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@Depmenmpt (3H3UMBI) - ATO BEIIECTBA, KOTOpPHIE MPHUCYTCTBYIOT B TKaHAX M
KJIETKaX BCEX >KMBBIX OPraHU3MOB U CIIOCOOHBI BO MHOT'O pa3 YCKOPSATh MPOTEKAIOIINE
B HUX XUMHUYECKHUE PEAKITUU.

depMeHTHI - CaMblii KPYIHBIM 1 HanOoJiee BRICOKOCIICIIMATU3UPOBAHHBIN KJIacc
O0enkoBbIX MoOJeKyld. OHHM MOTyT OBITH TPOCTBIMH  OedkamMu  (Hampumep,
TUAPOIUTHYECKHE (PEpMEHTHI - TPOTEasbl, JUMa3bl, puboHykiea3a). Ho B GonblInHCTBE
ciy4daeB (pepMEHTHI - CIIOKHBIC OCIKU. Xonoghepmenmpl Conepxat HapsAIy ¢ OCIKOBOU
4acTbi0  (anogpepmenmom)  HEOCTKOBBI  KOMIIOHEHT  (Koghepmenm WM
npocmemuueckyro Zpynny).

HeGenkoBbIii KOMIIOHEHT MOXET ObITh CBsI3aH C OEJIKOBOM YacCThIO MOJEKYJIBI
KOBAJICHTHBIMM M HEKOBAJICHTHBIMU CBs3sIMU. B mepBom ciyuyae OH Ha3bIBaeTCs
npocrerudeckoil rpynmnoit (Hanpumep, ®AJ[, ®MH, 6uotuH, nunoesas kuciota). Bo
BTOPOM ciydae KO(GEepPMEHT B3aUMOJECUCTBYET C (EPMEHTOM TOJBKO Ha BpeMs
xumudeckoi peakuuu (Hanpumep, HAJ[+, HAJID+). Oaun u TOT K€ KOoepMmeHT,
B3aUMOJICHCTBYSl C pa3IMYHBIMU anodepMeHTaMu, MOXKET y4acTBOBaTh B Pa3HbIX
XUMHYECKHX MpeBpaleHusx cyocrpara. B cocraB kopepMeHTOB BXOAUT OOJIBITUHCTBO
BOJIOPACTBOPUMBIX BUTAMUHOB.

bonee 25 % Bcex (epMEHTOB il TPOSIBICHUS TOJHOW KaTAIIMTHYECKOU
AKTUBHOCTH HYKJIa€TCSI B MOHAX METAJIIOB. FIOHBI METAJIOB BBIMOJHSIOT B (pepMeHTaX
pa3zHooOpa3ubeie (yHKIMUA. OIHU HEMOCPEICTBEHHO YYACTBYIOT B KaTaIUTHYECKOM
aKTe, NPyTrue CTAOWIM3UPYIOT aKTHUBHBIN IEHTP WU TMOJACPKUBAIOT KOHGOPMAIUIO
MOJIEKYJIbI (pepMEHTa; HOHBI JIByXBaJCHTHBIX METAJUIOB MOTYT CTaOWJIU3UPOBATH
dbepMeHT-CyOCTpaTHBIN KOMILIEKC.

CaoiicTBa (pepMeHTOB

B ornuume oT OONBIIMHCTBA KAaTalW3aTOPOB HEOPTAHMYECKOW MPHUPOIBI
dbepmenThl oOnamaroT Oosiee BBICOKOW 3(PGEKTUBHOCTBIO U CHEUUPUUHOCHIbIO
JIEVCTBUA.

OnuH U TOT e HEOPraHMYEeCKUW KaTalu3aTop MOKET OBbITh MCIOJIb30BaH IS
YCKOPEHUSI MHOTUX PEeaKIMii, B KOTOPHIX YUaCTBYIOT CaMbleé Pa3HOOOpa3HbIE BEIIECTBA.
Yro ke kacaercs pEepMEHTOB, TO OHHM BO3JICHCTBYIOT JIKOO TOJHKO Ha OJUH CyOCTpar
(abconromnan cyocmpamnas cneyuguunocms), 100 Ha OIpPEICTCHHBIA Kiacc
cybctpaTtoB (omuocumenwvhas cyocmpamuas cneyuguunocms). Hanpumep, ypeasa
KaTIU3UPYET TOJBKO THUIPOJIU3 MOUYEBHUHBI, & TENCHUH - TOJBKO THUAPOIU3 OEIKOB.
CybctpaTHass CHEIU(PUIHOCTH OOBSICHSACTCS MPOCTPAHCTBEHHBIM COOTBETCTBUEM
aKTUBHOTO IIeHTpa (pepMeHTa u ero cyocTpara.

depMeHTHI mepmonadunbhsl - HarpeBanue 10 Temrepatypsl 70-80°C mpuBoaut
K WMHAKTHUBAIlMU OOJBIIMHCTBA (PEPMEHTOB 3a CUET JEHATypaluu - pa3pyLIeHUs
BTOPUYHOW M TPETUUYHOM CTPYKTYphl Oeika, T. €. MOTepU MPOCTPAHCTBEHHOMU
KOH(UTypanuu MoJieKyibl (hepMeHTa, B TOM YUCJIE €r0 aKTUBHOTO LIEHTpA.

DepMEHTBI Yyecmeumenbhvl makKyice K usmenenuro pH cpeowt, ipu KoTopoi
OHM JEHUCTBYIOT. DTO CBSI3aHO C M3MEHEHUEM IPOCTPAHCTBEHHOW KOHQUIYpaluu
MOJIEKYJIbI (hepMEHTa PHU MPUCOSTUHEHUH WU OTIIEIIJICHUU MPOTOHOB. JJ11 KaXkaoro



U3 (pepMEHTOB CYIIECTBYIOT ONpPEIEICHHBIC ORMUMATbHBIE 3HAYECHUA HeMnePanypol
u pH cpedwvt, ipu KOTOpPBIX OHHM HPOSBISIIOT CBOIO MAaKCHUMaJIbHYH) AaKTUBHOCTb.
Hanpumep, nencun naunbonee aktuseH npu pH 1,5-2,0 (xkucnas cpena), a TpUICUH -
npu 7,8-8,0 (cmabomenounas cpena). Ecau pH cpenpl 3HaYMTENbHO OTJIMYAETCS OT
ONTHUMYMa, TO (PEPMEHT MOJHOCTHIO UM YACTUYHO TEPSAET CBOIO AaKTUBHOCTb.

Temnepatrypa u pH oTHOcsTCa kK Hecnenupuueckum (akTopam, Tak KaKk B TOU
WM UHOW Mepe BIUSIOT Ha aKTUBHOCTH Bcex pepmeHTOB. Kpome Toro, cyuiectByioT
cnenupuueckue (GaxTopbl, KOTOpPble B OUYE€Hb HU3KUX KOHLEHTPALUAX IOBBIIIAIOT
aKTUBHOCTH ()EPMEHTOB (AKmMuUEamopsl) Vv, HAPOTUB, CHIKAIOT €€ (MHeUOUmMOPDbL).

Perynsiiust  akTuBHOCTH  (PEepMEHTOB B  OpraHU3Me IIPOUCXOAMUT Hepes
anniocmepuyecKuil yeHmp, KOTOPbIi OOBIYHO yJajeH OT aKTHMBHOTO IIEHTpa. DTOT
IpOLECC MPOUCXOIUT Yalle BCEro MO MPUHIMUIY OOpaTHOW OTPHUIATENbHON CBS3H,
KOT/Ia IPOYKT PEAKINH aAJJIOCTEPUUECKH TOIABIISIET aKTUBHOCTH (hepMEHTA.

CHmWKeHHEe aKTUBHOCTH (QepMeHTa HaOmomaeTcs W MNpH  KOHKYPEHIIUH
MHTUOUTOpa ¢ CyOCTpaToM 3a aKTUBHBIM HEHTP EepMEHTa B Cllydyae UX CTPYKTYPHOTO
CXOJCTBA  (KOHKYpeHmHOe  uHzubupoeamue). ITO  BapUAHTBl  OOPATUMOTO
WHTUOUPOBAHUS, MPU KOTOPOM IOCJIE€ YAAJICHUS HHTHOUTOpa aKTUBHOCTH (pepMeHTa
BoccTaHaBinuBaeTcsa. OgHAKO BO3MOXKHO M HEoOpaTHMOE MHIMOMpPOBAHHME BCIIE/ICTBHE
XUMHUYECKOU MOTU(DHUKAIINHA aKTUBHOTO IIEHTPA.

Knaccudpukanus u HoMeHKIaTypa GepMEeHTOB

OCHOBOW TIPUHATON KiIacCU(PUKAIIUU  SIBIACTCS MUN  KAMAIUSUPYEMOTL
Ppeakyuu, KOTOPbIN ABIISIETCS crienuPUIHbIM IS AeicTBUA Tto0oro pepmeHTa.

Cornacio MexayHapoaHoit kinaccudukanuu, (QEpMEHTH NENSIT Ha Wecmy
2/1A6HBIX KNACCOB.
1. Okcuoopedykmaszel -  (GEPMEHTHI, KaTAIU3UPYIOIIUE  OKUCIUTEIHHO-
BOCCTAaHOBUTEIIbHBIE pEAKIMU. B aKTUBHOM LEHTPE OKCUIIOPEAYKTa3 COJEpHKATCs B
KauecTBe KOPEpPMEHTOB 3JIEKTPOHHOAKIIEITOPHBIE WIIM AJIEKTPOHHOIOHOPHBIE TPYTIIIBI
(manpumep: rtem, HAJI+ wumu ®AJ]). K uucny oxcuaopenykraz OTHOCSTCS
JETUIPOTE€HAa3bl, YYaCTBYIOIIME B SHEPreTUUecKux mporeccax. OHM KaTalu3upyror
pEaKIMK OKUCIICHUSI OMOJIOTHYECKUX CyOCTPATOB - YIIIEBOJIOB, OPTAHHMYECKUX KUCIIOT,
AMHHOKHUCIIOT, CHUPTOB, a BBIACIISIONIASICSA MPU STOM SHEPTHUsl 3aTEM aKKYMYJIHPYETCS B
MaKpodpTruueckux cBs3sax aneHosuHTpudocdara (ATD). Umenno ¢ HAJ+ nmu OA]J]
HAYMHAETCSA IMOCIE0BATEILHOCTh OKCUIOPEAYKTa3 B MUTOXOHIPHUSAX  KIIETKH,
Ha3pIBaeMas IIEMBbI0 TKaHeBOro npIxaHusd. OnHa BxiaroyaeT B cebs Takke DOMH,
YOUXUHOH U IIUTOXPOMBI, & KOHEUHBIM aKLENTOPOM 3JIEKTPOHOB U MPOTOHOB SIBJISETCS
(073
2. Tpancghepazvr - pepmMeHTHI, KOTOPHIE KaTaTU3UPYIOT OOpaTHUMBIE pPEaKIIMHU
BHYTPUMOJICKYJISIPHOTO HWJIM MEXMOJICKYJISIPHOTO TIEpeHOoca aTOMOB WU TPYIIIBI
aTOMOB:

RA+R' ==>R+RA



Tpancdepassl y9acTBYIOT B peakIUsix MeTaboIu3Ma, CBSI3BIBAIOIINX MPOIECCHI
oOMeHa yrJIeBOJ0B, OEIKOB U JTUIU/IOB.
3. Tuoponaszer - QepMeHTHl, KaTalU3UPYyIOUIUME peakUuH TUaposn3a, T.€.
peakIuu paclIeIyIeHUsT BEUIECTB C MPUCOETUHEHUEM OJJIEMEHTOB BOJBI MO MECTY
pacuIeIUIIEMON CBSI3U:

R-R'+ Hz0 ==> R-OH + R"-H

['maponaspl MMPOKO MPEJCTaBICHBI B KUBBIX opraHu3Max. K HMM oTHOCSTCS

(depMeHTbl, yYacTBYIOILIHME B IepeBapuBaHUU OEJIKOB, YIJIEBOJAOB WU JIMIUIOB B
KEJIyJOYHO-KUIIEYHOM TpakTe (MpoTeasbl, TJIMKO3MJIa3bl U JUMa3bl COOTBETCTBEHHO).
MHorue ruposa3bl NPUMEHSIOTCS B IMHUILEBHIX TEXHOJIOTUAX.
4, JIuazel - HepMeHTHI, KaTaau3upyOIUe HETUIPOIUTHUECKUI pa3phiB CBs3El
C-C c¢ o0Opa3oBanueM JBOWHBIX CBsizeil. [IpuMepoM Takoil peakIHH CIIyKHUT
pacmierieHue  Gpykro3o-1,6-6uchochara ¢ oOpasoBanmem 1BYX (GochOTpHO3,
KaTaauzupyemoe GepMEeHTOM ajba01a30i:

I|:HEDP{213HE
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H—C—CH
CH,OPO3H, OMOKCHALIETOH- rMALEpanb Ierm-
docdar J-hocdar
pykTo3o-1,6-0ucchocchar
5. H30M€pa3bl - (bepMeHTLI, KOTOpBIC KATAIU3UPYIOT peaKUuu H30-

mepuzanuu. Hampumep, d¢epmeHT rekco3odocdaTuzomepaza KaTaauzupyer
M30MEPHBIE IPEBPALLECHUS T€KCO3!
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CH20PO:H; H,0PO3H;
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6. Juzazet  (cunmemaswvt) -  (QEpMEHTHI, KOTOpPbIE  KaTaJIU3UPYIOT

HEOOpaTUMbIE PEaKUMH CHHTE3a. JTU PEakUMH UIYT C 3aTpaTold IHEPTHM, Yallle
Bcero B popme AT®. Hanpumep, kapOOKCHIMPOBaHUE MUPOBUHOTPATHON KUCIIOTHI
MoJ ACHCTBUEM KapOOKCHUIIA3hI:



ATR+ HO
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MWPOBMHOMPAAH3A KWCNOTA _fhﬂ'p{] u LREeNeBOYKLYCHAA KHCNOTa

BHYTpH OCHOBHBIX KJIACCOB BBIJIETISIIOTCS HOOKAACCHL, HATIPUMED, TUIAPOIIA3bI
0 THUIY TUAPOJU3YEMBIX CyOCTpaToB JeisATCA Ha (PEpMEHTHI, KaTalU3UPYHOLIUe
rUIpoJin3 3PUpoB KapOOHOBBIX KUCIOT (moakiaace 3.1), rauko3uaoB (moakaace 3.2),
npocThix 3¢upoB U THOdGUpoB (moaknacc 3.3), nentuaoB (noxakmnacc 3.4) u 1.4. B
CBOIO OYepeab MOAKIACCHI ACNSTCS Ha MOJMOAKIACCHI, @ BHYTPU MOAMOJKIACCOB
KaXJIbIH (pepMEHT MoTy4yaeT MOpsAKOBBIM HOMEDP. B COOTBETCTBUU C 3TUM KakKAOMY
dbepMeHTy mpucCBaMBaeTCd uYeTbIpex3HauHbIM 1uppoBoil mmdp. Hampumep, mudp
ane- TuixonuHactepasbl KO 3.1.1.7, rae KO - knaccuduxanus gepmeHToB, mudp
ankoronsaerugporenassl - KO 1.1.1.1.

OOmenpuHATHIMU SBIISIOTCS Ha3BaHUS (PEPMEHTOB C OKOHYAHHEM «a3ay,
npuOaBIsieMbIM K Ha3BaHHWIO CyOCTpaTa, IPEBpaIICHHE KOTOPOTO YCKOPSIETCS
JTaHHBIM (pepMeHTOM (HampuMmep, amuiasa ot rped. Amylon - kpaxmai, Wiy jumnasa
ot rped. Lypos - xup u T.1.). DepMeHTHI, KpOME TOTO, UMEIOT Ha3BaHUS, KOTOPHIC
pasnensaioTcs Ha pabounme u cucTematuueckue. Pabodee HazBanme obOpaszyercs u3
o0beIMHEeHNS Ha3BaHUs CyOCcTpaTa, T PEaKIUi U OKOHUAHUS «-a3a».

Hanpumep: nakrat + aeruapores(u3sanus) + aza = JJakTaTAETUAPOreHasa.

CucremMatnyeckoe Ha3zBaHue epmMeHTa GOpMUPYETCs CIEAYIOUUM 00pa3oM:
(Ha3zBaHue cyOcTpaToB (depe3 ApoOb), Ha3BaHUE TUIA XUMHUYECKOTO MpEeBpallleHUs
+ aza). JlakrataeruaporeHasza OyAeT HMEThb CHUCTeMaThyeckoe Has3BaHue «L-
naktaT:NAD+ okcuaopenykrazay.

Pa3nenenue ¢pepMEHTOB Ha KJIacchl CTPOrOe M HE JOIMYCKaeT MPOU3BOJIBLHOTO

M3MEHEHUSI HOMEPOB.
EnuHunbl aKTUBHOCTH (DEPMEHTOB

Kak mnpaBuno, ¢epMeHTbl NPUCYTCTBYIOT B OHOJIOTMYECKUX OOBEKTAX B
HUYTOXXHO MaJIbIX KOHIEHTPAIHIX, MO3TOMY OOJBIINNA WHTEPEC MPEJCTaBISET HE
KOJIMYECTBEHHOE CoOJIepKaHHe (PEPMEHTOB, a WX AaKTUBHOCTb II0 CKOPOCTH
dbepmenTatuBHOM peakuuu. CKOPOCTh peakluu U3Mepsercs mo yosuin cyOcTpaTa
WJIH HaKOTUICHUIO MPOIYKTA 32 CIUHUILY BPEMCHH.

Mesicoynapoonas eounuuya axmuenocmu epmenmos (E) cooTBeTcTBYET
TaKOMY KOJUYECTBY (epMEHTa, KOTOPO€ KaTaIM3UPYyeT MpeBpaileHue | MKMOs
cyOcTpara 3a 1 MUH B ONTUMAJIBHBIX JIJIs1 JAHHOTO (DepMEHTa yCIIOBHUSX.

B Mexnynapoauoit cucreme enunuil (CH) eqununein akTHBHOCTH epMeHTa
ABISCTCS  KaTtan (Kam) - KOIWMYECTBO  (epMeHTa, HEOOXOIUMOe IS
KaTaJIUTUYECKOTO mpeBpanieHus 1 moms cyocTparta 3a 1 c.

XapakTepuUCTUKONW (PEPMEHTATUBHOM PEAKIUU SIBISETCS BEIUYUHA «UUCIIO
000poTOB (hepMeHTa», MOKA3BIBAIOIIAsI, CKOJIBLKO MOJICKYJ cyOcTpara MmoJBepracTcs



MPEBPAIIEHHUIO 32 EIMHUIY BPEMEHH B pacyeTe Ha OJIHY MOJIEKYTy (epMeHTa.

Perymsmuss akTuBHOCTH (EepMEHTATUBHBIX peakiuii MHorooOpaszna. OnHa
MOXET OCYIIECTBIISITHCS 3a CYET U3MEHEHHUs (PAKTOPOB, BIUAIONIMX HAa aKTUBHOCTh
depmenta, B ToMm uwmcie pH, Temmeparypbl, KOHIIEHTpauuu CyOCTpaToB,
aKTUBAaTOPOB U HHTUOUTOPOB.

KauecTBeHHBIE pPe€aKkiun Ha IPUCYTCTBUE (l)epMeHTOB

[IpucyrctBue (¢GepMeHTOB B TKaHSIX JKMBOTHOIO M  PacCTUTEIBHOTO
INPOUCXOXKACHUS MOXKHO OOHApYXUTh 1O HX AaKTUBHOCTU TMPU TOMOIIU
Ka4eCTBEHHBIX pEaKIUH.

OOHapyxkeHHe AKTUBHOCTH KaTAaJa3bl B KPOBU

Kamanaza - OKUCIUTEIbHO-BOCCTAHOBUTENIbHBIA  (PEPMEHT, LIMPOKO
BCTPEYAMOIINICS B JKUBOTHBIX M PACTUTENBHBIX TKaHAX. buomormdeckas poib
KaTaja3bl 3aKII0YaeTCd B PpACIICIUICHUH TOKCUYHOTO [Jisi TKaHEeW NepoKcuaa
BOJIOpOJa, oOOpasyromerocss B  xoA¢  (PU3MOJOTHUYECKUX  OKHUCIUTEIBHO-
BOCCTAaHOBHTEIIbHBIX TPOIECCOB, M B IOBBIIICHHBIX KOJIMYECTBAX - B YCIOBHSIX

IIaToJIOTnuMn
KaTanasa

2H07 ——= 05 + 2HO

Mamepuanwt uccnedoeanusn u peaxkmuewvl. Kpos nepudpuauponannas, 1 %-
U pacTBOP MEPOKCHAA BOAOPOJA.

Ilpuébopwr. 11poOupku, MUMETKU.

Xo0 onpeoenenuna. B mpoOWpKy HAIWMBAIOT OKOJO | MJI KpOBH M 3aTeM
nobasnstor 10-20 kamens pacTBopa mepokcuaa Bojopojaa. Ilpoucxonutr OypHOe
BBIJICJICHUE KUCIIOPOJa, JKUJIKOCTh B MpoOupke BereHuBaercs. [loBTopsitoT npody ¢
MPOKUIITYEHHOU KpOBBI0. OTMEUAIOT pa3auyvue.

O0HapyxeHMe AKTUBHOCTH MEPOKCHAA3BI B KapTodee

OKHCITUTETIPHO-BOCCTAHOBUTEIIBHBIA  (PEPMEHT  mepokcuoaza  THPOKO
pacmpocTtpaneH B mpupoae. OcoOeHHO B OONBIIMX KOJWYECTBAX OTOT (EPMEHT
HAXOJUTCS B PACTUTCIBHBIX TKaHAX (XpeH, Kaptodenb W 1ap.). B opranmsme
KUBOTHBIX TEPOKCHUAA3a COICPIKUTCSA TMPEUMYIICCTBEHHO B KpPOBH, MBIIIICYHON
TKaHW, MOJIOKE. B MOJIOYHOW MPOMBIIINICHHOCTH C TOMOIIBI0 PEaKIUu Ha
MEPOKCHUIa3y KOHTPOIUPYIOT 3P PEKTUBHOCTh MacTepu3alii Moyioka. [lepokcumasa
KaTaIu3UpyeT C TOMOIIBI0 TEPEKUCH BOJOPOJA OKHUCICHHE MHOTHX (EHOJIOB
(HarmpuMep, THAPOXUHOHA, MUPOTajioia, TBasgKkoia, napadeHuwIeHIuaMiuHa 1 Jp.).
Tak, mpu OKHUCICHUH TBasSKOJA C y4aCTHEM IMEpPOKCHAa3bl KapTodens odpasyeTcs
MPOJYKT KOPHYHEBOTO I[BETA:
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Mamepuanwvt uccnedosanus u peakmuent. Crlpoil 1 BapeHblll KapTodenb, 5
%-ii ciupTOBOI pacTBOp rBasikoa, 1 %-i pacTBOp MEpOKCHIA BOIOPOIA.

Ilpuoopei. Hox, mUNeTKy WK KaneJlbHULIbI.

X00 onpedenenun. Ha Toukuii cpes kaptodess (CBIporo U BApEHOT0) HAHOCST
no 1-2 xamiau pacTBOpPOB IBasKojia U Mepokcuaa Boaopona. Ha ceipom kaproderne
oOpa3yeTcsi MSATHO KOPUYHEBOTO LIBETa, 00YCIOBJIEHHOE 00Opa3OBaHHUEM IMPOAYKTa
okucieHnus reaskona. Ha Bapenom kaptodene nsatHo He ob6pasyercs. Heo6xoaumo
OTMETUTh Pe3yibTaThl U OOBSICHUTH PA3IUYUS B OMBITAX C CHIPHIM U BapeHbIM
KapTogeneM.

O0Hapy:KeHHe AKTUBHOCTH KCAHTHHOKCHAA3bI B CHIPOM MOJIOKE

Kcanmunokcuoaza oTHOCUTCS K rpynmne OKUCIUTCIIBHO-BOCCTAHOBUTCIIbHBIX
(bepMeHTOB, Ha3bIBACMBIX OKCUOA3AMU. OKCI/II[aBI)I KaTaJIu3upyrOT OKHCICHUC
MHOTHX OPTraHN4YCCKHX BCIICCTB C YH4aCTUEM KUCJIOPOAA.

H H  oH rMapaTHaA

C=0 + HO S— v fopMa
H T, thopMansaeriaa
H (CHa)z 5 N*(CHg)y CI KCaHTWH-
N c’UH . oKcHgaza
o “0OH I

METUNEHOBLIA CHHAH

(CHz)z = N(CHz)z
HCOOH + HCl +
I
H

GecUBSTHAA BOCCTAHOENEHHAA hopMa

Tak, coxmepxaiasica B KPOBM M B KOPOBbEM MOJIOKE KCAaHTHMHOKCHAA3a
OKHCJISIET MYPUHOBBIE OCHOBAHUS (TMIOKCAHTHUH U KCAHTUH) JO MOYEBOM KHUCJIOTHI,
a TaKXKe pa3INYHbIe aNbJCTUIIBI [0 COOTBETCTBYIONIMX KapOOHOBBIX KHCIOT,
HampuMep, GopManbACTHI 10 MYypaBbUHOW KHCIOTHL. [Ipum 3TOoM akuentopom
aTOMOB BOJIOPOJIa OKUCISAIOMIETOCS CyOcTpaTa MOXKET OBITh KaK KHCIOPOI, TaK U
JIpyTrUe BELIECTBA, HAIPUMEDP METUIIEHOBBIM CUHUM.

Mamepuanwl uccneoosanusn u peakmugovl. MoI0KO CbIpO€ U KUIISTYEHOE,



1,5%-11 pactBop popmanbsaeruna, 0,02 %-it pacTBOp METHIICHOBOTO CHHETO.
Ilpuéopot. 1llTaTuBel ¢ TpOOMpPKAMH, TUTIETKA 00BEeMOM 1 MiI, BoAsHAs OaHS.

Xo0 onpeoenenua. bepytr npe mpoOUpPKU, B OJIHY HAJIMBAIOT OKOJO 5 MJI CBHIPOTO
MOJIOKa, B APYTYIO - 5 MJI KUIITYCHOTO MOJioka. B 00e mpoOupku mobaBisioT mo 1
MJI pacTBopa (opMmanbiaeruaa U 4 Karid pacTBOpa METHICHOBOro cuHero. CMech
B30aNTHIBAIOT M CTAaBAT B BOJsAHYIO OaHio ¢ Ttemmeparypoir 37—40°C. Yepes
HEKOTOpPOE€ BpeMs MOJIOKO B TIEPBOM MPOOMPKE OOECIBETUTCS BCIEICTBHE
KaTaJIM3UPYEMOT0 KCAaHTHHOKCHIA301 BOCCTAHOBJICHHS METHJICHOBOTO CHHETO H
IpEBpaIeHuUs MOCIAEAHETO B HEOKPAIICHHYI0 BOCCTaHOBIICHHYIO opmy. [Ipu sTom
dbopmanbaeTHT OKUCISAETCS B MYpPaBbUHYIO KHCIOTYy. Bo BTOpoil mpoOupke c
KHISYCHBIM MOJIOKOM OOECIIBEYMBAHHUS METHUJICHOBOTO CHHEr0 HE MPOU30HIET
BCJICJICTBHE TETUIOBOM JieHATypaIuu (hepMeHTa.

O0HapykeHHe AKTUBHOCTH aMHJIa3bl B CJIIOHE

IMuaponutuyeckuit GEepMEHT CIIOHBI d-AMUAA3a@ KaTaTU3UPYET PEaKIIUIO
ruaposaus3a o-1,4-TIMKO3UIHBIX CBsi3ed Kpaxmajaa ¢ oOpa3oBaHUEM Jucaxapujia
ManabTO3bl.  PacmierieHme  kpaxmajga HACT 4Yepe3 CTaauh  00pa3oBaHMUs
MPOMEXYTOUHBIX MPOAYKTOB THIAPOJN3a, HA3BIBAEMBIX JEKCTPUHAMHU, KOTOPHIC
JAI0T ¢ pacTBOPOM H0/1a pa3IMuHOE OKpaAITUBaHHE:

Kpaxman CUHAA OKPACKa C A0OOM
|
aMWNOEKC TPHHE CHHAA OKPacka ¢ AoaomM
|
3PUTPOASKC TPWHI KpacHo-Gypana oKkpacka ¢ HomoMm
|
AXPOAEKT TPUHLI OTCYTCTEWE OKPACKH C HOOOM
|
ManLTo3a OTCYTCTEME OKDPACKW C HOA0M

JIeKCTpuHBbI, OJIM3KKE MO CTPOCHUIO K KpaxMmaly (aMUJIOJEKCTPHUHBI), JAIOT
CHUHE-(UOJIETOBOE OKpAIIMBAHUE C MOJOM, 3PUTPOJAEKCTPUHBI - KpacHO-O0ypoe,
axpOJICKCTPUHBI U MaJIbTO3a BOOOIIE HE TAIOT OKpAIIUBAHMUS.

Mamepuanwst uccneoosanusn u peaxmuest. Cirona, pazoasiennas B 10-20
pa3, 1 %-ii pacTBOp Kpaxmaia, pacTBOp Moaa.

Ilpuéopot. 1IpoOupky, CTEKISHABIC AJT0YKH, YACOBBIC CTEKIIA.

Xoo0 onpeodenenusn. B npodupky Hamupaiot 5-10 M 1 %-ro pacTBopa Kpaxmajna u
okoio 2 wmu pasbaBieHHod B 10-20 pa3 cmrorsl. Conepkumoe MPOOUPOK
MePEeMEIIMBAIOT M CTaBsAT B BOJSHYI0 OaHio ¢ Temmeparypoi 37—40°C. 3arem



yepe3 2, 4, 6 1 8 MUH CTEKJIIHHOW MaJOYKOM W3 mpoOupku orOuparor 1-2 kamiu
pacTBOopa Kpaxmajga M CMEUIMBAIOT Ha YaCOBOM CTEKJIE C OJHOW Karuled pacTBopa
rona. BHauane )uaKoCTh ¢ lo1oM OyAeT AaBaTh CUHEE OKpaAlIMBaHUE, 3aT€M Karliu
MOCTETICHHO OyyT OKPAIIMBATHCS MOJOM B TEMHO-KOPHYHEBBIM, KpaCHBIN IBET H,
HAKOHEII, MePECTaHyT OKPAIIMBATHCS COBCEM (OCTAHETCS JKENIThIN I[BET 0/a).

O0HapykeHre AKTUBHOCTH ypea3bl B COeBOIl MyKe

Ypeasza - bepmenT knacca ruaposnas, KaTaau3uPYOIIUA THAPOIN3 MOYCBHUHBI
JI0 TMOKCHUJA YTiepojia U aMMHaKa:

NHz ypeasa
O=C, +HO —— COz + 2NH:
NHz

VYpeaza comepKHUTCSI B COEBbIX 000ax, CHHTE3UPYETCS HEKOTOPBIMU
MUKPOCKOITMYECKUMU TprubamMu 1 OaKTEpUSIMH.

Mamepuanwt 0na uccnedosanua u peakmueot. CoeBast Myka, 2 %-il pacTBop
Mo4eBUHBI, 1 %-i1 pacTBOp (peHonPranenna.

Ilpuéopw. 11ltaTuB ¢ npoOMpPKaMU, MUNETKA EMKOCTBIO 5 MJI, BOJsIHAs OaHsl.

Xo00 onpeoenenun. B nBe npoOMpPKK HAIUBAIOT MO 5 MJI pacCTBOpa MOYEBHUHBI
u BHocAT mo 0,5 r coeBoil mMyku. Bo BTOpyro mpoOupky g00aBisIOT 2 Kariu
denondranenna. Comepxrumoe 00eux MPOOUPOK BCTPSIXUBAIOT U MPOOUPKU CTABST
Ha 5-10 muH B BomsaHywo OaHio ¢ Temmeparypoil 37—40 °C. AKTUBHOCTH ypeasbl
OTNPEACIAIOT IyTeM OOHapy)XeHHUsS aMMHuaka. BeigeneHne aMMuaka B IIEPBOM
npoOUpKe OMpEeNessioT MO XapaKTepHOMY 3amaxy Wi MO TMOCHHEHUIO BIIaKHOU
JaKMyCOBOM OyMakku y oTBepcTHsl mpooupku. ColaepkumMoe BTOpOH HpOOUpPKHU
npuoOpeTaeT MaJWHOBYIO OKpAacKy BCJEACTBHE CMEILEHUS pEaKUHH Cpeabl B
LIEJIOYHYIO0 CTOPOHY 3a CUET 00pa30BaHMs aMMHUAKa.

CneunduvHocTh AeiicTBUA pepMeHTOB

®epmeHTH crielu(PUIHBI B OTHOIICHUH KaK THIMA KaTAIU3UPYEMBIX PEaKIui,
Tak ¥ cyOCTpaToB, Ha KOTOpbIE OHU JEHCTBYIOT. Tak, amuiaza CIIOHBI YCKOPSET
THAPOJIN3 TOJIBKO MOJUCAaXapuI0B, HE OKa3biBas JAEHCTBHS Ha Oenku. ChIuyKHBIMA
dbepMeHT BO3ACMCTBYET Ha Ka3eMH MOJIOKA, HO HE BIUSET Ha MOJUcCaXapu/bl U T. JI.

Mamepuanst uccnedosanun u peaxmuevl. 1 %-ii pacTtBOp Kpaxmaina,
MOJIOKO, CitoHa, pazOaBineHHass B 5-10 pasz, 0,1 %-it pactBop #Homa B 0,2 %-m
pacTBope Hoaunaa kanus, 1 %-il pacTBOp ChIUYy>KHOTO (pepMEHTA.

Ilpubopwt. 11lpoOupku, BojsiHasE OaHs, TUMETKU €MKOCThIO 1 1 5 M.

X00 onpeodenenua. bepyTt uetbipe NpoOUPKHU, HyMEPYIOT ux. B npobupku 1 u
2 HaJIMBAIOT MO 5 MJI pacTBOpa Kpaxmaja, a B mpoOupku 3 u 4 - mo 5 mi MoJoKa.



3ateMm B npooupku 1 u 3 BHOCAT 1o 1 Mi1 pa30aBiIeHHOMN CIIIOHBI, @ B TPOOUPKH 2 U
4 - mo 1 M pacTBopa ceiuyxHoro ¢pepmenta. Bee 4 mpoOupku Ha 10-15 MuH cTaBsr
B BO/IsIHYIO OaHio ¢ Temneparypoit 37/—40 °C. Ilo ucteyeHun ykazaHHOTO BpEMEHU
HaA0JII0/1al0T MPOU3OLLIE/IINE U3MEHEHHS B MPOOUPKAX C MOJIOKOM, a paclierieHue
Kpaxmajia MpOBEPSIIOT Ao0OaBiIeHUEM B MpoOupKu 2-3 Kamelb pacTBOpa ioja B
nonune xanus. [lomydeHHble pe3yJabTaThl 3aHOCAT B TaOJIHILY

Omnpenenenue cnennGpuuHOCTH PepMEHTOB

CyobcTpaTsl 1 (hepMEHTHI Homepa npobupoxk
1 2 3 4
Kpaxman + + - -
Kazenn monoka - N + T
Amunaza + - + -
ChIuy>KHbIH (pepMEHT - n - ¥
H3meneHune 1iseTa pacTsopa

Pe3ynbpTarhl onbiTa OOBSICHSIOTCS TE€M, YTO CTBOpaKMBAaHHE OelKa MOJIOKa
MIPOUCXOJIUT BCIEACTBUE YACTUYHOIO THAPOJIN3a Ka3€UHA MPU YUYACTUU ChIYYKHOTO
dbepmMenTa, a Kpaxmaj paculerIgeTCsl TOJIbKO MO IEMCTBUEM aMHJIa3bl CIIOHBI.

TepmosaduabHOCTH GepMEHTOB

OnHuM U3 XapaKTEpPHBIX CBOMCTB (PEPMEHTOB SABIISIETCS MEPMOAAOUTLHOCHLD,
T. €. YyBCTBUTEJIBHOCTh (PepMEHTA K HEOOIBIIUM U3MEHEHUSIM TEMIIEPATypPhl CPEbI.
BonpmumHcTBO (hepMEHTOB Npu HarpeBaHuu Bbilie TemnepaTtypbl 70°C yTpaunBaroT
CBOM KaTaJUTUYECKHE CBOMCTBA - MWHAKTUBUPYIOTCSI. CTENneHb HWHAKTUBALUUH
3aBUCUT OT JUJIUTEIBHOCTH TEIUIOBOTO BO3JAEHCTBUSA. B  TepmosiaOuiabHOCTH
bepMEeHTOB MOXHO YOEIUTbCsl MpPHU HCCIEIOBAaHUM THUIPOJIM3a Kpaxmaia cC
IIOMOILBIO AMUIA3bI.

Mamepuanwl uccnedosanusn u peakmuegnt. 1 %-ii pactBop Kpaxmaia, CIOHa,
pazbasnennas B 10 pa3, 0,1 %-it pactBop iona B 0,2 %-m pacTBOpe HoauIa Kaaus.

Ilpuébopwr. 1lpoOupku, BoasHas 6aHs, TUNETKH Ha 1 1 5 M1

X000 onpedenenusn. B oaHy u©3 MNpoOUPOK HAIUBAOT OKOJO 1 M
IPOKUIITYEHHOW B TeUeHHE 5-8 MUH pa30aBI€HHON CIIOHBI, B APYTYIO - OKOJIO 1 Ml
HEKHUIISTYEeHOHN pa30aBiIeHHON CitoHBL. B 00e npoOupku HanMBaroT 1o 3 Mil pacTBopa
kpaxMmaiua. Coaep:xumMoe MpoOUPOK MEePEMELINBAIOT, U MPOOUpPKU nomeniatoT Ha 10
MUH B BOJISIHYIO OaHIo ¢ Temmneparypoiut 37—40°C.

3ateM B 00e mpoOupKH MpuOaBISAIOT 1Mo 2-3 KAl pacTBopa Hojaa U Mo
OKpacKe CMeCel JIeNat0T BbIBOIBI O MPOTEKAHUHU THIPOJIN3a KpaxMalia.



Bausinue pH cpeabl Ha aKTUBHOCTD (DEPMEHTOB

Jns  pasHbIX (QEepMEHTOB CYIIECTBYIOT OIpeiesieHHble 3HaueHus pH
(KUCIIOTHOCTH pacTBOpa), MpU KOTOpoM (pepMeHT HamboJiee akTuBeH (ontuMyM pH).

Hanpumep, mns nencuna ontumym pH 1,5-2.5, ana menounoit gocdarass
pH 9-10 u T.4. s amuiiazel caroHbl ontumMyM pH 6,8; B KHCIIOM M IENOYHOM cpene
aKTUBHOCTh aMuiia3bl CHmkaercs. OntumyM pH Ui amunassl CIIOHBI MOXHO
YCTAHOBUTHb MPU OMNPEIEICHUU CTENEeHU THUAPOIU3a Kpaxmana OpH pPa3IudHBIX
3HaueHusx pH. O pacumieruieHHM Kpaxmaia CyAsT MO €ro peakiuu ¢ pacTBOPOM
vona. llpu omnpenenenHom 3HaueHun pH pacuienieHme kpaxmanaa TPOU30UIET
MOJHOCTBIO, HO IO MEPE YJAJE€HHs OT 3TOM TOYKHU B KHUCIYIO HIIH IIEJTOYHYIO CPELY
pacuierieHue Kpaxmala MPOU30MIeT YaCTUYHO WIIM K€ Kpaxmall COBCeM He OyneT
pacUIeIUIATHCA.

Mamepuanwt uccneoosanua u peaxkmuesl. CiroHa, pasdasienHas B 10-20
pa3, 1 %-it pacTBop Kpaxmanua, pacTBop iona, Oydepusie pactBopsl ¢ pH 3,0, 7,0 u
9,0.

Ilpuéopwr. 1tatuB ¢ mnpoOHpKaMu, TEepMOCTAT WM BoAsiHas OaHd
temmneparypoit 37—40°C.

X00 onpeoenenus. B Tpu mpoOUpPKH HaIWMBAaIOT To 3 MJI pa3OaBICHHOM
citoHbl. B mpoOupku cooTBeTcTBEHHO 100aBisA0T 1 Mi OydepHoro pactBopa ¢ pH
30, 70 mw 9,0 u mo 3 wma pactBopa Kpaxmana. Conaepxumoe MNpoOHUPOK
NEPEMEIINBAIOT U CTaBAT B BOJAHYIO OaHio. Uepe3 10 MuUH mpoOUpPKU BBIHUMAIOT,
JN00aBISAIOT B KaXKIyH0 MO 2-3 KaIljld pacTBopa i0/1a U MO0 OKPACKE KUAKOCTU CYIST
O CTENEHM TUIpoJih3a Kpaxmajua. Pe3ynpTaTbl HAOMIOACHUN 3aHOCAT B TaOJIULy U
JeNatoT BbIBOJ 00 ONTUMAaIbHOM 3HaueHuu pH s neiictBusa gpepmeHTa aMumiassl.

Omnpenenenune ontumyma pH amunaszbt

Howmep npobupku pH pactBopa Oxpacka ¢ HogoM
1 3,0
2 7,0
3 9,0

BiusiHne aKTUBATOPOB U MHTHOMTOPOB HA AKTUBHOCTH
(¢pepmenToB

AKTUBATOPHI 1 UHTHOUTOPHI IPSIMO MJIH KOCBEHHO (JNTOCTEPUYECKU) BIUSIIOT
Ha aKTUBHBIA HEHTP (EepMEHTa M HU3MEHSIOT €ro KaTaJTUTUYECKYH) aKTHBHOCTb.
AKTHBaTOpaMu 4acTO CIIy>KaT MOoHBI MeTasuioB | unu Il rpynm, HEKOTOphIe aHUOHBI,
TPUTIETITU]T TTyTaTUOH U Ap. MHruObuTOopaMu MOTYT OBITH COJIUA TSKETBIX METAJIOB,
MPOMEXYTOUHBIE WJIM KOHEYHBIE TMPOIAYKTHI pPEaKUUH, CTPYKTYpPHBIE aHaJIOTH
cyOCcTpaToB, HEKOTOpble OelKHM M Jpyrue BemiecTBa. JleiicTBHe aKTHBAaTOPOB H
UHTHOUTOPOB MOKHO HAOJIIOAATh HA IPUMEPE aKTUBHOCTH aMHJIA3bI.

Mamepuanvt ona uccnedoeanus u peaxkmuewl. CitoHa, pazdaBieHHas B 3-5



pa3, 1 %-# pactBop kpaxmana, 1 %-ii pactBop xmopuma HaTpus, 1 %-i pacTBOp
cynbdara Meau, pacTBOp Hoja.

Ilpuéopot. 1lltatuB ¢ mpoOupkamu, MUMETKH oObemMoM 1 1 5 miL.

X00 onpeoenenusa. B Tpu mpoOUpKH HAIMBAIOT MO 3 MJI pa30aBlIeHHOU
cioHbl. B mepByto mpoOupky nobaBmsitoT 1 M pacTBopa XJjopuja HaTpus, BO
BTOopyto 1 mia 1 %-ro pactBopa cyinbdara Meau, B TpeTbio - 1M1 Boabl. 3aTeM B
K&Ky NpoOHpPKY OTMEpHUBAIOT MO 1 MJI pacTBOpa Kpaxmaja M OCTaBISIOT MPHU
KOMHATHOW Temmeparype Ha 15 MuH.

Hanee u3 xaxaon npodbupku otOuparot mo 0,5 MJI COAEPKUMOTO B Apyrue
npoOupkH, AO0OABISIIOT TyJa O Karule pacTBopa Hoaa um HabmonaroT okpacky. To
K€ camMoe€ MPOJEINIbIBAIOT JIBaXK/bl C MHTEPBAJIOM B 5 MUH. Pe3ynbTaThl 3aHOCAT B

TaOJIUIlY U JIeJIal0T BHIBOJIBI.
Onpenenenrie akTUBATOPa U MHTHOUTOPA aMUJIA3BI

BpeMst peakiuu, MUH Oxpacka ¢ Honom
NaCl CuSOq4 H20
5
10
15

MeTtoabl KOJIH4ECTBEHHOTO OMpPe/ie/ieHUs AKTUBHOCTH (hepMEHTOB

AKTUBHOCTbH (hepMeHTa OOBIYHO ONPENEIAIOT 10 CKOPOCTU YObUIH cyOCcTpaTa
WIM 10 CKOPOCTH HAKOIUIEHUS MPOAYKTOB pEaklUMH. 3a €IWHUIY aKTUBHOCTU
depMeHTa TPUHAT Kamaa (KaT), PaBHBIM KOJIMYECTBY (EepMEHTa, KOTOpPOE
KaTaJau3upyeT npespamienne 1 Moms cyoctpara 3a 1 ¢. Kpome toro, mpumensitoTcst
KPaTHBIE €IMHMIBI, HAaTpuMep, 1 HKat (HaHOKaTan), paBHblii 1 ¢ 10 katana. Bonee
HIUPOKO YMOTPEONSIeTCS MEXKIyHapoJHas €IUWHUIAa AaKTUBHOCTH (DEPMEHTOB.
AKTUBHOCTb B MEK/IyHApOJIHbIX €IUHUIIAX COOTBETCTBYET KOJIMUYECTBY CcyOcTpaTa B
MUKPOMOJISIX, TpeBpamieHHoro 3a 1 wmuH: 1E = 1 MkMmons/mMuH. YaenbHas
aKTMUBHOCTh - 3TO OTHOIIEHHE aKTUBHOCTH K MAacCe€ OYMILEHHOro ()epMEHTa WU K
Mmacce Oenka. OHa BbIpaxkaeTcsi B KaT/Kr uinu E/mr.

Onpez[e.ﬂeHne AKTHBHOCTH JIMIIA3bI

['unponutnueckuit GepMEHT Junaza MUPOKO PAaCIPOCTPaHEH B TKAHSIX KUBOTHBIX U
pactenuii. OCOOEHHO MHOTO €ro COACPKUTCS B MOJKEIYAOYHOM jKene3e, TKaHIX
MBIIIIL, CEMEHAX Pa3JWYHBIX PACTCHMI; TAaK)KE€ B 3HAUUTENIbHBIX KOJUYECTBAX €ro
00pa3yloT IMJecHeBble TpuObl W HEKOTOpble OakTepuu. Jlumaza kaTtanusupyet
pEaKIUI0 pacUIeIUIEHUsl KUPOB Ha TJUMUEPUH M JKUPHBIE KHUCIOTHI, KOTOpas
HAaYMHAeTCd OOBIYHO C OTIUEIUIEHHS OCTaTKa >KUPHOM KHUCIOTHL B IEPBOM
MOJIOKEHUU:



CH;—0OCR mnasa - Chp—OH
CH—OOCR + H,0 ——= CH—OOCR + RCOOH
CH.—OOCR CH;—OOCR

[TonyueHHbIE IPU 3TOM KUPHBIE KHCIOTHI MOKHO HEUTPAIM30BATh IIEI0YbIO.
[lo Konu4ecTBY LIEIOYHU, MOUIEAIICH HA TUTPOBAHUE CBOOOHBIX >KHUPHBIX KHCIOT,
o0pa3yomuxcsi 3a ONPEAEICHHBIN MPOMEXKYTOK BPEMEHH, CYyAST 00 aKTUBHOCTH
JUTA36L.

Mamepuanst uccnedosanus u peakmugbl. MOJOKO MNacTEPU30BAHHOE,
numnasza nomxenynounou xenessl, 0,1 H. u 0,01 H. pacTBOpBI TUAPOKCHAA HATPHS,
0,1 %-i1 pactBOp (peHONTATCHHA.

Ilpuéopwer. Konbsl xonnyeckue oobemom 100 mii, rpagyrpoBaHHasi MUIETKa
eMKOCThIO 1 mi1, BogsiHast 6aHs, TepmocTtaT Ha 37 °C.

Xo0 onpeodenenusa. B xon0y ormepuBaroT 50 M1 macTepru30BaHHOTO MOJIOKA,
npubastoT 3-5 kamenb heHondTanenna u HerTpanmusyoT 0,1 H. pactBopom NaOH
70 c1a00-pO30BOT0 OKpalIuBaHUs, HE ucye3aromero B TedeHue 30 c¢. 3atem Koialy
CTaBAT Ha 3-5 MUH B BOJsHYI0 OaHIO ¢ Temiepatypoii 37-40 °C u mocie 3Toro B Hee
n00aBISAIOT 3 MJI pacTBOpa JUMasbl (3amedas mpu 3ToM Bpemsi). CoaepkuMoe KoIObl
THIATENIbHO TMEepPEeMEIINBAIOT, OTOMPAIOT B KOHUYECKYI0 Koi0y 5 M cMmecw,
OXJIAXKJIAIOT IOJ CTpyEel BOJOIPOBOJHOU BOJABI U TUTPYIOT U3 Mukponunetku 0,01
H. pactBopoM NaOH. IlomyuyeHHbsle pe3ynbTaThl BBIPAXKAIOT TpaUUEcKH,
OTKJIaJbIBasi IO BEPTUKAIM KOJIMUYECTBO moueanero Ha turpoanue 0,1 H. pacTBopa
NaOH, a nmo ropuzoHTanu - BpeMs MHKyOauuu. Beluucisior akTUBHOCTH (A) B
MKMOJI/MUH 110 (popmyJie

A=(V-Vy)50/(51)
rie A - aKTUBHOCTb JMMAa3bl B MKMOJb/MHUH; Vo - 00beM pacTBopa IIEIOYH,
MOUIEIINNA HAa HEUTpaau3alyio MOJOKa B Hayaje J3KcrnepumeHta; Vi - o0beM
pacTBopa IeJI0YH, MOLIEAIINNA Ha TUTPOBaHUE 5 MJI CMECH B KOHUE ombiTa; 50 -
o0beM MOJIOKA, B3ATbI Ha aHaiu3; 5 - 00bEM pEaKUMOHHON CMECH, B3ATbIH Ha
TUTPOBAHUE; - BpeMs IKCIIEPUMEHTA.

Onpez{enenne AKTHBHOCTH TPUIICHHA

Tpuncun OTHOCHTCS K KJaccy THAPONA3, MOJAKIACCY MENTUIATHIPOIIA3
(mpoteonutudeckue (epmeHTsl). OH KaTaMU3UpPyeT PEAKIHI0 PaCIICTUICHUS
NENTUAHBIX CBsi3ed B Oenkax W nonwmnentuaax. OO0 aKTHBHOCTH TPUIICHHA MOXKHO
CYIIUTh 0 HApPACTAaHWID aMUHHOTO a30Ta B PEaKIIMOHHOW cpene, Iic B KauecTBE
cyOcTpara HCIOIb3yeTCs Ka3eHH.

Mamepuanst uccnedosanus u peakmugpl. PacTBOp Ka3enHa, pacTBOP
Tpunicuna, 0,1 H. pacTBOp TUAPOKCHAA HATpHs, pacTBOp hopmanuHa (popmoin), 1%-
i pacTBOp QeHonPTaneHHa.



Ilpuéopwr. Konbsl kornmdyeckue eMkocTbio 100 My, munerka oobemom 10 mur,
BOJsiHast Oansi, Tepmoctat Ha 37 °C.

Xo00 onpedenenua. B xonOy otmepuBaroT 50 M pacTBopa Kas3euHa,
MOJOTPEBAIOT Ha BOJASHOW Oane mo TemmepaTypbl 35-37 °C u mpubaBmsaoT 1 mi
tpuncuHa. Cpa3y oréupator 10 Ma pacTBopa U ONpEeNsIlOT B HEM aMHHHBINA a30T
MeTooM (hopMoabHOTO TUTpoBaHus. Konly ¢ Ka3eMHOM M TPUIICHHOM CTaBAT B
tepmocTat npu temnepatype 37 °C, 3atem yepe3 30, 60 u 90 mun otOuparoT mo 10
MJI pacTBOpA U B OTOOPAHHBIX MPOOAX OMPEACNSIOT COAep)KaHNe aMUHHOTO a30Ta.

OnpenesieHne aMMHHOTO a30Ta MeTOA0M (GOPMOJILHOIO TUTPOBAHUS

K 10 M uiccaeayemoro pactBopa npuOaBisioT 5-6 Karenb heHoxdTaaenna u
tutpytoT 0,1 H. pactBopoM NaOH 10 cmabo-po3oBoro okpamniuBanus (He 3aMUCHIBas
o0bemM). 3aTeM B pacTBOp n00aBisitoT 2 mu gopmorna u BHOBb TuUTpyroT 0,1 H.
pactBopoMm NaOH no cimabo-po30Boro okpammuBaHus (3amuckiBas 00beM).

[IpupocT aMUHHOTO a30Ta BBIPAXKAKT TpadUUYECKU, OTKJIAABIBAS IO
BEPTUKAJIU KOJMYECTBO AMHHHOTO a30Ta, a 10 TOPH3OHTAIN - BpEeMsl MHKYOaIuu.
AKTUBHOCTbH TpUIICHHA (A) B MKMOJIb/MUH BBIYHUCIISIIOT 110 (hOpMyIie

A= (Vi- V) 50/ (10 1),

rie A - aKTUBHOCTb TPUIICMHA B MKMOJB/MHUH; Vo - 00BE€M pacTBOpa WIEIOYH,
MONISANINA HA THUTPOBAHHE PEAKIIMOHHOW CMECH B Hayaje JKclepumeHTa; Vi -
o0beM pacTBOpa LIEJNOYH, MOMIEAIINI Ha TUTpoBaHue 10 MJI cMecu B KOHIIE OIBITA;
50 - oObem MooKka, B3sThIM Ha aHanu3; 10 - 00bEM peaKkIMOHHON CMECH, B3STHIN Ha
TUTPOBAHUE; - BpeMsl IKCIIEpUMEHTA.

OnpeneseHne aAKTUBHOCTH AMIJIA3bI
Onpenenenne aKTHBHOCTH aMHJIA3bl METO/IOM CePHITHBIX pa3BeleHUI

MeTron OCHOBaH Ha ONPENEICHUM HAUMEHBILETO KOJUYECTBA AMU/IA3bL,
MOJIHOCTBIO  PACUICIUISIIONIEH TMpU CTAaHAAPTHBIX YCIOBUAX (ONTUMalIbHOM
3HaueHuu pH u Temmeparypsl) Bech [J00aBICHHBIM Kpaxmaia. AMwuiasHas
AKTUBHOCTH CJIIOHBI BBIPAXAETCS B YCIOBHBIX eAuHUIaXx (y.e.) no koauyectsy O/]
%-ro pacTBOpa Kpaxmaja, paclleriieMoro 1 M Hepa3BeJAEHHOU CIIOHBI MpHU
temnepatype 37 °C B teyenne 30 muH. B HOpMe aMuIiia3Hass aKTUBHOCTh CIIFOHBI
paBHa 160-320 y.e.

Mamepuanwl uccnedoeanusn u peakmuewt. Cirona, pazoasnensas B 10 pa3
(1 M cmronbl cmemmBaT ¢ 9 mia Boabl), 0,1 %-ii pacTBop Kpaxmaia, pacTBOP
Moja B Hoauae Kajus.

Ilpuébopwr. lllTaTuB ¢ npobupkamu, numnerka oobemom 1 M, TepMOCTaT Ha
37 °C.



Xo0 onpeoenenusn. B 10 npobupox HanmmBaroT 1o 1 mi Boawl. Jlamee B
nepByo mpoOupky a00aBnaioT 1 mu pazbaBineHHor B 10 pa3 CIIOHBI U XOPOIIO
MepeMEeIMBaOT. 3aTeM | MJI KUJIKOCTH U3 TEPBOM MPOOUPKH MEPEHOCSAT BO
BTOPYIO IPOOUPKY U TakKe TIHIATEIHHO MEPEeMEInBaioT. B TpeTbio npobupky u3
BTOPO mepeHocar 1 mut xuakoctu u T. 1. U3 mocnegnen (mecstoil) nmpodupku 1
MJI CMECH BBUIMBAIOT. B Kaxayio mpoOupKy BHOCST o 1 MII pacTBopa Kpaxmaia u
nepememinBaioT. Bce mnpobupku mnomemaior Ha 30 MUH B TepMocCTaT Mpu
temmepatype 37 °C. [locne uHkyOanuu mpoOUpPKU OXJIAKIAIOT BOJOMPOBOAHON
BOJIOM M A00aBisOT 1o 1-2 kamum pactBopa ioaa. KuiakocTe B mpoOupKax
OKpaIllMBaeTCsI B JKEJITHIM, pO30BBIK © (HOJETOBBIM 1BeT. Pe3ynbrarsl
HaOJI0ICHUN 3aHOCAT B TaOJIUIY

Oxpacka c PasBenenue citoHbI B mpoOupKax

nogaoM (Homepal 1 2 3 4 5 6 7 8 9 10
Mpo6upoK) 1/20| 1/40| 1/80| 1/160 | 1/320 | 1/640 | 1/1280 | 1/2560 | 1/5120 | 1/10240
Kenras

Po3oBas

duoneroBas

OTMedaroT MOCHEAHIOI MPOOUPKY C JKENTOM OKpPAacKOM KHIKOCTH, T
TUAPOJIN3 Kpaxmaa Ipolles MOJHOCTBIO, U AEJIAI0T pacyeT aMUJIa3HON aKTUBHOCTHU
CJIFOHBI.

Ilpumep. JlonycTum, 4TO KeJTasi OKpacka MOsIBUIIACh B YETBEPTOM poOupKe,
rae ciatoHa Obuia pasbaBieHa B 160 pa3. YMHOXKUB BEIUUYMHY pa3BeAeHUs Ha 2
(pacTBOp Kpaxmaljia B ONbITE B MWUIMJIUTPAX), MOJYyYUM aMUIa3HYI0 aKTUBHOCTb
JJ1s1 JTaHHOTO pacTBopa: 160 « 2 =320, T. €. oA BIUSHUEM aMUIa3bl, COJAEpKALIEHCS
B | Mn Hepa30aBieHHOM CiIOHBI, Hpouzonuio pacuemiaedue 320 ma 1 %-ro
pacTBopa Kpaxmada.

Onpeodenenue akmueHocmu anvha-amunazsl YomMoKoaopuUMempu4ecKum
Memooom

Mamepuanwt uccnedosanusn u peakmuesl. Cirona, pazoasiennas B 10 pa3 (1
MJI CJTIOHBI CMEIMBAOT ¢ 9 M Bojbl), 0,15 %-i pacTBOp KpaxMasia-mHAUKATOPA,
pactBop Mona B Hoamae kanus (Daoo = 0,22 + 0,01). [Ipurorosnenue pactBopa
KpaxMmaja: B3BeCUTh 1,5 T' Kpaxmaja-uHAMKATOpa, MEPEHECTHU B MEPHYIO KOJIOy
BMecTUMOCThI0 100 wmi, moGaButh okojo 30 M AUCTWIIMPOBAHHOW BOJIBI,
MOMECTUTh B KHUISIIIYI0 BOASHYIO OaHIO NpPH IMOCTOSHHOM MEPEMEIIMBAHUU 10
nosiBfieHust onaiecueHuun. KonOy oxnaguth, no6aButh 10 M ameraTHOTO
Oydpepuoro pactBopa (pH 4,7), o0sem B koaOe moBectd g0 100 wur
JTUCTUJTMPOBAHHOU BOJIOM.

Ilpubopwr. 1lltatiB ¢ mpoOupkamu, KOJObI OMKOCTBIO 50 MII, THUIETKH
oobemoM 1 u 10 mi, TepmocTtat Ha 37 °C, HOTOIIEKTPOKOIOPUMETP.



X00 onpedenenun. 5 MI1 UcCllelyeMOro pacTBopa (pepMeHTa BBIIEPKUBAIOT B
tepmoctate npu temneparype 30 °C B Tedenue 5-7 MuH, 3arem q00aBisaoT 10 Mo
pacTBopa Kpaxmaia. MakyOupyroT B TepmocTate nmpu Temieparype 30 °C B TeueHwne
10 mun. U3 cmecu orouparoT mmo 0,25 mut, momMeniarT B K010y, KyJa 3apaHee BHOCST
25 min opHoro pearenta (Dago = 0,22 + 0,01). I3MepsAOT ONTUYECKYIO IIOTHOCTh
(A, =670 uM) Ha criekTpooTOMETpe B KIOBETE C TOJMLIUHOM ciiost 10 MM.

AKTUBHOCTb a-amMuJia3bl (A) pacCUUTHIBAIOT 11O (hopmyie

(DK' DO)/DK.O,l =C,

3nech Dy - omTHueckas IUIOTHOCTh KOHTPOJBHOTO pacTtBopa; Do - onmTuueckas
IJIOTHOCTh OMBITHOTO pacTtBopa; C - 0e3pa3MepHas BEIMYMHA, BbIpakaromas
COOTHOIIICHHUE ONTHUYCCKUX INIOTHOCTEH OMBITHOTO W KOHTPOJBHOTO PAcTBOPOB

(0,02 < C<0,07).

A =(7,26 « C-0,03766) /a
rae A - akTUBHOCTD alib(pa-aMuiasbl; a - pa3BeJICHUE.
OnpeneneHne aKTUBHOCTH KaTaJIa3bl

depMeHT KaTalia3a COJEPKUTCS B CHIPOM MOJIOKE, 0COOCHHO MHOTO KaTajiasbl
HaxXOJHUTCS B MOJIO3MBE M B MOJIOKE, IIOJYYCHHOM OT J>KMBOTHBIX, OOJBHBIX
MacTuToM. KaTamaza mpUCyTCTBYET TakKe B KPOBHM YEJIOBEKA M JKUBOTHBIX U B
MOOBIX PACTUTEIBHBIX M JKMBOTHBIX TKAHSAX, SBISSACH OJHHM M3 KOMIIOHCHTOB
AHTUOKCHJIAHTHOM CHCTeMBI opraHm3ma. Karamasa BbI3bIBACT Pa3I0KCHHE
MEPOKCH/Ia BOJOPO/Ia HA BOAY U MOJICKYJISIPHBIA KHCIIOPOJ:

KaTadJaga3a

2 H202 --------- » 2H0 + 02

AKTHUBHOCTbH KaTaja3bl MOXKET OBITh BBIpaK€HA KOJIMYECTBOM MHJLIUTPAMMOB
MEPEKUCH BOJIOpOJa, paspyuieHHOW 3a 30 MHH 0OpU ONPEAEICHHBIX YCIOBHUAX
onbITa. /(1 onpeneneHuss HAIMYUS MEPEKUCH BOJOPO/Aa UCIOJIb3YETCS TUTPOBAHUE
€€ pacTBOPOM MEpPMaHraHaTa KaJus B KUCIION cpeJie:

5H20; + 2 KMnO4 + 3 HySO4 => 8 H,0O + 5 O, + KzSO4 + 2 MNnSOy

Onpenesenne akKTHBHOCTH KaTajia3bl Mosioka o metoay A.H. baxa u C.P.
3yoOxoBoii

Mamepuanvl uccnedoseanus u peakmugvl. MOI0OKO ChIpO€, pa3BeAeHHOE B 2
pasa (5 Mu1 MOJIOKAa CMEIIMBAIOT C 5 Mil BOJIbI), 1 %-i pacTBOp MepeKucu BOAOPOAA,



10 %-i1 pacTBOp cepHoOil KucnoThl, 0,1 H. pacTBOp MepMaHTraHaTa Kajusl.

Ilpubopvr. Konmdeckwe KogObl BMecTUMOCTBIO 100 M1, TIHMIETKH
rpayupoBaHHbIE EMKOCTHIO 5 1 10 M, muneTku oobeMoM 1 mit.

X00 onpeoenenus. B 1Be KOHHMYECKHME KOJOBI OTOMpPAIOT TO 7 MII
JUCTWJLTMPOBAHHON BOJIBI. 3aT€M B OJIHY U3 HUX MPUOaBIAIOT 1 MIT pa3BeIeHHOTO B
2 pasa CBIpOro MOJIOKa, a B JApyryro | wi pa3BEeIEHHOIO MOJIOKa, HO
IpelBapuUTeIbHO MpOKUIAYeHHOTro. B 00e konbel nobasmstor mo 1 ma 1 %-ro
pacTBOpa MEpPEeKUcH BOAOpoJa M ocTaBisioT Ha 30 MuH. 3aTeM B KaXIylo KOOy
npubasnsaoT mo 3 ma 10 %-i cepHOM KHCIOTBHI Ui TMpEeKpalieHusl IeHCTBUS
KaTtaia3bl U OTTUTpoBbIBalOT 0,1 H. pacTBOpOM NepMaHraHaTa Kajus OCTATOYHOE
KOJIMYECTBO NEPOKCHJA BOJAOPOAA 0 MOSBICHUS CBETIO-PO30BOr0 OKpAILIMBAHUS.
Pacuér pe3ynpTara aHanusa IpoBOJIUTCS MO (popMmyiie

A=((V-Vo)052)/t=(V-Vo)/t,

rie A - aKTHUBHOCTh KaTajla3bl B MMOJIB/MI-MUH; V - 00bEM pacTBopa
NepMaHraHara, MOIIEANINM Ha TUTPOBAHHWE KOHTPOJILHOM MpoObl; Vo - 00BEM
pacTBopa MepMaHraHarta, MoIeIINi Ha TUTPOBAHUE OMBITHOM MpoosI; 0,5 - hakTop
HKBUBAJICHTHOCTH TEpOKCHIa BOAOpoJa; 2 - KO3(P(ULUHEHT, YUYUTHIBAIOUIHUI
pa3BezieHre MoJIoka; t - Bpems skcnepumenta, 30 MUH.

OmnpenesieHne aKTHBHOCTH ChIMY:KHOTO (pepMeHTa

ColuyxHblli  (pepMeHT o00JagaeT CcrnocoOHOCTBIO CBEpPTHIBATH MOJIOKO U
HIMPOKO MPUMEHSIETCS MPU MOJIYUYEHUH TBOPOTA U Chlpa. AKTUBHOCTBH CBhIUYKHOTO
(dbepMeHTa BbIpakaeTCsi B YCJIOBHBIX E€IMHUIIAX, XAPAKTEPU3YIOIIHUX KOIUYECTBO
MOJIOKa, KOTOpPOE CBepHETCs moj aeiictBueM 1 T depmenTta npu temmeparype 35 °C
B TeueHue 40 MuH.

Mamepuanvt uccnedosanusn u peakmuesl. Moisioko ceipoe, 1 %-ii pactBOp
CBIUYKHOTO (hepMeHTa (TMOPOIIKa).

Ilpubopei. Xumuueckuii  ctakaH  emkocthto 100  wmi, numeTka
rpagyupoBaHHas o0bemMoM 1 mul, ceKkyHaoMep, BoAsHas OaHs (TemmepaTypa OaHU B
TEUEHHUE BCETO OMBITA JI0JbKkHA ObITh paBHa 35 °C).

Xo00 onpedenenun. B xumuueckuid ctakaH HanuBaroT S0 MJI MOJIOKA U CTaBsT
B BOJISIHYIO OaHIo ¢ Temnepatypoit 35 °C. Uepes 3-5 muH Kk MoJIoKy npubasistoT 0,5
M 1 %-ro pacTBOpa ChIUy)HOTO (pepMeHTa, OBICTPO MEPEMEIMIMBAIOT U BKJIIOUAOT
cekyHaomep. HaOmrogaioT 3a CBepThIBAHHEM MOJIOKA JIETKMM T[OKAaYMBAHUEM
CTakaHa WIM NPUKOCHOBEHHEM K MOJOKY CTEKJISHHOW MaJIOYKOM; IOSBICHUE
XJIONBbEB M CTYCTKA MOKa3bIBae€T Hauajao cBepThiBaHUs. [lo cexyHgomepy oTmedaroT
MPOJIOKUTENBHOCTh CBEPTHIBAHUS, T. €. BpEMsS C MOMEHTAa BHECEHHS B MOJIOKO
CBIUYKHOTO (pepMEeHTa A0 MOSBICHUS XJIOMbEB. AKTUBHOCTh ChIUY>KHOTO (pepMeHTa
BBIYHCIIAIOT 11O (popmyiie

A = (a * 40) / (0,005 * n),



rae A - aKTUBHOCTb CBHIUYKHOTO (hepMEHTa B YCIOBHBIX equHuLax (y.e.); a -
KOJIMYECTBO B3ATOr0 MOJIoKa, MiT; 40 - cTaHIapTHOE BPEMs CBEPTHIBAHUS MOJIOKA
(munyThI); 0,005 - Macca cwiuyXHOro (¢epMeHTa, B3ATOrO0 Ha aHajau3; N -
MPOJIOJKUTENHHOCTh CBEPTHIBAHUS MOJIOKA B DKCIIEPUMEHTE (MUHYTHI).

KoHTpobHbIE BOITPOCHI

. DepMEeHTHI U UX XUMHUYECKask IPUPOJA.

. CTpoeHue MOJNeKyJbl pepMeHTa. AKTUBHBIC U PETYJISATOPHBIC LIEHTPHI.

. GepMeHTHI YeTBEPTUYHOM CTPYKTYphI. M30(hepMeHTHI.

. Ob6mue cBoiicTBa (PepMEHTOB C APYTUMU KaTAIU3aTOPAMHU.

. Otnuuns pepMeHTOB OT HEOEIKOBBIX KaTallu3aTOPOB.

. Mexanusm aerictBus pepmeHToB. Cxema (hepMEHTaTHBHON PEaKIIHUH.

. Bnusaue remnepatypsl 1 pH cpenbl Ha akTUBHOCTH (DEPMEHTOB.

. Ontumymsl pH wu TemnepaTypbl, UX 3HAY€HHE [JIs ONpPEAEICHUS

(dbepMEeHTaTUBHOI aKTUBHOCTH.

9. B xakux eMHUIIAX BBIPAKAETCSI aKTUBHOCTH ()ePMEHTOB?

10. TIpuHIIUTIBI ¥ METOIBI OTIPEICTICHUS] AKTUBHOCTH (PEPMEHTOB.

11. Okcuaopeaykrasbl. buosorunyeckoe 3Ha4eHUE.

12. Tpancdepaspl. OCOOCHHOCTH KaTaIU3UPYEMBIX pEaKIUil M HX POJb B
oOMeHe BeIEeCTB.

13.T'maponasel. IlpuMepsl KaTaIM3UPYEMBIX PpPEAKUUM, MPOMBIIUIEHHOE
IPUMEHEHHE.

14.JInazbr. Ilpumepsl peakuuii U ux MexaHu3Mm. HM3omepassl. [Ipumeps

O NO Ol s WD -

peakiui U uX 3HauyeHUe B OOMEHE BEUIECTB.

15.Cunrera3pl. OCOOEHHOCTH KaTaJU3UPYEMbIX peakuuid u ux Ouo-
JIOTUYECKasi POJib.

16. BausiHue KOHIIEHTpaluu cyOCcTpaTa Ha CKOPOCTh pPEeaKIUu.

17.KoHnctanTta Muxasnuca 1 MakCUMajbHasi CKOPOCTh PEaKIUU.

18.Tlepeuncnrure UCTOYHUKHU (PEPMEHTOB.

19.TlpuBeauTe mTpUMEpPHl HCHOAB30BaHUSA (PEPMEHTHBIX IMpenapaToB B
MULLIEBON IPOMBIIUIEHHOCTH.
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https://urait.ru/bcode/433688
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2010.

[lon pen. E.C.Ceepuna u A.fl.HukonaeBa buoxumus (kpatkuil Kypc ¢ ynpaxxHEHUSIMH U
3amauamu). M. 2002

Hukonaes A. 5. buonoruueckass xumusi: yueOHoe mocobue A CTYJIEHTOB MEIUIIUHCKUX
BY30B, - M., 2004.

bepesos T.T., Koposkun b.®. buonoruueckas xumus. M. 2004

Oumwinmmosny 0. b, bBuoxuMmudeckne OCHOBBEI JKHU3HEOCITEILHOCTH 4elloBeka M.:
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