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HacTtosiee ydeOHO-METOANYECKOE TOCOOME HAIMMCAHO B TTOMOIIb
oOy4JaromuMcsi B MarucTpaType mo mporpamme «KCrepruMeHTaIbHas
ouonoruss U OuorexHonorun» HampasieHus 04.06.01 «buomorus»
U TIPpEJIHa3HAYCHO JUIsi CaMOCTOSATENIbHOM TOATOTOBKM CTYAEHTOB
K 1Ja00OpaTOPHBIM 3aHATHSM IO KYpCY.

Hnsa ocBoennss kypca «KyJIbTUBUpPOBaHME MHUKPOOPTaHU3MOB
U KJIETOK» HE0OXOJUMbl 0a30Bble 3HAHUS MO JUCIUIIMHAM Oaka-
naBpuata: «MukpoOuonorus u Bupycojorus», «boranuka»y u «®du-
3UOJIOTUSL PACTeHU», «300J0TusA» U «DU3UOJOTHS YEJIOBEKA U KHU-
BOTHBIX», «['eHeTnKa u cenekuus», «BBejaeHue B OMOTEXHOJIOTHION,
M0 AHAJTUTUYECKON XMUMUU, MATEMAaTUKE U MaTEMAaTUYECKUM METOJaM
B OMOJIOTHH.

B pe3ynbpTaTe OCBOCHHUS IUCIUIUIMHBI OOYYarOUIUNUCS JOJDKEH
3HaTh (PyHIaMEHTaJIbHBIE OCHOBBI KYJbTUBHUPOBAHUS MUKPOOPTAHU3-
MOB M KJIETOK; YMETh BbIOpATh U peaanu3oBaTh CIOCO0 KyJIbTUBUPOBA-
HUS TIpY pelieHuU MPodeCCUOHATBHBIX 3aJ1ay, pacCUUTaTh CKOPOCTh
pocTa KyJbTYyphl; BIaJ€Th FOTOBHOCTHIO MPUMEHUTHh METOJHYECKHUE
OCHOBBI JUCUUIUIMHBI MIPU PEIICHUU 3a/a4 SKCIIEPUMEHTAIBHOU OHo-
jgoruu U OuotexHosiorui. [lomydeHHbIe 3HaHUS MMO3BOJISAT CTYICHTaAM
BBITIOJIHATH HAYYHBIE UCCIETOBAHUS OMOTEXHOJIOTUUECKOTO NpOQuIs.

Hacrosiiee yueOHO-METOIUYECKOE TTOCOOME MOKET OBITh PEKO-
MEHJIOBaHO M JIJIsI OBBIICHUS KBATM(UKAIIUK PAaOOTHUKOB MUIIECBOM
U (hapManeBTUYECKON TPOMBIIILIEHHOCTH.



Tema 1. MeToanueckoe od0ecrneyeHue
KY/IbTUBUPOBAHUS MUKPOOPTraHU3MOB U KJIETOK

1.1. [Tonsmue 6uoaozuueckott 6ezonacHocmu

KynbTuBUpOBaHHUE MUKPOOPTaHU3MOB M KJIETOK BO3MOKHO TOJIb-
KO B CHEIUAIU3UPOBAHHBIX JTA0OPATOPHBIX WM MPOU3BOJACTBEHHBIX
nometeHusx. [Ipu 3Tom Bo3HUKaOT ABE podsiembl. C 0JHON CTOpO-
HbI, BbIpaIIMBaeMble KYJIbTYpPbl KJIETOK JOJIKHBI OBITh 3alUIICHBI
OT BO3MOKHOCTH KOHTAMHUHAIIMM MHUKPOOPTaHU3MaMHU OKPYKaOIIEH
Cpedbl, B TOM YMCJIE BHOCUMBIMHU TepcoHasioM. C Apyroil CTOPOHBI,
paboTarolue He JOJDKHBI MOABEpPraThCs yrpo3e MHGUIIUPOBAHUS Te-
MU OHOJOTMYECKHUMHU areHTamM, C KOTOPBIMHM OHHM pabOTaroT, Mo-
CKOJIbKY KOHIICHTpAllM MUKPOOPTAHU3MOB U KJIETOK MPHU KYJIbTUBHU-
POBAaHMU HAMHOTO BBIIIIE, YEM B OKpYy:katoieit cpeae. [loaTomy nrodast
MUKpOOHOJIOrnyecKas J1abopatopus JOJKHA ObITh OpraHu30BaHa Ta-
KM 00pa3om, 4ToObl oOecrneynuBaTh 0€30MacHOCTh PadOThI C MATo-
reHHeIMH  Ononornueckumu ooObektamu (I[IBA). K maroreHHbIM
JUTS 4eJIOBEeKa OMOJIOTMYECKUM 00BEKTaM OTHOCAT

- MUKPOOPTaHU3MbI (BUPYCHI, OaKTEpUH, BKIIOYas PUKKETCHH,
XJIAMUAUU ¥ MUKOTUTa3Mbl; MMPOCTEUIIIUE U TPUOBI), B TOM UYUCIIE MO-
TuUIIMPOBAHHBIE METOIaMH T€HHOW UHXKEHEPUH,

- siIbI OMOJIOTUYECKOTO TTPOUCXOXKICHUS (TOKCUHBI),

- TeJIbMUHTHI,

- II0ObIE OOBEKTHI U MaTepUadbl OMOTUYECKOW M aOMOTHYECKOM
IPUPOJIb, TTOJIO3PUTENILHBIC HA UX COACpIKaHUE.

CornacHo npunaromy B P® noxymenty «Knaccudukanus MUK-
poOpraHu3MoB — BO30yauTeNeH HHPEKIIMOHHBIX 3a00JIEBAaHUIN Yeo-
BEKa, MPOCTEHIITNX, FEIbMUHTOB U SI0B OMOJOTHYECKOTO JICUCTBUS
IIBA mo creneHH OUOJOTMYECKOW OMACHOCTH (MAaTOT€HHOCTH) IO/I-
pa3nensAroT Ha 4 TPYIIIbI:

I 2pynna — BO30yauTEM 0COO0 OMACHBIX MH(PEKITU;

II 2pynna — BO30YIUTENN BBICOKO KOHTAarMO3HBIX 3MUIAEMHUYE-
CKHMX 3a00JICBaHMI YEJIOBEKA;

111 2pynna — Bo30ynutenu MHGEKIMOHHBIX OOJIe3HEH, BBIICHS-
€MBbIE B CAMOCTOSITEJIbHbIE HO30JIOTUUECKUE TPYTIIIHI;

1V zpynna — ycJIOBHO MaTOT€HHbIE MUKPOOPTAHU3MBI (BO30Y1H-
TEJIU ONMMOPTYHUCTUYECKUX UHPEKITUH).



Crnemyer OTMETHTbh, YTO OTedecTBeHHas kiaccudpukamus [IBA,
pa3paboTaHHas B COOTBETCTBUHU ¢ pekomeHaanuamu BO3, oTinuvaeTcs
ot kiaccudukaruu BO3 oOpaTHBIM NOPSAKOM HyMEpaluy TpyI Ia-
TOreHHOCTH [9].

CreneHb OMOJOTUYECKON OMACHOCTU OMPEAENEeTCS KaK CBOM-
ctBamu camoro IIBA, Tak u ¢dakTopamMu, KOTOPhIE MOTYT ONACHOCTh
noBbICUTh. K TakuM (hakTopam OTHOCST

- OpraHu3alnio J1abopaTOPHBIX PabOT;

- OCOOCHHOCTH BBINIOJHSEMBIX B J1a0OpaTOpUM MCCIEA0BaHUMN
(IMarHOCTUYECKUE, IKCIEPUMEHTAIBHBIE WU TPOU3BOJACTBEHHBIE);

- COCTOSIHUE 3alIUTHBIX HHKECHEPHBIX CUCTEM;

- 3HaHHWE M COOJIOJICHHE TMEPCOHAJIOM IIpaBUI OHOJOTHYECKOM
0e30IMacHOCTH;

- Mpo(heCCUOHANIBHYIO TTOATOTOBICHHOCTH CIIEIIUATUCTOB.

HopMmatuBHO-mipaBoBasi 06a3za oOecredueHus: OMOJIOrHuecKkon 0e3-
omacHocTH P® BkiItOuaeT B ceOs CaHUTAPHO-IMUIAECMHUOIOTHYECKHE
npaswia (CII), u metonnueckue ykazanus (MY), uX AONOJHSIONINE.
CII BBOmsiTCS B JEWCTBUE NOCTAHOBJICHHUSMMU [J1aBHOrOo rocyjaap-
CTBEHHOI'0 CAaHUTApHOI0 Bpaya PO.

OCHOBHBIMU JOKYMEHTaMH, PETIAMEHTUPYIOIIUMHU pabOTy MUK-
POOHOTIOTHYECKUX JIA0OPATOPUN, SBJISIIOTCA CAHUTAPHBIE IPaBUJIA:

- «[lopsimok BBIHAYM CAHUTAPHO-3MUIEMHUOIOTHYECKOTO 3aKIIO-
YEHUs O BO3MOKHOCTHU NMPOBEAECHUS PabOT C BO30YAUTENIMU UH(DEK-
IIMOHHBIX 3a00sieBaHuil yenoBeka [-IV rpynm matoreHHocTH (0macHo-
CTH), T€HHO-UHXEHEPHO-MOIUPUIUPOBAHHBIMA MHUKPOOPTaHU3MaMHU,
AJ1aMU OMOJIOTUYECKOTO MPOUCXOKIEHHUS U TEIIbMUHTAMUNY;

- «be3zonacHocTh paboThl ¢ Mukpoopranusmamu I-II rpynn nato-
T€HHOCTHU (OMACHOCTH)»;

- «bezonacHocTh paboThl ¢ Mukpoopranuzmamu II-1V rpynmn na-
TOT€HHOCTH U FeJIbMUHTaAMMY;

- «[lopsimok yuera, XpaHeHHs, MEPENAYA U TPAHCIIOPTUPOBAHUS
MUKpOoOpranusMoB I-IV rpynm naroreHHocTu»

U MeTOAUYEeCKHE YKAZAHU S

- «Opranu3zainust padoThl npu uccienoBanusx metoaom [P ma-
Tepuana, UHGUIHPOBAHHOTO MUKpoopranuzMamu [-II rpymnm mato-
T€HHOCTI;

- «Opranu3zainust padoThl npu uccienoBanusx metoaom [P ma-
Tepuala, MHPUIUPOBAHHOTO MUKPOOPTaHU3MaMM.



CII «be3onacHocth paboThl ¢ MUKpoopranusmamu [-II rpynmn na-
TOTEHHOCTH (OmacHOCTH)» U «be3omacHOCTh pabOThl ¢ MHUKpPOOpra-
Hu3mamu [1I-1V rpynn matoreHHOCTH U reJIbMUHTAMW» B 3aBUCUMO-
CTH OT TPYMNIbl MAaTOTEHHOCTH MUKPOOPTAaHM3MOB M BHUJA MCCJEI0Ba-
HUW ONIPEACIISIIOT TpeOOBaHUS

- K IOMEIICHUSM U 000pYAOBaHHUIO JTA0OPATOPHH,

- MPOBEJICHUIO pabOT B TabOpaToOpuH,

- IOPSIZIKY MCIIOJIB30BaHUS CPEACTB MHINBUIYATbHOMN 3aIUTHI,

- 00e33apaXuBaHUIO MaTepuara.

- yOOpKe MOMEIICHUIT;

a TaK)Ke PEeriaMeHTUPYIOT:

- MEPOTIPUATUS TIO JIOKAJIW3AIUd W JUKBUAAIIMNA TOCICACTBUN
aBapuii ipu padote ¢ [1BA,

- OPTaHU3aLMI0 KOHTPOJIA BHITIOJIHEHUSI TpeOOBaHUI OHOIOTHYE-
CKO#1 6€30MMacHOCTH U JIp.

Kaxnpiii coTpyaHuk yabopaTopu HECET JIMYHYIO OTBETCTBEH-
HOCTb 32 COOJTIO/IeHNE TPEOOBaHUN OMOJIOTHYECKON OE30MaCHOCTH.

1.2. IIpasuna 6e3onacHotli pabomwsl Ha 3aHAMUAX

1. ITopsimok pabOThI CO CIUPTOBKAMH.

1.1. OTKpBITh KPBILIKY COUPTOBKKA U C MOMOUIbIO MUHIETA MOMpa-
BUTH (PUTUJIH TAK, YTOOBI OH OBLI BHITSIHYT B BEPTUKAIBHOM MOJIOKEHUU.

1.2. 3axeuyb CIUPTOBKY M HE MNPUNOJHUMATH JAEpKATEIb (PUTHIIS
B TEUEHHE BCETO BPEMEHH €€ HCII0JIb30BaAHUS.

1.3. Hag ropsimel cnupTOBKOM HE HAKJIOHSTHCSA, HE MOJIHOCUTH
K HEl JIETKOBOCIUIaMEHsIoIuMecs: npeameTsl (Oymary, Baty W T. II.),
HE OCTaBJIATh 0€3 MPUCMOTpPA, HE IPEKPATUB €€ TOPEHUE.

2. Pabora B nabopaTopud MUKPOOUOJOTHUU pa3peIiaeTcsi TOIbKO
B XajaTax, B HEl HEJb3sl €CTh U MUTb.

3. PabGorta ¢ 6akTepuanbHBIMU KYJbTYpPaMHU.

3.1. KneTku MHKpPOOpPraHU3MOB [JIsi TPUTOTOBJICHUS Mpenapa-
TOB-Ma3KOB OepyT OaKTEpUOJIOTHUECKON METIEH, OTKPhIBAs MPOOUPKY
v yamky [letpu B 30He miiamenu (B auamerpe 2—7 cMm).

3.2. OcraBmvecss Ha METJIE IOCIE IPUTOTOBJIEHHUS IMpenapara
KJIETKM MHUKPOOPTaHU3MOB TINATEIbHO CKUTaIOT B IIJIAMEHU CIUPTOB-
ku. [IpokanuBaHue NeT/iv B 3TOM Clydyae HAUMHAIOT C y4acTKa MPOBO-
JIOKH, MPUMBIKAIOIIETO K KOJBILY JUIsl TOr0, YTOOBI MUKPOOHAs macca,
OCTaBUIasiCA Ha IETJIE, MOJICOXJA. 3aTEM IETIIIO MEPEBOJAT B BEPTH-
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KaJIbHOE TOJIOKEHHE U MPOKAIMUBAIOT JOKpacHa. Takol MopsiaoK cTe-
PUIIM3ALMY TIETIM HEOOXOAUM MOTOMY, YTO MPU OBICTPOM HarpeBaHUU
BJI&XKHOW MHUKPOOHOM Macchl MPOUCXOIUT €€ pa3OpbI3TMBaHUE U 00-
pasyercs a’po30Jib, 3arpsA3HAIONINN Bo3ayX. ToJIbKO mocie MpoKaiu-
BaHMSI TIETJIFO MOYKHO TOJIOKUTH Ha MECTO.

3.3. Ecin mocya ¢ 4MCTOM KyJbTYpOM pa3oO0beTcs, Haao TIa-
TeJIbHO cOOpaTh pa3OUThIC YaCTH U MTOMECTHTh UX B JIe3UHPUIIHPYIO-
it pactBop (2—3 %-it pacTBOp Oukapbonara Hatpus, 3—5 -i1% pac-
TBOp (enona, 0,5-3 %-ii pacTBOp XJIOpaMHHA U JIp. 1€3UH(PEKTAHTHI),
PYKH TIIATETBHO BBIMBITH MBUIOM, JAE3HMH(GUIHUPYIOIIUM PACTBOPOM.
TiarenbHO MPOTEPETH MECTO MOMAAAHUS KYJIBTYPbI A€3PaCTBOPOM.

3.4. Ha crone, rae BeayT paboTy ¢ OakTepuallbHBIMH KYyJIbTypa-
MU, HE JOJIKHO OBITH JTUITHUX MPEAMETOB, MyCOpa.

3.5. Ilocne oxon4yaHusi pabOThl paboOUUii CTOJI MPOTUPAIOT, PYKHU
TIIATEIFHO MOOT C XO35HCTBEHHBIM MBLIOM.

1.3. BauaHue ¢pusduueckux u xumuueckux gakmopoe
HA MUKPOOP2aAHU3Mbl

JInst ompeneneHHbIX BUI0B MHUKPOOPTAaHU3MOB B OKpYXKaroIIeH
CpeAe CYHIECTBYIOT yCJIOBUS, ONTUMAJIbHBIE JJIl UX POCTA U Pa3MHO-
YKEHHUS, IPyTUE BUBI B ITUX YCIOBUSIX HE Pa3MHOXKAIOTCS, HO B Te4e-
HU€ OTPAaHUYEHHOTO BPEMEHU COXPAHSIOT )KM3HECITOCOOHOCTh. KpoMme
TOr0, JECUCTBHE psAla (PU3UUYECKUX U XUMHUYECKUX (DAKTOPOB MOXKET
MOJABJATh PA3MHOXXEHHE W BBI3BIBATH THOEIb MHUKPOOPTaHU3MOB.
Kn3zHecnocoOHOCTh MUKPOOHBIX KJIETOK 3aBUCUT OT TEeMIEpaTypbl
BO3JICUCTBUSI, BIAXXHOCTH, pH cpenpl.

Temneparypa. Ilo auama3zoHy NpeaNnoOYTUTENLHBIX TeMIIEpaTyp
paznuyaroT 3 rpyIIbl MUKPOOPTaHU3MOB: Me30(UIbHBIE, TEPMODHIIL-
HbIE U TICUXpOAKTUBHBIC. [[151 Me30¢hunvnbix MUKPOOOB TUANa3oH OIl-
TUMAJIBHOW JIJT pa3MHOXKeHUs Temneparypsl coctaisier 20—40 °C; onn
OOWTAaIOT TJIABHBIM OOpa3oM B OpraHU3ME 4YeJIOBEKAa U TEIUIOKPOBHBIX
YKUBOTHBIX, & B OKpY>Kalolleh cpesie OOBIYHO MPOSIBIISIIOT METa0oIMye-
CKYIO0 aKTUBHOCTH OIpaHHYE€HHOE BpeMsi. ONTUMAIBLHOM TSI pa3MHOXKeE-
HUSl MATOT€HHBIX W YCJIOBHO MATOT€HHBIX IS YEJIOBEKAa U >KUBOTHBIX
MHUKPOOPTaHU3MOB SBJISIETCS TEMIIEpaTypa okoiio 37 °C.

Ilcuxpoakmugnule (aKTUBHBIE TIPU HU3KUX TEeMIIepaTypax) MHUK-
pOOpraHu3Mbl pazMHOXKAKOTCS npu Temreparype ot 0 mo 15-20 °C,



OHM OOWMTAIOT B MOYBE, MPECHON W MOPCKOW BOJE, B OpraHU3Max XO-
JIOTHOKPOBHBIX >KUBOTHBIX. MHOTHE TICUXPOAKTUBHbBIC OAKTEPUU XO-
POIIIO PA3MHOXKAIOTCS MIPU TEMIIEpaTypax, OJIaronpusTHHIX JJIs ME30-
¢bunoB. Hanpumep, HekoTOpbie BUABI OakTepuil poaoB Pseudomonas
u Yersinia, cniocoOHBIE BBI3BIBATh 3a00JICBaHUS YEJIOBEKA, MOTYT pas-
MHOXAaThCSl M MpU TeMIeparype ObnIToBoro xojoauiabHuka (4 °C)
B MMUIIEBBIX MPOAYKTaX [5].

Tepmogpunwvnsie (Tennoa0OUBBIE) MUKPOOPTAaHU3MBI Pa3MHOXKa-
I0TCS Tipu Temreparypax Bbiie 40 °C, B onTUMalbHOM TEMIIEpaTyp-
HoM pguanazone 55-70 °C. TepmodunbHble TpuObI, OAKTEPUN U TPO-
CTEHIINE ABJISAIOTCS canpoTpodamu u oburtaroT B mouse. Buna Bacillus
stearothermophilus, MouBeHHYI0 TepMODWIbHYIO OAaKTEpUIO, MPUMeE-
HSIOT B Ka4€CTBE OMOMHIIUKATOPA KOHTPOJS PEKUMOB TEPMHUYECKOU
CTEpUIIU3AIUU.

TepmoduiibHbIE U TEPMOYCTOMUYUBBIE MHUKPOOPTaHU3MBI MOTEH-
MAJIBHO OMACHbl KaK 3arpsi3HUTENN (apMalueBTUYECKUX ITPOU3-
BOJICTB, T. K. MOTYT COXPaHATh XKU3HECIOCOOHOCTh NPU 00€33apaku-
BaHUU OOBEKTOB C HCMOJIb30BAaHUEM BBICOKMX Temreparyp. Cyiie-
CTBYIOT 3KCTPEMaJIbLHO TEPMODUIBHBIE TPOKAPUOTHI, KUBYIIHUE B TO-
psaunx ucrtouHukax npu 80-110 °C. DkcrpeMalibHbIE TEPMOQPHUIIBI
Thermus aquaticus n Pirococcus woesii SBASIOTCS UCTOYHUKOM Tep-
MoyctonuuBbix  (pepmentoB  JIHK-momumepas, ucmomab3yembix
st cunre3a pparmentoB JJHK in vitro metonom IILP [5].

BaaxkHocTh Cpejibl CYIIECTBEHHO BIUAET Ha KU3HECTIOCOOHOCTH
MUKPOOPTaHU3MOB. YCJIOBUS PAa3MHOXKEHUS MHUKPOOHBIX KIJIETOK
ONPEEIISIIOTCS IOCTYITHOCTBIO B CpPeAe CBOOOJHOM BOJIbI, B KOTOPOU
MUTATEJIbHBIE BEIIECTBA PACTBOPSIOTCS M IOCTYMAIOT B KIETKHU.
BONBIIMHCTBO MUKPOOPraHW3MOB Pa3MHOXKAIOTCSl B CyOCTpaTax C BbI-
COKHUM cojiepkanueM Biard. [Ipu neduunte BIaru MUKpOOPTraHU3MbI
MpEeKpaIiaT Pa3MHOXKAThCI, HO MOTYT COXPaHITh >KU3HECIOCOO0-
HOCTb. Bila)xHOCTh cyOCTpara 3aBUCHT OT OTHOCHUTEIBHON BIAKHOCTHU
BO3/yXa B OKpy:xkaroieil cpege. CuiibHOE 00€3BOKMBAaHUE CcyOcTpara
Y OTHOCUTEIIbHAS BIIAXKHOCTh OKpY»Karouiei cpensl Huxke 30 % npu-
BOJISIT K THOEJIM OOJIBIITMHCTBA MUKPOOPTaHU3MOB [5].

Haubonee ycToiunBbl K 00€3BOKUBAHUIO CIIOPHI U IIUCTHI OaKTe-
puli, mpocTelmx, rpuboB. BriCyliMBaHuE HMCHOJB3YIOT Kak OJHH
U3 METOAOB JJIUTEIBHOIO XPAHEHUS! MUKPOOHBIX KYJbTYp, a TaKkKe
HEKOTOPBIX JICKAPCTBEHHBIX MPEINAPaTOB U MHUIIEBBIX MPOIYKTOB.



Mmuorue kcepoduibHbie (CyXOat00MBbBIC) BUALI MOYBEHHBIX T'PU-
O0B MOT'YT Pa3MHOXaThCS MIPU TOCTATOYHO HU3KOM COJEP KaHUU BJia-
ru B cyOctpare. Takue rpulbl 4acTO BBI3BIBAIOT MOPYY PACTUTEIBHOTO
JIEKAPCTBEHHOT'O CHIPHS ITPU XPAHEHUH.

3navyenue pH cpeabl. bOMbIIMHCTBO MUKPOOPTraHU3MOB JIy4IlIE
BCETO pacTeT npu 3HadueHusx pH, Onu3kux kK HeUTpaibHBIM. MHOTHE
OaKTepuu MPEANOYUTAIOT CIA0OIIECTOYHBIE CPEIbl U PA3MHOXKAIOTCSA
npu pH 8,0. BonpmmucTBO TpubOOB X0pomo pacteT npu pH 5-6.
[Tpu Hu3kux 3HaueHusx pH (< 3) OonbIIMHCTBO OakTEepuid Mpekpaiia-
€T pa3MHOXKEHUE W norudaet. VcKitoueHne COCTaBISIOT HEKOTOPHIE
anuaopuiIbHble BHUIABI (HampuMmep, TUoOauWsUIbl). OTpUILIATENBHOE
BJIMSIHUE HU3KOW KUCJIOTHOCTU CpeAbl Ha OOJIBIIMHCTBO MHUKPOOPTa-
HU3MOB, OCOOCHHO Ha OaKTepUH, UCIIOIB3YIOT MPU KOHCEPBUPOBAHUU
MULIEBBIX IPOAYKTOB M JIEKAPCTBEHHBIX ITPEMAPaTOB, IOJYYCHUU
KOMOMHUPOBAHHBIX JIE3UH(PEKTAHTOB U AaHTUCETITUKOB.

CHIKEeHHE XKM3HECTIOCOOHOCTH MHUKPOOPTAaHU3MOB M MX THOEIh
MPOUCXOAAT MPHU MOBPEXKAAIOIIEM JICHCTBUU PA3IUYHBIX (PAKTOPOB,
Hapymaomux (yHKIIMOHUPOBAHUE CTPYKTYPHBIX KOMIIOHEHTOB KJie-
ToK. [loBpexnaromumu GpakTropaMu MOTYT OBITh BHICOKHE TEMIIEpaTY-
PBI, Pa3HbIE BUABI U3IIYYCHUN, XUMUYECKHE BEIIECTBA.

B ocHOBe TI'yOMTENbHOrO AEWCTBUSI BBICOKMX TEMIIEpaTyp JiexKar
MPOIIECCHI ACHATYpallUKU OCJIKOB, IOBPEXKACHUS pUOOCOM, ITUTOIIa3Ma-
TUYECKUX MEMOpaH KJIETOK. BereraTuBHbIE (OPMBI MCHUXPOAKTUBHBIX
U Me30(OWIBHBIX ~ MUKPOOPTaHMW3MOB  HaumbOojiee  YyBCTBUTEIHHBI
K BBICOKUM Temmeparypam © mnorubaror npu S50-60 °C  yepes
30—60 MuH. 3HAUYUTENILHO OOJBIIEH YCTOMYMBOCTBIO IO CPaBHEHUIO
C BET€TaTUBHBIMU KJIETKAMU O00JIaJalOT CIOPbl  MHKPOOPTaHU3MOB.
Cropsl OalWiII ¥ KIOCTPUIWNA BBIICPKUBAIOT KUIISTYEHHE OT HECKOJIb-
KMX MUHYT 70 3 4 (B 3aBUCUMOCTH OT BUAQ). /{151 YHUUTOKEHUS CIIOp
HEOOXOUMO ACHCTBUE TEMIEPATyp 3HAYMTEIHLHO BBIIIE TEMIIEPATYPbI
kunenus (120-180 °C). BonaplIMHCTBO BHPYCOB JOCTATOYHO OBICTPO
noru0aeT moJ BIMSHHEM BBICOKMX Temmeparyp. OTHOCUTENBHOU Tep-
MOYCTOMUYMBOCTBIO 00J1aaeT BUpPYC renatuta B, cnocoOHbIN cOXpaHsTh
KU3HECTIOCOOHOCTh MPU KUIAYEHUU B TeueHue 15—20 MuH, a npu TeM-
niepatype 60 °C — B TeUEeHHE HECKOIBKHUX 4acoB [J].

O PeKTUBHOCTh TYOUTENHHOTO JIEHUCTBHS BBICOKMX TEeMIEpaTyp
Ha KJIETKH 3aBUCUT OT BPEMEHM BO3JICHCTBUA, 3HaueHUs pH cpenbl
Y HUIM4USA B Hed Biaru. OTCyTCTBUE BOJBI MOBBIIAET TEPMOYCTOM-
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YUBOCTH CIIOpP; B KUCIIOM Cpesie KJIETKH U CIOphl MOrubaroT ObICTpee,
YeM IPU HEUTPAIBHBIX 3HAaYECHUAX pH.

[ToBpexaaroniee AEUCTBUE HA MUKPOOPTAHMU3MbI OKA3bIBAOT HOHU-
3UpYIolIe U HeMOHU3UPYyIomme odaydenns. K nonusupyromumm 00-
JYYEHUSIM OTHOCSIT Y-JIyYd U YCKOPEHHBIE AJIEKTPOHBI, 00JaIaroliye
OOJIBIIION PHEPIUEH M OKA3bIBAIOIINE MOIIHOE MMPOHUKAIOIIIEE JICHCTBUE.
B pe3ynbrare MornomeHns KIETKON ONMPEAECIEHHON H03bl SHEPTUM W3-
JTy4YEHHS MPOUCXOUT MOHU3AIMS BOABI M 00pa30BaHUE CBOOOIHBIX pa-
nukanoB (OH', O, u ap.), KOTOpPbIE BCTYMAIOT B OKUCIUTEIIbHBIC PEeaK-
LMW, TPUBOAIINE K HAPYUIEHUIO CTPYKTYpPHl HYKJIIEMHOBBIX KHUCIOT,
OENKOB, YIJIEBOJOB, JIMIHUIAOB W THUOEIU KJIETOK. UyBCTBUTEIBHOCTH
MHUKPOOPIaHU3MOB K HWOHU3UPYIOIIUM BO3JICUCTBUSIM IOBBIIIACTCS
B [IPUCYTCTBUM BOJBI, PACTBOPEHHOTO KHCIIOPOJAA W IPH MOBBIIICHUN
TemriepaTypbl. K NelCTBHIO MOHU3HUPYIOLIEH paaualuu HauboJiee 1yB-
CTBUTEJIbHBI BET€TaTUBHBIC KIICTKU OaKTEpUii, 00Jiee yCTOMUNBBI KJIETKU
TPOAKEN U MULIETHAIBHBIX TPUOOB, BUPYCHI U CIIOPHI OAKTEPUIL.

Hewnonmupyromumu spistores uadppakpacuoe (MK) u ynerpadu-
osietoBoe (Y®) uznyuenue. UK-myun obsagaroT HE3HAYUTEIBHBIM KO-
JIMYECTBOM DSHEPrUM M OKA3BIBAIOT B OCHOBHOM TEIUIOBOE ACHCTBHE.
Y®-nyuu ¢ qymHO#M BOIHBI 260 HM BBI3BIBAIOT (DOTOXMMHUYECKHE U3ME-
HEHUs B MUKpPOOHBIX KjeTkax u jedctByroT Ha JIHK. Ilox BnusHuem
Y®-00mydeHns pa3phIBalOTCA BOJOPOIAHBIC CBSI3U MEXKIY KOMIUIEMEH-
TapHbiMH ocHoBaHusiMUA B JIHK u mpoucxoaut obpazoBaHue TUMEpOB
THMHWHA B OJTHOM W3 LEMEW, YTO MPUBOJUT K HAPYIICHUIO PEIUIUKAIIUN
Y TH0eM MUKPOOHBIX KJIETOK. 3HAUYUTEIHbHOM YyCTOMYMBOCTBIO K JACi-
cTBUl0 Y D-00sydeHrs 001a1ar0T CIophl OakTepuid, TpruOOB, MUKPOO-
HBIE KJIETKH, 00pa3yolue MUrMEeHThI, BUpyc renatuta B [5].

[Tpy HU3KHKX 103aX U BPEMEHU BO3AECHUCTBUS HOHU3UpYIOLIee U Y D-
0OJTyuyeHHEe MOTYT BBbI3bIBaTh MYTAIlMM B OTACIBHBIX KJIETKaX MHUKPOO-
HOW MOIYJISIITUU U TOJIBKO YaCTUUHYIO THOEIb OCTAIbHBIX KIIETOK.

JleicTBue psAna XMMHYECKHMX BelIeCTB ¢ Hecneuupuueckoin
AHTUMHUKPOOHOM aKTUBHOCTBI) MOKET BBI3BIBATh THOETH MUKPOOP-
raHW3MOB WJIM YTHETaTh MX pa3sMHokeHue. Hecmenuduueckas aHTH-
MUKpOOHasi aKTMBHOCTb TAaKUX COCJUHEHUN CBS3aHAa C HAJIUYUEM
B MUKPOOHBIX KJIETKaX, KaK IMPaBUJIO0, HECKOJHKMX MUIICHEH, KOTO-
pbI€ MOTYT OBITh U B KJI€TKaX MJICKOIMUTAIOIINX.

OCHOBHBIMU TPYIIIAMU AHTUMHUKPOOHBIX BEIIECTB Hecnenuduie-
CKOTO JCUCTBUS SIBISIOTCA HOBEPXHOCHMHO-AKMUGHbIE 6Geuiecmea
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(IIAB), oxkucaumenu (NEpoOKCU BOJAOPOAA, OKCHUJ ITWICHA), 2a/10-
2eHcooeprcawgue coeouHenusn (XJIOPCOJAEPIKAIINE BEIIECTBA, HWOJ0-
dbophl), aruppamuueckue cnupmel (3TaHOJ, U3ONPOIAHON), HPOU3-
600Hble (henona, coau maxcenvix memaiioe (cepedbpa, pryTd, Me-
m); anboezudwbt (popManbaerui, ri1yTapoBbii anpaerun) [S].

Katuonunsie [TAB (ueTBepTUUHBIE aMMOHHUEBBIE COCIUHEHUS, T'y-
AHUJIMHBI) BBI3BIBAIOT HAPYIICHUE MPOHUIIAEMOCTH IUTOIIa3MaTHYe-
CKUX MEMOpaH MHUKPOOPTaHU3MOB, MOTYT OJIOKHPOBaTh aKTUBHOCTH
MeMOpaHHBIX EPMEHTOB.

AumdaTnyeckue CHUPTHI Takke OOYCIOBIMBAIOT HAPYIICHHUE
MPOHUIIAEMOCTH MEeMOpaH MHUKPOOHBIX KIJIETOK, YTO MPUBOJIUT K X
00€3BOKHBAHMIO U K JICHATYpallMu OSJIKOB.

OKuCIMTENIH, TAJOTeHbl U AJbJAerubl JICUCTBYIOT Ha CYJb(-
TUAPUIIbHBIE 1 AMUHHBIC TPYTIIBLI OETKOB (B TOM 4uciie U PEepMEHTOR),
HapyIas ux CTpykTypy.

[Ton BIusHUEM nepoxkcuoa 6000p00a MOXKET MPOU30UTH JTUCCO-
[IUAIUs KJIETOYHBIX puOOCOM Ha CyObeTUHUIIBIL.

Okcuod Imuniena u nepokcud 6000p0o0a BHI3BIBAIOT HAPYIICHUE
ctpykrypsl JJHK.

KaTuoHbl TAXKeJIbIX METAIIOB PEATUPYIOT C TUOJOBBIMU TPYII-
naMu OCJIKOB M B3aUMOJIEUCTBYIOT ¢ ocHoBaHusmu JIHK. Anbaerumasi,
(dbeHOIIBI, CONU PTYTH, TUTIOXJIOPUT HATPUS IPUBOIAT K MTOBPEKICHUIO
KJIETOYHOU cTeHKU Oaktepuil. [IAB, cosim pTyTH, IIIyTapOBbIH AJIb-
JAeruJ B BHICOKMX KOHIEHTPAIUAX MOTYT BbI3bIBaTh OOIIYIO KOary-
JSIUUEO IUTOIUIa3Mbl MUKPOOHBIX KJIETOK.

DPPeKTUBHOCTh JEUCTBUS AHTUMHUKPOOHBIX XHMHYECKHUX Be-
IIIECTB 3aBUCHUT OT UX CTPYKTYPHI M KOHIIEHTPAIIMH, YyBCTBUTEIbHO-
CTU (WM YCTOWYHMBOCTH) MUKPOOPraHW3MOB, BPEMEHU BO3JICHCTBUS,
BIIUSIHUS (DAKTOPOB BHEIIHEH Cpebl, TAKUX KaK TeMIleparypa, COCTaB
cpeanl. Cropel TpuOOB U OCOOCHHO OakTepuii Oojiee yCTOWYUBBI
K JICICTBUIO aHTUMUKPOOHBIX CPEJICTB, UEM BET€TATHUBHBIC KIETKH.

JleficTBHE BBICOKHX TeMIIEpaTyp, MOHU3UPYIOIIMX U HEHOHU3UPY-
IOIIUX OOJIy4eHHMH, XMMHUYECKUX BEIIECTB C Hecrmenuduuecko aHTH-
MUKpPOOHOUM aKTUBHOCTBHIO UCHOJIB3YIOT ISl YHUUTOXKEHUSI MUKPOOPra-
HU3MOB B TMpOIECcCaX CTEPUIM3ALNM, AHTHUCENITUKH, JIe3MH(EKIINH
Y KOHCEPBAIIUH.
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1.4. [Ipumenenue acenmuku, de3uH@pexuyuu
u aHmucenmuku

BaxneimMm yciaoBrueM 00ecIieueHHs KauyecTBa 1IEJICBOro PO IyKTa
M0 MUKPOOHMOJOTHYECKUM TOKa3aTeNIAM SIBJIETCS COOJIO/ICHUE TPaBUI
ACETTUKH MPH KYJIbTUBUPOBAHUH MUKPOOHBIX U KJIETOYHBIX KYJIBTYP.

Acentuka (OT rpedy. «a» — He, «septicosy — THOWHBIA) —
KOMIUIEKC MEpOIPUITHH, HAIIPaBICHHBIX HA MPEAOTBpAIlEHHUE ITOIa-
naHuss B (HaA) Kakou-muOo o0O0BEeKT (B TOM uucie ¢GepMeHTep)
WM B OKPYKAIOIIYIO CPEeAy Pa3IudHbIX MUKPOOPTaHU3MOB. DTH Me-
PONPUATHS BKIIOYAIOT CTIEI[MAIbHbIE METOAbI PA0OTHI B aCENTHUYECKUX
0JI0KaX, MHUKPOOHOJIOTHYECKHX OOKCaX U «UHUCTHIX» ITOMCIICHHUSIX.
Oco0eHHO BaXXHO CO3/1aBaTh aCENITUYHBIC YCIOBHS MTPU U3TOTOBIICHUH
TEpMOJIAOUIIBHBIX TIpEnapaToB, KOTOPHIE HEb3sl MOABEpPraTh TEPMHU-
qecKor creprim3anud. [Ipyu uX MpUroTOBJICHUH MPOBOJIAT IIPEABAPH-
TEJIbHYIO MOJATOTOBKY OOBEKTOB: CTEPHJIM3AIIUIO OTIEIBHBIX KOMIIO-
HEHTOB Tpenapara, Ae3UH(EKIUI0 BO3IyXa U MOMEIICHUHN, aHTHCEI-
TUYECKYI0 00pabOTKy PYyK MEepCcoHaIA.

HMe3undexuus (0T jaT. «infectiay — uHbexuus U GpaHil. «des»
— OTpHIIaTe/IbHAs MPHCTAaBKa) O3HAYaeT KOMIUIEKC MEPOIPHUSTHM
110 YHHUTOKEHHIO BO BHEIIIHEHW Cpelie HE BCEX, a TOJIbKO OIpeeiicH-
HBIX BO30yAuTeNe MHPEKIMOHHBIX 3a0oseBanuil. Paznuyator mexa-
HUYECKUH, QU3MYECKUA M XUMMUYECKUN CIOCOOBI aAe3uHPekiuu. Jle3-
WH(DEKIIUIO TIPOBOJAT B HCCIEIOBATEIBLCKUX J1IA00pATOPHUAX, MPOU3-
BOJICTBCHHBIX TOMEMICHUSAX, YUPESKICHUSIX 3APABOOXpAHEHUS U T. II.
[enpto ne3uH(PEKIMOHHBIX MEPOTIPUSITHI SBISETCS CaHWTapHAs IO/I-
TOTOBKa TOMEIICHUH W 000pYyJOBaHUS IJIsS IPEIAOTBPAIICHHUS BO3-
MOXHOCTH KOHTAMHUHAIIMU MHUTATEIbHBIX CPEN, KICTOYHBIX KYJIBTYP
— OOBEKTOB HCCJIEIOBAHUIN, MHCTPYMEHTOB, JJIA MPEIOTBpaICHUE
pacIpoCTpaHeHUSI W TIEpeIadud MHUKPOOPTaHW3MOB — BO30yauTeekh
MH(PEKIIMOHHBIX 00JIE3HEN cpeIu IepcoHania.

JlesuHdekuu moaBepraroTcs MOBEPXHOCTU MMOMEIICHUHN (CTEHHBI,
MOJIBI, CTOJIBI), BO3/IyX, 000OpyJ0BaHKE, TPYOOIPOBOABI U TEXHOJIOTU-
yeckas ofexaa. s 9Tod 1enu MpUMEHSIOT XUMUYECKUe BEIeCTBa
HECTeM(PUIECKOr0 aHTUMHUKPOOHOTO ACHCTBUS, MEXaHUYECKHUE CIIO-
coObl 00pabOTKH, HANPUMEP OTMBIBAHHE C TIOMOIIBIO MOIOIIUX
CpeaCTB, U (puzmyeckue mMeToabl. B kadecTBe (pu3mdeckoro BO3jCH-
CTBUS, TPUMEHSIEMOTO Jisi Je3UH(GEKIMH BO3AyXa, HCIOIb3YIOT
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Y®-o0nydenue. s TOCTUXKEHUS MaKCUMaJIbHOTO MPOTHUBOMHUKPOO-
HOTO 3(pdekTa HEOOXOAUMO HCIOJIB30BaTh MEXaHWYeCKue, (pusnde-
CKHE U XMMUYECKHE CIOCOOBI Je3MH(EKIINN B KOMILJIEKCE.

AHTHCENNTUKA — TPUMEHEHUE XHUMHUYECKUX MPOTUBOMHUKPOO-
HBIX BEHIECTB HECMEUUPUUECKOTO ACUCTBUSA AJII YHUYTOKECHUSI MUK-
POOPraHU3MOB, HAXOISIINXCS B KOHTAKTE C MakpoopranusmMom. IIpo-
MBIIJICHHAs] aHTHCENTHKA TMpeoiaraeT o0padboTKy TOJIBKO PYK Iep-
COHaJa C LEJbI0 WCKIIOUECHUS MOMAAaHUusI MUKPOOPTaHU3MOB B T'OTO-
BYIO MIPOAYKIIUIO, & B MEIUIIMHCKON MPAKTUKE aHTUCENTHUKA HCIOJIb-
3yercs Ayt 00pabOTKU paHEBOM MOBEPXHOCTH, CIU3UCTHIX 000JI0UYEK
Y BHYTPEHHUX IOJOCTEN OPraHu3Ma YEJIOBEKA C LIEJIbI0 YHUUTOKECHUS
MaTOrE€HHBIX U YCIOBHO-MIATON€HHBIX MUKPOOPTaHU3MOB.

BemiecTtBa, nmpuMeHsieMble B Kau€CTBE AHTUCENTUKOB U JE3UH-
(dbeKTaHTOB, JOJDKHBI COOTBETCTBOBAThH CIEAYIONIUM OCHOBHBIM Tpe-
OOBaHUSIM:

- UMETh MIUPOKUN aHTUMUKPOOHBIA CIEKTP JECUCTBUS;

- OBITh HETOKCUYHBIMH JIJIS1 TIEPCOHAA;

- OTJIMYATHCS XOPOIIEH pacCTBOPUMOCTBIO B BOJIE.

['yOuTensHOE MEeHCTBUE aHTUCENTUKOB U JIE3MH(EKTAHTOB MOXKET
ObITh cTaTU4eCKUM (0OaKTepUOCTATUYECKUM, (YHTUCTATUUECKUM)
WU HUJIHBIM  (OaKTepUITUIHBIM, (YHTUIUIHBIM, CIOPUILIUIHBIM).
B nepBoM ciydae BEIIECTBO 3a/I€PKUBAECT Pa3MHOKEHUE MUKPOOHBIX
KJIETOK. Y JaJi€Hre TaKOro BEHIECTBA U3 CPElbl COMPOBOKIAETCS BO3-
OOHOBJICHHEM pa3MHOXeHUs. Bo BTOpOM ciydae BEIIECTBO BHI3HIBAET
ruoeb MUKPOOPTaHU3MOB. BOJIBIIMHCTBO XMMUYECKUX aHTUMHUKPOO-
HBIX BEIIECTB 001agaeT MUKPOOOIUIHBIM 3 PEKTOM.

Bce anTucenTtuku u ne3uH(PEKTaHTHI 00Jaal0T BBIPAXKEHHON pe-
AKIIMOHHOM CITOCOOHOCTBHIO M PA3JIUYaAIOTCS MO CIEKTPY aHTUMHUKPOO-
HOTO JelcTBUA. Jle3nH(EKTaHThl ¢ BHICOKUM yPOBHEM aHTHUMHUKPOO-
HOW aKTMBHOCTHU T'yOMTEIBHO JEHCTBYIOT Ha IpuObI, BUPYCHI, OaKTe-
pUH, B TOM 4uCIie HauOoJee PE3UCTEHTHBIE UX BUJbI (Hapumep, Mu-
KOOaKTepHN).

B kadecTBe aHTUCENTUKOB U Je3UH(EKTaHTOB puMeHsoT [1IAB,
anupaTUYecKre CHUPThI, OKUCIUTEIH, XJIOPCOJEpKAIIUE U HEKOTO-
pble MoacoAepk allUe COCAUHEHUS, TIIYTapOBBIM albJeruja. OTH Be-
IIIECTBA MPUMEHSIOT B KOHIICHTpAIIUSIX, HE OKa3bIBAIOIIUX TOKCHYE-
CKOT'0 JCHCTBUSI Ha OPraHW3M YEJIOBEKa.
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K 1oBepXHOCTHO-aKTHUBHBIM OTHOCST KaTnoHHbIC [IAB wim yet-
BepTHuHble aMmMOHUeBbIe coenuHenus (HAC) — nermun (1 %-it Boa-
HbIll pacTBop YAC u BBICOKOMOJIEKYJIAPHBIX COUPTOB), KaTaMuH Ab
(OeH3anKOHUS XJIOPHUM), UCTWINUPUINHUS XJIOPUJ, T'YaHUJIUHBI —
XJIOprekcuiuH; annonnole [IAB — cynbgoHoJ, HATpUs NalbMUTAT,
Hatpus xoneat. [TAB ucnonb3yroT g 00padoTKu nmoMenieHui, 00o-
PYAOBaHHUS U PYK MEpCOHAA.

AnudaTudeckue CMUPTHI (3TUWIOBBINM, W30IIPONUIOBBIN) NpUMeE-
HSIOT JUIsi 00pabOTKH MEIKOradbapuTHOro 00OpYAOBaHUS U PYK Iep-
COHaJa.

XJiopcoaep:xkamue cOeIUHEHUN (TUMIOXJIOPUTHI HATPUs, Kajlb-
1Y, XJIOpHAasi U3BECTh) MIPUMEHSIOT B KAUECTBE J1€3UH(EKTAHTOB.

0,5 %-u pactBOp XJIOpaMHHa b HCIIONB3yIOT Kak aHTHUCENTHK,
a 3 %-i — B KauectBe Ae3uH(pexTanTa. HemocratkoM xjopcoaepxka-
IIIUX BEIIECTB SIBJISIETCS pa3pa)karoliee IeMCTBUE Ha CIM3UCThIE 000-
JIOYKW JAbIXaTENIbHBIX IMyTE€W MMEepCOHANa, a MPEUMYLIECTBOM MEPEN
nesuHdexkrantamu rpynmsl [IAB u cimpramu — nelicTBUE Ha CIIOPO-
00pa3yolue MUKPOOPTaHU3MBI.

deHoJICOAEPKANME BeleCTBA (TPUKPE30J1, JIU30J) PEAKO MPU-
MEHSIOT B CBSI3U C TOKCUYHOCTHIO (DeHOIIA.

J{ns1 aHTUMHKPOOHOM 00pabOTKM YacTO MPUMEHSIOT KOMOUHHUPO-
BAaHHBIE MpEMNaparhl, COJACPKAIIUE COCAUHEHUS] HECKOJbKUX TPYIIIL
Hanpumep, a1s ne3uHdexunu noMmenieHnid ucnoib3yroT [TAB B coue-
TaHUM C TIEPOKCUIOM Bojopojaa (mpemapar «llepamuny»), unm He-
CKOJIBKO CO€AMHEHHI oJHOW rpynibl (mpenapat «CenToaop», coaep-
wamuii 4 pasHeix YAC), wmm «Centomopdopte», COCTOSAIINMN
3 4 HAC u riryTapoBOro ajibAeru/a.

Jns anTHCenTHYeCKON 00padOTKM PYK B MPOU3BOJCTBEHHBIX
1 JTA0OPATOPHBIX YCIOBUSIX UCTIONIB3YIOT 70° 3TaHO (3TUIOBBINA CIIUPT),
pacTBOp xjoprekcuarHa B cmecu ¢ [IAB (aHHOHOAKTUBHBIM CYJIb(OHO-
aom), 0,5 %-it pactBop Hogonupona, 0,5 %-it pacTBop xaopamuHa b.

1.5. Memodsl cmepunusauuu

Crepuamn3zanmus — MPOLECC MOJTHOTO YHUUTOXKEHUS WIM yAane-
HUSA U3 00BeKTa BCeX (POPM KUBBIX MUKPOOPTraHU3MOB U UX CIIOP.

JIns yHUYTOXKEHHUSI MUKPOOPTaHU3MOB UCIIOJB3YIOT huszuueckue
¢haxkmopwl (BHICOKYIO TEMIIEPATYpy, OOIyUCHHUE) U XUMUYeCKue 6e-
ujecmea (OKHMCh 3THIICHA, IEPOKCU Bogopoaa). g yaaneHus MUK-
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pPOOHBIX KJIETOK W3 TEPMOJIAOUIIBHBIX PACTBOPOB HCHOJIB3YIOT
dunempayuio.

[Ipu BBIOOpPE MeTOAA CTEPWIM3AIMU YUYUTHIBAIOT COXPAHCHHE
OMOJIOTUYECKON IIEHHOCTH TpenapaTta, 3G()EKTUBHOCTh JACHCTBUS
HA MUKPOOPTaHU3MBbI, BO3MOXHOCTh 00pa30BaHUsI TOKCHUYECKUX MPO-
JYKTOB B MIPOIIECCE CTEPHIIN3AIINY.

K Merogam cTepunmsanyy ¢ UCIOJIb30BAaHUEM BBICOKMX TEMIIEPa-
Typ OTHOCAT CTEPWIM3ALMI0 MapoM IMOJ JABICHUEM B aBTOKIIABE,
JTpOOHYIO0 CTEPUIIM3ALMIO TEKYYUM MapOM M CTEPUIIM3ALUIO0 CYXUM
ropsiurM Bo3ayxoM B nevax [lacrepa.

Crepuimn3zanui0 mapomM mnoj JaBJeHHEM B aBTOKJaBe IPOBO-
AT TP U30BITOYHOM JAaBJICHUHM BOJSHOTO HachllleHHoro mapa 0,5;
1,0; 2,0 atu (atMochep M3OBITOUHBIX), YTO COOTBETCTBYET TEeMIIEpa-
typam 110; 120; 132 °C. Haubosiee 4acTo MpUMEHSETCS PEXXUM CTe-
punnzauuu  npu temneparype 119-121°C wu pgaBneHum mnapa
1,0—1,1 atu B Teuenne 20—-30 mun. [Ipu TakoMm pexnme CTEPUIIU3YIOT
npenapaTrhl TEPMOYCTOMYMBBIX BEMIECTB (B TOM uuciie (punoigoruye-
CKHI1 pacTBOp), BOJY, TEXHOJOTHYECKYIO OJICKY [ padOThI B acer-
TUYECKUX YCJIOBUSAX, IEPEBA30UHBIA MaTEPUAT U UHCTPYMEHTHI.

Jlnst 06pabOTKH HEKOTOPBIX OOBEKTOB (HAmpUMEp, MUTATEIbHbIX
cpen ¢ yraeBojiamu) npuMeHstoT pexxum 110 °C u 0,5 atu.

[Ipu temneparype 132°C npoBoasT o6e33apakMBaHUE OMOJIOTH-
YECKOro Marepuaia.

J{poOHYI0 CTEpUJIM3ALMI0 TEeKyYMM MAapoM  HCIIOIb3YIOT
U1 00pabOTKM OOBEKTOB, HE BBIAEPKUBAIOIIUX TEMIIEPATypy BbIIIEC
100 °C (HEeKOTOpBIE PACTBOPHI, MUTATEIbHBIE CPEAbl C MOJIOKOM).
Tepmuueckyto o06padbotrky mpooasT npu 100 °C 3 paza nmo 30 muH
C UHTEPBAJIOM 24 4, B TEYECHUE KOTOPBIX MPOPACTAIOT CIIOPHI, HE IO-
rubaronue npu 100 °C.

Cyxum ropsiuum Bo3ayxom B nedax Ilacrepa npu temneparype
160—180 °C cTepuIM3yIOT TEPMOCTOMKHE OOBEKTHI: CTEKJISHHYIO
1 (hapPopoByrO MOCYay, METATUIMYECKUE UHCTPYMEHTHI, TEPMOYCTOM-
YUBBIC MOPOIIKH (MEJI, TAJIbK, OKCHJI [IUHKA), MacJa.

[Ipu cTeprin3anuy HOHU3MPYIOIIAM 00JIy4eHUEM UCIIOJIb3YIOT
y-Tydn (MCTOYHHKOM SIBISICTCS PAqMOAKTHBHBIN diaement Co®)
Y DHEPIMI0 YCKOPEHHBIX JJIEKTPOHOB. Takou METOJ NPUMEHSIOT
JU1s1 0OBEKTOB, YTPAUMBAIOIINX CBOM CBOWMCTBA MOJ| JEHCTBUEM BBICO-
KUX TEMIEpaTyp: U3ACIUN MEAUIMHCKOW TEXHUKHU U3 TMOJUMEPHBIX
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MaTepHaIoB (OJHOPA30BBIX MIIPULIEB, CUCTEM JJIsl IEPETUBAHUSA KPO-
BH, KaTETEpPOB, 30HJIOB, YIMakoBOYHbIX MatepuaioB JIC u gap.).
Jlnst cTepunu3anu  pacTBOPOB ATOT METOJl HEIb3sl MPUMEHSAT,
T. K. 00pa3yroTCs BBICOKOTOKCUYHBIC MPOAYKTHI PAIUOJIN3a BOIBI.

Y®-o6syuenue, obnamaroniee HU3KOW MPOHHUKAIONIECH CIOCO0-
HOCTBIO, TPUMEHSIETCS JIUIIb JIJI CTEPHIM3ALNU BO3AyXa BHYTPHU IO-
MEIIEHUHN, a TAaKXKe JIe3UH(EKIIUN TOBEPXHOCTEH.

XuMuvecKass CTepUIM3alMs [PEANOIAracT HCHOJIb30BAHUE
TOKCHUYECKHUX Ta30B: OKcujaa 3TwieHa, cmecu Ob (cMech okcuaa 3TH-
JeHa ¥ OpOMHCTOrO METHJIa B BECOBOM cooTHomeHun 1:2,5), ¢op-
MallbJIeTHU/1a, TIyTApOBOIO albJAEruaa. [ TyTapoBbIM alblIeTU]l MOCIe
aKTUBUPOBAaHUSL OYyPEpHBIMU CUCTEMaMU UCIOJb3YETCSA JJIsI XUMHUYE-
CKOW CTEPWJIM3AIMU T€X MaTEPUAJIOB, KOTOPHIE HEJIb3s CTEPUIN30BaTh
IPYTMMU METOJAaMHU. OTH BEIIECTBA SIBIAIOTCS aAJKWIHPYIOUUMHU
areHTaMM, CIIOCOOHBIMU WHAKTUBUPOBATh aKTHBHBIC I'PYyNIbl B dep-
menTax, JIHK, PHK, BbI3bIBast TeM caMbiM THOEIb MUKPOOOB.

Crepriin3anito MOXKHO ITPOBOJAUTH MOTPYKEHUEM B pacTBOpP CTe-
PUIN3YEMOT0 0OBEKTA.

JInsi XUMUYECKOW CTepUIIM3alMM UCTIOIb3YIOT TAKXKE OKUCIUTENN
— 6 %-e pacTBOpbI MEPOKCUIA BOJAOPOAA, HAJAKUCIOTHI, 00pazyeMble
npu cMmemmBanu H,O, 1 KUCI0T (YKCYCHOM, MypaBbUHOM); UX TIpUMe-
HSIIOT JIJIs1 0OpabOTKHU BO3AYyXa M MOBEPXHOCTEW MOMEUIEHUH, YCTONYH-
BOTO K KOppo3uu o0opyaoBaHus. OHU OKa3bIBAIOT CHOPOILMIHOE JEH-
CTBHE M 00JIaJIal0T OTHOCUTEIILHO HU3KOM TOKCUYHOCTHIO. J{J1s1 60pHOBI
CO CIOPOOOPA3YIOMIMMU OAKTEPUSIMU TAKKE HMCIOJB3YIOT MpErnapaThl
Ha OCHOBE IIyTapoBOro anpaeruaa (rayropan) [S].

I'a30BYI0 CTEPWIN3ALNMIO TIPOBOJIAT ra3aMu — OKCHUIOM 3THIICHA
B cMecu ¢ OpomuzioM 3tuina. Mcnonb3yror st oOpabOTKU B CHELH-
abHBIX KaMepaxX U3AeIUN MEIUIIMHCKON TEXHUKH U3 TePMOJIAOUJIIb-
HBIX MaTepHaJIOB, CHA0KEHHBIX ONMTHYECKUMHU yCTpoicTBaMu. MeTon
HeOe30maceH sl JII0JIE M OKPY’KAloleW Cpelibl, T. K. CTEPUIIN3YIO-
II[UEe areHThl OCTAIOTCS Ha O0OBEKTE CTEPUITU3ALINH.

OuabTpauMIo TPUMEHSIOT I CTEPHIIN3AINN TEPMOTAOMITBHBIX
OMOJIOTUYECKUX >KUIKOCTEH, HE BBIACPKUBAIOIIMX HArpeBaHUs: pac-
TBOPOB aHTHUOMOTHKOB, ()€PMEHTOB, BUTAMUHOB U Jp. Mcronap3yior
MeMOpaHHbIEe (QUIIBTPHI U3 MOJUMEPHBIX MAaTEpUAIOB HA OCHOBE 3(PU-
POB LEJUTIONO3bI, AMaMeTp Top KoTophix (0,22 MKM) MEHbIIIE pa3Mepa
OOJBIIMHCTBA MUKPOOHBIX KIIETOK.
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OuabTpaluio, Jy4EeBYI0 M XUMHUYECKYIO 00pabOTKYy Ha3bIBAIOT
METOJIAMHU «XOJIOJHON» CTEPUITUALMH.

C 1enpl0 MPOBEPKU COOIIOICHUSI PEXKUMaA CTEPHIM3AIMNU OCY-
HIECTBIISIIOT KOHTPOJIb PadoThl CTEPWIHM3YIOIIUX YCTPOMCTB.
J1s1 5TOr0  MCMONB3YIOT TEXHUYECKHUE YCTPOMCTBA (MaHOMETPHI
WJIM TEPMOMETPBI) U Pa3IMuHbIe XMMUUYECKHUE MHIUKATOPhI — BeIlle-
CTBa C M3BECTHOU TEMIIEpaTypoul IjIaBlIeHUs (Hampumep, OCH30MHYIO
KHUCJIOTY ¢ TeMrneparypou miasienust 121 °C) u BemecTsa, U3MEHSIO-
M€ IBET B YCIOBUAX CTepuin3anuu. Haae:xxHbIM METOI0OM KOHTPOJIS
SBJISICTCSl UCIOJIb30BAHUE OMOJIOTMYECKUX MHAMKATOPOB B BHUIE CYC-
NeH3Uu crnop OakTepui, HanboJIee PE3UCTEHTHBIX K OIMPEIACICHHOMY
BUJlY CTCPWIM3YIOIIETO BO3ACUCTBUSA. [[JIs1 KOHTPOJISI CTEPUIIN3ALINU
nmapom noj naBieHuem B pexume 1,0—1,1 atu, 119-121 °C ucnons-
3YIOT CHOpPbl TepMODUIBHOU KYJIbTYphl Bacillus stearothermophilus
B )KAJIKOM MMTATEIBbHOW cpene. MHAUKATOPHI IMOMEIIAIOT BMECTE
CO CTEPWJIM3YEMBIMU OOBEKTaMU, IOCIE€ OKOHYAHUS CTEpPUIU3AIUU
(GUKCUPYIOT JOCTHMKEHUE TOYKMA TIUIABJICHHUS, W3MEHEHHE I[BETa
WJIU OIIEHUBAIOT JKU3HECIIOCOOHOCTh CIIOp TMOCJI€ HWHKYOHpOBaHUSA
MIPU ONTUMAJIBHOW TEMIIEpAType ISl KyJIbTYpPbl, UCIIOJIB3YEMOM B Ka-
4yecTBE OMOJIOTMYECKOTO UHINKATOPA.

1.6. Ilpasuna npuzomoeieHuss nuMameabHbIX cped

[lutaTenbHas cpema OJKHA YIOBIECTBOPSATH BCEM MOTpPEOHO-
CTSM BBIpAIIUBAEMON KJICTOYHON KyJIbTypbl. KOHCTpYKTHBHBIE U
SHEPreTUYECKUE MPOLECChl Y MUKPOOPTraHU3MOB KpaiiHe pa3Hoo00-
pas3Hbl, IOATOMY CTOJIb XK€ Pa3HOOOpa3HBI UX MOTPEOHOCTH B MHUTA-
TeJIbHBIX BellecTBax. M3 3Toro cieayer, 4To yHUBEPCAJIbHBIX CpE,
OJIMHAKOBO TMPUTOJHBIX JUIsI BCEX O€3 HCKIIOUEHHS KIETOYHBIX
KYJbTYp, HE CYIIECTBYET.

[IumeBble TOTPEOHOCTU OpraHM3Ma MOKHO OINPENETUTh U3 dJie-
MEHTHOTO COCTaBa ero o6momacchl (Tabdiu. 1). D1eMEeHTHBIN COCTaB KU-
BOM KJIETKM TOKa3bIBAE€T, B KAKUX DJEMEHTAaX OPTaHU3M HYXKJaeTCs
B IIepBYI0 o4epenb. OKazalioch, YTO AJIEMEHTHBIE COCTaBbl BCEX KU-
BBIX OPraHU3MOB TpuMepHO oauHakoBHI (I'yceB, Muneesa, 1984).

Ceipas 6uomacca Ha 80-90 % coctoutr u3 Boasl H,O, koropas
CIIY’KHT MCTOYHUKOM TIPOTOHOB H' M aKTHBHBIX (GOpM KHCIOpOIa O”.
Cyxoe BemecTBo, B CBOIO 04epeib, HA 95 % cocTouT U3 yriiepoaa, a3o-
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Ta, pocdopa u cepwl. Kanuii, Maruuii, KaabIlluid U )KeI€30 HEOOXOTUMBI
KJIETKaM B OTHOCHUTEIHHO OOJIBIIIOM KOJMYECTBE, TOITOMY HMX OTHOCSIT
K MaKpOdJIEMEHTaM, a Mapraser], KoOajabT, Meb, MOJUOACH WU IIUHK
HAMHOTO B MEHBIIIUX KOJMYECTBAX — MX HA3bIBAIOT MUKPOIJIEMEHTAMH.

Tabmumna 1
Dnemenmuwlii cOCMag MUKpOOHOIU KlemKu
(% om cyxozo eeuiecmea)
OneMeHT | mond, % | Dnemenr | moad, % DJIEeMEHT mons, %
C 50 S 1 Mg 0,5
O 20 K 1 Cl 0,5
N 14 Na 1 Fe 0,2
P 8 Ca 0,5 Bce ocranpHBIC 0,3

PaznuuHble aceKThl MOTPEOHOCTEN MUKPOOPTaHU3MOB B yTiepo-
JI€ OINpENENAT pa3Hble MOAXOJbl K WX Pa3JEJICHUI0 Ha 3KOJIOro-
Tpoduueckue Tpymmnbl. Tak, TUN MUTAHUS ONpENEAeT Mapa «aBTO-
Tpopbl — rereporpodnl». [lepBbie cOCOOHBI B KauyeCTBE €IHH-
CTBEHHOT'O MCTOYHHUKA YIJIEPOJIa UCIOJIb30BaTh YIIIEKUCIIOTY, COEIH-
HEHUe, coJeprKaliee yriaepo B Haubosee okucieHHon popme. CooT-
BETCTBEHHO aBTOTpodaM B Cpeay KyJIbTUBHUPOBAHUS BHOCIT OMKapOO-
Hat Hatpus (NaHCO3) win kapoonatsl (yame CaCOs3). B HeKoTOphIX
CIydasiX Cpeay MpPOJyBarOT BO3IyXOM, OOOTAIllEHHBIM YTJIEKUCIBIM
razoM (1-5 %), mockonbKy coaep>kaHu€ YTIEKUCIOThI B aTMocdep-
HOM Bo3ayxe — He Ooiiee 0,03 %. 'eteporpodam B kauecTBe UCTOU-
HUKa yTJIepoJia BHOCIT TOTOBBIE OPraHUYECKUE BEIECTBA.

[To konm4ecTBy CyOCTpaTOB, HEOOXOAUMBIX KYJIbTYpE sl CHHTE-
3a OMOMACChI, MUKPOOPTaHU3MBI MOJPA3ACISAIOT HAa MPOTOTPOOB
u aykcotpodoB. IIporoTpodbl crioOCOOHB CUHTE3UPOBATH OPraHUYE-
CKHME BEILECTBA KJIETOK U3 OJHOTO HMCTOYHHKA YIJIEPOJia, UX MOXKHO
BBIpAlllMBaTh HA MHUHEPAJIbHBIX CHHTETUYECKUX Cpelax C TIIOKO30U
B KQUECTBE €MHCTBEHHOTO MCTOYHMKA YTJepoja U SHEPruu. AyKco-
TPOPBI XK€ HYXKIAIOTCS, TOMUMO OCHOBHOIO HCTOYHHUKA YIJIEPOJA,
B JIOMOJTHUTENIbHBIX OPTraHMYECKHUX BEILECTBAX, HA3bIBAEMBIX (PaKTo-
paMH pocCTa, KOTOphIE JOOABISIOT B MUTATEJbHBIE CPElbl B KOJIMYE-
CTBE Ha MOPSIIOK MEHBIIIEM, YEM OCHOBHOM MCTOYHUK yriepoaa. Kak
npaBwio, (akTopaMHu pOCTa ABJISIOTCS OMOJIOTMYECKU AKTUBHBIE Be-
IIIECTBA WJIM TIPEKYPCOPHI CUHTE3a OCHOBHBIX MAKPOMOJEKYJI, HaMpH-
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Mep: HE3aMEHHUMbIE AMUHOKHUCIIOTBI, MYPUHOBBIE U MUPUMUIUHOBBIC
OCHOBaHMS, BUTaMUHbI U T. N. [IpeaBapuTenbHO UX TOTOBSIT B BHUJIE
KOHILICHTPUPOBAHHBIX PAaCTBOPOB, KOTOpPbIE J00ABIAIOT B MUTATENb-
HYIO Cpelly B HEOOXOJUMOM KOJIMYECTBE MpsiMO mnepes noceBoM. Kak
PAaBUJIO, KOHLIEHTPUPOBAHHBIE PACTBOPHI (PAKTOPOB POCTa TEPMOJIA-
OWJIbHBI, IO3TOMY UX CTEPUIIM3YIOT aBTOKJIaBupoBaHueM npu 0,5 atu,
WHOTIa KUTISTYEHUEM W (PUIHTPOBAHUEM.

[lo cnenpanu3anuy B OTHOIIEHWH HCTOYHUKA YIJIEPOAA CPEAH
MUKPOOPTaHU3MOB  BBIJCISIOT  CHEHHUAJMCTOB U  YHUBEPCAJIOB.
K cneumanucraM  OTHOCAT MHUKPOOPIaHU3MBI, CIOCOOHBIE pacTu
Ha OJJTHOM — JBYX cyOcTpaTtax. Kiaccuyeckuit mpumep — METaHOKHUC-
asitoue 0aKTepuu, KOTOPbIE UCIOJB3YIOT METaH JIM00 METaHOJ. YHHU-
BEpCAJIbI CIIOCOOHBI B KAYECTBE €IMHCTBEHHBIX MCTOYHUKOB YIJIEPOJa
Y DHEPrUM HCIOJIb30BaTh IIUPOKUN KPYT CamMblX pa3HOOOpa3HBIX Be-
IIECTB: YIJIEBOJBI, OPTaHUYECKHE KHUCIIOThl W CHOUPTHI, YIJIEBOIPOJIBI,
apOMaTUYECKHE COCAUHEHUS U Jaxke KCeHOOMOTHKU. [IprMepom Takoro
poja sBISIOTCS OakTepuu cemeiicTBa Pseudomonodaceae.

Kpome Ttoro, rereporpodbl pa3z0opyuMBbl MU B KOHUEHTpalUU
IpeAJIaraéMoro UM opraHuyeckoro eniectsa. [lo sTomy npuHIMIy
CpEIH HUX BBLAEISIOT OJIUI0- M KOMHOTPO(OB. DTH TEPMUHBI BBEE-
Hbl B MUKPOOHMOJIOTMYECKYIO IIPAKTUKY OTHOCUTENIbHO HeaaBHO (Poin-
dexter, 1981). Ecau Tepmun «onurorpodu» cpa3y ObUT MPUHST OTe-
YECTBEHHBIMH MMKPOOHMOJOTaMH B OTHOLIEHWH MHKPOOPIaHU3MOB,
KOTOPBIE BBIUTPHIBAIOT KOHKYPEHIIMIO MPH HU3KUX KOHIIEHTPAIUIX
MUTATENbHBIX BEIIECTB, TO TEPMHUH «KOMUOTPO(B» HE MPUKUIICS.
B pyccKosI3pIUHON JIUTEpATYpPEe BMECTO HETO Yalle MPUMEHSIOT OoJiee
MPUBBIYHOE CJIOBO «CANpPOTPO(bD» MpHU OMUCAHUH MUKPOOPTaHU3MOB,
KOTOPBIE HYXKJIAIOTCS B BBHICOKMX KOHIIEHTPALMSX OPraHUYECKUX Be-
niectB. KomnorpodoB (camporpodoB) BhIpalIMBaOT, HAIPUMED,
Ha TakuX OOraThIX HaTypaibHbIX cpenax, kak MIIb unu MITA (mecst-
ku T OB/1), a onurorpooB — Ha 6eaHbIX, HanpuMmep Ha MITA, pas-
O0aBieHHoMm B 10 pa3, WK rojoJHOM arape, arapu30BaHHOW MPUPO/I-
HOM Bojie U T. 1. (Mr 1 Mkr OB/m).

BTOpbIM OCHOBHBIM KOMIIOHEHTOM MHUTATEIbHOW CPENbI SBISETCS
UCTOYHUK a30Ta. A30T BXOJUT COCTaB KJIETOK IJIABHBIM 00pa3oM B BOC-
cTaHOBJEHHBIX (opmax amuHO (—NH,) wim ummno (—NH)-rpymm.
OpHako MOTPEOHOCTH B a30T€ MOTYT OBITh YJOBJIETBOPEHBI PA3INYHBI-
MU a30TCOACPKAIIUMU COCTUHEHUSMHU, B KOTOPBIX a30T UMEET Pa3HyIo
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CTETeHb BOCCTAHOBJICHHOCTH. /{151 MHOTHX BUOB 3TO MOTYT OBITh COJIU
aMMOHHSI, HAalIpUMEP B BHUJIE€ XJIOPUIOB WJIH CyIb(HaToOB, a TAKXKE TH/I-
pokcuia aMmmoHusA. OJJHAKO CIIEYET YYUTHIBATh, UTO B PE3YJIbTATE IIO-
Tpebnenus kiaetkamu ammonus ipu BHeceHnn NH,Cl (NH,4),SO,4 cpena
MOJIKUCIISIETCSl BCJIEICTBUE HAKOIUICHHWS AHWOHA COOTBETCTBYIOIIEH
kuciothl, a NH4OH, Hao00poT, CHIIBbHO MOIIEIauYuBaeT CPeay, MoITO-
My B KQYECTBE UCTOYHHKA a30Ta UCIIOIb3YETCS PEJIKO.

MHorre MUKpOOpPraHU3Mbl B Ka4€CTBE MCTOUYHHMKA a30Ta CIOCO0-
Hbl ucnoab3oBaTh HUTpaThl KNO; nnu NaNQOs, koTopbie, B OTJIUYMUE
OT COJIell aMMOHUSI, SIBISIOTCS (DU3MOTOTUYECKH IICJIOYHBIMH, IIO-
CKONTBKY TIPMBOIAT K HAKOIUIEHWIO B cpeje kaTmoHoB K~ wmmm Na'.
Hutputbl B KUCHBIX YCIOBHUSX JJIsi MHOTUX MHKPOOPTaHU3MOB TOK-
CUYHBI, TO3TOMY B Ka4€CTBE MCTOYHUKA a30Ta MPAKTHUYECKH HE HC-
nonb3yrotesa (Eropos, 1983).

[Ipy KyJIbTUBUPOBAHUN MUKPOOPTAHU3MOB, HYKJIAIOIIUXCS B OP-
raHUYECKUX UCTOYHUKAX a30Ta, B CPely MPUXOAUTCS N00aBISATh KOH-
LHEHTPUPOBAHHBIE PACTBOPHI aMUHOKHUCIOT. CleayeT MMETh B BHUAY,
YTO aMUHOKHUCJIOTHl — IUCTUH U IUCTEHH, a TaK)Ke€ aMHUJbl — IJIyTa-
MUH M aclaparvH CTEPUIIU3YIOT TOJBbKO (PUIBTPOBAHHEM, OCTAJIbHbBIC
— 15 mun npu 0,5 atu. [loTpeOGHOCTH MUKPOOPTaHU3MOB B HECKOJIb-
KX aMHUHOKHUCJIOTaxX yJOBJIETBOPSIOT, J0OABISAA B Cpey THUAPOJIU3AT
Oenka (yame rupoin3aT Ka3enHa).

Hakonel, HauOomnee TpedoBaTENbHBIX MUKPOOPTAaHU3MOB BBIPAIIIN-
BalOT Ha Cpeaax, CoAep Kalux OCJKU WM MENTOH — MPOIAYKT UX He-
MOJIHOTO PACLIEIUICHUS], TTPEACTABISIIONIMN COO0M CMECh MOJU- U OJIU-
TOMENTHUI0OB, AMUHOKHUCIIOT, OPraHUYECKUX a30THBIX OCHOBAHMM, COJIEH
U MUKpOdJIeMeHTOB. CrieyeT uMeTh B BHUAY, YTO M aMUHOKHCIJIOTHI
Y TIENTOH MOT'YT OJTHOBPEMEHHO CITY>KUTh U UCTOYHHUKOM YTJIEPOJIa.

Kpome Toro, azordukcaropbl CioCOOHBI UCMOJB30BaTh B KAYECTBE
€IMHCTBEHHOTO MCTOYHUKA a30Ta MOJICKYJISIPHBIN a30T — Ny. J{ms Hux
COEJIMHEHHI a30Ta B MUTATEIBHYIO CPEy MOKHO HE BHOCUTH. Kak mpa-
BWJIO, UM JJOCTATOYHO a30Ta, COAECPIKAIIETOCA B BO3/IyXE, HO B HEKOTO-
PBIX CITydasiX MPUMEHSIOT KyJIbTUBHPOBAHUE B aTMOC(epe a30Ta.

BOoNbIIMHCTBO BUTAMUHOB Kak (haKTOPOB POCTa BHOCST B KOHIICH-
Tpanuu 1 MKr/min cpenbl, GONUEBYI0 U N-aMUHOOECH30MHYIO0 KUCIOTHI
— 10 0,05 Mxr/mi, 6notun — 0,005 MKT/MJI cpeabl HEMOCPEACTBEHHO
Iepel 3aCEBOM CTEPUIILHOM CpeJibl. PEKOMEHIYEeTCSI BUTAMUHBI TOTO-
BUTh B BUJIE PACTBOPOB, KOHLIEHTpUPOBaHHbIX B 100 pa3, B crepuiib-
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HOW MOCYJi€ Ha CTEPWIbHOM AUCTUIUIMPOBAHHOW Boje. MckimtoueHne
COCTaBJISAIOT pubodIaBuH, KOTOPhI pacTBopsAOT B 0,02 H yKCyCHOM
KHUCioTe, U (oireBas KUCIoTa, KOTOpyr mnpurorasiauBaioT B 0,01 H
NaOH, noBoas 3arem koHuentpauuro NaOH B pactsope mo 0,001 =.
[TomyueHHbIE PaCTBOPHI CTEPWIIM3YIOT MPOrPEBAHUEM B BOJSHOM OaHe
3 muH. TuaMuH CTEpUIN3YIOT PUILTPOBAHUEM. PacTBOpHI BUTAMUHOB
XpaHAT B XonoawibHUKE npu +4 °C, rie OHU COXPAHSAOTCS HE MEHEE
Mecdia. XpaHeHue B TEMHOTE 00s3aTeabHO sl (OIMEBON KHUCIIOTHI,
MUPUJIOKCHHA U puOOoQIaBUHA, T. K. OHU Pa3pyIIAIOTCs Ha CBETY.

Takue no6GaBKu, KaK JPOXKKEBOM IKCTPAKT, JPOXKKEBOU aBTOJIH-
3aT, KyKypYy3HbId 3KCTPAaKT, SIBIAIOTCS MPUMEPAMH CMECE MHOTHX
(GbakTOpOB poCTa, MOITOMY UX MPUMEHSIOT, KOTAa KYJIbTypa HYKIaeT-
Csl B HECKOJIBKMX (paKkTopax pocTa Wiu Korja moTpeOdHocTH B (hakTo-
pax pocTa T0CTOBEPHO HE U3BECTHHI.

Kpome ucTouyHukoB yriepona, a3ota u (hakTOpoB poOCTa, MUKPO-
OpraHu3Mbl M KJIETKH HYXXIAlTCs B cepe, dhochope u psge Apyrux
AJIEMEHTOB. Bce OHM TOIKHBI COIEPKATHCS B IOCTYITHOU [T KYJIBTYP
dbopme. Kak npaBusio, 10CTaTOYHO BHECTH ITHU IJIEMEHTHI B BUJE MU-
HepabHBIX cojied. [loaToMy Tak Ha3bIBaeMbId «MHUHEPAIbHBIA (HOH
cpea Juisl KyJIbTUBUPOBAHUS PA3IMUYHBIX BUJOB MOXKET OBITh CXOJHBIM
IO COCTaBY.

B wactHOCTH, TOTPEOHOCTH KYJBTYP B CEpE YAOBIETBOPSIOT
3a cUeT Cyib(aToB, HECMOTPSA Ha TO YTO B KJIETKAaX cepa HAXOAUTCA
B BOCCTaHOBJICHHOU (popme B BUAE CyIb(PTUApUIbHBIX TpyI. Penkue
BHUJIbl HYKJAIOTCSI B BOCCTAHOBIICHHOM cepe. B 3Tux cinydasx B kaue-
CTBE MUHEPAIIbHOTO MCTOYHUKA CEPBI Yallle BCEr0 BHOCST CYJIb(HUI
Hatpus Na,S, a OpraHn4eckoro — aMUHOKHUCIIOTY IIUCTEHH.

[TotpeOHOCTH Opranu3mMoB B (pochope odecrieunBaroTCs BHECEHHU-
em couieit pochopHO KUCITOTHI. J[pyrue 3JeMeHThl, BKIIIoYasi Bce HE0O-
XOJIMMBIE METAJIIbI, KJICTKH MOJIy4YaloT B BUJE KATUOHOB WM \ aHHOHOB
HEOopraHuyeckux coneil. i nzberanusi BbINAJEHUS OCaKa B PE3yJib-
TaTe 00pa30BaHMsI HEPACTBOPUMBIX KOMIUIEKCOB (oc(haToB ¢ HEKOTO-
phIMU KaTHOHaMH, B TIEPBYIO OYEPEIb C JKEIE30M W KAJBLHEM, PEKO-
MeHayercst 100aBisaTh B cpeay ot 0,001 mo 1 r/n stunenauaMuHTETpa-
arnierata (9JITA), KoMILIEKCOOOPa3yIOIIETO COCIUHEHUSI, KOTOPOE TIO-
CTEIIEHHO OT/JAET B PACTBOP KATUOHBI MO MEPE TUCCOLUAIIY.

K, Mg, Ca u Fe TpeOyroTcs opraHu3zmMaM B OTHOCHUTEJIHLHO OOJIb-
IIMX KOJIMYECTBAX, TOATOMY MX BKJIFOYAIOT B OCHOBHOM COCTaB CPE/IbI.
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Hpyrue metamnel: Mn, Mo, Zn, Cu u Co — HeoOX0UMBI B CJie-
noBbIX KonuyecTBax (1 Mxr — 1 mr Ha | 1), UX BHOCAT B CUHTETHYE-
CKHE CpeJlbl B BHUJ€ KOHIEHTPUPOBAHHOTO PACTBOPA MHUKPOIJIEMEH-
TOB B KoauyecTBe 1 mui/n. B HatypanbHbBIE CpeAbl CII0KHOT'O COCTaBa
UX HE N00aBJSIOT, T. K. OHH a Priori TaM MPUCYTCTBYIOT B CJEOBBIX
KOJINYECTBAX.

[loMMMO HCTOYHHMKA YTIEPOJA, KakKIass KyJbTypa HYXKIaeTcs
B UCTOYHUKE 2Hepruu. [ns xemoopranoretrepotrpodoB 3Ty (HYHKIUIO
BBITIOJTHAIOT T€ K€ OPraHUYECKHE BEIIECTBA, KOTOPHIE SIBIISIIOTCS UC-
TOYHUKOM SHepruu. [ns xeMonuTorpodoB B KadeCTBE HMCTOYHHKA
SHEPTUM 00ABIAIOT HEOPTaHUYECKHUE JTOHOPHI AJICKTPOHOB B BHJC
BOCCTAHOBJICHHBIX WJIM HE JI0 KOHIIA OKMCJIICHHBIX COCJIUHEHUN Cepbl
(H,S, SO, 82032_, 8032_), azora (NH, , NO; ), MOJIEKYJISIPHOTO BOJIO-
pona H, unu Fe™. KynsTypsl ¢hoTOTpo(OB BBIpalIMBAIOT TIPHU €CTE-
CTBEHHOM HJIM UCKYCCTBEHHOM OCBEIIICHUH.

J/labopamopHoe 3aHsamue 1

Coc)epofcaHue. CTCpI/IHI/IBaHI/IH MMUTATCJIbHBIX CPpC, HHCTPYMCHTOB
" IIOCY IbI.

X00 pabomul

1.O3HakOMUTBCA € pabOTOM aBTOKJIABa, CYLIMWJIBHOTO IIKada
U GUIBTPOB JJIsI XOJIOIHOM CTEPUITU3ALINH.

2. 3apucoBaTh CXeMy YCTPOMCTBA aBTOKJIABA.

3. O3HAaKOMHTBCS C )KYPHAJIOM PETHCTpPALMK pabOThl CTEpUIN3a-
Topa (MPUIIOKEHHUE).

4. IloAroTOBUTh K CTEpPUIM3ALMU MSICO-TIENITOHHBIM  OyJIbOH
(MIIB) B npobupkax (mo 10 mur).

1. 5. IloAroTOBUTH K CTEpUIIM3ALIMU BOY B TpoOupkax (rmo 10 mi).

6. [logroroButs k crepunuzanuu damku llerpu, mmarenu dpu-
rajbckoro, nunetku Ha 0,1-0,2; 1-2 u 10 mi1.

7. IIpuroToBUTH BaTHBIE MTPOOKHU K MPOOUPKAM.

Mamepuanvt u 0bopyodoseanue: THINETKU, T'PaLyUPOBAHHBIE Pa3-
Hele; yamku [letpu, mmarenu puranbckoro, mpoOupku Ouonoruye-
CKH€, HOXKHUIIBI, MTpenapoBajgbHas Uria, eMKOCTH sl TPOOUPOK, Ba-
Ta, MapJis, HUTKK Oenbie, Oymara; cyxoit MIIb, Bechl.

llemoncmpayus: aBTOKJIaB, CYIIWJIbHBIM IKad, ycTaHOBKa
IU1sl MEMOpaHHOTO (PUIIBTPOBAHUSI.
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Bonpocwit 00 o6¢cyncdenusn

1. [IpyHOMNBI OpraHU3AIUU EeITEIBHOCTH MUKPOOHOIOTHIECKON
J1a00paToOpHUH.

2. Texnuka 6e30macHOl pabOThl B MUKPOOHUOJIOTHYECKOM J1abopa-
TOPHH.

3. IlpaBuna acenTuku, 1e3UHGEKINN U CTCPUIN3ALINH.

Tema 2. MeToab! onnpeaeneHUsA COCTABISIOIINX
MaTepHaJIbHOTO 0A/IaHCA KJI€TOYHBIX KY/IbBTYP

2.1. OnpedeneHue yucaa ncuzHecnocobHwvix 6akmeputi
KyJbmypalbHbIMU Memodamu

Jl1st onipesieNieHus Yyrciia >KM3HECITOCOOHBIX KJIETOK B KOHIICHTPHU-
POBAHHBIX CYCIIEH3USIX UCIOJB3YIOT METO/IbI ITOCEBA HA IUIOTHBIE MMH-
TatesibHble cpeapl B yamku [letpu. Jljis 3TOoro cHauyanma rotoBsT psl
MpEeAEIbHBIX JIECITUKPATHBIX Pa3BEJACHUM W3 HCXOJHOW KYJIBTYPBHI,
UCIIONIB3Ysl MPOOUPKHU, 3aMOTHEHHBIE 9 MJI CTEpUIIBHONW BOJOMPOBO/I-
HOU Bonbl WK (pusnonoruyeckoro pactsopa (0,5 % NaCl), unu doc-
datHoro Oydepa, a Takke HOBYIO CTEPWIbHYIO THUIETKY Ha 1 M
IIpU IPUTOTOBJIEHUH KaXKJIOrO O4YepelnHoro pasBenecHus. [lanee
U3 TpEeX MOCJHEAHUX PA3BEACHUN JENAl0T IMOCEB HHOKYJSTa OJHUM
U3 OMHMCAHHBIX HUYKE METOJIOB.

Memoo nogepxnocmmnozo noceéa. Ha TOBEPXHOCTb IUIOTHOMN
cpeapl BHOCAT 1o 0,05—-0,1 M WHOKYJIATA, KOTOPBIM 3aTEM pacupese-
JISIFOT 10 TTOBEPXHOCTH MUTATENIBHOW cpefibl mimnareieM Jpuraibckoro
C IOMOIIIbIO KPYTOBBIX JIBUKEHUM.

Memoo 2nyounnozo nocega: cHayana B IyCTbI€ CTEPUIIBHBIE
yamku [letpu BHOCAT 110 1 MJI MHOKYJISITA, KOTOPBIM 3aT€M 3aJIMBaIOT
20 M pacmuiaBiieHHOM U oxJyaxkaeHHou 10 40—45 °C arapusoBaHHOU
MUATATENbHOU cpenoi. KpyroBeiMu nBmkeHusAMHU 4damku Iletpu, me-
peMeniaeMon Mo MOBEPXHOCTU paboyero crojia, MepeMelnBaloT CO-
JEPKUMOE U OCTABJISIIOT JI0 MOJTHOTO 3aCThIBAaHUSA arapa.

Memoo 060iitno20 azapa NPUMEHAIOT B TEX CIy4asix, KOraa KyJb-
Typa OCOOCHHO YYBCTBUTEJIbHA K OTCYTCTBHIO MCTOYHMKOB TUTAHMS.
B sToM BapuanTe cHauana B yamiku [leTpu 3a1uBarOT MOJIOBUHY CPEb
(10 mm), mocnie e€ 3acThIBaHUSI 3aCEBAIOT KYJIbTYPY MOBEPXHOCTHBIM
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criocoOoM (CM. BBIINIE), @ 3aT€M TOCEB 3aJMBAIOT BTOPOM MOJOBHUHOM
pacIUIaBIEHHOU U oxyaxaeHHOU 10 40—45 °C arapu3oBaHHOW CpeEnpl,
pacripeiensisi Cpeay Mo MOBEPXHOCTU MEPBOro CJIOSl MyTEM Mepemelie-
HUA yaku [letpu KpyroBbIMH JBH>KEHUSIMH 1O IOBEPXHOCTH CTOJIA.

Yuem pezyromamoe uameunozo nocega. 11ocunThIBalOT YUCIO
KOJIOHMM Ha Ka)JIOM Yalllke U 3aHOCIT B MPOTOKOA (Tadmn. 2), rae n;
Y N, — YUCJIO KOJOHUH, BBIPOCHIMX HA JABYX YallKaX, 3aCEIHHBIX Ia-
paJuUIeNbHO U3 OJTHOTO Pa3BEACHUS.

Tabauma 2
Ilpomokon yuema wucna koaonuii na wawkax Ilempu (n;)
Pa3Benenue MIIA n

, 4 n
1:10 (107) n
. -5 n;
1:100 (10) Ilz
1:1000 (10°°) a2
Ny

KoJsioHnn 0OBIYHO YYUTBHIBAIOT B T€X Pa3BEACHUSX, I[JI€ UX BbIpac-
TaeT He MeHee 20. Ecii KOJOHUM CIAUIIKOM MHOTO U CIENaTh NEPECEB
HEJb351, TO MOJACYET BEYT CIAEAYIOMKNM 00pa3oM:

1) nensT MOBEPXHOCTH YAIIKKA HA CEKTOPHI (B 3aBUCUMOCTH OT T'y-
CTOTBI KOJIOHUU OT 16 10 64 CEeKTOPORB), MOACUYUTHIBAIOT KOJIMYECTBO
KOJIOHUM B OJHOM CEKTOPE M NEPECUUTHIBAIOT HA BCHO MTOBEPXHOCTH
arapoBOM IUIACTUHBL;

2) B OyMaXxHOM (DWIBTPE pa3MEPOM C YaIlIKy BBIPE3alOT KBaJpa-
THK IIOMAAbi0 | CM” U MOJCUNTHIBAIOT YHCIO KOMOHUH B HECKOIBKHX
TaKuX KBaJpaTUKax, nepemenias GuibTp Mo BCE MOBEPXHOCTH Yall-
KM. 3aTE€M MOJACYUTHIBAIOT CPEHEE KOJIMYECTBO B OJHOM KBAJpaTUKE
Y TIEPEBOJIST HA IJIONIaJAb arapoBOM MJIACTUHBI.

[Tocne 3amosHeHUsT MPOTOKOJa (Tabi. 2) aHAIM3UPYIOT KaueCcTBO
nocesa. [Ipu npaBuIbHO MPOU3BEACHHOM IMOCEBE C YBEJIMYCHHEM pa3-
BEJICHUS YKCJIO BBIPOCIIMX KOJIOHWW JOJDKHO YMEHBIIATHCS HE MEHEE
4yeM B 3 pa3a MEXK]y COCEIHMMH pa3BeleHHsIMU. Ecim 3Ta 3akoHOMEp-
HOCTh UMEET MECTO, TO JJI1 pacyeTa 4ucia rerepoTpodHbIX MUKPOOP-
TFaHU3MOB COOTBETCTBYIOIIECH IPYMIIbI CIIEYET BEIOPATh TO pa3BEACHUE,
u3 kotoporo Ha yamike [letpu Beipocio ot 100 go 300 kosioHUH.
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2
Jlanee ¢ MOMONIBbIO KPUTEPHS )~ OMPEAEISFOT BOZMOKHOCTh YCPEI-
HEHUS pe3ybTaToB. J{Jisl 3TOTO 3aMOJHSAIOT CTATUCTHYECKYIO TabJI. 3.

Tab6muia 3
Bvtuucnenue cpeonezo keaopamuuno20 OmKI0OHEeHUA ;/
_ — —\2
n
ny
N —\2
CyMMa KBaJpaTUIHbBIX OTKJIOHEHUM > (ni — n)

. )
C moMoIIbI0 TTOTYYCHHBIX 3HAYCHUN PACCUNTBHIBAIOT KPUTEPHUH
o ¢hopmyiie:

2 (ni _5)2 2.1)

rae N sgBiIAETCS CpeaHUM apu(PpMETUUYECKUM pe3yJbTaTOB ABYX IIO-
BTOpHOCTEH (CM. IpuMep B TaOIIL. 4).

3HAYCHHE BEIMYMH Y HAXOMIT B CTATHCTHYCCKUX TaOIHIAX.
B ciiyyae nByKkpaTHOW MOBTOPHOCTU CIEAYET BOCIOJIB30BATHCS Be-
JUYMHAMU, PACCUMTAHHBIMU JIJIs YMCJIa CTereHed cBoOoAb! (o), paB-
Horo 1 (o =1 — 1, rme 1 — yucno nmoBTOopHOCTEM). Y3 Tabiuubl cre-
IyeT, 4To npu 5 %-M ypOBHE BEPOATHOCTH pazjinuve OyJIeT 3Ha4Yu-
MBIM IIpH 7~ HE MeHee 3,841,

Tabnuma 4
Ilpumep onpeodenenusn Zz
_ — — 2
n; n n;, —n (ni — n)
201 192 9 81
183 192 -9 81
CyMma KBaJgpaTUYHBIX OTKJIOHEHUM 162

B manHoM mpumepe xz = 162/192 = 0,844, uro MeHbiue 3,841.
CrenoBaTtenbHO, pPa3IMuMsl MEKIY IIOBTOPHBIMH OIIPEACICHUSIMU
HE 3HAYMMBI U PE3yJIbTaThl MOKHO YCPEIHSTh.
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Ecnu Xz > 3,841, To pa3nuuusi MEXAy MMOBTOPHBIMH OIPEICICHHU-
SIMU 3HAYUMBI U YCPEAHATD PE3YJIbTAThl HEb3S.

Torma o COBOKYNMHOCTH MPU3HAKOB CJIEIyET BIOpATh OJHY Yalll-
Ky [letpu, rae yuciao KoJIoOHMUM AacT OOIIMKA pe3ysbTaT C HAUMEHbIIIEH
OLIMOKOIA.

[lepecyeT cpeaHero 4yucia BBIPOCIHIMX KOJOHUM (1) HA YUCIICH-
HOCTbh OakTepuil cOOTBETCTBYIOMIEH rpynibl (N) Opou3BOIST, UCXOS
U3 TPEANOJIOXKEHUS, YTO OJHOM KOJOHMEOOpa3yrolie eIuHuIeh
(KOE) sBasiercst otnenpHas MUKpOOHas KieTka. [ 3TOTo MCIosib-

3YIOT popMyIy:

n-r
N = —, [KOE/wr], (2.2)

rie N — cpeaHee 4YMciIo KOJOHMM Ha 4vamkax [lerpu, 3acessHHBIX
13 OJIHOTO pa3BeaeHUs, I — KO3 (PHUIHMEHT pa3BelIeHUsI, V — 00beM
WHOKYJIATA (M).

OnTuManbHBIM pa3BeACHUEM CUMTACTCS TO, IIPH IIOCEBE M3 KOTOPO-
ro BeIpactaeT okojio 300 kononuit Ha oxHou wamike [10]. Ecmu
C YBEIMYEHUEM Pa3BEJCHUSI KOJMYECTBO KOJOHHUHA 3aKOHOMEPHO
ymenblaetcs, To KOE aeiicTBuTebHO NMpeACcTaBICHO OJHOM KIETKOM U
JUISL pacyeTa YHMCIASHHOCTH MOYKHO HCITOJIh30BaTh TO pa3BeACHUE, KOTO-
poe JaeT MakcuMalibHoe 3HaueHne N. Eciu 3Ta 3aKOHOMEpPHOCTh Hapy-
1aeTCsl, HY>KHO JIOTUYECKHUM ITyTE€M YCTAaHOBUTH MPUUYUHY (HECTEPHIIb-
HOCTh TIOCEBA, arperMPOBAHHOCTh OAKTEPUOTUIAHKTOHA U T. I1.) U B3SITh
TO 3HaYEHHE, KOTOPOE JIaeT HanboJIee pealbHYIO BEIIMUUHY.

2.2. OnpedeneHue obwelti HucieHHocmu 6akmeputi
Memo9doM NPpAMO20 ciema
no Bunozpadckomy — bpudy

Ilpuzomoenenue npenapama. Ha npenBapuTebHO 00€3KUPEH-
HOM (JIy4llle CTEPUIBHOM) MPEAMETHOM CTEKJe napadUuHOBBIM CTEK-
norpadoM (KapaHAalioM MO CTEKITY) PUCYIOT 2 KBaApaTHKa pasMepoM
15%15 mm, ucnonn3ys Tpadaper.

CrepwibHor nunetkor Ha 0,1 MII HAHOCAT BHYTPh KaXJOrO0 KBai-
paThka MUHUMAJIbHYIO KarTio PUKCUPOBAHHOTO 00beMa. MUKpOOHOJI0-
TUYECKOU TIETIIEU, TPOCTEPUIUZ0BAHHON ITPOKAIMBAHUEM U OXJIAXK]ICH-
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HOU B paboyeil 30He MIaMEHHU TOPENIKH, PACIIPENCTSIOT KaXKIYI0 KaIlIio
10 BCEU TUIOMIAAN KBaJapaTuKa. Ma3ok BhICYIIIMBAKOT HA BO3IYXE.

Jlanee B OUH U3 KBaJPATUKOB MOMEIIAIOT BTOPYIO Karuio (UK-
CUPOBAHHOTO 00BbEMA, MOBTOPHUB BCIO MPOLIEAYPY AO MOJHOTO BBICHI-
XaHUs IIpenapara.

3aTeM npenapar GUKCUPYIOT B INIAMEHHU TOPEJIKH M OKpaIlUBAIOT
¢dbykcuHOM B TeueHue 1—3 MUH, TTOCJIE€ YeTO MPOMBIBAIOT AUCTUILIUPO-
BaHHOW BOJIOM M MPOCYIIMBAIOT MEXKIY KyCOUKaMH (pUIBTPOBATBHOM
oymaru. [Ipenapat roToB jjisi MUKPOCKOITUPOBAHUS.

Ilpamoit cuem. Jlanee ¢ TOMOIIBIO CETOUKU ['aK€HKO, BCTaBIICH-
HOU B OKYJISIp, TOACUYUTHIBAIOT YUCJIO OAaKTEPHUAbHBIX KJIETOK B KaX-
JIOM U3 JIBYX MpEenapaToB, CACIAHHBIX HA OJHOM IMPEIMETHOM CTEKIJIE.
Pe3ynbTaThl 3aHOCAT B MPOTOKOJI (Ta0:I. 5).

Tabnuua 5
Pe3ynomamut npamozo cuema 6axkmepuii
Ne n/mt KoJ1-BO MUKPOOHBIX KJIIETOK (1;)
IOJISl 3pCHUS Ksagpar 1 (vi=...) Ksanpar 2 (vo,=...)
1 ny n;
2 n n,
z n, n,
Hroro: 2. n; 20

MukpockonupoBaHU€E MPOBOJAT MPU MAKCUMAIBHOM YBEJIMYEHUH,
UCIIOJIb3YSl MACIISIHYl0 MMMEPCHI0 M CHUHHMM CBETOQWIBTp AJIsA Oojee
KOHTPAaCTHOW BUAMMOCTH KJIETOK. [[J1s1 mpsiMOro cueta MUKPOOHBIX Kile-
TOK BCTaBJISIIOT B OKYJISIP MUKpOCKOMa ceTouky ['axkeHko, 9 MalleHbKUX
KBaJIPaTUKOB KOTOPOM OOBIYHO COCTABJISIFOT I10OJI€ 3PEHUSI.

Ha npaBwibHO NPUTrOTOBJIEHHBIX MpenapaTax MUKPOOPTaHU3MBI
PAaBHOMEPHO pAaCIpPEIEIEHBI 10 TOBEPXHOCTH, U B MOJIE 3PEHUS HAXO-
muTcs 0Koio 50 MHKpPOOHBIX KJIETOK, MO3TOMY OOBIYHO MPOCMATPHU-
BatoT 15-20 monel 3peHus, ¢ TeM 4ToObl CyMMa MOJCYUTAHHBIX MUK-
poopranu3MoB coctabiisia He MeHee 1 000. Eciau MUKpOOHBIX KJIETOK
CJIMILIKOM MHOTO WJIM CIIMIIKOM Majo, TO U3MEHSIOT 00bEM aHaJIU3U-
pyemMoro o0pasiia BOJbI.

[Ipyn HEBO3MOXKHOCTHU TepeAenarTh npenaparsl 00beM aHAIU3UPY-
€MBbIX O00pa3loB HMCXOJHOM BOABI CIEAYET BapbUpPOBATH Cpasy
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IIpU TIEPBOHAYAIPHOM  MPUTOTOBJICHHMM HECKOJBKHX IIpPErnapaToB
U3 OJTHOU MPOOKI BOBI.

[Ipu HEpaBHOMEPHOM paclpeieICHUU MUKPOOPTaHU3MOB IyCThIE
nonst 3peHusi (n; = 0) Takyke BHOCAT B IMPOTOKOI (Tabj. 5), ormeyas
HYJIEM OTCYTCTBHE MUKPOOHBIX KIJIETOK.

Buvtuucnenua. O6uryro uyncneHHOCTh O0akTepuil (Nygy ) AT Kax-
noit mosTopHocTH (N;) paccuutsiBaroT 1o GhopmyJie:

N = S- 2.

061 [Km/mi],
Z-S-V

2.3)

rae S — o011as mioma b OKPalIeHHOTO Ha (DMIIBTPE MIN CTEKJIE Tpe-
mapara (MM°), Y, — CyMMa IOJCYUTAHHBIX T10J MUKPOCKOIIOM MHK-
POOHBIX KJIETOK, Z — KOJWYECTBO MPOCMOTPEHHBIX TOJIEH 3peHus,
S — IUIOIIA/Ib OJHOTO IOJISI 3PEHUS (MMz), v — o0beM o0pasiia BOJIbI,
3aTpAavyeHHbIN HA IPUTOTOBJICHUE OKPAIIEHHOr0 IIpenapara (Mi).

[lnomans OJHOTO KBajgpaTHKa CETOYKHM ['aXXEHKO OlIEHUBAIOT,
OTpEEsisl pa3MEP €ro CTOPOHBI C MOMOIIBIO O0BEKT-MUKPOMETPA, KO-
TOpPBIN MOMEIIAIOT BMECTO Ipenapara Ha MPEAMETHBIA CTOJUK, HUMEs
B BHUJly, YTO MUHHMAJIbHOE JEJeHHE ero JuHenku cocrasisier 0,005
win 0,01 MM (YTOUHSIETCS IO MAPKUPOBKE OOBEKT-MUKPOMETPA).

[Ipu ycpenHeHuun 3HaYeHUN OOIIEH YMCICHHOCTH OaKTepwii, mo-
JYYEHHBIX B Pa3HbIX MOBTOPHOCTSX, ONPEIEIAIOT 3HAYUUMOCTh pa3Jjiu-
4nii 1m0 ° (Tabl. 3) M CYUTAIOT, YTO BEITHIMHA Noow, €CTh CllydarHas
BEJINUYMHA, KOTOpas MOMYUHSETCS, KaK SMIUPUYECKH YCTAHOBIICHO,
HOpMallbHOMY pactpeaenenuto Ilyaccona. B atoMm ciyuae cpennee

KBaJ[paTUYHOE OTKJIOHEHHE (C) paBHO VN , MOATOMY JOBEPUTEIbHbBIN
UHTEpBall A BEIUYHMHBI Nyg,, HaxoautTca mno ¢opmyie N+ aVN,

rae o — Ko3((UIMEHT, 3aBUCSIINNA OT BBIOPAHHOTO 3HAYEHUS JOBE-
PUTEIIBHOW BEPOSATHOCTH (0L =2 mOpu BepoSATHOCTH, paBHOM 0,95,
U TPEXKPATHOU MOBTOPHOCTH).

Onpeodenenue duomaccol MUKpoop2anu3imos. buomaccy MHUKpo-
oprann3MoB (B) HaxoaaT Ha OCHOBaHHMM OOIIE YMCICHHOCTH OaKTe-

puit (Nogy, ) 10 popmye:
B=N:v:p-f [r/mn], (2.4)

rie Nygy — YUCIECHHOCTh OaKTEpUOIJIAaHKTOHA (KJI/MJT), V — BBIYHUC-
JICHHBIN U3 U3MEpPEeHUN 00bEM OJIHOM KJIETKHU (B CpeaHEM JJIs BOJHBIX
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GaxTepuii paBHbIA 0,5 MKM’), p — IUIOTHOCTb CHIPOil GAKTEPHATBHOI
maccsl (= 1 r/em’) 1 f — dakTop ychxaHus KiIetok (= 1,6).

Jlns BBIYKCIIEHUS HEOOXOIUMO €IMHHUIIBI 00beMa YHU(PHUIIUPO-
BaThb U BBIPA3HTb B cM (MiI). UTOOBI M3GABUTBCS OT OTPULATEIIBHBIX
CTENEHEeN I/MJI IEPEBOSAT B MKI/MJI HJIM MI/JI.

s onpenenenus cyxoi maccel (B.) B BECOBBIX €IUHHUIIAX CO-
Jep>KaHusl yTiepoia UCXOAT U3 TOro, YTO CyXO€ BEIeCTBO B OaKTe-
pUaNbHBIX KJeTKax coctaBisieT 15% (85% — Boxa). Conepxanue yr-
JepoJa B CYXOM BeIIeCTBE OakTepuil 00OOIIEHHO IPHUPABHUBAIOT K
50%. Torga pacuer npuHUMAET BU;

B, =B-0,15-0,5 [mMxr C/mn, mr C/n], (2.5)

Ha npakTuke, ecii Ha npenapare UMEeTCsl HECKOJIbKO THIIOB Oak-
TepUAIIbHBIX KJIETOK, Pa3IWYHBIX 10 (opMe M pa3zmepaM, IOJCUEeT
CIEAYeT BECTH Pa3JeiabHO I KaXKA0TO MOP(OTHUIIA MIN BBIYUCIIATH
cpeanue pasmepsl kieTok (Kombuios, 2008).

2.3. Onpedenenue 6uomaccowi
no onmu4eckoi NJI0MHOCMU KJ1eTNOYHOU KyabInypbl

M3mepeHue CBETOpacCesHHs] CYCHEH3MEW KIIETOK ITO3BOJIAET
MTHOBEHHO W3MEPUTh OMOMAcCy, YTO BO BTOpPOM MOJOBHHE XX B.
ONPENIETUIO0 MPOrpecc B M3YYEHUHM MATEMaTHUYECKUX 3aKOHOMEPHO-
CTEl pocTa MUKPOOHBIX M KIJIETOYHBIX KYJBTYp, a TAaKKE€ B Pa3BUTUU
onorexHonoruid. CycrieH3un OpraHu3MOB PAaCCEUBAIOT CBET M KaXyT-
Csl MyTHBIMH, €CJIM MOKa3aTelb MPEJIOMIICHHS] OpraHu3Ma OTINYaeTCs
OT TIOKa3aTelsl MpeaoMJeHusl cpelpl. BuauMas MyTHOCTh HauMHAET
MPOSIBIIATHCS, KOTJ1a INIOTHOCTh OAKTEPUI TOCTUTAET 10° e/mn (ITepr,
1973). MyTHOCTb MOXHO H3MEPSTH, OMNpeAessis JUO0 KOJIUYECTBO
CBETa, MPOUIEIIEro Yepe3 CyCcleH3uto (abcopOunomeTpus), I1ubo Ko-
JMYECTBO CBETA, PACCESIHHOro cycneHsueil (Hedenomerpusi). Meton
CBETOpACCESHUS TPUMEHUM K CYCIEH3UsIM OaKTepuH, IPOxoKeH, criop
Y KJIETOK MJIEKOTUTAIOIINX.

Ha creneHp MyTHOCTH CyCHEH3MM OPraHU3MOB MOKET OKa3bIBATh
BJIMSTHUE UENbIN Psii PU3NYECKUX M OMOJOTHYECKUX (PaKTOpOB, U3 KO-
TOPBIX HE BCe MojjaaroTcs ydety. Ilpu abcopOumroMeTpun KOHIIEHTpa-
[1S] OPTaHU3MOB X, JUIMHA CBETOBOT'O MYTH /, ITHTEHCUBHOCTH Ma/1aro1lIe-
ro /) 1 ipoieaiero /, CBeTa HaXOATCS B CICAYIOIIMX OTHOIICHHUSAX:
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log (Iy/I)=A x-1, (2.6)

rne A — BeJIMYMHA TOCTOSIHHAS MPU HEOOJBIINX KOHIICHTPALHUSIX
OakTepuii, HO MpU OOJIBPIIMX HAYWHAET yBEIWYUBATHCS BCIIEICTBUE
BTOPUYHOTO pPaCCEsSHHUS, MOCKOJBbKY CBET HaTaJKHWBaeTCs OoJiee uyem
Ha oJHYy yactuiy. 3Hauenue log (/) / I,) Ha3pIBalOT ONTUYECKOM TIIOT-
HOCTBIO, WU DKCTHHKIIHEH.

Jl1st HedemoMETpUH CIIPaBEIMBO CIEAYIONIEEe YPaBHEHHE:

log (Iy/I)=—-B-x -1, (2.7)

rjie [y — MHTEHCUBHOCTh PACCEIHHOTO CBETA, & B — KOHCTAHTA.

CreneHp 1 HaNpaBJIEHUE PACCESIHHOIO CBETA 3aBUCAT OT pa3Mepa
U (pOpMBI YaCTHUIIBI, JUTMHBI CBETOBOW BOJIHBI M PA3HUIIBI MEXKAY MOKa-
3aTeJISIMUA TIPEJIOMJICHUSI YaCTHUI[ U CPEJAbl. DTU BIMUSHUS BBIPAKAIOT
3akoHsI [Taysmna (Powell, 1963):

1) o011ee KOTUYECTBO PACCESTHHOTO CBETAa BO3PACTAET C YBEJIHMUE-
HUEM OTHOIIICHUS pa3Mepa YacTHll K JJIMHE CBETOBOM BOJIHBIL;

2) ob1Iee KOJUIECTBO PACCESHHOTO CBETa TeM OOJIbIIe, YeM 0O0JTb-
1€ pa3Inuue MEXIY MOKa3aTeJIMU MPEIOMIICHUS YACTHUIL U CPEJIbI.

CornacHo MepBOMY 3aKOHY CJEIYET BhIOMpAaTh CBET C HAMMEHb-
meil JuHOM BOMHBL. OJHAKO OOBIYHO HCIOJIB3YIOT 3€JICHBIA CBET
C IJIMHOW BOJHBEI HE MeHee 540 HM, MOCKOJIbKY 00Jiee KOPOTKHE BOJI-
HBbI MOT'YT BBI3bIBaTh U30BITOUHOE TOTJIONIEHUE cBeTa. O BIUSHUU I10-
Ka3arelsl NpeJIOMIICHUSI MOKHO CYJIUTh MO KOHTPACTHOCTH KOJOHUU
Ha IJIOTHBIX cpenax. MUKPOKOKKH, B YaCTHOCTH, 00Jie€ KOHTPACTHBI,
yeM Azotobacter, T. K. OHU UMEIOT 00Jie€ BBICOKHU IMOKa3aTeNb IMpe-
nomienus. Ha mokaszarenb mpeioMIIEHUSI MOTYT BJIUATH KOHIIEHTpa-
1Ys TBEPABIX YACTUIl U HAOYXaHHE KIJIETOK B TMIOTOHUYECKOU cpelie,
MOATOMY PEKOMEHIyeTCA JeiaTh MOMPaBKy Ha MoKa3aTesb MpesioMie-
HUS U CIEOUTH 32 TEM, UTOObI OCMOTHYECKOE JaBJICHUE T00aBiIsieMOn
KUJIKOCTU OBLUIO paBHO TOHWYHOCTH cycrieH3uu. Jljisi mpenoTBparie-
HUS U3MEHEHUS ONTHUYECKOW TIJIOTHOCTH CYCIIEH3WM NMPU U3MEHEHUU
TOHUYHOCTH CPEAbl B KJIETOUYHYIO CYCIIEH3HIO J100ABIISIIOT TOKCUYHOE
coeMHEeHue, HarpuMep pacTtBop Gopmanuna (1 %).
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2.4. Onpedenenue konuuecmea
Op2aHU4eCcKo20 gewecmaea
Memodom 6uxpomamHozo okucaeHus

KoHuentpanuu oprannueckux BemectB (OB), pactBopuMbIx u
B3BEIICHHBIX, MOKHO OINPEACIISTh METOAOM OMXPOMATHOTO OKHUCJICHHS.
Jig atoro k 1,6 My uccieryemMoi >KUIKOCTH J00aBIIOT 2,4 MIT CepHO-
XpoMoBoM cMmecu, cocrosimer u3 0,2 H pactBopa K,Cr,O; 1 KOHLIEHTpU-
poBanHoit H,SO,4 B cooTHomenuu 1:5 mo oobemy. Ilocne nepemenmpa-
HUS Ha BOPTEKCE CMECh BbLACPKHUBAKOT B TepMocTare mpu 140 °C B te-
yeHue 20 MUHYT. 3aT€M CMECh OXJIAXKIAIOT U U3MEPSIOT KOHLIEHTPAIUIO
Cr’ npu 590 HM Ha CIIeKTPOPOTOMETPE U KOJIOPUMETPE.

KoHnentpanun motpedisiemoro cybcrpara u oOpasyromierocs
MPOAYKTa MOXHO OINPENENSATh B KyJIbTYpPadbHOM >KUIKOCTH IOCIIE
ocCakJeHUs KJIETOK IeHTpudyrupopanuem mnpu 3000 g, ucnonb3ys
KaIMOpOBOYHbBIE TpaUKH, MOCTPOEHHBIE MO COOTBETCTBYIOIIUM Be-
miectBaM. J[o 1meHTpudyrupoBaHus HU3MEPSIOT CyMMY B3BEIIEHHBIX
(KJI€TOK) U pacTBOPUMBIX OPraHUYECKUX BEIIECTB.

Konnentparuto B3BemenHoro OB GromMacchl HaXOmsIT 1O pa3HUIIE
U PaCCUUTHIBAIOT C MOMOIIBI0 KAMOPOBOYHBIX KOd(hduimenton. s
ATOr0 KOJMYECTBO 3aTPAYCHHOI0 Ha OKHUCJICHHUE OMXpoMara KaauOpyroT
0 CyXOM Macce KIETOK CleayromuM oOpa3oMm. B mpenBapuTenbHbIX
OMBITaX MOJYYAIOT CYCHEH3UN OTMBITBIX KJIETOK Pa3IMYHON MIIOTHOCTH,
Hanpumep oT 15 go 1500 mr/n, u onpenensitoT B HUX KOHIEHTPALUIO
B3BEIIEHHBIX YaCTHUI] OMXPOMATHBIM U BECOBBIMU METOJIAMHU.

JlabopamopHbie 3aHamus 2-3

Cooeporcanue. OnpeneneHue YUCICHHOCTH OakTepuil METOJI0M
NpsSIMOTO CYETa M KOCBEHHBIMU MeToJlamMH moceBa Ha MIIA B yamiku
[letpu u HEDETOMETPUUECKHU.

X00 pabomut

1. MeTonoM moceBa Ha Aarapu3OBAHHYIO IHUTATEIBHYIO CpPERY
B 4. [lerpu omnpenenuts YMCIEHHOCTh JKUBBIX KIETOK B CYCHEH3UU
MYy3€MHOU KYJIbTYphl OaKTEpHil, BBIIAHHOW MPENOJaBaTEIIEM.

2. B TOif %e CyCcneH3uu ONpeeIuTh OO0y YUCIEHHOCTh OaKTe-
pUI METOJOM MPSIMOTO CYETA.
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3. I3MepuTh ONTUYECKYIO MIIOTHOCTh UCXOAHOU CYCIIEH3UM MUK-
POOPraHu3MOB U B €€ IByKPATHBIX Pa3BEICHUSIX.

4. PaccuuTaTth ChHIPYIO M CyXYH OmoMaccy, MCXOHAs M3 OOIIei
YUCJICHHOCTH OaKTEPUH.

5. I[locTpouts kanubpoBouHbIil rpadguk OII(Nygy).

Mamepuanvt u obopyoosarue: PpEeIMETHOE CTEKJIO0, MmapaduHO-
BbIN CcTEKJIorpad, mokpoBHoe cTekino 18x18 mm (Tpadaper), nmunerka
[Tactepa; mpoOupku ¢ 9 M CTEpPUIBHOM BOJOMPOBOJAHON BObI, TH-
netku Ha 1 mui, nmunetku Ha 0,1-0,2 mi, 4. IleTpu ¢ arapu3zoBaHHOMU
CpenoH, MIaTenu JpuraibCKoro; NuIeTka CTepuiibHas Ha 5 MII, KIO-
BETHI HA 5 MJI, CTAKAHYMK CO CTEPUIBHOW JTUCTUIIIIMPOBAHHON BOJOM.

Jemonucmpayus: doromerp KDK-3—«30M3y», omnpenencHue
KOE/mn na typounodaroopumerpe «buo Ty,

Bonpocwbt 015 06¢cyncdenus

1. IIpsiMbie METOIBI OTIPEICICHHUS YUCICHHOCTH KJIIETOK B KYJIBTYpE.

2. KocBeHHbBIE METOIBI ONIPEACICHUS YUCICHHOCTH KIIETOK.

3. ®usnyeckne MEeTO bl ONpeIeICHIST OMOMAaCCHI.

4. PacdeTHBIC METOIBI ONIpEICTICHNS OOMACCHI.

5. [lpunnun padotsl Typounodmoopumerpa «bro TDy.

6. MeToapl aHAUTUTHYECKON XMMHUHU B OIPEACICHUH COCTABJISAIO-
X MaTePHAIBHOTO OaJlaHCca KYJIbTYPHI.

Tema 3. MaremaTn4yecKkve 3aKOHOMEPHOCTH
NEePUOANUYIECKOTO POCTA KJI€TOYHBIX KY/JIBTYP

PocTt KiI€TOYHBIX KyJIbTyp (CHHTE3 OHMOMACCHI) IPOUCXOJHT
B MIPOIIECCE YTUIM3AIMK WUMU HCTOYHUKOB OWOTCHHBIX D3JIEMEHTOB
(KOHCTPYKTUBHBIA METa00JIM3M) U IHEPruM (IHEPreTHUYeCKUil MeTa-
00JIU3M) U COMPOBOXKJIAETCS B CiIydyae a’pOOHBIX XEMOOPTaHOTETEPO-
TPOPHBIX OPraHU3MOB MOTPEOJECHUEM MOJIEKYJISIPHOTO KHUCIOPOa,
HEO0OXO0UMOTO JIJII OKUCJICHUS CyOCcTpaTa, ¥ BBIJICJICHUEM IIPOTyKTOB
ero noHoro (CO,) u/Uiu HEMOJIHOTO OKMCICHHUS.

Hanbonee mnonHoe omnucaHue MHUKPOOHOTO pOCTa JIOCTUTAETCs
C TIOMOIIBI0 MaTEMAaTHYECCKUX MOJENICH, T. K. OHH OTpakaroT IOCTY-
JUPYEMBIH MEXaHU3M IPOTEKaHUs IpoIecca W MPEICKa3hIBAIOT €ro
muHaMuKy. OCHOBY WX BCETJla COCTaBIISIOT AMIIMPUYECKHUE JaHHBIE,
rpaduyueckoe n300paKeHNe KOTOPHIX COMPOBOXKIACTCS BHIUUCICHUEM
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BCEBO3MOKHBIX KMHETUYECKUX M CTEXMOMETPHUYECKUX IOKa3aTeleH,
TaK Ha3bIBAEMBIX MapamMeTpoB pocTta. OCHOBHBIMU IKCIIEPUMEHTAIBHO
onpeesIeMbIMUA TTapaMeTPaMH SBIISIOTCS YIelIbHAs CKOPOCTh POCTa
U, MeTabonudeckuii (q) u a3koHoMudeckuit (¥) ko3 HUiineHTsI.

[lox ynenpHON CKOPOCTBIO pOCTa 4 MOHHMAIOT CKOPOCTh POCTa
€IMHUIEI OMOMACCHI X'

= dx/dt - 1/x. (3.1)

Merabonuueckuit KO3)PUIUEHT g, W YACIbHYIO CKOPOCTh Me-
Ta00JIM3Ma, MOXKHO ONPEAEIUTh KaK YJEIbHYI CKOPOCTH JIFOOOTO
KJIFOYEBOT'0 META0O0IMYCKOTO0 TMpoliecca, HampuMep NoTpedIeHus cyo-
cTpara s:

g, =—ds/dt- 1/x. (3.2)

NuapopmaTUBHBEIM TTOKa3aTeIeM MeTabO0JNIecKOoi aKTUBHOCTH
MOXET TaKXKe CIyXKUTh WHTCHCHUBHOCTH JIBIXaHUs, KOTOPYIO MOYKHO
MU3MepsITh 1o o0pa3oBanuio 33 (¢):

q.=—dc/dt- 1/x. (3.3)

DOxoHoMHUYECKUU KOd(hduimeHt Y cayxut mepoit sdpexTuBHO-
CTH HCIIOJB30BaHUS MCTOYHHMKA yriiepoaa u sHepruu. OH ompenens-
€TCsl KaK BBIXOJT OMOMAacchl Ha €IUHUILY MOTPEOJIEHHOrOo CyOcTpara
(Y,s) wnm BeiiesnieHHoro CO; (Yy,):

Yy =—dx/ds ~— Ax/As. (3.4)

Y. .= dx/dc ~ Ax/Ac. (3.5)

Comnocrasnenue ypaBHenuit (3.1), (3.2) u (3.4) unu (3.1), (3.3)
u (3.5) maer crneayromme COOTHOIICHUS:

QSZIU/Yx/SHQCZIU/Yx/c- (36)

PocT MUKpOOpraHn3MoB, 0€3yCIOBHO 3aBUCUT OT (PU3UKO-XUMHUYE-
CKUX MapaMeTPOB CPeJibl, TAKUX Kak TeMIiiepaTypa, pH, akTHBHOCTb BO-
eI, moHHas cuia pactBopa (Ilept, 1978; PabotHoBa, IIpo3morona,
1979). Ognako ocHOBOIOMAralOIKUM (HaKTOPOM SIBISIETCSI TUMUTUPYIO-
M TUTaTeNIbHBIN cyOcTpaTa, €ro MpUpo/ia U KOHIIEHTPAIIHS B Cpe/Ie.

Kak mpaBuio, norpebieHue cyocTpara onpenesnsieTcss KUHETUKON
neicTBUs (DEPMEHTATUBHBIX PEAKIMi, TPAHCIOKAIMU WIA aKTHUBHOTO
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TpaHcniopta. OHHM ONHUCHIBAOTCS ypaBHEHMEM Muxasnuca — MeHTeH,
[o ananorum st MeTaboaIn4eckoro KodPUireHTa MOKHO 3aIUCaTh:

qs — QS 'S/(Ks + S)) (37)

rae O, — MaKCUMaJIbHOE 3HAYCHUE ¢,, IOCTUraemMoe npu s >> K, a K;
— KOHCTaHTa HACHIIMICHUS, paBHas TOW KOHILEHTpauuu cyOcTpara,
npu kotopoit g; = 0,5 K. PeannbHo QO yno0HO M3MEpATH 4epe3 Tak
HAa3bIBAEMYI0 MOTEHIIMAJIBHYIO JABIXaTEIbHYI) aKTUBHOCTb, KaK yJEIb-
HOE JIbIXaHue mociie A00aBieHUs M30bITKa JUMUTHUPYIOIIETO POCT
cyoctparta (3.3).

N3 ypaBHeHnuit (3.6) u (3.7) npu Y = const nonydaeM ypaBHEHHUE
Momso:

,Ll:,le'S/(KS+S), (38)

KOTOPOE OIMHUCKHIBACT TUTIEPOOIMIECKOE BO3PACTAHUE L TIPY YBEIIMUCHUU
§ TI0 HACKIMIAKOIICH KpUBOM OT O 0 MAKCUMATTLHOTO 3HAYCHUS iy,

B MHOrOuYMcIeHHBIX OMBITaX J0Ka3aHO, YTO BeJWunHa K TS Of-
HOTO M TOTO K€ OpraHu3Ma BapbUPYET B 3aBUCHUMOCTH OT IPHUPOIBI
cyoctpara. Tak, mis kumeyHnoi manouku Escherichia coli ona uzme-
usercs ot 0,034 mxmons, mis tpuntodana (Shehata, Marr, 1971)
1o 100 mxmons, ais pykro3sl (Jones-Mortimer, Kornberg, 1976).

NurterpupoBanue ypaBHeHus (3.1) maer dhopmyiy, KoTopas Hc-
MOJIB3YETCS JUIsl OTpeNieNieHUs 1 TpaUIECKUM METOJOM B JUHAMUKE
pocCTa KyJIbTYypPHI:

1= (Inx — Inxp) / (¢ — 1,). (3.9)

J/labopamopHvle 3aHamus 4-5

Cooepacanue. OnipeIeuTh YACIbHYIO CKOPOCTh POCTa MY3€iTHOI
OaKkTepHaIbHON KyJIbTYphl HA ONIPEACICHHON MUTATENBHOM CpEJIE.

X00 pabomut

1. B xo50y, OCHallleHHYI0 TPOOOOTOOPHUKOM, TIOCEATh KYJIbTYpPY
OakTepuil Ha CBEXKYH MUTATEIIbHYIO CPEAy U MOCTaBUTh HA KadyajiaKy
C BOISTHOU OaHEH.

2. B nuHaMuke MEpUOANYECKOrO pocTa KyiabTypsl u3dmepsars Ol
CYCIIEH3MH 4epe3 Kaxaple 1—2 Jaca 10 cTaOMIM3aIiy moKa3aTes.
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3. B nmonynorapudmuueckux koopauHatax [nOIlIl(t) mocTpouThb
KPUBYIO pOCTa MEPUOANUECKON KYIbTYPHI.

4. Paccuntarh yACIbHYIO CKOPOCTh POCTa KYJIbTYpPHI i Tpaduue-
CKHM CIIOCOOOM.

5. CocTtaBUTh CBOAHYIO TAOJMILy ONPEACIICHUS ( HAa PA3HBIX MHUTA-
TENBHBIX Cpefax Mo pe3yibTaraM padoThl Bcel moarpymmbl. Craenath
3aKJII0UeHrE 00 ONTUMAIBLHOU CpeJie AJIsl UCCIICIOBAaHHON KYJIBTYPBHI.

Mamepuanwt u 060pyoosanue: konbda, OCHaIlIEHHAs! TPOOOOTOOPHHU-
koM (0,5-1,0 1), co cTepuiIbHOM MUTATETHLHON CPEIoi, CTEPUIIbHBIE TIPO-
oupku 17151 oroopa 1mpood, hotomerp KOK-3—~«30M3», cTakaHIWK ¢ JuC-
TWITUPOBAHHOM BOJIOM, MUIIETKY Ha 5 MJI, PUIbTpOBaIbHas Oymara.

Jlemonucmpauyus: doromerp KDK-3—«30M3y», Buzyanuzamus
KpHUBOM pocTa Ha TypOugodoopumerpe «buo TDy.

Bonpocwbt 015 06¢cyxncdenus

1. KpuBas pocta nepuoIM4eCKON KyJIbTYPBHl.

2. Kunetnueckue napaMeTpsl pocta KyJbTyp KIETOK.

3. MaremaTn4ecKoe ONMMCaHue 3KCIOHEHIMAIBHOTO POCTa KYJIBTYP.

4. Y nenbHas CKOPOCTb POCTa U METOJbI €€ ONIPEAECIEHUS.

5. 3aBUCHUMOCTh YAEIBbHOM CKOPOCTH pOCTa OT KOHLEHTPAUHWH
U TIPUPOJIBI IUMUTUPYIOIIETO CyOCTpaTa.

6. BosmoxxHocTu TypOuaodaroopumMerpa B KOJTUYESCTBEHHBIX HC-
CJIeIOBAHUSIX MUKPOOHOTO pocCTa.

Tema 4. MeToagn4ecKue OCHOBBI
KY/IbTUBUPOBAaHUA KJI€TOK M TKAaHEeU
BBICIIMX PaCT€HUM

4.1. TpeGoeaHuﬂ acenmuku npu evinoJjiHeHuUu pa60m
no KyjsmueupoeaHur pacmumejibHblX 06sexmos
in vitro

Bce paboThl ¢ KJIETOYHBIMU KYJbTypaMu pacTeHHUl TpeOyloT co-
OJIFOICHUSL CTPOroM crepuwjbHOCTH. CTEepUIM3allMM TOJBEPraeTcs
JaMUHAap-00KC, UHCTPYMEHTHI, NIOCYAa, TUTATEIbHBIE CPEIbI.

[ToarotoBka mMOMEIICHUN MJIsI CTEPWIBHOM pPabOThI BKJIIOYAET
THIATENbHYIO0 BIXHYI0 YOOpPKY M O0OpabOTKY BCEX MOBEPXHOCTEU
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Ne3uHGUUIUPYIONIUMH CPEeICTBAaMU HE MeHee 2 pa3 B Mmecsll. Y 00pKy
HAYMHAIOT C CAMOT'0 JAJIbHETO yIJia U 3aKaHYMBalOT BbIxo10M. CHava-
Ja MPOTUPAIOT TTOTOJIOK U CTEHBI, 3aTEM ITOBEPXHOCTH MeOeIn u 000-
pyIOBaHUs, B KOHIIE TOJ. JJisi cTepuin3anuy MOMENICHUN UCTIONb3Y-
10T yabTpaduoneToBoe odyuenne B Teuenne 0,5—2 gacos.

B namunap-060kcax acenThka JOCTHTaeTcs Mojadyeil CTepUIIbHOTO
Bo3nyxa u Y®-nmammnamu, 00€CICUMBAIOIIMMU CTEPUITU3AIUI0 BHYT-
peHHel nmoBepxHocTU. s paboThl B TaMuHAp-O0KCE HAJEBAIOT CTE-
pUIIbHBIN xajat. HemocpeacTBeHHO mepesi padoToi MOBEPXHOCTH Jia-
MUHap-00kca U pyku oopadateiBatoT 70 %-M 3TaHOTIOM.

[IpenBapuTenbHas CTepUIN3aIusi HHCTPYMEHTOB (CKaJIbIIEIH, TTHH-
IIEThI, MUKPOOHOJIOTUYECKUE TIETIIM U T. J.) IPOBOJUTCSA CyXUM KapoM
B cymmibHOM 1mKady B Teuenue 2 4 mpu 140 °C. Meraminyeckue
NpeIMEThl HEJb3s aBTOKJIABUPOBATH, T. K. MOJ JACUCTBHEM Iapa OHU
PKaBEIOT | TymsTcs. B mporiecce paboThl Tiepest KakI0H MaHHUITYIISITHI-
€l MHCTPYMEHTBI CTEpUIIU3YIOT, TloMmemas ux B (papdhopoBbiil cTakaH
¢ 96 %-M 3TIJIOBBIM CIUPTOM U O0XKHUTasi B TUIAMEHU CIIUPTOBKHU.

4.2. [Ipasuna npuzomosenenus numamenbHbvix cped
01 KyJ1bMu8UPOBAHUSA pACMUMENbHbIX KI1eIMOoK
u mkKaHet in vitro

[Ipu coOnroeHun yCIOBHI CTEPUIIBHOCTH yCIIEX B KYJbTHBUPO-
BAHUU PACTUTEJBHBIX KIETOK U TKAHEH OMNpeNeNsaeTcs MPexXAe BCEro
COCTaBOM NHUTATENIbHOM cpebl. B cocTaB mUTaTeNbHBIX Cpel BXOIUT
HECKOJIbKO OCHOBHBIX TIpyHI KOMIIOHEHTOB: MHUHEpPAJIbHBIE COJIU
(MaKkpo- U MUKPORJIEMEHTHI), ICTOYHUKH YTIepoaa, BATAMUHBI, PETy-
JSTOPBI pOCTa, OpraHUYECKue J00aBKH, arap-arap.

MuHnepaabHble coaM. OCHOBOM BCEX MHUTATEIBHBIX Cpell
JUISl KYJIbTUBUPOBAHUSL PACTUTENBHBIX SKCIUIAHTOB SIBIISIETCS CMECH
MUHEPAIbHBIX COJEH. DJIEeMEHThI, HEOOXOAUMBIE B OTHOCUTEIBLHO
OOJIBIIIUX KOJWYECTBaX, Ha3bIBAlOT makposremenmamu: N, P, K, Ca,
S, Mg, Fe. A30T BXOJIUT B COCTaB Cpelibl B BUE HUTPATOB, HUTPUTOB,
coyiet ammonus; ¢ochop — B Buze hocdarTos; cepa — B BUAC CYJIIb-
daroB. JKene3o ucnonwszyercs B Bujae xemnatoB [FeOy4 nnm Fe,Oy4 ¢ 110-
OaBJeHUEM ATUJIICHIUAMUHTETpayKCcycHOU KkucnoThl (DUATA) unu eé
HatpueBoil conu Na,3/[TA (tpwion b)], uto obecrneunBaeT A0CTyM-
HOCTb JKeJie3a B TEUCHHUE BCETO MEepUoJia poCcTa KyJbTYpHI.
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DneMeHTbl, He0OXOJUMbIE B OYEHb HE3HAYUTEIBHBIX KOJIUYE-
ctBax (0,025-20 mr/mn), Ha3bIBaOT Mmukpodremenmamu: Cu, 1, Zn,
Mn, Mo, Co, B, — koTopsie B coueTaHUM ¢ IoppupruHamMu oopa3yroT
MaKpOMOJIEKYJIbl TMTMEHTOB (hOTOCHMHTE3a, OKUCIUTEIHLHO-BOCCTAHO-
BUTEJIbHBIX (PEPMEHTOB M BBIMOJHAIOT B KJIETKAX U TKaHAX CTPYKTYp-
HYI0 QYHKIIHUIO.

HUcrounuku yriepoga. B kadecTBe HMCTOYHHMKA Yriepoja
IIpU KYJbTUBUPOBAHUU PACTUTEIBHBIX KJIETOK U TKAHEH B MUTATEIb-
HBIE CpeJibl T100aBISIOT yriieBoAbl B KoHIeHTpauu 20—60 /1. O0bIu-
HO UCIOJIB3YI0 JUcaxapubl (caxapo3a) Wi MOHOcaxapuabl (T€KCO3bI:
TJII0KO3a U (PPYyKTO3a, MEHTO3bl: Kcwio3a u ap.). [lomucaxapuasl uc-
MIOJIB3YIOTCS KpalHE PEIKO. TOJIBKO HEKOTOPBIE TUIThI TKAHEHW, HAIIPH-
Mep, OIyXOJIEBBIC, COJAEPKAT THAPOJIUTHYECKHE (PEPMEHTBI U MOTYT
BBIPAIIMBATLCS HAa Cpelax ¢ J00aBICHHEM MOJMCAaXapuao0B (Kpaxmai,
padduno3a, 11e171001034).

Butamuubl. J[71 cTUMYISIIMA OMOXUMHYECKUX PEAKITUN B KYJIb-
TUBUPYEMBIX KIIETKAaX HCIOJb3YIOT BUTamMuHbl rpynmnel B (B, B,
B1»), C (ackopObuHOBYIO KUCIOTY), PP (HUKOTHHOBYIO KHCIIOTY), M€-
30MHO3MUT.

Peryastopbl poctra. B coctaB nmurarenbHbIX cpell 0053aTENbHO
JOJDKHBI BXOJUTH PETYISATOPHI pocTa. AYKCHUHBI BbI3BIBAIOT nudde-
PEHLIMPOBKY KJIETOK 3KCIUIAHTA, a IUTOKMHUHBI HUHAYLUPYIOT Kie-
TOYHBIE JIeJIeHUSI. B KauecTBe ayKCMHOB B MUTATEJIBHBIX CpPEJax HC-
MOJB3YIOT 2,4-AUXJIOP(PEHOKCUYKCYCHYIO KHCIIOTY, HUHIOJUIYKCYC-
Hyto kuciory (UYK), pennnmacnsuyro kucinory (PMK), naptuinyk-
cycuyro kuciory (HYK). lns uHaykiuu xajutyca oOBIYHO HEO00XO-
UMbl BBICOKHE KOHIIEHTpAIIMU ayKCUHOB, HO TIPHU MOCEAYIOMNX Tie-
pecaikax UX YMEHbIIAaT. B kauecTBe UCTOUHMKA LIMTOKWHUHOB HC-
KYCCTBEHHBIC MUTATEIbHBIC CPEIbl MOTYT COAEpKaTh KMHETUH, OCH-
swiamuHonyput (BAII), 3eatum.

B ciyyae nnnyknuu credieBoro Mopdorenesa coiepkaHue ayk-
CHHOB MOJKET OBITb CHM)XKEHO WJIM OHU MOTYT OBITh IMOJHOCTHIO HC-
KIrodeHbl. Ha cpemax ©6e€3 ropMOHOB pacTyT OMYyXOJEBbIE U «IPH-
BBIKIIIME» TKAHU. ABTOHOMHOCTH MO OTHOIICHHUIO K 000OMM KJlaccaMm
TOPMOHOB WJIM K OJHOMY W3 HUX CBSI3aHA CO CIIOCOOHOCTBIO ATUX KJIe-
TOK MPOIYIIUPOBATH TOPMOHBI.

Opranuveckue n100aBku. B kauecTBe OMOJOrMYECKUX TO0OABOK
JUIT UHAYKIAM TIEPBUYHOTO Kajulyca MOXKHO MCIOJIB30BaTh PacTH-
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TeabHbIe AKCTPakThl (5—20 % oT oOlmero oObEMa cpelibl), KOTOpbIE
COJIEpKAT LIMUTOKWHUHBI — KWHETUH M 3€aTHH, & TAK)KE COCIUHEHUS
C IUTOKUHUHOBON aKTUBHOCTHIO (N,N-1ubeHUIMOUYECBHHY): DHJIO-
CIiepM KOKOCOBOTO OpeXa HJIM 3JIaKOB, O€pe30BbIi WM TOMATHBIN COK,
BBITSDKKA M3 HE3PEIIBIX 3€PHOBOK KYKYPY3bl, COJOJOBBIM 3KCTPaKT
u 7p. B KauecTBe KOMIUIEKCHBIX OPraHUYECKUX JI00ABOK MOTYT TaK»kKe
UCIIOJIb30BaThCSl JIPOAKIKEBOM DKCTPAKT, THIIPOIU3AT Ka3€HHA, CMECh
AMUHOKHUCIIOT U JP.

AHTHOMOTHMKH BBOJSTCA B COCTaB MUTATEJbHBIX CPeJa IS TO-
naBieHus OaktepuaibHOM MHPeknuu. OJHAKO MCTOJIb30BAHUE AHTH-
OMOTUKOB TPH KYJIbTUBUPOBAHUM KIJIETOK II€JIECOO0PA3HO TOJIBKO
B Clly4ae KpaTKOBPEMEHHBIX KyibTyp. I[locTossHHOE mnaccupoBaHue
KJIETOYHBIX JIMHUM Ha CpeJie ¢ aHTUOMOTUKOM MOYKET CIIOCOOCTBOBATH
0TOOPY YCTOMYMBEIX IITAMMOB OaKTEPHIA.

Matpuxc cpeabl. 1 KyJbTUBUPOBAHUS PACTUTEIBHBIX KJIETOK
U TKAHEH in Vvifro NPUMEHSIOT XKUIKHE U arapu30BaHHbIC (TBEPIbIC)
cpeabl. B kauecTBe reneo0pa3yroniero BenecTa s MPUroTOBICHUS
TBEPJBIX MUTATEIBHBIX CPEJ HMCIIOIL3YETCsl arap-arap — moJjucaxa-
pUJ, BBIJCICHHBIM M3 MOPCKUX BOJOpOCiel, Arap-arap oOpa3yer
¢ Bonou renp nipu pH 5,6—6,0. IIpu Huskux pH arap He xenaTnHU3HU-
pyetcsa. O0buHO K cpeae nodasistor 0,7-0,8 % arapa. MHoraa B ka-
YECTBE YIUIOTHUTENS U 3aMEHUTENSl arap-arapa MCIHOJIb3YIOT MOJIHaK-
punaMHIHbIE Teln (Ouorenn).

Boaa, ucrnonbszyemasi AJisl MPUTOTOBJICHUS THUTATEIbHBIX CpE,
JOJKHA OBITh BBICOKOM CTEIEHU YUCTOTHI. PazpaboTaHbl BBICOKOA (-
(hEKTUBHBIE TEXHOJIOTHUYECKUE MPOILIECCHI MOJIYUYEHHS] OUUIIIEHHOM BO-
Ikl METOaMU 00ECCOMMBAaHUS, TAKUMU KaK yiabTpaduiabTpaius, HOH-
HBIA 0OOMEH, 00OpaTHBIM OCMOC, 3JIEKTPoJn3. boibIioe pacnpocTpaHe-
HUE MOJyYHIN MEMOpPaHHBIE CUCTEMbI OUYHMCTKHU BO/IBI.

AHTHOKCHIAHTBI TaK)X€ MOTYT BXOJUThb B COCTaB MUTATEIHHOMN
cpeabl. B kauecTBe aHTMOKCUIAHTOB Yallle BCErO UCIOIB3YIOT acCKOp-
OMHOBYIO KHUCJIOTY, PepyJIOBYIO KUCJIOTY, TIyTaTUOH, TUTHOTPUITOII,
TUATUIITHOKapOaMar, MOJUBUHUITIUPPOTHIOH.

3navyenue pH cpenbl Urpaer BaxHyI poJib JIJIE HOPMAJILHOTO
pocTa W Pa3BUTHUS PACTCHUU in Viftro KaK Ha arapu3OBaHHBIX, TaK
U B XKUJKUX cpeaax. ONTUMaIbHBIA POCT KYJIbTYpPhl KJIETOK pacTCHUN
00BIYHO HaOMI0AaeTCs pu 3HaueHusX pH cpeasl ot 5 110 6.
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JInsi WMCKYCCTBEHHBIX MHUTATEIbHBIX CPEJ PACTBOPHI MAaKpO-
Y MUKPOCOJIEM TOTOBAT 3apaHEe W MCIOJb3YKOT MHOTOKparHo. Ma-
TOYHBIE PACTBOPHI MAaKpOCOJIEH OOBIUHO MPEBOCXOASAT padouue
1o koHueHrpauuu B 10—40 pa3, mukpocosnen — B 100-1000 pa3, Bu-
tamuHOB — B 1000 pa3. /i1 mpuUroToBiieHUs MAaTOYHOTO PacTBOpA
KaXyI0 COJIb PACTBOPSIOT B OTAEIBHOM COCYJE NPU HArpe€BaHUH, 3a-
TEM CIIMBAIOT U JIOBOJST JI0 HY>KHOTO o0beMa. B oxaxaeHHYI0 CMeCh
MaKpOCOoJIeil MmocaeHuM A00aBIISIIOT PacTBOP COJICH MarHus, a B pac-
TBOP MHKPOCOJICHi — pacTBOp coJieit MojubaeHa (J1s mpeaoTBpallie-
HUS BBINAJICHUA OcajKka). MaTOYHbBIA pacTBOp Xe€JaTa Kene3a TOTOBAT
U XpaHAT OTAEJIBHO OT APYrux cojieid. HempaBuiabHOE MPUTOTOBJIEHNE
XEJIATHOTO KEeJI€3a MOKET MPUBECTU K BBIMAJACHUIO B OCAJIOK IOCIE
aBTOKJIaBUPOBaHUS PocdaToB Kalabllusgd U Maruus. MaTo4yHbie pacTBo-
pBl coleli XpaHaT B xonoxwibHuke npu +4 °C. ®UTOropMOHBI, Kak
MPaBUJIO, IJIOXO PpacTBOPSIOTCA B Boje. [loaToMy mnpenBapuTenbHO
3TU BEUIECTBA PACTBOPSIOT B HEOOJBIIMX KOJUYECTBAX cnupTa (ayk-
cuHbl, ruooepemnnsbl), B 0,5—-1 v pactBope HCI niim KOH (uuToku-
HUHBI), 3aTE€M IOJIOTPEBAIOT 0 MOJTHOTO PaCTBOPEHUs (Kpome abCIu-
30BOM KHUCJIOTBHI U KMHETHMHA) U JOBOIAT JI0 HY»)KHOro oobema. Bura-
MUHBI, PUTOTOPMOHBI, (DEPMEHTHI, PACTUTEIHHBIE IKCTPAKTHI CICTYET
xpauuth pu —20 °C.

Pa3zpaboTano MHOTO MUTATEIBHBIX CPeJl, HO OOJILITUHCTBO M3 HUX
MPEICTABISIOT MOAU(PUKAIIMK OCHOBHBIX: Mypacure — Ckyra, Yaiirta,
[llenka — Xwunpaeopanara, ['ambopra (BS), Jluncmaitepa — Ckyra,
Xemnepa, Kayacona, Harneka u ap.

4.3. Tpebosanun k pusuueckum ycioeusam
npu KyJabMueupoeéaHuu KJj1emok u mkaHeu in vitro

Muorue Qusndeckue (akTOphl, TAKUE KaK TeMIepaTypa, Biax-
HOCTh, MHTEHCUBHOCTb U Ka4€CTBO CBETA, a’pallvsl, OKa3bIBAIOT BIIMSI-
HHAE HA POCT U PAa3BUTHUE PACTUTEIBHBIX TKaHEW in vitro. OnTuMalb-
HBIC CBETOBOM M TEMIEPATYPHBIM PEKUMBI MOKHO CO3/1aTh C ITOMO-
IIBI0 KIIMMAaTUYECKUX KaMep.

Caer. /Iy OOJIBIIMHCTBA PACTEHU ONTUMYM OCBEIICHHOCTH CO-
ctapysier okojio 1000 mroke. B kaduecTBe MCTOUHMKA CBETA UCIIOIB3YIOT
JFOMUHECIIEHTHBIE JIaMIIbl. BOJTBIIMHCTBO KaJUTyCHBIX KYJIBTYP HE HYX-
Ja€TCsl B CBETE, T. K. OHU HE UMEIOT XJIOPOIUIACTOB Y MUTAKOTCS IeTe-
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porpodHo. MCcKitoueHHe COCTaBIIAIOT HEKOTOPHIC 3€JICHbIC KaJUTYCHl.
OpHako CBET MOXET BBICTYNATh Kak (hakTop, 00eCreynBarommi Mop-
doreHe3 M aKTUBHPYIOIIUN IMPOIIECC BTOPUYHOTO CHHTE3a. Jlerepmu-
HUPOBAaHHBIC K MOP(OreHe3y TKaHU MEPEHOCAT Ha CBET U Jajiee Kyib-
tuBUpytoT 1ipu ocsemeHHoctu 10004000 nk. KynsruBupoBanue n3o-
JUPOBAHHBIX MEPUCTEM U UX MUKPOPA3ZMHOKEHHUE TAK>KE MPOUCXOJUT
Ha cBeTy. KpoMe MHTEHCHBHOCTH OCBEUIEHHOCTH, HA KYJbTYPY TKaHU
u e€¢ (U3MOJOTUYECKHEe OCOOCHHOCTH BIIMSIET KauecTBO cBeTa. CBeT
pa3HOM JUIMHBI BOJHBI PETYJIUPYET MPOUECCHl MEPBUYHOIO U BTO-
pudyHOoro metabonusma. Takke HEOOXOJIMMO YYHUTHIBATh (POTOMEPHO/I,
KOTOPBIN TpeOyeTcst 11l JAHHOTO KYJIbTUBHUPYEMOTO OOBEKTA.

Temneparypa. i OONBIIMHCTBA KaJUTYCHBIX KYJbTYp OITH-
MmanbpHa Temnepatypa 26 °C. Ilpu unaykuun mopdoreHesa Temmepa-
Typy noHmxarot 10 18-20 °C.

BiaxHOCTh B KIMMAaTUYECKOW Kamepe JOJKHA COCTaBIATH
60-70 %. Cyxoi BO3AyX OyAeT CIOCOOCTBOBATh yCHIXaHHUIO IHTa-
TEJIbHOU CpEeJibl, YTO MOXKET MPUBECTU K U3MEHEHUIO KOHIIEHTPALNU
€€ KOMIIOHEHTOB M HAPYIICHUIO YCIOBUM KYJIbTUBUPOBAHUS.

Ajpauusi UMEeT BaXXHOE 3HAUYEHUE MPU CYCIIEH3MOHHOM BbIpa-
IIMBAHUM KJIETOYHBIX MOMyssiuid. OcoOeHHO BaXKHO CHA0KEHUE BO3-
JTyXOM KYJbTUBHUPYEMBIX KJIETOK B OOJBIINX 00BbeMax (PEpMEHTEPOB.
[Ipu BeIpamMBaHWK KIETOK B HEOOJBIIMX OO0BEMax HOpPMabHAs
a’panus JIOCTUTaeTCs IPU MOCTOSSHHOM NEPEMEIINBAHUY CYCIIEH3UU.

JlabopamopHoe 3anamue 6

Cooeporcanue. IlpurotoBineHue nuTaTenbHOU cpensl Mypacu-
re — Ckyra sl KyJIbTUBUPOBAHUS PACTUTENIBHBIX KJIETOK W TKAHEU
In vitro.

Xo0 paoomul

1. ITpousBecTn pacueTsl COJIEpKaHUSI BCEX KOMIIOHEHTOB Ha 3a-
JTaHHBIM 00BbeM cpeasl Mypacure — Ckyra, pe3yJbTaThl 3aHECTH
B MPOTOKOJ (Tad. 6).

2. IIpuroToBUTH MAaTOYHBIE PACTBOPHI COJICH, BUTAMUHOB U (PUTO-
TOPMOHOB B COOTBETCTBUU C MPOBEACHHBIMU PACUCTAMMU.

3. [TpuroroBuTh NUTaTENBHYIO Cpeny Mypacure — Ckyra.
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IIpoTOKO0J NPUTOTOBJICHUS MUTATEIbHOU CPeabl

Hnsa npuroroBnenuss 1 1 xuakon cpensl Mypacure — Ckyra
B ctakaH oO0bemMoM 1 1 Hamuth 400 M JUCTUIUIMPOBAHHOM BOJIbI
u momectuTh 30 T caxapo3ssl. [locne pacTtBopenus caxaposbl 100aBUTh
HEO0OXOUMBIE KOJIMYECTBA MATOYHBIX PACTBOPOB MaKpOCOJICH, MHUK-
pocoJieil, Me30MHO3UTAa, IIUIMHA, BUTAMUHOB (Tad:. 1). Juctunmupo-
BaHHOU BOJ0M nmoBectn 00beMm 10 950 mu. Usmeputs pH pactBoOpa,
npu HeoOxoaumocTu noBectd pH nmo ypoBHs 5,7-5,8 ¢ momolibio
0,1 1 NaOH wnu HCI. Ilepenuts cpeay B MEpHBIN cocyn o0beMoM 1 11
U JIOBECTH 00BEM O METKH JUCTHIIMPOBAHHOUN BoAou. Pazmuth cpe-
ny nopuusiMu (100-250 mu1) B 9MCThIE KOHUYECKHE KOJIOBI, T00aBUTH
arap-arap, 3aKpbITh TOPJIO KOJIObI AJIFIOMUHUEBOU (HOJIBIOM U TPOABTO-
KJIABUPOBATh.

Mamepuanvt u o060opyoosarue: XWMHUYECKUE CTaKaHbI, KOJOBI,
MepHbIe TTUIUHIPHI OT 10 M 1o 1 71, mpoOupKU, aBTOMaTUYECKHUE J10-
3aTopbl 0T 0,01 M 1o 10 M1, BEChl aHATUTUYECKHE, IIMATEIIH, DIICK-
TPOIUINTKA, MAarHUTHAS MEMIAJIKA, XUMUYECKUE PEAKTUBBL.

Jlemoncmpayus: aBTOKJIaB, YCTAaHOBKA JIJII MEMOPaHHOTO (DUJIb-
TPOBAHUA.

J/labopamopHoe 3aHamue 7

Cooepacanue. TexHuka pabOThl B CTEPWIbHBIX YCIOBHUSIX B Jia-
MUHap-00KCE MpPU MPOBEAECHUH PadbOT C KYJbTYpOM KJIETOK M TKaHEU
pPAaCTECHUH.

Xo00 pabomut

1. IIpoBecTH TIIATENBHYIO BIAXHYK YOOPKY MOMEIIEHUS C MPHU-
MEHEHHEM JIe3UHPUIUPYIOUIUX CPEICTB.

2. IlpokBapueBarh nomenieHue B teuenue 1-1,5 gacos. Cobiro-
JaTh TEXHUKY Oe3omacHOCTH! 3anpemeHo HaXOAUThCS B MOMEIICHUU
BO Bpems kBapueBaHus! [Io okoOHYaHWM KBaplLeBaHUs HEIB3S 3aXO0-
IUTH B IOMeNIeHue B Teuenune 15—-20 MunyT!

3. Ilepen HauamoM pabOTHl MOMECTUTH B JIAMUHAP-OOKC UHCTPY-
MEHTBI, IOCYAY U MaTepualibl, HEOOXOIUMbIE 1Ji1 padoThl. BKIIIOUUTH
Y ®-nammny.

4. Yepes 20 MuH BoIKIIIOUUTh YD U BKIIIOYUTH OUOPUIBTPHI.

5. 3axxeub cnUpTOBKY. [IpoTeperh pyku U pabouyro MOBEPXHOCTh
namuHap-6okca 70 %-M pacTBOpOM CIHUPTA.
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6. [IpenBapuTenbHO  pacCIUIaBICHHYIO MUTATEIbHYIO  Cpeay
(50-55 °C) nepenectu B O0OKC U pa3iuTh B CTEPUIIbHBIE COCY/IBI.

7. Ilpu paboTe CO CTepUILHOM ITOCYA0M U MaTepHaIOM HEOOXO/IH-
MO MOMHUTb, YTO HEIb3sl IPOHOCUTH PYKU HAJl OTKPBITOW CTEPUIBLHOU
MOBEPXHOCThIO0. CTakaHbl W JPYTHE COCYIbI, 3aKPBIThIE KPBIIIKAMH
u3 Gosibru U OyMaru, He0OXOJMMO OTKPBIBATh CICAYIOIIUM 00pa3oM:
OyMary CHSITh 10 BHECEHUS CTAKaHOB B JIaMUHap-00kc. Donbry ooxeus,
IIPOHOCS TOPJIO COCYyJla HaJ IUIAMEHEM CIMPTOBKH, 3aT€M OCTOPOKHO
pa3BepHYTh Kpasi (DOIBIU U CHATH C TIOMOIIBIO CTEPUIILHOTO TTUHIIETA.

8. 3akoHYMB PabOTy, 3aKPHITh COCY] CIAEAYIOIIUM 00pa3om: 00-
K€4b TOpPJO0 COCyda, CTEPWJIbHBIM TMHHIIETOM OOXEUb KPBIIIKY
u3 GoJIbIM C JBYX CTOPOH M 3aKphITh ropiyio cocyaa. Korma ¢osbra
OCTBIHET, IVIOTHO MPHKATh €€ K CTEHKaM CTaKaHa.

9. Kaxnpiii cocya 3TUKETUPOBATh (MapKepoM MOJNuUcaTh AaTy,
Ha3BaHHE MUTATEILHOM CPebl, (haMUIIUIO UCCISI0BATES).

10. Bergepxate CcTakaHbl ¢ NMUATATEIBbHOU cpeaon Mypacure —
Ckyra B TeueHue 48 uvacos. [locne BbIAEpKHUBAHUSA CTAKaHBI MOXKHO
WCIIOJIb30BAaTh JJI KYyJIbTUBUPOBAHUS PACTEHUM.

Mamepuanet u 06opyoosanue.: crepuibHas cpeaa Mypacure —
Ckyra, crepunbHble ctakaHuyuku Ha 100 mu, ¢uakonst ¢ 70 %-Mm
CIIUPTOM, CIIUPTOBKA, TUIOXJIOPUT HATPUSI, XJIOPAMUH, JICKTPOILIUT-
Ka, YIbTpadUOIETOBBIE JaMIIbl, JaMUHAP-O0KC, MUHIIETHI, OJJHOPA30-
BbIE CANI(PETKH.

Tabnuma 6
Humamenvnan cpeoa Mypacuze u Cxkyza
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MgSO,-7H,0 1,50-10~
CaCl, 3,00:10°°
KH,PO, 1,25-10°
MHKpOBJ’IeMeHTBI
MnSO,-7H,0 9,99-107 10 +4
ZnS0,-7H,0 2,99-107
H;BO; 1,00-10°*
KJ 5,00-10°
MHKpOBJ’IeMeHTBI
CuSO,-5H,0 1,00-10”’ 1 +4
Na,MoO,2H,0 | 1,00-10°
CoClL,-6H,0O 1,00:10"
HcrouHuK Xkenes3a
FeSO,-7H,0 1,00-10°* 10 +4
Na,EDTA-2H,0 | 1,00-10°
C10H14N,Na,Og
HcroyHuk yriepoaa
Caxapo3a 8,80-10° | 30r/n — — —
BI/ITaMI/IHBI U OpFaHH‘IeCKI/Ie I[O6aBKI/I
Me30MHO3UT 4,90-10" 1000 10 -20
IR 3,00-107 20
Tuamua—HCI 3,00-1077 50 1
[Mupunokcua— 2,40-107° 50
HCI
HuxotnHoBas 4,66-10_6 50
KHUCJIIO0Ta
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https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%82%D1%80%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4

Bonpocwit 00 o6¢cyncdenusn

1. OCHOBHBIE KOMIIOHEHTHI MMUTATEIbHBIX CpPEll ISl KyJIbTUBUPO-
BAHUS PACTUTEJILHBIX KIIETOK U TKAHEH in Vitro.

2. Perynatopsl pocTa pacTeHUW U WX NPUMEHEHUE B KYJbType
KJIETOK Y TKAHEW in Vitro.

3. IloaroroBka MoMeIIeHUM sl CTEPUIIbHBIX PadoT.

4. Opranuzaius padoThl B JTaMHUHAp-00KCE.

5. OnTuMainbHble (PU3MYECKUE YCIOBUSI MPU KYyJIbTUBUPOBAHUU
KJIETOK Y TKAHEW in Vitro.

Tema 5. BBegenue B KyneTypy
PAaCTUTETBHBIX KJIETOK M TKaHeH in Vitro

KynbTypa pacTUTENIbHOW TKAHU — IIUPOKUN TEPMHUH, KOTOPBIN
OTHOCUTCSI K KyJbType 000 dYacTu pacTteHust (KJIETOK, TKaHEH
WJIM OPraHOB) B MCKYCCTBEHHBIX CpE€llax, B aCENTUYECKUX KOHTPOJIH-
PYEMBIX YCIIOBUSX.

HaGop MeTo/10B KyJIbTYphl PACTUTEIHHON TKaHHW MOSIBUJICSA B Ka-
YECTBE IKCIIEPUMEHTAIBHOTO IOIX01A I AEMOHCTPALUN KIIETOYHOU
TEOPUH, KOTOpasi yCTAHABJIMBAECT, YTO BCE KUBbIE OPraHU3MbI COCTOSIT
U3 KJIETOK, & TAK)X€ KOHLEIIUUA TOTUIIOTEHTHOCTHU, KOTOpas ONpene-
JAETCS KaK TEHETUYECKUU IIOTEHIMAJ KIJIETKM BOCCTAHABJIMBATHCA
JIO LIEJIOTO MHOTOKJIETOYHOIO OpraHu3ma. KIltoueBBIM JTOCTHKEHUEM
B KYJIbTYp€ PacCTUTEJIbHBIX TKAHEH CTal KOHTPOJb MOp(doreHesa ¢ uc-
MOJIb30BAaHUEM PA3JUYHBIX KOMOMHAIIMWA pPEeryJsiTOpoB pocTa, Io-
CKOJIBKY 3TO II03BOJIMJIO OCYILECTBIISITH PErCHEPALUIO LIEIBIX pacTe-
HUM, OTKPbIBasA HOBBIE BO3MOYKHOCTU IIPUMEHEHUS CUCTEM In Vitro
JUTA pa3JIMYHBIX 1eJiel. B Hacrosiuee BpemMs METObI KYJbTYpPhI pac-
TUTEJIbHOW TKaHU SIBISIOTCA HamOoJiee 4acTO HCIMOJb3yEeMbIMH OHO-
TEXHOJIOTUYECKUMU MHCTPYMEHTAMHU Il PELIECHUS LIUPOKOTO Kpyra
byHIaMEHTaIbLHBIX W MPUKIATHBIX 3a/1ad, TAKUX KakK, U3yUYEeHHE IPo-
IIECCOB Pa3BUTUS PACTCHUH, PYyHKIIMOHATIbHBIE HCCIIEIOBAHUS T'€HOB,
KOMMEPYECKOE PA3MHOKEHUE PACTEHUM, CO3IaHUE TPAHCTEHHBIX pac-
TEHUU C 3aJaHHBIMU XO3SIMCTBEHHO LICHHBIMH MPU3HAKAMH, CEJICKIIUS
paCTEHUH, NOJTYYEHUE BHYTPUBHUIOBBIX WIIM MEXBHUJIOBBIX COMATHYE-
CKHX TMOPUIOB, MOJYYEHUE BHICOKOKAYECTBEHHOTO 3/I0POBOr0 PACTH-
TEJIBHOTO MAarepualla, COXPAHEHHE HCYE3AOIIUX BHUIOB PACTCHUMN.
KpoMme TOro, KyJabTyphl KIE€TOK, TKAHEW U OPTaHOB PACTE€HUU MOTYT
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CIIY>KUTh HWCTOYHUKOM BTOPHYHBIX METAOOJUTOB, MPEACTABIISIONIINX
WHTEpeC I papMaleBTUUECKON MTPOMBIIIIICHHOCTH.

B 3aBHCHMMOCTH OT MCTOYHHKA TOJYYCHHS Pa3INdalOT KYJIbTYpYy
KJIIETOK (CYCIIEH3HSl KJIETOK W KYJbTypa IPOTOIUIACTOB), KYJIbTYpPY
TKaHu (Kammmyc u auddepeHIMpoBaHHbIe TKAaHW) U KYJbTYPy OPraHOB
(Jro0Ooi opraH, HaAIPUMEP 3UTOTHYECKUE 3apOJBIIIN, KOPHHU, MOOETH,
MBIJILHUKH ).

5.1. I[lonyueHue kaanycHblix mkaHeli in vitro

KammycHas TkaHb nmpejcTaBiisieT cOO0M OJMH U3 BHUAOB KJIETOYHOM
muddepeHrpoBkr. OHa BO3HUKAET IMyTeM HEOPraHW30BAHHOM MPOJIH-
dbeparuun  nenuddepeHIMPOBaHHBIX KJIETOK pacTteHus. B mpupone
y pacTeHUN KaJUTyCHasi TKaHb BO3HUKAET B MCKIIOYUTENBHBIX CIy4asx,
HaIpuMeEp NpH TpaBMax. JTa TKaHb 3alllMINAET MECTO MOpaHeHus (pa-
HEBas MapeHXMMa), OHa HAKaIUTMBACT MUTATEJIbHBIC BEIIECTBA JIJIsl aHa-
TOMHUYECKOMN pereHepaly Wik pereHepalyy yTpauyeHHOro opraHa.

OOpa3oBaHuE U POCT KAJUTYCHOM KYJIBTYpPbl PETYIUPYETCA ayKCU-
HaMM ¥ IUTOKMHUHAMHU. (711 moJlydeHUs] KyJbTUBUPYEMBIX KaJlIyC-
HBIX KJIETOK (PparMeHThl TKaHEH pa3IUYHbIX OPraHOB BBICIIMX pacTe-
HUW (PKCIUIAHTHI) MOMEMIAIOT B COCY/bl C MUTATEIBHOM CpEenoil, co-
nepxkaiied  aykCuHbl. B KayecTBe  ayKCHMHOB  HCIOJB3YIOT
2,4-muxs10phEeHOKCUYKCYCHYIO0 KUCTOTY (2,4-]1), MHIONMIYKCYCHYIO
kucinory (MYK), ungonun-macnsnyo kucinoty (MMK), nadpTumyk-
cycnyto kucnoty (HYK) B konuentparuu 0,5—-10 mMr/in B 3aBUCUMOCTH
OT BHUJIa dKCIUIaHTa. Ha muTaTenbHbIX cpefiax ¢ OOJBIINM COACpKaHU-
€M ayKCHUHOB MPOUCXOIUT AeaudPepeHIUpOBKa KIETOK SKCIUIAHTA,
OHHM YTPAuYUBAIOT MpeXHUE DYHKIIMH, MOP(OJIOTHIO U BO3BPAIIAIOTCS
K COCTOSIHUIO JeJsiuxcs kieTok. KamiycHas TkaHb, BhIpaliuBaeMas
MIOBEPXHOCTHBIM CIIOCOOOM, IpEJICTaBISIET COO0M aMOp(HYIO Maccy
TOHKOCTEHHBIX MAPEHXUMHBIX KJIETOK, HE UMEIOIIUX CTPOro Ompeje-
JICHHOW aHATOMUYECKOUN CTPYKTYPHI.

JInst pereHepanunyl pacTEHUs U3 KaJTyca WM 3KCIUIAHTAa UCIOJb-
3YIOT Cpelbl ¢ 0oJiee BBICOKUM COJAEpKaHUeM MUTOKMHUHOB. K pac-
MPOCTPAaHEHHBIM IUTOKHHUHAM OTHOCSTCA: 6-OCH3MIaMUHOIYPUH
(bAII), 3eatun, 6-QpypdypunaMuHONYpPUH (KHHETHH ).

BrnustHue perynaropoB pocTa Ha OCOOCHHOCTH pereHepariuu
B KYJIbTYpE TKaHHU W HampaBjieHUuE MOPGOreHe3a Xopouo 0TOOpaxkeHo
B kiaccuueckoi padore K. Mumnnepa u ®@. Ckyra emie B 1957 r. Kamny-
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CHYIO KyJbTYPY U3 CEPALICBUHHON MapeHXUMBI CTEOJIs LIBETYILETrO pac-
TeHus1 Tabaka KyJabTuBUpoBaiu Ha cpee ¢ UYK u kunetunom (puc. 1).
B 3aBHCHMOCTH OT COOTHOILIEHHUS 3THX FOPMOHOB HAOIIOJANIM CIEmy-
IOIIME OCOOCHHOCTH: YBEIMYCHUE KOHIICHTPALIMU ayKCUHA TTPUBOIUIIO
K pPa3BUTUIO KOpPHEW, a TMPEBBINICHUE KOHICHTPAIIMK KUHETHHA
HaJ] ayKCUHOM — K 00pa30BaHUIO CTEOJIEBBIX MMOYEK U MOOETOB.

Puc. 1. PerynupoBanue pereuepanuu B KyJIbType TKaHU
CEepAIIEBUHHON MTapeHXUMbI TabaKa

B 3aBUCHMOCTH OT MCTOYHUMKA ITOIYYECHHUS Pa3IUYalOT KaJUIyChl
TOMOTEHHbIE (CoAep KaT OJUH TUM KJIETOK) M Te€TEepPOreHHbIe (coaep-
AT HECKOJBKO TUIIOB KJIETOK).

B 3aBHCMMOCTM OT KOHCHCTEHIUH PA3JINYaAIOT KAJUIyChl PBIXJIBIE,
COCTOSIIIME W3 OBOJHEHHBIX, JIETKO OTACJSIOIIMXCS APYr OT Apyra
KJIETOK; CPEJHEH IUIOTHOCTH, C XOPOLIO BBIPAKECHHBIMH MEpHUCTEMa-
TAYECKMMM OYaraMu; IJIOTHBIE, COCTOSAIINE U3 OYEHb MEJIKUX KIIETOK,
Y UMEIOIIME 30HbI PETyIIUPOBAHHOTO KaMOUs U COCY/JIOB.

[[BeT Maccbl MOXKET BapbUpPOBATH OT MPO3PAYHOrO OENIOro
WM 5KEJITOBATOr0 0 OypO-KOpUYHEBOIrO. TeMHO-KOpUYHEBas OKpac-
Ka XapaKTepHA JUI CTApEOIIMX KaJUIyCOB U CBSI3aHA C HAKOIUICHHEM
B HUX (DEHOJIOB, 1711 M30aBJIEHUS OT KOTOPBIX B MUTATEIbHBIE CPEIbI
BHOCSIT aHTUOKCUJIAHTBHI.

JInst mpenoTBpalleHusl CTApEHUs] 1 OTMUPAHUS KaJUTYy CHBIX KJIIETOK
IPOBOJAT MMACCUPOBAHUE WIM CYOKYJIbTHBUPOBAHUE KaJUTyCHOW TKa-
HU. [lpy 3TOM MNEPBUYHBIM KAJUIyC TNEPUOJMYECKHA IEPECAKUBAIOT
Ha CBEXYIO MUTATENbHYIO Cpeay (0OBIYHO Kaxbie 4 HEIEIH).

B OnoTexHoJIOruu Uil OJy4eHUsl KaJulyca Yalle BCEro MCIHOJIb-
3YIOT T€ BU[bl PACTEHHI, KOTOPhIE U B OOBIYHBIX YCIIOBHUSIX JIETKO
YKOPEHSIIOTCS U pereHepupyroT. Kamaychl MOXKHO MOTYy4YUTh HNPAKTH-
4YecKd U3 000 yacTu pacteHrd. OIHAKO HEXEIaTeIbHO MCIOJIb30-
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BaTh CTapble TKAHU C HU3KUM YPOBHEM METa00JIM3Ma, OJPEBECHEBIIIHE
TKaHHW, IUI0XO Tpojudepupyromuye TKaHU (MSIKOTh IUJIOJIOB U JIp.)
WJIM TKQHH, TIOKPHITHIE BOCKAMH.

BOBIIMHCTBO METOAOB MOMYYECHHUS M KYJIbTUBUPOBAHUS Kajllyca
paszpabotano a1 Tabaka. Kinetku Tabaka serko aeauddepeHuupyoT-
Csi W IEepexXoJsiT K JASISCHHI0, 00pa3ys OBICTPOPACTYIIYIO KaJTyCHYIO
TKaHb. [IpopamniuBanue NpoCcTEPUIN30BAHHBIX CEMSH B aCENTHUYECKUX
YCJIOBHSIX YacTO JaeT HamOoJiee MPUTOJHBIA MaTepuan AJs Moayde-
HUS KaJulycoB. J[Jisi KyJIbTUBUPOBAHUS KaJIyCOB U3 JIUCThEB Tabaka
UCTIONB3YIOT cpeny Mypacure — Ckyra ¢ 100aBJIeHHEM ayKCHUHOB.

5.2. Cmepunusauyus pacmumenbHO20 mamepuana
npu eeedeHuUU 8 Kyj1bmypy in vitro

OnHUM W3 OCHOBHBIX YCJIOBUW YCHEIIHOTO KYyJIbTUBUPOBAHUS
M30JIMPOBAHHBIX PACTUTENIBHBIX KJIETOK, TKAHEW U OPraHOB SIBJISICTCS
MOJIyYEHUE CTEPUIIBHOTO (CBOOOJHOIO OT MUKPOOPraHW3MOB) PacTH-
TenpHOro marepuana. [Ipouecc crepunmzanuu pacTUTENBHOIO MaTe-
puasga MOKHO YCJIOBHO pa3elIuTh HA HECKOJIBKO 3TaIlOB.

Ha nepBomM 3Tame MpoBOAST MPEABAPUTEIBHYIO CTEPUIIM3AIUIO.
VYcnoBus o0paboTKK MaTepuaia BapbUPYIOT B 3aBUCUMOCTH OT O0b-
exta. dparMeHThl cTe0s1, KOPHS WU JIUCTA TIIATEIbHO MPOMBIBAIOT
B CJ1a0OM pacTBOpe KaJUMHOTO MbLIa (2—3 pasza), 3aTeM OIOJIacKUBa-
IOT MOPOTOYHOW BOAOINPOBOAHOW BOJAOM M NOMEIIAIOT B CHUPT
(ma 1 mun B 70 %-# pactBOp cniupta). [IpenBapurenbHas crepuianza-
Ys ceMsiH — 0oJiee JuTeNbHas npoieaypa. B 3aBucumMocTu ot cre-
MIEHH 3arpsi3HEHHOCTH BBIJEISIOT TPU PYNNbl ceMsH: 1) ¢ oueHb He-
3HAUUTEJIbHOW 3apakKeHHOCTHbIO IMOBEPXHOCTH MHUKPOOPTaHU3MaAMHU
(ceMeHa MIIEHUIIbI, COPro, KaIyCThl); 2) C 3apakK€HHOCTHIO TOJBKO
Hapy>KHOM MOBEPXHOCTU CEMSIH (CEMEHa MOPKOBH, JaTyKa, IIMUHATA,
TOMAaTa, peauca, KyKypy3bl); 3) C MPUCYTCTBUEM MHKPOOPraHU3MOB
Ha TMOBEPXHOCTM M BHYTPH CEMEHHU (CEMEHA pHUCa, MOJICOJHECYHHKA,
COeBBIX 0000B, cocHbI). IIepByto rpynmy ceMsiH JIETKO 00€33apa3uTh
0001 cTepuinsytoleit 00padboTkoi. Bropas rpymnmna tpedyet Oonee
TIIATEJILHON MOBEPXHOCTHOM OYMCTKH. BHauane ceMeHa TINAaTelIbHO
MPOMBIBAIOT B MBUILHOM BOJIE, 3aT€EM B paCTBOPE MEpMaHTaHaTa Kaaus
u 70 %-m cnupre. HakoHen, TpeTbsl rpymnmna CeMsH HE MOXET ObITh
OUMIIIEHA JI0 T€X MOp, MOKAa BHYTPEHHUE TKAaHU HE OyayT oOe33apaxe-
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HbI. [IpOLIEHT ceMsH ¢ BHYTPEHHUM 3apaKEHUEM MHKPOOPTaHU3MaMHU
BAPBUPYET B 3aBUCMMOCTH OT BHJIA PACTEHHsI, MPOAOJIKUTEIHHOCTH
U YCJIOBUW XpaHEHUS CEMSIH.

Bropou stan crepwimM3anuu, Kak NpaBWIIO, IMPOBOJUTCA B ACEIl-
TUYECKHUX YCIOBUSAX B JaMUHAPHOM OOKCe.

[IpeaBapuTebHO MPOCTEPUIN30OBAHHBIE TKAHW WM OPTaHbl IO-
TPY’KalOT B CTEPUIM3YIOIIMIA pacTBOp. B 3aBUCHMMOCTH OT 00BEKTa HC-
MOJIL3YIOT pa3iIMYHbIC CTepUIM3yIoIue areHThl. Hanbonee npumensie-
Mbl B mnpaktuke 0,5-5 %-e pactBopsl rumnoxjaopurta Hatpus, 5—7 %o-¢
pacTBOpbl rUNoxyjoputa Kanblus, 2—10 %-e pacTBOphHl XJIOpaMUHA;
0,2 %-i1 pactBOop auanmaa, 3—18 %-e pacTBOpbI MEPEKUCH BOAOPOJA;
70 %-1 pacTBOp 3TaHONa U T. I1. 1 cTepuam3aiu MOKHO TaKXe HC-
MOJIL30BaTh XJIOPCOZCPIKAIIME PACTBOPHI OTOENMBATENeH, HampuMep
cpenctBo «benusnay unm aesuHumpyromiee cpeactso «Domestosy.

Jlnst cTepuiin3aiuy pacTUTEILHOTO MaTepuaia, UHGUITMPOBAHHO-
ro OakTepusiMH, MPUMEHAIOT AHTUOMOTUKH (HaNpUMep, TKAHU KOPOH-
YaTOTAJIOBBIX OITyxoJei). Yamie Bcero mMpUMEHSIIOT CTPENTOMUIMH
Y TeTpaMUIIMH B KOHIEHTpauusax 10—80 Mr/i, aMIuIujIie B KOHIICH-
tparnuu 200—400 Mr/i1, IeBOMHIICTHH, KAHAMHIIMH U IPyTHE.

B mporiecce crepmin3anyi BaXKHO HE TOIBKO 00€CTIeYUTh JOCTa-
TOYHYIO CTEMEeHb YHUCTOTHl PACTUTEIBHOTO MaTepuaia, HO U CoXpa-
HUTb €r0 XHU3HecrnocoOHocTh. HeoOxoammo moaduparh Takue KOH-
LHEHTpAllMd CTEPUIIU3YIOIIETO areHTa, KOTOphle He OyayT MOBpe-
KJaTh PACTUTEJILHYIO TKaHb WJIM OKa3bIBaTh BIUSHUE HAa BCXOXXECThb
CEMsIH, HO B TO € BpeMs o0ecrneyar CTepUIbHOCTh PACTUTEIIbHBIX
oOpa3noB. Hanmpumep, NBUIBHUKA W MOJIOJBIE 3apOJBIIIA CTEPUIIU-
3ytoT 1-6 %-M pacTBOpoM XjopaMuHa B TeueHue 1-3 MuH, cyxue
cemeHa — B TeueHue 30—60 MuH.

Ha cnenyrorieM 3Tane mpoBOASIT OTMBIBaHHE OOBEKTa OT CTEPH-
JU3YIONIETO pacTBOpa, WM mocTcrepwin3anuio. [Ipu stom pactu-
TEIbHBIM MaTepual MPOMBIBAIOT HECKOJBbKUMH MOPLUSIMH CTEPHUIIb-
HOW JTUCTWJIMPOBAHHOM BOJIbI, BBIJEPKMBAsI €r0 B KaXIOW MOPIUU
B TeueHue 10—15 muH.

Ha 3akitounTenbHOM 3Tane CTEPUIIbHBIM MHCTPYMEHTOM BBIUJIC-
HSAIOT HEOOXOJUMBIE YYaCTKH PACTUTEILHOW TKAHU M TMEPEHOCSAT UX
Ha MUTATEIbHYIO Cpeay. MepucTeMbl H30JUPYIOT MO OMHOKYJISIPHBIM
MHUKPOCKOIIOM HWJIM C UCITOJIb30BAHUEM JIYTIBI.
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J/labopamopHoe 3auamue 8

Cooeporcanue. TlonydeHrne CTEpUIBLHBIX MPOPOCTKOB B KYJBTYPE
in vitro.

X00 pabomut

1. CemeHa mieHuIIbl, Tabaka U Kpecc-canaTra MpOMBITh MbUIbHOU
BOJIOM; BOAY CJIMTh, a ceMeHa noMecTuTthb B 70 %-i1 aTanoa Ha 1 MuH.

2. Bce nmocnenyronme npoueaypbl IpoBOIUTh B JIaMHHap-OOKCe.
[lepen xaxxmoit MaHumysIMed HE0OX0aUMO 00pabaThIiBaTh MHCTPY-
MEHTBI CIIUPTOM M 00KUTaTh B IJIAMEHU CIIUPTOBKH.

3. IIpeaBapuTesbHO TPOCTEPUIN30BAHHBIE CEMEHA TMOMECTUTH
B CTaKaHUMKHU, cojiepkamue mo 30 Myl pa3iuyHbIX CTEPUIIM3YIOIIUX
pactBopoB (3 %-10 mepekuch Bomopoda, 7 %-ro xmopamuna). IIpo-
JTOJKUTENBHOCTD CTEPHIIN3alNU — 15 MUH.

4. Tlo ucTeYeHUHU YKa3aHHOTO BPEMEHHU CJIUTh CTEPUIIU3YIOIIHE
PacTBOPbI, HAUIUTh B CTAKAHYUKH HEMHOT'O CTEPUIIBLHOM BOJIbI. 3aTeM
CIIUTh BOAY W HAJIUTh HOBYIO €€ nopuuto. [I[pombiBaHHE BOJIOW MHpO-
JIOJPKACTCSl B TEYECHHUE 1 4 CO CMEHOM uepe3 Kaxable 15 MuH.

5. C noMOmIp0 MHAHIETA MEPEHECTH MO 2—3 IMITYKH CTEPUIbHBIX
CEMSIH B CTaKaHbl, COAEPKaIIUE arapu3oBaHHYI0 cpeay Mypacure —
Ckyra 6e3 ropMOHOB.

6. CTepUIbHO 3aKPBITh CTaKaHbl ATIOMUHUEBOM (POJIBTOM U MTOMe-
CTUTh B TEPMOCTAT Npu Temneparype 22—24 °C.

7. Uepe3 4—8 CyTOK MPOBEPUTH YACTOTY MOCEBA U BCXOXKECTh CE-
MsH. [Tocie mpopacTanusi ceMsiH MEPEHECTH CTaKaHbl B yCIOBUS (U-
TOCTaTa ¢ OcBemeHueM 6 kik u temneparypou 20-22 °C.

8. CpaBHUTH 3(P(DEKTUBHOCTH PaA3HBIX CIIOCOOOB CTEPUIU3AIUU
ceMsiH. OnpeaenuTh MPOIEHT WHPUIIUPOBAHUS B pe3yJbTaTe HEY0-
BJICTBOPUTEJILHON CTEPUIN3AIMU U MPOLIEHT MpopacTanusi ceMsH. Pe-
3yJbTAThl 3aHECTH B MIPOTOKOJ (Tabd1. 7).

9. Cnenatb BeIBOJ 00 3()(PEKTUBHOCTH UCIIOIBL30BAHHBIX B padOTe
CTEPUIU3YIOIIUX areHTOB M 3(P(EKTUBHOCTU Pa3HBIX CIIOCOOOB MPO-
paIuBaHus CEMSIH.

Mamepuanet u o06opyoosaHue: ceMeHa TIICHUIIBI, Tabaka
U Kpecc-canaTa, JaMUHap-00KC, CyIIMIbHBIN 1IKad, CTakaHbl C MUTA-
TenbHOU cpenoit Mypacure — Ckyra, MUHIIETHI, CKAJIbIEIH, (DJIAKOHBI
c 96 %-m u 70 %-M cnupTOM, CIUPTOBKA, CTEPUJIbHAS BaTa, KOJOBI
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oobemom 200-300 mu, gamku Iletpu, ctakanuunku Ha 100 M, cTe-
pWIbHAS TUCTUWUIMPOBAHHAS BOJA, IEPEKHUCH BOAOPOA, XJIOPAMUH.

Tabmnura 7

Ilpomokon ouenku I¢hgpexmuenocmu cmepunuzayuu
U NPOPAUUBAHUA CEMAH
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J/labopamopHoe 3ansamue 9

Cooeporcanue. Tlomyuenue KamTyCHON KyJIbTYpbl U3 CTEPUIIbHBIX
POPOCTKOB TabaKa.

Xo0 paoomul

1. IIpurotoBUTh pa3nuuHbIE BapUaHTBl cpelbl Mypacure —
Ckyra ¢ go6asnenuem: 1) 1,0 mr/n 2,4-J1 + 0,2 mr/n BAIIL; 2) 1,0 mr/n
NYK + 0,2 mr/n BAIL

2. CtepuiibHbIE TPOPOCTKH Tabaka, chOPMUPOBABILIKNE HECKOIBKO
JUCTOYKOB, U3BJIEYb U3 TPOOUPOK U MOMECTUTH B CTEPUIIBHYIO YaIlIKy
[Tetpu. Bece nedcTBUS BBINIOJHATH B CTEPUIIBHBIX YCIHOBUSAX, IMEPEL
KOKJIOM MaHUIYISIUMed HeoO0X0oauMo o0padaThiBaTh WHCTPYMEHTHI
CIUPTOM U 00KUTaTh B IJIAMEHU CIIMPTOBKHU.
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3. CTepunbHBIM CKAJIBIENEM BBIPE3aTh CETMEHTHI Y OCHOBAHUS
JaucTa OJIMDKE K LIEHTPalbHOM Kuiike. ONTUMaIbHBINA pa3Mep IKCIUIaH-
TOB — 1—2 ¢M B JyiuHy U | cM B IMpUHY.

4. IlomecTuTh DHKCIUIAHTBI HA MNMUTATelbHbIE cpenbl. Caenartb
HACEUYKH MO BCEW MOBEPXHOCTU IKCIUIAHTA JJISl JYUIEro Kajaycoo0-
pa3oBaHus.

5.Yamku Iletpm ¢ 3KCIIaHTaMHU NEPEHECTH B TEPMOCTAT
npu temrmeparype 22-25 °C njist MHIyKUHN KaJUTyCOTreHesa.

6. Uepe3 2—4 Henmenn pacCMOTPETh PE3ybTAThl ONbITA U 3aPUCO-
Batb. [IpoBecTn cpaBHEHHE Kajuryca, moJiyueHHOro Ha cpene ¢ UYK
u Ha cpejne ¢ 2,4-J1. OpopMUTH BBIBOBI.

Mamepuanvt u 060pyoosarue.; 1aMUHAP-O00KC, CTEPUIbHBIE IIPO-
pocTKM Tabaka, yamku [leTpu co cTepuIbHON NMUTATENBHON Cpeaoit
Mypacure — Cxkyra Jjisi MHIYKIHU KaJUTyCOT€HE3a, MMHIEThI, CKaJlb-
niend, 70 %-¥1 cnupT, CIUPTOBKA, CTEPUIIbHAA BaTa.

Bonpocwbt 015 06¢cyxncdenus

1. OCHOBHBIE 3Tanbl CTEPWIM3ALUU PACTUTEIBHOIO MaTepualia
IIpU BBEJICHUU B KYJIbTYPY in VIIro.

2. Tunel CTEPUIN3YIOLIUX areHTOB.

3. [lonyyeHne CTepUIbHBIX MPOPOCTKOB M 00JACTh UX UCMOJB30-
BAHU.

4. Kanmmycorenes Kak OCHOBA CO3/1aHUS KIETOYHBIX KYJIBTYP.

5. Ponb GpUTOropMOHOB B MHAYKIIUU KAJLTyCOT€HE3a.

6. BO3MOXHOCTH MCIIOJIB30BaHUS KAJUTyCHBIX KYJBTYp B OMOTEX-
HOJIOTMU, TEHETUKE U CEIICKIIUU.

Tema 6. MUKpOKJIOHa/IbHOE Pa3MHOXXE€HU e
pacTeHum

KinonaneHoe mukpopasmHoxenune pacreHuid (KMP) — 3to Tex-
HUKa in vitro HJjisi OBICTPOTO HEMOJIOBOTO PAa3MHOXKEHUSI PACTCHUH,
UJICHTUYHBIX UCXOJHOMY.

OTOT METON MMEET Psifi MPEUMYIIECTB IEPE] CYIIECTBYIOIIUMHU
TPaJAUIIMOHHBIMU CIIOCOOAMHU PAa3MHOXKEHHS: BO3MOXKHOCTD TOJTyUCHHUSI
JIOCTaTOYHOI'O0 KOJIMYECTBA TE€HETUYECKU OJHOPOAHOIO IT0CAT0YHOIO
MaTepuaia B TEYEHUE BCETO T0Ja; BHICOKUM KOAD(UIIMEHT pa3MHOXKe-
HUS; O30POBJICHHUE MTOCATOYHOIO MaTepuala; COKpalleHUe IPOaO0JDKU-
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TEJILHOCTH CEJICKIIMOHHOTO MPOIIECCa; BO3MOKHOCTh PA3MHOKEHHUS pac-
TEHUI, KOTOPBIE TPYTHO PA3MHOXKAIOTCS TPAJAUIIMOHHBIMU CITIOCOOaMH.

[TIportecc KMP MOXHO pa3aeianTh HA HECKOJIbKO OCHOBHBIX 3Ta-
1oB (puc. 2):

1. Be10op moAXoaAIIero 3KCIIaHTa W IOJYYEeHHE XOPOIIO pac-
Tyliel cTepwibHON KyJnbTypbl. [Ipu BbIOOpE SKCIJIaHTa HEOOXOIUMO
UCIIOJIb30BaTh OOBEKTHI, MOJHOCTBIO COXPAHSIONIUE T€HETHYECKYIO
CcTaOWIBHOCTH Ha Bcex dTanax nporecca KMP.

2. CoOCTBEHHO MUKPOPa3MHOKEHHE, KOT/1a JIOCTUTaeTCsl MoJIyye-
HHAE MAaKCUMAaJIbHOTO KOJIMYECTBA MEPUCTEMATHYECKUX KIIOHOB.

3. YKopeHeHne pa3MHOKEHHBIX MOOETOB C MOCIEAYIOMCH aman-
TalMENl UX K IOYBEHHBIM YCIOBHSIM.

4. BeIpamuBaHWEe PpACTCHUN B YCIIOBHUAX TEIUIMIBI U MTOJATOTOBKA
VX K peanu3alny Ui MOCAAKE B IOJIE.

Puc. 2. Cxema KJIIOHaJIbHOTO MUKPOPa3MHOXKEHUS pACTEHUI
MHKPOYEPEHKOBAHUEM

OnHUM U3 CaMbIX OTBETCTBEHHBIX M TPYJIOEMKHX TAIOB SIBJISICT-
csl Iepecajika pacTeHUN-pereHepanToB B cyOcTpaT. Heynauum Ha stane
ajanTaliy MOTYT MPUBOAUTH K MACCOBOM TMOEIN pacTeHUM, 4TO 3HA-
YUTEILHO CHU3HUT 3(PHEKTUBHOCTH BCEro IMpoIlecca MUKPOPa3MHOKeE-
Hus. JJis ycnemHon aganTaiuul HEOOXO0JUMO CO37aTh ONTUMAJbHbIC
YCJIOBUS JISl JAIBHEUIIIETO POCTA U PAa3BUTHUSL PACTCHUM, B YEM BaXK-
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HYIO POJIb UTPaeT MPaBUIBHBIA MOA00p CyOCTpaTa U CTapTOBBIN pas-
MEp pacTEHUI-PEreHEePAHTOB IS IEPEBOAA UX B YCIIOBUSA ex Vitro.

CymectByer MHOTO MeT0J10B KMP, 0/1Hako BCe MX MOXKHO pazje-
JIUTh Ha JIBa OCHOBHBIX THIIA.

1. AkTuBanus pa3BUTHUA YK€ CYIIECCTBYIOIIUX B PaCTCHUU MEPHU-
cTteM (amekc cTelisl, Ma3yIIHbIC U CIISIUEe MOYKU CTe0JIsI) OCHOBBIBA-
€TCS Ha CHATHUU alMKAJIBbHOIO JOMUHUPOBAHUS (MOJABJICHUE POCTa
OOKOBBIX TTOYEK PACTUTEIBLHOrO MoOera Wid HAINYHE TePMHHAILHON
MIOYKH). DTO MOXKET ObITh TOCTUTHYTO JIByMsI CIIOCOOaAMM:

a) yJdaJeHHEM BEpPXYIICYHOW MEPHUCTEMBI CTEOJISI W TOCIEaYHO-
mee MUKpOYEPEeHKOBaHKE modera in vitro Ha O0€3TOPMOHAIBHON Cpe-
ne (puc. 2);

0) 100aBIICHUEM B IMUTATENBHYIO CPEAY LIUTOKMHWUHOB, UHAYIIU-
PYIOIKUX Pa3BUTHE MHOTOUYHCIICHHBIX Ma3yITHBIX moOeroB. [anee mo-
Oeru OTACISAIOT OT IEePBHYHOIO MATEPUHCKOI'O JKCIUIAaHTa U BHOBb
CaMOCTOSITEJIbHO KYJIbTHUBHUPYIOT Ha CBEXEMPUTOTOBJICHHOM MHTa-
TEeIHOU Ccpejie, CTUMYJIMPYIONICH mposrdepannio Ma3ynrHbIX MepH-
CTE€M M BOBHUKHOBEHHE I100EroB 00Jiee BHICOKUX MOPSIIKOB.

2. IHyK1ysi BOSHUKHOBEHMS MTOYEK WA SMOPHUOUIOB de novo:

a) oOpa3oBaHHE aJIBEHTHBHBIX ITOOETOB TKAHSIMM SKCIJIaHTA —
ATO Hambosee PaCIpPOCTPAHEHHBIM METOJ MHKPOPA3MHOKEHHS BBIC-
mux pacteHnii. OOpa3oBaHMUS aJBEHTHUBHBIX MOYEK MOYKHO JOOHUTHCS
MOYTH U3 JIFOOBIX OPraHOB M TKaHEW pacTeHHs (M30JUPOBAHHOTO 3a-
poAbIlIa, JIUCTA, CTEOJsA, CeMsoyiel, YenlyeK W JOHIA JYyKOBHIIHI,
CErMEHTOB KOPHEH M 3a4aTKOB COLIBETHI), €CIIM yAaeTCs MOJYUYUTh UX
CBOOOJIHBIMU OT UH(EKIINY;

0) UHAYKIMS COMAaTUYECKOTO IMOpHUOreHe3a B KJIETKax HKCIUIaHTa
— nudepeHnmanus 13 COMaTHYECKUX KIIETOK 3apOJIbIIIeno00HBIX
CTPYKTYpP, KOTOpbI€ [0 CBOEMY BHEIIHEMY BHUIY HANIOMHUHAIOT 3UTO-
TUYECKHE 3apOJBIINIA. ITOT MPOIECC BKIHOYACT UHUIUAIINIO 3MOPHO-
F€HHOI0 Kajutyca, mpoaudepanuo 3MOPUOHATBHO-CYCIIEH30PHOM
MacChl, MOJYYEHUE U BBI3PEBAHUS COMATUYECKUX 3aPOIBIIICH;

B) auddepeHunanus aJBeHTUBHBIX MOYEK B MEPBUYHOM U Tiepe-
CaJIOYHOM KaJUTyCHOM TKaHU. OTOT METOJ Majo HCHOJIb3yeTCs
JUTA TTOJIyYEHHUS MMOCAZ0YHOTO Marepuaia in vitro, 4To CBA3aHO C Ie-
HETHYECKOM HECTaOMIIPHOCTBIO KaJTyCHOM KYyJIbTYpHl (M3MEHEHUE
IJIOUTHOCTH, CTPYKTYPHBIE MEPECTPOMKH XPOMOCOM M HAKOIUICHUE
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T€HHBIX MYTaIlui, TOTePs KyJIbTUBUPYEMBIMH KJIETKaMU MOP(OTEH e-
THYECKOr0 MOTECHIINAJIA).

JlabopamopHoe 3anamue 10

Cooeporcanue. KinoHanbHOE MHKPOPa3MHOXEHUE PACTCHUHN Ye-
PEHKOBAHUEM CTEPHIIBHBIX MPOPOCTKOB.

Xo0 pabomul

1. [TogroroBuUTh IaMrUHAP-O00KC U UHCTPYMEHTHI K paboTe.

2. CTepwiibHbIE TPOPOCTKU, CHOPMHUPOBABIINE 5—6 JIMCTOYKOB,
B CTEPWJIbHBIX YCJIOBUSIX M3BJIEUb U3 MPOOUPOK M MOMECTUThH B CTe-
pwibHyO0 damky [lerpu.

3. CTepuabHBIM CKAJIbIIEIEM pa3AeiuTh MOOETH HA MUKPOYEPEH-
KU (OTPE3KH CTEOJIS C JTMCTOM U Ma3yITHON MTOYKOM).

4. YepeHKU TOCAINTh B MUTATEIbHYIO CpeAy Ha rIIyOuHY MEXI0-
y3IIUsL.

5. IlpoOupku 3aKphITh IJIEHKOW M MEPEHECTH B KiaumaToctar. Ye-
PEHKH KyJILTHBUPYIOT Ipu Temieparype 2225 °C mpaem u 19-20 °C Ho-
4bI0, OCBEIIEHHOCTH 6 KJIK U IPOJIOJDKUTEIHOCTH (poToneproaa 16 4.

6. Pe3ynbTaThl paccMOTpETh U 3apucoBaTh uepes 2—4 nenenu. Cue-
JaTh BBIBOJIBI O CTEMICHH MPOJUepaIiiy MO4YeK pasIudHbIX KYJIbTYP.

Mamepuanet u o0b6opydosanue: CTEpWIbHBIE MPOPOCTKU Tabaka
U KapTtoders, JJaMUHap-00KC, CTakaHbl U MPOOUPKU C MHUTATEIHLHOU
cpenoit Mypacure — CKyra, MUHIIETHI, CKaJIbIIeId, HOXKHUILIBI, (hiia-
KOHBI ¢ 96 %-m u 70 %-M cnupTOM, CIHPTOBKA, CTEpUJIbHAs Bara,
yamku [lerpu, crakanunku Ha 100 M1, TUCTWITMpOBaHHAS BOJA, CTE-
pUJIbHAS TIJICHKA.

Bonpocwt 015 06¢cyxncdenus

1. OCHOBHBIE 3Tabl MUKPOKIIOHATIBHOTO PA3MHOKECHUS PACTEHHUM.

2. Tunbl MUKPOKJIOHAJIBHOTO Pa3MHOXKEHHS PACTCHUM.

3. MeToabl CHATHS alluKaJIbHOTO JOMUHUPOBAHUSL.

4. CnocoObl MHAYKIIMA BOSHUKHOBEHUS MOYEK WM 3MOPHOUJIOB
de novo.

5. Ilpenmy1iecTsa MUKPOKIOHAIBHOIO Pa3MHOXKEHUS TIepe]l CyIe-
CTBYIOLIMMH TPAJAUIIMOHHBIMU CIIOCOOAMU Pa3MHOXKEHUS PACTCHUIA.
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