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AHHOTaumA. O630p MOCBALLEH OMUCAHWIO, CPAaBHEHUIO U /IOFMKe pa3BUMTMA Haubo/iee pacnpoCTpaHEeHHbIX CO-
BPEMEHHbIX METOAO0B M NMPUHLMUMOB Orpese/ieHnA MUKpOOHOM Bruomaccel B noyse, He TpebytoLmX B/ageHUA HaBbl-
KaMy MMKPOCKOMWUK, paboTbl C YACTBIMM Ky/IbTYPaMu U APYruX y3Kocneunduieckmnx HaBblKOB A/1A «K/1aCCUHeCKOoM
MUKPOBUO/OrMM». ITU METOAbI MOTYT NMPUMEHATLCA LUMPOKUM KPYrOM UCC/1eg0BaTe/1el, 3auHTepeCcOBaHHbIX B MH-
dopmayumn 0 Buomacce NOYBEHHOrO MMKPOBHOro coobLecTBa, AB/AKOLWEroca akTUBHOM U Hanbosiee nabu/ibHOM
4YacTblo MOYBEHHOrO OpraHMYecKoro BellecTsa. [JaeTcA noc/ieoBaresibHOe onucaHue Hanbosiee pacnpocTpaHeH-
HbIX METO/OB B COOTBETCTBUM CO CMOCOBOM MO/YHEHUA aHA/IMTUYECKOTO CUrHana: 1) buoLugHble MeToAbl; 2) MeTo-
Abl, OCHOBAHHbIe Ha Ornpese/eHUn AblXaTe/IbHOrO OTK/IMKA MUKPOBHOro coobluecTBa Ha BHECEHHE I/IF0KO3bI; 3) Me-
TOAbl, OCHOBaHHble Ha aHa/M3e GuomapkepoB. MpW OMUCAHMM Mbl YKasblBaeM Ha 06/1aCTb NMPUMEHEHMA U Ha
OrpaHuyeHus, NpUCyLLMe KaxKA0MY M3 pacCMaTpPUBAEMbIX METO/0B, @ TaK¥Ke OMMWCbiBaeM TUMUYHbIE OLIMOKM, pac-
NMpOCTPaHeHHbIe NMPU UX UCMO/1b30BaHMU.

K/toueBble c/10Ba: noyBeHHad MUKpobHaA 6uomacca, dymurauma-skctpakuua (FE), cybcTpaT-MHAYLMPOBaH-
Hoe gbixaHue (SIR), KMHETUKA MUKPOBHOro PoCTa, KUPHble KMC10Tbl pochonmnuaos (PLFA), Guomaprepsl, ATO,
AHK, nepecyeTHble KO3dPULMEHTDI.
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Abstract. In this review we describe and compare the most common modern methods and approaches for
measuring microbial biomass in soil. These methods do not require professional training in microscopy, work with
pure cultures of microorganisms and other specific skills within «traditional microbiology». The methods under
consideration can be applied by a wide range of researchers interested in getting information on microbial bio-
mass that represents the most active and labile fraction of soil organic substance. The methods are grouped into
three broad categories: 1) biocidal methods; 2) methods based on the respiratory response of soil microbial com-
munity to the addition of glucose; 3) methods that use various biochemical markers. We specify the application
areas and limitations of each method as well as typical errors and miscalculations that arise in practical work.
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growth kinetics, phospholipid fatty acids (PLFA), biomarkers, ATP, DNA, conversion factors.
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HOBTOMy B MaT€MaTHUYCCKHUX MOIACJIAX, OIIMChIBA-
IOIIUX IMKJIBI @30Ta M YIJIepoJia B MOYBE, MHUKPOO-
HYI0 OHoMaccy OOBIYHO KOHIICTITYalbHO OTHOCST K
aKTUBHOM W HauOoJiee JIaOMILHOM YacTH MOYBEH-
Horo oprannyeckoro Bemectsa (IIOB). Kpome To-
ro, TOYBEHHAas MHUKpPOOHas Ouomacca CIyKHUT
B&XHBIM HHIUKATOPOM CTPECCOB, BBI3BAHHBIX

BsedeHue

[louBeHHBIE MHUKPOOPTaHU3MBI SIBISIOTCS OJI-
HUM U3 BXHEHIINX KOMIIOHEHTOB ITOYBBI, BHOCS-
MM OTPOMHBIN BKJIAX B ()OPMHUPOBAHHE ITOTOKOB
BEIIECTBA B CHUCTEME TOYBAa — PACTCHUS — aTMO-
cdepa. MukpoOHOE COOOIIECTBO MTOYBHI yUaCTBYET

BO MHOXECTBE OHOTCOXUMHUYECKHX IPOIECCOB,
npeoOpa3ys COeAMHEHH yriiepoa, a3ora, ¢hocdo-
pa cepbl W JIpyrux OHOQWIBHBIX 3JIEMEHTOB.

CEJIbCKOXO03AMCTBEHHOW 00paboOTKOM, N3MEHEHUEM
MIOTOJIHBIX YCJIOBUH, 3arpsA3HEHUEM IOYBBI KCEHO-
Oouotvkamu. BoT mouemy B mocieaHue AecsTHIIC-
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THS TIONYYHIIA OypHOE pa3BUTHE MHOTOYHCIICHHBIE
METOJBI OTIPEJICIICHUSI MUKPOOHOM OMOMAaCCHI.

IlouBa mnpencraBnsier co0OW TETEPOTCHHYIO
MHOTrO(a3HyI0 cpeny C KpaiiHe HepaBHOMEPHBIM
pacrpe/elicHieM KaKk MUKPOOPTraHU3MOB, TaK U IH-
TaTeJbHBIX CyOCTPATOB; B3aUMOCBS3U MEXK]Yy MHK-
pOOpraHu3MaMu KpaiHe CIIOKHBI U BKIFOYAIOT CH-
cTeMy OOMeHa XHMHYECKHMH CHUTHAIGHBIMHU
BEIIECTBAMU. JTO CO37aeT OTPOMHBIC METOIUYe-
CKHE TPYTHOCTH TP U3yUYSHUH KHU3HHU TOYBEHHOTO
MHKpPOOHOTO COOOIIeCTBA KaK in Vitro, Tak H in situ.
Hapsiny ¢ MHOrOOOpasueM 3amad, CTOSIIUX Iepes
MMOYBEHHBIMH MUKPOOHOIoraMu, (hakToOp CIIOKHO-
CTH Takoro oOBEKTa, KaK I0YBa W €€ MHKPOOHOE
HACeJICHUE, TaK)Ke CIIOCOOCTBYET Pa3BUTHIO Pa3HO-
00pasust METOIOB TOYBCHHOW MUKPOOUOJIOTHH.

W3 Bcero MHOT00OpPAa3usi METOJIOB MBI BBIOPAIH
B OCHOBHOM HamOoJjiee yaIOOHBIE M TPOCTHIC B HC-
MMOJTHEHHUH, JOCTYIIHBIC TOYTH JJIs JI000M CcoBpe-
MEHHOW XMMHKO-aHAJIMTHYECKOH Iaboparopuu
cpeaHelt pyku. MBI CO3HATENBHO HCKIIOYWIN W3
PacCMOTpPEHHUsT METOJbl, TPeOyIoIIUe BIAJACHUS
CHCIMATBHBIMU Y3KOCHCIIM(PUUSCKUMU HaBBIKAMHU
«YUCTOH MHUKPOOHOIIOTHNY» — MHUKPOCKOIHH, pado-
THI C YACTHIMH KyJIbTypaMu H 1ip. Ho maxke u npu
TaKUX OTPaHHUYCHUIX 00beM 0030pa HE MO3BOJISIET
OCTaHOBHUTHCS Ha BCEX METO/aX, OTBEYAIOIINX
KPUTEPHUSM TPOCTOTHI, TOCTYITHOCTH, BOCIIPOU3BO-
AUMOCTH M HAACKHOCTU IIPU OIPECACICHUU I10Y-
BEHHOW MUKpPOOHOW OHMOMAcChl, IOCKOJBKY K
HACTOAIIEMY BpEMEHH pa3padOTaHBI JECATKH Ta-
KUX METOIUYECKUX MOAX0a0B. ClIenyeT OTMETHUTD,
YTO eUHOMN (0OIIEPUHATON) KIaccuukanmuu Me-
TOJIOB OTpeJIeNIeHns] OMOMacChl MEKPOOPTaHU3MOB
B MoYBe He cymectByeT. Mcxoms w3 Toro, 4ro
JAHHBIA 0030p MpeIHa3HAueH IS ITUPOKOTO Kpy-
ra WccienoBareneil — CIenualicTOB B Pa3sIMIHbIX
o0yacTsx OWONOTMHM W TIOYBOBENIEHUS, HE BCETIa
3HAKOMBIX C TOHKOCTsIMHU CO6CTB€HHO OYBEHHON
MUKPOOHOJIOTUH, MBI BRICTPOWIIU U3JI0XKCHHUE B CO-
OTBETCTBUU C KIACCHU(UKAINEH METOIOB IO TPHH-
OUIry IMOJIy4CHUA AHAJIUTUYCCKOI'O CHUrHajia:
1) OuoIUAHBIE METOJBI, 2) METOJIbI, OCHOBaHHBIC
Ha OIpENIeIeHNH JIBIXaTeIbHOTO OTKIMKA MHKPOO-
HOTO cOOOIIECTBA HA BHECCHHE TITIOKO3BI; 3) METO-
JIbl, OCHOBaHHbBIC Ha aHaiu3e OuomapkepoB. [Ipu
ONMKUCAaHUN METOJIOB MBI YKa3bIBaeM Ha MX O0JIACTh
MIPUMEHEHUS U MPHUCYIINe UM HEAOCTaTKH U OTpa-
HHUYCHUA.

1. BuoyuoHble MemoObI

1.1. @ymueayuonnwlii Memoo

Wnes Komu4ecTBEHHOTO OTpeACIeHUS MUKPOO-
HOM OMOMAacChl B TOYBE MOCJe OMOIMIHON 00pa-
OOTKH, IPUBOAIICH K THOCITH 3HAYUTEILHONW YacTH
MOYBEHHOTO MHUKPOOHOTO COOOIIECTBA, MONyYHIa
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pasButue 6marogaps tpyaam . C. JkeHKuHCOHA —
OJTHOTO M3 KPYTHEHIINX TOYBEHHBIX MUKPOOHOIIO-
roB XX—XXI BB. JIDKEHKHUHCOHOM U €r0 COTPYI-
HUKaMHU ObUI MOJIYYeH OTPOMHBIH MacCUB JaHHBIX
0 JCHCTBMM TEeX WM MHBIX HEOJArONmpUsTHBIX
(hakTOpOB Ha BBDKMBAaHHE MHKPOOPTaHHU3MOB
B mouBe [1]. B pe3ymbraTe mMu OBLT TpeUIOKEH
HOBBI MeETOA ompenencHus oO0Ieil MUKPOOHOM
Oromacchl B TI0YBE, OCHOBaHHBIN Ha OLIEHKE KOJH-
YecTBa MOJBHKHBIX YTIIEPOJICOEPKAIINX OpTaHH-
YECKHX BEUIECTB, MOCTYMAIOMIMX M3 OHOMAacChl
MOYBEHHBIX MUKPOOPTaHU3MOB IOCJIC OUOLUIHON
00paboTku. B kauecTBe OmommmHON 00pabOTKH
ABTOPBI TPEIIOKWINA 24-9aCOBYIO HKCIIO3HUIIHIO
0o0pasnoB B atMocdepe, coaepKamei mapsl XJjio-
podopma [2]. IlepBoHadanbHBIA BapHaHT METO/A
Qymueayuu-unkyoayuu (OU, chloroform fumiga-
tion incubation (CFI, FI)) npexycmatpuBai ompe-
nenenue «apupocra C» («C flush») mo naTeHCHB-
HOCTH BBIJICJICHUS YTJIEKUCIOTO Ta3a W3 IIOYBEHI
B TeueHHUS 10-CyTOUHON WMHKYOAIWu IOCIIE OKOH-
yaHus OuonugHONW 00pabOTKM (MHKyOalus HadH-
HaJIach cpasy ke MOCIJe 3BaKyally XJIopodopma).
B nanpHelitem aBTOpamMu OBLI MPEUIOKEH U Ba-
pHAHT MeETOoJla OIpEeIeNeHUusT a30Ta MHUKPOOHOU
OMOMAaCCHI 10 «IPUPOCTY» MUHEPATH3YyEeMOTO a30-
Ta MHKPOOHOH OHOMACCHI, OIpPEACIIEMOro IO
koumeHTparu aMmMoHus («N flushy) [3]. IIpupoct
muHepanu3yeMbix C u N mocne okoHYaHus (GyMHu-
raluy MPOUCXOAUT 33 CYET TOTO, YTO MHKPOOpra-
HU3MbI, BEDKUBIIHE BO BpeMst pyMuranuu (mpexie
BCEr0 OSTO TPEACTABUTENN BHIOB, OOpPa3yIOIINX
CIOPBI WJIM LUCTHI), UCTOJB3YIOT YOUTYIO MUK-
poOHyr0 OMoMaccy B KadecTBE POCTOBOTO CyO-
CTpata, MUHEpalu3ys ee B TeUeHHE HHKYOAIH J10
YTIIEKHCIIOTO ra3a W aMMoHMA. PacueT yrmepona
onomacchl Cyy TPOU3BOAMTCA IO CIEAYIOISH

dopmye:
CMI/I](:(FC_UfC)/kC7 (1)

rae Fc — xommuectBo CQO,, BBIASIUBIIEIOCS M3
(ymurupoBanHoW 1MouYBBl B mepuoj 10-gHEBHOI
uHKyOamu; Ufe — xonumuectBo CO,, BbIAETUBILIE-
rocsi U3 KOHTPOJBHOW MOYBBHI — HeQyMHUTHpPOBaH-
HOH, MO0 Xe W3 GyMUTHPOBAHHOW ITOYBHI B Tie-
puon 10-20 cyt mocne ¢ymwurauuu; kc — 4acThb
MUKpPOOHOI OHOMacchl, MWHEpaTU30BaHHAS JI0
CO,, i, mHaYe TOBOPS — MEpecUeTHRIN K03 u-
LHUeHT Ui pacuera Onomaccel. ComeprkaHue a3oTa
MHUKpOOHOI OMOMacchl PacCUUTHIBAETCS 1O aHAJo-
THYHOHN (opmyIie, TIe BMECTO OPraHUYecKOro yr-
JepoJa, MUHEPAIU30BaHHOIO A0 YIJIEKHUCIIOrO TIa-
3a, TOJACTABISIOT A30T, MHHEPAIM30BaHHBIA 10
NH,’, ¢ COOTBETCTBYIOMIMM MHepPeCcUeTHHIM KO3(-
dbunreHToM ky.

B cepenune 80-x rr. XX B. aBTOpaMu MeToja
(ymuranuu-nHKy6anuu ObUT TIPEUTOKEeH HOBBIIH
BapHaHT (yMUTALMOHHOTO MeTona — Memoo ¢y-
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mueayuu-sxcmpaxyuu (D@3, chloroform fumigation
extraction (CFE, FE)) [4], B HacTosIee BpeMs
MPAaKTUYECKH MOJHOCTHIO BBITECHUBLIMHA METOX
©®U. B merone GyMHUTaUH-IKCTPAKLUU MPH CO-
XpaHEHUH 0a30BOM TEXHUKH OMOIMIHON 0OpaboT-
KM HCIIONB3YIOTCS Oojiee OBICTpOE OMpeIeICHIE
KOJINYECTB yIiiepoaa U a3oTa B yOUTON MUKPOOHOM
ouomacce. [lpuanunm  metoma  dymwurauuu-
9KCTPaKIM OCHOBAaH Ha 3KCTPAarMpOBaHUM pac-
tBopoM 0,5 M K,SO,4 nponykToB nu3nca Ouomac-
CBbl IOYBEHHBIX MHUKPOOPTaHU3MOB, YOUTBIX B XOJ€
24-gacoBoil (yMHTallUM IOYBBI HapamMH XJIOPO-
dhopma. Bekope mocie pazpabotku metona OO s
OIpeneNeHus yTiaepoAa MHUKPOOHOM OHomacchl
MOSBUINCH U PA3HOBUIHOCTH JAaHHOTO METOJa JUIS
oTIpesieNIeHus He TOJIbKO YTIiIepoja M a3oTa, HO U
IpyruxX OMOGUIHHBIX JJIEMEHTOB B COCTAaBE MHK-
poOHoii 6uomaccsl, pochopa u cepsr [5—7]. Pacuer
3aIacoB yIiiepoAa W a30Ta MUKPOOHOW OMoMacchl
(Cyux ¥ Nyy) TIPOU3BOAMTCSI aHAJIOTUYHO TaKOBO-
My B MeToJle PyMHUTAITTU-UHKYOAIHH, T.€. 110 TIPH-
pocty C mmu N («C flush» u «N flush») mo cpas-
HeHHIo ¢ copepkaHneM C B CONEBBIX IKCTPAKTaX
U3 KOHTPOJILHOW He()yMHTHPOBaHHOH IOYBBI C
YYETOM BEJIHMYWH IIePECUCTHBIX KOIPDHUIINESHTOB
(ko3¢ punmenToB axcTpakuuu C u N youroit 6mo-
Macchbl MEKPOOPTaHU3MOB) kgc, kgy U T.1. [TomMumo
o0IIIero comepKaHus yIiiepoja HIM a30Ta B DKC-
TPaKTaX MOXET TaKKe ONPEAEIATHCS MX H30TOII-
HBII COCTaB.

Tak kak MeToJ (QyMHUralMU-MHKYOaMH B
HacTosIIIee BPEMS NMPAKTUYECKU BBITECHEH METO-
JamMyd (QyMHUTanuu-3KCTPAaKUUK M elle OZHUM OT-
HOCUTENIBHO SKCIPECCHBIM METOJOM — CcyOcTpart-
nHayuupoBanHoro aeixanus (CHUJI), o xkoTopom
MOWIET peub HWXKE, MBI INPHUBEIEM IOAPOOHOE
ONMCAaHUE TOJILKO OJHOrO0 W3 Haubojiee pacipo-
CTpaHEHHBIX BapuaHTOB DJ.

CBexyro MouBy Iepen MPOBEIEHHUEM aHalH3a
IIPOCEUBAIOT Yepe3 CUTO 2 MM, BPY4HYIO BbIOMpa-
0T MEJIKHE KaMeIIKu U (parMeHTsl KOpHEH pacre-
HUM W pacTUTENBHBIX OCTAaTKOB W OTOHpArOT
HaBecku u3 pacuera 1040 r (3mecp u nanee
HaBECKH yKa3aHbl B €IMHMLIAX CyXOro Beca). [lou-
BEHHBIE 00pa3ipl ACTAT HA ABE CEPUU: KOHTPOJIb-
HYIO TIOYBY, U3 KOTOPOH MPOBOAMTCS IKCTPAKIHS
pactBopuMbIX coenuHeHnid C 1 N B JIeHb Hadaja
¢bymuranuu, ¥ MOoYBy Uil NPOBEACHUS (Qymura-
uun. IlouBy, mpenHasHaueHHYO A Qymuranuy,
MOMEIIAIOT B OTKPBITHIE CTEKISTHHBIE XUMHUECKHIE
CTaKaHbI, OyTBIIKA TIOJT 3aBUHYMBAIOIIYIOCS TIPOO-
Ky, dapdopoBsie yamky win yamku llerpu, 3atem
9TH €MKOCTH C TOYBOH CTaBAT B SKCHUKATOP, JHO
KOTOpPOTO BBUIOKEHO BIAXKHOW (UIBTPOBAIHLHON
Oymaroii (Bo n30exaHue MepechIXaHus MOYBBI TIPH
(ymuramun). llenecooOpasHee Bcero HCIOIB30-
BaThb OYTBUIKM W KOJOBI IOJI 3aBUHYHBAIOLIYIOCS
WM MPUTEPTYIO MPOOKY TaKoro o0bema, 4ToObI B
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HUX MOT TIOMECTUTHCS JKCTpareHt (pacTBop
K,SO4) B MaccoBoii mpomopuu cyxas Io4Ba : co-
neBoil pactBop = 1:4. B sKcHKaTOp MOMEIIAIOT
TaKKe OTKPBITYI0 EMKOCTb (Yallle BCEro — XuMu4e-
ckuii crakaH) ¢ 50—-100 ma xjopodopma, He co-
neprxamero staHo’i. Eciam xiopodopm comepxut
ATaHON IS CTaOWIM3AlHH, TO €r0 CJIEeIyeT OYH-
CTUTh XHMHYECKON MeperoHkor. Bce onepauuun
¢ XJOpoOpMOM MPOBOAAT TOJIBKO B BBITSHKHOM
mkady. Ha mHO emkoctH ¢ xiopodopMoM mome-
LIAIOT CTEKJISIHHbIE WM KE€pPaMHUYECKHE TPaHYJIbl,
WIK TPOCTO KYCOUKHM CTEKJa, KOTOpBIE Mpemnsr-
CTBYIOT 0Opa30BaHUIO KPYIHBIX MY3BIPHKOB IPH
KHIIEHUU XJI0podopMa. DKCHKATOP BaKyyMHUPYIOT
C TTOMOUIBIO HAacoca, MPUCOEANHEHHOTO K BBITYCK-
HOMY KpaHy B KpBIIIKE, 10 TeX MOp, MOKa He 3aKU-
maer xyopodopMm, HUTO BH3yaJbHO 3aMETHO
[0 MEJKWUM Iy3bIpbKaM, 00pa3yroIuMcsi B €MKO-
cTi ¢ xjopopopmoM. KureHune AOMKHO Hpomroi-
JKaThCS OKOJIO 1—2 MUH, 3aTeM KpaH B KPBIIIKE K-
CHKaTOpa TMEePeKphIBAIOT, W IKCHKATOP OCTaBIISIOT
Ha 24 4 npu KkoMHaTHOM Temmeparype. [lo okoH-
YyaHUU 24-4acoBOIl AKCHMO3WIMM TOYBBI B aTMO-
cdepe xnopodopMa KpaH IKCHKATOpPA OTKPHIBAIOT
W BITYCKAlOT aTMOC(epHBI BO3AyX. 3aTeM CHUMa-
0T KPBIIKY SKCHUKATOpa W yNAISIOT U3 HETO M-
KocTb ¢ xsopodopmoM. [locie ynaneHus eMKOCTH
C XJIOpOOpPMOM MPOBOJAAT «IBAKYalHIO» OCTa-
TOYHBIX KOJIIMYECTB XJIOpOpopMa U3 TOUYBBI MyTEM
5—6-KpaTHOTO BaKyyMHpOBaHMSA 3KCHKaTopa IpHU
IIOMOIIIM Hacoca C MOCIeIyIOMINM NMEePHOINIECKUM
HAaIlOJIHEHHEM HOBOH TmopImeit arMochepHoro
BO3[yXa dYepe3 KpaH Ha KpBIIIKE DJKCHKATOpA.
[Tocne okoOHYaHUA 3BaKyallMd CHUMAIOT C 9KCHUKa-
TOpa KPBILIKY M BBHIHUMAIOT U3 HEr0 €MKOCTH C
noyBod. IIpu BBIMOJHEHUH OSTUX MaHHUIYJISIUN
MIPUXOJUTCS TpUJIaraTh HEMallble YCHIIHS, YTOOBI
CABUHYTh KpBIIIKY ¢ J3KcukaTtopa. Iloatomy
KpailHE Ba)KHO JEHCTBOBAaTh aKKypaTHO, CTapasich
HE TIOBPEINUTH KCUKATOP U KPBHIIIKY.

K dbymurnpoBanHOl ¥ KOHTPOIEHOH TIOYBE J10-
6asmsror 0,5 M pactBop K,SO, B mponopuuu 1:4
M TOJyYMBIIYIOCS CYCIEH3HIO BCTPSIXMBAIOT Ha
kavayke B TeueHue 30—60 mMuH. B HeKoTOpHIX Ciy-
Yasx, HalpuMep, Korjaa TpedyeTcs CHUKEHHE KOH-
LeHTpaluu cyibgara kanus npu aHanuse Ha TOC-
aHanm3aTope (Mpudope Il aHaIM3a 00IIero opra-
HUYECKOTO PacTBOPUMOIO YTiIepoja), JIMOO NpHu
aHaJm3e Yriepona B mpode Ha colepiKaHue U30TOo-
noB °C u "N, KOHIIEHTpAILMs KCTPAreHTa MOXKET
OpITh cHMXeHa B 2—10 pa3. OgHako HEOOXOIMMO
CJIEJTUTh, YTOOBI YMEHbBIIIEHNUE KOHIIEHTPALIUU COIU
HE BBI3BIBAJIO KPUTUYECKOTO YMEHBIIEHUS HAeH-
CTBHS CyJb(ara Kalus KaK dJIeKTPOJINTa-KoaryJis-
Topa. MHade roBOps, MOCiHe BCTPAXHMBAHMSA Ha
KadaJKe COJIEBOI pacTBOP MOJKEH XOPOIIO (hHUITb-
TpoBaTbcsl uepe3 OyMaxkHble QUIBTPHI (17151 ObICT-
pOTHI Tpollecca JIydIle BCEro MCIONb30BaTh
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ckian4arsie GuasTphl). [locne guapTpoBanus mo-
JydeHHbIE DKCTPAKTHl aHANM3HPYIOT Ha COIepXkKa-
uaue odiiero C, N, P unu S.

o mpoBeneHus ananusza GUIBTPAT JIydllie Bce-
IO XpaHUTh B XOJIOJWIBHHKE TIPH TEeMIIEpaType
4 °C, a mpu UIATENBHOM XpaHeHuH (Oomee 1 cyT) —
B 3aMOPOXXEHHOM BHUJE B MOPO3HIbHHKE. BrIOOp
METOAOB OMpEICICHUS COACPKaHUs yTiepola H
a30Ta 3aBUCHT OT MPUOOPHOH 0a3bl JTabOpaTOPHH:
BO3MOJXKHO JIHOO TIPOBENIEHUE I[BETHBIX PEaKIUi C
olpenesiecHueM KOHIEHTPALUil OKpalIeHHBIX Mpo-
IOYKTOB peakiuu Ha (OTOKOIOpHMETpE/CIeKTPO-
(dhoTomerpe, OO ompemercHNE Ha aBTOMaTHYC-
ckux anamm3atopax TOC, TON, CHN wu Tt.1.
B koHue pasngena mpUBOASTCS PEKOMEHAALUH IO
pacuery cojepkaHus yriepoaa, azota u docdopa
WU Cephl B MEKPOOHOM 6nomacce 1o dopmyie (1)
C TIOJCTAaHOBKOW COOTBETCTBYIOIIUX BEITHYUH
MepecUeTHHIX K03 (PUIIHECHTOB.

[Iponienypa BakyyMHUpPOBaHHSI JOBOJBHO YTO-
MUTENbHA: yJalleHHe XOPOIIO MPUTEPTON KPBIIIKA
roclie BaKyyMHPOBaHHUs TpeOyeT 3HAYMTEIbHBIX
(U3NUECKUX YCHIMHA, OCTOPOKHOCTH U CHOPOBKH,
a Tak)Ke TPaBMOONACHA: MOXKHO IMOPAHHUTHCS TPH
pacTpecKMBaHWU CTEKJISTHHOM KPBIIIKKA JKCHKATO-
pa. IToaToMy KOJJIEKTHUBOM aBCTPAMHCKUX aBTO-
poB [8] Oblma mpemiokeHa 3aMeHa MPOLELYPHI
9KCITO3UIINH B Mapax XJ1opodopMa Ha IKCTPAKIHIO
c sMmynecueit xmopodopma B pactBope K,SO,.
JAmuTensHOCTh SKCTpakuuu — 1 dac, J03MpoBKa
xnopoopma 1 mi Ha 10 T MOYBEI. ABTOpPHI Mpe-
JOKWIA NaHHYIO TPOIEenypy IUIA OINpeIeTIeHus
MUKpPOOHOTO YIJIepoia, OTKaIHOpPOBaB €€ I10
OOBIYHOMY MeTONy (hyMHUTaUUH-IKCTpakiuu. JlaH-
Has MoauduKanus GyMUTAIIMOHHOTO METO/Ia MOKa
HE Halbla IIUPOKOTO MPUMEHEHUs U He cTaia 00-
[IETPU3HAHHBIM METOJIOM — OTYACTH MOTOMY, YTO
aBTOPBI HE MPOBENHU ONpPEAETICHUH COOTBETCTBYIO-
IMX MEPECYCTHBIX KOIP(PUIUCHTOB i OHO-
(DUITBHBIX DJIEMEHTOB.

B mocnenHue nmBa mecsTHIIETHS OBLT MIpENIpH-
HAT Ps TONBITOK ONTUMH3MPOBATh ONpENEICHHUE
MHUKpoOHOTO Qocdopa B mouse. Bapuanr, mepso-
HavdaJIbHO TIpeIOKeHHBINH bpykcom B 1982 . [6],
OKazaJicsl CIMLIKOM HEHAJCKHBIM BBUAY HEJOyue-
Ta OBICTpOl copOumu (GochaToB, BBIACIUBIIMXCS
pu (yMHUTAMK HA TIOBEPXHOCTH TJIMHUCTBIX MH-
HEpaJioB U OPraHO-MUHEPANBHBIX KOMILIEKCOB, a
TaKKe M3-3a HCIOJNB30BaHMS IMOCTOSHHOTO Iepe-
cueTHOrO Kod(h¢unmenta kp = 0,4 BHE 3aBUCHMO-
CTH OT ITOYBEHHOTO THIIA. B KauecTBe aibTepHATH-
BBl OBLTO MPENJIOXKEHO HCIIONB30BaHUE aHHOHO-
O0OMEHHBIX MEMOpaH ¢ MOBEPXHOCTSIMH, HACHIILIEH-
HbIMH aHHOHOM cJ1a00# KHCIIOThI (OMKapOOHATOM)
[7, 9, 10], ¢ ompenencHUEM IEPECUCTHBIX KO-
(bUIIMEHTOB /ISl KQXKIOTO TUTIA TTOYBBI B KAIHOPO-
BOYHBIX JKCIEPHUMEHTaX C PaJAUOAKTUBHOWU H30-
TOIHOHN METKOit - P [11].
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Ompenenenne MUKpoOHOTO ¢ocdopa B MOUBE
MPOU3BOAUTCS CIIEAyIOMMM oOpa3zoMm. CHauama
MEMOpaHbI TOTOBSTCS K paboTe: MPOUCXOIUT pa3-
pe3aHme HCXOMHBIX MeMOpaH (TPOMBIIIICHHAS
BBIITyCKaeMas yImakoBKa) Ha Mojocku 1,5%6,25 cwm,
2-kpatHoe BerpsixuBanue ¢ 200 mi 0,5 M NaHCO;
mo 24 9 (25 nonocok Ha oxHy 250-MJ TIIACTHKO-
BYIO KOJIOY), 3aT€M BCE TIOJIOCKH MEeMOpaH TepeHo-
CATCS B IUCTWUIMPOBAHHYIO BOAY M XPaHATCSA B
Hel BIUIOTH 10 Mcnoib30BaHusl. COOCTBEHHO IPO-
nexypa cop6rmuu P Ha MemMOpaHax TIPOBOIUTCS
BCTPSXMBAaHUEM B TeueHHE 24 4 HAa aBTOMAaTHYE-
ckoit kauanke (160 oGopoTOB/MUH) 3 T HaBECKH
mouBHl B 50-MJI IJIACTHKOBOM MPOOHMpKE C 3aBHH-
yuBaromelcs mpobkoit ¢ 30 M BoaBl (KOHTPOIH
0e3 gymuranun), nubdo ¢ cycrnensueit 0,3 M xj0-
podopma B 30 mu Bomel (dymwuramus). [lepen
BCTPSIXMUBAaHUEM BO BCE MPOOUPKH BHOCAT MO OJI-
HOI MeMOpane. 1o okoHuaHUM COpOIMK MEeMOpa-
HBI OTOJIACKWBAIOTCSl BOJIOHM, a 3aTeM BCTPSXHBa-
orcss B Tteuenue 3 1 ¢ 0,25 M H,SOy; xuciblii
9KCTPAKT aHAIM3UPYETCS Ha coJepiKaHUe OOIIEeTo
u MmedeHoro Qocdopa. [lo oxoHuUaHMH SKCIEPH-
MEHTa MeMOpaHBl OTMBIBAIOT TOBTOPHBIM BCTPS-
xuBanneM ¢ 0,25 M H,SO,; B Teuenune 1 4y u
2-KpaTHBIM BCTPSXHBAHUEM C JMCTUILTUPOBAHHON
BoJOM Mo 1 u kaxzaoe. 3aTeM MOBTOPSIETCS MpoLe-
Iypa «3apsakm» moBepxHocTH MeMmOpan ¢ 0,5 M
NaHCOj;. BusyansHo sKCTpakuus ¢ MeMOpaHaMu
MPUBOJUT K Pa3pyIICHUIO TMOBEPXHOCTHHIX CJIOCB
TKaHu MeMOpaH. OgHAKO SKCIIEPUMEHTAIBHO II0-
Ka3aHa BO3MOXXHOCTb HCITOJIb30BaHUSI MEMOpPAaH 110
kpaiinei mepe eme 8—10 pasz [9, 11].

Onpenenenne oOmero kommdectsa Qocdopa
BO3MOYKHO TIPH ITOMOIIM KaK aHAIN3aTOPOB OOIIETo
dbochopa B xuaKux npobax, Tak U Oosee jerie-
BBIM CIIOCOOOM — TMOCPEICTBOM MPOBENIECHUS IIBET-
HBIX peakluii ¢ TOCIEeTYIOIMNM KOJIOPUMETpHUIe-
ckuM okonyanueM. Ecmu B mabopaTopun mMeeTcs
IUTAHIIETHBIN pUaep JUIsl CUMTBHIBAHUS WH(OpMa-
uH ¢ 96-sMMENCTHIX TUIAHIIETOK, ONTHMAILHBIM SB-
JsIeTCs KOJIOPUMETPUYECKHH 3KCIpecc-MeTO/ Ompe-
JIeTICHUST PacTBOpUMOro ¢ocopa B TMOYBEHHBIX
AKCTpaKTaxX ¢ MaJaxuToBbM 3enenbiM (MG) [12].

1.2. Memoo pezuopamayuu

B 80-x rr. XX B. mpeAnpuHUMAICS PsiJ] TOIbI-
TOK  MOJH(DHUIMPOBATE/YIPOCTUTE  TPOIEAYPY
6uoruaHoi 06padboTku. Poccuiickumu mccienoBa-
TENSIMU OB CO3AaH pecuopamayuonHvlii Memoa, B
KOTOpPOM B KadecTBe OMOIMIHONW 00pabOTKH OBLIO
MIPEMIOKEHO BBICYIIMBaHKE MOYBHI Tipu 65—70 °C
BMecto ¢ymuranuu [13]. I[Togobuo ¢ymurannon-
HOMY METO/AY, aBTOpPaMH pPETHIpATAllMd ObLIH
anmpoOMpoBaHBl 00a OCHOBHBIX CTIOC00a ompeee-
HUS KOJIMYECTBa OWOMACCHl MHKPOOPTaHH3MOB,
yOUTBIX BBICYIIMBAHUEM — pecuopamayus-unkyoa-
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yusa (PU, rehydration-incubation (RI)) n pecudpa-
mayus-sxkempaxyus (PO, rehydration-extraction
(RE)), xoTOpBIE NOKAa3alu TOXOXKHUE PE3yJIbTATHI.
B mocnenyronye roasl MCCIeNOBaTENd B HaIlleH
CTpaHe WCIOJb30BAJIM B OCHOBHOM BapWaHT pe-
ruaparauuu-3kcrpakuuu [14, 15]. B nemom ompe-
JEICHUE  METOAOM  peruapaTaluu-dKCTPaAKIUN
MIPOBOJAT IO CXEMe, HAllOMUHAIOIIEH CXeMy s
MeToAa (yMUTaUH-d3KCTpakiuu. [loAroToBieH-
Hble HaBecku u3 pacyera 10—40 r (cyxoii Bec) me-
JIAT Ha JIBE€ Cepuu: 1) KOHTPOIBHYIO MTOYBY, U3 KO-
TOPOH MPOBOJMUTCS OKCTPAKIHS PACTBOPUMBIX
coenunennit C u N B eHb Hadana onepanuy BbI-
CYIIUBaHUs; 2) TIOYBY AJISl TMIPOBEIEHUS IPOIEAY-
PBl BBICYIIMBaHUS-PETHIPATAIIMU. DTy MOYBY TO-
MEIIAIOT B OTKPHITHIX  CTEKSIHHBIX — HJIH
(hapopoBBIX EMKOCTAX B CYIIWIBHBIN mKad u
BBICYILIIMBAIOT B TeueHUEe 24 4 mpu Temmeparype
6570 °C. B xauecTBe OTKPBITBIX €MKOCTEH s
00pas3IioB MOYBBI YaCcTO MCIONB3YIOT Jamku [ler-
pH, HO Terecoo0pa3Hee BCETO HCIONIb30BaTh KOJ-
OBl MM 3aKpBIBAIOIIMECS CTEKJISTHHBbIE OYTBUIKH C
00bEMOM, JTOCTaTOYHBIM IS MOCIEAYIOLIETO BHE-
CEeHUsl B BBICYIICHHYIO MOYBy pactBopa 0,5 M
K,S0,. Iponenypa skcrpaknuu coemuunenuit C u
N nmpoBoauTcs Mo TOH k€ cXeMe, UTO U B METOJIe
(ymuranuu-skcTpaknud. Pacder mpowm3BOIAT MO
tdhopmye (1), HO C UCITOIB30BAaHUEM NIPYTUX TIEpe-
CUETHBIX KOI()UIMEHTOB ki U kgy (CM. HUXKE).

Ipeumywecmea pecudpamayuornnozo memooa
no CpagHeHuio ¢ PymMueayuoOHHuIM:

— He HYXXHO HCIIOJIb30BaTh TOKCHUECKHUE Belle-
cTBa (hyMHUTaHTHI);

— MEHbBIIAsl TPYAOEMKOCTb, OTCYTCTBHE MaHH-
MYJISIHANA C BAKYYMHBIM 9KCHKaTOPOM;

— BO3MOXKHOCTb XPaHUTh BBICYIICHHBIE HPOOBI
JUTUTEIFHOE BpEMs, «HAKaIUIMBasy HX Ul JKC-
Tpakiuu 1 aHanu3a Ha C u N.

Heoocmamku memooda no cpaenenuio ¢ ¢ymu-
2AYUOHHBIM:

— OonbIllee  KOJMYECTBO PACTBOPEHHBIX Opra-
HUYECKUX BELIECTB B IKCTPAKTE, MMEIOIIUX He-
MHKPOOHOE TIPOUCXOXKIACHUE (Pa3TMUHbIE KOMIIO-
HeHTsl [IOB craHoBsTCA 60OJ€e pacTBOPUMBIMH B
pe3ybTaTe BHICYIINBAHUSA);

— HEBO3MOXXHO HCIIOJIb30BAaHHE 3TOT0 METOoxa
JUTA OTpenesieHus MUKpoOHoro ¢ocdopa rn3-3a uH-
TeHCUBHOU (ukcaunu pochopa youtoit 6momacce
Ha IJIMHUCTBIX MUHEpajax B MPOLECcCce BBHICYIINBA-
HUSI IOYBBI;

— OTCYTCTBHE ampoOalMyd MeToJa B LIMPOKOM
psily TOYB M SKOJOTHMYECKHX YCIOBHH — 3TOT Me-
TOJ TaK W HE CTal «CTaHIapTHBIM», OOIIenpu-
3HaHHBIM B MUpeE.
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1.3. Ilpobrnema nepecuemmuvix K03pduyuenmos
8 OUOYUOHBIX MemoOax

Hedocmamku u oepanuyenus ecex OUOYUOHBIX
Memo006 CBsI3aHbl IIPEXKAE BCETO C HEOOXOIUMO-
CTBIO MCIOJIB30BaHUS IEPECYCTHBIX KOA(PPHUIIEH-
TOB ISl IEPEX0/a OT BEIUYHH «IIPHUPOCTOBY» yTIie-
pona, azora u ¢ocdopa K BeIMINHAM COOCTBEHHO
YIJIEpOJHOTO M a30THOIO IIYJIOB B COCTaBE MUK-
poOHOIT OGuomaccel. BenmmunHa mepecyeTHOro Ko-
a¢durmenTa oTpakaeT A0 yOUTOW OHoMacchl
[IOJTHOTY HW3BJIEYEHUSI COJIEBBIM PacTBOPOM Be-
MIECTB YOUTOU MUKPOOHOM OmoMacchl. OHA MOXKET
CHJIBHO BapbUPOBAaTHCS B 3aBUCUMOCTH OT HOCTYII-
JICHHSl B TIOYBY CBEKEH OpraHMku (B BHIE pacTu-
TENLHOTO ONaja, Npu YAOOPEHUH MMOYB HABO30OM H
TOppOM U T.A.), OT BHECEHUSI MHUHEPAJIbHBIX a30T-
HBIX yAoOpeHuil (mns kgy), or Benmmuusbl pH, co-
cTaBa OOMEHHBIX OCHOBAHHH, BIAXXHOCTH W IIpY-
I'UX 9KO(PHU3HOIOTHIECKUX (HaKTOPOB.

YroObl mpeacTaBUTh ce0€, HACKOIBKO CIIOKHA
podjeMa HPaBHWIIBHOTO ONPENeNICHHUs Iepecder-
HBIX KO3(QPHUINEHTOB, JOCTATOYHO TPUBECTH CIIU-
COK cnocobo8 onpeoeicHusi nepecHemuvlx KodIgh-
Quyuenmos:

— CpaBHEHHUE C pe3yJbTaTaMH MPSIMOIO MHKPO-
CKOIUPOBaHUS [2] — «HETIPAMON METO»;

—1no pesynsrataMm omnpexpenenus C wmm N B
OromMacce MUKPOOPIaHU3MOB, BBIPAIIECHHBIX HA HC-
KYCCTBEHHBIX cpefiax [16] — «HempsamMoil MeTo T,

— 1 kgny — pacder Mo ycpegHEHHOMY 3Hade-
Huto C:N B «mpupocte» mocie dhymuranum [17] —
CHETPSAMON METOI»;

— «IIpsiMas kanuGpoBKa» ¢ BHeCeHHeM ~C MM
"C meuenoro yrnepogHoro cy6crpara (IpH ompe-
nenenmu kgc), "N Meuenoro mcrounmka N (mpu
onpesenesnd Kgx) MIH MCTOYHHKOB °-P mmm > P
(pu ompeneneHUU kp) C TMOCICTYIONINM OIIpEc-
JICHWEM TIOJTHOTO 0allaHca METKH, TOCTyMalouel B
noyBy, OMOMaccy MHUKPOOPTaHM3MOB U B COCTaB
ra3oo0pa3HbIX motepb u3otona B Gopme CO, (mis
M30TOMOB yriepoxaa) [3, 4, 11]. Ilpu onpenenenun
TTOJTHOTO OajaHca paguoaKTUBHBIX H30TOIOB (hoc-
¢dopa HE0OXOAUMO HE TONBKO Yy4ecTh d(h(PEeKTHB-
HOCTBb SKCTpakuuu ¢GochaToB Kak TaKOBYIO, HO H
ONpeNeTUTh KO3(PPUIIMEHTHI H30TOMHOTO OOMEHa
1 copOLIMY Ha IMOYBEHHBIX YacTHiax [11];

— «IIpsimast xannOpoBKa» H30TONAMH C LIUPO-
kuM uHTEepBasioM BeandrH C/N BO BHOCHMOM cy0-
cTpare, JMOO TPU 3HAYUTEIHHOM BapbHPOBAaHUH
npyrux ¢aktopoB (pH, mouBeHHas BIa)KHOCTD
u 1.1.). Ilpu 3TOM mosiBisieTcs BO3MOXHOCTBH IIO-
JYYUTh 3MIIUPUYECKUE YPABHEHUS 3aBUCHUMOCTH
MEPECUYETHBIX KOA(Q(HUIMEHTOB OT BBILICTICPEUHC-
JCHHBIX 3Ko(du3nonorunyeckux (pakropos. Hampu-
Mep, B KaTUOPOBOYHOM 3KCIIEpUMEHTE C Oypose-
MOM Uil MHUKPOOHOTO yriiepozia ObUIO IMOIY4YEeHO
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CIICAYIONICE IMITUPUIECKOE YPABHCHUE 3aBUCHMO-
CTH TIEPECUYECTHOTO KOIPHHUITMEHTAa OT COOTHOIIIE-
Hus C/N B «IIpUPOCTE» IKCTPArMPyEeMbIX yriepojia
1 a3oTa (BeIuuuHa XoN):

ke = 0,2 x (Xew)™. ()

Cootromreane C/N B «IIpupoCTax» Kojebaaoch
ot 3,4 1o 36,2, Ipy STOM BEJIHYHHBI Kpc BapbHPO-
Banuch oT 0,18 (mpu makcumansHo# Bemmunne C/N
B «mpupocte») mo 0,62 (mpu mMuHHMambHON) [18].
B skcnepuMeHTax ¢ cepoil JIECHOH NOYBOM U 4Uep-
HO3eMOM OBLJIO MOJYYEHO IMIUPUYECKOE ypaBHE-
HUe, yuuThiBatomee cootHomenue C/N B cTpyk-
TYpHBIX KOMIIOHEHTaX KJIETOK (Y) U LUTOIIa3Me
(o), mpuyeM MmocieqHHUN MOKa3aTeNb (aKTHYECKH
Obu1 paBeH BennunHe C/N B «IpupocTax» dKCTpa-
TUPYEMOT0 BEIIECTBA YOUTBIX MUKPOOHBIX KIIETOK,
oTpesieNsieMON JKCIEepUMEHTAJIbHO I Kaxaoi
KOHKPETHOM NOYBHI [15]:

ken= (y<(1 — kgc) + 0% kge)* keclo.— (3)

ATpOKCUMUPOBaHUE JKCIIEPUMEHTAIBHBIX
MaHHBIX 10 ATOMY YPaBHEHHIO NAeT HAWIYUIIYIO
cxoauMocTh Tipu Y = 4,72 u kgc = 0,21, mpuuem
BHE 3aBHCHMOCTH OT TOTO, KaKOW MeToa — (pyMu-
TalMU-KCTPAKIUA WIH  PETUAPATAIUU-IKCTPAK-
UMM — UcTosb3yercs. UeM BbIlIe BeTUYMHA (O,
T.e. cooTHomIeHne C:N B «IIpHpOCTE» IKCTPATHPY-
€MBIX BEIIECTB U3 YOUTOW MHKPOOHOW OMOMAacCHI,
TEM HIKe nepecueTHhId ko3ddunuent. Yro kaca-
eTCsl TIePECYETHBIX KOA(P(PHULIUEHTOB IJII MHUKPOO-
HOro ¢ocdopa, TO HENABHO OBUIM IPOBEICHBI
OTIpeeNICHHsT KOPPEJSIIUOHHBIX CBSI3eH MEXIy Be-
nuuuHOU kp M cBoOMcTBaMU TMOYBHI (00IIEe coaep-
xanue (ocdopa B mouse, pH, congepxanne huzu-
YeCKOW  TIWHBI, COAEp)KaHWE  IOYBEHHOTO
opranndeckoro Bemectsa) [19]. Ha mpakTtuke npu
orpeneneHnn MUKpoOHOTO (pocdopa Bee eme uc-
TTOJTB3yETCsI TIOCTOSTHHAS BenmmunHa kp = 0,4, mpen-
noxxeHHast bpykcom B 1982 1. [6].

Crenyer OTMETUTh, YTO B IOAABJISIOLIEM
OOJIBPIIMHCTBE CIIy4YaeB MCCIEI0BATENN HE OIpeie-
JSIIOT TiepecueTHble K03(DGUIMEHTH! IS MUKpPOO-
HOTO yIJIepoAa W a30Ta JKCIEPHUMEHTAIBHO JUIS
KOHKPETHBIX IOYB, a BBIOMpAIOT Ooiiee MpOCTOn
IyTh — HCIONB3YIOT HanOojee 94acTo BCTpedaro-
mecs B JUTepaType BenW4uHbl kgc = 0,45 u
key = 0,54 nns pymuranuu-skcrpakiuu u 0,25 u
0,22 COOTBETCTBEHHO — JUIsl perujpaTalliu-
skcTpakumu [15]. Omo sensemces enaguvim ucmoy-
HUKOM OWUOOK npu npumeHeHuu OUOYUOHLIX Me-
mooog! Benw BenmuuHa kpc = 0,45 Oblta moirydeHa
ONMHUM W3 aBTOPOB  MeTona  (yMHUTalWu-
3KCTpaKuuu MOpreHceHoM Kak ycpeJHeHHas s
IIMPOKOTO Ps/ia CENbCKOXO3AWCTBEHHBIX TI0YB, a
JUTSL TIPOYHX TI0YB ATOT Kod(DPUIMEHT OBLTO Tpe-
JIOKEHO OIPEeIsTh B JONOJHUTENBHBIX KaTUOPO-
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BOYHBIX dKcrepuMenTax [20]. B mpunInme, ompe-
JeTIeHUsT MUKPOOHOTO yTriiepoaa Wwin azora hymu-
TallMOHHBIM W  PErHJPAaTallMOHHBIM METOJaMu
JIOJDKHBI COBITanaTh (00a MeToma TIpemHa3HauYeHBI
JUISL ONIPEICIICHUST 00uje2o nyna MukpooHou Ouo-
Maccwl), U TI00BIE HECOBNAJCHHUS YKa3bIBAIOT Ha
HETOYHOCTH W HECOBEPIICHCTBO B OIpElEIeHUN
COOTBETCTBYIOIINX TIEPECUCTHHIX KOIPDHUITHECHTOR.

Uto kacaercs ompenelieHni MUKpOOHOTO (hoc-
¢dopa, TO, KaKk MBI YK€ CKa3aJld BBIIIE, PETHIpaTa-
U OKa3aJach COBEPIICHHO HENPUTONHOW JUIs
ATOW IeNH, a YAOBIETBOPHUTEIbHBIE PE3YIHTATHI
JIOCTUTAIOTCS TOJBKO MPH WCTIOIB30BAHUH METOJA
C aHMOH-OOMECHHBIMH MeMOpaHamu. bpIIo mmokasa-
HO, 4TO B psiAy 4 POCCHHCKUX MOYB (IIOJ3011, cepast
JecHasi, YepHO3eM, KalllTAaHOBasl) epecyeTHbIE KO-
a¢dunmenTsl kp, ompeneneHHblE HHAWBUILYaTbHO
IUTSL KQKJOTO TUTIA TTOYB TIPH TIOMOIIN MEYEHUS H30-
Torom P, Bapsuposamics ot 0,19 1o 0,38 [11]. Ta-
KAM 00pa3oM, HUCIIONb30BaHKE UISl ATUX TOYB Tepe-
cuetHoro kodddumuenta 0,4, TPeSIOKEHHOTO
Bpykcom [6], puBeno Obl K 3aHIKEHUIO KOIUYECTB
MuKpoOHOTo (hocopa B mouse Ha 5—50 %.

HecmoTpsi Ha BbIlIEyKa3aHHBIE HEJAOCTATKH,
MeTo (PyMHUTalMu-3KCTPAKIIUU OCTACTCS OCHOB-
HBIM METOJOM OIIpeAeNiCHUsT O0Ied MHKpPOOHOM
OMoMacchl B TIOYBE, HE TPEOYIOMIMM CIIOKHOTO
o0opymoBaHUs ISl TIPOBENEHUS OJKCTPAKIUU U
AHAIIN30B.

2. MemoOQbl, OCHOBAHHbIE HA onpede/eHuUU
OJbIXdme/1bHO20 OMK/IUKd MUKPOBHO20
coobwjecmeda Ha BHeceHuUe 2/110KO03bl

2.1. Memoo cybcmpam-unoyyuposanHo2o ObIXarus

WccnenoBanus, HampaBlieHHbIE Ha TMOWCK U
anpoOaIuIo MPOCTHIX M yIOOHBIX METOJOB ONpe-
JesieHus 001Iel MUKpOOHOH OHoMacChl, MPUBENN B
koHie 70-x rT. XX B. K pa3paboTKe emie OTHOTO
METOJIa OIpPEICIICHUs MHKPOOHON Onmomacchl —
Memooda cyocmpam-uHOYYUPOBAHHO20 ObIXAHUS,
CU]] (substrate induced respiration, SIR). ABTOpBI
CU ] — vemernkue yuensie Aumepcon u Jommr [21] —
B OCHOBY METO/Ia 3aJIOKWIH TPH MPUHIIUTHATBHBIX
METOJIOJIOTUIECKHUX JOMyIIeHus: 1) mpIxaTenbHbINA
OTKJINK MOYBEHHBIX MHKPOOPTaHM3MOB Ha BHece-
HUE JIETKOJOCTYMHOTO cyOcTparta (TJIOKO3BI) TO-
CTOSHEH B TEYEHHE BCEro Nepuolia H3MEpEHHUS;
2) NBIXaTeMbHBIM OTKIWK MPSIMO MPOIIOPIHOHATICH
pa3sMepy oOleit MUKpOOHOIH OMOMacchl B IMOYBE;
3) OTCyTCTBYeT pOCT MHUKPOOHOH OuoMacchl
B TIOYBE B TEUEHHE MEPBbIX HECKOIBKUX YacOB TIO-
Clle BHECEHHS TJIOKO3bl. YTJepox MHKPOOHOI
OMOMACChl PaCCUYMTHIBACTCS C HCIIOJIE30BAHUEM
MEpPeCcYeTHOTO KOA((UITUEHTA, TIPH PTOM H3 JbIXa-
TEBHOTO OTKJIMKA BBIYUTAETCS «0azampbHOE AbIXa-
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HHAE» (IBIXaHUE IMMOYBEHHOTO MHKPOOHOTO COO00-
IIECTBa 0 BHECEHUSI YTJIEPOIHOTO CybcTpaTa), T.€.
«mpupocT C», B OTJINYME OT OMOLUAHBIX METOJIOB,
HE PacCUMTHIBAIOT. B mpuHIHNIE, BCE MMEIOIIHEcs
B HacTosiiee BpeMs MoJuQUKalMyd MeTo/a OYeHb
noxoxu. [IpuBenem Hambomnee pacmpocTpaHEHHBIH
Bapuant ans CHUJl ¢ ucronb30BaHUEM ra3oxpoma-
Torpaduueckoro onpenencaus konmeHtpanuit CO,.
CBeXyro IMOuYBYy INPOCEUBAIOT Yepe3 CUTO 2 MM
(B HEKOTOPBIX OMUCAHMS yKA3bIBACTCS, YTO JIOCTa-
TOYHO TPOCEHBAHUA depe3 3 MM — [22]), BpyUHYIO
BBIOMPAIOT MeJKHE KaMeIIKd U (parMeHTHl Kop-
HEel pacTeHUU M PACTUTENBHBIX OCTAaTKOB, U OTOH-
palOT HaBECKH TOYBBI B CTEKISIHHBIE COCYABI C
IUIOTHBIMH ~ PE3WHOBBIMH WMJIM  CHJIIMKOHOBBIMH
npoOKaMu U3 MpUMepHOro pacyera 1 oObeM mou-
BbI Ha 10 00BemMoB Bo3myxa. [IpakTudecku pazmep
MTOYBEHHOW HAaBECKH MOKET BapbHPOBATHCS B IIH-
POKHX TIpeJiesiaX: MPH UCIIONB30BaHHU B Ka4eCTBE
WHKYOAIMOHHBIX cOCYI0B 15 mmm 20 M meHuuI-
JUHOBBIX (DJTAKOHOB HaBeCKa MOYBHI HE JOJDKHA
npessimath 1-1,5 r (cyxoil Bec), B cocynax 60b-
mero oovema (100—500 mu1) OHAa MOXKET TOCTHraTh
10-50 r. Yem Gonpiie HaBecka, TeM Ooliee penpe-
3CHTAaTHBHBIM OYyIIEeT 00pasel], U TeM MeHbIne Oy-
JeT pa3bpoc Mexay MoBTOpHOCTsAMH. Ecimu mo3so-
JSIFOT ~ YCIIOBUSL  DKCIIEpUMEHTa (HampuMmep, He
oTpezienseTcs KpaTKOBpEMEHHas JAWHAMHKA MHK-
poOHO# 6MOMaccChl), MOYBY B COCYAaX JydIlle Tpe-
BapUTEIBHO NPE-UHKYOUPOBAaTh B TEPMOCTATE IIPU
temneparype 22 °C B Tedenue 1-3 cyT, 4TOOBI TIpO-
[T BO3MYIIEHHUS, IPUBHECEHHBIE B CHCTEMY IOY-
Ba—MHUKPOOPIaHU3MBI TIPU TEPEMEIIUBAHUY, TPO-
CEUBAaHUU U CMEHe TeMneparypsl [22, 23]. 3aTem B
MOYBY BHOCSIT TJIFOKO3Y U3 pacuera 10 Mr TJIFOKO3bI
Ha 1 T OYBHI MO0 B BUAEC BOJHOTO pacTBOpa, JH-
00 B CyXOM BHJE B CMECH C TaJIbKOM WJIH TNPOKa-
JICHHBIM TIECKOM (TIPOTIOPIHS «TITFOKO3a:MHEPTHBIN
HanonHuTenb» 1:1,5 — 1:2). MtoroBas BIaxHOCTH B
MoYBE JOJKHA cocTaBisiTh 60 £ 5 % mpenenbHOM
moneBoit Biaroemkoctu (I1I1B). Ilpu HEoOxomm-
MOCTH TIEpEYBJIXHEHHYIO MOYBY Tepell BHECCHU-
€M TJIOKO3BI CIIerKa IMOACYIINBAIOT MEIJICHHBIM
MepeMenInBaHieM B BEITSDKHOM mikady wiu ¢ de-
HOM. OOOTaIEeHHYIO TIIFOKO30H MOYBY IepeMeTH-
BAIOT M UHKYOHPYIOT B TEUCHHUE Yaca MpU KOMHAT-
HOW Temmeparype. 3aTeM OTKpBITBIE COCYBI
MIPOBETPUBAIOT B BBITSHKHOM IKady, 4ToOBI M30a-
BUTBHCSI OT M30BITKA YTJIEKUCIOrO Tasa, oOpa3o-
BaBIIETOCS] MPH BHECCHUH TIIOKO3BI U TIPH Tepe-
MEIIMBAHUMA TIOYBBL. 3aTeM COCYIbl IUIOTHO
3aKpBIBAIOT PE3WHOBBIMH WJIM CHJIMKOHOBBIMHU
npobkaMu W Ha 2—3 9 CTaBAT B TEPMOCTAT NpHU
22 °C. 1o ucreyeHnu 3TOro Cpoka U3 COCyJ10B OT-
OMparoT Ta30BbIe MPOOBI, MPOKANBIBAasI IPOOKH
mmnpunoM. Pacder oObemMa BBIIEIUBIIErOCs yriie-
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KHCJIOTO Ta3a MPOU3BOJUTCS B COOTBETCTBHUU CO
cnenyromieit hopmymoi [22]:

A [ CO,] = %CO, x 44 x Vy/ 22,4/ 100, (4)

rae A [Ma CO,] — o6bem BeimenuBmerocs CO; B
MiI; 44 — MOJISIPHBIA BEC YITIEKHCIIOTO Tasa; Ve, —
o0beM (nakoHa; 22,4 — o0beM 1 MHJUTUMOIIS Ta3a,
MJI. 3aTeM TMPOU3BOAUTCS PacueT CKOPOCTHU JIbIXa-
Hus (MHTEHCUBHOCTH BhIeaeHUS CO,):

v [Mxi1 COy/ (r % yac)] =
= A x 1000/macca mouBsl / [1] / Bpems [4].  (5)

Pacuer xonmmuecTBa yriepoaa MUKpPOOHOH Omo-
Macchl IPOU3BOUTCS TI0 ClienyrolIei Gopmyre:

Cumx (MKT C /1) = Kgg X . 6)

[lepBoHaYambHO aBTOPHI METOJA OTKaTMOpOBa-
mu CUJI o metoxy @ymurauuu-uHKyOanun [21] u
npemnoxunu Kgr = 40,04, a opurunansHoe ypas-
HEHUe IS pacyeTa yrieposia MUKpoOHoi Onomac-
Cbl Cyyx (MKT C/ T) B 3aBUCHMOCTH OT CKOPOCTH
BeienieHus v [Mki1 CO,/(r X gac)] BBITJIAACIO Clie-
IYIOIIUM 00pazoMm:

Cou = 40,04 - v +0,37. (7)

ITo3mHee HEMEIKUM MOYBEHHBIM MHKPOOHOJIO-
rom Kaifzepom OBUIO BBHIMOJIHEHO BIICYATIISIONICS
o MaciradaMm HccliefIoBaHUE, B KOTOPOM OH OT-
kaymopoBan meron CUJl mo pesynmpratam GhyMmu-
raiuu-uHKyOaIul Ha IIUPOKOM PSAE CEIbCKOXO-
3SIICTBEHHBIX TOYB W MOKAa3ajl, YTO B CPEIHEM IS
mo4B 60JbIIe TOTX0aUT Kz = 30, a HHKpEMEHTOM
0,37 moxuo mpeHebpeus [24]. Kammbposka CHJ]
Mo MeTony (hyMHUTalMU-3KCTPAKIIMH TIPU TEX XKE
YCIIOBUSX TEMIIepaTypbl W BIQXHOCTH Jaja CXO-
JKue BenmnuuHbl — 27,6 [25]; 35,2 [26], xoTs man-
HbI€ aBTOPBl M WCIIOJIB30Badl HHKPEMEHTHI
B KanMOpPOBOYHBIX YpaBHEHHUSAX. TeM He MeHee,
OOJBIIMHCTBO HCCIEAOBATENEH ISl Tepexoga OT
BEJIMYUHBI JIBIXaTSIILHOTO OTKJIMKA COOOIIECTBA K
BeIM4YMHE 00IIeil MUKpOOHOW OnoMacchl Tpeano-
YUTAET WCIOJIB30BATh MTEPECUCTHRIN KOd(DPHUITHEHT
40,04, mpeanmoskeHHBIN aBTOpaMu MeTona [21].

OnucaHHas BHIIE METOAMKA OMPEACICHUS
MUKpoOHO 6nomaccel Metogom CUJ] ¢ orGopom
ra3oBBIX MPOO BPYUHYIO MOKET OBITH aBTOMATH3H-
poBaHa, a razoxpomarorpaduieckoe H3MEpeHUE
koHueHTpauii CO, B aBTOMATUYECKUX CHUCTEMax
mpo6ooTOOpa M M3MEPEHHS BO MHOTHX CITydasx 3a-
MEHSIETCS HA HM3MEpPEHHE METOoAOoM HH(ppakpacHOM
CHEKTPOCKONMHUU. B 3TOM XMMHKO-aHATUTHIESCKOM
METOJIe OTIpeeNsieTcss MHTEHCHUBHOCThH MOTJIOIIEe-
Hus cBeta Mosiekynamu CO, B uH(ppakpacHoO# 00-
JaCTH, T.€. MPOBOJUTCS OMpPENCICHUE KOHIICHTpa-
WU YIIEKUCIIOTo ra3a Ha  HHPpakpacHOM
razoaHamm3artope — infrared gas analyzer (IRGA).
B 3amagnoii EBpomne momyuuna pacnpocTpaHeHHE

WN. B. Ee0okumos

Page 7 from 20



‘ RUSSIAN JOURNAL
OF ECOSYSTEM ECOLOGY

aBTOMaTU3NpOBaHHAs cucTeMa XaitHemaiiepa [27].
CymecTByeT JIBeé OCHOBHBIX KOMILJICKTAI[UH yCTa-
HOBKH — Ha 12 u 24 npoOsl mouBsl. HaBecku mou-
BHI (damie Bcero 10-30 r) momMemniaroT B IIACTHKO-
BbIe TPYOKHM MEXIy JIBYMS IOPOJIOHOBBIMH
MPOKJIaJKaMH, MO3BOJISIIOUIMMU CBOOOAHO TPOAY-
BaTh BO3AyX dYepe3 BCIO Maccy aHaJHu3upyeMon
Mo4BEL. TpyOKH ¢ MOYBOI TEPMETHIHO COCTUHEHBI
MIPU MOMOIIY THOKUX CHIMKOHOBBIX TPYOOK C mpo-
YUMH DJIEMEHTAMH aBTOMATHUYECKOH CHCTEMBI:
1) macocamu, 00eCIICUYNBAIOIINMH HETIPEPHIBHYIO
MIPOIYBKY BO3/AyXa Uepe3 chucremy; 2) QuakoHaMu
c 0,5 M HCI (nmponyska yepe3 BOOHBIH pacTBOp
o0ecrieunBaeT HEMPEPHIBHOE YBIAKHEHHE MPOO U
MpeoXpaHseT UX OT TepEeChIXaHusl, COJISIHAs KHC-
JOTa TpenoXpaHseT >XKUAKOCTh BO (hJIakoHax oOT
oOpacTtaHusi BOIOpOCISIMH); 3) HH(PpaKpacHBIM
razoaHanm3aTopoMm; 4) OJIOKOM-TIEpEeKITIoUaTeIeM
KaHaJOB, MEPEKII0YaroM JETeKTOp Ha aHaju3
OuYepeTHON Ta30BOU MPOOBI; 3TOT OJIOK YIIpaBIIseT-
csl 4epe3 KOMIBIOTep. YCTaHOBKa JOJDKHA pabo-
TaTh B XOPOIIO TEPMOCTATHPyEeMOW KOMHare.
Cucrema mo3BossieT aenatb Ao 60 oTOopoB u 3a-
MepoB CO, B yac, 4To CYIIECTBEHHO BHIIIE MTPOU3-
BOAWTEIHHOCTH aBTOMAaTHYECKHX CHCTEM C Ta3o-
XpoMaTorpauuecKuM AETEKTHPOBAaHUEM — HE
6oxee 2025 aHanM30B B Yac.

ATNBTEpHATHBY aBTOMATHYECKOMY H3MEPEHHUIO
konnentparuu CO, B ra3oBoil (aze mpemocTas-
JSIOT CUCTEMBI, OCHOBaHHBIE Ha abcopOumu CO,
menodsio (onpenenenne smuccun CO, adcopbyu-
oHHbIM Memooom). COBpEMEHHBIN ypOBEHb aBTO-
MaTtudeckoro onpeaenenuss CO, aacopOLHOHHBIM
MetoaoM BomutonieH B yctaHoBKkax RESPICOND,
BBIITyCKAaeMbIX MmBenckoir ¢upmoit A. Nordgren
Innovations AB. Dra cucreMa 1mo3BoisieT T0OUThCS
XOpOIIeH CXOAUMOCTH U OOJBIIEH MTPON3BOTUTEIH-
HOCTH, YeM cucTeMa XailHemaiiepa — 10 3 ompee-
JEHW B MUHYTY B BapUaHTe YCTaHOBKH Ha
96 mpo0, 1.e. noutu 300 onpexnencHwuii B yac. [Tou-
Ba MOMEIAETCS B TUIACTUKOBBIC CTAaKaHYHMKH, CTa-
KaHYHKH TePMETHYECKH H30JIUPYIOT B MHUKPOKOC-
M€ C €MKOCThbIO, cojepkamei pactBop KOH.
Muxkpokocmbr morpyxensl B 0,1 H pactBop HCI,
KOTOPBIN SIBIISIETCSI HAITOJIHUTENEM ISl THTAHTCKO-
ro kuakoctHoro Tepmocrata. RESPICOND, kak u
ycTaHOBKa XaiiHemaliepa, ToJbkHa paboTaTh B XO-
pomio TepMocTatTupyeMon KomHarte. H3MepeHus
MPOBOJMMOCTH PacTBOpa HIETOYH IPOU3BOMISTCS
aBTOMAaTHYECKH uYepe3 3apaHee YCTaHOBIICHHBIC
WHTEPBaJbl BpEMEHU. Y MEHBIIIEHHE MTPOBOUMOCTH
MPSIMO  TTPOTIOPIHOHANEHO Toromenuto CO, u3
aTMoc(epsl MHKPOKOCMa, BECh MPOLECC CUMTHIBA-
HUS ¥ 3alIOMUHAHUS TTOJTHOCTHIO aBTOMATHU3UPOBAH.
OyHKIMOHAEHEIM ~ aHajoroM cuctembl RESPI-
COND sBnsercs cucrtemMa HENPSIMOTO H3MEPEHUs
morokoB CO, — Rapid Automated Bacterial
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Impedance technique (RABIT, Don Whitley
Scientific Ltd.). Cucrema RABIT Ttaxke ocHOBaHa
Ha OMpPEACTCHUIX MaJACHUS AJIEKTPOIPOBOIHOCTH B
pacTtBope Tenoun npu moriomeHun CO, ¢ mocie-
IyIoIuM o0pa3zoBaHueM kapOoHata. OpurnHaibHas
METOJMKa Hcroib3oBaHus cucremMbl RABIT Obuia
ormcana B pabore Putma ¢ coaBtopamu B 2006 T.
[28]. IlpuBenem MomM(UIMPOBAHHYIO METOAWKY,
ONMCAaHHYIO B HeAaBHel pabore 'MibMyIIHHON C
coaBTopamMu [29]. B crepunuzoBaHHBIE SUEHKU
npubopa BHOocwH 110 3 mut 0,1 M NaOH wu ocraBms-
U Ha HOYb s crabunmsauuu. llocne BHeceHus
[IFOKO3bI B TIOYBY TIOYBEHHBIC 00pa3Ibl OMEINAIN
B IIPHOOP PSIOM C COOTBETCTBYIOIIUMH SUCHKAMHU C
LIeJIOYBI0 M OCTABJISUTM Ha 2 yaca C IIeJIbI0 BBIPaB-
HUBaHUSl TEMIEpaTypsl TepMocTarupoBanus. Pac-
TBOp NaOH MeHsiu kaxkasie 52 yaca, onpeaeneHus
ANEKTPOTPOBOAHOCTH PACTBOPA MIETIOYH B IPOIIEC-
ce aJcopOIHy YTIIEKHUCIIOTO Ta3a ONpeNelisuln KakK-
neie 0,5 ywaca npu 25 °C. EguHHLBI 37€KTpOIpO-
BOJHOCTH TI€PECUHTHIBAJIM B E€AWHHUIIBI CKOPOCTH
neixanus (Mkr C-CO, /gac), uCIofib3ys mepecuer-
HBIA KOA((UIMEHT, ONMpPEICIseMbIii B OTACIBHBIX
SKCIIepUMEeHTax [29].

Tpeumywecmea CHUJ] no cpaguenuto ¢ buoyuo-
HBIMU Memooamu:

— He HY)XHO HCIIOJIb30BaTh TOKCHYECKHE BeIlle-
cTBa ((hyMHTaHTHI), HE HYXXHO MPOU3BOINUTH U3ME-
peHusi pacTBOpPUMBIX coemuHeHnid C — i ompe-
JICIICHUS MHKPOOHON OMOMAacChl  JOCTaTOYHO
“MeTh B Ja00paTOpUU TOJBKO Ta30METPUIECKOE
00opyIoBaHuUE;

— MEHbIIAs TPYIOEMKOCTh TPH HCIIONH30BAHUN
aBToMatudyeckoi ycraHoBkn ¢ IRGA  wumm
RESPICOND, BO3MOXHOCTh  IapajuieIbHOTO
ompe/ieNicHUsT MUKPOOHOW Oumomacchl B OOJBIIEM
YHCIie TOBTOPHOCTEH M BAPUAHTOB OIIBITA;

— BO3MOXHOCTh OTPEACIATh MUKPOOHYIO OHO-
Maccy THapajuielbHO C OMpeesieHneM 0a3aibHOTO
JIBIXaHHUS TOYBCHHOTO MHUKPOOHOTO COO0IIecTBa
Ha TOM e yCTaHOBKE;

— BO3MOXHOCTh  CEJICKTHUBHOI'O OIPEIEICHUS
JIOJTA TPUOOB W OAKTEPHA ITyTeM ITOJABICHHS CO-
OTBETCTBYIOIIUX TPYII OPraHU3MOB — OaKTEpUi C
ITOMOIIBI0 AaHTHOWOTUKOB (HaIpUMep, CTPEITOMH-
[MHA), TPUOOB — C TIOMOINBI0 ITUKIOTeKCHMHA
(axTHaMOHA), TTOAABIISIONIETO CHHTE3 OCKOB Y JY-
KkapuoToB [23].

Heoocmamxu u oepanuuenus CHJ no cpashe-
HUIO ¢ OUOYUOHBIMU MEMOOAMU:

— Henb3sl onpenessaTh cojaepkanue N, P u S B
MUKpOOHOI Oromacce;

— HEBO3MOXXKHO OIPEICITUTh W30TOIHBIH COCTaB
MHUKPOOHOI OHOMAcCHI;

— HEBO3MOXKHO «HATIPSIMYIO» OIIPEIEIUTh Tepe-
cueTHbIM K03 ¢unmeHT Kgr H30TOMHBIMH METO-
JlaMu;
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— HeHaJIS)KHOCTh OMpeeNIeHNI yriepoaa MHUK-
poOHOI OHMOMacchl B MOYBaX, OOOTAIIEHHBIX CBE-
KCBHECCHHOW OpPraHUKOM — B ITHX CIy4asx He
BBITIOHSIETCS YCIIOBHE TTOCTOSTHCTBA;

— HEHA/IC)KHOCTh OMpEICICHUN YIiepola MHK-
poOHoif Omomaccel B mouyBax ¢ pH mouBeHHOTO
pacTBopa BHIIIE 6,5 (T.e. HEUTPAIBHBIX U MIEIOY-
HBIX). B 3THX mouYBax MpOUCXOOUT aHATUTHYECKH
3HAYUMOE PacTBOpPEHHE YTIEKUCIIOTO ra3a B I0Y-
BEHHOM pacTBope. i Takux IOYB HYXHO BBO-
JUTH MIOTPaBKy Ha pacTBOpUMOCTh COs.

Kak BugHO u3 mepeuncienHoro, merony CHUJL
MIPUCYIIH, B TOM YHCIIe, M HEAOCTATKH MeToaa Qy-
muranuu-uHkyOamuu. OmpHako CHUJ[ — Ooiee
ObIcTpbIii MeTon (He TpeOyer WMHKyOammid au-
tenbHOCTRIO 10-20 cyT), He TpedyeT CIIOXKHBIX
MaHHITYJISIUHA C BaKyyMHUpOBaHUEM U (ymwuranu-
eif, o0iagas Ipu STOM BaKHBIM MPEUMYIIECTBOM
®U merona — BO3MOKHOCTBIO ONPEACISITh YIIepo]
MHKpOOHOW OMOMacchl B JTa0OpaTOPHH, OCHAIIICH-
HOH TOJNBKO Ta30METPHUYECKUM O00O0pYIOBaHHEM;
HET HEOOXOOUMOCTH B OCHAILCHWH, MpeIHa3Ha-
YEHHOM JIsl «MOKpoi» xumuu. [ToaTomy B HacTo-
siee BpeMsi MeTo/i (PyMHTrallMiu-uHKYOaluy 1pakx-
TUYECKH BBIIEN W3 YNOTPeOJCHUs: TPYAHO
pencTaBuTh cebe curyaruio, korqa ®U meron
On11 OB ymoouee, yem CU/I.

2.2. Kunemuueckuii memoo

[IpocToTa XMMHKO-aHATUTHIECKAX TTPUHITUIIOB,
nexamux B ocHoBe CHJI, ¢ 0HOM CTOPOHBI, U psif
CYILIECTBEHHBIX HEJIOCTAaTKOB 3TOT0 METO/A, C APY-
rol, HATOJNKHYIN POCCHHCKOTO MHKpoOHoiora
H. C. [lanukoBa Ha pa3pabOTKy KUHEMUYECKO20
METOJa, OCHOBBIBAIOIIETOCS] HA ONPEACICHUU JbI-
XaTeIbHOT0 OTKJIMKA TOYBEHHOT'O MUKPOOHOTO CO-
obmectna [30]. B aHTIIOA3BIYHOMN TUTEpaType ITOT
METOJ Ha3BIBAIOT substrate induced growth re-
sponse (SIGR) wmwa kinetics of substrate-induced
response (KSIR). Meton 0OCHOBaH Ha OTIpPEICICHIHI
KuHemuxy BBIICICHUS YTIEKUCIOTO Tra3a Iocie
BHeceHus B nouBy N-, P- u K-comepxanux muHe-
PANBHBIX COJIeH U u30bIMOYHO020 KOTNIECTBA yTIie-
pomHOTO CyOCcTpara — TIIFOKO3bl. DKCIOHCHIIHAIb-
HBIii pOCT MHUKpPOOHOW OuOMacchl B TEPUOJ
6—20 4 c MOMEHTa BHECEHHUS BBILICTIEPEUUCIICH-
HBIX INUTATEIBHBIX CYyOCTPaTOB ONMHCHIBAETCS Ma-
TeMaTU4eCKOM MOJENbI0. BaXHbIM OTIMUHEM OT
CU]l sBnsiercss 00s3aTenbHOE BHECCHHE MUHE-
pajTbHBIX MCTOYHUKOB a30Ta, (pochopa u Kamus B
KOJIMYECTBE, OOCCIICUNBAIONICM HEIUMUMUPOBAH-
MBIl pocm MUKPOOPTAaHU3MOB B TEUCHUE MpPUMEp-
HO 1 cyT. OTOOpP ¥ OATOTOBKA MOYBHI TPOBOISATCS
mo Toi ke cxeme, uro B Merome CHJI, ckopoctn
BoifienieHnst CO, U3 MOYBBI ONPEACNAIOTCS HA TOM
xe obopynoBanun. [IpuBeneM omucanwe MeTOAU-
KM B BapHaHTE C OTOOPOM Ta30BBIX MPOO BPYIHYIO
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U ¢ razoxpomartorpaduueckum okoHdaHuem. [lod-
BEHHBIC HABECKU IMOMEIIAIOT B CTCKJISIHHBIC (iia-
KOHBI C MPOTOPIHUIMU MEKIY 00beMaMH TOYBBI U
BO31IyXa, OMHCAHHBIMA BhIIe st meroga CHJI.
3areM B HUX BHOCAT 3apaHee IPHUTOTOBICHHYIO
cMech U3 pacyeTta Ha 1 r mouBbl: 10 MI TIIOKO3BI,
15 mr tameka, 1,9 mr (NH4),SOy, 2,25 Mr K,HPO,,
3,8 Mr MgSO,. ANbTepHATHBOI MOXET CITy)KHUTh
BHECCHHE CMECH B BHJIC pacTBOpa WU CYCIICH3HH,
[IPUYEM HMTOTOBAs BIIAXXHOCTh HE JOJDKHA TPEBBI-
mare 60 = 5 % IIIIB. MaccoBoe cooTHOIIEHHE
C:N:P B cmecu pasuo 10:1:1. DxBHUBaIEHTHOE KO-
aaecTBO ocopa MOKET BHOCUTHCS B BUJIC CME-
cu KbHPO, u KH,PO4 nnst obecnieuenust Oydep-
HOCTH CMECH U HejomymieHus casura pH B
Mo4YBeHHOM pacTBope cBhime 0,1 OTHOCUTETHHO
€CTECTBEHHOTO ypOBHS JUIS JaHHOU mouBbl. Kune-
TUYECKHIA METOJ TIO3BOJISIET ONPENEIUTh OOIIyI0 U
AaKTUBHYIO MUKpPOOHYIO OHOMaccy B IOYBE B COOT-
BETCTBUH cO cleayronumu Gopmymnamu [31]:

v(t) = v, + ve X eXp(tmax X 1), (8a)
xX0= (Ve X 0,9 X Y)/ (¥ X Hmax), (80)
o= (ve X 0,1)/(v, + v, x 0,1), (8B)
X =Xx0%Xrg, (8r)

rae w(f) — ckopocTs npoaykuuu CO,, Mxr CO,-C /
(T x 9); t — Bpems, 9; Xy — o0mIass MUKpoOHas Omo-
Macca B MoMeHT Bpemenu 0, Mkr C/T; x* — aKTUB-
Hasi MUKpoOHast Omomacca Mkr C/r; 7y — Qpakuus
AKTUBHOW MUKpPOOHOW OMOMACCHI B ITOYBE (0N OT
o0111eit); V. — CKOPOCTh NMPOAYKTUBHOTO JBIXaHUS,
MKT CO,-C/(T% 4); v,, — CKOPOCTH HEIPOTyKTHBHO-
ro aeixadusi, MK CO,-C /(X4); pax — MaKCH-
MajbHas yJIEeNbHas CKOPOCTh POCTa MHKPOOpra-
HHU3MOB, 4 '; Y, «/p — DKOHOMUUYECKHUI KOI(DPHUILIUEHT,
pasubiid 1,5 [31]. Ilogbop mapameTpoB B ypaBHe-
HuU (8a) MPOU3BOIUTCS C MTOMOIIBI0O MaTeMaTHIe-
CKHMX MpOrpamM, NMpeAHAa3HAYCHHBIX IS MOHMCKa
YUCJICHHBIX PEIICHUH B YPAaBHEHUSAX IO METOIY
HanMeHbIuX kBaapatoB (MatLab, Model Maker
u np.). Tak kak JaHHas MaTeMaTHYecKas MOJEIhb
(ypaBHeHUs 8a — 8T) ONMHCHIBACT IKCITOHEHIIHAIb-
HBI HEJIMMHUTHPOBAHHBIM POCT B YCIOBUAX OT-
CYyTCTBUS Je(DUIUTA THUTATEIbHBIX JJIEMCHTOB,
JUTSL  almmpoOKCUMAIlUK  CJEIyeT HCIIO0Ih30BATh
TOJIBKO Ty YacTh JKCIIEPUMEHTAThHOW KpPUBOH,
KOTOpasi MaKCUMaJIbHO COOTBETCTBYET IKCIIOHEH-
TEe, IPUYEM KPUTEPUEM MaKCHMAaJIbHOT'O COOTBET-
CTBUS 3KCIEPUMCHTAIBHBIX [AHHBIX SIBJISIOTCS
MaKCHUMAaJIbHBIE 3HAUCHUs CTATHCTUYECKHUX KpHU-
TepueB O u R*[32].

Cxkopoctb Beiencaus CO, U3 MOYBBI ONpeess-
IOT 10 HAKOIUICHHUIO YTJICKHUCIIOro Ta3a B (prakoHax.
[Ipo6s Ta3a orOuparoT mpuioM 1 pa3 B yac, mo-
cie mpeaBapuTelbHOM 30-MUHYTHON WHKyOaruu
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0o0pa3oB C IUIOTHO 3aKPBITBIMH  KPBIIIKaMHU.
B mpomexyTkax Mexmy oTdéopamu mpod pe3nHO-
BbIC WJIM CUJIMKOHOBBIC MPOOKH C ()JIAKOHOB CHU-
MalwT, W I[IOYBCHHBIC OOpPa3Ibl IPOBETPUBAIOT
BILUIOTh JI0 CIICAYIOMIET0 H3MEPEHUS CKOPOCTH
HakormneHusi CO,. Ucnonb3oBaHue aBTOMaTuye-
CKMX PECIIMPOMETPUUECKUX CHCTEM XailHemalepa
nmu RESPICOND kapauHanbHO yMEHBIIAET TPY-
JIOEMKOCTh OTIpeJIeNIeHuil MHKPOOHOW OHOMacchl
KMHETUYECKUM METOJOM U JA€T BO3MOXKHOCTb IO-
JYYNTh JYUYUIYK0 CXOAUMOCTb IOBTOPHOCTEH IpHU
OompImieit gacToTe oTOOpa Mpod — A0 HECKOJIBKUX
M3MEPEHUN B Yac, YTO MOJIOKUTEIHHO CKa3bIBACT-
Cs Ha TOYHOCTH OTPEJCIICHUS OMOMAacChl KMHETH-
YECKHUM METOJIOM.

Ipeumywecmea KSIR neped Opyeumu memo-
oamu onpeodeneHus MUKpOOHOU 6UOMACCHL:

— OIIpeNieIeHre He TOJNBKO 0Owell, HO U aKmug-
HOUl MUKPOOHOH OFOMAcCHI;

— OTIpeNeIeHne Napamempos MUKPOOHOU Ku-
HemuKu, 9T0 OCOOCHHO Ba)XKHO TIPH MOJIENHNPOBa-
HUU MUKPOOHOTO pOCTa B TIOYBE;

— OoubIIasi YyBCTBUTEIBHOCTD 110 CPABHEHHIO C
CU/] npu onpeneneHuu ObICTPON JUHAMUKU MUK-
poOHoOIT GMoMacchl B Io4Be u pu3ochepe;

— He TpebyeTcsl TOTOTHUTEIHHBIX OTIEPAIUA TI0
cpaBHenuto ¢ CUJl — xunetuky BbiaeneHus CO,
MOXXHO H3yYaTh B TeX e MpodaX, B KOTOPBIX
onpenemnsercs CUJI, orbupas mus pacdera CUJ]
HayaJIbHBI YY4aCTOK KMHETUYECKON KpPUBOH, COOT-
BETCTBYIOIIUH OTCYTCTBHIO MHKpPOOHOTO poOCTa
(mar-dasa).

Heoocmamku KSIR no cpaenenuio ¢ Opyeumu
Memodamu onpeodeneHus MUKpOOHOU OUOMACCHL:

— IpUBJICUEHUE JOBOJIGHO CIIO)KHOTO MaTeMa-
TUYECKOTO amrmapara, BRICOKas TPYI0EMKOCTh pac-
YETOB;

— MAPAMETPHI [y, U V. 9ACTO OBIBAIOT CKOppE-
JIUPOBAHHBIMU MEXIY COOOW — pe3yibTaThl pac-
YETOB MHUKPOOHOUW OMOMAcChl MO3TOMY IOJyda-
IOTCSI HE CBOOOJHBIMH OT CyOBEKTHBH3MA
HCCIIeIOBATENs;

— UCTIONIh30BaHNE (PUKCHUPOBAHHBIX 3HAYCHUH
koddurmenra CN-pe3UCTEHTHOTO NBIXaHHUS |
HKOHOMHYECKOT0 KodpduipenTa Yy ,;

— OTCYTCTBHE ampoOaluyd Ha IIUPOKOM psizie
MOYB U 9KOCHUCTEM.

2.3. Ilpobaema nepecuemuuix Ko3ppuyuenmos
8 Memooax, OCHOBAHHBIX HA ONpedeneHUl
O0bIXAMENbHO20 OMKAUKA MUKPOOHO20
coobwecmea

OcHoBHas pobiema, 00Ias s BCeX METOIOB
OTIpEICIICHNSI MUKPOOHOW OMOMAacChl B IIOYBE —
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mpo0iieMa HEOJHO3HAYHOCTH CBSI3U MEXIY H3Me-
psAEMBIMH TTOKa3aTeNsIMU U MUKPOOHON GroMaccoit
Kak TakoBo#l (mpoOiemMa mepecdera MOIy4YeHHOTO
AHATNTHYECKOTO CHUTHAJIA B €IWHUIIBI MUKPOOHOM
O6uomMaccel). Jta mpobieMa ycyryoisercs He Bce-
I/1a afeKBaTHBIM IOHMMaHHUEM, YTO € WUMEHHO
(kakuie TyJbl TTOYBEHHOH MHMKPOOHOW OMOMACCHI)
ompenenseTcs TEM WIM HWHBIM MeToaoM. llpu
OTIPEIICIICHNH TIOYBEHHONH MHUKPOOHOW OMOMAacCHhI
HCCIIEIOBATEH YacTO TOBOPST 00 «0OIIei» U «ak-
TUBHOW» ee dacTu. OHAKO B PealbHOCTU CHUTya-
Usl emle ClokHee — (aKTHIeCKH KOMILIEKC CO-
BPEMEHHBIX METOJOB YyUYUTHIBAET TpU MyJa
MUKpOOHOW Onomacchl: 1) pacTtymiyro Ouomaccy;
2) 6uomaccy, pearupyomryo Ha BHECEHUE TIIIOKO-
36l YBEIMYEHUEM CKOPOCTH [bIXaHHS (JArOIIyIO
IBIXaTETBHBIA OTKINK, KaK M 6rmomMacca u3 myna 1),
HO HE CIIOCOOHYIO0 Ha HEMEJICHHBIN pocT; 3) Ouo-
Maccy, HaxOJSIIYIOCS B COCTOSHUM Tokos. [Ipen-
TIOJIOKHUTEIBHO, B IyJ1 | BXOMASAT BEreTaTUBHBIC KIICT-
KA, B Tyl 2 — BereTaTWBHBIE KIETKA WU IUCTHI U
CIIOPBI, CIOCOOHBIE K OBICTpoMy (B TeUeHHE He-
CKOJIKMX YacOB) MPOPACTaHUIO B MPUCYTCTBUH JIO-
TIOJTHUTETIHHBIX KOJMYECTB TIFOKO3bL, B Iy 3 — CIO-
pBL, HE criocoOHBIe K ObIcTpoMy Tpopactanuio [30].
[NapannensHble onpeneneHuss MUKpOOHOH Onomac-
CBI KHHETHYECKUM METOJIOM Jal0T HECKOJBKO 00-
jee HU3KKE pe3ynbTaThl, ueM Metonom CUJI B Tex
JKe TIOYBEHHBIX oOpasnax [33]. BepostHo, KnuHEeTH-
YeCKHII MEeTOJ OMpenAensieT B OCHOBHOM CyMMY
nynoB 1 u 2, B To Bpems kak Metoasl CU u dy-
MHTAITMOHHBIN (BO BCEX MOIU(DHUKAITUAK) OTKAINO-
pPOBaHBI AJIS1 OIPENENICHUsI 00we20 nyia Mukpoo-
HOU buomaccel, B TOM YHUCIIE U ITyJia 3.

Jpyroii BaxxHOU MPOOIEMO#l SBIISETCS HCIIOJNb-
3oBanue B Meroge CUJ] mocrossHHOTO KO3UIm-
enTa (uame Bcero Kgr = 30), onpeaeieHHOTO TIpH
KaTOpOBKE 1O MeTolIaM (QyMHUTalluU-HHKYOAIuH
U MHKYOAIMM-3KCTPAaKUUHU (U3-32 HEBO3MOXKHOCTH
«TPSAMON KaMHOPOBKU» C BHECEHHWEM CyOCTpaToB,
meuernbix ~C, *C, "N mm 33’P). Kpome Toro,
npobieMa HEOAHO3HAYHOCTH MEPEcUYeTHOro Kod(¢-
¢ummenta B metoge CUJl ycyryOmisiercs cnemyto-
MM 00CTOSATENbCTBOM. HeombITHBIE HCciienoBa-
TeMd  JAJsS  pacueToB OepyT  BEIUYUHY
IBIXaTEeTbHOTO OTKIIMKA, MPHUBEJCHHYIO K «BECO-
BOI» pa3sMepHOCTH MKT CO,-C/(rxu),
HO MHUKpOOHYI0 OHMOMAacCy pacCUMTHIBAIOT II0
YpaBHEHHUIO 6 C HCTONb30BaHHEM Ko3(dduiueHTa
Kgr = 30, KOTOpBIM BBIBENEH ISl ABIXATEIBLHOTO
OTKJNMKa, BbIpakeHHOTO B MKI CO,-C/(rxu)!
B sTOoM cnydyae mpoMCXOOWT 3aHMKCHUE pacyer-
HOM BeNMYUHBI MHKPOOHOH OHOMAacChl IOYTH
BiBoe. MaKTHICCKH HYKHO MOICTABIIATH KO3 hH-
nueHT Kgr = 56, CTEXHOMETPUUYECKHA SKBHUBAJICHT-
HBIA cooTHOWIEHUIO 22,4/12%30, roe 22,4 — 00beM
MHUKpPOMOJISI Taza, MJI, a 12 — aromapHas Macca yr-
nepoxa. Ha Tom ocHoBanuu, uto Hesepuo (!) mo-
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cunTaHHas MHKpoOHas Omomacca B metome CUJI
HUXKE MPABUIIBHO ONPEACICHHON (hyMHUTallMOHHBIM
METOJIOM, a TaKXKE B CBSI3U C TEM, UYTO B HEM OIIpe-
JeNsIeTCsl ApIXaTelbHast aKmMUHOCHb MUKPOOHOTO
coo0IIeCTBa, HEKOTOPHIE aBTOPHI IO CHX TIOP
yTBepxaator, uro meron CUJl ompenenser «ak-
TUBHYIO MHKpOOHyI0 Omomaccy». IOTO pacnpo-
cmpanenHas owubka. VI OMOUMIHBIE METONBI, W
CHJl mpenHa3Ha4YeHBl W OTKAIUOPOBAHBI IS
OTIPENICTICHUS. 00HO20 U MO20 Jice nyia — obujetl
MUKPOOHOU OuoMaccyl.

3. MemoOebl, 0CHOBAHHbIE
Ha aHa/nu3se buomapkepos

Hekotopble W3 XMMHUYECKHX BEIIECTB, BXOJs-
IUX C COCTaB MHUKPOOHBIX KJIETOK, MOTYT OBITH
UCTIONIb30BaHEl B KAaUeCTBE MAPKEPOB ISl OLCHKU
MHUKpOOHOI Onomaccsl B mouBe (0003HAa4YeHHE B
AHTTIOS3BIYHON nHTepatype — biomarkers, bio-
chemical indicators, signature molecules). Taxue
BeliecTBa — OMOMapKepsl MOTYT OBITh: 1) «yHH-
BEpCAIbHBIMUY», MO3BOJIIONIMMH OLCHUTH 0o0IIee
KOJINYECTBO >KMBOW OMOMAacchl MHUKPOOPTaHU3MOB
B [I0YBE — B ATOM CiIydae OMOMapKephl HO3BOJISIOT
MIPOM3BECTH KOJIMYECCTBEHHYIO OIICHKY MHUKPOOHOM
Ounomaccel B 1MOYBE, HO HE JAal0T MPEACTaBICHHS O
CTPYKType MUKPOOHOTO coo0mIecTBa; 2) crienudu-
YeCKUMHU Il Te€X WM HHBIX TAKCOHOMUYECKUX
TPYIIT MHKPOOPTaHU3MOB.

3.1. Onpeodenenue cooepoicarnus ATD 6 nouse

OJHUM H3 YacTO UCIOIB3yEeMbIX OMOMapKepoB
U3 MEPBOI TPYMNIBI SBIAETCS aHEAOHO3MHTpPHUGOC-
tat (ATD), BemecTBO — HEMPEMEHHBIH yUYACTHHK
MeTa0O0IMYECKUX NPOLECCOB, MIPU HOMOIIM KOTO-
pOro OCYILIECTBISETCS «3alacaHue» JHEPrHuH B
*KuBbIX KieTkax. AT® mpucyTcTByer B coctaBe
JIOOBIX JKUBBIX KIJIETOK BHE 3aBUCHUMOCTH OT HX
TaKCOHOMHYECKOH NPHUHAMIEKHOCTH M  OBICTPO
pasnaraeTcst mocje rudein KIeToK, YTo JeaeT ero
yIOOHBIM MapKepoM >KHBOW OHMOMAcCHl MHKpPOOP-
raHu3MOB. BaXXHO OTMETHTH, YTO KOHIIEHTpPALIUS
AT® B noyBe CIyXHUT KaKk MHACKCOM MUKPOOHOM
Ouomaccel, Tak M IOKa3aTeleM MeTaboINYecKOH
AaKTHUBHOCTHU IIOYBEHHOT'0 MUKPOOHOI0 COO0IECTBa
[34] — kak yke OBUIO CKa3aHO BHINIE, pa3/IeicHUE
9THX JIBYX MapaMeTpOB AOBOJBHO YCIOBHO. B oc-
HOBE KOJIN4YeCTBEHHOTO omnpeneneHuss ATD nexur
peakmust monudepuna ¢ AT® u monudepasoit B
IPUCYTCTBUU HOHOB Mg2+. Pacuer MukpoOHOI
Ooromacchel Ha ocHOBe KoHIeHTpanun AT® B mou-
B€ MPOU3BOAUTCS C MOMOIIBIO MEPECUETHOrO KO-
¢ dunreHTa, KaKk ¥ B JPYTUX METOJAaxX Ompejelie-
HUSL MUKPOOHOI OMOMACCHI.

IIpunyunuansnas cxema ONpPENCIICHUs OYBCH-
Horo AT® BxtoUaeT B ce0sl CIeAYIOIHE ITAlbI:
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1. Okcrpakmust AT® U3 MOYBHI ¢ ITOMOIIBIO Op-
TaHUYECKUX HKCTPAreHTOB.

2. IlpoBeneHue peakluy ¢ SH3UMHOU CHUCTEMOM
«monndepuH-TIoIHdEepaza» ¢ 00pa3oBaHUEM KOM-
IieKca ¢ ageHo3nHMoHodocharom (AM®) u mo-
CJISAYIOIIMM pPAacHagoM KOMILIEKCAa C BBIJETICHUEM
CBETOBOM DHEPTHH B Tpo1iecce (I0OPECICHITUH.

3. H3Mepenue (IroopecleHIIny, OIpeaeiicHue
konuuecTBa AM® 1m0 MHTEHCHBHOCTH (IIFOOpEC-
LIEHITNH.

4. Pacuer xoumeHtpamum AT® B mpobe mo
CTaHIAPTHOM KannOpPOBOYHOW KPHUBOH. AJbTepHa-
THBOM 3Tanam 3) u 4) cinyxut obpaboTka Oydepamu
Ha OCHOBe ATHIeHAnaMuHTeTpaarerara (3TA) u
Na;PO, ¢ mocnenyrommmM omnpenencarneM AMO,
Al® (mpomexxyTouHbli mpoaykT pacnaga ATO
10 AM® — kak eCTeCTBEHHO MPHUCYTCTBYIOIIUN B
Omomacce MOYBEHHBIX MHKpPOOPTaHU3MOB, TaK H
nosiBsitomuiicss Ha sramne 2) u AT® Ha XugKoCT-
HOM xpoMmatorpade Boicokoro pazpemenus (high
performance liquid chromatography — HPLC).

5. Pacuer MHKpOOHOI OHMOMAacchl ¢ MCHOJB30-
BaHUEM IEPeCUYETHBIX KOAPPHUUUEHTOB. OOBIYHO
1 mons AT® cuuTtatoT 3xBUBaneHTHRIM 0,1 T cyxoii
Macchl MUKPOOPTaHMU3MOB, HE HAaXOJIINXCSA B CO-
CTOSHUM SKCIOHEHLManpHoro pocra. Kpome Toro,
B YCJOBHSAX OTCYTCTBHS 3KCIIOHEHIIHAIHHOTO PO-
cTa (B «COCTOSIHUH TIOJIIEPKAHUS») Y MUKPOOHOTO
coo00IIIeCTBa MOXHO MIPOBECTH IepecdeT OT KOJH-
gectBa AT® kx konmuuecTBaM OHOPHUIBHBIX 3Iie-
MEHTOB, UCXOJS U3 U3BECTHOTO COOTHOIICHHUS IS
AT®:C:N:P:S, pasnoro 1:250:40:9:2,6. Onnaxo
cleyeT MOAYEpPKHYTh, YTO B YCJIOBHUSAX PE3KHUX
M3MEHEHUI B KOJHYECTBE MHKPOOHON OHOMAcChl
(manpumep, mpu OBICTPOM POCTE MHKPOOPTAHU3-
MOB, BBI3BAHHOM BHECEHHMEM JIETKOpPa3araeMbIxX
cyoctpartoB) cootHomenne C:AT® moxer u3me-
Hatbest ¢ 1000:1 mo 40:1 [34].

CyImiecTByeT MHOXKECTBO MOAMQPUKAIMHA IPO-
TOKOJIa JAHHOTO METO/a B 3aBUCUMOCTH OT 0OBEeK-
Ta M 3a/a4 UCCleNoBaHUN. Pe3ynbTaThl onpenene-
Husg AT® 3aBucat oT MoMHOTH u3BiIcueHUsT ATO
U ee TPOU3BOJHBIX M3 yOUTOW OMOMAacchl MHUKPO-
OpPTraHMW3MOB, OT THITA SKCTPAKIWHU (IIeTOYHAs HITH
KHCJIOTHAs1), OT BPEMEHH NPENHKYOallMd TOYBHI
nepes aHAIU30M (Y4eM JOJIbIle IPEHHKY OIS, TeM
HUKE J10JI1 aKTUBHO PACTYIUX KJIETOK U, COOTBET-
ctBeHHO, AT® B mouBeHHOW Omomacce) [35].
OrpoMHYyIO0 poib B pa3pabOTKe METOIOB OIpeic-
neans AT® B mouBe chirpasl aMepUKaHCKHM HC-
cienoparenb Yaocrep [36, 37]. B kadectBe mpwu-
Mepa MpHBeJeM TOAPOOHOE ONMUCAHWE OJHOW W3
METOJIUK, pazpaboTanHoil um B 1984 r. [36]. [lou-
BY, OTOOpaHHYIO IJIsi aHaln3a, OCBOOOXKIAIOT
BPYUYHYIO OT MEJKHMX KaMHEH, KOpHEHl pacTeHHH,
pPacTUTENBHBIX OCTATKOB, IPOCEUBAIOT, a 3aTEM U3
Hee OTOMpAIOT 00pasubl BecoM 1-2 T B CTEpUIIb-
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Hble TIpoOupku 18%150 MM. DKcTpakTaHT (CIIOXK-
HOococtaBHOU pactBop H;PO,, D/TA, aneHosuHa,
MOYEBHHBI, nuMmeriucyibpokcuaa (DMSO), pea-
rearoB Antifoam A u Zwittergent 3,10 [36] no-
0aBIIIOT B MOYBY B 00BeMe 9 MII, MPOOUPKH CO
CMEChIO TIOYBHI M DKCTpareHTa IOJABEprawT odpa-
00TKE YIBTPa3BYKOM TIpH CpeAHEW MOIHOCTH B
TeyeHne | MHH, 3aTeM 3aKpbIBalOT IUIeHKOM Para-
film 1 oxmakgaroT B €MKOCTH CO JbaoM. Jlaiee
WX BCTPSAXUBAIOT Ha Kayallke IPH CKOPOCTH
180 06./mMuH B Teuenue 30 MHH TIpHu TeMIepaType
4 °C, mmociie 4ero cMechb TIEPEHOCAT B IICHTpUDY K-
HbIC TUIACTHKOBBIC MPOOUPKHU M IECHTPUPYTUPYIOT
npu ckopoctu 15 000 06./cex. CynepHaTaHT OTHe-
JISIIOT OT OCajiKa MOYBBI, IEPEHOCAT B CTEPUIIbHBIC
pobupku 18%150 MM 1 cMemMBaOT B 00BEMHON
npomoprua 1:10 ¢ 0,1 M TpunmaOBOTO Oydepa ¢
pH 11,2, nosoxst pH B oOpasiie 1o BenmuuuH 7-8.
HeiitpanusoBanHele TakuM o0Opa3oM 0OpasIbl
XpaHsT NpH HEOOJBIINX OTPULATENBHBIX TeMIIepa-
Typax («Ha JbIy») BIUIOTH N0 Hadajia COOCTBEHHO
xumuyeckoro omnpeaenenuss AT®. Jlomyckaercs
XpaHEeHHE 3KCTPAKTOB B TEUCHHE HENEeNU TPU TeM-
neparype 4 °C. Onpenenenue koHreHTpanuii ATO
MPOBOAAT MeToI0M Y30cTepa—Jluda [37]. 100 Mk
monudepur-monudepaznoir  cmecu  Firelight®
cmemmBarot ¢ 50 Mk 6ydepa (pH 7,8), cocrosme-
ro u3 25 MM tpuruaa, 5 MM MgS0,, 1 MM B3ATA
u 1 MM peaktuBa Kienanga (OZUTHOTpEUTON,
DTT), u ¢ 50 Mk onpenensiemoro oopasna. dmroo-
PECLICHIINIO ONPEACISIFOT Ha CIIEKTPOdOTOMETpe —
(dmoopumerpe 3M/Lumac mozens 2010A Bio-
counter B TeueHue 10 cek.

Kak Buamm, mnsa ompenenenus ATD B mouse
TpeOyeTcs XxuMuueckas 1aboparopusi, OCHaIIeHHAas
000pyIOBaHUEM JUIS SKCTPAKIINH, HEHTPUPYTHPO-
BaHWS M CIEKTpodoTOMeTpoM ¢ (GYHKITHEH orpe-
nmenenust  ¢uroopecueHnuu.  llpw  mpoBexeHnn
onpeneneanst AT® MeTomoM KUIKOCTHON Xpoma-
Torpadpun (cM. BbIIIEe) TpeOyeTcss KUAKOCTHOM
xpomarorpad Beicoko paspemenust (HPLC).
Ha py6exe 70-x — 80-x rr. XX B. ompeneicHue
AT® B noyBe NMpeCTaBISLIOCh pa3yMHOMN aibTep-
HaTUBOW (pymuranuoHHomy meronay. OgHaKO 3TOT
METO/I BCE K€ HE MOJyUMJI TAKOTO K€ PaclpocTpa-
HEHUS, KaK MeTOJl (PyMHUTANHUU-IKCTPAKIIUU —
MIpe’ke BCero M3-3a HEOOXOAMMOCTH B HCIIONB30-
BaHWW JOBOJBHO JIOPOTOCTOSIINX PEaKTHBOB.
Kpome Toro, mpuMeHNMOCTbh METOJa OIpaHUYHBA-
eTcsl M HEOAHO3HAYHOCTBIO MepecdyeTra OT KOJU-
yecTB omnpeneneHHoro AT® k dbuomacce MUKpOOp-
TaHU3MOB C  WCIIOJIb30BAHHWEM  IIEPECUETHOTO
ko3 durreHTa, ompeneaeHHOro I yCpeaHEH-
HBIX Benu4uH KoHIeHTpanuid AT®. Peanbnrie Be-
nuuuHbl conepxkanus ATD B kieTkax MOryT Ba-
PBUPOBATHCS B MIMPOKKX MpPE/ENax B 3aBUCUMOCTH
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OT (YM3HUOIIOTUIECKOTO COCTOSIHUS KJIETOK MHUKpPO-
OpraHu3MOB («BpeMs TOIyXu3HW» 11 AT co-
CTaBJISIET BCETO JIMIIIb OKOJIO 1 ceK).

Ipeumywecmea memooa onpedenenus ATD:

— ObicTpoTa (He Tpebyercs 24-yacoBasi IKCIIO-
3UIUA, KaK B ((yMUTAIIMOHHOM METO/IE);

— BBICOKasT YyBCTBHUTEILHOCTh (MOpSIIKA He-
CKOJIBKUX (P€MTOTPaMMOB/T TTOYBHI);

— BBICOKasl IPOU3BOAUTEILHOCTb.

Hedocmamxu u oepanuuenus memooda onpede-
nenus ATD:

— CHJIbHAs 3aBHCHUMOCTB pe3yJibTaTa OIpeJene-
HUH OT 00ecriedeHHOCTH TOYBBI Pochopom; nedu-
IUAT P IpUBOAWUT K HEYCTOWYMBOCTH PE3YJIbTAaTOB
onpenenenust ATO® B mouse;

— HeCTaOWJIBHOCTD PE3yJIbTATOB B IOYBE C BBI-
COKMM COJAEp>KaHHEM PACTyIIUX MHKpPOOPraHU3-
MOB (HampuMep, HeTaBHO OOOTallEHHOW YIJIepo-
HBIM CyOCTpaToM);

— 0oJpIIasl  YyBCTBUTENBHOCTH  JIFOITU(EPHH-
monrepasHoi peakuu K IKCTpareHTaM, UCTIONb-
3yeMbIM IpH BbieiaeHun ATO.

3.2. Onpedenenue cooepicanus
HCUPHBIX KUCTIOM POChOorunudos

K cneyuguueckum 6uomapkepam nias tex wim
HHBIX TAKCOHOMHYECKHX I'PYIII MHUKPOOPIaHU3MOB
OTHOCATCS MypamoBasl Kuciora (Mapkep Oakrte-
pwii), aprocrepoi (Mapkep rpuboB), XMHOHBI (Map-
Kep, MO3BOJISIIOIIUI pa3ensTh BKIaj IpaMOTpHLa-
TENBHBIX W TPAaMIIOJIOXKHUTEIBHBIX — OaKTEepHid).
B mocnennue nBa necATHIIETHS MOYBCHHBIE MUK-
pOOHONOrM LIMPOKO HCHONB3YIOT Ba)KHEHIINE
KOMIIOHEHTBl KJIETOUHBIX MEMOpaH — JicupHble
xuciomol  ocgorunuoos (IKKD) (phospholipid
fatty acids, PLFA) — nys onipeie’eHus CTPYKTYPBI
MHKPOOHOTO COOOIIeCTBa M CICIH(PUICCKON aK-
TUBHOCTH OT/AEIBHBIX TPYII MHUKPOOPTAHH3MOB B
noyBe. JlaHHBIE BEIECTBa HCIIONB3YIOTCS B Kade-
CTBE XOPOLIET0 MapKepa IJIsi ONpeneeHUs] KOJIH-
YyecTBa )XKMBOW OMOMAcCHI, TaK Kak: a) HE BXOJAT B
COCTaB 3alaCHBIX BEILECTB B MUKPOOHBIX KJIETKaX;
0) MoaBeprarTCS OTHOCHUTEILHO OBICTPOH OMOXU-
MUYECKOW JAerpajaluy II0CIe OTMHPaHUS COOT-
BETCTBYIOIUX MHKpoopranusmoB [38], [39]. Pasz-
nuaus B xumudeckoit crpykrype XK (mmmHa
YITIEpOJHON LENOYKH, MOJOXKEHUE pajuKana HIN
JIBOMHOW CBSI3U, HAINYUE U IOJOXKEHUE LUKINYe-
CKUX CTPYKTYp) CIyXaT HHAWKAaTOPOM pa3HBIX
TAaKCOHOMUYECKUX TPYHIl MOYBEHHBIX MUKPOOpPTa-
HU3MOB. Il TOro 4TOOBI OPUEHTUPOBATHCS CPEIH
HECKOJBKHX JECATKOB Hambojee paclpocTpaHeH-
HbIX JKKO®, jxenaTenbHO OCBOUTh OCHOBbI HOMEH-
knamypul JKK®. Utak, B HazBaHusX KKD:
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— YUCIIO CIieBa OT «:» O0O3HAYaeT KOJIUYECTBO
atoMoB C B IIETIOYKE;

— YUCIIO CIIPaBa OT «:» 0003HAYACT KOJIUUCCTBO
JIBOMHBIX (HEHACBIICHHBIX) CBS3CH; €CITH ATO YHC-
70 He paBHO 0, TO TOCIIe HEro BCera HAET 3HaK (]

— YUCIIO CIIpaBa OT 3HaKa (0 0003HAYACT IOJIO-
J)KEHHE JIBOMHOM CBSI3M OTHOCHUTENBHO  Kap-
OOKCHIILHOTO KOHIIA MOJICKYJIbI;

—mpedukc 0003HAYAET OCOOCHHOCTH BETBIIC-
HUS YTIIEPOMHOTO CKeneTa: n — «normal» («HOp-
MaJBHBINY), i — iS0, a — antiso, br — «branched
chainy («BeTBIEHHE» YTIIEPOAHOTO CKEIIETA);

—yucno+ME B Havasne Ha3BaHWs O3HaYaeT Me-
THJIMPOBAHUE,

—yucno+OH — 3aMerienne Ha THAPOKCHIIBHYIO
TpyIILy.

Cpenu Hamboliee pacrpoOCTPAaHEHHBIX JKHUPHBIX
KHCIOT (QOCOOIHITUAOB BBIACISIOT CIIEIYIONINC
OCHOBHBIE KJIaCCHI:

I. SATFA (saturated fatty acids, HacHITIICHHBIE
KUPHBIE KUCIOTHI). Kak mpaBuio, SBISIOTCS Map-
KepaMU epamMnoLoHNCUmesibHblx bakmepull.

Hcknrwouenus:

— muknmyeckue PLFA (¢ mpedukcom Cy) — siB-
JSIOTCS MapKepaMH TPaMOTPHIIATENbHBIX OaKTe-
puid;

—nl4:0, n15:0 — Hecneunguueckue OaxkTepu-
aJIbHBIE MapKepbl (BCTPEYaloTCs Uy rpaMoTpHULia-
TENBHBIX, U Y TPAMIIONOKUTENBHBIX OaKTEepUii);

— nmuHHOIenoYeuHbIe (MmHHee C20) — Mapke-
PBI 3yKapuoT (MIpOoCTenIne, pacTeHHs).

II. MUFA (mono-unsaturated fatty acids, mo-
HOHEHACHIIIIEHHBIE JKUPHBIE KHCIOTHI C OTHOU
JIBOMHOW CBS3pI0 B YIJIEPOAHOM ckenere). Kak
MIPaBUIIO, SBIISIOTCSA MapKepaMHu epamompuyd-
MmenbHbIX bakmepuii.

Hcknrwouenus:

—16:105 — mapkep a5t apOYyCKyISIPHBIX MUKO-
PU3BIX TpUOOB;

— 18:109 — mapkep 1 rpubOB.

III. PUFA (poly-unsaturated fatty acids, momnu-
HEHACBIICHHBIC HUPHBIC KUCIOTHI). Kak mpasuiio,
SIBJISFOTCSL MapKepaMu 71 2pubos.

Haubonee pacnpocTpaHEHHBIH B MOYBE MapKep
Juist TpruOoB — 18:206,9.

IIpouue mapkepor.

— 18:107 — mapkep 1T METAaHOTPO(DOB;

— 10Mel8:0, 10Mel17:0, 10Mel6:0 — mMapkepsl
JUI aKTHHOMMIIETOB.

Takum o6pazomMm, ompenenenne XXK® B mouse
o0ecreunBaeT OLEHKY CTPYKTYphl MHKPOOHOTO
coo0IIeCTBa ¢ PacyeToOM «BKJIaaa» OMOMAcCHl TOH
WIA WHOW TPYyNIbl MHUKPOOPTaHU3MOB B OOIIMIA
MyJl MEKpPOOHOTO Yriiepoja Mo BeJUYMHE KOHIICH-
Tparuu Tex win uHbX JKXK®-6momapkepos. Me-
ton JXKK® xapakrepusyer CTpyKTypy MHKPOOHOTO
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co00IIecTBa TONBKO HAa YPOBHE OoNmbmuX (u3mo-
JIOTHYECKUX TPYHI MHKPOOPraHn3MoB. OmHAKO
KOMOHMHAIIMS 3TOTO METOAa C MEUEHHEM CTaOWIIb-
HbIM 130T0MOM °C T103BOJISIET HACHTH(HIHPOBATH
4acTh MHUKPOOHOTO COOOIIECTBA, OTBETCTBEHHYIO
3a mepepaboTky C-MedeHBIX YIIEpPOIHBIX CYO-
cTpaToB. JTOT moaxon (stable isotope probing, SIP)
HE3aMEHHM IPU UCCIICAOBAHUY MHUIIEBBIX IIEMOYCK B
MOYBE, & TAK)KC WHTCHCUBHOCTH TEX WA MHBIX CO-
CTaBJIAIONIMX TMOYBCHHOTO IMKJIA yriiepoja. boib-
asi MPOU3BOIUTENBHOCTh U JIEHIeBU3HA KOMOWHa-
. MetonoB JKK® u SIP nmemaer ero BO MHOTHX
Cllyyasx TpEeINOYTHTENbHEH, YeM HCIOIb30BaHNe
METOJIOB, OCHOBAHHBIX Ha IMOJUMEPAa3HOM LEMHOI
peaxrwm (ITLP) (polymerase chain reaction, PCR).
CymecTByeT 0ONbIIOE KOJIMYECTBO BapHUAHTOB
metosia JKK®, ucnonbs3yeMblx Al ONpeneiaeHus
CTPYKTYPHI IOYBEHHOTO MHKPOOHOTO COOOIIECTBa.
[IpuBenem B KadecTBe MpuMepa ciierka Moaupwu-
LMpoBaHHBIM BapuaHT Merona dpocrerapaa [36].
Haecku mouBbI 110 6 T (BJIXKHBIA BEC) OTOMPAIOT
B CTEKIITHHBIC LIEHTPU(YKHBIC TIPOOUPKU C 3aBHH-
YUBaOMIeHcs TPOOKOH, MOOABIAIOT B HUX IIPH
MTOMOIIH CTEKJSIHHOTO PYYHOTO WJIM aBTOMAaTH4e-
CKOTO MHKPOIITPHIIA AIMKBOTY PacTBOpa, COAep-
xkarrero 25 mxr JKK® 19:0 B xadecTBe mepBOTO
BHYTPEHHETO  CTaHAapTa B  KOHIIEHTPAIUH
1 MKr/MKJI. DTOT CTaHIApT MOKA3bIBAECT MPOLECHT
u3BiekaeMocT JKK® mpu 3KCTpakUuu U3 IaHHO-
ro MOYBEHHOro oOpasla Mocie BCEeX MPOoIenyp
JKCTpakimu u ouucTku (internal standard 1, IS1).
Jiist SKCTpakiK MCIOBb3yeTcsl cMech xyiopodop-
Ma, meTarona u 0,15 M JIMMOHHOM KHCIIOTHI (KHC-
nota nosoautcs a0 pH = 4,0 = 0.1), cooTHOIIIEHNE
o0beMoB  1:2:0,8 COOTBETCTBEHHO. JKCTPaKIIUs
MIPOBOJUTCS ABAXKABI — MEPBBINA pa3 ¢ 00BEMOM 3KC-
TpareHTa 18 M (BCTpSXMBaHHE Ha KadaJlke B Tede-
Hue 2 4, neHrpudyruposanue npu 500 00./mMuH),
BO BTOpO# pa3 — ¢ 6 MJI TOH ke cMecH (IUTUTENb-
HOCTb BCTPSIXMBAHHUS MOXXHO YMEHBIIUTH 10 1 u).
3areM HaIOCAOYHYIO JKUAKOCTh MEPEHOCAT MpHU
IIOMOIIM MAaCTEPOBCKUX MHIETOK Ha JETUTEIbHbIE
BOPOHKHU H J00aBIAIOT K He 6 M Xxiopodopma u
6 man 0,15M pactBopa JTUMOHHOW KHCIOTHL. Bo-
POHKH  3aKpBIBAIOT TMPUTEPTHIMH  KPBIIIKAMH,
B30aITHIBAIOT BPYYHYIO B T€UeHHE | MHUH M OCTaB-
JSIOT BCTPAXMBAaTHCS Ha Kavalke B TeEYCHHUE
30 muH, cobroaas Bce MpeIoCTOPOKHOCTH, YTOOBI
BOPOHKM HE pa30WINCh TIPH BCTPSXUBAHHU.
[lo oxOHYaHUM BCTPAXUBAHMS AEIAT CMECh Ha JIBE
(hazpl, TsoKenyto ¢asy (B HIKHEHW 4acTH BOPOHKH)
OTOMpAIOT B CTEKJIIHHBIE KOJOBI C MPHUTEPTHIM
ropyioM. B ocTaBurytocsi B BOpOHKax cMech 100aB-
J10T eme no 12 M xjopodopMa U MOBTOPSIIOT
MIPOLeAYPY, HA KOHEUYHOW CTaaud OTOMpas TsKe-
nyio a3y B Te ke KOJOBI ¢ MPUTEPTHIM TOPIIOM.
Tsokenas daza, comepikamias SKCTpardpOBaHHBIE
KK®, ynapuBaeTcs Ha POTOPHOM HCHApUTEINE
npumepHo a0 0,5 mi. [lanee mpoBOISAT OYUCTKY
KK® oT HENTpaJIbHBIX JTUMUIAOB U TJIMKOJUIHUIO0B
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Ha CTEKJISIHHBIX KOJIOHKaX ¢ aKTUBHPOBAaHHBIM CH-
JIUKarejJeM MeTOJOM TBepaoda3HoH copOruu-
necopbuunm /sxerpaknuu (Silica gel Merck, pa3smep
yactull 0,063—0,200 MM, aKTUBUPYETCS MPOKaIH-
BanueM nipu 120 °C B Teuenue 12 u). JKunkocts u3
KOJIO TEpPEeHOCUTCS] IIPH IMOMOLIM IAaCTEPOBCKUX
MUIETOK Ha KOJIOHKU C CUIIMKAarejeM, MeJICHHO,
OYKBaJIBHO TIO Karuie, XJopohopM ¢ HEHTpaIbHBI-
MU JIMOUIAMH SJIIOHPYETCsS, a TIUKOJIMIUABL H
(dhochomumuael ocaXkmaroTCsS Ha Telle. 3aTeM Ko-
JIOHKY TMPOMBIBAIOT eme 5 M XJIopodopma — JUIs
yJlaJieHusd OCTAaTKOB HEHTpabHBIX JUNUI0B. Bce
OTIEpaly C SIIOMPOBAHHEM MPOBOAATCS B OUYCHD
MEAJICHHOM TeMIle, He Ooiiee 2 Kamelb B CEKYHY.
mukonunuapl yAaasioT smoupoBaHueM ¢ 20 M
alleTOHOM, 10 OKOHYAHUH 3JIIOMPOBAHUS KPaHbI HA
KOJIOHKaX 3aKpBIBAIOT. 3aTeM IMPOBOASAT SIIOMPOBa-
Hue ocraBumMxcs Ha KojoHkax JKK@® 4-kpaTHbiM
IpOOHBIM BHECEHHEM MeTaHosa 1o 5 mul. PactBop
KK® B meTaHone ynapuBaroT Ha POTOPHOM HCIIa-
purene a0 0,5 M1, TEpeHOCHT B CIIEUATBHBIE 5 MIT
MIPOOHPKHU U3 TEPMOCTOHKOTO CTEKJIA C TOPIIOM HOA
3aBHHYMBAIOIIMECS IIaCTUKOBBIC MpoOku (Reactiv-
ials) ¥ BBICYIIMBAIOT B MMOTOKE ra3000pa3HOTo a3o-
Ta. BrIcylIieHHbIe TakuM 00pa3oM TPOOBI XPaHAT B
TeX ke poOupKax B MoposuibHuKe mpu —20 °C.
CrenyroonyM 3TaroM SBISIETCS AePUBATU3AIIMS
KK® — mpoBeaeHue peakiuil I'MIpOKCHIHPOBA-
HUS ¥ METHIIMPOBAHUS, TPUBOJSIINX K 0Opa3oBa-
HUIO Memuio8ulx 3¢hupos sxcupuwix Kuciom (fatty
acid methyl esters, FAMESs). ' ngpoxcunupoBanue
MIPOBOJST IyTEM BHECEHUS B CTEKJIIHHBIC TIPOOHP-
ku Reactivials 0,5 M 0,5 M NaOH pactBopa B un-
ctoM (0Oe3BokeHHOM) MeTaHose (Sigma-Aldrich,
assay > 99,9 %), 10-MHHYTHOH 3KCHO3MIIMK Ha
yIBTPa3ByKOBOW OaHe M IMOCIEIYIOLIEro Harpena
npu 100 °C B Teuenne 10 MUH HA MacisHOM OaHe
(mpoOupKu MOKHBI OBITH TUIOTHO 3aBHHYEHBHI,
BBIMIAPUBAHUE «JIOCYXa» JIOIyCKaeTcs). 3aTeM
KK® noasepratorcst metunupoBanuto ¢ 0,75 mia
pactBopa BF; B meranone (10 %, 1,3 M, Fluka) B
teuenue 15 mun mpu 80 °C. Ilo okoHuaHuU ome-
pauuu MpOOUPKH OCTYXKAIOT JO KOMHATHOH TeM-
neparypbl. M30biTok BF; rumponmsyror mobasie-
wueM 0,5 ™ HaceimeHnHoro pactBopa NaCl,
a 3aTeM NPOBOIAT >KUAKOCTHYIO 3KCTPAKIHUIO Me-
TUIOBBIX 3(QUPOB W3  pacTBopa MeETaHoJa
3-KpaTHBIM APOOHBIM BHECEHHEM I'eKcaHa 1o 1 ML
[locne BCTpsXUBaHHS CMECH METaHOJN OCAKIAIOT
HeHTpU(yTupoBaHUEM, a BEPXHIOK (pakiuio, co-
JIepIKaITyo pacTBOp 3(UPOB B TeKCaHEe, OTOUPAIOT
B yncThle poOupku Reactivials mpu momomy ma-
cTepoBcKux nunerok. CyMMapHas alMKBOTa OKOJIO
3 mn pactBopa JKK® B rekcana BhICyLIMBaeTcs B
IIOTOKe ra3oo0pasHoro asora. Ilocne atoro B mpo-
oupku Reactivials go6asnstoT mo 185 Mkia Tomyo-
na 1 o 15 M1 MetmioBoro dupa 13:0 B KOHIICH-
Tpauuu | MKI/MJ, KOTOPHIA CIYXHT BTOPBIM
BHYTPEHHHUM CTaHIAPTOM (Ha IOJHOTY U M3BJIEKa-
eMOCTh Tociie JaepuBaTm3anmu) — second internal
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standard (IS2). 3aTem npoOupku ¢ nmpobdamu moj-
BepraioT 10-MHUHYTHOH 00pabOTKe YIBTPa3BYyKOM,
ocJje Yero npoObl mepeHocAr B 1,5 Mit (nakoHsI ¢
PE3UHOBOM WM CHITMKOHOBOH MTPOOKOH U CIIeTHaTb-
HBIM TIJTACTHKOBBIM BKJIAJIBIIIEM JUIS BBEJCHUS IIPO-
orb1. [locre meperoca mMpod ¢ TOMOIIBIO MTACTEPOB-
CKUX TIMIETOK (PIaKOHBI 3areyaThIBAIOT M XPaHAT
pu —20 °C. XKK® anam3upyroT MeTogaMi KOMOH-
HUPOBaHHOM Ta30BOM Xpomarorpaguu — Mmacc-
cnekrpomeTpun (GC-MS), mbo Ha KHIAKOCTHOM
xpomarorpage Boicokoro paspeuienus (HPLC).

IIpeumywecmea Mmemooa JHCUPHBIX KUCAOM
gocporunudos:

— TI03BOJISIET «HANPSAMYIO» MPUMEHHUTH M30TOII-
Helii aHamu3 (SIP) ¢ menpio BBISIBIGHUS TPYII
MHUKPOOPTaHU3MOB, OTBETCTBEHHBIX 3a OIpene-
JICHHBIE TPOLECCHI/TIOCIEI0BATENBHOCTH PEAKINI
LUKJIA YIJIEpO/a,;

— MOXXET OBITH HCIIOJIb30BaH HE TOJIBKO IS Ka-
YECTBEHHOTO (CTPYKTypa MHKpPOOHOTO coo0IIIe-
CTBa), HO M KOJMYECTBEHHOTO (OJISI T€X WM WHBIX
Tpynn MHUKPOOPTaHM3MOB B oO0mieil Ouomacce)
aHaJM3a MUKpPOOHOH OMOMACCHI B TIOYBE;

— ynoOeH 17151 OMOMHINKALUKA CTPECCOB B MOYBE.
B kauecTBe HHIEKCOB CTpecca HCIOJIB3YIOT:
1) cooTHOLIEHNE «TPAMIIONIOKUTEIbHBIE OakTepun/
rpaMoOTpUIaTelIbHble OakTepuu; 2) COOTHOIICHHE
«uaceiennsle JKK®/MonoreHaceimeHasie JKKD»
KaK aHa102 JTAHHOTO WHAEKca; 3) COOTHOIICHHE
«mmkimdeckue JKK®/mx MOHOEHOBBIC TIpere-
CTBECHHHKHN»; 4) COOTHONICHUE «TPHUOBI/OaKTCpHI,;
5) oTHOCHUTENbHOE OOWMIIME TEX WM MHBIX CIICIIH-
trueckux KK — mapkepoB MUKPOMHUIICTOB, OaK-
TEpUil, MPOCTEUIINX U T.1.

Heoocmamxu u ocpanuuenus memooa HcupHwix
Kuciom gocghorunuoos:

— HEBO3MOXHO ONPEAENATh MUKPOOPTaHU3MBI
710 BUTIa;

— He0OXOAUMOCTh CJIOKHBIX 3KCTPAKLIUH C TOK-
CHYECKHMHU PacTBOPUTEISIMU — IO CYTH Jeja, 3TO
CIIO)KHBIM METOJl OpraHWYecKOW XMMHUU U OHMOXH-
MHH € Ta30XpoMaTorpadhuaecKkuM OKOHYaHUEM;

— CIIOHOCTh C WACHTH(UKAIe! MUKOB U OA-
HO3HAauYHOU NpUBA3KOH uX K cranpapram KKO.

Crmenyer momuepkHyThb, uro mpodmm KKD
3aHUMAIOT Kak OBl IPOMEXYTOYHOE IOJOXKEHHUE
MEXIy METOAaMH, IIPEIHAa3HAYEHHBIMH JUIS KOJIU-
YECTBEHHOTO ONpeACiIeHUs] o0ued MHUKPOOHOMH
01oMaccsl, 1 MOJEKYJISIPHO-OHMONIOTHYECKUMH Me-
TOJAMH OIpPEHCNICHUS CTPYKTYPbl IIOYBEHHOTO
MHUKPOOHOT0 COOOIIECTBa, OCHOBAaHHBIMU Ha peak-
nuu 1P, no3Bonss ONEHUTh U OOIIYI0 MHUKPOO-
HyI0 OMOMaccCy, M BKJIaJ TeX WM MHBIX TPYII MHK-
poopranm3MoB. Merton npoduneir JKK® nonroe
BpeMs HE CUMTAJICS MEePCIeKTUBHBIM H3-3a TOTO, YTO
9TU TpOQUIH HE BIOJHE COOTBETCTBOBAT 4 KpUTe-
PHSIM «XOpOILIEr0 MHAWKAaTOpa MHUKpPOOHOW OGromac-
Cb», C(OPMYIHPOBaHHBIX  J[)KEHKHHCOHOM U
Jlamnom [40], cormacHO KOTOPHIM WHAMKATOPHOE
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BEIIECTBO JOJDKHO: 1) MPHCYTCTBOBaTh BO BCEX
KOMITOHEHTaX TTOYBEHHON MHUKPOOHOUW OMOMAcCCHI C
OITHOW W TOW ke (M3BECTHOH, M3MEPSIEeMOil) KOH-
LEHTpanuel npu Io0oM 0TOOpE; 2) HAXOAHUTHCS
TONIFKO B JKUBBIX OPraHM3Max, a HE B MUKPOOHOU
HEKpOMAacce WM JPYTUX COCTABISIONINX ITOYBEH-
HOTO OPTaHMYECKOTO BEIIECTBA; 3) OBITH KOJIUYE-
CTBEHHO JKCTparupyeMbIM W3 TOYBHI; 4) OBITH
KOJIMYECTBCHHO OIPEACISICMBIM XUMUKO-aHAIUTH-
yeckumu Metonamu. Ho mocrenenno merox XKK®
3aHSJI CBOIO «3KOJIOTHMUSCKYIO HHMIIY», TeM OoJiee
YTO U IIUPOKO PACHpPOCTPaHCHHBIN MeTon (yMHu-
raluu-3KCTPAKIUK TakXKe JajJeKo He HJcalicH B
CMBICJIE COOTBETCTBHUSI ITHM KpurepusMm. Oxaza-
J10Ch, uTO, X0Ts Meton JKK® obecnieunBaer uaeH-
TA(DHUKAITIIO CTPYKTYPHI TTOYBEHHOTO MHKPOOHOTO
coo0ITecTBa TOJIBKO JI0 YPOBHS POAOB (B JIydIIEM
cllydae) WM (Jamie Bcero) 0ompmmx (Gpru3noigornye-
CKUX TPYIIIT MUKPOOPTAaHU3MOB, OH OTHOCHTEIIEHO
TOJIe3eH TP aHANK3e pacipeaeaenns n3oroma °C
MEXJy TpyNIaMH TMOYBESHHBIX MUKPOOPTaHH3MOB.
OT0 JaeT BO3MOXKHOCTh OICHUTH OTHOCHTEIBHBIN
BKJIaJ] HEKOTOPBIX TPYII MHUKPOOPTAaHH3MOB B
MPOIECChl  YIIIEPOTHOTO IWKJIa, He mpuderas K
KpaifHe TPYJO0EMKHM M JOPOTOCTOSIIUM IPOIEIY-
pam onpenenenusa Mmetku B coctase JJHK nnu PHK.
Kpome Toro, mo o0mieMy KOJHMYECTBY BBIICICHHBIX
KK® (PLFA) M0oXHO paccuuTarh OOLIYyI0 MHUK-
pobuyto 6momaccy C,u, YMHOXKHB Ha Tepecyder-
HEIH K03QduItueHT Fprpa = 5,8 [41]:

Cu (MKT/T 1109BBI) =
FpLra X PLFA (HMOJIB/T OYBHI). 9)

CymiecTBeHHBIM  (DaKTOPOM, CIEPIKUBAIOIIIM
pacnpoctpanenue merona JKK®, Bce elue sBisIeT-
csl HEe0OXOIUMOCTh B HMCIIOJIB30BAaHUU JOPOTOCTO-
Amero o0OpyNOBaHUS M TMPEIBSIBICHUN BBICOKHX
TpeOOBaHMH K TEXHMYECKOMY MEpCoHaly, paboTa-
IOIEMY Ha 3TOM OOOpYIIOBaHHU, a TaKXKe HEOHO-
3HAYHOCTh B MHTEPHPETALNN [TOJTYYEHHBIX JAHHBIX
0 KOHIIEHTpallud WHIUBUAYAIbHBIX >KUPHBIX KHC-
1ot ¢pochomumuaos [38, 39].

3.3. IHK 6 nouse kax unoexc
HOY8EHHOU MUKPOOHOU buoMaccol

B mocrnenHue TpH JecATHIETHS B IOYBEHHON
MUKpoOuonorun HaOmronaercs OypHOe pa3BUTHE
MOJIEKYJIIPHO-OHOJIOTHYECKUX METOJO0B, I103BOJIS-
IOLIMX TepelTH OT ompeneneHus oOmeil Gnomaccel
K ONpENENCHUI0 TaKCOHOMUYECKOH CTPYKTYpBI
MHUKpOOHOTO cooOriecTBa. HeoOX0aUMbIM 11arom B
TaKUX METOJAaX SIBISETCS BBIACICHHE, OYMCTKA M
onpeneneHue koHueHTpauu JIHK u3 mouBeHHBIX
oOpastioB. B cBsf3W C 3TUM Bpemsl OT BpeMEHHU
MIPEANIPUHUMAIOTCS MIOTBITKM HCIIONB30BaTh BEJH-
9uHBI 001mIero Kommdectna (koHmeHTparuu JJHK) B
Ka4yeCTBe MHECKCA 00IIeii MUKPOOHO OMOMACCHI.

Ocnosnule amanvl gvioenenus JJHK uz nouswi:

— pa3pyllIeHHE MOYBEHHBIX arperaTtoB M KIJIETOY-
HBIX CTEHOK NP COYCTAHUN MEXaHUUECKOTO BO3IEH-
CTBUSI CHJIMKaTHBIX IpaHy u ¢ocdatHoro Oydepa;
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— OYHCTKAa DKCTPaKTa OT ()pParMEeHTOB KIIETOY-
HBIX CTE€HOK;

— OYHCTKAa JKCTPaKTa OT OEIKOB, TYMYyCOBBIX
BEILECTB, APYTUX OPraHUUECKUX COCAUHECHHUIA;

—copbuusa IHK u3 pactBopa Ha MaTpukce st
OUYHUCTKU OT OPTaHUYECKUX pacTBoputelneii u 0yde-
POB, UCTIOJIF30BAHHBIX HA MPEABIAYIINX CTATUIX;

—npombiBka JIHK mpu mnomomu pacTtBOpoB,
CoZepKalllX 3TaHO;

— necop6umst JIHK ¢ marpukca, nepeson JJHK B
BOJHBIN PacTBOp;

—onpenenenne koHneHtpauuu JHK B skc-
TpakKTe.

Brigenenne JIHK wnmm PHK w3 mouBml Moxer
MIPOM3BOAUTHCA TUOO TIPH MTOMOIITH KOMMEPYECKIX
roToBBIX HabOpoB («Kkits»), OO ¢ peakTUBaMu U
OJHOPa30BOM ITACTUKOBOW MOCYIOH, mpuoOpera-
€MBIMH 10 OTICIBHOCTH (BTOPOM MOAXOH, Kak
MIPaBUJIO, TO3BOJISIET YACLIEBUTH MPOIENypy, HO
TpebyeT OONBIIUX HABBHIKOB). [ Tex, KTO mpen-
[IOYMUTAET BTOPOU MOAXOJ, IpeljlaracM ONUCaHue
metoauku BHUMCXM mis Beiaenenuns JJHK.

Buvioenenue JIHK u3 nousvl coenacuo memoouxe
BHUUCXM (2011) [42]

OCHOBHBI€ dTanbl BBIIEICHUS:

1) x obpasmy mouBsl BecoM 0,2 T mOOABISIOT
(dbocdarHelil dkcTparupyrommii 0ydep, cMmecs de-
HOJIA C XJIOPOOPMOM U CTCKIISIHHBIC (KaK BapUaHT
KepaMHU4YeCKUe, LUPKOHUEBHIC, TPaHATOBBIC, Me-
TaJJTNYECKHE) MApUKH;

2) paspylieHue odpasia MPONU3BOIUTCS MEXaHH-
YECKUM CIOCOOOM C HCIIOJB30BAaHHUEM BBICOKOCKO-
POCTHOTO BCTPSIXMBaHHS 10 OpOWTE, MCKIFOUAFOIIEH
BO3HUKHOBEHHE CTAIlMOHAPHO 3aKPYYCHHBIX MOTO-
KOB B IIPOOHPKE;

3) mocne neHTpuyrupoBaHus BOIHYIO a3y OT-
ouparot 1 ocaxxaaror JIHK m3ompormanosiom, 3arem
OKOHYATENIFHYIO OYHICTKY IPOBOAAT C HCIOIB30Ba-
HHUEM 3J1eKTpodopesa ¢ MOCIeAyIONNM BhIIeTIeHHEM
U3 JICTKOIUIABKOW arapo3bl, copOuueli-necoporueit
Ha JMOKCUIE KPEMHHUS WIH YJIbTPALCHTPUDYTHPO-
BaHUs (11 TIOJyYEHUsI OOJBIIOTO KOJIWYECTBA BHI-
COKOOUHINIEHHBIX TpenaparoB mouseHHoi J|HK);

4) xadecTBO Tpenapara OIEHHWBAIOT C HCIOJb-
30BaHHeM 3JekTpodopesa, kommdectBeHHO JIHK
ompeAesoT Mo Mo aHaau3y 3JeKTpodoperpamm
CO CTaHJApPTaMU KOHICHTPAIUH, 100 C MCIOIB30-
BaHMEM M3MepeHHs (IIOOPECIICHIINY TIpH J00aBIIe-
HUM YyBCTBHUTEIFHBIX HWHTEPKAJIHPYIOIUX KpPacH-
TENEeH.

Jus Tex, KTO TMpenrnoyYuTaeT MOJIb30BAThHCS
(bMpMEHHBIMH Ha0OpaMH PEAKTHBOB M OJHOPA30-
BOH MOCY/IbI, aBTOPBI HEJTABHETO UCCIICIOBAHUS 110
cpaBHenuto onpezaenenui JIHK ¢ apyrumu mero-
JaM{ OTIpeeNICHUsT MHKPOOHOW OMOMAacCHl PeKo-
MeHIyloT Habop Qiagen DNeasy PowerSoil Kit
(npexxnee HazBanue MO Bio) [43]. [lannbie aBTO-
pBI TOKAa3ajH, YTO MEPEeCcYeT OT KOJIUYECTB (KOH-
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uenrpanuu) JJHK (dsDNA) k mMukpoOHol 6rnomac-
ce Cyux MOXHO TPOBOJUTH B COOTBETCTBHUH CO
ciemyromeit hopMyIIon:

Cyux (MKI/T TIOUBBI) =
= Fpna % dsDNA (MKT/T O4BBI), (10)

rae Fpna — nepecdeTHslid koddduuent. Bemnan-
HBI IIepecdeTHOro Kodhdunmenta cocraBmim 4,4 u
5,1 mpu kanmuOpoBKE MO METOAy (yMHUTALUU-
skctpakmmu u Merony CHUJI. HecoBnaaenme cBs-
3aHO C HECOBEPIICHCTBOM ITOCTOSHHBIX MEpecyer-
HBIX KO((UIIMEHTOB B 3THX METO/AAX (CM. BBILIE).
B mobom cnyyae TecHas KOPpENSLHS MEXIY
BenmumauHaMH C,y, TToMydeHHsIME MeTonoM JIHK,
n obmenpuaateivu CUJ u ®D wmeromamu
(R* = 0,96-0,97) CBUIETENBCTBYET O TOM, UYTO 00-
mee konmuectBo JJHK moxxer ObITh ycmemHo wuc-
TTOJTH30BAHO VIS OTIPEIEIICHHsI O0IIe MUKPOOHO
6uomacchl. Moprencen n DMMEpPIMHT OIpeIeIIIH
BenmumuuHy Fpna = 6 [41]. Takoe pacxoxacHHE C
nmanaeiMu CemeHOBa ¢ coaBTopamu [43] emie pas
TOBOPHT O CIOXHOCTH MPOOJIEMBI MEePeCcYEeTHBIX
KO3 QULUEHTOB BO BCEX METONAX OMNpEeIICHUS
MTOYBEHHOM MUKPOOHOW OMOMACCHI.
UcnonpzoBanue konuentpanuii JJHK B kaue-
CTBE WHACKCA MUKPOOHOH OMOMAacChl HAXOMUT BCE
Oosiee mmpokoe mpuMeHeHue. Tak, TaHHBIM METO-
JIOM TIONYYeHBl HaJEeKHBIE W HETMPOTHBOPEUNBHIC
pe3yJIbTaThl MPU CPABHHUTEIBHBIX HCCICIOBAHMSIX
ITyJIOB MUKPOOHOW OMOMAacChl B COBPEMEHHBIX H
norpeOeHHBIX MOYBax (Majeonoysax) — (axkTuie-
ckH, pacdetsl 6momaccel mo JIHK kammbposanvch
1O JaHHBIM KHHETHYecKoro wmertoma [44, 45].
[IpuMeHsmcst 3TOT METOA M JUTA OIPENeIeHNs KO-
HOoMHUYeckoro  kod¢p¢unmenta  (carbon  use
efficiency, CUE) — BakHeiimeli pocTOBOH Xapak-
TEPUCTUKUA MUKPOOHOTO cooOlIiecTBa B mouse [46].
CeMeHOB ¢ COaBTOpaMH TOJYYHIM HHTEPECHBIE
JIAaHHBIC 110 U3MCHEHHUSM TYJIOB B IICIOYHBIX M1OY-
Bax, YTO OCOOEHHO Ba)KHO BBUIY OTPaHUYEHHOCTH
MPUMEHEHUS! KUHETHYECKOTO METOoAa W MeToJa
CyOCTpaT-MHAYIHPOBAHHOTO [BIXaHUS B TaKHAX

Mpuxnyun
nony4eHusi

HaseaHue memooda
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nouBax (cMm. Beime) [43]. BaxxHO MOAYEPKHYTH,
YTO WCIOJB30BaHHUE ONpEeNIeHH KOHIIEHTPAUN
JHK B xauecTBe HHIIEKCa MUKPOOHOI OMOMAacchl B
[OYBax JaeT XOpOIIWe pe3yNbTaThl KaK MPH MpH-
MEHEHUH TOTOBBIX KOMMEpYECKHX HaOOpOB moOCy-
Il ¥ TOYHO OTMEPEHHBIX 103 pearcHTOB (“kits™)
[43], Tak 1 npu OoJiee NEIIEBBIX METO/AAX BBIICIIC-
HUS [44—46] ¢ COOTBETCTBYIOIIUMH pEarcHTaMH U
Oydepamu, MoJOOHO TOMY, KaK 3TO JIEJIaeTCs B Me-
tomuke BHUMCXM [42]. Uro >xe Kacaercs HcC-
clefoBaTeNel, 3aHUMAIOIIMXCA  BBIIEIECHHUEM
JHK nnst mocnenyroniero MCmojiab30BaHUSl B pe-
akuuu TP 1 cexBeHHpOBaHHH, TO OOLIMH My
MHKpPOOHON OmOMacchl OHH MOTYT JIETKO pac-
cuuTaTh 0€3 KaKUX-TO JOTOJHUTEIBHEIX J1abopa-
TOPHBEIX paboT — mpocTo no koHmeHTpamuu JJHK
B YK€ BBIJICJICHHBIX MpenapaTax.

3akaoyeHue

M1 paccMOTpenu HanboJjiee paclpoCTpaHeHHbIE
COBpPEMEHHBIE METOJBI OIpeNeNieHHs MHKPOOHOM
OromMacchl B TI04Be, He TpeOyrolre BIaJeHHs CIie-
IU(PUYECKUMHI HaBBIKAMU «KJIACCHYECKON MUKPO-
Ouonorum». BpIOOp KOHKpETHOro Mmerona Oyaer
OTIPEJIENATHCS LENBIM PSIOM (PaKTOPOB, BaXKHEH-
MAMA W3 KOTOPBIX HAaM  TPEJCTaBISIOTCS:
1) mpuGopnast 6a3a W ypOBEHb MaTepHAIBHO-
TEXHUYECKOTO O0ecIedeH s J1adopaTtopun; 2) KBa-
JmUQUKaNUs nepcoHana; 3) cnennpuuecKue 3amaun
HCCTIEJOBaHUS — HHAa4Ye TOBOPsI, TpeOyeMasl cTereHb
JeTann3aluil TaHHBIX 0 MHUKPOOHOM COOOIIeCcTBe
nouBbl; 4) (U3UKO-XMMHUYECKHE CBOWCTBA IMOYBHI,
5) 3amac BpeMeHH Ui TIPOBENICHHS HCCIIEIOBAHUH;
6) HEOOXOIMMOCTh B HCITOJIE30BAaHUH PaINOAKTHB-
HBIX WM CTaOMJIBHBIX M30TONOB. [IpuBexem KOH-
LENTyaJbHYI0 CXEeMy, OXBaTBIBAIOIIYIO CBOICTBA
BCEX BBINICONMCAHHBIX METOJNIOB, KOTOpasi, KAK MBI
HaJieeMCsl, TIOMOXEeT TPH BBEIOOpE TOTO WU WHOTO
MeToIMYecKoro noaxonaa (puc. 1).

Bo3moxHocmu Memoda

K020

Cue2Hana

meTton
BUOLIUAHBLIE

METOALI
PernapartaumoHHbIi
meTon

)
Y,
N H/lrl”‘ HeHyXHOCMb CIOXHO20
MNHeTNYecKu " v
meTon 4

DYMUraumoHHbIN

4
1//

lMpuzodHocms Ons
usMepeHull 8Hympucymo4Houl

' duHamuku
Huskasi mpydoemkocmsb
‘ y onpedenexull
A/

Bebicokasi cmeneHb

asemomamu3sayuu U3MePEHLIL7

obopydoeaHusi Onsi «MOKpoU
Xumuu»

Cosmecmumocms ¢
u3omornHbimMu memodamu

OnpedeneHue
maKcoHoMUYecKoUl
CcMpyKmypbl MUKPO6HO20
coobwecmea

Puc. 1. KoHuenTya/ibHas cxema MeTO/0B onpege/eHnA BUomacchl MoYBEHHbIX MUKPOOPraHM3MOB

Fig. 1. Conceptual scheme of methods for determining the biomass of soil microorganisms
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Hanpumep, eciv OpUHUUNHAIBHBIA MOMEHT
JUTSL ICCITEIOBATEIIS — TIPOCIICANTD CyAhOY/OIICHUTh
MTOTOK TOTO WJIM HHOTO OMO(HMIEHOTO 3JI€MEHTa, TO
ATO O3HAYaeT, YTO CIIEJYET HCIOJIB30BaTh TOJIBKO
T€ METOJIBI, JUII KOTOPHIX BO3MOXKHA KOMOHWHAIUS
C UCIOJIb30BAaHUEM CTaOWJIBHBIX WM PAIHOAKTUB-
HBIX U30TOIIOB — MCTO/bI q)YMI/II‘aHI/II/I-SKCTpaKL[I/II/I,
npodmrerr XKD, xonmenrpanun JIHK. Ecom B
J1adopaToOpur  OTCYTCTBYET OOOpYyIOBaHWE IS
«MOKpOW» XHMHH, HO TPH ITOM HEOOXOAMMO
ONpeNeTUTh MUKPOOHYIO OMoMaccy, TO B 3TOM

Vol. 3 (3), 2018

ciiy4yae BHe KOHKypeHIuu Oynyt metoast CUJ[ u
KHHETHYECKHH, IpHUeM TOCISTHUA Oojee Mpuro-
JIeH JJIS1 9acThIX ONpeesIeHuil TMHaMUKA MHKPOO-
HOH OWoMacchl, BKIIFOYass M BHYTPUCYTOUHYIO M-
Hamuky. Hazgeemcs, dYTo MBI Jamu e€ciod  HE
HCYEPIBIBAIONIUI OTBET Ha BCE BOMPOCHI OTHOCH-
TCJIbHO COBPEMCHHBLIX METOJ0B ONPCACIICHUA MUK~
pobHOIT OGmoMacchl B MOYBE, TO JOCTATOYHO TIO-
IpoOHOE OCBeIeHNe Hanboyiee MPUHITUITHATBHBIX
METOJIOJIOTUYECKHUX MPOOJIEM U TIaBHBIX UCTOYHH-
KOB OIITUOOK.
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