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Jo3uMeTpus (pOTOAMHAMHYECKOI0 I(PPeKTa ¢ NpMMEeHEeHHeM
(porocencudnIM3aTopa Pagax/iopuH B IPUCYTCTBHU KOJUIOMAHBIX METAJLIIOB

AHHOTAIUA
C KaXJpIM TOJIOM B MHPE€ HaOII01aeTCsl TEHICHIIMS POCTa KOJIMYECTBA JIIOICH,

MOJIBEP>)KCHHBIX 3JI0KAUeCTBEHHBIM HOBOOOpazoBaHUsM. [loMUMO TpaauIIMOHHBIX
METOJMK IIUPOKOE PaCIpPOCTpaHEHHWE NPUOOPETAeT CPABHUTEIHLHO HOBBIM METO]
JedYeHus, pa3BuBaronuiics ¢ kona XX Beka — dorogunamuueckas tepamnus (OJIT).

OTnUYuTEeNnbHONM O0COOEHHOCTBIO JTaHHOTO METOJAa SIBISETCA BO3MOXKHOCTH
MPOBEICHUS] OPTaHOCOXPAHSIOINIETO JICUCHUsI, IPU KOTOPOM H3IIyYCHHE Jlazepa WU
CBETOJMOJIHOTO M3JIydaTelNsi HaIpaBisIeTCd HEMOCPEJCTBEHHO Ha TMOPa)KEHHBIN
Y4acTOK € M30MpaTeNbHO HAKOIJIEHHBIM (poToceHcmOmnmmzaTopoM. Ilpu oOmyueHun
($OTOCEHCMOUIN3UPOBAHHONM  TKAaHM  NPOUCXOAMT  BO30YXKIACHHE  CBA3AHHOIO
TPUILIETHOTO KUCJIOPOJa B CHHTJIETHOE COCTOSIHUE, B PE3YJIbTAaTe YeTr0 MPOUCXOIUT
paspylIeHHe KJIETOUYHbIX MEMOpaH U ruOelib NaTOJOTHYECKUX KIIETOK.

OngnuM w3 KiIOYEeBBIX acriekToB npumenenus DT saBusercs mnpobiema
CHIDKCHHUS YACNBbHOW JHEPTMHM NECTPYKIHH, T.€. J03bI OOIydeHHUS Ha EIUHHILY
o0bema oOiydaeMbIX TKaHEeil. Jledo B TOM, 4TO MpH HM30BITOYHBIX J03aX MOTYT
UCTIIBITaTh  TMOBPEXKIEHUS W 370poBble  KieTku. llosTomy 1ens  JgaHHOU
UCCIIEIOBATENbCKON pabOThl — onpeseseHne (akTopoB BIUSHUS HA CHU)KEHHUE J103bI
¢ coxpanenuem dotoaunamuyeckoro dddexra mpu G/T.

B pamkax pgaHHOW paboThl OyAyT MpPOBEAEHBI MCCIECIOBAHUS BIHMSHUS
KOJUIOMJHBIX  PAacTBOPOB  OJaropoJHBIX METAUIOB KaK KaTajau3aTopoB Ha
dboronuHamuueckuit >¢ddexr. byner omnpenereHo oONTUMaIbHOE COOTHOIICHUE
KOHIICHTpAIlUi CEHCHOWIM3aTopa W KOJJIOMJHOTO MeTajyla TpU COXPAHEHUU
3¢ (HEKTUBHOCTH JECTPYKIIUU MOJAEIBbHON KJIETOYHON Cpeibl, OAHOBPEMEHHO CHMKas
703y o0iydeHus. A Takke OyaeT mpeasioskeHa METOAUKA KOHTPOJIS 103kl O0TyICHHUS
MOCPEACTBOM M3YYEHHS ONTHUECKHX XapaKTEPUCTHUK MOJEIIBHOM Cpeibl B Mpolecce
BO3JICHCTBUS U UCIIOJIb30BAHUS TIOJYYCHHBIX 3aBUCUMOCTEHN NJIsl YIIPaBIECHUS CaMUM
BO3JIEUCTBHEM. IIpenamonaraercs COBEPLICHCTBOBAHUE UMEIOIINXCS

CHEKTPOPOTOMETPUIECKUX YCTPOUCTB M BO3MOXKHAS pa3pad0TKa HOBBIX.
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BBenenue

B Hacrosmee BpemMss HWHTEHCUBHO pAa3BUBAECTCS METOJAUKA JICUCHUS
OHKOJIOTMUECKMX 3a00JIeBaHUI, CTOSIIMX HA BTOPOM MECTE€ IIOCIIE CEpJIEYHO-
COCYOUCTBIX N0 MPUYMHE CMEPTHOCTH B COBpeMeHHOM wmupe. Hecmotps Ha
pacrnpocTpaHEHHOCTD MIPUMEHEHUS TPaJULIMOHHBIX METOJ0B " 170'¢
COBEPILICHCTBOBAHKUE, CTAHOBUTCA OYEBUAHBIM OS(PPEKTUBHOCTH HCIOIH30BAHUSA
COBPEMEHHBIX METOAUK Pa3pyLICHHUs 3JJ0KAYECTBEHHBIX OIIyXOJIEH.

PaccmarpuBaemblii B TaHHOM Hay4YHO-HMCCIIEIOBATEIbCKON paboTe MeTon —
doroguHamuyeckas tepanus (nasee — DJT) — Havyanm HCIONB30BAThCS TIPH
JICYEHUHU PAKOBBIX 3a00JIeBaHUN OTHOCUTEIHHO HEaBHO — B KOHIIE XX BeKa.

OTIMYuTEeNbHOM OCOOEHHOCTHIO JAHHOTO METOJla CTajla BO3MOXHOCTH
IPOBEICHUS JIA3€PHOTO OOJYYEHHUS HEMOCPEICTBEHHO MOPAKEHHBIX TKaHEW ¢
OJTHOBPEMEHHON MUHHUMU3ALMEN JECTPYKTUBHOTO BO3/ICUCTBUS HA 3J0POBBIC TKAHU.

OpnHako, HECMOTpPST Ha YCIEIIHOCTh pa3pabOTKM U BHEAPEHHE HOBBIX
(OTOCEHCHOUIN3AaTOPOB, OCTAETCS AKTYyaJIbHOM Npo0sieMa CHHKEHHS IMOOOYHBIX
BO3JICUCTBUI MPU OJTHOBPEMEHHOM YMEHBIIICHUH JI03bI OOIYUYEHUsI, TPUXOISIICH Ha
CIMHUITY MAacChl YHUYTOXCHHBIX MMaTOJIOTHYCCKUX TKaHew [1].

Ilens maHHOW WuCCIENOBATENBCKOW pPabOTHI — ompeaeneHue (HakTopoB
BIUSIHUS Ha CHWKEHHUE JI03bl C COXpaHeHHeM ¢oToauHaMmuueckoro sddekxra mpu
OJIT.

B cooTBeTCTBUM € MOCTABIEHHOM 1EBIO B 33J]a4U UCCIEAOBAHUS BXOIAIIU:

- U3yYUTh TEOPETUUECKUE U METOAOJIOTUYECKHE aCIEeKThI (DOTOTMHAMHYECKOTO
BO3JICUCTBHS TIPU MCIHOJIb30BAaHUHM TAaKUX YCKOPSIOWUX (PAKTOPOB, KaK KOJIOUIHBIE
pacTBOp 0JIarOpOHBIX METAIIOB;

- ONPENENIUTh ONTUMAIBHOE COOTHOILIEHUE KOHIIEHTPALMM CEeHCUOMIN3aTopa 1
KOJUIOMJTHOTO MeTajula MpH coXpaHeHUu IPHEKTUBHOCTH IECTPYKIIMH MOICITHHOM

KJIETOYHOU CPENbI;



- OIIPCACIUTbL MCTOJIMKY KOHTPOJISI AO3bI O6J'Iy‘-IeHI/I$I MMOoCPCACTBOM H3YUYCHUS
OIITNYCCKUX XAPAKTCPUCTUK MOHGHBHOﬁ cpeabl B IIPOHCCCC BOSﬂCﬁCTBHH u

HCIIOJIB30BAHUSA ITOJIYUYCHHBIX 3aBUCUMOCTEH ML YIIpaBJICHUSA CaMUM BOSI[CﬁCTBPIGM.



1. TeopeTnyeckasi 4acThb
1.1. ®oroaMHaAMU4YeCKasl Tepanusi U 001aCTH ee IPUMEHEHU s

doToaMHAMMYECKAS] Tepanusi — 13TO HEWHBA3UBHBIM JBYXKOMIIOHEHTHBIN
METOJ| JICUCHHUS paka U MPEAPaKOBBIX COCTOSIHUM, OJHHUM 3JIEMEHTOM KOTOPOTO
sBIsICTCS (DOTOCCHCUOMIIN3ATOP, a APYTUM — JIa3epHOE H3TyueHue [2].

DoToCEeHCHOMITU3ATOP — BEIIECTBO, CIIOCOOHOE N30MPATEIbHO HAKATUIUBATHCS
B PAaKOBBIX KJICTKAX W JPYrdX TNATOJOTUYECKHX TKAHSIX C ITOBBIIICHHBIM
WHTEHCUBHBIM OOMEHOM BEILECTB M MOBBINIATh YYBCTBUTEIBHOCTh 3TUX TKaHEH K
BO3JCHCTBUIO CBETA.

Meton ®JIT ocHOBaH Ha pa3pylICHUH 3JI0KAYECTBEHHOTO HOBOOOpa30BaHUS B
pe3yibTaTe BOSHUKHOBEHHUS psifa (POTOXUMHUECKHX PEaKIUi MpU B3aUMOJICHCTBUU
JIA3€PHOT0 U3JIYYEHUs ONPEICICHHOMN JUIMHBI BOJIHBI U (hOTOCEHCUOUM3aTOpa (B TOM
Yuclie KpacuTess), MpeIBapuUTEIbHO BBEJACHHOTO B  OpraHuM3M  IallUeHTa
BHYTPUBEHHO WM ammiukanuoHHo. OJT mpuBoAUT K pa3pylIeHUIO TUTAHUS U
TUOEN OIMYXO0JIH 32 CUET MOBPEKIACHUS €€ MUKPOCOCY/ IOB.

B MexaHu3Me MUTOTOKCHUYECKOTO ICUCTBUS BAXKHYIO POJIb UTPAET OKUCIECHUE U
MOBPEKICHUE KU3HCHHO BAKHBIX KJICTOYHBIX CTPYKTYP B PE3yJIbTaTe U30BITOYHOTO
oOpa3oBaHUsI CHHIJIETHOTO Kucjopoaa. Kpome Toro, (oToceHCHOUIMU3aTophl,
HAKaIUIMBasICh B OMYXOJH, TPU OOJYyYEHHH CBETOM OIPEIACICHHOW JIMHBI BOJHBI
00J1ajatl0T CBOMCTBaAMU (PIIFOOPECIEHIIUM, YTO TO3BOJISIET 00Jie€ TOYHO BBISIBISTH
JOKAIM3alMi0  OMyXOJIM, a4  TaKkKe  ONpeAeNaTh  CTENeHb  MECTHOM
pacnpoctpaneHHocTH [3].

Meron OAT sddextuBeH s AMATHOCTUKM HOBOOOPa30BaHUN KOXKU, HO
MPEXKJIe BCETO IS JICUCHHUS CIEAYIOMUX 3a00IeBaHUM:

- pa3TUYHBIX (OPM paka U MPEAPAKOBBIX COCTOSHUI;

- BUTWJINTO,  TICOpWA3, CHUCTEMHas  KpacHas  BOJYaHKa ¥  HWHBIC
JepMaTOJIOTUYECKHE 3a00IEBaHNUS;

- 3a00JI€BaHUsl OPTraHOB 3PEHUS;



- 1e4eHre TPOPUUYECKUX S3B M HMHBIX pPaH, KOTOPHIE NIUTEIHHOE BpEeMs HE
pereHepupyIoT.

Cpenu nmpeuMyIIecTB JTaHHOTO METO/a MOXHO OTMETHTh BO3MOKHOCThH €ro
MPUMEHEHUST KaK MPH TPYAHOJOCTYITHON JIOKQIM3AIIMU TATOJOTHYECKUX TKaHEH, a
TaK)K€ M Ha OTKPBITBIX y4acTKaxX, rje He0OXOJAMMO JOCTHYbh KOCMETOJOTHUYECKOIrO
abpdexkra. DOHAT mno3Boiser Takke  M30ekaTh  CUCTeMHOro  (001mero)
HEOIaronpusITHOTO BO3JCHCTBUS HAa OpraHu3M (KOTOpoe, Hampumep, HaOIrogaeTcs
Py XMUMHUOTEpAIuu), JIOKAINU3ys JIEUCTBUE CBETAa Ha MOpaXeHHBIX ydacTkax. [lpu
MIPOBEICHUN Teparnum, KaK MIPaBUIIO, J0CTaTOYHO OJTHOKPATHOTO
dhoTOAMHAMUYECKOTO BO3ICUCTBUS HA 33JJaHHYIO 00J1acTh.

K mpeumymecrBam DT Takke MOXHO OTHECTH HE TOJIBKO Mayl IO
CPaBHEHUIO C XHPYPrHYECKUM JICUCHHEM WHBAa3UBHOCTh, HO M HU3KYIO CHUCTEMHYIO

TOKCUYHOCTh U BO3MOKHOCTh MHOTOKPAaTHOTO IOBTOPEHHS KYPCOB TEPAIUHU.
1.2. PoJib KOJLUIOMAHBIX PACTBOPOB 0J1aropoAHbIX MeTaJL10B pu OAT

Koanonanble qucnepcHble CMCTEMbI — MUKPOT€TEPOTEHHBIE 00pa30BaHMsI, B
KOTOPBIX OJIHO MEJIKOPa3IpOOJIEHHOE BEUIECTBO — JUCIEpCHas (aza — paBHOMEPHO
pacripefiesieHo (IucreprupoBaHo) B jApyroi ¢asze — gucnepcuoHHod cpexae. B
KOJUIOMAHBIX CHCTEMAaxX pa3Mep 4acTUll JucrepcHoi dassl cocrasusger 107° —1077 m,
T.e. JIGKHUT B UHTEpBajie OT HAHOMETPOB A0 J0JIeH MUKpPOMETpPOB. JTa 001acTh
MPEBOCXOAUT pa3Mep TUIUYHOW MaJIOd MOJIEKYJIbI, HO MEHbIIE pa3Mepa OOBEeKTa,
BUJMMOTO B OOBIYHOM ONTHYECKOM MUKPOCKOTIE.

CoctaB BceX BHYTPEHHHX OPraHOB 4YEJIOBEYECKOTO OpraHm3mMa — 9TO
KOJUTOMJIHBIE PAacCTBOPHI. A 3TO 3HAUWT, YTO B3aUMOJCHCTBUE ABYX WACHTUYHBIX TIO
XUMHYECKUM CBOMCTBAM  BEILIECTB IMPOUCXOAMT 3HAUUTENBHO OBICTpEE U
npakTHUecku Oe3 moTeph. TO eCTh OWOJIOTMYECKHM aKTUBHBIE WHIPEIACHTHI
JIEKapCTBEHHOIO Ipenapara Ha 98% cpa3y NPOHMKAIOT B TKAHU M OPTraHbl YeJIOBEKa

WMEHHO OJ1arofiapsi CTpyKTYpPHOMY CXOJICTBY COCTABOB.



[loka3aHo, 4YTO pa3NMYHBIE KOHIEHTPAUUH  KOJUIOMAHBIX  METAJIOB
YBEJIMYUBAIOT WM YMEHBLIAIOT J03y Havdana QoroauHamudeckoro sddexra
(pucyHok 1).

Bo3moxHBIM MEXaHU3MOM, CIIOCOOCTBYIOLIUM YCUJICHUIO
dboTonuHamMmuyeckoro 3¢ @dexra B MPUCYTCTBUHM KOJUIOMIHBIX METAJJIOB, SIBIISETCA
KOMILJIEKCUPOBAaHNE CEHCUOMITM3UPYIONINX MPENapaToB ¢ KOJUIOUIHBIMU PACTBOPAMU
HAHOYACTHI] 30JI0Ta U cepedpa, UMEIOMIMX MaKCUMyM IOTJIOIIEHUS B BUAMUMON U
OnvkHeH MH(paKpacHOW 007acTH, U JaldbHEHIIEM TEPMUYECKOM BO3JICUCTBHHM Ha
nopaxaemble KiIeTkd. OmHako 3(QQPEeKTUBHOCTh HAHOYACTHUI[ OOYCIIaBIMBAETCS HE
TOJIbKO TEPMHUYECKON aKTUBHOCTBHIO, HO M BO3MOKHOCTBIO 0Opa30BaHMs My3bIPHKOB
napa, KOTOpble CIIOCOOHBI BbI3BaTh KaBUTALIMOHHOE IIOBPEXKJEHUE KIETOK IpU
obOnydyennn BuauMbIM wim OmmwxauM HK-cBetom [4, 5]. Cnemyer oTMeTHTB, YTO
JAHHBIM MEXaHU3M HaXOJUTCS Ha HAYaJbHBIX CTAJUSAX U3yUCHHUS.
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Hanowactumpl  30m0Ta M cepebpa aHamoruyHO  (OTOCEHCEOMIM3ATOPY
IPOHUKAIOT B KJICTKU 3a CUCT MHHOIIUTO3a W JHJOIMTO3a B 3aBHCHMOCTH OT THIIA
KJIeTKH. B mpoliecce MMHOIMTO3a HA TIOBEPXHOCTH KJIETOK (DOPMUPYIOTCS JITMHHBIC
BBIPOCTBI-CKJIQJIKF, KOTOPBIC 3aTeM CMBIKAIOTCS, 3aXBaThiBas BCE, YTO IOMAacT
BHYTpPb. B pe3ysbTare uero oHu HaKarIMBarOTCS B MATOJIOTMYCCKUX KICTKAX.

HanowacTuipl  OTVIMYAIOTCS ~ CBOCH  HETOKCHYHOCTBIO,  XHMHYECKOM
CTaOMIBHOCTBIO, OMOCOBMECTHMOCTBIO, HATMYNEM YHUKAIBHBIX ONTHYECKUX CBOWCTB
¥ BO3MOXXHOCTBIO HCIIOJIb30BaHHS B KadecTBE I(PPEKTHBHBIX KaTaJIU3aTOPOB IPH

bOoTOIMHAMUYECKOM BO3/ICHCTBHH.

1.3. Teopernuyeckoe 000CHOBaAaHUE BO3MOKHOCTH CHH/KEHUS 103UPOBKH (POTOIAM-

HAMHYECKOIro BO3AeicTBUS

HecmoTpst Ha nokasanHyro B Xxoae uccienoBanuil s¢dextuBHocts DT,
CYLIECTBYET psii MpobJieM, CACPKUBAIOIIMX €€ [IUPOKOE MPUMEHEHHE B
MEJUIIMHCKOM  TIpakTUKe. Bo-TepBbhIX, yMEHbIIEHHWE TepUoja HAKOIUICHUS
dboToceHcuOuIM3aTopa B IEJIEBOM TpyNIne KIETOK, TOCKOJIbKY BCE HBIHE
UCIIOJIb3yEeMbI€ peareHThl B TOM WJIM WHOM CTENEHW TOKCUYHBI Ui opraHu3ma. Bo-
BTOPBIX, AaKTyaJIbHOM  SIBJSIETCSI CHUKEHUS MOOOYHBIX  BO3ACHCTBUM  mpH
OJTHOBPEMEHHOM YMEHBIIICHUH JI03bl OOJyUEHHUs, TMPUXOJAIIUXCS Ha IICJICBBIC
KJICTKH.

B Hacrosmiee BpeMs 3KCIIO3MIIMOHHBIE 03bI (TAJaroniue Ha TOBEPXHOCTH
o0nydyaeMoro OOBEKTa BEJIMYMHBI DHEPTHUU) JO CHUX TIOp  OMNPEACSIIOTCS
aMmuprUecku [6]. DTO MO3BOJSET ClienaTh BEIBOM O TOM, YTO JaKke OoJiee AeTanbHOES
U3YYCHUE MEXaHU3MOB (POTOIUHAMUYECKOTO BO3JACHCTBHUS HE CIOCOOHO aTh OTBET
00 anmpuOpHOM OMpeICICHHN HE0OXO0AUMOMN AKCTIO3UITMOHHON JTO3HI.

BcenencrBue Toro, 4to mpu BO3JACHCTBHM Ha TKaHb BO3HHMKAET 3aKOHOMEpHAs
OTBETHAs PEAKIIMs — COBOKYITHOCTh M3MEHEHUI OMO0OBEKTA, U3 MOTJIOMIEHHON 1036
HEOOXOJMMO BBIICTUTH TY YacTh, KOTOpas OTBEYACT 3a OMPEICICHHBIN
ouosiornyeckuit 3PpdeKT, Tak HazbIBaeMYI0 103y Onojgornyeckyr. KoamdecTBeHHbIM

BBIPpA’KCHHUCM OTBETHOM p€akuun MOXKHO CHUHNTATb COBOKYIIHOCTH IIapaMCTpOB,



MOJTAIOIINXCSA U3MEPEHHUIO JOCTYMHBIMH cpeacTBaMu. Takum oOpa3om, 3amaBas
COOTHOCHUMBIE TapaMeTpbl, MOXHO MPEANOJIOXHUTh OHOMOTUYeCKUl  3PdeKT
BO3JICHCTBUSI 00TydeHHS HA OMOOOBEKT.

B coderanuu ¢ WHCMONB30BAaHUEM KOJUIOMAHBIX PAaCcTBOPOB OJIarOPOIHBIX
METAJUIOB TpPH 3aJaHHBIX COBOKYIHBIX MapaMeTpax BO3HUKAeT peajbHas
BO3MOXKHOCTh ~ 3HAQUUTEIBHOTO  CHUXKEHHS  JO3MPOBKH  (OTOAMHAMHYECKOTO
BO3JICHCTBUS MPU COXpaHEHUU >PPEKTUBHOCTH pa3pylIeHHs] HOBOOOPA30BAHUN U

CHIDKCHHSI HETaTUBHOT'O BO3/ICHCTBUS HA 3/I0POBbIC TKaHU OM00OBEKTa [7].
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2.1. UcciaenoBaTebCKas 4acTh
2.2. MaTepuajbl 1 METOAbI

®doToceHCHOMIN3aTOp, BEIOPAHHBIN ISl TPOBEACHUS JAHHOTO UCCIIEIOBaHUS,
JOJKEeH 00J1a1aTh CIIEIyIOIIMMH CBONCTBAMHU:

- BBICOKasi M30MPATETHLHOCTh HAKOIUIEHHWS B TKaHAX 3JIOKAYECTBEHHBIX
HOBOOOPa30BaHUM U OBICTPOE BBIBEJICHUE W3 KOXKH U SMUTEINAIBHON TKAHH;

- CWJIBHOE TIOTJIONIEHWE B CIIEKTPAJhLHOM JUAIa3oHe, TAe OHOJIOTHYECKHE
TKaHU UMEIOT HauOOoJIbIIIee MPONyCKaHUE;

- BBICOKMI KBAaHTOBBIN BBIXOJ] CUHIJIETHOTO KUCJIOPO/Ia;

- XOpolIasi pacCTBOPMMOCTh B BOJI€ WJIM Pa3pPELICHHBIX JJIsi BHYTPUBEHHOIO
BBEACHUS KUJKOCTEN U KPOBO3aAMEHUTENSAX U T.JI.

B kauectBe (oToceHcmOMIM3aTOpa MCHOJIB30BaH Mpenapar «Pamaxiopuny,
MPEACTABIAIONINN cO00M MOIUGUIMPOBAHHYIO MPUPOJHYIO CMECh XJIOPHHOB U3
mukpoBogopociu  Spirulina, okono 70-90% KOTOPBIX COCTaBISICT XJIOPUH €6.
[Ipenapar (3,5 mr/mi), pazpadorannsiii komnanueit OO0 «Pana-®apma» (Poccus),
MpeAHa3HaueH JJ1s1 BHYTPUBEHHOTO BBEJECHU 's. «Pagaxiaopu » BbITOAHO OTIMYAECTCS
OT TaKUX TPATULMOHHBIX MJII POCCUMCKOW MEAUIMHCKOW IMPAKTUKUA MPErnapaToB,
kak «Dororem» uinn «POTOCEHCY, 3HAYUTEIHHO OOJIbIIIEH CKOPOCTHIO BHIBEJICHUS U3
OpraHu3Ma: JI0 MECTU MECSIIEB Y TPAJAUIIMOHHBIX (POTOCEHCUOMIN3ATOPOB U JI0 BYX
JHEN y BoJopacTBOpUMBIX (hopm «Panaxnopuna

[lepBonavanbHblii Tipenapat Obul paszbaBieH B 0,9% pacTBOpe HaTpus-
xjopuna (puspactBope), 3aTeM MOJy4eHHBINM pacTBOp paszBoawics B 400 pa3 B
CMECH KpPOBH M (pu3pacTBopa.

[lepen mpoBeneHreM UccaeAOBaHMS B 00pasel] KpOBU Takke ObUI J00aBICH
renapuH HaTpusl B 1ENAX CTAOMJIM3AIMU CBOMCTB B3BECH IPUTPOILIUTOB B TCUCHHUE
NpPOBOAMMON  CEpUM  DKCIEPUMEHTOB,  MOpeArnoJiarasg,  4YTO  MPOIYKTHI
(GOTOIMHAMUYECKOTO  BO3JCHCTBUS  (CHHIJIETHBIA  KHUCJIOPOJ Y  CBOOOJHBIC

paI[I/IKaJIBI) MOT'YT BJMATb HAa TCOMCTPHUIO U T'CMOJIN3 OPUTPOLIUTOB.
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KpoBp MOXHO paccMaTpuBaTh Kak CYCIEH3HMIO (B3BECh) JPUTPOLUTOB B
NPaKTUYECKH NPO3padyHoOil cpene. VM3MeHEHHE cHeKTpa MPOIyCKaHUsS CYCIEH3HH
HaIpsIMYIO 3aBUCUT OT HU3MeHeHus GopMmbl sputporura. CymMMapHas 3KCTUHKIIHUS
OKa3bIBACTCI MHUHHMAJILHON TIpH TOJHOW ChepyIsaiud SPUTPOIUTOB. B CcBoOO
ouepe/ib, MOJHAs TeMOJIM3AIUsl KPOBH MPUBOJUT K PE3KOMY MAJEHUIO ONTUYECKON
IJIOTHOCTH. B OCHOBY paccmaTpuBaeMoOil METOAMKU B3SITO TO, YTO B pe3yjbTaTe
boTOoAMHAMUYECKOTO BO3JCHCTBUS KPOBb U3 KJIACCHUYECKOM MYTHOM Cpeibl
IpeBpallaeTcs B pacTBOpP, OJIM3KUI 0 CBONCTBAM K KOJJIOUIHOMY.

Memoouka nposedenus IKcnepumenma

Hcnonb3zyeMas B Ka4YeCTBE HCCIIEAYEMOIO OMOJIOTMYECKOTO MaTepHalia B3BECh
SpUTpOIUTOB  Obuta  paszbaBieHa ¢Quzmonornueckum pactBopoMm 10  30%
CBETONPOMYCKaHus. 3aTeM 100aBisiIcs (POTOCEHCMOMIN3ATOp U MPUTOTaBIUBAIIMCH
JBa THUMa O0OpasloB: KOHTPOJIBHBIM (COAEpKAUTUN TOJIBKO CEHCHUOWIIU3AaTop) H
uccienyeMsle (coaepramie 100aBKy KOJUIOMIHBIX PACTBOPOB cepedpa).

Kommougnoe cepebpo myisi paboOThl  OBUIO TOJYYEHO TajlbBaHUYECKUM
CHOCOOOM: OT cepeOpsIHOro aHoAa B BOJHOW cpezie MoJ JAEHCTBUEM TOKA OTIEIISIIUCH
KOJUIOUJIHbIE YacTHUIbl. TakuM crnocoOOM ObLI TMOJY4YEH pPAcCTBOP HYKHOU
KOHIICHTPAIIHH.

Kaxpaas kroBeta ¢ 00pa3LomM rnomemiaigach B (POTOKOIOPUMETP, I11€ U3MEPSIIOCH
UCXOJIHOE 3HAaYeHHEe Ko3(PuuueHTa MpomycKaHus. 3aTeM oOHa MOJBEprajiach
OOJy4EeHUI0 MATPUYHBIM OOJIydaresieM, Tak, 4To Kaxible 60 cexyHa MOBTOPSIIOCH
usMeperne  kodpduimenta mpomyckaHus. [luk mormomenus  Pamaxmopuna
COOTBETCTBOBaJl MAaKCHUMyMYy CIIGKTPQJIBHOW IJIOTHOCTH oOiyuarens (puc.2).
OOny4yeHne MpPOBOAMIOCH JO Te€X MOp, MOKa IOoKa3zaHUS (POTOKOJIOpUMETpa He
BBIXOJIUJIM Ha IUIATO, YTO CBHJIETEIHCTBOBAJIO O MOJHOM IE€MOJIM3€ 3PUTPOLIUTOB B
oOpasiie. B kauecTBe COOTHOCHMBIX TTapaMEeTPOB OTKIIMKA OMO0OBEKTa Ha 00TyUeHNE
paccMaTpUBAIUCh XapaKTEPHOE BPEMS BBIXO/A Ha IJIAaTO U 3HAYCHHE MaKCUMAaJLHOTO

K03 PUIIMEHTAa TPOITYCKAHHUS.
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Pucynok 2 - XapakTepHble CIEKTPHI MOTIOMIEHNS BOJHBIX PACTBOPOB
npenapatoB Pagaxnopus (cineBa) u dorocenc (crpasa). s npenapara
DOTOCEHC MO OCU OPANHAT B OTHOCUTEIBHBIX €IMHUIIAX BhIOpaH
norapudmuyeckuit Macitad. [1o ocu abciuce 0TOKEeHa JIJTMHA BOJHBI B
HAHOMETPAX

Oobopyooeanue

JIJsl KOJIOPUMETPUUECKUX U3MEPEHHM HCTionb30Baics Gorokoaopumerp KOK-
2, paboraronuii Ha ceMu (PUKCUPOBAHHBIX JIMHAX BOJAH OT 315 mo 980 HM,
BBIJICTISIEMBIX U3 CIUIONTHOTO CIIEKTpa CHEIUaIbHON JaMITbl HAKAJIMBAHUS C TIOMOIIBIO
UHTEPPEPEHIIMOHHBIX (QWIBTPOB (IMIMPUHA KaXIAOW CIEKTPATbHON JIMHUM TpHU

BbiiencHuM 40 HM). BHemHui Buj mpuOopa M KIOBETHOW KaMepbl NMPHBEICH Ha

pUCyHKe 3, onThueckasi cxeMa (hOTOKOJIIOPUMETPA - Ha PUCYHKE 4.

13
Pucynok 3 - ®orokonopumerp KOK-2:

a) BHEIIHUA BUII; O) KFOBETHAA KaMepa
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Pucynok 4 - Ontuueckas cxema otokosiopumerpa KOK-2 npu Habmoaenun Gporoau-
HaMU4ecKoro 3¢ dexra Ha B3BECU IPUTPOLIMTOB:

1 — ucToyHUK CcBeTa (JlaMIla HaKalIuBaHus); 2 — KoHaeHcop; 3,6,10 — nuadparmer; 4 — KoIMMAaTOD;
5 — uHTepPepeHINOHHbIN GUIbTp; 7 — KiodeTa ¢ HcciaeyeMbIM KHUJIKUM 00pa3lioM (CEHCUOUIU3U-
pOBaHHas B3BECh DPUTPOIIUTOB); 8 — UCTOYHUK cBeTa Jiyis omydeHuss /1D (poromarpuunsiii 00yda-
Tenb); 9 — 3epkano; 11 — QoTonpuemMHoe ycTpoHCcTBO; 12 — yCHIUTENb MOCTOSIHHOTO TOKa; 13 —
U3MEPUTENBHBIA TPUOOp.

OO6mydeHre POBOAMIOCH C MOMOIIIBI0 MakeTa (POTOMATPUYHOTO OOIydaTess,
coctosiiero u3 200 ceeronnonoB mapku Ligitek LUR3333/S46, pacnonoskeHHBIX Ha
CEerMEeHTE BOTHYTOU c(ephl ¢ pagnycoM KpuBHU3HBI 18 cM. MakcuMyM CrieKTpaibHOM
IUIOTHOCTH W3JIyYEHHUs HAXOAUTCs Ha jmuHe BoiHbl 640110 HM (puc.5), miomanb
okampHOrO mATHa 60+6 CM?, HHTErpambHas MOLIHOCTh MOTOKA H3IYYCHHS

cocrasiger 16+3 MBT.
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Pucynok 5 - CBetoanoaHas marpuua

a) BHEIIHUM BUJI; 0) CIEKTP UCITYCKAHUSI CBETOJIMOIHON MaTPHUIIbI
2.2 Pe3yabTaThl H UX 00CYKICHUE

[Tpomyckanue o0Opa3ioB KpOBH, coJiep KaIImx Panmaxnopus,
KOHTPOJIMPOBAJIOCHh ~ HEMOCPEACTBEHHO  TOCIE  MPUTOTOBJICHUS  OOpasIloB.
KontponsHbiii oOpazer; cojaepkal B ceO€ B3BECh APUTPOLMTOB C J100aBIICHHE
dborocencubunuzatopa B KoHueHTpaumu 1:10. B wuccimemyembie  00pasiibl
JOTIOJTHUTENBHO ObLT J00aBIIEH PacTBOpP KOJJIOMIHOTO cepedpa ¢ KOHIICHTpalHuen
1:1, 1:2, 1:5, 1:10, 1:15, 1:20, cuutas 40 Mr/a ucxoanoi konuentpauueit. Kak 0b110
MOKa3aHO paHee B HUCCIENOBAHMSIX, MPU COUYETAHHOM JeucTBUU PamoxiopuHa u
KOJUIOMJHBIX PACTBOPOB METANIOB MPOUCXOJUT YMEHBIIEHUE TOPOTOBOM O3B
Hayana (¢doroguHamuueckoro dddekra. B mensx MNOATBEPXKACHUS  JaHHBIX
pe3yibTaTOB OBLT MCCIEAOBAH KOHTPOJBHBIM OOpa3ell M pacTBOPHI, COJAEpKAIINE
n00aBKy KOJUIOMAHBIX pacTBOpPOB cepebOpa. PesynabTaThl OBUIM  MOITYYEHBI
aHaJIOTUYHbIC.

Ha ©pucynke 6 Tmoka3zaHa 3aBUCUMOCTh CHIDKEHHMSI  JI03bl  Hadalia
dboroauHamMuueckoro 3¢ ¢dexTta OoT HaJu4us KOJUIOUJIHBIX PacTBOPOB cepedpa B

o0Opasnax ¢ GoTOCCHCHOMIN3aTOPOM I10 CPABHEHHIO C KOHTPOJIBHBIM 00pa3IioMm.
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Pucynox 6 - I'paduik 3aBUCUMOCTH MPOIyCKaHUS OT J103bl OOTyUYEHUS MIPU

Pa3IMYHBIX KOHLIEHTPAIHUAX KOJUIOUIHOTO cepedpa

B xonme uccnenoBaHusi ObUIO BBISBIEHO, YTO YMEHBIIEHHE KOHILIEHTpALUU
KOJUTOMJTHOTO cepedpa MPUBOAUT K YMEHBIICHUIO J103bl Hayasa (pOTOIMHAMUYECKOTO
s dekrta, Ipu ITOM MOCJIE YMEHBIIIEHUS KOHIIEHTpaluu MeHee 4eM 1:15 mpoucxoaut
NOBTOPHOE YBEJIMYEHHUE J03bI 00TyUECHUS.

Takxe ObLTM clENaHbl BBIBOJBI, YTO OINTHUMAJbHAs 1032 OOJydeHHWs], MPHU
KOTOpPOM MPOMCXOAMT TOJHAs TuoOenb 3puTpoundtoB coctasiser 1:2. Ilpu
MOCJIEAYIOEM YMEHBUICHUH KOHLIEHTPALMU HAOJI01aeTCsl TIOBTOPHOE YBEIUYECHUE
J103bI O0TyUYEHUSI.

Ha  pucynke 7  mokazaHa  3aBUCUMOCTb  CHWIKEHUS  BpPEMEHU
dboTonuuamuueckoro 3¢ @dexra OT HaTu4Ms KOJUIOUIHBIX pPACTBOPOB cepebpa B

oOpasiax ¢ GOTOCEHCUOMIN3aTOPOM IO CPAaBHEHUIO C KOHTPOJIBHBIM 00pa3IioM
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Pucynox 7 - I'padguk 3aBUCUMOCTH MPOMyCKaHUS OT BPEMEHU

IIPU Pa3IMYHBIX KOHLEHTPALUAX KOJUIOMIHOIO cepedpa

B xone wuccnenoBaHusi ObUIO BBISIBIEHO, YTO YMEHBIIEHHE KOHLIEHTPALUU
NPUBOJUT K YMEHBIICHHIO BPEMEHHM Hadaja (POTOAMHAMUYECKOTrO 3(dekrta, mnpu
3TOM IIOCJI€ YMEHBIIEHHs KOHIIEHTpaluuu MeHee 4eM 1:15 mpoucxoguT moBTOpHOE
YBEJIMYEHUE BPEMEHU 00TydeHUSs.

Takke ObLIM CHENaHbl BBIBOJBI, YTO ONTHUMAJIbHOE BpeMsi OOJydeHHs, MPHU
KOTOpPOW MPOUCXOAUT MOJHasi TUOellb SPUTPOLUTOB cocTaBiser 10 MUHYT mpu
KOHIICHTpAIIMUM  KOJUIOMJHOTO pacTBopa cepedpa 1:2. Ilpu mnocnemyromem
YMEHBILIEHUN KOHLEHTpallMd HaOJII0AAaeTCd TMOBTOPHOE YBEJIWYEHHE BPEMEHU
00JTydeHUSI.

Ha pucyHke 8 mokazaHa 3aBUCUMOCTb BPEMEHH MOJHOW TMOENN 3pUTPOLUTOB

OT KOHIIEHTPAIIUH KOJIJIOUIHOTO cepedpa

17
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1:1 1:2 1:5 1:10 1:15 1:20
Konuenrpanus
PI/ICYHOK 8- Fpa(bHK 3aBUCUMOCTH BPCMCHH BbIXOJAa HA IIJIATO OT

KOHIICHTpPAIIMU KOJUIOUJIHOTO cepedpa

CornacHO TOJYYEHHOW 3aBHCUMOCTM IIpU YMEHBUIEHUU KOHUEHTPALUH
cepedpa B 2 u 20 pa3 3HAYUTEIHLHO YMEHBIIAETCS BPEMs BbIXOJa Ha IiaTo (MOJIHas
rubenb DJPUTPOIMTOB), B CBS3M C HYEM MOXKHO TMPEANON0XKHUTh, YTO BXOJIE
JNAJbHEUIINX HUCCIEJOBAHUM CYHIECTBYET BO3MOXHOCTh KaK CHU3UTH 103y
KOJUIOMJTHOTO cepedpa, TaKk M YMEHBIIUTH 03y OOJy4YeHHUs, MPUXOJSIIYIOCS Ha
eAUHUIYY 0O0bemMa OOJydaeMbIX TKaHEH. DTO IMO3BOJUT HE TOJABEPraTh 3J0POBbHIC

KJIETKH BO3JCHCTBUIO C COXpaHEHUEM (POTOAMHAMUYECKOTO 3P deKTa.

2.3. [IpenJio:keHnsl MO COBEPIICHCTBOBAHNIO CNIEKTPOGOTOMETPHYECKHUX

YCTPOIiCcTB

B pamkax npoBeieHusi 1aHHOM pabOThl MHOW Obljga MOCTaBJEHA 3ajada He
TOJIBKO  PacCMOTPETh AaCMEKThl  J03UMETpuu  (hoTomuHammuueckoro dddekra
AMIIMPUYECKH, HO U MOJIEPHU3UPOBATH pa3pabOTaHHYIO0 cXeMy LU(POBOro BhIBOAA
NOJIYYEHHBIX pe3yJIbTaToB Ha DOBM.

JlanHasi cxeMa Iepeiayu JaHHBIX CO CIIEKTPOPOTOMETPUUYECKOTO YCTPOUCTBA

Ha OBM BBINOJHAET CAEAYIONIUE 3a0aUu:

18



1. OmudpoBka BBIXOAHOTO CHUTHAJIA KOJOPUMETPA, MPEACTABIISIONIETO

co00#1 MOCTOSIHHBIN ypoBeHb Hanpshbkenus ot 0 1o 4.8 B.

2. [lepenaua 3HaueHus curHaia Kojopumerpa Ha OBM  depes

nocneaoBarenbHbIi nHTEpdeiic USB.

B HaCTOAIICC BpPCM:A JJICKTPHUYCCKAsA IIPHUHIOHUIIMAJIbHAA CXEMa YCTpOfICTBa

BBITJISIMT CJICIYIOIIMM 00pa3oM (pUCyHOK 9):
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Pucynok 9 - Dnextpudeckasi IpUHIMIHAIBHAS CXeMa yCTPOMCTBA Mepeiadn

0

GHD
GHD
TEST

+
18
26

NoKa3aHuil kosopuMerpa Ha DBM

Ho JaHHaA CXEMa HMCCT pPAd CYIICCTBCHHBIX HCAOCTATKOB, IIPU KOTOPBIX

BO3HHKACT HCO6XO,[[I/IMOCTB CC YCOBCPIICHCTBOBAHUS:

1. ucronb3yeMblii MUKPOKOHTPOJIIEP YCTAPEI U CHAT C MIPOU3BOICTBA;
19



2. HU3Kasl UHTErpalusl yCTPOHUCTBAa — HEOOXOUMOCTh MOJIKIIOUEHHUS aHAJIOTO-

udpoBoro npeodpaszoparens (manee - ALIT), a Takke MUKPOCXEMBI, BBIOTHSIOMIEH

Oydepu3zanuio gaHHbIX U niepeaady ux Ha DBM no mmHe USB (nanee - mmua USB);

3. yctapeBmas apxuTekTypa MukpokonTpoiiepa MSC51 (paspabotka 1993r.);

4, HU3Kas MPOU3BOIUTEIIBHOCTE.: 8-OUTHOE SIPO.

S mpeanarato  MOJAEPHH3UPOBATh pa3pabOTaHHYIO CXeMy, IyTEeM 3aMEHbI

YCTapeBIIETO MHKPOKOHTpoOJUiepa Ha Oosee coBpeMmeHHbI cepuun  STM32FO.

OTIMYUTENTHHBIM XapaKTePUCTUKAMH JTAHHOTO MUKpokoHTposuiepa STM32F042K6T

ABJIAIOTCA:

1. akryanbHbId CpoK paboThl 7-10 JeT — mAaHHAas MOJENb BBINyIIEHA HEAABHO,

CJIeIOBATEIbHO, €II€ MPOJOJDKUTEIIBHOE BpeMsi OyJIeT TOJJIePKUBATHCS
MIPOU3BOUTEIICM;

BBICOKAs MHTErpaIus - B Hee yxe BkiroueHbl AL u BeiBog Ha mmHy USB,;
uMeeT yao0Hyr tuiatdopmy (CpeacTBO pa3pabOTKH), Ha KOTOPOH MOYKHO
0a30BO 3aIPOrPaAMMHUPOBATH MEKPOKOHTPOJIIIEP B KOPOTKHE CPOKH;
nmporpaMma, HamWcaHHas JUIsi  JIAHHOTO  MHKPOKOHTpoJuiepa  Oyner
MO/IJICP)KUBATHCS Oy TyIIMMH YCOBEPIICHCTBOBAHHBIMY aHAJIOTAMH,

. yauBepcasibHoe 32-0uTtHOoe siapo CORTEX-MO - mogaepxuBaeTcss MHOTUMH
bupmamu,

ONTHMAJIBHOE COOTHOIIICHHUE TICHA-KaYeCTBO (OTHOCUTEIIBHO HU3Kasl CTOMMOCTD
- nopsiaka 200 py6uieit).

B pesynbTare NpPOBENCHHBIX YCOBEPIIEHCTBOBAHUN CXE€Ma YCTPOWMCTBA B

HIEPBOM IPHOJIMKEHUU OYAET BBITIAACTD CACAYIONIMM 00pa3oM (prucyHok 10).

20
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Pucynok 10 - YcoBepuieHCTBOBaHHAs cXeMa YCTPOMCTBA MEpeIavn MOKa3aHUI

KoJiopuMmeTpa Ha DBM

Y CTpOMCTBO BKIIOYAET CIAEAYIOIME KOMIIOHEHTHI:

1.

Bxomnoit OydepHbIii Kackaa, MpeaCTaBISIFONIANA COO0M MaOIIyMSIIAMA

ornepanoHHbI yecunutesnb ADA 4528, paboTatomuii B pekuMe IOBTOPUTEIS

2.

a) AL, popmupyromuii Ko, MPOMOPIIMOHATIBHBIN BXOTHOMY HAIPSYKEHUIO

Muxkpoxkontposiep STM32F042K6T, Bxmrodaromuii B ceds:

0) mwuny USB, Bemonsstonryro Oydepusanuio AaHHBIX M Mepefady Ux Ha

OBM

3.

Crabunuzarop Hanpspkerust LD3985M33R ¢ HU3KUM ypOBHEM IlIymMa Ha

3,3 B nns nuTaHus MUKPOKOHTPOJIIEPA
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3akJIoueHue

doronuHaMudeckuil 3P PeKT ABIAETCS COBPEMEHHBIM 3(PPEKTUBHBIM METOIOM
JICUCHHS] OMYXOJIeH, pa3NUyHbIX WH(PEKIHOHHBIX 3abojeBaHuii. OmnpenencHue
ONTUMATBHON O3B SBISIETCS KIIOYEBOU MpoOiIeMoi (poToTepanuu Ha CETOAHSIIHUN
JICHb.

B xoxe mnpoBeneHHBIX B paMkax pabOThl HCCIEAOBAHHMM JOKa3aHO, 4YTO
dboToceHCHOUIN3aTOP B COYETAHUU C KOJUIOMIHBIMU PAcTBOpaMHU OJIarOPOTHBIX
METaJuioB (B JAHHOM ciiy4yae cepeOpa) MPUBOAUT K YMEHBIICHHUIO MOPOTOBOM J103bI
Havaya poroauHAMUIEeCKOTO P deKTa.

CornacHO TMOJYYEHHBIM  3aBHCHMOCTSIM  MOXXHO  MPEANOJIOXKUTh, YTO
MUHUMAaJIbHOE KOJIMYECTBO cepedpa, MpU KOTOPOM €IIE NPOUCXOAMT YMEHBIICHUE
KaK J03bl, TaK W BPEMEHU OOJIyUEHMs, a TaKXKe YBEIMYECHHUS KOIP(PULIHECHTA
IPOIyCKaHMs, HAXOUTCS B nuamna3one [1:2; 1:15]

B pesynbraTe mpoBeAEHHBIX HCCIENOBAaHUN Obula OOHapyX eHa 3aBUCUMOCTD
BpPEMEHH BBIXO/Ia Ha TUIATO OT KOHIICHTPAIIMH KOJUIOMIHOTO cepedpa, 9ToO MO3BOJISAET
CHU3UTH 7103y 00JIydeHHs ¢ coxpaHeHueMm (poroaunHamudeckoro 3gdexra. Hanbomnee
ONTUMAalbHasl KOHIEHTpAIUs, MPH KOTOPOM HAOIIOJAETCS CHUKEHHE BPEMEHU
(11 Mmur) u mo3el obmyuenust (3,74 JIx) ¢ coxpaHeHuneM (HOTOAMHAMUYECKOTO
apisercs 1:2 (20 mr/n).

BcnenctBue mpoBeneHHOTO aHamn3a BO3MOXKHOCTEH YCOBEPIICHCTBOBAHUS
cxema IMepefadyd JaHHBIX CO CHEKTPOPOTOMETPUYECKOTO YycTpoiictBa Ha DOBM
pa3paboTaH  MPOEKT  COBPEMEHHOM  CXEMBl, OTJIMYAIONMIEHCS  BBICOKOU
MPOU3BOJAUTENILHOCTBIO, YHUBEPCAIBHOCTBIO M YHPOUIEHHOM pa3paboTKol B
KOPOTKHE CPOKH.

Takum 00pa3oMm, BBISIBICHHBIE TIPU BBIIOJHEHUH pPabOTHl 3aBUCHUMOCTH
SBJITFOTCSL aKTyaJIbHBIM 3aJIeJIOM [JIsl TIPOBEACHHS JaTbHEHIINX HCCIEIOBAaHUN B
pamkax kak pgosumeTpun DT, Tak u 1UdpPOBON HHTEPIPETAIIMU TOTYyUCHHBIX

pe3yibTaTOB.
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