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KPATKOE OINIMCAHUA METOAUKH OBPABOTKH BOJIbl « WIADAP»

Puc. 1 Tneromuit pazmnsin

B ocHoBe mporiecca Ucnonb3yeTcs TICIOMUN pa3psl, 3a)KUTraeMblid B
atMocdepe OCTaTOYHBIX T'a30B, npu paspsbkenuu 10-2 - 10-4 HPA, u
pazHocTu noreHuuranon B mpeaenax 2000-3500 BoawT. Jlanublii pa3psn
OTHOCHUTCS K aHOMAJIbHBIM U B HACTOSIIIEE BPEMS CTAPATEIIBHO U3ydaeTCs
MHOTHMH BEAYIIMMH HCCIIEI0BATEILCKUMU IIeHTpamMu Mupa. biiaronaps
OTPOMHOMY OTIBITY, TIOJTY9EHHOMY B 3TOH cdepe, HaM He TOJBKO YIajIoCh
CTaOMIIM3UPOBATH MPOIIECC TOPEHUS TIJIa3Mbl, HO U YIPABJISTH €€ IMapaMeTpaMu.
DeHOMEH TUTa3Mbl 3aKJIF0UASTCS B TOM, YTO IPU CPABHUTEIHHO HUZKHX
SHEPrusiX ynaéTcs JOCTUYb MPUIE33MOHHOTO PE30HAHCa, Oarogaps KOTOpOMY
poUcXoauT 3H(PEeKT U3MEHEHHsI HAHO-KJIACTePHON OPraHU3alMH B KUAKOCTH
C TMOJHBIM yJAJIEHUEM CBOOOIHBIX PAAUKAIOB U3 KHUAKOCTH.

Bona u Boanbie pacTBOpBLI.

B HacTosee BpeMst 3a OCHOBY IIPEICTABICHHU 0 MEXaHU3MaX 33/IeliCTBOBAHHBIX B OpPraHU3aIH BOIHBIX
PaCTBOPOB U CIOKHBIX XUMHUYCCKUX CUCTEM Ha UX OCHOBE, B3d4Ta TCOPHUA KHaCTepHOﬁ OopraHu3aluu. MosxHo
3aKJIIOYUTH, 4TO MOJIeKynsl H20 He cyiiecTBYOT oTAenbHO. [1ospHOCTh 3TOM MOJEKYbl U CBOOOHBIE
AIEKTPUYECKHE TIaphl KUCJIOPO/Ia CIOCOOCTBYIOT 00beAMHEHHIO MOsIeKysT H20 B kitacTepHbIe accoIaThI.
Puc.2 nmokazaHbl MaTeMaTH4YeCKUE MOJIENIN «HanOoJee BEPOSTHBIX» KIACTEPHBIX 00pa30BaHUi:
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K coxxanenuto, Hi 0lHA U3 CYIIECTBYIOIIUX CETOIHS MOENel He TOJIBKO He OOBSICHSIET aHOMAIBHBIX
(HUBUKO-XUMHUYECKUX CBOMCTB BOJIBI, @ HAOOOPOT —BHOCHUT BCE OOJIBIIIE BOPOCOB.
Hammm uccnenoBanus npuBenu K BeIBoAy: - Bee cylecTByromue 10 CETOAHSIIIHETO JHS TEOPUU HE
YKU3HECTIOCOOHBI 110 OJTHOM IMTPUYMHE - BO BHUMAHHUE HE B3AT M30TOIMHBIN cocTaB BoJbl! MaTtemMaTnueckue
MOACIn HOCTpOGHLI Ha OAMHAKOBOCTH I'JIAaBHBIX KOMIIOHCHTOB, BXOAAIIIUX B eé COCTaB —Kncnopona nu
Bosiopoaa. Kucnopon B mpupojie mpeactaBiieH 6-10 OCHOBHBIMU MU30TOMaMH, BOJIOPOT 3-51.
N3ortonsl kucnopoaa: 14 0,15 0,16 0,17 O, 18 O, 19 O. U3 koTopsix kucnopon 16 u 17 apustorcs
crabmwibHbIMU. Kuciopon 14,15 u 19 aBnsroTcst pannoakTHBHBIMEU. Eciii uccienoBanusi BOJIBI B CEPEIUHE




60-x moka3anu Ha HE3HAYUTEIbHOE UX MPUCYTCTBHUE B TUTHEBOM Boje (oKkoio 0.03%), To 8 2010 — 0.3% u
BBIIIIE, B 3aBUCHMOCTH OT PacCIOJIOKEHUS HCTOYHUKOB OT TEXHOT'€HHBIX 30H.

[Tepeuncienre N3BECTHBIX TEXHOTCHHBIX MTPHYMH TAKOTO 3apa)KEHUS BOJIbI H30TOTIAMH HE UMEET CMBICIIA,
T.K. SIBJISICTCS] HEU30EKHBIM CJIE/ICTBUEM PA3BUTHUS [IUBUIIU3AINH.

HpI/I BKJIFOUCHUH B MATCMATHYCCKYIO MOACIIb TAKUX U30TOIIOB PE3KO U PAAUKAJIbHO UBMCHACTCA KapTHHA.
VYixe npu BrtoyeHnu B Mozienb 0.1% aromos O 19 B cocTaB MOJIEKyIbI BOJbI, UCUE3A€T CUMMETPHUS
KJacTepa, a npu podasienuu 0.2% Kxiactep MposBISET TEHISHINIO K OECKOHEYHOMY POCTY UTO,
COOCTBEHHO, U CITOCOOHO OOBICHHUTH «aHOMAaJIbHBIE» CBOHCTBA BOJBI.

Ha npoTskeHnH HECKOJIBKUX JIET HaM yJaIOCh UCCIIE0BATh HECKOJIBKO JIECATKOB Pa3HOBHIHOCTEH
UATHEBOU BOMEL.

HccnenoBanus mpoBOIMIMCH METOIOM 3aMOPAXKUBAHUS TTAPOB, HCCIEAYEMBIX 00pa3I[0B HA UCATEHO
OTIOJUPOBAHHYIO U NMEPEOXJIAKAEHHYIO 10 MUHYC 80C MOBEPXHOCT.

[Ipumepsl npuBeaeHbI HA pUC 3:
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[TpoObI BOABI, peICTaBIEHHBIE HAa PUC 3. B3AThI U3 PA3HBIX HCTOYHUKOB U MIOJBEPTHYTHI IEMUHEPAIN3ALUU
qepe3 IBOMHYIO IUCTHIUISIIHIO TIEpe] BRITApUBAHHEM Ha MTOJIOKKY.
CHUMKH cJieJIaHbl C IIOMOIIBIO JIIOMUHECHIEHTHOTO MUKpPOCKONA MPH yBenu4yeHuu 250 kpart.
a) [Ipo6a u3 pexu Spanb, Ypain
6) IIpoGa u3 pexu {nenp, benapyco
c¢) Ponnuxoas Boxga, [Tonsima
d) MunepanbHas Bojia, IPOMBIIIUIEHHOE OYTHUIMPOBAaHUE.

Puc.4

[Tocne 06paboOTKH BOJIBI B pEaKTOPE C TIICIOIINM Pa3PSIAOM.




DKCIepUMEHTHI MIOKa3ajH, YTo cocTosiHue 6a30Boii MaTpuiibl H2O He 3aBHCUT OT KOJMYECTBA U KaYecTBa,
pPacTBOPEHHBIX B HEH MUKPO3JIEMEHTOB, a Ha MPSAMYIO 3aBUCUT OT €€ U30TOIHOI'O COCTABA.

B nporiecce popMupoBaHusS MOJIEKYIT BOJBI MOTYT IPUHUMATh Y4aCTHE TAKKE M H30TOIBI COCTABHBIX
anementoB H1,H2, 014,015,016,017, O18,019. Kpome Toro u3BecTHO, 4TO AePEKT MaCChl HOPMaJIbHBIX
aTOMOB KHCJIOPO/Ia ¥ BOJIOPOJIa TOXKE HE SBIIIOTCS BEJIMYMHAMHM ITOCTOSHHBIMH. TakuM oOpa3om
CUMMETPHS BOJSIHON MAaTPUIIBI HAPYIIACTCS, TPUBOJIS K TOMY, YTO KJIACTEPHI MOTYT OBITh CTAOUIBLHBIMU BO
BPEMEHH M JJOCTUTATh OIPOMHBIX pa3MEpOB, YTO MOKET CJiejIaTh HE BO3MOKHBIM IPOXOXKICHHE UX Yepe3
MEMOpaHbI KJIIETOK YKHBBIX OPTAaHU3MOB U YETIOBEKA.

MeanuMHCKHUI acneKT NpodJieMbl 3aKII0YaeTCs B TOM, YTO, KOTJIa TAKOH KJ1acTep oOpasyercs B sigpe
KJIETKH OH MOXXeT cTaTh Jaxke dyacTbio JJHK uckaxas e€ popmy u 61okupys HekoTopsle e€ cermeHTsl. [Ipu
permukanyu takoid JIHK mexanudeckue nedextsl Toxke OyayT moBTopsAThCs. [IprcyTcTBHE rUTaKIacTepoB
B KJIETKaX TAaK)K€ CUJIbHO BJIMSAET Ha UCKA)KEHUE BOJAOPOAHBIX CBSA3EH a30TUCTHIX OCHOBaHUH (aICHUH,
IyaHUH, THMHUH U IUTO3MH), @ UX BOJIOPOAHBIE U KHCIOPOJAHBIE OKOHYAHMSI MOTYT BpacTaTh B TUraKjacTep U
CTAaHOBUTBCSA €ro 4acThlo. [losBisiercs yciioBus 11 TOro, 4To IIPH PEIUIMKALMA XPOMOCOM, IBOMHUK
co3/1aéTcsl U3 MaTepuasa, KOTOPbIM paclojaraeT B JaHHbI MOMEHT KJIETKa, a8 UMEHHO U3 MOJIEKYJ, KOTOpbIE
HaXOJATCS B KJIETOYHOH JKUJKOCTH, U B CTPOUTEIBCTBE IIPUMYT y4aCTUE TAKKE U U30TOIIBI
kucioponal4,15, u 19, T.x ki1eTka ux He pacro3HaéT, TaKUM 00pa30M Jieiasi BO3MOXKHBIM COEIMHEHHE
OKOHYaHUM C KJIACTEPaMHU.

Bueopenue paouoakmuenuvix uzomonog kucaopooa ¢ /IHK unu PHK neusoeixicno npueooum x
odehopmayuu XumMuuecKux ceA3eil Mexcoy 31eMeHmamu U Kak ciedcmeue — UCKaANCeHuio
IHepeemuyeckozo oananca 3nemenmos /JHK u oarce ux koneunwix oynkuyuil.
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3 ﬁ ?1 Yanm Ju1s peryisspHoro ckanuposanus JIHK u BersiBnenus
KPUTUYECKHX MYTallUi IeTo4eK Toxke paboTarh He OyJerT,

TaK KaK BCE XUMHYECKHUE 3JIEMEHTHI KOHTPOJIUPYEMON UM
LIEMH HAa CBOMX MECTax, COrIacHO 0a30BOil MaTpulle, a TO, YTO OHU HE pabOTaIOT —HE BXOJHT B €T0
koMmmeTeHIHo. UMeHHO mo3ToMy 00/1bIIMHCTBO PAKOBBIX KJI1€TOK NPAKTHYEeCKU OecCMepPTHBI.

3'-xomey

ITocne 0OpabOTKM BOABI MIa3MOM, MO JEHCTBUEM PE30HAHCA, TUTaKIACTEPhl paclagaroTcs, SHEPrus
MEXaTOMHBIX CBSI3€M U MacChl aTOMOB YCPEAHSIOTCS.

VIMeHHO 103TOMY B TaKOM KMJIKOCTH HE OOHAPYKUBAIOTCA CBOOOAHBIE pauKasbl U HOHBI!!!

A mocie peKoMOWHAIMK KPUCTAJUIMYECKOI CETKU BOJIbI 00pa3yIOTCs CTaOUIIbHBIE HAHOKIACTEPHI
pasMepamMH OKOJIO 2 HAHOMETPOB, KOTOpBIE 00JIaZJal0T 3HAYUTENBHOM CTaOMIBHOCTBIO BO BPEMEHHU U UHbIM
CNeKmpom 4acmom coOcmeennbiX K0J1e0anuil H06ol CUCHeMbl, KOMOpblili CHOCOOEH nepeoagamucs
2U2aKaacmepam npu KOHMaKme u mem camvim papyuiams ux!

Pa3mep meHee 2 HAHOMETPOB, 3HAYUTENbHASL CTAOUILHOCTH BO BPEMEHH, M 33/IaHHBIN CIIEKTP 4acTOT
coOcTBeHHBIX Kojebanuii mo3Bossier WIADAP >xuIkocTh MpEeKpacHO MPOHUKAET yepe3 MeMOpaHbl KIIETOK
1 000JI0UKY HX S7AEP.



IIpu nonaganun WIADAP XuAKOCTH B sIIPO MOPAKEHHON KJIeTKH MPOUCXOUT pa3pylieHue
Ae()opMHPOBAHHON MAaTPHIBI THTAKJIacTepa, a B ciaydae npopacranus ero B JIHK u yacTu camoi
JAHK, o0pa3ys, Takum 06pa3oM, pa3pbiBbl HeNOYeK WU UCYE3HOBEHNS 1eJIbIX CErMEHTOB MPUBO/IA
NCEeB0 MYTHPOBAHHYIO KJIETKY K cMepTH. IMeHHO M03TOMY Takasi KJIeTKa MPAKTUYEeCKH Cpa3y
TepsieT BO3MOKHOCTD JiejieHus, a cnupab JHK BbITISAUT c:kaTOM.

BO3HMKHOBEHHE I'MIaKJIACTEPHOM OpPraHU3aluy BOJBI BHYTPH CaMUX KJIETOK MOYKET CEpbE3HO MOBIIUATh HA
HOpMaJIbHbIEe (PYHKIIMOHUPOBAHUS, KAK HOHOOOMEHHBIX HACOCOB MEMOpaH, TaK U Ha UX CIIOCOOHOCTH
IIPOIYCKaTh /yAAIATh NPOAYKTOB MeTabosnn3Ma. Kpome Toro, 3HauMTENbHO MOHUKAETCS OCTYIUIEHNE
HEOOXO/MMBIX BEIIECTB B KIJIETKY. B COBOKYITHOCTH 3TO MPUBOAMT K OBICTPOMY CTapEHHIO, MHTOKCHKAIINH,
IICEBJIO MYyTAalLlUH.

HmenHo ruraknactep cOpMUPOBABIIMICS B KJIETKE SBJISIETCS IPUYUHON HE TOJBKO OHKOJIOTUYECKUX, HO U
OOJIBIIMHCTBA T€HETUYECKUX 3a00j1eBaHui, kak cunapom [laTty u ap.

['uraknactep ciocoOeH MEXaHUUECKH HapyIIUTh WIM UCKA3UTh CUCTEMY BHYTPEHHUX KOMMYHUKaLUN
XPOMOCOMHBIX I1ap, YTO NPUBEAET K HEMOIHOLEHHON PEIUIMKALINH.

Bo3aeiicTBue Ha MaTpHIY BOJBI TJICIOIIMM Pa3psiioM NPUBOIUT K 00Pa30BaHMIO B NMOCJIeIHeH
3JIEKTPOMEXAaHUYeCKOT0 Pe30HAHCA, B pe3yJibTaTe KOTOPOIo CO3/1aI0TCH YCJOBUS 1JIsl, IPAKTUYECKH,
(pu3nyecKoro KOHTAKTA 3J1eMEHTOB MATPHIIbI, B pe3yJIbTaTe 4Yero, NPOUCXOUT yCpeHeHue IHepPruii
U MAacC M30TONOB KHCJI0PO/a U NMoJIHAsA pekoMOuHanus mojexkya H20 B maTpuile, nesias eé 6oJiee
«KOMIAKTHOI». 'Mrak/iacrepbl moJBepKeHbI MOJHOMY pPacnaay, a HeCBA3aHHbINA Kucaopoa 02
BbIJIeJISIETCH U3 PACTBOPa B ra3oo00pa3Hoii popme.

[Monyuennas TakuMm o6pazom Boza Obu1a Haseana «\WIADAP xuakocTbI0» u 061anaer cTabuibHEIM
BO BPEMEHHU KOMILIEKCOM (DM3UKO-XUMUYECKHX CBOMCTB:

T xunenusi(B3poiBa) - +162C

T 3amep3anust (B coctosiHuu nokos) — 82C

Koaddunument pacmmpenus npu nojHoM 3amep3anuu = 0
NncunonauctrimupoBaHHoOM BobI - 4

YBenndeHue cnocoOHOCTH pacTBopeHus BeulecTB (B ciaydae ¢ NaCLua 80%)
VYBenn4yeHne cnocoOHOCTH K pacTBOPEHHIO ra3oB (B ciiyuae ¢ «O» kucinopooM B 30 pa3 u BbILIe)
YBenn4yeHne cnocoOHOCTH K HachleHuto yriaekucnortoi CO2 B 200 pa3
W3menenue pedpaxuu

N3menenue paBHoBecHOM aucconuanuu Boas! (IIMK, pH)

PacTBOpHMOCTB MOJSPHBIX BELIECTB

PacTBOpHMOCTH HETIOJSIPHBIX BEIIECTB U I'a30B

CycneH3upyromme n3MEeHEHUS

Bo3HukarT HOBbIe OMOI0THMYECKHE CBOMCTBA!

e Kuakoctb ¢ HaHO - kinactepHoit opranuzaimeii (WIADAP XUIKOCTB) SBISICTCS HAMTYYIITNM, HA
CETrO/IHSIIIHUHN JeHb, TPAHCIIOPTOM BEILIECTB M KHCIOPO/a B KJIETKU KUBOTO OpraHu3Ma, oiarogaps
YHUKaJIbHOMY CBOMCTBY O€CIIPENSITCTBEHHO IPOHUKATh B KJIETOUHbIE MEMOPAHBI

¢ (CrocoOHOCTh K paCTBOPEHHIO KUPOB OMOJIOTHIECKOTO TPOUCX 0K ICHHS.

e [lonHoe oTCyTCTBHE CBOOOAHBIX PaJUKAIIOB.

[Tony4yeHHbIe TaHHBIE TTOCITY>KHJIA TIOBOJIOM ISl JATBHEHIIIMX UCCIICIOBAHUM M MIOUCKY CITIOCOOOB
MIPUMEHEHHUSI TaHHOT'O MPOJIYKTA.

Xouercs nog4epKHYTh, 4T0 WIADAP KHIKOCTH NPEeKPACHO MPOHUKAET Yepe3 MeMOPaHbI :KUBBIX
KJIETOK M 00010uKkH ux saaep. Ipn nonaxanunWIADAP xkuakocT B iApo Nopak€HHOMN KJIETKH



NMPOMCXOAUT pa3pyuieHne 1e)OpMUPOBAHHONH MATPHUIIbI TUTAKJIACTEPA, 4 B CJIy4Yae NPOPACTAHUS €ro
B JIHK u yactu camoii /IHK, o0pa3ys, Takum o0pa3om, pa3pbIBbl lleN0YeK WJIH MCHYE3HOBEHUS 1 eJIbIX
CerMeHTOB, MIPUBO/SI MCEBIOMYTHPOBAHHYIO KJIETKY K cMepTH. UMeHHO M03TOMY TaKasi IICeB/10
MYTHPOBAHHAS KJIETKA MPAKTUYECKHU CPa3y TepsieT CMOCOOHOCTD K JIeJIeHuIo, a cnupaiab IHK
BBITJISIAUT C/KATOM, MOCJIe Yero OHA morudaer.

Xunkocts ¢ HaHO - knactepHoii opranu3aiuerd (WIADAP 5xuaKoCTb) SIBISETCS HAWITYYIIUM, Ha
CETOHSIIIHUHN JCHb, TPAHCIIOPTOM BEIIECTB M KHCIOPO/a B KIIETKH KUBOTO OpraHu3Ma, omarogaps
YHUKAJILHOMY CBOMCTBY O€CIIPENATCTBEHHO IMPOHUKATh B KJII€TOYHBbIE MeMOpaHkbl. [lonanas B KpoBb
YeNIOBEKa, aKTUBHO MPEMSTCTBYET arperanu (CKIenBaHum ) SputpounutoB. [lonagas B
MOBPEXKICHHBIC (MyTHPOBAHHBIE PAKOBBIC) KJIIETKH BBI3BIBACT allONTO3 MOBPEIKICHHOMN
(MyTHUpOBaHHOI pakoBoil) kieTkU. CTUMYIMPYET 3UIOCOMHBIN anmapar.

VYasrpauncras WIADAP xuIKoCTh U pacTBOPHI Ha €€ OCHOBE HUJI€aTbHO MOIXOAT ISl POAYKITUN
CyOJIMMATOB M BBHITSDKEK M3 JIGKAPCTBEHHBIX pacTeHui. [103BONIAIOT 100BIBaTH U3 Ipenaparos 10 90
% TIOJIE3HBIX BEIIECTB, BKIIFOYAst Y(UPHBIC M ApOMATUYCCKUE BEIICCTBA.

[IpexpacHbIil pacTBOPUTENH JJI TAKMX METAJIOB KaKk MeJlb, cepedpo, JKee30, 30J10TO.

[Ipu nmony4eHnn KOJIONIaIbHBIX U HAHOPACTBOPOB MPEMATCTBYET arperaii pacTBOPEHHBIX
BEIIIECTB.

CeoiictBaWIADAP kuaKocTi m03BOJISIOT CO3/1aBaTh CTA0OMIIBLHBIC PACTBOPBI C HAUBBICIITUM
KOHIICHTPUPOBAaHUEM HEOOXOAMMBIX BEIIECTB.

[Tosryunna nmpuMeHEHHE MPU MPOU3BOACTBE HAHOMIOPOIIKOB, TAKMX KaK THAPOOKCOANIATHT.
YBenuunBaeTcs CTabUILHOCTh XMMHYECKHUX KAaTaJIN3aTOPOB.

bnaronaps nyneBomy koadduipenTy pacmmpenus mnpu npespamennn B 1¢1 —WIADAP KuakocTs
MIPUMEHSIETCS B KPHUOTIPOIIECCaxX TO3BOJISAS 3aMOPAKUBATH M pa3MOPAKUBAThL OMomaTepuan 0e3
paspyuieHus ¥ UCII0JIb30BAHUS METaHOJIA.

Hay4yHo — uccienoBarejbckoe 000CHOBAHME:

JOKJIAIbI ITO JAHHBIM UCCJIIEJOBAHUSM U PASBPABOTKAM HA HAYUYHBIX KOH®EPEHIIUAX.
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