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JlabopaTopnasi paGora Nel
HN3yyeHune KMHETHYECKHUX CBOCTB )epMEHTOB

[{enb pabOTHI — 3aKPENHUTh 3HAHUS O CTPOCHUH, CBOMCTBAX M MEXaHU3MaX JICHCTBHS (PEPMEHTOB,
KOTOpBIC HEOOXOIUMBI JJIsi U3y4eHHss OOMEHa BEIEeCTB M MPUOOPECTH HABBIKM HCCIICIOBAHUS
(dbepMeHTOB.

Kunernka (¢epMeHTAaTUBHBIX pEaKIHUil — O5TO pa3fesl SH3UMOJIOTUH, KOTOPBIM H3ydaer
3aBHCUMOCTh CKOPOCTH PpEaKIuii, KaTalu3upyeMbIX (EepMEHTaMH, OT XUMHUYECKOH MPUPOJIBI
pearupyromux BEIIeCTB M OT YCIOBMM HUX B3auMojeWcTBusa. l3ydyeHue KHUHETUKU
(epMEHTATUBHBIX PEAKIMH MOKA3bIBAET UX OTJIMYMS OT HEOPTAaHUYECKUX KAaTaIN3aTOPOB.

HccnenyeMblii MaTepuall: CilOHa, pa3BeieHHas B 3 U 5 pa3, U caxapasa, U3BJICUEHHAas U3 JpOAOKen
(2 T gpoxokeit pactepeTh B cTynke ¢ 10 Mi Bojbl, HOCTaBUTh B Tepmoctat rpu 37°C Ha 10-15
MUH, oTueHTpudyrupoars cmech npu 3000 o6/mMuH B Tedenue 10 MHUHYT, HaIOCATOYHYIO
AKHUJIKOCTb CIIMTh U UCIIOJIB30BaTh B paboTe).

PeaktuBnl: 1% pactBop kpaxmana; 0,2% pactBop kpaxmana Ha 0,1% pactBope NaCl; 10%
pactBop NaOH; 1% pactBop CuSOs4; 0,1% pactBop #oma B 0,2% #onune kanus (pacTBop
Jlrorounst); 2% pactBOp caxaposbl; peaktuB Denunra (I'oToBAT OTAEIBHO N1Ba pacTBopa. PactBop
1: B mepHOl kos0e Ha 100 M1 pactBopsroT 20 T cerneroBoit conu 1 15 r NaOH u noBoasT Bogoi
1o metku. PactBop 2: B MepHoii kosbe Ha 100 M pacTtBopsitoT B Boje 4 1 cynbdara meau (1I) u
JOBOJAT BooM 10 MeTku. [lepen ynoTrpebiieHneM cMetIBaloT paBHbIE 00BEMBI 3TUX PACTBOPOB);
1% pactBop NaCl; dhocharusrit 6ydep ¢ pH 5,0; 5,8; 6,2; 6,6; 7,0; 7,4; 8,0 u 8,4 (I'otoBsAT pacTBOp
Nel: 9,072 r KH2POgs pactBopsitor B 1 nutpe Boawl. I'otoBsat pactBop Ne2: 11,866 r
Na;HPO4-2H20 pactBopsitor B 1 nutpe Bombl. PacTBOpel ¢ ompeneneHHbIM 3HaueHueM pH
MOJIy4at0T COBMECTHBIM cMelInBaHueM pacTBopoB Nel u Ne2 cornmacHo tabnuie 3).

OOGopynoBaHue: MITaTUB ¢ NpoOMpKamM; IecyaHas OaHS MM CIUPTOBKA; BOAsSHAas OaHA C
TepMoMeTpoM ik TepmocTat Ha 38°C; cTakaH €O JIbJIOM MIIM CHEIOM; 4achl; IPEJMETHBIE CTEKIIA
U CTEKJITHHBIE MaJ0YKH.

Tabmumna 3

[TpurotoBnenue OypepHbIX pacTBOPOB € ONpeAeIeHHbIM 3HaueHueM pH

pH O6bem pactBopa Nel, mn O6beM pactBopa Ne2, mn
50 91,05 0,95

5,8 92,10 7,90

6,2 81,60 18,40

6,6 62,90 37,1

7,0 38,80 61,20

7,4 18,20 81,80




8,0 3,10 96,90

8,4 - 100,00

1. 3aBucumMocTb cKOPOCTH epPMEHTATUBHOI peaKMH 0T TeMIIepaTypbl

Metoa ocHOBaH Ha OMpCACIICHUU CKOPOCTHU THUAPOJIM3a Kpaxmala 0-aMHJIa30i CIIIOHBI B
3aBUCUMOCTH OT TEMIIEPATYPHI.

Xoa paboTel: B mpoOupKy moMemaroT 5 Kareib CIIOHBI, KAMSTAT 1-2 MUH U ocTyXaroT. B nBe
Jpyrue mpoOUPKHU MOMEIIAIOT MO 5 Karelb HEKUTITYeHOH clltoHbl. Bo Bce mpobupku BHOCAT 110 10
Karesb KpaxMaja M CTaBsT IEPBYIO U BTOPYIO IIPOOMPKHU Ha BoAsHYio 6anto npu 38°C, a TpeThio
— B CTaKaH CO JIbJOM WJIM CHETOM Ha 3 MHUHYTHI. 3aTeM B KXyl MpoOUpKy npubaBisioT mo 1
Karie pactBopa JIroross u cpaBHUBAIOT pPa3BUBAIOLIYIOCS OKPACKY.

YkazaHus K cOcTaBJIeHHIO oTyeTa: Hanucare ypaBHEHHE THIPOIIM3a KpaxMasa IoJl 1eUCTBUEM O.-
amunaspl. ChenaTb BBIBOJ O 3aBUCUMOCTH (DEPMEHTATHBHOHM peaklMu OT TeMIlepaTrypbl U
IIPUYMHAX 3TOM 3aBUCHUMOCTH.

2. Cl'[eIII/I(l)I/I‘{HOCTb JEeHCTBUS aMHJIa3bl B caxapa3sbl

Metol OCHOBaH Ha CpPaBHUTEIBHOM M3yYEHMM TMJPOJU3a O-aMWJIa30d M caxapa3od pa3HbIX
CyOCTpaToB, COEPKAIMUX TIMKO3HUIHBIC CBS3M — KpaxMaia U caxaposbl. [ maponu3 kpaxmaia u
caxapo3bl OIIEHUBAIOT MpoOoi DennHra Ha BOCCTaHABIMBAIOIINE caxapa (MajabTO3y U TIIIOKO3Y).
[Ipo6a denurHra OCHOBaHA Ha CIIOCOOHOCTH YTIIEBOJIOB B IIETOYHOM Cpelie BOCCTAaHABIMBATH HOH
Cu?*, comepsxammiicst B peakTpe MenmuTa B BUAE KOMILIEKCHOTO COEIMHEHMS C TAPTPaTaMH, JI0
okcuaa meau (1) kpacHOTO 11BETa, BBHIAAAIONIETO B OCA/IOK.

Xon onpeneneHus: s BBISABICHUS CHEIU(PUYHOCTH (i-aMHJIa3bl B OJHY TpoOHpKy BHOCAT 10
Karesb pacTBopa Kpaxmaia, B Apyryro — 10 kanenpb pactBopa caxapo3sl. B 06e mpoOupku BHOCST
1o 5 Karenb pa30aBIEHHON CIIOHBI, IEPEMEITNBAIOT BCTPSXUBAHNEM U CTAaBSIT B TEPMOCTAT TPU
38°C na 10 munyT. 3aTeM B 06€ IPOOMPKHM IPHOABISAIOT 110 1 M1 peakTiBa METUHTa U HATPEBAIOT
1o kurieHus. OTMEUaroT MOsBJIICHUE KPACHOTO OCaJKa B OJAHOM U3 MPOOUPOK.

Jlns BbIsBIEHUS CHEUM(PUUHOCTH caxapaszbl B OJHY MpoOupKy BHOcAT 10 kamenb pacTBopa
KpaxMmaina, B Ipyryto — 10 kamenb pacTBopa caxaposbl. B 006e nmpoOupku BHOCAT 1O 5 Kameinb
caxapo3bl, HepeMEeINBaIOT BCTPSAXUBAHUEM U cTaBaT B Tepmoctar npu 38°C na 10 munyT. 3atem
B 00€e mpoOupku npubaBisatoT o 1 M peaktuBa dearHra ¥ HarpeBaroT A0 KuneHus. OTMeuyaroT
HOSBJICHHE KPACHOT'O OCaJIKa B OJHON U3 MPOOUPOK.

YkazaHus K cocraBieHUI0 ordera: Hamucate ypaBHeHus ruzaponusa caxapo3bel. Hapucosatb
CXEMY OIIbITa IO TUMY: (hepMEHT — cyOCcTpaT — pe3ynbTar npoodsl ¢ peaktuBoM denunra. Caenath
BBIBOJ O CIIEIU(UYHOCTH U3yUCHHBIX (PEPMEHTOB.

3. AKTMBaTOpPbI 1 HHTHOUTOPBI 0-aMHJIA3bI CJTIOHBI

Meton OCHOBaH Ha CpPaBHEHHM CKOPOCTM THAPOJIM3a Kpaxmaia I0J JEHCTBUEM O-aMHUJIa3bl
CIIOHBI 10 ¥ ocie nodasnenus nouos Cl™ u Cu?".

XoJ1 paboTel: bepyT Tpu nmpoOUpPKH U HAIMBAIOT 1O 5 Kamesb pa3BeleHHOH CIltoHBL. B mepByro
npoOupky Ao06asisitoT 10 Kanenb TUCTHIIMPOBAHHOM BOJBI, BO BTOpYIo — 10 Kamenbs pacTBopa
XJIOpUAa HaTpHsl, B TpeThio — 10 Kamenp pacTBopa cynbdara Meau. 3aTeM B KXyl MpOoOUpPKY



no6asisitor o 20 kamnenb pacTBopa Kpaxmana. Comep)KUMoe epeMENINBalOT BCTPSIXUBAHUEM U
MOMEIAIOT Ha BOJAAHYI0 6anio mmu Tepmoctat mpu 38°C. Uepes 5-10 MUHYT ¢ COAEPKHMBIM
KaX/101 MPOOUPKH MPOJENBIBAIOT PEAKIMI0 Ha KpaxMaJ, MpuiMBas mo 1 karuie pactBopa ifona B
Hoaue Kaaus.

Vka3zaHus K cOCTaBlICHHIO oTdeTa: OTMETUTH pa3sBUBLICCCA B HpO6I/IpKaX OKpalllMBaHUC KW Ha
OCHOBAHHH 3TOro CACjaTrb BbIBOI O ﬂCﬁCTBHH HOHOB KaK aKTHUBATOPOB UJIN I/IHFI/I6I/ITOpOB.

4. Onpeneﬂeﬂne onruMyma pH AKTHBHOCTH aMHUJIa3bl

Meton OCHOBaH Ha ONPEACIIEHUU CKOPOCTH THAPOJIM3A Kpaxmajga 0-aMHJIa30d CIIOHBI B
3aBucuMocTy ot pH.

DepMEHTBI OUYEHb YYBCTBUTEIBHBI K U3MEHEHUIO KUCIIOTHOCTH CPEIbl, B KOTOPOIl OHU JIEMCTBYIOT.
MOo>KHO cuuTaTh, UTO JUIS KaXA0T0 (hepMEeHTa UMEeeTCs ONpeiesieHHass KOHIEHTpaIUs IPOTOHOB,
MIPU KOTOPOI OH HamOoJiee akTUBeH. MI3MeHeHne KUCIOTHOCTH CPEIbl B TY WJIM UHYIO CTOPOHY OT
ontuMmyma pH BbI3bIBaeT MOHMKEHHUE aKTUBHOCTH (DepMEHTA.

XoJ paboTel. B Bocemb mpoOupok BHOCAT 10 2 M OydepHOro pactBopa cooTBeTcTBeHHO ¢ pH
5,0; 5,8; 6,2; 6,6; 7,0; 7,4; 8,0 u 8,4. Bo Bce mpobupku nobdasisitor o 5 mit 0,2%-ro pactBopa
kpaxmana (Ha 0,1%-m pactBope NaCl) u mo 1 mn cmionsl, pazbaBineHHoi B 3 pasza. [IpoOsl
THIATEJIBHO NepeMelnBatoT (n3beras oopazoBanus neusl!) u nomewmaior B repmoctar (37°C).

UYepes 3 MUHYTHI U3 MATON NpoOHpPKHU OTOMPArOT 1 Karuiio pacTBOpa M HAHOCST Ha MPEIMETHOE
CTeKJ0, cMemuBas ¢ 1 karuiei pacrBopa Jliorons. Eciau oOpasyercst cuHee, GuoIeToBOS HITU
(buoneToBo-KpacHOE OKpAIIUBAaHUE, PEAKIIUIO C PaCTBOPOM JIOT0JIsl MOBTOPSIIOT Yepe3 Kaxable 3
MUHYTBI, TOKa OKpacka CMECH He CTaHeT 0ypo-KpacHO#. B 3TOT MOMEHT Bce MpoObI H3BICKAIOT
U3 TepMocTaTa U A00aBISIIOT B HUX MO 5 Karenb pacTBopa JIroros, TmaTeabHO epeMennBaioT.
B mnpobe c¢ ontumanbHbeiM pH, Tze cKOpocTh peakiuu Oblja MaKCHUMaJbHOM, pacTBOp
OKpAILMBAETCs B JKEITHIN L[BET, UTO CBUJIETENILCTBYET O TIOJHOM PACILEIUIEHUH Kpaxmala.

VYkazaHus K cocraBieHUto otyera. Crenars BbIBOJ O 3aBUCUMOCTH CKOPOCTU (hepMEHTATUBHOM
peakuuu ot pH cpensl.

KoHTpoJILHBIE BOOPOCKI:

1. KakoBo cTpoeHue ¢pepMeHTOB?

Uto Takoe akTUBHBIN HEHTp pepmenTa?

3. ComnocraBpTe (hepMEHTAaTUBHBI M He(EepMEHTATHBHBIN IPOIECCHl; KaK CKa3bIBaeTCA
NPUCYTCTBHE (pepMEeHTa Ha:

N

a) U3MEHEHUH CTaHAAPTHOW CBOOOAHON SHEPTUH peaKIuy,
0) PHEprUM aKTUBAILUHU peaKlnu,
B) Ha4aJIbHON CKOPOCTH PEaKIINH,
I') TeMIIepaTypHOM KO3 PHUIMEHTE KOHCTAHThHI CKOPOCTHU?
4. OcobeHHOCTH (PEPMEHTATUBHOTO KaTalln3a U ATarbl (JepMEHTATUBHON PEaKIUu.

5. Ha uem ocHoBana knaccudukanus pepmentos? Ilepeuncanre kiaaccel HepMEHTOB U UX
KOJIOBbIE MIU(PHI.



3anonHUTE TAOIUITY:

Ne | Knace pepmentoB | Tunm kartanusupyemoit | Kodep- | I'pynmsr [Ipumep
n/n peakuun MEHT neicrTBus
depmenTa

6.Uem 0O0BsCHUTH TepMOJaObMmIbHOCTh (hepMeHTOB? Kakoil TemmepaTypHbId ONTHMYM JUIst
JIEeHCTBUS (EPMEHTOB KUBBIX OPTaHU3MOB?

7.Yem 00ycIOBIIEHO U3MEHEHNE aKTUBHOCTH (pepMeHTa npu n3MeHeHnn pH peakiimoHHoOM cpeib?
8.Uto Takoe cnenupuuHOCTh (pepMeHTa U yeM oHa oOyciosieHa? [Ipusenute npumep pepmenta
a) C OTHOCHUTCIBHOW CHENMU(PUIHOCTBIO, 0) ¢ aOCOMIOTHOW Crnenu(UIHOCTBI0, B) CO
cTepeocnennGpUUIHOCTbIO.

9.KonuuecTBeHHBI MOAXOJ OLEHKM AKTUBHOCTH (DEPMEHTOB C NPUMEHEHUEM YpPABHEHMUS
Muxasnnca-MeHTeH U BaKHEHINX (DepMEHTATUBHBIX MapaMeTpoB — KOHCTaHTHl Muxasmuca u
KaTaJIUTHYECKON KOHCTAHTHI.

10.Yro takoe nHrHOuTOpHI? HazoBuTe TUIIBI HHTHOMPOBAHMUSL.

11.YTo Takoe aktuBaTophl? KakoBa pojib HOHOB METAJUIOB B KaTaiau3e?

12.Kak omnpenenuth MOPSIOK (HEPMEHTATHBHON pPEaKIUU IO OTHOIICHHIO K KOHIICHTPAIMU
dbepmenTa?

13.JlaiiTe onpeneneHrne UMMOOMIIN30BaHHBIM (PepMEHTaM U Ha30BUTE 00J1aCTH UX IPUMEHEHHUSL.

14 Kak ucrnosnb3yroTcsi (hepMeHThl B OMOTEXHOJIOTUM U HAy4HBIX HcclenoBanusax? [lpuBeaure
MIPUMEPBHL.



JlabopaTopnasi paGora Ne2

HpnMeHeHne XUMHUYECKOIro Meroaa I/IMMOﬁI/IJII/I3aIIHI/I (l)epMeHTOB Ha MMOJUMEPHBIX
HOCHTEJIAX

Llenb. [IpuMeHUTH XUMHUUECKUI METOI IMMOOUIM3AMU (PepPMEHTA U CPAaBHUTH AKTUBHOCTh
(depMeHTa B UMMOOMIIM30BAHHOM U HE UMMOOMIIN30BAaHHOM COCTOSTHHH.

XUMHUYECKUE METOJIbI UMMOOHIIN3aIuH (PEPMEHTOB.

[TpencraBisiroT UMMOOMITH3AIMIO (EPMEHTOB TyTEM 00pa30BaHUS HOBBIX KOBAJICHTHBIX CBS3EH
MEXIy (EpMEHTOM U HOCHUTEJIEM — HauOoJiee MacCOBBIM CIOCOO MOJIydYEHHUS MPOMBIIUICHHBIX
Ouokatanu3aTopoB. B oTianuue OT (PU3MUECKUX BAapPHAHTOB, ATH METOABl MMMOOWIH3AIUU
00eCIIeYrBarOT MPOYHYI0 M HEOOPAaTUMYIO CBsSI3b ()epMEHTA C HOCHTEIEM U COMPOBOXIAIOTCS
crabmim3anueil MoneKysbl 3H3uMa. OJHAKO pacronokeHue pepMeHTa OTHOCHTEITFHO HOCHTEIS
Ha PACCTOSHUM OJIHOW KOBAJCHTHOW CBSI3M CO3MAET TPYOHOCTH B  OCYIICCTBICHUU
KaTaJIMTHIECKOTro mporecca. DepMeHTHI OTIAENSAIOT OT HOCUTENS C MOMOIIBIO BCTABKU (CIIMBKA
WINA CIieiicep), B POJIM KOTOPOWM dYalle BCEro BBICTYHNAIOT NOJU(PYHKIMOHAIBHBIC arcHThI
OpoMIinaH, THIPa3HH, TIyTapOBBIN TUANBACTHA. B 3TOM ciydae cTpyKTypa UMMOOMIM30BaHHOTO
(dbepMeHTa BKIIFOYAET HOCUTEIb, BCTABKY U )EPMEHT, COSTUHEHHBIE MEXTy COOOH KOBaJICHTHBIMU
CBA3sMHU. Bolaenstor:

Hmmobunuszayus gpepmenmos Ha Hocumensx, oo1a0arowux 2UOPOKCOSPYNNAMU.
Hmmobunuzayus chepmenmos na Hocumensax, oo1a0arwux AMuHOPYNnamu.

Hmmobunuzayuss  Ha  Hocumensx,  001A0QAIOWUX — AKMUBUPOBAHHBIMU  NPOUBOOHBIMU
KApOOKCUNbHOLL 2PYNNbL.

Hmmobunuzayus Ha Hocumensx, 061a0anwux cyib@euopuibHbIMu epynnamu.

Xo1 paboThl

B xon6y Ha 250M1 0TOMparoT HaBECKY LEIUTI0I03bI ¢ TouHOCTHIO 110 0,0002 1, paBHyMO 0,5
r (Ha a.c.M.) u 3amuBaoT e€ 125 mun 2 % rayrapoBbiM Juanbiaeruaom. llepuoamuecku
nepememuBas, npody octaBisioT Ha 60 muH. [locnme Hemm0n03y THIATEIBHO NPOMBIBAIOT
JUCTUJITMPOBAHHOW BOAON MOTIEINAIOT OCTAaTOK C IOMOIIbIO [IEHTPU(YTUPOBAHUS.

2. UmmoOunu3anus epMeHTa Ha IEJUII0JI03€e

Nmmobunu3anuio OeTa-ranakTo3uaasbl MPOBOIAT Ha MOATOTOBJIEHHBIE LEJIIOJIO3HBIE
HOCUTENU (aKTUBHUPOBAHHBIN M HEAKTUBUPOBAHHBIA 00pa3libl 1EUIt003bl). OTOMPAIOT HaBECKY
Hocutens onpeneneHHoi Macesl (0,1 T ¢ Tounocthio 10 0,0002 1), momemaroT B mpoOupku Ha 1,5
M. Jlamee TOTOBAT pacTBOpP HATHUBHOTO (EpMEHTa 3aJaHHOW KOHIEHTpauuu (2 wmr/mi),
umeromero 3xHaueHue pH 6,86 (ma 0,1 M docharnom Oydepe). CooTHOIIEHHE MACCHI
IPOMMUTOYHOr0 pacTBopa ¢epMeHTa U Macchl Hocutens cocrasiser 10:1. Ilocne nobGaBienus
dbepmeHTa B IpOOHPKH COJIEPKUMOE OCTaBISAIOT Ha 60 MUHYT, TEpUOINYeCcKH (Kaxable 15 MUHYT)
nepeMenInBasi Ha BOpTeKce.

3. OHpe,Z[CJ'ICHI/IC AKTUBHOCTH MMMOOUIN30BaHHBIX npemnapaTroB



[lo mpomiecTBUM yKa3aHHOTO BPEMEHM NpU TOMOIIM HEHTPU(DYTH  OTAEISAIOT
[EJUTIOJIO3HYI0 MATpHIy OT KHIKOM (pakiuu, TPIIKIAbl NPOMBIBAIOT MaTpuiy Oydepom.
Conepxumoe ipodupku 0ydepom neperocutcs B 1 mit 0,5 % pacTBopa J1aKTO3bI U OTPEACIAETCS
ylenabHas akKTUBHOCTh MMMOOMIIM30BaHHOTO (hepMeHTa B mporuecce 20- MUHYTHOTO THAPOJIN3A
(3aMepsI YPOBHS MPOYKTA TUAPOIU3A — TITFOKO3BI MPOBOAUTCS Kaxasie 10 munyt: 10, 20 MUHYT
Ha TJII0KO3UMETPE).

Odopmnenne pabotel. PesymbraTsl 3anectd B Tabmuuy 1 u 2. Iloctpouts rpadux
3aBHCHUMOCTH KOHIICHTpPAIlMU TJIIOKO3bl B PACTBOPE C HEAKTUBUPOBAHHOM LIEJUIIOJIO30M OT
BPEMEHH TUAPOJIM3a U 3aBUCHUMOCTh KOHIICHTPAIMU TJIIOKO3bI B PacTBOPE C aKTUBUPOBAHHOMN

LEJUTIOJI030M OT BpeMeHU rujipoiinia. Caenarb BbIBOJ IO padoTe.

Tabmuma 1 — pe3ynapTaThl M3MEPEHMH CONEp)KaHUs TIIIOKO3bI B PacTBOpE C

HCAKTUBHUPOBAHHBIM HOCHTCJICM U dKTHBHOCTH q)epMeHTa

Bpewmsi, Mun Konuenrpauus, Macca ritoko3sl, T AKTUBHOCTH
MMOJIB/JT depmenTa
10
20
Tabnuma 2 — pe3ynapTaThl U3MEPEHHMM COAEpKAHUS TIIIOKO3BI B PAacTBOpe ¢

AKTUBHUPOBAHHBIM HOCUTCIIEM U aKTUBHOCTHU (bepMeHTa

Bpewms, mun KoHuenrpanus, Macca 1iIroK036l1, T AKTHBHOCTh
MMOJIb/TT dbepmenTa

10

20

Maccy rioko3sl B pacTBOpe paccYHTLIBAEM CIIeIYIONIHM 00pa3oM:
Ci
1000

* M+ V,

rae Ci — KOHIEHTpauus rioKo3bl, MMoJb/i1; 1000 — koad. mepecuyera MMOJIb B MOJIb; M —
MoOJIeKyJsipHas Macca Titoko3bl, 180 r/monb; V — o6bema pacTBopa, B KOTOPOM HPOHCXOIUT
ruaponan3 cyocrpara, 1 M

AKTHUBHOCTB (hpepMEHTA:



dm m; —m;_,

¥

dt T — Ti-1

Trae m;— Macca Ir_itoKko3bl B MOMCHT BPEMCHU T .

JlaGoparopHasi padora Ne3

Bansinne uMMMOOMJIM3amMM  THMAPOJMTHYECKHX (epMeHTOB Ha 3 (PeKTHBHOCTH
(hepMEHTATHBHOIO F'HAPOJIM3a HU3K0- M BHICOKOMOJIEKYJISIPHBIX CyOCTPaTOB

Lenb: OueHUTh BIMUAHHE UMMOOWIM3AIUU THIPOIUTHUECKUX (EPMEHTOB Ha 3(PGHEKTUBHOCTH
(hepMEeHTATUBHOTO TUAPOIOU3A.

NMMOOMITM30BaHHBIME ~ (pepMEHTaMU  HA3bIBAIOT (PEPMEHTHI, HCKYCCTBEHHO CBSI3aHHBIE C
HEPACTBOPUMBIM  HOCUTEJIEM, HO  COXpaHSIOUIME CBOM  KaTaJIUTUYECKHUE  CBOWCTBA.
Nmmobunm3anus (immobilisatio; iat. immobilis — HENMOIBHKHBIN) — OTPaHUICHHE TIOJIBUKHOCTH
MoOJIeKyN ()ePMEHTOB, MO3BOJISIFOIINE 3aKPEIUTh UX aKTUBHBIN IIEHTP, COXPaHssl MAaKCUMAaIbHYIO
paboTococOOHOCT, B TEUYCHHE JUIMTEIBHOTO BPEMEHH, HE IMOJBEPrasich CTPYKTYPHBIM
u3MeHeHusM. MmmoOunn3oBaHHble (EPMEHTHI UMEIOT Psii MPEUMYIIECTB B CPaBHEHHH CO
CBOOOJHBIMU MOJIEKYJIAMU:

* Takue (pepMEHTHI IPEJCTABIAIOT CO00l reTepOreHHbIe KaTaIU3aTOPbl, JIETKO OTACNAIOIINECs OT
PEaKIMOHHOU Cpenbl;

* MOT'YT UCIMOJIb30BATHCS MHOTOKPATHO;

* 00ecneunBaIOT HEMIPEPHIBHOCTH KaTAIMTHYECKOTO TpoIiecca.

Kpome Toro, mmmobunuzanuss Ben€T K H3MEHEHHMIO CBOWCTB (epMeHTa: — CyOCTpakTHOM
cnenu(PUIHOCTH; — YCTOMYMBOCTH; — 3aBUCUMOCTH AaKTHBHOCTH OT TMapaMETPOB CpEIbI.
MMmMmo6unu3oBaHHble ()epMEHTHI JOJITOBEYHBI U B JIECATKHU THICAY pa3 cTaOMiIbHEE CBOOOIHBIX
sH3UMOB.  Tak, mpoucxoasmas npu  Temmeparype 65 °C  TepMOMHaKTUBaLUs
JaKTaTAeTUAPOreHa3bl, MMMOOMIN30BaHHON B 60%-0M MONHAaKpUIAMUIHOM Tejie, 3aMelJieHa B
3600 pa3 o cpaBHEHHIO C HATUBHBIM (DEPMEHTOM. ITO 00ECIIEYNBAET BHICOKYIO dKOHOMHUYHOCTb,
3P PEKTUBHOCTh U KOHKYPEHTOCIIOCOOHOCTh TEXHOJIOTUM, HCIIOJIB3YIOINX UMMOOUIN30BaHHbIE
(bepMeHTHI

Xon paboThl:

1. TIIpuroroBneHHe pacTBOPOB (PEPMEHTOB.

[IpurotoBuths Mo 20 M pacTBOPOB KOMIUIEKCHOIO aMMIJIOJIMUTUYECKOTO (PEPMEHTHOTO
npernapara u JJaKTa3bl B KOHIIEHTPAIHAX, 33JaHHBIX PYKOBOJAHUTEIEM MPAKTUKYMA.

2. VmmoOwmiunzanust GepMeHTOB

NmmoOunu3anuio Kaxaoro (epmMeHTHoro mpemapara (OTIENbHO) NMPOBOJUTH B relie
IbIUHATA KATBIH. J{JIs1 TOro OCTOPOKHO CMelIaTh paBHbIE 00BEMBI anpruHara Hatpus (4 %-

HBII pacTBop) U pacTBop depmenta (1o 5 mut). C BbICOTHI 0K010 20 ¢M KaraTh CMECh U3 IINpHUIA



B u30bITOK 0,2 M pactBopa CaCl2 (u30BITOK, T.€. 00beM IpeBbIMIaeT 00 00beM cMecu B 10
pa3). OcTaBUTh YacTULbI B paCTBOpE XJIOopuaa Kajibliug Ha 20 MUHYT /7151 3aCThIBAHHUS.

3. TlpuroroBieHue pacTBOPOB CyOCTPATOB.

[IpuroToBUTH pacTBOPHI KpaxmMaia M JIaKTo3bl ¢ KoHueHTpauuei 0,2 % (mo 500 mu). dns
3TOr0 OTMEPHUTHh Maccy Kpaxmalla B CTEKJISIHHOM CTakaHyuKke Ha 50 Ml U pacTBOPUTH B 4acTH
XOJIOZHOM BOJBI, OTMEPEHHOHN [UIsl MPUTOTOBIEHUS pacTBopa. OCTalbHYI0 BOAY JIOBECTH IO
KUTICHHSI HA TUTMTKE M MIPU TOCTOSHHOM TEPEMEIINBAHUN M KUTICHUH BJIUTH B HEE COJCPKHMOE
ctakaHuyuka. Ilocrme s5TOro oxJjaauTh MNOJYYUBHIMICS pPACTBOp Kpaxmajaa 10 KOMHATHOMN
Temneparypsbl. JIJakTo3y roTOBAT paCTBOPEHUEM HABECKU JAKTO3bI B XOJIOJHOM BOJE.

4. OcaxapuBaHue cyOCTpaToB.

[IpoBecTn 4YacTHYHOE OCaXxapHBaHHME Kpaxmaja B JBYX Koi0axX: C HCHOJIb30BAHUEM
pacTBopa (epMeHTa U HUMMOOMIM30BAaHHOTO ()epMEHTHOTO mpemnapara. [IpogomKuTensHOCTD
npouecca — 1,5 gaca. O0bemM pacTBopa Kpaxmana Ha ocaxapuBanue — 200 mm (+ 20 min
docdarnoro 0,1 M Oydepa pH 6,8). Temmeparypa nporecca — 30-35 °C. O6beM pacTtBOpa
(depMeHTa, BHOCUMOT'O Ha OCaxapuBaHUE paBeH 00beMaM, HCIIOJIb30BAaHHBIM JUIsl IPUTOTOBJICHUS
UMMOOUIIM30BaHHOTO Tpemnapara. llpormecc BecT mHpU NEPUOAMYECKOM IEPEMEIINBAHUU.
OcaxapuBaHue JaKTO3bl BECTH aHAJIOTUYHBIM 00pa3oM CBOOOJHBIM M MMMOOMIM30BAHHBIMU
npenapaTami.

5. OmpeneneHwe CTENEHH TUAPOIU3a CyOCTpaToB © cpaBHEHHE APPEKTHBHOCTH

MMMOOUITU30BAaHHBIX ¥ HE UMMOOMIN30BaHHBIX (PEPMEHTHBIX MPENapaToB.

Kaxxapie 15 MunyT (BKITIOYas HYJIEBYIO TOUKY — Cpa3y B Hadaje Mpoliecca) ocaxapuBaHUsI
U3 pacTBOPOB OTOMpPAIOT aNUKBOTY B 1 My, neHtpudyrupyrot ee npu 10 000 06/MuH B Teuenue 1
MUHYTBI, ONPEJIEISIIOT B HEH COJep’KaHuE TIIIOKO3bl Ha TIIIOKO3MMETpE (TIFOKO300KCHIa3HBIM
METOJ/IOM).

Odopmnenue paboOThI.

Pe3ynbratel u3mMepeHus coaep:kaHus TIIFOKO3bI B PACTBOPE Kpaxmasia 3aHeCTH B Ta0uIryl.

Tamumnal.

Ne Bpewms, Mun Konuenrpanuuu Konnentpaunu
TJIFOKO36I, MMOJIB/JI TJIFOKO3EI, MMOJIB/JI
(HeMMMOOHMITU30BaHHBIH | (MMMOOHMIH30BaHHBIH
(bepMeHT) depmeHT)

1 0

2 15

3 30




45

60

75

~N| o o b~

90

Maccy roko3sl B pacTBOPE paccYHTHIBAEM CIIEAYIONIHM 00pa3oM:

Ci

1000

+ M=V,

rae Ci — KOHIEHTpaIus NIF0K03bl, MMOJIB/ T, 1000 — k03¢, mepecuera MMOJIb B MOJIb; M —

MoOJIeKYJIsipHasi Macca ritoko3bl, 180 r/mone; V — oObema pacTBopa, B KOTOPOM MPOUCXOAUT

runponn3 cyocTpaTa, 225 Mt (Ipy KaXKJIOM U3MEpEeHUH YMEHbIIaeTcst Ha 1 mo).

AXTUBHOCTB (pepMeHTa:

dm m; —m;_,

dt T;

¥

—Ti—1

rac mi— Macca riiroKko3bl B MOMCHT BPEMCHU Ti .

ViaenpHas aKTHBHOCTH paccyuTaHa KakK Macca O6p3,30B3BHI€I71C$I TJIIOKO3bl B CAUWHHIY

BpPEMEHH OJHHUM MJI pacTBOpa (hepMeHTa.

Pacuer yaenbHON akTUBHOCTH (pepMeHTa aMuiIa3bl BHECTU B TaONIHUILy 2

Ne| Bpe | HemMMOOUIN30BaHHBIN (PEPMEHT NMMoOMIM30BaHHBIN (hepMEHT
M, Konuentp | Macca | AktuBH | YaensH | Konuenrp | Macca | AKTUBH | Y enbH
MHUH | aliu TJIFOKO | OCTh ast anuu TJIIOKO | OCThb ast
TJIFOKO3BI, | 3bI, T | (pepMEH | aKTHUBH | IJIFOKO3BI, | 3bI, T | )epMEH | aKTUBH
MMOJIB/JI Ta OCTh MMOJIB/JI Ta OCTb
bepmeH bepmen
Ta Ta
110
2115
3130
4 |45
5160
6 |75
7190




[TpuBecTn rpaduk 3aBUCHMOCTb KOHIEHTPAIMM TJIIOKO3bI B PAcTBOpPE Kpaxmayia OT BPEMEHHU

THAPONIN3a.

AHanornyHeie PE3YIbTATEI MPOBOAAT IO OIIPCACICHHUIO COACPIKAHHA TIJIHOKO3BI B pPacCTBOPEC
JIaKTO3H5I.

CnenaTb BBIBOJ IO paboTe.

JladopaTopnasi padora Ne 4

HN3yuenne feiictBuUsi (pepMEHTOB  KUBOTHOIO, PACTUTEJIbHOT0 H  MHKPOOHOIO
NMPONCXO0KIEHUS

Llenv pabomsi - U3y4uTh JAeWCTBUE (PEPMEHTOB KHUBOTHOTO, PACTUTEIBHOIO U MHKPOOHOTO
MIPOUCXOKICHHS HA U3MEHEHHUE MUIIEBBIX CUCTEM B MPOIECCe EPEPadOTKU.

Xo0 pabomoi. BHINOTHAIOTCS 3aaHUS:

3aoanue 1. I3yuanTh XapakTepuCTHKH ()EPMEHTHBIX MPENapaToB U MX UCIIOIb30BAaHHUE B MTUIIIEBOM
IIPOMBILIEHHOCTH.

3a0anue 2. I3yuyuTh OCOOCHHOCTH TPOLIECCOB  MOJy4eHHUS (EPMEHTOB  Pa3IMYHOTO
IPOUCXOKIACHUSL.

3aoanue 3. VccnenoBaTh mpouecchl JAEHCTBHS (EpPMEHTOB Ha IMILIEBBIE CHCTEMBl U HUX
AKTUBHOCTD.

Teopemuuecxoe 0bocHo8aHUE

broxuMuyeckue npouneccsl, MpoTEKaroLUe IIPU XPaHEHUU ChIPbs U IIPU IIPOU3BOACTBE MUILEBBIX
IPOJYKTOB, CBSI3aHBl C JEMCTBHEM COOCTBEHHBIX (PEPMEHTOB MHILIEBOIO ChHIPbS, a TaKkKe
(bepMEeHTOB, BHOCUMBIX B X0/I€ TEXHOJOIHMUECKOro Mpoliecca B BUJE (pepMEHTHBIX MpenapaToB.
[Tocneanue MOTYT OBITH )KUBOTHOT'O, PACTUTEIBHOTO WJIM MUKPOOHOTO MPOUCXOKICHUSI.

Haubonee npeBHue ¢depMeHTATHBHBIC MPOIIECCH, OCBOCHHBIE YETOBEKOM, - CIHPTOBOE M
MOJIOUHOKHUCIIOE OpOoXKeHHe, MPUMEHEHHE ChIuyra MpU MPUTOTOBIEHUU CHIPOB, UCIOIB30BaHUE
COJIOZIa U TIJIECHEBBIX TPUOOB I OCaXapyuBaHHS KPaXMaJIMCTOTO CHIPhS, TPUMEHEHNE 3aKBACOK
P U3TOTOBIICHUH Xj1e0a.

B HACTOAIIICC BPEMA MHOI'MC OTpacCiin HPII.I.ICBOfI MOPOMBIINIJICHHOCTH, B MCAUIMUHE U CCIILCKOM
XO03siCTBE OCHOBAHBI Ha MCIIOJIL30BAHUH Pa3IIMYHBIX q)epMeHTaTI/IBHI)IX IMpOLIECCCOB.

@depMeHThl - OWOJOTHYECKHE KaTajau3aTopbl OelKOBOM mpupoasl. DepMeHTHl YCKOPSIOT
xumuyeckne peakiuu B 100-1000 pa3 6iarogaps ToMy, 4TO MPU B3aUMOJACHCTBUHU C CyOCTpaTOM
00pa3yloT GepMeHT-CyOCTpaTHBIN KOMIUIEKC, JJIs 3TOro TpeOyeTcsl 3HauuTeNbHO Oosee HU3Kas
SHEprus akTUBaluU (M0 CPABHEHMIO C MPOTEKaHUEM peakuuu 6e3 hepMeHTa); Ha BTOPOIl CTauu



ATOT KOMIUIEKC pachagaeTcs Ha MPOAYKTHl pPEaKIUd M CBOOOIHBIA (PEpPMEHT, KOTOPBIA MOKET
B3aMMOJICCTBOBATh C HOBOM MOJICKYJION cyOcTpaTa.

Mmuorue QepMeHTBl SBISIIOTCS JBYXKOMIIOHEHTHBIMH, T.€. COCTOST M3 OEIKOBOM dYactu -
ano(epMeHTa U CBS3aHHOTO C HUM HEOEIKOBOTO0 KOMIIOHEHTa - KO(EepMEHTa, yJacTBYIOIIETO B
neiictBum (hepmMeHTa B KadecTBe o0s3arenbHOro kodakropa. B xauectBe KoepMEHTOB MOTYT
BBICTYIIaTh BUTAMMHBI M UX IIPOU3BOHbBIE, HYKJICOTHU/Ibl U HYKJICO3UIBIL.

I[J'ISI XAPaAKTCPUCTHUKU aKTUBHOCTHU q)epMeHTOB HCIIOJIB3YIOTCA PA3JIMUHBIC CAMHUIIBIL:

Cmanoapmuas eOunuya ¢hepmenma - 3T0 TaKOE KOJINIECTBO (PEPMEHTA, KOTOPOE KAaTAIU3UPYET
MIPEBpAICHIE OJTHOTO MUKPOMOJISl IAaHHOTO cyOcTpara 3a OJlHy MUHYTY MPH 33IaHHBIX YCIOBHSIX.
CranpmaptHas equHuna pepmenta obo3Havaercs Oykpoi E (exunania) wim 6yksoit U (unit).

Kaman - karanuTuueckas aKTHMBHOCTb, CHOCOOHAas OCYIIECTBIIATH PEAKIHUI0 CO CKOPOCTHIO,
paBHON | Monb B CEKyHAY, B 3aJlaHHOM CUCTEME HM3MEPEHUs AaKTUBHOCTH. Karamutuueckas
AaKTUBHOCTH B | KaTals (KaT) MpH MPAKTUYECKOM MPUMEHEHHH OKA3bIBACTCS CIMIIKOM OOJIBIION
BCJIMYMHOM, IMO3TOMY B OOJBIIMHCTBE CIy9YacB KATAIUTUYCCKUE AKTUBHOCTU BBIPAXKAIOT B
MUKpOKaTasiax (MKKaT), HaHOKaTanax (HKaT) WU MUKO- KaTanax (mkar). CTaHgapTHas eIuHUIA
dbepmeHTa HaXOIUTCA ¢ KatainoM B cienytomeM cootHomenuu: 1 E (U) = 16,67 Hxar.

B GonpmmHCTBE citydaeB (epMEHTHI 00JIaIaf0T CTPOTOH CIenn(UIHOCTHIO, a TAKXKe JTaOUITBHBI,
T. €. MOT'YT M3MEHSTh CBOKO aKTHBHOCTH MOJ JelicTBHeM pH, Temmeparypsl, B MPUCYTCTBUH
AKTUBATOPOB U MHTHOUTOPOB | JIP.

AKTI/IBaTOpaMI/I Ha3bIBAKOT BCHICCTBA, KOTOPLIC IMOBLIIIAKOT AKTUBHOCTDL q)epMeHTOB. B poiun
AKTUBATOPOB MOI'YT BBICTYIIATb HCKOTOPLIC MCTAJLJIbl, aMHUHOKHCJIOTBI M APYIrve€ BCHICCTBA.
I/IHI‘I/I6I/ITOpaMI/I Ha3bIBAKOT BCIICCTBA, CHMKAOIINEC aKTUBHOCTD (I)CpMeHTOB.

[Tpu onpenenenny Ha3BaHUs (EPMEHTHOTO MperapaTa yYUTHIBAIOT TOJIBKO OCHOBHOW (pepMEHT,
aKTUBHOCTh KOTOpOTO Tpeobnamaer. HammeHoBaHuMe (EpMEHTHOTO Ipernapara HadyMHAeTCs C
COKpAILIEHHOT'0 Ha3BaHHUsI OCHOBHOTO (pepMeHTa. Eciii OCHOBHBIM (hepMEHTOM SIBIISIETCS] aMUIIa3a,
TO HAWMEHOBAaHHWE TIperapara HA4YMHACTCI C <«aMWI», TIIOKOAMHIJIa3a - «TJIOK», ¥
HIPOTEOIUTUUECKUX (PEPMEHTOB - «IIPOT», Y MEKTOJUTHUECKUX - «IEKT», Y HUTOIUTHUYECKUX -
«IUT» W T. 1. 3aTeM clenyeT M3MEHEHHOE BHJIOBOE Ha3BaHHME NponyleHTa. HamMeHoBaHme
npenapaTaokaHuMBaeTcsl Ha «uH». Ecau mpoaynentom ssiserca Aspergillus oryzae, To Bropas
yacTh Ha3BaHUS ()EpMEHTa 3BYUYMT «OpHU3UH», eciau Bacillus subtilis, To «cyOtununy, ecnu
Aspergillusawamori, To «aBamopun», eciu Aspergillus foetidus, To «doetununy, ecnu
Trichoderma viride, To «Bupuaue» u T. 1. B HanMeHOBaHUU MperapaTa OTpakaeTcsl TakkKe U
croco0 KyJbTUBUPOBAHUS MHUKpPOOpraHuzMa-mnpoayueHTa. IIpu rimyOMHHOM KyabTMBHPOBAHUU
MOCJI€ Ha3BaHUs CTaBUTCS OykBa «I'», Mpu mOBEpXHOCTHOM - «I1».

Brimyckaemble pepMeHTHBIE MpenapaThbl MPeACTaBIsIOT cO00H JINOO0 KHUIKOCTU C COAEPKAHUEM
cyxux BemecTB He MeHee 50 %, nmb0 MOpOImIKH OEJIoro, Ceporo WM KEITOBATOrO I[BETa C
OTIpeIeIeHHON CTaHJapTHON (PepMEHTATUBHON aKTUBHOCTBIO.

[Tpou3BoaCTBO (DEPMEHTHBIX MpPErnapaToB OCYIIECTBISETCS MOBEPXHOCTHBIM WU TIYOMHHBIM
ciocobom (puc. 27). B ocHOBE TOBEPXHOCTHOTO Cmoco0a JIGKHUT BBIpAIIMBAHUC
MUKpPOOPTaHU3MOB Ha PBIXJIBIX MNUTATENBHBIX CpeJaxXx. IJTOT CIOCO0 UCHONB3YeTCs IS
KYJIbTUBUPOBAHUSI MHUKpoOcKonudyeckux rpuOoB. Ilpum riyOuHHOM crnocoOe KyJIbTHUBHPOBAHUS
MUKPOOPTaHU3MBI BBIPAIIMBAIOTCS B TOJIE XUAKUX MUTATENbHBIX Cpel. B ATUX yCIOBUSAX
KYJIbTUBUPYIOT Kak a’poOHbIe, TaK U aHa’pOOHBIE MUKPOOPraHU3Mbl. M3 MOBEPXHOCTHBIX



KyJIbTYyp TpYyAHEE MOJYYUTh BBICOKOOYHUILNEHHEIEC IPENaparhl, TAK KaK OHHU COAEp:KAaT MHOIO
OaymacTHBIX BemiecTB. [luTaTenpHbIE Cpeabl MOAOHMPAIOT B 3aBUCHMOCTH OT (DU3HOJIOTO-
OMOXMMHYECKHX OCOOCHHOCTEH MUKpPOOpraHMU3Ma-TpOAyIeHTa M TOro QepMeHTa, KOTOPBIH
HE00XO0IUMO TOJTYYHUTb.

[IpuHnMnuanpHas cxeMa Nojay4yeHus: epMEHTHBIX IIPernapaToB

BripanjeHHas KyneTypa BripanjeHHas
OB ePXHOCTHHIM [™|MHUKpOOpTaHHU3Ma /1y 6UHHBIM
criocobom (DII criocobom (DII
+ -1
KoHLeHTpaT
B ofHad 3KCTp akHu4d (®I1 M2% uam T2%) ®OuabTpOBaHHE
K oHLIeHTPHDPOBaHHU e KoHLeHTpaT
JKCTPaKT, BaKyyM-
CO/1e PX AL BbINTapUBaHUEM HIIH Ao, e
bepmeHT [ Y%Tgabﬂ%malmeﬁ el
P : KY/JIbTYPHI
- Cymka %
Cyxoii @II I13x |._ y Cyxoii ®II I'3x
pacrblIeHHeM r’

I

Braxueiii ®OII Qeampenne k] Buaaxubiii @II
OpTraHHYeCKUMH
PacCTBOPUTE IAMH
WU COAAMH
CyxoH ouML]e HHbIH ‘I Cyo6 1umanuoHHasa CyxoH ouMlLyeHHBIH
@®IT [MT10x WK BaKyyM-CyLIKa @II T'10x
]
B b1 COK 004 M| eHHBI PacTBopeHHe, B b1COK 004 ML e HHBIH
@II us AUanIn3, refb- @II u3 ray6uHH O
MOBePXHOCTHON |#= (UAbTpPALIUA, [= KY/AbTYPhl
KY/IbTYPHI repeocaxjgeHue,
copOru,
KPHCTa/I/IU3aL 4,

CYLIKa




@epMeHTHBIE NpenapaThl MUPOKO HCIOJB3YIOTCS B PA3IUYHBIX OTPACISAX MPOMBIIUIEHHOCTH.
OTnn4aroTCs OHU OT YUCTHIX (PEPMEHTOB TEM, YTO COAEPKAT OJIMH JINOO HECKOJIBKO (PEPMEHTOB C
npeo0aagaHeM KaKoro-JInbo OHOTO, a TaKKe OayuTacTHBIE BEIIECTBA CPE/Ibl, HA KOTOPOH ObUIH
BbIpAILlEHbl MUKPOOPTaHU3MbI-IPOIYLEHTH! (epMEHTOB. [lJi MPOMBIIUIEHHOTO MPOU3BOJCTBA
(epMEHTHBIX TIpenapaToB HCIOJB3YIOT MHUKPOOPTaHU3MBI, BBIICIEHHBIE W3 TMPHPOIHBIX
UCTOYHUKOB, U MyTareHHbIE IITaMMBbI.

OcHoBHYI0O YacTh ()EpMEHTOB, [OJIYy4a€MbIX IPOMBIIUICHHBIM CIIOCOOOM, COCTABIISIIOT
ruzponassl. K HUIM OTHOCATCS B NIEPBYIO OYepe/lb aMUJIOIUTUYECKHE (PEPMEHTHI: O-amMuiiasa, -
ammIIasa, riiokoamuiasa. MIx ocHoBHas GyHKIUS - THAPOIU3 Kpaxmaia u rimkoreHa. Kpaxman
OpU TUAPOJHM3E pAcUICIUISeTCs Ha JEKCTPUHBL, a 3aTeM /IO TJIIOKO3bl. OTH (hepMEHTHI
MPUMEHSIIOTCS] B CIIUPTOBOM MPOMBIIIEHHOCTH, XJICOOMIEYSHHH.

[IpoayueHTaMH aMHJIOIUTHYECKHX (PEPMEHTOB SIBIISIIOTCS MHKPOCKOIHMYECKHE TI'PHOBI POJOB
Aspergillus, Rhisopus (BumoB oryzae, niger, awamori, batatae, foetidus, flavus u np). bonbmoe
KOJIMYECTBO aMHJIOIUTHYCCKHX (PEPMEHTOB CHHTE3UPYIOT TAK)Ke CIIOPOHOCHBIC OAKTEpUHU poja
Bacillus (Bunos subtilis, mesentericus, brevis u ap.).

[IpoTteonutnueckue GepMeHTHI 00pa3yIOT Kiacc MEeNTUATHAPoia3. X neiictBue 3akirouaeTcs B
YCKOPEHUHU TUAPOJIN3a TENTHAHBIX CBs3edl B Oenmkax W mentuaax. BaxkHas mx 0COOEHHOCTH -
CCIICKTUBHBIA XapaKTep NCHCTBUs Ha MENTHIHBIC CBSI3U B OCIIKOBOW Moiekyie. Hampumep,
NETICHH JICHCTBYET TOJIBKO Ha CBSI3b C QpOMATUYECKUMH aMUHOKHCIIOTAMH, TPUIICHH - Ha CBS3b
MEXIYy apruHuHOM W Ju3uHOM. Cpeau MpOAYHEHTOB MPOTEONUTUUYECKHX (EPMEHTOB
NPaKTUYECKUH HMHTEpeC NpeACTaBIsIoT TpuObl poma Aspergillus, Penicillium, Rhisopus.
Cnoponocuble 6aktepuu pona Bacillus cmoco6Hbl 00pa30oBbIBaTh MPOTEOIUTHUYECKHE (PEPMEHTHI.
[TpoTeaspl HAXOAAT MKUPOKOE MPUMEHEHHE B PAa3HBIX OTPACIISAX MPOMBIIUICHHOCTH: MOJIOYHOH -
MIPOM3BOJICTBO CHIPOB, TBOPOTA; MSICHOM - JUISI CMSTUYCHHS MsICa; KOXKEBEHHOM - CMSIT'YCHHUE IIKYD;
napdroMepHoii - T06aBKU B 3yOHYIO MACTy, KPEMBI, IOCHOHBI; TIPOU3BOJICTBO MOIOIINX CPEICTB -
n00aBKHM sl yHaJeHHsl 3arps3HeHHil OETKOBOM MpUPOJbI;, MEIUIMHA - TpU JICYCHUU
BOCIIJIUTENBHBIX TPOIIECCOB, TPOMOO30B U T. .

[Texronutnyeckue QEepMEHThl YMEHBIIAIOT MOJEKYJISIPHYI0 MacCy U CHHXKAIOT BSI3KOCTh
MEKTUHOBBIX BellecTB. [IeKTUHA3BI AENATCS Ha ABE IPYIIBI - THAPOIA3bl U TPAHCOIUMUHA3EI.
I'mppana3pl  OTIIEIUIAIOT METWIBHBIE OCTATKM WM Pa3pbIBAIOT  TIIMKO3UAHBIC  CBS3U.
TpaHcoIMMHUHA3Bl  YCKOPSAIOT HETMAPOJIMTUYECKOE pPACIICIUICHUE IEKTUHOBBIX BELIECTB C
oOpa3zoBaHMeM JBOWHBIX cBsizedl. IlpuMeHsIOTCST B TEKCTHWJIBHOM  MPOMBIIIJICHHOCTH
(BbIMauMBaHWE JIbHA TIiepel TMepepaboTKoi); B BUHOJENUM - OCBETICHME BHUH; NpU
KOHCEPBHPOBAHUH (PPYKTOBBIX COKOB.

[TpoxyneHTaMH MEKTOIUTUIECKAX (PEPMEHTOB SBISIOTCS OAKTEPHH, MUKPOCKOITMYECKHE TPHOBI,
npoxoky. Hanbomnpinast mpoaymupytoiias CiocoOHOCTh 0OHapyxkeHa y rpuboB pona Aspergillus,
Penicillium. [IpogyrienTamMu neKTUHA3bI MOTYT OBITh TaKXe aHa’POOBI - CHOPOHOCHBIE OaKTEpUH
pona Clostridium. AKTUBHBIMU MPOAYLIEHTAMU LMUTOIUTUYECKUX (EPMEHTOB SBIISIOTCS TPUOBI
Aspergillus, Penicillium, Fusarium, Trichoderma (Bun viride).

L[CJ'IJ'IIOJ'IOJ'II/ITI/ILICCKI/IG (I)CpMCHTBI OYCHDb CHCI_[I/I(I)I/ILIHBI, HX JeMcTBUE MNpOABIACTCA B
ACTMIOJIMMEPHU3al  MOJICKYJT LCJITIOJIO3BI. OOBIYHO HCIIOJIB3YIOTCA B BHAC KOMIIJICKCA,
JOBOAIICTO THUAPOJIN3 LCJUIFOJIO3bI OO TIJIFOKO3BI (B FHI[pOJIH3H0ﬁ HpOMBIIJ_U'IeHHOCTI/I). B
MGHHHHHCKOﬁ MPOMBINIJICHHOCTH HMX HCIOJB3YIOT JJIs BBIACICHHUA CTCPOUI0B U3 paCTeHHfI; B
MMUIIEBOM - JIJIS YIIydHICHUS Ka4YCCTBA PACTUTCIIBHBIX MACCJI; B CCIILCKOM XO35ICTBE - B KAUECTBE
):[063131(1/1 B KOM6I/IKOpMa JJI1 XKBAYHBIX  KHMBOTHBIX. HGHHIOHOHHTHHGCKHG (I)epMeHTI)I
CUHTC3UPYHOTCA B OCHOBHOM FpI/I6aMI/I, OTHOCAIIMMHUCA K PAa3JIMYHBIM BHIAM: Aspergillus



amstelodamy, Aspergillus fumigatus, Aspergillus oryzae, Aspergillus terreus, Fusarium
culmorum, Fusarium oxysporum, Fusarium solani, Penicillium notatum, Rhizopus oryzae,
Trichoderma lignorum, Trichoderma virida, Trichoderma koningii u muorme apyrue. OHu
IIHUPOKO pacClIpOCTpaHCHBI B IPUPOIALC (B IIO4YBE, B OpraHu3Max >XHUBOTHBIX, B PaCTHTCIbHBIX
OCTaTKax).

Monokoceepmuisarowue epmenmel. B OCHOBE TEXHOJOTMHM TIPOU3BOJACTBA CHIPOB JICKUT
CIOCOOHOCTh Ka3eWHa MOJIOKa KOAaryJliupoBaTh IO BO3JCHCTBUEM IMPOTEOTUTUYCCKHX
(GepMEeHTOB,  MONYYMBIIMX  Ha3BaHHWE  MOJOKOcBepThiBarommx.  OOmiee  CBOHCTBO
MOJIOKOCBEPTBIBAIOIINX EPMEHTOB, IPUMEHIEMBIX B CHIPOACIIHH, - CIIOCOOHOCTH THPOJIN30BaTh

X—-Ka3eI/IH 1o cBsizu @enl105-Metr106 Ha3bIBaIOT MOJIOKOCBEPTHIBAIOIIECH AKTUBHOCTBIO, B OTJINYHE
OT 00IIeH MTPOTEOTUTHICCKON aKTHBHOCTH - CIIOCOOHOCTH PaCHICIUIATh JPYTHE CBSI3U B OElKax.
OO01mast MpoTeoIUTUYECKAsT AKTUBHOCTh (DEPMEHTOB, IPUMEHSICMBIX B CBIPOJICIHH, TOJDKHA OBITh
KaK MOYKHO 00JIee HU3KOM MO OTHOIIEHUIO K MOJIOKOCBEPTHIBAIOIIECH.

Pennun (XUMO3UH) - hepmenm U3 Kilacca eu0poaa3, KOTOPbI BbIpadaThIBACTCS B JKEIYTOUYHBIX
JKelle3aX MIICKOIMTAONMX. Y KBAuHBIX KMBOTHBIX BbIpaOaThIBacTCs jkeje3amu coviuyea (4-ro
OTJIela JKeTy/Ka), OTCIOJa OJHO M3 €ro Ha3BaHWM - CBHIYYXXHBIH (hepMeHT. BTOphIM IiaBHBIM
COCTaBIISFONTUMU CHITYXKHOTO (DepMEHTA SIBJISTFOTCSI TICTICHH.

Chluyr, IOTYyYEHHBIN U3 JKeTyKa TeJIeHKa MOJIOYHOT0 Bo3pacTa (110 3 MecsliieB), coaepkut 88-94
% xumo3uHa u 6-12 % nerncuna. Cprayr u3 xKenyaka 6oJiee B3pOCIOro )KUBOTHOTO, MTOITYYAIOIIEr0
0OBbIUHBIN KOpM, comepx uT 90-94 % nencuna u Bcero 10 % xumo3una. XMMO3HH, MOTYYSHHBIN
U3 JKeIyJIKa MOJIOYHOTO TelIeHKa, Hanbosee aktuBeH mpu pH 6,2-6,4, a akTUBHOCTH TETICHHA
pacmionaraeTcs B 00JacTH MOBBIIEHHON KuCIOTHOCTH ipu pH 1,7-2,3, moaToMy 3T pepMeHTHI
JOTIOJTHAIOT APYT APYra, U UX CMECH HAIIUIA IUPOKOE MPUMEHEHHE B CHIPOJICTIUH.

B nacrosimiee BpeMs B CBA3M C ACPUIMTOM ChIUYKHOTO ()epMEHTa M3-3a HElLeIecoo0pasHOCTH
32004 MOJIOJHSKA B MOJIOYHBIH NMEPHOA KHM3HH M CHUXKEHHUS IIOTOJIOBBS CKOTa MpPHU PE3KOM
BO3pPacCTaHUU €ro MPOJYKTUBHOCTU UIMPOKO HCIONB3YIOTCS JApyrue (epMeHTbI, OJIM3KHUE IO
JEUCTBUIO K CBIUY)KHOMY: IICIICHHBI CBUHOHM, TOBSKHM, NTUYUH, a TaKKe DJOH3UMBI,
IIPOYLIUPYEMBIE HEKOTOPBIMU MUKPOOPTraHU3MaMH.

Pa3pabotanbl MeTObI TE€HHON MH)KEHEPHUH, MO3BOJISIONINE BKIIIOUATh MEHbI, OCYIIECTBIISIONINE
CHHTE3 CBIYY)KHOTO (DepMEHTa, B TEHOMBI MUKPOOPIaHU3MOB U TEM CaMbIM OCYILIECTBIISATh CUHTE3
CBIYY)KHOT'O 3H3MMa MUKpoopranusMamu. CeluyKHbIH (DepMEHT, TOJITy4€HHBIH METO1aMi T€HHON
UH)KEHEPUH, YK€ BhIpaOaThIBaeTCs U MPUMEHSIETCS B IPOMBIIUIEHHBIX MacIiTabax (Tadi. 4).

Tabauya 4. Homeunxknamypa,  npoodyyemmvl U NpPOU3BOOUmMENU  MUKPOOUANbHBIX
MONOKOCBEPMBIBAIOUUX (hepMeHmMO8

Hassanue dpepmenta/ KO* | [IpomyrieHt Toprosoe Ha3zBanue | [IponsBoauTtens
AcCTepruuIonencuy I | Aspergillus i

(aspergillopepsin 1) K® | niger var. (L:iH:J(i dMAX M Chr. Hansen, Jlanus
3.4.23.18 awamori a

DHpoduanencu .

(endothiapepsin) Ko® E:rda(;:[]i:; Cynepen Pfizer, CIIIA
3.4.23.22 P

Mucor miehei Pennunasa Novo Rennet, Jlanus



®pomaza Wallerslein, CILIA

Muxpobuanbn bt Meito Sangyo, SAnonus

Mykopnencun PEHUH
(mucorpepsin) K® 3.4.23.23 Marzyme Danisko, ®pars
. CSK food enrichment,
Milase

Hunepnanabt

*K® - kon hepmenTa mo MexmyHapo1HOM Kiaccupukanuu GepMeHTOB (IH3UMOB).

Hapsany c¢ ¢depmeHTHBIME mpemaparaMu >KMBOTHOTO W MHKPOOHOTO TPOMCXOXKACHUS JUISA
CKBALIMBAHUSI MOJIOKA HCIOJB3YIOTCS TAaK)Ke Ipernaparbl PACTUTENFHOIO HMPOUCXOXKIICHUSL.
DKCTpaKTHI paCTeHUH, KOTOPbIE TPATUIIMOHHO CUUTATIUCH (DEPMEHTHBIMH KOATYJITHTAMH MOJIOKA,
TaKMMH HE SIBIIIOTCS, TaK KaK OHU UMEIOT JPYrod MEXaHH3M JCWCTBUS WM, BO3MOXKHO, OHH
cojiepKaT MHKPOOBI, 00JIaarone CHOCOOHOCTBIO K CBEPTHIBAHUIO MoJIoKa. [Ipumepom
UCIIOJIb30BAHUS PACTUTEIHFHOIO IKCTPAKTa MOXKET CIY)KUTh BbIpAOOTKA MOPTYralbCKOrO ChIpa
Sena da Estrela 13 oBeubero MoJjioka ¢ oMOIIIBIO BOJHOW BBITSKKH IIBETKOB Kap/I0Ha (apTHIIIOKA).

M3BecTHO, 4YTO WCIONB30BaHUE (EPMEHTOB, KaK CBIYY)KHOTO, TaK W MHKPOOHAIBHOTO
MPOUCXOXKACHUS, TMPOU3BOJAUTCA OJHOKPATHO, B CBSI3M C OSTUM SIBISIFOTCS aKTyaJbHBIMHU
MCIIOJIb30BaHUE U pa3paboTKa MPUEMOB, MTO3BOJISIFOIIIMX MHOTOKPATHO MCIIOJIE30BaTh (DEPMEHTHI.
OaHuM U3 TakUX MPUEMOB SIBISETCS MMMOOUIHM3AIMsA, T. €. BKIIOUEHHUE MOJIEKYN (epMeHTa B
KaKyro-In00 HM30JUPOBaHHYIO (a3y, KOTopas oThelieHa OT (a3bl CBOOOIHOTO pacTBOpa, HO
crocoOHa OOMEHMBATBCS C HaXOJIIIMMHCA B HeW MolieKynamu cybctpata, sddexTopa uimu
WHTUOUTOpA.

NmMmoOunm3oBanHble (EPMEHTHl UMEIOT PSJl MPEUMYIIECTB B CPaBHEHUU CO CBOOOIHBIMHU
mosiekynamu. [Ipexne Bcero, Takue (epMeHTB, TPEACTaBIsAsl CO00Ml TeTepOTeHHbIE
KaTaJln3aTopPhl, JIETKO OTAEISAIOTCS OT PEaKIMOHHOU CPeibl, MOT'YT UCIIOJIb30BAaThCS MHOIOKPATHO
U 00ecreunBalOT HEMPEPBIBHOCTh KATATUTHYECKOTO Mpoiecca. Kpome Toro, mmMmMooOmImM3anus
BeJeT K W3MEHEHHMIO CBOHCTB (QepMeHTa: CyOCTpaTHOW CHernupuIHOCTH, YCTOHYHBOCTH,
3aBUCUMOCTH aKTUBHOCTH OT mapameTpoB cpenbl. UMmoOunu3oBanHbie (hepMEHTHI JOJITOBEYHBI
U B ICCATKH THICSY pa3 cTabuIbHEe CBOOOTHBIX YH3UMOB.

Memooduueckue ykazanus

Obopyoosanue u mamepuansl. BEChl 1a0OpaTOPHBIE AaHATMTUYECKHE, BOJIsTHAsL OaHsI, TEPMOCTAT,
cexyngomep, ®IK, pH-metp, nunetku Ha 5 1 10 cm®, MepHbIii mumunap Ha 100 cm, kon6s! Ha
50-100 cm®, 6ropetku Ha 25 cM®, crakansl Ha 100 cM°, yamka dapdopoBas, IeCTHK, IITATENb,
tepmometp co mkanoi 0-100 C, 1 %-it pactBop ¢enondranenna, 0,1 H. pacTBOp THIPOKCUAA
HaTpusi, 3 %-i pacTBOp CHIUYKHOTO (pepMeHTa, mpernapaT amuiasbl, 1 %-i pacTBop Kpaxmana,
arieraTHbli OydepHslii pactBop ¢ pH 4,7, 0,1 M pacTBOp COJIIHOM KUCIIOTBI, OCHOBHOM pacTBOp
Hona.

[ToaroroBuTh 00pa3LBl K UCCIETOBAHUIO.
[TpurotoBuTh paboune pacTBOPHI (PEPMEHTHBIX IPENapaToB.

HccnenoBaTh BIHSHHE TCMIICPATYpPpbl U JHO3bI IMPOTCOJIUTUYCCKOT'O (I)CpMeHTa Ha mponecc
CBCPTBIBAHHA MOJIOKA.



HccnenoBaTh aMUIIOJIMTHYECKYIO aKTUBHOCTD (DEPMEHTOB.
CpaBHUTB NOJTYyYEHHBIE PE3YJIbTATHI U CIIENATH BHIBOJIBI.
Texnuxa onpeoenenus

H3yyenue enuanus memnepamypvl U 003bl NPOMEOIUMUYECKO20 (epMeHma Ha npoyecc
C6epmMbl8aHU MOJIOKA

Jlist cBepThIBaHUS MOJIOKA B CBHIPOJCIUU TMPUMEHSIOT IMpEenapaThl CHIYYKHOTO (QepMeHTa Hu
TIETICHH, KOTOPBIM COJIEP)KUT JBa KOMIIOHEHTa - XMMO3WH (peHHHMH) M merncuH (A u B), oba
CBEPTHIBAIOT MOJIOKO, HO XHMO3HWH Oojiee aKTHBEH. MOJIOKOCBEPTHIBAIOIIAS AKTUBHOCTH
CBIYY)KHOTO (hepMEHTa 3aBUCHUT OT COOTHOIIEHUS KOMIIOHEHTOB U OT CBOMCTB MOJIOKa:
KHCIIOTHOCTH, TEMIIEPATyphl U COJACPKAHUS B HEM MOHOB Kanblus. @epmeHT crabmieH nmpu pH
5,3-6,3, uMeeT onTUMabHYI0 aKTUBHOCTB npu pH 6,2 u temnepatype 40 °C. YBenuueHnue 10361
depMeHTa YCKOpSET MpOIECC ChIUY)KHOTO CBEPTHIBAHHMS MOJOKAa - COKpamaercs oOmas
MPOJOHKUTEILHOCTD TefIe00pa30BaHMsl U €T0 OTIIEIbHBIX CTAIHIA.

Ilpucomosnenue paboueco pacmeopa gepmenma. Pabouunit 0,03 %-ii pacTBOp CBHIUYKHOTO
¢dbepmenTa (merncuHa) roToBsIT

HEMOCPEACTBEHHO Mepe MpoBeneHue uccnenoBanus u3 3 %-ro. J{ns npurorosienus padboudero
pacTBopa ot™MepsoT 1 cM3 3 %-ro pacTBOopa hepMeHTa, BHOCAT B MEpHYIO K00y Ha 100 cm® u
JIOBOJIAT JUCTHUIZTMPOBAHHOW BOJIOH /IO METKH.

IToaroroButh O6p33].[bl ChIpOI'0 MOJIOKA IJIs1 HCCIICIOBAHUM. OHpeI[eJ'II/ITB TUTPYEMYIO 1 aKTUBHYIO
KHUCJIOTHOCTHh MOJIOKA.

B cTakanbl oTMEpHTH 110 50 cM® MOJIOKA M TOJTOTOBHTH IO CXeMe, TIPEICTaBICHHOH B Tabm. 5.
CraBsTcs 2 cepuy napajiesIbHbIX OMBITOB ¢ IPUMEHEHUEM ChIUY>KHOTO (pepMEHTa U NelCrHa.

MoJtoko moJ1orpeTs 10 TpedyeMoil TemrnepaTyphl M B KKl 00pa3ell BHECTH pacTBOp (hepMeHTa.
TiaTenpHO nepeMeiaTh CTeKISHHON nanoukoi. [lamouky nocie kaxaoro oopasia CrojJoCHYTh
BOJIOH, IPOTEPETh CYXUM OyMa’KHBIM (PUIBTPOM WIIH CaNPETKOMN.

Tabauya 5. Cxema uccredo8anus u pe3yibmamol

HpO)IOJDKI/ITeJ'ILHOCTB CBCPTBIBAHUA

Komnuecteo 0.03 MOJIOKa ¢ TPpUMECHCHUEM, MUH
2

O6pa3err Temmnepatypa o
o 0-TO  pacTBOPA | nemanaTa
MOJIOKa cBepTbiBaHus, °C (bepmenTa, cM3 CII:I‘{y)IIC)HOPO npenapara
(epnenTa MeTICHHA

8. 10

40
9. 5
10. 10

30
11. 5

12. 20 10



13. 5

[Tocrie BHEeCeHUs pepMeHTa MOJIOKO TIIATEIBHO MEPEMEIIaTh U OCTaBUTh B TIOKOE 0 TOTOBHOCTH
crycTtka. ['0ToBHOCTB OllpenesstoT BU3yanbHo. Uepes kaxkable 2-3 MUH CTaKkaH ¢ 00pa3IoM Cllerka
HAKJIOHSIOT, YTOOBI ONpPEIETUTh Hayajo CBEPTHIBAHUS MOJIOKA. 3aTeM OCTABISIOT B IOKOE.
OxoHuaHME Tpolecca CBEPTHIBAHUS MOJIOKA ONPEICISIOT: yepe3 KaxIple 2-3 MUH aKKypaTHO
HaJIaBJIMBAIOT HA IOBEPXHOCTH IINATEIEM WM CTEKIITHHOM MaJ04Koi y cTeHKH cocyaa. Eciu mpu
HE3HAYUTEIIFHOM Pa3pyLICHUH CTYCTKa HAYMHAET OTACIATHCS Mpo3payHasi ChIBOPOTKA, MPOIIEce
3aKOHYEH.

[TpooIKUTENBHOCTh CBEPTHIBAHUSI OTMEYAIOT 10 CEKYHAOMEpPY M 3alMChIBAIOT B TaOJIULY.
Paccunrate 103y (QepmMeHTa, BHOCUMYIO B KaXAblii oOpaszen moisioka. Iloctpouts rpaduku
3aBUCUMOCTEH MPOJOIKUTEIBHOCTH CBEPTHIBAHUS MOJIOKA OT J103bl (DEPMEHTHBIX INpenapaToB
IIPU Pa3HBIX TEMIIEpATypax CBEPTHIBAHMUS.

Crnenatb BHIBOJBI.
Onpeoenenue amunorumudeckou akmugnocmu gpepmenmos (AC)

Meton ocHOBaH Ha THIpONM3€ KpaxMmana (epMEHTaMH aMUJIOIMTUYECKOIO KOMIUIEKCa J0
JIEKCTPUHOB Pa3JIMYHON MOJIEKYJISIPHON MAacChI.

AMWIOIIMTHYECKAs aKTHBHOCTh XapaKTEPU3YeT CIOCOOHOCTh (EPMEHTOB KaTaaHM3UpOBATh
THAPOIIU3 KpaxMaia JI0 JEKCTPHHOB PA3IUYHON MOJICKYJISIPHOM MacChl M BBIPAXKAETCS YUCIIOM
eMHMUII YKa3aHHBIX (hepMeHTOB B | T npemnapara (wiu Ha 1 Mr Oenka).

3a eauHUIly aKTUBHOCTH amuionutudeckoro ¢epmenta (AC) NpUHATO TaKoe KOJIHMYECTBO
(dbepMeHTa, KOTOpOE B CTPOrO ONpPEENIEHHBIX YCIOBUSAX TeMneparypbl, pH u BpemeHu aeicTBus
KaTaJu3upyeT A0 JEKCTPUHOB Pa3MYHON MOJEKYIspHOW Macchl 1 T' pacTBOPUMOrO Kpaxmarna,
yTo cocTtaisieT 30 % OT BBEIEHHOTO B PEAKIIHIO.

3a eMHUIly aMUIIONUTHYEeCKON akTUBHOCTH (AC) MPUHSTO TaKOe KOJIUYECTBO (PepMEHTa, KOTOPOE
npu omnpeneneHHbix 3HadeHuax pH (6,0 - ans O6akrepuanbHbIX U 4,7 - U TPUOHBIX aMMiIa3) U
temriepatype 30 °C 3a 1 4 karanusupyeT ruaponn3 | T Kpaxmana 10 ACKCTPUHOB Pa3IUIHOU
MOJIEKYJISIpPHOM Macchl, 4To cocTaBiseT 30 % Kpaxmaia, BBEJCHHOI'O B PEaKlHi0. AKTUBHOCTh
Belpakaerca B en. AC/r (mas mopomkooGpasHoro) mmu B ex. AC/eM® (s KHIKOTO)
aHaAJTM3UPYeMOro (pepMEHTHOTO Mpernapara.

Texnuxa onpeoenenus

B 2 npoOupkm HanuBaoT mo 5 miu 1 %-ro pacTBopa Kpaxmaia, CTaBAT B TEpPMOCTaT C
temneparypoit 30 C u BoyiepkuBaioT 5-10 muH. He BhIHMMass mpoOupku H3 TepMocTaTta,
HAJMBAIOT B EPBYIO MPOOUPKY 2,5 cM° AUCTHITHPOBAHHOM BOABI (KOHTPOIEHAS), a BO BTOPYIO -
2,5 cm® depmenTHOTO pacTBopa (ombITHAsA). CMecH GHICTPO MEPEMENIHBAIOT U BHIAEPKHBAIOT B
tepmoctaTe 10 muH. Yepe3 10 MUH U3 KOHTPOJIBHOTO U ONBITHOTO PacTBOPOB oTOMparoT 1o 0,25
cM® 1 epeHoCAT B 0IHY U3 KONI6 ¢ MpeIBAPHTENHHO HATHTHIMU 25 cM° pabodero pacTeopa Hopa.
Cognepxumoe ko0 mnepememnBaioT. [lonydeHHbIE pacTBOPbl MNPUOOPETAIOT CIIEAYIONIYIO
OKpAacKy: KOHTPOJBHBIH - CHHIOIO, ONBITHBIM - (DUOJETOBYIO PA3TMYHON HHTEHCUBHOCTH B
3aBHCHUMOCTH OT KOJHMYECTBAa HENPOTUAPOJIM30BAHHOTO Kpaxmana. HemocpencTBeHHO mocie
CMEIINBAHUS PACTBOPOB OMNPEACIAIOT MX ONTHYECKYHO IUIOTHOCTH Ha POK ¢ makcumymom
CBETOMNOrJOoMEeHUss 656 HM, MOJB3YSACh KIOBETAMHU C TOJIIMHON morjomjatomero cios 10 oM®.



KOHTpOJIbHBIM PacTBOPOM TMpHU KOJOPUMETPUPOBAHUU SIBISECTCA JUCTUIUIMPOBAHHAS BOJA.
OnTHueckasi MIOTHOCTh KOHTPOJbHOTO pacTtBopa (/1) cooTBeTCTBYET KOJUYECTBY MCXOIHOTO
cyocrtpara - kpaxmana. OnTuueckas IUIOTHOCTh OIBITHOTO pactBopa (/l2) cooTBeTcTBYET
KOJIMYECTBY Kpaxmalla, OCTaBIIerocs mociue aenctsus pepmenta. PasHuma mMexay 3HaYCHUSIMU
ONTHUYECKOM INIOTHOCTH COOTBETCTBYET MPOrMAPOIM30BAHHOMY KOJIMYECTBY Kpaxmaia.

Pacuem akmusnocmu ¢hepmenma
KonmgectBo mporuaponn3oBaHHoro kpaxmaina C B rpaMMax OINpeessoT o ¢popmyie

il (11| —ﬂz)0,0S ,
1

rac I[l - OIITUYCCKasd IJIOTHOCTb KOHTPOJIBHOT'O PACTBOPA, I[z - OIITHYCCKAas IIJIOTHOCTH OIIBITHOI'O
pacTBOpa; 0,05 - KOJIMYCCTBO KpaxMmaljia, B3ATOC AJI UCIIBITAHHA B KAUCCTBC CY6CTpaTa, TI.

Ecnu konmdecTBO mporuapoinn3oBanHoro kpaxmaa mensiie 0,02 unu 6osnbiie 0,04 r, ucnbiTaHue
noBTOPsIOT. [Ipu mpuroroBnenun padouero pactsopa pepmMeHTa OepyT Oolbliiee WM MEHbIIEe
KOJIMYECTBO MCXOJIHOTO pacTBopa Jiisl pa30aBiIeHUs.

AMUIOIIMTHYECKYIO aKTUBHOCTH (en/r) mpemapara OakrepuanbHOro mnpoucxoxiaeaus (AC)
OIpeneNsoT o hopmyie

(5,885C +0,001671)1000
n 2

AC =

rae C - KOIMYeCTBO MPOTHJPOIM30BAaHHOIO Kpaxmala, I'; N - KOJIWYECTBO (PEPMEHTHOTO
npemnapara, B3satoe Juist ucnsltanus, Mr; 1000 - koadduument nepecuera mr B 1; 5,885 1 0,001671
- KOO PHUIHMEHTH PACYETHOTO YPaBHEHUSI.

KoadduumeHntsr pacyeTHOro ypaBHEHHs TIOJIyd€Hbl TIpH MaTeMaTHuecKol o0paboTke
AKCIEPUMEHTAJIbHBIX JaHHBIX 3aBHCHUMOCTH KOJIMYECTBA MPOTUAPOJIM30BAHHOTO Kpaxmaya OT
KoJIn4ecTBa (pepMeHTa, B3ATOro Juid UchbITaHusA. B ko3 duimeHTs BBEEH MHOXHUTENb JUIS
nepecyera Ha 1 4 neficTBus pepmeHTa.

BBInonHUTE pacyeTsl U cieNaTh BHIBOJIBL.

Konmponvnvie gonpocsi

1. Kakumu crioco6aMu ocymiecTBIseTCs IPOM3BOJICTBO (PEPMEHTHBIX MpenapaToB?

2. Kakue enuHUIBI HCIIONB3YIOTCS AJIs XapaKTEPUCTUKU aKTUBHOCTH (hepMEHTOB?

3. Ha3zoBuTe OCHOBHBIE TPOAYLEHTHl aMUJIOIUTUYECKUX (PEPMEHTOB.

4. Ha3oBuTe OCHOBHBIE MPOJIYLIEHTHI MPOTEOTUTUYECKUX (PEPMEHTOB.

5. HazoBuTE OCHOBHEIE NpOoAYHCHTHI NCKTOJIUTUICCKUX U LCITIOJIOJIMTUICCKUX (I)epMCHTOB.



6. Jlaiite XapakTepUCTUKY MOJIOKOCBEPTHIBAIOIINX (DEPMEHTOB M HA30BUTE OCOOEHHOCTH HX
HPUMEHEHHUS.

7. HazoBute o6mact npuMeHeHus: (PepMEHTOB.

8. B uem 3axirouaercst IpeuMyIIeCTBO MPUMEHEHHSI UMMOOMIIN30BaHHBIX ()ePMEHTOB?
Ogopmnenue omuema

OTyYeT N0KEH CONEPKATh:

1. Llenb paboTHLI.

2. Onucanue OCHOBHBIX TPyl (PePMEHTOB U MX TPOTYIIEHTOB.

3. Onucanue (I)aKTOpOB, BJIMAIOIIUX Ha MOJIOKOCBEPTBIBAIOLIYIO CIIOCOOHOCTH (1)epMeHTOB n ux
AKTHUBHOCTD.

4. PacueTbl aMUJIOJIUTUYECKON aKTUBHOCTH (pepPMEHTA.
5. BeIBOZBI.
1. Ilpucomosnenue 1 %-noco pacmeopa Kpaxmana (cyocmpam).

1 r kpaxmana moMenialT B MEPHYI0 K00y BMecTuMocThio 100 CM3, 1100aBIAOT 25 cM3 BOJBI U
TIepPEMENINBAIOT. 3aTeM J00aBIAIOT B KOOy eme 25 cM° BOIbI, TIOMEIAIOT KOIOy B KHIIALLYIO
BOJISIHYIO 0aHIO, HETPEPHIBHO MEpEMEININBast 10 MOJTHOTO pacTBOpeHus kpaxmaina. [locne atoro
COJIEPKIMOE KOJIOBI OXJIaXKaaroT, nobasisitor 10 cm3 aneratHoro OydepHoro pactsopa pH 4,7 u
JOBOJSIT O0BEM JKUIKOCTH JI0 METKH JUCTUILIMPOBAHHOM BOJ0M. PacTBOp Kpaxmaia TrOTOBST B
JICHb TIPOBEICHHMSI aHAJTH3A.

2. Ilpucomosnenue ayemamunozo o6ygheprozo pacmeopa c pH 4,7.

Pacmeop A - 1 M pacTBop YKCYCHO# KMCIOTHL 58 cM® JIeIHOM yKCYCHOM KHCIOTHI HATHBAIOT B
MepHYI0 Konby BMecTHMOCThI0 1000 cM® 1 ToBOIAT 00BEM 10 METKH TUCTHILTHPOBAHHOMN BOJIOM.

Pacmeop b - 1 M pacTBOp YKCYCHOKHCIJIOTO HaTpusi. 82 T yKCYCHOKHUCIIOTO HAaTPHs TOMEIIAIOT B
MepHYI0 K06y BMecTuMOcThi0 1000 cM® 1 TOBOAAT 06BEM 10 METKH AUCTHIITHPOBAHHOH BOJIOM.

Ayemamusiii 0yghepnwiti pacmeop ¢ pH 4,7 roTOBIT cMENTUBaHUEM PaBHBIX 00HEMOB PaCTBOPOB
A u b. IIposepstot 3nauenne pH Ha pH-meTpe.

3. IIpuzomosnenue 0,1 M pacmeopa consinoii kuciomel. 8,2 cM° CONAHOIM KUCIOTHI HAIMBAIOT B
MepHYIO0 K010y BMeCTUMOCTBI0 1000 cM3 1 TOBOAST 00BEM 10 METKH AUCTHIITUPOBAHHOU BOJIOM.

4. Ilpuecomosnenue ocHO8HO20 pacmeopa tood.

0,5 r #oma m 5 r HOIUCTOTO KaiMs pPacTBOPSIOT B OIOKCE C NMPHUTEPTOH KPBHIMIKOH B Manom
KouuecTBe BOJIbl. COJEp>KUMOE OCTOPOXKHO IMEPEMENINBAIOT MPH IJIOTHO 3aKPBITON KPBILIKE
6rokca. [locne monHOTrO pacTBOpeHus: Hoja pacTBOP MEPEHOCIT B MEPHYIO KOJIOY ¢ HMpUTEpTOH
nmpoOkoit BMecTHMOCThIO 200 oM m JTOBOMAT 00BEM 10 METKH TUCTUUTMPOBAHHOW BOJIOH.
PacTBOp XpaHAT B TEMHOTE M MCIIONB3YIOT B TeUeHHE | MecALa.



5. Ilpucomosnenue pabouezo pacmeopa tiooa.

2 cm® 0cHOBHOTO pacTBOpa Hoa pasoaar 0,1 M pacTBOPOM CONSHOI KMCIOTHI B MEPHOH KOJIOe
BMecTMOCTBIO 100 oM. Tlepen mnpumeHeHmeM paboyero pacTBOpa MHPOBEPSIOT Ha
(OTO3TEKTPOKOJIOPHUMETPE €ro ONTUYECKYI0 IUIOTHOCTb, TIOJB3YSICh CBETOPHUIBTPOM C
MaKCHMYMOM HpOITyCKaHHs HPH JUIMHE BOJHBI 453 HM U TOJNIIMHE NPOIYCKAIOMEro cios 1 ev®.
Orntuueckasi MIOTHOCTh pacTBopa iona aomkHa coctaBisaTh 0,21-0,23. B ciyyae oTKIIOHEHUs
OIITHYECKOHN TIOTHOCTH PAcCTBOPa OT 3TOH BEIMYHMHBI €€ MPUBOIAT K HEOOXOIUMOM, N0OaBIss
HECKOJIbKO KarleJlb KUCIOTHI HJIM OCHOBHOTO pacTBopa iofa.

6. IIpucomosnenue 0CHOBHO20 pacmeopa pepmenmHo2o npenapama.

0,1 T UccIeyeMoro IpenapaTa B3BENIMBAIOT B CTAKAHYHKE BMECTHMOCTBIO 25 - 30 cm®. Haecky
THIATEIHHO PACTUPAIOT CTEKJISTHHOM MaJI0UYKON C HEOOIBIITUM KOJIMYECTBOM BOIbI, KOJIMUECTBEHHO
MEPEHOCIT B MEPHYIO K0JIOy BMecTUMOCThIO 100 cM3, MOBOJAT MUCTHIIMPOBAHHOM BOIOU JI0
METKH, TIEPEMEIINBAIOT U TIPH HEOOXoauMocTH PriIbTpyroT. PacTBop pepmeHTHOrO mpenapara
MOKET XpaHUThCA B TeueHue 1 cyrok nmpu temneparype ot 0 1o munyc 4 °C.

7. [Ipucomoenenue pabouezo pacmseopa ¢hepmenmuo2o npenapama.

PaGounit pactBop (hepMeHTa TOTOBIT U3 OCHOBHOTO PAacTBOpA, pa30aBisis €ro Tak, YTOOBI B 5
cM°® pabouero pacTBopa COIEPKANOCh TAKOE KOIMYECTBO (DepMEHTa, KOTOpoe 0OecreunBaeT B
OPUHATBIX yCHOBUSX ruaponu3 kpaxmana ot 20 mo 70 %. [ns srtoro OepyT pasidyHbIe
KOJIMYECTBA OCHOBHOI'O PAacTBOpPa B 3aBUCHMOCTH OT aKTHBHOCTH HCCIIEIyeMOTO Tperapara u
pas6aBisroT Booi 10 50 cM® (Ipu MCHBITAaHUH IpenapaTa ¢ aKTHBHOCTBIO oT 20 10 700 ex/r) u
10 200 cm3 (pu aktuBHOCTH OT 700 ex/T 1 BbITIe). KomndyecTBO OCHOBHOTO pacTBOpA Ipermapara,
KOTOpOE HEOOXOAMMO B3SITh JIJISi MIPUTOTOBJICHHSI paboyero pactBopa (epMeHTa, HaXOAAT IO
Tabnuue:

KonuuectBo
AMuiionuTHYeCcKas KomnuectBo OCHOBHOT'O .
OO6muit o0BeM
aKTUBHOCTb (AC) npemapata B 5| pacTBOpa,

3 pa30aBIIEHHOTO
npenapara, en/r  cm® pabouero HEeoOXoaumMoe ISt ACTEODA. M3
(mpeamomaraemasi) pacTtBopa, Mr BTOPUYHOTO p pa,

pasz6apienus, cM°
Ot 20 1o 80 5,0 50 50
Ot 80 10 150 2,0 20 50
Ot 150 mo 300 1,0 10 50
Ot 300 no 700 0,5 5 50
Ot 700 1o 1200 0,25 10 50
Ot 1200 1o 2500 0,125 5 200
Ot 2500 mo 5000 0,05 2 200

Cssize 5000 0,025 1 200



JlabopaTopHasi paGora Ne 5
AMIJIOIMTHYECKUH (PepMEHTHBIN KOMILJIEKC C0JI0AA

[lens paO®oOTBI: NPOBECTU CPABHUTENBHBI AaHAJIM3 aMWIOJUTUYECKOW U OcaxapuBarollen
AKTUBHOCTEH COJIOZA; HAWTU ONTUMAJIbHYIO KOHLIEHTpAaTa

PeakTuBBI: OCHOBHOH pacTBOp COJI0/a; OCHOBHOM pacTBOp Homa; pabouyuii pacTtBop Homa
(npurotoBiiennbidt Ha 0,1H constHOM KUcnoTe); peakTuBbl Denunr | u @enunr II; nunaukaropHas
oymara; 0,15M pactBop runpooptodocdara Hatpus (Na 2HPO 4« 2H 20); docharusiii 6ydep
pH 6,0 u 5,6; 0,1% pactBOp pactBOopuMoOro kpaxmaina; 0,1H pacTBop COJIIHONU KUCIIOTHI.

[Tocyna u mpubopsl: KOHHUYEcKHe KoJObl oObemoMm 100 Mir; MpOOMPKM TNHIIETKH; MEpHBIE
IWJIMHPBL; BOJSHAs OaHs, Je/stHas OaHs, TEPMOCTaT; (POTOAICKTPOKOIOPHUMETP; TEPMOMETPHIL.

Teopernveckasi 4acThb
TpuBnanbHOEe Ha3BaHWE (EPMEHTOB, PACIICIUIAIONIMX Kpaxmai, — amuiasbl. [Ipu ydactum
aMHJIa3 OCYILECTBIIAETCS TUAPOJIU3 KpaxMalla IJIMKOTreHa, OJIMI0CaxapyuioB U JPYTrUX BELIECTB,
IIOCTPOCHHBIX U3 OCTaTKOB o-D-riroxonupano3sl u cojepxkamux B moiekyine 1,4- u 1,6-
[VIMKO3UJHbIE CBsi3U. PaznuyaloT TpU OCHOBHBIX THIA aMuWia3: oO-aMuiasy, P-amuiasy H
rIIoKoamMmiaszy. B coctaB aMHIIONMUTHYECKOTO KOMIUIEKCA PACTCHHUH BXOAAT O- U [3-aMHIIa3bl.
CemeHa pacTeHMH pa3iaMyaroTcs IO COAEPIKaHUIO aMuiIa3. B Hempopociiux 3epHax MIIEHULbl U
STYMEHSI IPUCYTCTBYET TOJIBKO [-amMmiiasa, o-aMuiiaza oopa3yercs Ipu npopactanun. B 3epae pxu
HOPUCYTCTBYIOT o00a (QepMeHTa, NpU MPOpPACTAaHUM KOJIUYECTBO MU AKTUBHOCTH O-aMMJIA3bl
BOo3pacTaeT. B mnuieBoil MpOMBINUIEHHOCTH PAacTUTENbHbIE aMMJIa3bl HCIOJIb3YIOTCS B BHJIE
cosnoza. Cosio10M Ha3bIBaeTCs MPOPOCIIEE U BHICYLIEHHOE 3€pHO. B KauecTBe HCTOYHMKA aMuIIa3
COJIOJ] MCTIONB3YIOT B NPOU3BOACTBE XJICOOOYITOUYHBIX W3JEIHUN, MOJIMCOIONOBBIX IKCTPAKTOB,
I1Ba, XJIEOHOIr0 KBaca M Ipyrux 0e3aJKorojbHbIX HaUTKOB. [loMuMo o- u B-amuiiasel B cosoje
MPUCYTCTBYIOT O-TJIOKO3Ma3a (ManbTasza), gocdopuiaza U MHBEpTasza (caxapasza) u Op. o-
Amuaza sBisieTcs 3HJI0(EPMEHTOM U aTaKyeT BHYTPEHHME IJIMKO3UIHBIE CBSA3M B MOJIEKYJe
Kpaxmana. [y ee 1eHCTBUS HE UMEET 3HaUeHUsl OIM30CTh MU YIaJ€HHOCTh HEPEeyLIMPYIOIMINX
KOHIIEBBIX OCTAaTKOB. 0i-AMMIIa3a ycKopsieT ruapou3 o1 —4)-raMKo3uaHbIX CBsA3el B MOJIEKYJIe
Kpaxmaja 0e3 Kakoro-inbo omnpeaeseHHOro Mopsi/ika, HO MPEUMYIIECTBEHHO B CEPEIMHE IIEeTH.
Ona He 3arparuBaet o1 —6)-TTMKO3UAHbBIE CBS3U, THJIPOJIN3 MIPEKpAIaeTcs Ha MPeanocieHen
a(1—4)-rmukozugHoit cBsizu (puc. 1). Ilpu rugponuse KiaelcTepu30BaHHOTO Kpaxmana o-
amMHJIa30i BHauasle 00pa3yloTcs MeHee BA3KHUeE, UeM KpaxMall, HU3KOMOJIEKYJISIpHbIE TEKCTPUHBI,
HE OKpalllBaeMble 0/10M, 3aT€M OJIMTOcaxapubl U JaXKe IIK03a, MalbT03a U JEKCTPUHBI:
Kpaxman — a -/Iexctpunsl + ManbTo3a + ['moko3a
(mano) (mano)

a-Ammiaza 0ojee yCTOWYMBA K JIGMCTBUIO BBICOKMX TeMIIEpaTyp, 4eMm [-ammuiiaza, Hampumep,
3epHOBas (i-aMHJ1a3a MOXKET JeWCTBOBATh B MPOIIECCE BBHINEUKHU XJieba.
B-amunasza — 3k30(epMEHT, YCKOPSET PEAKIUI0 FUApoIn3a Kpaxmana no o1 —4) -ramko3uaHbsM
CBA35IM, ITOCJIEOBATEIBHO OTILEIIIASA OCTaTKM HayMHAasl C HEPEIYLMPYIOIIET0 KOHIIA MOJIEKYJIbI
kpaxmana (puc. 1). Ee neiictBue mpekpaiaercst B TOUKax BeTBIEHHUS. B kadecTBe TIilaBHBIX
IPOAYKTOB (hePMEHTATMBHOTO TMAPOIN3a Kpaxmala Moj JeicTBueM [-amuiia3bl BHICTYNAOT [3-
MasbTO3a U B-TpeaenabHble AeKCTPUHBI, coaepxkaiiue o 1—6)-TITuKo3uIHbIE CBA3H:
Kpaxman — 3 -Manbro3a + -/ekcTpuHsI.

(54...58%) (6%)
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Puc. 1. JleiictBue o- u B-amuina3bel Ha amuwionekTuH (R-penynupyromuii KoHer)

®epMeHT 0osiee aKTUBEH B OTHOLICHHH BBICOKOMOJIEKYISPHBIX CyOCTPaTOB, YEM B OTHOILICHUU
ONIUTO- W JucaxapuioB. B-AMmia3a MeHee TepMOCTaOWiIbHA, YeM O-aMuia3a, Ho OoJjee
KHcIoToycToMunBa. [lonroe BpeMs cojoj ObLT €IUHCTBEHHBIM HCTOYHMKOM [-amuiasbl. B
pe3ysibTaTe COBMECTHOI'O JIEHCTBUS O- M [-aMMJIa3bl Kpaxmall TMIPOJU3yeTcs ¢ 00pa3oBaHUEM
CMECH YTJIEBOJIOB, COCTOSIIEH U3 MaIbTO3bl, HEOOIBIIIOTO KOJIMUECTBA TIIIOKO3bI U IEKCTPHHOB, B
KOTOPBIX cocpenoToueHbl o 1—6)-rmuko3uanbie cBsi3u. B cBsA3U ¢ TeM, 4TO B IPOMBIIIUICHHOCTH
O0OBIYHO MCHOJB3YIOT HE MHAWBUyalbHBIE aMUJIa3bl, a (pepMEHTHBIC MpemnapaThl, COJIEpKaIIUe
el Habop (EepMEeHTOB, TO IS OIEHKM WX KaTATUTHYECKOW CIIOCOOHOCTH OMPEesioT
aMWJIOJIMTUYECKYI0 M O0CAaxapHBalOIIyl0 aKTHBHOCTh mocieqHux. Ilox aMuiomuTHueckoin
AKTUBHOCTHIO MOHUMAIOT CIIOCOOHOCTH (PEPMEHTHOTrO Ipernapara I'MIpOJIM30BaTh Kpaxmall a0
JEKCTPUHOB. AHAJIU3 BEYT 110 KAYECTBEHHON PEaKIMK ¢ HOoI0M. AMUJIONUTHYECKAs] aKTUBHOCTh
cojofia 00yclloBlIeHa, IIIaBHBIM 00pa3oM, MpHcyTcTBUEM o-amuiasbl. 33 Iloa ocaxapuBaromiei
AKTUBHOCTBIO aMUJIOJUTHUECKUX (DEPMEHTHBIX IpEnapaTroB MOAPA3yMEBAETCS UX CIHOCOOHOCTh
YCKOpATH THAPOJU3 Kpaxmaja J0 peayuupyromux caxapoB. OILEHKY oOcaxapHBaroIen
AKTUBHOCTH BEOYyT IO KAuyeCTBEHHOM peakIuu Ha peAylupylole caxapa (C peakTUBOM
@®enunra). OcaxapuBaromasi akKTUBHOCTh CoOJioJa OOYyCJIOBJEHA MPHUCYTCTBUEM [-aMuiasbl. o-
AMunaspl SIBISIFOTCSI THILEBAPUTENbHBIMU (EpMEHTaMH, pEalu3yoIMMU CBOM (QYHKIIUU B
MUIIEBAPUTENBHOM TPAKTE YEJIOBEKA M KUBOTHBIX. B IIIONax M CeMEHax MHOTMX MHIIEBBIX
pacTeHMi conepkarcs BellecTBa, oOianaronme OUOoNIOrMuecKoil aKTUBHOCTBIO U TIOJaBIISIFOIINE
neiictBue QepmMeHTOB. TakuMm Bo3JeHCTBHEM oOsafaeT anbOyMHHOBas (pakuus OEIKOB U
IpeJICTaBIIsIoNIast CO00M B OCHOBHOM (DEPMEHTHI MIIM HHTUOUTOPHI (PEpMEHTOB, MPENSATCTBYIOLINE
THJIPOJIM3Y 3allacHbIX BEIIECTB JO MOMEHTa MpopacTaHus ceMsH. J[aHHble OelKH OTINYaroTCs
BBICOKOW TEpMOCTAaOMIBHOCTHIO, BhIIEpkUBatoT HarpeB 10 110°C. OHu OIOKUPYIOT ACHCTBHE
NUILEBAPUTENIBHBIX (EPMEHTOB 4eJOBeKa (TPUIICHHA, IENCHHA, XUMOTPHUIICHHA, O-aMHJia3),
CHWKasi YCBOEHHWE MaKpOHYTPUEHTOB MUIIK. B kiyOHsSIX KapTodens coaepkutcs menbiii Habop
MHTUOUTOPOB MUILEBAPUTENBHBIX (pepMeHTOB. B kapTodesne mpucyTcTBYIOT MOIIHbIE OEITKOBBIE
MHTHOUTOPBI, CIOCOOHBIE OJJHOBPEMEHHO CBSI3bIBaTh aMmuiasbl U mporeasbl. [logoOHbIe Oenku
IPUCYTCTBYIOT B pHUCE, SUYMEHE, IIIEHHIEe, PKU. B OCHOBE omnpeneneHus akTUBHOCTU
MHTHOUTOPOB O-aMHJIA3bl COJIO/A JIEKHUT KOJIMUYECTBEHHAs OIleHKa yObUIM KpaxMaia (1Mo HogHoH
npo6e) B Mpolecce THAPOIIN3a U HAKOIUIEHUS] HE OKPAIINBAEMbIX HOIOM JIEKCTPUHOB.

Xo aHanau3a



Brienenue epMeHTOB costosia. o-AMUIIA3y BRIACISIOT U3 OCHOBHOTO (PEPMEHTHOTO KOMIUIEKCA
coJIofia MyTeM MHAKTUBAIKK -amMuiiasbl. B konly oosemom 100mt momecTuth 20 MJI OCHOBHOTO
pactBopa cosioga u mporpeth mnpu 70°C B Tedenume 15 muH. B-AMunaza mpu yKazaHHOU
TeMIeparype uHakTuBupyercs. [IporpeTsiii pacTBOp OXJIaguTh M MCIOJNB30BATh B JajbHeHIIeM
JUISl UICCIIEI0BAHNUSl aKTUBHOCTH O-aMHJIa3bl. Tak Kak ONTUMYM aKTHBHOCTH Oi-aMMJIA3bI JIEKUT IIPU
pH 5,5...5,8, To mocie oxnaxaeHus K pacTBOpy A00aButh 4 M ¢ocdarnoro 6ydepa pH 5,6.
B-Ammunazy BBLICISIOT U3 COJIOJIOBOM BBITSDKKH ITyT€M MHAKTHBHPOBAHUS O-aMWJIA3bl B KHCIION
cpene. B konby oobemom 100 M Haymuth 20 MJI OCHOBHOTO pacTBOpa COJOJIA, BBIIECPKATh B
nensHoii Oane B Teyenne 10 muH u mpubaButh 1 mu 0,1H pacTBOpa COJIIHOM KHCIIOTHI.
[TomydeHHBIN pacTBOp OCTABHUTH B JIeJAHOM OaHe Ha 15 MuH 1 100aBuTh 3 M1 (hochaTtHoro Oydepa
¢ pH 6,0 (ontumaneabii pH mis B-amunaser). OnpenencHre aMHIOIATHYSCKOW aKTHBHOCTHU
conoza. B mratuBe pacnoiokuTh NPOHYMEpOBaHHBIE TPOOUPKH B Tpu psana. Bo Bce npobOupku
NEPBOTO PsiJia U3 MUIETKN HAIUTH O 1 MJI TUCTUILTUPOBAHHOM BOJIbI. B epByto mpoObupKy BHECTH
1 M pactBopa a-amunassl. CopepkuMoe MepBoi MpoOUPKU MepeMeNIaTh, IpoAyBas BO3AYyX U3
rpyumd uepes nunerky. Oto0pars u3 nepBoi NpoOUPKHU MUIIETKOW 1 MII M IEPEHECTH BO BTOPYIO
npobupky. Y3 BTopoil mpobupku nocie nepeMennBaHus 0Toopars 1 Ml U epeHeCTH B TPEThIO
poOUPKY. AHAJOTUYHO METOAOM IOCJEI0BATENIbHBIX Pa30aBIEHUN NPUTOTOBUTH PAcTBOPHI B
YeTBEpTOM M MATOM mpobupkax. B mpoOupku BTOpOro psga n1o0aBUTh aHAJOTUYHBIM 00pa3oM
pacTBop -amMHIIa3bI IyTEM ITOCIIEA0BATENILHOTO pa30aBiieHus. B mpoOupKy TpeThero psijia BHECTH
aQHAJIOTMYHBIM 00Pa30M OCHOBHOM pacTBOp (hepMEHTHOTrO Mpenapara coyoaa. Bo Bcex mpobupkax
JIOJDKHO OCTaThCs IO 1 MIT COOTBETCTBYIOMIMM 00pa3oM pa3BEICHHBIX PacTBOPOB (DEPMEHTHOTO
npenapata. Bee nmpobupku TepmocTtatupoBaTh rnpu temieparype 40°C. He BeiHMMasE poOUpKU
u3 6anu, 100aBuTH B Kaxayto mo 2 mi 0,1% pactBopa kpaxmana, cirycts 10 MHH BHECTH 10 2 MJI
pabouero pactBopa ifoga (mpurorosieHHoro Ha 0,1H pacTBope coNIHON KUCIOThI). ONTUYECKYIO
IUIOTHOCTh OKpAIICHHBIX PAcTBOPOB H3MEPHUTh HA (OTOIIEKTPOKOJIOPHUMETPE B KIOBETAX C
tonuHoi 10MM mpu cBeToduiIbTpe € UIMHOM cBeToBOM BosHBI 670 HM. OcCTaTo4HyIO
KoHIeHTpanuio Kpaxmana (Coct, MI/MJI) B pacTBOpe HaWTH TO KaaHMOPOBOYHOW KPUBOW.
KonuuecTtBo ruaponuzoBasierocs (X, Mr) kpaxmala paccyuTarh 1o Gpopmyie

X = (Cucx-Cocr) ' V,

rae Cucx — KOHIEHTpauusi Kpaxmaia B pabGouem pactBope, Mr/mi; Coct — ocraToyHas
KOHIIEHTpalus KpaxMaia B paboyem pacTBope, HalIeHHast 0 KaJMOpOBOYHOMY IpauKy, MI/Mi;
V — 00beM pabouero pacTBopa Kpaxmaina, Ml

Tabmuua 5
Cxema OKCIICpMMCHTA U ITOJIVIYCHHBIC PC3YJILTAThI
Bapu- | KpatHocTth pa30aBie- OnTtuueckas KonuuecTBO ruipon3o-
aHT HUS pacTBOpa coJioaa MJIOTHOCThb, HM BAHHOTO Kpaxmasa X, MT
I 11 1 I 11 11
1 2
2 4
3 8
4 16
5 32

Ipumeyanue. 1 — pactBop o.-amunassl; I1 — pactBop B-amunassel; 111 — ocHOBHOI1 pacTBOp hep-
MEHTHOTO Tpernapara.

3anonauTh Taba. 5. OUEHUTh MIYOMHY THAPOJIW3a M HAWTH ONTUMAIbHYIO KOHIIEHTPAIUIO
pabouero pactBopa conona. OrpeneneHne oOcaxapuBaoLle aKTUBHOCTH coioaa. B Tpu
MJIOCKOOHHBIE KOOI oO0bemMoMm 100 mim BHectn mmmerkor mo 10 mm 0,1% pactBopa
pacTBOPUMOro Kpaxmala, IporpeTb Ha BoJsHOU OaHe npu Temnepa 40°C B TeueHue 15 MuH.
3areM, He BRIHUMAs KOJIO U3 OaHH, B TICPBYIO IPHIIUTE 2 MJI pacTBOpa 0.-aMUJIa3bl, BO BTOPYIO — 2
MJI pacTBOpa [-amMuiasbl, B TPEThIO — 2 MJI OCHOBHOT'O pacTBopa cojoza. Coaepxumoe mpoOupok



nepemMeniatb U BbLAEpKaTh Npu ToM ke Temneparype 20 muH. [lo ucreyeHun 3TOoro BpeMeHU
(dhepMeHTAaTUBHBIN THAPOJIN3 OCTAHOBUTH, HATPEB BCE TPH KOJIOBI HA KHUTIAIICH BoasiHOM Oane. U3
BCEX TpexX Koib oToOparh MmO 1 MJI MOJYYEHHBIX THAPOIHM3ATOB M TEPEHECTH B OTACIbHBIC
npoOUpKH, B KOTOpHIE 3apaHee BHeCTH 1Mo 1 mu cMecu peaktuBoB Denunr | u demunr I
[TomrydeHHBIE pacTBOPHI MPOTPETh HAa KUMAINIEH OaHe B TeueHwe 5 MUH. [lo MHTEHCHBHOCTH
BBIMABIIIET0 0CAIKa 3aKHCH MEAM OLICHUTH TNIyOMHY THAPOSIN3a U KOJIUYECTBO 00pa30BaBIINXCS
BOCCTAaHABIIMBAIONINX caxapoB. Ha OCHOBaHMM TMOJYYEHHBIX JAHHBIX CJEJaTh BBIBOJBI O
pa3iauuuax B AeWcTBUU o- U B-amuia3. MuruOurtopsl ammias coiona M3 ocHOBHOro pacTBopa
COJIOJ1a IPUTOTOBHUTH PACTBOP C ONTUMAIIbHOM KOHIIeHTpaIrueil. B ko661 o6bemom 100 Mt BHECTH
paboumii pacTBOp coiioga U BoAay corjacHo Tabin. 6. Copepxumoe Kojab mepememiath U
TepMocTaTrpoBaTh pu Temmeparype 30°C teuenue 20 muH. [IpuroToBuTh KaTpodenbHBINA COK.
He BbhiHUMas K010 U3 TepMocTaTa, BHECTH PAaCTBOP MHTMOUTOPA aMuUiIa3bl (KapTOQEIbHbBIN COK)
36 u cniyctst 10 mun 0,1% pactBop kpaxmaina. [loaydeHHble pacTBOpPBI IEpEMELIATh U Cpa3y ke
0oTOOpaTh MO 2 MJI MOJYYEHHOH CMecH B MPOOMPKHU C 3apaHee MPUTOTOBJIIEHHBIM pPabOYuM
pactBopoM Hona (2mir). Bropuuao orOuparth mpoObl aHAJIOTUYHBEIM 00pa3oM B TeueHHe 15 MuH
(depe3 Kakple 5 MHH).

Tabnuma 6

Cxema u PEC3YJbLTAThI SKCIICPUMCHTA

CoctaB pacTBOpa, MJ1 BpewMms Onruueckas | KoauuecTtBo

TUIPOIU30-
P-p MUHru- Kpax- | rugponusa | ILUIOTHOCTh P
Bona BAHHOTO

cojoga | Outop MaJl MMH HM
KpaxMaJia, MT

1,0 0,0 4,0 5,0 5

1,0 1,0 3.0 | 35,0 5

1,0 0,5 3.5 | 5,0 5

1,0 0,2 3.8 | 50 5

W3MepuTs  ONTHYECKYIO  IUIOTHOCTh  IMOJNYYCHHBIX  OKpAIIeHHBIX  pPacTBOPOB  HA
(OTO3IEKTPOKOIOPUMETPE, HAUTH MO KaJIMOPOBOYHOM KPHBON OCTATOYHYIO KOHIIEHTPAIUIO
kpaxmana (Coct, MI/MJT) M pacCUUTaTh KOJIMUYECTBO TUAPOJIM30BaBILIErocs kpaxmana (X, mr): X=
(Cucx-Cocr) - V, rne V — o6beM uccrexyemoit mpoosl, mi; CUCX — UCXOAHAs KOHIIEHTpalus
Kpaxmaja B uccieayeMoil mpobe, Mmr/mi. PaccuntaTe HHrHOUpYIONIYI0 aKTUBHOCTE (A, %) 1o
dopmye: , rae X1 — KoIMuecTBO MUIPOIM30BABIIETOCs KpaxMaia B OTCYTCTBUM HHTHOUTOPA, MT;
X2 — KOJTMYECTBO THAPOIM30BABIIETOCs KpaxMaia B mpooe, mr; 100 — korddurmeHT nepecyera B
IPOLICHTHI.

Odopmnenue pe3yabTaToB paboThl 1. 3anucats B TeTpaab X0 padoThl. 2. OPOpMUTH pe3yabTaThl
paboTsl B BUjE TaOHIIB (TA0M. 6).
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Onpenenenue akTuBHOCTH KaTagnassl (mo A.H. baxy n A.H. Onapuny)
[enb: OnpeneneHUTh aKTUHOCTD KaTiassl 1o Merony baxa nu Onapuna

Oxcuopenykrasbl — Kiace (epMEHTOB KaTaJH3UPYIOIIUX OKHCIUTEILHOBOCCTAHOBUTEIILHBIC
peakuuu. OKHCIEHHE MOHOMEpPOB, OOpa3yIOUIMXCS B Ipolecce Karadoiau3ma MOJHMMEPOB,
IpeJcTaBisieT co00il CI0KHBIM MHOTOCTYNEHYaThlil npouecc. OKHUCIEHUE BEUIECTB B KIIETKAaX
IPOTEKAET, B OCHOBHOM, IIyT€M OTULICIJICHUs BOJOpOJa (AerMIpUPOBAHUEM) UIIH OTLIECIIICHUEM
AJIEKTPOHOB WJIM IIyTEM IPUCOEAMHEHHUS KUCIOPOJa K MOJIEKYJE OKHMCISEMOr0 COEIMHEHUS.
AxuenTopamu Bogopoja y aeruaporenas sisiercas HAl+ , HAL®, DA/l u ®MH, y HeKOTOpbIX
(1aBUHOBBIX — KHCIOpOJ (MX HA3bIBAIOT OKCHIAa3aMH), Yy TeMcojepKaimux (TMepokcuaas u
karanazel) — H202 (mepokcup Bomopona). AKIENTOpaMH M IMEPEHOCUYMKAMHU DJICKTPOHOB
ABJIIOTCS UTOXPOMBI, cojiepskaliue rem (remornporennsl). Katanaza (K® 1.11.1.6) otHocuTCs
reMONpPOTENHAM, KaTaJu3UpyeT IPOLEeCcC pa3pyllIeHUs SIOBUTOTO JUIsl KJIETOK IEepOoKCcHia
BOJIOpOJia Ha BOAY U KUCJIOPOJ:

2 H202 =2 H20 + O2.

Jiist KUBOW KIIETKH TEPOKCHJ BOJOPOAA SIBJISETCS CHIJIBHBIM SJOM, MOJTOMY BCE (hEepMEHTHI
oOpasyrouue u obde3BpexuBaronie H202 HaxoaaTcsl B IEPOKCUCOMAX — OpraHesuiax MOKPbIThIX
MeMOpaHoil. 'maBHbiMU nToTpebuTenssmMu H202 spnsrorest nepokecunassl (KO 1.11.1.7.), kotopsie
OKHCISIOT (DEHOJbI, aMHUHBI, HEKOTOpPbIE I'eTEPOLUKIMYECKUE COCIMHEHHs] U Jp. CyOCTpaThl
JEruIpupoBaHUEM, MIEpeHOCAT CHsThIE ¢ cydcTpaToB [2H] Ha H202, BoccTanaBnuBas ero 1o 2
H20. Monekynbl nepokcuia BOJI0poJia, HEBOCTPEOOBaHHbBIE IIEPOKCHIa3aMH, 00€3BPEKUBAIOTCS
Karaja3oil. Meroa ornpenenaeHus] akTUBHOCTH KaTajla3bl OCHOBAH Ha OINpPEAEICHUN KOJIMYECTBa
HEPOKCH/Ia BOAOPOAA, pacllielNIeHHOr o B Iporiecce nHkyoauu ¢ pepmentoM. Koanuecrso H202
B PEaKLMOHHON CMECH OIPEAEIAI0T TUTPOBAHUEM B KUCIION CpEJie paCTBOPOM C KOHILIEHTpaluen
nepmanradata kaiaus 0,02 MoJb/i:

5 H202 + 2KMnO4 + 3H2S04 = 2MnS04 + K2S04 + 502 +8H20

Ha ocHoBaHMU NPHUBEIEHHOIO ypaBHEHUs pEaKILMM MOKHO PaccuuTaTh, yTO 1 MJI pacTBOpa ¢
KOHIIeHTpanuen nepmanranara kaiaus 0,02 mosb/i cootBeTcTByeT 1,7 Mr (50 MKMOJIB) epokcHia
Bojoposia. XoJ pabotTel: 2-3 T cblporo Kaprodens (WIM JPYyroro CBEKEro pacTUTENBHOIO
MaTepuaia) TIIATEIbHO pPACTUPAIOT B CTYNKE C KBAapLEBbIM IE€CKOM WM CTEKIOM. Jlis
YMEHBIICHUsI KUCION peakuuu A00aBisioT Ha KoHuMke ckaibnens CaCO3 no mpekpaiieHus
BblienieHusT my3blppkoB CO2. B mponecce pactupaHusi B CTYNKY J100aBISIOT HEOONbIIMMU
nopuusimu 40-50 M Boabl. PactepTyro Maccy KOJMYECTBEHHO MEPEHOCAT B MEPHYIO KOJOY
BMecTuMOCThi0 100 M, TOBOJSAT BOAOW /10 METKH U nepememnBaoT. CMech OCTaBJISIOT CTOSATh
10-15 muH wu mnocne mnepememnBaHMs (QUIBTPYIOT. bepyT JBe KOHMYECKHE KOJIOOUKH
BMecTUMOCTBIO 150-200 mut 1 BHOCAT B HUX 10 20 mu1 moimyuenHoro ¢unbtparta. Comepkumoe
OJTHOM KOJIOBI KUIIATAT B TeUeHHE | MUH M OXJIAXKIAI0T 1O KOMHATHOW TeMIepaTypsl (KOHTPOJIb).
Hpyras konba omnbITHas COAEPXKUT aKTUBHBIA ¢epmeHT. K comepxuMomMy ONBITHOW U
KOHTPOJIBHOM K0JIO nmpuinBaroT 1mo 20 mMi1 BoAbI ¥ 1o 3 MJI pacTBopa ¢ MaccoBoit fgoieir H202 1
%. ConepxuMoe TIIATEIbHO NEPEMENINBAIOT U OCTABJISIOT MPU KOMHATHOM TemmnepaTtype Ha 30
MuH. [Io okoHYaHHU MHKYOaIuu B 00€ KoJI0bl 100aBISIOT MO 5 MJI pacTBOpa ¢ MacCOBOM Joien
cepHoit kuciotel 10 %, mepememmBaroT 1 n306ITOk H202 B Kax10il K010€ OTTUTPOBBIBAIOT
pacTBOpOM ¢ KOHLEHTparuei nepmanranara kamus 0,02 monb/nm 10 0Opa3zoBaHHsS PO30BOTO
OKpaIllMBaHUs, HE NCYE3aI0UIero B TeueHne | MUH. AKTHBHOCTh KaTaja3bl BRIPAXKAIOT B MKMOJIb
NEpOKCHJIa BOAOPOJA, pAaCHICNUBIIErocs Moja JeictBueM ¢QepmeHTta B pacuetre Ha 1 T
uccieayeMoro matepruana (uid Ha | Mr BBITSDKKH U3 Hero) 3a 1 muH. Beruucienue BemyT 1o

dbopmyre:



v _(a-b)T 50100
m -20 30

rime X — aKTUBHOCTh KaTanasel, E/r; (a-b) — pasHocts Mexay oObemMaMu pacTBopa ¢
KOHIIEHTpanuen nepmanranara kauus 0,02 MoJIb/J1, OIS IIEro Ha TATPOBAHUE KOHTPOJILHOH ()
u onbITHOHM (b) mpo6, mii; T — TUTP MPUMEHEHHOTO JUIsl TUTPOBaHUS PacTBOpa IEpMaHTaHATa
kanus; S0 — koaddunment nepecyera Ha MkMoib H202; 100 — oOuuii 00beM MpUTrOTOBICHHOTO
HKCTpPaAKTa; M — Macca B3SATOTO Ui aHaiuM3a Marepuania, r; 20 — oo0beM (uiabTpaTa, B3sSTOrO I
aHanuza, mui; 30 — Bpemsi uHKyOaruu, MuH. [IpuHumn omnpeneneHus, MOPSAOK aHAIW3a U
pe3ysbTaT aHaJIKM3a 3alKuChIBAIOT.

KoHTpoJIbHBIE BOIIPOCHL:
1. OcHOBHBIE ITYTH OKUCIIEHUS CyOCTPATOB B KJIETKE.
2. Xapaktepuctuka ctpoenus u aeictsust HAJl+ - u HAJI®D-3aBucuMbIxX neruaporeHas.
3. XapakTepuctuka ctpoeHus u aeructeust @AJ[-3aBUCUMBIX JETUAPOTEHA3.
4. Kakue epMeHTHI Ha3bIBAIOT OKcuaazamu? Mx kodaxTopsl.
5. XapakTepucTUKa CTpOCHUS U ICHCTBHSI IEPOKCHUIA3 U KaTajas.
6. XapaKTepucTHKa CTPOEHUSI U JEHCTBUS LIUTOXPOMOB.
7. XuMu3Mm, o0pazoBaHue U IyTH 00€3BpEKUBAHUS IEPOKCUIA BOJOPOIA B KIETKAX.
8. Metoa onpeenenrs akTUBHOCTH KaTallas3bl

Jlaboparopnasi pabora Ne 7
Broiaesienue ¢pepMeHTOB METOI0M (PPAKLIMOHMPOBAHUA

[{enb paboOThI: OCBOUTH METOJIMKH BbIAEIEHUS U PPaKIIMOHUPOBAHUS OEJIKOBBIX BELIECTB

Jis ouncTku (PepMEHTOB NMPUMEHSIOT OCaKICHHWE UX M3 BOAHBIX PACTBOPOB OPraHUYECKUMHU
pacTBOPUTENSIMU TAaKHUMH, KaK METUJIOBBIM, ATUJIOBBIA, W30NPONMIOBBIM CHHMPTHI, aleTOH
BbICAIMBAaHUE Cylb(aTaMl aMMOHUS, HAaTpUs, [IMHKA, XJOPHUJIOM HaTpus (ppakIMOHUPOBAHHE.
BoicymmBanue  mpeaBapUTENbHO — OYMIIEHHBIX W CKOHIIEHTPUPOBAaHHBIX  IIpErapaTroB
OCYILECTBIISIOT B PACIBUIMTENBHBIX CYIIMIKAX WM METOJIOM CyOIMMAIUH.
BonbumHCTBO (hepMEHTOB ABIAIOTCS J1IaOMIbHBIMU Oenkamu. [Ipu nepeBoje UX B 3KCTPAKT OHU
JIMILIAKOTCSI CBOETO €CTECTBEHHOIO (B KJIETKE) OKPY)KEHUS U JIETKO MOABEPTatoTCs IeHATYpaluu 1
MHAKTUBALMU I10/] BIUSHUEM Pa3IUYHbIX (PaKTOpOB. B CBSI3U ¢ 3TUM IPH BBIIEICHUN U OYUCTKE
bepMeHTOB HeoO0XoauMo coOroAaTh LENblid psja npenocropoxkHocTeil. Kak mpasumiio, Bce
omepanuu cieayer mnpoBoauth npu 2—4° C  (dyume — B XOJOJHOM KOMHare), a
(bpakMOHUPOBAHUE OPraHUYECKUMH PACTBOPUTENIMU — Ipu Temreparype Huxke O C.
[Tpu BbIAENEHUN (DepMEHTa UCHOJB3YIOT METO (GPaKIMOHUPOBAHUS OEIKOB ITyTEM M3MEHEHHS
pH. Ounctka epmeHTa Ha TOM CTaJUU JAOCTUraeTCs 3a CUET JIEHATypaluu OEJIKOB, KOTOphIE
OTIEeNSIOT HeHTpudyruposanueM. M3menenne pH OGenkoBoro pactBopa ciieyeT OCyIIeCTBISATh
OCTOPOXHO, IO BO3MOXXHOCTU HE UCIOJb30BaTh CHJIBHBIE KUCJIOTHI U HIen04n. Pekomenayercs
N00aBISTH YKCYCHYIO KHCIOTYy, Tpuc-Oydep, kapOoHatr Hatpus u 1p. JloGaBieHue
COOTBETCTBYIOLIETO Oy(epa UK KUCIOTHI IPOBOJAT Ha Xoo1e. VX BHOCAT IO KaruisM, IO CTEHKe
cocyia, HpH IOCTOSHHOM mnepememuBaHuu. [locne HeWTpanuzanuu pacTBopa MNPOBOIAT
KOPOTKYIO HHKYyOaruto rnpu 25—30° C, uroObl nepes neHTpudyrupoBaHeM IpOU301IUIa TOTHAS
arperaunys JeHaTypHUpOBaHHBIX OEJIKOB.



BricanuBanreM Ha3bIBAIOT MPOIIECC OCAXKIEHUs OeKa U3 pacTBOpa MO IEHCTBUEM HEUTPATbHBIX
coueii: NaCl, (NH4)2S04, Na2S04, MgCI2 u npyrue. [Ipu BbicaimBaHuU OEJIOK BBHIMAJACT B
0CaJIOK, HE MOABEPrasich ICHATYPALIH.

[Ipu noGaBneHun K pacTBopaM Oeika coyied MIEIOYHBIX U IIEI0YHO-3eMENbHBIX METaUIOB HX
WOHBI aJICOPOMPYIOTCS HAa TPOTHBOIIOIOXKHO 3apsDKCHHBIX TPYIAX YacTHIl Oellka, Jenas Hhx
ANEKTPOHEHTPAIbHBIMU U TEM CaMbIM, IIOHKXAasl YCTOMUMBOCTH OeJIKOB B pacTBope. Kpome Toro,
CONIM MICNIOYHBIX W IIEJIOYHO-36MEIbHBIX METa/NIOB PACTBOPSSCH, CBS3BIBAIOT OOJNBINNE
KOJIMYECTBA BOJIBI, UTO MPU AOCTATOYHO BBHICOKMX KOHIICHTPAIUAX BEJET K JIErHIpaTallii 4YacTUIl
Oellka U JIMIIAeT UX THIPATHON 000J0UKH. beoK Mpu 3TOM BBINTATAET B OCAJIOK.

Jns ocaxaeHus M3 pacTBOpa pa3IMUHBIX OEJIKOB HCHOJB3YIOT PAacTBOPBI CONHM  Pa3HOU
KOHIeHTpanuu. [ 7oOynMHBI, HampuMep, OCaXJATCS TOJIYHACHINIEHHBIM  PAacTBOPOM
CEPHOKHCIIOT0 aMMOHHSI, @ alTbOYMUHBI — TOJIBKO HACBIILIEHHBIM PACTBOPOM. DTO MIPOUCXOJUT U3-
32 TOT0, YTO YACTHUIIbI TTIOOYIMHOB 3HAYUTEIHHO KPYITHEE YaCTHUI] ATbOYMHUHOB, 3TO HCIIOIB3yeTCs
JUTSL pa3JiesieHns albOyMUHOB U INIOOYJIMHOB.

Ocaxxparonuecs IMpH BBICATUBAHUM OENKM CHOCOOHBI BHOBb pAacTBOPATHCA B BOJE, T.K.
MaKpPOMOJIEKYJIbI OEJIKOB MPH BHICAIMBAHUHU, KaK MTPABHUIIO, COXPAHSIIOT CBOU HATHBHBIEC CBOMCTBA.

[TpuGopbl M peakTHBBI: IITATUB C MPOOUPKAMU, BOPOHKU, (DUIBTPHI OyMakHbIE, CTEKJISTHHbBIE
NAJIOYKH, MTUNETKH, 1% pacTBOp sSsM4HOTO OenKa, cynb(haT aMMOHHS KPUCTAIUIMYECKUH, Cynbdar
aMMOHHUSI HachIlIeHHBIH pacTBOp, 10 % pactBop ruapokcuaa Hatpus, 0,5 % pactBop cynbdara
MEJHU.

B nipo6upky npunuTh 2-3 M1 pacTBopa IMUHOTO OelKa U paBHBIA 00BEM HACBIILIEHHOTO PacTBOpa
cynbgara ammonHus. CozepskuMoe IPOOUPKH TIATENBHO MEpEMEIIaTh U OCTaBUTh HAa 10 MUHYT.
Bremanaer xmonbeBUIHBIA ocafok ThnoOynuHa. OcaAky MAalT OTCTOSTHhCS, IOCIE Yero
otduiabTpoBath. K ¢uiabTpary n00aBUTh KPUCTALIMYECKUN CyIb(aT aMMOHHS Ha KOHYHKE
mmarenass 0 HACHIIICHMs; BbINAJaeT XJOMbEBUIHBIM ocafok anbOymuHOB. Ocanok
OTLEHTpU(PYrupoBaTh B TeueHue 5 Munyt npu 3000 o6oporax B Munyty. C puibTpaToM NpoBecTU
OouyperoByio peakuuio. OTpuiaTenbHas peakiiis yKa3blBaeT Ha OTCYTCTBHE OCJIKOB B (pHIIbTpaTe
U NoJHOTY ocaxaeHus. Ocagok anbOyMHUHOB M3 LEHTPUDPYKHOH NPOOUPKH NEPEHECTH B
MPOOUPKY M PACTBOPUTH B 2-3 MIT BOJIbl. PacTBOp anbOyMHHOB OT(UIBTPOBATH U IPOBECTU C HUM
OMYPETOBYIO PEAKITHIO.

CBoe Ha3BaHHe OMYpETOBask peakilvs MOTyqria OT TPOU3BOJHOTO MOYEBUHBI — OMypeTa, KOTOPBIN
JaeT 3Ty peakuuio. buyper oOpasyercss mpu HarpeBaHMM MOYEBHHBI C OTIIEIUIEHHEM OT HEe
aMMHaKa:

NH,

¢=0 W

\NH, C=0
+ ——NH, + C/NH
NH,

7 N,
NH, BuypeT

MOYEeEBMHA

B mpucyrctBum conell Meau B LIeNOYHON cpeze O€lKM JaroT (HOJNIETOBOE OKpallliBaHHE.
Oxpacky JaeT KOMIUIEKCHOE COeIMHEHNEe MeH ¢ enTuaAHbIMH rpynnamu -CO — NH-.



L[BeT KOMIUIEKCA, TTOTyYaeMblii IPU OMYPETOBON PEAKLIMU C Pa3HBIMH MENTHIAMH, 3aBUCHUT OT
JUTMHBI NENTUAHOHN LIEH.

[lenTuap! ¢ IIMHOM LIETIH OT YETHIPEX AMUHOKHCIIOTHBIX OCTAaTKOB M BBIIIE 00Pa3yIOT KPaCHBIH
KOMILIEKC, TPUIIENTH bl — (PUOJIETOBBIH, 8 IUIENTUIbI — CHHUH.

B mpobupky ¢ ¢unbrpaTrom HamuTh 1 MII pacTBOopa eIkoro Harpa W 1-2 xamum pactBopa
cepHokHciaol Meau. [Ipu B30anThIBaHMM B Cilydae IPUCYTCTBUS OEIKOB MOSIBIISETCS
(buoneToBOE OKpaIINBAHUE.

B monoke obiiee copeprkanre O€IKOB HAXOIUTCS, KaK IpaBuilo, B npeaenax 2,9-4,0%. benku
MOJIOKa JENSAT Ha JBE TPYMIbI: Ka3eMHOBBIE M CHIBOpOTOUHBIE. Cpenn OEIKOB MOJIOKA
paccMaTpuBalOT: OCHOBHBIX OCJIKOB: Ka3eWHBI (Osi-, Os2-, [3-), CBIBOpOTOYHBIC Oecnku ([3-
JAKTOTTIOOYINH, 0-TaKTOABOYMHUH), albOyMUH CHIBOPOTKH KPOBH, HIMMYHOTJIOOYIHHBI, [32-
MUKpPOIJI00YJIHMH, JJaKTOQEPPUH, LIEPYIOIUIa3MUH U KOMIIOHEHT 3 MPOTE030IEITOHOB.
OcHOBHOH 0€ITOK KOPOBBET0 MOJIOKA — KazeuH — siBisiercs pochonporenaom. Ha ero momro
npuxogurcs okono 80% OenkoBoro azora Mojoka. KazemHsl — 3TO rpynmna rereporeHHbIX
bochonporenoB, caMOACCOIMUPYIOLIMXCS B MUIIEIUIBI B IIPUCYTCTBUU KaJIbIHSL, HUTPATOB U
¢docdaroB. OcHOBHAs YacTh KazerHa (0K0s10 95%) B MOJIOKE COJEPKHUTCS B BUAE Ka3eHMHOBBIX
MUIIEeIUT. MHLIEIUTBI COSAMHEHBI MEXy COOOH C MOMOIIBIO Kbl U MALIEIAPHOTO docdarta.
Ka3enH MOXXHO BBIIEUTH U3 MOJIOKA 0OOABIEHUEM YKCYCHOW KUCIIOTHI 1O U303JIEKTPUUECKOM
touku (pH 4,6). benok BbaenseTcs B BUAE MATKOIro, MEJIJIEHHO OCEJAIOIIETr0 0CaaKa.
IIpudopsl m peakTuBbI: XuMUueckuid ctakad Ha 100 mu; mepHbid nummaap Ha 100 Mg
CTEKJITHHBIC TaJIOYKH; MPOOMPKH; BOPOHKH; OymMakHbie (uibTpbl; murnetku; 10% pactBop
YKCYCHOM KHCJIOTBI; YHHMBepcallbHasi WHAuMKaTopHass Oymara; 10 % pactBop ruapokcuia
HaTpUs; MOJIOKO; Qa30THas KHUCJIOTa KOHLIEHTPUpPOBaHHas; TMAPOKCHJI  aMMOHUS
KOHIIEHTPUPOBAHHBIN; CIIUPTOBKA.

B crakan emkocteto 100 M1 Hamuth 20 M MOJOKAa M NPUINTH pPaBHBIM 00beM
JUCTUIUIMPOBAHHOM BOJIbI. K 3TOM CMECUM OCTOPOKHO, IO CTEKIIIHHOM najiouke npuinth 10%
pactBop ykcycHoi kuciotsl 10 pH 4,6 (2-3 mi ykeycHol kucioTsl), pH pacTBopa onpenenursb
C MOMOUIbIO YHUBEPCAJILHOTO HHAUKATOPA. [/ 3TOro CTeKISTHHOM MajJoYKOW HAaHOCAT Karllto
Ha YHMBEpCAJIbHYIO HHIUKATOPHYIO Oymary u no mkane onpeaenuts pH. [Ipu pH 4,6 kazeun
BbIMaJjaeT B o0cafok. EMy patorT otcrostbes 10 munyr. Cauth 06e3 B30aNTHIBAHHS
HAJ0CaZ0YHYI0 JKUAKOCTb. B ocrtaBmmiics ocagoxk no0GaButh no kamisaMm 10% pacTtBop
TMJIPOKCUAA HATPUs 0 pacTBOpeHHs ocajka. [lomydeHHbIH pacTBOp OTPUIBTpOBATH Yepes
BIaxHbll ¢GuiabTp. C  (QuabTparoM NpPOBECTH IBETHbIE peakiuu (OMypeToByl0 U
KCaHTOIIPOTEUHOBYIO).

[Tonapnsitoiiee OONBIIMHCTBO OENKOB M MENTUIOB NPU HAarpEeBaHUU C KPENMKOW a30THOU
KHUCJIOTON JTaeT JKeJITOe OKpallliBaHHUe, MepexXo/sllee B OpaHKeBOe MpU J100aBICHUH LIETIOUYH
WM aMMHaKa. JTa peaklus XapakTepHa JUisi OEH30JbHOT0 SApa HUKINYECKUX aMHUHOKHCIIOT.
[Ipu neiicTBUM KPENKOM a30THOM KUCIIOTBHI HA 3TH aMHUHOKHUCIJIOTBI IIPOUCXOJUT HUTPOBAHUE
OEH30JIbHOTO KOJIbIAa C 00pa30BaHUEM HUTPOCOEAMHEHUH KEJITOTO 1IBETA.

B mpobupky ¢ ¢unabrpaTroM npuiuTh 5-6 Kareiab KOHLUEHTPUPOBAHHOM a30THOW KHCIOTHI.
[TosiBisieTcst ocafiok cBepHyBILIErocs Oenka, KOTOPbIM NpU OCTOPOXKHOM HarpeBaHUU
OKpallIMBaeTcsl B KeNThIH 1BeT. J[aThb MpoOMpKe OXJIAAUTHCS M OCTOPOKHO NPUOABHUTH
KOHILIEHTPUPOBAHHBIN aMMHAK.

[Tpurorosuts 2 npoOsl A u b. HaBecku uccieayeMoro mpoaykTa B3sTh U3 pacdera, 4To npoda
A 10MKHA coliepKaTh OKOJIO 15 MI TUCTHAMH + aprUHUH + JIU3HH, Tpoda b — 15 Mr ructuanx
+ apruHuHa (pacueT NPOBECTH, HUCXOAS M3 coJepXkaHHs Oelka B MPOJYKTE U €ro
aMUHOKHCIIOTHOTO cocTaBa). HaBecku mpojykTa MoMECTUTh B KOHUYECKYIO K010y Ha 250 mu,
IPUINTh B KXY KOJOy 1Mo 6 M AMCTUILIMPOBAHHOM BOJBI M ocTaBUTh Ha 10 munyTt. B
kon0y b BHectm 0,4 M TPONMMOHOBOTO AHTHAPWIA M TIOMEMIAIOT Ha JabOpaTOpPHBII
BCTpsAXUBaTesb Ha 15 munyrt. [lanee 06paboTKy npod A u b npoBoAsT 0THOBPEMEHHO.

B 06e xon6e1 106aButh mo 40 My pacTBOpa KpacHuTens, BCTpSIXUBATh B TeueHHEe 90 MUHYT.
Conepxumoe ko0 oT(UIBTPOBATh Yepe3 CTEKITHHbIE (PUIBTPBI, OTOOPATh MUMETKOM 1Mo 1 M1



KaKJ0ro GUiIbTpaTa ¥ BHECTH B MEPHBIC MIIUHAPHL. JoBeCTH 00beM B MIJIMHAPAX 10 75 MII
JTUCTUJUTMPOBAHHON BOJOW M TIIATEIhHO Tepemerarh. [lomydennbie pacTBopbl pod A u b
KOJIOPUMETPUPOBATh HA CHEKTPOPOTOMETpe, NpPU TEeX XKe YCIOBHUIX, YTO CTaHAApPTHHIC
pacTBOphl ISl MOCTPOEHUsl TpagyupoBouHoro rpaduka. [[ns mocnenyromeir oO6paboTku
pe3yabTaTOB UCIOJIB3YIOT TOIBKO JaHHBIE, HaXosmuecs B npujenax ot 0,2 1o 0,3 exuHUIIbI
ONTUYECKON IUIOTHOCTH, MPH ATOM PA3HOCTh MEXAy MokaszareimsiMu A u b He nommkHa
npesbiath 0,05 e1MHULBI ONTHYECKON TUIOTHOCTH.

Ha ocHoBaHuM TmoOJIydeHHBIX A 00euX Npod BEIMYMH ONTUYECKOM IJIOTHOCTU IO
rpajyHpOBOYHOMY IpaUKy YCTaHABIMBAIOT KOJIMYECTBO HECBA3AHHOTO KPACHUTENSI B MMOJISIX
(Ca u Cg).

MaccoByto 10510 AOCTYIMHOTO Ji3uHa (X) B Mr/100r mpoayKTa BEIYUCIUTH 110 POpMYyIIE:

C-C OC-C
4_ £ 1.2.100- M
m, my

X= , Tae

C — ucxonHoe coaepkanue kpacutelns B padbouem pactrope (C = 0,0784 mmouib)
Ca— coaepkaHue HECBSI3aHHOTO KpacuTes B mpode A, MMOJIb;

Cs — coneprkaHue HECBSI3aHHOTO KpacuTelsi B mpobe b, MMOIIb;

A — Macca HaBeCKH B ipode A, T;

m

b Macca HaBecku B npode b, r;
M — monekynsipHas macca iu3una, (M=146,19);
2 — ko3¢ dunment, yuntbiBarouuii, yto 1 Monekyna «Opanx XK» CBS3bIBACT 2 MOJEKYJIBI
JIN3HHA.
OJIYYCHHBIC PE3YJIbTAThI 3AITUCHIBAIOTCS B TAOIHUILY 4.

Tabnuma 4

Too6s! Coz(epxcaHHe HCCBA3aHHOI'O Macca MaccoBas J0JIA
p KpacCuTeisd HaBCCKU JOCTYIIHOI'O JIM3WHA

KoHTpoJibHbIE BONPOCHI

1. Kakue Genku ierue BhICATUBAIOTCS — aTb,OYMUHBI U TJIO0YIUHBI?

2. B HekoTOpbIX ciydasx Iepe] BbICAJMBAaHUEM OEJIKOB HX MPUBOAIT B COCTOSIHHUE
M302JIEKTPUYECKON TOUKH. 3a4eM 3TO JIeTar0T?

3. KakoB Mexanu3m oOpa3zoBanus ruiporiibHON 0007109KH O0€TKOB?

4. Yem oTnuyaercs AeHATYpalUs OT BbICATUBAHUS?

Jladoparopnasi pabora Ne 8

Onpenesienne akTUBHOCTElH (epMeHTOB, YHACTBYIOIIMX B Jerpaganuu Ha@TaauHa

[lenv: OnpenenuTb akTUBHOCTh (EepMEHTOB HadTaduH JAETrpagupyrOUIUX

MUKpPOOPTaHU3MOB



Mamepuanvt u 060pyodosarue

[IItamm-nectpykrop Hadtanmuua Pseudomonas putida BS3701 (pBS1141),
YIBTPA3BYKOBOM JC3MHTErpaTop, CHeKTpodoToMeTp, IeHTpudyra, pH-merp,
KOMITBIOTED

Pacmeopwi
50mMM KH,PO,4 pH 7,0 6ydep; 50MM KH,PO, pH 7.5 6ydep; 1M tpuc-HCI pH

8,0 6ydep; 20MM pactrop HAJIH; 20MM pactBop canummiara Hatpus; 0,1M
pacTtBop kKatexosna; 20mMM cniuptoBoii pactBop HadTamuHa; 0,5 M 3/ITA pH 8,0

OcHogHble NO10IICCHUSA

OnpeneneHre AakKTUBHOCTEH (EPMEHTOB TMPOBOAIT B  OECKICTOYHBIX
sKkcTpakTax. KymbTypbl BBIpalIMBalOT HAa MHWHHUMAIBHON cpene ODBaHca C
Ha(TaTMHOM, dbeHaHTpeHOM, CaJMIUIIATOM, 1-runpokcu-2-nadroaTom,
MPOTOKATEXaTOM WJIM CYKIIMHATOM, B KaueCTBE MCTOYHHUKaA yriepoja. bakrepuwu,
UCIIOJIb3yeMble B OKCIIEPUMEHTAX IO W3YYEHUIO HWHIYKIUUA (HEPMEHTOB,
BBIPAIIUBAIOT B MUHEPAJILHOMN cpeie, coliepkaliei 1 /7 cyKiMHaTa Uiy riryraMmar
HaTpus. Camununat u 1-rupokcu-2-nadroart (B koHneHTpamuu 0.1 r/i1) nodasistor
B HayvaJie SKCMOHEHIIMAIbHOM (pa3bl pocTa KIIETOK, MTOCJIE YeTO KJIETKH BhIPAIIUBAIOT
€Ille B TCUCHUE JIBYX YACOB.

1. Ilpuzomosnenue deckiemounbiX IKCMPAKNOE8 C HOMOULbIO VIbINPA3EYKOBO20
de3unmezpamopa

BaktepuanbHble KJIETKH BBIPALIUMBAIOT J10 Jorapudmuueckoil (asbl pocra,
ocaxgaorT ueHrpudpyruposanueMm (5000 o6/mmu, 0°C, 10MuH), OTMBIBAIOT
oxnaxnaeHubM 0,05 M pochatasim 6ypepom pH 7,0 (nBakib1) U peCyCrieHIUPYIOT
B 3TOM ke Oydepe no mmotHocTu 0,2 (A=490 HM, TommuHA KoBeTHl 1 cM). KiteTku
pa3pylIatoT Ha yJIbTpa3ByKoBoM AesuHTerpatope MSE150 B teuenue 1,5 MuUHYT
npu 0°C. O610MKH KIETOK ynansior nentpudyruposanuem (15000 o6/mun, 10
muH, 0°C).

2. Onpedenenue akmugnocmeil ghepmennog

CynepHaTaHT HEMEJIEHHO UCTOJB3YIOT B KAYECTBE OECKIETOUHOTO
AKCTpaKTa IS ONIPEACIICHUS] aKTUBHOCTEN (PepMEHTOB.

B peaknnoHHyt0 cMmech ¢ KOHEYHBIM oObemMoMm 3 w1 BHocaT 100 MK
skcrpakTa. Onpenenenne akTHBHOCTEM nposogar npu 30°C, HauMHAsS PEaKIMIO
BHECEHHMEM  KJIETOYHOTO  OKCTpakTa wiM  cybctpara, Ha  UV-160A
cunexktpodporomerpe (Shimadzu, Anonus) unmu UVIKON-cnektpodoTtomerpe 810P
(Kontron Instruments, I'epmanus).

Axmusnocms depmenma HApMAaIuHOUOKCUSeHA3bl OTIPEICIIAIOT
CHEKTPOPOTOMETPUIECKH TIO0 yMEHbIIeHUI0 SKCTUHKIMU NADH peaknnonHoit
cmecH, coaepsxkamieit 100 MkM HAJTH u 100 MxM nadTanus (ciupToBOM pacTBOp),
oeckieTounbiii 3kcTpakT U 0.05 M docdarnsiii Oydep pH 7.5, yuurtbiBas
suporenHoe norpedienne HAJIH Geckierounsim skcTpakTom (A=340 uMm, €=6.220




MM cm?). VaembHyro akTMBHOCTH (PEPMEHTA BBHIPAKAIOT B  MHUKPOMOIISX
notpebnenHoro HA/IH B MuHyTy Ha Mr Oefka, y4UThIBasi SHJOT€HHOE OKHUCIICHUE
HAJIH.

AxmugHnocmo depmenma CAnUYUIAMeUOPOKCUNA3bL ONPEESIOT
CHEKTPOPOTOMETPUYECKM MO yMeHbllleHHI0 3kcTuHKuuu HAJIH peakumoHHOiM
cmecu, coaepxkamuii 100 MkM NADH u 100 MxM canuiuiaT, 0eCKJIeTOUYHBIN
akcTpakT u 0.05 M docdatubiit Oydep pH 7.5, yautsiBas 23HI0reHHOE OTpeOICHNE
HAJIH Gecknerounsim skctpaktoM (A=340 um, £=6.220 mM? cm?! mua
calMIuiaTta). YJIeTbHYI0 aKTUBHOCTh (PEpMEHTa BBIPAXKAIOT B MHUKPOMOJISX
notpebnenHoro HA/IH B MuHyTy Ha Mr 0eska, yYUThIBasi SHAOTEHHOE OKUCIICHUE
HAJIH.

Axmusnocmb __Kamexon-2,3-0uokcueenasvl  ONPENENIIoT 10  CKOPOCTH
o0pa30BaHUsI (L-OKCUMYKOHOBOTO TMOJyalbJeruja B PEaKIMOHHOM CMecH,
conepxkameid 0.5 MM karexona, O6eckneTounblii 3kcTpakT u 0.05 M Tpuc-HCl
oydep [pH 7.5] (A =375 um, £=33.4 MM cm 1), [Ipu BEICOKHX CKOPOCTSX pEaKIMu
OECKJIETOUHBIN SKCTpaKT pa3Boast Oydepom B 10 pas. [Ipu HanMuuu aKTUBHOCTH
karexon 1,2-oxcureHassl (K120) »T0oT (hepMEHT WHAKTUBUPYIOT HarpeBaHUEM
KJIETOK MJIM OECKIETOYHOro 3KcTpakTa npu 55°C B Teuenue 10 MunyT. Y IenbHy0
aKTUBHOCTh (PepMEHTa BBIpAXAIOT B MHKPOMOJSX OOpa30BaBIIETOCS  O-
OKCUMYKOHOBOTO MOJyaJibJIerujia B MUHYTY Ha MT OeJKa.

AxmusHocmy _kamexon-1,2-0uokcueenaspl  ONPENENIOT IO  CKOPOCTH
oOpa3oBaHusl yuc-yuc-MyKOHaTa B PEakIMOHHON cMmecH, coaepxkamieit 5 MM Na
OATA, 1 MM katexona, 6eckineTounblit akcTpakt, 0.05 M docdarnsiii 6ydep [pH
7.0] (v =260 Bm, £=16.9 MM?! cm?). JloGaBnenne DTA HeoOXomumo s
WHTHOMPOBAHNS MYKOHJIAKTOHM3HpYomero ¢gepmenTta. [IpeaBapuTenbHO KICTKH
obpabarsiBaroT H20, (30 MM) mutst mHaKTHBammK KaTexod 2,3-okcureHassl (K230).
YaenpHYyI0 aKTUBHOCTH (hepMEHTa BHIPAKAIOT B MHUKPOMOJISX MPEBPANICHHOTO B
[IUC-IIUC-MYKOHAT KaTexXoja B MUHYTY Ha MT OeJka.

AxmusHocmy _eenmuzam-1,2-ouoxcucenazbi  OMPENEISIOT TIO CKOPOCTH
oOpa3oBaHusl MajeWI-MpyBaTa B PEAKIMOHHOW cmecH, cojaepxarieit 100 MmxM
reaTu3at, 3 MKM cynbdar xeneza (II), OGeckmerounsiii sxctpakt u 0.1 M
docdarnsiii 6ydep [pH 7.4] no koneunoro oobema 3 mit (A =334 um, £=10.8 MM
em?).

O0beM peakTHBOB B KIOBeTe /I H3MEPEHUsS] AKTUBHOCTH (pepMEeHTOB

Hadranuuauokcurenasza A 340 am
50 MM KH,PO4 6ydep [pH 7.5] 2900 MK
OCCKIIETOYHBII IKCTPAKT 100 MK
20 MM pactBop HAJ/TH 15 Mk
20 MM crnimpToBO#t pacTBOp HadTagTuHa 15 MK
Canuuunarruapokcuiasa A 340 am
50 MM KH3PO,4 6ydep [pH 7.5] 2900 Mk

OCCKIIETOYHBIN IKCTPAKT 100 MK



20 MM pactBop HA/IH 15 mMxn

20 MM pacTBOp canuumiiaTa HaTpUs 15 Mk
Karexon-1,2-nuokcurenasa A 260 HM
50 MM KH,PO, (pH 7,0) 6ydep 2900 MK
OECKIIETOYHBIN IKCTPAKT 100 Mk
0.5 M BTA 30 MK
0.1 M pacTtBOp KaTexoa 30 Mk
Karexon-2,3-nuokcurenasa A 375 aM
50 MM tpuc-HCI 6ydep [pH 7,5]* 2900 MK
OCCKIICTOYHBIN IKCTPAKT 100 M
0.1 M pacTtBOp KaTexoa 15 Mk

[Tpum. * — nns mpurorosnenus Tpuc-HCl Oydepa Tpuc(oxcumeTun)JaMuHOMETaH
PacTBOPSIOT B OMIUCTUIUIMPOBAHHOM BOJE U 10BOAST pH coNsiHON KUCIOTOM

4. Onpeodenenue konyenmpayuu 6eaKa 8 6eCcKIenounblX IKCMPAKmax no memooy
bpeogopoa

J11st moJtydeHus peareHTa-KpacuTesst KyMaccu OpuiuinanToBbiil cunuii G-250
(100 wmr) pactBopsitor B 50 mun 95% oranona. JloGaBmstor 100 M 85%
(macca/o0beM) docdhopHoit kucnoTsl. JloBoasT Bogo# 10 1.

Ucnons3ytor oOpaszenr (pa30aBiieHHBIH B ciydyae HEOOXOJIMMOCTH),
conepxkaruii 10-100 mkr 6enka B 0.1 mi. JloGaBisitoT 5.0 M peareHTa-Kpacurtens
U XOpollIo nepememnBatoT. He panee, ueM uepe3 5 MuH, U He NO37HEE, yeM uepes 1
4ac, U3MEPSIOT MOKa3aHHWE ONTHUYECKOW IJIOTHOCTH IpU 595 HM OTHOCUTENIBHO
YUCTOTO peareHra. [ MukpoaHaim3a HUCIOIB3YIOT oOpaser, coxepskammuii 1-10
Mkr Oenka B 0.1 mu, moGammsiror 1.0 Mi pacTBOpa KpacHUTelNsl, CMEUIMBAIOT U
ONPEIENSIOT MOTJolIeHHe npu 595 HM, Kak onrcaHo Bbile. KoHUeHTpaluio oenka
HAXOJIAT 10 IPALyuPOBOYHOMY I'paUKy, MIOCTPOCHHOMY C MOMOIIIbIO OesKa (Oprunii
CBIBOPOTOYHBIN aibOyMUH). MOTyT ObITh HEOOJIBIIINE OTKIOHEHHUSI OT JIMHEUHOCTH.

3. Onpeodenenue kKonuenmpayuu 0e1Ka cnekmpogomomempuiecku

Merton He Tak ToueH, kak MeToj bpendopna, HO OYeHB TPOCT U UCTIOJIB3YETCS
kak npukuno4yHbiid. Mcnonszys UV-160A cnektpodorometp (Shimadzu, Anonus)
3amaemM mapaMeTpbl AByX ainuH BoyiH: 280 m 260 HM. B kroBety ¢ 2900 Mk
dbocharroro 6ydepa BHocuM 100 MK OeckiaeTodHOro 3KcTpakTa. KoHTponbHas
kioBera - 3000 mxn docharnoro Oydepa. 3arem mo QGopMmysie pacCUUTHIBAEM
KOHIICHTpAITUIO OeIKa B MT.
C (mr obmrero 0emka /min)=(1,55 x EA280 — 0,76 x EA260) x paspenenue (30 pa3)

6. Pacuem akmuenocmu ghpepmenmos

YaenpbHyI0  aKTHBHOCTH  (DEPMEHTOB  BBIPAXKAIOT B  MHKPOMOJISX
noTpebneHHoro cyocrpara (kodakropa) (umu oOpasyromerocss TPOIyKTa
(kodaktopa)) B MuHYTY Ha IMr oOmiero OakTepuanbHOTO Oenka. 3HAYCHHS
yAEIbHBIX aKTUBHOCTEH (DEPMEHTOB PACCUUTHIBAIOT, MCIOJIb3YS KOMIBIOTEPHYIO
nporpammy «Enzyme» (MUB®M, Poccust) unu ctanmaptayio Gopmyiy.




dopmyna ans onpeaeneHuss akTHBHOCTU (pepMeHTa
AE 1 1 MM

—x——x—1x10’ =
At e-d V, MUH - ]1

AE — u3meHeHue onTuYecKoil IIOTHOCTU PacTBOPa,
At — Bpems uzmepenus (1 muH)

& — K03(PPUIMEHT SKCTUHIINH cyOcTpaTa

d— paccrosiHEE, TPOXOIUMOE JIydeM

V1— o0beM peakimonHoi cmecu (3000MKT)

V;— 00beM kineTouHnoro 3xkctpakrta (100 mMxi)

Haubonee npuHsTON eIMHUIEH aKTUBHOCTH SIBJISIETCS CTaHIapTHAs €AMHULIA
(En). Ilon Hell mMOHMMAlOT TO KOJUYECTBO (PEPMEHTA, KOTOPOE KaTaau3upyeT
npeBpauienie 1 MkM cyOcTpara B MHUHYTY HpPH ONTHUMAJIbHBIX YCIOBUSX JIs
naHHoro Qepmenra (temneparypa, pH). CymiecTByer Takke MOHATHE YOenbHOU
aKkmugHocmu, KOTOpash BBIPAXKAETCA YHUCIOM E€IUHUL aKTUBHOCTU (HEepMEHTa,
npuxogsumxcs Ha 1 mr 0enka B pepmentaruBHoM npenapare (Ex/mr).

Memoouka
1. BeIpacTuTh KyJbTypy Mukpoopranuzma (250 mi) B MUHEpalbHOM Cpee,

coJiepkalei HaTaauH Wiu CaluuuiaT B Ka4eCTBE HICTOYHUKA YIiiepoa, 110

CepuuHbI JorapuMuyeckoit gassl pocra.

KneTtku ocaguTh HEeHTpUPYTUPOBAHUEM.

Kinerku nBaxxbl otMbITh S0 MM pochaTabim 6ydepom pH7.0 ot cpenpbr.

4. K ocanky nob6asutsh 1 mn 50 MM ¢docdarnoro Oydepa, KiieTku akKypaTHO

pecyCceHAupOBaTh.

Pa3pymuTs KJIETKH ¢ TOMOIIBIO YJIbTPa3ByKOBOIO AE3UHTErPATOPA.

6. OtmenuTs paspyllieHHbIE KIeTKH LeHTpudyrupoanuem Ha 10000 g B
TeueHne 20 MUHYT.

7. CynepHataHT (HaaoCaJ04Has >KUAKOCTh) MEPEHECTH B YUCTYHO MPOOHUPKY.
[ToMecTuTh TPOOUPKY B JIE/I.

8. U3mepuTh aKTUBHOCTH ()EPMEHTOB Ha CIEKTPOPOTOMETpPE, KaK OIMHCAHO
BBIIIIE.

9. OueHHUTHh KOHIICHTPAIMIO O€liKa B OCCKIETOYHOM DKCTPAKTE, HCIIOIB3YIO
CHEKTPO(HOTOMETPUUECKUN METO/I.

10.Onpenenuth KOHIIEHTpaIMio 6enka (metox bpeadopma)*

11. PaccuuTaTh yAeIbHYIO aKTUBHOCTH (DEPMEHTOB.

W N

o

Ipumeuanue

*YToOBl TOYHO OIICHUTH KOHIICHTpanuio Oenka, ucmonb3ys meron bpendopna,
uccleyeMblil oopaszel JoJpkeH coaepxkarh oT 100 Mxr g0 1 mr Oenka B 1 mui. B
ciydae, Korjia B 0o0pasile 1Mo pe3yjbTaTaM CIEKTPO()OTOMETPHUUECKOTO METO/a
KOHIICHTpAITUS BBIIIC YKa3aHHOUN — JenaiTe pa3BeaCHUS.




KOHmPOJl bHbIC 60NPOCHL

1. Ilouemy uzmepenue npouseooumcsa npu onunax 60an 340um, 375um, 260um,
334um?

2. Kaxoe puzuueckuii cmoici Koaghpuyuenma monapnoii IKCmuknyuu?

3. Kaxkoeé npunyun oeiicmeus yaismpa3eyko602o oezunmezpamopa? Kakue euie
Memoobl pa3pyuieHus 6aKmepuaibHoviX Ki1emok cyuiecmeyiom?

4. Kakumu memooamu onpeoennatom KOHYeHmpayuw oeaka?

5. Kax paccuumamo akmuenocmso pepmenma?

6. B kakux eOunuyax usmepsaemcsa akmueHocms pepmenmoe? Kaxoe ux
duzuueckuit cmoicn?



