO NMPOHUKHOBEHHE JIe3MH(UIMPYIOIIEro peareHTa BHYTph ee. [Ipu atom mene-
Boil mumensto sBnsiercss JJHK nykieoTuna, Tak kak MMEHHO OHA MOXET BbI3BIBATh HEOOpaTHUMBbIE
M3MEHEHHUS B MoJieKylax KieTkH. [103ToMy ckopocTh OTMUpaHus OakTepuil onmpenensercs CKopo-
CTBIO IPOHUKHOBEHHUS JI€3UH(YUIMPYIOIIETO BEIIECTBA BHYTPh KJIETKU U CKOPOCTHIO €€ OTMHUPAHUs
B pe3yJbTaTe HapyllIeHus MeTaboIu3ma.

[To-BuguMOMyY, MOKHO COTJIACHUTHCA C aBTOpaMH 0030pa [27], mpeayararomiMU BapUaHT
KOMIUIEKCHOTO MEXaHH3Ma MHAKTUBAIIMM MUKPOOHBIX KJIETOK I10J] BO3/IEUCTBUEM Je3UH(EKTaHTa,
BBIpaXkaroleMcs Kak B MPsIMOM ero (B JaHHOM cilydae aKTUBHBIX (OpM XJIOpa) B3aUMOJEUCTBUU C
OMOJOrMYEeCKH aKTUBHBIMH KOMIIOHEHTAMU KJIETOK, TaK U B IMPOUCXOJSIIUX BCIEACTBHE ITOrO
CTPYKTYPHBIX U3MEHEHHSIX B KJIETKAX, TYOUTENbHBIX JIJISI MUKPOOPTraHU3Ma.

Taxkum 06pazom 3P heKTHBHOCTh 00e33apakMBaHUs BOIBI MpenapaTaMu XJIopa 3aBUCHT OT
OMOJIOTHYECKUX OCOOCHHOCTEH MHUKPOOPTaHW3MOB, OaKTEPUIIMIHOCTH JC3WH(EKTAHTOB, a TAKKE
OT COCTOSIHUS BOJHOM Cpeibl M YCIIOBUH MPOBEICHUS TpOIIECCa.

MuKpoOOpraHu3Mbl XapaKTEPU3YIOTCS PA3IMYHON YCTOMYHMBOCTBIO K JIEUCTBUIO XJIOpa H
xJiopcoepxaimux peareHToB. Hanbosnee ycToiuuBbl K XJOpy (ekaabHble KOIMU(POPMBI, MOITOMY
mramMm E. coli ucronb3yroT B KauecTBe CAaHUTAPHO-IOKA3aTeIbHOI0 MUKPOOPTraHU3Ma MpHU OLIEHKE
HaJIeKHOCTH 00e33apakMBaHUS BOJIBI XJIOPOM U IPYyruMu npemnapatamu. OgHako oHU 3()PEKTUBHBI
MIPOTUB Pa3INYHbIX BO30OynuTeNeld MHMEKIIMOHHBIX 0OJIe3HEH, epeqatouXcs Yepe3 BOdy, TaKUX
KakK BO3OYIHUTENN TYISPEMUH, JICITOCIIUPO3a, AU3CHTEPUH, Opylennesa, OpronrHoro Tuda u mnapa-
tida. IOPeKTUBHO XTOPUPOBAHUE MPU 00€33apa)KUBAHUU BOIBI, COACPIKAIIEH TEIBMUHTHI M BO-
nopocnu. B To jxe BpeMs MpU CpaBHEHWU KMHETHKU OTMHUpAHUS B BOJE, 0OpabOTaHHOM XJIOPOM,
SHTEepO-0aKkTepuil, BUpyca remarura A U JAPYyruxX SHTEPOBHUPYCOB MOKA3aHO, YTO BBDKHBAEMOCTD
BHpyca remartuTa Bbime, yeMm E. coli, monmuoBupyca-2, peopupyca SA-11 u HUXKE BBIKHBAEMOCTH
konudara M2, poraBupyca SA-11. MeHee akTUBEH XJIOp U B OTHOIIEHWU CIIOPOBBIX MHKPOOpPTa-
HU3MOB, JJIl YTHETEHHUSI KOTOPBIX TpeOyeTCs MOBBIIIEHHAs KOHIICHTPAIUs XJIOPCOAEpKaIUX Ipe-
MapaToB, yBEJIMUYEHHWE BPEMEHH 0OpaOOTKH BOJBI M HCIOJIB30BAHUE MPUEMOB 00paOOTKH, YMEHB-
MAKONIIMX arperamuio crnop. Pa3nnyHyro yCTOMYMBOCTh MUKPOOPTaHU3MOB K BO3JICHCTBUIO XJIOPCO-
JIEPIKAIUX PeareHTOB aBTOPHI [35] 0OBACHSIOT pa3HON YCTOMYMBOCTHIO WX JIETHIPOTEHA3.

MHorue yueHble CBS3bIBAIOT OAaKTEPUIMIHOCTD XJIOPCOAEPHKAIIUX PEAareHTOB C X OKHUCIH-
TEJIbHO-BOCCTAHOBUTENIBHBIM MOTEHIIMAIOM, KOTOPBIA OIMpeNesieT BO3MOXKHOCTh MPOTEKAHUS pe-
Ak MEeXIy coequHeHUusMH. [Ipy HaMMYIUKM HECKOJIBKUX COCTUHEHUM OOJIBIINA OKUCIUTEIbHBIN
MOTEHIIMANl Y KaKOTo-TMOO M3 HUX ONpEeNEeNsieT ero MPUOPUTETHYIO OaKTEepULIMIHOCTb. B psay:
XJIOPAMHUH-XJIOPHAs U3BECTb-XJIOp-okcu xiopa (IV), ¢ nmoBeileHHEM OKUCIUTENBHOTO MOTEHIUa-
J1a BO3pacTaer 0aKTepHUIMIHOCTh COeqMHEeHHM. 3BecTHa BbICOKas OaKTepUIIUAHOCTh XJIOPHOBATH-
CTOW KHMCIIOTBI, COOTBETCTBYIOIIAS €€ OKUCIUTEIbHOMY IOTEHIHAITY, IO CPAaBHEHHUIO C TUIIOXJIOPUT-
MOHOM, XOTS U CYLIECTBYET OTIMYME B 00e33apaKMBAaHUU aKTUBHBIMHU (hopMaMu Xjopa OakTepu-
aJIbHOTO U BUPYCHOTO 3arpsA3HEHUs BOJbl. ECyu rumoxiopuT-uoHbl 001aJal0T MPUMEPHO OJIMHAKO-
BBIM OaKTEPUIIMIHBIM U BUPYJIHIIMIHBIM (TTOCIeaHuH B 3 - 5 pa3 BoImie) 3¢ dekTamu, TO XJIOPHOBA-
THCTasi KUCJIOTA TIOYTH B JIECATKH pa3 Oosee OakTepunmmHa. ITH (DaKThl, KaKk OTMEUEHO B [28],
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CBUJETEILCTBYIOT O PA3JIMYHOM MEXaHU3Me OAKTEpULIUTHOTO M BUPYIULUIHOTO JIEHCTBUS CBO-
060HOTO XJI0pa, YTO HEOOXOIMMO YUUTHIBATh MPH IJIAHUPOBAHUU Ipoliecca 00e33apakuBaHUs BO-
JTBL.

[Ipu cpaBHeHHU OakTepUIMAHOTO 3(ddeKTa XJIOPHOBATUCTON KHUCIOTHI M TUIIOXJIOPUT-UOHA
OTMEYAIOT Takke MU(PQPy3nOHHBIE BO3ZMOXXHOCTH ATHUX coeauHeHui [27, 28]. Bvicokyro mpoHu-
KaIoIIyI0 CIIOCOOHOCTh XJIOPHOBATHCTON KUCIOTHI OOBSCHSIOT €€ 3JIEKTPOHEUTPAIbHOCTHIO U Ma-
JBIMU pa3MEpPaMU MOJIEKYJIbI, IO CPABHEHHIO C 3apSKEHHBIM M THAPATUPOBAHHBIM THIOXJIOPHUT-
HMOHOM.

Ha oxucnutenbHblii MOTEHIIMAT U COOTBETCTBEHHO Ha OaKTEPHUIMIHOCTH XJIOPCOAEP KALIUX
peareHToB, XOTS U B pa3HOH cTeneHu, BnuseT Takxke pH cpeasl. C yBenrueHueM MIeIOUHOCTH Cpe-
JIbl CHUKaeTcs OaKTEepHUIMIHOCTD XJIopa U xJjoppeareHToB. Hanbosnee cunbHo Bausier pH cpenbl Ha
OKHUCJIUTEIbHBIA MOTEHIHAT U OaKTEPULIUTHOCTh XJIOpaMUHA, MEHEEe BCEro - Ha OKUCIUTEIbHBIN
MOTEHIIMAJ TUOKCUA XJI0pa.

Hecomuenno 3¢ dekTuBHOCTS 00€33apaXuBaHUs BOJIBI MpEMapaTaMy XJIOpa 3aBUCUT OT CTe-
MEHU HAYaJIPHOTO €€ 3apakeHus OakTtepusmu u Bupycamu. C pocToM OaKTEepHAIBHOW HArpy3Ku
OJIHO3HAYHO BO3pACTaeT /1032 JIe3uH(eKTaHTa 1 Bpemsi, TpeOyeMoe AJis MOJHOW CTepUIIU3aIiK BO-
JIbI, XOTSI HEOOXOIMMO YUUTHIBATh MPHU ITOM OaKTEPUIIMIHOCTh pearenra [27, 36].

BaxxapiMu (hakTopamu, BIUSIOMKUME Ha 3()(PEKTUBHOCTh 00€33apaKUBaHUS BOJIBI aKTUBHBIM
XJIOPOM, SIBIISIFOTCA MUHEPATbHBIA U OPraHUYECKUN COCTaBbl MpUMecel MPUPOIHBIX BO, OOJIbIIOE
KOJIMYECTBO KOTOPBIX CHUXKAET OAKTepULIUIHOE IeHCTBUE XJI0pa, MPEXkAe BCETro 3a CUET YMEHbIIIe-
HUs ero koHueHtpauuu. Kpome toro, 6akrepuu, nmomnajaaroiiye BHyTph B3BEIICHHBIX YaCTHII, MEXa-
HUYECKHU HKPAHHUPYIOTCS OT JNeHCcTBUS okucaurteneil. [lpupona HEKOTOPHIX OpraHUYecKUuX MpHUMe-
ceil BoAbl MOXET 00 CTUMYIMPOBATh PA3MHOKEHHE MHUKPOOPTaHU3MOB, JTMOO MPENsSTCTBOBATh
MPOSIBJICHUIO OakTepUIuaHOTO ¢ dekTa (Harmpumep, MOBEPXHOCTHO-aKTHBHBIC BEIECTBA, MECTH-
IIU]TBI) OKUCITUTEIIS.

B kax/10M KOHKpETHOM cllydae 103y aKTUBHOI'O XJIOpa YTOUHSAIOT MPOOHBIM XJIOPHUPOBAHUEM
B cooTBeTcTBUU ¢ TpeboBanusamu ['OCTa 2874-82 k comepkaHUIO0 B BOJE OCTATOYHOTO XJopa Io-
CJIe OTIPEACIICHHOT0 KOHTaKTa [28].

3.2. BzaumozeiicTBHe XJI0pa ¢ MPUMeCSIMH BO/Ibl, TOKCHYHOCTH BTOPUYHBIX 3arps3HUTE el
NUTHEeBOH BOJBI

[Ipu pactymiemM HCIONB30BAaHUM BOJ MOBEPXHOCTHBIX BOJOEMOB HM3-3a AeduluTa MOA3EMHBIX BO-
JIOMCTOYHHUKOB Bce 0oJiee CIOXKHOM CTaHOBHUTCS MpoOiIeMa OYUCTKH U MOJATOTOBKHM KayeCTBEHHOU
MUTHEBON BOZBI. DTO CBA3aHO C BO3PACTAIOIIMM Pa3HOOOpa3UeM XMMHUUYECKUX 3arpsa3HHUTENEH, 1o-
MAJA0IINX B MOBEPXHOCTHBIE BOJOEMBI CO CTOYHBIMU BOJIAMU HACEJIEHHBIX IIYHKTOB, MPOMBIII-
JICHHBIX MPEANPHUATHH, CeTbCKOX035ICTBEHHBIX YrOIUi U depM, a TakKe U3 IPYTuX UCTOYHHUKOB.
WHTepec K HEOPraHMYECKUM M B OOJIbIIEH CTEMEHW K OPraHMYeCKUM IPUMECSIM MPUPOAHBIX BOJ
00YCIIOBJIEH TE€M, YTO B IPOLIECCE BOJOMOATOTOBKU Ha CTaJuU 00€33apaKMBaHUS BOJBI XJIOPOM
(MM COeIMHEHUSIMH, COJIepXKAIIUMH aKTHUBHBIN XJIOp) 00pa3yroTcsi BellecTBa, 0ojiee TOKCUYHBIE,
yeM ucxojusie [37 - 39].

KonnuecTBo HEOPraHMUECKUX U OPTaHWYECKUX 3arpsi3HUTENIEH B ITOBEPXHOCTHBIX BOJAAX, B
TOM YHCIIE MPOAYKTOB HMX TpaHC(HOpMAIMH, 3HAUUTEIHHO IMPEBBIIIACT YUCIO YCTAHOBJIEHHBIX
(> 200 [40]) ruruennueckux HopMmatuBoB (ITJK) misi XUMUYECKUX COCIMHEHHUI pa3HOW CTETICHU
TOKCHUYHOCTH, K TOMY € KOHTPOJIMPOBATh COPOC BCEX BEIIECTB B BOJOEMBI HE TOJIBKO CIIOKHO, HO
1 HEBO3MOJKHO I10 pa3JInYHBIM IIpuuuHaMm [2, 16, 40 - 43].

Haubonee pacnpocTpaHeHHBIMHU 3arpsS3HUTENISIMUA TEXHOTEHHOTO MPOMCXOXKACHUS B Pa3HBIX
BOJIOMCTOYHHUKAX XO3HCTBEHHO-ITUTHEBOIO LIEHTPATU30BaHHOIO BoAgocHa0xeHus Poccun sBisitoT-
cs1, MI/J1: He(pTempOAYKTHI ¢ KOHIIEHTpalueil npumepHo 1 - 2 (mpeBblllIeHHe HOPM Il HCTOYHUKOB
X03SICTBEHHO-TIUTHEOTO U PHIOOX03AHCTBEHHOTO Ha3HayeHus B 3,5 - 8 pa3); (eHonsl - mpuMepHO
0,2 - 0,3 (B 200 - 300 pa3 BbIlIE HOPMBI); aMMOHHUMHBIN a30T - mpuMepHo 10 (B 4 — 5 pa3 BbIwIe
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HOPMBI); CHHTETHYECKHE TTIOBEPXHOCTHO-aKTHBHBIE BelecTBa - mpumepHo 4 - 5 (B 8 - 100 pa3 BbI-
1€ HOPMBI); COSTMHECHUS TSHKEIBIX METauIoB - 0kojo 0,15 - 0,3 (B 2 - 6 pa3 BbIIIe HOPMBI); TIECTH -
nuael - B 8 - 15 pa3 Beimre Hopmel [1]. K aToMy nepednro ciaeayeT 700aBUTh TPUPOIHBIEC 3arPsi3HU-
TEJIN BOJOUCTOYHUKOB.

N3BectHO [2], uTO Ha 00e33apakuBaHWe OAKTEPHAIBHOTO 3arps3HEHUS BOJBI PAaCXOMYETCs
JUIIb HE3HAUMUTEJIbHAs 4acTh BBOJUMOrO B BOJYy XJopa, OoJsiblllas 4acTh €ro WAET Ha peakuuu
(okucneHus, 3aMeleHus], IPUCOECTUHEHHS) C XUMUUYECKUMH MTpUMecsiMHU BoAbl. CII0KHOCTh COCTa-
Ba MpuMecedl MPUPOAHBIX BOJ, PEarupyroluX € XJOPOM, MPUHATO KOMIUIEKCHO OLIEHUBATh CyM-
MAapHOM XapaKTEPUCTUKOM - XJIIOPOMOTIOMIAEMOCThIO BOABI, OMPEACIISIEMON KOHIIEHTpaMen Xjaopa
B MWUIMTpaMMax Ha JIUTP, pacxoayemMoit mpu 30-MHUHYTHOM KOHTAKTE C BOJIOM.

JlJi cCpaBHUTENBHOM XapaKTEpUCTUKU XJIOPOMOIIIONIAEMOCTH PA3IUYHbBIX BOJ CIYXHT IMOKa-
3aTesb XJIOPUPYEMOCTH BOJBI - 3TO YCIIOBHAS ApoOb, B YMCIUTENE KOTOpo# 1, B 3HaMeHaTene - J10-
3a xJjopa, obecreunBarorias mocyie 30-MuHyTHOTO KOHTaKkTa 0,5 MI/J 0CTaTOYHOTO XJI0pa B BOJIE.

XJI0pOMOTIONaeMOCTh BOJIbI 3aBUCUT OT J03bl BBOJUMOTO XJyiopa. KomndecTtBo xiopa, HEOO-
XoauMoe sl 00e33apakuBaHMsl, ONMPEAEISIOT, UCXO0I U3 00IIeH XJIOPOMOTrIomaeMOCTH BOJbI U
HEKOTOpOTro M30bITKA, TapaHTUPYIOLIETO B TE€UEHHE 33JaHHOTO MTPOMEXYTKa BpEMEHU OaKTepULIU/I-
HbII 3¢ dexT. B u3BecTHON Mepe (MpU OTCYTCTBUM OKHUCISIONIMX HEOPTaHUYECKHX MPUMECEH WU
IIPU UX Y4YE€TE) XJIOPOMOTJIOUIAeMOCTh BOJIBI CIIY’KUT TOKa3aTeJIeM CTETEHU 3arpsA3HeHHs BOAbI Op-
TaHWYECKUMH BemecTBaMu [2, 16]. 3HaTh CTEMeHb 3arpsi3HEHUsI BOJIBI U COCTAaB €€ 3arpsi3HUTENeH
BaYKHO, YUUTHIBAsI XapaKkTep AajdbHEHIIero B3auMoIeHCTBUS UX C XUMHUUECKUMHU JIe3UH(EeKTaHTaMU
B IIpolecce 00e3BpekrnBaHus Bo/bl. CHCTEMaTHYECKOE OMpEIesIeHNE XJIOPOMOIIONIaeéMOCTH BOIBI
B aHAJIMTHYECKUX JIA0OpATOPHUAX J1aeT JOMOJHUTENIbHBIE CBEJACHUS O KauyeCTBE MPUPOTHBIX BOJA U
MO3BOJISIET €r0 IPOrHO3UPOBATh.

[Iporpecc, AOCTUTHYTBIN B COBEPIICHCTBOBAHUH AHATUTHYECKUX METO/OB, MO3BOJIUI yXKe K
1985 r. uneHTUPUIIUPOBATH U 3aHECTH B MaMATh KOMIBIOTEPOB 0K010 3000 opraHrmdecKux 3arpss-
HUTEJEH, OOHAPYKEHHBIX B TOI3EMHBIX, TOBEPXHOCTHBIX U MUTHEBBIX BoAax [44]. ABTOp pabOTHI
[45] mpemmaraet rpynmupoBaTh UX CICTYIOIIMM 00pa3oMm:

- MIPUPOHBIE OPTaHUYECKUE BEIECTBA, BKIIOYAIOIINE TYMUHOBbBIE COEIMHEHUSI, MUKPOOHBIE
9KCCYyJIaThl M JPYTrUe pacTBOPEHHBIE B BOJE MPOJIYKTHI JKU3HEIEATEIBHOCTH KUBOTHBIX U pacTe-
HUH;

- CHHTETHUYECKHE 3arpsA3HUTENH - MECTULUIbI, TUOKCUHBI, IPYrHe BellecTBa, IPOU3BOIUMbBIE
MIPOMBIIIIJIEHHOCTHIO;

- COeIMHEHMS, 00aBIsIeMbIe UIH 00pasyrourecs B Mporecce 00pabOTKH BOJIbI, B TOM YHCIIE
U Ae3uH(EKINH C UCTIOIb30BaHUEM OKHCIIUTENIEH.

HekoTopsble rpynmnbl opraHMuecKuX COCTUHEHHH, NUMEIOIUX TOKCUKOJIOTUYECKYIO0 OLIEHKY, a
TaKKke TPEeOYIOIMX NalbHEWUIEro M3y4eHHs C MEIWLUHCKOW TOYKH 3pEHUs, IMpeACTaBICHbI B
Tabua. 3.1.

[Ipu BEIOOpE TIpencTaBieHHBIX B Tab. 3.1 BemiecTs, TpeOYIONIUX E€TaTbHON OIICHKH, OBLIH
HCIIOJIb30BAHBI CIEAYIOUINE KPUTEPUH:

- XOpouIo 00OCHOBaHHbIE JAHHBIE O TOM, YTO BEIIECTBO MOKET BBI3BaTh OCTPOE WIIM XPOHH-
gecKoe 3a00JIeBaHue;

- BCTpEYAeTCs B BOJIC B 3HAYUTEIIbHBIX KOHIEHTPALIUIX;

- OTHOCUTEIBHO YacTO OOHAPY>KUBAETCS B MUTHEBOW BOJIE;

- JOCTYIHOCTh aHAJUTHYECKUX METOAOB AJIs IieJied MOHUTOPUHTA U PEryIUPOBAHUS YPOBHS
COJIepKaHuUs;

- TaHHBIE O TOM, YTO KOHIEHTPALIUU BEIIECTB B BOJE MOXKHO PETYIUPOBATh.

Cpean MHOTHX OpraHMYeCKHX 3arps3HUTENed MUTHEBOW BOJABI BHHUMaHHE T'MTMEHUCTOB B
MIEPBYIO OYEpEeb MPUBJICKAIOT T€ COCAMHEHHUS, KOTOPbIE SBIIAIOTCS KaHLEpOreHaMH, 001a/laloT ro-
HAJ0TOKCUYECKUMH, YMOPHOTOKCUYECKUMHU, aJUIEPTEHHBIMH CBOICTBaAaMH. ITO B OCHOBHOM aHTpO-
MOTEHHBIE 3arpsA3HUTENN: XJOPUPOBAHHbIE anu(aTHUYEeCKue W apOMATUYECKUE YTIIEBOJOPOJIbI,
ITAY, nectunmabl, TMOKCUHBL. Bo3aeicTBue KomIuiekca (PU3NKO-XUMHUYECKUX U OMOJIOTHIECKUX
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Tabanwuwa 31

| |_'|'. M OpraHANMECKHE CENHBEHH M. EIIl’_H_'EﬁHh.I E (A VRIBEATHR RAHEHHE
HA 10POBLE SLADBEED |40]

| Traprmn | Ha tpefiyeros
T PEAHA KIS BEw rTTR | HHRES L PR B Milisn
ol i O ETEHA

BemecTsd, JrpaingEHIHE HETOSHHENR soocHalime nma

Iy i BLIE BEILEC TR #
NNAODHPORAHHEE BNEKAHE H LIKEHE "
H HTORE s H "
Iocmapcmassie apisaimiecse yraesogopomas (T1AY) i
HETRHAYECYORER EHOMTE +
L1 e TSR TR 4
NMaassnopipoessibie e (TTXED +
Tlec v s #

CHHTETHABCK HE AE TEEHTE i

Spaiphl TANEBOA KHCA0TH +
Hedrauwie Moo, nenowas beaaun +
Xaophenaoam .

KAopspoRaHHRE §HHOAR n

BEHA0a W ATKMAa POHMATHYMLLEHL LU IMHEHAN l

Yerhipe s KRACGHRCTRIF Yraemxg -

BemecTd, HOCTYNAONME B NMIECCE BOIOIINITOBKNR
TmaranosaeTanm +
Ak sng '

BrinecTei, NOCTYNAKMLHE NPH REBCIPCACACHHRH Bk
MOHDSEPHBIA BRI '
ITAY +

(bakTOpOB, pa3IUUYHbIC XUMHUECKUE MPEBPAIICHUS B €CTECTBEHHBIX YCIOBHUIX U C OCTABIIMMUCS U3
HUX B MPOILIECCEe BOJOMOATOTOBKH, MPUBOIAT JINOO K IMOJHOMY pacmay HEKOTOPBIX 3arps3HUTENCH
BOJIbI, OO K MX YaCTUYHOM TpaHchopMmanuu. Pe3ynbTaToM 3THX MPOIECCOB MOXET OBITh HE
TOJIbKO CHIIKEHHE HEONaronpusATHOrO ACUCTBUS pAla MpUMecel BOJAbI, HO MHOTJIA €r0 yCHIICHUE
[47 - 60].

Tak, MHOTOYHCIIEHHBIMU HCCIICIOBAHUSMH, IPOBOAUMBIMU C cepeluHbl 70-X IT., yCTaHOBIIE-
HO, YTO TNPH HUCIIOJIb30BaHUU XJIOpA Ha CTaguM 00e33apa’kMBaHMs MUTHEBOM BojabI u3 Oosee 100
00pa3yIOIMUXCsl XJIOPOPraHMUECKUX COCTUHEHUH OCHOBHBIMU M HauOoJyiee ONMacCHBIMHU SIBISIOTCS
Jeryune xjaopoprannyeckue coequenus (JIXC), B ux uucne tpuraasomeransl (TT'M) - coenu-
HeHus1, o0benuHseMbie obmei Gopmymnoit CHXj, rae X - ranoren (xiopodopm, OpoMauxiopme-
TaH, quopomxiopMmeTad u np.) [17, 60 - 62]. PaznooOpa3ue 0Opa3yromuxcs COSANHEHUN CBSA3aHO,
0 MHEHMIO ucclienoBaTeneit [63, 64], ¢ paznnuueM (U3MKO-XMMUYECKUX XapaKTEPHUCTUK BOJIBI
BOJIO-UCTOYHHUKOB M YCIIOBHI BOJOMOATOTOBKH HA BOJAOIPOBOJHBIX CTaHUUAX. [Ipu 3TOM, OZ1HAKO,
HEM3MEHHO KOHIIEHTpamus obpasyromerocs xjiopodopma Ha 2 - 3 mopsiika MPEBhIIAeT CoaepKa-
Hue apyrux TI'M.

[TepBoie coobuienus B 1974 r. B Hunepnangax u CILIA 06 oOpa3oBaHuu B mpoiecce XJIOpH-
POBaHUS PEYHOI BOJIBI B KaUeCTBE MOOOYHBIX MPOAYKTOB Xsopodopma u apyrux TI'M cranu Hava-
JIOM CEepBhE3HOT0 M3YYECHHUSI MX TOKCUKOJIOTHYECKUX XapaKTEPUCTHK M BIHMSIHUSA Ha 3I0pPOBbE YeEIO-
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BEKa, 0OCOOCHHO XJI0po(opMa, YIUTHIBas €ro npeodiagaHue B oOIeld Macce OpraHUYeCKUX Co-
€IMHEHU I, TPUCYTCTBYIOIMX B MUTHEBOU BOJIE, MOJIABAEMOM B PACTIPEICIUTEIIbHYIO CETh.

K macrosimemy BpeMeHH U3BECTHO [65], 4TO XJ0podopM yrHeTaeT MEHTPaIbHYI0 HEPBHYIO
CUCTEMY, BIIUsET Ha PYHKLHUIO NeyeHH U nouek. Kanueporennocts xsopodopma Obliia okasaHa Ha
KUBOTHBIX. B smmaemuonorundeckux uccinenoBanusx (76 oxpyroB CIIIA) Takke ObLIO TTOATBEpP-
KJICHO TIOSIBJICHUE PAa3IMYHBIX (JOpPM paka B 3aBUCUMOCTHU OT NOTJIOUIEHHsI XJIopodgopma. belia BbI-
SIBJIEHA KOPPEJSAIHS MEXy CMEPTHOCTBIO OT paka MOYEBOTO MY3bIps, MPSAMOI KUIIKA U YPOBHIMHU
coJiepkaHusl B MUThEBON Bojse xyopodopma u apyrux TI'M, XOTs MexaHU3M KaHIIEpOTreHe3a 0
cuX Top He packpsIT (cM. Takxke [38]). Takum o6pazom xa0podhopM OKa3bIBaET HECKOJIBKO OTpPHUIIA-
TeNbHBIX 2P (EKTOB Ha 30POBBE JIOJCH, HO MO 3akiaoueHni0 Komurera muTheBoi Boasl Harmo-
HanpHOM akagemuu Hayk CIIIA Hambomnee cepbe3HBIMH W OMACHBIMH d(PeKTaMu BO3ICUCTBUS
xjopodopma (a Takxe apyrux TT'M, NpUCYyTCTBYIOMNUX B MUTHEBOU BOJIE), SBISIFOTCS KaHIIEPOTCH-
HbIe, Ha0JI01aeMble y )KUBOTHBIX M TIPEANOIOKHUTEIBHO Y JItoe [59, 65, 66]. Ha ocHoBanuu 3tux
JTaHHBIX TMpeleiabHO aomycTtumas koHueHTpauus TI'M B Touke pa3bopa BOAbl YCTaHOBJIEHa Ha
ypoBae 100 mxr/i [29].

UYro kacaercs BIUAHUS XJIOpOopopMa Ha CAaHUTAPHBINA PEKHUM BOJOEMOB, OPTaHOJICITUYECKUE
Y CaHUTAPHO-TOKCHKOJIOTHYECKHE CBOMCTBA BOJBI, TO TIO JTAHHBIM, MMPUBEACHHBIM B [29, 67], XJ0-
podopm A rTuAPOOUOHTOB M TETIOKPOBHBIX )KMBOTHBIX YMEPEHHO TOKCHUYEH, HO OTIMYAETCS BbI-
COKOW KyMYJISITUBHOCTBIO B OpraHM3Max. 3armax MHTEHCHBHOCTBIO 2 Oaiia 0OHapyXHBaeTcs MpH
conepxanuu xjgopodopma 18 Mr/i, Ha IBETHOCTHh TP ITOM BIUSHUE €T0 HEe OOHapy»)eHo. Makcu-
MasibHasi KOHLIEHTpAlMs, HE CKa3bIBAIOIIAsICs Ha CAHUTApHOM pekuMe, paBHsach 50 mr/n. Myra-
T€HHOM aKTUBHOCTBHIO XJIopodopm He obmamat.

B otHomenuu apyrux JIXC HYyKHO OTMETUTH, YTO, YUUTHIBAS B L[EJIOM UX OJaCTOMOTE€HHYIO
AKTUBHOCTh U CUWTAasl BBICOKOIPUOPUTETHBIMH 3arpA3HUTEIISIMU MUTHEBOUM BOABL, B 1989 r. Mun-
3apaB CCCP yTBepaui opueHTUPOBOYHO-0e301macHbIe ypoBHU BoznelicTBrus (OBYB) Ha yenoBeka
JUTS TIecT U3 HuX (Tadu. 3.2, cM. takke [21]).

B T0 ke Bpemsi He0OOX0IMMO OTMETUTh, YTO PE3YJbTAThl SKCIIEPUMEHTOB Ha KUBOTHBIX IMOKa
OJTHO3HAYHO HE CBHUJICTEIHCTBYIOT O KAHIIEPOTCHHOCTH BCEX YKa3aHHBIX COCTUHEHUH [69].

Kak nosiBisiroTcst 3TH BelllecTBa B MUTHEBOM BOJIE, KAKOBBI UX MpEIIeCTBEeHHUKH? J[aHHbIE
pa3nmuuHbIX uccienoBanuii ([29, 62 - 64] 1 CCBITKH OTTY/1a) TOKa3bIBAIOT, 4TO 0OpazoBanue JIXC, B
TOM 4HcIIe XJI0pohopMa, CBA3AHO C XJIOPUPOBAHHEM I'YMYCOBBIX BEIIECTB, IPUCYTCTBYIOIIUX B MO-
BEPXHOCTHBIX MPUPOJHBIX BOJaxX. XOTS COCTAaB I'YMYCOBBIX BEIIECTB, O0BEAUHSAIOMIUX TPYIITY Iy-
MUHOBBIX U (DYJIbBOKHCIIOT, U3y4€H HEIOCTaTOYHO, U3BECTHO, YTO 3TO MOJU-IIUKIHNYECKUE COEIu-
HeHusl, oOpa3yroluecs MoJMKOHAeH cauen (paBoHOUI0B, JIUTHUHOB, TAHHUHOB. [Ipu sapax u 6o-
KOBBIX IIETSX PAacIoyiaraloTcsl TUAPOKCUIIbHBIE U KapOOKCUIbHBIE TPYMIbI, OMpPEENsIoNnue Ku-
CIIOTHBIE CBOMCTBA 3TUX BellecTB. OTMEUEHO, YTO MO COJIEPKaHUIO0 KHCIOPOACOAECPKAILIUX TPYIIIT

Tabawmua 3.2

BoicokorpuopuretHsie JIXC ¥ ux RONYCTHMbIE KOHUEHTDALHMH
B MMTLEBOI BOAE, Mr/n [68]

Coe OBYB no ToKCHROAOTHYCCKOMY OBYB c yyerom
RHHEHME MpHAHAKY BDEQHOCTH BIaCTOMOrCHHOM aXTHBHOCTH
Xnopodopm 1 0,06
YeThipex xN0pHCThii yraepoa 0.4 0,006
1,2-puxsoparau 0,1 0,02
1,1-guxnopatmnen 6 0,0006
TpuxaopaTnnen 0,8 0,06
TerpaxnopaTuieH 0,2 0,02

25



(GyITBBOKHCIOTHI MPEBOCXOAIT T'yMUHOBEIC. [loATBEp)KAEHWEM TOTZA, YTO TYMYCOBBIC BEIIECTBA
(rmaBHBIM 00pa30M HHM3KOMOJEKYISApPHBIE (pakiuu (yIbBOKHCIOT) SBISIOTCS MPEIIIECTBEHHUKA-
Mu xsopodopma u apyrux JIXC, cramm pe3yiapTaTsl IpsSMOro UX XJopupoBaHus. KocBeHHoe mos-
TBEPKICHUE 3TOTO - 3HAYUTEIBHOE YMEHBIIeHUe coaepkanuss TI'M mpu XJIOpupOBaHUH BOJABI U3
MOJI3EMHBIX BOJOMCTOYHHKOB. HamoMHUM, 4TO KOHIICHTpAIHs TYMYCOBBIX BEIIECTB B MPHPOTHBIX
BOJIaX 4acTo MpeBbIaeT 50 MI/i1 M COCTaBISIET OCHOBHYIO JIONFO OOIIETO COJEpKaHUsI OpTraHude-
CKHX BemecTB [63].

Uccnenys Mmexannu3mel peaknuu oOpazoBanus TI'M, aBTopsl paboThl [64] TOKa3BIBAIOT, YTO
BCE OpPTaHUYECKHE COCJAMHEHUS - MPEIIICCTBEHHUKH XJIOpodopMa - UMEIOT OJHY HIIM HECKOJIBKO
KapOOHWJIBHBIX TPYII (PaCIONIOKEHHBIX MPEUMYIIECTBEHHO B METAIOJI0KECHHH ), WU (EHOITBHBIX
THJIPOKCHIIOB, CITOCOOHBIX K H30MEPHOMY B3aUMOJICHCTBUIO C ApOMATHIECKUM SIIPOM.

[lpu xmOpupoBaHMM B pEAKIUSIX yJIaCTBYIOT KapOOHHIIBHBIE H THIPOKCHI-COJIEpIKAIINE
(GparMeHThl TYMYCOBBIX BEIIECTB, NP 3TOM IE€PBOH JIMMUTHPYIOUICH CTaaueH SIBISIETCS CTaaus
00pa3zoBaHMs €HOJATOB, 00JIAAIONINX BEICOKOW PEAKITMOHHON CITOCOOHOCTHIO:

O 0
R-C = CHR  — R - € - CHR;

Bropas cragust - cCOOCTBEHHO XJIOPHPOBAHUE OOPA3YIOIUXCA OKCOCOCTUHEHUNH MOXKET IMPOo-
TeKaTh Kak B KUCJIOH (a), TaKk U B IEJI0YHOH (0) cpene ¢ o0pa3oBaHMEM TPUXIOPMETUIIBHOM Ipym-
IIbI B a-TI0JIO’KEHUU:

N
H H* CI-Cl  CI' q »—~ Cl
a) -C-C=0+== -C=C-OH — -CC-0-H + CI'— -€-C=0 + HCL;

H OH =~ C1-Cl Cl
6) -€-C=0—-C-C-0 + H,0 — -C-C=0+CI.

B kucnoit cpene J1ierko NpoxoaAuT MOHOXJIOPUPOBAHHE, B ILEIOYHOM - 00pa3yloTcs mpeumy-
IIECTBEHHO IOJIMTAJIOTeHUPOBAaHHBIE MPOAYKTHL. ObOpa3zyromiecs B IMIEIOYHOIN cpejie XJIOopIpous3-
BOJIHBIE 00J1aJat0T OOJIBIION HEYCTOMYHUBOCTBIO U TIOJBEPratoTCs rajJoOpMHOMY PACHICTIIICHUIO

Cl OH’
R-C-€-Cl == R-C-0 +CHCl.
5 & o)

Takxum 06pazom, IeT0Yb HE TOJIBKO KaTaTU3UPYyeT TaIOTeHUPOBaHUE KapOOHWIBHBIX COCIH-
HeHu#, HO U BbI3bIBaeT pa3pbiB C-C cBs3u. Kucnora He o6namaer mogoOHbIM aelicTBueM. IMEHHO
3THUM, 110 MHEHUIO aBTOpOB [70], 0ObsicHseTcs BIusHUE pH MpupoaHO# BOJBI HA KOJIUYECTBO 00pa-
3ytorierocst xjopodopma npu ee xynopupoBanuu. [lpu u3menenuu pH ot 7 1o 9 KoHIEHTpaIus
xyopodopma BozpacTana mpuOIM3uTENbHO B 15 pa3. Ha puc. 3.2 oTpakeHO BIHMSIHHE pa3TUYHBIX
¢dakropoB (XIIK - comepskaHue OpraHUYECKUX 3arps3HUTENCH B UCXOIHOU BOJE, BPeMsI KOHTaKTa
XJIopa ¢ BOJI0i u ero 1o3a, pH Boxkl) Ha mporece oOpazoBanus JIXC.

BaxxHo OTMETHUTB, 4TO 3arps3HEHUE MOBEPXHOCTHBIX BOJ IMPOMBIIUICHHBIMA CTOKAMH, CO-
nepxamumu JIXC, o0yclnoBIMBaeT WX HaIWYWe B BOJE, MOCTYMAMOIIEH HAa BOJOOYUCTUTEIHHBIC
ctarmuu [62, 71]. OObIYHO 3TO HEOOMBIINE KOTUIECTBA, TAK KAK B OTKPBITHIX BOJOEMAaX aKTHUBHO
UIyT nporeccsl camoouninenus. Y nansarores JIXC takxke nmpu NOBEPXHOCTHOM a’palii BOJIOEMOB.
B 10 e BpeMms, Kak Moka3aiau UCCieI0BaHUs [72], OTCYTCTBUE MUTPALIMOHHBIX MMOTOKOB IPYHTO-
BBIX BOJ WJIM HU3KAsl UX UHTEHCUBHOCTh MPUBOASAT K NOocTeneHHOMY HakoruieHuto JIXC no 3nauu-
TEJIbHBIX KOJIMYeCTB. BOT moueMy nmokasaTenu, XapakTepu3yroline Hanuure anTponoreHHbix JIXC
B MCXOJTHOM MOJA3EMHOMN BOJIE, 3a4acCTyIO OBIBAIOT XYKe, YeM IMOBEPXHOCTHOM.

3amuTuTh BogoeMbl OT nonaaanus B HUX JIXC oyeHb TpyaHO, TaK KaK 3TO PaCTBOPHUTEINH,
LIIMPOKO HUCIOJIb3yEMbIE BO MHOTHX OTpACsAX MPOMBINIIEHHOCTH. Kcrarth, olleHka kadecTBa HC
X0HOM Bl B oTHOIIeHNH JIXC B Hatiel cTpaHe MOKeT ObITh BBIIMIOJTHEHA B COOTBETCTBUU C pe-
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CJIXC ’

MKr/n a B
200 | 200 4
2 4 yaca
1
100 | 1 yac
100
0 20 40 60 XIIK,mMr/n 0 5 10 15 Moza
xnopa, Mr/n
300 E 6 %*
200 - 60 -
100 4 301
0
0246 10 40 100 300 4 2 6 pH

Puc. 3.2. BausiHMe KauecTsa BOAB ¥ yC/I0BUI ee 00e33apasKMBAHUS XJIOPUPOBAHHEM

Ha npouecc ofpazopanns JIXC [28]: a) conepxaHme OpraHH4ECKHX BEWECTB B BOJE;

6) NpONO/KUTENLHOCTL KOHTAKTA BOMbI C XJOPOM; B) J033a XJIOpa NPH XOHTAKTE 1 u u
i 4 u; r) namenenne pH npu XTIK 17 (1) u 27 mr/n (2)

KOMEHIalIUsIMU PYKOBOJICTBA [68], B TOM 4YHCIIe ¢ TIOMOIIBI0O METO/a Ta30’KHIKOCTHOM XpOMaTo-
rpaduu (mpuioxeHue, Tadm. 1, 2).

B MexayHapoAHBIX M HAllMOHAJIBHBIX CTaHAApTaX KadecTBa MUTHEBOM BOJBI C YUETOM BCEX
TOKCHKOJIOTHYECKUX XapakTepucTuk TI'M, oOpasyromuxcs B Impolecce XJIOPUPOBAaHUS BOJBI, yC-
TAHOBJIEHBI UX MPEJEIbHO TOMYCTUMbIE KOHIIEHTPALMH, XOTS U B IOCTATOYHO LIMPOKHUX Mpeesiax
(ot 1 mo 100 mxr/m). Cranmaptel ESC nomyckatot comepskanne TIT'M B muTheBo# Bojie 10 1 MKr/m,
pekomennanuun BO3 - no 30, B cranmaprax CHIA - mo 100, a ObBYB Munszapasa Poccun - no
60 mkr/m [21].

[lepeuenb omacHbIX COEAMHEHUI, 00pa3yIOIIUXCS B MPOLIECCe XJIOPUPOBAHMS BOJBI, JOTOJ-
HSAIOT TUXJIOpAlEeTOHUTPpUI, xjopdenonsl, ximoprnpousoaubie [TAY u IIXb, a Takke ux rerepo-
IUKJIAYECKUE aHaJIOTH (MHI0J, METUJI- U (EeHUIUHI0I, KapOa3oi, N-QeHuImuppos1, Iporu3BOIHBIC
XUHOJIMHA, XUHAJIbANHA, OCH30XMHOJWHA, a3aduryopeHa, 0eH30- U AuOeH30THodeHa u Ipyrue co-
€IMHEHHUs), MHOTHE U3 KOTOPBIX 00J1a/al0T KaHIIEPOT€HHBIMH HJIM UMMYHO-TOKCHUYHBIMH CBOWCT-
BamH [69].

Tax, rajoauneTOHUTPUWIBI (2 CpeIU HUX B OOJBIICH CTENEHU TUXJIOPALETO-HUTPUII) UACH-
TA(QUITUPOBAHBI B XJIOPUPOBAHHOW MUTHEBOM Bojie B KOHIeHTparusax 0,3 - §,1-10 3 ppm (ppm -
1-10° ). BolisaBiieHHast B 0akTepuaqIbHOM TeCTe DiiMca MyTareHHasi akTUBHOCTh JUXJIOPAIlETOHUT-
puiia crocoOCTBOBaJIa U3YUEHHUIO €ro JUIsl ONpeAeseHUs] TeHOTOKCHYHOCTH M KaHLEPOre€HHOCTH,
YTO B PsjIe DKCIIEPUMEHTOB 1n Vitro u OBIJIO OATBEPXKIACHO. B TO e BpeMs in vivo HU OJHWH U3 Ta-
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JI0ALIETOHUTPUIIOB HE MPOSBUI MyTareHHON aKTUBHOCTH. J[OMIOJIHUTENbHBIE UCCIIEIOBAaHUS HA KC-
MEPUMEHTAJIbHBIX JKUBOTHBIX MO3BOJIMIM CIIEHUATNCTaM OTHECTU XJIOPALETOHUTPHUIIBI K COeUHE-
HUSIM, 00JIaIafOIINM HE3HAYUTETHLHON KaHIIEPOTCHHONW aKTUBHOCTHIO [73].

W3 mpucyTcTByIONMX B MUTHEBON BOJIE, XOTSI U B HEOONBIINX KOJUYECTBAX, XJIOP(eHO0I0B,
SBIISIOLIUXCS] TPOAYKTaMHU XJIOPHUPOBAHUSI TYMYCOBBIX BEILIECTB, SKCIIEPUMEHTAILHO Ha KUBOTHBIX
MoKa3aHa KaHIIEPOT€HHOCTh Hanbosee 9acTo Berpevaromierocs 2,4,6-tpuxinopdenona. JlobaBnenue
€ro B MUTHEBYIO BOJY KpbicaM M MbIlaM B KoHIEeHTpausax 5000 - 10000 ppm BbI3bIBaIO 3aBUCH-
MO€ OT JI03bI YYAIlIeHUE Cy4aeB JICHKEMHUH WA KapIIMHOMBI TIeYeHH [65].

Oo6napyxuBaembie B Bojae IIXb o0nagaroT HU3KONH TOKCHYHOCTHIO, OJTHAKO OIMACHBI 3TH CO-
€IMHEHUS U3-3a CBOCH YCTOMYMBOCTH K TMAPONN3Y U Ouotpanc-popmanuu. Hakannusasch B opra-
HU3ME, OHU TTOCTEMEHHO Topa)xaroT reueHb. Kpome Toro, B mociieiHue roabl ooHapyxkeHo [74, 75],
yto [IXb B Boze mpu onpeneneHHbIX yCaoBUAX ((OTOIN3 HA COTHEYHOM CBETY M JP.) MOTYT 00pa-
30BbIBaTh AMOKCHHBI - CYIEpKAaHIIEPOTEHbI, IPUBJICKAIOIINE B HACTOsIIEEe BpeMsl BHUMaHHE MHO-
IUX CHEUAINCTOB (3KOJIOrOB, TOKCUKOJIOTOB, TEXHOJIOTOB U T. I1.).

Uto kacaercs rerepoUMKINYECKUX COeIMHeHHi, 0OHApY)KUBAEMBIX B MUTHEBOH BOJE, TO
HEKOTOpBIE U3 MCCIEIOBAHHBIX, TaKHE KaK a3za- Wik Thorerepounxinyeckue [TAY u3BecTHbl Kak
MIPSIMBIE MyTareHbl, IPyTrue (XUHOINH, aKPUIOH U JPYTHE) ONMUCAHbBI KaK KOKaHIIEpOTeHHI [48].

B HaHorpaMMoBBIX KOJMYECTBaX XJOPUPOBaHHbIe WK He3aMelneHHbIe ITAY takxke ompe-
JeNIAIOT B MUThEBOM Bojie. MHOTHME U3 HUX - U3BECTHBIE KaHIeporeHbl. OTKy1a OHU MOSBISIOTCS B
MUTHEBOI BOJIE, MOTYT JIU 0OPa30BBIBATHCS B MPOLIECCE XJIOPUPOBAHUS BOABI, COJAEpIKAIIEH MpakK-
TUYECKH BCErJla MPUPOIHBIE IPUMECH - TYMUHOBBIE U (YIbBOKUCIOTHL. MOTYT 11 OBITH MOCJIETHUE
MpeIIeCTBEeHHUKAMU pacCMaTpUBAaEeMbIX 3arpsi3HuTeNed NmuTheBol Boabl? [lo maHHBIM paboTHI
[75], oOpazoBanme ranoreHcoaepxkammx [IAY Bo3MOKHO TTpH XJTOPUPOBAHUHU BOBI, COJIEPIKAIICH
HE3aMElUICHHbIC AHAJIOTH, SBISIOLIMECS B OCHOBHOM aHTPOIOT€HHBIMH MPUMECSIMH MPHPOIHBIX
BoA. Ecnu jxe B MCXO/IHOM BOJIe MPUCYTCTBYIOT AOMOJIHUTEIHHO T'YMUHOBBIE KHCIOTHI, TO MPHU XJIO-
PUPOBAaHUU BOJbI B OCHOBHOM 00pa3yloTCs APYyrue COCAUHEHUS, CTPYKTYpa U XapaKTePUCTHKHU KO-
TOPBIX 3a4aCTyI0 TPYAHO ONPEAEIMMbI U3-3a MOJISIPHON IPUPOJIBI U CIIOXKHOW MAaTPUILIBI 00PA3IIOB.

XJopupoBaHuEe MPUPOTHBIX BOJ YacTO COMPOBOXKAAETCS YXYIIIEHHUEM WX OpTraHoJIeNTHYe-
CKHX XapaKTEpUCTHK, YTO CBS3BIBAIOT C 00pa30BaHUEM XJIOPHPOBAHHBIX HHIOJbLHBIX COeIHHe-
Huii 1 xJ0op@enosoB. [IpeanecTBEHHUKN - TPUPOJIHBIE U aHTPOIIOT€HHBIE 3arPSI3HUTENN BOJIBI,
nocTymnarpne Ha ob6paboTky. Hambonee mHTEHCHBHBIA XJIOPHEHONBHBIA 3amax COOTBETCTBYET
MOJIbHOMY COOTHOIIIEHUIO XJiopa u ¢eHona 3:1. PeakninonHas cMech MpU 3TOM COCTOHT U3 OPTO- U
napa-, u- u Tpuxjaopdenosnon [29].

B cBsi3u ¢ Tem, 4TO HEKOTOpbIe XJIOP(PEHOIBI UMEIOT AOCTATOYHO HU3KHI MOPOT NMPUBKYyca U
3amaxa (0koJio 1 MKr/i1) mo opraHOJISITUYECKHM TPEOOBAHHUSAM KadeCTBAa MUTHEBOM BOJBI HE JO-
MyCKAeTCs UX MPUCYTCTBUE B HEW B KOHIIEHTpaNusX, npesbimaroniux 0,1 mxr/m [46]. Uto kacaeTcs
TOKCHYHOCTH XJIOP(EHOJIOB, TO M3BECTHO, UTO Hanboyiee 4acTo 0OHAPYKUBACMBIA B CUCTEMAX BO-
nocHabxenus 2,4,6-Tpuxiaop(eHoa B BBICOKHX J103aX MOJKET MOBBIMIATH TEMIIEPATypy y JIOJEH, Y
YKUBOTHBIX (KpBIC) MHIYIIUPOBATh JIEHKeMHUI0 U oOpazoBanue numdom. [lokazana MyTareHHOCTh
JAaHHOTO (peHOJa Il HEKOTOPBIX MUKPOOPTaHW3MOB, YTO MPEANoaraeT Hallnyue KaHIepOreHHbIX
CBOMCTB.

Hanuuune B mpupoaHBIX BOAAaX NMOBEPXHOCTHO-AKTHBHBIX BellleCTB, KaK pe3ylbTaT 3arpss-
HEHUS UX HEJOCTAaTOYHO OYMIIEHHBIMUA CTOYHBIMU BOJAMH, TAKXKE BIUSAET HA MOSBIICHUE B MUThE-
BOH BOJIe MPOJIYKTOB TpaHC(HOpMallMK MOIOUINX CPEACTB MPHU XJIOpUpOBaHUH. M3yueHue Tokcuu-
HOCTH 00pa3yIOIIMXCS XJIOPUPOBAHHBIX MPOJIYKTOB PEAKIUU Ha MPUMEPE KECTKUX aHHOHOAKTHB-
ubix [TAB (azomsata A u cynbdanona HII-1) u aenonorennsix (OI1-7, OII-10) mokasasio, 4To oHU
OTJIMYAIOTCSI IO TOKCMYHOCTH OT MCXOJHBIX BEHIECTB M MOTYT CHHM)KaTh UMMYHOOHOJIOTHYECKYIO
PEaKTHBHOCTH OPraHU3Ma, YPOBEHb X0JIECTepHHA, b-TUITONPOTEHUI0B U T.1. [S8].

Emie ogna rpymnmna pacnpocTpaHeHHBIX 3arps3HUTENEeH MPUPOAHBIX BOJ - mecTUIAbL. Mccre-
JIOBaHUS B3aUMOJICUCTBUS XJiopa ¢ pocopopraHndeckuMu mpernapaTaMu - Haubojee MacimTabHO
MIPOU3BOJIMMBIMH U MIPUMEHSEMBIMU B CEJILCKOM XO03sIIICTBE mecTulnaamu, nokasanu ([29] u ccpui-
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KM OTTyJla), 4TO 0Opasyromuecs Mpu XJIOPUPOBAHUU MPOAYKTHl PEAKIIUU C OKUCICHHBIMH (DyHK-
LMOHAJILHBIMH TPYIIaMu 00J1aJat0T MEHBIINM 3aMaXxoM, HO 00Jiee TOKCHYHBI, YeM UCXOHBIE Tpe-
napatbl. B To e BpeMs XJOop MOXKET ObITh HCIOIb30BaH ISl MOJHOTO Pa3pylIEHUs] TAKUX MECTH-
ua0B. OCOOEHHO OTYETIMBO 3TO MPOCICKHUBAIOCH MPU OKHCICHUH XJIOPOM 3(hupoB autuodoc-
(hopHOI KUCTOTHI, B YacTHOCTH dochamuna u kapbodoca. Puc. 3.3 wimocTpupyeT 3TOT Tporece B
3aBUCHMOCTH OT KOJMYECTBa BBeJEeHHOTO XJiopa. KpuBas 1 otpaxkaer okuciaenue =P=S no =P=0.
DTOT mpoliecc, COMPOBOKAAOINNCS Ae30/10palliell BOJIbI, MOJTHOCTHIO 3aKaHYMBAETCS MPU MOJIb-
HOM COOTHOIIeHnH Xjopa u ¢pochamuna 8:1 (kornenTparus xjaopa 150 mr/im). Kpusas 2 nimtoct-
pupyet obpazoBaHue u pasnoxeHue =P=0 anamora ¢ocdamuaa, a kpusas 3 - pazpymenue docda-
Muza U ero =P=0 aHanora 10 HETOKCHYHBIX MPOAYKTOB (muMeTuiadochamMuna U METUIAMUHA).
[TomHOE 00€3BpEKMBAHNE TOCTUTAETCS MPU PACcXoJie XJIopa 7 MT Ha | MT mecTumuma.

AHaJOTHYHBIX PE3yJIbTaTOB MOXKHO OXKUIATh ISl CEpycoAep KallluX COEAMHEHUN (C THOH-
HBIMH, THOJBHBIMU U AUCYJIb(DUIHBIMU IPYNIIAMU), KOTOPBIE JIETKO OKUCISIOTCS U Jlajee MojaBep-
raroTcs IECTPYKLUHU NP Bo3zeiicTBuM Xjopa. OTMeueHHas Ha puc. 3.3 3aBUCUMOCTh XapaKTepHa B
L[EJIOM JJIs B3aUMOJEHCTBHSI XJI0pa ¢ MECTULMIaMU U OIpeeNsieTcsl OHa, 10 JaHHbIM [29], konu-
YecTBOM BBeJIeHHOTro xjopa. [Ipu HemocTaTke akTUBHOTO XJIOpa BO3MOXKHO 00pa3zoBaHUE TOKCHUY-
HBIX TPOMEKYTOUYHBIX IPOAYKTOB.

[IpencraBieHHble AaHHBIE TOCTOSHHO TMOIOJIHAIOTCS PE3y/lbTaTaMU HOBBIX HCCIEIOBaHUM,
npoBoauMbix B UKXXB AH Vkpaunsl, B Poccun, CIIIA, Benukobpurannu, ['epmanuu, [lonpire u
JpyruxX CTpaHax, B LEJIOM MOJATBEPKIAIOUINX, YTO HaJIM4YMe B XJIOPHUPYEMOH BOJE PazIUYHbBIX
KJIACCOB MPUPOJHBIX U aHTPOMOTEHHBIX OPraHMYECKUX COeIMHEHUN HEM30eKHO MPUBOJUT K 00pa-
30BaHHI0O MHOTMX BTOPHYHBIX 3arps3HUTENCH, oNpeneseHHas 4acTh KOTOPbIX 00jazaeT TOKcHude-
ckuMH cBolicTBamu [28, 36, 38, 41, 48, 50, 63, 64, 69, 73, 76]. OTMeueHO TaKKe, YTO COACPKAHUE
BTOPUYHBIX 3arpsi3HUTENEH MUTHEBOM BOJbI YBEIMYUBAETCS MPH MOBBIIIEHUH J103bI XJiopa, pH,
TEMIIEPATyphl, LIBETHOCTH, OKUCISEMOCTH U MPOJOJIKUTEIBHOCTH KOHTaKTa Xjopa ¢ o0pabaTbl-
BacMOU BOJOH.

Tax, npu U3yd4eHUH KUHETHKU 00pa30BaHUS OCHOBHBIX BTOPHYHBIX MPOJYKTOB MPU XJIOPH-
POBaHMM MHUTHEBOM BOJBI OBLIO YCTaHOBIEHO [61], UTO peakius MeXIy XJIOpOM, TYMUHOBBIMH U
(GyIpBOKMCIIOTaMH HE NMPOTEKaeT MIHOBEHHO. [Ipu M30bITKE XJI0pa B TE€YEHHE MEPBBIX 6 4 00pazy-
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Puc. 3.3. 3aBHCHMOCTD OCTATOUHBIX KORUEHTpaumit docdamuaa or poani xaopa [29]

ercst ik 50% BTOPUYHBIX MPOAYKTOB PEAKIMH, U aOCONIOTHOE KOJMYECTBO UX OKa3bIBaeTCs
MIPOIMOPLUOHAIBHBIM KOJIMYECTBY MOTJoLEeHHOro xjopa. C Apyroil cTOpOHBI, COMOCTaBICHUE KU-
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HETHKH PEaKIUi XJIOPUPOBAHHS OPraHMUECKUX MPUMECEH BOJBI MPH Pa3TUYHBIX COOTHOIICHUSIX
Cl/C mo3BoamI0 aBTOpaM yKa3aHHOW pabOTHI cliejaTh BBIBOJ O TOM, YTO 0Opa3oBaHue XJI0opodop-
Ma ¥ TPUXIIOPYKCYCHOW KHCIIOTHI HE SIBISIETCS PE3yIbTaTOM IPOCTOW PEAKIMH C OJHHM BEIIeCT-
BOM-ITPE/IIIICCTBEHHUKOM: BBEICHUE JOMOJHUTEIHFHOTO KOJMYECTBA XJI0Opa MPUBOAMUIIO COOTBETCT-
BEHHO K 00pa30BaHMIO JIOTIOJIHUTEILHOTO KOJHYECTBA BTOPUYHBIX MPOIYKTOB, a P OOJIBIIHX H0-
3ax XJIopa coJiep)KaHKe AUXJIOPYKCYCHOW KHCIIOTHI MPAKTHYECKH HE BO3pacTasio. ABTOPHI paboThI,
OTMEYaI0T, 4TO MpH BceX cooTHomeHusx Cl/C peakmus MeXIy HUMH MPOTEKAET B CTPOTOM COOT-
BETCTBHH CO CKOPOCTHIO MOTJIOMICHUS XJIOPa; B TO YK€ BPEMs pEakIysi XJiopa ¢ (yIbBOKHCIOTAMH
MPUBOIUT B ACHCTBUE CIOKHBIE MEXaHU3MBI, OTIpeieisieMble HadyaabHbIM cooTHOmeHueM Cl/C.

B pabote [28] mpeacTaBieHsl ClIeIyIONIIE OPUCHTHPOBOYHBIE KOJIMUECTBA XJIOPa, Pacxoye-
MbI€ Ha Pa3JIMYHBIE BUJBI PEAKIIU C OPraHnYeCKUMHU MPUMECIMHU TPUPOAHON BOMBI, B %0 OT 001Ieit
TI03BI XJI0pa:

Oxkwucnenne opranndeckux emects 10 CO» 50 - 80
OO6pa3oBaHue TaJIOreHAIICTOHUTPUIIA 0-5
O6pazoBanue TpuraasometanoB (TI'M) 0,5-5
O6pazoBanue xJI0phHEHOIOB 0,1
[Tpoune peakuuu OCTaJIbHOE.

CrabunpHO 00pa3yromuecs: B mporecce XJaopupoBaHust Bojabl TI'M mpHUBIEKarOT, MOXKAIYH,
HauOoJbIIee BHUMAHUE CHEIHAIMCTOB, 3aHUMAIOLIUXCSI MTPoOIeMaMy BOJIONOATOTOBKU. Tokcuy-
HOCTb COETUHEHHI ATOW TpYIIBL, a TaKke He0OXOIUMOCTh COOIIOACHHS JOMYCTUMBIX HOPM CO-
Jiep’KaHus UX B MUTHEBOM BoJie 00YCIOBINBAET MOCTOSHHBIN MOUCK U PUMEHEHNE Pa3InYHbIX Me-
TOMOB O0pabOTKH BOABI, MO3BOJISIIOIIMX MPEAOTBPATUTh WM YMEHBIINTH oOpa3oBanHue TI'M u
JIPYTHX XJOPIPOU3BOIHBIX OPTaHMUECKUX 3arpsizauteneil. OcHoBHbIE U3 HUX [1, 9, 28 - 30, 58, 62,
77 - 84]:

- IEPEeHOC MECTa BBOJA XJIOpa B KOHEIl TEXHOJIOTUYECKOM CXEeMBl, T. €. 3aMeHa MPEeXJIOpUpo-
BaHUSA MTOCTXJIOPHUPOBAHUEM;

- BBEJICHHUE XJIOpa nepe]] PriIbTpami;

- KOPPEKTHPOBKA 7103 XJI0pa (CHUKEHHEM O MUHUMYMa) U BPEMEHHU €ro KOHTAaKTa ¢ BOAOH;

- CHH)KEHHME COJIep’KaHUs CYMMapHOIo yriepoia aicopOuuell OpraHWYecKUX BELIECTB -
npeamectBeHHUKOB TI'M u npyrux xjiopcoaepkaimx COeIMHEHUN 10 XJIOPUPOBAHMUS;

- yIaJleHue XJIOp3aMEelIeHHbIX OpPraHMYeCKHUX 3arps3HUTENel BObI Mocie X o0pa3oBaHUs C
MTOMOIIBI0 AKTUBUPOBAHHOTO YTJIS;

- 3aMEHa XJIOpa peareHTaMu, He oOpasyrommmu TI'M, mepmMaHraHaToM Kajausi WKW O30HOM,
MIPUMEHEHHEM JBYOKCHa XJI0pa WK XJIOPUPOBAHHUE C aMMOHU3AIIUEH;

- OTKa3 OT MEPBUYHOIO XJIOPUPOBAHUS U IPUMEHEHHE Oe3peareHTHBIX METO0B MPEAOYNCTKU
Ha OMOJIOTHYECKUX PEaKTOpax.

Hcnonb3oBaHue B TEXHOJOTUU BOJOMOJATOTOBKU KAaKUX-JIMOO U3 MEPEUYHCIEHHBIX Mep 00y-
CIIOBJICHO TaK)Xe TeM, 4TO oOpa3yroluecs npu xjaopupoBaHuu Bosl JIXC TpaaullMOHHBIMU METO-
JaMH OYUCTKH BOJBI He yaanstores [81] (cm. mpui., Tadu. 3, 4).

Cpenu pekoMeHAYeMbIX JOCTaTOYHO 3(PGEKTUBHBIM CUMTAIOT METOJ aMMOHM3AIMN BOJbI B
nporiecce xjaopupoBanus [29, 77, 85]. DTo oTueTIMBO BUIHO U HA puc. 3.4.

Baxno, yto mpouecc He TpeOyeT JOMOJIHUTEIbHBIX 3aTPaT, TaK KaK MPUOBLIL OT SKOHOMHH
XJIOpa MEePEeKphIBAET pacXo/bl HA aMMOHHU3aLHI0. PEKOMEHTyIOT BHEIPSITh aMMOHHU3ALIMIO B TIEPBYIO
odepeap MPHU IIUTEIHFHOM MPEOBIBAHUHM BOJIBI B PacHpeNeTUTENHbHON ceTh (> 2 - 3 9), BBICOKOM
XJIOPOMOTJIOUIAeMOCTH BOJ, POTSHKEHHBIX BOJIOBOAAX (> 5 KM) U MPUMEHEHUH BBICOKHUX /03 XJIO-

pa.
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O6wmin TT'M,
MKT/n

150

| 0 24 48 72 BpeMms kOHTaKTa, 4

Puc. 3.4. O6paszosaume TI'M B nuTbeBolt Boge [29]:

1 - npeaMMORH3aLHA BOOYI; 2 - TIOCTAMMOHM3ALMA; 3 - XNOPUpPOBaHHE cBOGOMHLIM XJIOpOM.

[Tpumecu HEOpPraHMYECKUX COCTUHEHUIN B BOJE MPHU €€ XJIOPUPOBAHUM TAKKE B3aUMOJICUCT-
BYIOT C aKTHBHBIM XJIopoM. OOBIYHO cojep kaIirecs: B Bojie coeanHeHus xenes3a (II) m mapranma
(IT) oxucastOTCS XJIOPOM B OMpeAesieHHbIX MHTepBanax pH, pacxonx xmopa mpu stom 0,6 u 1,25
MTI/7 Ha | MI/1 COeIMHEHMH Kele3a U MapraHiia cooTBeTCTBEHHO [17, 29]. MoHbI IepexoaHbIX Me-
TayioB, Hanpumep, kobanbTa (1), Hukens (II), menu (II), MOBBIIAIOT OKUCIUTENBHBIE U E3UHDU-
[UPYIOIINE CBOMCTBA PAaCTBOPOB aKTUBHOTO xjopa [11]. OTMeueHo Tak)ke BIUSHHE MOHOB TaKHUX
MetamuioB, kak meab (I1), mapranen (1), muuk (1), xene3o (1) Ha yBenuuenue B 2 - 3 pasza coaep-
»anusg TI'M (a mpucyTcTBUE HOHOB CBHHIIA - B 5 - 6 pa3) Mpu XJIOPUPOBAHUH BOJIBI.

Upe3BBIUaitHO JIETKO OKHUCIISIOTCS XJIOPOM COAEPKAIIMICA B BOJIE CEPO-BOAOPOJ - 10 CEPHI U
Cynb(})aToB U HUTPUTHI - 0 HUTPATOB [2, 29].

Takum oOpa3om, B3aMMOJICHCTBHE HEOPTAaHUYECKUX TMPUMECEH BOJBI C aKTUBHBIM XJIOPOM
TaK)Ke BJIMSET Ha KaYEeCTBEHHbIE XapaKTEPUCTUKHU MMUTHEBON BOJIBI.

OneHuBasi U3BECTHBIE PE3YJbTAThl B3aUMOJICHCTBUS XJI0pa C MPUMECSIMHU BOJBI B IIPOIECCE €€
o0e33apaKuBaHus XJIOPUPOBAHUEM CIIEAYET IOMHUTE OO OX UTEJIbHOM M OTpHUI[ATeE
JTbHOM BJHSHHU M 3TOTO MpoIiecca Ha Ka4yecTBO MUTHEBOM Bobl. KpaTko OTMETHM HX.

HeratuBHble nmocjecTBUsl XJIOPMPOBAHMS NMUTHeBOH BoAbl. CyMMapHO OTpHIATEIbHOE
BO3JIeHCTBUE 00pa3yIOIIKXCsl MPHU XJIOPUPOBAHUU BOJBI BTOPUYHBIX 3arps3HUTENEH HAa OpraHu3M
YEeJIOBEKa M JKMBOTHBIX B pabote [86] 0003HAUY€HO TEPMHHOM TOKCHYHOCTH XJIOPHUPOBAHHOM
nuTheBoii Boabl. KakoBa ona?

Kooica pyx, nuya, mena 9acto KOHTaKTHPYET B OBITY C XJIOPUPOBAHHOW BOJOM. B skcmepu-
MEHTaX Ha UBOTHBIX NPU BO3JCHCTBUM Ha KOXY JE3MH(YUIHMPYIOIIUMU BOAHBIMU PAacTBOpPaMHU
xjnopHoBaTucToit kucnotsl U ee conmn (HOCI nu NaOCl), auokcuaa xmopa (ClO2) u MOHOXJIOpaMUHA
(NH2Cl) B pa3smuYHBIX KOHIIEHTPAIUAX OBUIO OTMEUEHO SIBJICHHWE THUICPIUIA3MH SITHIACPMATbHBIX
kietok. [Ipu sTom Boausiii pactBop HOCI BeI3bIBaN MakCHMaIbHYIO 110 CPABHEHUIO C APYTUMH Jie-
3UHQUIUPYIOIMIUMU CPEICTBAMU THIEPIIA3UI0 B SMHJIEPMUCE KOXKU MbIlied. B cBa3u ¢ Tem, 4To
BIIUSIHUE €3UHOUIUPYIOIINX CPEICTB HAIOMHUHAET JEMCTBHE MPOMOTUPYIOUINX onmyXxoiu ¢epoo-
JOBBIX 3(upoB (B ToM uncie 12-o-rerpanaekanonndopbon-13-amerara), HEKOTOPHIE UCCIEAOBATEIN
CUMTAIOT, YTO HEOOXOIUMO YIriIyOJIEHHOE M3ydyeHHEe MeXaHH3Ma JIeHCTBUS Ha KOXKY CpPEICTB, UC-
MOJIb3YEMBIX JJIs Je3UH(EKIINH BOJIBI.
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Ha neuenv uzbuparensno neiictBytoTr TI'M, ocobeHHO XJIOpO)OPM M UYETHIPEXXJIOPUCTHIHN
yriaepo, nmpuueM o0a TOKCHHA, KaK MoKa3all UCCIeI0BaHusl Ha MIIEKOIIUTAONINX, KakK 1n Vivo, Tak
in vitro. B mocieqneM ciydae oTMeueHa J030Basi 3aBUCUMOCTh 000MX TOKCHHOB. MeTabonmu3upys B
nedeHu ¢ odpaszoBanreM cBoOoaHBIX paankanoB CHCl; u CCly oHM HHUITUUPYIOT MPOIECCHI IIe-
PEKHUCHOTO OKHCIIEHUS JIMMUI0B B OMOJIOrMUecKUX MeMOpaHax Me4yeH!.

[Ipu uzydenun OeiCTBUS TPUXJIOpAlleTaTa - COCIMHEHUS MOSIBIISIFOIIETOCS B MUTHEBON BOJE
MocJie XJIOPUPOBAHHUSA, B SKCIIEPUMEHTaX Ha >KMBOTHBIX ObUIM OTMEUYEHBI pa3IMyHble MeTabonnye-
ckre 3¢ (HEKTH, HO OpraHOM-MHIICHBIO OblTa TIeueHb. [[00aBieHre B BOIY TpUXJIOpameTaTa B KOH-
nentpanuax 50 - 500 ppm UHIYIUPOBATIO y KPBIC MPOU(Epariio IEPOKCUCOM B MEUEHU C OJTHO-
BPEMEHHOU CTUMYJISIINE aKTUBHOCTU CBA3aHHBIX C HUMU (DEPMEHTOB.

Kenyoouno-kuuieunsiii mpaxm OTKIMKAeTCA Ha JEUCTBUE XJIOpCOAEpXkalluxX e3nH(eKTaH-
TOB B IUTHEBOM BOJE PEaKLUsIMU B3aUMOJICHCTBUS MOCIEIHUX C OPraHUYECKUMH aMUHOKHUCIIOTa-
MH, COJIEPKALIUMHUCS B KEIYyIOYHOM coke. TOKCHYHOCTh 00pa3yrolIuXcs COeIUHEHUN MoKa U3y-
YeHa HEJIOCTaTOYHO, HO I0JIaraloT, 4To Jito0oe M3 00pa30BaBLIMXCS JIOJTOKUBYIIUX COCTUHEHHM
MOXXET MPOSIBUTH CBOK TOKCHYHOCTh, XOTS NMPOHMKHOBEHHE B KPOBb ATUX COCIUHEHHH MOXKET
OBbITH OJIOKUPOBAHO MPUCYTCTBYIOIIKUMH B KeITyIKE BOCCTAHOBUTEISIMH.

Ilouxu Takxe pearupyroT Ha XJOPHUPOBAHHYIO BOJYy, OCOOEHHO Yy OOJBHBIX C MMOYEYHOU He-
JI0OCTaTOYHOCTbHIO, BEIHYK/IEHHBIX B OOJIbIIEH CTENEHU, YEM 3/10POBbIE JIIOU MPH JICYEHUH (B CIy-
yae TeMOJIMATU3HOW TepanuM) MOJBEpraThCs BO3ACHCTBUIO TakoW Bojabl. [IpucyrcTBme Xiopco-
JeprKalluX COeTUHEHHH, 0COOEHHO XJIOPAMHUHA, MOKET BBI3bIBATh JIEHATYPALIUIO OEIKOB U 'eMOJIN3
pUTpOIUTOB. Kpome TOro XjmopaMuH MOXKET WHAYIIMPOBATH 00pa30BaHHE METTEMOTIOONHA (CBsI-
sanHOe ¢ okucieHneM Fe?' remormo6una B Fe®"), He crocoGHOrO BBIIONHATE TPaHCIOPTHBIE
¢byakuun remoriobuna mo mepenocy O, wm CO;z B opranu3me. OTMEYEHO TaKKe TOKCHYECKOE
JeicTBHE Ha MOYKHU JUXJIOP- U TpHUXJopalerara, oOHapyKMBaeMbIX B MUTHEBOW BOJE IMOCIE XJIO-
pUpPOBaHUs1, KOTOPOE BBIPAXKAETCA B HAPYILIEHUU aKTUBHOCTH (PEpMEHTOB, 00eCIeUMBAIOIINX HOP-
MajapHOE (QYHKIIMOHHPOBAHUE MOYeK. Bo3HMKaromee mpu BO3EHCTBUM STUX COCIMHEHHH Ha JKC-
MEePUMEHTAJIbHBIX )KMBOTHBIX HapyIIEHHWE YHEPreTHUECKOro MeTaboin3mMa B TKaHSAX O0COOEHHO 3a-
METHO TPOSIBISETCS MPH BBICOKMX KOHIIEHTPAIMSIX XJIOPYKCYCHBIX KHCIJIOT, KOTJa >KMBOTHBIE 3a-
METHO XYJEJIU, TePSIN alleTUT U MOTPEOISI MEHBIIIE BOBI.

BozaeiicTBue ne3nHGUIUPYIOMMX CPEACTB M 00pa3yIOMIUXCS MOCE XJIOPUPOBAHUS 1MOO0U-
HBIX MPOJIYKTOB HA penpodyKmueuvie yHKyuy OpraHu3Ma CEpbe3HO M3y4aloCh Ha SKCIIEpUMEH-
TaJbHBIX KUBOTHBIX. ECIIM BO BIUSHUU XJIOpa U XJIOpaMHHA HE yJAJIOCh OTMETHTh CTaTUCTUYECKU
JIOCTOBEPHBIX Pa3IuyMil (OTAENBHBIX ISl CAMIIOB U CAMOK) Y TOJONBITHBIX U KOHTPOJBHBIX KHU-
BOTHBIX, TO JUIsl TOOOYHBIX TTpoaykTOB XsopupoBanus (CHCls, xmopdenonsr) ObIIH BCe-TaKM OT-
MeueHbl u3MeHeHus. Tak, morpebnenue ¢ mutbeBo Bojgoit CHCl3; B GONBIINX KOHIIEHTpALUSX,
(oxo1s0 400 Mr/Kr Macchl Teaa) CHUXKAJIO pa3MEPhl K MacCy Tena ACTeHbImA. 2- U 2,4-XJ10p(PeHOITbI
B MUTHEBOW Bojie B KoHIleHTparusax S00 ppm u 300 ppm COOTBETCTBEHHO 00JIalad YMEPEHHOU
TOKCUYHOCTBIO M OTPUIIATENILHO BIUSUIM Ha Pa3BUTHUE IUIOJA y CaMOK >KMBOTHBIX. Pokaaromiuecs B
3TOM CJIy4ae )KUBOTHBIE UMEJIM MEHBIIUE pa3Mepbl, MacCy U MEHbIIIEE, TI0 CPABHEHUIO C KOHTPOJIb-
HBIMU TPYIIIIaMH, KOJTHYECTBO POXKIECHHBIX B TToMeTe. Toraa kak 2,4,6-TpuxiaopdeHon u XJI0pupo-
BaHHbIE TYMUHOBBIE COEIMHEHUS B SKCIIEPUMEHTAX Ha KMBOTHBIX HE BIUSJIM Ha pa3MHOXKEHHE U
He o0yaainy TepaToreHHbIM AecTBHEM. ['anoaleToHUTpuIIbl, Kak MPOYyKThl XJIOPHUPOBAHUS BOJIBI,
HE TOJIBKO HapyllalHu PEeIpOAYKTUBHbBIE (YHKIIUU Y )KUBOTHBIX, HO M 00JIa[Jali T€HOTOKCUYHOCTBIO
Y KaHLIEPOTE€HHOCTHIO.

[Ipu uccnenoBanuu BO3AEUCTBHS MPOJYKTOB, 0OPA3YIOIIMXCS MPHU XJIOPUPOBAHUU BOJBI, HA
JUNUOHBIL 0OMeH TIOKA HE MOJIy4eHO OJIHO3HAYHOTO OTBETA.

OOBIYHO aHHBIE, TOJTyYEHHbIE Ha SKCIIEPUMEHTAIIBHBIX KUBOTHBIX, SKCTPANOIUPYIOT Ha Op-
raHU3M 4YeJIOBeKa.

TimarenbHble HCCIEIOBAHUS BPEIHOTO BIUSHUS XJIOpa M XJIOPCOAEpXkAIIUX COEAMHEHUH,
npoBeaeHHbIe B ObiBIIEM CCCP, mokazanu ([28] ¥ CChIIKM OTTY/a), YTO JOMYCTUMAasi KOHIICHTpa-
ISl OCTATOYHOI'0 aKTUBHOT'O XJIOpa B MUTHEBOM BOJIE MO 3amaxy U MPUBKYCY MOKET OBITh YCTaHOB-
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JieHa JuTsi CBOOOHOTO aKTUBHOTO XJ1opa 1o 0,5 Mr/m, a as cBszanHoro - 1o 1,2 mr/n. Kanueporen-
HOTO JEWCTBUS TaKMX KOHLIEHTPAlMi CBOOOJHOTO aKTUBHOTO XJIoOpa He ycTaHoBieHO. [lo Tokcu-
KOJIOTHYECKOMY TpPU3HAKYy MAaKCUMAJIbHO JTOIYCTHMAasl KOHIIEHTpalUsi aKTUBHOTO XJIOpa B MHUThE-
BO# BoJIE - 2,5 MI/II.

WccnenoBanus mOporoBeIX KOHUEHTPALUN AUOKCH/IA XJIOpa MO BIMSHHUIO Ha 3amax W MpHUB-
KYyC BOJIbl, CTETIEHH IOTJIOIEHUS B TMOJOCTU PTa U KENyJKa, a TaKKe M0 TOKCHKOJIOTUYECKOMY
MPU3HAKY MOKa3aJId, YTO B KAaYeCTBE MPEAENIbHO JOMYyCTUMOM KOHIIEHTpAllMHM 3TOT0 peareHTa B
MMATHEBOM BOJIE MOXKET OBITh IPUHAT HOpMATHUB - He Ootee 0,5 mr/i.

[onoxurenbHbI 3G PeKT XTOPUPOBAHUS MUTHEBOH BOABI HAPATY C AC3UHPHUITUPYIOMIAM
JeICTBUEM 3aKIIIOYAETCs TaKKe B OKUCICHUH U pa3pylICHUH MHOTUX MpUMecei BOJbI, BCIEICTBUE
Yero CHUXKAIOTCS €€ [IBETHOCTh, BCTICHUBAEMOCTh U IPYTHe MMOKa3aTesu.

JLLA. Kynbckuit [2] oTMedaeT, 4To pa3pylieHHE TPH XJIOPUPOBAHUU T'yMYCOBBIX BEIECTB,
CTaOUIN3UPYIOLIUX HEOPraHWYeCKHe CYCHeH3UU (TUIPOKCHIOB aTIOMUHUS U Keje3a, TITMHUCTHIX
YacTHUIl) U MPENATCTBYIOIUX UX CIUIMAHUIO U OCAXJEHUIO, CIOCOOCTBYET yIYYIIEHUIO MPOLECCOB
OUYHUCTKHU BOJBI KoarynupoBaHueM. VccnenoBanue mporecca o0eciiBeUnBaHMs BOJbI, OKPAILICHHON
BBICOKOMOJIEKYJISIPHBIMH TYMYCOBBIMHU BEIIIECTBAMH, MO AEHCTBHEM XJIOpa MOKa3alo, YTO MeXa-
HU3M €T0 CBSA3aH C OKHCIEHUEM (DEHOJIBHBIX THIPOKCHIIOB. DTUM OOBSACHSETCS U yIydllleHHEe Koa-
TYJIMpPOBaHUS MPU MPEXJIOPHUPOBAHUHU BOJIbI, TaK KaKk MEHEEe TMIpAaTHPOBAHHbIE KapOOHWIbHbBIE
(GyHKIIMOHAJIbHBIE TPYIIIbI CHUYKAIOT 3alIUTHBIE CBOMCTBA F'yMyca MO OTHOLIECHUIO K TUAPOGOOHBIM
KOJUIOMAAM, YTO U CIIOCOOCTBYET YCKOPEHHIO UX KOATYJISIMH U OCAXKICHHUIO.

B nporecce B3auMOJEHCTBUS XJIOpa C OPraHUYECKUMHM 3arps3HUTEIAMU TPUPOIHON BOIBI
oOeclBeUrBaHNE TYMYCOBBIX BeIIeCTB MakcuMaiabHO mipu pH 7 - 8. OmHOBpeMeHHO ¢ 00ecIBeUn-
BaHHWEM MPHUPOAHON BOIBI MPHU XJIOPUPOBAHUM HAOIIOJACTCS CHIKEHUE €€ OKUCISIEMOCTH. DTO
o0BsicHsIeTCS 00pa30BaHUEM COEIMHEHUN, HE pearupyrouux ¢ OKUCIUTEIIMH.

KonnuectBo ximopa, Heo6xoaumoe Juisi 00ecliBEUUBAHUS BOJIbI, OIpeesieTcss PpaKIHOHHBIM
COCTaBOM TyMyca: C yBEIHMYEHHEM COJAEpKaHHs HU3KO-MOJIEKYISIPHBIX (paKIHil pacxoa XJiopa
BO3pacTaer.

XmopupoBaHue SBISIETCS OAHUM U3 3(G(HEKTUBHBIX CITOCOO0B OOPHOBI ¢ HEKOTOPHIMHU OTIac-
HBIMU M TOKCUYHBIMU 3arps3HUATEISIMA BoAbL. Tak, Hampumep, mokazano [29], yto mpu o0padoTke
BOJIBI, COJIeprKamiel OeH3(a)MupeH, JOCTaTOYHBIM KOJTMYECTBOM XJIOpa WK JHOKCHAA XJopa oopa-
3YIOTCSI MIPOAYKTHI pPEakluM, He 00Jiagaromue 01acTOMOTEHHOW aKTHBHOCTHIO. Bbicokas addex-
TUBHOCTH XJIOpa, KaK OKHCISAIOIIEro areHTta, MposiBUiIach Takke IMpH 00e33apakMBaHUU CEpy- U
dbocdopconepkanmx necTUuaoB. JloCTaTOYHO JIETKO MPOTEKAaeT B3aUMOJACHCTBHE XJiopa C Kap-
O6amataMu - IUpaMoM U IuHeO0M. ['TyOuHa AeCTPYKIMH 3TUX NECTUIMIOB OMPEENIeTCsS B OCHOB-
HOM KOJIMYECTBOM aKTHUBHOTO XJIOpa B peakIMOHHOHM cmecHu. HenocrarouHnas 1o3a BBEJACHHOTO B
pacTBOp XJiopa MPUBOAMT K HAKOIUICHHIO B BOJE MPOMEXKYTOUHBIX MPOIYKTOB, YaCTO OHOIOrHYe-
CKM aKTUBHBIX. [IpH MOCTH)KEHUU MOJHOW XJIOPIIOTJIOIIAEMOCTH OOBIYHO MPOUCXOAUT TIIIyOOKas
JNECTPYKIMS MECTUUUAOB U UX MeTabonuToB. Ha OCHOBaHHMH 3TOr0 METOJl XJIOPUPOBAHUS PEKO-
MEHJIOBaH Ui 00€3BPEKMUBAHUS CTOUYHBIX BOJI, COJIEPKALINX MECTUIIMIbI PA3HBIX KJIACCOB.

HecMoTps Ha TO, 9TO pe3ynbTaThl MCCIEAOBAHM, MPEICTaBIeHHbIE B 0030pe [29], moKka3sI-
BAaIOT, YTO MPUMEHEHHE XJI0pa JUIsl 00€3BPEKMBAHUS TIECTUIIM/IOB, 3arPSI3HAIOMIUX TPUPOAHbIE BO-
IIbl, BIIOJIHE OIIPAB/IaHO, TaK KaK MPUBOJUT K 0OOPAa30BAHUIO BEUIECTB, HE MPECTANSAIONIUX OMACHO-
CTH JUISl )KUBBIX OPraHU3MOB, HEOOXOAMMO, IO MHEHHUIO aBTOPOB, BCE K€ TIIATEIbHOE KOMILIEKC-
HOE M3yueHue o0pa3yloIuXcs MPOAYKTOB peaklMu, UX YCTOMUYMBOCTH B BOJHOW cpeje MpU BO3-
NEHCTBUM Pa3INYHbIX (PU3HKO-XUMUYECKUX (DAaKTOPOB, a TaKKE€ TOKCUYHOCTH MHKPOIPaMMOBBIX
KOJIMYECTB U IOMYCTUMOTO COZIepKaHMsI B IUTHEBOM BOJIE.

XopupoBaHUE CIIOCOOCTBYET YAAJICHUIO U3 BOJBI JKelle3a U mapranna [2, 17]. Ymensinenue
COJIepKaHus XKeJle3a B BOJIE MPOUCXOIUT B pe3yIbTaTe pa3pyUIeHHs XJIOpPOM I'yMaToOB U APYTUX op-
FaHUYECKUX COEAMHEHMM, 00pa3yloluX KOMIUIEKCHI C KeJle30M. | MapoiauTHyecKoe pazpyuieHue
3TUX COEAMHEHUN NMPUBOAMUT K BBHIMAJEHUIO B OCAJOK TMJIPOKCHAA Kene3a, MO0 0O0pa30BaHUIO
MIPOJYKTOB HEMOJIHOTO TUAPOJIN3a - OCHOBHBIX COJIEH jKejle3a pa3InyHOro COCTaBa.
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VY nanenue mMapraHiia U3 MpUPOTHBIX BOJ OCHOBAHO Ha OCAXKJICHWH HEPACTBOPUMOTO OKCHIA
mapranna (IV), KOTopblil TodydaeTcst Py THAPOIH3E U OKUCICHUH PAaCTBOPEHHBIM KHCIOPOIOM
oOpasyromuxcs mpHu xJopupoBannn coseit mapranma (I1I).

Takum 06pa3om, XJIOpUPOBAHKE BOJBI HAPSTY ¢ ee 00e33apaknuBaHUEM OJHOBPEMEHHO HIpa-
€T BaXHYIO POJIb Kak (pakTop, CrIOCOOCTBYIONIUHN YIYUIICHHIO TPOIECCOB 00paObOTKH BOJBI U €€
Ka4eCTBEHHBIX ITOKA3aTeIeH.

3.3. Hexkoropblie kpuTepuu BbI00Pa 3P PeKTUBHBIX PeareHToB /sl XJIOPUPOBAHMS BOAbI

N3BectHo [2, 25, 28, 31, 87 - 90], uro mpu o0e33apakuBaHUN BOJBI XJIOPUPOBAHUEM B MPAKTHKE
BOJIOTIOATOTOBKHM HCIOJIB3YIOT KUIKUN XJIOP, TUIOXJIOPUT HATPUS WU KaJbLUs, XJIOPHYIO H3-
BECTh, JUOKCH]I XJIOpa U XJopaMuHbL. [Ipu BeiOOpe peareHToB il Ae3UH(GEKINN BOJbl B KOHKpET-
HBIX YCIIOBUSIX YUUTHIBAIOT, KaK ObLJIO OTMEUYEHO paHee, MHOTHE (PAKTOPBI, B UUCIIE KOTOPHIX BBICO-
Kast OaKTepUIIHAs AKTUBHOCTh peareHTa IpOTUB MUKPOOPTaHU3MOB U CIIOPO0OOpa3yromux 6akre-
pull, HU3Kas TOKCHUYHOCTH Je3UH(eKTaHTa U o0pa3yromuxcs MoOOYHBIX NPOAYKTOB. TexHomoru
0OBIYHO OLIEHUBAIOT JOCTYITHOCTh CBHIPhSl U MaTepUaioB, BO3MOXKHOCTh MTPOCTOTO TEXHOJIOTUYECKO-
IO peuIeHus MMPU UCIOIb30BaHUHU BHIOPAHHOTO peareHTta Jjs Ae3uHGEeKInH, TPOU3BOIUTENbHOCTD
rporecca, BO3MOXKHOCTh aBTOMATHU3allMK M SKOHOMUYHOCTh TEXHOJIOTUH, BKIIIOYas MaTepHalbl U
SHEPTrEeTHKY.

VYuuThIBas MIMPOKOE pacpOCTPAaHEHHUE BO BCEM MUpPE Ne3UH(EKINN MUTHEBOI BOIBI XJIOpH-
pOBaHHEM, a TaK)Xe€ MOBCEMECTHBI MHTEPEC K OE30MacHOCTH MOTPEOJIIEeMOM BOBI, TIPH BBIOOpE
peareHTa MPUOPUTETHBIMH CTAHOBSITCS KPUTEPUU €0 BBICOKON OaKTEpUIIMAHOCTH M TapaHTUU
HU3KOW TOKCHYHOCTH WJIM OTCYTCTBHSI TaKOBOMW, MO KpaWHEW Mepe, y MmojaBaeMoi MOTPeOHUTEIO
MUTHEBOI BOJbl. VIMEHHO 3TO BO3BpalaeT K MpobiieMe MCCIeNOBaHHUsI TOKCUYHOCTH XUMUYECKUX
ne3nH(PEKTaHTOB, a TakXKe 0Opa3yIoMmUXCs B MpoIecce 00e33apakHuBaHUS BOJBI C UX ITOMOIIBIO
MPOJAYKTOB peakiuu. MUHYs TEXHOJIOTHYECKHE MPOOJIeMbl 1 OCOOCHHOCTH MPUMEHEHHS pa3iny-
HBIX XJIOPCOJIEpKalUX Ae3UH(PEKTaHTOB, OCTAHOBUMCS Ha NMPUOPUTETHHIX (C HAIlEH TOYKHU 3pe-
HUSI) KPUTEPUSIX UX BbIOOpA.

[Ipouiecc MHAKTUBAIMUM MHKPOOPTaHU3MOB, NMPUCYTCTBYIOIIUX B BOJE, MOJ JEUCTBUEM Je-
3UH(EKTAHTOB YaCTO CPaBHUBAIOT [91] ¢ XUMUYECKOI peakiueid, B KOTOPOl MHKPOOPTaHU3MBI SIB-
JISIOTCS CyOCTaHIIMeH, BOBIIeUeHHOM B Tiporiecc. [Ipu 3Ttom 3¢ PeKTHBHOCTh OaKTEPHUITMAHBIX pea-
TEHTOB ONpEeNseTcs CKOPOCTbIO MHAKTUBAIMM MOMYJSIUN MUKPOOPTaHM3MOB. JTO OTUYETIIMBO
BHJIHO, HarIpuMep, Ha Tpaduke (puc. 3.5a), rae mokazaHo BpeMs BO3ECHCTBHsI Pa3TMIHBIX KOHIICH-
Tpauui 1e3uHPEKTAaHTOB JUIsl JOCTHXKEHUST HeoOXoauMoro ypoBHs nHakTuBauuu Escherichia coli.
Pe3ynbTaThl Moka3bIBalOT, YTO AUOKCUA XJjopa npu pH 7 u xnopHoBaTucrtas kuciorta npu pH 6
nHakTUBHPYIOT E. coli mpakTH4ecku ¢ OJMHAKOBBIMU CKOPOCTSIMH, THIOXJIOPUT-HOH MEHee -
(eKTHBEH, YeM JAUOKCHU]] XJIOpa U XJIOPHOBATUCTAasl KUCIIOTA, @ MOHOXJIOpaMUH MeHee 3P (EeKTHUBEH,
4YeM TUIIOXJIOPUT-UOH. Pa3Huiia B OaKTepUIIMIHON aKTUBHOCTH PA3IMYHBIX JE3MH(EKTAHTOB ObLIa
paccumnTana u nokasana, uto HOCI ipu pH 6 B 35 pa3 6omnee addextuBna, yem OCI mpu pH 10.

Amnanornusslif rpaduk (puc. 3.56) ObUT BHIIOJHEH HA OCHOBAaHUH JaHHBIX, MOJTYYEHHBIX MPU
OTpe/ieNIeHUU BUPYIUIUAHON aKTUBHOCTH JIJISl T€X ke Ae3MH(EKTaHTOB NMPU MHAKTUBAIMH MTOJINO-
Bupyca 1. X0oTs B JaHHBIX SKCIEpUMEHTaX JJsi 00e3BpeXUBaHUs MojuoBUpyca 1 TpeboBanucs 60-
Jiee BBICOKHE KOHIIEHTpAIMHM Ka)KJOT0 HCCIEeIyeMOro JIe3MH(EKTaHTa U BpeMs MX BO3JEHCTBHS,
OTMETHM, 4TO pH, mpu KOTOpOH MPOBOJUTCA MpOIEcC, U B MEPBOM, M BO BTOPOM CIIy4yasiX UMeEeT
Ba)KHOE 3HAauYeHHUE, MO0 yKa3bIBaeT O Kakoil (popme akKTUBHOIO XJIOpa WM COETUHEHHS €ro Conep-
XKallero, UAeT pedb. Benb U3BECTHO, YTO CBOOOAHBIN XJIOp B BOAHOM PacTBOpE HAXOIUTCS B paB-
HoBecun ¢ HOCI u OCI” u B 3aBucumoctu oT pH B pacTtBope OyneT npeodiagaTh Ta WIM WHAS €ro
¢dopma (XJIOp B CBI3aHHOM COCTOSIHUU) C COOTBETCTBYIOIEH €if 0aKTEepUIIUAHON aKTUBHOCTBIO (CM.
ctp. 21 manHoro 0630pa).
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Konuentpaius
Aeaundpextanra, mMr/n
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Puc. 3.5. Mnaxmusanns E. coli (@) u nonnosmupyca 1(6) xaopconepxampmmu
aeaundextantamn [91]

Tak ke KaKk u npu Z[OGaBJIeHI/II/I aMMHaKa B paCTBOpP PaBHOBCCHUC

HOC! + NH; == NH)CI + H,0

obpatumo, u pactBop, coaepxkantuii 2 mr/m NH2Cl, umeer B cBoem coctaBe mpu pH 7 u 25°C
0,58% HOCI, yto npuBoauT Kk 60s1€€ BBICOKOI OaKTEpULIUTHOCTHU MpoIIecca, 10 CPABHEHHIO C TEM,
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rJie peareHToM OB OBl TOJIBPKO MOHOXJIOpaMHH. boinee Toro, moseimenue pH (pH > 8) npuBoaut
00pa30BaHUIO TUXIIOPAMHIHA, IMEIOIIETO

H' + 2NH,Cl = NH{' + NHCI;

CBOM OKHCIUTENbHBIN MOoTeHIHan. Takum oOpa3oMm B Boje mpu pa3ianuHbix pH B "dyrctom" Buae
paccMmatpuBaeMbie Ae3UH(EKTAHTHI (XJIOp M XJIOPaMHH) HE CYIIECTBYIOT U, MPU UCIOIH30BaHUU
OTIpeICNIEHHBIX PEareHTOB, MOKHO aKTUBU3UPOBATH MPOIECC MHAKTUBAIIMA MUKPOOPTaHU3MOB.

Jpyroii kpuTepuii mpu BEIOOPE PeareHTOB - TOKCUYHOCTh HE TOJIBKO JAe3UH(EKTaHTOB, HO H
MPOIYKTOB MX B3aUMOJCUCTBUS C IPUMECSIMHU, HAXOIAIIUMUCS B BOJIC HA MOMEHT ee 00e33apaKu-
BaHUsA. B mpeppiaymieM paszjene MPUBEACHBI HEKOTOPBIC TaHHBIE O HETaTUBHOM BO3ACHCTBHUU
XJIOpCOAepKAIMUX Je3UH(EKTAaHTOB Ha SKCIIEPUMEHTAILHBIX KUBOTHBIX. OHU MO3BOJIIOT POTHO-
3UpOBaTh BPEAHOE BO3/CHCTBHE U HAa OPraHU3M uenoBeka. K 3ToMy MOXHO J00aBUTH JaHHBIC UC-
CIIeIOBaHMsI TOKCHYHOCTH Pa3jMYHBIX 103 XJIOpa, JUOKCHIA XJIOpa U MOHOXJOpaMHHA Ha TMOJ-
OMBITHBIX Kpbic [92]. B0 mMoOKa3aHO, YTO HU OJUH W3 HUCCICIOBAHHBIX NE3UH(EKTAHTOB B U3Y-
YaeMbIX KOHIICHTpAIUSAX HE MPUBEN K MPEKICBPEMEHHON THOeNH MOJOMBITHBIX KUBOTHBIX, MPH-
4eM HauBBICIIAs TeCTUpyeMas 103a Obuia 250 mr/n. TokcuyHOCTh TpeX Ae3uH(GEKTaHTOB MPH KOH-
TPOJIUPOBAHUU MX B BOJAE YOBIBACT B PNy JUOKCHJ XJIOpA > MOHOXJIOPAMHUH > XJIOp. YUUTHIBas,
OJIHAKO, 3TH JIaHHBIC TPU BEIOOPE peareHTta s Ae3uHEKINH, CIeIyeT OAHOBPEMEHHO TIOMHUTH O
ero OaKTepUIIMIHON aKTHBHOCTU. Tak, BICOKas OaKTEpUIIMTHAS aKTUBHOCTH AMOKCH]IA XJIOpa Io-
3BOJISIET MCIOJIB30BAaTh €T0 B 3HAYUTEIHHO MEHBIIUX KOHIEHTPALUAX [0 CPABHEHHIO C JIPYTHMH
peareHTamu, 4To B 11€JIOM CHUKAeT TOKCUYHOCTH MCIIOIH30BAaHHOTO KOJTHMYECTBA Ae3MH(EKTaHTA.

Jlpyro#t ¢akTop, KOTOpBIA HEOOXOAMMO YYUTHIBATh MpPU BBIOOpE Je3UH(EKTaHTa, - 00pa3o-
BaHHE TOKCUYHBIX MPOJYKTOB MpPH XJIOpUpPOBaHWH BOABL I[Ipm 3TOM, Kak OBUIO MOKa3aHO BHIIIE,
HauOOJBIIYIO OMACHOCTh MPEACTABISAIOT TPUTAJIOMETaHbl, KOJTHYECTBO KOTOPHIX B MUTHEBOU BOJE
KOppenupyeT ¢ HaTn4ueM B 00pabaThiBaeMOil BOJIE MPEANIECTBEHHUKOB - TIPUPOTHBIX 3arpsI3HUTE -
JieH - TYMYCOBBIX BEIIIECTB.

CrienManucThl MpeanpUHIMAIOT Pa3HOCTOPOHHUE MOUCKU YCIOBUN 0O0paOOTKH BOJBI XJIOP-
COJIEp>KalIMK peareHTaMu, mpeoTBpararmumMu oopazosanue TT'M, B TOM dncie ONTUMATBHOTO
U3 HUX B 3TOM OTHOIIECHUU. AHAIU3 MyOIUKAIMi MOCIEIHUX JIeT TTOKA3bIBAET, YTO M0 KOMILIEKCY
CBOWCTB, BKJIIOYAs OaKTEPHUIMIHYIO, BUPYIUIUAHYIO aKTUBHOCTH, OKHCIWTEIBHBIA TOTEHIHAI,
TOKCUYHOCTh C TEXHOJOTUYHOCTHIO UCTIONB30BAHUS, BBIICISIIOTCS TaKue Je3MH(EKTAHThI, KaK T'HU-
MOXJIOPUT HATPHSI U AUOKCHUJ] XJIOpa, XOTs, MO AaHHBIM [31], XJI0p SIBISIETCS OCHOBHBIM 00€33apa-
KUBAIOLIUM CPEACTBOM B MYHHUIIMIIATHFHOM BOJIOCHAOKEHUH (110 KpaitHeit mepe, B Poccun).

[Tpu BBIOOpE TUMOXJIOPHUTA HATPUS i1 00e33apakMBaHMsI BOJBI B KAUECTBE BaXKHOTO apry-
MEHTa B TOJb3Y JIAHHOTO peareHTa KpoMe COOTBETCTBUS HEOOXOIUMBIM TPEOOBaHUSAM Je3UH(DEK-
TaHTA BBIACNSIOTCS JINOO BO3MOXXHOCTH MCIOJIb30BaHUS TOTOBOTO TEXHUYECKOTO MPOAYKTA, TUOO
ANEKTPOJIUTUYECKOTO MOTYUEHHUs €ro Ha MecTe moTpebneHus (cM. Takxke [93]).

[IpakTuyeckoe ucnonb3oBanue Texuuueckoro NaOCI (na npumepe r. KemepoBo) mokazano
[94], uTo maHHAs TEXHOJOTHUs 00e33apakuBaHMsI BOJIBI IO CPABHEHHIO C UCTIOIB30BAHUEM KHUIKOTO
XJIOpa MO3BOJISIET IpU OoJiee HU3KOM /03¢ aKTUBHOTO XJIOpa (YTO CIIOCOOCTBYET 3HAYUTEIHLHOMY
CHIDKCHUIO KOJIMYECTBA 00pa3yIOIIUXCS TalIOTeHOPTraHNYEeCKUX COSIMHEHUN) JOCTUTATh COOTBET-
ctBytonux ['OCTy 2874-82 noka3zaTteneil kadyecTBa MUTHEBOM BOABI U KOHCEPBALIUU €€ B TEUEHUE
JIOBOJIBHO TIPOJIOJDKUTENBHOTO BpeMeHH. OTMEUeHO, YTO BHEIPEHHE NAHHOW TEXHOJOTHUU C HUC-
nosib3oBanueM TexHudeckoro NaOCl mo3BONIMIO TOBBICUTH KOJOTHYECKYIO M TUTHEHHYECKYIO
0€30MacHOCTh, a TAaKXKE KYJIbTYPY MPOU3BOACTBA BCIEACTBHE JTUKBUIAIIUU XPAHUIUI] OMACHOTO U
TOKCUYHOTO XJIOpa U PEareHTHOTO XO3sIICTBa CTAHIIMU. DKOHOMUYHOCTH MPOU3BOJICTBA JOCTUTHY-
Ta O6Iarofaps COKpaIleHNI0 KOJTUYECTBA UCIIOJIb3YEMBIX PEareHTOB, IITaTa MO 00CTYKUBAHUIO TEX-
HOJIOTHH, YBEJTMUEHHUIO CPOKa CIIY>KObI 000py0BaHUS U TPYOOIIPOBOAOB 3a CUET CHUKEHHUS CKOPO-
CTH KOPPO3HH. A €CIIi HET TOTOBOTO (KaK B JAHHOM Cllydae) pearenra’?
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TexHoIOTHH, UCTIONB3YIOIIEH EKTPOTUTHIECCKYI0 ycTaHOBKY moiaydeHus NaOCl ¢ aBToma-
TUYECKOM CHUCTEMOMN XJOPUPOBAHUS BOJBI U KOHTPOJS OCTATOYHOrO XJIOpa B HEW, OTAAHO TMpea-
MOYTEHUE MpH BbIOOpE peareHta U Merofa o0e33apa)KMBaHUS BOJbI Ha OJTHOM U3 aHTIMHCKUX
MPEeANpPHUATHH, YUUThIBasi BHE3aITHbIE KOIeOaHUsI UCXOIHBIX XapaKTePUCTUK BOABI [95].

B npyrux pabotax [96, 97] npemnaraercs mis nosydenust NaOCl ucnonb3oBaTth cmecu (71160
U3 XJIOpUJa HAaTpHsl U cTabMiIM3aTopa XJIopa - U30IUaHYPOBOM KHUCIIOTHI, TUOO OKUCIUTENS U BOC-
CTAaHOBUTEJSl - HATPUEBOM CONM JUU3OIMAHYPOBOI KHUCIOTHI U JIPYIMX KOMIIOHEHTOB), KOTOpBIE
MOTYT OBITh IPUTOTOBJICHBI B BUJI€ TaOJETOK, TpaHy/d U YAOOHBI AJIsl UCIOIb30BaHUS HEMOCPECT-
BEHHO Ha MecTe 00e33apaKMBaHUs BOJIBI.

Kak npaBumno, qocratouno 3pPexTUBHBIN Ne3UH(EKTAHT - TUIIOXJIOPUT HATPUS - MOTYYarOT
Ha MECTe MOTPeOJIeHUS TyTeM JICKTPOJIN3a PacTBOPOB Xyopuaa HaTpus [2, 98]. [To nanubM [94],
OTE€YECTBEHHON MPOMBIIIJICHHOCTHIO OCBOCH PSJ] 3JIEKTPOJIU3EPOB JIJIsl IPOM3BOJICTBA THIIOXJIOPUTA
HaTpust. OgHAKO P TEOPETUYECKUX U TEXHOJIOTMYECKUX MpoOsieM 3aTpyAHSET, 0 MHEHHUIO CIie-
LMATKMCTOB - aBTOPOB yKa3aHHOM paOOThl, IIUPOKOE BHEAPEHUE MOAOOHBIX YCTAHOBOK B MPAKTUKY
BOJIOIIOATOTOBKH.

B nacrosiiee Bpemsi cpefu peareHTOB, MCIOJNb3yEMbIX B MUTHEBON BOAOIMOATOTOBKE, BCE
OoJplliee BHUMaHWE MPUBJICKAET TUOKcH T xJopa [28, 84, 90, 91, 99 - 102 u ap.]. C ogHoii cTOpO-
HbI, BbICOKAsi OaKTepUIIMAHAS] AKTUBHOCTD IIPOTUB MATOT€HHBIX MUKPOOPIaHU3MOB U CTa0MIBHOCTh
CIO; B BOziE€ MO3BOIISAIOT € €T0 MOMOIIBIO HE TOJIBKO 3PPEKTHBHO 00€33apaskuBaTh BOLY, HO U JIJTH-
TEJIbHOE BpeMsl HHTMOMPOBaTh OMOJIOTHYECKYI0 aKTUBHOCTh B pacipenenurenbHoit cetu. C apyroi,
- BBICOKMI OKHcIUTenbHbIN nmoTeHnran ClO; cmocobCcTByeT Mo CpaBHEHHUIO C IPYTHUMU JIe3UH(DEK-
TaHTaMU (B TOM YHCJI€ TUIIOXJIOPUTOM HaTpHusi) 6oJiee BHICOKON CTENEHH OKHCIECHUSI OpraHNueCcKUX
(TpeTHYHBIX M BTOPUYHBIX aMUHOB, CEPyCOAEPKAIUX, apOMaTHUECKUX, a TaKKe TYMUHOBBIX CO-
eIMHEHU) U HEOPTaHUYECKUX (Fe2+, Mn®* u Iip.) 3arps3HUTENEH Boabl. [Ipu 3TOM Ba)XXHO TO, YTO B
nporecce ne3uHPEKINN He 00pa3yloTCsl KaHIIEepOTreHHbIe coequHeHus, B ToM yucie TI'M u xmop-
(heHoIIbI, BIUSIONINE Ja)Ke B HUUTOKHBIX KOHIIEHTPAIMSAX HAa TOKCUYHOCTb U 3arax MUTheBOW BO-
b, T.€. OBBILIAETCS HE TOJIBKO 0€30MacHOCTh, HO U YJIYYIIAIOTCS OPraHONIENTUYECKUE XapaKTepH-
CTHKHU TUTHEBOU BOBI.

Jlnokcua xjopa MOKHO MOJIy4aTh OKHCJIEHHEM COCIMHEHUM XJIOpa ¢ MEHBIIEH CTENEHbIO
OKHUCJICHUS (TUIIOXJIOPUTOB, XJIOPUTOB) UIIM COOTBETCTBEHHO BOCCTAHOBIIEHUEM COEAMHEHUN XJI0pa
(XJ10paToB, MEPXJIOPATOB), UMEIOIIUX OOJBITYIO CTETICHh OKUCIICHUSI.

B mpakTuke BoAOMOArOTOBKA OCBOEHBI JIBa CIIOCO0A OKUCIICHUS XJIOpUTA HATPHS:

XNOPMTHO - x}iopnuﬁ
2NaCl0Q2 + Cl; — 2C10; + 2NaCl
M XJIOPHUTHO - XNOPHAHBIHA

SNaCl0; + 4HCl —— 4Cl10; + 5NaCl + 2H;0.

[Tocnennmii croco6 ormedeH, kak Oonee P(DPEKTUBHBIA, XOTS MOOOYHBIE PEAKIIUU ITOTO
Ipoliecca CHIXKAIOT cTeneHb KoHBepcuu xjopurta Hatpust B ClO2 1o 80% [90].

OCHOBOM TEXHOJOIMUYECKOW CXEMBI SBISETCS PEAKTOpP, Ky/la TO3MPOBOYHBIMH YCTPOHCTBAMHU
MOJAIOT JJIsl CMEUIMBAHUS MOJATOTOBJICHHBIE B CIEIMAILHOM OOOpYJOBAaHUHM PACTBOPHI XJIOPUTA
HaTpUs U KUCIIOTHL.

B pasnbix crpanax (B CIIA, Kanane, U3paune, ®panuuu, lBeiinapuu, bensruu u ap.) ans
OUYUCTKH M 00e33apaXMBaHUs MUTHEBBIX M CTOYHBIX BOJ YK€ 3KCIuTyaTHpyercs: 6osee 500 Takux
ycraHoBoK. Tak B ['epmanun ucnonbs3zoBanue ClO; mis o0e33apaknBaHUsl MUTHEBOM BOJBI OBLIO
pasperieHo B aekadbpe 1991 r. (B npyrux crpanax ClO; ucnonssyercs ¢ 1966 r.). Texnonorus mpe-
JTyCMaTpHUBaeT MCIIOJIB30BaHHE AJIS XJIOPUPOBAaHUS BOABI paboueil cmecu, coctosmmed u3 7,5%
NaClO, u 9%-ro pactBopa HCI, koTopyro roToBsT U3 0OCHOBHOM cMmecH (24,5% pactBopa NaClO, u
32%-ro pactBopa HCI) [84]. Otmerum, uto [TJIK mis ClO;, B mutheBoit Bojae crangapramu ['epma-

37



HUHU TIpeaycMoTpensl B pazmepe 0,2 - 0,4 mr/m co cHmkeHneMm B Ommxaiiiee Bpems m0 0,05 mr/m.
DTO Ba)XHO, YYUTHIBAs BO3MOXXHOCTb BO3HHMKHOBEHHUS TOKCHKO30B MPU BO3AECHCTBUM OIpeieseH-
HbIX kKoHIeHTpanuii C1O, Ha opranu3M YenoBeka.

B namieii crpane moka IMOKCHZ XJIOpAa B NMPAKTUKE BOJOMOJTOTOBKM HE HAIIeN IIUPOKOTO
npumMenenusi, xoTs B HUUM "Cunres" (6Bt [OCHUM-XnopnpoekT) yxe pazpaboTaHa TEXHO-
norust mpousBojsictBa ClO, oxucinenuem NaClO; u3 ero mogudukaruii "Xmopokc-II1B" u "Xio-
pokc-CB". [IpuHIMNIabHAsT TEXHOJIOTUYECKAs CXeMa YCTaHOBKH 110 nonydeHuto ClO, u3 BOJTHOTO
pactBopa "Xnopokc-I1B" npencrasiena na puc. 3.6. OCHOBHBIM 3JIEMEHTOM YCTAaHOBKH SIBIISIETCS
pEaKTOp, B KOTOPHIA AO3UPYIOT pacTBop "Xiopokc-I1B", consiHyto KUCIIOTY, OUMIIIEHHBIN BO3ayX
unu a3oT. 13 Bepxueit gactu peaktopa cmech ClO;, ¢ Bo3ayxoM mocTymaeT B abcopoep, Kyaa mo-
natot takxke HCl u oxnaxnennyto Bomy. O6pasyrommiicss Boaubiii pactBop ClO, mmeeT KOHIIeH-
tparuto 5 - 8 v/ u pH 5. Bo3ayx co cnenamu ClO; u3 abcopbepa nepen BeiOpocoMm B aTMochepy
MIPOXOJIUT Yepe3 CAHUTAPHYIO KOJIOHHY, B KOTOPYIO KpoMe pacTBopa Ienouu nogatoT HoOs.

OTMeueHo, 9TO cXeMa MPOoIIia ONMBITHYI OTPaObOTKY mpoliecca U B TadJ. 3.3 TIpeACTaBICHBI
pe3yabTaThl SKCIIEPUMEHTA 10 00€33apakiBaHUI0 MOCKBOPEIKOM BOJIbI pa3IMYHBIMU peareHTaMH,
B ToM unciie ClO,, cBuaeTenbcTBytomue o ero 3pdekTuBHOCTH. Pa3paboTynku TEXHOIOTUH TIPEI-
JIaraloT TaKXKe ee YIMPOUICHHBIA BapUaHT 3a CUET UCKIIIOUEHUs CTaauil mepepaboTKH 0TpabOTaHHO-
IO pacTBOpa U OTXOMSIIUX ra30B.

HecMmotps Ha Takoil HEIOCTATOK, Kak 00pa3oBaHHe HEOONBIINX KOJIMYECTB XJIOPUTOB U XJIO-
paToB npu o0paboTKe NTUTHEBOM BOJBI JUOKCHIOM XJIOpA, UTO, KCTATH, MOKET OBITh YCTPaHEHO I10-
cienyromieit 00padoTKON aKTUBUPOBAHHBIM YTJIEM, CIICIIUATUCTHI CYUTAIOT (Hampumep, [99 - 101])
TaHHBIN 1e3UH(PEKTaHT NePCIEKTUBHBIM B TEXHOJIOIMH MUTHEBOM BOJOMOATOTOBKH.

Bom

,‘rlo

r 9 L, L

Boanyx + caeamt ClOz

Puc. 3.6. [TpHuuuMnuanbHas CXCMA ONWTHOA YCTAHOBKH NO MOJTYYEHHIO ClO2 13
“Xnopoxc-TIB* {90]:

1 - pesxrop; 2 - abcopSep; 3 - caNTapHAR X0JI0HHS; 4 - eMEocTs A “Xnopowe-TIBY; 5 - emxocTs s
orpaboTaHHOIO : 6 M 9 - EMEOCTH [N cONRRON XMC/IOTH; 7 - EMEOCTH JUIN pactsopa CIO3; 8 - choprux
pacteopa NaC : 10 - eMxOCTS QAR 3ILE; 11 - emxocts gnn NaOH; 12 - nacocsr; 13 - poanyxofyexa.
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Tabawnmua3l

Pe3yabTATH KCNEPHMEHTOB N0 06€338PaXHMBAHMIO
peunoit poani [90]

Pearenr Cm“:: wr/ Oﬁmm:;m :‘l::::; Komwpaiu
Hcxoanas sopa — 215 12000 1300
Jnoxcun xnopa, Mr/n

1 0,05 45 i 2 (0,5:6)

3 0,50 35 0

S 1,15 8 0

7 1,60 6 0
TMNOXAOpHT HATPMA, MI/A

1 0,50 47 0

3 0,65 46 0

5 2,05 45 0

7 3,70 27 0
Xnop, Mr/n

1 0,40 47 0 11(3:26)

3 0,55 40 )

3 1,95 33 0

7 3,56 10 0
Hcxonnds sona - 1000 9600
Juoxcup xaopa, Mr/n )

1 0,22 : 200 0 10

3 0,30 100 0 10

S 0,95 100 4] 10

7 1,85 100 0 0
IunoxnopuT HaTpug, Mr/n

1 0,33 1000 1 20

3 0,71 800 1 20

5 2,05 800 I 20

7 3,18 700 0 20
Xaop, Mr/n

1 0.10 800 1 10

3 0,57 600 1 10

5 1,45 600 0 10

7 2,26 500 0 10

Henb3st He OTMETUTH BO3MOXKHOCTH MCIIOJIB30BAaHUS XJIOPAMHHOB B KadyecTBe Je3MH(EKTaH-
TOB BOZBI. HecMOTpsl Ha MEHBIIIYIO TIO CPABHEHUIO C APYTHMHU PEareHTaMu OaKTEPHUIIMIHYIO aKTHB-
HOCTh, OCHOBHBIM JIOCTOMHCTBOM XJIOP-aMUHHUPOBAHHS BOJBI SIBISIETCS OTCYTCTBHE TOKCHYHBIX
xjopopranudeckux (B Tom uucie TI'M) nmpoaykToB, 0Opa3yromuxcs MpU XJIOPUPOBAHUHU BOIBI,
coJiep Kariei opraHudeckue npumecu [2, 85].
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XJIopaMuHBI B 1e3UHOUITUPYEMOH BOJIE MOTYT OO 0Opa30BBIBATHCS MPH B3aMMOACHCTBUHU
XJIOpa C aMMHAKOM HJTM OPTaHHYECKUMH aMUHAMH, COJIEPKAIIUMICS B HCXOJHOH BOJIE, INOO C JI0-
0aBKaMM aMMHaKa MM TOTOBBIX XJIOPAMUHOB B TIPOIIECCE XJIOPUPOBAHHMS 0 HIIH MOCIIC BBEICHHUS
XJIopa B BOZy. B 3aBHCHMOCTH OT KOHKPETHBIX YCIOBHI 00paOOTKH BOJBI B MPOIIECCE €€ XIOPUPO-
BaHMS (YTO MOXKHO pacCMaTpuBaTh, Kak 00paObOTKy XJIOpaMHHAMU) - 3TO OJIMH U3 BechbMa ddek-
TUBHBIX METOA0B 00phOBI ¢ 0OpazoBanneM TI'M B mporiecce XI0pupOBaHHUS BOJIBI.

HccnemoBaTeny mpeiararoT UCIOIb30BaTh pa3IMYHbIC BApUAHTHI XJIOP-aMHHOB [2] Kak He-
opranndeckux [103], Tak u opranndeckux [85]. Tak 3-Cl-4,4-nmumeTmn-2-okcazonuauaoH (1), mo
naHHBIM uccienaoBanuii [104], obnamaer (B koHuentpanusax 1 - 10 oomr. Cl/m) noctaTounoi 6akte-
PHUIIUIHOCTBIO, yOMBasi Bce MHUKpoopranu3Mbl (kpome Giardia lamblia m Entamoeba invadens) B
HKCIEPUMEHTAX, B KOTOPHIX OH ObUT HcIbITaH. CTaOMIIBHOCTH B BOJE 3TOTO aMHWHA M OTCYTCTBHE
obpazoBanust TI'M m03BOJISIOT TPUMEHSATH 3TO COCIMHEHNUE B KA4eCTBE JAC3UH(EKTaHTA. DKCIIEPU-
MEHTaJIBHO OBLIO IMOKa3aHo, YTO coennHeHue | odecrieunBaeT X0Ts U 3aMeJICHHYIO, TIO CPaBHEHHUIO
C IPyTUMH peareHTaMu Je3UH(EKINI0 BOJBI, 3aT0 00JIee JOITOBPEMEHHYIO.

OOBIYHO PEKOMEHIYIOT MCIIOJIb30BaTh XJIOPAMHUHBI B cCMecH C XJiopoM [2, 104] wim quoxcu-
oM xjopa [78], oGecreuynBaOIMMUMH OBICTPYIO HAYAIBHYIO JEe3WH(EKITNIO0 BOIBI C MOCIECIYIOITUM
BKITIOYCHHUEM B ITPOIECC XJIIOPAMHHOB, MTPEIOTBPAMIAIOIIAX CBOMM JIOJITOBPEMEHHBIM MTPHCYTCTBU-
€M B BOJIC BO3HMKHOBEHHE HOBBIX MO MUKpOOpraHu3MoB. Kak orMedeHo B [2], yanuThiBas
(U3NKO-XUMHYECKUE XaPaKTEPUCTUKN XJIOPAMHHOB, OCOOCHHO YIOOHO HCIIONB30BaTh UX VIS JIe-
3MH(EKIINU BOJIBI B TIOJIEBBIX YCIOBHUSX, B TUIABATEIILHBIX OacceifHaxX ! T. TI.

Wtak, (hakThl CBUACTEIBCTBYIOT O TOM, YTO 110 KOMIUIEKCY CBOWCTB JTMOKCH]I XJIOpa U THUIIO-
XJIOPUT HATpHsI 00Jiee MPEATOYTHTEIHHBI IS Ie3HH(DEKIIMN BOJBI TI0 CPAaBHEHHIO C XJIOPOM H JIpY-
THMH XJIOPCOACPIKAIIMMHA PearceHTaMH.

3.4. OdopynoBanue

KpaTko oTMeTUM THUIIBI YCTAaHOBOK, MCIIOJIB3YEMBIX ISl XJIOPUPOBAHUS BOJIbI, MPEAHA3HAUYCHUE KO-
TOPBIX CBOJUTCS B OCHOBHOM K MPUTOTOBJICHHUIO U JIO3UPOBAHUIO PACTBOPOB, COJIEPIKAIINX aKTHB-
HBIH xJ10p [2, 20]:

[ T yCTaHOBOK - C MCTOIH30BAHUEM B Ka4eCTBE peareHTa XJIOpHOU u3BecTu. OnpeaeneHHoe
KOJIMYECTBO peareHTa B pacCTBOPHOM Oake CMENIMBAIOT C BOJOH, 3aTeM pa30aBIsIOT MOIYUYECHHYIO
Maccy 110 KoHIeHTpauu 1 - 2% 1o akTUBHOMY XJIOPY, OTCTAaUBAIOT U JIO3UPYIOT OTCTOCHHBIN pac-
TBOp B 00pabaTeiBaeMyIo BO/y, 0OecreurnBas TOCTATOYHOE MepEMEIINBAHHIE;

Il THII YCTAaHOBKH - XJIOPaTopsl . OHHU IpeIHA3HAYCHBI IS PAGOTH C SKHIAKAM XJIOPOM, IPH
3TOM TIOCIIEAOBATEIHHO MPOBOAUTCS MCTIAPEHUE XJIOPa, €ro MeXaHW4yecKasi OYHCTKa, JO3UPOBAHUE
Y paCTBOpPEHUE B BOJIE ¢ OOpa30BaHUEM XJIOPHOM BOJBI, JO3UPYEMOU B TPeOYEMBIX KOTUYECTBAX B
obpabateiBaemyto Boay. [lo ycrmoBusiM pabOTHI XJIOPATOPHI MOAPA3ACISAIOTCS HAa CTAllMOHAPHBIC U
MEPEHOCHBIE, 110 MIPUHIINITY ACHCTBHS - HAa HATIOPHBIC U HanboJyiee pacpoCTpaHEHHBIC BAaKyyMHBIE,
0 XapakTepy paboThl - Ha anmapaThl MOCTOSTHHOTO U MIEPUOIUYECKOTO IEHCTBUS;

II tum - ycraHoBKH, paboTaroIIHe ¢ UCMOIb30BAHUEM THIIOXJIOPUTA HATPHSI, MOTy9aeMOro Ha
MecCTaX MOTPEOICHHS MyTeM IEKTPOIN3a PACTBOPOB MOBAPEHHON COJIM. DTOT 3NEKTPOTUTHICCKHIA
croco6 Hambosiee MPeANOYTHTENEH HE TOJIBKO MOTOMY, YTO, COTJIACHO TEXHHKO-IKOHOMHYECKUM
pacderam | T akTHBHOTO XJIOpa JACIIEBJIE, YeM TO K€ KOJIMYECTBO, MOJYUEHHOE U3 XJIOPHOW M3BEC-
TH U TUTMOXJIOPUTA HATPUS, HO U TIOTOMY, YTO 3JIEKTPOJIU3EPHI IO CPABHEHUIO C XJIOpaTOopamMu mpo-
e B DKCIUTyaTallud, HaJeKHee, He TPeOYIOT 00s3aTeNbHOTO A JPYTUX METOIO0B XJIOPATOPHOTO
xo3siicTBa. OHaKo MeTo He 06e3 HeTOCTATKOB, K KOTOPBIM OTHOCSITCSI HU3KHUI BBIXOJ IO TOKY akK-

" KoMIIeKcHOe peleHue IpobieM 6e30MacHOCTH XJIOPHOTpedieHns (TeXHONOT s, TIPOEKTUPOBAHUE,
PEKOHCTPYKIUS, SKCILTyaTalus OOBEKTOB XJIOPHOTPEONCHUS, WX SKCIUTyaTallMOHHAs W SKOJIOTHYEeCcKas
0e30I1acHOCTh, BHEJPEHUE HOBBIX pa3paboTok) B Poccuu ocyIecTBIsSeT OTpaciieBOil MHCTHUTYT XJIOPHOM
npomsbinuieHHocTH - HUM "Cuntes" ¢ Kb, r. Mocksa - OsBmuii ['ocHUMXnopnpoekT (cm. takxke [28, 31,
94, 98, 105 - 107]).
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THUBHOTO XJIOPa, 3HAYUTEIBHBIC SHEPro3aTpaThl U IKCILUTyaTaIIHOHHBIE PACXObI, HETIOJIHAS aBTOMA-
tu3amus. Kpome toro, /i mpoBeAeHUs Tpoliecca ¢ MHUHUMAIBHBIMA 3aTpaTaMi OOJIbIIOE 3HAYe-
HUE UMEET MPaBWIBHBIA BHIOOP THIA aHOAHBIX MaTE€PHAalOB, KOTOPBIC TOJKHBI UMETh BBICOKYIO
AJIEKTPOIIPOBOTHOCTh, MEXaHUYECKYIO MPOYHOCTH M JIETKO oOpabaThiBaThcs. [loaTOMy y Hac B
CTpaHe W 3a pyOeXoM BeIyTcsl padOTHI TI0 COBEPIICHCTBOBAHUIO TEXHOJOTHYECKOTO U aIapaTyp-
HOTO 0hOpMIICHHUS TpoIlecca.

3.5. UnuTencudukanus ode33apaxuBaHus BOAbl XJI0PHPOBAHUEM

3a MHOTHE ToJIbl HCIIOJIb30BAaHUS XJIOPUPOBAHHS B MPAKTHUKE BOJOMOATOTOBKU OBUTH MPEIOKEHBI
pa3IuyHbIe MYTH UHTEHCU(UKAIIMH 3TOTO MPOIIecca, 3aKII0YAIOIIUeCs B MOBBIIICHUN HACKHOCTH
o0e33apaKuBaHMsI BOJbl MUHUMAJIBbHBIM KOJIMYECTBOM aKTHBHOTO xJyopa [2, 27, 108, 109]. Hapsny
C COBEpILICHCTBOBaHHEM 000pYJOBAaHUS U ONTUMHU3ALMEH YCIOBHUIl Ipoliecca XJIOpUPOBaHUS Tpea-
JararoTcsl AOMOJHUTEIbHbIE K HEMY WM KOMOMHUPOBAHHbIE C HUM (U3NYECKHE U XUMHYECKUE
METO/Ibl, KOTOPBIE B ONPEACIEHHBIX YCIOBHUAX NPHUMEHSAIOT KaK CaMOCTOSTENIbHBIE, albTepHATUB-
HBIE CITOCOOBI OYHCTKY U 00€33apakuBaHUs TUTHEBON BOABI (CM. TIPUIIOKEHUE, TAGI. 2).

B cootserctBun co CHull 2.04.02.-84 [110] nns xmopupoBaHus BOABI UCHOJB3YIOT XJIOp B
koHnentpauuu 3 - 5 mr/a (IIAK xmopa B Boze - 0,3 - 0,5 mr/n). [ToBeienne o6e33apakxBaroIETo
JIeMCTBUSL aKTUBHOTO XJIOPA MPEXJIE BCETO MOXKET ObITh JTOCTUTHYTO 33 CUET CHMXKEHHS XJIOPOIOr-
JoaeMocT 00pabaTbiBaeMOil BOABI MaKCHMAJIbHO BO3MOKHOM OUMCTKOW €€ OT MUHEpPaJIbHbIX,
OpPraHUYeCKUX M OMOJIOTHUECKUX NMPUMECEH ¢ OMOIIbIO (MIBTPOBAHUS, KOATYIISIUN U (PIOTAIIUH.
Br16op MeTOZ0B, pEKOMEHIyeMbIX U UCIOJIb3YEMbIX JUIsI OYMCTKH BOZIBI HA OCHOBE KJIacCHU(HUKa-
uu npumeceit, npeynoxenson JILA. Kyneckum [2] npusenen B npusnoxxenuu (Tada. 4 u 5). Y na-
JIEHUE OpraHMYECKHX MpUMeEced U3 NMPUPOAHBIX BOJ IO3BOJIAET OJHOBPEMEHHO PELIATh JIPYIYIO,
BEChbMa CEphe3HYI0 MPOOIEMy - YMEHBIICHHS WM HCKIIOYEHHS BO3MOXHOCTH OOpa30BaHUS IPH
XJIOPUPOBAHUM JOCTATOYHO TOKCHYHBIX I'aJIOT€HCOJEPKAIIMX BTOPUYHBIX 3arpsi3HUTENEH IUThE-
BOU BOJBI.

Hcnonp30BaHne B JAaHHBIX INPOLIECCAX M3BECTHBIX M IIMPOKO IPUMEHSAEMBIX KOAryJsHTOB
(cynpgaToB amOMUHMS, KeJle3a, XJOpHAa jKejle3a M CMecel 3THX COeIMHEHMI), (IOKYISHTOB
(KOJIJIONTHOM KPEMHEKHUCIIOTHI, IPUPOJHBIX U CUHTETHYECKMX OPraHUYECKUX BBICOKOMOJIEKYJISAP-
HBIX TPENapaToB), a TAK)KE 3aMyTHHUTEJICH - BHICOKOAMCIIEPCHBIX TNIMHUCTBIX MUHEPAIOB (TIpoduI-
JIUTa, BEPMUKYIUTA, OEHTOHUTA, MATBITOPCKUTA U JIP.), XOTS U MO3BOJISIET A3PPEKTUBHO yIaNATh, HE
MHAKTUBHPYs, OCHOBHYIO MacCy MUKPOOPraHM3MOB U XMMHUECKUX 3arps3HUTENEH IPUPOIHON BO-
IIbl, TAPAHTUPOBAHO HE 00e33apaKUBaeT €€ M3-3a OTCYTCTBUS mocieneiicTBus. i WHAKTUBAUU
HEOOXOMMO XUMHUYECKOe 00€33apakMBaHHe W HAJIMYKME OCTATOYHOTO J1e3MH(EKTaHTa, KOTOPBI
MPEeJOTBpAIAaeT MOBTOPHBIA POCT OakTepuil U TPyOOIIPOBOIHBIX OMOIUICHOK, a TAK)KE BO3MOXKHOE
3arpsi3HEHUE Yepe3 CThIKOBOYHbIE Y3ibl [111 - 113].

TexHoOrus MOATOTOBKH BOABI JIFOOOr0 00beMa HE 00XOIUTCsS 0€3 MCIOJIb30BaHUs COpOCH-
TOB, U U3 BCEX U3BECTHBIX COPOCHTOB MO-MPEKHEMY NEPCHEKTUBHBIMHU SIBIISIIOTCS aKTUBHPOBAHHBIE
yIJIM, TIPOM3BOACTBO KOTOPBIX B HACTOALIEE BpeMs Be3le pacimmpsercs. [IpakTuka cOBMECTHOTO
NPUMEHEHHs aKTUBUPOBAHHBIX YIJICH W OKUCIMTENEH A OYMCTKU M 00e33apakuBaHusl BOJbI OC-
HOBaHa Ha 3((eKTe OKUCIUTETHHO-COPOIIMOHHOTO B3aUMOICHCTBHSL, KOTJa YTOJIb KaK KaTallu3aTop
MOBBIIIAET CKOPOCTh U IIyOMHY OKHCIICHUS Pa3IMYHbIX 3arps3HuTenelt Boasl. K Tomy xe Habmo-
JaeTCsl 3HAYMTEIBbHOE YBEIMYEHUE CPOKa JEHCTBHS I'PaHYJUMPOBAHHOTO YIS, YTO MMEET Ba)KHOE
npaktuueckoe 3Hauenue [30].

HccnenoBanust Mo COBEPIICHCTBOBAHHIO COPOIIMOHHOM OYMCTKU BOBI HAINlPaBICHBI HA HC-
MOJIb30BaHHE CHHTETUYECKUX COPOCHTOB HAa HOCUTENSAX TaKUX, KaK yIJIU, IIEOJIUTHI, IECOK, JpeBec-
Has nesutonosa [112, 114 - 117]. B kauecTBe mpuMepa OTMETUM KOMITO3UIIMOHHBIE COPOSHTHI THIIA
"®exen" (rpaHylIHpOBaHHAs LIEJUIIOI03a, MOKPHITas COPOUPYIOIIMM BEIIECTBOM) U aKTUBUPOBAH-
HBIA YTroJib, KOTOPbIE MPUMEHSIOTCS KaK OCHOBA JJIs1 OBITOBBIX (PMIIBTPOB, peKOMEHIyeMbIX [115]
JUISL OUMCTKU NMHUTHEBOM BOJBI OT BPEIHBIX U ONACHBIX OPTaHUYECKUX U HEOPraHWYECKUX, B TOM
4HCJIe PaJUOAKTUBHBIX 3arps3HUTENEH.
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NuTencudukanus npoiecca XJIOPUPOBAaHUS MUTHEBOM BObI JTOCTUTACTCS] IPU HCIIOIb30Ba-
HUU TaKUX MPHUEMOB, Kak cHukeHue pH oOpabarbiBaeMoil BOJIbI U SHEPTrUYHOE IMEpPEMEIINBaHuE,
crocoOcTByIoIee pa3apo0aeHu0o MUKpOoOHBIX accoruatoB [118]. Tlocnennee mocTuraercs: Takxke
MPOITyCKaHUEM BOJbI Uepe3 CeTKy ¢ pazmepoM stueek 40x40 Mk ([27] ¥ cCBUIKH OTTYAQ).

Jpyrue crocoObl HHTEHCHU(PUKAMK 00€33apaKUBaHUsI BOJBI XJIOPUPOBAHUEM DPa3EISIIOTCS
Ha ¢usndeckue U xumudeckue. K puzmueckum crnoco6am OTHOCSTCS: AOMOJHUTENBHOE UCIOJb-
30BaHUE 3JIEKTPUYECKOIr0 MOJIsl Pa3IMYHOTO BUJA M YACTOTHI, YIbTpa3Byka, Y d-, 3I€eKTPOHHOTO U
ramMmma-o0IydeHusI.

Hanoxenue ajiekTpuyeckoro moJisi (OCTOSIHHOTO, IEPEMEHHOT0: HU3KO- U BBICOKOYACTOT-
HOTO, MUMITYJIbCHOTO) Ha XJIOPUPYEMYIO BOAY MO3BOJIIET HE TOJIBKO 3HAUUTEIBHO CHHU3UTH H03Y
MPUMEHSIEMbIX Ae3UH(UIUPYIOUINX XJIOP-COAEPKAIIMX PEareHTOB, HO U JIOCTUraTh BBICOKOTO
(moutu 100%-ro) 6axTepunugHoro ¢ dekra Bo3aeiictaus [119]. Kak mokazanu uccienoBanus [2,
27], npy AOMOJIHUTEIBHOM K JI€3UH(EKTAHTY BO3/IEHCTBUN HA MUKPOOHBIE KJIETKU AJIEKTPUIECKOTO
T0JIsl TIOBBIIIAETCS MPOHUIIAEMOCTh IIMTOIUIA3MaTHUECKON KIIETOUHOM MemMOpaHbl U HalIrogaeTcs
cUHepruueckuii 3p¢GeKkT KOMIUIEKCHOTO JEWUCTBUS AJIEKTPUYECKOrO MOJIA M XJIOPCOAEpKAIlero
peareHTa, 4To MO3BOJIAET MPH J03aX XJI0pa, HE MPEBHIIAIOIINX MPeleiIbHO OMYCTUMbIE B BOJIE,
COKpalIaTh BpeMs ee 00e33apaxiBaHusl.

YabTpa3BykoBasi 00padoTKa BOJBI OJHOBPEMEHHO C XJOPHUPOBAHHEM CIIOCOOCTBYET 3a
CUeT JOMOJHUTEIHHOTO JEUCTBUS YNbTPa3ByKa YCKOPEHHOMY pa3pyLICHUIO KIETOK MHKpOOpTra-
HU3MOB HEOAKTEPUIIMIHBIMU J103aMH xjopa [2, 20, 27]. HecmoTps Ha siBHYIO 3G (HEKTUBHOCTD, Me-
TOJ B HACTOsIIIee BpeMsl HaXOAUTCS Ha ypOBHE JTaOOPATOPHBIX pa3pabOTOK, XOTS M 3aCIIy’KHUBAET,
110 MHEHHIO CTIeHaUCTOB [31], JalbHEHIIIeTro n3ydeHus.

Texnomorust o6e33apakuBaHusl Bojabl Y MD-00/1ydeHHeM TMOXanyld Hambojee pa3BUTa IO
CpaBHEHHUIO ¢ ApyruMH (pusmdeckumu Metomamu [2, 27, 120, 121]. ITo cpaBHEHHIO ¢ XUMHUECKOU
ne3uH(peKrel, B TOM 4Kciie XJIOPUPOBAHUEM, BpeMsl 00€3BpeKUBAHUSI MUKPOOPTaHU3MOB, HAXO-
X cst B ooOpadareiBaemMont Boze, Y @-00mydeHreM MOXKET ObITh COKPAIEHO J0 JO0JEH CEeKYyHIbI
[121]. IIpu 5TOM mpUpOAHBIE, BKYCOBBIE U XHMHUYECKHE CBOMCTBA BOJBI HE M3MEHSIOTCS, U BOIY
MOXKHO YMOTpeOJIATh cpa3y mocie oOnydeHus. TeXHOJIOTHYEeCKH METOJ| OTIMYAeTCA MPOCTOTONW U
CTaOUIIBHOCTHIO, OTCYTCTBHEM KOPPO3HH U HEXeJlaTelIbHbIX MPOAYKTOB B oOpabaThiBaeMOW BOJE.
DKOHOMHYECKH METOJ] BBITOJIEH MEHBIIUMH KalHUTaJIOBIOKEHUSIMU M 3aTpaTaMu INpPHU SKCILTyaTa-
uuu [120, 122 - 124].

BaxkHbIM HemocTaTKOM 00e33apakKuBaHusi BoAbl Y ®-00,1yyeHneM sBIsICTCS HE0OXO0H-
MOCTbh TIIATEJIBHON OYMCTKU BOJBI OT KOJUIOMAHBIX M B3BEIIEHHBIX YaCTUIl U OTCYTCTBHUE IOCIe-
NeICTBHS, CBI3aHHOTO C OMACHOCTHIO MOBTOPHOIO 3apaxxeHus. [losTomy ass mpepoTBpalleHus mno-
CJIETYIOIIEr0 Pa3MHOXKEHUSI MUKPO(MIIOPHl B MUTHEBOW BOJIE PEKOMEHIyeTCd KOMOMHHPOBATH XJIO-
pupoBanue ¢ Y ®-o0imydyeHueM, TeM 0oliee, YTO pa3IuyHble MUKPOOPTaHU3Mbl HMEIOT Pa3HYylO CTe-
MIeHb COMPOTUBIISIEMOCTH JIEHCTBHIO TOTO WJIA Apyroro ne3uHdekranTa [20, 122, 123].

OpHM Hccne0BaTeN! CBSI3bIBAIOT aHTUMUKPOOHOE JieiicTBUE Y D-00TydeHHs ¢ TOBPEXKACHU-
eM u aerpagamnueit JJHK-kmeTok MUKpOOpraHu3MoOB, Ipyrue CYUTAIOT, 9TO THOETs OakTepuit o0y-
cioBjeHa (OTOMHTHOWPOBAHUEM JIbIXaHUS KJIETOK. B m0060M ciydae oJHOBpEMEHHOE HCIOJIB30-
BaHUe XJiopupoBaHusd U Y P-001ydeHns 3HaYUTENbHO YCKOpSET mpoliecc 00e33apakuBaHus BOJBbI,
MOMYTHO pasJiarasi OKMCICHUEM OCTaBLIMECS B BOJIE MOCJE MPEIOUYUCTKH OpraHNYeCcKHUe 3arpsa3Hu-
Ter. DTOT IMPOIIECC YCKOPSIETCS B MPUCYTCTBUM COJICH XkKene3a, PTYTH, Meu, CBUHIIA U 11e3us ([27]
Y CCBUIKH OTTYy/Ia).

AHanoruuselil 3pQexT yckopenus npouecca Ae3uH(EKINH BOJbl XJIOPUPOBAHUEM JIOCTHUTa-
€TCsl IPU JTOTIOJTHUTEbHOM HCIOJIb30BaHUU Pa3HOOOPA3HBIX UCTOYHUKOB 3JIEKTPOHHOIO M TaM-
Ma-u3iaydeHus [125]. TlomHas rubenh MHUKPOOPraHM3MOB 0€3 TMOCIEAYIONMEH WX pereHeparuu
JOCTUTaeTCd Jake B CTOYHBIX BOJAaX C MOMOIIBIO PaAHAIMOHHO-3IEKTPOXMMHUYECKOTO METoja
[20]. Obpasyromuecs npu OOJYyYEHUH MPUPOIHBIX BOJ KHUCIOPOJICOIAEPKAIINE pPaTUKaIIbl, NOH-
paZMKanbl U 030H YCUJIMBAIOT OKUCIUTENbHBIN 3P deKT ne3uHPeKun XJI0pHupoBaHUEM, a BO3HU-
KaloIUNA CHHEPruuecKuil 3(heKT COBMECTHOTO NEHCTBUS MO3BOJSET CHUZUTDH J03Y XJIOPCOJIEpIKa-
X 1e3uH(EKTaHTOB B HECKOJIbKO pa3 [27, 126].
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XumMHYecKHe MeToAbl HHTEHCU(UKALIUY XJIOPUPOBAHUS IIPEyCMaTPUBAIOT UCIIOIb30BaHHE
JIOTIOJIHUTEIBHBIX PEareHTOB, yCUIuBaoMuX 3QQPexT o0e33apakuBaHUs XJIOPOM HIIM XJIOPCOAep-
KaIIUMU COeTUHEHUSIMU.

Tak, n3BeCTHO OaKTEpUIIMIHOE IeHCTBHE OpoMa, oA, yCTyMaromiee, 0OJJHaKo, o 3G (EeKTHB-
HocTH XJopy [127]. B To xe BpeMs mpu COYETaHWH XJIOPUPOBAHHUS C MOAUPOBAHHUEM, WM BBEC-
HUEM B KauecTBE JIOTIOJHUTENLHOTO JIe3UH(EKTaHTa OPraHNYeCKUX COSAMHEHUN Opoma MIIH Mex-
TaJIONIHBIX COeIMHEHUH Ha IUPOKOM CIEKTPE MUKPOOPTaHU3MOB ObLIIO MOKAa3aHO, YTO CyMMapHast
AHTUMHUKPOOHAsi aKTUBHOCTh MCIOJIb3YEMbIX TaJIOUIHBIX COCIMHEHHUI MPEBOCXOAUT JEHCTBUE OT-
JIENHHBIX TAJIOTEHOB B TOM ke KoHieHTpanuu [ 108, 128].

AHaJOrM4HbIe JaHHBIE MOJyYEHBI TP COBMECTHOM AEMCTBUM Ha MHUKPOOPTraHU3MBI B 00pa-
OaTbIBa€MOil BOJIE TUIOXJIOPUTOM HATPHUS U TAKUMU OKHCIIUTEISIMH, KaK 030H, IEPOKCH] BOJOPO-
na, epMaHraHaT kanus. [Ipu TOmoIHUTENTbHOM HCIIONB30BAaHUKM 030HA OTMEYEHA HE TOJIBKO MOJ-
Has Ae3uH(EeK1Ms MUThEBON BOJIbI, HO M OTCYTCTBUE B HEl mocie o0e33apaxuBaHuUs XJIOPUPOBAHU-
eM TpurasomeTaHoB [129]. MeHbImHil IO CpaBHEHUIO C 030HOM, HO BCE-TaKU 3HAYUTEIBHBIN 3-
(et 06e33apakuBaHMsI IPUPOIHBIX BOJ XJIOPUPOBAHHUEM MOXKET OBbITh JTOCTHUTHYT MPH JOMOJHU-
TEITLHOM HCITOJIb30BaHUU MEPOKCHIA BOAOPOAa WK TTepMaHTaHaTa kamus [130].

WccnenoBanusiMu ObLTO MOKa3aHO TaKXke, YTO JEUCTBHE XJIOpA YCHIIMBAETCS B MPUCYTCTBUU
COJIEH LIEJIOUHBIX U LIEJIOYHO3EMEIbHBIX METANIOB, a TAKXKE METAJJIOB IEPEMEHHON BaJIEGHTHOCTU
(ocobenHo Meu u cepedpa), KaTaTM3UPYIOMIUX MPOIIECC 00e33apaKUBAHUS BOJIBI XJIOPUPOBAHHEM
[108]. TTokazano [131], uro mHTEeHCH(HKAIUS MpOIEecca, OCHOBaHHAS Ha CHHEPTU3ME JCHCTBUS
TUIOXJIOPUTA HATPUSI C MIOHAMH MEJHU U cepeOpa, MO3BOJISIET MOIy4aTh HaAeKHbIM aHTUMUKPOOHBII
3¢ deKT mpu AOMYCTUMBIX JIJIsl MUTHEBOTO BOJIOCHAOKEHHS KOHIICHTPAIHMAX Ae3UH(EKTAHTOB C OJ1-
HOBPEMEHHBIM KOHCEPBUPOBAHUEM NMUTHEBOM BOJIbI, 00YCIOBIEHHON MPOJOHTUPYIOLIUM JIEHCTBU-
€M HOHOB MeTayl1oB. [lomydeHHble JaHHbBIE MOJI0KEHBI B OCHOBY CO3/IaHMSI YCTAaHOBOK Ui 00e33a-
pakuBaHMsI 1 KOHCEPBUPOBAHUS BOJIbI, HCIIONb3yEMbIX B CHCTEME BOJO-CHA0KEHHS aBTOHOMHBIX
00BEKTOB.
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I'1aBa 4. 0O30HUPOBAHUE KAK METO/] OBE33APAKUBAHUS IIMTHEBOM BOIBI

B nocneanue ropl Bce Ooblie UccienoBareeid pa3pabaThIBAalOT HOBBIE TEXHOJOTHYECKUE IMPO-
L[eCChl, 00eCIeUHBalOIIe MOTyuYeHHEe MUTHEBOW BOJbI, OTBEYAIONIEH HEOOXOIUMBIM CAaHUTAPHBIM
HopMaM. OJIHUM U3 METOJIOB, TO3BOJISIOIIMX MOBBICUTH CTEMEHb OYUCTKH BOJBI, SBISETCS O30HU-
poBaHue.

O30H BriepBbIe ObLT MPUMEHEH I Ae3MH(EKIIMHU BOJBI B KOHIE MPONUIOro Beka Bo dpan-
uun. B Poccun nepasi o3oHatopHast yctaHoBka Oblia mymieHa B 1911 r. B IlerepGypre. B CILA u
Kanaze ucnonb30BaHue 030Ha CTAJI0 UIPaTh 3aMETHYIO POJIb TOJIBKO B MOCIEIHUE TObI: KOJIUYe-
CTBO 030HATOPHBIX ycTaHOBOK ¢ 1977 no 1984 r. B CIIA yBenuumiock ¢ 5 g0 20, B Kanage - ¢ 23
1o 50 [132]. HauGombiee KOJIUYECTBO 030HATOPHBIX YCTAaHOBOK MocTpoeHo B LlIBeiinapuu - 24 Ha
1 muiH HaceneHus, B To Bpems kak B Poccuu Bcero 0,02 Ha 1 muin Hacenenust [133].

WHTepec K 030HUPOBAHHIO BOJIBI BO3POC MOCIIE OCO3HAHMS, YTO MPH €€ XJIOPUPOBAHUH 00pa-
3YIOTCS 3aMETHBIE KOJIMUECTBA XJIOPYTJIEBOIOPOIOB, BPEIAHBIX JJIS 3710POBBSI.

B HacTosiiee Bpems elie HET OKOHYATEIbHO YKOHOMHUYECKH M TEXHHYECKH O0OOCHOBAHHBIX
TEXHOJIOTUI UCIOJIb30BaHUS 030HA B MpOLIECCaX BOAOOYUCTKH, HO HCCIEIOBAHUS MOKa3ald, YTO
030H 00JaJaeT BBHICOKMM OaKTEpUIMIHBIM W BUPYJIULUAHBIM JEHCTBHEM, BBICOKOW CTENEHBIO
OKHCJICHUSI OPTaHMYECKUX BEIIECTB Pa3IUYHBIX KJIACCOB, 3()(EKTUBHO pearupyer ¢ KaHIEpOreH-
HBIMU BEILECTBAMHU, OBICTPO OKHCIISIET JKEJIe30 U MapraHell, MO3BOJSET CHU3UTH IIBETHOCTH BOJBI,
yJydlIaeT BKYC U 3arax BOJbl, CIIOCOOCTBYET MOBBILICHHIO B Hell kucnopona [ 134, 135].

O30H (03) - aimoTponHas MOIUPHUKALUS KUCIOPOaa, TPH HOPMAIBHBIX YCIOBUIX OecIBeT-
HBIU Ta3 ¢ PE3KUM 3amaxom, Temreparypa kunenus -128°C. B xHuIKOM U TBEPOM COCTOSHUHM 030H
OKpaIlleH B 4YepHO-(HOIETOBBIN I[BET, PACTBOPHI UMEIOT ClIadyro Toiry0yro okpacky. Bo mHorux o6-
JACTAX CHEKTpa OH UMEET MHTCHCUBHBIE MOJIOCHI MOTJIOIIEHHS, YTO MCIIOJIb3YEeTCsl B MCCIIeIOBAHU-
sx [136, 137].

O30 HectaOwieH U JIETKO pacmajgaercs, ocobeHHo npu HarpeBanuu (Epacm. =
104 x/Ix/mons), sgout (IIJJK = 0,1 mr/ M3) 1 B3pbIBOONaceH. OJIHAKO €ro BCerja MCIHOJIb3YIOT B
pa30aBIEHHBIX TA30BBIX CMECSX, a Ta30BbIe CMecH, cojiepxariue Menee 15% (00.) 030Ha, HE B3pHI-
BooracHsl [ 138].

Paz0aBiieHHbIe ra30Bble CMECH 030HA HECTAOMIIBHBI U COJIEPYKAHUE 030HA B HUX MOCTEMEHHO
yYMEHbIIIAaeTCs, elle ObICTpee OH pa3pyllaeTcs B BOJHBIX PacTBOpax, 4To, MO-BUAUMOMY, 00YCIIOB-
JICHO €ro peakIUsIMH C IPUMECSIMHU U HOHOM THJIPOKCHIIA, TaK KaK CKOPOCTh pachajia OueHb 4yBCT-
BUTEJIbHA K COIEp)KaHUI0 puMeceid u pH.

B npupoje 0301 06pazyercst U3 KUCIOpOJia IPH AIEKTPUUYECKUX pa3psaaax (MOJTHHUN) WU MO
neiicteuem Y @-panuanuu npu 242 M (ctpatocdepHbIii 030HOBBIH CI0H):

0:+0+M — O3+ M,

rae M - Tpetuit mapTHep, Harpumep, No.

KiTtoueBbIM MTPOMEKYTOYHBIM IMPOTYKTOM SIBJISCTCS aTOMApPHBIA KHCIOPOJHBIN pajiKal.
TeXHUYECKH KUCIIOPOAHBIN paJIMKal MOXKET OBITh TIOJIYYCH IIPH JJICKTPUICCKOM paspsijie B KHCIIO-
poJicoiepiKaIeM Ta3e, ¢ IMOMOIIBI0 YIBTPAPHUOIECTOBOrO OOMYICHHs BO3JyXa WM KHCIOpOJa U
TIPH DJIEKTPOJIN3€ BOJBI Ha BRICOKOBOJIBTHOM aHoe [139].

st mucconmanuu MoJiekynnsl O, HeoOxoauma sHeprus 6 u 8,4 sB. MakcumanwsHas >ddek-
TUBHOCTH TeHepanuu O3 MOKET OBITh JOCTUTHYTA, KOTJa Kaxaplii O-aToM HIET Ha o0pa3oBaHUE
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030Ha. PacdeTsl mokaszanau, 4To 3TO BO3MOXKHO TOJIBKO MIPH OYEHb CIa0bIX MHKpopaspsaax [140].
[Tpu CMITBHBIX MUKpPOpa3psAax MPOUCXOIHUT €IIe PSIJT PeaKIInii:

0O+0+M —0,+M
04+03 — 20,

0+0;) — 20,

O3 - BO3OYXKIEHHAs MOJEKylIa 030HA, KOTOpAst SBISIETCS TEPBOHAYATBHBIM TPOLYKTOM pe-
aKLHUu.

[Ipouecc nucconmanuu KUCIOpoaa O4eHb OBICTPBIM, IO CPaBHEHHUIO C MpoleccoM (GpopMHpo-
BaHHs 030HA. HambOonee BwIcOKast 3¢h(PEeKTHBHOCTh 0Opa3oBaHMsI 030HA JOCTHTAETCA MPU OYEHBb
HU3KUX TeMIIepaTypax.

[Ipu renepammu 030Ha U3 BO3/AyXa CUCTEMa CTAHOBUTCSA elie Oomee ciaoxxkHou. Ecnu npu pas-
pAlle B KUCTIOPOJIE B MPOIECCE YYACTBYIOT 16 pa3auyHbIX 4acTHIl, TO B BO31yXe - 30 peaKIMOHHBIX
gacTuIl (OCHOBHOE COCTOSTHHE, BO30Y)KIEHHOE COCTOsSIHME, 3apspkeHHbIe yacTuilbl) [141]. Kpome
030Ha o0pa3yroTcs paznudabie okcuabl a3oTa: NO, NO,, NOs, NoOs, N,O.

[Ipu s1eKTpoar3e BOAbI MPOUCXOAT CIIEIYIOIINE TPOLECCHI:

3H,0 —— O3 H = 248,96 kxan/monan

3/20; —— 03 H = 34 xkxkan/monp

O30H UMEET 0YeHBb BBICOKOE CPOJICTBO K 3JIeKTpoHy (1,9 3B), o0ycnoBnmBaroiiee ero CBOMCT-
Ba CHJIBHOTO OKHCITUTEIIS, YTO MCIIOJIB3YETCS ISl OYMCTKHA MTUTHEBOM BOJIBI OT BPEIHBIX TPUMECEH.

4.1. BzaumoeiicTBre 030HA C IPUMECSIMH BOJIbl, TOKCHYHOCTH BTOPHUYHBIX 3arpsi3HUTeJIei

O30H c1OCOOEH B MATKHUX YCJIOBUSAX PEarupoBaTh CO MHOTMMU OpPraHMYECKUMH, 3JIEMEHTOOPTaHH-
YECKUMHU U HEOPTraHWYECKHMH COEAMHEHHUAMH. TepMOIMHAMUYECKH 3TH PEAaKLUU MOTYT UATH J10
MIOJTHOTO OKUCJIEHUS, T.€. 0 00pa30BaHMs BOJBI, OKCHJA YIJepoJia M BBICIIMX OKCHIOB JPYrHX
3J1eMEHTOB. [IpensaTcTBUEM i MOJHOTO OKHUCIEHUS SBISIOTCS Malble CKOPOCTH peakLui Ha KO-
HEUYHBIX cTaausx [135].

CraHgapTHBIM OKHMCIUTEIBHO-BOCCTAHOBUTENBHBIM IMOTEHIMAI 030Ha B KHUCIOH Cpene -
2,07B, mpoaykTa B3auMOJEUCTBUS 030HA C BOJOW TUApOKcHiI-paaukana - 2,8 B [129, 139], uro
SBJIIETCS OCHOBHOM IPUUYMHOM aKTMBHOCTH 030HA IO OTHOLIEHHWIO K Pa3JIM4YHOIO pojia 3arpsizHe-
HUSIM BOJIbl, BKJIIOUasi MUKPOOPIa-HU3Mbl. XMMH3M MHOTHX M3 3TUX IMIPOLIECCOB U3y4YEH JOCTATOU-
HO moapo6Ho [129, 132, 135, 136, 142 - 151].

C HempenenbHBIMU COEIMHEHUSAMHU O030H pearupyer odeHb ObicTpo [135, 136]. KoncranTs
CKOpPOCTH B 3aBHCHMOCTH OT NPHUPOJIbI 3aMECTUTENEH Mpu ABOWHON CBS3HM KOJIEOIIOTCS B HHTEpBa-
ne 10° - 1¢° n-pMonL'l-c'l. Crexuometpust 1:1 0OBIYHO BBIMOIHAETCS XOPOIIO. MeXaHU3M peakIuu
JOCTaTOYHO CJIOKEH:
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[lepBoii cramueit peakuuu SBIsSETCS 0Opa30BaHHE HEYCTOMYMBOTO P-KOMIUIEKCA, KOTOPBIN
MOXXHO HaOIIOMaTh TPH HU3KUX TeMmrepatypax. OH OBICTpO meperpynnupoBbiBaeTcss B 1,2-
TPUOKCOJIaH, KOTOPBIM pacranaercs Ha aBa (pparMeHTa: OWMOJAPHBIA HOH (KapOOHWUIIOKCHI) U
kapOonun [152]; mamee OHHM pearwpyrOT APYr ¢ APYrOM, BOJOW WIIM HM30MEPU3YIOTCS, 00pa3ys
CJIOXKHBIN HAOOP KUCIOPOCOACPKAIINX COSTUHEHUH.

MexaHu3M peakluy 030Ha C apOMaTUYECKUMU YTIIEBOJIOPOJAaMH CXOXK C MEXaHM3MOM B3au-
MOZEHCTBUS C HENPEAEIbHBIMH COeTMHEHUAMH [153]:

+

/ . -

o Qo) -@to— i
~o C\=O

|03 “ou

OH '
|
@ + 02 [0O - CH - CH - O-]x

JlanbHeHIM TpeBpalieHusM MPOIYKThl PEaKIUU TOJBEPTaloTCs ropas3/io Jierde, 4YeM HcC-
XOIHBII OCH30I:

o 0o o 0 o o 0
|
[- 00-CH - CH-O-l, — HO-&-tH+HO-€-&-0H+HE-CH

CKOpoCTH peakuuil 030Ha ¢ apOMAaTHYECKUMHU COCIMHEHUSAMU 3aMETHO MEHBIIIE, YeM C allu-
(baTHYECKUMH, YTO CBSI3aHO C HEOOXOJIUMOCTBIO TOTIOJIHUTENILHBIX 3aTpaT SHEPTrUM Ha HapyLICHHE
apOMAaTUYHOCTH.

[IpousBonHbie OeH30ja, colepXKallue JAe3aKTUBHpYIOIMe Tpynmnbl Takue, kak -COOH, -
SGsH, - NO,, -Cl, pearupyloT ¢ 030HOM KpaifHe MeJUIEHHO, KaK U adu(aTndeckue CIHUpThI, KETO-
HBI, CJIO’KHBIE 3(PUPBI, YTIEBOIbI, MOUCBHHA.

O30HMpOBaHUE APOMATUYECKHX COETUHEHHUH MPOTEKaeT C paclIeIVICHHEM apOMaTHYeCKOTro
KOJIblIa ¥ 00pa3oBaHKUEM MPOU3BOIHBIX MYKOHOBOM KHUCJIOTHI, TpEeBpaIlleHueM BO (parMeHTHl ¢ 2 -
4 aromamu. Ilociennue OKHUCIAIOTCA 10 KapOOHMJIBHBIX M KapOOKCHJIBHBIX COEIMHEHMHA ¢ 1 —
3 aToMamH yriepoja.

Peaknun o3onHa ¢ CH-cBsI3 MU HACBIILIEHHBIX YTJIEBOJAOPOIOB IMPOTEKAIOT OTHOCHTEIHHO
MEJICHHO, MEXaHU3M UX SIBJISIETCSA AUCKYCCHOHHBIM. CTaOMIbHBIC IPOMEXKYTOUYHBIE IPOYKTHI IIPH
O30HUPOBAHHHU - CIIUPTHI, KETOHBI, KAPOOHOBBIE KUCIIOTHI, KOTOPHIE OKHUCISIOTCS C OOJbIIEH CKO-
POCTBIO, YEM HUCXOHBIE YIIIEBOAOPOAbl. PeakiimoHHas clloCOOHOCTh aTu(aTUIECKUX COEAUHEHHM
YBEIIMYMBAETCS C YUIMHEHUEM YIiIepoJHOU Lenu [154].

W3yueHne KOHCTAHT MPSAMBIX peakiuil 030Ha ¢ OPraHUYECKHUMHU 3arpsA3HUTEISIMU BOJABI IPU
pasnuuHbIX pH Mo3BOJSET cenaTh CaeIyIOUIHe BEIBOIBL:

1. HachllieHHbIe aJKuIrpymibl, MIPUCYTCTBYIONINE B aJIKaHaX (HalpuMep, reKcaH), He pearu-
PYIOT.

2. OneduHOBBIE cOoeMHEHMS (TaKKue, KaK OJIEMHOBAsi KMCIOTA UM CTHPOJ) PEarupyroT B Te-
YeHUE CEKYH], OJHAKO, €CIIM aTOM BOJI0po/a B a-mosoxkeHnu K C=C cBsI3U 3aMelleH aTOMOM XJIO-
pa, COeIMHEHUsI CTAHOBITCS MHEPTHBIMH. [109TOMY MepXIOpATUIICHBI HE MOTYT OBITh OKHCIICHBI C
MIOMOIIBIO IPSIMO peakIMi 030HUPOBAHUS 32 Pa3yMHOE BpeMs.

3. benson pearupyer B TeueHHE HECKOJIbKUX AHEH. B To e Bpems moiamapoMaTHUECKue yr-
JIEBOJIOPO/IbI, ABISIONIMECS KaHIIEPOTeHAMH, - B TEUCHHE CEKYHI.

4. DEHOIBI OKUCTISIOTCS 3a ceKyH bl DeHomsT-noH pearupyer B 10° Goicpee.

5. IIpoaykTaMu OKHCIICHUS TPU PACIIEIUIEHUH CHUCTEMbl apOMATHUECKUX KOJEL SBISIOTCS
TJIMOKcajaT-, MaJleMHaT-, aleTar- 1 GopMuar-uoHbl. 13 HUX TONBKO (OpMHUAT-UOHBI JIETKO BCTY-
MAKOT B MOCJIEAYIOIINE PEAKLIUH, OCTAJIbHBIE AKKYMYIHPYIOTCS B BOJE U TPeOYyIOT APYruX cocoOoB
OKHCIICHHS.
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6. [Ipsimble peakiy 030HUPOBAHUS BHICOKOCEIEKTUBHBI, OHU HE IPUMEHUMBI JIJIsl OKHCICHUS
aJIKaHoOB, O€H30J1a, XJIOPUPOBAHHBIX OPraHUYECKUX COEIMHEHUH, OJTHAKO UMEIOT OOJbIIOe 3Haye-
HUE JUIA pa3fioKEeHUs TaKMX BHICOKOTOKCUYHBIX MPUMECEH, KaK MOTUIHUKINYECKUE apOMaTHYECKUe
yTIeBOA0PO b, (PEHOIBHBIC COSTMHEHUS, CBOOOIHBIC (HE TPOTOHUPOBAHHBIE) AMHUHBI, CYIb(OHIBI.

7. IIpoyKThl peaklMK - pa3IuYHbIE albAETH/Ibl, KETOHBI, KHCIOTHI U Jaxe noiaumepsl. Kune-
THKa peaklHH XOpOIIO H3ydyeHa, HO OKOHYATEIbHbIE MPOIYKTHI, 00pa3ylolluecs U3 pa3IndHbIX
cyOCTpaTOB, H3BECTHBI TTOKA MPUOIM3UTENRHO [154].

B Boje yacTo mpuCyTCTBYIOT IPUMECH aMMHaKa, aMUHOCOCIMHEHUM, cojield aMMoHusA. O30H
JIETKO M OBICTPO B3aWMOJEWUCTBYET C ATUMH COEIMHEHUSIMU ¢ 00pa30BaHHEM T'MIPOKCHIIAMUHOB,
HUTPOCOCIMHEHUI, HUTPOHOB, HUTPOKCHIIBHBIX panukaios [135].

N3yuenue peaknuii 030Ha B BOJie UMeeT OoJbiioe 3HadueHue. B o63ope [154] npusenena o06-
asi cxema MpoIeccoB, IPOUCXOISAIMIUX pU 00paboTKe BOIBI 030HOM:

03 Mmun ( + H202)
+Br +0s3
HO? BrO BrO3
+M
+M M oxcun
. METEHHO
MEINIEHHO M oxem (+ H202)
HO' (H' + 0O)
+M
.t ROO '~ | M M
ObicTpO R 6bECTPO 6picTpo oxen

3TO MpsIMble PEaKIMU C PAaCTBOPEHHBIMU COeMHEHUAMU (M), UX pa3iiokeHue 10 BTOPUUYHBIX
OKHCITHTENCH, TAKHX KaK BhICOKopeakTuBHbie pamukamst OH u HO, ; 06pasoBamie JOIOTHHTEb-
HBIX BTOPUYHBIX OKUCIHUTENECH U3 030HA, pEarupyrolux ¢ ApyruMH IPUMECIMH, HallpuMep, o0pa-
3oBanre HOBr, xoraa 030H okuciasieT OpOMHI-MOHBI, MOCIEI0BATEIbHbIE PEaKIIUN 3TUX BTOPHY-
HBIX OKHCJIMUTENEH C PACTBOPEHHBIMU 3arpsI3HUTENSIMU BOJbI. BOJBIIYIO pOJIb UIPAIOT PEAKLMH C
y4acCTHEM IPOMEXKYTOUYHBIX COEIMHEHUN TaKMX, KaK MEPOKCU BOAOPOJIA, YPE3BbIUAITHO aKTUBHOM
YacTUIIbl THUAPOKCHUII-paauKkaia. OOBIYHO paJMKalbHBIE PEaKIUH XapaKTepU3YIOTCS BBICOKUMH
CKOPOCTSIMH, HO U JUIsl OPTaHMYECKUX BELIECTB, MEIJIEHHO PEArupyroLIuX C O30HOM, XapaKTepeH
paiuKaIbHBIA MEXaHU3M.

['maBHYIO0 posib B 3THX MpoIleccax WUrpaeT THUAPOKCUII-pajuKal - Ype3BbIYAMHO CHUIIBHBIN
OKHCJIUTENb, OKUCIISIIOIINN OpraHN4eCKHe COEIMHEHNUS ITyTEM OTPbIBA aTOMa BOAOPOJIA!

HRH + HO" —— HR’ + H,0.

B pesynbrare oOpasyroTcs oOpraHMyecKue pafuKaibl, WHULUUPYIOUIUNE LEMHBbIE pPEeaKIUH
okucnenus [ 129]. IIpoayKTsl 3TUX peakIuii MaJOU3yUeHBI.

KoncTaHnTsl ckopocTel peakiuil 25 TOTEHIHAIBHBIX 3arpS3HUTENCH MPUPOIHBIX BOJ HCCIIe-
noBaHBI B padoTe [155]. BzaumopaeicTBre 030Ha C THPOKCHII-PATUKAIIOM XOPOIIIO H3YYCHO:

03 + HO — 05 + HO'
05 + H' — HO3
l.'l03 —— HO +‘02

HO. + 03 b HOz + 02

HO + OH — H;0 + O

0O +0;3 — 0 + 0,

9TOT Imponecc urpact HETraTUBHYIO POJIb, TaAK KaK BEACT K HGHPOHYKTHBHOﬁ OoTCPEC O30HA.
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Bosnbmioe 3HaYeHne UMeEET U3ydeHNE MEXaHW3Ma OKHUCIICHUsT (PeHOoIa, OTHOTO U3 TIPUOPUTET-
HBIX 3arps3HuTesnei Boabl [156]:

=
=
C
o
o
=
= R
T

| OR- OH

R R
~ CHO COOH
+ H0; + H,03
.~ COOH X COOH
R = H, OH

06pa3013aBm1/Iec;1 BTOPHUYHBIC 3arpsA3HUTCIIN - HCTIPCACIbHBIC aJIbACTUABI U KUCIIOTHI TpHUaa-
OT BOAC HerHHTHLIﬁ 3alrax, IIorjaomaroT paCTBOPGHHLIﬁ KHCJIIOPO. O30H BSaHMOHCﬁCTByeT nc
O9TUMH COCIUHCHUAMU, IMPEBpAIlas aJibACTUABI B KUCJIOThBI, 4 KUCJIOTbI OKUCIIAIOTCA NaJICC BIIJIOTH
A0 IMOJIHOT'O pa3spyHICHUA CKEJICTA:

CHO-CHO — CHO-COOH — HOOC-COOH
HCOOH —— CO; + H0.

[Tono6HbIe peaky MPOTEKAIOT MPU OKUCICHUU T'YMUHOBBIX U (DYJIBBOKHCIIOT, 3arps3HsIO-
LIUX MPUPOIHBIE BOJIBI.

Cepyconeprxaiue npuMecu (CHUHTETHYECKHE MOIOUINE CPEICTBA, CEPO-BOJIOPOA, IHMOKCH]L
Cepbl, POAAHU]IBI) B BOJE COCTABJISIOT 3HAUUTEIBHYIO JIOJIO B CHEKTPE 3arps3HSIOLIMX BEIIECTB.
Bce atu coenrHeHUST OKUCISIOTCS 030HOM. Hanbosee akTHBHO B3aMMOJICUCTBYIOT C 030HOM T€, Y
KOTOpBIX B MoOJieKyJie umeercs aBoiHas cBsi3b C=S. OmHako 3T MpOLECCHl €lle HEeJO0CTaTOYHO
n3ydensr [135].

Hapsiny ¢ okucieHueM opraHMyecKkUx MpUMeced Mpu O030HUPOBAHUU BOJABI MPOUCXOIUT
OKHCJICHHE MOHOB METAJJIOB HU3KUX CTENEHEH OKUCIIEHNUs, HaXOSAIMIUXCS B CBOOOTHOM COCTOSIHUU
WM CBSA3aHHBIX B KOMILIEKCHI, IPU 3TOM 00pa3yIOTCsl HEPACTBOPUMBIE COEIMHEHMS, BHIMAIAI0LTHE
B OCAaJIOK.

Oxkucienne mpumeceil mpu o0pabOTKe BOABI 030HOM HE HMCUEPIBIBACT BCETO CIIEKTpa €ro
nevictBusl. [lomaBmsist poct 6akTepuii, BHPYCOB, BOAOPOCIICH U IPYTrUX THAPOOMOHTOB, O30H JCHCT-
BYET Kak JIe3MH(EKTaHT.

[Ipumecu, HaxonsIMecs: B BOJIe B JTUHAMUYECKOM PaBHOBECHH, 00pa3yOT AMYJIbCHH, KOTO-
pBI€ CTaOMIIN3UPYIOTCSI TOBEPXHOCTHO-aKTUBHBIMU BEIIECTBAMH, MTONAIAI0IMMU B BoLy. O30H Kak
(JIOKYISIHT HapyIIaeT 3TU PaBHOBECHS, CIIOCOOCTBYET PACCIOCHHUIO SMYJIbCUN U BBINAJACHUIO MPH-
Meceld B 0CaIOK.

HecmoTps Ha GobIoi ombIT MpUMEHEHUs 030HA B EBporie u pactyiieMy UHTEpecy K HeMy
KaK ajJbTEepPHATUBHOMY OKUCIHUTENIO U Je3UH(EKTAHTY, CYIIECTBYET €llleé MHOXKECTBO HEPEIICHHbBIX
BOIIPOCOB, BO3HHMKAIOUINX MPHU BHEIPEHUH O30HUPOBAHUS ISl MOATOTOBKU MUTHEBOM Boabl. Hau-
OoJiee cepbe3Has mpobiemMa - 3T0 00pa3oBaHUE TMOOOYHBIX MPOIAYKTOB O30HHPOBAHHUS U UX BO3-
MO>KHOE BO3/ICCTBHE Ha 37J0POBhE UEIOBEKA.

[Ipu o30HMpOBaHMU BOJBI 00paszyercs psl KapOOHWIbHBIX COEAMHEHMH, COolepKaHue KOTO-
peix B Bojme Hopmupyetcs: dopmanpaerun (ITIK 0,05 mr/m), 6enzanpaerua (ITJK 0,003 mr/m),
aneranpaerun (ITJAK 0,2 mr/m) [157].
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Tokcukonornyeckue uccieaoBanusi 6€30MacHOCTH 030HUPOBAHUS BOJIbI HAUYaIM MHTEHCUBHO
pa3BuBaThCs TOJIBKO B 80-€ IT. IT0 00BSACHSAETCS TPYAHOCTAMHU B pa3paboTKe METOAOJIOTHH TaKUX
HCCIIEIOBaHMM, TaK KaKk HEOOXOAMMO OLEHUTh TOKCUYHOCTh OYEHb OOJIBIIOr0 KOJUYECTBA OpPraHu-
YEeCKUX MPHUMECEH, YUCIO KOTOPHIX MEPEBAINIIO YXKE 3a HECKOJIBKO ThICAY, YYECTh B3aUMHOE UX
BIIUSTHUE B PA3JIMYHBIX COUETAHUSAX, BIUSIHUE CPEIbl U MHOKECTBO JIPYTUX (aKTOPOB.

CymiecTByeT /Ba MOAX0/a K UCCIEJOBAHUIO TOKCUYHOCTHU MUTHEBOM BOJbI, MOJYyYEHHOU B
pe3ynbTaTe pa3IMYHBIX METOJ0B 00paboTku. OAMH MOAXO0M 3aKJII0YaeTCsl B 0OHAPYKCHHUH, HICH-
TU(UKAIMY U U3y4EeHUH MOOOYHBIX MPOAYKTOB B OMOJIOTHYECKUX TecTaX. BTopoil - B ucnbITaHUN
po0 BOJIBI CO BCEM KOMITJIEKCOM MPUMECEH 10 U mociie 00padoTku. Oba myTH UMEIOT CBOU JIOCTO-
MHCTBA U HEJIOCTATKH.

B nepBom monxoje uccienoBaTenu CTAIKUBAIOTCS C TPYAHOCTSMU IPH BBIIEICHUU 1OO0Y-
HBIX MPOJYKTOB 00paOOTKU BOABL. BO BTOPOM - TPYAHOCTH B TOM, YTO PE3YIbTAThl IPUMEHUMBI
TOJIBKO K KOHKPETHBIM HCCJIEeyeMbIM 00pasliaM BOJbI, TaK KaK COCTaB MOOOYHBIX MPOIYKTOB
OKHCJIEHHUS 3aBHCHUT OT MEepPBOHAYAJIBLHOTO cocTaBa mpumecel, pH cpenbl, KOHLIEHTpAaLUU OKUCITH-
TeJs U BpeMeHU KoHTakTa [129].

Tem He MeHee B TOKCHKOJOTHYECKHX HCCIIEAOBAHUAX BBISBISETCS MyTareHHas U KaHIIEpO-
TeHHas aKTUBHOCTH MpuMecel Boabl. B padote [158] nana oreHka moTeHnnana TeHOTOKCHYHOCTH
MIPOJYKTOB O30HUPOBAHMS B MUTHEBOM BojJe. M3ydyeHbl Takue MpOayKThl O30HUPOBAaHUS, KaK (op-
MaJbJAETU, aleTalbJIeTul, NponuoHanbaerua, ¢ypdypos, riMoKcaib, aKpoJeuH, OeH3aIbIETH],
MOHOH, aneTo(eHoH, aHTPaXxUHOH, THIPOXUHOH, IIaBesieBas KUciaoTa. [ eHOTOKCMYHOCTh 0OHapy-
xKeHa y hopmanbaeruaa, ramokcans, Gpypdypona, akpoiaenHa, noHoHa [ 159].

TokcuuHocTh 00paOOTaHHON BOABI BBISBISIOT PA3IMYHBIMH TECTaAMU C HCIIOJIb30BaHHEM
OakTepuit, JJaOOPaTOPHBIX KUBOTHBIX, MOJICKYISIPHO-CTPYKTYPHBIMH HcciieqoBanusMu [ 160 - 162].

AHanu3 pe3yiabTaToB TOKCUKOJIOTHYECKHX HCCIIEIOBAaHUI MO3BOJISET 3aKIIOUUTh, YTO 0Opa-
00TKa 030HOM MOXKET YCTPAaHATh MYTareHHYI0 aKTUBHOCTb MCXOAHOW BOJbI, HE BIUATH Ha 3TO
CBOMCTBO, HECKOJIbKO MOBBIIIATh aKTUBHOCTh, HO OHA OCTAeTCs HIDKE, YeM IpPHU XJIOPUPOBAHHUU
3THX ke 00pa31oB. UTo kacaeTcs TOKCUMYHOCTH TaKUX BO3MOKHBIX MPOJYKTOB O30HHUPOBAHUS Kak
MEPOKCUJIOB, SMIOKCUIOB M HEHACHIIIEHHBIX albJIETHIOB, TO UX IPHUCYTCTBHE B BOJE HE JI0KA3aHO,
TaK Kak 3TH COEIMHEHMsI II0JIBEPKEHbI OMOIerpaallii U OBICTPO pa3jararoTcs Npu MPOX0XKIASHUN
4yepe3 pacupeeuTeNbHyo ceTh [129].

Hapsiny ¢ TOKCHKOJIIOTHYECKUMU, MPOBOASTCS TUTHEHUYECKHE HCCleOBaHUs 0e30MacHOCTH
IKcIuTyaTaruu 030HaTopoB [163]. IIpu 3TOM HEOOXOAMMO YUUTHIBATH MPOU3BOAUTEIBHOCTD YCTa-
HOBKH T10 030HY, cTeneHb npeBbimenns [1JIK o30Ha m okcuioB a30Ta B BO3ayxe paboueil 30HBI,
MUTpAIMIO BEIIECTB B BO3yX M3 MaTepuaja Kopllyca 030HaTopa, HeOiaronpusTHele (Gpusndeckue
(hakTOpBI: IIIyM, BUOPALIHIO, U3ITyUYEHHUS U JIP.

4.2. O30HMpOBaHUE B TEXHOJOTMH BOJAONOATOTOBKH

B cBs3u ¢ Bo3pacTaroumMu NOTPeOHOCTSIMHE B YUCTOM MUTHEBOW BOJE MPOIECC 030HUPOBAHUS 3a-
HUMaeT Bce 0OoJIbIlIee MECTO B TEXHOJOTHUECKUX CXEMaxX BOAONOATOTOBKH.

O30HUpOBaHKE BOABI IPUMEHSIOT KAaK alIbTEPHATUBHBIA METOJ €€ OYMCTKH B3aMEH TPAIULIM-
OHHOI'O XJIOPUPOBAHUS, B COUETAHUU C XJIOPOM, NIEPEKUCHIO BOJOPOAA U IPYITMMH OKUCIUTEISIMH,
BMecTe ¢ Y D-00myueHuem, oOpaboTKol yabTpa3ByKoM, (GuiIbTpalMen ¢ MCIOJIb30BAHUEM IECKa,
aKTUBUPOBAHHOTO YIJIsI, HOHOOOMEHHBIX CMOJL.

Haubosnee TpauIIMOHHBIM SIBISICTCSA MCIOJIb30BAHUE 030HA B KOHIIE TEXHOJOTHUECKOM cXe-
MblL. [l s dexTrBHOTO 00€33apakMBaHUs IPU STOM HEOOXOIUMO CO3JaTh KOHIIEHTPALUIO 030Ha
0,4 - 1 mr/n u nogaep>xuBath ee B TedeHue 4 MuH. C oTKpeITHEM (UIOKYIHpYIomIero 3¢ dexra 030H
CTaJI UCIOJIb30BaTh Ul MpeABAPUTEIHLHON 0O0pabOTKH BOJBI C IENIBIO MEepeBOJa PACTBOPEHHBIX
BEIIECTB B KOJUIOMIHYIO (DOPMY C MOCIIEAYIOIIUM OCaXICHHEM Ha (pUiIbTpax.

MHoro(yHKIIMOHABHOCTh 030HAa MCIIOJB3YEeTCS Ha BOAOMPOBOJHBIX CTAHIMAX, TJIaBHBIM
obpasom B 'epmanun 1 @paHimu, T1e IPUMEHSIOT ABYX- WM TPEXCTAIUIHHYIO 00pabOTKY 030HOM.
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biok-cxema Takoro mporiecca [139, 164] BBITISAIUT TPUMEPHO TaK:
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[IpenBapuTebHOE O30HUPOBAHHE MPEANOYTUTENbHEE, YeM XJIOPUPOBAaHUE, TaK KaK O30H
CIIyXKHUT KaK OCaXKJAI0Iee CPEICTBO M (IIOKYJSHT, OH OCAXIACT TsDKEJble METaJIbl U pa3jaraer
3HAYUTEIbHYIO YaCTh OPraHHMUYECKUX MPHUMEceH, U MO3BOJISET U30exaTh 00pa3oBaHUsl TOKCHUHBIX
XJTOpyr1eBoa0pooB. THIHYHAS KOHIIEHTPAIS 030HA Ha 3TOH CTagni 06paboTky Bomsl 0,4 T/ M° 1
skcno3unus 5 mMuH. [locnenyromas agcopOuus Ha aKTUBUPOBAHHOM YIJIE XOPOLIO yJalisieT OKHC-
JICHHYIO OpraHuKy. [y 3aKI0YUTeNbHON Ne3nH(pEKIIUN BOABI IOCTaTOYHO HCIIOJIb30BaTh HU3KUE
10361 030Ha MeHee 0,1 Mr/i, Tak Kak 030H Ype3BBIYAHO CHIBHOE JIe3UH(UIINPYIOLIEe CPEICTBO.

IIpoMbInLIEHHBbIE YCTAHOBKHM 030HMPOBAHHUS BOJbI OOBIYHO COCTOAT U3 TE€HEPATOPOB 030-
Ha U y3JI0B CMEIIEHUS! 030HOBO3IYIHOM cMecH ¢ 00pabaThiBaeMoii BO/IOHA.

B kauecTBe reHepaTopoB 030HA MCIONB3YIOTCS YCTPOMCTBAa ¢ OapbepHBIM 3IIEKTPHUUECKUM
paspsAoM U 3JIEKTPOIUTHUECKHE 030HATOPHI [139, 164, 165].

[IpombIIIICHHBIE 030HATOPBI BHITYCKAIOT PA3IUYHBIX THUIIOB: HEOOIBIIONH MPOU3BOAUTEIBHO -
cti - 40 - 500 r/9 17151 MaJIBIX BOJOOYUCTUTENBHBIX YCTAHOBOK, 00Jiee BBICOKOW MPOU3BOIUTENHLHO-
ct oT 1 1o 30 xr 030Ha B yac. PaGoTaroT 3TH 030HAaTOPHI Ha MpOMBIILIeHHOH yacTore 50 I'l 1 Ha
NOBBIIEHHBIX YacToTax - 650 - 4000 I'u [166]. Takoe pa3zHooOpa3ue 0OyCIOBIUBAET KOHCTPYK-
TUBHBIC pPa3INuus B TabdapuTax, SKCIUTyaTallMOHHBIX M TEXHUKO-’KOHOMHYECKHX I10Ka3aTellsX.
O3onHaTopHOE 000pYyJIOBaHUE OTIMYAETCS BBHICOKOM 3HEPrO€MKOCThIO, KPOME TOTO Y3KHMM MECTOM
mpoliecca sIBIIsieTCs anmaparypHoe oopMIIEHHE y3Jla CMEIICHUsI 030Ha C BOJON M3-3a OOJIbIION
pa3HUIIBI B YACTBHBIX MaccaX U BHICOKOTO MOBEPXHOCTHOT'O HATSDKEHUS BOJBL. B cBsA3M ¢ 3TUM, He-
00X0AMMBI HOBBIE 00Jiee SKOHOMUYHBIE U 3((EKTUBHBIC MHKEHEPHBIEC PEIICHUs, TOMBITKA TaKUX
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pelIeHni TpeANpPUHUMAIOTCS aBTOpaMH OOJIBIIOr0 KOJIMYECTBa MyOIMKalui, KOTOpbIe MOSBUIHCH
B rocieanee Bpems [167 - 194].

ABTOpBI yKa3aHHBIX pa0OT MpeaaraiT pa3iudHble KOHCTPYKIIMH T€HEPaTOpOB 030HA, CHH-
TE3UPYIOIIUX €ro U3 KUCIOPOoJa U BO3AyXa.

B xauecTtBe MaTepuanoB i AUAICKTPUUECKUX OaphepoB B FeHepaTopax 030HA IMpesiararT
MCIOJIb30BaTh KBapIl, CTEKJIO, CTEKII0IMAJIH, METAJIbI C YMAJIEBBIM MOKPHITHEM.

O060CHOBBIBAIOTCS MTPEUMYIIIECTBA BHICOKOYACTOTHBIX T'€HEPATOPOB HaJ HU3KOYACTOTHBIMHU:
HCIOJIb30BaHNE BBICOKOYACTOTHBIX T'€HEPATOPOB MO3BOJISIET YMEHBIIUTh UX Ta0apUThl, COOTBETCT-
BEHHO CHM3HUTh PacXoj METaJla U YMEHBIIUTH TpeOyeMble MPOU3BOICTBEHHBIE Mtomaan [ 194].

B OonbiimHCTBE MpeiaraéMbiX KOHCTPYKLIUN FeHepaTOpOB 030Ha Pa3psIHbIE JIEMEHTHI BbI-
MOJTHEHBI B BHJIC IIJIMHIPUYCCKUX KOAKCHAIBHO PACIOJIONKEHHBIX 3JeKTpoaoB [186, 189, 190].
KoHcTpyKinu pa3auyHbIX T03UPYIOLIUX YCTPONCTB Uil TIOJJa4d O30HA B BOJY OMMCAHbI B paboTax
[174, 176, 187, 188, 190, 191]. D dekTHBHOCTH OUYNCTKH BOJBI 030HOM YBEIWYMBACTCS, KOTJa B
TEXHOJIOTUYECKYIO CXEMY BKJIFOUEHBI pa3iInuHble QUIBTPBI, OCOOEHHO XOPOIIO ce0sl 3apeKOMEHI0-
BaJIi (GUIBTPHI C TPAHYTMPOBAHHBIM aKTHBUPOBaHHBIM yriieM [ 133, 169, 175, 177 - 179].

MupoBoii ONBIT 030HUPOBAHUS B TEXHOJOTHUYECKMX CXeMaX BOJOMOATOTOBKH M HCCIE0Ba-
HUS [T0Ka3aly, 4YTO 030H 00J1a/1aeT BEICOKUM OaKTEPUIIUAHBIM JEHCTBHEM, ITyOOKO OKUCISIET MHO-
rue OpraHndyeckue BeIllecTBa, B TOM YHUCIE, MEeCTUIHIbI, (eHObI, MOJUIUKINYECKHEe apoMaTHye-
CKHE YTJI€BOJIOPObI, OBICTPO OKUCISET KEJIEe30 U MapraHel], CHUKAET I[BETHOCTh BOJIbI, YIydllIaeT
BKYC U 3armax.

Cragus 030HUPOBAaHUS MOXKET OBITh JIETKO BKJIIOYEHA B CYIIECTBYIOIIME TEXHOJIOTHUECKHE
CXEMBbI BOJIONOJTOTOBKH, HE TPEOYET TOPOTrOCTOSIIEr0 XUMHUUECKOTO ChIPhsl U SIBISETCS SKOJIOTHU-
YECKH YUCTOM.

MHOro)yHKITMOHAIBHOCTD 030HA (J1e3MH(EKTaHT, OKUCIUTEIb U Ipyrue GyHKIIUN) UCTIOJIb-
3yeTCsl Ha PsAJie BOJIOMPOBOIHBIX CTAHIIMHI, TIIaBHBIM 00pa3oM Bo Opanruu u ['epmanuu [129, 195,
196]. Bmecte ¢ TeM, O30HMPOBAHUE HE JIMIIEHO HEJOCTATKOB. [ JTABHBIM M3 HUX SBISICTCS HECTa-
OMIBHOCTH 030HA B BOJoMpoBOoAHOM ceTH, ipu pH 7,6 n 20°C oH pa3znaraercs MeHee, 4eM 3a 1 gac
[197]. [TosToMy 00BIYHO TpeOyeTCsl MOTOJHUTEIbHAS Ae3WH(EKITUS BOIBI, TaK KaK B BOJIE HaYHWHAa-
€TCsl HOBTOPHBIN POCT MUKPOOPTaHW3MOB. JlononHurtenbHas Ae3uHPEKINs OCYIIeCTBIIAETCs 00bIY-
HO xJopupoBaHueM. TonbKo nMpu HEOOIBIION NMPOTSHKEHHOCTH BOJOIIPOBOIHOM CETU U IPU HUZKUX
TeMIIepaTypax MOKHO 0OOUTHUCH 0€3 TOMOTHUTEIBHOU e3UH(EKITHH.

O30HaTOpHOE O0OPYIOBAHUE SIBISETCS UPE3BBIYANHO IHEPrOEMKHM, a 3TO CO3/JaeT Mpoodiie-
MBI JIJIsl IOBCEMECTHOTO BHEIPEHUSI 030HUPOBaHUs Ha Tepputopun Poccun.

[Ipu pa3zpaboTke ONTUMANBHBIX TEXHOJIOTHYECKHUX MPOLIECCOB C UCIIOIb30BAHUEM PA3IUUHbIX
METOJI0OB BOJIOIIOJrOTOBKH HEOOXOJIMMO YUYHUTHIBATh KOHKPETHBIN COCTaB MpHUMeEcel B MPUPOAHBIX
BOJAaX JAHHON MECTHOCTH, SHEProo0eCeueHHOCTh U LEJbIH psl ApYrux (HakTopoB.
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TJIABA 5. P TOPUPOBAHUE NIUTHEBOM BO/IbI

Jnis Hamiel ctpanbl (GTOpUPOBAHKE MUTHEBOM BOJBI - aKTyallbHas po0iieMa, Tak KaK KOHIIEHTpa-
1us GTOpa B UCIOJIB3YEMBIX JJISI TUThS BOJHBIX UCTOYHHKAX, KaK MPABUIIO, HIKE MPEIEITbHO J0-
mycTUMOM. Boga OTKpBITEIX BOJOEMOB (PEK, pydubeB, KItoueH, o3ep) comaepkuT meHee 0,5 mr/m
¢dropa. JIumb B 1Byx KpynHbIX peruoHax ([TommockoBHOM - TBepckas, MockoBckas u Ps3anckas
obmactu u YpansckoMm - CBepiiioBckas u UensOuHCcKas 001acTi) Moa3eMHBIC BOJIBI COJIEPKAT T0-
BBIIIIEHHOE KOM4eCcTBO Topa - 10 4,4 mr/n [198].

OTU NaHHBIE CIIOCOOCTBOBAIH Pa3padOTKE U MOCUIHLHOMY BHEAPEHUIO IPOrpaMMbl (hTOpU3a-
uu B Poccun (1 B ctpanax CHI'). OmHako OTCYTCTBHE COBPEMEHHOTO TEXHOJIOTUYECKOTO 000pYy-
JIOBaHUSI HE TO3BOJIMIIO OXBATUTh K HACTOSIIEMY BPEMEHH BCE HACENIEHUE CTPaHbl (TOPUPOBAHHOM
nuTbeBoi Bogon. Ceiuac onpaBIaHHOCTh 3TOM MPOrpPaMMbl CHIELUATUCTAM MPEJICTABISETCS CIIOP-
Hoit. Ilouemy? Beab, ¢ 0AHOW CTOPOHBI, OMpPEACIICHHbIE CTAaTUCTUYECKUE JAaHHBIC, a TakKe BO3-
MOKHOCTH C MOMOIIBI0 (PTOPUPOBAHHON BOJBI YMEHBIIUTH 3a00JIeBA€MOCTh HACETIECHUSI KapruecoM
3y0OB CBUICTEIHCTBYIOT O HEOOXOAMMOCTH IIMPOKOTO BHEIAPEHUS W PACIPOCTPAHEHHS JAHHOTO
Meponpustus. Ho, ¢ Apyroil cTopoHbl, Kak MOKa3bIBAIOT UCCIEAOBAHUS, C YUYETOM JAPYTUX UCTOU-
HUKOB (DTOp, MOCTYHAIOMIMA B OPTaHU3M C MUTHEBOH BOJIOM, MOXKET OKa3aThCS M30BITOYHBIM U
CTaTh MPUYMHON cephe3HbIX 3abomeBanmii. KpoMe Toro propupoBaHre TUTHEBOM BOJBI OKA3bIBACT
HEraTUBHOE IKOJIOTUYECKOE BO3JIEHCTBUE HA OOBEKTHI OKpYKaIoIIel cpeapl, 100 OCHOBHOE KOJH-
YeCTBO BHECEHHBIX B MPOIECCE BOAOMOATOTOBKH (PTOpCOAEpKAMIMX PEareHTOB CO CTOKaMH IOMa-
JTAeT B MIPUPOIHBIE BOJIOEMBI, a TAHHBIX MO JTOJITOBPEMEHHOMY JE€HCTBUIO MOBBIIICHHBIX KOJTUYECTB
¢dTopa Ha Quiopy U payHy ITOKa HEZOCTATOUHO.

5.1. @1op B npupoae

®@top Oymaydn JOBOJIBHO PAaCHpPOCTPAHEHHBIM AJIEMEHTOM (COoAep)KaHUE ero B 3eMHOW KOpe COCTaB-
nsiet 6,5-107 Bec. % [199]), B cCBOGOIHOM COCTOSIHHH B NPUPOJIC TPAKTHUECKU HE OOHAPYKUBACT-
cs. Obnanas HauOOJbIIEH K3 BCEX JIEMEHTOB 3JIEKTPOOTPUIATEIBLHOCTHIO U PEAKIIMOHHON CIIO-
COOHOCTBIO, OH JIETKO COEAMHSAETCS MPH OOBIYHOM WM MOBBIIICHHOW TeMIepaType NOYTH CO BCEMHU
3JIEMEHTaMHU.

B npupozae ¢pTop 00bIYHO HAXOIUTCS B BUJIE€ COSAUHEHHM, TJIaBHBIM 00pa3oM C KallbI[MeM U
amoMuHueM. Hanbomnee mMpoko pacnpoCTpaHEHHBIM U OCHOBHBIM MPOMBIIIICHHBIM HUCTOYHHKOM
¢dTopa sBnseTcs miuaBUKoOBbIM mmar - ¢mooput CaF, (comepkanue ¢ropa 48,7%). Kpynusie me-
CTOpOoXXJeHHs ero HaxonsaTcs B Poccun (3abaiikanbe, Henenkuil aBTOHOMHBIN OKpyT u 1p.), Taz-
xukucrane, Kazaxcrane, CILIA, Mekcuke u apyrux crpanax. Jlpyrue npupoaHsie MUHEpaJbl: OT-
HocuTenbHO penkuit kpuoiut 3NaF-AlF3 (comepkanme ¢Topa 545 1/kT) M pTOpanatut
[CaR-3Ca&(PQy);] - kommoHeHT pynHBIX (ocdaroB (comepkanue ¢ropa 38 r/kr), HE SBISIOTCS
BaXXHBIM NPOMBIIUIEHHBIM UCTOYHUKOM (Topa. Ho, Tak Kak 3TH MUHEpabl - ChIphe IS aTlOMH-
HUEBOU MPOMBIIIICHHOCTH, TPOU3BOACTBA (HOCPOPHOIT KUCIOTHI U YAOOPEHH, OHH B TO ke BpeMs
- HICTOYHHUKH (PTOPUIOB, 3arpsI3HAIOMINX 00BEKTHI OKpYyKatomien cpeasl [65, 199 - 201].

Coaep:xanue GTopuI0B B MUHEpAIbHBIX MouBax coctasiseT 0,2 - 0,3 /KT, B OpraHu4ecKux
- HIDKE, a B I0YBax, 00pa30BaBIIMXCS U3 PTOpCOEpKAIUX MHUHEPATIOB, MOXKET JOCTHraTh 38 I/KT
[200]. C yueToM BHECEHHBIX B MOYBHI (pTOopcoaepkamx pochopHbIX yI0OpeHUH, ECTUIUIOB, a
TaKXe BCIIEICTBUE OCAXKICHUS COJIEpKAIIUXCsS B aTMOC(EepHOM BO3ayXe (HTOPCOAePKALINX YACTHUI]
Ha 3E€MJIIO JIOTIOJIHUTENBHO B BEpXHHE CJIOM 1mouBbl BHOCUTCS OT 0,005 mo 0,028 r/kr ¢ropa B rox.
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[Ipu sTOM ciemyer OTMETUTh, YTO MOYBBI MPOYHO (PUKCHPYIOT (PTOP, MOITOMY BhINIEIAUUBAHNE
€ro, KaK U MOTJIOUICHHE CEIbCKOX03I1CTBEHHBIMU KYIbTYPAMU MTPOUCXOUT OYEHb MEIJICHHO.

B npupoansix Boaax Hanuuue ¢Topa 0OYCIOBIEHO JIETKOH pacTBOPUMOCTBbIO HEKOTOPBIX
¢dTopconepKalluX COEAUHEHUN, TPU 3TOM KOHIIEHTpaus GTOPUI-MOHOB B 3aBUCHUMOCTH OT TH/I-
pOTEOXUMHUYECKUX U (pu3MKOo-xuMudeckux yciaouil konebnercs ot 0,01 go 50 - 100 mr/m [200,
202].

OOBIYHO TTOA3EMHBIE BOJBI (apTE3MAHCKUE, KOJOAE3HbIe) Ooraye (GTOpHUI-HOHAMH, YTO CBS-
3aHO C TaKUMU (haKTOpamH, KaK reoJOTHYecKre, XuMuIecknue 1 u3nuecKrue XapakKTepucTHUKU paii-
OHA BOJOCHAOXEHHMsI, KOHCUCTEHIIMU MOYBbI, MOPUCTOCTU 1opoi, pH, TeMmeparypbl, KOMILIEKCO-
oOpa3yromiero AeUcTBUS APYrux 3JEMEHTOB U IIyOHHBI MCTOYHHMKOB. Hambombinee comep:kanue
dbropumoB (BbImIe 25 MI/JT1) YCTaHOBJICHO B Moa3eMHBIX Bogax Munun, Kenuu, FOxnoit Amepuku. B
KoJmdecTBe Bbie 1,5 mMr/m gropua-uonsl onpenenstores B 67 - 97,5% MOA3eMHBIX UCTOYHUKOB
benopyccuu, 68 - 80% - Poccun u Bo MHOTUX HcTouyHUKax Mongasun. Menee 0,5 Mr/in cogepxuT-
cst pTopuaoB B 60 - 67% MOA3EMHBIX UCTOYHUKOB Y KPaUHBI.

OOBIYHO B OBEPXHOCTHBIX BOJIaX, MEHEE MOJBEPKEHHBIX BIUSHUIO (TOP-COMEpKALINX MO-
pox, koHueHTpamus Gropua-uoHoB coctasiser 0,01 - 0,3 Mr/m, B OTKpHITBIX BojoeMax A3zepOaii-
okaHa - 3,6, a B HeKOTOpBIX BojoeMax Kaszaxcrana - 11 mr/n [202]. JanHbie 0 comepkaHuu ¢To-
PUIOB B IPUPOIAHBIX BOJAX M MUTHEBOMW BOJE BO MHOTHX paiioHax mupa uMmerorcs B [Fluorides and
human health - Geneva, WHO, 1970. - Monograph Series No 59. - P. 364].

®Topuasl B aTMoc(hepHOM BO3yXe B Ta3000pa3HOM BUJE WIH B (OpME YaCTUIl UMEIOT Kak
€CTECTBEHHOE, TaK M aHTPOIOTreHHOE MpoucXoxkaeHue. EcTecTBeHHbIE HCTOUHUKHU (PTOPUIIOB - 3TO
BYJIKAHWYECKasl JEATEIbHOCTD, MMbUIb BBIBETPUBAEMBIX MOPOJ U MOYB, KAIUIU MOPCKOW BOJIBI. AH-
TPOTIOT€HHBIE - MPEXKJIE BCEr0 aJlOMUHUEBAs MPOMBIIUIEHHOCTH (10 10% u Gosnee Bcex BHIOPOCOB
(dbTOpHUIOB), CTANCIIIIABUIILHBIE 3aBOIBI, IPEANPUATHSI 110 TIPOU3BOJICTBY cymnepdocdara U Kepamu-
KH, 3JIEKTPOCTaHIINK, paboTarolie Ha KaMeHHOM yriie (OTIenbHbIe BUIBI yIieil comaepxkat 10 30
r/Kr ¢Topa), KUPIHUYHBIE, CTEKOJIbHBIC U HE(PTEOUNCTUTEIIbHBIC TPEANPUITHI. B BO3Myxe Takmx
TIPOMBILLICHHBIX TPSATPHATHIT onpenessior 10 1 Mr/ M> gropuaos. B Bo3myxe pasindHbIX Hace-
nennbix myHkToB CIHIA, EBpormbl, kak mokaszanu uccienoBanus [200], koHueHTpanuu (GTOpUIOB
coctaBmwin ot 0,02 10 2 MK/ Mo,

Hctounukamu ¢propa B nuileBbIX MPOAYKTAX SBISIOTCS B OCHOBHOM I0YBa M Bofa. Tak, B
oBoIax (KamycTa, cajiar, MeTpymka 1 Jap.) onpeaestoT ot 1 1o 7 mr ¢propa Ha 1 KT ChIpO MacChI.
Haubonee Bbicokne KoHLIEHTpalK (Topa coaepkarcs B JUCThIX yas, OTKYy/la IPU 3aBapuBaHUU B
Hactoi amoupyetcs oT 40 1o 90% ¢ropa (B HacToe yast onpenensitoT 10 2,8 mr/n ¢propa). Cpeau
KUBOTHBIX MPOAYKTOB C 00Jee BHICOKMM COJEp:KaHHeM (Topa BBIACIAIOTCS MOJUIIOCKU, pblda U
poioHbBIe TTpoayKTHI (0T 0,1 10 2 Mr/KT). Msico (ToBsiinHa, CBUHWHA) coaepxaT 10 2 Mr/kr. Cnemyet
OTMETHUTH, YTO 00paboTKa MPOAYKTOB (PTOPHUPOBAHHOW MUTHEBOW BOJIOM HECKOJIBKO MOBBIIIAET CO-
nepkanne B HUX propa [198, 200, 201].

O0mee kouvecTBo ¢ropa, noTpedisieMoe B3pOCIbIM YEJIOBEKOM B CYTKH, 3aBUCUT OT CO-
JIepKaHUs €ro B MUIIEBBIX MPOJYKTax, MUTHEBOM Boje, aTMochepHoM Bozayxe. [Ipu aToM B ompe-
JIEJIEHHBIX CIy4asX AOJKHBI ObITh Y4TeHbI paznuyHble ¢akTtopbl. Tak, npu mpodeccrnoHaIbHOM
BO3JICHCTBUH, KOTJa cojepkaHue (PTOpHUIOB B BO3AyX€ MPOU3BOJACTBEHHOTO MOMEIIEHUS COCTAB-
msier 1 -2 mr/ v, CYTOYHOE KOJTMYECTBO MHTAJTMPOBAHHBIX (PTOPHAOB MOKET HocTurath 10 — 25 mr.

Knumat o0ycnoBnuBaeT pazauuHoe MOTpeOIeHHe MUTHEBOM BOABI, B 3TOM CIydyae Ba)KHOE
3HaYCHHE MPUOOpETaeT coAepKaHrue B Hel PTOpUIoB.

B Ta6.. 5.1 moka3zaHo BiIMsSHUE KOHIIEHTpAIMU (TOpa B MUTHEBOM BOJIC HA O0IIEEe CyTOYHOE
MOCTYIJIEHUE €r0 B OPraHM3M B3POCIIOro yeloBeKa (MpU HE3HAUUTENbHOM cojepkKaHuHu (Topa B
aTMoc(epHOM BO3AyX€ M CPEIHEM IOCTYIUIEHWU €ro C MUIIEBBIMU NMPOAYKTAMH B KOJIMYECTBE
1 mr/cyTkm).

DKcrnepuMeHTaIbHOE HccieloBaHue (PTOpHArpy3kd OpraHu3Ma 4esloBeKa Ha MOJENH OIpe-
JIEJIEHHOTO OMOT€OXMMUYECKOTo pailoHa YKpauHbl IPU CPEIHEM €CTECTBEHHOM COJEp>KaHUU (PTo-
pa B Bojie 4 MI/J MpeICTaBIeHO B Ta0J1. 5.2.
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Tabannpa 5.1

Bauguue pasnnuHbix xoHuentpaumit ¢propa B nuTHEBON BOAE
Ha obuliee CYTOMHOE MOCTYILIEHME €r0 B OPraHM3aM BIPOCAOND
uenosexa [65]

encs s | o oo e ) | O0uee nocomaene’, | Mocrynaeue
0.5 1 2 50
1.0 2 3 66,6
1,5 3 4 75

* Moctynnenne GTopa c NHLICESIMM NPORYXTIMH B cpeitem 1 Mr/cyTkH; ¢ Boanyxom - 0.

Tafhnwua 52

[':,'uhqaplluf nacTynneHEe STopa B OpraNEIM PALTHYNLE KATEREpEE
HAECEMEHHE © MHILEELIMH NPpoIVETaME B Boaod B lowbacoe
{4-A BuoreoxHMrueckdi paion Yepaniw ), Mxr |203]

Logepaciine Qg Cfuuss NoCTYNLNERHE
I.p'ﬂl':l. L ILHLLIEERLM A

KaTerogia nicetiin B oyrreinni webopax | B nemeenofl pose {Bons

SR NpCayKTon wahi, kode, cyni mrn) | FFOAFETRMEH """""_'1
Jlet (4 - & neth SO0 4} 1 30
CrynenTea:
NERYIIKH 1070 Hiuy 1870
BHOIL 12500 T 213
TeEcTuasnmEw 1 (¥R} B0y 1 R
Eokcommmmem;:
0 P H L I s LR EH) 1740
MY B HH B 1470 1 26T
Ulaxrepes | 540 2130 3970
Paboawe ropawmx uexcn 1550 2790 4340

JIONOJTHUTENBHOE KOJTMYECTBO (hTOpa YelIoBeK IMojydaeT U3 (propupoBaHHON 3yOHOW MACTHI
(MM IOPOILIKa), 3yOHBIX ANUKCHUPOB, )KEBATEIBHOW PE3UHKHU HIIU JIEKAPCTBEHHBIX CPEICTB. 3a OJHY
MpOIEelypy YUCTKU 3yOOB (PTOPHPOBAHHOM 3yOHOI MAacTOM MOXKET MPOUCXOAUTH moriomeHue 50
MKT ()TOpa, a IPHU MOJOCKAHUH 3YOHBIM SJIHMKCHPOM - 10 2 MI. B OT/ENBHBIX CiIydasX cyTOUYHOE KO-
JIMYECTBO TMOCTYIAIOLIET0 B OpraHu3M (Topa yBEIMYMBAETCS 32 CUET MpueMa (TOPCOAEpIKAIINX
JIEKapCTBEHHbIX Npenapatos [201].

Jlannelie Tabn. 5.2 nenecoobpa3HO CPaBHUTH C HOpMaMM MOTpedsieHUs (Topa. DTH HOPMBI
pa3NUYHBl Y MHOTHUX HCCIIEIOBaTeNIel, 3aHUMAIOIIUXCS JaHHOW mpobnemoit (cMm. [203] u cchuiku
ortyzaa). Ilo MHEHHIO aBTOPOB yKa3aHHOM paboThl, HanboJee COBEPIICHHBIMU U JOCTATOYHO MOJIHO
YUUTBHIBAIOIIMMH TPAaHHIIBI OMOJIOTHYECKOTO ACUCTBUS (hTOpa B 3aBUCUMOCTH OT BO3pacTa SBISIOT-
cst HopMBbI toTpebnenus ¢propa, npunsTeie B CIIIA B 1989 r. (Food and Nutrition Board, National
Academy of Sciences, - National Research Council Recommended Dietary Allowances, Revised.
1989). B Ta6.. 5.3 npuBeaeHsl 0e30MacHbIe YPOBHH CyMMAapHOTO CYTOYHOTO MOTpebnaeHus Gropa
(monoxuTenbHO oneHeHHble koMuccued MunsnpaBa CCCP mo mepecMoTpy (QHU3HMOIOTHUECKUX
HOPM NUTAHHSI HACEIICHUS).

PaccmoTpumM poitk ¢pTOpa B GyHKIMOHUPYIOIIEM OpTaHU3ME.
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Tabauuya 5.3
Besonacubie ypoBHM CyMMapHOro cyTouHoro norpebnenns dropa [65]

Kareropun Hacenenus ] Boapacr, rofsl l PrOp, MI'
I'pynHbie netH 0-05 0,1-0$
JeTH ¥ noppoCcTKH 05-1,0 0,2-1,0

1-3 0,5-1,5

4-6 1,0 - 2,5

7-10 1,5-25

11 » nanee . 1,5 -2,5

Bapocabie —_— 1,5 -4,0

*
5.2. Poab ¢Topa B KU3HEAEATEIbHOCTH OPraHUu3Ma

@dTop, MocTynasi B OpraHU3M uejloBeKa B BHJIE COJieH, B 3aBUCUMOCTH OT UX PACTBOPUMOCTH, MO-
JKET TIOJTHOCTHIO (C MTUTHhEBOW BOJIOM) MJIM YACTHUYHO (C MUIIEBBIMU MPOAYKTaMH) TOTJIOMATHCS B
KEJTyI0YHO-KUIIEYHOM TpPaKTe, pacHpelessisich ¢ KpOBbIO MO Bcemy opranusmy. [lo 50% morno-
LIEHHOTO ()TOpa pacrpeenseTcs JOKAIU30BaHHO MPEUMYIIECTBEHHO B KOCTHOM CKelleTe U 3y0ax.
OcranpHOM (TOp B COCTaBE COJICH, a TaK)Ke MOCTEIICHHO BBICBOOOXKIAIOIIHMICS U3 KOCTEH, BBIBO-
JUTCSI U3 OpraHu3Ma B OCHOBHOM IIOYKAaMHU C MOYOMH, Yepe3 KellyI0UHO-KUIIEYHBIA TPaKT ¢ (eKa-
musimu (oxosio 10%, B cpennem 0,2 MI/CyTKH) U OTYACTH € MOTOM (HECKOJIBKO MPOILIEHTOB). BhIsB-
JIEHO, 4TO B pacTylleM opraHu3Me (GTop B KOCTHOW TKaHH OTKJIAJbIBAETCS B 3HAYUTENIHHO OO0JIbIIEM
KOJIMYECTBE, YEM B 3pPEJIOM, a BBIBOJUTCS - HA000POT. JpyruM KyMYJISITUBHBIM OPIaHOM SIBIISIETCA
aoprta, T71e PTOp HaKarUIMBaeTCs B (popMe COCAMHEHUN C KaJbIIMEM, OCOOCHHO TIPH BHIPAKEHHOM
aTepOCKJIEepO3€e - KAbLUHO3E a0PTHI.

Bpemennoe HakomieHne gTopa B KOCTAX 00YCIOBIEHO OCOOBIM CPOJICTBOM (PTOpa K KaJIbIIH-
HUPOBAHHBIM TKaHSM. YCTaHOBJIEHO, YTO ()TOPUI-HUOHBI TOTJIOMIAIOTCS KOCTHOW TKaHBIO 3a CYET
3aMeIIeHUs THIPOKCHIIBHBIX HOHOB B KOCTHOM aIlaTUTe, IPOHUKAs B €r0 KPUCTAJUIbI TOCPEICTBOM
MOHHOr0 0OMEHa U peKpUCTAIITU3ALUH.

Cao(PO4)¢(OH); + 2F  ——— Cap(PO4)F; + 20H"

O0pazyromuiicss (pTopanatuT MEHee pacTBOPHUM B KMCIIOTHOM cpene (Hampumep, B MOJIOCTH
pTa), a moroMy OoJjiee yCTOWYMB K Mpoleccy paspyiieHus. TakuM o0pa3om, onpezesieHa BaXHEn-
mas posib GTOpa, 3aKIIOYAIONIAACA B YMEHBIIEHUH KOCTHOH pe3opOumu. He mMenee BaxHa poiib
¢Topa B MUHEpaTu3alMi U 00pa30BaHUM HOBOW KOCTH, OO JT0Ka3aHO, YTO B OTCYTCTBUH (TOpa
KPUCTAJUIBI THJIPOKCUATIATUTA HE BO3HUKAIOT.

KonndecTBO NpUCYTCTBYIOIIMX B KOCTSX (PTOPUIOB 3aBUCHUT OT psja (HakTOpoB, BO3PACT
(BIIOTH 10 55 J€T KOJUYECTBO (PTOpa B KOCTAX U 3y0axX YBEIWYMBAETCS), MOJ, TUIl KOCTH (IyOya-
Tasi KOCTh COJEPXKHUT Oouiblie (pTopa, 4eM KOMIAKTHas), XapakTepa OTACIbHBIX ee yacTei (Ouoso-
TMUYECKU aKTHBHBIE IOBEPXHOCTH IMOTJIOMIA0T OoJbile ¢pTopa). Bo3pacTHoil tuana3oH conepxaHus
¢Topa B xoctsax cocrasiser 100 - 9700 mr/kr, B 3yb6ax - 90 - 16000 mr/kr. Conepkanue ¢ropa B
Pa3NUYHBIX CIIOSIX 3MaiMd 3yOOB Takke HEOAMHAKOBO, Haubojiee BBICOKOE - B TMOBEPXHOCTHBIX
(tonmHoi#t 10 100 MKM), MOCTENIEHHO OHO CHHIKAETCS 10 IOCTOSIHHOTO YPOBHS B OoJiee TITyOOKHUX
CIIOSIX.

@TOp MOXKET BBHICBOOOXKIATHCS U3 KOCTEH, O YeM CBHUIETENLCTBYET MOSBICHHE €r0 B MOYe
nocJe MpeKpamieHus Bo3aencTBus Gropuaos. IlonararoT, 4To 3TOT MPOLECC MOKET ObITH OBICTPHIM
(Henenu) - MOHHBIN MPOLIECC, MPOTEKAOIIUI B THAPATHON 000JI0UKE, U JUTUTEIBHBIM (CO CPEeTHUM

’ [198, 200, 202] 1 cchUIKH OTTY[A.
55



TIOJTYTIEPHOJIOM § JIET) - BCIEIACTBUE pe30pOInu KocTel. [leMuHepanu3anus 1 peMUHEpaTU3aIus ¢
yqacTueM noHa ()Topa MOCTOSHHO MPOTEKAET Ha ITOBEPXHOCTH 3y00B.

buorennas ponbs ¢Topa onpenensercs 00pa3oBaHUEM KOMIUIEKCHBIX COCTMHEHUN C Kablu-
€M, MarHueM M JPYTUMHU 3JIEMEHTaMH - aKTHBaTOpaMH (PEPMEHTHBIX CHUCTEM; OH y4acTBYEeT B BU-
TaMHHHOM OOMEHE; B CBSI3U C OOJIBIIEH MO CPABHEHUIO C MOJIOM XUMHYECKOW aKTHBHOCTBIO, ()TOP
MOXKET OBITh KOHKYPEHTOM HOJa B CHHTE3€ FOPMOHOB IIUTOBHJIHOM >KeJe3bl U TaKUM 00pa3oM
BIUATH Ha ee pyHkuuio. [To cBoemMy BO3/EHCTBHIO HAa OpPraHU3M 4YeloBeKa (TOp OTJIMYAETCS OT
JPYTUX CIEIOBBIX 3JIEMEHTOB TE€M, YTO MOXKET MPOIYLUPOBATh KaK MOJe3HbIe, TaK U BpeaHble Qu-
3uoJIoTHYecKue dPHEKTHI.

WccnenoBanus nmokasanu, 4to GTOpHUI-UOH SABISETCS UHTUOUTOPOM JJisi (PEPMEHTOB, OH BBI-
KJItoUaeT (hepMEeHT NOCPEICTBOM M3MEHEHHs B3aUMOICHCTBHS aKTUBHBIX (DYHKIIMOHAJIBHBIX TPYIII
C TMOMOIIBIO cJa0bIX BOJOPOJHBIX CBA3eil. BO3aMOXHO Takoe BO3MYIIIEHHE CETU BOJOPOAHBIX CBS-
3eil HapylaeT MHUIIMUPOBAHUE U MPOBEACHNE HEPBHBIX UMITYJIbCOB. HeKoTOpble yueHble CUUTAIOT
B3anMOJIeIiCTBUE (PTOpa C (PepMEeHTaMH OCHOBHBIM MEXaHU3MOM (U3HOJIOTHYECKOTro JEHCTBUS
¢dTopa, pe3yabTaTOM KOTOPOTO MOTYT OBITh CEPbE3-HbIE N3MEHEHUS B OpraHU3Me MPHU YCIOBHUH TIO-
CTOSIHHOTO HEHOPMHPOBAHHOTO BO3JEHCTBUS Ha HEro (TopuA-UOHOB. Jlpyrue yTBEp>KAaroT, YTO
pe3yabTaThl B3aUMOAEUCTBUS (GTOPUA-UOHOB U (PEPMEHTOB B OpraHU3ME JJOCTATOYHO OBICTPO YCT-
paHSIOTCS OCIIe MpeKpalieHus Bo3ieicTBus Gpropunos. CieayeTr OTMETUTh, YTO B OCHOBHOM JIaH-
HbI€ B3aUMOJICHCTBUS (GTOPUI-UOHOB C (pepMEHTaMH - Pe3yabTaThl J1a0OPATOPHBIX UCCIIEOBAHUM
in vitro.

Hamomuum, uto unaTepec k ¢hropy Havdasn Bo3HUKATh ¢ 1931 T., KOorja oTedecTBEHHBIC U 3apy-
OeKHbIe HCCe0BaTEM HE3aBUCUMO JIPYT OT Jpyra YCTaHOBWJIM CBSI3b MEX]Y KOJUYECTBOM IIO-
TpebasieMoro ¢ BoJoi ¢ropa, ColepKaHUEM €r0 B IPUPOIHBIX BOJOMCTOYHHKAX U PacIpOCTpaHe-
HUEM TaKuX 3a00JIeBaHM, KaK Kaprec U QIIF00po3.

[Tocne pynmamentanbubix uccienoBanuii M.I. JIykomckoro [204] u MHOTHX IPYruX y4eHBIX
[198, 200, 202, 204 - 208] cunTaeTcst TBEPAO YCTAHOBICHHBIM TOT (haKT, 9To AehUIUT PTOpa B OK-
pyxatomei cpeae (B Boae Hmwke 0,1 - 0,2 mr/m) u B opranuszme (Tunodaroopo3) COMPOBOXKIACTCS
pPEe3KUM yCHIICHHEM Kapueca 3y0oB. Ho mpu copepskanun ¢pTopa B MUTHEBOM BOJE BHIIIE 5 MT/JI, IO
MHeHuto A.O. Boitnepa u P.JI. 'abosuua [205, 206], ctanoButcsa 100%-i1 mopakeHHOCTh HaceJe-
Hus Quroopo3oM - runepdropupoBanue opranusma. Hambornee 4yBCTBUTENIbHBI K MHTOKCHKAIIUU
dbTopoM neTH, 0COOEHHO B TOM BO3pacTe, KOTJa YCHIMBACTCS POCT U (HOPMHUPOBAHHE KOCTHOTO
ckeneTta U 3y0oB. Da00po3 3y0OB - 3TO KPam4yaToCTh HAa MX MOBEPXHOCTU C U3MEHSIOIEHCS MO
CTETNEHU OCJIOKHEHHS OKPACKOM OT OeJoi 70 3eJIeHOBATOM, KOPUYHEBOU M JakKe YEPHOU. YUaCTKH
C PE3KO BBIPA)KEHHBIMH U3MEHEHHUSIMH IIOBEPXHOCTH 3y00B MOTYT, KpOME TOT0, XapaKTEepU30BaThCS
pa3aeNbHBIMU WIN CIUBHBIMU yIiIyoseHussMU. DI00po3 cKenera - TsKelloe 3a00JeBaHue, BbI3BaH-
HOE HAKOIIEHHEM OOJbIINX KONMUYecTB (TOpa B KOCTAX. Pa3BuBaeTcs OHO MOCTENEHHO B HECKOJIb-
KO CTaJuii, MpUUeM Ha MEPBBIX JABYX OOJIbHbIE HE UyBCTBYIOT CUMITOMOB OOJIE3HHU, XOTS B Opra-
HU3ME yXe uMmerorcs uzmenenus. [lepseie cumnToMsl (iroopo3a - 601b B CycTaBax U KOCTSIX, JIO-
MOTa B KOHEYHOCTSX, c1a00CTh MBIIIL, XpOHHUYECKas cIaboCTh, JKeTyJOUHO-KUIIIEYHbIE pacCTPOii-
CTBa, YMEHbIIEHUE anmneTuTa. PEHTreH BBIABISIET M3MEHEHHS B KOCTSX Ta3a U B IO3BOHOYHUKE,
KOCTH MMEIOT BBIPQXXEHHYIO ISTHUCTYIO CTPYKTYpy. [lanee 601u B cycTaBax CTaHOBSTCS MOCTOSH-
HBIMM U HEKOTOpBIE CBSI3KM HAYMHAIOT MOJBEPraThCs KalbIIMHO3Y. B IMHHBIX KOCTAX MOTYT
HMMETh MECTO CUMIITOMBI OCTEOIOP03a, B KOCTAX KOHEYHOCTEH - MOSABISATHCSA OCTPbIE IIMOPHI, 0CO-
OCHHO B KOJICHHOM, JIOKTEBOM CYCTaBax, Ha MOBEPXHOCTHU OOJBINON OeprioBoil koctu. B cioydae
MIpOrpeccupyroniero 3aboaeBaHusl pa3BUBAETCS ypoayromui (Garoopo3, Korja KOHEYHOCTH CTaHO-
BATCA Cl1a0bIMH, JBHKEHHE B CyCTaBax 3aTPYAHEHO, MO3BOHKH YAaCTUYHO COEIUHSIOTCS BMECTE,
ypoayst 00JIbHOTO. DKCIEPThI CUUTAIOT, YTO MOCTYIUIEHHE B opranu3M 20 mr ¢Topa eXeTHEBHO B
TEUEHHUE JIBYX JIET YK€ MOXKET BbI3BaTh YPOAYIOITHH (DIIF0OOPO3 KOCTEH, a 1036l OT 2 10 5 MT B JIeHb
- IPEeIKJIMHUYECKIE U paHHHE KIMHUYeCKHe cTaauu Qurooposa. s HeKoTopbIX paitoHoB UHauwm,
Kuras, Adpuku, SAnonnn u Cpegnero Boctoka, riae ecTeCTBEHHBINH ypoBEeHb (PTOPUIIOB B BojE 2
M/ 1 0oJiee, XapaKTepHO paclpOCTPaHEHHUE CKEIETHOTO (PIIroopo3a.
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VY cTaHOBIEHO MATOJIOTHYECKOE BO3ACHCTBHE M30BITOYHOTIO KOJIMYECTBa (PTOpa HA OPraHU3M,
KOTOpO€ 00YCIIOBJIEHO BBIOpOCAaMH aJIFOMMHHUEBBIX MPOU3BOJACTB, KOTJa B MPOU3BOACTBEHHON aT-
Moc(epe KOTMIeCTBO HeOpraHudecKux coequHeHuit ¢propa konednercs ais NaF ot 0,1 go 19,5 mr/
M3, Cak - ot ciienos 10 24,2 mr/ M [209]. Kpome Toro, mpu cosiep>kaHUM B TIOUYBE BOJOPACTBOPH-
Moro ¢ropa Ha ypoBHE 10 MI/KT ¢ CYyTOUYHBIM PalliOHOM B OPTaHHU3M YeJIOBEKa MOCTyMHaeT 2 - 3 Mr
¢dTopa, UTO CYUTAETCS ECTECTBEHHBIM YPOBHEM MOCTYIIEHUS JAHHOTO AJIEMEHTA B OPTaHU3M.

VY pabounx U HaceJIeHHs, IPOKUBAIOLIETO BOIU3U TaKUX MPEANPUATUH, BBISBICHBI HapyIle-
HUS OOMEHHBIX IPOIIECCOB B IMEYEHH BIUIOTH J0 (PTOPHCTOro remaTuTa. JTO B JONOJHEHUE K
(bar00p03y U U3MEHEHUSAM B CEpAEUHO-COCYIUCTON CUCTEME, a TAK)KE CIU3UCTHIX 000JI0YEK MOJI0C-
TH PTa, KeITyJA0YHO-KUIIEUHOTO TPaKTa, Ii1a3. Y CTaHOBJIEHO, YTO MOJ Bo3jAeicTBUEM (Topa U3Me-
HseTCS PYHKIMOHAIBHOE COCTOSIHUE KOPbI HAAMOYEUHUKOB U CHUCTEMBI runodus-ronaasl. CHUxKe-
HUE YPOBHS TECTOCTEPOHA B CHIBOPOTKE KPOBHU Ha (JOHE MOBBIIICHUS COAEPKAHUS (POJUIUKYIOCTH-
MYJUPYIOIIETO TOPMOHA, SMUTECTOCTEPOHA, aHIPOCTEHANOHA U 3CTPOre€HOB HAXOJUTCS B MPSAMOM
3aBHCHUMOCTH OT JJIMTEIBHOCTH CTa)kKa padOThl Ha aJIOMUHUEBOM NPOU3BOJACTBE U CTaAUM (PIItOO-
po3a.

Kpowme Toro, y pabounx BbISIBICHO U3MEHEHHE aKTUBHOCTH KITFOUEBBIX (DEPMEHTHBIX CHUCTEM,
omnpeesAoIuX romeoctas. [nurenbHoe Bo3aeicTBre (TOPUIOB HA OPTaHU3M BbI3BIBAET IMOBBI-
meHre GyHKIMOHATbHOW aKTUBHOCTH, a 3aTEM U TUIMEPTPOPUI0 OCHOBHBIX KJIETOK MapaniuTOBU/I-
HBIX Kele3 u C-KJIeTOK IUMTOBUAHOM kelne3bl. Ha 3Tom ¢oHe pa3BuBaeTcs BTOPHUUHBIN rurepnapa-
THPEO3, KOTOPBIM paccMaTpUBaIOT Kak MposiBiIeHHEe (PIroopo3a.

VY pabounx aqOMUHUEBBIX NMPOU3BOJACTB Pa3BUBAIOTCSA KapHec, TMHTMBHUT, CTOMATHUT, Hapo-
JIOHTO3, KaK pe3yJbTaT BO3ACUCTBUS (PTOPUCTHIX COEIUHEHUN U HApYLICHUS] OOMEHa KaJIbLIUS.

3acmyxuBaeT BHUMaHus coobmenne [210] o Tom, uTto Ha Ansacke 26 mas 1992 r. otmedena
BCIIBIIIKA JKETYAOYHO-KUIIEUYHbIX HApYIIEHWH, KOoTopas Oblla MHUIUMUPOBAaHA, IO MHEHHIO CIie-
[UATTUCTOB, TOTPEOJICHHEM MTUTHEBOM BOBI C TIOBBIICHHBIM coepxanueM ¢propa. C 1989 r. okono
135 mun xurenerr CHIA moTpeOastoT MUTHEBYIO BOJY, B KOTOPYIO MO PEKOMEHIAIMSAM Bpadeu
BBOJAT (PTOPUCTHIE COCIMHEHMs 10 KOHIEeHTpauuu Gropa ~ 0,7 - 1,2 Mr/m pyist mpeaoTBpaiieHus
Kapueca 3y0oB. 3a MPOIICAITHI O YIIOMSHYTOTO BBIIIE CIIydas MEPHOJ ObLIO OTMEYECHO JIUIIb 6
CITy4aeB MepeI03UPOBKH (PTOPUCTHIX COCTMHEHUI. AHAIN3 kajno0 296 denoBek Mmokas3ai, YTO OHU
MOTPEOIISAIN B TEUEHUE MPEIABIIYIINX 6 MECAIIEB BOY C MOBBIMICHHBIM (110 6,5 - 20 Mr/m) conmepxa-
HueMm ¢ropa. [IpuunHoit TOMy OBUIO HapylIeHHE B pabOTe CPEICTB aBTOMATH3WPOBAHHOM J103W-
POBKHM Ha CTaHIIMU BOAOMOATOTOBKH. CJesiaH BBIBOJ O TOM, YTO, HE OTpHIlasi HeOOXOUMOCTh BBE-
neHus pTopa B MUTHEBYIO BOAY, CIEAYeT OYEHb CEPhE3HO CIEAUTH 3a HAJIEKHOCTHIO PabOTHI
CPEICTB J03UPOBAHMUSI, & TAKKE YCTAHOBUTH OCOOBIH, CTIeIUaIbHBIA PEKUM UX MTPOBEPKH.

JIOTIOIHUTENBHO OTMETHUM, YTO Ha MPOTSHKEHUU MoyTH 30 JIeT mpoBOIATCS pa3IUyHbIE AIH-
JIEMHOJIOTHYECKHE UCCIIeIOBAHUS C LIENBIO BBISBICHHS BO3MOXHOU CBSA3M MEXKIY PAKOM U COJEp-
xaHueMm (ropa B BoJe. B HacTosmee BpeMsi cuuTaeTcsi 00Lenpru3HaHHBIM, YTO MPUCYTCTBYIOIIHIMA
B BoJie (pTOp HE SABJISIETCS KAaHUEPOreHOM Juis uenoBeka. [locne TmiarensHOro paccMOTpeHHUs OT-
BEPrHYTHI TaK)Ke€ MPEANOI0KEHUS O MyTareHHOW M TepaToreHHoN akTUBHOCTU QTopa. He obHapy-
XKEHO y JIoJiel 1 0co00i UyBCTBUTENBHOCTU K (TOPY Ha MPUMEpPE MIJLJTMOHOB JIHOOUTENEH vas, mo-
JTyYaroluX JOMOJIHUTEIbHbIE, HHOT/Ia 3HAYUTENIbHbIE KOJIMYecTBa (TOpa, SKCTPAarupyeMoro B Ha-
cToit n3 yaHbIX JUCThEB ([201] cMm. Takxke [208]).

C y4yeToMm BCEro M3JI0KEHHOTO BBIIIE CIIEAYET, OJIHAKO, 3aMETUTh, YTO, I10 OL[EHKaM CelHa-
nuctoB [198, 200 - 202], cymHOCTh U MEXaHU3M JIeHCTBHs (TOpa HA OPTaHU3M UYEJIOBEKA U KUBOT-
HBIX HE OXapaKTepU30BaHbl OJJHO3HAYHO U MOJHOCTHI0. TeM He MeHee Ha OCHOBAaHUHU KIIMHUYECKUX
U DKCHEPUMEHTAJIbHBIX HCCIEA0BAHUN YCTAaHOBIIEHO, YTO KOHIEHTpalus (Topa B MUTHEBOU BOJE,
paBHas 1 M/, SBIE€TCS ONTUMAIBLHON M 001aaeT BRIPAKEHHBIM MPOPMITAKTHIECKUM D PEeKToM
npotuB kKapueca. Jlo3a B 2,0 mr/i yxxe mpuBoauT K darooposy. Coneprkanue Gpropa B TUTHEBOU BO-
ne, paBHOe 8 MI/J, BeI3bIBaeT (hiroopo3 ckeneta y 10% nacenenus. [Ipu ynorpebienuu B nens 20 -
80 Mr ¢gTopa B TeueHHE IBYX JIET U Oosiee HEM30eKEH TsHKEINBIN Kaledaluid CKeJIeTHBIA (IIo0po3,
50 Mr/a - U3MEHEHHS CTPYKTYPhl U (PYHKITMU TIUTOBUAHOM sxene3bl; 100 mr/im - 3amepka pocra,
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6omee 125 Mr/a gropa B MUTHEBOM BOJIE CIIOCOOCTBYET CTPYKTYPHO-(DYHKIIMOHATHLHBIM U3MEHEHHU-
SM B TIOYKaxX. Bo Bcex paboTax 1Mo M3y4eHHI0O MHTOKCHUKAIUU (DTOPOM OTMEYAIOTCs OCHOBHBIE MO-
MEHTHI - 1032 ¥ BPEMSI BO3JICHCTBHSI.

5.3."3a" u "nporuB" PpTOPpUPOBAHUA NUTHLEBOH BOJbI

Pe3ynbraThl MHOTOJIETHUX HCCIEIOBAaHUM BIMSHHS SHIEMUYECKOro (Topa B MUTHEBOM BOJE Ha
3/10pOBbE HaceJIeHHs MOOYININ COOTBETCTBYIONINE MPABUTEIbCTBEHHBIE CIYKObI psiia CTpaH Mpu-
HATH pelieHre o GTOPUPOBAHUU MHUTHEBOW BOJBI A0 YPOBHA | MI/I B permoHax ¢ HEIOCTaTKOM
3TOro 37eMeHTa B Bojie. OJIHAaKO Hellb3s1 HTHOPUPOBATh MHEHUSI TPOTUBHUKOB JJAHHOTO PEIICHUSI.

PaccMoTpuM apryMeHThl CTOPOHHUKOB M POTUBHUKOB (PTOPUPOBAHUS TUTHEBOU BOJIBI.

CroponHukH, B ux unciie HarmonanbHpIi HHCTUTYT HccienoBanus 3yooB (National Institute
of Dental Research - NIDR) CIIIA yTBepxmarT, 4To ¢ HadaiaoM (GTOPUPOBAHUS MTUTHEBOU BOJBI B
1945 1. OBIIO OTMEUEHO PE3KOE CHIDKEHHE 3a00JIeBaeMOCTH 3yOOB, a CpeHEe YMCIIO pa3pyIleH-
HBIX, OTCYTCTBYIOIIMX U 3aIJIOMOMPOBAHHBIX B pacueTe Ha ogHoro mkojpHuka CIIA ymeHblIu-
JIOCh C CEMH JI0 TpeX. Pe3ynbrarel uccinenoBannii AMepuKaHCKON 3yOHOU accormaiuu (American
Dental Association - ADA) moka3anu, 9To MCIOIb30BaHUE (PTOPUPOBAHHON 10 1 MI/I MUTHEBOM
BOJBI YMEHBUIWIO pa3pyiieHue 3y0oB Ha 40 - 65%. DTo MOATBEPKACHO TaKKE UCCIIETOBAHUSIMU
MOCJIETHUX JIET aBTOpa 0030pa [202].

Taxum o6pazom, B CIIA ¢TopupoBaHue MATHEBOW BOJBI MOYTH MOJHOCTHIO OJ0OPEHO Me-
JTUIIMHCKOM U CTOMATOJIOTHYECKON acCOIUAIUsIMU, CYUTAIOIIUMU JAHHOE MEPONPUATUE OTHUM U3
JemIeBbIX, 3PGEeKTUBHBIX, 0€30MaCHBIX, MPOCTHIX M JOCTYITHBIX CPEACTB MPOGUIAKTHKUA Kapueca
3yooB. B CHIA yxe B 1984 r. ¢pTopupoBannyio Boay noiyuaino 61% Hacenenus, a npodunakruye-
CKas Iporpamma YJIydlleHHs] COCTOSIHUS 3yOOB Y HAaceJIeHHs MpeaycMaTpuBaeT o0ecreueHne Beex
IIKOJIbHUKOB (PTOpUPOBAHHON BOJIOH, MPUYEM B T€X pailoHaX, I/ie HET BOJAONPOBOAA, JOKHA OBITh
MPEAYCMOTPEHA CTIeHANIbHAs CHCTeMa BojjocHa0keHus [211].

MHorosneTHrue HaOII0IeHNs UCTI0JIb30BaHUs (PTOPUPOBAHHON MUTHEBOW BOJBI B HAIIICH CTpa-
He (B MockBe u MockoBckoi o6iactu, Hopuinbcke, ApxXaHTelIbCKe U IPYTUX MECTax) TakyKe MoKa-
3aJId, YTO TaM, TJe conepkanue ¢propa B Bojae Obuto Menee 0,3 Mr/i1, paclipoCcTpaHEHHOCTh Kapueca
nocrturia 90 - 100%. dropupoBaHre MUTHEBON BOJABI HE TOJBKO CHUXKAJIO PAacCIpOCTpaHEHUE Ka-
pueca IOCTOSTHHBIX 3y00B 710 25%, HO U pe3KO COKpaIlajo peuuIuBhl Kapueca 1noj mioMoamMu, yi-
JIUHSS TAKUM 00pa3oM CpPOK UX CITy>kObI [211].

[lono6Hble uccienoBaHus, MPOBEAECHHBIE BO MHOTMX cTpaHax mupa (Aurmuu, ['epmanum,
UYexocnoBakuu, bpazunuu u 1p.), MOATBEPKAAIOT Kapuec-poduinakTuaeckuii 3¢pdext Gropupo-
BaHHOI NMUTHEBON BOJIBI HE TOJBKO Yy JAETEW, HO U y B3POCIBIX MPHU OECHpepbIBHOM MOJIEPKaHUU
ONTUMATBHOM KOHIIEHTpAMK (GTOpa BO BCEH cucTeMe BoiocHaOkeHus [202].

CroponHuky (GpToprpoBaHUs TUTHEBOW BOJbI HACTAUBAIOT TAKXKE HA TOM, YTO 3TO MEPOMIpPHUS-
THE YMEHbIIAeT BOZHUKHOBEHHE M BBIPAXKEHHOCTh OCTEONOpO03a (CHM)KEHHE IUIOTHOCTH KOCTEH y
MOKUJIBIX JIFOJIEH 3@ CUeT JOMOJHUTENBHOTO K JIeueOHOMY KonuecTBa (GTopa U3 MUTHEBOU BOJIBI.
JT0, 0JIHaKo, He OBLIO moATBepkAeHO 20-1eTHUMHU ucciaeaoBanusaMu B Ounnsuaauu [200]. Otme-
M, BO3 cuutaer, uTo mosne3nbiit 3QexT ucnob3oBanus GTOPUPOBAHHONW MUTHEBOW BOJIBI B OT-
HOIIICHUH OCTE0I0PO3a BEPOATEH, HO HEOOXOAMMO YyTOUHEHHE auarna3ona d3p¢exktuBHbIX 103 [200].

[IpotuBHUKM (pTOpHUPOBaHMS BOIBI NOJYEPKUBAIOT, YTO JAHHOE MEPONPUATHE MOKET UMETh
HEraTUBHbBIE MOCIIEJCTBUS - BEPOATHOCTh TUIEPPTOPUPOBAHUS, KOT/Ia 00IIee KOJIMYECTBO MOCTY-
MAIOLIET0 B OpraHu3M (pTopa OKa)keTcsl MPEBBILIEHHBIM 3a CYeT (Topa U3 IPYruX UCTOUYHUKOB (TH-
TMEeHUYECKUX CPEJICTB, 3arPs3HEHHOT0 aTMOC(EpHOro BO3ayXa, MUIIEBbIX MPOAYKTOB). CrneacTaue
runeppTOpUpoOBaHUs OpraHu3mMa - Groopo3 3y0oB (KpalmMHKH Ha 3y0ax), CKeyeTa, 00JIe3HU MOYCK,
THUTIEPUYYBCTBUTEIBHOCTD, (pepMeHTaTHBHBIE A3 PexThl u apyrue naronoruu 198, 202]. K u30sITKy
(dbTopa 0COOEHHO UYBCTBUTEIBHBI JCTH, KOTJA MPOUCXOAUT (POopMUpOBaHWE 3yOOB, U TMOCTYIIAKO-
Uil GTOPUA-MOH yY4acTBYET B MUHEpaIU3allMU SMaJIeBO MaTPHUIIBL.
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[IpotuBHUKHN (HTOPUPOBAHUS OCTIAPUBAIOT TAKXKE JTAaHHBIC CHIIKEHHUS Kapueca 3yooB Ha 50 -
60% 3a cuet morpebseHuss GTOPUPOBAHHON MUTHEBOM BOJIBI, CUHTAs, YTO 3PdeKT oT propupona-
HUS TUOO HEBENHK, JIMOO COBCEM OTCYTCTBYeT. B 0030pe [202] mpuBeneHbl JaHHBIE O TOM, YTO B
HeropupoBanusix perunonax (Kanmame, CIIA, [lIBeruu, AnoHun), rae KoJIu4ecTBO MPUPOTHOTO
¢dbropa B nmuthbeBoi Bojae coctaBisuio oT 0,2 mo 0,4 Mr/i, oTMedueHa HaMMEHBIas WHTEHCUBHOCTH
pacnana 3yooB. HecoMHEHHO B JaHHBIX HCCIIEAOBAHUAX HEOOXOJUMO YUUTHIBATh MCIOJIb30BAHUE
HaceneHneM (TOPUPOBAHHBIX TUTHEHUYECKUX CPEJCTB (3yOHOM MacThl, SITUKCUPOB, TAaOJIETOK, JKe-
BaTeNbHON pe3uHKH). [IpumMep - pe3yapTaThl MOBTOPHOTO oOcienoBaHus B 1985 1. cocrosHus 3y-
060B y 13 - 15-neTHux moapocTkoB B mT. MmuHOMC, T/1e ecTecTBeHHAs: KOHIIEHTpanus ¢Topa B BO-
ne coctapisieT 1 mr/n. Cotpyaauku NIDR ormernnu, uro ¢ 1980 mo 1985 rr. npu HEM3MEeHHOM CO-
nepkaHuu (propa B MUTHEBON BOJE TIJIOMIAAL 3yOOB, MOpaKEHHAsT (PIIFOOPO30M, YBETWYMIACH HA
18%, Toraa kak B 30-¢e rT. (:1100p0O3 B JaHHOM perruoHe ObUT peAKUM siBieHueM [202].

Jly1s TpOTUBHUKOB (TOPUPOBAHUS MUTHEBOM BOABI ApIYMEHTOM SIBJISIETCS TOT (PakT, U4TO He-
kotopsie criennanuctbl NIDR, onenunBas sxkonomudeckuii 3p ekt propupoBaHust BOJIBI HAIILIU €TI0
npeyBenunueHHbIM. CpaBHEHHE 3aTpaT HacelIeHUsl Ha CTOMAaTOJIOTOB B HE()TOPUPOBAHHBIX pailoHaX
OKa3aJIOCh MEHBIIINM, YeM BO ToprupoBaHHBIX [202].

KakoBa cutyauusi ¢ ¢propupoBaHuemM BoJbl B HacTosiiee Bpemsi? [lo manapim 1988 1.
[202], uckyccTBeHHO (PTOpPUPOBAHHYIO BOJY IOJy4alia JIUIIb YaCTh HACEJICHHs Pa3BUTHIX CTPaH: B
CHIA - 50%, Kanane - 50, ABctpanuu - 66, HoBo#t 3enanguu - 66, (06b1B1.) UexocnoBakuum - 20,
(6p1BI1.) CCCP - 15, (6B1B11.) I'IP - 9, ITonbmie u IBeinapun - mo 4, AHrauu - 9 1 OUHISIHINAN -
1,5%.

HecomuenHo, pekomeHmanuu 1no (GTOPHUPOBAHUIO MUTHEBOM BOABI OoJiee I (HEKTUBHBI IJIS
MYHULIMIAIBHBIX CIYXO0 TaM, rae cojep:kanue Gpropa B MPUPOIHBIX BOJOUCTOUHUKAX HHUXKE OINTH-
MaJIbHO TMPUHSTOTO YPOBHS, TeM 0oJiee, 9TO YOeAUTEIbHBIM (TI0 IMyOJUKAIUsIM) SBISIETCS OTpeie-
JIEHHBIN KapuecnpodumakTuaeckuii 3¢ }exT, HaOIr0aeMblii BO MHOTHX CTpaHaX Ha MPOTSHKCHUH
MHOTUX JieT. OJJHaKO B IMOCIJIEHUE TOAbl BCE CUIIBHEE CIIBIIIEH T'0JIOC OMIMO3UIIMOHEPOB JTAHHOTO
MEpPOIPUATHSI, C MHEHHEM KOTOPBIX B MPEXKHHE BpeMeHa MOMPOCTY HE CUYUTANINCH, KaK CIEAYeT U3
crienuagbHoTo coodmenus [212]. B HeM, B 4acTHOCTH, CKa3aHO O TOM, YTO Korja Obuta ogoOpeHa
Pa3TMYHBIMU ACCOIMALMAMH TOJIUTHKA HCKYCCTBEHHOTO (PTOPUpPOBAHUS MHUTHEBOW BOABI, J1a U
M03/{HEee, HayYHbIe KypHAJIbl HE MPUHUMAIU K IMyOJUKAllUd MaTepHalibl ¢ KPUTUKOW HIIM COMHE-
HUSIMU O TI0JIb3€ TaHHOTO MEPOIPUSITHUS.

Hamnpumep, B 1974 1. penaktopom xypHasia "AMA's Archives of Enviromental Health" 6sia
OTKJIOHEHA MyOIMKaus 00 SH3UMHBIX U3MEHEHMSIX Y 00€3bsH, MOJyYaBIIUX CIEUHUaIbHO AJi MH-
Thst pTopupoBanHyto Boay. B 1980 r. Tokcukonorom Brian Denenti Ob11 mpeacTaBieH B genapra-
MeHT 3apaBooxpaHenus (Virginia Department of Health) ucuepneiBarommii qoxaan "®top U muThH-
eBasi Boja", r7ie aBTOp BbICKa3aj cOOOpa)keHHs O BO3MOXHOM PHCKE JIJISl 3JJ0POBbSI HCKYCCTBEHHO
(dbTopupyemoii TUTHeBOU BOJBI. B maibHEWIIIEM 3TOT AOKIAM McUe3 U3 OUOIMOTEKH JeTmapTaMeHTa,
a Ha 3ampochl O HEM CJIeI0BaJl OTBET O MOJArOTOBKE B3aMEH YTEPSIHHOTO HOBOTO JIOKJIaJa MO JaH-
HOH TEME.

JHaxe nenesas rpynna BO3, roroBusmas B 1985 r. k myOnmkanuu matepuai mo Gropy u
dbropumam, Mo CBUAETENLCTBY Mpodeccopa skomornueckor meaunuabl Phillipe Grandjean [laTcko-
ro yauBepcuteTa (Odence Univercity), OTKJIIOHHTIA MaTepHalbl, OpOCaroIINe TeHh Ha yCTeXu (To-
pupoBaHus MUTheBOW Boabl. [lo manHBIM 3KoMora M3 EPA - aBTOpa cooOmienus [212], B 1985 r.
HayyHasl OleHKa ATEHTCTBOM pHUCKa JUIs 3J0pOBbs pTOopupoBaHus Boabl "ymyctuna 90% nurepa-
TYpBI IO U3YYEHUIO MYTareHHOCTH, OO0JIbIlIas 4acTh KOTOPOM YTBEPXKIAeT, 4To (PTOpUJIbI - MyTare-
uel". [IpuBeneHsl 1 MHOTHE Apyrue Mmoao0HbIe mpuMepsl. [loguepkuBas, 4To KU3HEHHAs CUiIa U
MTOMCK UCTHHBI B HAyKe - OTKPBITOE 00CYKIeHNE BCeX (PAKTOB U JI0KA3aTEIbCTB, @ HAYYHbIE KypHa-
JIBl - BEHBI U apTepUu HAyKH, aBTOp cooduieHus [212] cuuraer, 4To AOJITOBPEMEHHBIE 3alpeThl Ha
MyOIMKAUU ONIO3UIIMOHHBIX MaTEePHUAaJIOB, MO-BUINMOMY, CBSI3aHBI C BHIpAOOTaHHON €IMHOM TMO-
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JUTHKOM, a TaK)Ke€ COXpaHEHHUEM PEHOME acCOLUaluil U OpraHu3alii, OTBETCTBEHHBIX 3a BHEIpE-
HUE U pacIpocTpaHeHue GTOPUPOBaHUS B BOJOMOITOTOBKE.

[TokazareabHBIM IPUMEPOM SIBIISIETCS U3MEHEHHE MOJIMTUKY B OTHOLLIEHUU (PTOPUPOBAHUS Ha
VYkpanHe, KOTOpOe€ MOXHO MPOCHeauTh mo mydnukarusMm [203, 213 - 216]. B 1973 r. nosiBuioch
COOOIIEHNE O BBICOKOW 00paIaeMOCTH HacelieHus T. BopommioBrpaga 3a CTOMAaTOJIOTHYECKOU
MTOMOIIIBIO TT0 TIOBOTY Kapueca 3yooB [213]. beio mpunsiTo pemenue 06 aHam3e MUTHEBOUM BOJIBI B
paiioHe, TTOJIHOCTRI0 00eCIIeYnBaeMOM MPUPOTHON BOJOW. AHAM3 TOKa3all cojepkanue ¢ropa -
0,21 - 0,26 Mr/n ¢ HE3HAYNUTEIHLHBIMU CE30HHBIMU KojebanusMu. B cBs3u ¢ nedurmmurom ¢ropa B
MMUTHEBOM BOJIC M YUETOM M3BECTHBIX K TOMY BPEMEHH AaHHBIX 00 3P dekTuBHOCTH (PTOpHUpOBAHUS
Ul TIpeAyNpeXxAeHUs Kapueca, TOpcaHdMUIeMCTaHlIueld Oblna pa3paboTaHa JOKyMEHTAlMs Ha
CTpOUTENLCTBO (pTopaTopHOM ycTaHOBKH. K 1989 1. pTOpupoBaHHOM MUTHEBOI BOAOW Ha YKpauHe
CHA0XXaJIOCh 56 KPYIHBIX TOPOJOB, 86 MOCEIKOB TOPOJCKOrO THMA, T. €. OKOJIO 15 MIIH YermoBek
[214, 215]. C6oi1 B TEXHOJIOTHMH BOJIOTIOATOTOBKH ObLT HaHeceH aBapueld Ha UADC B mae 1986 1.,
Korja OblT mpekpanieH 3a6op Boabl u3 JlHenpa, u 80% HaceleHus CTalo MoJy4yaTh CMEIIAHHYIO,
T.€. pa30aBIICHHYIO BOJy, @ OCTaJbHBIC - OO OOOTameHHyr0 (PTOPOM 0 3alaHHBIX KOHIICHTpA-
ui, 1160 coBceM HeTopupoBaHHyto [215].

Hakoner, B 1990 1. mosBisieTcss 3aMeTKa 10 MOBOY MPEABIIYIIAX MyOJUKAIMK U O MPOBO-
auMoM Ha Ykpaune meponpustau [216], B koropom H.H. benseB mogammaeT Bompoc 06 060cHO-
BaHHOW I1e71ec000pa3HOCTH (PTOPUPOBAHUS MUTHEBOM BOJIBI, "MOAKPEIJICHHOW TIyOOKMMH Hayd-
HBIMH HMCCIIEZIOBAHUSMH CAaHUTApHO-TUTHEeHHuYeckoro xapakrepa'. OH oTMmeuaeT, 4to npu (Topu-
POBaHMM B LIMPOKUX MaclITabax MPOUCXOTUT 3arpsizHeHuEe GTOPOM U €ro COeTMHEHUSIMU BOJHBIX
OacceitHoB (3a 15 et B BomoemMbl YKpauHbl cOpomieHo okoio 10 Teic. T Propa), 4TO HE MOXKET HE
OKa3bIBaTh HETaTUBHOTO BIMSHUS Ha 3Kojoruto. "He HacTynuio a1 BpeMs o-UHOMY B3IVISIHYTh Ha
npobaeMy mporIakTUKH Kapueca 3y0oB?" - oOpalraercs aBTOp 3aMETKH K MEJIWKaM, TUTHEHHU-
CTaM U TEXHUYECKUM CIEIHAINCTaM.

C HMM coTJTacHBI CTIeMATUCTHI U3 JloHekoro MeanHeTuTyTa, oTMeTrBIre [203], 9To ¢ yue-
TOM HMEIOIIeHCcs BCECTOPOHHEN MH(pOpMAIUU MpU OIleHKEe (TOpHATPY3KU HA OPraHHU3M YeJIOBEeKa B
1aHe NpoUIaKTUKUA JEHTAIbHOIO Kapueca I1eJIeco00pa3HO pPYKOBOACTBOBATHCA O€30MacHBIMU
YPOBHSIMH CYMMapHOTO CYyTOYHOTO moTpebnienus ¢ropa [217], a He mokaszareineM COAepKaHUs
¢dropa B Bozae [218]. JJoKHBI YIUTHIBATHCS BCE HCTOYHUKH MOCTYIIEHUS ()TOpa B OpTraHU3M: TH-
IIEBBIE TTPOIYKTHI, BOAA, BO3yX, YTO OTpakeHO B pexomeHaarmu Mwunzapasy CCCP MexayHa-
POJHBIM CHMITO3HYMOM, TiporieamuM oA arugor BO3 16 - 21 utons 1991 r. "mepecMoTpeTs moka-
3aHUS 11 PTOPUPOBAHUS MUTHEBOM BOJIBI".

B kagecTBe MOAKPEIUISIONIETO 3TO TMOJOXKEHHE MpuMepa aBTopsl [203] mMpuUBOAAT JaHHBIE O
TOM, YTO HECMOTps Ha MHOToOJIeTHee (pTopHpoBaHHE PACTIPOCTPAHEHHOCTh U MHTEHCHUBHOCTH Ka-
pueca IpoAOIKAIOT OCTAaBAaThCS BHICOKMMH. B CBSI3U ¢ 3TUM OHM J€NaloT BBIBOA O TOM, YTO "BO
BCEX pailloHaxX, T/ OTCYTCTBYET BBIpAXXCHHBIM MpoduiakTudeckuii 3ppext GTopupoBaHus MUThE-
BOH BOJIBI M, YUUTHIBasI HEOIArONPUATHOE JCICTBUE MPHU JUIUTEILHOM €€ YIOTpeOJIeHUH 11e51ec000-
pa3HO MpeKpaTuTh (PTOpUpOBaHKE HA XO3SIMICTBEHHO-MUTHEBBIX BOJAOMPOBOAAX, & CHUJIbI U CPEACTBA
COCpPEIOTOYNTh Ha MPOBEACHUM WHIAMBUAYAIbHO-TPYNIOBOM NMPOQUIAKTUKKA Kapueca Ha OCHOBE
BBISIBJICHHSI HAOO0JIee KAPUECOTEHHBIX (PaKTOPOB B KaXKJIOM paiioHe". YUUThIBas SKOHOMUYECKYIO U
HKOJIOTMUYECKYIO CTOPOHBI MPOOJIEMBI, MPU3HAHO 11€JIECO00pa3HbIM (PTOpHpPOBAHUE MUTHEBOM BOIBI
JUIIb B SHAEMHUYHBIX palloHax JEHTAJBHOTO Kapueca ¢ O4YeHb HHU3KHM cojep:kaHuem (ropa B
MUTHEBOM BOJIE U MUILEBBIX TPOIYKTAX.

OTtpunarenabHble MOCIEACTBHUS IPOrpaMMBbl (PIIFOOPHU3AMH, BKIIOYAIOIIEH [IEHTpaIU30BaHHOE
(dTopupoBaHIe TUTHEBOM BOJBI, @ TAK)Ke MPUMEHEHUE (PTopcoaepKalux MeIUKaMEeHTOB, MPOIYK-
TOB MIUTaHUS U 3yOHOU MacThl, 00CYXAAIOCh M Ha 15-M MeHeneeBckoM Che3zie 1Mo 00IIe U mpu-
KkiagHoi xumuu B Muncke B 1993 1. [219]. OT™MeueHo, 9To mosie3Hoe BKJIOUeHHEe GTopa B dMailb
3y00B Ha 7 - § MOPSAIKOB MEHBIIE €ro 00IIEro KOJIM4ecTBa, BBOJUMOTO B BOJIOIIPOBOIHYIO Ce€Th. B
YCIOBUSIX TEXHOTEHHOI'O 3arpsi3HEHUsi coJepKaHuEe (Topa B MUILEBHIX MPOIYyKTaX MOXKET B He-
ckoipko pas npessimath [IJIK. C ygetoM 3Tux pakTopoB mpeayioskeHa METOIMKA KPAaTKOCPOIHOTO
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MPOPUIAKTUYECKOTO JICYSHHSI PEAPACIIONIOKEHHOCTH K Kaprecy MEIUIIMHCKUM MpenapaTaMu, 4To
MO3BOJISIET OTPAANUTD JIOAEH, HE HYXIAIOUIUXCA B aKTUBHON MPOQUIAKTHKE, OT U30BITOUYHOTO I10-
Tpebsenus gropa.

[Ipumep n36bITOUHOTO TTOTPEOICHUS (PTOpA 32 CUET MOBBIMICHHOTO €T0 COACP)KAHUS B ITHIIIEC-
BBIX MPOJYKTaX, MOYBE, BO3AYXE U OCOOCHHO UCKYCCTBEHHO (PTOPHPOBAHHOMN BOJIE, IPEJICTABICH B
[220]. PacueTs mokasanu, 4yTo B oocieaxyemoM parione (Jlonenko-JIyranckom) ynorpednenue ¢hro-
PUpPOBAaHHOM BOJBI yBenn4MBaeT B cpeaneM Ha 70% oOuiee mocrymienue gropa B Opranusm, mpe-
BbIIIIas BEPXHIOKO IPaHMIly O€30MacHOM A03bl y IeTel HIKOJIBHOTO Bo3pacTa. BeIBo - HE0OX0IMMO
MPEKPaTUTh IEHTPAIN30BaHHOE (TOPUPOBAHUE NMUTHEBOM BOJBI M TMEPEHTH K WHIUBUAYAIbHO-
rpynmnoBoi nmpoduiaakTuke kapueca. K Takomy ke BBIBOAY MPHUIILIH CHCIHATHCTHI B BocTouHOM
I'epmannm [221], KOTOpBIE MIAHUPOBAIM OTKA3aThCSA OT (PTOPUPOBAHUS BOABI TIOCIE 00HETMHEHUS
c ©PT.

B Anrmuu, mo ganHeM [222], BOAONPOBOAHBIC KOMIAHWH, YIUTHIBas pexomeHmanuu Ha-
[IMOHATBHON aCCOIMAIIMK YHUCTON BOJIbI, CUHMTAOIICH HMCKYCCTBEHHOE (hTOPUpPOBAHUE TPUUUHON
(bar00po3a M OCTEOINOPO3a, PEUINId IPOBOJAUTh JAaHHOE MEPONPUATHE TOJIBKO C COTJIacHsl Hacele-
HUS, oOecTieurBasi HaJSKHBIM KOHTPOJIh (TOpa B MUTHEBOM Boje. B To ke Bpems, kKak cooOmaeT
aBtop [223], B CeBepo-3anagHoM peruone AHrauu ot 75 1o 95% HaceneHus npoTUB GTopupoBa-
HuUs BoJbl. byayuu conmunapubsimM ¢ 3TuM, COBET TaHHOTO PETMOHA HACTAWBAET HA TOM, YTO (TOPH-
pOBaHME BOJBI - ATO KOJOrHMUEcKasl MpobdiemMa, Tak KaKk HEM3BECTHO JOJITOCPOYHOE BIHSHHE MO-
BBIIIICHUS COJiepkaHms (Topa B BOJIEC PEK, 03ep U Mopel Ha ¢uiopy u (dayHy, a KpOME TOTO B Cpej-
cTBax /1yl GTOPUPOBAHUS CO/IEPIKATCS MPUMECH TSDKEIIBIX METAJJIOB M APYrUe TOKCHUHBIE BEIIECT-
Ba, BJIMSIONIME HAa KaYeCTBO MUTHEBOM BOJIbI, UTO HEJIOMYCTHUMO B CBETE Y)KECTOUEHHUS CTAaHAAPTOB B
EC.

B paiionax Hamiel ctpaHsl, Tie MPUPOJTHOE CoAepKaHue (GTopa B BOJO-TOYHHKAX HUKE TH-
rueHndeckn 00ocHoBaHHBIX HOpMATUBOB ['OCT 2161-84 "MCTOYHUKY IIEHTPATM30BAHHOTO XO35TH-
CTBEHHO-TIUTHEBOTO BojccHaOkeHus" [224] B coorBercTBUnM ¢ 'OCT 2874-82 "Bonma mutbeBasi.
['uruennueckue TpeOGoOBaHMS M KOHTPOJb 3a KaduecTBOM" [225], IpUHATO MPEIeIbHO JAOIMYCTHMOE
conepxanue ¢propa B nutbeBor Boje s | u Il kmumarnueckux paitoHoB He Beime 1,5 mr/m; I -
1,2; IV - 0,7 mr/n. [ToctanoBneranem Coeta MunuctpoB PCOCP ot 24.11.1981 r. N 624 "O me-
pax Mo Pa3BUTHUIO U YIYUIIEHHUIO CTOMATOJIOTHYecKoi momontu HaceneHuto PCOCP" 6buto mpen-
MHCAaHO COOTBETCTBYIOIIMM MHUHHMCTEPCTBAM M OpraHaMm MecTHOW Biactd B Komu m Y amyprckoit
ACCP, Boarorpanckoii, BanoBckoi, Upkyrckoit, HoBocubupckoit u PocToBckoii obmacTsax yc-
KOPHUTb CTPOHUTENIBCTBO U BBOJ B JKCILTyaTallMI0 YCTAHOBOK MO ()TOPUPOBAHUIO MUTHEBOU BOJBI.
Onnaxko, kak otmedaeT A.M. Porosert [226], MepbI 110 BBITIOJIHEHHUIO IOCTAHOBJICHUS HE OBLIN MTPHU-
HaTBl. B 1991 1. 3 13 ¢dropaTopubix ycraHoBok peiictBoBaio 9 (Mypmanck, Kuposck, Monue-
ropck, Mocksa, Iletpo3aBoack, Apxanrensck, Koctpoma, Omck, Yebokcapsr). Ilpemycmorpeno
ObLT0 TMOCTpouThH eme 33, coopyxkeHo 20. ['aBHBIE MPUYMHBI CIOKUBIIETOCS TOJIOKEHUS - HE-
YIIOBJIETBOPHUTENbHOE O0OecredeHne BOJOMPOBOJHBIX CTAaHIUNA (TOPCOIEPKAUUMHU peareHTaMu
TpeOyeMoro KauecTBa, OTCYTCTBHE aBTOMATHYECKOW ammapaTypbl Ui JTO3WPOBAHUS peareHTa U
KOHTPOJISl KOHIIEHTpauu ¢Topa B MUTHEBOU BOJE.

Taxkum oOpazoMm, nmuoHepom (ropupoBanus muTbeBoi Boabl Obutn CIIIA, rie Ha mpoTsike-
HUU YK€ HECKOJIbKUX JIECATHIIETUN HaceJeHHe B OOJIbIIMHCTBE KPYIHBIX TOPOAOB 00ECIeUYeHo Ta-
KoM Bogoi. B pabote [202] ykazaH pOLIEHT HACEICHUS PsAZla pa3BUTHIX CTPaH, MOJyYaBIIUX B Ha-
gaye 90-x rT. GTOpUPOBAHHYIO TUTHEBYIO BOIY (CM. CTp. 75).

VY4uuThIBas NOCTOSHHYIO, YCUIUBIIYIOCS 32 MOCIEAHHE IOJIbI MOJIEMHUKY IO TAaHHOMY BOIIPOCY,
CUTYaIUs BPSI JIM U3MEHWIACh B CTOPOHY YBEJIUYEHUS.
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5.4. KoppexTupoBaHue cofep:xanus (propa B nUThLEeBOM BoJe

Paznuanoe conepkanne ¢hTopa B MPUPOJHBIX BOJIAX PA3HBIX PETHOHOB MUpPa 00YCIOBHIIO HEOOXO-
JUMOCTb €r0 KOPPEKTHUPOBAHUS 10 HOPMHPYEMBIX IpPENEnoB. JTO, KaK ObLJIO YIOMSHYTO BBIIIIE,
CBSI3aHO C TEM, 4TO (TOp SABISAETCS MHKPOIIEMEHTOM, Ui KOTOPOTO XapaKTepeH OTHOCHUTEIHHO
pe3kuil mepexos OT (pU3NOIOTHUYECKH MOJIE3HBIX KOHLEHTPALUNA 10 BBI3BIBAIOIINX TOKCHUKO3. Co-
nepranue ¢pTopa B BOJE, €0 CaHUTapHas OILICHKA U METOJl KOPPEKTUPOBAHUS 00ObEIMHEHBI B TA0I.
5.4.

B mupe npuHST pernoHagbHBIA NPUHIMI HOPMUPOBAHUA (TOpa B MUTHEBOM BOJIE, KOTIa €ro
OTNITUMaJIbHAsl KOHIICHTPAIHMS ONPEACIIICTCS MaKCUMallbHON JTHEeBHOU (13 1) TemmepaTypoid BO3Iy-
Xa, TaK KaK OT 3TOT0 3aBHCHUT KOJUYECTBO MOTPEOISIEMO# YeTOBEKOM BOIbI (Ta0JI. 5.5).

Tabanna 5.4

Knaccudmxaumns kauecTsa Bofpl 110 coaepxanmio dropa [227]

Canurapnas Brissisaemsie sabonepanus  3ybon
KoHuenTpauma OlIEHK2 TNpodunaxruyeckne
¢ropa, mr/a oonep::a:::e xapuec cicopos MEpPORPUATHA
Ho 0,3 Ouenb nuakoe B 3-4 pa3a uawme, yem B cnaboir dopme @ ropuposanne
npU ONTHMARLHOW Yy 1-39% xutener Boam
KOHLIEHTPALMM
0,3 - 0,7 Huakoe B 1-3 pa3a uawe, uem B cnaboir ¢gopme To xe
npu  onruMmansuol y 3-5% Xxureneit
KOHLEHTPALIMH
0,7 - 1,1 OntumansHoe Munumannhoe nopa- B cmaGoin dopme —
JKEHUE He Gonee, uem y
3-10%, xutenein
1,1 - 1,5 TloebiuerHoe To xe Y 10-20% xwure- —
nen
1,5 -2 Beuue npeae- Heckoavko eeie, Y 30-409, xute- [edroprpona-
JIBHO AQNYC- YEM MNPU ONTUMAJIL- NeEil HHE BONbI
TUMOTO HOH XOHUEHTpalUHH
2-6 Boicokoe To xe Y 30-100% xu- To xe
renen. BceTpeua-
I0TCS TRAXKENbIE
dopmbl
6-15 Ouens BbicO- 3HauuTenbHo Bhie, Y 80-1009% xun- —

KOe

YEM TIPH ONTHUMAJIb-
HOH KOHUEHTpPALKH

Teaen. [1pesann-
PYIOT THXEabie

dopmbl

Kaxk BumHO 13 Tabm. 5.5, onTumanbHast KoHIeHTparus Gropa B nmutheBoit Bojae 0,7 - 1,2 mr/m.
bonee Hu3KkMe KOHIIEHTpAIIMM TPUHUMAIOTCSI TPU GTOPUPOBAHUU B FOKHBIX pallOHAX U JIETOM, KO-
I7la yBeJIMYMBACTCS] MHIMBUTyaJIbHOE MOTpeOIeHre BObI, O0Jiee BHICOKHE - B CEBEPHBIX pallOHaX B
3UMHHI IEPUOJ.

B cootBeTcTBHM ¢ TeMO TaHHOTO 0030pa PaCCMOTPUM METOJIbI KOPPEKTUPOBAHUS COJIEpIKa-
HUs QTOpa B MUTHEBOU BOJIE, HO OoJiee MOApoOHO ee pTopupoBaHHeE.
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5.4.1. ®TopupoBanue (peareHTbl, yCTAHOBKH)

B cootBerctBum ¢ 'OCT 2874-82 [225] HeobxomumMocTh (TOpPHpPOBaHUS Ha BOIOMPOBOIHBIX
CTaHIUAX B KQKIIOM KOHKPETHOM CITydae YCTaHABIMBACTCS OpraHaMU CAHUTApHO-IITHIEMHOIOTH-

Tatbnuua 55

3aBHCHMOCTb HOPMHMPYEMOID conepxaHna (Topa B NMMTLEBOI BOAE
OT AHEBHOM TeMnepaTypbl BO3ayxa, mr/na [227]
’

Temneparypa soyyxa, °C I ONTHMANMHAR XOHLEHTPAUKR [ JonycTumsie npenesst
10 - 12 1,2 0.9-1.7
12 - 14,6 1,1 08-1.5
14,6 - 17,7 1.0 08-1,3
17.7 - 21,4 0,9 0,7-1.2
21,4 - 26,2 0,8 07-10
26,2 - 32,5 0,7 0,6 -0.8

4yecKoi ciaykO0bl. OCHOBHBIMH IMOKA3aTeIsIMU IPU 3TOM SIBIISIOTCA KOHIEHTpauus (Gropa B MUThE-
Boil Bosie menee 0,3 - 0,5 Mr/in u mopakeHHOCTh KapuecoM 3y0oB cBailie 25 - 30% naceneHus (cm.
TaKoke [224]).

PearenTnl, ucronb3yembie 175 (TOPUPOBAHUS BOJIbI, TOJKHBI YIOBIETBOPATH PSAY TMrHe-
HUYECKUX M TEXHUKO-3KOHOMHUYECKHX TpeboBaHuU. B MX wymcie: mpoTuBOKapuecHoe JIeHCTBUE,
HauMeHbIIasi MOTEeHIMAIbHAsi TOKCUYHOCTh MPU MEPeI03UPOBKE, JOCTATOYHO BBICOKAsh pacTBOpU-
MocTh B uHTepBaiie (0 - 25°C, 6e3 MoOOYHBIX BIUSHUN HA MPOIECC BOJOMOATOTOBKHA, MUHHMAJTh-
HbIe KOPPO3UOHHBIE CBOICTBA, OTCYTCTBHE JIOMOJHUTENBHBIX IPUMECEH B BHJIE TAKEJIBIX METANIOB
U ApYyTuX, 6€30MacHOCTh B paboTe, JOCTYITHOCTh U SKOHOMHYHOCTb.

B mnepeuenp peareHTOB, KOTOpbIE MOTYT OBITh MCIOJB30BaHbI JUIsl (GTOPUPOBAHUS, BXOJIAT
(dbTopuabl HATPUS U KaJbIUsA, KpEMHEPTOPHUIbI HATPUS, aMMOHHS, Maruusi, TOpruCcTOBOIOpOAHAS U
KpeMHepTOopuCcTass KUCIOTHI, pTopcynbdaT amomuaus (paropans) u ap. [2, 25, 221, 227]. U3 Hux
CHuII 2.04.02 - 84 [228] pexomeHA0BaHBI KpeMHE(TOPHIBI HATPUS U aMMOHHUS, (TOPUJT HATPHUS U
KpeMHE(pTOPHUCTOBOAOPOIHAS KUCTOTA (Ta0JI. 5.6).

Hapsiny ¢ ocHOBHBIMH MOKa3aTeNsIMU PEareHTOB CTOMT OTMETUTh UX JIOCTOMHCTBA U HEIOC-
TaTKH, BIUSAIONINE HA BEIOOP COCTMHEHMS IUII KOHKPETHBIX AeicTBUM (TadJ. 5.7).

Bri6op peareHTa 3aBUCUT OT KOHKPETHBIX YCIIOBUHM, TaK KakK NMPAKTUYECKH HET pearcHTa,
MIPEBOCXOIAIIETO IPYTHE MO BCEM MOKa3aTeNsIM.
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Tabauua 5.6

OcHoBHbie pearenTnt ans ¢propuposanns [2)

MH dro . K
Rocssrens | e | T emgr T | W cogn | Kpesnebropuere
Bricumb I 1 1 1 1 I 11
BHewinmit srp Mopowok Ge- Benwie xpuc- BecuperHas kva-
JI0r0 uBera TAJIBI KOCTb

Monekynapuas 188.,5 42,0 178,14 144,08
macca
pH nacwimesHoro 3,5-4,0 7,0 3,5 1,2 (1% p-p}
pacrsopa
[LnorsocTs, r/cM’ 2,7 2,8 2,01 —
Conepxanme umc-
TOMO NPOAYKTA B
TEXHUYECKOM, %, 98 95 97 80 92 86,5 14

Tabannua 5.7

JIOCTOMHCTBA M HEROCTATKH peareHTos [2]

Pearent

I JfocTouHCcTB2

Hepocratku

Kpemuedropua nart- Hermrpockonuued, aocrynsee Ilnoxas pacTsOpMMOCTb B BOJE,

pus Na3SiFs;
rocCT 87-77

@DTopua HATPUSA

NaF; I'OCT 2871-75

Kpemuedropng am-

moHma (NHa)28iFe

@ ropua-audTopun

AMMOHHS

NH4F-HF (73%) +

+ NH4F (19%)

Kpemuedropucras

xucnora H;SiFe

M JeLIeBne APYrMX PeareHToB,
3to nobGouHblit nNPOAYKT
npou3soacTsa cynepdocdara;
6onee BHICOKOE COAEPKAHHE OC-
HOBHOIO Bewecrsa (no 98%)

HerurpockonuueH; BbICOKOE
COlEP’KAHME OCHOBHOIO Beule-
crea (00 97%) B TeXHMUECKOM
npoxaykre (mo 809%); orHocu-
TENIBHO XOpOWIO pAacTBOPUM B
poge (42 r/n npu 25°C); pH
1-2%, pacrsopoB 7,5-8,5

JocTaTouHe BBICOKAA PacrBo-
pmumocTs (187,35 r/n npu 25°C),
8 20 pa3 Bnnue, uyem NazSiFg;
HU3IKAd CTOMMOCTD (Hvxe NaF)

Boicokas pacTeopumMocTs (826 r/n
npu 20°C); oTcyrcTBME 3ambl-
JIEHHOCTH BO3RYISHOM Cpenbl,
yAYUUIEHHE YCROBH# TpyAa,
OTCYTCTBYET BBIAACHHE OCai-
KOB M KOPPO3US YCPHBIX Me-
TAJL10B; CTOMMOCTL Hyxe NaF

Huikasg CTOMMOCTD, TAK KaK 31¢
nobOYHBIH NPOAYKT NPOM3IBOA-
cTBa (pTOpCOREpXKAWMX COMEH

YMEHbIUAWIANCH C MORHKEHH-
em Temneparypsi, pH pacrso-
pos 3,0 - 4.0

B KOHUEHTPHPOBAHHBIX pacT-
BOPAX >KECTKO# BOAbI BbINanA-
0T MAJIOpPacTBOPUMbIE COAH H
ocapkn (CaF2, MgF2), aacops-
I0LME EMKOCTH M TPYObI KOM-
MYHHKA LM

BbICOKAN CEXKHBAEMOCTD

Brhicokas rMrpOCKOMMYHOCTD H
CNEXMBAEMOCTb; MOITOMY He-
06X00MMBI  JOMONHUTEbHbIE
CTaAMH CylKHM W Apobnenus
KOMbEB

Huaxoe copepXaHHE OCHOBHO-
ro sewectea (3-8%,); enxas,
RLIMSILLANACS XHAKOCTD; Tpebyer
ocobuix pexumos paGotel M
TexHuxku GeaonacHocTH; npu
pasbamneHuu BOAOM BbINajaeTr
ocaoK
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o3y dropconepxkaiiero peareHta onpeaeisator mo ¢opmye [221, 228]:
Do = 10° (Ty Ay - D) / Ky €y,

rae T - korddumumenT, 3aBucsmumii 0T MecTa BBojaa propa B oOpadbaTsiBaeMyI0 BOJY: IMPU BBOJIC
(Topa mociie OUUCTHBIX COOPYKEHUI MPUHUMAETCS PaBHBIM 1; mepes KOHTaKTHBIMU OCBETJIMTES-
MU uiu punbTpamu - 1,1;

Ad - conepxanue propa B 06padboTanHOU Boje, MI/1 (mpuHuMaercs paBabim 0,7 - 1,2 1/ M
onTUMajbHas KOHIeHTpaus Gropa B cpeaneit nonoce Poccun 1st 3uMHuero nepuoja - 1, ans ner-
Hero - 0,8);

Kd - comepxanue ¢ropa B 4ncTOM peareHTe (IpHHUMAETCS i1 KpeMHe-(QTopuaa HaTpus
60%, pTopuna natpus - 45, kpemHedropuga ammonus - 64, kpeMHeDTOPUCTOM KUCIOTHI - 79%);

C¢ - coneprkaHue 4UCTOrO peareHTa B TEXHUYECKOM MPOIYKTE, Yo.

BBoa ¢ropcoaep:xammx peareHToOB MpeIyCMaTPUBAIOT, KaK MPaBUIIO, B YUCTYIO BOAY Iie-
pen ee o0e33apakruBaHUEM, KOO XJIOPHUPOBAHUE BOIBI HE yaansieT ¢pTopumon [228].

Bbi0op cxembl (GTOPUPOBAHMSI ONPEACISETCS MPOU3BOIUTEIBHOCTHIO BOJO-ITPOBOIHOM
CTaHIIMM, CBOMCTBAMHU HCIOJIb3YyeMOro (TOPCOJIEPIKAIIEro peareHTa U SKOHOMHUYECKUMHU coolpa-
KEHUAMH [2].

OCHOBHBIMU 3JIEMEHTAMH B TEXHOJIOTUU (PTOPUPOBAHUS SBISIOTCS (PTOpPATOPHBIE YCTAHOBKH
U CPEJICTBA KOHTPOJIA.

dTopaTopHble YCTAHOBKU MaJION WM OOJBIION MPOU3BOIUTEIHFHOCTH KIACCHDUITHPYIOT
Ha YCTaHOBKH CaTypaTOPHOTO TUIIA U PAaCTBOPHBIE 0aKku (pacTBOPHO-PACXOIHBIE OaKH).

YcTaHOBKH CATYPATOPHOIO THUINA C MOKPBIM JIO3UPOBAHHUEM peareHTa HCHOJIb3YIOT IUIs
MIPUTOTOBJICHUS] HACBIIIEHHOT'O pacTBOpa M3 MajopacTBOPUMOIO MOPOUIKOOOpa3HOro KpeMHedTo-
puna Hatpus (puc. 5.1).

I‘Q |

B kanannsaumio

Puc. 5.1. Cxema propuposanus soan kpemuedropnaom Hatpus [2):
1 - 6auok nNOCTORHHOIO ypoBHs; 2 - BakyyM-Bynkep; 3 - dunsTp; 4 - Bakyym-Hacoc; S - BBOR pacTBOpa

¢roppearenTa; 6 - poramerp; 7 - Tapa c peareMTOM; 8 - RoMNpeccop; 9 - LUTYPBAN /IR PEYTHPOBAHHA 3arpy3xu
pearenTa; 10 - cexTopHbiit nutaTens; 11 - catypartop; 12 - perynupyioninii BeHTHAL.

B ocHOBY paboThl yCTAaHOBKH MOJIOKEH MPUHIUI 0O0bEMHOTI0 BEITECHEHHS pacTBopa. PeareHT
(N&:SiFs) ¢ momoIIpl0 BaKyyMHOW CUCTEMBI (BaKyyM-OyHKep, Hacoc, GUiIbTp, TpyOOIIpOBOAKI) I10-
JaeTcsl yepe3 BaKyyM-OyHKep U CEKTOPHBIM MUTATEeNb B caTypaTop JUIsl IPUTOTOBICHHS HACHIIIEH-
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Horo pactBopa. [logaBaemasi uepe3 perynupyroluil BEHTWIb B HIDKHIOIO 4acTh caTypaTropa BojJa
MIPOXOJIUT Yepe3 ClIoi peareHrta (s MOJHOTO PAaCTBOPEHHS peareHTa MpeaycMOTpeH 6apOoTax ¢
MTOMOIIIBI0 KOMITPECCOpa) M BBHITECHSET OO0pa3oBaBIIMKCS, OJM3KHA K HACHIIICHUIO PEareHTHBIN
pactBop. s crabunn3anuu pacxoja peareHTa BoJa B caTypaTrop MOCTYIAaeT yepe3 0adoK MOoCTo-
SHHOTO ypOBHsI. Perynupyroniuii BEHTHIb aBTOMAaTUYECKH MOIIEP>KUBAET KOJIMUECTBO MOIA0IIEH -
cs B catypaTop Bojabl. OTBOJI ONpPENEICHHOIO KOJMYECTBa KOHTPOJIUPYEMOIO POTaMETPOM HAaChI-
IIEHHOT'O pacTBOpa M3 caTypaTopa K MECTy JAO3MPOBKU IPOBOJAUTCS Uepe3 cucreMy nepdopupo-
BaHHBIX TPYO.

Cxema aBTOMAaTUYECKOM JO3MPOBKU HACBHIIIEHHOTO PAacTBOpa (pTOppeareHTa BKIIOYAET YyB-
CTBUTEJIbHBIN JaTUMK pacxojia BOAbI WK MPUOOP, ONpeAeonuii KOHIeHTpauuo Gropa Bo ¢ro-
PUPOBAaHHOI BOJIE, CUCTEMY CUTHAIM3AI[MM U3MEHEHUS KOJIMUYECTBa M10/1aBaeéMOr0 peareHTa 1 103a-
top. Tak kak propupoBaHue BoJbl TpeOyeT BHICOKON TOYHOCTHU JO3UpOBaHuUs peareHTa (+ 5%), s
€ro Mojayu HEeMPUTOAHBI KpaHbl U HacaAku. [l 1o3upoBaHUs peareHTa B JKUIKOM BHJIE HCIOJb-
3YIOT HAaCOCKI-J03aTOPbl MEMOPAHHOTO U MOPIITHEBOTO TUIIA.

CarypaTopHble YCTaHOBKH OOBIYHO KOMITAKTHBI, HCIIONB3YIOT UX YacTO JUIsl CTAHUUU C Mpo-
U3BOIMTEILHOCTEIO 10 50 THIC. M3/CYTKI/I.

dTopaTopHble YCTAHOBKHU C PACTBOPHbIMH 0akamu (puc. 5.2) Ooyee yHUBEepCcaIbHBI U pa-
6otaroT Ha Jr000M (propconepxkamieM pearente. [IpuHIUT pabOTHI TAKON YCTAHOBKH - MOJTOTOBKA
pacTBopa ornpeaeeHHOW KOHIEHTpaluU 1o (Topy U Mojaya ero 4yepe3 pacxoHblii 6ak U aBToMar-
J103aTOP B MAaruCTPaIbHBIA TPYyOOTIPOBOJI IJIsi CMEIIEHUs ¢ 00padaThIBAEMOI BOIOM.

Ot sogonposona

1

Puc. 5.2. Cxema ropatopHoit yeranosku ¢ pacTsopHbiMH Gakamu {2):

1 - uswsion; 2 - Rowbeiiep; 3 - 30HT BLTRXNHOM Be i
i H; H . HTHJHUMH; 4 - nMTaloluit SyHxep; 5 - pacTso, i bak;
r6m~o p:;locrpa'rop. 7. -l gaamcrpanwbm Tpybonposon; 8 - namepurentuan nu@pamz; 9 p rpyG’:)npong: br::na::;
o pacTeopa; 10 - nacoc-poaatop; 11 - uenrpobexnsit Hacoc; 12 - UMPRYTARKONK LI Hacos; 13 - pacxonnblit

Bo ¢ropaTopHbIX YyCTAaHOBKAX C PACTBOPHO-PACXOJHBIMHM 0aKkaMM, rocieHue o0opyao-
BaHbl MEIIAJIKaMM, CUCTEMaMH Ul MoJauyd BO3/yXa WJIM THIPABIMYECKOTO MEepeMeIInBaHus pac-
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TBOPOB U JIO3UPOBOYHBIX YCTPOMCTB, C MOMOIIBI0 KOTOPBIX TOTOBBIM pacTBOP € OMPEEIEHHBIM CO-
nepkaHueM QTopa MnoAarT B pe3epByap YUCTOU BOABI.

[Ipn ucnonab30BaHUU B KauecTBE peareHTa KpeMHEe(TOPHUCTOBOJOPOAHON KHCIOTHI KOHIIEH-
TpaIMIo €€ TOBOJAT /10 PaCUETHON B OaKax-XpaHWIUIIAX U 3aTEM C MOMOIIbI0 HACOCOB-/103aTOPOB
HCIIONB3YIOT IIPOIIOPIIMOHATIEHO pacxoay o0padaTeIBAaEMOM BOJIBI.

JlocTaTouyHO KOMMAKTHBIE (DTOpAaTOpHBIE YCTAHOBKM CaTypaTOPHOIO THUIIA, IMO3BOJIIOIINE
obecrieunBaTh MO3UpPOBaHUE O€3 CPEICTB aBTOMATH3aIlMU, OBLIM BHEIPEHBI TJIABHBIM 00pa3oM B
osBiieM CCCP (Ykpauna, Poccust, [Ipubantuka). Hanbonee kpynHas yHuBepcaibHas yCTaHOBKA C
pacTBOpHBIMH Oakamu JeicTBoBajga B Bocrounoit ['epmanmu. YCTaHOBKH C HCIOJIB30BAaHUEM
dbropcoaepkamux kuciaoT padotarot B CIIIA.

[TocTosTHHBIN W CTPOTHI KOHTPOJIb (PTOPCOEPKAIIMX YCTAHOBOK KpaitHe BaxkeH (cM. [210]).
KonTponto nomkHbl moasepraThest ropcoaepkaliue peareHTsl (Coaep:kaHue 4YuCcTOro MpoayKTa,
BJIQ)KHOCTh, IPUMECH) U TOUHOCTH JO3UPOBaHUS peareHTa (10 KOHIIEHTPAIMU U pacXody peareHTa
Y KOHIICHTpaluu (PTOPUI-UOHOB B BOJIE).

Texymmii caHUTapHBIA KOHTPOJB 32 (TOPUPOBAHUEM BKITFOYAECT TAK)KE CTPOTHI KOHTPOJIb 3a
XpaHEHHUEM U PacxoJloBaHHEeM (TOpCOAepk alllUX PeareHToB, a TakXe 3a COOII0ACHUEM BCEX MeEp
10 TEXHUKE 0€30MMacHOCTH MpH paboTe ¢ JaHHBIMH BemiecTBaMu. ConepxaHue GTOPUPYIONTUX pea-
ICHTOB B BO3/yX¢ NPOM3BOACTBEHHOrO MOMEIICHHS HE JOJDKHO IPEBBIMATH | M/ M°, mO3TOMY
npeaycMmatpuBatoT 3¢ dextuBayto (10 - 12-kpaTHBIT 00MEH BO3/IyXa) BEHTHWIAINI0. DTOPATOPHYIO
YCTaHOBKY U CKJIaJ JUIsl peareHTa U30JUPYIOT OT APYTUX CIY:KEOHBIX MOMEIIEHUH, a TEXHOJIOr4e-
CKHE omepalnuu mporecca (GpropupoBaHHs repMeTH3HPYIOT. TpaHcmopTupoBaHue ¢Topconepxa-
IIMX peareHToB MexaHu3upyroT. [Ipu pydHoil H03MpOBKe peareHTa nepcoHan oOecreurnBaOT UH-
JTUBUAYaIbHBIMHU CPEACTBAMHU 3aIlIUTHI (peciupaTop, MepuyaTky, OUKH, OAeXkKAa U T.11.).

5.4.2. O6ecpropupoBanue

Kpatko orMeTrM, 4T0 HEOIArompusATHOE BO3JEHCTBAE H30BITOYHBIX KOHIIEHTpaIuii ¢ropa Ha op-
raHu3M 4esoBeka ((roopo3 3y0oB, KOCTEH CKeleTa, 3a00JIeBaHUs CEPJIEUHO-OCYIUCTON CUCTEMBI,
IIAUTOBHUIHOW JKEJE3bl, y IETeH - MAJIOKPOBHE M PAXUT) MPUBOTUT K HEOOXOIUMOCTH KOPPEKTHPO-
BaTh MOBBIIIICHHOE COJIEPIKAHKE €TO B BOJIE 00eCchTOpUBAHUEM.

Kak ormeuaer JI.A. Kynbsckuii [2], Bogy o6ecdTOpruBarOT METOJaM HOHHOTO 0OMEHa Ha ce-
JIEKTUBHBIX TI0 OTHOIIECHUIO K TOPY HOHUTAX: aKTUBUPOBAHHOM THAPOOKCHJIC aTFOMUHHS, THAPO-
KCHJIANaTUTe, CHJILHOOCHOBHBIX aHHOHHUTAX, a TaK)Ke CIENUAIBHO 00pabOTaHHBIX aKTHBHPOBAH-
HOM yTJI€ M OKCHJEC MarHus. VCromb3yloT TakKe METOABI COPOIMU (hPTOPUI-HOHOB CBEKEOCAKICH-
HBIMH (ochaToM Kanblus, THUAPOOKCHUIOM MarHUs W aTIOMHHHUSA. BBIOOp MeToma omperensercs

HMCTOYHMKOM BOJOCHAOKEHUS M TIapaMeTpaMH MCXOTHON BOJBI, a TAKKE SKOHOMHUKOMN (CM. TaKkKe
[25, 227, 229, 230]).

*k%k

Nudopmanust o ¢TopupoBaHUU MUTHEBOM BOIBI MOKA3bIBAET, YTO MpoOIeMa aKkTyaibHa, HO
MO-TIPEXKHEMY OCTAETCs CIIOPHOA.

Ee cTopoHHuKHM HacTanBalOT Ha HEOOXOJIMMOCTH BbIPAaBHHBAHUA (JIOBEACHMS) KOHIIEHTpa-
1uu (GTopa B peruoHax ¢ HU3KUM €CTECTBEHHBIM COJIEP’KaHUEM €ro B BOJIE /10 YPOBHSI, pEKOMEH 10~
BAaHHOTO CIyX0aMU 3paBOOXpPAaHEHHS] COOTBETCTBYIOIIUX CTPaH, MOTUBHUPYS TEM, YTO 3TO Haubo-
Jiee MPOCTOM, BBITOJHBIA M JOCTYIMHBIM METOa MpoduiakTuku kapueca 3yooB. [Ipu sTom mpuBo-
JTCS MHOTOYHCIIEHHBIE M MHOTOJIeTHUE cTaTucTtudeckue nanueie (CLIA, Poccust, Ykpauna u apy-
rue ctpanbl) 3QGeKTUBHOCTH (GTOPHPOBAaHUS B MPODHUIAKTHKE Kapueca y JEeTed W B3POCIBIX, a
TaK)K€ MaJlol BEPOSATHOCTU WM OTCYTCTBUS MYTareéHHOTO, aJJIEPTUYECKOr0 U KaHIIEPOTE€HHOTO
BO3eCTBUSA. OCOOCHHO ONTHMMHUCTHYHA B 3TOM OTHOIICHMH TyOmwkanus [211], u3zo0wmryromas
BbIIIIEHA3BaHHBIMU IIPUMEPaMH.

67



IIporuBHUKH (TOpUpPOBaHUS YTBEP)KIAIOT, YTO 3TO CIUIIKOM JOpOTas B 3KOJOTHYECKOM
OTHOIIIEHUH IIeHa 32 HEeJJOCTATOYHO JIOCTOBEPHBIA Kapuec-nmpoduaaktudeckuii 3gdext (06 ommod-
kax mojcueta cM. [202]), Tak Kak B CETh BOJOCHAOKEHHS BBOJAMUTCS NMPHU (GTOPUPOBAHUU HA 7 —
8 mopsiikoB OobIIe (TOpPa IO CPABHEHHIO C KOJUYECTBOM, YYACTBYIOIIUM B YKPEIUICHUH IMaJH
3y00B. B yCIIOBHSIX TEXHOTE€HHOTO 3arpsi3HEHUs (PTOPOM OOBEKTOB OKpYXKaIomed cpeasl (aTMo-
chepHBIil BO3AYX, IMMOYBHI U T.J.), @ TAKXKE YIOTPEOJICHUS TTOBCEMECTHO PACIIPOCTPAHEHHBIX (TOP-
COJIepKallNX TMTHMEHUYECKUX CPEICTB CTAaOMIbHO MOCTYIMAIOLIMKA B OpraHu3M dYelioBeka (rop c
MUTHEBOI BOJOM MOXKET OKa3aTbCs M3OBITOYHBIM. HeraTuBHBIE MOCIEACTBHS 3TOTO CBSI3aHBI C Ta-
KUMH TSDKEJIBIMH 3a00JIeBaHUSIMH, KaK (IIF0opo3 3y00B, KOCTEH CKeleTa, U3MEHEHUSIMHU B ceplied-
HO-COCYJIUCTOM CUCTEME H JIp.

[To myOnuKanusM nocaeAHMX JIeT BUHO, YTO Bce OoJiee COrIacOBaHHBIM CTAHOBUTCSI MHEHHE
CHEIHAIMCTOB Pa3HBIX CTPaH O HEOOXOIUMOCTH JOTIOJHUTENbHBIX HCCIEAOBAHUN BO3AECUCTBUS
M30BITOUYHBIX KOomuecTB (propa (mpeBpimarontux [1JIK) Ha opranmsm yenoBeka. OHU HACTAaWBAIOT
Ha BCECTOPOHHEM (BKJIIOUasi HaceleHue) oOCYKICHUH HMCIIONIb30BaHMs MpoIiecca UCKYCCTBEHHOTO
(¢bToprpoBaHUs B TEXHOJOTUN BOJOMOATOTOBKU. B pernonax ¢ HU3KUM cojiepkaHuem (ropa B BO-
Jie HeOOXO/IMMO BBISIBUTH OYard MpeapacrooKEHHOCTH U pacIpOoCTpaHEHUsl Kapueca U 1o MeIu-
LMHCKUM NOKa3aHUSM MPOBOAUTH MPO(UIAKTUKY U JI€UEHUE COOTBETCTBYIOIIMMHU JIEKaPCTBEHHbI-
MU IIpernapaTaMy, TEM CaMbIM OTpaXkJasi IpyTUx JOAeH OT MPUHYIUTENBbHOTO noTpediienus Gpropa
¢ utbeBor Boaon. CormacHo [219] kpaTKOCPOUHBIN Kypc MMPEBEHTUBHOTO JICYCHHS Kapueca JJIUT-
cs 3 mus 1 - 2 pa3a B rof. 3a Bpems JedeHus nanueHT moixydaeT Bcero 0,0045 - 0,009 r ¢Topa, To-
I/1a KaKk C TUTHEBOM BOJIOHM OH Morydny 0wl Oosiee 0,5 T 3TOr0 Upe3BhIYAHO XMMHUYECKH aKTHBHOTO
areMeHTa. ABTOPBI OTMEUYEHHOUW paboTel u aApyrux [203, 212, 215, 220, 231], sBusromuecs mpo-
TUBHUKaMH (TOPUPOBAHUS, JAHHBIN MOJXO] CUUTAIOT SKOJIOTMUECKU KOPPEKTHBIM U HE UMEIOLTUM
aNbTepHATUBBI, 0COOCHHO B 30HAX MPOMBILUIEHHOTO 3arpSA3HEHHS, C YeM TPYAHO HE COTJIACUTHCS.

Urto KacaeTcsi perioHOB C JOCTaTOYHO HU3KUM €CTECTBEHHBIM cojiep:kaHueM ¢Topa B BOJIE,
TO MPHU UCMOJIb30BAaHUU (PTOPUPOBAHUS B TEXHOJIOTHH BOJOMOATOTOBKH Ba)KHEUIINM 3BEHOM CTa-
HOBUTCSI KOHTPOJIb BHOCUMOH 71036l (pTopcoaepxkaiiero pearenra. [Ipo6iemsl, cBI3aHHbBIE C OTCYT-
CTBHUEM aBTOMATHYECKOW ammapaTypbl JIJIs TO3UPOBAaHUS peareHTa U aBTOMATHUYECKUX MPUOOPOB
Ui KOHTpOJIA (TOpa B MHUTHEBOM BOJE, MOTYT OBITh IPEOAOJECHBI, 0 MHEHHIO CHEIHAINCTOB
MunzapaBa [226], ¢ TOMOIIBIO MaJIOradapUTHBIX WHIWBHIYAIbHO-TPYMIOBBIX YCTPOWCTB JIS
(¢bTopupoBaHUs BOJbL. YCTAHOBJIEHHbIE B KBapTHUpaX, JETCKUX JOUIKOJIBHBIX YUPEXKIEHUSAX, IIKO-
nax, O0OJBHUIIAX OHU MOTYT 00ECTICYHTh MOTPEOHOCTH B3POCIOTO U JIETCKOTO HaceleHUus GTOpHupo-
BAaHHOW MHUTHEBON BOJOW C PEKOMEHIYyeMOW KOHIICHTpamuer (TOp-MOHAa B TEYCHHE MPOJIOJIKH-
TEIHHOTO BpeMeHHU (0T HECKOJBKUX MECSIEB 10 HECKOJbKUX JieT). IIpu 3ToMm, Takue ycTponcTBa
(TOPUPYIOT TOJNBKO BOMY, UCIOIB3YEMYIO JUISl TUThSI U MPUTOTOBJICHUS MHUILIH, a TOTOMY SKOJIOTH-
4yecKu O€3BpeIHbI, TOCKOJIbKY HE MPUBOASAT K MOBBILICHUIO COJIepKaHusl (PTOpa B CTOUYHBIX BOJAX U
3arpsi3HEHUI0 (PTOPOM MPUPOIHBIX BOJOEMOB.

K atomy cnenyer no6aButh, uto B Poccun pa3zpaborana 6a3oBast MOeNIb MOPTATUBHOTO (PTO-
patopa (cMm. [226]).

JIoTOTHUTEIBLHO XOTEJIOCh OBl MPUBECTH MHEHHE aBTOpa 0630pa [202] mo moBoay ¢ropupo-
BaHMS MUTHEBOM BOMBI. Perenue ¢propupoBaTh BoAy sBIsieTCs mpobieMoit Beibopa. Hayunsie nc-
CJIEIOBaHMsI HA OCHOBE TOJIbKO HAyYHBIX JIAaHHBIX JENA0T BHIOOp Oojiee oIpeneseHHbIM U paluo-
HalbHBIM. Ecnu cymiecTByeT pUCK BPEIHOIO BO3JCHCTBHS, TO HayKa HE MOXET OLICHUTH KaKoil
YPOBEHb BPEIHBIX BO3ACHCTBUU TMpHEeMJIEM B OOMEH Ha OXKMJaeMoe Tosie3Hoe aeiictBue. Ecmu
PHUCK OKa)XXEeTCsl MUHUMAaJIbHBIM M IIPEUMYILIECTBA HEBEIHUKH, TO €CTh JIU CMBICT (PTOPUPOBATH BOJY,
a MoToMy 0OIIEeCTBO perras mpoodsieMy GTOpHPOBaHUS BOJBI JOJIKHO MCCIIEIOBATh Bee "3a" U "mpo-
THB".

Takum oOpa3oM, KOppeKTUpPOBaHME colepkaHUsd (TOpa B MUTHEBOW BOJAE JIOJKHO IMPOBO-
TUTHCS TOJBKO MO PEKOMEHAIMIM CHEeIHATUCTOB C YI€TOM MHOTUX acleKTOB JaHHOM MpOoOJIeMBl,
BKJIIOUas cojiepanue (Gropa B IPUPOJIHBIX BOJAaX KOHKPETHOI'O PErHOHa, pacipocTpaHeHue 3a0o-
JIeBaHUM, MHULIIMUPOBAHHBIX HEJOCTATOUYHBIM MM M30BITOUYHBIM MOTpedIeHreM (pTopa, HaTHUueM
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NPEINpPUATHI (THITa TIPOU3BOJICTB ATIOMHHHS U JP.), BHOCSIIUX CBOIO 3HAYHTEIBHYIO JICTITY B 3a-
rpsi3HeHHE (PTOPOM OOBEKTOB OKPYKAIOIIEH CPEAbl U APYTHUX.

Jlist McKITroueHust U30BITOYHOTO MOTpeOIeHNs (PTopa HACEICHNEM, a TAKXKe MPEIOTBPAIICHHUS
3arpsi3HEHUS] BOJIOEMOB MEPCIIEKTUBHBIMU MPEJICTABIISIOTCS, C OJTHOW CTOPOHBI, MPO(HIAKTHKA Ka-
pueca THTHECHHYECKIUMHU CPEACTBAMU M MEAUIIMHCKUMH TIperapaTaMu (110 MOKa3aHusIM), C IPYToH, -
WCTIOJIh30BaHNE COBPEMEHHBIX MMOPTATHBHBIX ()TOPATOPOB.
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3AK/IIOYEHUE

ObecrieueHne HaceneHUs] MUTHEBOM BOJION HOPMATHUBHOTO KadecTBa M B JOCTATOYHBIX KOJIHYECT-
Bax - OJHA W3 BaXXHEHUIIUX MPUOPUTETHHIX MPOOJIEM, pelIaeMbIX B HACTOSIIEE BpeMs B KaxIOi
cTpane. [loOpokauecTBEeHHAs MUTHEBAs BOJIA M 3I0POBbE HACETCHUS - TIOHATUS B3aUMOCBSI3aHHBIE.
Bens usBectHo [1, 4, 10], uTo Bo3pociine 3a MOCIEIHUE IeCATUICTUs Ononorndeckue (Oakrepu-
aJbHBIE, BUPYCHBIC, MTAPa3UTHBIC) U TOKCUYECKUE 3arps3HEHUS XO3SIMCTBEHHO-TTUTHEBBIX BOJOHUC-
TOYHHUKOB OTPA3WINCh TMOBBIIICHUEM YPOBHEU NETCKOW M B3pOCION MH(EKIIMOHHOW KHILIECYHOH,
napasuTapHOi U HEMH(EKIIMOHHON, B TOM YHUCJIE OHKOJOTHYECKOW, T€HETHUECKOH, ajiepreHHOI
3200J1eBa€MOCTH.

Crnenuanuctsl yTBepkaatoT [232], uto yuiepd 370pOBbIO0 HACENEHUs OT MOTPedIeHHs He00-
POKA4YEeCTBEHHOU MUTHEBOM BOJIBI COM3MEPHM C TIOTEPSMHU OT CTUXUHHBIX OCICTBUH, HEOIaronpu-
STHBIX JKOJIOTUYECKUX CHUTYAllMid, Tojiojla U Apyrux riodansHeix (aktopos. Ilo manasiM BO3,
cBbime 500 MITH 4eTTOBEK B MUPE €KEroJHO OO0JICIOT OT MOTpeOIeHUs HEKaYeCTBEHHON MUTHEBOM
BoAbI, 10 80% KHUIIeUHbIX WH(PEKIIMOHHBIX 3a00JIeBaHUI 00YCIOBIEHO KOHTAKTaMU C HH(PUIUPO-
BaHHOU BOJION. MarepHalbHbI yiepd mpu 3TOM, JaXe B BBHICOKO-PAa3BUTHIX CTPaHax, JOCTUTAET
JIECSATKOB MIJLJTUP/IOB JIOJJIAPOB B TOJ.

OOmast cTparerusi perieHus JaHHOW MPOOJIEMBbl C IeNIbI0 CMATYCHUS WU YCTPaHEHUs Hera-
TUBHBIX BIMSIHAA BOJHOTO (pakTopa Ha 3J0pOBBE YellOBEKa CBsizaHa, o MHeHUI0 JI.W. DnbpnuHepa
[233], ¢ HEOOXOAUMOCTHIO UCCIIEIOBAHHM MPOIIECCOB SBICHUN M 3aKOHOMEpPHOCTEH B crcTeMe "Ka-
YECTBO BOJI CYILIU - MUThEBAst BOJA - 3J0pOBbe HaceneHus". VccienoBanus nepBoro 38€Ha CUCTEMBbI
MpeIyCMaTPUBAIOT TMOJIyYEHUE M aHAU3 JTaHHBIX O 3aKOHOMEPHOCTSX (OpMHpPOBaHUS KauecTBa
BOJIbl IPUPOJHBIX UCTOYHUKOB; BTOPOTO - aHAJIMU3 JAHHBIX O KAuyeCTBE IMOJIy4aeMOW HaceJIeHUuEM
MUTHEBOH BOJBI C yueToM 3(h(HEeKTHBHOCTH OaphepHO pOIM KOHIUIHUOHUPYIOIIUX COOPY>KEHUH,
COBPEMEHHOM TEXHOJIOTHYECKOH, HOPMATUBHON M KOHTPOJIbHO-aHAIUTUYECKOW 0a3bl; U, HAKOHEII,
HCCIIeIOBaHMS TPETHEro 3BeHA - 9TO aHANU3 BIMSHUSA BOJHOTO (akTopa (MUTheBas Bojaa) B popmu-
pOBaHHM 3/10pPOBbsl HaceeHus. Pe3ynpTaThl HCcCcleA0BaHUN JOHKHBI TIOMOTAaTh B BBIOOpPE TaKTUKU
KOHKPETHBIX JICUCTBUIN Ha JIFOOOM 3Tare yrpaBlieHUs: CTPYKTYPOU BOJOIOIB30BAHHUS.

PaccmaTtpuBaemoe B 0030pe o06e33apakuBaHre BOJBI (XJIOPUPOBAHUEM U O30HHPOBAHHEM) B
[EHTPATU30BaHHBIX CHCTEMaxX XO3SHCTBEHHO-MUTHEBOTO BOJOCHAOKEHHS JTOCTATOYHO BAKHBIN
3Tal B TEXHOJOTUU BOJOMOJTOTOBKM M COOTBETCTBEHHO KaK 3BEHO B BBILICYKA3aHHOW CHUCTEME.
KauecTBo BOJI CyIliu AWKTYET PETIaMeHT Ipoiiecca Me3uH(EKIINI BObI, a Pe3yIbTaThl MOCIEIHETO
HECOMHEHHO BJIMSIOT Ha 3/I0POBBE YEIIOBEKA.

KauectBo Bog cymm. Poccist - ofiHa 13 HanbosIee BOIOOOECIICUCHHBIX cTpaH Mupa (30 Thic. M B
rojl Ha YeJIOBEeKa), OJHAKO MpobjemMa 3arpsi3HeHHUs MOBEPXHOCTHBIX BOJ CYIIM MO JaHHBIM [234]
octpa moBcemecTHO. Cpean BelecTB, 0OHAPYKUBAEMBIX B MPUPOTHBIX BOJAX CO 3HAYUTEIHHBIM
npesbiienreM [1/IK, mupokuii ciekTp OpraHnyecKnuX U HEOPraHUYECKUX COCAMHEHUMN. Y YUThIBas
MacIITa0bl HMCTOJIb30BAaHUSl IIEHTPAIBHBIM BOJOCHAOXKEHHEM BOJIO-UCTOYHUKOB (0COOEHHO TIO-
BEPXHOCTHBIX), OXpaHa UX OT 3arpsi3HEHUH - TOCy/lapCTBEHHAs 3aj1aya, MO0 caMble COBEPIICHHBIC
METO/IbI BOJIOTIOJITOTOBKH HE MOTYT 00ecneunTh 3(PPEeKTUBHYIO OYUCTKY OT MHOTHX PAaCTBOPEHHBIX
B BOJIE TOKCUYHBIX MPOJIYKTOB, MOCTYMAIONIUX B BOJIOEMBI B PE3YJIbTaTe XO3SMCTBEHHOM JESITelb-
HOCTH 4YeJIOBEKa.

['uruenndeckasi KOHLENIUS OXPaHbI TPUPOJHBIX BOJ 10 MHEHHIO crienuanuctoB [40], momxk-
Ha MpeaycMaTpuBaTh NpOodUIAKTHIECKUE MPUHITUIIBI OXPAHBI BOJ Ha OCHOBE TPUAJbI: KA4ECTBO U
COCTaB CTOYHBIX BOJI - BOJIBI IPUPOIHBIX OOBEKTOB - MUThEBAs BOJA, KaK IeIeBasi yCTAHOBKA BCEX
BOJIO-XpaHHBIX Mepornpustuii. B ux uncne - coomonenue [1/IK B cTouHbIX Bogax (st TOUCYHBIX,
PETYIUPYEMBIX, IPOMBIIIJICHHBIX U TOPOACKUX) M TOKCUKO-TUTHEHUYECKasl OLlEHKa OOIIEero CTOKa,
MEePUOANYECKHI KOHTPOJIh Ka4ecTBa BOJOMCTOYHUKOB Ha OCHOBE HaOOpa MPHOPUTETHHIX MOKa3a-
teneit. [{ns cpaBHenust otmetuM, uto B CLIIA mo manasiM [235] exxeroiHO Ha BOJOOXpaHHBIE Me-
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pornpusitusi pacxoayercs 40 mMipJ J0J., IPU 3TOM YCTaHOBIIEHBI JIOMYCTHUMbIE HOPMBI cOpoca 3a-
TPSA3HEHUN I 53 KaTeropuii MpOMBIIIJIEHHOCTH.

IutbeBast Boga. lcnonb3oBanue sl BOJOCHA0XKEHUS MOJ3EMHBIX BOJ, Oojee 3alluIIeH-
HBIX OT Pa3JIMYHBIX XMMHYECKUX M OHOJIOTMYECKUX 3arpsA3HEHH, - OOIIeMHpoBas TEHICHIIUS
[236], omHako B Poccum 10 cuX mMop OCHOBHBIE MCTOYHHKH - TTOBEPXHOCTHBIE BopoeMbl. Heco-
MHEHHO, C Y4€TOM HapacTalollero MoToka aHTPOMOTeHHBIX 3arpsI3HUTENIEH, 3TO YCIOKHSIET 3a1auy
oOecrieueHnsT HaCEICHHUS JOOPOKAYECTBEHHON MUTHEBOM BOAOW C TTOMOIIBIO OOMIETIPUHATON TEX-
HOJIOTUM BOJIOIOJITOTOBKHU, BKJIIOYAIOIIEH peareHTHyI0 oOpaboTKy, ocaxaeHue (WU OCBETICHHE
BO/Ib), QUIBTPOBAHKE U OKUCIUTENbHOE 00€33apaKUBAHUE XJIOPUPOBAHUEM HIIH 030HUPOBAHUEM.

Ananu3 myOnuKanuil 3a nmociegHue Tobl MoKas3all, YTO XJOPHUPOBAHUE IO CPABHEHUIO C JIPY-
TUMH MeTOoJaMH 00e33apaKMBaHUsl MUTHEBOM BOJIbI (JOCTOMHCTBA U HEAOCTAaTKU UX CM. B IMpPHIL,
TabJ1. 5) MO-NpeKHEMY IIUPOKO HUCIOJIB3YEeTCsl B IPAKTHKE BOJOMOATOTOBKHU, XOTS U HE yIOBJIETBO-
psieT BceM TpeOOBaHUSM MHUTHEBOTO BOJAOCHAOXKEHHS B YCIOBMSIX MOBBIIICHHOW 3arpsi3HEHHOCTU
BOJO-UCTOYHHUKOB. Mcrmonb3yeTcs - moToMy, 4TO 00iaaeT MUPOKUM CIEKTPOM OaKTepUIIUTHOU
3(PEeKTUBHOCTH, YCTOMYMBOCTHIO B 00pabaThIBaéMOM BOJE, MITKOCTHIO TEXHOJOTHYECKOTO HC-
MOJTb30BaHUSI M KOHTPOJISI, CIOCOOHOCTBIO KOHCEPBHPOBATh 00pabOTaHHYIO BOAY B TE€UEHHUE J0-
BOJIbHO IPOJOKUTEIBLHOTO MPOMEKYTKA BPEMEHH, OTHOCUTENIbHOM TOCTYITHOCTBIO U ITPHUEMIIEMOIT
CTOUMOCTBI0. He yZIoBneTBOpsET - B CBSI3U C TEM, YTO COBPEMEHHAs! TEXHOJIOTHUS BOAONOATOTOBKH
MOoKa He o0ecrednBaeT ylajleHHusl MHOTHX PEaKlMOHHOCIIO-COOHBIX 3arps3HUTENEH, 00pa3yoniX B
nporecce Ae3MHPEKIUU BOIbI XJIOPOM BeCcbMa TOKCUYHBIE XJIOpcoAepkalliue coenuHeHus. Bous-
HUE MX Ha 3/I0pOBbE YeJOBEKa MpHU JO0JITOBPEMEHHOM MOTPEeOJIEHUH ¢ MUTHEBOM BOJOW Tpelyer
CEpbE3HOr0 U3YUYEHHUS.

O6e33apaxkxnuBaHuE BOBI 030HUPOBAHUEM ITO3BOJIET M30€kKaTh 00pa30BaHUs JOCTATOYHO yC-
TOMYMBBIX XJIOPCOAEPKALIUX KCEHOOMOTHKOB, CPEN KOTOPBIX Jake OOHApY>KMBAIOT HE UMEIOIIHE
cebe paBHBIX MO TOKCUYHOCTH TUOKCHHBI ([16] u cchuiku oTTyAa). O30H 00/1a1aeT BHICOKUM OaK-
TEPUIMIHBIM JIEHCTBUEM JUIsl BceX OaKTepuil, BKJIIOYas CIOpOoOOpasyroliie BUPYCHI, AJi KOTOPBIX
ManodddexkTuBeH xyop. OIHAKO ATOT ra3 Ha MOPSAOK TOKCHYHEE XJIOPA, B3PHIBOOIIACEH, YPE3BhI-
YailHO peaklMOHHOCIOCOOEH, 00J1aJaeT BHICOKO-KOPPO3UOHHBIMU CBOMCTBAMH M K TOMY K€ HE
MMEET OCTAaTOYHOT'0 KOHCEPBUPYIOMIETo 0aKTepUIHIHOTO d(PdeKTa, 4TO BBI3BIBAET HEOOXOIUMOCTh
BTOPUYHOTO XJIOPUPOBAHUS BOJBI B pa3Bosiieil cetu. Kpome Toro o3oHupoBaHue - mpouecc 3Hep-
FOEMKHUH, MO3TOMY CTOMMOCTh O30HHUPOBAHHOW BOJbI 3HAYMTEIBHO BBIIIEC XJIOPHUpPOBaHHOW. He-
CMOTpS Ha 3TO 030H B TEXHOJIOT'MH BOJOMOATOTOBKY MPUMEHSIOT B MoCKBe, C-IletepOypre,
Kuese, a Taxxe Bo @pannun, [lIsetinapun u vactuuno B CIIIA.

Wrak, HecMOTpsi Ha TO, YTO O30HHMPOBAaHHAsA BoJa 00JaJaeT JOCTaTOUYHO XOPOUIMMH TUTHe-
HUYECKUM M BKYCOBBIMU CBOWCTBaMH, 00€33apa)kMBaHHE €€ TaKUM METOJOM B CHJIy Ha3BaHHBIX
BbIIII€ MIPUYMH HE HAIUIO IIWPOKOrO MPUMEHEHHS, XOTS U CUMTAETCs MepcneKTUBHbIM. C Apyroii
CTOPOHBI, HECMOTPS Ha CYILIECTBEHHBIM HEAOCTATOK XJIOPUPOBAHMSI, 3aKIItOYaIOLIUiics B oOpa3oBa-
HUU HeOE30MaCHBIX IS 3J0POBbsl BTOPUYHBIX 3arps3HUTENEH, B OnnxkaiiieM OyayiieM TeHIeHIIHS
Takoro o0e33apakKUBaHUs BOJIBI TIEpE]T MOoJavYei ee MoTpeOuTeNo (TIOCTXJIOpUpOBaHue) OyAET Co-
XPaHATHCA, TOCKOJIBKY TOJILKO OCTATOUHBIM XJIOp 00J1aAaeT MPOJIOHTHPOBAHHBIM OaKTEPUILIUIHBIM
neiictBueM. B cBsi3u ¢ 3TUM BO3pacTaeT 3HAYMMOCTh METOJIOB OYMCTKHU BObI M€pel XJIOPHUPOBAHU-
eM (cM. mpui., Tad. 4).

B nanpHeiiieM nmepenekTHBa 3a 3K0J0THYecKd 3((HEKTUBHBIMU TEXHOJIOTHUSMU MOJATOTOBKH
100pOKaueCTBEHHOM MUTHEBON BOBI, UCIOIB3YIOIIUMH JIIsl 00€33apaKuBaHUS KaK TPaJUIIMOHHbBIE
METO/Ibl O30HUPOBAHHUS U COPOIMH, MPSAMON IEKTPOIU3 MMOBAPEHHOM COJH, TaK U HOBBIE, COBpE-
MEHHBIE, HaIIpuMep, MeMOpannyto TexHosoruio [1, 107, 109, 111, 237 - 239]. 13-3a KpUTHIECKOTO
OTHONICHUS K XJIOPUPOBAHUIO UMEHHO 3TON TEXHOJIOTUU YJIENSETCs B MOCIEIHNUE TObl Bce O0Ib-
1iee BHUMaHHE, MO0 OHA IMO3BOJISIET HAapsAIy C yOaJleHHEM U3 BOJAbl TOKCUYHBIX OPraHUYECKHX U
HEOpPraHUYECKUX 3arps3HUTENEH MOTHOCThIO ee 00e33apaxuBaTh. [10 KanmuTalbHBIM U 3KCILTyaTa-
LIMOHHBIM 3aTpaTaM MeMOpaHHasl TEXHOJIOTHUS CTaHOBUTCS Bce 0ojiee KOHKYPEHTOCIOCOOHOM Iis
WCIIOIh30BaHUsI B KOMMYHAJIbHOM BojmocHaOxeHuH. [1o manHbIM, TpuBeeHHBIM B [238], B Hamei
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CTpaHe U 3a py0ekoM pa3paOOTaHbl U U3TOTOBJISIIOTCS PA3JIMYHbIE TUIBI KOMIIO3UTHBIX OOpaTHO-
OCMOTHYECKHX BBICOKO- M HU3KO-HAMOPHBIX MEMOpPaH, MpeIHa3HauYE€HHBIX JJI1 OUUCTKH Pa3IUYHbIX
KaTeropuil HCXOHBIX BOJI. BHEapEeHNE BOJOOUNCTHBIX MEMOPAaHHBIX YCTAHOBOK Majlol W CpeaHen
MIPOU3BOIUTENBHOCTH, PabOTAIONINX B aBTOMATUYECKOM pEXHME U HE TPeOYIoUIUX 0OJbIIOro KO-
JMYECTBA PeareéHTOB M OOCITY)KUBAIOIIEr0 NEepcoHalla, B Hallel cTpaHe UMeeT OOJIbIINe MepCreK-
THBBI.

Crnenyer OTMETHTh, YTO COBEPIICHCTBOBAHUE TEXHOJIOTMHM OYUCTKU BOJbI HEPA3pBIBHO CBS-
3aHO C YCOBEPIIEHCTBOBAHMEM HOPM M CTaHAAPTOB B HAINPABICHUWU PACIIMPEHUs CIHCKa peria-
MeHTUpyeMbIX BemecTB M yrouHeHust ux [[JIK B nutheBoii Boxe. [Ipu comocraBieHnn HOpMATHB-
HBIX JIOKYMEHTOB, JeicTByromux B Poccun, ¢ pekomennanusyvu BO3 [65], BugHO, 9TO MO OpraHo-
JENTUYECKUM TOKA3aTeNsIM HET CYLIECTBEHHBIX PACXO0KJIEHUHN, HO MO PsAly BBICOKOTOKCHYHBIX 3a-
IpA3HUTENIEH MEXAYHapOAHbIE PEKOMEHIALNN CYIIECTBEHHO YXECTOYarOT MPHUHITHIE HOPMATHUBbI
KadecTBa BOJbI. B HacTosmee Bpems B 1iessix 6osee 3pPeKTUBHOTO KOHTPOJIST PabOThI BOAOOUYHUCT-
HBIX CTaHIu# ¢ yaetoM nocieaaux (1993 r.) pexkomennarnuit BO3 pazpaboTanpl HOBbIE HOPMATHB-
HBbIE JOKYMEHTHI 110 KOHTPOJIIO KauecTBa muTheBoi Boabl: CanlluH "TpeboBaHust k kauecTBY BOIBI
[EHTPAITM30BaHHOTO X035HCTBeHHO-TTUTheBoro BogocHaOkenus" u 'OCT "Boga nmutbeBas. Kon-
TPOJIb KauecTBa'", HaXOAIIMECS Ha CTAIUK pa3paboTKU U IJIaHUpPYEeMble K BHEJIPEHHUIO B OJMKaii-
mee Bpems [ 1, 240, 241]. BHeapeHue HOBBIX HOPMATUBHBIX JTJOKYMEHTOB, a TaK)Ke MPHHITHE psJla
3akoHOB "O0 sKonorudeckoi skcneptuse”, "O6 obecrieueHNN HACEICHUSI KAYeCTBEHHON IMUThEBOM
BoJoM" M Apyrux OymeT COOTBETCTBEHHO COMYTCTBOBATH Pa3pabOTKE MHOTHX MEP M MEPONPUATHHA
UL 00ecIeueHus HaceJIEHNSI KAaYEeCTBEHHOU ITUTHEBOI BOIOM.

Heongno3nauHoe oTHOIIEHHE K IPYrou mpodiaeme - GTOpUPOBAHUIO TUTHEBOW BOJBI MO0y IH-
JIO TIPEACTaBUTh B JJAHHOM 0030pe (CM. TJI. 5) UMEIONTYIoCs 0 Hell MHPOPMAIIHIO TI0 MyOIUKAIHsIM
OTEUYECTBEHHBIX M 3apyOeKHBIX HccienoBateneil. [Ipobmema Takxke HampsMyro cBA3aHa CO 3]10-
POBBEM UEJIOBEKA U pelliaTh €€ HE0OX0AUMO C YU€TOM PEKOMEHIALUN CIEIUAINCTOB.

3nopoBbe HacesieHusi. Ceifuac yxe TpyJAHO HAMTH COMHEBAIOIIUXCS B TOM, YTO KayeCTBO
MUTHEBOM BOJBI U 3/I0pOBbE UEJIOBEKa B3aUMOCBs3aHbl. [IpuMepsl TOMy npuBeneHsl B 0030pe. Tem
HE MeHee ISl MEJIMKOB, SMHAEMHUOJIOIOB, TOKCUKOJIOTOB CYIIECTBYET MHOTO IIpo0JieM i uccie-
JIOBaHMM, TaK KaK IepeueHb aHTPOIIOT€HHBIX 3arpsA3HUTENCH BOJIHBIX 0OBEKTOB MOCTOSIHHO MOMOJI-
HSETCS; HE M3Y4YEeHBI MpOIecChl TpaHCHOPMALIMM MHOTUX XHMHUYECKUX 3arpsi3HUTENEd B BOJE, B
TOM 4YHUCJIE B TPOIecCCe BOJOMOJAIOTOBKU; BIMSHUE STUX BEIIECTB Ha 3/I0POBbE 4YEJIOBEKa MpHU
IpHeMe C BOJIOM B MUKPOKOJIMYECTBAX OTACIHLHO U B KOMIUJIEKCE B PA3IMYHBIE IO MPOJAOIKUTENb-
HOCTH TPOMEXYTKH BPEMEHHU U COOTBETCTBEHHO PEKOMEHJAIMU MO OYHCTKE U HOPMHUPOBAHUIO
MpUMeceH B BOJIE.

K sromy cnemgyer no0aBUTh, YTO HEOOXOAMMO SKOJIOIMUECKOE MPOCBEIICHUE HACEJICHUS B
OTHOIICHUU TOTPEeOIIAeMO MUTHEBOM BOJIBI, YTO MOIJIO OBl CHOCOOCTBOBATH MEPCIEKTUBHOMY
YIIYYIIEHUI0 COCTOSIHHS MTUThEBOT0 BoAocHaOeHusa. Hanmpumep, nmo nanueim [242], Bo ®pannun
YBa)K€HHE K MOTPEOUTENIO MUTHEBOM BOBI BHIPAXKAETCS B MPEIOCTABICHUN €My OIIepaTUBHOM HH-
dbopmaruu 0 KadecTBe BOJIOMPOBOIHON BOABI. st 3TOro co3mana u yHkumonupyer ¢ 1989 r.
cucteMa Minitel 3614 SEDIP, xotopast ¢ 1990 r. BeI1aeT 1Mo crenuaibHOMY 3apocCy MOTPEOUTETIO
KOJIMYECTBEHHBIE XapaKTepUCTUKH 1Mo Oojee 20 mokazarensM BoaonpoBoaHou Boasl. C 26 deBpa-
ns 1990 . BBeZieH B JeiiCTBHE OOIICHAIIMOHATBHBIN HOMED TenedoHa s MOTydeHHUsT OSCIUTaTHO
nH(pOpPMALIUK O KAa4eCTBE MHUTHEBOM BOJBI, a TaKKe KOHCYJIbTAlMM CHEIHATMCTOB. 32 MUHYBIIEE
BpeMS BBIICHUJIOCH, YTO IIPEIOCTABIEHHAS BO3MOXXHOCTD MOJIb3yeTCsA OOIBIION MOMYISPHOCTHIO Y
HaCEJIeHHUs, a pa3BUTHE €€ HaMEUEHO C MPHUBJICYEHUEM CIEIHATUCTOB JJIsl OoJiee MoIPOOHBIX pa3b-
SCHEHUH.

Jlyig Hamiero cooteuecTBEHHUKa MH(GOPMHUPOBAHHOCTh O KaueCTBE MUTHEBOM BOJBI Ha MO-
MEHT NOTpeOJIeHus, a Tak’Ke MOHMMAaHHUE 3HAYMMOCTH MOJYYEHHBIX JaHHBIX CIIOCOOCTBOBAIIN OBl
Ha OmKalvii Ieproja BpeMEeHU NMPUIIOKEHUIO U COOCTBEHHBIX YCHJIMM B 3TOM HalpaBlieHUH, Ha-
MIpUMep, B BHJIE UCIIOJIb30BAHUS JIOKATbHBIX OUMCTUTENIEH MUTHEBOM BO/BI, MO0, €CIIM YKCcTask BOAa
HMMEET 1IeHY, TO 3/I0POBbe OECIIEHHO (CM. Takxke [243, 244)).
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Metoam onpeneneHus HEKOTOPBIX FANIOrEHCOACPKALIMX COensHeHHit B Boanok cpene ([47] u cobuku oTTYAA)

NPWIOXEHHE

Tabnuua 1

Coenunenne Qbrexr ananmuaa Onepauur no npobonogrorosxe MeTon asanmaa TNpenen
obHapyxenus,
Mxr/n
1 2 3 4 5
MeTunxnopun Bona Oumcrka (uuepTHbi#t ras), yrarnMBaxue (OB-1, xpomocop6- T'X/xoumykro- 0,08
W/Tenakc/cunukarens), secopbums npu napoobpasosaHum (Ka- MeTpHuECKoe
rpepanvem go 180°C npu o6paTHOM TeueHHH C HHEDTHBIM I'a30M) THTPOBAHHE
Ha I'X-xonouxe )
Bona Hobarnenue BHYTpeHHErO CTAHAAPTA (M30TOMHO-MEUEHBIH Me- I'X/MC 50
THAXJIOPUA) , OUMCTKA, YAZBAHBAHME W aecopbums (xax onucaHo
BbilLie)
Bononposon-  Ouncrka (80°C, aszor), yaapausaHue (ambepcopb mamn nopamax rx,/234 0,05
Has BOna N), necop6uua.(mmonenuuﬁ HATPEB); YJIABMMBAHME B MMHM-
nosywxax (-30°C, ambepcopb, nopanax N), recopbums (Mruo-
BEHHBIH HarpeB) Ha I'X-konouke
To xe To xe I'X/MC - 0,0t
Bona 13 nosep- To xe rXx,MC 0,05
XHOCTHOIMO BO-
AOMCTOYHMKA
0
Bona Bhinepxusanne o6pasua npu 30 C, MHbEKIHS ATHKBOTHOM YaCTH TX/331 3-15§
“OCHOBHOIO napa“
Metnnbpomun Bona Oumctka (uueprHbiii ras), yaasnusanue (OB-| . xpomocopb- T'X/koumyxTto- 1,18
W/'renaxc/cnnuxa.nenb). Aecopbumns npu napooGpasosanmum (Ha- METPHUECKOE
rpesanmnem 10 180°C npu obpaTHoM Teuenmu ¢ HHEPTHBIM ra30M) NETEKTHPOBAHME

Ha I'X-xonouxe



Tpononxenne Tabn. 1

1 | 2 ! 3 [ 4 [ 5
MeTtinbpomun Bogonposon-  Quucrka (80°C, asor), ynaBauBaHue, aecopiuns (MrHOBEHHbIN I'X/MC 0.05
Has BOfa Harpes), y1aBAMBAHME B MUHMIOBYWwKax (ambepcopb wam no-
panax N), necopbumus (MrHOBEHHbIM Harpes) Ha I'X-k0noHKe
To xe To xe | rx,Mc < 0,05
Bona w3 noeep- .+ To xe -4 0,1
XHOCTHOMQ BO-
DOUCTOYHHKA
Merunuoanna Bona CrannapTHas TEXHOJMOMMS OUMCTKH M YNaBiIMBaHMS I'X /MuUKpoBOA- 0,1
HOBOE 3MMCCHOH-
HOE JeTEeKTHpOBa-
HHE
Dnxnopmeran Bona Ynanenue opraHMHECKMX BELIECTB HATPEBAHMEM B CTPYE Ieus, X,/ MC —
aacopbums xa nonu-n-gudenmndeHnneHokcuae, aecopbiust Ha-
FPEBAHHEM, YNABAMBAHME B MMHUK Ha I'X-konoHke
Xnopuposan-  [lpespaleHue NeTyuux COEAHMHEHHMIT B ra30BYIO a3y npomnyc- I'X/TIUA, 0,1
Hasg NWUTbEBAS KaHWEM a30Ta uyepes ofpaseu, KOHUEHTPUpOBAHHE I'X /MUKPOKYNO-
Bona HOMETPHA
To xe Oxnaxgaenne 1o 4 C, IKCTPAKUHS (NEHTAH) X,/ TN 1-10
M. OQuuctka (MHepTHbIt ras), ynasiusaxue (OB-1, xpomocopb- X /xOrgykTo- 0,25
W/TeHakc/cunmkarens), aecopbums rnpu napoobpasosanmu (Ha- MeTpHUECKoe
rpesanuem 10 180°C npu 06paTHOM TEHEHMM C MHEPTHBIM TA30M) JETEKTHPOBAHHE
Ha 'X-xonouxe
.- To xe I'X/MC 2,8
. NobanneHne BHYTPEHHENO CTAHAAPTA (M3OTOMHO-MEYEHbIH M- I'X/MC 10

XJIOPMETAH), OYMCTKA, YNABIMBAHME M Jecopbums (Kak OnUCaHO
BbilLE)



Ipoponxenne tabn. 1

1

|

2

3

4

]

5

Huxnopmeran

Xnopodopm

YerupexxaopH-
CTHIH yraepos

Bononposon-
Has BoOpa

To xe

Boaa v3 nosep-
XHOCTHOMO BO-
aoemMa

Bona

IMurbeBas Bona

TinTbeBas u
NPpHPOAHANA BO-
na

Mopckas 7]
npecHas Boaa

To xe

Peunas sona

Ounctxa (80°C, aszom), ynasnusanue (tenakc GX), aecopbums
(MMHOBEHHBIt HRTPEB) M YNARTMBAHHE B MHHWIOBYILKE (TEHAKC-
GX, -30°C), necopbuma (MrHOBeHHbI/ Harpes) Ha IX-xonouxe

To xe

Boinepxusanue obpasua soast npu 30°C; nibexums anukBoTHOM
4YacTH “OCHOBHOMO mapa“

Npamoe seesenve ofpasua

Pa3bpuizrvsasne (ra3-HOCHTENb-reMit), ynasausanue Ha I'X-
KOJIOHKE

JkcTpakuusa (reTpanmH)

Ynaenueauue Ha apcopbente, aecopbums HarpesaHMeM, yna-
BAMBAKKME (MOBTOPHOE) B AMHMK Ha ['X-konoHke

Hob6asnenne NaCl, akcTpakums (METHALMKIONEKCAH)

IKCTpakuma (MEHTaH), BbICYWIMBAHHE

-

Oxnaxpaenne no 4°C, axcrpakuus (neurau)

rX/3a21

rx/McC

rX,/931

“

rx/MC

I'X/xoHayxTo-
METPHYECKOoe
AETEKTHPOBAHUE

rx/man
'X,/MC

rxX/230

0.1

< 0,05
0,1

3-15

0,1
0.1

0.04
0.1

<1

80 ur/n
25 ur/n

10



Tlpononxenne taba. |

1

2

3

4

5

Yersipexxnopu-
CToii yraepon

1,2-Muxnoparan

l ] i ‘l -TpHXJIOp-
JATaH

1,1,2-Tpuxnop-
3TaK
1,1,1,2-Terpa-
XNOP3ITAH

1,1,2,2-Terpa-
XJOP3TAH

ITenraxnoparan

Tlexcaxnoparan

Peunas sopa

IuTresan Boaa

To xe

Iurbesas Boxaa

To xe

MNMursenas sona

Oxnaxnenue no 4°C, 3KCTPAKUUA (NEHTAH)

[pamas nisexuus obpasua

Paibpsizrusanme (resamii), NOBTOpHOE yhannusauue Ha I'X-xo-
JIoHKeE

Pa36psiarupanmne (reamit), ynasmuBaHuMe Ha ancopbenre, ne-

copbums HarpesanueM, TIOBTOPHOC YNABIHBAHME B JIMHHMM HA
FX-xonoHke i

Ouncrxa (renmi), ynamnimsanue Ha MOAMMEPHOM KOMOHKE, Oe-

copbums Harpesanuen, NOBTOPHOE YNABAHBAHHE B JMHUK Ha
I'X-xkononxke

Ouuctka, ynasiusaHue M3 HHEDTHONO ra3a, aHanu3 wa I'X-
KOJIOHKE

IKCTPAKLMS C MCTAHONOM, PACTBOPEHME BOAOH W CTAHAAPTHAS
OYHCTKA, YNABIHBAHME 1A OTHAENEHUS JIETYYMX COCAMHEHMT

Oxnaxnenne B Boze, IKCTpakUms (MEMTAH)

Ipamoe eBenenne obpasua

Koppexuns pH, nexnopuposanme, ancopbums Ha HOHOOOMeH-
HHUKE, SMOHPOBAHHE HPHPOM MM XKMAKOCTh-KHAKOCTHAS 3K Y-
pakuus

IKCTpakums (H-nentan), suicywnsaHue (NazSO4), MHBEKLMs
8/UKBOTHOM YaCTH

JKcTpakums (TeTpanuH nau xnopodopm)

rx/334

Xx/231
I'X /xoHgyxTO-
MEeTpHUECKoe
JETEKTHPOBARUE

I'X/Muxpoky-
NOHOMETPUS

rx,mMC

rx,Mc
I'X/xougyxro-

METPHUECKOe
AETEKTUPOBAHME

X/ (3310)

rx/J3a
'X/MC

rx,/331

X/ T4

10 ur/n

90
0,2

0.1

0,1-0,5

0,01-0,1
Mr/n

7

0,02

0,04



Mponoaxexwue Taba. 1

1

2

3 4 i 5
I'excaxnoparau Bononposoz- Koppexuus pH, aexnopupoeanue, apeHuposaiue uepes XAJM-2, I'X/MC —_—
Has BOAa amoupoBaHde 3GHPOM, BLICYIUMBAHKUE COOPAKHOMO 3J110EHTA
[MosepxHoOCT- O6pasen npu 60°C, useneuenme (azor) , Y1aBIMBAHME HA TEHAKC- . 1
HAas BOJA GX, pecopbumsi HarpeBaHUEM, NOBTOPHOE Y/IARIHBAHME B IMHUM
Ha I'X-konoHke
Tpuxnopatunen  Iutwesas sona [Ipamas uwsexums obpasua rx/331 2
Boppnposon- . 'X/MC 0,2
Has BOjA
Terpaxnoparu- [Mutbesas Boga JkcTpakums (NEHTaH), BLICYLIMBEAHHE rX/2331 25 ur/n
JeR
- Ipamo# ananua - 0,5
[IuteeBas wu [lpoaysxa asora uepes obpasen, KOHUEHTPHPOBAHME X/MUNI; PX/MC 0,1
CTOYHas BOJA
1,2-Auxnop- Bona Ouncrka (uHepTHBIf ra3z), ynasnusanme (OB-1, xpomocopb- TI'X/xoumyxro- 0,04
nponaH W/Teuaxc/cmnxgmnb), aecopbumnsi npu napoobpazoBanuy (Ha- METPUUECKOE
rpesanuemM 10 180 C npu o6paTHOM TEYEHMHM C UHEPTHLIM rA30M)  AETEKTUPOBAHME
Ha ['X-xonomnke :
-H- To xe rxX/MC 6,0
. Oumncrxa (40°C, a301), ynamnMBaHue HENOCPEACTBEHHO HA Te- I'X,/TIAJT 0.1
Hakc-GX (40°C), temnepatypuas nporpamMMa 18 aHaMaa
. To xe I'’X/xougykro- < 0,1
METPHUHECKOE

AETEKTUPOBAHHE



OxoHuauue 1adn. 1

1 | 2 | 3 | 4 1 5

1,3-Anxaop- Bona Ousctka (uneprubifi ras), ynasnusanme (OB-1, xpomocop6- FX/xonnyxro- 0,84 (umc-
aponed W /TeHakc/cuankarens), necopbums npu napoobpa3oaHuu (Ha- METPHYECKOE u3oMep)
rpesanuem a0 180°C npu obpartHom Teuenum ¢ HHEPTHBIM rA30M) AETEKTHPOBAHME 0,20
Ha I'X-xononke (Tpauc-
H30OMED)
-“- To xe 'Xx/MC 5,0 mxr/a
(umc-
H3omep)
He onp.
(TpaHc-
H3oMep)
- Ho6aBneHne SHYTPEHHErO CTRHAAPTA (MIOTOMHO-MEUEHBIH LHC- r'X/MC He onp.
MW TPaHC-1,3-qMXopnpones), OYMCTKA, YABBIAMBAHME M Je- (umc-
copbumns (kak onMMCaHO Bbile) M3oMep)
10 (rpanc-
H3omep)
e Oumncrxa (40:C. a30T), ynaBnMBAHME HENOCPEICTBEAHO Ha Te- ['X/KOHAYKTO- 0.5
Hakc-GX (40°C), temneparypuas nporpaMMa ans aHanmaa METPHUECKOe
RETEXTHPOBAHUE

Mpumevanue: I'X - razosan xpomarorpadpus, MC - Macc-cnexTpomMetpus, 33/1-anexTponosaxpaTHeri nerexrop. [NH] - maMeHHO-HOHH3IaUHOKHBIA QETEKTOP.



~

PeiyasTathl OnpeaeneHns raIOreHCONEPXKAMX COSAMHEH UM

Tabanwmua 2

ObnexT aHANK3a

]

CHCI3 | cC1 CHCL2Br
IMuTbenas HeXAOPUPOBAHHAS BOAA (apre3MaHckas) 0 Cn. 0
fMuTheBas xNOpHpOBaHHAS BOAA 1,8 +0,05 0,1 + 0,05 1,4+0,05
Peunas soaa 2,14+£0,1 0,1 + 0,05 0
TNpoMeiBHAY BOAA CKOPbIX GHUABLTPOB 80,0 +1,0 1,$+0,05 2.8 + 0,05



Tabauwuya 3

Knaccudmkaums npumeceit soapt no mx $a30B0-AMCTIEPCHOMY COCTOSIHHMIO
M NPOLECCH, MCMIONL3YEMBIE IS MX yaanexus [2]

TeTeporennLIe cHoTeMBI

ToMorenHbie cucTeMBI

Basecu (cycnensum, amynncun,
MHMKPOOPIaHU3MB] M [UIAHKTOH)

Tpynna 1 (102 . 10°5 cm)

Konnouambie pacTeopsi, BBICOKOMO-
JIEKYIAPHbIC COSAHHEHAN K BHPYCHI

pynna 11 (10 . 100 em)

Monexynspusic pacTeops! (rasst,
PACTBOPHMbIC OPraAMITeCKHe BLILICCTBA)

Cpynna Il (10'6 - 1077 cM)

Hounsie pactopht (conm, KHCToTSI,
OCHOBAHKSA)

Tpynna IV (107 - 108 cwm)

Mexanuueckoe GeapearexntHoe
pazaeneHue

Okucnenne x10poM, 030HOM M
ap.

DroTauMs CycneHsnit M amy-
ABCUA

Aaresus Ha rHAPOKCHIARX AMO-
MHHUS HJIM XKEJE3a U BBICOKO-
AWUCTIEPCHBIX MATEPHANAX

Arperauns ¢ nomoubio ¢ao-
KYASHTOB

AnextpoduabTpauns cycnem-
3MH M 3NEKTPOYAEPXKMBaAHME
MHKPOOPraHHU3MOB

baxtepuumnanoe Bo3sneircTene
HA NaTOreHHBIE MHKPOOPraHM-
3Mbl

Membpanubie pasaeneHus

Oxucnenne xnopoM, 030HOM M
Ap.

Koaryasums xomrtompubix npu-
MeCcei

Apcopbumus Ha ruzpoxkcmaax
ANMOMHHHS, XKene3a M Ha Iu-
HHCTBIX MMHEpanax

Arperauns ¢ nomowsio ¢noxy-
JASHTOB KATHOHHOIO THNA

JnexTpodope3s M INEKTPOAHANHS

Bupyauumanoe eosneiicrene

Ancopbuus razos u neryumx op-
FAHHYECKHX COCOMHEHMHA

Oxucnenne xn0poM, OKCHAOM
xnopa (IV), o3oHOM, nepmanra-
HATOM XA/TMA

IKCTPRKUMA OPraHHUECKMMH
pacTaopuTenIMH

Ancopbums Ha aAKTMBHPOBAHHBIX
yrnsx ¥ ApyrMx marepHajax

Accoumaums Monexya

[longpusauma monexyn 8 anex-
TPMYECKOM noNe

buoxummuueckuit pacnagn

PaageneHue BOJbl M HOHOB MEM-
OpanubiMH MeTORAMM

IMepesox 110HOB B Manopacrso-
PHMbIE COCIMHEHMS, B TOM YMC-
Jie OKHCNEHHEM

Cenapaums MOHOB NIpH paanmu-
HOM (a30BOM COCTOSHMM BOIBI
Duxcaums MOHOB HA TBEPAOI

¢dasze wouuros

Iepesox uomoB B Manommcco-
UMHPOBRHHBE COEAMHEHHS

Hcnonb3omsasmue noOABHXKHOCTH
MOHOB B 3NEKTPOCTATHYECKOM
nose

Mukpo6Hoe BBReneHME HOHOB
METAUIOR



Tabnuua 4

MeToan ynanenus v3 soant Beutects ([2] wu copuikm orTvaa)

Mpouecc Pekomenmyemelit O6nacts npumeneHua no Hcnoneayemeble peareHThl H Cocrap oMHCTHBIX Crenens cuHeTRH
TEXHOMOFHYECRHA cnocob | ymanfieMbim 3arpuavenunm | ux pacxon Ha 1000 M~ poasl, COOPYXCHHH
obpaboteu BogB! Kr
1 2 3 4 5 6
Mepeo# rpynnb
Mexaunueckoe 6e3- OtcrauBaHue [NpyGonucnepcusie — BonosaGopubie koBWH, 50 - 70,
peareHTsoe paape- npuMecH > 500°Mr/n; OTCTOMHHUKH
AeHME UBETHOCTH A0 50
DunbrpoBanue B3iBCIUEHHBIE BELIECT- - MeaneHubie GuabTpsl  90-999, Mux-
Ba ao 50 mr/na; user- POOPraHH3MOB,
HOCTb 10 50° MYTHOCTB A0
HOPM CTaH-
papra
Bisewennnie semect- —_ [pensapuremHLie 60 - 80%,
Ba o 1000 mr/n; user- bunbTpbI
HoCTb a0 50°
Mukponpouexusa- HaanxrtoH bonee — MuxpodpnasTpsl 70 - 95%
HMe 1000 xn/Mn 1 B3BecH
Ueurpudyruposaumne [pybo- M TOHKOOMC- - Henpepbisro nerictey- g0 - 90,

Anarezus

Ha BLICOKOAMC-
NepCHbIX K 3ep-
HUCTbIX MaTe-
puanax

@OunbTpoBaHHE uepes
HAMBbIBHOM CNOH BCIO-
MOraTeLHON BEWeC-
TBa

NEPCHBIE IPUMECH

TonkoancnepcHsie
83BECH  XKene3a, Map-
raHua npu Heobxoam-
MOCTH uXx raybokoro
yaaneHus

Juaromur, Tpene, ac-
fect, uemnon03a, ak-
THBHPOBAHHDbIA YIOb M
ap. (1-60)

wuie ueHTpudyrm,
MIPOUMKAOHBI

JAuatomMoBble M apyrue
HaMbiBHbie (PUABTPBI

Ilo myTHOCTH
AO HOPM CTaH-~
aapra



ITpononxeune 1aba. 4

l

6

Anresus

Ha BbICOKOAMC-
NePCHbIX W 3ep-
HHUCTBIX MaTe-
pManax

HA MIPOKCH-
AaX ANOMHHMS
WK XKese3a u

PAMHHUCTBIX Ma-
Tepuanax

OurbTpoBaHMe Kkoa-
TYJUPOBAHHONH CMeCcH
yepe3d 3EPHUCTBIE 3a-
rpy3Km

OwbTpoRaHMe ¢ MC-
NOAb3OBAKHUEM HBJIE-
HHus KOHTAKTHOM
Koarynsumum

dnexTpoduabTpo-
BaHME

O6paboTka Boabt koa-
TYNMAHTAMH C NOCAeny-
WWHM yaaneHuemMm
B3BECEH

Koaryauposauuas
B3BECH NOCAE COOPYXKe-
HUH MEpBOM CTYMeHM
He 6onee 8-15 mr/n

Basecs a0 120 wMr/a.
HUeernocts no 120°

BiBewenume pewect-
Ba OpPraHUveckon
MHHEPATILHOR NPUPO-
Abl, B TOM yMcne 6axkre-
PHH, CNOpbI, BUPYChI

B3B€WICHHbIE BEINECT-
Ba M UBETHOCTb BOADBI
HE OrpaHMueHbl, NaTO-
reHHbie Bakrepum nu
Cnopsi

Pnokyasurm, [MAA
(0,05-0,10), AK (0,2-
0,5) ans uurencudm-
KauMM npouecca

Cynavdar anoMunrus
MM XJA0pHA Xenesa
(27-36); nonmnaxpma-
amMuMp (0,2-0,6); ax-
THBHAs KPEMHHEBad
KHMCJ0Ta

CepHoxucastit  rauuo-
3€M, XJIOPHT MM CYANb-
¢ar xenesa (25 - 80);
3NEKTPOXHUMHUECK U
NONYYAEMbIE TMAPOK-
CHABbI ANKOMHHMSA HIH
XKENne3a, peareHTn s
NOALLENAUYHBAHUS -
H3BECTHL, COong

Cxopsle, aByxcaoittnie
u rpybosepHucToie
buneTper AKX, MHO-
rocnorHbie GuabTpsl 1
ap.

KoHTakTHBIE OCBETAM-

TENM; KOHTAKTHbIE Pu-
NbTPBI

OuabLTPb ¢ BMOHTHPO-
BAHHBIMH B HKUX 37I€K-
TPOAAMHM

Ycranoska ans npuro-
TOBNEHHUS W RO3MPO-
BAHHMA DEareHTOs,
CMECHTENIH, KaMepbl
xnonseobpazosanms,
INEKTPONMIEPH €
PaCTBOPHMBIM AHONOM,
OCBEJIHTEIH WAM OTC-
TOHHHUKH, PuabTph;
KOHTAKTHBIC OCBETIH-
1€ (MYTHOCTL BOAbI
no 120 mr/n)

Mo myTtHOCTHM
AO HOPM CTaH-

xapra

To xe

Ho HopwM, yc-

TAHOBJIEHHBIX
CTARAADPTOM

To xe
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Anresus

Ha M'MAPOKCH-
Aax AMOMHMHUS
WIK XEne3a M
IAMHUCTBIX Ma-
Tepuanax

Arperaumns npu no-
MOWH droxynsan-
TOB

@daoraums

O6paborxa Beicokoan-
CNEPCHBIMK  TIHHMC-
THiIMM MHHEDANAMM C
NOC/AEAYIOUIHM OTCTa-
HBaHueM 1 GuabTpO-
BAHMEM

O6paborka Boab XO8-
TYJSHTAMH C npHUMe-
HEHHeM QUOKYASAHTOB
H NOCNEeaYIOLLHMM YAa-
JEHHEM arperatos
OTCTAMBAHHMEM M n-
JABTPOBAHMEN:

Beapearenutnas ¢ao-
TALHS

C npumeHennem pea-
MEHTOB

Ilatorennnie 6akre-
PHH, CNOpH M Ap.

B3BClIeHHBIE BELIECT-
B M LBETHOCTL BOALI
HE OrpaHMuYeHbl, Mna-
TOreHHule Oaxtepuu,
CNops

Hedm™v n macna (50-
150 r/m%)

To xe npn Heobxogn-
MOCTH ryBoKo#i oumMc-
TKH

MuHepansi: nansiropc-
KHT, MOHTMOPWJUIOHHMT
n ap. (100 - 500)

Cymvbarat amomuuus
M JKEse3a, XJOpH] Xe-
nesa (25-80), akx-
THBHAN KXDPEMHHEBasd
xucnora (0,2 - 5%, no-
abi Ge3somHoro xoary-
JISHTA) , NOUAKDHT-
amua (0,05 - 1,5% xo-
JIHYECCTBA B3BELICHHbIX
BELLECTB)

Boagyx (0,05-0,5 M /v’
OUHMMIAEMOR BOABI)

To xe u pobaska xup-
HMX cnuptos (10),
Al2(S04)3 wan FeCl3
(25-50), AK (1)

YcraHOBKHM qnd npMro-
TOBJICHHE ¥ J03MPO-
BAHMSA CYCNEH3HURA,
TAMHHCTBIX MHHEpa-
JIOB, CMECHTENH, OTC-
TOHHHUKH, PUALTPLI

YcTaHOBKM 118 NpHIo-
TOBJACHHS H [O3MPO-
BAHHUA PpPEAreHTOB,
CMECHTENIH, KaMephi
xaonbeobpaizosanns,
OCBETIMTENIM WIH OT-
CTOAHMKU, OHUABTPLI,
KOHTAKTHBIC OCBET/IM-
TEAH U YCTAHOBKM IS
NPUIOTOBAEHMS M 1O-
3upoBaHHUA QROKYIAH-
TOB

DnoTaTopel M YCTPOit-
CTBA I8 AMCIEPIHPO-
BaHHUYg BOIRYXA 10
ny3bipbkoB d =
30 mx

To xe

98.0 - 99.9%

Ho wopm, yc-
TAHOBNEHHBIX
CTRHAAPTOM

IIpu copep-
XaHHK Hed-
relt ne Gonee

15 - 10-15r/m° -

95%
95 - 99%
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Bakrepuumn. Bos- O6paGorka

HA NaTorex. OKHCIITHUTENIMMH

MHKPOOPrRHM3MBbI

2 | 3
BOAM
Xnopuposanue Bakrepuansuoe sarps-
3HEHMe
anluq Hhe To xe

OGessapaxusanme u To xe afip Heobxanu-

KOHCEPBMPOBAHHUE BO- MOCTH RARTEABHOTO

Abl HOHaMM cepefpa #  xpanenus

APYTMX TSOKEJBIX Me-

TAROB

O6paborxa Boae! u3-

AYQEHUIMH:
Hatorenwynie Gakre-

YAbTPAIBYKOM

PHM, CHOPL! M Jp.

yasrpacduonerosm- 10 X€ OPW He6OMLIIOM

MM TyYyammu COREPMAKHH BIBECH

Xnop (0,7 - 20), okcun
xnopa (1 - §)

[osapennas conb (10
- 100), anextposuep-
™ (50 - 100 xBr-y)

Oson (0,75 - 3)

Cepebpo metannmuec-
koe (0.05-0.5); menw
(0.2 - 1.0), anextpo-
3Heprug (0,4-5 xBr1.4)

AnexTpoaneprus (200
- 400 xBt-y)

J/iekTpoaueprus (50 -
100 kBr-y)

Cxnaam xnopa, xso-
paropst, cMecHTenm;

Bona crawu-
JADTHOTO Ka-

KOHTAXTHbIE PE3EPBYA- YecTsa

PHI; YCTAHOBKH ANH NO-
ayuenus ClO;

Cxnanm conm, ycra-
HOBKH JUIN 3NEKTPONH-
TMUYECKONO XOPHPORAE -
HHS, CMECHMTENM, KOH-
TAKTHHE pesepsyaps

O3oHaTopume ycramo-
BKM C UeXaMH noaro-
TOBKH BO3ayxa m
YCTpDOHCTBAMM fJag
BBEAEHHS Q30HA B 00-
pabarriraemyio soxy

Howaropm rtina JIK,
pe3epeyapei ans xpa-
HEHMSA BOIH

Y abTpassyxossic ycra-
HOBRKH
bakrepuuuansie yCTa-
HOBKH C naMnamu
PKC 2.5 MNPK-7,
BYB-30 u gp.

To xe

95%,

98 - 99,9,
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Bropoii rpynns L

MemOpansoe pa3- Yastpadunbrpaums  Bbicokomonexyn., xon- _ Yasrpaduanrpamm- Jo 100% - -

AcneHHE . JIOMD. IPHMECH, BMPYChi OHHbIC YCTAHOBKM

Oxucnenne Xnopsposaune lMoevimennoe co- Xunop (0,7 - 20) wm Cxraam xnopa, cuecu- Boxa cram-
Aepxanue B BOZE OKcHa xiopa (1 - 5)  TenaM, KOHTAKTHMEC Ppe- AAPTHONO Ki-
KOJ/UIOMAHBIX M BBICO- 3epByaphni, YCTAHOBKH UECTBA
KOMONEKYJASAPHBIX CO- ANs Nony4eHMd OKCHAA
eamHenni, obycaos- xnopa

AHBAKOUNIHX OKHMCASC-
MOCTb M UBETHOCTE BO- -
o (35 - 200) _

Osounposanue To xe O30n (1 - 20) O3oHaTopHbIe YCTAHO- To xe -
BKM ¢ UEXaMHM NOATO-
TOBKM BO3JYX& ¥
YCTPOHCTBAMMH RAR
BBEACHMS O30HA B OO-
. pabaThiBagMy0 BORY

Ancopbumsa na ma- Koarynsums s csoboa-

POKCHAAX AMIOMM- HOM ofbeme:

HMS WM XKeEJe3a; a

TAKXE HAa BLICOKO-

AHUCNIEPCHBIX FAM-

HUCTBIX MATEPHANAX

O6pabotxa sombi koa- IMoewimenHoe co- Cynwdarsl amoMuHus YCTpoHCTBA ANM NpH- . ..
[YJMHTAMM C NOCAEAY- AEPKAHME B BOAE M XKENE3d, XJIOPHI KE- TOTOBACHUS DACTBOPOB ;. -
WOUKM  YRANEHHEM XOLTOMAHBLIX M BbICO- ne3a (25-80); anexT- peareHToB ¥ MX A03W- :

B3BECU KOMOJIEK YAISPHBIX CO- POXMMMUYECKH MOJNyua- POBAHMS, 3NEKTPOIMIe-

eanuenmit, 06ycnoB- embie MMAPOKCHAbI askiO= Pbl C PACTBOPUMBIM AHO-~
AKBAIOIIMX OKMCASIE- MMHMS HAM IKENe3a; AOM, CMECHTENIH, KaMe-

MOCTb M LBETHOCTb BO- ISl TMOMILENAYMBAHWS Pl xjonbeobpazosanus
asr (35 - 200% MCMOABL3YIOT M3BECTb, OTCTOMHHMKM MAM OCBE-  °
coay v NaOH TauTenu u GuabTPLl B
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Ancopbuma na rma-
POKCHOAX AMIOMH-
HHS WM XKenesa; a
TAKXKE HA BhICOKO-
IHCMEPCHbIX M-
HHUCTBIX MaTepManax

Arperaums npu no-
MouH  hAoKvasH-
TOB KAaTHOHHOIQ
THNa

Bupy mumonnoe
BO3ACHCTBHE

OGpaboTka Boabl BbI-
COKOAMCTIEPCHBIMM 32~
MYTHHTEIIMM M KO-
aryAsHTaMu

Kontakthas xoaryas-
M

O6paborka BoabI ka-
THOHHbIMU D NoKY-
JRHTAMK

O6pabotka BoabI Ok M-
CAUTENSAMM:

XNOPHPOBAHHE

To xe MPHM HH3KOMH
TEMNAEPATYPES U MaNOit
MYTHOCTH B8OAbl; Mpu
BbICOKOH 3arpA3HEeHHO-
CTH BOAbI BUPYCAMH

Koanomausie u Bbico-
KOMONEKYJNAPHbiE Be-
wecrea, 00ycaosnmea-
I0lUHE LBETHOCTL BOAL
(35 - 120°) npu manoit
MYTHOCTH BOZbI

To xe

3arpasseHue Boabl BK-
pycamu

To xe u poBasxu GeH-
TOHMTa, NAJBINOPCKHTA
(50 - 200) u apyrux
T/IMHUCTBIX MMHEDPAJIOB

Cyavdar amomuuus
(27 - 36), nonmaxkpun-
amun (0,2 - 0,6) unn
AKTUBHA% KPEMHUEBad
kucnora (1 - 3)

Buicokomoaexynsipunie
NOMHINEKTPOSAHUTHI Ka-
THOHHOrO tHna BA-2,
BA-3wupp. (2-15)

Xnop (0.5 - 20) mam
OKCHA xnopa (1 - 1)

Ilosapeunas coaw (0 -
100), anexrTpoaneprus
(50 - 100 kBT1.4)

To xe wu ycrpoitcrea Boaa cram-
Anf 06paboTkiM BOmBI AAPTHOrO Ka-

3aMYTHHTEIAMMH

Cmecurenn, kourakt-
Hbl€ OCBETAHMTENM MU
KOHTaKTHbIE unbTpol

Yctpoisctea ans npm-
FOTORJIEHHUS PACTBOPOR
H HUX JO3UPOBAHMSA;
CMECHTENM, KaMmepbl
xa0nbeobpaszopaHus

Ckaansi xn10pa, xs10pa-
TOPBI, CMECHTE M,
KOHTaKTHBIC pe3epaya-
Pbl, YCTAHOBKHM AN8 NO-
ayueHusa ClO;

Cxnanpt conu, ycra-
HOBKHM U191 3IEKTPOIMU-
THUYECKONO XAOPHPOBA-
HHUSI, CMECHTEH, KOH-
TaKTHbIE pe3epayapbl

yecraa

To xe
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BrpyanumonHoe
BO3aAeHCTBHE

O30HMPOBAHHE

Ob¢asapaxusauve wu
KOHCEPBMPOBAHHME BO-
Abl MOHaMK cepebpa u
APYIUX TAXKENbIX Me-
Tannos

O6paGotka Boab Mu3-
AYYEHHUIMM:

yAbTpaieyk

Y®-nyun

Hecopbuma razos 1 Aspuposanme

JETYUYHX OpraHHue-
CKHX COeOMHEHUHI

To xe

3arps3HeHue BUpycaMm
npu Goabiom copep-
JKaHMH B3IBECH M ONM-
TENbLHOM XPAHEHHH
BOABI .

3arpasxHeHue Bupycamm

3arpasHenune Bupy-
camMu npu HeBoNbWOM
COAEPXAHHMH BIBECH

Os0n (1 - 3)

Cepebpo meramnmuec-
koe (0,05 - 0,5); memp
0,2 - 1,0); anexrpo-
aHeprus (0,4-5 xBr.u)

Anextposneprna (200
- 400 xBT-u)

Jnextposueprus (50 -
100 xBt-u)

Tperve#t rpynnn

laamt M netyume opra-
HHYECKHUE CcoeauHe-
HHA, NpMAAIOUIME BONEC
HEMPUATHBLIC TPHBKY -
Chbl M 3anaxy

Boanyx

Osonatopubie ycrano- Bona cram-

BKM C UEXaMH NOANO-
TOBKM BO3AYXa M
YCTPOHCTBAMM Jas
BBEACHUA O30Ha B OO-
pabaTbiBaeMyio oIy

Horaropst tuna JIK,

pe3epsyapbi 18 Xpa-
HEHUS BOABI

YabTpassykosbie ycra-
HOBKH

Baktepuumnause vc-
TAHOBKKM C JaMnaMu
PKC-2,5 u np.

bpbiranshele Hacceit-
HBl, a3paTopel M je-
ra3aTopbl PAaINMUHBIX
TMNOB

AAPTHOMO Ka-
yecTsa

959%

98 - 99,99

Yraexkucnora
65 - 809, ce-
posoaopon Ao
0,3-0,5 mr/n
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Bupyauumuonnoe
BO3eHCTBUE

O30HHPOBAHHE

O6g3sapaxuBanue M
KOHCEPBMPOBAHME BO-
Abl HOHaMK cepebpa u
APYIUX TAXKEAbIX Me-
TANNOB

O6pabotxa BozBM M3-
AYYEHHUAMM:

y/bTpa3syk

Y®-nyun

Hecopbuma razos ¥ Aspuposanue

NETYUYHX OpPraHHye-
CKHX COeaMHEeHH

To xe

JarpazHexue Bupycamm
npu Gonbwiom coaep-
JKE&HHH BIBECH M AN~
TEAbBHOM XPAHEHHH
BOALI -

3arpaaneHue supycamm

3arpsaaHeHue Bupy-
camu 1ipu HebOAbWOM
CONlePKAHMH B3BECH

O30H (1 -3)

Cepebpo meramuec-
koe (0,05 - 0,5); memp
0,2 - 1,00; 3nekrpo-
3Heprus (0,4-5 kBr.u)

Anextposneprus (200
- 400 kBT-u)

Jnextposueprua (50 -
100 xB1-u)

Tpemseh rpynnm

l'a3bt M netyume opra-
HHYECKME COoeamnHe-
HUEA, NPUIAAIOUIME BOdE
HEMPUATHBIE NPHUBKY-
Cbl M 3anaxu

Boanyx

Osouartopusie ycrano- Boaa crau-

BKH C UeXaMMu noaro-
TOBKM BO3AYXa M
YCTPOUCTBAMM Jas%
BBEACHMS O30HA B 06-
pabaTbiBaemyio Bomy

Honaropsi tvna JIK,

pesepeyapbl Ans xpa-
HEHHUSA BOAL!

Y nbTpa3sykoBble ycTa-
HOBKH

BakTepuumuausvie vc-
TAHOBKM ¢ JaMnamu
PKC-2,5 w ap.

bBpbizransubie 6acceit-
HbI, a3paTopsl M je-
ra3aTopbl PasTHuUHBIX
TMNOB

JAApPTHOMO Ka-
uecTsa

959%

98 - 99.99%

Yraekucaora
65 - 80%,, ce-
posonopon a0
0,3-0,5Mr/0
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Oxkucnenne

AnexTponus

Aacopbiums Ha ak-
THUBHMPOBAHHBIX YI-
18X

Xnopuposaune

O3onuposanmne

O6paboTka oAbt nep-
MAHrAHATOM KaJus

AnekTpoobpaborka
BOAbI

YraesaHue

Ceposogopoa (0,3 -
0,5 mr/n), poouncrka
nocne a’3pHUpOBAHMSA;
HENeTyuHne OpraHm-
YECKHUE COEaHHEHUR,
NPHAAKOLME BOIE He-
NIPHUATHBIE TIPUBKYChl H
3anaxm

Hns ynaneuus npus-
KYCOB M 3amaxoB Mpwm
OYEHb 3arpSA3HEHHbIX
BOJAX H manon -
dexkTBHOCTH xN0pHU-
POBAHMS M YrAEBaHHA

YnaneHue npHBKYCOB
M 3anaxos NpH He3Ha-
YMTENLHOM 3arpsa3He-
HHH

Ins ypanenus xucno-
poaa

Henpusarubie 3anaxu um
NPUBKYCbl E€CTECTBEH-
HOMO MPOMCXOXKAEHMS,
a8 TaK)Xe BHOCHMMbBIE CO
CTOYHBbIMK BOJAMM

Ha 1 xr H3S npu oxuc-
JIEHWH 10 Cepbl pac-
xoayercs 2,1, a mo
cynsdaros - 8,4 xr Cly;
Ha oxucaenme 1 kr kpe-
3014 Mamn 1 xr dexona
pacxonyerca 1,5 - 10,0
viopa win 0,5 - 1,5 kr
okcuaa xaopa (IV)

O3son (2 - 4)

Ilepmauranar xanus
2 -10)

Amomununi, 1 xr apu
OIHOBPEMEHHOM OC-
BETNEHHMH u obecuse-
YMBAHHH BOABI

Yroas Mapoxk BAY, A,
O¥-cyxon, KAI-nsi-
nesuaHsif (5 - 20)

Xnopartopei, cMecm-
TEJH, YCTAHOBKM ANd
NOMYYEHHS M A03HPO-
paHusa ClO;

O3oHaTopHbIE yCTaHO-
BKM, CMECHMTENM 030Ha
C BOROM

YcraHoBkH and npuro-
TOBAEHUSA M JO3M-
POBaAHWSA  pacTBopa
NEpMaHraHaTa Kanms

YCTaHOBKHM 118 3/1€KT-
POXMMHYECKON OUYMCT-
KH BOJbI

YcTaHoBkHM AN npuro-
TOBJEHHUS, HO3HPOBA-
HHUE U CMEWHBAHUR C
BOAOM YrOJBHOM CycC-
NEHINHU

0,1-10

B aasucumoc-
™ OT NPUPO-
Abl  yaanse-
MbIX 3arpsaHe-
HHUH

To xe

80 - 959,
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Azcopbumns Ha ax-

THBUPOBAHHBIX Yr-
A8X

Pasnenenne sonwl u
MOHOB MeMOpaHHbI-
MH METOAAMH

Ilepeson mowHos s
MANOOUCCOLLMH ~
pPOBaHHbIE coOeam-
HEHHA:

HeATpann3aums

OuncTka Boab! KA yro-
AbHbIX PUALTPAX ¥ B
aacopbepax co ease-
LIEHRLIM CNOEM

OG6paTubIit ocMOC

[Momuenauusanme mam
NOAKHUCAEHME

IIpuBkycsl u 3anaxwu:
apoMaTHueCckue opra-
HHUYECKHE BELIECTBA

Yroap rpaHyauposau-
HbIH, A9 peresepaum1m
GOUABTPOB HCMOABIYIOT
NaOH aubo ocywect-
BASIOT Maporas’osyio
pPereHepaumio BO B3Be-
WIEHHOM chioe

Yersepron rpynnm

Obutee coneconepxa-
HHEe 3 - 35 Mr/n

IMoBbllEHHAS KHCAOT-
HOCTb MUIK INENOYHOCTD
BoAbl (6,5 < pH < 9)

5-10 KBT-q/M:"

Ha 1 kr-aks ypanse-
MOH KHCIAOTHOCTH MAM
IMEJIOUHOCTH OAHMH M3
pearenton: CaQ (29),
coaa (§3), NaOH
(40), H2SO4 (49, HCI
(36,5), CO;z (44 xr)

YroasHvie ¢puabtper,
YCTPOHCTBA A9 NPHIO-
TORJIEHHS PEreHepaum-
OHHBIX PpAaCTBOpOB,
ancopbepnl co Base-
IUEHHbIM CNOEM; heuyM
AR AKTHMBMPOBAHHSE M
perexepaumM yraen

YcTaHoBku ¢ nonynpo-
HHLAEMBIMH MeMG-
paHaMm

YcTaHosku ans npuro-
TOBNEHHA M J03NpO-
BAHHA  pacTBOpPOB
PEareHToB, CMECHMTENMH

80 - 95%

90 - 99%

Jlo Heobxoau-
MOM BeJIMuYM-
Hbl
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Ob6pasoBinne xom- Crabsimsaums

MUIEKCHbIX PACTBO-
poB

Ileperox MoOHOB B
ManopacTBOpPHMbIE
COeNIMHEHMA:

obpasosaHue
MaIopacTBo-
PHUMBIX Conew
(Ca u Mg)

YuMaruenue:

TEPMMUECKHIt
cnocob

HM3BECTKOBO-
COnoBbikt cnocod

To

dochaTH

cnocob

Uupgexc nacwimenus Oamu u3 PEareHToBR:

Boawl {I) 6onbie 0

XecrtkocTs ¢ npeobna-
Aanuem Ca(HCO3)3,
HEKApOOHATHAS - TONB-
KO B BHJE TMIICA; MYT-
HOCTb A0 50 Mr/n

XKectkocts 5 - 30 mr-
IKB/N MYTHOCTHL A0
50 mMr/n

IMocne ymsaruenns so-
Abl A0 2 Mr-3xs/n

rexcametadpocdar Ha-
Tpua, Tpunonudocdar
HATPpHUA, TPHHATPHIL-
docdar Hatpus, Tpu-
Hatpuidocdar (2 - 4
npu I > 0,5; 10 - 20
npu I > 0) rymars
HaTpua (15 Topda u
0,7 mapoxcuaa uar-
pus)

TepMoyMaruMTeny
(cucteMbi Konwena
M ap.)

Cona (53 xr na 1 xr-
KB Hekapboxecrkoc-
T™) Hasecty (28 xr ua
1 xr-3xB kapBoHaTHO#!
MECTKOCTH)

Tpunatpuitdocoar,
avnarpuitdocdar (mo
126,5 xr va 1 r-ake
YIanseMON XeCTKOC-
™)

YCTAHOBKM ANA NPHUIO-
TOBJNCHHR M NO3HUPO-
BaHuUS  pacCTBOPOB
PEAreHTOB, CMECHTEIH

KapbonaTuaa xecrt-
Kocte a0 0,035 wmr-
3KB/n

CMecutenu, BUxpesbie
PEAKTOpPbI, YCTAHOBKM
tvna “Crpys™, ocser-
JAHTENMM M OTCTOMHMKH
CNEeUMAaNbHbIX KOHCT-
pPyKuMi

To xe

Ipenorapa-
WEHHE HaKH-
neobpasosaHus
H KOPPO3HH

B aasucumoc-
TH OT BUAA MC-
NOAL3YEMOr0
TOMIMBA

Ho 0,5 -
1.0 Mr-ake/n

Ho 0,04 -
0,05 mr-axa/n
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O6paszosanue ma- ¥Ynaneume UBETHBIX M
MOPACTBOPHUMBIX THKEABIX METAIIOR, 2

MMAPOKCHAOB

Oxucnenme meran-
JOB ¢ HHU3KHUMH CTe-
NEHAMH OKMCIEHHA

TaKXXe MAarHMeBOM Xe-
CTKOCTH

Ob6eckpemuuBanme

O6eckpemuuBanmne
ANEKTPOXUMHUYECKOE

Obe3xenesusanume wu
YIaleHWe MapraHua:

a3pMpoBaHME MM
XAOPHPOBAHUE

OKHMCREHHE Ha
Karanmsaropax

Conepxaune monos Hasects (28), Mapo-

METALNOB BbIllIE HOPM,
ROMYCTHMMBIX AN CTOY-
HBIX BOJd, YMST4yeHHe
BOABI, COZepxauwei
3HAUYUTENILHOE KOJM-
HECTBO MATHHA

IMosbiteHnoe pas Kot-
OBOM BOXB KOJIHUECT-
BO KPEMHHEBOM KMC-
noTH

Ilna npeapaputenbHO
NMOATOTOBKM BOABI Ne-
per ee obeccormeanu-
eM

I'napoxapbouar xene-
3a 710 25 Mr/n; menou-
HOCTb 00 2 Mr-3kB/n;
OKHCASEMOCTS 10 6 MT/n
KHCA0POAA: NOBbillIEH-
HOE COJEpXAHUE Map-
raHua

To xe

KCHI HaTPHA (40 kr Ha
| kr-3kB MoHOB)

KaycTuueckuit marne-
3MT, MATHE3HANbLHBIN
copbext (10 - 15 krra
1 kr Si07)

Anomunmin (0,25 - 0,5
Kr Ha | kr Si032')

Xnop (0,7 Ha 1 xr xe-
ae3za (IIY)

Ycranosxku ana npmro-
TOBNEHMS H AO03UPO-
BaHHUK
PEAreHTOB, CMECHTENH,
OTCTOMHMKM HAM OC-
BETAUTENAH, GHABTD-
npeccsl

Ocperautenu, ¢uanr-
phi

Bpbiaranbunie Bacceit-
Hbl, rPagMpPHH, KOH-
TaKTHBIE pe3epByaphbl,
OCBETAMTENbHBIE M
KOHTAKTHbIE (PUABLTPbI

DuabTPLl ¢ nECYAHOM
3arpy3koM, NOKpPBITO#M
OKCHMJaMu Maprasua
Mam NPOAVKTAMH
OKHCNeHud oKcHuaa
xeneaa (11)

Ho npenenos
pacTBopHUMo-

PacTBOPOB CTH rMEpPOK-

CUaoB

ol -1,5
0,5 - 0,1 mr/n

Xeneio no

0.1 - 0,3
Mapraieu Ao
0,1 - 0,2 mr/n

To xe
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Puxcauns HoHos YmMmsruenue

Ha TBepaon dasie
copbenTos
H*, Na-katuo-
HHUPOBaHHE

H-OH-uouupo-
BaHHE

H-QOH-CO;-
HCO3-uoun-
pOBaHHe

OnpecHenue

O6ecconunranme

Xectkocts g0 15 mr-
3KB/N, B3BEWIEHHBIE
BEWeCTBA 10 5 - 8 Mr/n
{(NpHM MCcnoab30BaHMM
HENOABHMXHOIO CJ04
KaTHOHA)

Obutee coneconepxa-
Hue 1.5 - 2 r/n, comep-
XKAHHE B3BECH N0

8 L:l‘/.?l; UBETHOCTb RO
30

To xe

Cyandoyrons copros
“KpynHsin* KY-I,
KY-2, KE-4. Ins pe-
reHEPaLMK MCNIONB3Y-
ercs NaCl (20 - 400),
H2804 (50 - 200) anbo
HCI (56 xrua 1 xr-3xs
YAANEHHOH XecTkoc-
TH)

Katnouusiii cyango-
yroab., copra KV-1i,
KY-2, KB-4. [ins pe-
NEHEPALMHM MCTIONB3Y-
erca HaS804 (72) aubo
HCI (56 xrua | xr-axs
YAANEHHOW XeCTKOoC-
™)

Annonutee AH-20,
AA3-10I1, AB-17,
AH-31, AB-16. Ina
pereHepauMKy  MCNoJib-
ayerca nubo NaOH
(80), anbo Na,CO;
(90 - 120), aubo
NaHCO3 (140 - 170 xr
Ha | Kr-akB vypaneu-
HbIX AHHOHOR)

Honoobmenubie ¢u-
JAbLTPLI;, AEra3aTopsl,
YCTAHOBKH AAS npu-
FOTORJIEHHS K A03HPO-
BAHMA pEreHePaLIMOH-
HbIX PacTBOpPOB

To xe

15 - 9% (mo
coneconepxa-
HuMs 20 mr/n)

99.5 - 99,99
(no coneco-
nepxanng | -
0,1 mr/n)
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¥Ynanesue mouos

Cenapauus wnonos
NPH H3IMEHEHHM
cdaszosoro cocros-

HHUA BOAbI:

nepeson s
ra3oobpasnoe
COCTOAHMHE

NepeBoa BOAb!
B TBEPAYIO

¢azy

Q6echropunanme

Juctunnauus

Onpecxenne sbiMOpa-
XHBAHUEM

l'azormapathoe onpe-
CHEeHHe

Murpaums monos B dnexTpoananms

INEKTPHUECKOM NO-

B [+

Conepxanne mnoHos Cyabdart aaoMMHus

¢ropa Gonee 1,5 mr/n

Obwee coneconepxa-
Hue 20 - 35 r/n

Coneconepxanmne no
35 mr/n

To xe

Obuiee conecopepxa-
e 1,5 - 7 r/a, myt-
HOCTy a0 1,5 wmr/a,
coaepxaHue xeseza
no 0,05 mr/n

(40 - 50 xr va 1 kr
¢ropa)

Hap, Tonaueo

Paanuunble xnagopea-
MeHTb!, e€CTECTBEHHbIM
xonon

Yraesoaopoas (Ci-
C4) ux ramonanpoms-
BOAHbIE - (peoHsl W
ap. Motepu peareuros
o0ycnoBaeHbl UX yTeu-
KOH

Pacxon 3nexrpo:3nep3
mu 4 - 20 kBreu/Mm
ONPECHEHHOM BOAbI

@uabtpsi, 3arpyxen- o HOpM craw-

HbIC AKTHBHMPOBAHHLIM
OKCHAOM AMOMHHNS

Ucnapurenn pasnnu-
HBbIX THNOB, TEPMOKOM-
NPECCOPHBIE ArperaTsl,
FENMOONPECHHUTENH,
ABYXUENEBbIE ATOMHbIE
YCTAHOBKH

YCTalOBKH C MCNOJb-
30BaHUEM HCKYC-
CTBEHHOro xosaoaa,
LIOWAAKH LA BbIMO-
Pa*K UBaHHS

Fasoruaparnbie ycra-
HOBKH, BKJIIOUA OLLHE
peaxtop-napoobpa3o-
BaTeNb, OTAENMTENb M
y3eN NNaBNEHHS rvg-
patos

VcTanoska gna anekt-
poxumHueckoro obec-
CONMMBAHUR BOIbI

papra

99,9% (a0 co-
necopepxa-
Husa 20 -

50 Mr/n)

92 - 979,

Mo 99%

500 -
1000 Mr/n
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Murpauus woHoB B Inextpoobpaborka Ans vacthuHoro M ray- Amomuanfi (0,1-0,2 kv YcranoBka anm anext- g0 - 90,
INEKTPHUECKOM 10- Gokoro obeaxeneansa- Ha 1 Kr Xenesa NpH POXHMHHECKON OUMCT-
ne HMS BOOBI yacTMuHoM K 0,5 Ha KM BOAbI

1 xr xenesa npu no-
nAHoM obGe3xkene3usa-
HHMH BOIBI)



Tabauuna §

XapakTepuCcTHKA COBPEMEHHBIX METONOB ofe33apaxuBaHus Boast (28] M cCbLIKM OTTYAR)

Meron Texnonoru- Bauanne JHepro- Mpenmywiecrna Henocratxu
0be33apaXUBaHUA YecKkue Ka4ectBa BOAbLI emocrss
BOMIbI napamMerphi Ha KBr.u/m
adxpexTHBHOCTS
obessapaxkwu-
BaHHA
1 2 3 . 4 5 6
Xaopuposauue Jlng xnopa C ysenuue- — Obnanaer BbiCOKOIT ae3nuHUMDYIO- O6paszyer TTM, ana JAMKBMZAUWH KO-
KUAKMM  x10- 1-10 r/M°, BueM MYT- wedi CnocoGHOCTLIO, OTHOCMTENBLHO TOPbIX Tpebyerca nposedeHMe AOMON-
poMm 0.5 - 1 4 HocTH, use- CTOEK M COXPAHAET AKTHMBHOCTh ILTH- HHTenpHON ouuctku. Obpasyer
KOHTAKTa, THOCTH, OKM- TeJbHOE Bpemsi. Jlerko A03MpyeTcs M NPOIYKThl XNOPUPOBAHHMSK C 3aMaxaMu
0,33-0.5 r/ CAAEMOCTH KOHTpOSIMpYeETCst. MoxeT TpaHcnopTu-  (xnopdenonst). Tpebyrotcs cnenmans-
mM° octa- w pH yxya- POBATLCH M MCNONBL3OBATHCA B 1:00OM  Hble XpaHMnuwa, HeobxonuMa npome-
TOUHOTO UIAETCH mecre. Hanbonee newes XYTOUHAs €MKOCTb ans obecnieyenms
xJaopa 14 KOHTAKTa, MOCTOAHHbINA KOHTPOIb 33
paboToit aozatopa. Onacvoe CJISB
X20pUpoBaHHUE € T4 we To xe 0,01-0,1 [Hlpeumymecrsa xuakoro xaopa cox- Henocrarku Te xe. TpebyioTcs nonon-
NPHMEHEHHUEM pausiorcs. ITlonyuenne npoaykTa Ha HMTENbHbIE EMKOCTH IS NPHUIOTORIEHHS
3NEKTPOAUIHbIX MecTe noTpebneHns nNo Mepe HEoOXO- COMEBBbIX PACTBOPOB. CHELBEHTHAALMS.
YCTAHOBOK (B avmoctu. He tpebyiorca xpaumnmina JOnoaHuTeAbHbIE 3aTpaThl PY4YHOro
pacTeopax NaCl) TOKCHYHOTO XJI0pa # €r0 TPaHCNop- TPyAa WiM aBTOMATU3auud. JTONOSHM-
THMPOBKA TeNbHbIE TPeOOBAHMS N0 TeXHHUKE Be30-
NMacHOCTH

Xnopuposauue ¢ L s 0,05-0,5 IlpenmywecTsa coxpansiorcs. Obser- Manbie 3HAUEHHMS BbIXOAA AKTMBHONO

NPUMEHEHHEM
vCTAHOBOK npAH-
MOFO 3MEKTPONK-
3a NPUPOAHBIX
crabomunepa-

JHU3OBAHHLIX BQJ

yaercsa no:mponanue H 3KCnayarauus.
Jlerko nognaerca asromatuzaumu. B
TEXHONOTMUECKOH CXEME OTCYTCTBYIOT
BOMOJNHUTENbHDbIE EMKOCTH Al TIPUTO-
TORNIEHUS INEeKTpouTa. 3aTparsl pyu-
HOTO TPYAa MHHHMaNbHbI

XI0pa MO TOKY, HEoOXOaMMOCTh ae-
MaCCHMBALIMKM BNEKTPOROB OT THAPOK-
cua-kapboHaTHbIX OTAOXeHuit. Bonee
BbICOKAS IHEPrOEMKOCTh
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X topupoBanue
KOHUEHTPHPO-
BAHHbIMH (XJI0p-
Hag M3BECTb, I'M-
NOXJIOPUTLI  HAT-
pHs M Kansuua)
peareHTaMH

XnopuposaHue
KOHLIEHTPHPO-
BAHHbIMH BOJHbI~
MH pacTBOpaMm
xJopcoaepxa-
HIHMX BEILECTB

Xnopuposakne
JHOKCHAOM XJI0-
pa

Xnoprnposanne
HEOPraHHUUECKHUMH
XJAO0pAMHHAMH

s xnopa
1-10 I’/M3.
0,5-1u
KOHTaKTa,
0,3 -
0,5 r/z«»:3
OCTaTou-
HOTO XA0-
pa

Hoaa
Cl020,3 -
2.0 /M,
0,5 4 kou-
TaKTa

Jlo3a
NH;,Cl
1-§ I‘/M3.
1-3 4 xo-
HTAKTa,
0.8 -

1,2 ¢/ M
OCTATOU-
HOTQ XJI0-
pa

C ysenunue-
HUEM MYT-
HOCTH, LIBE-
THOCTH, OKH-
CNEMOCTH
n pH yxya-
LASTCH

MNpeumymecrsa xmaxkoro xaopa Cox-
panaTca. beaonacHOCTh NpUMEHEHHS

IlpenmymiecTsa XHAKONO Xa0pa CoOx-
pausiorca. OTtHocuTesbHas Oesonac-
HOCTb Tipu paboTe

Heamndnumnpyromas cnocobHocTs
npubanxaerca k o3ony. He obpasyer
TOKCHYHBIX NPOAYKTOB XJIOPHPOBAKUA,
00naaUMX MYTAMEHHON AKTHBHO-
ctbio. Ha addext obezsapaxupaHus
He Bauser pH cpenpl

CHWXXeHne BepPOSTHOCTH 00pa3oBaHMs
TIM B BOje nocae XJAOPHUPOBAHMS.
3HauMTENbHOE YMEHBLUEHHME A03 X10pa

Octpo aedpuumthbl. Tpebyrotcs aonon-
HHUTEJIbHLIE €EMKOCTH IS OPHUIOTORNE-
HUg pabouMx pacTBOpOB, Cyxue
cxnanckue noMelueHUd. boictpo Te-
PAKT AKTMBHOCTb. 3aTpaTthl PYUHONO
TpyAa

Heduruntibl. BoICTPO TEpAOT aKTHB-
HOCTb (MANOCTOMKH). 3aTPaThi PYUHO-
ro 1pyaa. Heobxoaumbr emkocTvt anst
pa3bamneHMs U yCTPOICTBA A8 JO3H-
pOBaHMUS PACTBOPOB

Bbicokas CTOMMOCTB, TEXHONOTHYECKHE
TPYIHOCTH, BOIMOXHOCTh HCMOIB30BA-
HHA TOIbKO HA MecTe noayuenus. He-
GUUUTHOCTL peareHTos

MeHbas OKMCAUTENbHAA CIIOCOBHOCTR
M KaK cneacrauve obpasosaume amMOpro-
M TOHANOTOKCHYECKHMX BEeLieCTB IIpH
XJIOPUPOBAHUM NECTHUMAOB, 2POMATH-
YECKMX AMWHOB M MIP.
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Hoauposanme,
BpOMMPOBAHHE

O3oHupopanue

O6pabotka nep-
MAHTAHATOM Ka-
ansg

O6paborka nepo-
KCHAOM BOAOPOAA

Joa3a ra-
Aorema
0536—5 r/
M, 0,1-
0,5 uxon-
TaKTA

Bo3a o30-

1-5 r/
M°, He Me-
Hee (0,2 y
KOHTaKTAa,
031 -0.3r/
M~ ocCTa-
TOUHOTO

030Ha

Hoaa
KMnQy,
031-20 r/
M°, nepe-
MelnHBa-
Hue, 0,1-
0.5 u xon-
TAKTa

Jlo3a

H;O7 1 -
10 r/M°,
05 -1y
KOHTAKTA

Ipu Hanu-
YMM opra-
HMYECKHX
Bemecrs

sddexr no-

BHIBECTCH

C yBeauue-
HHMEM KOH-
UEHTPaLHK
B3BELLIEH-
HbBIX Be-
uecTe 3P-
dexr

CHHXXAaETCH

To xe

C ysenuye-
HHEM KOH-
UEHTPALHH
B3BEIICH-
HblX Be-
wects ad-
dexr

CHMXKALTCR

0,03-
0.20

Heannduumpyomas cnocobuocTs Bbi-
e, yeMm y xiopa. Meusmias aaMrenn-
HOCTb KOHTaKXTa C BOJOH, pacliMpeHue
AM2Na3oHa HAKTEPUUMAHONO AeHCTBUS

Haubonee sbicoxas peamudpmumpyio-
wasa cnocobuocte. IMpoayxTHl OKMCHE-
Hud He ob6nanawT MyTareHHOM
AKTHUBHOCTBIO

Yaoben nns peaundexumm Tpyonpo-
BOZOB, T.K. He¢ Tpelyer CneuManbHOro
ofopynosanus. He ofpasyer npoayx-
TOB C HENPUATHLIM 3anaxom. BoamMox-
HO AAMTENbHOEe XpaHeuwue pabouero
pacTeopa

Menee TokcuueH, uem apyrve okmc-
NUTENM, pACIIMPEHHE ananaloHa Gax-
TEPUUHAHOIO RERCTBHA N0 CPABHEHHIO
€ xn10poM, He o0palyer SA0BMTLIX na-
pOB, HE neTyy -

BbicOkas CTOMMOCTb, OrpaHHUYEHHOCTD
HATHYHMSK, TEXHOJMOrHUECKHE TPYHHOC-
TH, OTrPAHWYEHHOCTb NPHMEHEHHS.
O6pasyioTc: TOKCHUHBIE TRNOrEHCO-
AepXallme CoeaHeHus

BLicOKas CTOMMOCTB, 3HAUMTENbHBIE
TEXHOJNIOMMYECKHE TPYTHOCTH, BRICOKAS
ONAacHOCTh IKCTUTYATALUMH, Heobxonm-
MOCTh HEMEeMIeHHOro norpebaenus
Cpa3y nocae nosyuyeHus

Heanuduumupyiomee neiictene Huxe,
4eM y O030Ha n xaopa. Hepuumren,
TpefyeT pydHOro Tpyna npu npuroTos-
JICHHMH M TLIATENbHON JO3UpOBKE

BbICOKas CTOMMOCTB, TEXHONOTHYECKHE
TPYAHOCTH NPH JO3UPOBAHMM M KOHT-
posie. Ha ceety u npu xpauennu pas3-
pyiwaercs
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O6paboTka moHa-
MM TSOKEABIX Me-
TAA)R

Koaryauposanwue,
oy anposanne,
bunnTpoBanne

O6paborka v-06-
TyueHHeM

O6bpaborxa yant-
padmonerosuMU
AYyHAMM

Hoza 0.05
-5.0 r/M3.
1-2 4 KOH-
TaKT2

Ho3a xoa-
ryassra |
-100 l'/M3
0,1-50v
AKCTIO3H-

UHH

Hoza 06-
AYYCHHN
3,540"pan,
0.5 yxon-
TAKTA

Ixcno-
aume | -
2MMH, A =
253,7 um.
Ho3za o06-
AYUECHMA
> _ 6.,94°
10-5 kBT,
Y,/ ™

C yBennue-
HHEM MVT-
HOCTH,
XT0PHAOK,
rMapoxap-
GoxaTos
OKMCIICHHE
CHHXAETCH

Conepxa-

HME B3IBE-
LICHHBLIX BE-
mecrn [ ]
UBETHOCTH
YCHAMBAEGT

abdexr

He sauser

C yseamnve-
HUEM MYT-
HOCTH M
HBETHOCTH
pe3ko yxyn-
waeTcs

0.002-
0,01

0.01-
0,12

HecnoxHoe o6opyaosaHme, KOMRakT-
HOCTb M HAAEXXHOCTb B IKCTLTYATALIHH.
JAauTensHoe xoMCepBMpyIOiiee ACHCT-
BME

BoamoxsocTs 06paborkm Gompunix ofve-
MOB BOJIb, XOPOWIO M3YHEHB M OMpo-
6uposanb

BeipeareHTHbIA CMOCO6, XKOMNAKTEH M
AOCTATOMHO HAACKEH B IKCILIYATALIMM

Beiictane uekaounTeasio Ha Guono-
™ueckue obvexTsl ¥ BOIMOXHOCTL He
orpaHmMuuBaTth Aody obpaborku. Pai-
PYLIACT TOKCHHBI

AePHunT uMcTBIX MET2IUIOB, HA CBETY
TepseT GAKTEPHULMAHOCTL, HEoGXomm-
MOCTh TOYHOM RO3HMPOBKH, aecopbumm
HOHOB TRXEJIbIX METAJLIOB MEPEA YIOT-
pefnenuem sopni

HeobxonmMMocTs B PEareHTHOM X03%ii-
CTBe, A033TOPAX . COOPY KEHMREX ALK OT-
cTausauus obpaGotaumoit Bogm.
Heo6xoauMOoCTs BLZENCHHS OCAMKA.
3HauMTeAbHAS TNPOZOAKMTIENBLHOCT
npouecca

Henocrarouno m3yueH, xecTkme -
THEHHYECKHE HOPMbI, 3ATPYAHOM MOHT -
ponb 06e33apaxusanns

HeobxonmmocTs Tmareannoit npeno-
YHCTKH OT B3BEMICHHLIX BELIECTB, XKe-
ne3a v uservwoctu. He obnapaer
nocheneAcTeHeM. 3HAUMTENLHbIC IKC-
MIYaTALMOHHBIC 3ATPATH
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O6paborka Bbico-
KOBOJbTHBIM 3a-

pRAOM

AnexkTpuyeckmiy
paspan wmanok
MOIIHOCTH

Tepmoobpaborka

O6paborka nepe-
MCHHBIM J3J1eKT-
PHYECKHUM TOKOM

Baxkyymuposa -
HMe

O6pabotka yabr-
pa3sykom

Muxpoduabr-
poBaHme

1-2,5
10-25 xINy

100°C,

0.1y
Hanpa-
HEHHOCTD
noas 70 -
130 B/cm,
6 - 15 c,
50°C
20-60° C,
P = 22-
13,3 xI1a,
0,2-0,5u
12-25 xI'y
Ho 0,02 4
IKCNOGH-
ums
P =1401-
0,3 MIla

He rauser

“

XB, He mauger

1-30

xBToq/u3

1-10

116

10-20

10-30

2-2.5

0,9-3,5

MrHoBeHHOE REfiCTBME, BOZMOMHOCTD
NOMHOM ABTOMATHM3AUMM NpH 3xKCrutya-

Tauuu. He rpeSyer pyunoro tpyna
To xe

Jlerxo ocyuwectsuma B nosesnix ycao-
BHSX

He tpe6yer croxuoro o6opynosanus,
KOMMaxKTHA

BoamoxHoCTh 06paboTku npu HMIKMX
TEMMEPaTYpax, HCKMIOUAIOUWMX TEPMO-
AECTPYKLHIO ¥ M3IMEHEHHE KAYECTBEH-
HOIMO COCTABA XXMAKOCTH

Ipenmywectea 6Gespearentsoro cno-

coba 00e33apaKMBaAHKL, BOIMOXHOCTD

COMETATL C APYMMMM BMAAMM JE3MH-

dexumu
/

To xe

Cnoxuas annaparypa, 6osbuine Mac-
Cbl ¥ rabapuTy ycramosok. 3uaum-
TeAbHLIA PACXOA PNEKTPOIHEPrHH

AByxcrynenuaray ofpaborxa, npu He-
6onbiMX CKOPOCTSX NpPoTOKa BOABI,
3HAYMTEAbHLIA PACXOA SNEKTPOIHED-
'MH

BoamoxHOCTL 06paborky Manbix KoMH-
HECT® BO/IbI, BMCOKAR IHEPrOEMKOCTD

Boicokas 3Hepmeuioat NPHUBOAMT K
NOBLILUCHHIO TEMNEPATYPH BOZbLI. He
obnaaaer nocneneiicTenem

Lt ]
Orpanuvennas norpefyocTs, shicokas
CTOMMOCTb W TEXHONOTWYECKAS CIOXK-
HOCTH

HenocratouHo wuayuewa, Bwmicokas
IHEPrOEMKOCTh, OTCYTCTBME RPOMBbILL-
neHubix ofpasuos obopynopanus

OrpanHueHHOCTL nepuona xcnayarta-
unu memGpan no- 180 cyr., masas npo-
H3BOAHTEABHOCTD, OTCYTCTBHE
nocneneHcTeng
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