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Ot aBTOpOB

3arpsi3HEHWE BO3MyXa, BOJBI, IMOYBBI W Jerpajalus Cpeabl OOHWTaHMSI
SBIIAIOTCS. TPUYMHON pacTyliero JAeQuIuTa YHUCTBIX Cpell M COKpaIleHUs
ouopaszHooOpasusi. B mocieanue aecsaTWiIeTUs AOCTYHHOCTb NPECHOW YHUCTOM
BOJIBI CHIDKACTCSA, CIPOC HA BOAY MPOAOHKACTCS yBEIMYMBATHCS, OCOOCHHO B
palioHax C CyXHMM U IOJy3aCylIUIMBBIM KIMMATOM. MOHUTOPHHT 3arpsi3HUTEINICH B
CTOYHBIX BOJAX HMMEET peIIaroIiee 3HAYCHHE IS ONPEASICHHUS IUIONIAIN
3arpsi3HCHHSI BOJBI W WX OYHCTKU. [pagullMOHHBIC METOABl OOHAPYKCHHUS HE
3¢ dEKTUBHBI AJI1 OTCISKUBAHUS HECKOJIBKUX BPEIHBIX KOMIIOHEHTOB B CTOYHBIX
BOJaX W3-3a HMX HW3MCHYMBOCTH BO BpeMeHHW. MeTonbl OWOWMHIAWKAMA U
OMOTEeCTUPOBAHUSI TOMOTAIOT OICHUTH OYar 3arpsi3HEHHs, HO YacTO HE JaeT
ONEepaTUBHO OILICHUTh CTENEHb 3arpsis3HeHus. B Hacrosimee Bpems pa3paboTka
OMOCEHCOPHBIX YCTAaHOBOK IPHUBJIEKAET OOJIBIIIOE BHUMAHWE W3-32 WX BBICOKOU
YYBCTBUTEIHHOCTH, CEJIEKTUBHOCTH, HAJIEKHOCTH, TPOCTOTHI, HU3KOW CTOMMOCTH
Y TIOJIYYCHHSI OTBETOB B pEaIbHOM BpPEMEHH. B TaHHOM METOAMYECKOM yKa3aHWUU
coOpaHbl OCHOBHBIE JabopaTopHbie pabOThl MO aucnuiuHaM «buoceHcops,
«buoceHcopsl B 3kojoTUM», «BUOCEHCOPHI M OMOTOIIUBHBIC 3JIEMEHTBHI) IS
HampaBleHuil moaroroBka OaxamaBpuata 19.03.01 buorexnomorus, 04.03.01
Xumus, 06.03.01 buomorus u maructparypsl 19.04.01, buorexnonorus, 04.04.01
Xnmus, 06.04.01 buosorusi.
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JlaGopaTopnas padora Ne 1 Ouenka cTa0MIBLHOCTH PAa3BUTHA

’KMBBIX OPraHU3MOB 110 YPOBHI0 aCHMMETPHH MOP(OJI0TrHIeCKHX

CTPYKTYP

ITon xauecTBOM cpellbl NMOHUMAETCS €€ COCTOSIHHE, HEOOXOAMMOe st
oOecrieueHus 370pOBbs YEJIOBEKAa M JPYTUX BHUJIOB >KUBBIX cymiecTB. CTeneHb
OTKJIOHEHHSI Cpelbl OT HOPMBI OMPEIESETCS MO COCTOSHHUIO HACESIOUX €€
KUBBIX OPraHU3MOB, KOTOPOE, B CBOK OYEpPE/b, OMPEACISIETCS MO HAPYIICHUIO
CTaOMJILHOCTH Pa3BUTHS HanboJIee MacCOBBIX ((DOHOBBIX) BUJIOB U OLIEHUBAETCS 110
nATHOAIUTBHOM TKaste (Tadauna 1.1):

Tadauma 1.1. CooTHouieHHe CTAOMIBHOCTH Pa3BUTHUS TECT OO0BEKTa U

Ka4yeCTBA OKPYKAIOIIEH CpeIbl

CrabuibHOCTh
KauectBo cpenbl
pa3BuTHs B Oaiax
() Y CIOBHO HOpMAJIEHOE
(1) HauanbHble (He3HAUUTENBHBIE) OTKIOHEHUSI OT HOPMBbI
(1) Cpenuuii ypoBeHb OTKJIIOHEHUH OT HOPMBI
(V) Cy1iecTBeHHbIE (3HAYUTEIbHbBIE) OTKJIOHEHHUS OT HOPMBI
(V) Kputnuaeckoe cocrosinue

CTaOuiabHOCTh Pa3BUTHUS KaK CIOCOOHOCTh OpraHu3Ma K HOPMajJbHOMY
GbyHKIIMOHUPOBaHUIO (0€3 HapyLIEHUM U OIIMOOK) SIBISETCS UYyBCTBUTEIHLHBIM
WHJIMKATOPOM COCTOSIHUSI TPUPOJHBIX TMOMYJSIUNA M TO3BOJISIET OLIEHUBATH
CYMMapHYyI0 BEIMYMHY aHTpONOreHHoW Harpy3ku. Haubonee mnpoctsiM u
JOCTYIHBIM JUISl IIMPOKOTO MCIOJIb30BAHUSI CIIOCOOOM OIEHKH CTaOMJIBHOCTH
Pa3BUTHS SBISICTCS ONpPENETICHUE BEIUYUHBI (DIYKTyUPYIOMIEH aCHMMETPUH
OwnarepaibHbIX Mopdojornyeckux mpu3zHakoB. OHa mnpencTaBisieT coOou
OTKJIOHEHUS OT CTPOToi OuiaTepaibHONM CUMMETPHUU BCIIEICTBUE HECOBEPILICHCTBA
OHTOT€HETHYECKUX  MPOLIECCOB M NPOSIBISIETCS B HE3HAUYUTENIbHBIX
HEHAINPABJICHHBIX Pa3IMUUSIX MEXAYy CTOpoHamMu (B Mpeaenax HOPMbI peakiuu

OPFaHI/ISMa). HonyqaeMa;I HHTCTPAaJIbHad OICHKA KadcCTBa CPCAbl SABJIACTCA
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OTBETOM Ha BOINPOC — KAaKOBa pEaklys >KMBOIO OpPTaHM3Ma Ha HEOJIarompusiTHOE
BO3JICMICTBHE, KOTOPOE UMETIO MECTO B IIEPUOJ €TO PA3BUTHSI.

OO0beKTHI M CpeACTBA UCCJIEI0BAHUS

1)  Jluctes Oepessl noBucioi (Betula pendula Roth).

2)  Lupkyab-u3MepuTesb

3)  Jlunetika

4)  Tpancmoptup

IMoaroroBka Kk 0TOOPY NPOO

Mecra cbopa matepuana

OueHka MpoOBOAMUTCS HAa MOJENBHBIX IUIONIAJKaX, KOTOPhIE BHIOMPAIOTCS B
3aBUCUMOCTH OT LIeJIeil paOdoThI:

- JInst pOHOBOr0O MOHUTOPUHIA UCIHOJB3YIOTCS HECKOJIBKO IJIOLIAI0K B
pa3HbIX OMOTOMAX, PA3IMYHBIX 110 €CTECTBEHHBIM YCIOBUSIM.

- JIiist OlleHKW TOCIEICTBUN aHTPOIOIN€HHOTO BO3AEHUCTBUS IUIOMIAAKHU
BBIOMPAIOTCS W3 MAaKCHUMaJbHO CXOJHBIX 110 €CTECTBEHHBIM YCIOBHUSIM
OMOTONOB C Pa3HOW CTENEHbIO AaHTPOIOICHHOW HAarpy3KH, a TakXke U3 MECT He
HOJIBEP>)KEHHBIX aHTPOIIOT€HHOM Harpyske AJisi OLEHKU YCJIOBHOTO (POHOBOTO
YPOBHSL.

Bb100p 00BbexkTa

OneHka kadecTBa Cpelapl NpeanojiaraeT aHajiu3 Haubosnee OOBIUHBIX
(OHOBBIX BUJOB (MOJEIBHBIX OOBEKTOB) Pa3HbIX IPYIII KUBOTHBIX U PACTCHHM.

JUIst XapakTEpUCTUKU COCTOSIHUSI SKOCUCTEMbBI PEKOMEHAYIOTCS CIEAYIOIIHE
KpUTEPUHN 0TOOpa MOJACIIBHBIX OOBEKTOB:

- BbIOOp MpEeACTaBUTENEH pa3IMYHBIX CUCTEMAaTHYECKUX TPYIIIL,
3aHMMAIOIIUX PAa3HOE MECTO B IKOCUCTEMAX;

- BBIOOp BHUJIOB, OOBIYHBIE MUTPAIIUU KOTOPBIX HE BBIXOJAT 3a MPEIEIIbl
UCCIIENYEMBIX TEPPUTOPHH;

- BBIOOp OTHOCHUTENIBHO KPYIHBIX OpPraHU3MOB, KOTOpPbIE B MEHBIIEH

CTCIICHU 3aBUCAT OT MI/IKp06I/IOTOHI/I‘I€CKI/IX YCJIOBI/Iﬁ B IIpcaciiax uCCICAyCMbIX



MECTOOOUTAHUN, U MPUTOAHBI ISl XaPAKTEPUCTUKU UCCIEIYyEMON TEPPUTOPUI
B LIEJIOM;

- BbIOOp ()OHOBBIX BUIOB JJisi OOIIEH XapaKTEePUCTUKH MECTOOOUTAHUS
U BO3MOXKHOCTH cOOpa HEOOXOJAMMOro MaTepualia Ha BCEX HCCIETyEeMbIX
y4acTKax B TEUEHHE OTPAaHUYEHHOI'O POMEKYTKA BPEMEHU;

- BBIOOpP OOBEKTOB IS SKCTPANOJISIIIUM TOJYy4YaeMbIX JaHHBIX Ha
YyeJIoBeKa.

B cooTBeTCTBUM C TUMU KPUTEPUSIMHU JIJIi OLEHKU COCTOSHHS HA3eMHBIX
HKOCHUCTEM Yalll€ BCEr0 UCTOIb3YIOTCS CIEIYIONINE BUIBL:

- JpeBecHbIE pacTeHus - Oepesa MoBHCIIas, a TAKXKe Ipyrue BUbl Oepes,
npouspacraroliie Ha Tepputopun Poccuu;

- MaccoBbl€ BHUJBI MEJKUX MJICKOMUTAIOMUX B  OOJBIIMHCTBE
MECTOOOUTAHUN TMpPEACTaBICHbl PbDKEH MOJEBKOW WJIM Malod MbIIIBIO, B
YCIIOBUSX € OOJBIION aHTPOIIOIr€HHOM HAarpy3K0M — MOJIEBOM MBILIBIO.

J171s1 XapaKTEpUCTUKU BOAHBIX SKOCUCTEM:

- HauboJjee 0ObIYHBIE, MACCOBBIE BUJIbI PHIO — IJIOTBA, OKYHb, JICIII,

- 3€EMHOBOJHBIX - IIPYA0Basi WU O3€pHAas JIATYIIKA.

MuHuManbHOe HEOOXOAMMOE M JOCTAaTOYHOE KOJMYECTBO OOBEKTOB IS
MPOBEJICHUS OLICHKH KaueCTBa CPEJIbl — [0 OJJTHOMY BHUAY OT KaXKJ0H HUcclieyeMoun
IpYIIbl HA3€MHBIX U BOJHBIX OPraHU3MOB (pacTeHUH, MIECKOMUTAIOMIUX U T. 1.).
Jnst 3TuX OOBEKTOB OBUIM pa3paOOTaHbl IIKadbl OAIBHBIX OLICHOK COCTOSHUS
OpraHu3Ma 0 YPOBHIO CTa0MILHOCTH Pa3BUTHSL.

OT100p mnpod moJIeBOro mMarepuaja M NOATOTOBKA K BbINOJHEHHUIO
HUCCJIeIOBAHU I

Obvem svibopku. Kaxnas BeIOOpKa JTomKHA BKIOYaTh B ce0s 100 aucTheB
(mo 10 mucteeB ¢ 10 pacTeHuii ¢ OJTHON TEPPUTOPHUH). JIUCTHS C OAHOTO paCTCHUS
XpaHsATCd OTACNbHO, JUIsi TOr0 YTOOBl B  JaJbHEWIIEM MOXHO OBLIO
MIPOAHATTU3UPOBATH MOJYYCHHBIC PE3YIbTAThl MHIUBUIYATBHO JUISI KAXA0W 0coOu
(coOpaHHBIE C OJHOTO JEpeBa JIUCThSl CBA3BIBAIOT 3a uepeiiku). Bce nucThs,

coOpaHHbIe ISl OAHOM BBIOOPKHU, HEOOXOAUMO CIOXKHUTh B TMOJUATUIICHOBBIN
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MaKeT, TyJa XK€ BJIOKUTh 3TUKETKY. B 3THKEeTKe yka3aTh HOMEp BBHIOOPKH, MECTO
cOopa (nmenas MaKCUMAaJIbHO MOJPOOHYIO MPUBS3KY K MECTHOCTH), 1aTy cOopa.

Buvibop oepesves. 1lpu BbIOOpE NE€pEBbEB BAXKHO YUUTHIBATH, YTOOBI JIUCThS
ObLTM COOpaHbl C pacTEHUH, HAXOMSIIUXCSA B CXOJHBIX IKOJOTHYECKUX YCIOBUAX
(YuuThIBaeTCS ypPOBEHb OCBELICHHOCTH, YBJIAXXKHEHUS U T.1.). PekoMeHayercs
BEIOWPATH JIEPEBbsI, PACTYIINE HA OTKPHITHIX y4acTKaxX (TOJISHAX, OMYIIKax), T.K.
YCIIOBUSI 3aT€HEHMs SIBIIIOTCS CTPECCOBBIMH JUIsi Oepe3bl M CyIIECTBEHHO
CHIDKAIOT CTAOMIIBHOCTD pa3BUTHs pacTeHuil. [Ipu cOope marepuana q0IKHO OBITh
YYTEHO BO3PACTHOE COCTOSIHHE JepeBheB. J[JIs MCcienoBanus BRIOUPAIOT IEPEBbS,
JOCTUTLINE T€HEPATUBHOI'O BO3PACTHOTO COCTOSIHMUSL.

Coop nucmwes ¢ pacmenua. COop matepuana cieayeT MPOBOAUTH IMOCIHE
OCTaHOBKM pPOCTa JINCTHEB (B CpEeAHEH Mojoce HayuHas C uiois). Y Oepesbl
MOBUCJIONW COOMPAIOT JUCThS M3 HIKHEW YacTU KPOHBI JIepeBa ¢ MaKCUMAaJIbHOTO
KOJIMYECTBA JOCTYITHBIX BETOK PABHOMEPHO BOKPYT jaepeBa. Tum mobera Takxe He
JIOJKEH U3MEHATHCS B CEpUM CPAaBHUBAEMBIX BBIOOPOK. JIMCThA ciemyeT coouparthb
TOJIBKO C YKOPOUYEHHBIX Mo0OeroB. Pa3mep IHCThEB MOMKEH OBITH CXOIHBIM,
CpeIHMM IS JaHHOTO pacTeHus. [loBpeXIeHHbIE JUCThS MOTYT OBITh
WCIIOJIb30BaHbl JJI aHallh3a, €CJIM HE 3aTPOHYThl YYacTKH, C KOTOPBIX OyAyT
cHuMathes m3Mepenus. C pacTeHus cOOMPAOT HECKOJBKO OOJBINE JTUCTHEB, YEM
TpeOyeTcs, Ha TOT CIydaid, €CJIi 4acTh JIUCTHEB U3-3a MOBPEKICHUN HE CMOXKET
OBbITh UCIOJIb30BaHA JJIs aHAJIU3A.

Iloozomoeka wu xpanenue mamepuana. Jljis HENPOIOIKUTEIHHOTO
XpaHeHUsI COOpaHHBIN MaTepuall MOKHO XPaHUTh B MOJUATHICHOBOM IaKeTe Ha
HWKHEH MMOJIKe XOJ0MUIbHUKA. JIJIS JUIMTETHOTO XpaHEeHUs HaJ0 3aUKCUPOBATH

matepuan B 60% pacTBope 3THIOBOTO CIIUPTA WK TepOapu3upOBaTh.



Xoa padoTsbl

IIpu BBIMONIHEHUH HMCCIEAOBAHUN BBINOJHAIOT cleAyoumue onepauuu. s
U3MEpEHUs JUCT Oepe3bl MOMELIAIT IMpea CoOoW OprolmHON (BHYTPEHHEN)
cTopoHOM BBepX. C Ka)KIOro JMcTa CHUMAIOT IOKAa3aTelld MO IIATH MPOMeEpaM ¢

JICBOM W IPaBOii CTOPOH JjikcTa (pucyHok 1.1).

'\4

Pucynox 1.1. Cxema mopghorocuueckux npusHaxkos, UCHOIb308AHHbIX OJisl OYEHKU
cmabunvHocmu pazsumus bepesvl nosuciou (Betula pendula)

1- wupuna neeoti u npaeol nonoGuUHOK aucma. s usmepenus IuUcm CKIaobleaiom
NONONAM, COBMEWAst 6ePXYUIKY C OCHOBAHUEM TUCMO8oU niacmunku. Ilomom pazeubaiom aucm,
U no 06paz08a8UICICS CKIAOKE USMEPSEMCSL PACCMOSIHUE OM 2PAHUYbL YEHMPATbHOU HCUTKU OO
Kpast Iucma.

2 - OnuHa HCUTIKU 8MOPO2O NOPSIOKA, GMOPOLL ON OCHOBAHUSL IUCTAL.

3 - paccmosinue mexncoy 0CHOBAHUAMU NEPBOU U BMOPOLL HCUTOK BNOPO20 NOPSIOKA.

4 - paccmosinue mMexncoy KOHYAMU IMUX HCE HCUTLOK.

5 - yeon medicOy 21a8HOU JHCUTKOU U 6MOPOLL OM OCHOBAHUS JUCMA HCUTIKOU 6MOPO2O

nopsioka.

[Tpomepsl 1 - 4 cHUMAKOTCS HUPKYJIEM-U3MEPUTEIIEM, YTOJI MEXIY KUJIKAaMU
(mpu3Hak 5) u3MepseTcsl TPAaHCIOPTUPOM. J[JIsl 3TOTO IIEHTP OCHOBAHUS OKOIIKA
TPAHCIIOPTUPA COBMELIAOT C TOYKOM OTBETBIEHUS BTOPOM KUJIKH BTOPOIO
NOpsiIKa OT LEHTPAIBHOW JKWIKH. JTa TOYKAa COOTBETCTBYET BEPIIMHE YTJIA.
KpomMmky ocHOBaHus TpaHCIOpTHpa HAamO COBMECTUTH C JIy4OM, HIYLIUM U3

BEPIIMHBI yTJIa U IPOXOISIIUM Ye€pe3 TOUKY OTBETBIICHUS TPETHEU KUIIKU BTOPOIO
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nopsika. Bropoi myd, oOpa3yronuil U3MepsieMblid YTOJI, MOTY4YaloT, HCIOIb3Ys
JUHEWKY. OTOT JIyd MAET W3 BEpPIIMHBI yrjia U IPOXOAUT IO KAacaTeIbHOW K
BHYTPEHHEH CTOPOHE BTOPOW JKWIKM BTOpOro mnopsaka. Pesynbrarsl
WCCIEIOBAHUM 3aHOCATCS B TaOmuiyy (oOpaser; TaOiuIbl CM. B pasuele
“O0opabdoTka 1 opopMIIeHHE Pe3yIbTATOB HCCJIEIOBAHMIL").

O6paboTka u opopMJIeHHE Pe3yJabTATOB MCCIAET0BAHUI

JIns  MepHBIX MPU3HAKOB  BEJIMYMHA AaCUMMETPUU Y  PacTeHUi
pacCUMTHIBACTCS KaK pas3jinuve B IpoOMeEpax CjeBa U CIpaBa, OTHECEHHOE K CyMMe
NpOMEPOB Ha JABYX CTOpoHaX. MHTerpaJibHbIM TMOKa3aTejleM CTaOUIbHOCTU
pa3BUTHS Uil KOMIUIEKCA MEPHBIX IPU3HAKOB SIBJISIETCS CPEIHSS BEJIMYHUHA
OTHOCUTEJILHOTO pa3jiuuvs MEXIy CTOPOHAMHU Ha MpHU3HAK. DTOT IMOKa3aTelb
PACCUYUTHIBACTCS KaK cpeHee apuMETHIECKOE CyMMbI OTHOCUTEIIEHON BETNYMHBI
aCUMMETPUM TI0 BCEM TMpU3HAKaM Y KaxJAoh 0coOHM, OTHECEHHOE K YHCIY
UCIIOIb3YEeMbIX MPU3HAKOB. Takas cxema 0OpabOTKU MCHOJIb3YETCS I PaCTECHUH.
B Ttabmmmax 1.2, 1.3 wa mnpumepe Oepe3bl NPHUBOAUTCS pacyeT CpenHen
OTHOCUTEJILHON BEJIMYMHBI aCUMMETPUM Ha MOpHU3HAK 1Js S5 mpomepoB y 10

JIUCTBECB OJJHOI'O PACTCHUAI.
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Ta6mmuna 1.2. O6pazeny Tabmuipl a7 00paOOTKM MaHHBIX IO OICHKE

CTaOMIBHOCTH Pa3BUTHA C HCIOJIb30BAHHUCM MCPHBIX [IPU3HAKOB (HpOMGpI)I

JINCTA).
Howmep npusnaka

N 1, Mmm 2, MM 3, MM 4, MM 5,°

5 = |5 = |5 | § |5 | § |5 | &
1| 18 20 32 33 4 4 12 12 46 50
2 | 20 19 33 33 3 3 14 13 50 49
3| 18 18 31 31 2 3 12 11 50 46
4 | 18 19 30 32 2 3 10 11 49 49
51 20 20 30 33 6 3 13 14 46 53
6 | 12 14 22 22 4 4 11 9 39 39
7| 14 12 26 25 3 3 11 11 34 40
8 | 13 14 25 23 3 3 10 8 39 42
9 | 12 14 24 25 5 5 9 9 40 32
10| 14 14 25 25 4 4 9 8 32 32

ILHH KaXXJ101ro HpOMepeHHOI‘O JIUCTA BBIUUCIIAKOTCA OTHOCHUTCIILHBIC
BEJIIMYMHBI ACUMMETPUU UL KaXJOro Npu3HakKa. MoJyiab pa3HOCTH MEXIY
npomepamu ciesa (L) u cipaBa (R) nensat Ha cyMMy 3THX e TPOMEPOB:

|L-RI/|L+R],

Hanpuwmep: Jluct Nel (Tadamua 1.2), npusnak 1

|L-R|/|L+R|=|18-20|/|18+20|=2/38=0,052

[TomydeHHble BEMMYUHBI 3aHOCATCA BO BCIOMOTaTenbHYyI0 Tabauny 1.3 B
rpadsr 1-5.

Bpruucisror mokaszarellb aCUMMETPUM JUIS KaXAO0ro Jucra. i 3Toro
CYMMI/IPYIOT 3HAQUYCHUS OTHOCHUTCIBHBIX BCINYHNH aCI/IMMeTpI/II/I 110 Ka)KI[OMy

IMPU3HAKY U ACJEAT Ha YUCJIO ITPU3HAKOB.
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Hanpuwmep, JUISL JaucTa 1 (cm. TadJaunna 1.3):
(0,052+0,015+0+0+0,042)/5=0,022

Pe3ynbTarhl BHIYUCIEHUI 3aHOCIT B rpady 6 BcroMoraTellbHOW TaOJIUIIbI
1.3. Ha nocnenneM 3Tarie BBIYUCISAETCS MHTErPaIbHBIN MMOKa3aTeNb CTAOMIbHOCTH
Pa3BUTHS - BEJIMYUHA CPEIHETO OTHOCHUTEIBHOTO Pa3jnyusl MEXKy CTOPOHAMH Ha
npusHak. i1 3TOro BBIYUCIAIOT CPEAHIOI apU(PMETHUYECKYI0 BCEX BEITUYUH
ACUMMETPHH JIJIs1 KOKJIOTO JHCTa (3HaUeHHM rpadbl 6). IT0 3HaYECHUE OKPYTISETCS
JI0 TPETHEro 3HaKa Mmoclie 3ansaTo. B HalleM ciyyae uckoMasl BeJIMYMHA PaBHA!
(0,022+0,015+0,057+0,061+0,098+0,035+0,036+0,045+0,042+0,012)/10=0,042

Tadamma 1.3. OOpaszenr BcroMorarelbHOM TaOMUIBI JJII  pacyeTa
MHTErpajJbHOTO MOKa3aTenst (IyKTyHpYIOLEeH acUMMETPUU B BBIOOpKE (MpUMEp

3aMoOJIHCHHS TaOJIHUIIBI).

Bennuuna
Homep npusnaka aCUMMETPHUHU
JUCTa
N 1 2 3 4 3) 6
1 0,052 0,015 0 0 0,042 0,022
2 0,026 0 0 0,037 0,010 0,015
3 0 0 0,2 0,044 0,042 0,057
4 0,027 0,032 0,2 0,048 0 0,061
5 0 0,048 0,33 0,037 0,071 0,098
6 0,077 0 0 0,1 0 0,035
7 0,077 0,019 0 0 0,081 0,036
8 0,037 0,042 0 0,111 0,037 0,045
9 0,077 0,020 0 0 0,111 0,042
10 0 0 0 0,059 0 0,012
Bennuuna acummeTpuu B BEIOOpKE: X=0,042

CrartucTuueckas 3HAYUMOCTh pa3HHqHﬁ MCIKIAY BI)I60pKaMI/I 110 BC/IMYMHC

HHTCTPAJIBHOTO  ITOKa3aTeJIsd CTaOMIBLHOCTH pPa3sBUTHA (BeJ'II/I‘-II/IHa CpEaAHCTO
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OTHOCHUTEJIBHOTO PA3JIMYMsA MEXIYy CTOPOHAMM HA IMPHU3HAK) OINpeiAensercs Mo t-
kputeputo Ctpronenta. (em Ipuiaoxkenue 1)

JUIsi OLEHKH CTENEHH BBISBICHHBIX OTKJIOHEHUH OT HOPMBI, UX MeECTa B
oOmieM auana3oHe BO3MOXHBIX M3MEHEHMH IMoKazareis pa3paboraHa OaiibHas
mKana. JlMamasoH 3HAYEHUWH  HMHTETPAJIBHOIO  IOKa3aTels  aCHUMMETPHUH,
COOTBETCTBYIOIIMI YCIIOBHO HOPMAJIBHOMY (DOHOBOMY COCTOSIHHIO, TPUHUMAETCS
KaK nepBbld O0aiut (ycioBHasi HopMa). OH COOTBETCTBYET JAHHBIM, MOJIYYEHHBIM B
OPUPOAHBIX  MONYJALMSIX MPU OTCYTCTBUM BUAMMBIX  HEOJIAronpusTHBIX
BO3JIEHCTBHI (HarpuMmep, Ha 0c000 OXpaHsAEMbIX IPUPOIHBIX TEPPUTOPUSIX).

Ha mnpakTuke, Npu OLEHKE KAadecTBAa CpeIbl B PETHOHE C IOBBILIECHHOU
AHTPOINOT€HHON HArpy3Koil, JOHOBBI ypOBEHb HAPYIICHUH B BbHIOOpPKE pacTeHUI
WIM JKABOTHBIX JIaX€ U3 TOYKM YCIIOBHOI'O KOHTpPOJII HE BCErja HaxOIUTCS B
JYarna3oHe 3Hau€HUM, COOTBETCTBYIOIUX MepBoMy Oamly. J(nana3oH 3Ha4eHMH,
COOTBETCTBYIOIIUNA KPUTHYECKOMY COCTOSIHHMIO, IPUHUMAETCS 3a NAThIM Oayt. OH
COOTBETCTBYET TEM MOIYJISALUSAM, TJI€ €CTh SIBHOE HEOIAronpusiTHOE BO3JEHCTBHUE
U Takhue HU3MEHEHHE COCTOSHMSI OpraHu3Ma, KOTOpbIE NPHUBOJAAT OPraHU3M K
rubenu. Bech nuamnazoH Mexay 3THMMH MOPOTOBBIMH YPOBHSIMH pPaHXKUpPYETCS B
HOpsZIKE BO3pacTaHus 3HaUEHUM mokaszatens. Takas OajnbHas cCUCTEMa OLEHOK IO
BEJIMYMHE HWHTETPAIbHBIX IOKa3aTeneil CTaOMIBHOCTH pPAa3BUTHS AN Oepessl
IPUBOJMUTCS HUXKE.

Tadauuma 1.4. IlatubannpHas mKana OLEHKU OTKJIOHEHHUW COCTOSHHUS
OpraHu3Ma OT YCJIOBHOW HOPMBI IO BEJIMYMHE HMHTErPajIbHOrO MOKa3aTems

cTaOMIBHOCTH pa3BUTH st Oepe3sl moBucioi (Betula pendula).

bann BenuunHa nokazarenst CTaOMIIBHOCTH pa3BUTHSA
I <0,040
I 0,040 - 0,044
Il 0,045 - 0,049
v 0,050 - 0,054
\Y >0,054
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HpeI[CTaBI/ITB PE3yJibTaThbl BEJIMUYMHBI ITIOKA3aTCIIA CTaOMJIBHOCTH pPa3BUTHA C

YUYCTOM JOBCPUTCIIBHOI'O HHTCPBAJIA U CACIATh BBIBO 110 pa60Te.

Bonpocwt ona camonpoegepku:
1. Onpeodenenue buounouxayuu
Onpeoenenue buomecmuposaHusl.
OcHogmble munvl 3a2psa3Humeneti

Tpebosanus k OUOUHOUKAMOPAM-PACTEHUSIM.

2

3

4

5. Aunomanuu pocma y pacmeHuii.
6. Ananuz xakou cpedvl NPOBOOUNU C NOMOWBIO Hepe3bl NOBUCTIOLL.
7. Ipunyun mopgonocuuecko2o nooxooa Kk 6uOmMecmupoB8anuio.

8. Ilpunyun ¢uzuonocuuecko2o nooxooda Kk OUOMeCMUPOBAHUIO.

9. Illpunyun buoxumuuecko2o nooxooa Kk OUOmMecmupo8anuio.

10.Kaxue mpebosarnus npedvsasisiiu Kk 00vbeKkmam mecmupo8anusl.
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JlaGopaTopnasi padora Ne2 CocHa B KauecTBe TeCT — 00beKTa B

paiuo n OﬁHICE)KOJIOFI/I‘IeCKI/IX HCCJICAOBAHUAX

NHaukaTopHblE pACTEHUST MOTYT WCIIOJIb30BaThCA Kak JUIsl BbIABICHUS
OTHENBHBIX 3arpsA3HEHU BO3AyXa, TaK W U1 OLEHKU OOILEro COCTOSHUS
BO3AYIIHON cpeapl. DakT HCKIFOYUTEIBHO BBICOKOW PaJMOYyBCTBUTEIBHOCTH
XBOMHBIX JPEBECHBIX TOpPOA ObLJI OTMEYEH BO MHOTHX HCCIEIOBAHUSIX
3apyOEKHbIX M POCCUUCKHMX YyueHbIX (Tabauma 2.1). Tak, Ha TeppuTOopUHU
Bocrouno-Ypanbckoro paamoaktuBHoro ciena (BYPC) cocha mnorubna Ha

* 14
y4acTK€ C IUIOTHOCTBIO PaJMOAaKTUBHOIO 3arpsi3HeHus Ooznee 6,7*10

Bx*/km” (mormomeHHsIe 10361 30—40 I'p).

Ta6auua 2.1. Paguannonnsie 3QGekThl B paCTUTEILHOM COOOIIECTBE

Jlo3a o6syuenus, I'p
XapakTep NOopaKeHUsI XPpOHHUYECKOE
Becnoit | Ocenbro
o0ydyeHue
['nbenb rogoceMeHHbIX 10 15 50
YacTuyHOE YTHETCHHE TPABIHUCTHIX
25 50 100
pacTeHun
[TopaskeHne TUCTBEHHBIX I€PEBHEB - 50 100
['nGenb TUCTBEHHBIX IEPEBHEB - 125 200
YactuynHasi rubenb TpaBsIHUCTHIX
200 325 530
pacTeHuu
[Tonmnas rubenb pacCTUTETLHOCTH 3000 6000 -

CocHa 10 panuovyBCTBUTENBbHOCTH Onm3ka K yenoBeky (LD50 = 20 I'p),
MIO3TOMY OHA SIBJIICTCS OJHMM M3 OCHOBHBIX IMPUPOJHBIX TECT-CUCTEM B Paauo- U
00111€9KO0JIOTUYECKUX UCCIICIOBAHUSIX.

Pannanmonusie 3¢ (eKThl OLIEHUBAIOTCS M0 CISAYIOMUM KPUTEPUSIM: THOCITH
U BOCCTAHOBJICHHE JICPEBBEB; CPOKH BOCCTAHOBJICHHS; MOP(HOIOTHICCKUE

W3MEHEHHS XBOU U MOOETOB; KOJUYECTBEHHBIC XAPAKTEPUCTUKU (paauaibHbIN U
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BEPTUKAJIBHBII TPUPOCT, Macca M pa3Mep XBou U moberos). PempomykTuBHas
CIIOCOOHOCTH OLIEHUBAETCS M0 U3MEHYMBOCTH CEMSIH.

BonbIIMHCTBO BBISBIACHHBIX MOPQOJIOrMYECKUX H3MEHEHU (MOP(O30B)
COCHBI, KOTOpasi Ipou3pacraja B paJuOaKTUBHO 3arpsI3HEHHBIX pallOHaX, CBSA3AaHbI
C M3MEHEHUSAMH B MEPHUCTEMHBIX TKaHAX — OTO TpYyINa KIETOK B CTaJIuu
aKTUBHOIO JIEJIEHHUs U pocTa. Takas TKaHb IpecTaBisseT cOO0M J1Ba TUIA KIETOK:
OJIHA C BBICOKOU PENpOAYKTUBHOM CIIOCOOHOCTHIO, IpyTas C Pa3jINYHON CTETICHBIO
mupdepenunanuu.  M3BECTHO, 4YTO  YYBCTBUTEIBHOCTh  KJIETOK  IPSIMO
IpONopIuOHanbHa cTeneHn ux auddepenmmanun. VMeHHO mO3TOMY TIpH
BBICOKMX J103aX OOJydeHHs] HaONIOAAaroTCs Tuleidb BEpXYIIEYHBIX MOOEroB H
NOSIBJIEHUE MOOEroB M3 OOKOBBIX MOYEK, HAXOJAUIMXCS Ha PAHHHUX CTaausIX
mudpdepenunanuu. bonee rirydokue NpuYMHBI pa3Iudyui paJuovyBCTBUTEILHOCTH
MEPUCTEMHBIX TKAaHEW CIeAyeT CBs3aTh C OMOXMMUYECKUMH HAPYIICHUSIMHU B
MeTadoJU3ME KIIETOK.

[Ipu pammoakTuBHOM OOJIy4eHHH HAOMIOMAIOTCI: THOETh TOYEK, XBOH,
no0eroB; TOPMOXKEHHME pOcTa MOOEroB M XBOM; JBOMHON MPUPOCT B TEUYEHUE
OJIHOTO I'0Jla BEreTallly; HepaBHOMEPHBIA POCT XBOU Ha Mo0erax; yKOpouYeHHOCTh
noOeroB MpM HWHTEHCHBHOM pPOCT€ XBOU («MeTiooOpasHble» 1o0ern);
MHOTOTIOYEYHOCTH (MOSIBJICHUE Ha 1MOOerax BEpXHUX MyTOBOK /10 30 moueKk BMECTO
5—6 B HOpME); HapyIllIeHHE OPHEHTAIlMd XBOU M IOOETOB B TMPOCTPAHCTBE
(MOSIBJIEHUE «MSATON» XBOW); UCKPUBIEHUE MOOETrOB; M3MEHEHHE (OPMbI XBOW;
NOSIBJIEHUE TUTAaHTU3MAa U KapJIMKOBOCTH ITOOETOB U XBOM.

N3BecTHO, YTO pEnpoIyKTUBHBIE OPTraHbl COCHbI OOBIKHOBEHHOW Oosee
YyBCTBUTEIbHBI K  OOJlydeHHIO, 4yeM  BereratuBHble.  HauOonbiuei
PaZMOvYyBCTBUTEIBHOCTRIO  00Jalal0T  MYXKCKME  T'€HEepaTHUBHbIE  OpIaHbI.
[ToaTBepkaeHnEe 3TOMY CHEIUATUCTBHl HAOMIOAAIM B 30HE CHUIILHOTO M CPEIHEro
paZOaKTUBHOTO 3arpsi3HeHUs mocie aBapuu Ha YepHoObuibekoit ADC: MyKCKue
LBETKM OTCYTCTBOBAJIM B TEUYEHHE MEPBBIX IBYX JIET IIOCJIE aBapUH, >XCHCKHE

OBCTKH TAKXKC OBIJIM YaCTUYHO WJIH ITOJIHOCTBIO IMOpa’XCHLI.
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XBOWHBIE TOPOJBI, TOMHUMO BBICOKOH pPaJlO4YyBCTBUTEIBHOCTH, OCOOEHHO
CWJIBHO CTPaJal0T OT CEPHUCTOro rasa. UyBCTBUTEIBHOCTh K HEMY YOBIBaeT B
MOCJIEJOBATENbHOCTU: €JIb — IMXTa — COCHA BEMMYTOBa M OOBIKHOBEHHAs —
JUCTBeHHULA. [IpOOIKUTENBHOCTD JKU3HU XBOU COCHBI B HOPMAJIBHBIX YCIIOBUSX
cocraBisier 3—4 rojga. 3a 3TO BpeMs OHA HAKAaIUIMBACT TaKOE KOJIHMYECTBO
CEPHUCTOrO ra3a, KOTOpO€ CYyIIECTBEHHO IPEBBIIIAECT NOPOrosoe 3HauyeHue. [lox
BIIMSHUEM TOKCHKAaHTA XBOsS COCHBI B 30HaX CHWJIBHOI'O 3arpsA3HEHUs CTAHOBUTCS
TEMHO-KPACHOM, OKpacKa pacipOCTPaHIETCA OT OCHOBAHMS MIJIBI K €€ OCTPHIO, H,
IIPOCYILECTBOBAB BCETO OJMH TOJ, XBOSI OTMHpaeT M omnaxaer. JluctBeHHuUua,
€KEroJJHO cOpachIBarollasl XBOK, 3HAUUTENBHO YCTOMUMBEE K CEPHUCTOMY rasy.
[TorTOMYy NO NPOAOJKUTEIBHOCTH JKU3HU XBOUM COCHBI M XapaKTEPy HEKPO30B
MOXHO OIPEACIIUTh CTEIEHb IOPAXKEHUS COCHOBBIX HACAKICHUM CEPHUCTHIM
ra3om.

[To HabmONEHNIO yYEHBIX TOJIIMHA BOCKOBOTO CJOS Ha XBOE COCHBI TEM
Oosiblile, 4YeM BbIIIE KOHIIEHTPALMsI WK MPOJOHKUTEIbHOCTh BO3/ICHCTBUS HA Hee
CEpHUCTOrO  ra3a. OTO  IOCIY)XHJIO  OCHOBaHHUEM  [UId  Pa3pabOTKH
KOJIMYECTBEHHOI'O0 METOJa MHJMKALUK JaHHOTo coeAuHeHus B atmochepe. CyThb
METO/la «IOMYTHEeHMss mno ['epremro» 3akimrodaercss B TOM, 4YTO CTEIICHb
IIOMYTHEHHsI JKCTPAaKTa XBOM MPAMO NPONOPLUHOHAIBHA KOJIMYECTBY BOCKA,
IOKPBIBAIOIIETO  XBOKW.  YeM  BbIIE  MYTHOCTb,  yCTaHaBJIMBaeMas
(OTOKOJIOPUMETPUYECKHU, TEM OOJiblIe KOHUEHTpalUsi CEPHUCTOro rasza B
Bo3ayxe. OIHAaKO COBPEMEHHBIE MCCIEAOBAaHUSA IMOKA3alIM, 4YTO IIOMYTHEHHUE
BOJAHOT'O JKCTPAKTa M3 XBOM BBI3BAHO HE TOJBKO BOCKOM, HO M ILEJIBIM PSAIOM
JOPYTUX BELIECTB, NMPUCYTCTBYIOUIMX B PACTUTENBHBIX TKaHIX. B CBA3M € 3TUM
BO3HUKJIM COMHEHHUS OTHOCUTEIBHO JOCTOBEPHOCTH pE3yJIbTATOB TECTa II0
I'eprento. Mexay TeM HAKOIUIEHHE SIUKYTUKYJISPHOTO BOCKA IOJ BIHSHHEM
CEpHHUCTOrO ra3a OOHApPYKEHO M y JPYTHX pacTeHu#, Hampumep y paiirpaca. Io
3TOM NPUYMHE, BO3MOKHO, CIEAYET ONPENEIATh HE HHTEHCUBHOCTb IIOMYTHEHMS

OKCTpaKTa, a HCIMOCPEACTBCHHO coz)epofcanue 60CKd B paCTUTCIIbHOM MaTcpualic.
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Bmecte ¢ TeM ABYOKHCH Cephl BBI3BIBAET y COCHBI OOBIKHOBEHHOU
XapaKTepHbIE WM3MEHEHUS B COJCPKAHUU (DEHONbHBIX COeOUHeHUll, KOTOPbIE
HaOII0IAF0TCS 3a/10JIT0 JI0 TIOSIBJICHUSI BUTMMbBIX CUMIITOMOB TTOBPEKICHHUSI.

Ilpunyun TpenyIoxkeHHoro B JabopaTopHON paboTe METOoJa OCHOBAaH Ha
BBISIBJICHHOM 3aBUCUMOCTH CTEIIEHU MOBPEKICHUS XBOU (HEKPO30B U YCHIXAHMS)
OT 3arpsi3HEHUS BO3/AyXa B pailoHe MPOU3pACTaHHsI COCHBI OOBIKHOBEHHOM.

Heab padoThI: 3KCIpecc-OleHKa Ka4yecTBa BO3/yXa IO COCTOSHUIO XBOU
Pinus sylvestris.

OO0beKTHI M CPEACTBA HCCJIEIOBAHUSA

1)  XBos cocusl (Pinus sylvestris.)

2)  VBCIMYHUTEIBLHOE CTEKIIO

Xoxa pab6oThI:

1.Bri6parhk coceHkH BbICOTOM 1—1,5 M Ha OTKpBITOH MECTHOCTH ¢ 8—15
060koBBIMH TIOOEramMu. BEIOOpKY XBOM HEOOXOAMMO JIeTIaTh ¢ HECKOJIBKUX OJIM3KO
pacTylmx aepeBbe Ha miomamd 10x10 m°. B GIOKHOT BHOCSTCS CBEACHHS O
MecTe cOopa W HaIM4YUM BOJM3UM BO3MOXXHOIO HWHTEHCHUBHOIO JBHXKECHHS
TPAHCIIOPTA; YKa3bIBAETCS TaKke BpeMsi ocMoTpa XBoU. OueHb BaXEH IMpHU
BBIOOpE JIEPEBbEB MOKAa3aTeIb BHITONTAHHOCTH YYacTKa MPOU3PACTAHUSI COCHBI.
CrerneHp BBITONTAHHOCTH yd4acTka oreHuBaercs Oammamm 1—4 (1 —
BBITANTHIBAHUS HET; 2 — BBITONTaHBI TPOMNbI; 3 — HET HU TpaBbl, HU
KYCTapHUKOB; 4 — OCTaJIOCb HEMHOTO TpaBbl BOKPYr JepeBbeB). llpu
BBITONITAHHOCTU TEPPUTOPUH, OLEHMBaeMOM Oamtamu 3 U 4, 3KCIpEecc-OLICHKa
BO3/IyIIIHOTO 3arpsi3HEHUS] HEBO3MOKHA.

OcMOTpeTh y KaXJ0ro JepeBa XBOMHKHM NPEIbIIyINEro rojaa (BTOpbIe
cBepxy MyToBKH). Eciu iepeBbsi oueHb Oosbiine, To 00cae0BaHie TIPOBOIUTH Ha
OOKOBOM TOOEre B 4eTBEpTOM CcBepXy MyToBKe (pucyHok 2.1.). Bcero cobuparor
uin ocmatpuBaroT He MmeHee 30 xBouHoOK. [llunuk xBouHku Beeraa ceetiiee. OH He
onieHuBaetcs. [lo crerneHu MoBpekICHHUS] U YChIXaHUSI XBOU BBIJEISIOT HECKOJIBKO

KJ1acCcOB (PHCYHOK 2.2.).
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0,5 ner| 1 rox|l,5 rogal 2roxal2,5 road 3ronal4rona

Pucynoxk 2.1. Yuacmok nobeea, Ha Komopom npogoosm o06ciedo8anue xeou

ons dKcnpecc-anaiusza Kadecmea 6030yxa

IKCraccr noBpexacHus (Hekpo3er)| | . 3

Knaccer ycerxans 1 1 1 2 3 4

Pucynok 2.2. Kitaccbl TOBpEX/I€HUS 1 BBICBIXaHUS Y XBOU

Kiaccer moBpexaeHusi: 1 — XBOMHKHM 0€3 TMSITE€H; 2 — XBOHMHKH C
HEOOJIBIIINM YUCIIOM MEJIKHUX MSATEH; 3 — XBOUHKH C OOJIBIIMM YUCJIOM YEPHBIX U
JKenThix nareH. Kiaccel ycpixanusa: | — Ha XBOMHKax HET CyXHUX Y4YacTKOB; 2 —
Ha XBOMHKAaX yCOX KOHYMK 2— 5 MMm; 3 — ycoxja 1/3 xBouHkH; 4 — BCS WU
OOJIbIIIast YaCTh XBOMHKHU CyXasl.

2.0npenenuth  MPOJOJDKUTENBHOCTh  KM3HHM  XBow.  OOciemoBath
BEPXYILICYHYK) YacTh CTBOJA 3a IIOCIEIHHE TOAbl: Ka)K/1ash MYTOBKA, CUMTAas

CBEPXY, — 3TO 'O/l )KU3HH (CM. PUCYHOK 2.1.).
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3.I1IpoBecT OLIEHKY CTEIMEHMW 3arpsi3HEHHS BO3[yXa MO OLUECHOYHOW IIKAJIE,
BKJIIOYAIOIIEH BO3PACTHBIC XapaKTEPUCTUKHU XBOM, a TAK)KE KJIACCHI MTOBPEXKICHUS
XBOM Ha roderax BTOPOro roja >kKM3HU ¢ MOMOIIBI0 TA0AMIBI 2.2,

4.011eHUTh, TOJIB3YSCh PUCYHKOM 2.2, KJacc MOBpPEXACHHS (HEKpO3) U
YChIXaHUsI XBOMHOK COCHBI. 3aHECTH JaHHbIE [0 BCEM XBOHUHKaM B TETPaib.
[TpoBecTu craTucTUYECKyt0 00pabOTKY JaHHBIX.

5.0npenenutb NpoJOJKUTEIIBHOCTD )KM3HHU XBOU, UCIIOJb3YsI PUCYHOK 2.1.

6.IlpoBecTu  3KCIpEecC-OLIEHKY  3arpsA3HEHusi BO3AyXa IO  KJaccy
MOBPEXKICHUS XBOM Ha MOOETax BTOPOTO rojia KU3HHU C yU4E€TOM BO3pacTa XBOW C
MOMOIIBIO TA0AUIBI 2.2.

Tadauma 2.2. Dxcnpecc oleHKa 3arps3HEHUs] BO3AyXa C MCIOJIb30BaHUEM

cocHbl 00bIKHOBeHHOH (Pinus sylvestris)

MakcuManbHBIN Kitacc moBpesxieHust XBou Ha 1moderax BTOpOro rojia
BO3PACT XBOU JKU3HU

4 I I-11 11

3 I 1 Hi-1v

2 I 11 AV

2 - AV V-V

1 - AV V-VI

1 - - VI
| — Bo3ayx wupeanbHo uucThii; || — wyucteiit; |ll — otHOCHUTENBHO

YUCTBIN («HOpMaY); |V — 3arps3HeHHbIN («TpeBoray); V — Ips3HbIN («OTacHOY);
V| —oueHb rps3Hbii («BpeIHO»); HEBO3MOKHBIE COUETAHUS.
7. llpuBecTr B OTYETE BCE TUIIBI IOBPEKICHUN XBOH, YKAa3aHHBIX B 3a/1aHUU;

BBIBOJIbI O KQUECTBE BO3/yXa (IPUBECTH PacUEThl U TAOJIHIIBI).

Bonpocul ona camonposepku.:
1. Onpeoenenue buounouxayuu
2. Onpedenenue OUOMeCMUpoOBanusl.

3. OcHogHble munvl 3aepsaznumerei
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Tpebosanus Kk OUOUHOUKAMOPAM-PACTEHUSIM.

. Anomanuu pocma y pacmenuil.

4
3)
6.
.
8
9

AHanu3z Kaxou cpedvl NPOBOOULU C NOMOULIO XBOU.
Lpunyun mopghonocuueckoco nooxooa Kk 6UOMeCMUpoOBaHUIO.
Ipunyun gusuonocuveckoco nooxooa K 6UOMeCMUpPOBAHUIO.

Tpunyun buoxumurecko2o nooxooda Kk OUOMeCmupo8aHuro.

10.Kaxue mpebosanusi npeovasuaiu npu 6vlbope pacmeHull

nabopamopmoi pabome.
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JlabopaTopnast pabora Ne3 buorectTupoBanue 3arpsi3HeHUs BOAbI €

MOMOIIbIO PACKH MAJIOH

IIpencraBuTenu ceMeWCTBAa pPSACKOBBIX SBIIOTCA CaMbIMU MAJICHBKMMU
[IBETKOBBIMHM PACTEHUsIMU B Mupe. B pesynbpraTe ruapoduiibHON 3BOTIOLUU OHU
JNOCTUTIM KpauHEW CTENEHU PEAyKIUM BCEX OPraHoB, IIOITOMY II0 IIPOCTOTE
CTPOEHHS 3aHMMAIOT MEPBOE MECTO CPEAM LBETKOBBIX PACTEHHHA. JTO BOJHBIE,
CBOOOJIHO MJIABAIOIINE, MHOTOJIETHUE TPABSIHUCTBIE PACTEHUS.

Pscky  HaspBawoT  «3KoJormyeckod  aposzodmmoity.  OcobeHHOCTH
MOP(OTOTUYECKOTO CTPOEHMUS, BBICOKAsI CKOPOCTh Pa3MHOXKEHUA,
YYBCTBUTENBHOCTh K Cpele OOMTaHMSI — BCE 3TO CHENAl0 PACKY YJIOOHBIM
00BEKTOM JJ1s1 OMOJIOTUYECKOTO TECTUPOBAHUS

Psicka manas (Lemna minor L.) — pacrenue, miaBatoiiee Ha Boje. Pasmep
mucterioB 2—4 M. Ywucino xwmiok 3 (pucynok 3.1.). Jlucterns! miockue, o0pa3yroT
rpynnsl U3 3—6 pacrenuii. Bectpeuaercst B ctosiuux Bojax. KopHu mivHHBIE, HO
HE JIOCTHral0T TPYHTA, a BBIIOJHSAIOT TJABHBIM 00pa3oM (QYHKUHIO SKOpS,
IIpeAoTBpallas NepeBOpadyuBaHUE PACTEHUN B BOJAE. BcerTpedaercs yamie BCETro B
CTOSTYMX BOJIAX.

PsckoBble pa3MHOXKAIOTCA NPEMMYIIECTBEHHO BErE€TATUBHO, OTIEIbHBIN
auct MoxeT npoutu 10 nenenuit 3a mepuon 7—10 cyr. PsckoBble MOTyT
yABauBaTh CBOKO Maccy 3a Bpems oT 10 4 g0 2 cyT. Opu ONTHUMalbHBIX
TEMIIEPATYpE, OCBELICHUH U IUTaHUU.

[IpuHuun npensokeHHOro B JaHHOW JnabopaTopHOM paboTe Meroaa
OCHOBAaH Ha OIpPEAEJICHUU TMOed U U3MEHEHUN B TEMIIaX POCTa PSACKU MAaJoH,
ydyere MOpQOJOrHYecKUX H3MEHEHUH (XJIOpO3, HEKpO3 IOBEPXHOCTH JIUCTElla,
pacCIOeHUEe JIMCTEIOB) MPU BO3JEUCTBUM TOKCHMUYECKHX BELIECTB B HCCIEIYyEMOM
Cpeze IO CPAaBHEHUIO C KOHTPOJIEM.

OcTpoe TOKCHYeCcKOe NEHCTBUE UCCIIETyEMOU BOABI HA PSCKY ONpPEAEIIAETCS

no rubenu ee 3a ONpeAciCHHBIM Tmiepuoa BpeMeHu. Kpurtepuem ocTpoi
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TOKCUYHOCTH CITyXHuT ruoenb 50 % m 6ornee pacreHuii 3a 96 4 B uccieayeMon

BOJIE MPU yCIIOBUHU, YTO B KOHTpoJie orudio ne menee 10 % pacreHuid.

nucrey
2.3 MM

KOpeHb

Pucynox 3.1. Cmpoenue pscku manou (Lemna minor L.):

A — obwuii euo;, b — epynna nucmeyos (00uH MamepuHcKuii u 08a
Odouepnux);, B — pacmenue psacku 6 nauane sxcnepumenma, I — pacmenus psacku
8 KOHYe IKCnepumenma

B oskcnepumeHTax MO ONPENENICHUI0 OCTPOro TOKCHYECKOTO JEHCTBUS
YCTaHABIMBAIOT: CPEIHIOI JICTATbHYI0 KOHIIGHTPAIMIO OTACIHHBIX BEIIECTB
(KkpaTHOCTh pa30aBICHUS BOJ, COJIEPKAIIUX CMECH BEIIECTB), BBI3BIBAIOIIYIO
rubens 50% u Gomnee TecT-opraHu3MoB; 0€3BpeAHYI0 (HE BbI3bIBaIOIIYIO d(ddexTa
OCTpOH  TOKCHYHOCTH) KOHIICHTPAIIMIO OTACIBHBIX BEMIECTB (KPAaTHOCTh
pasz0aBiieHUs BOJI, COJEPKAIMX CMECH BEIIECTB), BHI3BIBAIOIIYIO THOEb HE Ooliee
10 % TecT-opraHnu3MoB.

XPpOHHYECKOE TOKCHYECKOE JIEMCTBHE MCCIECIYEMOUN BOJbI HA PSACKY MAJIYIO
OLICHUBAIOT IO CMEPTHOCTH W CKOPOCTHM pocTa 3a Mnepuoa 10 24 CyTOK B
UCCIIeyeMON BOJIE IO CpPaBHEHUIO C KOHTpoJieM. Kpurepuem XpOHHYECKOM
TOKCUYHOCTH CIyXuUT rubenpr 20 % wu Oojee TecT-opraHu3MoB U (UJIN)
JIOCTOBEPHOE OTKJIOHCHHE B CKOPOCTH POCTA W3 YKCJIAa BEDKHMBIIMX PACTCHHH 10

CPAaBHCHHIO C KOHTPOJICM.
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buotectupoBanue npoBoAUTCS B 1a00OpaTOpHBIX ycioBusix. [lomenienue e
JOJDKHO COJIEp’KaTh TOKCHYHBIX TMAapoB U Tra3oB. Temmeparypa OKpyKarolero
BO31lyXxa B Jaboparopuu ot + 18 go + 25 °C. Atmochepnoe nasnenue 84—106
klla (630—800 wmMm pr.ct.). OcBelleHHE TOMEIICHUS €CTECTBEHHOE WU
UCKYCCTBEHHOE, HE OrPaHMYEHO OCOObIMU TpeOoBaHMSIMHU. OCBEIIEHHOCThH IS
psicku 2 500—3 500 nk. MHTEeHCUBHOCTD CBeTa JOJKHA ObITh Oosee uem Ha 15 %
OO0JIbIIIE 110 CPABHEHUIO C THEBHBIM CBETOM.

[IpenBaputenbHass TOATOTOBKAa K OTOOPY TMNpoO U BBINOJHEHUIO
OMOTECTUPOBAHUS BKJIIOYACT MOATOTOBKY TOCY/bI, MPOOOOTOOPHUKOB, MECT
XpaHEeHUsT OTOOpaHHBIX MPOO, a TakkKe TMOJArOTOBKY pabodero mecra Jist
00pabOTKH JOCTAaBJICHHBIX B JIa0OpaTOpui0 MpPoO U HCCIEAOBaHUS HX Ha
TOKCUYHOCTh. Bce mpomenypsl MOpeaBapuTEIbHOM  MOATOTOBKUA  JIOJDKHBI
UCKJTIOUUTD MONaJaHNe TOKCUYHBIX, OPraHUYECKUX U KaKUX-TMOO PYTUX BEIIECTB
B HCCJIEYEMYIO BOJY.

ITocyna mis or6opa mpoOd m OMOTECTUPOBAHUS JOKHA OBITh XUMHYECKHU
yucTtoi. OHa MPOMBIBAETCS CMEChIO OMXpoMara Kajiusg U CEPHOM KHCIOTHI
(xpomoBo#i cMechbto). CTEHKH MOCYAbl OCTOPOKHO CMAuMBAIOTCSI XPOMOBOM
CMEChIO U yepe3 2—3 4 mocy/ia THIATENbHO MPOMBIBAETCS BOJOTPOBOIHON BOIOH,
HEWTpAIU3yeTCsl pacTBOPOM IMHINEBOM COOBl M HpoMbiBaeTcsa 3—4 pasa
JACTUWUIMPOBAHHOW BOJOW. ISl MBITBA IMOCYJbl HE pa3peliaeTcs MoJIb30BaThCs
CUHTETUYCCKUMU TIOBEPXHOCTHO-aKTUBHBIMH BEIIECTBAMH M OPraHUYCCKUMU
pactBoputensmu. [locymy nmst orbopa mpo0 cymat Ha BO3AyXe, a HCTIOIb3YEMYIO
JUIsl OMOTECTHUPOBAHUS, 32 UCKIIOUYEHUEM MEPHOW, — B CYUIWIbHOM IIKady mpu
160°C B Teuenue 1 u.

XYWMHUYECKH YHWCTas TMOCcyna Juisi OMOTECTUPOBAHMS JIOJDKHA XPAHUTHCS C
3aKPBITHIMU  CTEKJISHHBIMU TPUTEPTHIMUA NMPOOKAMU WM 3aBUHYMBAIOLIUMUCS
KpBIIIKAMU B 3alIUIICHHBIX OT MBUIM SIIMKaX Ja0OpaTOPHOTO CTOJIa WJIM Ha
3aKpBITHIX TOJKAX, CTEUIaKax W T. M. Bcs rpsiHas mocyaa mociie MpOBEICHUS

AHAJINM30B O0JKHA MMOABEPTraThCA CTCPHUIIN3alIlHUN KUITTYCHUEM B TCUCHUC 1 4.
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KynbTuBanmoHHass BoJla UCIHOJB3yeTCS JUIsl  pa3BElCHHUS MaTOYHOMU
KyJbTYphI, B Kau€CTBE KOHTPOJIbHON C I0OABJICHHEM MUTATEIBLHOTO pacTBOpa s
OuoTecTUpOBaHUsA, [JIsi pazOaBieHUsS HCCIeAyeMbIX BoJ. [l MOAroTOBKHU
KyJbTUBAllMOHHON BOJBl MUTHEBYIO BOJy OTCTAWBAIOT B TeueHue 3 — 7 cyT (A0
MOJIHOTO JEXJIOpUpPOBaHuUs) B OyThulM U3 OecuBeTHOro crekia. [lpu orcyTcTBUUM
MUTHEBON BOJBI YJIOBIECTBOPUTEIHLHOIO KA4YECTBA JIOMYCKAETCS HCIOJIb30BaHUE
MOBEPXHOCTHOW MPECHOW WJIM TPYHTOBOW BOJBI, OTOOPAHHOW BHE 30HBI BIUSHUS
MCTOYHUKOB 3arpsi3HCHUS U MPOQPUILTPOBAHHOM depe3 (UIbTP C pa3MepoM Iop
3,5 MKM.

B  KynbTMBALIMOHHOW BOAE MOJKHBI OTCYTCTBOBaTh OpPraHHYECKHUE
3arps3HSIONIME BEIIECTBA, XJOP, TOKCMYECKUE BEIIECTBA U AHTArOHUCTHUYECKHUE
JUISL pACKH OpraHu3MBbl (cuHe3eneHble BOJIOPOCIIH, MPOCTEUIINE,
MHOTOKJIeTOuHbIe); pH nomken ObiTh B mpepenax 4,5—7,0, Temmeparypa
(20£5)°C.

[Ipexkne deM mnpUCTyNUTh K OMOTECTUPOBAHWIO Ha MPEJCTABUTEISAX
CEMENCTBA PACKOBBIX, 03HAKOMBTECH C TEPMUHAMU U MOHATUSMU, TPUMEHSIEMBIMU
B JJaHHOW JTabopaTOpHO# paboTe, KOTOPBIEC MPUBEEHBI B CIIPABOYHOM MaTepuare.

OO0BeKTHI U CPeCTBA UCCIICTOBAHUA:

1)  QuryopecleHTHBIH CBET MJIM CBET JHEBHOM JIaMIIBI JUIS POCTA PSCKH
(moJsiHOE OCBellleHHE B TeueHue 16 u);

2)  KyJbTypa pacTCHHU PSCKH;

3)  4YHCTHIC IUIACTHKOBBIC KOHTCHHEPHI,

4)  cpena s KyJbTHBHPOBAHUS — POCTOBOW pacTBop (Tadauna 3.1);

5)  nunerka i 00aBJICHUS POCTOBOTO PAacTBOPA;

6)  yBEJIMYHUTEIBHOE CTEKJIO;

7)  THUHIET JJIs 0TJIOBa PICKH;

8)  dwmcras IIACTUKOBAs TUICHKA WITU TUIACTUKOBAS TUIACTUHKA;

9) 100 mn Tectupyemoro pactBopa B koHueHTparuu 4 IIJIK (Tabdanna
3.2);

10) nmucTHILTMPOBaHHAS BOJA JUISI KOHTPOJIBHOT'O BapUAHTA.
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Xoxa padoThI:
B TectupoBaHne uCHONB3YIOT S-AHEBHBIN [IUKJI PA3BUTUS PACTCHUN.
1)  IIpuroToBUTH pacTBOP JJIs KyJIBTHBHUPOBAHMs 00beM pacTBopa 1 e,

Taouamua 3.1 CoctaB cpelbl A1 KyJIbTUBUPOBAHUS PSICKH MajIou

MakpoasieMeHTbI, MI/J1

KNO; 350,00
CaCl, 139,00

KH,PO, 90,00

K,HPO4*3H,0 16,50
MgSQO4*7H,0 100,00

Tpunon b 1,50

Mukpoanementsl (H3BO3, ZnSO,4 Na,MoO,4, MnCl,, FeCl3) 1 MM

2)  IpuroroButh mo 100 MJ pacTBOPOB cOJIEH TSDKEIBIX METALIOB C
KOHIICHTpaIel aHaTu3upyeMoro noHa 1 Mr/mi.

3)  Paccumrarh mo 3akoHy dKBHBaJieHTOB 00beM pactBopa (ITyHkT 2.),
BHOCHMOT'O B pPacTBOp Aisl KyJbTUBHpOBaHHUS (00beM pactBopa 30mun) ans
IIOJIy4CHMS YKa3aHHBIX B Ta0Juue 3.2 KOHICHTPAallui HOHOB.

Tabmuma 3.2. BapuaHTbl pacTBOPOB COJIEH  TKENBIX METAJUIOB,

MPUMEHSEMBIX B TaOOpaTOPHOH padoTe

Konuenrtpanus noHa, MF/I[MS Meran
(Pb2+) (N|2+) (Zn2+) (Cu2+) (Cd2+)
0,0150(0,5I1JIK) +
0,030(T1IK) +
0,060(2I1/1K) +
0,120(4T1]IK) +
0,25(0,25T1/IK) T n T
0,5(0,5I1]1K) + + +
1,0(TLJIK) + + +
2,0Q2T1IK) + + +
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4,0(4111K) + + +
0,001(0,25ITAK) +
0,002(0,5TIIK) +
0,004(I1AK) +
0,008(2ITAK) +
0,016(4I11K) +
4) IIpUroroBUTH KOHTPOJBHBIM pPacTBOP, HE COAEPXKALIMKW HOHOB

TSKEIBIX MeTaioB (00beM pacTBopa 30 M)

5) Hcnonb3ys NUHIET, IEPEHECTH B KaX bl KoHTeHHep no 10 pacTeHuit
psicku MaJjioii. BeiOupaTh TOJIBKO 3€leHble, 3/J0POBBIE PACTEHUS C 2 JOUYEPHUMU
JUCTEIaMU ¥ MPUOIU3UTEIHLHO OJJUHAKOBBIX PA3MEPOB.

6) [TomecTuTh KOHTEHHEPHI HAa 24 Y MNOJ JIaMIy JHEBHOIO CBETa.
Pa3zmenieHns KOHTEMHEPOB MO NPSIMBIMH COJIHEUHBIMU JIy4aMH Y OKHA CIIEAYET
uz0eratb, 4TOOBI MPENOTBPATUTH IEPErpPeB U YyCbIXaHUE JIMCTEUOB (OHU
COKMMAIOTCS, TEPSIIOT TYyprop).

7) KonTeliHnep ¢ mmcTenamMmu OCTaBUTh €1I€ Ha S5 THEH.

8) B KoHIle MATOro JHS MOJCYUTATh KOJHUYECTBO JMCTEIOB B KaXKIOM
KoHTelHepe. CI0KHOCTh MOJICYETa MOKET OBITh CBSI3aHA C MalbIMU pa3MepaMu
JIMCTELOB PSACKHU, OTHAKO B 3TOM CJIy4ae MOYKHO BOCIIOJIb30BATHCA JIyIIOM.

9) 3ammcaTh JaHHBIC y4eTa pocTa TecT-00BbeKTa B TAGJHMIly (mpuMep
Tabmuuna 3.3.) u chaenarb IOMETKM, KAaKUE pPACTEHHUS W3MEHWIW IBET,
3aUKCUpOBaTh HAIMYME WJIM OTCYTCTBHE KOpHEW W omMcarb OOIIMA BHJ
pacTeHUM.

10) [IIpoBecTn CTaHAAPTHYIO CTAaTHCTHYECKYyI0 OOpabOTKYy W aHaiu3
MOJIYYEHHBIX PEe3yJbTaToB. [IepBhIil mar — npoBepka KOHTPOJIBHOIO BapUaHTa C
LEIbI0 BBISIBJICHUS (POHOBOI'O POCTa PSACKM B HE3arpsA3HEHHBIX yCIOBHsAX. Ecin
pacTeHHUsI pSCKA B KOHTPOJBbHOM BapHaHTE HE BBIPOCIIH WJIM BBIMJISAAT HE COBCEM
3I0POBBIMH, TO pE€3yJbTaTbl JKCIEPUMEHTA aHHYJIUPYHOTCi. Bo3moxkHO,

MUTATEIbHBIA PACTBOP OB CIIMIIKOM CHJIBHBIA MM PACTEHUS ObLIN HE 37J0POBHI B
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CaMOM Hayajle 3KCIIEPUMEHTA; TaKKE€ BO3MOXHBI IPOOJEMBI C OKpY’Karollen

Cpelloit BO BpeMsi TECTUPOBAHUS.

Jlist

MTHOBCHHOTO OTKJIHMKa Momyisnud — koddduiment pocta (r), HU3MEHEHHE

OLICHKM BO3JCHCTBUS  3arpsi3HUATENS  CYUIECTBYET  IOKa3aTellb

KOTOPOTo OTpa)XacT COIIPOTUBJICHUC CPCIAbl, T.C. XApPAaKTCPHU3YCT CYMMY BCCX

JUMHUTHPYIOIIHAX ¢dakTopoB Cpelbl, MNPENSATCTBYOLIUX peanuzanuu
pPENpPOAYKTUBHOTO MOTeHIHANA (Imax), KOTOPBI PAcCUMTHIBAETCS IO KOHTPOJIIO.
[To ucTeueHnn BpeMEHHU SKCIO3HMIMKA B KOHTPOJE U MPU KAXKIOH KOHIEHTPALUU
MOHOB TSKEIIBIX METAJIOB PACCYUTHIBAIOT 001Iee KOJIMYECTBO JTUCTEIOB (BKIIIOUYas
MaTEepPUHCKUE OCOOM M JIUCTEI[bl, OTIEIUBLIMECS OT HUX) U KOI(PPULHEHT pocTa
TOTTYJISIIIAN [

r= Nt — No

t 1

rae No — HauajabHasi YMCIEHHOCTh JIUCTEIOB; N{ —KOHEUYHasi YUCICHHOCTh
JUCTENOB; t — BpeMs 3KCHo3uuuu (CyTKH). JlaHHbIE 3amuCHIBAIOTCS B TAOJIHILY
ydeTa pocTa TeCT-00beKTa.

11) Cpuenath BBIBOJ IO MOJYYCHHBIM Pe3yJIbTaTaM

Buumanue!  3HaueHWEe ~ OMHWCAaHUS  BCEBO3MOXHBIX  W3MEHEHUH,
IPOUCXOSAIINX C TECT-00BEKTOM, OYEHb Ba)KHO. Takke IOJIE3HO CMOTPETh Ha
OTJIETbHBIE pACTEHUs, YTOOBl MOHATH OCOOEHHOCTH PpPEAKIUU TECTUPYEMOTO
opranusMa. Ba)XxHO OTMETHUTb, KaK paCTEHUs PEarupyroT B Hadyajle HIKCIIEPUMEHTA,
YTO C HUMHU NMPOUCXOAUT MOTOM, UAET JIM PEaKklus MO OTACIbHBIM PACTEHUSIM JIH00
pearupyet Bcs rpynna. Bee aTu oco0eHHocTH BHeCTH B Tadauny 3.2. B Tabauue
3.3 mpeAcTaBiIeHbl HEKOTOPhIE (HOPMBI PEaKIIUU PSCKH Majoll Ha MPUCYTCTBUE B
BOJI€ COJIEH TSHKEJIBIX METAJIJIOB.

Tabimua 3.3. Peakuus pscku Manoi Ha MOHBI TSKEIIBIX METAJUIOB

TecToBble peakuu
Konuentpa Koaddumment
MeTtaim Okpacka Paccoennuenne Peaxmus
st (Mr/min) pocta
JMCTEL0B JMCTEI0B JHCTEL0B
Kontposn 0 WuTencuBHO HET HET 3,55
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3CJICHAas

CunsHoe
Cd Kopuunesas eCcTh 2,17
YCBIXaHHE
CuiibHOE
Pb Caetno-0Oypast Ectp 0,33
YCBhIXaHHE
Csertno-
CunsHoe
Zn 3ereHasd, Ectb 0
YCBHIXaHHE
KOpUYHEBas
CunsHoe
) Csetio-
Ti eCcTh yCBIXaHHeE, 2,84
3eJIeHast
0TI KOPHU
Csertno- CunsHoe
Co €CTh 1,55
3eJIeHast yCBIXaHHE
) 0,25 TemHo- CuipHOE
Ni €CThb 0,60
KOpPHUYHEBAs YCBHIXaHHE
CunsHoe
Mo Benasg HET 5,84
yCBIXaHHE
Otmupanue
Cu Bemas eCTh 5 0,17
KOpHEH
CunsHoe
Cr Kenro-6emnas HET 417
yCBHIXaHHE
CsetJio-
Ba HET Yceixanue 0,17
3eJIeHast
Vv Kopuunesas HET VcbIxaHue 0,83
CsetJio- CuiibHOE
Mn HET 1,00
3esieHas, Oypast YCBhIXaHHE
CunsHoe
Cd Kopuunesas eCcTh 2,17
YCBIXHHE
JKenroBaro- Tloncrixanue
Pb eCcTh 0,50
3eJIeHast 30HBI POCTa
0,1
Zn TemHo-Oypas €CTh Ycpixanue 0,17
_ Mano3zameTHoe
Ti 3eneHas €CTh 4,17
YBSIJIaHHE
Co Csertno- €CThb CunsHoe 1,55
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3esIeHast YCBHIXaHHE
. TemHo- CunpHoe
Ni eCcTh 0,60
KOpHUYHEBas YCBIXaHHE
CuiibHOE
Mo Benas HET 5,84
YCBhIXaHHE
Otmupanue
Cu Bemas €CThb 0,17
KOpHEH
CuiibHOE
Cr Kenro-0Oenas HET 4,17
YCBhIXaHHE
CaetJio-
Ba HET YCBhIXaHHE 0,17
3esIeHast
\Y Kopuunesas HET YCBhIXaHHE 0,83
CunsHoe
Mn 3eneHas HET 1,67
yCBIXaHHE
Csertno-
Cd Ecth IMonceixanue 3,33
3eJIeHast
Temuo-
Pb eCTh MOJCBIXaHUE 1,33
3esIeHast
Csertno-
Zn 3eJIeHas, Her VcbIxaHue 0,17
KpamJaras
] IMTonceixanue
Ti Cuzo-0Oypast Her 4,00
KpaeB
Co Bypas Ectp Ycbixanue 2,34
_ 0,025
Ni Spko-3enenas Ectn IToassnanne 1,17
Mo Cuso-Oenas Her VcbIxaHue 2,52
Otmupanue
Cu Bemas Ectb 0,17
KOpHEH
IMTonceixanue
Cr Spxo-3eneHas Her 6,25
KOpHEU
CsetJio-
Ba Her VBananue 0,66
KeJrrast
Vv Kopuunesas Her VcbIxaHue 0,83
Mn Csertio- Her VBsaganue 2,00
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3eJieHast
VcrIxanue
benas, xkpa
VYcrIxanue
Cd Ectb VBsinanue 2,67
myaTast
YcrixaHue
Pb Kopuuneas Her VBsganue 2,83
CsetJio-
Zn Her VBsananue 1,17
KOpHUYHEBas
3enenas,
) CBETJIO- VBsmanue,
Ti Her 3,83
0,001 KOpPHUYHEBBIE KOpHM OTHaJIn
Kpas
Co 3enenas Ectb VBsnanue 1,54
) Caetiio- [TonBsnanue,
Ni Her 3,00
3eJIeHast KOpPHU OTHAJIA
Kenro- IMoxaceixanue
Mo Her 6,03
3eJIeHas KpaeB
benas c
CunrsHoe
Cu CU30BaTBHIM €CTh 0,73
yCBIXaHHE
OTTEHKOM

Bonpocwt ona camonposepku:

1.

2
3
4
5.
6
7
8
9

Onpedenenue buouHouKayuu

Onpeodenenue buomecmuposanus.

OcHogmble munvl 3a2psa3Humeneti
Tpebosanus Kk OUOUHOUKAMOPAM=-DACTNEHUSIM.

AHomanuu pocma y pacmeruil.

LHpunyun mopghonocuueckozo nooxooa Kk 6UOMeCMupoBaHUIO.
Tpunyun guzuonocuueckozco nooxooa K 6UOMeCmMupoB8anuio.

Ipunyun 6uoxumuueckoeo nooxooa Kk bUOMecmupos8aHuo.

10.Kaxue mpebosarnus npedvsasisinu npu evloope bepesvl.
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JlaGopaTtopHnasi padoTra Ne4 BHOMOHUTOPUHT OKPYKAKOLIEH CPeAbl
MOCPEICTBOM OLIeHKH CTA0MJIbHOCTH Pa3BUTHS NMOMYJIsIUEH

AKUBOTHbBIX

Pucynox 4.1. - gnewnuii 6u0 K10na-coi0amuxa ¢ d1emMeHmamu
MeNanU3Upo8arHHo2o pucyuka noxkposa: A, b, B, I
AcHUMMETpUsT B MEJIIAHU3UPOBAHHOM PHUCYHKE MOKpPOBa KJIOMA-COJIIATHKA
BBIPAXKAETCS B MOSBJICHUU HEOJMHAKOBBIX BapUAIMi OJTHOTO U TOTO K€ AJIEMEHTa
cnpaBa u cneBa. He3HaunTenbHOE OTKIOHEHHE OT CTPOroil OwiaTepaibHOU
CUMMETPUM  PACIEHMBAETCA  Kak  CllydyalHO€  HapylIeHUWE  pa3BUTHUS
MEJIAHU3UPOBAHHOTO PHUCYHKAa TIOKpPOBA OCOOM B KOHKPETHBIX YCIOBHUSX.

OnyKTyupyromas acCUMMETPUsl MEIAHU3UPOBAHHOI'O ITOKPOBA KJIOIA-COJIJATHKA
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TeHETHYEeCKH O00yclloBIeHa. B nmTepaType BCTpedarOTCs MaHHBIE O IKECTKOM
TEHETUYECKOM KOHTPOJIE MOSIBJIICHUS MEJIAHU3UPOBAHHOTO PUCYHKA.

HaOmronenus 3a coneprkauuMucs B 1a00paTOPHBIX YCIOBUSIX MOMYJISLUSIMU
KJIOIA-COJIJIATHKA ITO3BOJIMJIA TIPOCICINTh (POPMHUPOBAHUE MEIAaHW3UPOBAHHOTO
pUCYHKa TIOKpOBa Ha pa3HbIX CTaAUsAX pa3BUTHUSA ocoOei. DakT MOosBICHUS
MEJIaHWHA HAaXOAUTCSI MOJ JKECTKMM KOHTPOJEM TE€HOTHNA, a XapakTep
pacrpeaeineHus MEJIAHU3UPOBAHHOTO pUCYHKaA B OIPEAECIICHHBIX
CKIICPOTH3UPOBAHHBIX CTPYKTypax MOXKET BapbupoBaThcsd. (CaMo ouepraHue
AJIEMEHTA F'€HETUYECKU JNETEPMUHUPOBAHO HEKECTKO, IIOITOMY PA3BUTHUE KAXKIOTO
AJIEeMEHTa MEJaHW3UPOBAHHOIO PUCYHKA MTOKPOBAa 00YCIaBIUBACTCS CIIEKTPOM €TI0
M3MeHUMBOCTU. OJHAKO B TPOLECCE PA3BUTHUA OpPraHu3Ma B 3aBUCUMOCTH OT
YCJIOBHUH CYIIECTBOBAHUS MPOUCXOAUT (POPMUPOBAHKE KOHKPETHBIX BapHaIlUM IS
Ka)JI0r0 AJIEMEHTA MEJIAHU3UPOBAHHOTO PUCYHKA IMOKPOBA KJIOMA-COJIIATHKA.

B onTtumanbHbIX YCIOBUSIX OOUTAaHUS TPUPOIHBIX TOMYJISIIUN (opMUpyeETCs
OwrarepalbHO  CUMMETPUYHBIA  MEIAHWU3MPOBAHHBIM  PUCYHOK  TOKPOBa
HACEKOMBIX. B momymnsiuusx, IOABEPrarolIuXcs ACUCTBUIO PA3JIUYHOTO YPOBHS
aQHTPOIIOTEHHOTO  BO3JICKCTBUS, Yy  OMNPEICICHHBIX 0COOCH  HapyIaeTcs
OwnarepalbHO CUMMETPUYHBIA MeEJIaHW3UPOBAHHBIM PHUCYHOK IIOKpOBa KJIOMa-
conpatuka. QopMUPOBAHKE PA3TUYHBIX BapUALUM 3JIEMEHTOB HA IIPABOM U JIEBOM
HAJKPBUIbSIX HACEKOMBIX SIBIIICTCS CIIEJICTBHEM TPaHCHOPMHUPYIOIIETO ICHCTBUS
KOMIUIEKCA €CTECTBEHHOTO W AHTPOIIOTEHHOI'0 BO3AEHUCTBUM. Bo3HUKawue npu
3TOM HEOJAWHAKOBBIC BapHUAllUM HAXOIATCA B IpPEleiiaX CIEKTpa U3MEHUYUBOCTH
paccMaTprMBaeMOro JJIEMEHTa MEJIAHU3UPOBAHHOIO PHUCYHKA IIOKpPOBA KJIOIA-

cojatuka (pucyHok 4.2.).
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Pucynox 4.2 - nossrenue  aykmyupyroweiu — acummempuu 8

MENAHUIUPOBAHHOM PUCYHKE NOKPOBA KIONA-CON0AMUKA.

Nudopmanus, nonyyaemasi pu aHajause ypoBHsS (pOpMUPOBaHUS TPU3HAKOB
METOAOM (IYKTYUPYIOLIEH acUMMETPUU, OTPaKaeT YpPOBEHb CTAOMIBHOCTU
VH/IMBUAIYaJIbHOTO Pa3BUTHUS B LEJIOM. TakoM IOAXOJ NMPUMEHUTEIBHO K KIONY-
COJIIAaTHKY JOCTYIIEH B MCIOJIHEHWH W 3HAYUM B OTHOIUEHHWH MOJy4YECHUS
uHpOpMaIUH O CTAOUILHOCTHU CYIIECTBOBAHMSI aHATU3UPYEMBIX HOIMYJISALINMN.

[Ipy mporpeccMBHO BO3pACTAIOIIEM E€CTECTBEHHOM M aHTPOIIOT€HHOM
BO3JICHCTBHSIX HA pa3BUTUE 0COOEH B MOMYJISALMAX KIIONA-CONJAaTUKA HAOII01aeTcs
YBEJIIMYEHUE YHUCJIAa HACEKOMBIX C ACUMMETPUEH B MEJIAHU3UPOBAHHOM PUCYHKE

IOKpOBA.
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Iear padoThl: OCBOUTHL  METOAUKY  OIPENEIEHUS  aCUMMETPUU
OownaTtepalibHbIX ~ MOP(OJOTMYECKUX  MPU3HAKOB  KaK  crmocoda  OLEHKH
CTAOMJIBHOCTHU PA3BUTHSI.

O0beKTHI M CpeICTBA UCCIAEI0BAHUS

1)  KosnekioHHble 0COOM KJIOma COJJIaTHKa, COOpaHHbIE Ha Pa3HbBIX
TEPPUTOPUSIX.

2)  YBeIMUYHUTEIbHOE CTEKIIO

Xoxa padoTsI

1.Ilpoananm3upoBaTh MEIAHU3UPOBAHHBIM PHUCYHOK IOKPOBA KaXIOTO

HACEKOMOTO 110 HAJTMYUI0 aCHMMETPUYHOTO MpOsiBiIeHUs neMeHToB A, b, B u I’
U OMPENENUTh KOJIUUECTBO 0cobeit ¢ acumMmerpueit oguoro (A, b, B u I'), nByx
(A-b, A-B, A-T', b-B, b-I' u B-I'), tpex (A-b-B, A-B-I', A-b-I' u b-B-I') u
yeThipex (I1-A-B-D) sneMeHTOB MenaHM3UPOBAaHHOTO PUCYHKA IMOKPOBA KJIOTa-
COJIJATHKA.

2.BplUMCANTE CPEAHIOI YacTOTy BCTPEYAEMOCTH aCUMMETPUYHOIO
IPOSIBJIICHHUS] 3JIEMEHTOB MEJAHM3UPOBAHHOIO pPHUCYHKa IOKpOBa  KJOMa-

conaTuka mno Ghopmyre:

rae Xj - YUCII0 aCHMMETPUYHBIX MTPU3HAKOB B KaXI0H 0COOH, MOICTICHHOE
Ha YUCJIO UCTOJIb3yEMBbIX MPU3HAKOB (UETHIPE), N - YUCIIO 0COOEH B BEIOOPKE.
3.Marepuaibl aHaau3a MOMYJISIHN 0000IIUTE U 3aHECTH B OOIIYIO0 TAGJIHUILY

4.1.

Ta6auua 4.1. CpenHss yacToTa BCTPEYaEMOCTH MPU3HAKOB aCUMMETPUN

Ne monystiiuun | Mecrto c6opa | O6bem coopa ocobeit JA YJA+AYA
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4.1Tpoananu3npoBaTh Ka4e€CTBO BHEIIHEW Cpenbl. B ciydae ycraHoBneHuUs
3HaueHuss YA (cpemHed 4acTOThl AaCUMMETPUYHOIO MPOSIBICHUS SJIEMEHTOB
MEJIaHU3UPOBAHHOTO pPHUCYHKa TNIOKpoBa Kjoma-coiaaruka) wmenee 00,0500
U3y4aeMyl0 Cpelly OTHOCSAT K IEPBOMY KJIacCy KadecTBa - yCIOBHOM Hopme. B
cinydae ycranosieHusa YA ot 0,0501 go 0,1036 - ko BTopoMy KJIacCy KauecTBa
co crmabbiM aHTpomoreHHbIM Bo3aeicTBueM, oT 0,1037 mo 0,1572 - k TpeTbeMy
KJIacCy KayecTBa C CpPEIHHM aHTPOINOreHHbIM Bo3aeictBueM, ot 0,1573 nmo
0,2108 - k wuyeTBepTOMYy KJacCy KadyeCcTBa C CHJIbHBIM aHTPOIOTCHHBIM
Bo3neicTeueM, Oonee 0,2108 - k mATOMYy KJlacCy KayecTBa € KPUTHYECKUM
YPOBHEM aHTPOIIOTE€HHOTO BO3/ICMCTBUS.

5.Cnenath BBIBO/IBI O KAUECTBE CPEJIbl B pailoHax cOOpa HACEKOMBIX.

Bonpocwt ona camonpoegepku:
1. Onpeoenenue buounouxayuu
Onpeodenenue buomecmuposaHusl.
. Kaxoii mecm-o6vexm ucnoavzosanu 6 1abopamopuou pabome?

Tecm—peam;uu OJ151 HHCUBOMHDBIX.

2
3
4
5. Kakoti nooxoo k buomecmuposanuro ucnonib308aiu?
6. Tpebosanus K OUOUHOUKAMOPAM-IHCUBOMHBIM.

7. Ipunyun mopghonocuueckoco nooxooa Kk 6UOMeCmupoB8anuio.

8. Illpunyun gusuonocuueckoeo nooxooa Kk bUOMeECMUPOBAHUIO.

9. Ilpunyun buoxumuzecko2o nooxooa Kk OUOMeCmupo8aHuro.
10.71lepeuucnume 6udvl HCUBOMHBIX, UCHONILIYEMBIX Ol OUOUHOUKAYUU 8

cmpanax CHI'.
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JlabopaTopHas paGota Ned IlapameTpbl pocTa MUKPOOPTaHM3MOB

KaK TecT-QYHKIMS B METOIaX OMOTEeCTUPOBAHUS

Kynbrypa xierok mnpeacraBisieT coOOW MOMJISIIUI0O TEHOTUIIHYECKU
OJHOTHUIIHBIX KJIETOK, KOTOpbIe (YHKIMOHUPYIOT | Jenarcs in vitro. Poct
KJICTOYHBIX KYyJbTYp IN VItrO uMeeT CIOXHBIA Xapakrep. B 1iemom MOKHO
BBIJICIUTH cleaytonue (hasbl:

1)  Unoyxyuomnnouii nepuoo (nac-¢paza). B Teuenum nar-¢asbl  He
MIPOUCXOJNUT CKOJIBKO-HUOYbh 3aMETHOTO YBEJIWYEHUS 4YHCIIa KJISTOK WA
oOpa3zoBaHus NpoAykToB. JlaHHas (a3za oObIYHO HaOIIO/IaeTCs MOCIE IepeceBa
KJIETOUYHOM KYJbTYphl. B Hell MpouCXOauT ajanTtaius MUKPOOHBIX KJIETOK K HOBOU
KyJbTYypaJbHOU Ccpelie, IepecTpanBaeTCs METaboI3M MUKPOOHON KIIETKH.

2)  Daza IKCNOHEHYUANbHO2O pocmd. XapaKTepU3yeTcs OBICTPHIM
HAKOIUJICHUEM OMOMAcChl U MPOAYKTOB >KM3HEACATENBHOCTU KIETOYHBIX KYJIBTYP.
B nanno# (aze yacTo BCTpEUarOTCs MUTO3BI IO CPABHEHUIO C OCTAIBHBIMU (hazaMu
poTa KJIETOYHOU KYJIbTYPBHI.

3) B 3amkHyTOH KynbType (ha3a 3KCIHOHECHIHAIBHOIO POCTa HE MOMKET
npoJIoJDKaThess OeckoHedHo goniro. OHa TepexoauT a3y JuHeluHo pocma,
XapaKTepU3yIOIIYIOCs YMEHBIIICHUEM YHClia MUTO30B. B 3T0il (haze nHabmomaercs
JMHEHHOE YBEIMYCHHE YHCIa MHUKPOOHBIX KJIETOK B 3aBHCHMOCTH OT BpPEMEHHU
KYJIbTUBUPOBAHUS.

4) Daza 3amedneHHoco pocma (nepexoonas ¢aza). B dTOM (aze
YMEHBIIAETCS POCT KIETOYHON KYJIbTYPHI 32 CUET YMEHBIIICHUS YHCIIa MUTO30B.

5)  Cmayuonapnas ¢aza. Habmogaercs Beien 3a (a3oi 3aMeljICHHS
pocTa, TIPU ATOM YHUCJIO KIETOK MPAKTUYCCKH HE MeHseTcs. B aroit dase wnm
MPOUCXOJUT TPEKPAIICHHE MUTOTHYECKOTO JENICHUS KIETOK, WU JKE€ YHCIIO
JEJSIIUXCS KIIETOK PaBHO YKCTY YMHUPAIOIIUX KJIETOK.

6) Dasza ommupanus Kyaremypsl. llepuon B pa3BUTHHM KyJIbTYPBI, KOTJa
BBIPOCIIME KIJICTKH, HCYCPIABIINE MUTATEIbHBIC BEIICCTBA CPEIbl, OTMUPAIOT H

ABTOJIN3UPYIOTCSA
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Uncno KneTok

Bpems

Pucynox 5.1. Tunuuynas xunemuueckas Kpueas pocma KiemoYyHOL
KYIbmypol

[TocnenoBarensubie mepexonabl oT ¢da3el 1 Kk ¢daze S5 HaOmOmaOTCA B
3HAYUTEIFHOM CTETeHU 3a CUYET MCTOIICHUS CyOCTpaTOB, HEOOXOAMMBIX AJISl pOCTa
MOMYJISIIAA  KJICTOK, WJIM K€ 3a CUeT HAKOIUICHHS TOKCHYHBIX MPOIAYKTOB HX
KHU3HEACSITETbHOCTH.

MeToabl n3MepeHHnsi CKOPOCTH POCTA MUKPOOPTraHU3MOB.

1) IpsiMo¥i TTO/ICYET YKCIIa KIETOK C TIOMOIIBIO MHKPOCKOMA. DTOT METOJT HE
MO3BOJISIET OTIUYHTH JKUBBIC KIIETKH OT MEPTBBIX.

2) MWsmepenune moTpebieHUsT cyOcTpaTa WM CKOPOCTH OOpa3OBaHUS
MPOYKTa.

3) Usmepenne KOE (kononuiioOpasyromux eauHun). Meton mnojacyera
KOJIOHUH — METOJ| ONpENEICHHUS KOJIMYECTBA JKU3HECIIOCOOHBIX KJIETOK,
00pa3yIKX HA MIIOTHOW Cpe/ie BUTUMBIEC KOJIOHHUH.

4) Usmepenme cBetopaccesHus (HedeIoMeTpus) WIM  MYTHOCTH
(TypOunumerpus).

Typououmempus

Pasmep OakTepwanbHBIX W JPOXIKEBBIX KJIETOK OTHOCHUTCS K TOMY JKe

MOPSJIKY, YTO M JJTMHBI BOJIH BHJMMOTO CBETA, MO3TOMY OAaKTEPHH pPacCEUBAIOT

CBCT, TO €CTb MMCKOT MYTHOCTbD. 3Ty BCIIMYUHY MOXHO HU3MCPUTHL C IIOMOIIbBIO
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dorometpa. CBeropaccesHue mnomuuHsieTcss ypaBHeHuio byrepa — JlamOepra —

bepa:
A= IgJ—_0 =exIxC
J
rie Jo — WHTCHCHUBHOCTh IMAJAIOMIEro CBeTa, J — WMHTCHCHBHOCTH
HPOILEANIETO CBeTa, € — KOAIPQHUIMEHT MOJSPHOIO Mpomnyckanus, | — mmpuna

KtoBeThl, C — MOJISIpHASI KOHIICHTPALIUSL.

KoHnieHTpamus 1TuHEHO 3aBUCUT OT KOJIMYECTBA KIIETOK MUKPOOPTaHNU3MOB.
OOBIYHO TIPU U3MEPEHUU ONTHUYECKON IJIOTHOCTH BBIOUPAIOT JJWHBI BOJH B
muanazoHe A=500-660 HM. ONTHYECKYIO IJIOTHOCTh H3MEPSIOT OTHOCUTEIBHO
KIOBETBI C YUCTOM cpeaoi (mnm Bojoi). CBeTopaccessHUE XapaKTEepU3yeTCs HE
TOJIBKO KOJIMYECTBOM YACTHUII, HO ¥ UX pazMepaMu u hopmMamu.

Heghenomempus

MeTox OCHOBaH Ha HM3MepeHHMH cBeropaccesHust mox yriaom B 90° k
najallieMy MydKy CBeTa. DTO BBICOKOUYBCTBUTEIIbHBIM METOJ, HO OH MOXKET
JaBaTh OMMOOYHBIC PE3YJIBTATHI, €CIIH B CPEJIE €CTh MPUMECH B BUIC YACTHII.

ITapameTpbl KyJIbTHBHPOBAHUS

1) KonuyecTtBOo OMOMACCHI, IOCTUTHYTOE B CTallMOHAPHOU (pa3e, HA3bIBAIOT
BBIXOJIOM WJIU ypooicaem. DTy BEJIUUYUHY BBIPAXKAIOT B TpaMMax CyXOro BEIECTBa.
[Tong ypokaeM TOHMMAIOT pa3HOCTb MEXKAY MAaKCUMaJbHOM W MCXOJHOU
OHOMacCOoM:

X=X e = X, 1)

2) Bbixo0 6uomaccel pacCUMTHIBAIOT KaK OTHOIIECHHE MAacChl MPOAYKTa K
00BEMY Cpenbl:

X=m/V, (2)
rae X — BBIX0J OMoMaccsol, 1/1 ;

M — Macca roTOBOTO MPOAYKTa, T

V — 00BEM cpefibl KyJIbTUBUPOBAHUS, JT

3) Ilpooykmuenocms 1O OHOMAcce pPACCUYUTHIBAIOT KaK OTHOIICHHUE

KOHCUHOU KOHICHTPpAalu1 OromMacchl KO BPCMCHH KYJIbTUBHPOBAHUS:
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Qx = XA, (3)

rae Qy — MPOAYKTUBHOCTH 1O Ouomacce, r/(J1 1)

t — Bpems KyJIbTHBUPOBAHMUS, U

4) Voemvnasa cxopocms pocma (W, ¢ ), Mepa CKOPOCTH POCTa KIETOK B
OKCIIOHCHIIMAIBHOU (a3e, m3MepsiemMas B eOUHHUIAX, OOpaTHBIX BPEMCHH. L
3aBUCHUT OT TeMIIepaTypsl, PH u comepikanus comei.

InXx = InXx, + s, (4)

rae Xo— Omomacca B Ha4aJIbHBIM MOMEHT BpeMenu t=0.

I'paduk 3aBucumocTH IN(X) oT BpeMeHH OyIeT MMETh BUJ NMPAMOU JTUHHUH C
HAKIJIOHOM L.

5) Bpems yoeoenuss duomaccet — TEPHOJ, HEOOXOMMMBIN IJIs yIBOCHUS
YHUCJIa KJIETOK B AKCIIOHCHIMAIBHO PACTYIIEH MOMyJSIUU. 3aBUCUMOCTh MEXIY

YACIBHON CKOPOCTHIO pocTa W BpemeHeM ynaBoeHus (t,) Ouomaccel HaxoauTcs,
UCXOJS U3 CIENYIOIUX AomyeHnii: X = 2X

In2 0,693
/A

t, ©)

Heap padoThl: ONpenenuTh NapaMeTPhl pPOCTa MHKPOOPTaHH3MOB U
W3YYUTh BIIMSHUEC HMOHOB TSDKEIBIX METAUIOB Ha BBIXOA W TPOIYKTUBHOCTH
OroMacchbl MUKPOOPTaHU3MOB.

O0beKTHI M CpeICTBA HCCICA0OBAHUSA

1)  T'mrokosa

2)  IlenTon

3)  JpoxiKeBOI IKCTPAKT

4)  Koubsr Dpnenmeitepa oobemom 750 cm®

5)  Couau TSOKEITBIX METAJIJIOB

6)  Ywucras kynabTypa apoxokeit Debaryomyces hansenii

7) ®orometp Dkenept — 001 (DxoHukc-Okcnept, Mocksa).

Xoxa padoTsl
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1)  TlomroroButs mnHTaTeNbHYIO cpeay Ha 1 konOy. CocraB cpensl:
rmoko3a — 10 r/m; menTtoH — 5 r/m; apoxokeBod dkcrpakt — 0,5 1/,
JUCTUJUIMPOBaHHAs Bojaa 250mit

2)  IlpuroroButrh 2 KOJOBI CO CTaHAAPTHON cpemor U 6 Koiub ¢

nob6aBieHueM cojiel Tshkenbix MeTauioB (rpesbimarommx [TJIK B 100 pa3)

HOHBI Cu® |cd** |Pb* NiZ* zn* |cr® [Mn* |Co*

ITAK*, mr/n |0,001 {0,005 |0,006 0,01 0,01 0,02 |01 0,1

*TIJIK B ppI00X035CTBEHHBIX BOJIOEMAX

3) [IpousBecTn 3aceB 4YUCTOW KyJIbTyphbl Apoxkend. Kaxasie 2 yaca
HEOOXOJIMMO TPOBOAUTH OTOOP MpPOO KyJIbTypalbHOU xKujakoctu (3 wmi) B
CTEPUIBHBIX YCIOBHUSIX W M3MEPATh ONTHUYECKYIO IUJIOTHOCTH (MYTHOCThH) MpH
quHe BoTHBI A = 590 HM Ha doTtomerpTe DkcnepT — 001 (DxoHuMKC-DKCnepT,
Mocksa).

4)  TlocTpouTh TOJHYIO KpUBYIO pocta B mporpamme Sigma Plot (B
KOOpJIMHATaX ONTUYECKas TUIOTHOCTH - BpeMs (4)) U 00padoTaTh CUTMOUAAIBHBIM
ypaBHEHUEM. BpiienuTh Ha KpUBOM pocTta Bee (pa3bl pocTa.

5)  IlocTpouTh JIMHEHHBIH y4acTOK (IKCIOHEHI[MAIbHAS +HIuHEHHas (a3a)
pocta B KOOpAMHATAX HATYypaJbHBIA jorapudm ontuueckoi ruioTHoctd (INA) —
BpeMs (c). Paccuutarh MO TaHre€HCY yria HakKJIOHA YAEIbHYI0 CKOPOCTh pOCTa
(bopmyna 4). Paccuurtath Bpems yaBoeHus 6momaccol (hopmyina 5).

6) Ilocme 48 wyacoB KyJbTUBUPOBAHHS Ipou3BecTH o0TOOp 40 M
KyJIbTYpaJIbHOW >KUIKOCTH W MeTonoM IeHTpudyrupoBanus (wacrora 10000
000poToB, BpeMst 10 MUHYT) OTAENUTh OMOMAcCy OT KyJbTYpPajJbHOM >KUIKOCTH.
[IpousBectn pacuer BbIxOga Ouomaccel (popmyna 2) U HPOIYKTUBHOCTU
(popmyna 3). Cnenath BBIBOJA O BIUSHHUE HOHOB TSKEJBIX METAJIOB HA BBIXO/I
OroMacchl U MPOAYKTUBHOCTb.

7)  Hamucartp oOrumii BBIBO 11O padoTe.

[Ipunoxxenue k naboparopHoi padore NoS.

Kpussie pocra apoxokerr Debaryomyces hansenii
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3,0

25 1

20 r

15

Onruueckast INIOTHOCTD

" % e »

D. hansenii BKM Y-111
D. hansenii BKM Y-1585

10 L D. hansenii BKM Y-1050
D. hansenii BKM Y-2482
0,5 f
0,0 ' ' ' '
0 10 20 30 40 50 60
Bpems Ky IbTHBHPOBAHHS, 9achl
[TapameTpsl Bapuanr 1 Bapuanr 2 Bapuant 3 Bapuanrt 4
D. hansenii BKM | D. hansenii D. hansenii D. hansenii
Y-111 BKMY-1585 | BKM Y-1050 | BKM Y-2482
Bpewms, 4 Onrtnueckas MI0THOCTh
2 0,005 0,008 0,007 0,0150
4 0,0170 0,0160 0,008 0,0135
6 0,0240 0,0220 0,0260 0,0120
8 0,023 0,0120 0,0220
10 0,041 0,0550 0,0330
12 0,0570 0,1110 0,0140 0,0455
15 0,1810 0,2740 0,0280 0,0695
16 0,2530 0,4090 0,0730
18 0,4680 0,7800 0,0720 0,2250
20 0,8000 1,2010 0,0870 0,4600
24 1,0490 1,8630 0,4640 1,0045
27 1,4680 2,1171 1,2265
28 1,6540 2,2280 1,1200 1,4145
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30 1,8590 2,3010 1,5340 1,6725
32 1,9950 2,3160 1,8030 1,7180
38 2,3320 2,4050 2,3020 2,1260
40 2,3150 2,4230 2,3270 2,1290
44 2,3270 2,4170 2,3670 2,1200
50 2,3800 2,4090 2,4090 2,2715
52 2,3510 2,4090 2,4230 2,3165
56 2,3600 2,4380 2,4340 2,3980

Bonpocul ons camonposepku.:
1. Onpeodenenue buounouxayuu
Onpeodenenue buomecmuposaHusl.
Kaxoii mecm-o6wexm ucnonvzoganu 6 nabopamopHotl pabome?
Tecm-peakyuu 015 MUKPOOP2AHUZMOS.
Kaxoii nooxoo k buomecmupogaruio ucnonb306aiu?
Tpebosanus k OUOUHOUKAMOPAM.
Ipunyun mopgonozuueckoco nooxoda Kk 6UOMeCMUPOBAHUIO.

Ipunyun ¢uzuonoeunweckoco nooxoda K 6ULOMeECMUPOBAHUIO.
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Ipunyun buoxumuyecko2o nooxooda Kk OUOmMeCmupo8aHuro.
10.Kakue 6uounouxamopwl ayuuie UCnOIb308amd 0Jis1 OUOMOHUMOPUHEA

3aepsA3HeHUst BOOHOU cpedbl?
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JlaGopaTopHnasi padora Ne6 buorecrupoBaHus 3arpsi3HeHNsI BO/bI C

IMNOMOIIIbX0 MUKPOOPraHnu3mMoB

JleCcTBME TOKCHYECKUX BEIIECTB, OKA3bIBAKOIIUX BPEIHOE BO3JIEUCTBHUE
HA OPTaHU3MBI, TI0 MEpEe WX BIMSHHUS Ha YKOCHUCTEMBI MOXXHO pa3IeiauTh Ha (a3bl
OCTpON M XPOHMYECKOW TOKCHYHOCTU. JlJig ompeneneHusi oCTpOd TOKCHYHOCTH
CIIy’KaT SKCIPECC-METOAbI IPOAOKUTETHHOCTHIO B HECKOIBKO THEH (OJMH - TPH U
Oosee); a JuIsl ONpeAeNCeHUs XPOHUYECKOW TOKCHYHOCTU - TMPOJODKHTEIIbHBIC
onbITH (Mecsl u 6oJee).

B »skcmepuMmeHTax MO OMpEAENEHUI0 OCTPOTO0 TOKCHYECKOTO JEHCTBUS
YCTaHABJIMBAIOT: CPEAHIO JICTATHHYIO KOHIICHTPAIMIO OTIEIBHBIX BEIIECTB
(KkpaTHOCTh pa30aBiieHHs] BOJ, COJEPKAIMUX CMECH BEIECTB), BBI3BIBAIOIIYIO
rubens 50% u OGosee TecT-opraHu3MoB; 0€3BpeaHYI0 (HE BbI3bIBaOIIYIO d(hdexTa
OCTpOM TOKCUYHOCTH) KOHIIEHTPALIMIO OTACNBbHBIX BeHIECTB (KPaTHOCTh
pa3z0aByieHUsI BOJI, COJIEPKAIIMX CMECH BEIIECTB), BHI3BIBAIOIILYIO THOEbL HE OoJiee
10 % TecT-opranusmos.

XpOHMYECKOE  TOKCHUYECKOE  JCHCTBUE  MCCIEAyeMOM  BOABI  HA
MUKPOOPTaHU3MBI OIIEHUBAIOT 1O OMOMacce KyJIbTYyphl 3a MEPHOJ 0 24 CYTOK B
UCCIIelyeMOll BOJIE€ IO CpaBHEHUIO C KOHTpoJieM. Kputepuem XpoHHUYECKOH
TOKCUYHOCTH CITYy>)KUT CHUKeHue Omomacchl Ha 20 % u OoJjiee MO0 CPaBHEHHIO C
KOHTPOJIEM.

[IpeaBaputenbHas MOATOTOBKa K OTOOpY MpoOd W BBINOJHEHUIO
OMOTECTUPOBAHMS BKJIIOYACT TMOATOTOBKY TMOCYAbl, MPOOOOTOOPHUKOB, MECT
XpaHEeHHs OTOOpaHHBIX Mpo0, a TakkKe MOATOTOBKY pabodero mecra s
00pa0OTKM JOCTAaBJIEHHBIX B JIa0opaToOpui0 MpoO U HCCIEAOBaHUS HX Ha
TOKCUYHOCTh. Bce mpomemypsl MpeaBapuUTEIBHON  MOATOTOBKUA  JTOJDKHBI
UCKJTIOUUTD MONaJaHNe TOKCUYHbBIX, OPraHUYECKUX U KaKUX-TMOO IPYTUX BEIIECTB
B UCCIIEZIyEMYIO BOAY.

KynpTuBanmonHnas BoJa HCHONB3YeTCA Ui pa3BEACHUS MaTOYHOM
KyJbTYpBI, B KAUECTBE KOHTPOJIHHOU C I00aBIEHUEM MHUTATEIHHOTO PAcTBOPA AJIS
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OuoTtecTUpoBaHusA, [Jsi pazOaBieHUs HCCleayeMblx BoJ. [ MOAroToBKU
KyJIbTUBALIMOHHOM BOJBI MUTHEBYIO BOJYy OTCTaMBalOT B TeueHue 3 — 7 cyT (A0
MOJIHOTO JEXJIOPUPOBaHUs) B OyThUIM U3 OeclBeTHOro ctekia. [lpu orcyrcTBUmM
MUTHEBON BOJABI YJIOBJIETBOPUTEIBHOIO KAYECTBA JIOMYCKAETCS HCIIOJIb30BaHUE
MOBEPXHOCTHOW MPECHOW WJIM TPYHTOBOW BOJIbI, OTOOPAHHOW BHE 30HBI BIMSHUS
WCTOYHUKOB 3arps3HEHUss U MpoUILTPOBAHHONW Yepe3 (PMIbTp C pasMepoM Top
3,5 MKM.

B kynbTHBallMOHHOW BOAE JOKHBI OTCYTCTBOBaTh OpPraHUYECKHUE
3arps3HAIONINE BEIIECTBA, XJIOP, TOKCMYECKHUE BEIIECTBA U AHTArOHUCTHUYECKHUE
TUTSI pSICKH OpraHUu3Mbl (cuHe3esneHbie BOJIOPOCIIH, npocrenmue,
MHOTOKJeTouHble); pH nmomken ObviTh B mpeaenax 4,5—7,0, temmeparypa
(20£5)°C.

Heas paGoThl: OLIEHUTH BIUSHHE MOHOB TSKEJIBIX METALIOB HAa MPUPOCT
OMOMAaCCHhI KyJIbTYPbI APOKKEH.

OO0BeKTHI U CPeCTBA MCCJIET0BAHUS

1) I'mroxo3a

2) IlenroH

3) Jposk:KeBOit IKCTpaKT

4) TpuntoH

5) NaCl

6) IIpoOupkwu, MmapieBbie MPOOKH.

7) Comu TSOKENBIX METAILIIOB

8) Uwmcras xynprypa apoxokeir Debaryomyces hansenii BKM Y-2482,

Paracoccus yeei

9) Lenrpudyra.

Xoa padoThI:

1. B TectupoBaHMe HCHOJB3YIOT 3-AHEBHBIA LUK  Pa3BUTHUS

MUKPOOPTaHU3MOB.
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2. TIpUrOTOBUTB PACTBOP IS Ky/IbTUBHPOBAHIS 00BbeM pacTBopa 1 am°
CocraB cpeapl: Ti0K03a — 10 1/11; enToH — 5 1/11; ApoAOKEBOM
akcTpakT — 0,5 1/1,. Paznute B 13 npoOupok mno 15 mi.

3. IlpuroroButrh mo 100 My pacTBOPOB COJICH TSDKENBIX METAJIOB C
KOHIIEHTpAaIMel aHAIM3UPYEeMOro noHa 1 Mr/mit.

4. PaccuuTtarh MO 3aKOHY SKBHUBAJIEHTOB 00BEM PacTBOpPA, BHOCUMOTO B
pacTBOp IS KyJIbTUBUpPOBaHUS (00beM pactBopa 15 wimm 30 M) st
MOJIyYeHHUsI yKa3aHHbIX B Tabaume 6.1 KOHIEHTpalMil HMOHOB,
npesbimarommx [IJIK B 100 pas.

[IpuroToBUTH MPOOMPKU CO CTAHAAPTHOW Cpelod ¢ J00aBiIEHUEM COJIeh
TSDKEJIBIX METAJIOB (110 TPU MPOOUPKU Ha KaXKIbIA METasL).

Tadoaunua 6.1 Benuuuna [1/IK 111 HEKOTOPBIX MOHOB TSAAKEIBIX METAIIJIOB

Honsl ITJIK*, mr/n
cu® 0,001
cd* 0,005
Pb** 0,006
Ni®* 0,01
Zn* 0,01
cr® 0,02
Mn? 0,1
Co* 0,1

*TJIK B ppIO0X03SMCTBEHHBIX BOJOEMAX
5. IlpuroroBUTh KOHTPOJIBHBIA pacTBOp, HE COJAEpXK AU HOHOB
TSDKENBIX MeTAIUTOB (00BeM pactBopa 15 mmm 30 mur).
6. [lomyuyeHHble MPOOUPKH 3aKPBITH MapJIeBbIMU MTPOOKAMH U
IPOCTEPUIIN30BATh.
/. B cTepuibHBIX YCIOBHSX 3acCe€siTh KYJIbTYPY APONKKEBBIX KIETOK U

OCTaBUTH MPH ITIOCTOSHHOM IIEPEMEIIMBAHUM Ha 48 4.
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8.

UYepes 48 4 oTreHTpUGYyTHpOBaTh MOJYICHHYIO OMOMACCy U OIICHUTH
CTENEHb MPUPOCTA WIH YOBUIH OMOMAcChl OTHOCUTENILHO KOHTPOJIS B
Kaxoi npodupke. [IpencraBuTh AaHHBIE C YYETOM JOBEPUTEIBHBIX
VHTEPBAJIOB.

Crenatp BBIBOJ O BJIMSHUM MOHOB TSKEJIBIX METAUIOB Ha MPUPOCT

OromMacchl APOIKIKCBBIX KIICTOK.

Bonpocwr 0na camonpogepku:

1.
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Onpedenenue OuOUHOUKAYUU

Onpeodenenue buomecmuposaHusl.

Kaxoii mecm-o6wexm ucnonvzosanu 6 nabopamopHotl pabome?
Tecm-peakyuu 015 MUKPOOP2AHUZMOS.

Kaxoii nooxoo k buomecmupogaruio ucnonb306aiu?
Tpebosanus k OUOUHOUKAMOPAM.

Lpunyun mopghonocuueckoco nooxooa Kk 6UOMeCMUpoOBaHUIO.
THpunyun guzuonocuueckozco nooxooa Kk 6GUOMECMUPOBAHUIO.

Tpunyun buoxumurecko2o nooxooda Kk OUOMeCmupo8aHuro.

10.Kaxue 6uounouxamopul nyuuie UCnoib308ams 0Jisk OUOMOHUMOPUHSA

3a2psA3HeHUs 600HOU cpedbl?
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JlaGopaTopnasi padora Ne7 buoguarHocTuka mo4s mno

(pepMEHTATUBHOM AKTUBHOCTH

[TouBa - 3TO €IMHCTBEHHBIM KOMIIOHEHT JIaHAIadTa, KOTOPbIA BOZHUKAET B
pe3yJibTaTe B3aUMOJICUCTBUS BCEX JPYTUX €ro KOMIIOHEHTOB: TOPHBIX MOPOJ,
KJIUMaTa, MPUPOIAHBIX BOJl, PACTUTEIBHOCTH, MUKPOOPTAaHU3MOB M >KMBOTHBIX.
SBssSICH OCHOBHOM JACTIOHUPYIONIEH Cpesloi, TOUBBI CAMU MOTYT PacCMaTPUBATHCA
KaK HWHTETPajJbHbId HHAMKATOP 3arpsi3HEHUS MOPUPOJHO-TEPPUTOPUATHLHOTO
KOMILUIEKCA. 3arpsi3HCHHbIE TMOYBBI  SIBJISIIOTCS MCTOYHUKAMU  BTOPUYHOIO
3arpsi3HEHUs] MPU3EMHOTO CJIO0sI BO3]lyXa, MOBEPXHOCTHBIX U TPYHTOBBIX BOJ;, U3
MOYB pACTCHHUS TMOTJOIIAIOT MUHEpPaJIbHbIE BEIIECTBA, BOBIEKas HX B
Oouonornyeckuid KpyroBopot. Takum oOpa3oM, MOYBEHHBIH MOKPOB OMpEIEseT
MUTPAIMI0 XUMHYECKUX JJIEMEHTOB MO 1€MW MUTAHUS, MMOATOMY HM3y4YCHHUE €ro
COCTOSIHUSI TIPECTABIISIET COOOM CYIIECTBEHHYIO YacTh PabOT MO OICHKE BIUSHUS
aHTPOMOTEHHBIX (HaKTOPOB Ha MPUPOJHYIO cpeny. OCHOBHBIE XapaKTEPUCTHUKH
MOYB, KOTOpbIE SBIAIOTCA OOBEKTOM OWOMHAMKAIIMU, — KHUCJIOTHOCTb,
MEXaHUYECKUM COCTAB, BIAXKHOCTh, COJIEP)KaHUE MUTATEIbHBIX BEIIECTB.

[lo creneHun HaKOIJIEHUS HEKOTOPHIX TOKCHYHBIX BEIIECTB B PACTEHUAX
(aKKyMyJISITUBHAST OMOMHAMKAIIMA) CYAST O CTETECHH 3arps3HEHUs MMM TOYBHI.
[TpuHIIMn MeTOa — ONpeieJIeHUE aKTUBHOCTH TTOYBEHHBIX (PEPMEHTOB — OCHOBaH
Ha ydeTe KOJUYeCcTBa mepepabOTaHHOTO B MPOLIECCE Peakiuu cyocTpara Wid
o0pa3yromerocsi MpoAyKTa peakiid B ONTUMAJbHBIX YCJIOBHUSIX TEMIIEPATYPhl U
pH cpenpl. Omnpenensitor katajgady (KaTaqu3UpyeT pas3liokKEHUE NEpOKCHIA
BOJIOPOJIa), OOpa30BaHHYID B pe3ysbTaTe OMOXMMHUYECCKHX DPEAKIUH OKHCICHHUS
BEIIECTB MOJIEKYJIaMH KUCJIOPO/Ia; AeTHAPOreHasbl (rpynmna ¢epMeHTOB U3 Kiacca
OKCUJIOPENYKTa3,  KaTaJu3UpYyIOUMX  MEpPeHOC  NPOTOHOB);  HMHBEPTa3y
(TMaPONU3YET TIMKO3UIHYIO CBSI3b B caxapo3e M JAPYTHX caxapax ¢ 00pa3oBaHUEM
(GPYKTO3BI U TITIOKO3BI); ypeasy (KaTalu3upyeT peakluio THIPOIIM3a MOUYEBHHBI J10

aMMHaKa U yIJIEKUCIIOro ras3a).
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Heas padoThl: ompeneneHne OMOIOTHYECKONW AaKTUBHOCTH IIOYB HA pPa3HOM
yAaJleHUd OT JOpOord (Ha MpUMeEpe ONpelesieHUsT MHBEPTa3HOM M KaTalla3HOU
aKTUBHOCTH).
MarepuaJibl 1 000pya0BaHHeE!
1. DOTOKOJIIOPUMETD;
5%-#1 pacTBOp caxapo3bl;
Anerarusiii 0ydep (pH 4,7);
Tonyoumn;
MepHbie KOJIOBI pa3InyHOro o0bema
['uapokcun kanus,
PactBop ®ennuHra;

Cucrema 11t ra30METPUU;

© ©o N o O B~ WD

10%-i1 pactBop H,05;
CaCO3.

[HEN
©

Xoxa paéoTbl
Onpeoenenue uneepmazHoil AKMUGHOCMU

[TpuroroBnenue pacteopa Pemnnnra (pactBop a u 6 1:1): Pactreopa —40r
CuSO4-5H,0 pactBopsroT B BOAE M JOBOJAT 00beM 110 1 1 B MepHOU Koiide,
buabTpyroT uepe3 OyMaxkHblil (uibTp, pactBop 0 — 200 r cerHeToBOW COJU
(C4H4O¢KNa-4H,0) pacTBOpsIOT B AMCTUUIMPOBAHHOM Boje, mpubanisioT 150 r
KOH u noBoasT o0bem 110 1 11 B MepHOIi koJ10€.

B npo6upku Bmectumocthio 30 MJI MOMECTUTh MO 5 TI' KaXI0ro obpasia
no4Bkl, 700aBuTh o 10 mi1 5%-ro pacTBopa caxapossl, 10 mi anieratHoro Oydepa
(pH 4,7) 1 5 — 6 kanenp Tomyouna. [IpoOupku 3aKpbITh MPOOKaMH, BCTPSIXHYTH,
noMecTuTth B TepMocrar npu temneparype 30 °C Ha 24 4 M nepuoaAnYECKHU
BCTpsixuBaTh uX. [locne mHKyOanmuu copepxumMoe MPOOUPOK OTHUILTPOBATH B
MepHble KoObl Ha 25 mi. [loBectu no metku. U3 ¢unpTpatoB B3sATh MO 6 MII B
OombIKe TMPOOUPKU, T00ABUTH MO 3 MJI pacTBOpa CETHETOBOM cOMd M 3 M
pacTBOpa CEPHOKHUCION MeIH, XOPOLIO NIEpeMeNIaTh U KUMSTUTh Ha BOASHOM OaHe

10 mun. ITomydaeTcss KpacHBIA OCaIOK.
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[Ipobupku ¢ pacTBOpOM OXJIAIUTh B BOJIE, COJIEPKUMOE OTHUILTPOBATH B
oonpiie mpoOupku. [lpo3paunbiii uinbTpaT KoOJopumerpupoBath Ha DIK,
UCIIOJIB3YS CBETOMUIBTP C JIMHOM BOJIHBI 630 HM, IIUpUHA KIOBETHI 1 CM.

Jist  monydeHus KaiuOpPOBOYHON KPUBOM NPUTOTOBUTH CTAHIAPTHBIN
pactBop: 6 Mr rioko3sl B 1 mil. PazBeneHueM NpUroTOBUTH CEPUIO PACTBOPOB.
DOTOKOJIOPUMETPUPOBATh U TOCTPOUTH KPUBYIO BKOOPAMHATAX: ONTHYECKas
IJIOTHOCTh — KOHUEHTpaUusl TIOKO3bl B 1 M. AKTHBHOCTh MHBEpTa3bl (X)
BBIpAXKAIOT B MUJUIMTPaMMax IJI0K03bI Ha 1 T mouBkI 3a 24 4 1o hopmyiie:

A2V

T My’
raie A— KOJMYECTBO TIJIIOKO3bl, MOJYYEHHOE IO KaauOpPOBOUHOW KPUBOM U3
ONTHYECKOM IUIOTHOCTH, MI/mi; M— HaBecka mouBbl (5 1); V — o0mmii 00beM
bunbTpara, 25 mi; U — 00beM QuIbTpaTa, B3ATOrO Ui aHainu3a, 6 mi. Omuoka
onpeaenenuss — 10 5 %. Ilo Tabamme 7.1 OUEHUTH CTENEHb HACBIIICHUA

UCCIIENYEMBIX II0YB HHBEPTA30M.

Tabauuna 7.1. [llkana qyis orieHKH CTeNeHrn 000TaleHHOCTH M0YB (pepMeHTaMuU

Crenenb 000ralieHHOCTH MOYB WNuBepraza, Mr riiroko3sl Ha 1 r3a 24 4
Ouenr OenHas <5

bennas 5-15

Cpenuss 15-50

Boraras 50-150

Ouenb Ooratas >150

[Ipurotornenue aneratHeix OydepHbix cmeceit. Jlna ob6iactu pH 3,6-5,6
(0,01 M).OcHoBuble pactBopbl: A — 0,2 M ykcycHas kuciota (11,55 mn ykcycHou
kucioTel B 11 Boabl); b — 0,2 M pactBop anerara natpus (16,4 r CgH3zO,Na unu
27,2 T CgH30,Na-3H,0 B 100 M Bojwl):X Mil pacTBopa A + y Mi pactBopa b u

paz6aBuTh BOJIOM 70 1 1.
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Tab6auuna 7.2. [IpurotoBnenue aneraTHbix Oy(hepHbIX cMeceit

X v pH | X v pH [ X v pH
46,3 | 3,7 36 (305 195 |44 |105 |395 |52
440 |6,0 38 |255 |245 |46 |88 412 |54
41,0 |90 40 [200 300 |48 |48 452 |56
36,8 132 |42 148 |352 |50
OnpeOeﬂeHue Kamaia3Hou aKkmueHocmu.
1. HOI[I‘OTOBKa CUCTCMBI JJI I'a30MCTPHUU K pa60Te:
[IpubGop cocToUT W3: UBMEPHUTEIBHOM OOpeTKH 2, COSAMHEHHOU

MIOCPEACTBOM PE3UHOBBIX TPYOOK C ypaBHUTEIBHBIM COCYJIOM 3 M pEaKIHOHHBIM

cocynom 1 (mpobupka uiu koj0a) (pucyHok 7.1).

Pucynok 7.1. Yemanoska onsa eazomempuiecko2o onpeoeieHus KamaiasHou

AKmMueHocCcmu 6 NO4Y6EHHbIX 06pa314ax

bropeTka mmeer nBa OTBOJA: OJMH OTBOJI COSIUHSET €€ C aTMoc(hepoi,

JPYrol - ¢ peakUOHHBIM COCYJIOM. PerynmpoBkKa OCYHIECTBISETCS KpaHOM 3.

broperka

u

YPaBHUTEIIbHBIN

cocy,
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JUCTAJUIMPOBAaHHOM BOAOW. lIpucoenunure mycToW pEakIMOHHBIA COCYX K
U3MepUTENbHOM yacTu npubdopa. CoeauHHUTE OHOPETKY C MOMOIIBIO KpaHa 4 ¢
OTBOJIOM M YCTAaHOBUTE C MOMOIIbIO YPABHUTEIBHOI'O COCYAa 3 YPOBEHb KUJIKOCTU
B OIOpeTKe 2 TOYHO Ha HyJeBOM oTMeTke. OTcoennHuTe OIOpeTKy OT aTMOChEpPHI U
UCHBITAalTE IPUOOP HA TEPMETUYHOCTb, JJIs1 YETO ONYCTUTE YPaBHUTEIbHBIN COCY T
Tak, 4TOObl YpOBEHb JKUIKOCTH B HEM OBLI HIXKE, YeM B OIOpeTKe. YKpemuTe
HEMNOJIBM)KHO YPABHUTENBHBIA COCYJl U €CIU B T€YEHUE 1-2 MUH ypOBEHb BOJBI B
OropeTke OyJIeT HEMOABUKEH, TO MOXKHO CUMTATh, YTO Npubdop repmeruyeH. [locne
IPOBEPKH MpUOOpa HAa TEPMETUYHOCTb BEPHUTE YPABHUTEIBHBI COCyl B
Ha4yaJIbHOE ITOJI0’KEHNE U IIPUCTYIIANTE K BBIIIOJIHEHHIO OCHOBHOI'O DKCIIEPUMEHTA.
3anumuTe B TaOIUIly TEMIIEpaTypy OKpyKaromel cpeabl u  aTMochepHoe
JABJICHUE B Hayajle W B KOHLE onbiTa. IIpu pacuerax HCHONB3yWHTE CpelHEe
3HAYCHHUE.

1. HaBecky mpocesHHOW 1mo4Bbel 1 T BHeCTH B mpoOupKy, no0aButh 0,5 T
CaCO3 1 cMOYHUTDH 4 MJI TUCTUITUPOBAHHOM BOJIBI.

2. B npobupky c¢ mouBod npunuth 1,7 ma 10%-ro pacTtBopa mnepexkucu
BOJIOpOa, OBICTPO MPUCOEAUHUTD K K0J0e (IpoOUpKe) CUCTEMBI JIJIsl Ta30MeTpUn
Y OTMETHUTH HAYaJIO OIBITA I10 CEKYHIOMEDY.

3. BzOanTeiBaTh CMECh B MPOOHMPKE CIEAYyEeT BO BCE BPEMS OIbITa, HE
Kacasich HEIMOCPEJCTBEHHO [HA MPOOMPKH pyKaMu. Bpraenstomuiicss KHCIOpoa
BBITECHSIET M3 OIOpPETKM BOJAY, YPOBEHb KOTOpoil oTMmevatoT. KommuecTBo
BBIICJIMBILIETOCS] MOJIEKYJIIPHOTO KHCIIOPOJA YYMTBIBAIOT IpU Temneparype 18—
20°C.

4. U3mepuTh ypoBEHb BOJbI B M3MEPUTENBHOW OIOpETKE Yepe3 5 MUHYT
1I0CJIE HaYyaJla OIbITA.

5. AKTHBHOCTh KAaTamassl BEIDAKAIOT B o0beMe (CM°) KHCIOPOXa,
BbIACNIMBIIErOCs Ha 1 T mouyBbl B MUHYTY. Ominoka onpenenenus 10 5%.

Vlcylcnopo,qa
5 )

Ta6auna 7.2. [llkana 15 olleHKU cTENEeHN 000TallleHHOCTH TOYB (PepMEHTaAMU

A=
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Crernenb 000rameHHOCTH ITOYB Karanaza, O, cm™/r 3a | Mun
Ouenn O6enHas <1
Bennas 1-3
Cpenuss 3-10
Bboraras 10-30
Ouennb Ooraras >30

6. AHJIOTHYHBIE MPOLEAYPHl MpojeiaTh CO BCEMHU OOpasllaMu IIOYB U

OIIEHUTH MO TadJauie 7.2 000ralEHHOCTh UCCIIETyEMbIX MOUB KaTala30M.

Bonpocwi 0na camonpoeepku:

1.
2
3
4.
3)

6
7.
8
9

Onpedenenue bOuOUHOUKAYUU
Onpedenenue buomecmuposanus.
Tecm-ghynkyuu 0o6vekmos buomecmupo8anu.

buoxumuueckuii nooxoo buomecmuposanusl.

. Hpum;un Memooa onpedeﬂenuﬂ aKmueHocmu NOY6EHHbIX

Gepmenmos.
Depmenmul, OMHOCAWUEC K KIACCY OKCUOOPEOYKmMA3.
Knaccugpurxayus pepmenmos.

Cneyugpuunocms gpepmenmos.

. Uneubuposanue ghepmenmamuenoii akmugHOCMU.

10. 3asucumocmu axkmuenocmu hepmenmog om memnepamypol u pH.
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JlaGopaTopHasi padora Ne§ OnpenesieHue pacCTBOPEHHOI 0
KHMCJIOPO/A C MOMOIIbI0 MOPTATUBHOI0 AHAJIM3ATOPA JIA

MOHHUTOPHUHIA 00BEKTOB OKPYKAKILEH cpeabl

Omnpenenenre cojiep:KaHUs PACTBOPEHHOTO KHUCIOPOJa SBIAETCS Ba)XXHOM
3ajaueii. YpOBEHb pacCTBOPSHHOTO KUCIOPO/Ia B MPUPOIHBIX BOJAAX YaCcTO MPSIMOU
MoKaszarelb MX KadecTBa. [lpu TMOHWKEHWH TeMIlepaTypbl pPacTBOPUMOCTH
KHUCIIOpOZla  yBeJlWyuBaerca. Tak, 3MMOWM KOHIIGHTpalus KHCIOpoJa B
€CTECTBEHHBIX BOAax BbICOKa (okoso 20 Mr/aM°, JIeToM Ke MOXeT ObITh 4-5
Mr/am°). PacTBOPEHHBIH KHCIOPOX HEOOXOMMM [UTsl [OICPIKAHNUS KH3HH BOLOCMA
— HE0OXO0IUM JIJ1s1 a9pOOHOT0 OKUCIICHUS.

Iear paGoTBI: HAYYUTHCS TPUMEHSATH COBPEMCHHBIC aHAIMTHUCCKHE
npUOOPHI JUIs pEeLICHUsI TPAKTUYECKUX 3a]1a4 B 00JACTH SKOJIOTHH.

OO0beKTHI U CPeACTBA UCCIEIOBAHNS:

1)  Amnamusartop “Dxcrnept-001”.

2) 2% pactBOp CyJb(uTa HaATPHS.

3)  JluctmiutmpoBaHHAs BOJA.

4) BomonpoBoaHas Boja.

5)  IIpoOsl peyHOU BOJIBI.

Xoxa padoTsl

Ananmuzarop “Oxcrepr-001” npennazHaueH s U3MEPEHHS KOHIIEHTpAIlUU
pactBoperHoro kuciopoaa (O;) B aHamm3upyeMbix mpobax. B Tabdaume 8.1

IMPUBCACHBI €I'0 OCHOBHBIC XaPaAKTCPUCTUKHU.
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Ta6auna 8.1.0cHOBHBIC XapaKTEPUCTUKH TPUOOPA:

llapamemp 3nauenue
(02} ot 0,00 o0 20,00 mr/ am®
Jlnana3zoH u3MepeHui
TEeMIIepaTypbl or 0 1040 °C
O, 0,01 mr/n
JMCKpETHOCTH
TeMnepaTypbl 0,1°C
[IpuBeneHHas nmorpemHocTh u3mMepenus O, +2,5%
AOCOII0THAS TOTPEUTHOCTh U3MEPEHUS TEMIIEPATyPHI. 0,5 °C

IMoaroroBka npudopa x paboTe BKIIOYACT CICAYIONINE ITAIIBI:

1) moakIIOUNTh AaT4YMKa K pazbemy “U3M”;

2) YCTaHOBHTH JJIEMEHTHI TUTAHUS (MPU TOMKIIOYCHHWH OJIOKa MUTAHUS
AJIEMEHTHI MUTAHUSI ABTOMATUYECKH OTKJIFOUAIOTCS);

3) mpoBecTH MOJIAPU3ALMIO JICKTPOAOB (IIPH TEPBOM HCIOJIL30BAHUHU
NOJIApU3ALIMs T0JKHA ObITh HE MEeHee 1 yaca).

BxuroueHnue ananuzaropa oCylIeCTBISIETCS HaxaTreM KHONkU “BKJI”.

I'pagyupoBKa aHAJIM3aTOPOB 110 KOHIEHTPAIIMH KHCJI0P0a

Kamu6posky marumka JIKTII-02 HeoOxonumo moBTOpSTH HE pexe 1 pasza B
mecsi. [loaroroButh cBOOOJHYIO OT KHCIOPOJa BOJIHYIO CpELy C TeMIlepaTypoi
(20 = 5) °C. Hyns 5TOTO TPHUTOTOBUTH pacTBOp cyibhura Hatpus (Na,SOj3) B
TUCTWUTMPOBAaHHOW Boje C  KoHueHTpamuwedt 80 1/m.  PactBop mocrne
MPUTOTOBJICHUST HEOOXOIMMO BhIZIEpKaTh HE MeHee 20 MUHYT.

[ToaKII0UUTH KUCIOPOIHBIN HaTYUK K pazbeMy “O,” unu « T/OQy»
U3MEpUTEIHLHOTO NpeoOpazoBaTessi. BKIOUNTh aHAIM3aTOp, BOUTH B PEXKUM
“lon.Pexxnm™ u HaxaTh kHONIKY “BBOJ”.

BBectn B mamsATh aHanmuzatopa 3HadeHUE aTMoc(epHoro napieHus. s
ATOTO0 ¢ TIOMOIIbID KHOMOK “<«d“ m “P* Boiigure B omnuuio “[JaBjieHue
MM.pPT.cT|”, HaxxmutTe kHOonKy “BBO/I”. Ha aucruiee mossBUTCS HAANUCh C KAKUM-
100 3HAUYCHUEM JIaBJICHUS, HAIIPUMED:

[AaBiaeHune Mm|

760.0
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Haxartp knonky “Uuea”. [losButcsa coobuienue “BBennte unciao”’. Beectu
3HauY€HHE aTMOC(EPHOro JaBJICHUS, U3MEPEHHOE 0ApOMETPOM M HaXKaTh KHOIKY
“BBOM”. Ilocae cooOmenust

BBoa uzmenenus?

JA - BBOJA HET - OTM

Haxatb nocnenosarenpbHo kHonku “BBOJ/” m “OTM”. Bbel BepHeTech B
pexum “om.Pexum”.

Knonkamu “<“ u “P“ poittu B onmuio “Kaaudp.0,” 1 HAKMUTE KHOIIKY.
[Ipu 3TOM Ha AucIIee MOSIBUTCS OKHO C TAOJUIIEH, CO 3HAYEHUSMHU TeMIepaTyp
pacTBOpoB (JIEBBIM CTOI0EI]), COMPOTUBICHUEM TEPMOJAATUNKA (CPEIHHM CTOIOEI)

Y 3HAYCHUSIMU TOKa (MPaBbIil cTOJIOEIT), HATPUMED:

T°C R Om | MKA
HYJIEBOH 0.0014
pacTBop

10.0 901 0,1024
33.0 1079 0,2451

[IpoBecTu rpagyupoBKy aHAIU3aTOpa MO HYJIEBOMY 3HAUYECHHUIO KHCIOPOAA.

[TomecTuTh AAaTUYMK KHUCIOPOJAa B MPUTOTOBJICHHBIM pacTBOp CyJbpuTa
HaTpus U BblaepxkuTe He MeHee 10 muH. KHonkamu “ < u “P>* BpiOpaTh nepBoi
CTPOKY TaOJIMIIBI C HAAMKUCHIO «HYJIEBOH p-p». HaxkaTs kHomnky “U3m”.

[locne ycTraHOBIEHUS TMOCTOSHHOTO 3HAYEHHUsS TOKa B TMPAaBOM CTOJOIE
HaxaTh KHOnKy “BBO/1”. [losiBuTCS cooO1IEHME:

BBoa usmenenus ?

JA - BBOA HET - OTM

Haxats xHonky “BBOJ/”. [lepBas Touka rpaayupoBku OyaeT 3aHECeHa B
namath UII.

BbiHyTh AaT4MK W3 pacTBOpa M THIATEIBHO MPOMBITH JUCTUWIIUPOBAHHOU
BoJioM. IlpoBecTu rpaayupoBky aHaiauzatopa mo 100%-HOMY HACBHIIIEHUIO BOJbBI
KHCJIOPOJIOM BO3JlyXa IMpH [JBYX TeMmIepaTrypax Juana3oHa TeMmrepaTypHOu

KOMITEHCALUH CIAEAYIOIIHUM 00pa3oM.

57



B emkocTh € AMCTWIUIMPOBAHHOW BOAOW IIOMECTUTH JaT4yuk. Bopy
TEPMOCTAaTUPOBATH C TOYHOCTBIO Moaepxkanusa temmeparypsl £ 0,1°C u HacCBITUTD
KHUCJIOPOJIOM BO3JyXa C MOMOIIbI0 MUKpokommpeccopa a0 100% HacellieHus He
MeHee 60 MUHYT.

YCTaHOBUTh B TEpPMOCTATE TEMIIEPATypy BOAbBI B Hadajle AMana3oOHa
TeMrneparypHord kommeHcauuu, Hamnpumep 10 °C. IlepeitTh kKO BTOpPOW TOYKE
rpaayupoBKH (ciemyromas cTpoka Tadnuiel). st aToro kHomkou “P>“ BbIOpaTh
BTOPYIO CTpOKy Tabiuubl. Eciu B JieBoM cTosOLle 3amucaHa TeMIiepaTypa,
OTJIMYAIOLIASICA OT TEMIIEPATYPhl B TEPMOCTATE, HAXKATh KHOMNKY “UHCa”, 1 BBECTH
TEMIIEPATYPY, YCTAHOBICHHYIO JJISI TEPMOCTATa, MMOATBEPAUB HAKATHEM KJIABHILH
BBOJA”. 3arem Haxkare KkHOnKy “M3m”. Ilpu 5TOM OIHOBPEMEHHO HJIET
KanmuOpoBka TepMmojatyuka, BcrpoeHHoro B garuuk  JIKTII-02. Tlocne
YCTaHOBJICHHSI TIOCTOSIHHOTO 3HAY€HMsI TOKa B MPaBOM CTOJIOIE HaXaTh KHOIKY
“BBOJ”. [TosBUTCS cooOIIEeHNUE:

BBoa nsmenennst ?

JA - BBOJA HET - OTM

Haxate xnonky “BBOJ”. IlepBas Touka rpaayupoBku OyneT 3aHECEHA B
namath UII.

ITocne coobuenus

BBox usmenenus?

JA - BBOJA HET - OTM

HaxaTh kHONIKY “BBO/”.

AHaJIOTUYHO TIPOBECTHU IPAAYUPOBKY B TPEThEH TOUKE IPaayUPOBKHU (TPEThs
CTpOKa TaOiuIlel) Hanpumep npu temneparype 33 °C.

Kaaunoposka natunka JIKTII-02 o 1 Touke.

[Ipu oTcyTcTBUU TepMocTaTa BO3MOXKHA KanuOpoBka gatunka JIKTII-02 mo
1 xoHTpONBHON TOUKe. J{Ji1 KanmuOpoBKH MO 1 TOYKE KOMILUIEKC TOJKEH UMETh B
namMsTd KaJIuOpoBKY MO 3 TOYKaM, METOJHMKA IPOBEICHUS KOTOPOWM OIMUcaHa
Bhillle. Takylo KaluOpOBKY PEKOMEHAYETCS MPOBOIAUTH KaXKIbIH JI€Hb TMepen

HayajaoM paboThI.
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JUis  xanuOpoBkM 1O 1 KOHTPOJIBHOW TOYKE CHSATh C JardydKa
TPAaHCHIOPTUPOBOYHBIM KOXYX, M BBUIUTh M3 HETO BOJY, MEMOpaHy JaTyuka
aKKypaTHO IMPOMaKHYTh (UIBTPOBAIBLHON OyMaroi, mociieé 4ero HaJeTh KOXKYyX
oOpaTHO Ha JaT4YWK, HE HaKpyuyuBas ero. TakuMm oOpa3oM, IaT4YMK JOJDKEH
HAXOJUTHCA BO BIIAXKHOUN aTMocdepe, KoTopas OyJieT 00ecrneunBaTbCcsi OCTaTKaMu
BOJbI HA CTEHKax KOXyxa. HakpyumBarh KOXKyX HE JNOIYCKAaeTcs, T.K. IPU ITOM
BHYTPU BO3HUKHET IMOBBIIICHUE JABJICHUS, UTO UCKA3UT PE3YJIbTAaThl KATMOPOBKH.
[Tpubop nepesectu B pexuM « TepmookcumeTp» U HaxaTh kHonky “M3m”. Ilocie
cTadmIn3anuuu MOKa3aHWW, HE MpepbIBas M3MEPEHHMs, HaxaTb KHONKY “Kud” u
“BBOJM”. Ilepuoa ycTaHOBIICHUS TTOKa3aHUM 3aBUCHUT OT TOTO, KaK JOJITO JaTYUK
XpaHwics 0e3 ucnoiab3oBaHus. EciaM AaTyuMK €XEeIHEBHO HCIOJIb3yeTCs s
U3MEPEHUN, TO BpEMs YCTAHOBIICHHMS TNOKa3zaHuU mnopsaka 4-5 munyt. Ilpu
JUIMTEIbHOM XpaHeHWH (Helesdss W OoJibllie) BpeMs YCTAHOBIICHUS MOKa3aHUM
moxkeT pocturate 30-40 munyT. I[Ipu manpHeiimel paboTe mepuoj yCTaHOBICHUS
MOKa3aHUM JTaTYMKa HOPMAJIM3YETCA U COCTaBISIET 4-5 MUHYT.

[Tocne cooOienus

JlaByieHnue

Bseaure yuciio

BBectu tekymiee atmochepHOe JaBICHHE B MM. PT.CT. 1 HAXKMUTE KHOIKY
“BBOJ”.

[Ipubop aBTOMaTUYECKH PACCUUTAET HEOOXOUMYIO MONPABKY U BHECET €€ B
naMaTb. PexXuM HM3MEpeHHs KUCIOopoAa C Y4YETOM NONPAaBOYHOM TOYKH
WHIMLIHUPYETCA 3HAKOM “‘+” Ha auciuiee crpasa. [[ns oTkaza OT MCHOIb30BaHUs
NOMPAaBOYHON TOYKM HEOOXOAMMO B PEKHMME HU3MEPEHHUS KUCIOpOAa HaXaTh
“Kao” u “OTM”, mpu sToM TpuOOp BEpHETCS K pacueTy KOHIEHTpaIuu
KHUCIIOpoJa MO MPOBEACHHOW paHee KanuOpoBke Mo 3 Toukam. [[as moBTOpHOTO
BKJIFOUEHHSI TIONPABOYHOM TOYKHA HEOOXOAMMO BHOBB IPOJIENAaTh BCE MPOLEAYPHI,
OIMCAHHBIC B HACTOSILEM pa3aere.

H3MepeHue coaep:xaHusi KHCJI0POaAa B HDOﬁe
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JlaT4MK OIyCTUTH B pacTBOp (BOoAa U3-1I0J KpaHa, peuHas BOJa, BOJA U3
aKBapuyMa U T.[.), TJle HeOOXOJUMO U3MEPUTh COepKaHue kuciopoza. s
MU3MEPEHUS KOHIIEHTPAUMN PACTBOPEHHOIO KUCIOPOJA U TEMIIEPATYPHI B
aHAIM3UPYEMOM cpeJie KHOMKAaMHU “‘«—"“ 1 “—" ycTaHOBUTE peKuM
“Tepmookcumerp”. Ha nucnee nosiBUTCS HAAIUCH:

Bb10op pe:xuma

TepMooxkcumerp

Haxmure xHonky “U3M”. Ha nucrnuiee mosiBUTCS pe3ysbTaT U3MEPEHHUS
TEMIIEpaTypbl M KOHLEHTPALMM KHUCIOPOJa, OTCYET BPEMEHHU HU3MEpEHUs,
HaIpuMep:

xx.xx ’'C 00: 02

X.XX Mr/le3

OTMETUTh yCTAaHOBUBIIMECS 3HAYEHUS PE3YJIbTATA U3MEPEHMUS.

BeIxon W3 pexuMa H3MEPEHMM OCYLIECTBIISIETCS HAXXaTUEM KHOIIKH

“OTM” .

Odopmiienne pe3yabTaToB pad0ThI
1) HapucoBath cxemy ycTaHOBKH. Onucarh TOPSAIOK KaJTUOPOBKH
npubopa.
2) 3amucarth pe3yJbTaThl OIPEICIICHUS COJACPKaHUS KHCIOpoJa B
pa3nuYHbIX KUAKUX cpenax. Cpemate BBIBOJA O COOTBETCTBUH
COJIEp’KaHUsl PACTBOPEHHOI0 KHUCJIOPOAA B aHAJIM3HPYEMBIX BOJHBIX

00BEKTaX HOPMATHBAM.

Bonpocwt ona camonposepku:
1. /lna ueco ompedensiom codepoicanue pacmeopeHHo20 KUCI0pOoOod 8
gooe.
2. Ymo npoucxooum c codepacanuem pacmeopenHo20 KUCI0pooa 8 800e
C NOHUMCEHUEM U C NOBbIUICHUEM MeMNePamypbl U NOYeM).

3. Mna ueco 6 pabome npumensnu pacmeop cyivpuma nampus?
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Ymo u3 cebs npedcmasisiem oamuux 6 npubope.

Ipunyun memooa onpeoeneHus pacmeopeHHO20 KUCI0poOdd & npooe.
Kax mensiemes cooepocanue Kuciopooa 6 pacmeope npu usmeHeHuu
BHEULHUX YCI08UU?

. Mna  pewenuss Kakux 9KONOSUHECKUX 3A0AY MONCHO NPUMEHAMDb
ucnoav3yemulll 8 pabome memoo?

lpunyun memooa onpedenenus Kuciopooa 6 npooe.
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JlaGopaTopHast padora Ne 9 DH3UMATHYECKHA METO/

KOJIHYICCTBCHHOTO ONIPECACTCHUA IJIIOKO3bI B PaCTBOPC

Merton mpemaHaszHadeH I CHEIUGUYECKOTO OMPEICICHHS COICPKAHUS
TJIFOKO3bI B OMOJIOTMUECKHUX JKHJAKOCTSX TOCIe yJalieHus: O€lIKOB B MPUCYTCTBUU
JIPYTUX CaxapoB W PEIyIUPYIOIMIUX BEIICCTB HE YTJECBOJAHOW TpHUPOIbL. MeTon
OCHOBAH Ha KaTAJIMTUYECKOM JIEUCTBUM TIJIt0OKO300KcHu a3kl (1.1.3.4), yckopsromei
okucieHue [-D-Taoko3bl KUCIOPOAOM BO3yXa 1O TJHOKOHOBOM KHCJIOTHI.
['moxo3ookcuaaza (M=152 000 Jla) ortHocutcs Kk (uaonporeunam. [lpu
OKHCJICHUU TJIOKO3bI B €€ MPHUCYTCTBHHM O00pa3yercs IEepOKCH] BOJOPOJa B

9KBUMOJIAIPHOM KOJIHYCCTBC!

TJIFOKO30KCHa3a
CeH1206 + H,O + O3 > C¢H1207 + H,0,
Ilepokcua  Bogopona  pasnmaraercs  (GEpMEHTOM  MEPOKCHUIA30M, a
BBIJICJIUBIIUNACS aTOMApHBIA KUCIOPOJ OKHUCISAET JO0OABICHHBIN K PEaKIMOHHON

CMECU XPOMOTE€HHBIN KUCIIOPOJHBIM aKUENTop. B kauecTBe TakOBOTO NMPUMEHSIOT

O-TOJIMJINH:
NH, NH, — > HN — NH
Hy Hy Hy CHj
BOCCTaHOBJICHHAsI popMa OKHUCJIeHHasi popMa

KonuuectBeHHOE  ompeneneHue TIOKO3bl  CBOAMUTCS K  HM3MEPEHUIO
HKCTUHKIIMKM 00Pa30BABIIETOCS B OIBITE KPACUTEINS U CPABHEHUIO €€ C TAKOBOU Mpu
UCIIOJIb30BaHUU CTaHJAPTHOTO PAaCTBOpA TUIIOKO3BL. [IpsiMast 3aBUCUMOCTh MEXIY
COJIEp’)KaHUEM TJIFOKO3bl U MHTEHCUBHOCTBIO OKPACKH COXPAHSETCS B Mpenesax oT
50 no 400 mr/mn.

Heab padoThl: ONpeneauTh KOHUEHTPALUIO TJIIOKO3bl AH3UMATUYECKUM
METOJIOM.

PeakTuBbl 1 000pyI0BaHUE:

1)  doromerp;
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2)  CeKyHIOMep;

3)  aBTOMAaTHYECKHE MMUIETKH MEPEMEHHOr0 00beMa;

4)  npoOupku;

5)  1%-Hblil pacTBOp MEPEKPHCTAIM30BAHHOIO B aOCOJIIOTHOM 3TaHOJIC
O-TOJIUJINHA;

6) ameratueii Oydpep pH=4,8 ((0,25 H) 4 gactm 0,25 H yKCyCHOM
KHCJIOThI cMEMMBAKOT ¢ 6 yactsimu 0,25 H arierata HaTpHs);

7) CTaHJapTHBIE pacTBOpbI rroko3wl (50, 100, 150, 200, 250, 300, 350,
400 MKr/mi), MPUTOTOBJICHHBIE HA HACBHIIIEHHOM BOJHOM pacTBOpe OEH30MHOM
KHUCIIOTBI;

8)  Pabouuti peaxmue Onsi Onpeoeienuss 2uoKO3bl IHIUMAMUYECKUM
memooom. K 70-80 mn 0,25 H. aneratHoro Oydepa (pH=4,8) mobasmstor 2 Mmr
TJIIOKO300KCHAa3bl W 1 M CyXoW KpuCTaUIMuecKoW mepokcuiasbl. Cmech
nepeMeInBatoT, npuwimBatoT 1 Mia 1%-Horo pactBopa o-TOJIMAMHA M JOBOJSAT
o0beM mpoOs 10 100 M aneratHbiM Oydepom. PeaktuB rorosar 3a 1 — 2 9 10
ynoTtpebsiennsi. OH MOXET XPaHUTHCS B XOJIOJUIBHUKE B TEMHBIX 3aKPBITHIX
CKJISIHKaxX B TeueHnu 1-1,5 mecsies.

Xoa padoThI:

1) B xome peakuuu pa3BUBAETCS OKpacka, HHTEHCUBHOCTb KOTOPOU
MOCTENEHHO BO3pacTaeT M JOCTUIaeT CBOEro MakKCUMyMma I[pU KOMHATHOM
TeMIIepaType 4epe3 HECKOJIbKO MUHYT IOCie MpudaBieHusi pabodero peaktuna (B
3aBUCUMOCTH OT AaKTHBHOCTH IIpenapara IJII0OKO300Kcuaasel). I[loaTomy
IPEeIBAPUTETHLHO ONPENIETSIOT BpeMs, HEOOXOAMMOe AJI Pa3BUTHUS MaKCUMAJIbHON
CUHEW OKpAaCKM IO CTaHAAPTHOMY pPacTBOPY TIJIOKO3bl ¢ KoHuUeHTpauuen 400
mkr/mi. K npobe, comepskameit 1 M uccneayemMoro oopasia, NpuiInBaioT 3 Ml
pabouero peakThBa [UJISi OINPENCICHHUS TJIOKO3bl U HU3MEPSIOT HW3MEHEHHE
MHTCHCUBHOCTH OKpPAaCKH CTaHIApTHOTO PacTBOpa TIIOKO3bI MOCIE J00aBICHUA
pabouero peaktuBa Ha poTomerpe DkcrepT-001 ¢ amuHOM BoHBI 655 HM (KrOBETa
¢ JIMHOW cBeToBOoro mytd 10 M), 3HaYeHHUs 3amuchiBalOT Kaxjabie 30 cek.

CHauajia UHTCHCUBHOCTD OKpAaCKH YBCIMYHBACTCS, JAJICC OCTACTCA HEU3MEHHOU B
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TEUEHHUE HECKOJIbKUX MHUHYT, a 3aT€M HaYMHAeT MEIJICHHO yMmeHbluaThes. Ilocne
MOJIYYEHUsT MaKCMMyMa ONTHYECKOW IUIOTHOCTH H3MEpPEHHUs TMPOBOJAT eiie 2
MUHYTBI. B COOTBETCTBUM C MOJTYUYCHHBIMU JAHHBIMU CTPOAT Tpaduk 3aBUCUMOCTH
ONTHUYECKOW TUIOTHOCTH OT BpeMeHH. [lo momydeHHOMY rpaduKy ONpPEaeIIsioT
BpPEMSI IOCTHIKEHHUS MAaKCUMaIbHOW ONTHYCSCKOM MIOTHOCTH (tamax)-

2) T'oTOBAT cepui0 CTaHAAPTHBIX PACTBOPOB TUIFOKO3bI B COOTBETCTBUE C
Tadaunei 9.1.

Tadumua 9.1. CoctaB CTaHAAPTHBIX PACTBOPOB TIIFOKO3bI

Ne | Cranmaptasriii (400 mxr/mi) | JlucTwmmupoBaHHas Konuenrpanus
pacTBOP TIIFOKO3bI, MJI BOJIa, MIJI TJIFOKO3bI, MKT/MJT
1 0,125 0,875 50
2 0,250 0,750 100
3 0,375 0,625 150
4 0,500 0,500 200
5 0,625 0,375 250
6 0,750 0,250 300
7 0,875 0,125 350
8 1,000 — 400

3) I[IpubaBnenue pabouero peakTuBa B KaXKIyI0 MPOOUPKY MPOBOJAAT B
ONPEIEICHHON IOCIIEI0BATEIbHOCTH C TOYHBIM HMHTEpPBAJIOM B 2 MMHYTHL. OTYy
IIOCJIEI0BATENIBHOCTD  CIEAyeT COOMIoAaTh M IPU  HU3MEPEHHHM ONTHYECKOH
IJIOTHOCTH PAaCTBOPOB 10 JOCTHUKEHUU BPEMEHU tamax. VI3MeEpeHns npoBomdar tpu
paza.

4) Ha ocHOBaHMM TIOJIYYEHHBIX BEJIMYMH ONTHUYECKON IUIOTHOCTH
(3KCTMHKLIMM) i1 BCEX  CTAHJAPTHBIX  pacTBOPOB  IJIKOKO3bI  CTPOST
rpagyrupOBOYHYIO 3aBUCHUMOCTh C YYETOM JOBEPUTEIBHBIX HHTEPBAJIOB.

5) Hdna ompeneneHusl COAEpKaHUS TIIOKO3bl B aHAIM3UPYEMBIX 0Opasax
(cOK, BMHO U T.NI.) MNPOBOJAT pacyeT BEIMYMHBI pa30aBiICHUS 10 3aKOHY
DKBUBAJICHTOB. [IpM 3TOM yUYWTBHIBAIOT, YTO 3HAYEHHE ONTHYECKOM IUIOTHOCTHU

MOJIYYCHHOE ISl aHATTU3UPYEMBIX 00pa3IioB JOJKHO MOMACTh B TPATyHPOBOYHBIN
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rpaduk, a ISl YMEHBLICHHUS MOTPEIIHOCTH JOJHKHO OBITH ONM3KUM K CEepenHE
rpayupoBOYHOM MpsiMOil. ONTHYECKYIO0 IIOTHOCTh aHAIM3MPYEMBIX 00pasIoB
TaKXKe CIEAyeM H3MEpATh TOJBKO TIOCIE MPOXOKIACHHUS BpPEeMEHU ltamax. IlO
IOCTPOEHHOW  TIpaJlyUpOBOYHON  3aBUCHUMOCTH  PACCUMTHIBAIOT  KOJIMYECTBO
TJIFOKO3BI B HCCIIEyEMBIX MPO0ax.

Odopmienne pe3ynbTaToB

1) Onwucare NpUHIMI METOAA, THII Mpeodpa3oBareisi U OHOIOTUYECKOTO
MaTepuana.

2) mOCTpPOUTH rpauK 3aBHCUMOCTH ONTHYECKON IUIOTHOCTH OT BPEMCHHU.

3) [MocTpouts TpagyHpoOBOUYHBIA TpaguK 1O CTaHIAPTHBIM OOpa3nam
TJIIOKO3BI C YYETOM JOBEPUTEIbHBIX HHTEPBAJIOB.

4) Onpeneiuth W PacCUUTaTh COJCPKAHUE TIIOKO3bI B aHAIH3HPYEMbBIX

06pa3uax, CPaBHUTDB CO 3HAYCHUAMMU 3aABJICHHBIMU IIPOU3BOJUTCIIIMU.

Bonpocul ona camonposepku.:
1. Ilpunyun sH3uMamuyeckoco memooa onpeoeieHus KOHYeHmpayuu
2NIIOKO30bL.
Kaxue ¢pepmenmor ucnonvzosanuce 6 pabome.
Cneyughuunocmov smux ghepmenmos.

Kaxkas 6v16aem cneyuguunocmo pepmenmos.

o~ wn

B kakom oOuanazone MOICHO NpPOBOOUMb ONpedeienue 2N0KO3bl
oanHvim memooom. Tlouemy?
6. Kakue mpumecu mocym mewiamv onpeoeieHuro 2noKo3vl OAHHbIM

MEemMOOOM.
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JlaGopaTopnasi padora Ne 10 buoceHcopHbIii aHaau3aTop

OMOXMMHMYECKOI0 MOTPedJIeHU KUCI0POaa

buoxummnueckoe motpebnenue kucimopoaa (BIIK) —  kommyectBO
pPacTBOPEHHOr0  Kucjiopoaa (Mr), HEoO0XOoauMoe JJid  OKHCIEHHUS  BCEX
GHOpa3IaraeMbIX OpPraHHYeCKHX BEIIECTB, Haxomammxcs B 1 am° Boasl. BIIK He
BKJIFOYAET Pacxoj0BaHUE KUCIOpoia Ha HUTpudukaiuio. [lomydeHHbIN pe3yabTart
XapaKTEepU3yeT  CYMMAapHOE€  COJepKaHhMe  OMOXMMHUYECKH  OKHUCISEMBIX
oprannueckux mnpumeceil B Bojae, BIIK xapakrepusyer cmocoOHOCTH BOABI K
CaMOOYMIIEHUIO.

Paznuyator nonnoe Ouoxumuueckoe norpedsenne kuciopoaa (bIIK ., ) u
OMOXUMHUYECKOE TTOTPEOICHUE 3a ONPEACIEHHBIN MTepruo1 BpeMeHH (0OBIYHO OepyT
nepuoa 5 cytok — BIIKs). TTonHbIM OMOXUMHUYECKUM TMOTPEOJICHHEM KHUCIOPOJIa
(BIIK oyy) cUMTAETCS KONMMYECTBO KHCIOPOJa, TpeOyemMoe Il OKHCICHHS
OpraHMYEeCKHUX TNpUMecell 10 Hayaja mpoleccoB HuTpudukanuu. KommuecTtBo
KHCIIOPOJIA, PACXOAyeMOE ISl OKUCIEHUS aMMOHMMHOTO a30Ta A0 HUTPUTOB U
HUTpaTOB, Ipu onpeneneHnu bIIK He yunTsiBaeTcs.

Cuuraercs, yto Bpems noctuxenust BIIK,.,, paBHO BpeMeHH, B TEUeHUE
KOTOpOro rmnpoiecc 3akaHuuBaeTcss Ha 99%. [lns ObBITOBBIX CTOYHBIX BOJ (0€3
CYIIECTBEHHOM MPUMECHU TMPOM3BOJCTBEHHBIX) ompeacistoT BIIK,y, cuumtas, 4to
sta BenuuumHa Onm3ka K bBIIK..,. [loaHas Owuonorumdeckass moTpeOHOCTH B
kucimopone  BIIK,o,. g BHYTPEHHUX  BOJOEMOB  PBHIOOXO3SHICTBEHHOIO
nasnayenus (I u II xareropun) mpu 20°C He HOJDKHA IPEBBIIIATEL 3 mr/nv’. B
nabopatopHbix ycnoBusix  Hapsagy ¢ BIIK,.,,. omnpenensercs BIIKs -
OnoxuMHuuecKas MOTPEeOHOCTh B KUCIOPOJE 3a 5 CyTOK. B MOBEpXHOCTHBIX BOAax
Bennanabl BIIKs n3MeHsrotest 00b4HO B npegenax 0,5 — 4 Mr/aM° U 10ABEepKEeHBI
CE30HHBIM U CYTOYHBIM KOJIEOAHUSIM.

buoxumMuyeckoe  OKUCIEHHME  pa3IMYHBIX  OpPraHUYECKUMX  BEILECTB
MPOUCXOIUT C Pa3sHOM CKOpOCThIO. K  JIETKOOKUCHSEMBIM, «0OHOJOTrHYeCKH

MATIKHM)», BCIICCTBAM OTHOCAT Cl)OpMaJ'IBI[eFI/II[, INIFOKO3y, MaJIbTO3y, HU3IINUC
66



anuparudeckue coupthl, QeHon, ¢ypoypon u nap. KoHCTaHTBI CKOpOCTH HX
okucienust cocrapisior 1,4 — 0,3 cyrox . Cpearee mecto (K = 0,29 — 0,05 cyt.™)
3aHUMAIOT KPEe30Jibl, HA(PTOJIbI, KCUJICHObI, PE30PLIMH, MUPOKATEXUH, MUPOTaILIOI,
annoHoaktuBHble [TAB u npyrue. K MemjieHHO pa3pylarommumcs «0H0JI0rn4eckn
skecTkum» BemectBaM (K = 0,049 — 0,02 cyr.") OTHOCSTCS THMOJ, THAPOXHHOH,
HenoHoreHHble [TAB u ap. 3aBUCHT CKOPOCTh OKUCIEHUS U OT TOTO, B KAKOW Mepe
NPUCYTCTBYIOMIAE MHKpoQuiopa aaanTupoBajach WMEHHO K TEM BEIIECTBaM,
KOTOPBIE HAXOJATCSA B UCCIEAYEMOU BOJIE.

Ce3zonnbie u3MmeHeHust bBIIK 3aBuUCAT B OCHOBHOM OT W3MEHEHUS
TEMIIEPATYPBI U OT UCXOAHON KOHLIEHTPALIMM paCTBOPEHHOr0 KUCIIopoaa. BiusiHue
TEMIIEPATYPbl CKa3bIBAETCS YEpe3 €€ BO3JEHCTBHE HA CKOPOCTh Ipouecca
noTpeOIeHHs, KOTOpas YBEIWYMBAETCs B 2-3 pa3a MpHU MOBBIICHUU TEMIEPATYPhI
Ha 100C. BiuusHue HayalnbHOM KOHUEHTpPAMM KHUCJIOpOAAa Ha IMpOoLEece
OMOXMMHMYECKOTO MOTPEOJICHUsI KHUCIOpOAa CBSA3aHO C TEM, YTO 3HAUYMTEIbHAs
4acTh MHUKPOOPIaHU3MOB HMMEET CBOM KHUCIOPOJHBIA ONTUMYM MJiS Pa3BUTUA B
1EJIOM U JJIs PUBHOJIOTMYECKON U OMOXUMUYECKON aKTUBHOCTH.

Cyrtounbie konebanust BenumuuH bBIIKS Takke 3aBUCAT OT HMCXOJTHOM
KOHIICHTPAIIMM PAacTBOPEHHOI'O KHUCIOpPOJa, KOTOpas MOXKET B TEYEHUE CYTOK
M3MEHSTBCS. HA 2,5 MI/IM® B 3aBHCHMOCTH OT COOTHOIICHHS HHTCHCHBHOCTH
MPOILIECCOB  €T0 TPOAYIUPOBaHUS © TOTpeOsneHus. BecbMma 3HAYUTENBHBI
n3meHeHus BenuurH bIIKs B 3aBUCUMOCTH OT CTENEHHU 3arpsi3HEHHOCTH BOJIOEMOB
(ta6auma 10.1).

Taoauma 10.1. Kimaccsl kauecTBa Boj B 3aBucuMocTy OT 3HaueHusa BIIK.

Crenenb 3arpsi3HEHHOCTH 3
3unauenusa BIIK, mr/nm”| Kiacc kauecTtBa BOIbI

BOJIBI
OueHb uncTas o 0,2 I
Yuncrasg 0,2-1,0 I

YMepeHHO 3arps3HeHHast 1,0-2,0 11

3arps3HeHHas 2,0-4,0 AV
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['psizHas 4.0-6,0 V

OueHb rpsizHas 6,0-10,0 VI

Upe3BbIualiHO IpsI3HAS >10,0 \1

B kmaccmueckom wMerome omnpenenenus bBIIK  3arpsassenHas  Bona
CMEILIMBAETCA C YUCTOW a’dpupyemMoil Bojoil. CMmech pa3nuBaeTcsi B MY3bIPbKH,
KOTOpbIE 3aKPbIBAIOTCS TaKUM 00pa3oM, 4YTOOBI HaJ >KUJIKOCTHIO HE OCTAaBAJIOCh

CJI0s BO3/1yXa.

limd

Pucynox 10.1. Konba ona cmandapmuoco memooa onpeoenenusi bIIK

MuKpoopraHu3Mbl U3 3arpsA3HEHHOW BOJBI MMOTPEOIISIOT KUCIOPO/, TTIO3TOMY
HY)XHO OBITh YBEPEHHBIM, YTO OH COXPAHSETCS B aHAIM3UPYEMOH BOJIE BCE TAThH
nHe. Ecnm kuciopon wucdepriaH WM €ro KOHIICHTpAIsl CTaHOBHUTCS OYCHD
HU3KOM, pPE3yJIbTaThl TAKOTO aHajgu3a HCIOJb30BaTh Heb3sl. ClemoBaTeNNbHO,
pa3BeZieHHuEe CIeAyeT MPOBECTH TAKUM 00pa30oM, 4TOOBI XOTS OBl B OJTHOM CKIISTHKE
YPOBEHb KHCIIOpOJa OCTaBajcsi Obl BBICOKUM M dYepe3 5 cyTok. Hcxonms wus
MOTPeOICHUS KUCIOpPOaa B TEYCHHE 5 CYTOK W oOBbeMa 3arps3HCHHOW BOJABI B
CKJISIHKe, MOKHO paccuntars BITK (8 r/m® man mr/mv®).

Jlns omepaTMBHOrO aHaiu3a paspadarbiBatoTcs MeToabl oreHku BIIK,
OCHOBaHHBIC Ha HUCIIOJIH30BAaHUM OMOCEHCOPHBIX aHan3aTopoB. MccnenoBanus mo
co3manuto BITK — 6roceHcopoB mpoBoasaTes ¢ KoHIa 70 TO0B MPOIIIOro BeKa, HO
pa3pabOTKM TaKWX CHUCTEM WHTEHCHUBHO MPOJOJKAIOTCS M B HACTOSIIECE BPEMSI.
CnemyeT OTMETHUTh, YTO C TIOMOIIBID OHMOCEHCOPOB BO3MOXKHO OBICTPOC

onpenenenne bBIIK (BIIKOGc), koTtopoe He Bcerga UISHTUYHO BEJIUYWHE
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tpaguunonHoro bIIKs. B mocnemnee Bpems pa3BUBAIOTCS HOBBIE IOAXOABI B
ouocencopuoMm ananu3e bIIK, koToppsie NO3BONSAIOT AOCTUYL MpUEMIIEMOMN
KOppENsIUA MEXIy MOKa3aHusIMH OHOCEHCOpa M TPAAULMOHHBIX METOJIOB.
Koppensitius JaHHBIX, MOJYYEHHBIX C MOMOIIBI0O OMOCEHCOPHOTO aHaIu3aTropa,
JaHHBIMHU, TI0JIydeHHbIMU MeTo0M BIIKs, MoryT nmers 3HaueHus nopsaka 0,95 —
0,98. Tak, mis kanmuOpoBku BIIK OmoceHcopa UCHONB3YIOT CIIELHATM3UPOBAHHbIE
CUHTETHUYECKHUE CTOYHBIE BOABI, WM Ouopacno3Hatomuii saemeHT bBIIK
OMOCeHCOopa CO3/1aI0T HAa OCHOBE CHENU(UYECKHX MHUKPOOPTraHU3MOB, CIIOCOOHBIX
K 3¢ (HEeKTUBHOMY OKHCIICHHIO BEIIECTB KOHKPETHBIX CTOKOB.

B kauectBe pactBopoB mia kanuOpoBku BIIK-GmoceHCOpoB HCHONB3YIOT
CMECH OPTraHMYECKUX COEIMHEHHUH (TaKk Ha3bIBAEMbIE CHHTETUYECKHE CTOYHBIE
BOJIbI) OOBIYHO HCIIOIB3YETCS PACTBOP CMECH TIIFOKO3bI U TTTyTAMHUHOBOM KHUCIIOTHI
(I'TC) ¢ koHneHTparuen ISOMF/ILM3 KaXXJIOT0 KOMITOHEHTa (CyMMapHO 3OOMP/ILM3,
yTo cootBeTcTBYeT BIIK 205 Mr/aM° COracHo [MHA®D 14.1:23.4.123-97). Takum
o6pazom, BIIK=0,683-C(I'T'C), mr/mm°

eab padoTsl

1. Tlo3HakomuThcs C MeTogoM 3Kcmpecc-onpenenenuss BIIK ¢
UCII0JIb30BaHUEM MUKPOOHOT'O aMIIepOMETPUUECKOT0 OHOCEHCOopa.
OOBEeKTHI U CPeACTBA UCCIEIOBAHUS
[IpoOupku Ha 1,5 cM3 Tuna «OnumneHnaopd»

ABTOMaTnyeckue nurneTka nepemeHHoro oobema ot 0,5 10 5000 Mk
MarauTHas memanka

pH-meTp-nonomep-bITK-TepMookcumeTp OKCIIEPT-001-4.0.1

o a0 bk~ WD

(HAy4YHO-TIPOU3BOICTBEHHAs (pupMa « IKOHUKC-IKCIIEpT», MOCKBa)
7. TlepcoHaJIbHBIN KOMITBIOTEP
8. UsmeputenbHas sueiika (KroBeTa) 00beMOM 5 MII.
9. I'mokoza
10.'myTamuHOBAst KUCTIOTA
11.Bona nucTuimupoBaHHas.

IIporpamma pa6oThbI
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[MpuHoun meroxa

s onpenenenust uHAekca BIIK ucmonb3yercs KUCIOPOIHBIN 3JIEKTPOI,

MOAU(PUIMPOBAHHBIA MUKPOOPraHu3MaMu U aHanuzatop pH-metp-uonomep-bIIK-

tepmookcumeTp OKCIIEPT-001-4.0.1, xoTOpbIii TO3BOJISIET PETUCTPUPOBATH

COJICpKaHKUEe PaCTBOPEHHOI'O KUCIIOpoia B KioBeTe (pucyHok 10.2).

KUCNOPOAHLIA
anekTpon

thukcatop
e peLenTopHoro
anemeHTa

peLenTopHEIi
wrarns anemMeHT

MarHuMTHas

H3MEpHTEﬂbHaH
Melanka T

KiOBETa

/| NoagbLEMHbBIN
CTOMNMK

Okcnept- 001

n SKENERT ‘.EKJ'I \ |-m|-:n.'

Pucynox  10.2. Maxem-BIIK-b6uocencopa Ha ocnoge  bBIIK-
mepmookcumempa IKCIIEPT-001-4.0.1

[TonkmoueHne K NEPCOHAIBHOMY KOMIBIOTEPY TO3BOJSET YHPABIATH
pudOPOM, U3MEPUTENHHBIN JATUMK MPEACTABISIET COOON KUCIOPOIHBIN AJIEKTPOT

tuna Knapka, mMonuduimpoBaHHbIA OHMOPELEITOPHBIM 3JIEMEHTOM Ha OCHOBE

MMMOOMJIM30BAHHBIX KJIETOK MHKPOOPIraHn3MOB. H3MepeHI/I$I IMPOBOAATCA B

3 ~ ~
KIOBETE 00BEMOM 5 cM’, CHAOKEHHOHW SIKOpEM MAarHUTHOW Memrajku. B kroety
nomemaT OydepHblil pacTBop W aHanmusupyemyro mnpoOy. Ilpu BBenenuu

cyObcTpata B M3MEPUTENBHYIO SYEHKY MHKPOOPTaHU3MBI OKHUCISIIOT €ro, B
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pe3yabTare BO3pPACTAET JbIXaTelbHAas aKTUBHOCTh KJIETOK U B IPHUAIEKTPOJIHOM
IPOCTPAHCTBE CHUXKAETCS KOHLEHTpAIUsl KHUCIOpOJa, UYTO PETUCTPUPYETCS C
MOMOILBIO JTaTYUKA PACTBOPEHHOTO KHUCJIOPOJA, MOAKIIOYEHHOTO K aHAIU3aTopy
«Jkcnept — 001». Ha MOHUTOP KOMITbIOTEPA, HHTETPUPOBAHHOTO C OMOCEHCOPHOU
CHUCTEMOH, BBIBOAUTCS Trpaduyeckoe OTOOpaKeHWE H3MEHEHUs COJepKaHUs
pacTBOpeHHOro Kuciopojga ot BpemeHu (pucyHok 10.3). Ilo mnomxydyeHHOMY
rpaduky ¢ momorpio mporpammbl Microsoft Excel Berumcisiercss OTBET ceHcopa
(R) kak MakcumanbHas CKOPOCTh U3BMEHEHUSI COJIEPIKAHUS KUCIOPOIa OT BPEMEHHU.

(pucyHoxk 10.4)

s1m s1m 5200 5250 5300 535 540

BSize 4519 D2 40 9 53 96 07 00 20 20 20 20 15.23 04 00 00 00 00 00 00 00,00 00 00 00 68

Pucynok 10.3. Buo omeema buocencopa krogemno2o muna Ha 0obasienue

cyocmpama

NN N N N NN
© © © ©vw © v o
®w K& O o N ® © o

N

©

N
,

CopepxaHue Kucnopopa B Kiosete, Mrigm 2

~
©
=y

79

0,6 0,62 0,64 0,66 0,68 0,7 0,72 0,74 0,76 0,78

y =-0,5676x + 8,3454 Bpewmsi, MuH

Pucynok 10.4. Obpabomxa omeema OUOCEHCOPA 6 KOMNbIOMEPHOU

npozpamme Microsoft Exel (omeem 6uocencopa 0,5676 me/om® mun).
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IMoaroroBka K MU3MEPEHUIO

Bxatouenne mpubopa «kcnepT — 001» oCylIecTBISIOT HAXKATUEM KHOIIKU
«BKJI» ©Ha pabodyeil mnanenw aHanu3aTtopa. BwiOuparor pexum paboTel —
TepMookcumeTp. Ha koMiibroTepe 3amyckarot rnporpammy «EXp2pr».

[IpoBepsitor pabotTy snexktpona. Jljisi MNOArOTOBKM JaTyuka K padoTe
3allOJHAIOT BHYTPEHHEE IMPOCTPAHCTBO 3JEKTPOJA PACTBOPOM  3JIEKTPOJIUTA
xJjopyaa Kanus (mpujaraeTcsi B KOMIUIEKTE K JaTdyuky). [lomemaror snektposa B
CBEXEIPUTrOTOBJICHHBIA IepeMelmuBaeMblii 2 % pacTtBop cyib(pura Hatpus. B
cillydyae HOpPMajbHOM pabOThl BJEKTpPOJa IO HUCTEYEHUH 1-2 MUH BeJIWYMHA
PACTBOPEHHOTO KHCIOPOAA H3MEHHTCS 10 0 Mr/aM°. DUKCHPYIOT HA OBEPXHOCTH
KHCIIOPOJHOTO  3JIEKTPOJa PELENTOPHBIA 3JIEMEHT M OIyCKAalT €ro B
AIIEKTPOXUMHUYECKYIO STUEHKY, coJlepKallyto OypepHbIi pacTBop.

IIpoBenenue usmepeHui

Jist  monydeHusT aHAJIWTUYECKOro CHUTHala (OTKJIMKa OuoceHcopa)
NOTPYKAIOT 3JEKTPOJ € OMOpPEUENnTOPHBIM JJIEMEHTOM B Oy(QepHbIii pacTBOp,
BKJIIOYAIOT Memanky. B mporpamme Exp2pr BbiOuMparoT HOMeEp TmopTra u
MOJITBEP>KJIAIOT BHIOOP KJIABUIIEH <:-, 3aT€M BBIOMPAIOT MHTEPBAI 3HAYEHHUH OCU
KOHIIEHTpaluil KUCIOpoJa M HakuMalT KHomky «Start». Ilocne monydenus
CTAallMOHAPHOM KOHIIEHTPALMU KUCJIOPOJAA B KIOBETE, COXPAHSIOLIEHCA B TEUEHUE
1-2 MuUHYT, HAUUHAIOT 3alMCh JAHHBIX Ha)KaTUEM KHONKHU «3amucaTh UHTEPBAI» U
BBOJSIT C IOMOIIbI0 ABTOMATHYECKOM MHUKPOMUIIETKH aHAJU3UPYyEMYIO IMpoOy.
AHanu3 TOpoBOJAT B TeYeHUE 2-3 MHUHYT, CUHMTas OT Hayajga CHUXKEHUS
KOHLIEHTpAalMi KHCIIOPOJAa HAa KpHUBOM OTKJIMKA (KOHLEHTpalus KHUCIOpoJa
(GyHKUHS BpEMEHH).

JUis 3aBeplIeHHs aHalIW3a CHHUMAKT TrajodyKy B paszene «3amucarhb
UHTEPBAD» U COXPAHSIOT Tabnuiy B (aitn. OTKpBIBaIOT COXpaHEHHBIM (aiin B
nporpamme Microsoft Excel, cTposT TodeuHyr auarpamMmy 3aBHUCHUMOCTHU
WU3MEHEHMS KOHLEHTpaluu KHCIopoJa oT BpeMeHu. Ha mocTpoeHHoi nuarpamme

BBI6I/IpaI-0T HI/ICXOIUIH_II/Iﬁ prIMOJ’IHHGfIHLIﬁ Y4aCTOK MU PpaCCUUTBIBAKOT IJIA HCI'O
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TaHTeHC yriia HakioHa (pucyHok 10.4). TaHreHC yriia HaKJIOHa COOTBETCTBYET
kodhduirienTy “a” B ypaBHEHUU MNPAMON, MOJYUYEHHOM MPU aNIpOKCUMAIUU
JuHeHoro  yvactka. CTpoAT  IpaAydpOBOYHYHO  3aBUCMMOCTb  OTBETa
MOAUQPUITUPOBAHHOTO 3JIeKTpoaa oT KoHueHTparuu ['TC. Mexny u3mMepeHusIMu
IPOBOSIT NMPOMBIBAHHE KIOBETHI M JIEKTPOJA pacTBOpoM Oydepa mo 3 cM® 1o
BBIX0/1a COJIEPKaHUS KUCIOPOJa B KIOBETE HA HAYaIbHbIN YPOBEHbD.

[Ipu sToM mpuHUMalOT B pacyeT, uto 3HadeHue BIIK mpoOwl cranmapTHOi
cmecu = 0,683* xonnentpanuto cMeCH (Cruoxost T Crayravmmosoii xucnors). OLEHKY
ungekca bIIK, cooTBeTcTByIOIIEro aHaau3upyeMod mpode MPOU3BOAIT C
MIOMOIIBIO MOJYYEHHON T'paJyMpOBOYHOM 3aBUCUMOCTU IO PacCTBOPY IUIFOKO30-
rmotamuHoByto cmecu (I'TC).

Brikitouenne mpubopa OCyIIECTBISIOT B IOCIEIOBATEILHOCTH: 3aKPHITh
KOMITBIOTEPHYIO TpOrpamMmy, BbIKIIOUATH Tpubop kHomkoil «OTKJI» Ha
pUOOPHOM MaHEeH.

Odopmitenne padboTnbI

1)  HapucoBarb  cxeMy  OHMOCCHCOPHOW  YCTaHOBKH,  OITUCATh
dbopMHpoBaHUE PEIIENTOPHOTO IJIEMEHTA.

2)  3amnonHUTH TAOJHILy JUIS TIOCTPOCHHUS IPayUPOBOYHON 3aBUCUMOCTH,
KOTOpasi COACPIKHUT CTOJIOEI ¢ pacueTHRIMU AJaHHBIMU BITK

3)  Iloctpouts rpaduk 3aBUCUMOCTH B KOOpJIUHATAX: OTBET CEHCOpa (Mr/
oM ¢) — BIIK (Mr/am®) ¢ HOMOIIBI0 KOMITBIOTEPHBIX MPOrpaMM 06paboTKH
JTAHHBIX.

4)  TlpuBectH pe3yJabTaThl CTAaTUCTHYECKOW OOpaOOTKH MOJYYCHHOM
npsSIMOM: TapaMeTphl YpPaBHEHHUM CO CTaHJIAPTHBIM OTKJIOHEHUEM, KO3 UIUEHT
CMeITaHHOH Koppesnun R,

5) Paccuntate BIIK HeusBecTHOW mpoObl. JlaHHBIE TPEACTABUTH C

AOBCPUTCIIBHBIM MHTCPBAJIOM.
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Bonpocwi 0ns camonposepku.:

1.
2.

N o g bk~ o

Hatime onpeodenenue noHAMuUI0O «O6UOCEHCODY.

K buocencopam kaxoco muna omnocumcsi OUOCEHCop, UCNONb3YeMblll 8
pabome.

Ipunyun pabomul kKucropoonozo 3nekmpooa Knapxa.
CKONbKUIIEKMPOOHAs cucmema 8 KUCI0poOHoM dnekmpode Knapka.
Kaxkoti memoo ummobunuzayuu buomamepuana npumensemcs 6 pabome.
Touemy 6 kauecmee ananusupyemozo sewecmea ucnoavsosaiu UUC/

Ipunyun memooa onpeoenenust BIIK.
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JlaGoparopunas padora Nell Onpenenenue cyocTpaTHOM
crenu(pUIHOCTH MUKPOOPTraHM3MOB, HMMOOMJIN30BAHHBIX

Pa3JIMYHBIMH CIIOCO0AMU

BaxxHol XapakTepuCTUKON JIFOOOTO aHajan3a SBISETCS €r0 CEIICKTUBHOCTD,
T.€. BO3MOXXHOCTb ONpPEETECHUsI KaKI0TO KOMIIOHEHTa HE3aBUCUMO OT JApyrux. B
cilly4ae OMOCEHCOPHOTO aHaiM3a CeJICKTUBHOCTH OMpEACNsAeTCs CyOCTpaTHOU
cnenuUUHOCTRI0O  OMoMarepuana,  HCIONb3yeMoro s (OpMHUPOBAHUS
pELIeNITOPHOTO  3JIeMeHTa  ceHcopa.  Kaxaplii  MHKpPOOpraHW3M  HMEeT
OTpeIeNICHHYI0 CyOCTpaTHYI0 cCreuu(uyHOCTh, TO €CTh, CIIOCOOEH OKHCISATH
onpeeneHHblii Habop cyOocTparoB. YeM MeHbIlle CyOCTpaToOB CIIOCOOHA OKUCISATH
UCIIOJIb3yeMasi KyJIbTypa, TEM BBIIIE CEJICKTUBHOCTh aHAJIHM3a.

Jlist ompeneneHus TONBKO OJIHOTO KOMIIOHEHTAa CHCTEMBI HEOO0XOIUMO
UCIOJIb30BaTh cTporo cnenuduunbie ¢epmentel. Ho s onpeneneHus
WHTETPATBHBIX XapPaKTEPUCTHK JYyUIlle UCTIOIb30BaTh IENIbIe KIETKH, TaK KaK OHU
SBIITFOTCSI HE CEJIEKTUBHBIMU, B CHJIy TOTO, YTO B UX COCTaB BXOJUT OTPOMHOE
KOJIMYECTBO Pa3HOOOpa3HBIX (epMeHToB. llenmble KIETKM TPUMEHSIOTCS TpU
MOHUTOPUHTE OKPYKAIOMICH CPEIbl, I U3MEPEHUS BEITMYUHBI OMOXUMUYIECKOTO
notpebnennss kuciopona (BIIK). B »tom cmydae mmpokass cyOcTpaTHas
CHEU(UYHOCTh  HMCIOJB3YEeMOI'O0  PELENTOPHOrO0  DJJIEMEHTa  SBISICTCS
MPEUMYIIECTBOM, TaK KaK MPUBOAMUT K IMOBBIINICHUIO MPABHIBHOCTH PE3yJbTATOB

aHan3a.
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Pucynox 11.1. Jlpoosicocu Debaryomyces hansenii BKM Y-2482. a) ¢

Cc80000HOM COCMOAHUU, 0) UMMOOUTU308AHHBIE 8 2UOPO2eNb MOOUDUYUPOBAHHO2O
NONUBUHUNOB020 CRUPA, 8) UMMOOUIUIOBAHHBLE 8 30/1b-2€/lb MAMPULY

Hpoxoku Debaryomyces hansenii BbiaeneHbsl U3 COJCHBIX CPEJl, TAKUX Kak
MOpCKasl BOJla, KOHIEHTPUPOBAHHBIE PAaccoiibl, cojeHas nuia. OHU OTHOCATCA K
OJHUM M3 CaMBIX TaJIOTOJIEPAHTHBIX BUAOB JPOXOKEH, T.€. OHM MOTYT PacTd B
cpene, conepxamieir 4 M NaCl. Mukpoopranusmer D. hansenii umerot orpoMHsiii
OMOTEXHOJIOTUYECKU  TOTEHIIMAJl B  arpoONpOMBINUICHHOW ¥ THUIIEBOMN
NPOMBIIIJICHHOCTH (TIPOU3BOJICTBO CHIpOB M Kouybac). [posxoxu Debaryomyces
hansenii cnocoOHBI K OKHCICHHIO OTPOMHOIO CIIEKTpa OPTaHWYECKHX BEIECTB
(criupThl, YTIEBOABI, KapOOHOBBIE KHUCIOTHI, AMUHOKHUCIOTBHI, HHUTPO(EHOIIH,
MOBEPXHOCTHO-aKTUBHBIE BEUIECTBA), KOTOpPbIE MOTYT OBbITh OOHApy>KEHbl B
CTOYHBIX BOJaX.

NmmoOunum3anusi — KIIOYeBOW MOMEHT B IOJYYEHUH CTaOMIBHOTO
PaCMO3HAIOIIET0 3JEMEHTa OMOCEHCOpa, OT KOTOPOi 3aBUCUT cama BO3MOKHOCTD
U3MEPEHMsI CUTHAJA, OTIepPallMOHHbIE XapaKTEPUCTUKHU CEHCOPA, YyBCTBUTEILHOCTh
Y CEJIEKTUBHOCTH OMpeeNieHUs] OMOJOTHIECKIX KOMIIOHEHTOB B CMECSAX CJIOKHOTO
cocTasa.

Nmmobunu3anuio (epMEeHTOB ¥ MUKPOOPTaHM3MOB MOXXKHO PaccMaTpUBaTh
KaK NIpPUKPEIUICHHWE HX B aKTUBHOW (opMe K HEpacTBOPUMOMl OCHOBE WIIU
3aKJIIOUYEHUE B TOJYNPOHUIIAEMYI0 MEMOpPAHHYIO CHUCTEMY, MPHU 3TOM MOJIEKYJIbI
cyOcTpata M TPOAYKTa MOTYT JIETKO OOMEHHBATBHCS MEXKAY 3aKperiEHHBIM

OnomarepuajioM U pacTBOpoM. Meroa HUMMOOWIM3ALUU MOXXHO CUHTaTh
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OPUTOAHBIM, €CIIM TOCJA€ TPHUCOCAWHEHUS K HOCUTEII0 OWOJOTHYECKUE
KOMIIOHEHTHI COXPaHSIOT aKTUBHOCTh U CTAOMIILHOCTb.

MeTo1p1 UMMOOHIIM3AITMH MOYKHO Pa3Ae/IUTh Ha CICAYIONINE TPYIIIIbL:

1) ¢usnueckue - amcopOIMsa Ha MOBEPXHOCTHU NAaTYMKA WM HA WHEPTHOU
MeMOpaHe, 3aKpeIUIeHHe Ha TMOBEPXHOCTH JaTdydKa IOJ TMOJMMEPHYIO IUICHKY,
BKJIFOUCHHE B MEMOPAHBI Pa3IMYHOTO TTPOUCXO0XKICHHUS;

2) XUMHYECKHE - IyTEeM CINUBaHUS OWPYHKIIMOHAIBHBIMA areHTaMu Hu
KOBaJICHTHOE MPUIITUBAHNUE K TTOBEPXHOCTH;

OmgHuM W3 caMbIX PACTPOCTPAHCHHBIX METOJIOB MMMOOWIHM3AIMN KIIETOK
SBIISIETCSL (pU3MYEcKasi afcopOIMs Ha PAa3IMYHBIX HOCUTENSAX — Oymare, CTEKIe
HEIJIOHe, aleTUIIENIoN03e, YIIIepoaHbIXx Martepuanax. [lpum  aacopOuuun
OonoMarepuan ynepxuBaeTcss BaH-1ep-BaaabCOBBIMHU CHUJIAMU, PEKE BOJIOPOIHBIMU
¥ MHOXXECTBEHHBIMH COJICBHIMHU CBS3SIMH U, B TOJIXOJSIIMX YCJIOBUAX, 33 CUET
00pa3oBaHMsI KOMILJIEKCOB C TIEPEHOCOM 3JIEKTPOHOB. BONBIIMM MPEUMYIIECTBOM
TaKOro METOJa SBISETCA TO, YTO OH OOBIYHO Oe3peareHTeH, U Tpedyer
MUHHMMaJIbHON aKTUBAIIMOHHOM OYMCTKH U 00paboTku Ouomarepuana. Meton
UCKJTIOYAeT MCIOJIb30BAaHUE TOKCHUYHBIX COEAMHEHUN | JIeJaeT BO3MOKHBIM
COXpaHEHHE >KM3HECTIOCOOHOCTH KJIeTOK. OMHAKO CYIIECTBEHHBIM HEIOCTaTKOM
JAHHOTO METOJa SBJSETCS HU3Kas CTaOMIBHOCTH CEHCOpa, CBS3aHHAS C
HEOOJNBIIION  MPOYHOCTHIO  yACp)KMBaHHWS  OWoMarepuana, W HU3Kas
YYBCTBUTEIBHOCTh HM3-32 MaJIOTO KOJUYECTBA OMOMACCHl Ha CIUHUILY HOCHTEIIS.
dusnyeckas ancopOIMsi WCHOMB3YETCS B  HCCICIOBATENBCKUAX TENSIX IS
NIOJTyYEHUsS] CEHCOPOB, HE TPEOYIOIUX JUTUTEIHHOTO CPOKA IKCILTyaTalliy.

KancynupoBanue B guanu3Hylo MeMOpaHy TO3BOJSIET MMMOOMIN30BATh
JIPOX KU B HamboJee MITKUX YCIOBUSX. Takum oOpa3zoMm, ynaercs u30exaTh
CBSI3BIBAHUS AKTUBHBIX IIEHTPOB (DEPMEHTOB B COCTABE IIEIBIX KICTOK KaK B CIIydae
UMMOOWIIM3AIIUM METOJOM XHMHYECKOW CIIMBKH, a TakkKe H30eXaTh MOTEpU
AKTUBHOCTU TpPHU aJCOPOIMU HA CTEKJIOBOJIOKOHHOM (UIBTPE M BKIIOUYCHUU B
pasnuyHble Tenu. Tak jke METOJ KallCyJMpOBaHUS B IHATU3HYIO MEMOpaHy

SBJIIETCS HauboJiee IMPOCTBIM I10 CPABHCHUIO C OCTAJIbHBIMHU MCTOAAMMH. I[aHHbIﬁ
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METO/] TIO3BOJISIET MPOBEPHUTH KUZHECTIOCOOHOCTH MUKPOOPTaHU3MOB Cpa3y IMOCIe
uX  uMMmoOwim3anuu.  JuamusHas ~— memOpana  ¢upmbl  Sigma-Aldrich
npenHa3HayeHa JJid yJep>KUBaHusl OEJIKOB C MOJIEKYJIipHOUM Maccoil cBbiiie 12000
Ha.

XUMHUYECKHE METO/Ibl UMMOOMIN3alUU KJIETOK OCHOBaHbI Ha 0Opa30BaHUU
KOBAJICHTHBIX CBA3CH MEXIy MOBEPXHOCTHIO KIETOK W MaTEpUaJIOM HOCHUTENS, TO
€CTh KJIETKa XMMUYECKH MPUIIUBACTCS K HOCUTEII0. DTO MOXKET OCYIIECTBISTHCS
KaK Ha TMOBEPXHOCTH COOTBETCTBYIOIIET0 HEPACTBOPUMOrO Marepuana, Tak U B
oobemMe HocuTens (ecau Tpu  (QOPMUPOBAHWUM MATPHUIBI B MPUCYTCTBUHU
MMMOOMIIN30BAaHHBIX KJIETOK MPOUCXOAIT XMMHUYECKUE peaklUu MPUCOSIUHEHUS,
3aTparvBaroiye PyHKIHOHAIBHBIC TPYIIBI OMOMOJIMMEPOB KIIETOK).

OcobeHHOCTH TIpenapaToB MMMOOWIM30BAHHBIX KJIETOK, ITOJYYEHHBIC C
NPUMEHEHUEM XUMUYECKUX METOJIOB:

1) BbICOKasg MPOYHOCTH Ipenapara, 3a cyeT OOpa3OBaHMS KOBAJEHTHOM
CBSI3M MEXJY IMOBEPXHOCTHIO KIETOK W MAaTepuajoM HOCHUTENs, a TaKXKe MpHU
W3MEHEHUM YCJIOBUH, Takux Kak pH u Temmeparypa, KIETKU HE AECOPOUPYIOTCS C
HOCHUTEIIA, YTO OOECIeYMBAET YCTOWYMBBIC, BOCIPOU3BOJMMEIC PE3yJIbTaThl B
AHAIUTUYECKUX CUCTEMAX.

2) xumudeckas Moaudukanus ¢GEPMEHTOB CMOCOOHA TMPUBOIUTH K
CYIIECTBEHHbIM  W3MEHEHUSIM WX  CBOWCTB, TaKuX Kak cyOcTpaTHas
CHEeM(PUIHOCTD, KaTATUTHUECKast aKTUBHOCTh M CTA0MIIBHOCTD.

XUMHUYECKHEe METO]IbI MaJIOTIPUTOTHBI TUTSI UMMOOMITH3AITAN
MUKpPOOPTraHU3MOB, IIOCKOJIbKY KIIETKM TEpSIOT 3HAUYUTENbHYI0 YacTh CBOEH
aKTUBHOCTH.

HaubGonee »>¢GdekTUBHBIM METOJOM HWMMOOWIM3AIMU JKUBBIX KJIETOK
SBIIIETCS BKJIIOUEHHE WX B reni. [lomuMepHsie refu npeoTBpallaloT BHIMbIBAHKE
KJIETOK MUKPOOPTaHU3MOB U 00€CIIEYNBAIOT JOCTYII CyOCTPAaTOB U KUCIOPOA.

K HemocraTkaMm, CBSI3aHHBIX C HCIIOJIB30BAHUEM TEIIEBBIX MAaTpPHII
OTHOCHUTCH: TPYJIOEMKOCTh U3TOTOBIIEHUS ~ PELENTOPHOIO AJIeMEHTa,

HCO6XOI[I/IMOCTB CIiICouaJIbHOI'O HOI[60pa JJIA KaXXJa01ro KOHKPETHOI'O
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MHUKPOOPTraHU3Ma yCIOBUH UMMOOMIIN3AINH, CHIYKEHUE TUIACTUYECKON MMPOYHOCTH
renei mocie ummoOunu3anuu. OJHaKO, HECMOTPSL Ha 3TO, BKIIIOUEHHE KIIETOK B
MOJTUMEPHBIE TE€TU U CHHTETHYECKHEe MEMOpPAaHBI MOKET YCHEIIHO MPUMEHSTHCS
npu (GOPMHUPOBAHUHU PELENTOPHBIX IIEMEHTOB OHOCEHCOPOB MAJIs OMNpEeNICHUs
HIMPOKOTO CIIEKTPa COCAMHEHUIA.

buopeuentopHbie 3J€MEHTHI Ha OCHOBE KJIETOK, MMMOOWMIM30BAaHHBIX B
reJIeBhIX MaTpHIlaX, KaK MpaBUiIO, XapaKTePU3YIoTCs 0oJjiee HU3KUMH OTKJIHMKAMU
10 CPaBHEHHIO C JIEMEHTaMU Ha OCHOBE a/ICOPOMPOBAHHBIX KJIETOK, MPUYEM MJIs
OTIENBbHBIX CyOCTpaTOB HAONIOAAETCA PE3KOe CHUKEHHE OTKIMKOB, TO €CTh B
3aBUCUMOCTM OT MeETOJa MMMOOWJIM3allMM H3MEHseTCd U cyOcTparHas
cienM(PUIHOCTh KIETOK MHUKPOOPTaHM3MOB. OJTO CBS3aHO C Te€M, 4YTO TMpHU
UMMOOWMIIM3AIIMU TPOUCXOJNUT TOJHAS WM YacTU4YHAs OJOKUPOBKA AKTHBHBIX
HEHTPOB (DEPMEHTOB, OTBEUAIOIIMX 32 OKHUCJICHHE JTHUX CyOCTpaTroB. A Tak e
3arpyausercs nupdysus cydbcTpara K KIETKaM.

dopMHUpPOBAaHUE PELENITOPHOIO 3JEMEHTa MOXET MPOBEACHO IyTeM
BKJIFOUEHUST KJIETOK MHKPOOPTaHW3MOB B Tenb nonuBuHMWIOBOro cnupra (I1IBC),
MOIUGUUMPOBAHHOTO  N-BUHWINUPPOIMIOHOM, B CHIy TOro 4rto N-
MOJINBUHWINUPPOIUIOH JIETKO 00pa3yeT KOMIUIEKChl CO MHOTUMHU COEAMHEHUSIMU
(TOKCMHAMU, JI€KapCTBEHHBIMU BEIIECTBAMMU, KPACHUTEISIMH), COBMEIIACTCSA C
Pa3TUYHBIMK BEIIECTBAMU, JIEKAPCTBEHHBIMU CPEJCTBAMHU, HETOKCUYEH, SBIISICTCS
OCHOBOW KPOBE3aMEHUTEIIEH.

Heab padoThl

[To3zHakoMHUTBCS €O crocobamMu HMMOOWUIU3AMK Ouomarepuana M
onpeneauTh  cyOcTpatHyro — crnenuduuHocTh  apoxokedt  D.  hansenii
UMMOOMIIN30BAaHHBIX PA3IMYHBIMUA METOIAMH.

O0BeKTHI U CPeCTBA UCCJIEAOBAHUS

1)  ABTOMaTHYecKHE IMUIETKU MepeMeHHoro odbema: 5 — 50 mki, 20 —
200 Mk, 200 — 1000 Mk, 1-5 mir.

2)  MarnuTHas Melajika.
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3)  pH-merp-uonomep-BIIK-Tepmookcumerp OKCIIEPT-001-4.0.1
(Hay4yHO-TIPOM3BOJICTBEHHAsA (prpMa « IKOHHUKC-IKCIIEpT», MOoCKBa)

4)  TlepcoHaJbHBIH KOMIBIOTEP

5)  T'enb NOJIMBUHUIOBOTO CIIUPTa MOIUPHUIIMPOBaHHOTO N-
BUHUJITTUPPOIUIOHOM

6) TI'enp xuTo3aHa

7) 301b-TelIb MaTPHIIA

8)  CreknoBonokonusrit punstp Watman GF/A

9)  Huamu3nas memOpaHna pupmbl Sigma-Aldrich, mpennaznadenHas st
yAep)KUBaHUsI OCIIKOB C MOJICKYJISIpHOM Maccoit cbitie 12000 [a.

Xoxa padoTsl

IMpuHuun meroaa

Jlns onpeneneHusi cyOcTpaTHOW crienuuvHocTr apoxokerd Debaryomyces
hansenii  ucmonb3yercss MOAM(PHUIIMPOBAHHBIA  KUCIOPOIHBIA  JJIEKTPOJ |
anaimmzatop  pH-merp-uonomep-bIIK-tepmookcumerp  DKCIIEPT-001-4.0.1
(Hay4HO-TIpOM3BOJICTBEHHAs (upMa «IDKOHUKC-IKCIEPT», MOCKBa), KOTOPBIN
MO3BOJIIET PETUCTPUPOBATh COJEP)KAHHWE PACTBOPEHHOTO KHUCIOPOJa B KIOBETE

(Pucynoxk 11.2.).

PelenTopHbIit
anemeHT

Pucynox 11.2. Buocencop na ocnoge KUCIOPOOHO20 2NIeKMpood
[Ipubop wuMeer pa3beMbl MOAKIIOYEHUS MHUTAHUS, TMOJKIIOUECHUS
kucinopoanoro narunka u COM - mopra. IlogkimodyeHne K NEPCOHAITBHOMY

KOMITBIOTEPY TIO3BOJISIET ~ YIPaBIATh MOPUOOPOM, HM3MEPUTEIBHBIA  JATYHK
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IpeaCcTaBisieT co00M KMCIOPOAHBIH amekTpoa tuna Knapka, MoaudumupoBaHHbINd
OMOpEIEeNTOPHBIM ~ 3JIEMEHTOM Ha OCHOBE HMMOOWJIM30BAaHHBIX  KIIETOK
MHKPOOPTaHHM3MOB. VI3MEpEeHHsI MpPOBOIATCS B KIOBETE O0OBEMOM 5 cM’,
CHA0XXEHHOU SIKOPEM MarHUTHOM MEIIaJIKU.

B kroBery momemnatotr O0ydepHblii pacTBOp M aHanu3upyemyto npoly. lpu
BBEJICHUH CyOCTpaTa B U3MEPUTENBHYIO SUEHKY MUKPOOPTaHU3MbI OKUCIISIIOT €rO,
B pe3yJbTaTe BO3pACTAET JbIXaTelIbHAsl aKTUBHOCTh KJIETOK U B MPUAJIECKTPOJTHOM
IPOCTPAHCTBE CHUXKAETCS KOHLEHTpAalUsl KHUCIOPOJa, UYTO PETUCTPUPYETCS C
NOMOIIBIO JIaTYUKA PACTBOPEHHOT'O KHUCJIOPOJA, MOAKIOYEHHOTO K aHAIU3aTopy
«Jkenept — 001». Ha MOHUTOP KOMITbIOTEPA, HHTETPUPOBAHHOTO C OMOCEHCOPHOU
CUCTEMOH, BBIBOAUTCS Trpaduyeckoe OTOOpaKeHWE HM3MEHEHHUs COJAepKaHUs
PacTBOPEHHOro Kuciopoaa oT BpeMeHu. [lo moigyueHHOMY rpaduKy ¢ MOMOIIBIO
nporpammbl Microsoft Excel Beruucnsercs orBer cencopa (R) kak MakcumabHas
CKOPOCTb U3MEHEHUS COJIEPKAHUS KHCIOPOJA OT BPEMEHHU.

Ha pucynke 11.3 nmoka3ana cxema ¢GOpMHPOBAHUS PEIIETITOPHOTO IEMEHTa
Ha MTOBEPXHOCTH KUCIOPOJHOIO NEKTPOIa

@opMupoBaHUe PeHeNTOPHOIO YJIeMEHTA

2 - -
1 ’ ~ 4
| .-b | W N
- {i‘- h..-f"
o = '?..,-_.:-"J"" =
VA e

]
‘ \

i, Lz

Pucynok. 11.3 Dopmuposanue peyenmopHozo 21emeHma OuoceHcopa Ha

NOBEPXHOCMU KUCIOPOOH020 daekmpooa 1 — TIIATHUHOBBIA DIEKTPOI; 2 —
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cepeOpsiHass TPOBOJIOKA; 3 — CYCHEH3US JAPOXOKEBBIX  KIETOK, 4 —
razonpoHuiiaeMas MeMOpaHna; 5 — auanus3Has MemMOpaHa; 6 — PEe3MHOBOE KOJIBIIO

bukcanuu; 7 — KUCIOPOIHBIN JEKTPO] C MUKPOOPTaHU3MaMHU.

@opMHpPOBaHUE  PEUENTOPHOIO0  JJIEeMEHTa MyTeM  BKJIOYEHHS
APOKKEeBbIX KJIETOK B rejib NOJIMBHUHUIOBOIO CIIMPTA

Jnst  dopMupoBaHUS pEHENTOPHOrO diaeMeHTa K 20 Mr ApoxoKen
Debaryomyces hansenii mo6apisror 100 MK reis HOJMBHHUIOBOTO CIHMPTA
MOAU(PUIMPOBAHHOTO N-BUHWIIHPPOJUIOHOM. JljIg pacnpeneneHus IpoKxKed B
IUICHKU MTPOBOJISAT BCTPSIXMBAHKUE B TCUCHUE 5 MUHYT Ha meHTpudyre «SKy Line.
[Tony4yeHHyto cyOCTaHLIMIO HAHOCST Ha IUIAHILET JUAMETPOM SMM M OCTaBJISIOT Ha
BO3JyX€ JO IIOJHOrO BbICBIXaHUs. [lodMydeHHBI pEeUenTOPHBIM JJIEMEHT

(1)I/IKCI/IPYI-OT C IIOMOIIBIO CIICIHAJIBHOT'O KOJIITa4YKa.

dopMHpPOBaHUE PelENTOPHOrO 3JieMEHTa IMyTeM aJcopOuuH Ha
CTEeKJIOBOJIOKOHHOM MIIbTpeE.

Cycrensuio apoxokeii Debaryomyces hansenii ¢ konmnentpanmit 150 mr/cm®
HAHOCAT Ha TMOPHUCTHINA CTEeKI0BOJIOKOHHBIM (uinbTp (Whatman GF/A, Sigma) B
o0beMe SMki. PenenTopHbiil snemMeHT pazMepoM 3x3 MM MOACYIIMBAIOT Ha
BO3/yXe B TedyeHue 15 MUHYT npu 20°C. TIoAroTOBICHHBI OHOpenenTOPHbIN
3IIEMEHT TOMENIAI0T Ha MOBEPXHOCTHh KUCIOPOAHOTO 3yekTpoaa tuna Kmapka u

(bHKCI/IpyI-OT C IIOMOIIBIO CIICHIHAJIBHOT'O KOJIITa4YKa.

®opMHpPOBaHHE PELENTOPHOIO JIEMEHTA MYTeM BKJIOYEHUS JAPOXKKeEH
B rejib XMTO3aHA

PactBop rens xurozana roroBar mytem pactBopenus 0,01 r xurosana B 1 mu
1,0% -HO¥ yKCYCHOHM KHCIIOTBI M NEPEMEIINBAIOT B TEUEHHUE 3 4 MPU KOMHATHOU
TeMIiepaType 10 NOJHOro pactBopenus. s (GopMUpOBaHUS PELENTOPHOIO
aneMeHTa pa3daBieHHYI (B COOTHOmICHHH 1:3) OMOMAacCy CMENIMBAIOT C rejieM

XHUTO3aHa B COOTHOIIEHUHU 1:1 M oCTaBISAIOT J0 ITIOJTHOT'O BBICBIXaHHS B IINIAHIICTC
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auamerpoMm SMM. TloaroToBneHHBI OMOPEHENTOPHBINA 3JEMEHT MOMENIAI0T Ha
IOBEPXHOCTh KMCIOPOAHOTO ieKkTpona tumna Kiapka u GukcupyroT ¢ moMouiso

CIICOHUAJIBHOI'O KOJIITa4YKa.

®opMHpOBaHUE PeLENTOPHOIO 3JIeMEHTA METOJAOM KaIlCyJIUPOBAHUS B
AHAIU3HYI0 MeMOpaHy

s hopMUpoBaHMS PELIENITOPHOIO 3JIEMEHTa MPOBOJAT MPEABAPUTEIBHOE
paz0aBieHUE  KJIETOK  MHKPOOPIaHM3MOB  COOTBETCTBYIOIIMM  Oy(epHbIM
pacTBOpPOM B COOTHOWIEHMM l:1. 5 MK DIOJIy4YEeHHOM CyCHEH3UMM HAHOCAT Ha
IUAIM3HYI0 MeMOpaHy M (UKCHPYIOT Ha 3JIEKTPOJE C IOMOIIbIO PE3UHOBOTO

KoOJb1a.

IIpoBenenue n3mepeHuni

Jns  monydeHWsT aHAIIMUTHYECKOTO CUTrHana (OTKIMKA OMOceHcopa)
MOTPYKAIOT BJEKTPOJ C OMOPEIENTOPHBIM JJIEMEHTOM B Oy(QepHbI pacTBOp,
BKJIIOYAIOT ~MEIIAJIKY, JOKMJAIOTCA BbIXOJAa HA CTalMOHAp COJAEpKaHUs
PAacCTBOPEHHOT'0 KHUCJIOPOJa WM BBOJAT M3MeEpsieMblil cyOcTpar (KoHueHTparus |
Mouib/11) B KioBeTy (200 mki). Mexnay wu3MepeHUsIMH TPOBOJSAT IPOMBIBAHUE
KIOBETHI M DJIEKTPOJA PAcTBOPOM Oydepa mo 4 cM® 10 BBIXOZA COMEPIKAHHS

KHUCJIOPO/Ia B KIOBETE HA HAYAJIbHBIN YPOBECHb.

Odopmirenue padoTbl

1)  HapucoBatb  cxeMy  OHMOCCHCOPHOW  YCTaHOBKH,  OIKCATh
dbopMHUpOBaHUE PEIICNTOPHBIX AJIEMEHTOB.

2)  Iloctpouth rucTorpaMMmy CyOCTpaTHOW CIHEIU(PUYHOCTH IPOXNIKEH,
UMMOOMIIM30BAaHHBIX PA3JIMYHBIM CIIOCOOOM B OTHOCHUTENBHBIX (OTBET, % -
cyOcTpaT) u aOCOFOTHBIX BEIMYMHAX (OTBET CEHCOpa - CyOCTpar).

3) CnenaTh BBIBOJA O BJIUSHHE CIOCOO0a MMMOOHWIM3AIMU Ha TMOPTPET

cyOCTpaTHOM cieru(UIHOCTH.

83



Bonpocwi 0ns camonposepku.:

1.

© N o g bk~ w D

Hatime onpedenenue noHaAmMu0 «O6UOCEHCOPY.

Hatime onpedenenue noHamuio «cyoCmpamuas cneyupuuHoCms».
Ilepeuucnume anarumuueckue xapaxmepucmuku dOuocencopa.
Ilepeuucnume memponocuueckue xapaxmepucmuku dOuocencopa.
Kaxue memoowr ummobunuzayuu ucnoivzosanu 6 pabome?
llepeuucnume oopamumvle u Heobpamumvbie MEMOObl UMMOOUTUZAYUU.
Ipunyun pabomul kuciopoonozo snekmpooa Knapxa.

Hepequmume d)MS’MlleCKue U Xumuyeckue memoowl MMMO6MJZMSCZL;MM.
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JlaGopaTtopunas padora Nel2 OnpenesieHue napaMmeTpos

MHKPOOHOT0 MeIHATOPHOI0 OMOCEHCOPA

B OwuoceHcopax MeauaTOpHOro THMHA JJs IE€PENayd dJIEKTPOHOB OT
AKTUBHBIX LEHTPOB (EPMEHTOB HA IMOBEPXHOCTh MHJUKATOPHOTO 3JIEKTPOJa
UCTIOJBb3YIOTCS ~ MCKYCCTBEHHBIE  aKIENTOPbl  3JEKTPOHOB, CIIOCOOHBIE K
0o0paTUMOMY OKHCJIEHUIO/BOCCTAHOBJICHUIO. ODTH MOJIEKYJIbl — HCKYCCTBEHHBIE
JIOHOPBI WU aKIENTOPHI SJIEKTPOHA (JJIs1 OKUCICHHBIX U BOCCTAHOBJICHHBIX (HOpM
(epMeHTa COOTBETCTBEHHO) OOBIYHO HA3BIBAIOT MEIUATOPaMH 3JIEKTPOHHOTO
TpaHCIIOPTA.

B karaimthueckoM — LHKJIE  MEOMATop  CHayajga — pearupyer ¢
BOCCTAHOBJIEHHBIM ()epMEHTOM U 3areM JudyHAUpYeT K MHOBEPXHOCTU
ANEKTPOJa, TI/€ TNoJABEpraercs OBICTPOM dBIEKTPOXUMHUYECKOW pEaKIuu ¢
nepe”HocoM 3apsaa. Otnasasi J€KTPOHBI HA 3JIEKTPO, CaM MEIUATOpP OKUCISAETCS
Y BCTYIIA€T B HOBBIC LIUKJIBI IIEPEHOCA JIEKTPOHOB.

B ob6mem Bume wMexaHu3Mm (YHKIIMOHHPOBAHHUS aMIIEPOMETPUIECKHUX
MEAMATOPHBIX AEKTPOJOB MOKHO MPEACTABUTH CIEAYIOLIMM 00pa3oM:

Exier +S =P+ E'wen,

E'KJICT + MOK = EKIIGT + MBOCCT

Ha JJIEKTPOAE:

MBOCCT - Mom

rae E, E' — BeieneHHblil pepMeHT win GepMEHT BHYTPH KIETKH /10 U MOCHe
peakiuu ¢ cyocrtpatom S; P — mpoaykTt peakuuu; Mg, Mgoeer — OKUCIEHHASA U
BOCCTAaHOBJIEHHas (hOpPMBI MeIUaTOpa.

MenunatopHble MUKPOOHBIE 3IEKTPOABI SBISIOTCS PAaOOYNUMHU 3JIEKTPOJIaMH B
OuoceHcopHbIX cuctemax. s (opMUpOBaHUSA TaKUX 3JIEKTPOAOB HCHOJIB3YIOT
UHEPTHBIE AJIEKTPOJbl IMOBEPXHOCTh KOTOPBIX MOJUPUIMUPYIOT MEIUATOPOM.
Haunboiiee yacTo HCMONB3YIOT YyIIIEPOI0-MACTOBBIE AIEKTPOBI, C(HOPMUPOBAHHBIE
Ha OCHOBE IpauUTOBOW MyJpbl U MHUHEPAIBHOIO Macia, T.K. MX JIETKO MOXXHO

MOAU(PUUMPOBAThL BBOJAOM MEIMAaTOpa B COCTaB MmacTtel. B o00meMm ciyuae
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aMIEPOMETPUYECKU METOJ OCHOBAaH HA U3MEPEHHHM IUJIOTHOCTU  TOKa,
IPOTEKAIOLIETO B AJIEKTPOXUMUYECKOW sUEHKe, IPU MOCTOSHHOM IMPUIOKEHHOM
noteHuaie (pucyHok 12.1). 9ta mioTHOCTh TOKa — (PYHKIMS JIEKTPOXUMUYECKU
AKTHBHBIX YaCTHI] pacTBopa (B JaHHOM CJIy4yae MeEIUaTopa), OKHUCIICHHE WU
BOCCTAHOBJIEHHE KOTOPBIX IPOUCXOAUT HA TIOBEPXHOCTH pabOYEro 3JIEKTPoa.

ef

288uB

4 |K
[ 4gCl/ Ag]|

J

[Fe(CN

~—

" [Fe(CN).J* | T

buomarepuan

)

S P

Pucynox 12.1. Cxema ecenmepayuu cucHaia 6 OUOCEHCOpe HA OCHOBe
8000pACMBOPUMO20 MEOUAMOpa 2eKcayuanHogeppama Kaius

Ucnonb3oBanue MeauatopoB npu (HOPMUPOBAHUM PaOOUUX DIIEKTPOJIOB
JIAET PAJl SBHBIX MPEUMYIIECTB:

1) ecnu MeauaTop B BOCCTAHOBJIICHHOW (opMe HE pearupyer ¢
KHCJIOPOJIOM, PE3yJbTaThl M3MEPEHUM CTAHOBATCSA (HDaKTUYECKH HE3aBHCUMBIMU
napiuaibHoro nasieHus O;.

2)  pabouuii MOTCHIMAT (EPMEHTHOrO DJIEKTPOJA  OMpPEICISACTCS
dbopManbHbIM OKHUCJIUTEIBHO-BOCCTAHOBUTEIHHBIM MOTEHIINAIOM (E)
MeauaTopHoi mapel. Yem MeHblie 3HaueHue E°, TeM MeHbIEe BEPOSTHOCTD
MPOTEKAHUS TOOOYHBIX PEAKIIUM.

3) ecaum B MpoIECCe OKHMCIACHHWS BOCCTAHOBJICHHOTO MeauaTopa He
y4acCTBYIOT MPOTOHBI, TO (PEPMEHTHBIA 3IEKTPOJ MOXKET OBITh OTHOCHUTEIIBHO

HEUYBCTBUTEJIbHBIM K u3MeHeHusiM pH (odeBugHO, UYTO TMpUOOp HEINb3s
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AKCIUIYyaTUPOBATh NPU OUYE€Hb HU3BKUX WU BbICOKMX pH, TIe umeer mecto
neHarypaius GpepmenTa).

B Hacrosiiee BpeMsi H3BECTHO MHOXECTBO BEIIECTB, MCIOJIb3YEMBIX B
KauyecTBE MEIMAaTOPOB B OMOJOTHYECKUX CHUCTeMax. Menuaropsl MOTYT
OpUHAAJIekKaTh K CaMbIM pa3HbIM KJAcCaM COEIWHEHUW, M TEM CaMbIM
JEMOHCTPUPOBATh Pa3HOOOpa3HbIE CBOWCTBA. MeamaTopsl MOAPA3ACISIOT Ha
MEIUATOPbl ~ NPUPOJHOTO  (IIMUTOXPOMBI,  YOMXWHOH,  (PJIIABONIPOTEHHBI,
dbeppe1OKCHHBI, BUTaMHUHBI (Hampumep, BUTaMuH Kj)) ¥ CHUHTETUYECKOTO
MPOUCXOXKJIEHUSI (MHOTHME KpacUTENd U HHAUKATOPHI (Hampumep, METUIICHOBBIN
roiayOoi, HEWTpaldbHBIM KpPACHBIN), XWHOHBI, (HhEPPOLIEHbI, KOMIUIEKCHbIE HOHBI
mertaios (Hanpumep, [Fe(CN)s]*"™, [Co(NH3)s]*"**, u mp)).

AHaTUTHYECKHE U METPOJIOTUYECKUE XapPAKTEPUCTUKNA OMOCEHCOPOB

1. I'panyupoBoyHas 3aBUCUMOCTh O0TBeTa OuoceHcopa (R) ot koHueHTpauuu
onpenensemoro BemectBa (C) sBugeTcss BakKHEWIIEH  METPOJIOTMYECKON
XapaKTEPUCTUKON ceHcopa. B HayuHO#l nuTeparype 1Mo OHMOCEHCOpPHKE darle
UCIIOIB3YIOT TEPMHUH «KAITMOPOBOYHASI 3aBUCUMOCTB». ITO OOYCIOBJICHO TE€M, YTO
CBOMCTBa Oumopelnentopa MOTYT H3MEHATHCS B XoJe (DYHKIMOHUPOBAHUS
ouocencopa. IlosTomMy nisi MOMy4YeHUST BOCIPOU3BOJUMBIX  PE3yJIbTaTOB
HEOOXOMMO TEPUOIWYECKHA TMOydaTh HOBBIC TPaayHMpPOBOYHBIC Tpaduku, T.e.

KammOpoBaTh OMOCEHCOP.

0,067 OtBeT cencopa, MKA
0,05
0,04
0,031
0,021
0,014
0,00

0 50 100 150 200

EIIK, 1\.-11'-,:11\«3
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Pucynox 12.2. 3asucumocms omeema meduamopHo2o ouocerncopa om bBITK

buopenienTopsl Ha OCHOBE IENBIX KJIETOK MHUKPOOPTaHU3MOB SIBISIOTCA
OuopenenTopaMy KaTaJTUTUYECKOTO THMA, T.€. OUOJIOTMYECKHN OTBET B TaKUX
cuctemMax obecmeunBaeTcsi (DEPMEHTATUBHBIMU PEAKIUSIMU MHUKPOOPTaHU3MOB.
[ToaTOMy 3aBUCHMOCTH, NMPUBEICHHAs Ha PHCYHKe 12.2, XOpOIIO OIMUCHIBACTCS
ypaBHeHHeM Turna Muxasnuca-MeHTeH:

Ry [S
R: max[ ] ,I‘I[e

Ku +I[S]

Rmax — MakcuMalbHasi CKOPOCTh (PEPMEHTATUBHON PEAKIIUU, MPU KOTOPOM
BCE MOJEKYJbl (pepMEHTa y4acTBYIOT B 0OOpa3oBaHuUU (PepMEHT-CyOCTPaTHOTO
KoMIuiekca. Jlocturaercs npu [S]—oo;

K’'m — xaxymasics koHcTaHTa Muxasivca 4UCIEHHO paBHA KOHIIEHTpaIluu
cyOcTpara, TpH KOTOPOHM CKOPOCTh (PEpPMEHTATUBHOM peaKIuu JIOCTHUTaeT
IIOJIOBHHBI MAaKCUMaIbHOTO 3HaUeHUS (R=R nq/2).

Pacuer u moctpoeHue rpaaydpoOBOYHON 3aBUCHUMOCTH OTBETa CEHCOpa OT

KOHIIEHTpAIMU cyOcTpaTa BBIIOJIHEHHBIN ¢ MOMOIIBIO IporpaMmbl Sigma Plot.

Equation: Hyperbola; Single Rectangular, 2 Parameter f=a*x/(b+x)
R Rsqr

0,9938 0,9877

Coefficient Std. Error

a 2,9774 0,0629

b 0,0222 0,0018

JloBepuTenbHbIM WHTEpBAN i KodpduuueHtoB a u b monomHuTenpHO

PacCUUTHIBAIOT 10 hopMYyJIe:

_st(P,f) _StEr.-n-t(P,f)

n Un

rae s - crangaptHoe otkionenue; t(P,f) - koadppunuent Ctronenra; P=0,95 -

5 — SLEr.-t(P, f)

JIOBEpUTEIIbHAS BEPOSATHOCTh; f - uwmciio cremeneir cBobonbl (f=n-2); n - umcmo
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m3Mmepenunii; St.Er. - crammaptHas ommbOka, ompenenseMas OTHOIICHUEM

CTAaHAAPTHOI'O OTKJIOHCHHA K \/ﬁ .

Tadimuma 12.1. Ilpumep mnpeacraBjeHUs NapaMeTPOB YpPaBHEHHS

Muxasiauca — MeHTeH ISl NOJIy4YeHHON IPayHPOBOYHOM 3aBUCUMOCTH

Kaxymascs koHcTanTa MakcumainbHasi CKOpOCTh Koaddurment
Muxasnuca Ky, dbepmeHTaTUBHOM peakiuu Rpax, CMELIAaHHOU
mr/am° MKA Koppemsiuuu R
53+ 5 0,062 + 0,002 0,9852

CornacHo ypaBHeHHMIO Mmuxasnuca — MeHTeH KOHUEHTpauus cyOcTpara
OyZeT NponopLUOHAaJIbHA OTKJIMKY OMOCEHCOpa TOJIbKO IMpU KOHILIEHTpAlMsX,

ropazno menbimx Ky Torna ypaBHeHHe npuoOpeTaeT cieayomui BUIL:

Hcexons m3 3TOro 4MCIEHHOE 3HAYEHHWE BEPXHEH I'PAHULBI ONPENEIIeMbIX

KOHIICHTpAIMi JTMHEHHOIO Ihana3oHa paBHO KoHcTaHTe Muxasneca, K',.

0,04

0,03 -~

0,02 ~

OtBeT BGuoceHcopa,MkA

0,01 -~

0,00 T T T
0 20 40 60
BrK,mr/gm3
Pucynok 12.3. 3asucumocmv omeema 6uocencopa om BIIK Ha nunetinom

yuacmke 2padyupo8ouHOL NPIMOU.
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Tadamuma 12.2. Ilpumep mnpeacraBjieHHus NapaMeTPOB YPABHEHHS

IPAMOH, ANNPOKCUMHUPYIOIIEH JIMHEHHBbIA Y4YacTOK KaJauOpPOBOYHOI

3apucumoctu: | =axC +Db
[TapameTpsbl 3HaueHUs
a, K03 (PUIMEHT YyBCTBUTEIILHOCTH, MKA *,Z[M3/MF 0,0004+0,0001
Koaddurment b, MxA 0,0095+0,0004
Koapdunment koppensuu R 0,9852

JUis XapakTEepUCTUKH YyBCTBUTEIBHOCTH aHalIM3a HAaXOIAT KOd(pUIMEHT
YYBCTBUTEIBHOCTH, TpeneN OOHAPY>KEHUS W HUKHIOI TPAHMILY OMNpPEeIsieMbIX
KOHILICHTPALUU.

Ko3dduuueHT 4yBCTBUTEIBHOCTH

[IpocTenimenn 4YMCIEHHONM XapaKTEPUCTUKOW YYBCTBUTEIBHOCTH CILYKUAT
kodhuienT yyBCcTBUTENBHOCTH. OH  ompenenseTcs Kak IMPOU3BOJHAs

AHAJIUTHYCCKOT'O CUT'HaJIa IO KOHICHTPAIHUU OIIPCACIIACMOr0 KOMIIOHCHTA!

drR
a=——
dC

Ecmu rpamympoBounas ¢yakius nuHerHa (R=axC+b), To koaddummeHT
YyBCTBUTEJILHOCTHU - 3TO TAHTE€HC yTJla HAKJIOHA rpajydpoOBOYHON mpsmoi a. Uem
BbIIIEe KOA((DUIIMEHT YyBCTBUTEIHLHOCTH, TEM MEHBIINE KOJIMYECTBA KOMIIOHEHTA
MOKHO OOHapyXMBaThb M ONpPENENATh, MONy4ast OJUH U TOT K€ aHAIUTHYECKUN
CUTHAJI, TEM TOYHEE MOXKHO OMPEJIEIUTH OJTHO U TO K€ KOJIMYECTBO BEIIECTBA.

B cnyudae ammnepomerpuyeckux OMOCEHCOPOB MOBBICUTH UYBCTBUTEIBLHOCTD
JaTYuKa  OKAa3bIBAeTCSl  BO3MOXKHO  INYTEM  YBEJIWYEHHUS  KOJUYECTBA
UMMOOMIIN30BaHHOrO  (hepMeHTa JMOO 3a CYET YBEJIWYEHUsT HCTUHHOMU
MOBEPXHOCTU MHAMKATOPHOTO 3JIEKTPOJa HA MUKPO ypoBHE (yBeIUUeHUE PakTopa
HIEPOXOBATOCTH ).

IIpenes oGHapyKeHUs 1 HUXKHSSI TPAHUIA ONIpeAe/IsieMbIX COAePKAHUIM

[Mpenen obuapyxenust (Cmin) - 3T0 HaMMeEHbIIEE COACPKAHUE BEIIECTBA

KOTOPO€ MOKET OBbITh OOHApY>KEHO JAHHOW METOJUKOW C 3aJaHHOW CTENEHBIO
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noctoBepHOCTH. Takum o0pa3zom, mpeaen oOHapyKEHHUS XapaKTepPU3yeT METOAUKY
C TOYKH 3pEHHSI BOZMOKHOCTEH KaueCTBEHHOT'O aHaJIH3a.

[Ipenen oOHapykeHUSI COOTBETCTBYeT HAMMEHBIIEH KOHIIEHTpPAIIUH,
KOTOpasi JaeT CHUrHajl, OTJIMYUMBIA OT 3HAYeHUs XoJjocTtoro ombiTa. llpu

JoBepUTENIbHON BeposTHOCTU P = 0,95 nmanHblil mapamMeTp MOXKHO ONpPENETUTh 10

dbopmyre:
3.5,
Con = . rae
Sy — craHmapTHOE OTKIOHEHHE XOJIOCTOIO OIbITa, a — KO3 UIIUCHT
4YBCTBUTEIIBHOCTH

U3 stoii popmyIibl ciemyeT, 9To Mpeaesl 0OHApYKEHUS 3aBUCUT HE TOJIBKO
OoT Ko3(uIMeHTa IyBCTBUTEIBHOCTH a, HO U OT Sp, T.€. TOYHOCTH HU3MEPCHUS
aHAJTUTUYECKUX CUTHANIOB. UeM oHa Bblle KO3 UIIEHTa YYBCTBUTEIHHOCTH, TEM
Menbiie Cpip. Takxke BenuumHa mpenena oOHAPYKEHUS HMMEET OJHY M Ty Ke
pPa3MEpPHOCTh - KOHUEHTPAlMM - HE3aBUCUMO OT MPUPOAbl aHATUTUYECKOTO
curHasa. CTaHAapTHOE OTKJIOHEHHE XOJOCTOTO OMbITa OOBIYHO PACCUUTHIBAIOT
JUTA 7 OCIE0BATEIbHBIX U3MEPEHUM.

JIns  XapakTepUCTUKH BO3MOXKHOCTEH METOJAMKHA C TOYKH 3pEHUS
KOJIMYECTBEHHOTO aHaliW3a MCIOJB3YIOT BEJIMYMHY, Ha3bIBAEMYI0 HUXKHEH
rpaHuiiei omnpezaensemsix coaepxkanuii (Cy,). DT0 MHUHHMMAalIbHOE COJEpKaHue
KOMIIOHEHTa, KOTOPOE€ MOXHO OIpPEACIUTh C 3aJ]aHHOM CTENEHbIO TOYHOCTH,
XapaKTEepU3yeMOM  NPEAEIbHO  JIOMYCTUMOW  BEJIMYMHOM  OTHOCHUTEIBHOIO
cTaHAapTHOrO OTKJIOHEeHUs. OueBUIHO, 4TO Cy; > Cpjp.

s HaxoxaeHus: Cy, OnpenensoT psii 3HAUeHU CTaHIapTHOTO OTKJIOHEHUS

npu pa3audHbIX KoHIeHTpanusax Sy(C), mo hopmynamu S(C) = S U Sr(C) = ?
a

[Io moJiydeHHBIM 3HAYEHUSIM CTPOSIT SKCIEPUMEHTAIBHYIO0 3aBUCUMOCTH
OTHOCHUTEJIBHOTO CTaHAAPTHOTO OTKJIOHEHHS OT KOHIICHTPAIMH (MMEIOUTYIO0 B/
yOBIBAIOIIEH KPUBOU - OOBIYHO OJIM3KOM K TUIEPOOJie) U HAXOASIT KOHIICHTPAIHUIO,
HaunHasg ¢ KoTopoil BemuumHbl S;(C) CTAHOBSATCS MEHBIIE, YeM 3aJaHHOE

npenenbHoe 3HaueHue S;(C)max = 0,33,
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Pucynox 12.3. DOxcnepumenmanvHas 3a8UCUMOCb  OMHOCUMENLHO20
Ccmanoapmuo20 omxioHeHus omeema oOuocencopa om BIIK (nudcnas epanuya
onpedensemvix snavenuii BITK = 5,1 me/om®).

OnepanuoHHasi CTA0WIbHOCTH

OneparimoHHass  CTaOWJIBHOCTh  SBJISETCS  OAHOW U3  BaKHEUIIUX
XapakTepUCTUK OnoceHcopa. OHa MOKa3bIBA€T YCTOMYMBOCTh OTBETAa CEHCOpa Ha
OJIHY U Ty K€ KOHIIEHTpAIMIO0 cyOcTpaTa MpH MPOBEACHUHN OOJBIIOTO yucia (He
MeHee 15) mociegoBaTeIbHBIX U3MEPEHUM U TECHO CBA3aHa C METPOJIOTHYECKOU
XapaKTEPUCTUKOU CXOJAUMOCTBIO (TOBTOPSIEMOCTEIO). OnepanunoHnHas
CTaOMJIBHOCTh ~ CEHCOPOB ~ XapaKTepU3yeTCsd OTHOCUTEIbHBIM  CTaHAAPTHBIM
OTKJIOHEHHUEM M OCTaTOYHOU akTUBHOCTBIO (% OT ucxomHou). TunmuyHbIN BUI
rpadudeckoro oToOpakeHHs! ONeparmOHHON CTAOMIBHOCTH OTBETOB OMOCEHCOpa
npeActaBieH Ha pucynke 12.4. Ilocie 1DocTpoeHHsT COOTBETCTBYIOLIEH
3aBUCUMOCTH  HEOOXOJIUMO  paccuMTaThb  CcpellHee  3HaueHue s 15
MOCJIEI0BATEIbHBIX HW3MEPEHUW W TPEACTAaBUTh PE3YJbTAaT BBIYUCICHUS C
JIOBEPUTEIbHBIM UHTEPBATIOM.

[Ipexxne yem 0OpabaThIBaTh SKCIEPUMEHTAILHBIE JAHHBIE C MPUMECHCHHEM
METOJIOB MAaTEeMaTUYeCKOW CTAaTUCTUKHU, HEOOXOJAMMO BBISIBUTH MPOMaxu U
UCKIIIOYUTh WX W3 4YHUCJIAa paccMaTpUBaeMbIX pe3yJIbTaTOB  BBIOOPOUHOM

COBOKYITHOCTH.

92



0,0014

0,0012 4 ]

0,0010 4 [ ) ° ° [ ) e e

0,0008 +

0,0006 -

0,0004

0,0002 -

0,0000 T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11

CKOpOCTb M3MeHeHMs cofepxanns kucriopoga, Mr O,/am>

Homep namepeHnst

Pucynox 12.4. Onepayuonunas cmadbuibHoCms omeemos Ouocencopa,
noayuennas oaa 15 nocnedoosamenvHulx usmepeHull

Heabp padoTbl: NO3HAKOMUTHCS C MPUHIUIOM pabOThl M ONPEAENIUTH
pabouue napaMmeTpbl MEAUATOPHOTO OHOCEHCOoPA.

OO0BeKTHI M CPeICTBA UCCICAOBAHUA.

[Morenmoctar  IPC-micro,  WHTErpUpPOBaHHBIA €  TEPCOHAIBHBIM
KOMITBIOTEPOM, XJIOPCEPEOPSTHHBIN 3JEKTPOa CpaBHEHMsI, TpadUTOBBIN pabounii
ANIEKTPOJ,, KIOBETa S5 MJI, MarHuTHas MeIlajgka, JabopaTOpHBIM IITaTUB,
aBTOMATUYECKUE MUIIETKHU-103aTOPbI TepeMeHHOro oobeMa ot 1 Mk g0 5000 Mk,
rpaduroBas myapa, napaguHOBOE Maciio, OMOJIOTHYEeCKUuN maTepualn (pepMeHTHI
WM 1IeJIbI€ KJIETKU MUKPOOPTaHU3MOB).

Xoxa padoThl

1. DopMHUPOBAHUE pa60qer0 QJICKTPOJ1a

[InacTukoBy0 TpyOKYy COAEpX AIlyl0 IUIATUHOBYIO IPOBOJIOKY, 3alOJHSIIOT
rpadutoBoii mactoi (100 mr rpaduroBoit myapsl u 40 MK TapagHOBOTO Macia).
Ecnu 3T0 HEOOXOIMMO MOBEPXHOCTh 3JIEKTPOAa MOIUMUIMPYIOT TpaduTOBOU
MacToOM C MEIUATOPOM.

buosnornueckuii KOMMIOHEHT (KJIETKM WM (QEpMEHThl) HAHOCAT  Ha
MOBEPXHOCTh AJIEKTPOJa B 00beME 5 MKJI M NOJACYUIMBAIOT MPU KOMHATHOU
Temmneparype B TeueHue 15 muH. 3akpersieHue OMOJIOrMYecKOoro marepuajia Ha
3JIEKTPOJIE€ IPOBOAAT C IOMOIIBIO TUATU3HON MEMOPaHbI U MIIACTUKOBOIO KOJIbLIA.

2. IlpoBenenre n3MepeHui

93



W3mepenuss mpoBoasar ¢ momouibio  moreHmnmacrata  |IPC-Micro,
WHTETPUPOBAHHOTO C TMEpPCOHAIBHBIM KOMIbIOTepoM. B kauecTBe paboyero
AJNEKTPOJa MCHOJb3YETCS YrOJbHO-MACTOBBIA 3JEKTPOJ € HUMMOOUIU30BAHHBIM
OMOKaTanu3aTOPOM, 3JEKTPOJ CpaBHEHHS — XJIOPCEPEOPSHBIA  BIEKTPOI.
DACKTPOIUTHYECKYIO SUYEHKy 3amoyHsaioT 4 mi ¢ocharnoro Oydepa (pH=6,8).
3aBUCUMOCTb CHJIBI TOKA OT BPEMEHH CHUMAIOT IIPU NOCTOSHHOM NoTeHiuane (250
MB (moTenmuman menuaropa) uiau JApyroM pabodem mnoreHnmane). M3mepenus
BEIYTCs MPU HENPEPHIBHOM MEPEMEIIMBAHUMN PACTBOPA, HAXOSAIIErOCAd B KIOBETE.

OO0muii Bug OMOCEHCOPHOM YCTaHOBKH MPECTABICH HA PUCYHKe 12.5

Pucynoxk 12.5. Cxema 6uocencopa meouamoproz2o mund.

1)-nomenyuocmam |PC-micro; 2) — xnopudcepebpsmviii s1exkmpoo; 3) —
paboyuii 21exkmpoo, 4)-xroeema

[Tocne ycTaHOBJIEHHS TOCTOSHHOTO YPOBHS TOKa B SYEHKY J00aBISIOT
pasznuHble 00BEMBI CyOCTpaTa W HaOJII0AIOT yBedudeHue cuiibl Toka. [locne
KaXJI0ro A00aBiieHUs cyOcTpara MNpPOU3BOIAT MPOMBIBKY suedku (3 x 4 mi
docdarroro O6ydepa).

OcHoBHOe okHO nporpamMMmbl [IPC-Micro: «IIpuéop» — «Py4Hoii peskum».

OxkHo «Pyunou PEKUM»: JIBUKKOBBIM nepeKIrovaTesieM
"ITorenumoctat/I"anbBanoctat" BbIOaTh pexuM «lloTeHmuocTaT»; Tpedyemoe
3HaueHue noteHimana (250 mB) BHEeCTH B OKHO HaJl KHONKOW «YCTaHOBUTHY» U
3aT€M HAXaTh KHOIIKY «YCTAHOBHUTB»; HAXKATh KHOIKY «fl4yerka»; HBUKKOBBIU
nepeKovaTeNb «Sdeiika/ DKBUBAJICHT» TOCTaBUTh B MOJIOKEHUE «SIueikay;

nepekmouarenem «lIpemen Toka» BeIOpaTh guamazoHa Toka «10 UA»
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(mepexIroueHre OCYIIECTBIISIETCS IETUKOM MBI IO METKE IMarna3oHa).

[Tocnie ycTaHOBIEHHS MOCTOSSHHOTO 3HAYEHUS TOKA BKIIKOYUTH JIBUYKKOBBIN
nepexkiaoyaTenb «3anuck/Beikiy B monoxkeHue «3ammch», I0CIE  YEro
MPOUCXOUT PETUCTpAlMsl JAHHBIX B MaMATH MpuOopa. 3amuch MPOAOIIKATH JI0

BBIXO/1a 3HAYCHHUI TOKa Ha cTanuroHap (pucyHok 12.6).

2.8

2.4 A
2.2 1
S 2.0 { mmoko3a Al
1.8
1.6 1
1.4 4

12 T T T T T T T T
0 20 40 60 80 100 120 140 160

t,C

Pucynox 12.6. Ilpumep omeema cencopa na 8sedeHue cyocmpama

JIIs  TOJMydeHHOW 3aBHCHMOCTH TOKa OT BpeMeHH (pucyHok 12.6),
0TOOpa3MBILEHCS B IJIABHOM OKHE HPUJIOKEHUS, ONPEACIUTh aMIUIUTYAy CHUJIbI
Toka Al B HA (pa3HOCTh MEXAYy HAaYaJIbHBIM U CTAIMOHAPHBIM 3HAYEHUSMH TOKA)
WK TaHTeHC yria HakioHa (Al/t B MKA/MuH).

Takum ke oOpa3oM 3aperucTpupoBaTh U 00pabOTaTh OTBETHI Ha BCE
KOHLEHTpalMu cyOcTpara Uil MOJY4YeHUs TIpagyHupOBOYHOM 3aBHCHMOCTH.

[TonyueHHble JaHHbIE 3aHECTU B Tabaumy 12.3.
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Tabauna 12.3. IkcnepuMeHTaAIbHbIE JaHHbIE

Ob6beMm
BBOJIIMOTO B
SAYEHUKy pacTBOpa

cybcTpara, MK

Konuentparus
BBOJIMMOTIO B
SYEUKy pacTBOpa

cybcrtpara,

Konuenrtparmus
cyocTpara B
STYCHKE, MMOJIB/JI

3
I MI/IM

OtBert
o6uocencopa (tg o

(MKA/MUH) Unu

Al (MKA/MUH))

MOJIB/I WA

mr/om’

IIpoBectn 15 mocnenoBaTenbHBIX MW3MEPEHMM HAa OOHY U Ty Ke
KOHIIEHTpALMI0 cyOcTpaTa [Uisl ONPEIENICHUs OIlEpalMOHHOW CTaOWIbHOCTH
ouroceHcopa.

Odopmiienne 1ad6opaTopHOIl padoTHI

1. HapucoBaTh cxeMy OMOCEHCOPHOW yCTaHOBKH, ONHUCATh (DOPMUPOBAHUE
pELIEITOPHOTO 3JEMEHTa Ha OCHOBE BbIOpaHHOro OnomMarepuana (yTOUHHUTH Y
IpernoaaBaTess).

2.3anonauth Tadauny 12.3. [lo qanaeiM Tadauubl 12.3 noctpouts rpaduk
B KOOpJAMHATaX: OTBET OMOCEHCOpa — KOHIIEHTpalus cyOcTpaTa ¢ MOMOUIbIO

nporpaMmbl  00paboTku  gaHHbIX  SigmaPlot.  IlpuBectn  pe3yibTaThl

CTaTUCTUYECKOM O00pabOTKM TMOJYYEHHOM TrunepOOInYecKoi 3aBUCHUMOCTH:
HapaMeTphbl YpaBHCHHUsS C JIOBEPUTEIbHBIMU UHTEpBaiaMu (Rmax — MakcuMaibHast
CKOpOCTh (hepMeHTAaTHBHOM peakiyu, K y — Kaxyimascs koHcTaHTa Muxasimca),
K03 (pULIMEHT cMelIaHHOM Koppensiuuu R.

3. Onpenenuts BEPXHIOK T'PAaHUIY JUHEHHOTO [IUAIla30Ha U IIOCTPOUTH
JVMHEHHBIM y4YacTOK TpagyuMpoBOYHONM mpsMmon. Omnpenenuts Ko3PQPUIUEHT
YyBCTBUTEJIBHOCTH.

4. PaccunTaTh HUKHIOK TPAHUILY ONPEAEISIEMbIX KOHIEHTpaLUi.

5. TlpoBecTu CTaTUCTUYECKYIO NPOBEPKY (HMCKIIOUHUTH TpyOble MpPOMaxH)
JAHHBIX [TOJIYYEHHBIX JJI1 OCTPOEHHUs ONepalMoHHON crabmibHOCTH. [TocTpouts
rpaduk onepauuoHHOW CTaOMIIBHOCTU M PACCUUTATh OTHOCUTEIBHOE CTaHJIAPTHOE

OTKJIOHCHHUC.
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6. Cenatp BBIBOJ 110 paboTe ¢ yKa3aHHEM IapaMeTpoB OMOCEHCOPa.

Bonpocwt ona camonpoeepku:

1.
2.

o 00k~ w

atime onpedenenue noHamuio «OGUOCEHCOP».

atime onpedenenue nouamus «Kodhduyuenm yyecmeumenrbHOCmuy,
«npeoeil 0OHAPYHCEHULY, «OUANAZ0H ONPeOesemMblX KOHYEHMPAayUuii».
Ilepeuucnume anarumuyeckue Xapaxmepucmuku Ouocencopa.
Ilepeuucnume memponocuueckue Xapaxmepucmuku Ouocencopa.
Kaxue meouamopwt ucnonvzosanu ¢ pabome?

Ilepeuucnume  npeumywecmea  UCHONL30BAHUS — MeOUAMOPHBIX
91eKmMpPOO08.

IIpusedume npumepvl 68000paACMEOPUMBIX U B0OOHEPACMBOPUMDbIX,
NPUPOOHBIX U CUHMEMUYECKUX MeOUAmMopos.

lpunyun pabomul meduamopHo20 31eKmpooaq.

Ypasnenue pepmenmamugnou Kunemuxu.
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JlaGopaTopHnasi padora Nel3 buoceHcop Ha OCHOBe NMEYATHBIX

3JIEKTPO/I0B JJIsl ONPe/AeSIeHUsl COAePKAHUS IJIIOK03bl B pACTBOPeE

[leyaTHble 3NIEKTPOIBI — 3TO YCTPOWCTBA, KOTOPHIE MOIYYarOT IyTEM
HAHECEHHUsl TMacT pa3IMYHOrO COCTaBa METOJIOM TpadapeTHOW IeyaTd Ha
TUTACTUKOBBIE MIIM KEPAMUYECKHE TOJUIOKKH. B aHAMUTUYECKUX TEeNsAX AJs evaTu
1abJI0HOB  OOBIYHO MCIOJB3YIOTCS ModudGupHble MaTpuilbl. CocTaB YepHMII,
UCTIONB3YEMBIX TPH TEYaTH DIIEKTPOJIOB, MOKET MEHSATh WX CEJICKTHBHOCTH U
YyBCTBUTEIBHOCTH MOJT HYK/Ibl KOHKPETHOT'O aHAJIM3A.

TexHnonoruss TpadaperHol TmeyaTH MpUIIA B  DIEKTPOXUMHUIO U3
MUKPODSJICKTPOHHOW MPOMBIIIJICHHOCTH, TA€ NPUMEHSIACh Ui IMPOU3BOJICTBA
MEYaTHBIX TUIAT MUKPOKOHTpOJIIepoB. OHa Jjana Hayajao MacCOBOMY MPOU3BOJICTBY
HEJOPOTHUX, BOCHPOU3BOJMMBIX [0 CBONCTBAM W HAJESKHBIX OJIHOPA3OBBIX
CEHCOPOB, YTO OTKPBUIO HOBBIE BO3MOXXHOCTH [UIsI MPSIMOTO MOHHUTOPHHTA
00bekToB. biiaromapst HeGoIbIIUM pa3MepaM W KOMITAKTHOMY JU3aiHy MeYaTHbIC
ANIEKTPOJBl SIBISIIOTCA HJEaIbHOM OCHOBOM IS CO3/IaHHsl Pa3sHOOOpPA3HBIX
XUMHUYECKUX © OHOXMMHUYECKUX CEHCOpPOB. BO3MOXHBI OAHO-, JABYX- WIH
TPEXAJIEKTPOAHbIE KOH(UTYypaluy, B 3aBUCUMOCTH OT LEJeH HCIMOJIb30BAHUS.
Hcnonb3oBanue TPEXAIEKTPOIHON CXEMBbI TI03BOJISICT IPOBOJIUTH
AIEKTPOXUMUYECKHE U3MEPEHHUS KaK B OOBIYHBIX PEKUMaX H3MEpPEHUs: B o0beMe,
MPOTOYHO-UHKEKIIMOHHOM, TaK M B pexume oaHou "kamm" (T. e., 0e3
pa30aBieHus MpoObl 1 B MUHUMAJIBbHOM O00BEME).

JIisi MCroNb30BaHUsl TEYATHBIX BJIEKTPOJIOB B OHOCEHCOPHOM aHAJU3E,
HEOOXOJIMMO HWMMOOHWJIM30BaTh Ha HMX IOBEPXHOCTh Omomartepuan. Haubomee
4acTo TMpu pa3paboTKe TOJOOHBIX YCTPOMCTB B KadecTBe Oumomarepuana
npuMeHsitoTest pepmeHThl. OHM MOTYT HMCHOJB30BAThCS KaK B BHJIE OYHMIIEHHOU
cyoctanuuu ((epMeHTbIe CEHCOpbI), TaK M B COCTaBE MHKPOOPTaHHU3MOB
(MUKpOOHBIE CEHCOPBI).

broceHcopsl HA OCHOBE MEYATHBIX ANEKTPOJOB OTHOCATCS K OMOCEHCOpaM

BTOPOI'O ITOKOJICHMA. I[JISI MEPCHOCA JJICKTPOHOB OT AKTHUBHOI'O IICHTPA Q)epMeHTa K
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MOBEPXHOCTH PabOYero 3JIeKTpoja HEOOXOAUM MEAMATOP — HHU3KOMOJIEKYIISIPHOE
COEIMHCHUE, CIOCOOHOE OOPaTUMO OKHCIATHCS/BOCCTAHABIMBATHCS. DEpPMEHT
BCTYIAET B OKHCIMTEIbHO-BOCCTAHOBUTEIBHYIO PEAKIMIO ¢ CyOCTPaTOM M MOCIE
BOCCTAHOBJICHHSI CyOCTPAaTOM OKHCIISIETCS MEAUATOPOM, a HE KHCIOPOJIOM.
Meauarop, B CBOIO 0Yepe/ib, OKUCIIAETCS Ha SJIEKTPOIE.

B nmamHoii paboTe B poiM MeauaTropa BBICTYIACT OEpIMHCKas Ja3ypb
(KFe[Fe(CN)g]), koTopasi MposBASCT XapakTepHbIC I MEIAATOPOB CBOWCTBA:
UMeET HU3KHUH OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIN MOTEHIHAN, HE 3aBHUCAIIMIA OT
pH cpenpl, HepacTBOprMa B BOJAHBIX cpedax. bepiuHCKas Ja3yph SBISCTCS
HEOPraHUYEeCKUM KaTaIu3aToOPOM Pa3jioKeHHs MEPOKCHIa Bogopoa (moteniuai 0
B). Tlepoxcun Bomopona oOpaszyeTcss B pe3yjbTare MPOTEKaHHS PEeaKIUU,

KaTaJU3UPyEMOU TITIOKO300KCHIA30M1.

TJIFOKO30KCH1a3a

riroko3a + O, > [IIIOKOHOBas kuciaora + H,O,

Takum  oOpazoM,  OepiauHCKas  Ja3ypb M DJIFOKO300KCH[a3a,
UMMOOWIIN30BaHHBIE HA TMOBEPXHOCTU IMEYATHOTO DJIEKTPOJAA, MPEACTABISIIOT
co00l KOMMAaKTHYIO HEJOPOrylH0 AaHAJIUTUYECKYI0 CHCTeMY, O0O0JaJaollyto
BBICOKOW YYBCTBUTEJBHOCTBIO M OOJIBIIUM MOTEHIIMAJIOM B OOJACTH MacCOBOTO
IPOU3BOJICTBA.

eab padoThl

OcBouth MeTONbI paboThl C (PEepMEHTHBIMM OHMOCEHCOpPAMH Ha OCHOBE
MOJIU(ULIMPOBAHHBIX TPAPUTONACTOBBIX MEUYATHBIX JIEKTPOJIOB U 03HAKOMUTHCS C
IPUHIIMIAMU OMOCEHCOPHOTO OIpPeIeNIEHUS TIIFOKO3bI.

OO0BbeKTHI M CPeICTBA UCCJICI0BAHMSA:

1) [TopTaTuBHBIN BOJbTAMIIEPOMETPUUECKUN aHaM3aTOp EmStat

2)  IlepcoHaJIbHBIN KOMITBIOTEP

3)  MarHuTHas Menranka

4)  ABTOMaTHYECKHE IMUIETKH MEPEMEHHOr0 00beMa

5)  MomudunupoBanaeie  MmeauatopoM  (OepiuHCKas — J1a3ypb) H
TJIFOKO30KCH1a301 3JIEKTPO/IbI, U3TOTOBICHHBIE METOAOM TpadapeTHOM reyaTu

6) HenpoTounas kroBeTa 00beMOM 4MJ
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7)  Harpwuii pocdarhsrit OydepHsbiii pactBop pH=6.8

8)  CrangapTHbIif pacTBOp Ii1r0K03bI (1M)

Xox padoThI

[TopraruBHsbIii BOJIBTAMIIEPOMETPUYECKU I aHAJIU3aTopP EmStat
MPEICTaBIAET COOOM YCTPOMCTBO ISl pETUCTpAIMM U 00pabOTKH aHAIUTUYECKHUX
curHasioB. Ha pucynke 13.1 u pucynke 13.2 mpencraBiieHbl BHEITHUN BUA U
NPUHIIMIHANIBHAS CXeMa Yy4eOHO-HayYHOW YCTAHOBKHM M TOKa3aHbI €€ OCHOBHBIC
Y3JIBL.

OcHoOBHBIE y3JIbI U MX HA3HAYEHHUE

biiok BoJbTaMIEpOMETPUUECKOTO aHaiau3atopa (mo3uius 4 Ha PHCYHKe
13.1) mpemHasHaueH I YCWICHHS, TPeoOpa3oBaHUsS U Tepeaadydl CUTHaIa
AJIEKTPOJa HAa KOMIBIOTEp, WU IS TOJYYEHUS U BBINOJHEHUS KOMAaHJ OT
KoMIibloTepa. Ha nepeaneit crenke npudopa HaXOgUTCs pa3beM AJis MOAKITIOYEHUS
MPOBOJIOB OT U3MEPUTEIILHOTO 3JIEKTPOJIa, HA 3aJJHEW CTEHKE PACMOJIOKEH Pa3beM
mini USB a5 moaxroueHust K KOMIbIOTEpY (Mo3uius 5 Ha pucyHke 13.1).

W3mepuTtenbHbIi 37€KTPO/1, U3rOTOBJIEHHBI METOAOM TpadapeTHOW nevyaTu
(mo3unust 1 Ha pucynke 13.1), MmoauduimpoBan 6epIUHCKON Ja3yphlo, €ro cxema
npeacTaBieHa Ha PpucyHke 13.2. DnekTpoj npeaHa3HAueH Mg HU3MEpPEHUs
MEPOKCHJIa BOJIOPO/IA B KUJIKUX CpeIax.

N3mepenus npoBOASTCS B HEMPOTOUYHOW KIOBETE (MO3UIMSA 3 Ha PHUCYHKe
13.1), o6beMoM 4 MII, CHAOKEHHOUW SKOPEM MAarHUTHOW Memajakd (MOo3uius 2 Ha

pucynke 13.1). B Hee momematot Oy epHbIid pacTBOP U aHATU3UPYEMYIO TIPOOY.
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Pucynox 13.1. Ilpunyunuanvras cxema yueono-nayuuou ycmauosku (1 —
neuammbslil 2IeKmpoo, 2 — MASHUMHASL MeWAKa, 3 — uzmepumesnvbHas Koeema, 4 —

nomenyuocmam EmStat; 5 — komnsromep)

Pucynoxk 13.2. Yempoticmeo neuammuozo snekmpooa (1 — uzonamop; 2 —
cepebpanvlie  Kowmaxkmvl;, 3 — noonoxcka, 4 — epagumonacmosylii
BCNOMO2AMENbHBILL INIeKMPOO;, 5 — epagpumonacmosulii pabouuti 31eKkmpood; 6 —

XJ10pudcepedpsHbllL 31eKMpPoO0 CPABHEHUsL)

IIporpamma ynpasienus npudopom PSTrace

VYmpasiaenue mnpubopoM u 00pabOTKa pe3yJbTaTOB OCYIIECTBISETCA C
nomoiueto nporpammsl PSTrace. IlporpamMmma moxeTr paboTaTh Ha OneparMoOHHON
cucteme Windows 2000, XP, Vista mimm Windows 7.

Bo03M0XHOCTH TpOrpaMMbl BKJITIOUYAKOT:

- Jlnana3zoH moTeHIMAaa, MpujliaraeMoro K padodeMy 3iekTpoay +2B ¢

norpemntHocTbio 0,001 MB;
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- [llects auanazoHoB padbouux TOKOB — OT 1 HA nmo 100 MxA nns
pEerylIupoBaHMsl 4yBCTBUTEIBHOCTU NPUOOpa, C MUHUMAJIbHBIM pa3perieHueM 1
MKA, MUHUMaJIbHbIN HHTEpBal nu3mepenu 100 mc.

- ['papuueckoe oToOpakeHHE 3aBUCUMOCTU CUJIBI TOKa OT BpPEMEHU
U3MEPEHMsS] B pEajlbHOM BPEMEHM U OINPECIICHUE MapaMeTpoB JIMHEHHOIO
YPAaBHEHUS, ONMCHIBAIOIIETO KACATEJIbHYIO K BBIICJIIEHHOMY YYacTKy KpHUBOU
OTKJIMKA;

- CoxpaHeHHE HECKOJIbKUX KPHUBBIX OTKJIMKa B OJHOM (aiiie c
KOMMEHTapueM K u3MepeHuto. KonupoBaHHe BCEX JaHHBIX MOJIy4aeMbIX

3aBucuMocTel B Oydep oOMeHa uisi AKCIOpPTa B CTOPOHHHE MPOrpaMMbl s

nocieayieit oopadotku (pucynok 13.3).

Method Curve Measure Plot Peaks Help 3
AT IEE S 1) New
(T Cormedion Pt [ Daia | Menual Coniral
¥ | comt - [ 2 =
A (et e K- 4% @, @,
1 connection found
Measurement. | Ponks | Ifo 2 0,10
Techrique: (Aepperometrc Detecten ] = N
Sensor.
Sample:
Name Value Unit 0,004
E ] v k%)
Econd v v
Edep ] v [
rterval 05 s k
tnun [ =
t cond 15 . 1 iy
1 dep 0 < 1
teq o L z
2
L] 5
[3] - e
e 0,20 \ - —_—
Cell on dfter messurement 030+
Audiary Inout
Record aux. input
e uoes (EFJEED 0 00w 1ma oma
Expecied duration: 00.00:55 s
Number of data poirts: 81 040 : T r T T T
5 10 15 20 25 30 40
. . X 1558ETs Timels
y. -1 864 -1 pA

B Not connected

Pucynok 13.3. OxHo npocpammol

B nentpe oxna mporpammsbl (rosunius 1 Ha pucynke 13.3) pacmnonaraercs
o0iacTh BBIBOJA WHGOpPMAIMU O MPOBOAMMOM H3MepeHuu. Ha Bkimagke «Plot»
otobpaxaroTcs rpaduku n3mepenuil. Ha 31oil Bkimagke cieBa ot o0iacTu BHIBOJA
KPHUBBIX PACIOI0KEHbI KHONKH MACIITA0MPOBaHUS U U3BMEHEHUEM BUJIA TPAPUKOB,
cIpaBa — INaHeNb YNPAaBIECHUS OTOOPAKEHHWEM KPHUBBIX, KOTOpas IMO3BOJSET
CKPBIBaTh/TIOKA3bIBaTh M W30JIMPOBATh OTNEIbHBIE KpHBBIE. B BepxHel wyacTu

BKJIAJIKM PaCIOJIaraloTcsi MHCTPYMEHTHI paboTel ¢ rpaduxom. Bxraaka «Data»
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COJIEPKUT YMCIIOBBIE JAHHbIE BCEX TOYEK MPOBEACHHBIX H3MepeHuil. OHa
MO3BOJISIET BBIOpAaTh KPHUBYIO, JaHHBIE KOTOPOMl TpedyeTrcss MpPOCMOTPETh U
COJIEPKUT KHOIIKY KOIHUPOBAHUS BCEX JAaHHBIX KpuBOM B Oydep oomeHa. Bkiaaka
«Manual Controly» cnyxut mis oTiaaku mpubopa W MPOMBIBKHA 3JIEKTPOAa B
PYYHOM PEKUME.

JleByto 4acTth oOkHa (mo3unus 2 Ha puHcyHKe 13.3) 3aHMMaeT maHeNlb
yOpaBi€HUs mapameTrpaMud u3MepeHus. B Hell coxaepiarcs  3JIEMEHTHI,
MO3BOJISIOLIME MOAKIIOYUTh TPUOOP K KOMIBIOTEPY, BHIOpaTh METOA U3MEPEHUs,
YCTAaHOBUTH MapaMeTpbl U3MEPEHHUSI U BIOPATH IMANAa30H U3MEPSEMbIX TOKOB.

B Bepxneili yactu okHa (mo3unus 3 Ha pucyHke 13.2) HaxoAWTCs TIaBHOE
MEHIO U KHOIKH YIPaBJIEHUS, C TOMOUIBI0O KOTOPBIX MOKHO COXPAHSTh/3arpyKaTh
METOJIMKU W3MEPEHUU W KPUBBIC M3MEpPEeHM. TaM e HaxXxOoauTcs OJIOK 3amycka
U3MEpEHUS.

IIpoBenenue usmMmepeHuu

Jlns wawanma paboOTBl HEOOXOAWMO Ipu IMoMomyd mporpammbl PSTrace
YCTaHOBUTH CBSI3b MEXAY KOMIBIOTEPOM U MpUOOPOM. [[J1s1 3TOr0 B BhINAJAOLIEM
CIIUCKE B JIEBOI BepxHel yacTu okHa (pucyHke 13.4) nyxxHo BeiOpath COM unu
USB nopt, k¥ koTopomy nojakioueH npudop. Eciu npubop moaxirodeH mocie
3alycka MpOrpaMMbl, HakaTh KHOmMKy . Ilocie 3Toro Haxarh KHOIKY

«Connect».

|ZJ Connection

£ | UsB =] | Comest |

T comections found

Pucynox 13.4. Ilanenv nookaiouenus npubopa Kk KOMnviomepy

[Tocne ycraHoBIEHUS CBSI3M C MPUOOPOM HEOOXOAMMO OIPEICITHUTh
napaMeTpbl, IPH KOTOPBIX OYJIET IPOBOIUTHLCS M3MepeHus. Ha yieBoli maHean okHa
porpaMMbl B BBINIQJIafomeM crucke «Technique» BbIOpaTh METOJ H3MEPCHUS
«Amperometric  Detection»  (ammepomerpuueckoe  m3mepenue).  Ilog
BBITIQJAIOIIUM CITUCKOM pacriojlaracTcsl TabiuIla mapaMeTpoB METoja. 3HAYCHUS

napaMeTpoB IIPUBECTH B COOTBETCTBUE ¢ Tadamuei 13.1.
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Tabnuya 13.1. [lapamempol usmeperus

ITyHKT 3HaueHue
Onucanue napameTpa
IpOrpaMMbl napamerpa

[ToTenuuan, npuiaaraeMelii kK pabouemy
E 3JICKTPOJly B TEUCHUE BCETO BPEMEHU 0B

U3MEpPEHUs

[ToTeHuman, mpu KOTOPOM IPOBOJUTCS
E cond 0B
HpOMBIBKa BJICKTPOILa I10CJIC I/I3MepeHI/IH

[ToTenmnuan cTaguy ocaXI€HUS 1O Hadaja

E dep 0B
WU3MEpPEHUS
_ BpemeHHOM HHTEPBAT MEKIY NBYMS
interval 0,5¢
TOYKAMU
t run [IpoaOIKUTETBHOCTD U3MEPEHNUS 600 c
[IpoAOMKUTENEHOCTD IPOMBIBKH TIOCJIE
t cond Oc
M3MEpPEHUS

HpOI[OJDKI/ITeJ'IBHOCTI) craauu OCaXJICHUA A0
t dep Oc
Ha4daJla U3MCPCHUA

Bpewmsi, B TeueHrE KOTOPOTO TIEpeT Ha4aaoM
teq u3MepeHus OyeT CTa0MIM3uPOBATHCS Oc

noreHimain E

Bo uzbexanue meperpy3ok mpu NMPOBEACHUU HU3MEPEHUM HY>KHO BBIOpATh
JIAATa30H U3MEPSIEMbIX TOKOB. [[11 3TOTO B JIEBOW HU)KHEW YaCTH OKHA B CITUCKE

JMara30HoB TOKOB BbIACIUTH Auana3onbl 100 nA, 1 pA, 10 pA (pucynok 13.5).

Pucynok 13.5. [luanazonst usmepsemvix mokos

Jisi  TMONydYeHWs aHATUTUYECKOTO CHUTHaJa HEOOXOIUMO TOTPY3HTh
IEKTpoa B OydepHBI pacTBOp, BKIIOYHTH MEMIAIKY. YCTaHOBHTH IapaMeTpPhI
u3MepeHus: coriiacHo TaOaupe 13.1, B BbIMaAarolmeM CHOUCKE Ha NAHEIH
yrpasieHusi xoaoM uzMmepeHus (pucyHok 13.5) BwiOparh mosunuio «Newy» wu

HaXaTb KHOIIKY [:) Bauumanue: IIpru NOCJICAYIOMNX U3MCPCHUAX B BbIITAa/IatOIICM
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crnucke BbIOMpath nosunuto «Overlayy, 94To0bl COXpaHUTh B MaMSATH MPOTPAMMBI

YK€ CHATBHIC KPUBLBIC.

>

Pucynox 13.6. Ilanenv ynpasnerusi Xxo0om uzmepeHust

[Tocne mnonydeHWss TMOCTOSHHOTO CHUTHaja CHJIbBI TOKa B  sUCHKe,
coxpansiromierocsi B teueHue 10-20 ¢, BBECTH B HM3MEPUTEIBHYIO KIOBETY C
MOMOIIbI0 ABTOMATUYECKON MUKPOIUIIETKH aHAIU3UPYyEeMyl0 Tpoly. AHanu3
IPOBOJUTCS B TEUEHHWE BPEMEHHU, YCTAHOBJICHHOTO Ha TMaHEId MapamMeTpoB
(mo3uuust 2 Ha pucynke 13.1) mepen Havamom uzMmepeHus. s 3KCTPEHHOTO
3aBEpIICHUSI aHAIN3a HaXKaThb KHONKY «CTOI» HAa TMaHEIW YIPaBICHHS XOJI0OM
u3MepeHus (pucyHok 13.4).

Buumanmue!!! Ilpu BHemIaHOBOW OCTAHOBKE HW3MEpPEHHUSA  YKe
UMeKHecs JaHHbIe MOTYT CTepPeThCsl U3 MaMSATH POrPaMMBbl.

JUist u3MepeHusi MOJIy4YeHHOrO0 AHAJIMTUYECKOIO CUTHAIA B BBINAIAIOIIEM
ciiucke «Use pointer to:» B BepxHedl uyacTH OKHa BbIOpaTh mo3ummio «Select
pointy, 3aTemM BBIOpaTh TOYKY Ha TrpaduKe, COOTBETCTBYIOIIYID MOMEHTY JIO
npubOaBICHHs] aHaIU3UpyeMoill TpoObl. Psmom ¢ Toukod oToOpassTcs ee
KoopnuHatel Ha Tpaduke. KoopnuHara Y COOTBETCTBYET YpPOBHIO TOKa 0
npuoOaBIeHHs MPOObI. AHATOTUYHBIEC JEHCTBUS MPOAEIATh C TOUKOW, HAXOIAIIEenCs
Ha JIMHEHHOM Yy4YacTKEe KpUBOM IMOCI€ NaJeHUS YPOBHS TOKA, BBI3BAHHOIO
no0apiieHneM NpoObl. PazHuiia Mexy HadalbHbIM M KOHEYHBIM YPOBHEM TOKa
ABJISIETCA AaMIUIUTYJ0M W3MEHEHUsS CUJIbl TOKAa M UCIOJB3YeTCd B KayecTBe
aHAJIUTUYECKOTO CUTHAJIA.

IIpurorosienne 6MOPeHENTOPHOIO JJIEMEHTA

s OTpeIeTICHHS KOHIIEHTpaluu TJIFOKO3BI HCIIOJIB30BaIN
OMOpelenTOPHBIN JIEMEHT Ha OCHOBE (hepMEHTa TIIFOKO300KCHAa3bl (OPOPMIISIIOT
CTYJICHTHI C YKa3aHUEM METOJa UMMOOUITN3AIINN).

ITocTpoeHne rpagynpoBoOYHOI 3aBUCHUMOCTH OHOCeHcopa
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W3mepennst BBITIONHSIOT B HaTpuii-KamueBoM ¢ocdatHom Oydepe pH = 6.8,
KOHIIeHTpalusi cosneil 33 MM; mepeMenivBaHue OCYUIECTBISIOT HAa MarHUTHOM
memanke (200 o6/mMuH); BBOJ TPOOBI  BBHIMIOJHSIOT  ABTOMATUYECKUMU
MUKpPONUIIETKAMH TEepeMEeHHOro obbema (00beM anmukBoThl 5-100 wmki). B
KauyeCTBE MOJIEIILHOTO PACTBOPA MUCIIOJIB3YIOT CTaHAAPTHBIN pacTBOp riroko3bl (0.1
M). UsmepsieMbIM MapaMeTpoOM SIBIIETCS aMIUIUTy/Ja W3MEHCHHS BBIXOJIHOTO
curHaia OuoceHcopa mnpu jgobasienun cyoctpara. I[loctpoenue rpaduka
IpayupOBOYHON 3aBHCHMOCTH BBITIOTHSIOT B KOOPJWHATAX: OTKJIMK CeHcopa (HA)
OT KOHIIEHTPAIlUU TJIIOKO3bI B KIOBETE (MOJIB/I) C OTOOpa)KEHUEM JTOBEPUTEIIbHBIX
UHTEPBAJIOB.

OnpenesieHue KOHIEHTPAIUM TJIIOKO3bI B HEM3BECTHOI Mpode

1)  OO6pabotarh rpaduk rpaayrpOBOYHON 3aBHCHUMOCTH IO YPaBHEHHUIO
Muxasnuca-MeHTeH, OTy4YuTh 3HaYeHHue KOHCTaHThl Muxasnuca (Ky).

2)  OrtBer ceHcopa Ha J00aBIIeHUE HEU3BECTHOW NIPOOKI TOJKEH JICKATh B
muara3zoHe or 0 M no Ky. Ecom orBer Gompme Ky, mpoOy HeoO6xomaumo
pa30aBUTE.

3)  Touku rpaayupoOBOYHON 3aBUCHMOCTH, COOTBETCTBYIOIINE TUAMA30HY
koHueHTpaiuit or 0 M no Ky, o06paborats 1o 1MHEHOM 3aBUCUMOCTH U MOJTYYUTh
ypaBHeHue Buaa: Al=aC,ox0mth

4)  TlomcraBuTh 3HAYCHHWE OTBETA CEHCOpA HA JOOABJICHHE HEH3BECTHOU
npoObl B TIOJYYEHHOE YpaBHEHHWE M PACCUUTATh KOHIEHTPAIMIO TJIIOKO3BI B
KIOBETE.

5)  IlepecuuTaTh KOHIIEHTPAIMIO TJIIOKO3bI B KIOBETE Ha KOHIICHTPAIIUIO B
npooe.

Odopmirenune padboTnbl

1). HapucoBaTh cxemy OMOCEHCOPHON yCTaHOBKH, omucaTth (OpMHPOBAHUE
PEIEnTOPHOTO JJICMEHTA.

2). 3anonaHUTh TAONUILy IS TOCTPOSHUS TPATyHPOBOYHON 3aBHUCHUMOCTH,

KOTOpasi COAEPKUT CTONIOEL C pacueTOM KOHILIEHTPALMU IIFOKO3bI B KIOBETE.
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3). BcraButh rpadmk 3aBUCUMOCTH B KOOPAMHATAX: OTKJIMK ceHcopa (HA) oT
KOHIIEHTpAI[MH TIIOKO3bI B KIOBETE (MOJIb/JT), MOJYUYEHHBIN MyTeM KOMITbIOTEPHOU
00pa0OTKH TaHHBIX.

4). TlpuBectn pe3yJabTaThl CTATHCTUYCCKOM OOpPaOOTKH IOITyYEeHHOU
3aBUCUMOCTH: TapaMeTpbl YpaBHEHUH CO  CTAHJIAPTHBIM  OTKJIOHEHHUEM,
KOA(PGUIIUEHT CMEUIaHHON KOPPENIALUN R%,

5). IlpuBectT aIropuT™M ONPENEICHUS KOHUEHTPAUMUH TJIIOKO3bl B

HEW3BECTHOM Mpooe.

Bonpocwi ona camonposepku:
1. Ilpunyun pabomwl amnepomempuyecko2o buocencopa?
. Ilpeumywecmea ucnonb308anuss MeOUaAmMopHvIX OUOCEHCOPOS.

CKONbKUINEKMPOOHAs, CUCEMA UCNOAb3Yemcs 8 pabome u noiemy?

. Ilpumepovl meduamopos (npupoousie, cunmemuyeckue)

2
3
4. Vpasnenue gpepmenmamusHol KUHEMUKLU.
5
6. Cneyugpuunocms gpepmernmos.

7

. Kaxue cnocobwr nooauu npobwi vl 3naeme?
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JlaGopaTopnasi padora Nel4 Dkcnpecc-onpenesieHre rj0K03bI B

KPOBH C UCIIOJIB30BAHHUEM TVIOKOMETPAa

['mrokoMeTpbl NPUMEHSIOT ISl KOJMYECTBEHHOTO OMPEAECTICHUS COJICPKAHUS
TJIFOKO3bI B KPOBU CIIIOJIBMH, CTPAJAIONIMMHU CaxapHbIM JHAOETOM, B JIOMAIIHUX
YCIIOBUSIX, MEAULIMHCKUM IEPCOHATIOM B MEAYUYPEKJCHUSAX B KAUECTBE CPEICTBA
OTCJIC)KUBAHUS YPOBHS TJIFOKO3bI B KPOBH. JIJIsl JTFOAEH, CTPAJArOIIMX CaXapHBIM
nuabeToM, OIpe/elieHne COJEp)KaHUs TJIIOKO3bI B KPOBH — HEOOXOIMMBIN
eKeJHEBHBIM aHaIN3.

ConepxaHue TJIIOKO3bI B KPOBM IS JIFOJICH, HE CTpadaroluX caxapHbIM

I[I/Ia6€TOM, 3aBHUCUT OT BpEMCHHU IMPOIICAIICTO ITOCJIC IMTOCIICAHETO IMTpHreMa IMUIIN:

o obema wmaun
1 dac

Jlo  3aBTpaka Yepes Uepes 2 yaca

Bpemss mocne

IprueMa MUy

(12 4 mnocne

yxuHa (8-4 u

nocje npuema

nocjie npuema

nocje mnpuema

nprema MUILn) 0200007 1200007

TTUIIIN )

JlnamnazoH,

3,9-5,9 3,9-6,1 Menee 8.9 Memnee 6,7

MMOJIB/JT

Pexomenmanmu mo cytouHomy rpaduKy H3MEpEeHHs caxapa i JIIOJACH,
CTpaJlaloIINX CaXapHbIM AHA0ETOM:

ONPEAEITICHHUE caxapa B KPOBU INIIOKOMETPOM B ClIydae IMAarHOCTUPOBAHUSA |-
ro tumna auabera HY>KHO TIPOU3BOAUTH 4 paza B CyTKH, O MpHEMa MHINHA U TIEPe]T
CHOM;

npu AuadeTe 2 TUMa — OJUWH WIH JIBa TECTA B CYTKH.

B Poccun nHaumbombiiee pacrnpocTpaHEHHE MOIYYMIN TitokomeTpbl One
Touch (Johnson and Jonson, CIIIA), Accu-Chec (Roche, ®pannus), Elite (Baiiep,
I'epmanus), Caremmur (DJITA, Poccust). 'mokomeTpbl MOpeacTaBIsSOT cOOOU
ouoceHcop. buoceHcop — 3TO aHaNMUTUYECKUd TPUOOP, B KOTOPOM ISt
ONpENCNICHUs]  XMMUYECKUX COCIMHEHUW  HCMOJB3YIOTCA  pPEaKUUU  ATUX
COCIMHEHHM, KaTanu3upyemblie (pepMEeHTaMH, UMMYHOXUMHUYECKHUE PEAKIUHA WU
peakIiuu, NpoXoJIAIllie B OpraHeiyiax, KieTkax Wiu TKaHsax. [IpuHuun aetexkuuw,
peaIN30BaHHbIA B

OmoceHcopax, OCHOBaH Ha TOM,
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UMMOOMIN30BaHHBIH Ha (u3mueckoM fatuuke (mpeoOpasoBaTene), mpu
B3aUMO/JICHCTBUU C OTIPEAEISIEMbIM COEAMHEHNEM T€HEPUPYET 3aBHCHUMBIA OT €ro
KOHIICHTpAIIMN CUTHAJl, KOTOPBI perucTpupyercs mpeoOpa3zoBaTelieM TOTO WU
MHOTO TUIA W Tocjie o0paOOTKM JAHHBIX MPEACTaBISETCS B YHCIEHHOM BHJE

(pucynox 14.1).

AHanuanpyemas
npoba

buomartepuan
[MpeobpasoBarterb

Pernctpauus
curHana

O06paboTka JaHHbIX
Pe3yrbTaTel aHannsa

Pucynok 14.1. Cxemamuueckoe npedcmasienue Ouocencopa

IpyHuMn padoThl IVIIOKOMETPA

Camble pacmpoCTpaHEHHBIE TIIIOKOMETPhl — 3TO (OTOMETPUUYECKUE H
ANIEKTpOXUMUYECKUe ycTporcTBa. [IpuHumn paboThl IIFOKOMETpa MEpBOTO THUIIA
OCHOBAH Ha aHAJIM3€ U3MEHEHHUs LBETa TECTOBOM IMOJIOCKH MPU HAHECEHUH HA HEe
Kar KpoBu. [Ipubop, ucmons3ys ONTHYECKUN OJIOK M KOHTPOJIbHBIE OOpas3Ilbl,
MPOBOJAUT CPABHEHUE U BHIBOJAUT PE3yJIbTATHI.

Bascno! Tlokazanusi riarokomeTpa (POTOMETPUUECKOTO THUMNA OTIUYAIOTCS
HU3KOM TOYHOCTHIO. B Xoje sKcrulyatanuMy JWH3bI ONTHUKH Npubopa MOTYT

3arpsi3HUTHCS, MOTEPATH POKYC U3-3a CMEILEHUSI OT YJapOB WM BUOpAIUU.
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[TosToMy ceromHss MepuTh caxap B KpPOBU JUAOETUKU MPEANOYUTAIOT
ANEKTPOXUMUYECKUMH  U3MEPUTENSIMU,  KOTOpbIE  MPEACTABISIIOT  COOOM
MUHHATIOPHBIE aMIIEPOMETPUUECKUE OMOCEHCOPHI C 0OHOPA30BBIMU IJIEKTPOJAMU
(TecT-moyIocKamMM), M3TOTOBJICHHBIMH METOJIOM TpadapeTHod rmneuyatu. Ha
MOJINMEPHOM MOJIOKKE TECT-IMOJOCKH PACHOJIOKEHBI TPU 3JIEKTpoaa (PUCYHOK
14.2):

DNEeKTpO CpaBHEHHS B BHJE CepeOpsSHOW HUTH C JI0OaBIEeHHE XJIOpHUAA
KaJIisl Ha TOBEPXHOCTH HUTH ( XJIOpCEpEeOPSHBIN SIEKTPO);

BcnomorarenbHbiil rpadUTOBBIN 3JIEKTPO/I;

Pabounii rpaduTOBBIN IEKTPOSI.

n3onaTop e BCMOMOraTenbHbI 3MeKTPoAa
. A C_‘)) (yrmepoaHas nacta)
-

R pabo4umin anekTpon

- &—-— — (yrnepoaHas nacra)

= KOHTaKThbI T
L i 3 3NeKTpoA CpaBHEHUs
',:. \ (AnggCI I'IaCTa)
: N _

__NoANoXKa

Pucynok 14.2 Oonopazosvlii 321eKkmpoo, noJyYeHHblL Memooom mpagdapemuou
nevamu

Ha mnoBepxHOCTh pabouero rpauTOBOrO 3JIEKTPOJa HMMOOMIM30BaH
dbepMeHT  TUIFOKO30KCHa3a, MEIUaTop  dJJEKTPOHHOTO  TpaHcmopra  —
rekcarmmanodeppar (I11) kamms m comm musg co3gaHus OyQpepHOM CHCTEMBI.
[Tonynponuitaemass MeMOpaHa OTpaHUYMBACT JAOCTYIl (DOPMEHHBIX HJIEMEHTOB
KpOBU U OENKOB IJIa3Mbl K MOBEPXHOCTH JJIEKTPOJA, YTO TMO3BOJIAET MPOBOJUTH
aHanu3 0e3 mpoOOmoAroToBKH. BhiCOKas 4yBCTBUTENBHOCTh METO/A IO3BOJISET

MUHHAMH3UPOBATH 00HEM MPOOBI KpOBU 70 1-2 MK (Karuis).
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[IpuHiMn OWOCEHCOPHOM JETEKIHUH TJIIOKO3bl B KPOBH C TOMOIIBIO
MEIUATOPHOTO TJIFOKO300KCUA3HOT0 JIEKTPO/Ia IIPEICTABIICH HA CXEME:
Anop (momaetcst noteHuan +0,4 B OTHOCUTEIBHO AJIEKTPOAa CPABHEHUS ):

rmoko3a + @DAJ[-I'OJ] — > rmokononaktoH + OAJIH,-I'OJ]

DAIH, + 2[Fe(CN)]® ——> @Al + 2[Fe(CN)g]* + 2H"

[FeCN) " —% 5 [Fe(CN)J*
BIIEKTPOL
+0,4B

Karon:

ACl + € —» A’ + CI
JIIEKTPOL
-0,4B
Tok oxuciaeHus MCaUATOpa IPOINOPHUOHAIICH COACPKAHUIO TJIFOKO3bI B
aHAJIM3UPYEMOM 00pasiie KPOBH.
I'moxomerpsr One Touch (Johnson and Jonson, CIHIA) umeror auana3oH

u3mepenuit 1,1-33,3 Mmodb/1.

MaTepuaJjbl MCCJIEIOBAHUS TJIFOKOMCHTP, HHCTPYKIUSA 11O ITOJIB30BaHUILO,

CTEPWIbHBIN JIAHIIET, TECT-TI0JIOCKA, BaTa, XUMUYECKUN CTAaKaH, 3TUJIOBBIN CIUPT,
MTUHIIET.

Xoa padotsl (11 riirokomerpa One Touch (Johnson and Jonson, CIILA).

Jna enwkomempos opyzux npouseooumesieil u mooejneil X00 aHaiu3a
Mmoxcem omauvamupca! Cmompemsv uncmpykuyuro!

1. YerpoiicTBo 6uocencopa (pucynok 14.3):
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XK aucnaeit

Moka3LIEaeT pe3yALTAThl MU3MepPeHUI
YDOBHS [AIOKO3bl B KPOBW M BLIAQET
AOrMHeCKMe NOACKO3KM

FAaBHas kHonka © KHonka ycraHoBok
Caywir ans Cayxur pan
1. BraioyeHs raokomMeTpa 1. YcrasoBkuW road, AQThl, BpeMeHH
2. NpocMoTpa pesyAsTaTOs B NAMSTU | U AVHILL MBMEPEeHUs NamsaTH
3. YCTQHOBKA HyXHBIX NapaMeTpoB 2. BuikaloueHWs raiokoMeTpa
B PEXMME YCTCHOBKM
lHeaao ©
CAYAMT AAST:

1. BeepeHuna TeCT-NoAOCOK

2. Beepenusa koaMpYioLUero ctpuna
(MpY OTKPLITUM HOBOTO NY3LIPLKA C
TECT-NOAOCKAMM)

Pucynok 14.3 Ycmpoticmeo enrokomempa

[lepen mepBBIM HMCHOJIB30BAaHUEM HYKHO MPOBEPUTH KOJI TOJOCKH JUIs
KaIUOpOBKU Tritokomerpa. [nst storo mnpubop BeikioyaroT. KoHteitHep ¢
MOJIOCKAMH OTKPBIBAIOT, OEPYyT OJIHY M Cpa3y K€ 3aKpbIBalOT KpbimKy. [locne
3TOrO:

MOJIOCKY BCTaBJISIOT B THE3/10 TPUOOPa;

yOeXJal0TCsl, YTO HaYasCs MPOLEecC BKIIOYCHHUS;

npu OTOOpaXEHMHM 3HAKOB «—» Ha DJKpaHe, JCHCTBYSd KHOIKaMu
yIpaBJEHUs BBEPX U BHHU3, yCTAHABIIMBAIOT MPABUIIbHBIN KOJI.

2. Baarue npoObl KpOBH.
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Kamito kpoBM MOXKHO MOJIYyYUTh KaK M3 KOHUMKA TNajblia, TaK M U3
npearvieybsi. BbIMOWTE pYyKH M MECTO IMPOKOJA TEIUIOM BOJOW C MBUIOM U
TuiaTesbHo mpocymurte. llponesunpuuupyiite mecto OyIylIero MpokoJia
TWIOBBIM criupToM. [Ipokonurte maner; nanmeroM. O0beM TOTYYEHHOW KpPOBU
JIOJKEH COCTABJISITh HE MEHEE | MKJI, HHA4Y€ MOJyYUTCSl HETPaBUIIbHBIN pe3ybTarT.

3. BBeneHue TeCT-IOJIOCKH.

BospmuTe Tect-mosocky w3 ¢iakoHa mnuHieTroMm. [Ipexne, yeM BBOAHTH
TECT-TIOJIOCKY, TPOBEpbTE HOMEpP KoAa Ha (JIaKkoHE C TEeCT-TOJOCKAMHU.
Hemennienno 3akpoiite (pyiakoH Kpbilikoil. BBeauTe TECT-MOJIOCKY KOHTAKTHBIMU
MOJIOCAMM M JIMLEBOM CTOPOHOW BBEpX. TecT-mosiocka NOKHA BOMTH 0 yHopa.
[Ipubop BKJIIOYUTCA W HAa KOPOTKUM MPOMEKYTOK BpPEMEHH BO3HHUKHET
M300paKEHNE KOHTPOJIBHOTO JKpaHa. YOeauTech, 4TO HOMEP KOJa Ha JKpaHe
COOTBETCTBYET HOMEPY Kojla Ha (PJIaKOHE C TECT MOJIOCKAMH.

4. Hanecure Karuio KpOBH.

Korga Ha 3kpaHe IIIOKOMETpa MOSIBUTCS MUTAIOUIMKA CHUMBOJI Kallll KPOBH,
MOJHECUTE MaJiel] C MPUKOJIOM K Y3KOMY KaHajlly y BEPXHEro Kpasi TECT-IIOJIOCKU U
YAEPKUBAUTE TECT-TOJIOCKY Yy Kpas Kalull KpPOBH, IOKa KOHTPOJIBHOE IOJIE HE
3aMOJIHUTCS EJIMKOM U MPUOOp HAYHET OOPATHBIN OTYET.

5. Ilonyuenue pesymnprara.

Pe3ynbraT ompeneneHuss TIIOKO3bI B KPOBU IOSIBUTCS 10 OKOHYAHUU
otrcueta mpudopom ot 5 10 1 cekyH.

Odopmienune paborbl. Onuiuure NOPUHUUI METOAA, XOI paboThl,

NPaKTHYECKOEe 3HAYCHHE PabOThI U 3aHECUTE TIOJyUEHHBIC 3HAUCHUS COJEPIKaAHUS
TJIFOKO3BI B KPOBH B JIabopaTopHyto padoty. Caenaiite BbIBOJ 00 YPOBHE TUIFOKO3BI

B KPOBHU Y UCHBITYEMOTO.

Bonpocul ons camonposepku.:
1. U3 kakoeo nanvya neobxooumo omoupams npooy Kposu u novemy?
2. Ilpunyun pabomsi amnepomempuuecko2o buocencopa?

3. Ilpeumywecmesa ucnonv3o8anus meoOUamopHulx OUOCEHCOPOS.

113



4. CKOIbKUINEKMPOOHAs CUCmemMda UCHOIb3Yemcs 6 2NIOKOMempax u
novemy?

5. Vpasnenue gpepmenmamusnoti kunemuxu.

6. Ilpumepor meouamopos (npupoousvie, cunmemuyeckue)

7. Ilouemy 6 enoxomempax UCHONBL3YIOM 8 Kauemcee OUOKOMNOHEeHmA
Gepmenm enoK0300KCUOA3y?

8. Cneyugpuunocms gpepmenmos.

9. Kaxue cnocobwt nooauu npodwl 6wt 3Haeme?

10.7lpakmuueckoe 3nauenue pabomol.
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JlaGopaTopnasi padora Ne 15 depmeHTATUBHAA KUHETHKA.
BroisiB/IeHHE JUMUTHPYOIIMX CTAAUNA 0M03IEKTPOKATAIMTHYECKOTO
OKHCJIEHHS cy0OcTpaTa MMMOOMJIN30BAHHBIMU (pepMEHTAMM

(k1eTkammn)

depMeHTaTUBHBIE pEaKLUU, JIEXkKAIIUe B OCHOBE OMOCEHCOPHOTO aHaJu3a,
Yaile BCero MOJYUHSIOTCA OOIIMM 3aKOHAM KaTajini3a, HO BCIEICTBHE CIOKHOCTU
cocTaBa U CTpOEeHMsI (PEPMEHTOB, SABIIAIOTCS MHOTOCTaJUiIHBIMU Npoueccamu. Ha
npolecc NpoTeKkanust (epMEHTATUBHBIX PEAKIUHN BIUAIOT pa3Hble (DaKTOPhI, TaKue
KaK: MHrMOMpoBaHME M akTuBauus cyOctparoMm, pH cpeasl, Temmepartypa,
nporieccel 1uddy3uu u T.11.

JUIsi HaXOXKJI€HUSI KUHETUYECKUX MapaMeTpoB (EpMEHTATUBHBIX pEaKIMi
UCIOJB3YIOT pa3HooOpasHble MeToabl. [IpocredmnM U3 HHUX SBISETCS aHAIU3
Ha4yaJIbHBIX CKOPOCTEH, B OCHOBY KOTOPOTO IIOJIOXKEHO ypaBHeHHMe Muxasiuca —
Menten. [Ipocreiimieir cxemoi Uis ONUCAHHWS KUHETHKH (DEPMEHTATUBHBIX

pEaKLMi ABJISIETCS TaK Ha3bIBacMas ABYXCTaAuHAs cxeMa Muxasmnuca:

E+S<«“>ES—3E+P

B KoTopoit E — depmenT; S cyberpart;

ki m K ; - KOHCTaHTa CKOpoCTH O0Opa3oBaHHMS W pacnaga (epmeHT-
cyOcTpaTHOro KoMIuiekca ES, coorBeTcTBEHHO.

k, - KOHCTAaHTa CKOpPOCTH TIEPBOTO TMOpsiaAKa pacnaga (epMeHT-
cyoctpaTtHoro komiuiekca ES ¢ oOpa3oBaHmeM NpPOAyKTOB peakiuu P u
pereHepanuei pepMeHTa

JlaHHasi KWHETHYECKas CXeMa OIMChIBaeTCA YypaBHEeHHeM Mwuxasmuca-

MeureH:

— kkam[E]O[S]O — Vmax [S]O
Km(xaaf(') + [S]O Km(mofc) + [S ]0

Kin(cax) — KasKymasicst (T.K. 3aBUcUT oT pH cpenbl, IpUCYTCTBUS B CHCTEME

I/IHFI/I6I/ITOp0B WX aKTHUBATOPOB, HAJIW4YUA OOIMOJHUTCIIBHBIX CTaI[I/Iﬁ B CX@MC)
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KOHCTaHTa Muxasiuca - paBHa KOHLEHTpauuu cyOcTpara MpU CKOPOCTH
(epMEHTATUBHOM pEaKUMM, PaBHON IIOJIOBUHE MAaKCHUMAJbHOW CKOPOCTH W
XapaKTEepU3yeT CPOJICTBO JAaHHOTO (hepMEHTA K TOMY WUJIM MHOMY CyOCTpaTy.

Vimax - MakCHMallbHas CKOpPOCTb pEaKUMM IpU JTaHHOM KOHLEHTPALUU
(epMeHTa B ONITUMAJIbHBIX YCIOBUSX IPOBEIACHUS pEaKLIUU.

OOmmit BHI 3aBUCUMOCTH CKOPOCTH (PEPMEHTATUBHOM pEaKIHH OT
KOHIIEHTpAIMu cyOcTpaTa npejacTaBicH Ha pucyHnke 15.1

v

3

max

=

n max

B
™

Y KoHUEHTRaLMA
cyboTpaTa

Pucynok 15.1. 3asucumocms cxkopocmu pepmenmamugHou peaxyuu om
KOHYyewmpayuu cyocmpama S

JUiss  BBIABICHHUS ~ CKOPOCTBHOINPEACNSIONIMX  CTaAuil  TMPOIECCOB,
NpPOTEKAoNMX Ha  (EPMEHTHBIX  JJIEKTpOJaX, HCIOJB3YeTCS  TOJXO]I,
pazpabotanabli Dnbepu u bapTiaeToM, B KOTOPOM OHO3IEKTPOKATATUTHIECKOE
OKHCJIEHHE CcyOcTpara Ha DJJIEKTPOJE MPEJACTaBISIOT B BHJIE MOJEIH,
YUUTBHIBAIOMICH pa3inuHble CTaJuH: IMEepeHoc cyOcTpara dYepes 3IEKTPOAHYIO
MeMOpaHy K (pepMEHTHBIM CHCTeMaM OaKTEpHABbHBIX KJIETOK, PEAKIHI0 €ro C
dbepmeHTOM, pereHepaiuio GepMeHTa OKHUCIECHHBIM MEIUAaTOPOM M OKHCJICHHUE

BOCCTaHOBJICHHOTO MEIUaToOpa Ha JIeKTpoie (pUcyHok 15.2).
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Pucynox 15.2. Cxema npoyeccos u peakyuii, npomeKaroujux y no8epxHocmu
Gepmenmmuozo nekmpooa

Marematruyeckuii aHanu3 MOJENH (HEPMEHTHOTO 3JIEKTPOJIa, MPOBEICHHBIM
Onbepu Y. JIx. u Kpecronom /I. X., OCHOBaHHBII Ha paBEHCTBE MTOTOKOB BEIIECTB
yepe3 KaxAyro CTaJuIo Ipoliecca B CTAlIMOHAPHOM COCTOSIHUU U IIPU YCJIOBUH, YTO
dbepMeHTaTUBHASI peakivs MPOTEKaeT B paMKaX KWHETHMKH Muxajnuca-MeHTeH,
NPUBOJUT K  YPaBHEHUIO  3aBUCUMOCTHM  TOTOKAa  T€HEPUPYEMBIX B
AIIEKTPOKATAIUTUYECKOM MPOIECCe DJIEKTPOHOB OT KOHIEHTpaluu cyoOcTpara,

AHAJIOTUYHOMY ypaBHEHHUIO XdliHeca :

S
J I(ME I<ME kSSoo

rJie ] — IOTOK, paCCYMTHIBAEMBIH 110 opMyJie:

|
" nFA

j 2)
| — cuna TOKa, IPOTCKAMICTO Y€PE3 DICKTPOA; N — YHUCJIO DJICKTPOHOB, F -

nocrosgHHas Dapanes; A — MIOMAAb 3JIEKTPOAa; S — KOHUEHTpalus cyocTpaTa B

kioBere; K'  — a(h(ekTHBHAs KOHCTaHTa CKOPOCTH DJIEKTPOXMMHUUECKON peakiuu
ME

Ha MHUKpOOHOM »HnekTpone; Kye  — KOHCTaHTa, DKBHBAJICHTHAs KOHCTaHTE
Muxasmuca i (pepMEHTHOTO dyekTpona; K's — KOHCTaHTa CKOPOCTH

MaccornepeHnoca cyocrpara.
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I[To cmbicny Kyg aHamormyHa koHcTaHTe Mwuxasnuca e KHUHETHUKHU
roMoreHHou ¢epmeHTaTuBHON peakiuu. [Ipu koHueHTpanusx MeHblne Kyg
CHCTEMA SIBJISIETCS HEHACBIIEHHOW. B 3TOM ciyyae TOK NIpONOPIMOHAIICH
KOHIICHTpauu cybOcTtpara u ompexaensercs KoHctaHTor ckopoctu Ky Ilpu
KOHIICHTpausaX Bbie Kyg cHcTeMa CTaHOBUTCS HACBHIIMICHHOW M IOTOK |
JOCTHTaeT MAaKCHMAJIbHOT'O 3HAYCHHS | yax -

IlepBas crTagus HAxXOXACHUS JIMMUTHUPYIOIIUX CTaAuld  MPOIIECCOB,
IPOTEKAIONUX Ha (PEPMEHTOM 3JICKTPOJIE 3aKIIFoUaeTcsi B HaxoxiacHuu K'ye 1o
rpaduky 3aBucumoctu S_/j ot S, . U3 ypaBuenusa (1) cienyer npu S, — 0

JaHHaA 3aBUCUMOCTDb UMCCT NPEACIIbHOC 3HAYCHUC!

(st

HNanee pns 3HaueHudd S /], 3HaUUTENbHO OONbIIKX, YeM (S, /]),,

PacCUUTBIBACM 3HAUCHUA p , TAC

b i/S.
(17S.)q

[TapameTpsl p 1 Y, KOTOpbIE HE UMEIOT KOHKPETHOTO (PU3UUECKOr0 CMbICIIA,

<1

HO ITO3BOJIAIOT IPCACTABHUTL 3KCIICPHUMCHTAJIBHBIC OAHHBIC B H€O6XOI[I/IMOM JJIs

aHaJIi3a BUAC.

C(rs)
P71S)e S Ke )

N3 ypaBHenutii (3) u (4) cnenyer:
é = K e (5)

C yuerom (3)-(5) Beipaxkenue (1) MoxxHO mpeoOpa3oBaTh K BUIY:

ey

[IpuHaumas, yro:

y="" (1—’*.'“} ()

KME kS
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Y YUUThIBasl ypaBHEHUE (4), BbIpaxkeHHe (7) MOMXHO MPUBECTH K BUAY:

,1_1
y=2 S (8)

VYpaBHenue (8) mpeackaspiBaeT, UYTO 3aBUCHMOCTH Y OT P JOJDKHA OBITh

npsMOJIMHEHHOM (pucyHok 15.3).

y, MOJIb

Pucynoxk 15.3. Teopemuueckue 3agucumocmu y om p 015 Clyyaes, K020d
npomexkawuue 6 MUKPOOHbIX MeOUamopHblX OUOCEHCOpax npoyeccvl: a —
aumumupyem ouggysus cyocmpama uepez memopauy; 0, 8 — onpeodeiaomcs 8
pasHotll cmenenu oughghyzueti cyocmpama u pepmenmamueHou peaxyueu, 2 —
JUMUMUpyem KUHemuKa gepmenmamuHol peaKyuu

[Tonoxxenune mpsimoil Ha TrTpaduke Y OT P TO3BOJSET OICHUTH
OTHOCHUTEJIbHBIN BKJIaJI KHHETUKU ()EPMEHTATUBHON PEaKIMU U TPAHCIOPTA Yepes
MeMOpaHy B HaOroraeMoe 3HaueHue K'ye. )i 3Toro paccMoTpyM J1Ba Ciryvast:

1. CKOpOCMb Npoyeccos, NpoOmeKaruwux 6 epmenmom oOuoceHcope
aumumupyem oughghysus cyocmpama.

Ecnu Ha rpaduke Y oT p 3HaueHUe po (OTPE30K, OTCEKAEMBbI IPSIMON Ha OCH
a0Ocnucc) paBeH eaunuie (pucyHok 15.3 - a), To codmogaeTcs yciaoBue: nmpu y = 0

po=1. Iloncrapinss 3nauenus: y=0 B BoipaxeHue (7), UMeeM:

(9)
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IIpu po = 1, nonyyaem, uto 3¢ (PeKTUBHASI KOHCTAHTA CKOPOCTH MUKPOOHOTO

syiekTpoaa K',. oIpenensercs KOHCTaHTOM CKOPOCTHM MacconepeHoca K'g,

CJIEIOBATENbHO, TMPOTEKAIONIMEe B OHOCEHCOpE TMPOLECChl  JIMMUTUPYIOTCSA
muddysueit cyocTpara K akTUBHBIM IIEHTpaM (PePMEHTOB.
2. CKOPOCMb NPOYEeccos, NpoOmMeKarowux 68 ¢hepmMeHmHoM Ouocencope

TUMUMUPYIOM pepMeHmamuHble NPOYeccyl.

P (10
PoK've  KialsLl

Ecnu na rpaduke Yy oOT p ToilydaeTcs TOpPU3OHTAIbHAs JIMHUA,
COOTBETCTBYIOIIAs Py = oo (pucyHok 15.3 - 2), To ypaBHenue (10) nmpeobpa3zyercs

K BUAY:

L Kw (11)
kIME kkateZL

MOHO 3aKJIIOYUTh, YTO IPU Po = 00, 3HaYeHHE >(P(HEKTUBHOM KOHCTAHTEHI

CKOpocTH  (epMeHTHOro  snekrpoaa k' omnpenensercss  KUHETUKOU

ME
(epMEeHTAaTUBHOM peaKIny.
Ecnu npsimas Ha rpaduke Y oT p mepecekaer och abciuce B JIr000i Ipyrou

TOuke, Kpome pg = 1 (pucynok 15.3 - 6, B), To ¢ yueroM ypaBHeHus (9) umeeM

k's #1, 3TO O3HA4YacT, YTO B IPOTCKAOIIUC B (I)CpMCHTHOM JJICKTPOAC
ME

Po=

NPOIECChl  BHOCAT COM3MEpPUMBIM Bkman wu  auddysus cyOctpata, u
(hepMeHTaTUBHBIE PEAKITUH.

Takum 00pa3om, aHaM3 XxapakTepa 3aBUCUMOCTH Y OT p SBJISETCS yI0OHBIM
METOJIOM IS  OIICHKA CTaJAWi, JUMUTHPYIOIIUX CKOPOCTh TIPOIECCOB
MPOTEKAIONIUX B OMOCEHCOPaXx.

B cnyuae, xorma TUMHTHPYET IIEKTPOXUMHUYECKAs PEAKIUs pereHeparuu
MEIMaTopa, OTBETHl CEHcOpa HE OyIyT 3aBUCETh OT KOHIEHTpaluu cyOcTpara
(3aBUCUMOCTB T€HEpUPYEMOT0 OMOCeHCOpOM TOKa | OT KOHIIeHTpaIuu cyocTpaTa S

OyJeT UMETh BUJ NPSIMOW JUHUY, MapauieIbHON ocH adcuucce).
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Heab padoTsl

BBIABUTE TUMUTHPYIOIMINUE CTAIWU TpoIecca OMOIIECKTPOKATATHTHIESCKOTO
OKHUCJIEHHS cyOcTpaTa IMMOOUITN30BaHHBIMU (DepMeHTaMU (KJIETKAMM )

O0BeKTHI U CPeCTBA UCCJIEA0BAHUS

ABTOMAaTHYECKHE MUTNIETKA MEPEMEHHOT0 00beMa, MarHuTHasi Memanka [13-
6100 (mmama3oH 4dYacToThl BpamieHus skops He wmenHee 1000 o006/Mun),
ranpBaHonoreHimoctar |PC-micro, mepcoHaabHBIA KOMIIBIOTEP.

Xoxa padoTsbl

1. Ilpunyun memooa

Jlns  pacuera JUMUTHPYIOIIMX CTaauid TpeOyeTcs TpeIBapuTEIbHOE
OTIpEJICIICHHE 3aBUCUMOCTH OTBETa OMOCEHCOpa OT KOHIIEHTpamuu cybcTpaTa
(;1abopatopnas padota Nel(). Janee BbISBIICHHE TUMUTHPYIOIIMX CTAIUN BEIACTCS
pacueTHBIMHA METOJIaMH C ITOMOIIBI0 KOMITBIOTEpHBIX Tiporpamm Microsoft Excel u
Sigma Plot.

2. Pacuem numumupyrowux cmaouii

2.1. MaremaTuueckas MOJI€JIb

Jist ompeneneHuss JUMHUTHPYIOIIUX CTaaui OHMOJIEKTPOKATAIUTHYECKOTO
OKHCJICHHS TJIFOKO3bl IMMOOWIN30BaHHBIMU (epMEeHTaMH (KJIETKaMH ) TPHHIMAEM
BO BHHMMAaHHE CIEIYIOUIYI0 MOJEINb: mporecc nuddys3un coctout u3z auddysuu
cyOcTpara uepe3 MOMIOKKY, B KOTOPYHO HMMOOUIN30BaH (epMEHT (KJIETKA).
Takum 00pa3oMm, CKOpOCTH MPOIECCOB, MPOTEKAIIUX B  OHOCEHCOpE,
auMuthpyercs Jmbo mnporeccamu Auddy3un cyOcTpata uepes MeMOpaHy K
aKTUBHBIM IIEHTpaM (EPMEHTOB (CKOPOCTh OMPEASIACTCS KOHCTAHTON CKOPOCTH
macconeperoca K’s), mu6o dhepmeHTaTBHON peakiueil (3¢ (exkTuBHAS KOHCTAHTA

ckopoctd  (epMeHTHOro  syekrpoga k' omnpenensercss  KUHETUKOU

ME
dbepMeHTaTUBHON peakiuu). DepMEHTaTUBHAs peakiys MPOTEKaeT B paMKax
KUHETUKN Muxadamca-MeHTeH.

2.2. OCHOBHBIE 3TaMbl ONMPEACICHUS TUMUTHPYIOIINX CTAIH.
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1. [TocTpoeHne 3aBUCUMOCTH OTBETa CEHCOpa OT KOHIIEHTpaIluu
cyOcTpaTa. Annpokcumariys no ypaBHeHuo Muxasnuca-MeHTeH.

2. Pacuer koHcTraHThl Muxasmnca ¥ MakKCUMaJlbHOM  CKOPOCTH
(dbepMeHTaTUBHOMN peakluy MO MOCTPOCHHON 3aBUCUMOCTH OTBETCAa OMOCEHCOpa OT
KOHIICHTpAIMHU cyOcTpaTa (MIOCTpOCHHE U pacyeT B nmporpamme Sigma Plot)

3. Pacuer ckopocrelt o ypaBHeHno Muxasnrca-MeHTeH

Vmax [S]O

V=TT
Km(m.wc) + [S]O

4, Onpenenenue sahpexTuBHOM KOHCTaQHTBI CKOpPOCTH
NIEKTPOXUMUYECKON peakinuu Ouocercopa (Kyg) Mpom3BoguTCs MOCTPOSHUEM
S .y

rpadguka B KOOpAMHATAX [ ]% ot [S],. TI'padux oOpabaTeiBaeTcs TUHEHHON

dbyHKIIMEH, B KOTOPOW KOHCTAaHTAa CKOPOCTH JJICKTPOXUMHUYECKON peaKIuu

ouocencopa (Kyg) sBisieTcss 00paTHOM BETMYMHON CBOOOIHOTO UjieHA yPaBHCHHS.

([S]O) B Kl

S. Jlst onpezenieHus TMMUATHUPYIONIEH CTauM Mpolecca CTposT rpadux

3aBUCHUMOCTH Y OT p. OTH BEJIMYUHBI HE HMEIOT KOHKPETHOT'O (1)H3H‘-I€CKOFO

CMBICJIA, HO IMMO3BOJIAKOT  HPCACTABUTDH OKCIICPUMCHTAJIbHBIC JaHHBIC B

HE0OXOUMOM JUIS aHAIN3a BUJIE.

\'

p=c—
[S]O KME

= pil _1
[S1,

6. AHaTU3UPYIOT MOCTPOCHHBIN rpadukK:

y

6.1. Ecniu Ha rpaduke Y oT p 3HaYCHHE Po (OTPE30K, OTCEKAeMbIi IPSIMON Ha
ocH a0CIMCC) paBeH eauHuIle, To cobmonaercsa ycnoBue: mpu 'y = 0 po = 1. Ilpu

9TOM d3(QEeKTUBHAs KOHCTAHTAa CKOPOCTM MHUKpOOHOro anekrpojga K' .

ONpeeNsIeTcsl KOHCTAaHTOM CKOpPOCTH MmaccomepeHoca K',, ClieIoBaTelbHO,

s
pOoTEeKaroIe B OMOCEHCOPE MPOIECChl JIUMHUTHPYIOTCA auddysuen cyocTpara K

aKTUBHBIM IIEHTpaM (PEepMEHTOB.
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6.2. Ecim Ha rpaduke Y OT p TOJy4daeTcsl TOPU3OHTAJIbHAs JIMHUA,
COOTBETCTBYIOIIAasi Po = . TO MOXHO 3aKJIIOUUTh, YTO MPU Py = o0, 3HAYCHUE

3 PEKTUBHON KOHCTAHTBI CKOPOCTH (PEPMEHTHOTO 3JeKTponaa K',. ompexaensercs

E

KUHETUKON (pepMEHTATUBHOM peakiuu.

6.3. Ecnu nipsimast Ha rpaduke Y OT p nmepecekaeT och a0CIIUCC B TOUKE Po#l.

k
B sTOoM ciywae p,=—S-#1, 3TO O3HAYaeT, YTO B IPOTEKaKOLUE B (pEpMEHTHOM

ME

ANIEKTPOJIE MPOLIECChl BHOCAT COM3MEpPUMBbIA Bkiaa U nuddysus cyOcTpara, u
(dbepMeHTaTUBHBIE PEaKInu.

Odopmitenne padoTsbI

1)  HapucoBarb  cxeMy  OHMOCCHCOPHOW  YCTaHOBKH,  OIUCATh
(opMupOBaHUE PELIEITOPHOTO JIEMEHTA.

2)  Tloctpouth rpaduKk 3aBUCHMOCTH  OTBeTa OHMOCEHCOpa  OT
KOHIIGHTpalluu cyOcTpara: OTBET CEHCOpa — KOHIEHTpalusi cyoctpara (MMOJb/
M) 1 06paGoTaTh 3aBHCHMOCTb C IOMOIIBIO mporpammbl SigmaPlot. Haiitu
napameTpbl runepooandeckor 3aBUCUMOCTU (Vmax — MakcUMalbHasi CKOPOCThb
(depmenTtatuBHOM peakuuu (mapamerp a) U Kpgax) — KaXKymascs KOHCTaHTa
Muxasmuca (mapametp b)).

3)  3anonHUTH TAONMIly JUIsl IIOCTPOCHUS TPAILyHPOBOYHON 3aBUCHMOCTH

" OIIpCACICHUSA JIMMUTHUPYIOIINX CTaI[I/Iﬁ

Vinax [So \4 p_l -1
V = max o= ) _
[S]O Kingeane) T [S], [S1o Kye P y [S],

[SIo/V

[S]o — HayanbHas KOHIICHTpAIUS CyOCTpaTa B KIOBETE, MMOJIb/ IM
V- ckopocTh (pepMEHTATUBHOM peakiuu (0TBET OMoceHcopa)

V max — MaKCUMaJIbHasi CKOPOCTh (DEPMEHTATUBHON peakuuu
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Kmnxax) — K@XKyIlasicst KOHCTaHTa Muxasnuca, MMOJIb/ e
4) Tloctpouth rpaduk B KOOpAWHATAX [S]% or [S]o m paccunrarb

G (HEKTUBHYI0O KOHCTAHTY CKOPOCTH JJICKTPOXMMHUYECKOW peakiuu OmoceHcopa
(Kwe)

5) IMocTpouTs Tpaduk 3aBUCUMOCTH Y OT p U ONPEACTUTH JTUMUTHPYIOIINE
CTaJuu Iporiecca

6) Cnenarb BBIBOJ IO paboTe

Bonpocul ona camonposepku.
1. Jlaiime onpedenenue buocencopa
2. Yem omauuaromes OUOCEHCOpbl Nepe8o2o, 8MOpPo20 U mpemve2o mund.
3. Vpasuenue pepmenmamusnou kunemuxu.
4. Jlaume onpedenenue koncmanme Muxasnuca.
5. Om ueeo 3a8ucum ckopocms (hepMeHmmueHoU KUHEMUKU.
6. Kax onpedenumsv aumumupyrowui cmaouu GepmeHmamugHo20

npoyecca.
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JlaGopaTopHast padora Ne 16 OueHka TOKCHYHOCTH TOBAPOB

HAPOAHOI0 NMOTPeOdJIeHUs C MOMOIIBI0O MUKPOOHOTIO CEHCOpa

Tokcuunocms - 3TO CBOMCTBO XUMHMYECKHMX BEIIECTB, JCHCTBYS Ha
OMOJIOTMYECKUE CHUCTEMbl HEMEXaHMYECKUM ITyTEM, BBI3BIBATH MX MOBPEKICHUE
win rubenb. NHTEHCMBHOE IPOM3BOJICTBO OACK B, OOYBH, MOCYAbI, UTPYIICK, a
TaK)X€ TOBAPOB HAPOJHOTO MOTPEOJICHHUS M3 MOJUMEPHBIX U JIPYTHX MaTEPHAJIOB,
MPUBEJIO K TOMY, YTO B HACTOSIIIEE BpPEeMs OIIYIIAETCA OCTpas MOTPEOHOCTh BO
BCECTOPOHHEW TMTMEHUYECKON OLICHKE JAHHOW TpYIIbl TOBAPOB IO MOKa3aTEIsIM
0€30MacCHOCTH JIJIsl 3[I0POBbSI HACEIICHMUSI.

CyliiecTBylole METOJIbl  OILIEHKM  TOKCUYHOCTH U OIpeIeNICHUs
TOKCUKAHTOB UMEIOT HEAOCTaTKU. Tak, B 9KOJOIrMYECKOM MOHUTOPUHIE AKTUBHO
WCIIOJIB3YIOTCSl aHATMTUYECKUE (XUMUYeckue, pusndeckne, PU3NKO-XUMUIECKUC)
1 Onosoruveckue (TpaguIlMOHHbBIC M aIbTEPHATHBHBIE TOKCUIOTHYECKHE) METOIBI
aHaiau3a. AHAJIMTHYCCKHE METOJbI aHAJMW3a ITO3BOJISIOT ¢ BEICOKOM TOYHOCTBHIO M
CEJIEKTUBHOCTBIO OMNPENENATh HMHAUBUIYaTbHBIE BELIECTBA, OJHAKO TPEOYyIOT
JIOPOTOCTOSIIIIETO  O0OpyJIOBaHMs,  KBATM(UIIMPOBAHHOTO  IEpPCOHAlla |
CIIeMAIM3UPOBAHHBIX J1abopaTropuil. Takke, aHAIUTUYECKUE METOAbl HE JArOT
npsMoi nHpopMauu 0 OMOJIOTUIECKOM OMACHOCTH KCEHOOMOTHKOB.

TpaguurOHHBIE METOABI ONPEICICHUSI TOKCUYHOCTH (SKCIIEPUMEHTHI Ha
MJICKOMUTAIOIINX) SBJISIIOTCS TPYJIOEMKUMHU, JIIUTEIbHBIMU, AOPOTOCTOAIIUMHU U
TpeOYIOT HMCIOJIB30BaHMS JIA0OPATOPHBIX JKUBOTHBIX. [[09TOMYy B TOKCHKOJIOTHH
Hapsiy € TPAAUIIMOHHBIMU METOJAMH KOHTPOJIS MPUMEHSIOT albTepPHATHUBHbBIC
MeToabpl. Pa3paboTka W BHeIpeHHE B NPAKTHKY aJlbTEPHATHBHBIX METOJIOB
SBJISIETCS aKTyaJIbHOUM MPOOIeMOiA.

[ToTpeOHOCTH B MOCTYMHBIX CHUCTEMaX M MPHOOpAX ISl IKOJIOTHIECKOTO
KOHTPOJISI MHUIIMMPOBAJIA PA3BUTHE HOBBIX TEXHOJOTMH U METOJO0B, KOTOPHIC
CIIOCOOHBI 00ECTICUUTh OIpeJeiCHUE PA3TUYHBIX XUMUYECKHX COCAMHEHUN B
BOJIHBIX cpefax ObICTPO U HEAOPOTO B YCIOBHUAX MOJIEBOTO AKcHiepuMeHnTa. OqHuM

N3 IMMPUMCPOB CO3aHUA TAKHUX HpI/I60pOB SABJIAIOTCA HpI/I60pI>I JJIA OKOJIOTMYCCKOTI'O
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KOHTpOJii cepun «DBHUOTOKC», OCHOBAaHHBIC HAa W3MEPCHUH W3MEHEHUS
WHTEHCUBHOCTU CBEUYEHHUS JIIOMUHECLUEHTHBIX OakTepuil «ODKOJIOM» TpH HX
B3aMMOJIEWCTBUHM C BEIIECTBAMU B UCCIIENyeMOil mpooe.

JlelicTBre KCEHOOMOTHKOB-TOKCUKAHTOB Ha MHUKPOOPTaHU3MBI
HEMOCPEJICTBEHHO CBS3aHO C MOTPEOJICHMEM UMHU Kuciaoponaa. B 3aBucuMocTu oT
TUTIA MHUKPOOPTAaHU3MOB MOXET HAOMIOMAThCsl YBEIWYEHUE JIBIXaTEIbHOU
AKTUBHOCTHU B MPHUCYTCTBUHM HEKOTOPBIX OPTaHUYECKHX KCEHOOMOTHUKOB, KOTOPHIC
MUKPOOPTaHU3MbI CIIOCOOHBI OKHCJISITh, WJIM CHIDKCHHE JIbIXaHUS 3a CYeT
UHTUOUpYIOIero  JACHCTBUS  TOKCHMKaHTOB.  Mcmosib3oBaHWe ~ KOMOWHAIUU
"UMMOOMIIM30BAaHHBIC MUKPOOPTaHU3MbI — KUCIOPOIHBIN AekTpoa Tuna Kiapka"
MO3BOJISET W30€KaTh psA/la OrPAHWYCHUM, CBOWCTBEHHBIX JPYTUM METOJaM
ouorectupoBanusi.  [lpm  ucnonb3oBaHMM  OMOCEHCOPOB ~ HAa  OCHOBE
UMMOOMIIN30BAaHHBIX MHKPOOPTaHU3MOB 3HAUYMTENIHO CHIKETCS MOTPEOHOCTH B
ouomacce M yMEHBIIAETCS BpeMsl TMPOBEJCHUSI aHalu3a, HCIOIb3YIOTCS
MUKpPOOPTaHU3MBI, KOTOPHIE MOXKHO KYyJbTHBUPOBATh B YCIOBUSX JIFOOOH
MUKpoOuosioruueckoir naboparopuu. Co3maHue yCTPONCTB JaHHOIO THIIA
SBIIICTCSI TIEPCIICKTUBHBIM HAINpaBIEHUEM B PA3BUTHUM METOJIOB OIpPEIeNeHUs
TOKCUYHOCTH MPOAYKIIMHU MPOU3BOJICTBEHHOI'O UM OBITOBOTO HA3HAYEHUS.

eab padoThbI: MO3HAKOMUTHCS C METOJOM OIIEHKM TOKCUYHOCTH TOBAapOB
HApPOJHOTO TOTPEOJICHHsI C TOMOIIBI0 MHUKPOOHOTO CEHcOpa Ha OCHOBE
MMMOOUJTM30BAHHBIX IEJIBIX KJIETOK MUKPOOPTaHU3MOB.

OO0beKTHI U CPeACTBA UCCIEI0BAHNS

1) Becbl  nmaboparopHble  3JCKTPOHHBIE ¢  HAWOOJBIIAM  MPEACIOM
B3BemmBanusa 200 r.

2) [po6Gupku Ha 1,5 cM® Tuma «dmmennopd»

3) ABTOMaTHUYECKHE MUIETKHA MepeMeHHoro oovema: 5 — 50 mxim, 20 — 200
MkJ1, 200 — 1000 Mk, 1-5 mi.

4) MarautHas MeliaJika.

5) pH-metp-nonomep-bITK-tepmookcumerp SKCITEPT-001-4.0.1 (Hay4Ho-

POU3BOACTBEHHAs (prupMa « DKOHUKC-IKCEPT», MOCKBA)
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6) [lepcoHaNbHBII KOMIBIOTEP

7) I3mepuTeNbHBINA AaTYMK (KUCIOPOIHBIHN 31eKkTpo Trma Kiapka)

8) IIporpammHuoe obecrieueHue Exp2pr

9) LlenTpudyra

10) Tepmocrart (40°C)

11) Hox kaHIEIApCKU

12) HsmepurenbHas sueiika (KioBeTa) 00beMOM 5 MIL.

13) Kammii pochopHOKUCIIBIN IBY3aMEICHHbIH

14)  Hatpwuit pochopHOKHCIBIN OJHO3aAMEIICHHBIN

15) Cynbsdur Hatpus 6e3BoaubIH (Nay;SO3)

16) T'mroxo3za(1M)

17)  CrangapTHblii pactBop denomna (1M)

18) CranpmapTHbliii pactBop popmanbaeruaa (1M)

19) Cycnensus 6akrepuit Escherichia coli K-802.

20) TlopucTblii CTEKIOBOJIOKOHHBIA (QUIIBTP.

21) Bopna aucTriuMpOBaHHAS.

22) PeanbHble 00pasiibl TOBAPOB HAPOTHOTO MOTPEOICHUS (TOKCHYHBIC U
HETOKCHUYHBIC).

Xoa padoThl

Jlist  mpoBeneHUsT OKCIEPUMEHTOB  HCIMONB3YIOT MOAU(MUIIUPOBAHHBIN
MUKpPOOHBIA KHUCJIOPOJHBIN 3JIeKTpod MW aHanuzatop pH-merp-uonomep-bIIK-
tepmookcumeTp IOKCIIEPT-001-4.0.1, KOTOpBIi TO3BOJIET PETUCTPUPOBATH
COZICpKaHUEe PACTBOPCHHOTO KKCIOpo/ia B KioBeTe (pucyHok 10.2).

[lonkmioueHNe K TEPCOHATBLHOMY KOMITBIOTEPY TIO3BOJISIET YHPABISATH
pudbOPOM, U3MEPUTETHHBIN JATUMK MPEACTABISIET COOON KUCIOPOIHBIN AJIEKTPOT
tuna Knapka, mMonuduiupoBaHHbI OHOPELIENITOPHBIM DJIEMEHTOM Ha OCHOBE
UMMOOMIM30BAaHHBIX KJIETOK MHKPOOpPraHu3MoB. WM3mepeHuss mOpoBOAATCS B
KIOBETE 00BEMOM 5 CM°, CHAGKEHHOM SAKOPEM MarHMTHOW MELIAJIKH.

B kroBery nomemaror Oydepnbiii pactBop (PH=7.0) u ananusupyemyio

npoOy. [Ipu BBeAeHUM aHATM3UPYEMOTO BEIIECTBA B M3MEPHUTEIBHYIO SYCHKY B
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NPUAIEKTPOAHOM TMPOCTPAHCTBE CHIDXKACTCS KOHIIGHTPAIMSL KUCIOPOJa, YTO
perucTpupyercss C  TOMOIIbIO  JaTyuKa  pPacTBOPEHHOrO  KUCIOpOJa,
MOJKJIFOYEHHOr0 K aHanuzatopy «Ikcnept — 001». Ha MoHuTOp KOMIIBIOTEDA,
WHTETPUPOBAHHOTO C OMOCEHCOPHOM CHCTEMOHM, BBIBOJUTCSA Tpaduueckoe
OTOOpaKeHHE W3MEHEHHS COJEp’KaHUsl PACTBOPEHHOI'O KUCIOpOAa OT BPEMEHHU.
[To momydyenHomy Tpaduky ¢ momompblo mporpammbl  Microsoft Excel
BbIUMCIsieTCS OTBET ceHcopa (R) kak makcumanbHas CKOPOCTb HM3MEHEHUS
COJIEp>KaHUs KUCTIOpOAa OT BPEMEHHU.

IHoaroroBka nmpod® ToBapoOB HAPOAHOIO MOTpPeldIeHHsSI K 0MOCEHCOPHOMY
a”HaIu3y.

[ToaroToBky mnpo0 K OLEHKE TOKCHYHOCTH C IIOMOILIBIO OHOCEeHcopa

MPOBOJSAT COIJIACHO AEHCTBYIOIINMM HOPMATUBHBIM IOKYMEHTaM (pUCYHOK 16.1).
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Pucynox 16.1. Cxema npobonoozcomogxu

OOpasmpl Mpo0d W3MENbYAIOT, B3BEHIMBAIOT, 00pa3lbl OJCIKIBI MOIBEPraroT
nporenype «ctupkm» coriacHo MYK 4.1/4.3.1485-03. 3aTem mpoObl TOMEIIAOT B
EMKOCTH C JUCTHJUIMPOBAHHOW BOAOH M TepMocTatupytot mnpu 37°C B TeueHue 1

4. [Ipu sToM copepxkamuecs B 00pa3nax TOKCHYHBIE BEUIECTBA MUTPHUPYIOT B
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BOJHYIO cpeny. B kadectBe oOpa3ma [isi XOJIOCTOTO OIBITa HCHOJB3YIOT
JUCTUJUTMPOBAHHYIO BOAY, KOTOPYIO TOTOBAT aHAJOTUYHO BBITSKKAM M3 00pa3IioB.

IHoaroroBka K U3MepeHUI0

Ecnu mpubop mnepex paboToil XpaHWICS WIM TPAHCIOPTUPOBAICA TIPH
temnieparype Hmwke 10°C, HeoOXOaUMO BBIIEpXKATh €ro MNpU KOMHATHOM
TEMIIEpaType B TEUECHHE HE MEHEee 3 4acoB.

Brtouenue mpubdopa «kcnept — 001» oCyIecTBIsIOT HAXKATUEM KHOIKH
«BKJI» nHa paOoueil naHenu aHanu3aTtopa. BeiOuparor pexuMm paboTel —
TepMooKcuMeTp. Ha koMIbroTepe 3amyckaroT mporpammy «EXp2pr».

[IpoBepsitor paboty osaektpona. s MOArOTOBKH JaTyuka K paboTe
3aMOJHSAIOT BHYTPEHHEE MPOCTPAHCTBO 3JEKTPOAA PACTBOPOM  3JIEKTPOJUTA
XJopyaa Kanus (mpuiaraeTcsi B KOMIUIEKTE K naTduky). [lomemniaror smektpoa B
CBEXEIPUTOTOBJIICHHBIA TepeMenmuBaeMblii 2 % pactBop cyibpurta Hatpus. B
cllydyae HOpPMaJIbHOW palOOThl 3JIEKTPOJAa MO HUCTEYEHUHU 1-2 MHUH BeIUYUHA
PACTBOPEHHOT0 KHCIOPOIa M3MeHHTCs 10 O Mr/mam°. PUKCHPYIOT HA MOBEPXHOCTH
KUCIIOPOAHOTO  3JIEKTPOJla PELUENTOPHBIA 3JIEMEHT M ONYyCKalT €ro B
IIEKTPOXUMHUYECKYIO SUCHKY, cojeprkaliyio OydepHsiii pactsop (PH=7.0).

IloaroroBka penenTopHOro 3JieMeHTA.

Jist  popMuUpOBaHUS PENENTOPHOTO JJIEMEHTa HCIHOJB3YIOT —IITaMM
oakrepuii  Escherichia coli K-802, koTopsle HMMOOHIHM3YIOT METOIOM
KalcyJIupoBaHus.  BpIpalieHHbIC  KJICTKM  MUKPOOPTaHWU3MOB,  TIPOMBITHIC
dochataeiM  OydeprsiM  pactBopoMm (PH=7.0), B3BemmMBaIOT W Ppa30ABISIOT
pactBopoM Oydepa B cooTHomieHun KiIeTku-0ydpep 1:1. 5 M1 momydeHHOM
CYCIIEH3UM HAHOCAT Ha AUAIU3HYI0 MeMOpaHy U (PUKCHUPYIOT Ha JJIEKTPOJIE C

IIOMOIIBIO PC3MHOBOI'O KOJIbIIA.

IIpoBeneHnue IKCnepuMeHTA.
1. N3yuyeHnusi BJMsiHNEe HHTHOMTOPA HA OMOpPeLeNTOPHBII JJ1eMeHT
JUist  u3ydeHus yTHETAIoMIero JEHCTBUA TOKCHMKAHTOB  HEOO0XOIUMO

UCCJIEIOBATh 3aBHCUMOCTh OKHMCIMTEIbHOHN crocoOHocTu OakTtepmii Escherichia
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coli K-802 or mnpucyrctBus B pacTBope TOKcMKaHTa. Jlyisgi TodydeHus
AHAIUTUYECKOrO0 CHUTHaJa (OTKIMKAa OMOCEHCOpa) TMOrpyX,alwT DIEKTPOA C
OMOpENEenTOPHBIM 3JIEMEHTOM B Oy(epHbI pacTBOp, BKIIOYAIOT MeEIIAiKy. B
nporpamme Exp2pr BbIOHMparoT HOMEp MOopTa U MOJATBEPKIAIOT BHIOOP KiaBHUIIEH
<, 3aTeM BBIOMPAIOT WHTEPBaJl 3HAUYEHUH OCH KOHIIEHTpalUil Kuciaopoaa u
HOKUMAIOT KHOTIKY «Start».

Jlist mpoBepkr pabOTOCIOCOOHOCTH PELENTOPHOTO 3JIEMEHTa U3MEPSAIOT
oTBeT ceHcopa Ha noOasieHue 100Mkin 1M pacTBOpa IMrOKO3bI. Jlis Kaxkaoro
pacTBOopa NOJIy4arOT HE MEHEE IBYX pe3yJIbTaTOB H3MEPEHUN, PacCXOKICHUE
MEXIy KOTOPBIMHM HE JOJKHO mpeBblarh 10%. Mexny n3mMepeHusMu KIOBETY U
AJIEKTPOJ] TPOMBIBAIOT TpeMsi opuusaMu docdaTHOro OypepHoro pactsopa. 3aTeM
B KIOBETYy MOOYEpPEAHO M00aBIAIOT pa3Hble 00beMbl dopmanbaeruaa (SMKI,
20mxka, S0mxo, 100mki, 150mka, 200Mkon). Bpemst skcno3uniuu — 2 MUHYTHI. 3aTeM
HAYMHAKOT 3aIlMCh JAHHBIX HAXKATHEM KHOINKH «3amucaTh MHTEPBAI» U BBOMST C
MOMOIIbI0 aBToMaTtndeckor Mukponunerkn 100mkin 1M pactBopa rimoko3sl. [1o
IOJyYEHHBIM JaHHBIM CTPOST TpadUK 3aBUCHUMOCTH KOHILIEHTpAlMsI-UHIEKC
TOKCUYHOCTH, OIKCHIBAIOMIUNA TMPOLEHT HWHTUOMPOBAHHA B 3aBUCUMOCTH OT
KOHIIEHTpauu B mporpamme Sigma Plot. MHaekc TOKCHYHOCTH pacCYUTHIBAIOT IO
bopmyiie:

T = Rriokosa—Rrokcnkant+rmokosa X 100%, rae

RFJI}OKOBa

T- HHAEKC TOKCUYIHOCTH,%0;
3.
R iokosa - OTBET OMOCEHCOpa Ha J00aBIeHUE TIIFOKO3bI, MT' O2/IM C;
R rokenxar+rmoxosa -~ OTBET OMOCEHCOPA Ha TJIFOKO3Y B MPUCYTCTBUU TOKCUKAHTA.
Ha pucynke 16.2 npeacraBieH B rpalydPOBOYHON 3aBUCIMOCTH MHJIEKCA

TOKCUYHOCTHU OT KOHIOCHTpAIUN (bOpMaHBI[CI‘I/II[a B HSMCpHTCHBHOﬁ KIOBCTC.
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KonuenTpamus popmanbaernaa, MMois/am
Pucynok 16.2 ['pagynpoBodHasi 3aBUCUMOCTb OMOCEHCOpa MIPH OLIEHKE HHICKCA
TOKCUYHOCTH. AHAU3UPYEMBIF HHTUOUTOP - hOpMaITbIETH T

s KOJINYECTBEHHOM OLICHKU s dekToB KOHIICHTPALHIO,
BbI3bIBaIOIIYt0 %  uHruOupoBanus  (Hampumep,  50%),  ompeaenstor
kak ECx (manpumep, ECs ). ECsp paccuuTbiBatoT U3 ypaBHEHUS KPUBOM.

AHanOrnyHoO MPOBOJAST AHAJIN3 BIMSHUS YTHETAIOLIEr0 JeHCTBUS (PeHoa.

2. HN3mepenne TOKCHYHOCTH TOBAPOB HAPOJIHOI0 MOTPEOICHUA

Jlist mpoBepku pabOTOCIOCOOHOCTH PELENTOPHOTO 3JEMEHTa H3MEPSIOT
oTBeT ceHcopa Ha noOasnenue 100Mkim 1M pacTBOpa TIIOKO3BI. JIsi KaKaoro
pacTBOpa MOJIy4alOT HE MEHEe [BYX pe3yJbTaTOB H3MEPEHHH, pPacX0XkKICHHE
MEXAYy KOTOPBIMU HE AOJDKHO mpeBbiarh 10%. Mexny u3MepeHussMU KIOBETY U
AIIEKTPOJ] MPOMBIBAIOT TpeMsi opuusiMu ¢ocdaTHoro OydepHoro pactsopa.

ITociie mostydyeHHUs CTAalMOHAPHOW KOHILIEHTPALMM KHUCJIOPOJa B KIOBETE,
COXpaHswoUEelcs B TeYeHHEe 1-2 MUHYT, BBOAST C IMOMOLIBbIO aBTOMATHYECKON
NUTETKU 1M1 aHAIM3UpyeMoi poObl. 3aTeM HAUUHAIOT 3aMUCh JaHHBIX HAXKATHEM
KHOMKU «3anucaTh HHTEPBA» U BBOIIT C TMOMOIIBIO aBTOMATHUYECKON

mukponunetku 100Mkin 1M pacTBOpa TIOKO3bI. AHATU3 MPOBOJAT B T€UCHUE 2-3
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MHHYT, CUHMTasi OT Hayajga CHWKEHUS KOHUCHTPAIMU KHUCJIOPOJa HAa KPUBOU
OTKJIMKA (KOHIEHTpPALMS KUCTOopoaa PYHKIUS BpEMEHH ).

JIns 3aBeplieHUsT aHald3a CHUMAIOT TajoudykKy B paszuene «3anmmcarb
HHTEPBA» U COXpaHSIOT TaOnuily B (aitsi. OTKpHIBAIOT COXpaHEHHBIN (ailin B
nporpamme Microsoft Excel, cTposT ToOuYeuHyr0 auarpaMMmy 3aBUCHUMOCTH
VM3MEHEHUS KOHIIEHTpALMU KUCIOpoAa OT BpemMeHH. Ha mocTtpoeHHOU auarpamme
BBIOMPAIOT HUCXOSIIMA MPSIMOJIMHEHHBI y4acTOK U PACCUMTHIBAIOT IJISi HETO
TAHIE€HC yTjla HaKJoHA. TaHreHC yriia HaKJIOHA COOTBETCTBYET K03 duiueHty “a”
B YPaBHEHHHM MPSIMOH, ITOJYYEHHOM IMPHU aNNpPOKCHUMAIHWHU HNPSAMOJUHEHHOIO
y4acTKa.

Mexny HW3MEpEHUsSMU NPOBOISAT MPOMBIBAHHWE KIOBETHI W JJIEKTPOJIA
pactBopoM Oydepa Mo 5 cM° [0 BBIXOAA COACPIKAHMS KHCIOPOAA B KIOBETE HA
HayaJlbHbIN YPOBEHbD.

Odopmiienue padoTbl

OneHka TOKCHMYHOCTH TPOOBI TPOBOJIUTCS MO WHIAECKCY TOKCUYHOCTH,

KOTOPBIN pacCUUTHIBAIOT 110 hOpMYyIIE:

T — RFJI}OKOBa_RBbITHH(Ka-I'FJ'I}OKOBa x 100%’ I‘He

ero](osa

T- UHAEKC TOKCHYHOCTH, %0,

R_1ox0sa= OTBET OHMOCEHCOpa Ha J0OABJICHUE TIIFOKO3bI, M Oz/I[MSC;

R ssimsnera+znoxosa= OTBET OMOCEHCOPA HA TIIFOKO3Y B IPUCYTCTBUH BBITSIKKH.

O06paboTKy pe3yJbTaTOB W3MEPEHUN HWHIEKCA TOKCHYHOCTH BBIMOJTHSIOT
nyTeM pacuera cpeaHeapu(pMETHYECKOrO 3HAYCHHS BEIWYMHBI  MHJACKCA
TOKCUYHOCTH «T» 10 popmyiie:

T = (T1+T2+T53)/3 (4),

rne T3;-T3 - mnoBropHOCTM (TpW mMapauIeNbHBIX M3MEPEHUs OTBETa

OHOCeHCOopa) aHATTM3UPYEMOM MPOOBHI.

Nunexc Tokcuunoctu (T),% | CTtenenb TOKCMYHOCTH o0Opasiia

meHee 50 HCTOKCHUYCH

50-100 TOKCUYEH
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CrenaTh BBIBOJ 10 IPOJEIAHHON padoTe.

Bonpocul ons camonposepku.:
1. Jlaiime onpedenenue buocencopa
2. Yem omauuaromes OuoceHcopsvl nep8ozo, 6Mopo2o U mpemve20 mund.
Vpaeuenue pepmenmamuenoii Kunemuxu.
. Haiime onpedenenue xoncmanme Muxasnuca.

3
4
5. Om yezo 3a8ucum ckopocmov hepmeHmmueHOU KUHEMUKU.
6. /laiime onpedeneHue moxkcuuHoCcmu.

7

. Hpaxmuuecmﬂ SHAYUMOCNb pa60mbl.
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JlabopaTtopuasi padora Ne 17 IIpunuun ¢yHKIHOHUPOBAHUS

MeIMATOPHOr0 MUKPOOHOI0 OMOTOIJIMBHOIO 3JIEMEHTA

MukpoOHbBINi OMOTOIIIIMBHBIN 3JIEMEHT SIBJIETCS MPUMEPOM OHOJIOTHYECKOM
CHUCTEMBI, B KOTOPOW MHUKPOOPTaHU3MBI TPAHCIOPTUPYIOT oOpa3dyemble MMHU B
pe3yJibTaTe KaTadoyi3Ma AJIEKTPOHBI Ha aHOJI, ¢ KOTOPOr0 OHU IO BHEIIHEW IeNH
NomajaloT Ha KaroJ. TakuMm oO0pa3oMm, XMMHYECKas SHEPTHs, 3aKIlOYeHHas B
cyOcTpaTe (TOIUIMBE), C MOMOIUBI KaTaJUTUYECKUX CHUCTEM MHUKPOOPTAHH3MOB
IpeBpaIlaeTcs B JEKTPUUYECKYIO.

buoTonnuBHBIE 3IeMEHTHI OOBIYHO COCTOAT U3 JABYX MHEPTHBIX AJIEKTPOIOB
— aHoJa W KaToJia, BBINIOJHEHHBIX W3 IUIATUHBI, 30JI0TA WIH YIJepoaa u
NOTPYKEHHbIX B OydepHbIid pacTBOp. DNEKTPOAbl pa3lieieHbl HOHOOOMEHHOU
MeMOpPaHOIi; aHOHOE OTJEICHUE MPOAYBAIOT a30TOM, KaTOJHOE — BO3TyXOM (WA
KHcIopoaoM). MemOpaHa MO3BOJISIET HPOCTPAHCTBEHHO pa3/eliuTh PEaKIHH,
NPOTEKAIONIUE B DJICKTPOAHBIX OTACICHHUSX OJJIEMEHTa, W B TO XK€ BpeMs
oOecrieynBaer OOMEH NPOTOHaAMHU Mexay HuUMU. HamOosiee moaxomsmumu s
OMOTOIUIMBHBIX 3JIEMEHTOB SIBISIIOTCS MeMOpanbl “Nafion”, BblllycKaembie psIOoM
komnanuit (BDH Ltd., DuPont (UK) Ltd). B Poccun ananorom memOpanst Nafion
spisitorcst MemOopansl M®-4CK («IInactnommmepy, Cankrt-IletepOypr). [lpunmmmn

paboThl OMOJOTUYECKOTO TOTUIMBHOTO 3JIEMEHTA MIPeICTaBlieH Ha pucyHke 17.1.
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aHon BakTepus membpaHa KaToq
Pucynok 17.1. Illpunyun pabomul MuxpobHo2o meouamopuozo b1
Brenenue cyOcrpaTra B OMOTOIIMBHBIA 3JIEMEHT, COJIECPKAITUNA KICTKA WA
UMMOOUJTM30BAaHHBIA (PEpPMEHT, MPUBOIUT K BOSHUKHOBEHHUIO TTOTOKA AJICKTPOHOB
Ha BOCCTAHOBUTEJIbHBIC DKBUBAJICHTHI KJIICTKH, M, B KOHEYHOM UTOTE - Ha aHO. JTa
cepusi MEPEHOCOB 3JIEKTPOHOB MPOUCXOIUT TOTOMY, YTO BOCCTAaHOBHUTEILHBIN
MOTEHIIUANT KaXKJIOTO CIEAYIOIIEro YYacTHHUKA BBINIE, YeM y mpeasiayuiero. [pu
ATOM uepe3 MeMOpaHy B KAaTOJIHOE MPOCTPAHCTBO MEPEMEIIAIOTCA MPOTOHBI.
[Iportecc mepemaunm 3JIEKTPOHOB OT JbIXATEIBHOM 1€MW MHUKPOOPTaHM3Ma K
AJNEKTPOJaM SIBISIETCA KPUTUYECKUM JUisi paboThl MUKpoOHbIX BTD. B nannom
ciydae SJIGKTPOHBI JIOJDKHBI TPAHCIOPTHPOBATHCS HA TBEPABIM CyOCTpar BHE
KJIETKH. DTOT TPAHCIOPT MOXKET OCYIIECTBIISITBCA JIMOO NPHU MPSIMOM KOHTAKTE
NOBEPXHOCTH KJIETKM C TBEpAbIM CyOCcTpaToMm, JuOO Ha PpacCTOSHUM,
OTIOCPEJIOBAHO C IMTOMOIIIBIO HJIOTEHHBIX WJIM 3K30T€HHBIX MEUATOPOB.
Sred = Eoxred — Moyred — Aoxired — Coxired — ACCoxired
Cxema myTH 3JIEKTPOHA B MUKPOOHOM OHMOTOTUIMBHOM JJIEMEHTE.
S -Ouonornuecku oOkucisgeMbli cyoctpar, E- depmentsl kietku, M -
MCKYCCTBEHHBI NEPEHOCUYUK AJIEKTPOHOB - Menuarop, A - anox, C - karon, Acc -
KOHEYHBIN aKIENTOpP 3JICKTPOHOB COOTBETCTBEHHO B OKHUCJIEHHOW (0X) WU

BoccTaHoByieHHOM (red) dopme.
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C aHOZA 37EKTPOHBI 110 BHENIHEW LENU NEPENAIOTCA HA KaTOJ 3a CYET TOTO,
4TO C KaToJOM COEIMHEHAa cucrema, oOnagatomiasi emie 0ojiee BBICOKUM
CTaHJAPTHBIM JJICKTPUYECKUM TOTEHIMAIOM. B uIeanbHBIX yCIOBUSX B
MPUCYTCTBUH MPOTOHOB U KUCIOPOJIa B KATOAHOM OTACIICHUN 00pa3yeTcs BoJa:

4H" + O, + 4¢" > 2H,0

Pesynprupyromuii TOK MPONOPLMOHAJIEH no0aBke CKOPOCTb-

OIIpCACIIAIOIICTO KOMIIOHCHTA, ITOKAa HC TOCTUTHYTO HACBIIICHHC.

Heans padorsl: [lo3HakOMHUTBECS ¢ pabOTON MUKPOOHOTO OMOTOIUIMBHOTO
JJieMeHTa Ha  ocHoBe kjierok G. oxydans w  MemuaTopoB  2,6-
nuxyoppeHonuHaopeHoNa U rekcananodeppara Kaius.

OO0BbeKTHI M CPeACTBA UCCJIEI0BAHUS

1)  JIByxkamepHas siuciika OMOTOILTMBHOTO JICMCHTA

2)  Kuerouynas cycreHsuss wWid MeMOpaHHas —(Qpakuus —OakTepuii
G.oxydans

3)  PacrtBopsI MEINAaTOPOB 2,6-nuxnopdenonungodpeHona u
rekcananodeppara kanus (I'L{D)

4)  TampBanonorenimocrara IPC Micro ("Kponac", Poccust)

5)  I'paduToBbIC SIEKTPOIBI AMAMETPOM SMM

6)  Harpuii-docdarusrit Oydep (pH 6.0, 30MM)

7)  MarnuTHas MeIaika

8)  CrangapTHblii pacTBOp ItOK036I (1M)

9)  IlepcoHaTBHBINA KOMITBIOTEP

10) ABToMaTHYeCKHE MHUIETKH TIEPEMEHHOTO 00beMa

Xoxa padorhi:

1. ®opMupoBaHue TYeHKN OMOTONJIMBHOIO 3JIEMEHTA

OcnoBoit mozaenu BTD sBnsercs: aAByxkamepHas siueiika (pucyHOK 17.2).
OKBUBAJICHTHAsd DJJIEKTpUYECKass cXeMa S4YeiKhu OHOTOIUIMBHOTO 3JEMEHTa

MpUBE/IcHA Ha pUcyHKe 17.3

136



Pucynox 17.2 Huetika Ouomoniueno2o snemenma
1 — xopnyc, 2 — nenoosudicnas Krosema, 3 — Mmemopana, 4 — no08UIHCHAsL

Kroeemad, 5—- I’lpu.?fCMMHOﬁ BUHMI.

PC

©

R HarPpy3IKH

4’}” RBH_}'T]]

Pucynox 17.3 Jxeueanenmuas snekmpudeckas cxema aveuxu bTO.

O0BEM aHOJHOTO OTHENEHHS PaBEH 00beMY KATOAHOTO M COCTAaBISET 5 MIIL.
DnexTpogaMu CiykaT TpaduTOBBIE CTEpKHHM AuamerpoMm & MM. Beicorta
MOTPYXKEHUS 3JIEKTPOI0B B pacTBOP — 10 MM. CBSI3b KIOBET OCYLIECTBIIAETCS YEPE3
OTBEpPCTUE B CTEHKE auameTpoM 6 MM. Kamepsl paszzneneHbl NpOTOHCEIEKTUBHOM
meMOpanoii  M®-4CK  («Ilmactmonmumep»,  Cankrt-IlerepOypr, Poccus),
SBJISTIONICHCS aHasoroM MeMOpanbl Nafion 117 B mpoToHupoBaHHOH opme.

2. IloaAroToBKa AaHOAHOIO OTAEJICHHSA

Knerku G. oxydans mepen MpoBeJCHHEM SKCIIEPHUMEHTa Pa3MOPAKUBAIOT
Py KOMHATHOW Temmeparype U J00aBlAOT K HUM 00beM Oydepa, HeoOX0aAuMbIi

JUISl TIOJYYEHHs] KOHIIEHTpAlMu KJIETOK B cycrneH3uu, paBHOM 300 mr ceiporo
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Beca/msl. TpeOyembie 0OBEMBI KJIETOYHOW CYCIEH3MHM BHOCAT B aHOJUT IS
MOJIYYeHHUs] KOHEYHOM KOHUEHTpaluu 3 Mr cblporo Beca/mi. B  kauecTBe
MeauaTopa B aHOJHOM OTACJIEHHHM HUCIHONb3YIOT 2,6-muxiaopdeHonnuHaodeHon c
paznuyHbIMH KOHIIeHTparusamMu B KtoBeTe (o1 10 g0 100 MxM) u I'lId B katogHOM
npoctpanctBe — 3 MM. Ilocne kaxaoro wu3MepeHUs SYEHKy THIATEIbHO
IPOMBIBAIOT HaTpuil-PochaTtHbiM Oydepom. DIEKTPOIUTOM B 00eHX Kamepax
ciyxun Hatpuii-ocdarnerii 6ydep (pH 6.0, 30MM).

3. DJIeKTpOXUMHYECKUEe U3MepeHU s

N3smepenns mnoreHnmania B Makete bTD  mpoBoasT ¢ IOMOLIBIO
ranibBaHonotenuocrara IPC Micro ("Kponac", Poccust), BXoiHOE CONTPOTHBIICHUE
koToporo cocrassio 10™ Om. Jlist 9Toil 1eni rpadUTOBBIC CTEP/KHH ITOTPYKAIOT
B DJICKTPOJUTHYECKYIO sueiky. M3mepenuss mpoBoasT B HaTpuii-pocharHoM
oydpepe (pH 6.0) mpu mnNOCTOSHHOM TIepeMENIMBAaHUU pPacTBOpa MAarHUTHOMU
memankoir. Ckopocth mepememuBanusi coctaBisger 400 o6/mMuH. Peructparmmro
OTBETOB Ha J100aBlieHHWE CyOCTpaTa B M3MEPHUTEIbHYIO SUEHKY HAUMHAIOT IOCIIe
YCTaHOBJICHUS CTaI[MOHAPHOTO COCTOSIHHSI. OueHky  3JIEKTPUYECKHX
XapaKTepUCTHK MPOU3BOJAT IMOCIAE JOCTHXKEHHUS CTAallMOHAPHOIO 3HA4YEeHUs

reHepupyemoro norennuana. Oo6mas cxema yCTaHOBKH MPEJCTaBICHA HA PUCYHKe

17.4.

1 2

6— o]l

Pucynox 17.4. Cxema ycmanosku meouamopHo20 MUKpooHo20
OUOMONIUBHO20 deMenma
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1 — IlepcoHanbHbI KOMIBIOTED; 2 — rankBaHonoTennuocrat IPC Micro; 3 —
rpauTOBBIE ANEKTPOIBI; 4 — BHEIIHEE COMPOTUBIICHUE; 5 — SJICKTOIMTHYECKAs
siYeiika OMOTOMIIMBHOTO JIEMEHTa; 6 — MarHUTHAs MeEIlajKa.

N3mepsieMbM mapaMeTpoM B Ipoliecce OMOKATAIUTUYECKOTO OKHUCIICHUS
cyOcTpaTa B pexxuMe T€Hepalud MOTEeHIMala SBIISJISAETCS aMIUIUTy/la CUTHAJIA.
Jns  onpeneneHuss OHEPreTUYECKUX XapakTepucTuk Makera bTD  mocie
JOCTUKEHHUSI MAKCUMAJIBHOTO 3HA4YeHMs MOTEHIMalla MEXIy aHOJOM U KaToAOoM
NOJKJIIOYAIOT BHEIIHEE CONPOTUBIIEHHE Harpy3ku R=270xkOM npu ncnonb30BaHUuU
TonbKO 2,6-IXDPUD B anomnom otneneHnn U 50 kOM npu HCHOJB30BAHUU
BToporo meauaropa ['TI® B kaTonHoM oTaenenun. M3aMepsieMbIiM mapaMeTpom s
OTIpE/AETICHUS] TOKAa W MOIIHOCTH dJIEMEHTa SBISIETCS CTAallMOHAPHOE 3HAueHHe
HNOTEHLMAA [TOCIIE OJIKIIOYEHUS CONTPOTUBIICHUS HArPY3KH.

Jlns ynpapieHuss Bcei paboToil mpubopa, perucrpaiuu, oOpaboTKu U
XpaHEHUs Pe3yJbTaTOB HCIOJB3YETCS CIECNHMATU3UPOBAHHOE IMPOTPaAMMHOE
obecrnieueHue.

IIpoBenenue u3mepeHuii

Jliig mostydeHus: curHaia (reHepanus MoTeHlnaga) He0OX0AUMO MOrPY3UTh
ANEKTpOABl B Oy(epHBI pacTBOp, BKJIOUWTH MEIIAJKY, MO3WIHI0 ‘‘AYeiika”
HEOOXOJUMO OCTAaBUTHh B BBIKIIOUEHHOM COCTOSIHWHU, BBIOpPATh PEXUM '"Ha4yaTh
3anMch'" Ha MaHeNu ynpasjieHus B mporpamme. Ilocie mosrydeHuss mOCTOSTHHOTO
CUTHaJa MOTEHIIMaja B STYEHKe, COXPAHSIOMIETOCS B TeueHue 1-2 MUHYT, BBECTH C
MOMOIIBIO aBTOMATHYECKOU MUKPOIUIIETKU MEIUaTop 2,6-
nuxyopodenonunaodenon. Ilocie ycTaHOBIEHUS IMOCTOSIHHOTO — 3HAY€HUS
MOTEHIIMala BHECTH CYCIIEH3UIO KJIETOK M PacTBOp TIOKO3bl. Kiaccuueckuii BUI

reHepanuuy MNoTEeHInAalla MPeICTaBlIeH Ha pUCyHKe 17.5
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Pucynox 17.5. bazosoe okno npoepammul. Obwuii 810 ceHepayuu

nomenyuana

Benuuunoi TCHCPHUPYCMOI'0 IOTCHHOMAIA SABJIACTCSA aMIUIMTyJla CUI'HAJIa,

paccuntanHas or 0 MB. B paccMoTpeHHOM mnpuMmepe BeIUYHHA T€HEPUPYEMOIO

noreHaia cocrasiger 107 mB.

HpOBeCTI/I OIIPCACIICHUC IIOTCHIMAJIa C HMCIIOJIb30BAHHUCM CTAHAAPTHOI'O

pacTBOpa IJIFOKO3bI U CAENaTh BBIBOJ IO NIPOJIEIIAHHON padoTe.

Bonpocwet ona camonposepku:

1. Jlaiime onpedenenue «ouomonnuenwlil snemenm (BTI)».

Ipunyun pabomer KT2.

2
3. Kakue meouamopui ucnonvzosanu  pabome?
4

IIpuseoume npumepvi 6000pacmeoOpuMblil. U B800OHEPACTBOPUMbLX

Meouamopos.

5. Ilpuseoume npumepvi nPUPOOHLIX U CUHMEMUUECKUX MeOUAMOPO8.
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IIpuseoume npumepvl 8000pacmMEOPUMBIX U BOOOHEPACHBOPUMDBLX,
NPUPOOHBIX U CUHMEMUYECKUX Meouamopos.
llepeuucnume npeumyuecmed UCNONIb308AHUS MUKPOOHbBIX

MONJIUBHBIX 2TIEMERMOE NO CPABHEHUIO C gbepmeHmemu.
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JlaGoparopunas padora Nel8. Onpenenenue muxkpogJiopsl Bo3ayxa

NHaukatopHble MHUKPOOPraHW3Mbl CAHUTAPHOTO COCTOSHMS Bo3ayxa. K
CaHUTAPHO-IIOKA3aTEeIbHBIM MHUKPOOPraHM3MaM BO3yXa OTHOCST 30JOTHCTBIN
CTa(MIOKOKK, CTPENTOKOKKH, TpaMOTpHILIaTeNIbHble OakTepuu U Irpudsbl. B Bo3nyxe
OOJBHUYHBIX  TMOMEUIEHUH  JIOMUHUPYIOT  30JOTHCTBIM  CTAQWIOKOKK U
cTpenTOKOKKUA. COOTHOILLIEHHE MUKPOOPTaHU3MOB cocTaBisieT B cpeaneM 70 u 30
% cooTBeTcTBeHHO. IIpu 5ToM B 1 M° BO3IyXa ONEPAIMOHHBIX 3aJIOB,
NOCJICONEPALIMOHHBIX ~ MajlaT, MEpPEeBA30YHBIX, OTACJIEHUAX  peaHUMaluH,
POIMJIBHBIX 3aJI0B OHU JIOJDKHBI OTCYTCTBOBaTh. OcCoOOBIM ciy4yail — BO3ayX
anTeYHbIX MOMEIIECHUN, T/I€ M3-32 HaJU4MUsl aHTUMUKPOOHBIX NpPEnapaTroB MOTYT
OBICTPO MOrHbOaTh OaKTEpPHUH, HO COXPAHATHCS TPUOBI, TOITOMY UX 00s3aTEIBHO
HEOO0XOMMO BBISBJIATH NIPU UCCIEAOBAHUN BO3/yXa alTekK.

JlononHuTenbHble KpuTepun. Kak moka3arenp 3albUICHHOCTH UM OTCYTCTBUS
BJIQXHON YyOOpKHM pacLEHUBAIOT MPUCYTCTBHE CIOPOOOpa3yrolMX Majioyek, a
MOKa3aTesieM MOBBIIIEHHOW BIaXXHOCTHU — IJIECHEBBIX TpruOoB. [Tokaszarens mioxou
OCBEIICHHOCTH — OTCYTCTBHE MHUTMEHTooOpasyroumx @opm  OakTepuil.
3HAYUTENIBHOE COJEP)KAHUE MHUKPOOOB B BO3AYXE CBUJICTEIBCTBYET O HHU3KOM
caHUTapHOM cocTosHuM nomenieHus. [Ipu nHamuum 10 500 MUKPOOHBIX KIJIETOK B
1 M° BO3AyXa WIBIX MM HPOM3BOJCTBEHHBIX MOMEIICHHH BO3AYX CUHTAIOT

YHNCTBIM.
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Ta6imma  18.1  Hopmer  mMuxpobHOTO

qucia o

CaHUTapHO-

MI/IKpO6I/IOJIOFI/I‘IeCKOMy IIOKAa3aTCJIIO 061H€My KOJIMYCCTBY MHKPOOPIraHU3MOB B

Im® BO3/lyXa

HanmenoBanne momemneHus Oo6mee YHCIIO
MHKPOOPTaHH3MOB B 1M
3
Bo3nyxa, KOE/m
Jlo Hawana |BO  Bpewms
paboThI paboThI
OmneparmoHHbIe IS TpaHCIUTAHTAINH U
He 6onee 10 | He 6omee 50
BBICOKOTEXHOJIOTUYHBIX XUPYPTUUECKUX OTepaIiui
Jlpyrue ornepanuoHHbIE, acCeNTUYECKUE MajaThl IS
He Gonee He 6onee
MAIMEHTOB C OXOTaMH;, CTEpWIbHBIE 30HBI B
200 500
ornepoIIOKe U CTEPUIIN3ALIMOHHOM OTIEJICHUH
[IpenonepaimoHHbie, HAPKO3HbIC, POJUIIBLHBIEC 3aJIbI,
IIEPEBSI30YHBIE, IPOLICAYPHEIE, npuBuBouHble | He Oonee He 6onee
KaOWHEThI,  XUPYPrHUYEeCKHUE  KAOWMHETBI,  3ajbl 500 750
peaHuMaInu, najgaThl JIs HOBOPOKISHHBIX
[lamaTel B XHpPypruW, TanaTel POAUIBHUIl C
HOBOPOXJICHHBIMU, KOPUAOPHI, MpuMbIKatomue k| He Oonee He 6onee
OMEpPallMOHHBIM U CMOTPOBBIM,  CMOTpPOBBIE, 750 1000
MOMEIIEHUE JIJIsl YUCTOTO Oelbsl
Uucras u CTepWJibHas ~ 30Ha  KOHTPOJIA
KOMITJIEKTOBAHHSI U YIaKOBKH YUCTBIX
He 6onee He 6onee
WHCTPYMEHTOB, TIOMEIICHHUS U1  TOATOTOBKU
500 750

MNCPCBA30OYHBIX M OIICPALMOHHBIX MATCPHAJIOB U

Oelbs, CTepHIIN3aluN

Bo3ayx nmpou3BOICTBEHHBIX IOMEIICHUM

He 6oiee 1500

Bozayx sxxunbix nomenienuit mo A.U. apudy

Jletom: He Oonee 1500

3umoii: He 6oisee 4500
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Hean padoTsi:

1.M3yunts MUKpOQIIOpY OKpYXKarolled Cpeapl, CaHUTapHO-TIOKa3aTelbHbIE
MUKPOOPTaHU3MBI.

2.M3yuntsb BiusiHuE (PAKTOPOB OKPYXKAIOIIEH Cpelibl HA MUKPOOPTaHU3MBI.
3.UccnenoBath  Mukpodopy  BO3AyXa B BBIOpAHHBIX  ayJUTOPHUAX
CEMMEHTAIMOHHBIM METOOM, ONPENEIINTD KOE, MOpP(hOJIOTHIO
MHUKPOOPTIaHU3MOB.

Xoa paboTbl

1. IlpuroroBuTh TBEpAYIO arapuzoBanHyto cpeny LB cocrasa 10 r/in TpunToHa,
5 r/n npoxokeBoro skcrpakta, 10 r/n NaCl, arap 2%.

2. IlpoctepunuzoBars cpeny u yamku llerpu. Pa3nute mo yamkam cpeay B
CTEPUIIBHBIX YCIOBUAX U JATh OCTHITh.

3. [IpoBecTu moceB MUKpOOpraHM3MOB B yaliky [leTpu Ha nuTarenbHyIo cpeay
CEIUMEHTAIMOHHBIM  METOAOM.  IIpOmOIKUTENBPHOCTE  DKCIO3HULIMHU
coctasisieT 20 MUHYT.

4. Tlocne mnoceBa yamku [lerpu moamucare (amuiius cryaeHTa, Tpynna,
ayAUTOPHUSI WIIM MECTO MOCEBA).

5. 3akphITh 4YalllKi W TOCTAaBUTH Uil KyJIbTUBUpOBaHUS Ha 3-5 nHed mnpu
teMrieparype 28°C B TepmocTar.

6. Iloxcuurarh obIIee KOJIUYECTBO BHIPOCIINX KOJIOHUN MUKPOOPTaHU3MOB Ha
IIATATEBbHOMU cpene B yamke llerpu.

7. TlpoBecTn mepecyeT KOJIMYECTBA KOJOHHM B 1 M BO3MlyXa 1Mo (Gopmyie

OMEJITHCKOT O

~ A% 100 x 1000 X 5
B Bx10xt

rae X — KOJIHYeCTBO MUKPOGOB B 1 M°,

A — KOJIN4eCTBO KOJIOHUM Ha arape B yamke, KOE
B — mtomraae yamku (d=8 cm — 50 cm?, d=9 cm — 63 cm?, d=10 cm —
78,5 cM? ), cm?

t — BpeMs SKCIO3ULINU, MUH
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8.

9.

5 — BpeMsa OMeNsTHCKOT0, MUH

10 — oObem BoO3Ayxa, M3 KOTOPOTO TMPOUCXOJIUT OCEaHue
MHUKPOOPIaHU3MOB 3a 5 MUH, JI

100 — mromanb, Ha KOTOPOM MPOUCXOJUT OCEAHUE, oM’

1000 — uckompblii 00BEM BO3IYXA, J
Pesynbrarel 3anectu B Tabauny 18.2. CpaBHUTH NOJSyYEHHBIE PE3YIIBTATHI C
nokaszarenasiMu B Tadamue 18.1.

Ta6auna 18.2. Pe3ynabTaThl HccaeA0BaHUS MUKPOQIOPHI BO3AyXa

[Tomemenne | Konm4uecTBO MUKPOOPTaHU3MOB B Im° BO3yXa, KOE/m°

CI[GJ'I&TI) BBIBO/J] O CAHUTAPHOM COCTOAHHU ITOMCIICHUA

Bonpocwr ona camonpoesepxku:

1.

2
3
4.
5

Ipunyun memooa onpedenenusi MuKpo@iopul 8030yXa.

Ymo makoe caHumapHo-noxKazamenbHvle MUKPOOPSAHUIMbL?

Kax onpeoensiom xonu-mump 600bt?

. Kakue memooul npumensiom ons onpedenenusi MUKpoOOH020 4ucia 6030yxa.
Ymo makoe caHumapHo-nokazamenvbHvle MUKPOObL 8030YXa U KAK UX
onpeoension.

Ymo yuumovlearom npu ucciedo8anuu OAKmmepualbHol 3a2psa3HeHHOCMU
6o30yxa?’

Kaxue numamenvhvie cpedvl ucnoiv3yrom npu auaiuse MuKpogiapsl
6030yXa.

Kakue memoowvl ucnonv3yrom 0nsa MukpooOuoiocUYecKo20 uUccied08aHus

8030yxa.
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JlaGopaTopnas padora Nel9. Onpenesienne MUKPOPJIOPHI MOYBBI

IlouBa — ecTecTBEHHas Cpella MUKPOOPraHU3MOB, IPUHUMAIOIIUX Y4aCTHE
B KPYrOBOpPOTE BEILECTB B MpUpoje. MUKPOObI U3 MOYBHI MOMNAJAIOT B BO3AYX U
Boay. B 1 r mouBbl HaxOJIUTCS HECKOJBKO MUJUIMAPJIOB CaMbIX Pa3HOOOpa3HBIX
MHUKPOOPTraHM3MOB:  THWJIOCTHBIE  a’pOoOHBIE W aHa’poOHbIE  OakTepuwu,
a30TQUKCUPYIOLTNE, HUTPODUIUPYIOUUE U Apyrue OaKTepuu, aKTHHOMUIIETHI,
rpuOsbl, npocteitimme. OCOOEHHO NTUTENHHO B MOYBE HAXOMATCS CIIOPHI OaKTepuid
u TpuboB. HanbonbIiee KOIMYECTBO MUKPOOOB COJIEPKUTCS HA riryOune 5-10 cwm.
[louBeHHBIE = MHUKPOOPraHW3Mbl  OCYLIECTBJISIOT  MPOLIECC  MHUHEpaIM3aluu
OpraHMYECKUX OTXOJ0B C 00pa30BaHUEM I'ymyca, 00€CIEUMBAIOLIETO MJI0I0POANE
MOYBBI.

Bone3HeTBOpHBIE MUKpPOOpPraHU3MbI IONAAAKOT B IIOYBY C BBLACICHUAMMU
OONBbHBIX JIIOJEH M JKUBOTHBIX, C OTOpOocaMHu, C TpyHaMH KpbIC M JPYyrux
KUBOTHBIX. Bo30yauTeNn KHUIIEYHBIX MH(EKIUNA MOTYT HAaXOOUTHCA B MOYBE OT
HECKOJIBKMX JHEW 10 Mecsua, uHorza pojbiie. Cropbl cHUOMPCKOWM  S3BBI,
00TysM3Ma, CTOJIOHAKA U Ta30BOM FaHTPEHbI MOTYT COXPAHATHCS B MOYBE JIECATKU
Jer. 3arps3HeHHe NPOAYKTOB OO0JIE3HETBOPHBIMH MHKPOOAMH U3  IOYBBI
IPEJCTaBISIET OOJIBIIYIO OIACHOCTh 3a00JI€BaHUS JIIOIEH.

Heas padorel. OcBouTh METOA IMOCEBA MPOO IMOYBBI HA IMUTATEIbHBIE CPEIbI,
METOJI OIIPENIEIEHUS KOJNYECTBA MUKPOOPIaHU3MOB B II0YBE U BBIIEJICHUS YUCTBIX
KyJbTYp OakTepuil U3 mpoO MOYBHI.
MarepuaJjibl 1 000pyA0BaHuUe.
1. Becnl
Crynka

. PC3HMHOBBIC IICPYATKH

2
3
4. xonba co CTepUIILHON JUCTUIITUPOBAHHOMN BOOM
5. nmumerkn Ha 10 M u 1 Mn

6. crepwibHBIC TPOOUPKU

7

K0J10a BMECTUMOCTBIO 250 M1
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8.
9.

yamku letpu ¢ MITA
cpena Duiowm,

10.cpena Yanexa.

Xoxa padoTsl

1.

[IpuroroBere cycnens3uro mousbl. [[nsg storo orBecbre 10 r© mouBBl M
NEPEHECUTE HABECKY B CTEPWIBHYIO CTYNKY, 100aBbTe 2 - 3 MJI CTEPUIIbHOMN
BOJIbI U PA30TPUTE JO0 MaCTOOOPA3HOIO COCTOSHHUS.

[Tonyuennyro mpoOy mouBsl (10 T) mepeHecuTe B CTEPHUIBHYIO KOJOY,
coaepxkamyr 90 M CTEpUIBHON BOABI, pa3MElIaliTe B TEUCHUE 5 MHUH U
naiite orcrosaTbea 30 MUH. DTO MEpBOE pa3BeACHHUE HCCIETyEMOM MpoObI
MIOYBBI.

[IpuroroBeTe psa nociuenyronmx 10-kpaTHBIX pa3BeleHUN 3TON MpoObI B
npoOupKax B  3aBUCHMOCTA  OT  MPEANOJaraéMod  YHCICHHOCTH
MUKpPOOPTaHU3MOB B Tpo0e. JIJisi IpUroTOBICHUS KaXK0TO MOCIETYIOIIETO
pa3BeICHUA UCIIOIb3YNTE HOBYIO MTUIMETKY.

[Tomyuyennsie pa3Beaenus B oobeme 0,1 M mocelite (Ha Kax10€ pa3BeieHNe
no 2- 3 vamku): a) Ha MIIA s onpenenenust o01Iero ynciia 6akrepuid; 0)
Ha cpeny Yameka juisi ydyeTa W BBIJCIICHHS aKTHUHOMUIIETOB; B) Ha Cpeay
Dmbu AJisl ydeTa v BhIJCIICHUs a30To0aKTepa.

PaBHOMEpHO pacnpenenuTe Kamio HHOKYJIATa Ha IOBEPXHOCTH arapa,
MOKauMBasi 4aliky, U ocTtaBbTe Ha 30 MUH JJIs1 afcoOpOLMU P KOMHATHOM
TEMIIEPATYpE.

3acesHHble yamiku lletpu depes 30 MMHYT mepeBEpHUTE BBEPX ITHOM H
IOMECTUTE B TepMoOcTar mpu Temreparype 28 - 37°C mig BbIpalllUBaHUs
MezoduiabHON MuKpodaopsl. KomnuectBo 6aktepuit Ha MITA yuuTbiBaiiTe
yepe3 1 - 5 cyT, akTHHOMHIIETOB U a30TO0aKTepa - uepes3 S5 - 7 CcyT.
Y4YuThiBaiiTe KOJWYECTBO KOJIOHUH CIEIYIOMUM 00pa3oM: JHO YallKu
[Tetpu mMapkepoM pa3leluTe Ha PABHBIE CEKTOPHI, YUYTECHHBIE KOJIOHHH

OTMEYaANTE TOYKAMHU Ha CTEKIJIE.
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8. Ilocne moceBa wamku [letpu moanucats (haMumust CTyICHTa, TPYIITIA).

9. 3akppITh 4YalllkKi W TOCTAaBUTH Uil KyJIbTUBUpOBaHUS Ha 3-5 nHed mnpu

temreparype 28°C B TepmocTar.

10.TToacuunTaiiTe cpeaHee YMCIO KOJOHWM Ha Yallke W Jajiee IepecuuTanTe

KOJIMYCCTBO MUKPOOPIaHM3MOB Ha Ir BO3I[YH.IHO-CYXOﬁ ITOYBBI.

Bonpocwt ona camonposepku:

1.
2.

THpunyun memooa onpedenerusi MUKpo@iopvl NOUBHL.

Ymo maxoe canumapHo-noxazameibHvle MUKPOObL 8030YXA U KAK UX
onpeoension.

Kax onpeoensaiom muxpobHoe uucio nouswi?

Kaxue numamenvhvie cpedvi ucnonv3yom npu anaiuse MUKpogiopol
nou8bl.

Kaxue — memoovl  ucnonvsyrom — 01 MUKPOOUOIO2UYECKO2O

UCCIe00BAHUS NOYBDIL.
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JlaGopaTtopHnasi padora Ne20 MukpooOuoJioruyeckoe cCOCTOsiHUe
NMPHUPOIAHBIX BOJ

MHuorouncienaple peku Poccum  W3-3a  TOCTYIUIGHWSI B HHX  C
MOBEPXHOCTHBIM  CTOKOM M  CTOYHBIMH  BOJAMH  OOJIBIIUX  KOJUYECTB
3arps3HSIONINX BEIIECCTB, HAPYIICHUS PEKUMa XO3SMCTBEHHON NEATEILHOCTH B
BOJIOOXPAHHBIX 30HAX W TOMAJaHUsl OPTAaHUYECKUX U MUHEPAIbHBIX 3arps3HEHUH,
a TakkKe CMbIBA TPyHTa B pe3yJIbTaTe BOJHOMN 3PO3UHU, HAXOASATCS B DKOJIOTHYECKH
YTHETEHHOM COCTOSIHUM. (OCHOBHBIMH HCTOYHUKAMH 3arpsS3HEHUS BOJHBIX
00bekTOoB Poccum SBIAIOTCS KOMMYHAJIbHOE XO3SHCTBO W IMPOMBIIUICHHBIC
NpEANPUSTUS, KOTOPbIE COpachIBalOT COOTBETCTBEHHO 58% u 31% 3arpsi3HEHHBIX
CTOYHBIX BOJI OT UX o0iiero oobema. Hanbonee pe3ko pearupyroT Ha U3BMEHEHUE
KayecTBa BOJHOW CpeJbl MHUKPOOPraHU3MBbI, MO3TOMY MHKPOOHAs WHAMKAIUS
IIUPOKO UCTIOJIB3YETCS 11 KOHTPOJIS 32 COCTOSTHUEM BOJIHBIX 3KOCHCTEM.

Heanr paboTbl: ompeneneHue OOIIETO MHUKPOOHOTO YHMCIAa B BOJOEME,
PacIoioKEHHOM B PEKPEaIMOHHOMN 30HE TOPO/Ia.
B xoxe npoBeneHust paboThl HEOOXOUMO 03HAKOMHUTHLCS C OCHOBHBIMU METOJIaMU
MUKPOOHOJIOTUYECKUX HCCIIEIOBAaHUM, OCBOUTH METO/ B3ATHUS TPOOBObI, OCBOUTH
METO/I TI0JIcueTa O0IIEro Yucia KOJOHUE0Opa3youX0aKkTepUil.
MarepuaJjibl 1 000pya0BaHHeE!

1. Crepunbnbie yamiku [letpu;
Crepunpubsie MeMOpanubie puiabTpsl (d=0,45MKM);
OubTpOBAIBHBIN TPUOOP 3eUTIIA;

Bonoctpyiineiil Hacoc;

2

3

4

5. Msconentonnsiit arap (MIIA);
6. CrepuibHBII NUHIIET;

7. 710%-nblii ciupT;

8. CrnupToBKa;

9. Tepmocrar;

10.CrepunpHbie KOIOBI.
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Xoa padoTbl

1. Cnenarp ceputo TOCIEAOBATEIbHBIX pa3BeACHUN (102 - 106) BOJBI U3
Bojoema. [lo 10 Ma BOAbl M3 KaXI0ro pa3BEACHUS MPOIYCTUTh YEpe3
MeMOpaHHbIC GUIBTPHI, HaJIO)KCHHBIE Ha MpeABaAPUTEIBLHO
npodiaMOMpoBaHHYIO TOBEPXHOCTH (PUIBTPOBAIIBHOTO MPUOOPa, UCHONIB3YS
BOAOCTpYWHBIH Hacoc. Kaxkmayro mpoOy amamm3upoBatb B 3 — 5-
KPAaTHOMITIOBTOPHOCTH.

2. Paznute o 20 ma MITA B vamiku [letpu u ocTyAUTb.

3. MeMOpanHbie GUIBTPHI CTEPHIIBHBIM IMUHIICTOM TIOMECTUTH (DUIBTPATOM HA
MOBEPXHOCTh MHUTaTelIbHOM cpenbl B uamku Iletpu Ha 24 4. Yamkum
nepeBepHyTh U MHKYOupoBaTh npu temneparype 30 — 37 °C B TepmocTare.

4. Tlo ucTeyeHMM BpPEMEHU HMHKYOAIMHM TOJCYUTATh KOJWYECTBO KOJOHHM
MUKpPOOPraHM3MOB Ha MOBEPXHOCTU MUTaTENbHOrO arapa. [loacyer ciemyer
MPOBECTH HA BCEX MapaslIeNIbHBIX YalllkaxX U HAWTU Cpe/Hee 3HAUCHUE.

5. UuCIeHHOCTh KJIETOK TeTepOoTPOGHBIX MUKPOOPTAaHM3MOB B 1 MIT BOABI

paccuuTath nodopmysie:

_NxR
10

rae N — 4uciio KoJloHUM Ha Yalike, IIT;
R — pa3Benenue, u3 KOTOPOIro MPOU3BEIEH NTOCEB;
10 — mepecuer Ha 1 M.
6. Ilo Tadamuue 20.1 ompenenuTh, K KAKOMY KJIACCy Ka4eCTBAa OTHOCHUTCS BOJIA

N3 TCCTUPYCMOI'O BOAOCMA.
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Tabmuma 20.1.Knaccsr kauecTBa BOABI IPUPOIHBIX BOJOEMOB 10 OaKTEpUATBHBIM

ITOKa3aTeNsIM
IToxazareins Knaccel kagecTBa BOJBI
npeAesibH | YUCTa | YAOBJICTBOPUTENBH | 3arps3HEHHA | IPsA3HA
0 YyHucTas S 0 YyHucTas S s
YucieHHOCTh <0,3 0,3- 1,6-5,0 51-110 |>11,0
OakTepuit 15
IJIAHKTOHA,
MJTHKJI/ M
YuciieHHOCTD <0,1 0,1- 1,1-5,0 51-10,0 |>10,0
reTepoTpodHbI 1,0
x OaKkTepuid,
TBIC.KJI/MJI
YucIeHHOCTh < 0,003 0,003 2,1-10,0 11,0-100,0 >
OakTepuit - 100,0
TPYIITBI 2,0
KUIIICUHOHN
MMaJI0YKH,
TBIC. KJI/MJI

Bonpocwt ona camonpogepku.

I T o

I'emepompogel u canppumoi.

Memoowr ombopa npob 800bi.

Ilonamue obwe2o MukpobHo2o wucia.

Mukpobuonozuueckue numamesnvHble Cpeobl.

Ipunyunvl cmepunuzayuu, cnocodvl cmepuru3ayuU.
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Ipuioxenne 1

3nauenus t-kpurepus CTbIOJEHTA IIPY PA3HOU TOBEPUTEIBHON BEPOATHOCTH

Yucio JloBepuTenbHas BEPOSTHOCTh

creneren 0,90 0,95 0,99 0,999

cB00OOIbI T
1 6,31 12,7 63,6 636
2 2,92 430 9,93 316
3 2,35 3,18 5,84 12,9
4 213 278 460 8,61
5 2,02 257 403 6,86
6 1,04 2.45 3,71 5,96
7 1,90 2,37 3,50 5,41
8 1,86 231 3,36 5,04
9 1,83 2,26 3,25 478
10 1,81 2.23 3,17 459
11 1,80 2.20 3,11 444
12 1,78 2.18 3,06 432
13 1,77 2.16 3.01 422
14 1,76 2.15 2,98 414
15 1,75 2.13 2.95 407
20 1,73 2,09 2,85 3,85
30 1,70 2,04 2,75 3,65
40 1,68 2,02 2,70 3,55
60 1,67 2,00 2,66 3,46
- 1,66 1,96 2,58 3,29
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Ipuioxkenne 2

3nauenus Q — KpuUTepus Ipu pa3HON JOBEPUTEITHHON BEPOSATHOCTU

n JloBepuTeIlbHAs BEPOATHOCTD

0,90 0,95 0,99
3 0,94 0,98 0,99
4 0,76 0,85 0,93
3) 0,64 0,73 0,82
6 0,56 0,64 0,74
7 0,91 0,99 0,68
8 0,47 0,54 0,63
9 0,44 0,51 0,60
10 0,41 0,48 0,57
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