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Pegpepam

BriepBeie 00HApYKEHO, YTO B XJIOPUPOBAHHON BOJOMPOBOTHON BOJE MPUCYTCTBYIOT OTHOCHTEIHHO
YCTOWYMBBIE CBOOOAHO-paIUKaIbHbIE YACTUIBI, KOTOpPblE B TEUEHUE [UIMTEILHOTO BpPEMEHH MOTYT
MOJJIEP’KUBATh MPOTEKAHUE CBOOOIHO-PAJMKANBHBIX IEMHBIX peakiuid. BrickazaHO MPEAIooKeHne, 9To
JaHHBIE MAKPOPaJAMKAIbl MPEICTABISIOT COOOW TO MATOreHHOE HAadajao, KOTOPOE MOXET MPOBOLIMPOBATH
pasBUTHE pPa3HOOOPa3HBIX XPOHMYECKHX 3a00JE€BaHUN Yy JHI, PErYJSIPHO MOTPEOSAIOMUX BOAY,
Ne3uH(UIMPOBAHHYIO MyTeM XJopupoBaHus. [IpemnoxkeH MeToj aHaliv3a CBOWMCTB BOJBI, MO3BOJSIOIICH
KOJIMYECTBEHHO OICHUBATh €€ CBOOOIHO-PAIUKAIBHYI0 aKTUBHOCTH. [IpeasioskeHbl HampaBlICHHUS MOHMCKA
METOJIOB YCTPAHEHHUS CBOOOHO-PAIMKAIBHBIX YaCTHUI] U3 XJIOPUPOBAHHOI BOJOTIPOBOTHOM BO/IBI.

Xnopupoeanue 600bi: He0OX00UMAA NPOYEOYPA UTU Y2PO3A 300P06bI02

Bcem u3BecTHO, HACKOIBKO OMACHOW MOXET OBITh ChIpas BOJA M3-32 BO3MOXXHOTO MPUCYTCTBHS B
HEll MaToreHHbIX MUKpoopranu3mMoB. Jlo konna XIX Beka snuaeMuu XoJephl, OpIONIHOTO TU(ha, TH3EHTEPUH
BBIKaIMBaIK 1ienbie ropoga. Ho 6onee 100 meT TomMy Hazaa BBIICHHIOCH, YTO MPU PACTBOPEHUH B BOJE
ra3zo00pa3HOro XJopa NPOUCXOAUT ee o00e33apaKuBaHWe, M BO MHOTHX CTpaHaX MPUCTYNUIM K
HIMPOKOMACIITAOHOMY XJIOPUPOBAHHUIO MUTHEBOM BOJbl. B pesynbrate, ecniu B CILIA, Hanpumep, B Havale
XX Beka CMEpTHOCTh TOJILKO OT OprorrHoro THda gocturana 185 ciyuaes Ha 100 000 yenoBek, To K Ha4aIy
1950-X roj0B kKelyI04HO-KUIIeUHble 3a00J1€BaHys TIepecTall NpeJCcTaBIATh OOIIECTBEHHYIO OHACHOCTh .
XnopupoBaHue BOJBI — HE TOJBKO JEIICBBIN, HO ¥ 3PPEKTUBHBIN METOJ] €€ OYHUCTKH, IIOCKOJIBKY OHA J0JTO

OCTacTCA CTepHHBHOﬁ MocJie TOJIHOTO MCUE3HOBEHUS B HEHM XJiopa.

Jlonroe Bpemsl Kazajaoch, IPH COONIOJEHUM TEXHOJOTMH OOpabOTKM NpPUPOJHOW BOJBI €€
XJIOPUPOBAHME MTO3BOJIMIIO TIOJHOCTHIO YCTPAHUTH BCE OMACHOCTH, KOTOPbIE MOTYT OBITh B HEW 3aKJIIOUEHBI.
OpaHaKo CpaBHUTEIHHO HENABHO BBICHUIIOCH, UTO PETYJIAPHOE NOTPEOIEHUE XIOPUPOBAHHON BOJIBI MOKET
IIPUBECTH K PAa3BUTHIO IPYTHUX, HE MeHee TSUKKUX OonesHeil. B 1974 roay Oblio BliepBble MOKa3aHO, YTO MPH
XJIODUPOBAHUM COJIEpIKAILENl OpraHn4YecKue COeAMHEHUs BObI, B HEM oOpasyercs XJopopopM M JIpyrue
nobounble npoaykThl AesuHpexkunu (IIII) — XiopykcycHas KHCIIOTa, XJIOPKETOHBI, XJIOp3aMellleHHbIe
6udeHmIB, OMOKCHH 2. B OMBITAX Ha SKUBOTHBIX OHM MpOSBIANM KAHIEPOTEHHOE, MYyTareHHOE M
TEepaTOreHHoe (BBI3BIBAIOLIEE BPOXKJIEHHBIE YypoAcTBa) AedcTBUEe. OJHAKO COnEp)KaHHWE MOTEHLHATbHBIX
KaHIEPOT€HOB U MYTareHOB B XJIOPUPOBAHHOM BOJIE MPHU COOIOACHNUN TEXHOJIOIMUECKIMX HOPM MHOTO HUXKe
T€X, B KOTOPBIX OHU MPOSIBIISIIOT KAHLIEPOT€HHOE U MyTareHHOEe JIeMCTBUE Ha SKCIIEPUMEHTAIBHBIX MOJIETSAX
(manpumep, ).

Tem He MeHee, y JIIOJIEH PETYISIPHO MOTPEOIISIONIMX BOTY, 1e3MHPUIIMPOBAHHYIO KaK ra3000pa3HbIM
XJIOPOM, TaK U JIBYOKHCBIO XJIOpa, JOCTOBEPHO BO3PACTAET YACTOTa PaKa MHUIIEBoa U xkelyaka *. [Tpu aTom
CBSI3M MEXIYy KaHIIEpOT€HHOCTBbIO BOJBI M cojepxaHueM B Heill koHkpeTHbix [III/], xoTopsie 0Obr4HO
OTIPEIENIAIOT B BOJIE XMMMKO-aHAJMTUYECKMMH METOJIaMH, BBISIBJICHO He ObL10. PUCk 3a0ojeBaHMsS pakoMm
MUIIEBOJAa Y JIIOJIEH, MOTPEOIABIINX XJIOPUPOBAHHYIO BOJY M3 HCTOYHUKOB, OOTaThIX OPTaHUKOM, IO
CPaBHEHHIO C TEMH, KTO MWJI MPEUMYILIECTBEHHO BOJAY M3 YHMCTHIX IOJ3EMHBIX UCTOYHUKOB BO3pPAcTacT B
cperHeM B 2-2,8 pa3a (MakCHMAambHO — B 3,5-5 pa3)’,’. O6HapyXkeHa CBA3b TOTPEOIECHNS XIOPHPOBAHHON
BOJIBI C YBEJIMUEHHEM PHCKA BOSHMKHOBEHHMS paKa MPAMON KHIIKH', MOYEBOTO IMy3BIPSS, MOUYEBBIBOISIINX
myTeit °, n maxe paxa mo3ral®. BospacTtaeT puck COHTaHHBIX a00pPTOB ! M BPOXKIEHHBIX YPOJICTB y JeTel,
MAaTepu KOTOPBIX BO BPeMs GEPEMEHHOCTH yHOTPEOIsIH XI0PUPOBAHHYIO BOIY -2,

B nuTepatype BCTpewarOTCs yKazaHUS M HA TO, 4YTO XJOPHUPOBAHUE BOJBI MOXET BHOCHTH
CYILIECTBEHHBIN BKJIAJ B Pa3BUTUE ATEPOCKIEPO3a U, KAK CIEACTBUE, BCEM raMMbl CEPAEYHO-COCYIHUCTHIX,


mailto:vvl@soil.msu.ru

2
MOYEYHBIX, M JPYTUX XpOHUYECKHX 3aboneBanuil. [lo Hayama MOBCEMECTHOIO XJIOPHUPOBAHUS BOJBI
JIMAarHO3 «aTepOCKIIEPO3» CTABUIM OYEHBb PEIKO, @ CMEPTHOCTh OT CEpACYHO-COCYIUCTHIX 3a00JeBaHUN HE
npesbinana 9%. Yxe B 20-e roJipl 4acToTa aTepOCKIEPOTHUECKUX IMOBPEXKIACHHUI COCYA0B CYIIECTBEHHO
BO3pOCIIa, a K KOHIYy XX BeKa CeplIeYHO-COCYNCThIC 3a00IeBaHuUs BBHIILUIM Ha MEPBOE MECTO KaK MPHYMHA
cMepTHOCTU. [I0SBASAIOTCS yTBEPKIEHHUS, YTO XJOPUPOBAHUE COJEPKAIIEW OpPraHUKY BOJBI — OCHOBHAs
npuunHa (QAKTHYECKOH SMHAEMUH CepAedHO-COCYAMCTRIX 3aboleBanmii, paspasuBieiics B XX Beke .
CrpaBelsTUBOCTH pajid cleAyeT OTMETUTh, YTO B HAYYHOW JIUTEpAType NAHHBIX O BIUSHUU MOTpeOJieHUs
XJIODUPOBAaHHON BOJBI HA pPAa3BUTHE CEPIACYHO-COCYAUCTHIMU 3a00JeBaHUNH HEMHOro. Bo03MOXHO,
OTCYTCTBHE TaKHX PalbOT CBA3AHO C T€M, YTO JO MOCIEAHEr0 BPEMEHU HayKa HE MOIJa OOBACHUTH, KAKUM
obpazom npucyrcrBytomue B Boae [1I1/] MoryT BIusTh Ha pa3BUTHE TaKUX 3a00JICBaHUN.

Urak, k koHiy XX Beka Iepel 4YeIOBEYECTBOM BCTaja cepbe3Heimias npobiema aedunura
MUTHEBOM BOJIBI. XOTS BOJA MOKphIBaeT Ooiee 70% moBepxHocTr 3emud, Tuinb 1% Bcell BOABI MOXKET OBITh
MCIOJIb30BAHO JIJISl TUThS U YAOBIETBOPEHUS APYTUX KU3HEHHO BaXKHBIX HYXJI Y€JIOBEKa, U Bce OOJIbIIas ee
qacTh TpeOyeT MNpenBapUTENIbHON OUYMCTKH, B MEPBYIO oOdepens, Ae3uH(pexnuu. [Ipum 3ToM cepbe3Hoit
aJbTEPHATUBBI XJIOPUPOBAHUIO BOJbI HeT. Hampumep, mocie toro xkak B 1991 B Ilepy pe3ko cokpaTuiu
MPUMEHEHUE XJIOpa, TaM pa3pa3miiach SIUJEMHUS XOJIEPhl, PACIIPOCTPAHUBILIASACA U HA COCEJHHE CTPAHBI.
BrniepBbie 3a MHOTHE JecATHIIETUSI OT XOJIEphl BCEero 3a JaBa roja ymepio 6osiee 4 000 genosek, a 3aboneno
6onee 800 000 uenosek *. C mpyroii CTOPOHBI, CTAHOBHTCS BCe OOJiee OUEBHIHBIM, UYTO, M30ABHBIINCH C
MOMOUIBI0 XJIOpa OT MATOTEHHBIX MHUKPOOPTaHM3MOB, Mbl TOIYYWIM MEMJIEHHO ACHCTBYOIUN sa. A
MOCKOJIbKY YETKOTO MMOHHWMAaHMsI, MOYEeMY XJIOPMPOBAaHHAs BOJA — S/, MOKa HET, OYEHb HEJETKO HaWTh
crocoObl ee JeToKCHKanuu. Huske Mbl M3NaraeM Haiiu MpeACTaBlICHUS O MPHUPOJAE MaTOreHHOro Hayala
Jake B TOW BOJIE, KOTOpask OTBEYAET BCEM YCTAHOBJICHHBIM [IJISl MUTHEBOM BOABI HOPMaMm, O TOM, KaK €ro
MOKHO OOHApPYXHUTh U 00€3BPEIUTh.

C60000Hble paduKanvl u UX peakyuu

["a3000pa3HbIil XJIOp U €ro COCAMHEHUS, UCTIONb3YeMbIE IS Te3NH(PEKIINH BOBI — BHICOKO aKTHBHBIC
XUMHUYeckue BemiecTBa. CuUuTaeTcs, YTO OHM YOMBAIOT MUKPOOBI 32 CUET OKHCIEHUS >KU3HEHHO Ba)KHBIX
omomostekyn mnocnemaaux. OJHAKO, KaK HU CTPAaHHO, /IO TOCIEAHETO BPEMCHH JICTAIbHBIC MEXaHH3MBI
GAKTEPULIUIHOTO AEHCTBHSA XJI0pa OCTAIOTCA HEM3BECTHBIMU °, A 6e3 HOHMMAHMs CYLIHOCTH XMMUUYECKHX U
(UBUYECKUX TIPOIIECCOB, MPOTEKAIONIMX B 00paOOTaHHOW XJIOPOM BOJE, OOBSCHUTH M MEXaHU3MBbI
Ne3uH(UIMPYIOLIETO ACUCTBUS XJIOPa, U MPUIHNHY TOKCHUYHOCTH XJIOPHUPOBAHHOW BOJBI, MTO-HETPOCTO.

Kak MOIIHBIN OKHCIMTENh, aTOM XJIOpA OTHUMAET 3JIEKTPOHBI Y OOraThlX UMU MOJIEKYJ, caM Mpu
3TOM BOCCTaHaBJIMBAsCh. ATOMY XJIOpAa JJIsi BOCCTAaHOBJIEHHS, IIPU KOTOPOM €ro BHEIIHSAS 3JIEKTPOHHAA
000JI0YKa TOJTHOCTBIO HACBITUTCS JJIEKTPOHAMH, HYKEH | 3JIEKTPOH, MOATOMY MOJIEKyJa ra3000pa3HOro
xyopa, Clz, MOXKET OTHATH 2 3JEKTPOHA Y MOJAXOAALIMX JOHOPOB. Peakiuu OKUCIEHHSI-BOCCTaHOBIICHUS
OOBIYHO ONUCHIBAIOT YPAaBHEHUSMM, B KOTOPBIX YKa3aHbl MCXOJHbBIE PEAreHTbl U KOHEYHbIE MPOJIYKTHI.
Jletanu, CKpBITBIE 3a CTPEJIOYKOM, pa3leisIolled JIEBYIO M IPaByl0 4YacTH ypaBHEHUSA, Kak IPaBUIIO,
OCTaloTCid HEU3BEeCTHHIMU. HO MMEHHO B JeTansiX KpoeTcsi CyTh SIBI€HMs. 3a CTPEIKOH CKpBhIBArOTCS
Ype3BbIUAiHO aKTUBHBIE U MOATOMY (B OOBIUHBIX YCIOBUAX) KOPOTKOXKUBYILHME MTPOMEKYTOUHBIE MPOTYKTHI
pEaKIMK BOCCTAHOBJIEHUS XJopa. IloaToMy 110 mocieqHero BpeMeHH Ha HUX OOpalajid ropasio MEHbILe
BHUMAaHMs, YEM OHHU TOT'O 3aCIyKUBAIOT, 0COOEHHO B OMOMETUIIMHCKOM acIeKTe.

BonbIIMHCTBO M3 MPOMEXKYTOUHBIX MPOAYKTOB OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIX pPEAKIMH —
CBOOOJHBIE paJMKaJbI, T. €. YAaCTHIbI, Yy KOTOPBIX YHCIO 3JIEKTPOHOB HeueTHoe. OOBIYHBIE MOJIEKYJIBI
MMEIOT YETHOE YMCIIO 3JIEKTPOHOB HA BHEUIHUX, (BaJEHTHBIX) OPOUTANISIX, U BCE X JIEKTPOHBI «CIIAPEHbBD.
[Ton 3TUM moapa3zymeBaeTcsl, YTO J[Ba JIEKTPOHA B KaXJI0M Mape UMEIOT MPOTHBONOJIOKHBIE «CIHHBDY (OT
aHrImiickoro “to spin” — Bpamarbes). CIapeHHOCTh 3JCKTPOHOB MPUAET MOJICKYJIE TY WIH HUHYIO CTETeHb
3aBEPILIEHHOCTH, a 3HAYUT, U CTAOMIBLHOCTH. Y CBOOOJHOrO pajauKaia, o0 MEHbIIEH Mepe, OUH JIEKTPOH
HE MMEET Hapbl, U MO3TOMY YacTHLA, CTPEMSCh K 3aBEPIIEHHOCTH, IIPU MEPBONH BO3MOKHOCTU OTOMpaeT
AJIEKTPOH y COCEIHUX MOJEKYJ, MO0, 4TO pexe, OTAAeT U3IUIIHUHA 3JIEKTPOH, KOTOPBIH «IPUIIANACT» K
Ipyroi Mosekyse. Pe3ynbraroM Takux peakiuil sBISETCS MOSBICHHE HOBBIX CBOOOJHBIX PpajUKajoB,
IIPOCTO MTOTOMY, UYTO:

«reue™»(Nel) + «aet(Ne2) 2 «uetn(Nel) + «HedeT»(Ne2)
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Ho «neder»(Ne2) BCTYIUT B TaKylo JK€ PEaKIUIO CO CAeAyrome Mosekyoi («uet»(Nel)), kotopast
npeBpatutcs B «Hede™(Ne3), u T.1. Takum oOpa3zom, MOSBICHHE BCEro OJHOTO CBOOOIHOTO paauKaia B
Oorartoii MOJIEKyJIaMH CHCTEME MOPOXKIACT IEMHYI0 PEaKIHIO, B X0J¢ KOTOPOH MOXKET U3MEHHUTHCS OUYCHb
MHOTO MoJiekyn. Llermb 0OOpBeTCs JIMIIL TOTAA, KOTAA JBAa «HEYETa» BCTPETATCS IPYr C APYTroM, HX
OJTMHOKHUE JICKTPOHBI CIIAPSTCs, B 00pa3yeTcsi MOJIEKYJIa C YSTHBIM YHCIIOM JIEKTPOHOB.

Peakuum xj0pa ¢ OpraHMYECKUMHU MOJICKYJIAMH B BOJIE PEAKO PacCMATPHUBAIOTCS KaK MPOIECCHI, B
X07Ie KOTOPBIX BO3HHKAIOT CBOOOHBIC PaJMKaIIbl, XOTS BOZHUKHOBEHHUE TIOCIECTHUX KaK MPOMEKYTOUHBIX
WK TOOOYHBIX TPOAYKTOB, MpaKTHUeCKH HeuzOexHo. VcciemoBaHuil CBOOOMHO-PAaTUKATBHBIX YaCTHII,
0c00EHHO, CBOOOIHBIX PAUKAIOB B BOJHBIX CHCTEMAaX, IMOKa MaJo. DTO CBSI3aHO C TE€M, YTO IMOJIABIISIOIIECE
OOJBIIMHCTBO METOJOB XMMHYECKOTO aHaIu3a IMO3BOJISIET paboTaTh C OTHOCHTEIHHO JIOJITOKUBYIIUMU
MOJICKYJIaMH, KOTOPbIE MOYKHO HAKOIUTh B 3HAYMTEIBHBIX KOJUYECTBAX M KOMIUICKCHO aHAJU3UPOBATh UX
CBOICTBA. I/IHI[I/IBI/II[yaJIBHBIG CBO6OI[HO-paIII/IKaJIbHBI€ YaCTHULIbI, KaK YKa3bIBaJIOCh BBIIIC, BBICOKO
PEaKIIMOHHO-CIIOCOOHBI M, OKAa3aBIIUCh B JIIOOOH XUMHUYECKOW CHCTEME, OBICTPO BCTYMNAlOT B
pa3HOOOpa3HbIe pEaKIUU, IMOPOXKAAIINE BCE HOBBICE CBOOOJIHBIC paaWKalbl. EIWHCTBEHHBIH METO,
MO3BOJISIIONIMK  CTPYKTYPHO — OXapaKTepH30BaTh CBOOOJNHBIA  paauKal — METOJ  AJIEKTPOHHOTO
napamarauTHoro pesonanca (DI1P). Ho on TpeOyer ans aHammsa JOBOJBHO BBICOKMX KOHIICHTPAIIHA
panukainoB B cpene. [loaTomy, maxe eciim XMMHK COTJIACUTCSI C TEM, YTO MPHU XJIOPHUPOBAHUU BOJBI B HEW
BO3HUKAKOT CBO6OI[HI)IC pagvuKajibl, OH BpsAd JIA HOI71I[€T Ha TO, 4TOOBI IIPUMCHUTDL IJId UX aHajin3a METO[
DITP*.

OnHako ecTb elle OAMH METOJ, MO3BOJIIONIMN €CJIM U HE MCCIEN0BaTh CBOOOJHBIE pajuKajbl KakK
TaKOBBbIE, TO CJIEIUTH 3a PEAKLMSIMH, B KOTOPBIX OHM YYacTBYIOT. JTO METOJ XEMHJIIOMHHECLEHTHOI'O
aHasin3a. OH OCHOBaH Ha YHUKaJIbHOM OCOOEHHOCTH peaklui C y4yacTHEM CBOOOJHBIX PaJUKajIOB: MPU UX
PEKOMOMHALIMU APYr C OPYTOM BBIACISAIOTCS 3HAYMTENIbHBIE MOPLMU SHEPIMM, SKBUBAJEHTHbIE KBaHTaM
BUJUMOTO U JaXe YJIbTPauOJETOBOIO CBETa. DHEPrUH, KOTOpPbIE OCBOOOXKNAIOTCA IpPH MPOTEKaAHUU
MOJIABJIAIONIEr0 OOJIBLIIMHCTBA APYTUX XUMMYECKMX pPEaKUMH, B KOTOPHIX YYacTBYIOT MOJIEKYJISpHbIE
YaCTHUIIBl, COOTBETCTBYIOT TEIUIOBHIM KBaHTaM. [lo3ToMy, ecnu B cHCTEME NPOUCXOAAT PEKOMOHMHAIUH
CBOOOJHBIX PpAJMKAJIOB, CIEAUTh 3a HUMHU MOXXHO C HCIOJIb30BAHUEM YYBCTBUTEIBHBIX JETEKTOPOB
¢doroHOB. UeM BhIIIE CKOPOCTh TAKUX PEAKIIHIA, TEM BBIIIE WHTCHCUBHOCTh U3IYYCHHUS M3 aHATH3HPYEMOU
CUCTEMBI.

Yem epo3am ceo600Hble pAOUKAbL Ye108eKy?

B npupoanoii Boge Bcerja B 0ojblieil WM MEHbIIEH KOHIEHTpAlUU MPUCYTCTBYIOT OPraHUYeCcKue
coequHeHusi. OCHOBHBIE M3 HHMX — TYMHUHOBbIE U (DyJIBBOKHCIOTHI, OOBEAMHSIEMbIE IOJ Ha3BaHUEM
TYMYCOBBIE KHUCJIOTBI. B HMX C€OCTaB BXOIAT HMHTEHCHBHO 3aMEIICHHBIE KHUCIOPOJOM AapOMaTUYECKHE
COCIMHEHMs, aMHHOKHCIIOTBI, caxapa U Jpyrue XUMHYECKU AaKTUBHBIE OCTATKU. ['yMyCOBBIE KHCIOTBI
CIIOCOOHBI MPOYHO CBA3BIBATH MOHBI TAKUX METAIIOB, KaK Me/b, JKele30, Mapraden u T.1.1 . Jlaxke mocrme
OYHMCTKH BOJIbI OT M30BITOYHOW OPraHHMKU B HEH OCTaeTcs JOCTATOYHOI'O KOJIMYECTBO T'YMYCOBBIX KHCIOT,
KOTOpble OyAyT BCTYNAaTh B peakIMH C 00pa3yIOIMMUCS MPH XJIOPUPOBAHUU BOJbI aKTUBHBIMU (hOopMaMu
XJIopa.

[Tpu pacTBOpeHMH XJIOpa B BOJIE OH MpeBpaliaeTcs B xjaopHopaructyio kuciory (HOCI):
Clz + H20 & HOCI + H* + CI—

HOJ'Ial"aI-OT, 4TO HMCHHO XJIOPHOBATUCTAasA KHCJIOTA, U €€ COJIM — THUIIOXJIOPUTBI — KaK CHJIbHBIC
OKHCIHUTCIIHN, B3aHMOHCﬁCTBYH C aMUHOT'pyHIIaMnu OCIKOB U HYKJIICUHOBBIX KHUCJIOT 6a1<Tep1/H”4, npeBpamaroT
HX B XJIOpaMUHBI 1 TEM CaMbIM MHAKTUBUPYIOT MUKPOOPTaHHU3MBbI:

R-NH; + HOCI - R-NHCI + H.0

bnaronapst HanMuUKIO B BOJIE TYMYCOBBIX KHCJIOT U HOHOB MEPEXOJHBIX METAJIOB, TAKUX KaK KeEJe30,
MeJlb, MapraHel, Hen30eKHO OOpa30BaHME YPE3BBHIYANHO AaKTHUBHBIX CBOOOIHBIX PAIUKAIOB (BBIIACICHBI
KHUPHBIM) — ruApoKcHiI-panukaia (¢OH) u atoma xnopam:

HOCI + Fe** — Fe®*" +eOH + CI—

HOCI + Fe?* — Fe®* + OH—+ Cl
oCl+H,0 > Cl— + eOH + H*



RH + ¢«OH — Re + H20
Re + O2 5 ROQOe
Re+R’'H—> R’ + RH — Re ...
ROQe +R’H - ROOH + R’e — ...

B nmpuBeneHHbIX BbII€ ypaBHEHUAX CBOOOJHBIE paJMKAIbl OTMEYEHBl JKUPHOW TOYKOM,
CUMBOJIM3HPYIONICH UX HECTIAPEHBIH 3JEKTPOH, a OykBamu R n R’ 0003HA4YeHBI OpraHUYECKUE MOJICKYIIHI,
aTaKkyemble CBOOOJHBIMU paJMKallaMd U MPOJOJDKAIONIME e paduKalbHBIX peakuuid. Yem Ooiblie
MOJBH>KHBIX 3JIEKTPOHOB COJEPKUT OpPraHUYECKas MOJIEKyJla, TEM JIErde€ OHa I[IOJBEpPraercs arake
CcBOOOJHBIMU paguKagamMu. [ 'yMycoBble KUCIOTHI OJarofapsi CBOeMy CTPOSHHUIO OTHOCATCS UMEHHO K TAKOMY
KJIaccy coeauHeHuil. [loaTomy mpu B3aMMOAECHCTBUM THUIIOXJIOPUTAMHM OHHU JIOJDKHBI IIPEBpAIaThbCi B
CBOGOIHBIE PAMKAIKI'Y, pUUeM paauKanbl ¢ GONMBIIOI MONEKYIAPHOH Maccoil — MaKpOpPaTHKAaIIbL.

Jlo mociietHero BpeMEHU O CBOMCTBaX MakpopaaukaioB 3Had maio. Jlumb B 1990-x rogax Havanoch
u3ydeHue CBOOOJHO-paIUKaIbHBIX (OpM OETKOB, KOTOpbIE MOTYT MOSBIATHCS B KJIETKAaX M TKaHIX
OpraHm3Ma 3a CYeT TOTO, YTO M TaM O0pa3yrTCs BBICOKO aKTHBHBIC «MUKpopaaukasiby Thuima eOH u oCl.
Maxkpopaaukainsl, B OTJIMYNE OT «MUKpopaauKkanoB» Tumna ¢OH i ¢O; —, Bpems )KU3HU KOTOPBIX B BOJHBIX
CUCTEMax He MPEBBIIIACT J0JEH CeKYH, «KHBYT» MHOTO JOJIbIIE, IOKA HE BCTYMAT BO B3aMMOJCHCTBUE C

APYIrUMHA MOJICKYJIaMU UK paJUuKaJbHbIMA YaCTULIaMU 20.

Cynpba MakpopaguKaaoB CYIIECTBEHHO 3aBHUCHT OT COJEp)KaHUsA B cpene kuciopona. I[lpu
JIOCTaTOYHOM HACBIILIEHUU BOJBI KUCIOPOJOM MaKpOpaIUKaibl OBICTPO pacUICIUIAIOTCS Ha 0ojiee MEIKue
¢bparmenThl. PeakimonHas crocoOHOCTh (PparMeHTOB BBIIIE, YEM HCXOIHBIX MaKpOPAIHKAIOB, MOITOMY
CKOPOCTh paJMKaJIbHBIX PEaKIUi BHAYaje pacTeT, HO BO3PACTAaET U BEPOSITHOCTh MCUYE3HOBEHHS PAUKAIIOB
IpHM UX peKOMOMHAIMM, a, 3HAUMT W oOpsBa memeir 2. Ilpum aeduumTe KMCIOpPOAa JOMHHHPYET
MIPOTUBOIOJIOXKHASL TEHICHIUS: MaKpOPaIUKaIIbl B3aUMOJACHCTBYIOT C JAPYTMMH MOJIEKYJIaMH, OOpa3ys
HOBBIC PAJIUKAIBI C €lle OONBIIMMH MOJICKYJSIPHBIMH BecaMmu. [IOSBISIOTCS KOBAJIEHTHO CIIUTHIE APYT C
JPYroM OeKH, XMMephl OeNKOB, JHUINIO0B, HYKIEHHOBBIX KHCIOT 22, Takme CBOMCTBA MaKpOPaIMKAJIOB
JeNaloT MX OYeHb OMACHBIMHU, XOTS M MEUICHHO NeHCTBYIOIIMMU TOKCHMHaMU. C HHUMH CBSI3BIBAIOT
BOSHUKHOBEHHE M Da3BUTHE OHKOJOTHYECKHX 3aboneBanmii 23, aTepockieposa, MIIEMHYECKOH Oo0ne3HH

cepana 24y mosra %, HelpoierepaTuBHBIX 3a00seBaHul TUIa Oosie3Hu Aublreiimepa u IlapkuHCOHA %
27

mmsodpennu 2/, nuabera 28, ayTomMMyHHBIX GoNe3HeH M TATONOTHIl COEIMHUTEIBHOH TKaHH 22,

yTBep)K,I[aIOT, YTO HAKOIUICHUEM B OpraHnu3Me CB060,[[HBIX paauKaJoB O6yCJ'IOBJ'IeH " Iponecc CTapCHUA 30.

OTtcroga CTaHOBUTCSI MOHSATHBIM, MOYEMY PETYJISIpHOE MOTpeOJeHHE XJIOPUPOBAHHOW BOJABI MOXKET
IIPUBECTU K TSAXKENBIM IOCIEACTBUAM, JaXKE€ €CIU COAEPKaHUE MAaKpPOPaJAUKaIOB B HEH HEBBICOKO. IloaTOoMy
MIPENIOJIOKEHNE, YTO PETyJspHOE MOTpeOJeHHE XJOPUPOBAHHOM BOJBI — OJHA M3 OCHOBHBIX INPUYMH
IIMPOKOT0 paclpoCTpaHEHUs], KOTOpbIe MoMyumin B XX BeKe cepiedHO-COCYAHUCThIe 3a00neBanus, 1uader,
paK U Apyrue XpoHUYeckue OOJIe3HM, BBITJIAUT BecbMa IpaBAonoaoOHbIM. Ho Bce 3Tu yTBEpkiIeHus
OCTAIOTCS T'OJIOCIIOBHBIMH, IIOKA HE IOKAa3aHO, YTO XJIOPUPOBAHHAS BOAOIPOBOJHAS BOJAA JIEHCTBUTEIIBHO
COJIEPKUT JTOITOKUBYIINE MAKPOPATUKAIIBIL.

IKcnepumenmanvHvie 00KA3AMENbCMEA NPUCYIMCIMEUA 8 8000NPOBOOHOIL 800€ C80DOOHBIX
PaouKanos.

Kak ormeuanoch BbllIe, peakMy PEKOMOMHALUU DPATUKAIOB (M TOJIBKO OHHU) COMPOBOKIAIOTCS
00pa3oBaHNEM MPOIYKTOB B 3JIEKTPOHHO-BO30YKICHHBIX COCTOSHUSAX, a MPU UX pEIaKcallid B OCHOBHOE
COCTOSIHME Te€HEpUPYIOTCS (DOTOHBI, KOTOPbIE MOTYT OBITh YJIOBJIEHBI C MIOMOIBIO BHICOKOUYBCTBUTEIbHBIX
CUETUYUKOB  OJUMHOYHBIX (oToHOB. C  HUCHONBb30BaHUEM  MOJOOHBIX  CUETYHMKOB, CHAOKEHHBIX
(OTORNEKTPOHHBIMU YMHOXKUTEISIMH, 00J1a/1al0IIMMU MaKCUMaJIbHON YUyBCTBUTEIIBHOCTBIO B CHHE-3€JIEHOM
00JIaCTH CIIEKTPa, M TO3BOJIIOUIMX PErMCTPUPOBATh M3JIydYE€HHE W3 00pas3loB, 00bEM KOTOPHIX MOKET
nocturatb 20 M, Mbl HCCIEIOBAIM JIIOMHUHECLUEHLHUIO OOBIYHOW BOJONPOBOJHOM BOIBI. YK€ IEpBBIE
HKCHEPUMEHTHI MMOKa3aJd, YTO BOJA, B3sATas U3 MOCKOBCKOH BOJONPOBOJHOW CETH, M3IydaeT (OTOHBI C
MHTEHCUBHOCTBIO, HAMHOTO IpeBbIIatoniei pononslie 3HaueHus (PucyHnox 1).

W3 pucyHka BHJHO, YTO MHTEHCUBHOCTb H3JIy4€HHUs BOAOIPOBOAHON BOJbI MPONOPLHOHAIBHA €€
o0beMy. CrnenoBarenabHO, YTO MCTOUYHUKOM H3IY4EHHs CIY’KUT camMa BOJA, a HE, HalpuMep, COCyl, B
KOTOpBIN OHa momelneHa. [l cpaBHEHUs puBeIeHo nu3nyueHue u3 20 mu cepxuuctoit Boasl (Boga Milli-
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Q), momyuennoi mo texHonoruun (upmer Millipore-Waters, kotopas cOOCTBEHHOH JTFOMHHECICHIIUEH
NpakTHYeCKH He obOmamaer. Yepe3 CyTKM OTCTaMBaHHUs BOJOMPOBOTHOW BOIBI €€ COOCTBEHHAs
JFOMHUHECIICHIIUS CHIYKAIACh MIOYTH B 2 pasa.

600 650
A Csexas sopa A
500 € nocne 24 4 A 550
oTCTanBanus .
=
§ w0 A S 450
8 0
2 300 S
= S 350
& A * «©
= 200 ¢ 0
g . 250
=
hN . 3
100 . A 'S X
A 150
20 M1 2 MA Smn 10mMa 15 mMa 20 mMAa 50
MQ-soga \zononposonuaﬂ Bofa Smvud 124 24 4 36 4 48 4 96 4

A b

Pucynok 1. (A) 3aBUCHMOCTh HU3JIy4CHHS BOIOIPOBOIHON BOABI OT c¢¢ 00bEMa, M CpPAaBHCHHE C HW3IYYCHUEM
BbIcOKOOuHIeHHOH Boabl Milli-Q, u3MepeHHOE ¢ HCIONB30BAHMEM CUYSTYMKOB OAMHOYHBIX (GoToHOB. (B) Pemakcanums
COOCTBCHHOM JTFOMHHECIICHIINN BOJOIPOBOIHOM BOAKI IIPH €€ OTCTANBAHUH.

[Ipu noGaBneHUM K BOJOMPOBOJHOMN BOJIE JIIOMUHOJIA HHTEHCUBHOCTD JIIOMUHECIIEHIIMM BO3pacTaja B
COTHHU-TBICAYM Pa3 (pUCYHOK 2). JIFOMMHOJ — 3TO JIIOMUHECLIEHTHBIN 30H/ Ha aKTUBHbIE (POPMBI KHCIOPOAA.
Ecnu B cucreMe npoTekaroT IpoLECChl, B KOTOPHIX yYacTBYIOT CBOOOAHbBIE PAIUKAJIBI TUIIA CYIIEPOKCUIAHOIO
panukana (KMCIOpPOAa, INPUCOEAMHUBLIETO OAMH JIONMOJHUTENbHBIH 3JEKTPOH) U HPOAYKTOB €ro
TIpeBpalIeHys: MepeKUCH BOAOPOAA U TUIIOXJIOPHTOB °1, TO B IPHCYTCTBUM JIIOMHHOJA MHTEHCHBHOCT
U3Iy4YeHUs pe3ko Bo3pacTaeT. CaMu akTUBHBIE (DOPMBI KHUCIOpOJa —KOPOTKOXHMBYIIME YacTULbL, HO
JUINTEIBHOCTD JIIOMUHOJI-3aBUCUMOM JitoMuHecueHuu (JI3JI) ykas3plBaeT Ha 3HAYUTENbHYI YCTOWYMBOCTH
pajuKaioB, KOTOpble CHOCOOCTBYIOT MX HNpOAyKUMH. Takumu cBoicTBaMH  00JaJal0T  TOJBKO
Makpopaaukansl. I[Ipu orcrauBannu Boael Habmoganack penakcanus JI3JI, HO UHTEHCUBHOCTh M3ITyYEHHUs

CHMXKaJ1IaCb A0 (I)OHOBOFO YPOBHA TOJIBKO 4€PE3 TPOC CYTOK.

50000

40000 5 MUHYT

12 vacoB

Jhomunon, 25 mkM

10000 24 vaca

3 cyToK

0 30 60 90 120 150

BpeMa (MHTEpPBAIBI MO 3 CEK)

Pucynok 2. JlroMuHOI-3aBHCHMasl JTIOMHMHECIICHITUS BOJONIPOBOAHON BOJIBI cpa3y IIOCHIE €€ B3STHA M3 KpaHa M IIOCHe
yYKa3aHHBIX IIEPHOIOB OTCTaWBaHUA. TemMHOBOH Tok cuerunka — 40 wnmn/0,05 MuH, CcOOCTBEHHOE W3Iy4YeHHE CBEXeEil
BOJIOTIPOBOAHOM BOABI — 0Ko0 400 um1i/0,05 mMuH.

HNutencuBrocTh JI3JI BOAONPOBOIHON BOJIBI, B3ATOW AaXE M3 OJHOIO KpaHa CHJIBHO BapbUPYET B
Teuenue JHs. Eme Gosee 3HaunTeIbHBIE M3MEHEHUS! HAOMI0AI0TCA B 3aBUCUMOCTH OT ce30Ha (Pucynok 3).
3ameTHble pa3ianuusg HabmogaroTcs B uHTeHcuBHOCTU JI3JI BOAOMPOBOAHON BOJBI M3 Pa3HBIX PailOHOB T.
Mockss! (Pucynok 4).

OuncTka BOJAONPOBOAHOM BOJBI HA KOMMEPUECKHX (HIbTpax C aKTUBUPOBAHHBIM YIJIEM CHHXKAeT
JI3JI, xors u HeyctoWuuBo (PucyHok 5). XoTd cHUCTEeMaTHYECKHUX MCCIEIOBAHUN CHOCOOHOCTH
KOMMepUecKuX (PUIBTPOB OCBOOOXKIATh BOAY OT MAKpOPAIMKAJIOB MOKa HE MPOBOAUIIOCH, U3 PE3YIbTATOB
NPEBapUTENILHBIX JKCIIEPUMEHTOB CKJIAJbIBAETCSl BIEYATICHHE, YTO KOMMepYeckue (UiIbTpel OBICTPO
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HACBILIAIOTCS paJvKallaMy TOCJIe 4Yero Boja, Mpolyckaemas udepe3 (puiIbTpbl, OOHAPY>KMBAaET 3aMETHOE
JFOMHUHOJI-3aBUCUMOE U3TyUYEHHE.
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Pucynox 3. Ce30HHOE U3MEHEHHE CpEeIHEH Pucynox 4. JI3JI BogonpoBogHOH BOJBI TOTYIEHHON
JI3JI BomompoBOAHOI BOABI, OTOMpAEMOii M3 OAHOTO U3 BOJOIIPOBOTHON CETH pa3biX pailOHOB I'. MOCKBEI.
¥ TOTO )K€ KpaHa Ha rpaduke npuBeneHs! yCpeAHCHHBIE JaHHBIE 110 2-

3 U3MEPEHUSIM.

:

o

CoBepIIeHHO Jpyras KapTHHa HAOJIF01aIach MOCIIe MPOIYCKaHUs BOAOIPOBOIHON BOIbI, 003 at0MIei
Jae O4eHb BHICOKMM ypoBHeM JI3JI, uepe3 (MIBLTp, NPUTOTOBICHHBIH HA OCHOBE IIYHIHMTa/JIOTOMHTA 2,
Kak BuaHO M3 pucyHka 6, Takas BOJa COXpaHsa ONPEIC/ICHHbIH YPOBEHb COOCTBEHHOMN JFOMHHECIICHIINH,
KOTOPBIH OoJiee ueM B 3 pasa npesbiman ypoBeHb JomuHectueHu Milli-Q Boxsr. OaHako npu 1o6aBieHHH
B (HUIBTPOBAHHYIO BOIYy JIIOMHHOJIA WM JIIOIMIeHWHA (TOCACIHHA — CHeHU(UYHBIA pearcHT Ha
CYNEPOKCHIHBIA PaguKall), WHTCHCHUBHOCTh H3JIy4€HHS HE TOJbKO HE BO3pOCia, HO JaKe HECKOJIbKO
CHU3UITACH.
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Pucynok 5. Camxenne JI3JI BOgOpOBOIHON BOIbI, Pucynok 6. Jlromunecueniyst st Milli-Q Bozbr u
MIPOIYIIEHON Yepe3 GUIbTP U3 aKTUBHPOBAHHOTO BOJIONPOBO/IHOM BOJIBL, IIPOMYIIEHHOH Yepe3 GHIbTp
yrist “Instapure®” R-2CB ¢dupmer Teledyne Water ILyHTMT/IOIOMUT, 10 U HOCIIE BBEICHUS B 00pa3Iibl
Pik. JIFOMUHOJIA U JIIOLUTeHUHA.

CHuxeHue u3nyuyeHHss (UIBTPOBAaHHOW BOJBI B  TNPUCYTCTBHUM 3THX JIByX peareHTOB
MIPENIOJIOKUTELHO MOKHO OOBSICHUTH TEM, YTO OHU IPEJCTAaBISIIOT COOOWM OKpallleHHbIE COETUHEHUS, U
€CIIM OHU HE BO30Y)KJAIOTCS MPH B3aMMOJAEHCTBUM C aKTUBHBIMH (popMaMH KUCIIOpOJa, B Pe3yJIbTaTe yero
(bayopecuupyloT cO 3HAYUTENIbHBIM KBAHTOBBIM BBIXOJIOM, TO IOIJIONIIAIOT HU3JIy4YEHHE, MOPOXKIAEMOE IO
JAPYTUM MEXaHHU3MaM.
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Pucynox 7. Penakcanus cCOOCTBEHHOTO W3TY4YEHHUS BOIOIIPOBOTHON BOIBI, IPOITYIIIEHHON Yepe3 IIyHTUT/ TOJIOMUTOBBIH
(GUIBTP IpHU €€ OTCTAaNBAHUH.

[Ipupoga OCTaTOYHOTO W3IYYEHHUS BOJBI, MPOMYUICHHOW Yepe3 IIyHTUT/I0JIOMUTOBBINA (UIBTP
OCTaeTcs IIOKa HESICHOM, HO OHa ONpEAEJICHHO HE CBS3aHA C XEMUJIIOMHHECLEHTHBIMH pEeaKIHUsIMU
CBOOOIHBIX paaukanoB. IIpenrnosiokuTenbHO, HM3Iy4EHHE CBS3aHO C OCOOBIMHU CBOWCTBaMH, KOTOpbIE
npuoOpeTaeT BoJa IOCJAE KOHTAaKTa C UIYHIMTHOW NOPOJOH — MHUHEpaloM, COJAEpKallluM YIJIEpOoAd B
YHHUKQJIBHOU (opMe Mmukpokiacmepog, K KOTOPBHIM OTHOCATCS HEAABHO OTKPBHITHIE M OOJIaaromiue
YHUKAJIbHBIMU  (PU3MKO-XUMHUYECKUMHU CBOMCTBAMHU MOJIEKYJbl yriepojga — (QyJulepeHbl U HaHOTPYOKH.
OpHako uccieoBaHUE ITOTO BOIPOCA MOKA HAXOJAUTCS B HadallbHOM craguu. Cienyer, 0JHAKO, OTMETUTb,
YTO NpU OTCTAaUBAaHUM BOJOIPOBOJHONW BOJbI, MPOIYIIEHHOW uYepe3 IIYHTUT/JI0JIOMUTOBBIA (UIBTP
MHTEHCUBHOCTD €€ U3TyueHus ObICTpO naaaeT (pUCyHOK 7). Yike uepe3 12 4acoB MHTEHCUBHOCTb U3TyUEHUS
U3 MaKCHUMalbHOTO o0beMa BOAbI (20 MII) TOCTOBEPHO HE OTIMYAETCA OT M3IY4YEHUs M3 TOro e o0bema
Milli-Q Boabl, XOTS HEKOTOpas TEHICHIMS 3aBUCHMOCTH M3JIyUYeHHS OT O0bEeMa BOJbI COXPaHSETCS.
3HaunuTeNbHO OoJsiee ObICTpast peslakcalsi COOCTBEHHOIO M3Iy4YeHUs (PUIBTPOBAHHON BOJIBI [0 CPABHEHUIO
CO CKOpOCTHIO PEJIaKCallUd COOCTBEHHOI'O U JIFOMUHOJI-3aBUCUMOIO M3JIy4€HUs BOJONPOBOIHOMN BOMBI (Cp.
puc. 7 u puc. 1 u 2) eme pa3 cBUIAECTEIbCTBYET O JIPYroil NMpupoe U3inydeHus: GuibTpoBaHHOM Boabl. Ho
KakoBbl Obl HU OBUIM DSHEPreTUYECKHE HCTOYHUKHU 3TOTO M3IIY4YEHHUS, MPOMCXOJUT HX €CTECTBEHHAs
penakcarus.

3AK/TIOYEHUE.

CoOcTBeHHas JTIOMUHECLIEHIIMST BOJIOTIPOBOIHOM BOJIbI, HHTEHCUBHOCTh KOTOPOH PE3KO BO3PACTaeT B
MPUCYTCTBUU 30HJAa Ha AaKTUBHbIE (DOPMBI KHCIOpOAA — JIIOMUHOJIA, CBHUJETENbCTBYET, YTO B BOJIE
IPUCYTCTBYIOT ~ CBOOOJIHO-paJMKalbHble YacTUIbl, CIIOCOOHBIE BOCCTAHABIMBATh  KHUCIOPOA IO
OJIHOBJIEKTPOHHOMY ITyTH. BpeMs KU3HM 3THX YacTHIl OYEHb BEJIMKO: JJaXKe Mociie 2 CyTOK OTCTauBaHUs OHU
C 3aMETHOM CKOPOCThIO 00pa3yroT akTUBHBIE (popMBbI KHcaopoaa. CBOOOAHbIE paiuKajbl HCUE3al0T HE MEHee
4yeM uepe3 3 CyTOK OTCTauBaHHUs BOJbl B YCIOBHUSX, KOTJIa OHA a’3pUpyeTcs BO3AYXOM. ODTH pPE3yJbTaThl
SBJISIIOTCA CWJIBHBIM JIOBOJOM B IOJIb3Y MaKpOMOJIEKYJIIPHON NPUPOIBI YACTHLI, MOPOXKIAIOIIMUX aKTUBHBIE
¢dopMmbl kuciopona. PerynspHoe morpebiieHne CBOOOIHBIX PAIUKAJIOB ATOrO THUIMA MOXKET IPUBECTU K
OTBETHBIM pEaKIMsIM OpraHu3Ma, CXOAHBIM C TEMHM, YTO HAOJIONAIOTCS MPU KUCIOPOIHBIX cTpeccax. B
COBOKYITHOCTH C JAPYTMMHU HEOJAromnpHUsITHBIMU JKOJIOTMYECKUMHU (aKTOpaMu HOTpeOSieHUuEe TaKOW BOIbI
MOJKET MTPOBOIMPOBATH PA3BUTHE XPOHHUUECKUX 3a00I€BAHNIN PA3IMUHON CTEIIEHH TSKECTH.

Pe3kne m3MEeHEHMS MHTEHCUBHOCTH M3Jy4YEHHs BOJOIPOBOJHOM BOJbl M3 OJHOTO HCTOYHHMKA B
3aBUCUMOCTH OT CE€30HA, JHS HEIEIU U JaK€ BPEMEHM CYTOK, CYLIECTBCHHBIE pa3jIMyusi B UHTCHCUBHOCTH
W3JIy4eHUsI BOJOIPOBOJHOM BOJBI M3 Pa3IMYHBIX MCTOYHUKOB T'OBOPAT O HU3KOW ITPOTHO3WPYEMOCTH B
HaCTosIIee BpeMsI KOHIEHTPAIlUM U aKTUBHOCTH B HEl CBOOOJHBIX pajuKaioB. B To xe BpeMs, HCXO U3
BCEl COBOKYITHOCTH M3JIO)KEHHBIX BBIIIE TAHHBIX, CIEAYET, YTO 3Ta XapaKTePUCTHKA BOJbI MOXET ObITh
naxke OoJiee CyIIECTBEHHOM Uil MOTPEOHUTENs, YeM KOHLIEHTPAllMM B HEM TeX WJIM HMHBIX CTaOMJIBHBIX
OpPraHMYECKUX MOJIEKY1 (E€CTeCTBEHHO, B ONPEIENIEHHBIX Ipeaesax HX KOoHLeHTpauuii). OjgHako B
HacTosillee BpeMs CIELMAIM3UPOBAHHAS  allaparypa, IO3BOJAIOIIAs HU3MEPATh OTOT IapaMmerp,
OTCYTCTBYET. MBI HCHONB30BAJIM CUETYMKU OJUHOYHBIX (DOTOHOB, KOTOPBIE NPEACTABISIIOT COOOM
CTallMOHapHOE JabopaTopHOe 00OpYyJOBaHME, M K TOMY ’kK€ BechbMa Joporu. Ham mpencraBisercsi, 4ro
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pa3paboTKa ¥ MPOU3BOACTBO YYBCTBUTEIBHBIX JETEKTOPOB JUIsl pyTHHHOTO U3MEPEHUS JTIOMHHECIICHTHBIX
CBOWCTB BOJIbI SIBJISIETCS BECbMA aKTyaJIbHOM 3a/1a4eid.

Ota 3a7aya CTOUT OCOOEHHO OCTPO B CBSI3U C T€M, YTO, [0 HAIlUM, XOTA M INPEABAPUTEIbHBIM
JTaHHBIM, KOMMEPUYECKUE BOJSHBIC (PUIBTPHI XOTS U OYHMIIAIOT BOLY OT CBOOOIHBIX PaJMKaIOB, HO pPadOTAIOT
HEHAJIe)KHO. DTO HEYAUBUTENIBHO, IOCKOJIbKY HHUKTO HE ONTHMMH3HMpOBal pPabOTy 3TUX (QWIBTPOB B
OTHOIICHWHM OYHCTKH BOAbI OT pagukanoB. C 1pyroil CTOPOHBI, Haml ONBIT pabOThl C
LIYHTUT/A0JIOMUTOBBIMU  (PMIIBTPAMU  CBHUJIETENICTBYET, YTO OHHU HAMHOro Oojee 3(QQEKTUBHBI, uYeM
(GWIBTPHI C aKTUBUPOBAHHBIM yriieM. Tak, oauH U3 GUIBTPOB, pabOTAOIINI OYTH HEMIPEPHIBHO B TCUCHHE
9 Mecsues, B TEUEHHE BCETO 3TOTO BPEMEHU HEU3MEHHO IIOJHOCTBIO YCTPAHSET JIFOMHHOJ-3aBUCUMYIO
JIOMHHECHEHIMIO BO/bl. OHAKO 3TOT THI (HUIBTPOB 00JaNACT APYTUMH HEAOCTATKAMU, JUISl TUKBUAALUU
KOTOPBIX TpeOyeTcsl MpoBeAeHNE OO0JIBIIOro 00beMa UCCIIEeJOBAHUH.

Takum oOpa3oM, BHepBbie 0OHApPYKEHO, YTO B XJIOPHPOBAHHOW BOJOIPOBOIHON BOJE B TECUECHHUE
JUINTENIbHOTO BPEMEHM MOTYT IpOTeKaTb CBOOOJHO-PAaJUKAJIbHBIE LIENHblE peakluuu. BpickazaHo
IIPEAIIOJIOKEHHE, YTO WHULUUPYIOLIME MX MakKpopaauKaibl, oOpa3yromuecs IpU XJIOPUPOBAHUU
coZiepKallel OpraHuKy BOJBI, MPEJICTABIAIOT COOOW MMEHHO TO MATON€HHOE Hayallo, YTO HPOBOLUPYET
pa3BUTHE MHOTMX XPOHMYECKHX 3a00JIEBaHMM MpU PEryJsipHOM NoTpedieHun Takod Bojbl. [Ipennoxxen
METOJ aHaju3a CBOWCTB BOJBI, MO3BOJISIOIIUI KOJMYECTBEHHO OLICHUBATh €€ CBOOOJHO-PAIUKaIbHYIO
AKTUBHOCTb, Y IIPEJIOKEHBI HAIIPABJICHHSI IIOMCKA METOJIOB YCTPAHEHUs JAHHOI'O NIATOJIOTMYECKOro HaJala
B XJIODUPOBAHHOMN BOJOIPOBOIHOM BOJE.
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