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3AJTAHUE JUISI

PA3JIEJIA

«COUAJIBHAA OTBETCTBEHHOCTDb»

CTyneHry:
I'pynna dHO
2JIM4Tr Kan Tatesaae Jleonnnosue
HucruryT HIIp Kadenpa DAX
YpoBeHb 00pa3oBaHus MarHCTpaTypa HanpasineHue/cienuajbHOCTh | XUMHWUECKAS TEXHOJIOIMSI

Hcxoanbie 1annblie k pazielty «CouuaabHasi 0TBETCTBEHHOCTDHY

1. XapakrepucTuka 00beKTa HccieJ0BaHks (BEIIECTBO,
Marepual, Ipuoop, airopuT™M, METOIMKa, pabouast 30Ha) 1
00J1acTH €r0 TPUMECHEHUS

Obvexm amu uccied 08aHUsL AGNAMCA. CUHMEMUYeCKUL
copbenm — uamMenb4eHHbIl HeMO OUDUYUPO BAHHBILL U
Moouguyup osannwiii 2cazobemon (I OCT 25485-89) u
Escherichia coli wumamm ATCC-25922 ¢ kauecmee mecmogoi

KYNbmypaol.

IlepeveHb BONPOCOB, MOAJIEKAIMX HCCIET0BAHUIO, TPOE KTHPOBAHUIO M Pa3padoTKe:

1. IlpousBoacTBeHHAs 0€30MIACHOCT b

1.1. AHanm3 BpeIHBIX MPOM3BOJCTBEHHBIX (haKTOPOB H
000CHOBaHME MEPONPUATHI M0 WX YCTPaHEHHUIO:

1.2. AHanM3 ONAaCHBIX MPOU3BOICTBECHHBIX (DAKTOPOB U
000CHOBaHHE MEPONPUITHI M0 UX YCTPAHSHHIO (MeXHUKA
bezonacrocmu).

- OmKnoHeHu e noKasamenel MUuKpo KIuMama 6 nomMewjeHu,

- He0 O CM aMo YHAsL O C8EWEHHO Cb Pabo Hell 30Hbl,

- npeaguluieHue YposHell uyma;

- 21eKM P 0Oe30NACHOCHIb,

- moKcuyecKue, pasopasxcaloyue Garmopbl 603HUKAIOuUe npu
pabome ¢ XuMudeckuMu p eaxmugamus;

- HOXCAP 063 PbIBOONACHO CMb.

2. DKo0JI0rn4ecKas 0e30nacHoCTb:

- anaau3z 8030eicmaus 0ovexma na 2uopocgepy (copocwr);
- aHanu3 6030eicmeus 0 6vexma Ha aumocgepy (omxoost).

3. be3omacHOCTh B Ype3BbIYAHBIX CUTYallUAX:

Haubonee 6o3modchvie 4C:

CBSI3aHHBE C TPOM3BOJICTBEHHBIMUA aBapUsMHU  (II0KapBl,
B3PBIBbI, BHIOPOC BPEIHBIX BEIIECTB B OKPY KAFOIILY IO CPEILy )

- C@A3aHHble CO CMUXULIHIMU Oe0cmeuimu (3emiempscenus,
HABOOHEHUsl, )pazambl, CMEDUU, CHedCHble Oypu, 3AHOCHL,
0NOA3HU, 008ALLL, HSNUOCMUU, IECHBLE U TN OPSIHbLE ROICADDL. .

4. [TpaBoBbIe U OPraHu3alHOHHBIE BONPOCHI
o0ecrmeueHus 0€30MaACHOCTH:

Texrmuueckuti peznamenm «O  besonacHocmu  cpedcms
UHOUBUOYATLHOU 3 AW UMBLY NPU Pabome 6 1a60pamopuu.

| JlaTa Bb11auu 3a1aHNusA /ISl pa3jeia no JuHeiinomy rpag uky

3aganue BbIAJ KOHCYJ/IbTAHT:

JloJ1KHOCTH (035 (0) YueHasi cTeneHb, Hoanucs Jara
3BaHHUe
JloteHT [lexoBmoBa H.C. K.X.H
Saua}me NPUHAJ K UCITOJTHCHUIO CTYACHT:
I'pynna (02510 IToanuch JlaTa
2JIM4T Kau Tarpsana JleonngoBHa




_ 3AJIAHUE JUISI PA3JIEJIA
«®UHAHCOBBIII MEHEJ’KMEHT, PECYPCOD®®EKTUBHOCTh 1

PECYPCOCBEPEKXEHUE)
CTyneHry:
I'pynna dUO
2JIM4Tr Kan Tateaae Jleonnnosue
HucruryT Kadenpa DAX
Yposennb o0pa3oBanus Bricmee Hanpasnenune/cnenuanb HOCTh XuMuueckas TEXHOJIOTHS

pecypcocOepeskeHHe» !

Hcxonnble 1aHHbIe K pa3aeny « DHHAHCOBBIN MEHEKMEHT, pecypcod( ¢ e KTUBHOCTDH H

1. Cmoumocmo pecypcos nayunoeo ucciedosanus (HHU):
MAMepuaIbHO-MEXHUYECKUX, IHEP2emUUecKuXx,
PuUHAHCOBBIX, UHDOPMAYUOHHBIX U YENOBEUECKUX

Cebecmoumocms pecypcos HAYYHO2O UCCAEO0B6AHUS
cocmasuna 3840 pyozei, amopmu3zayus
cneyuanvHoco  obopyoosanus 100369  pyobnei,
umoeosas niamosas cebecmoumocmv HHU 212833
pybaeil.

2. Hopmbl u Hopmamussl pacxo008anus pecypcos

Omuucnenus  Ha  coyuanvhvie  HYx#cObl  30%
cocmasunu 74431,24 pybaetl.

IlepedyeHb BONPOCOB, MO/JIEKANMX HCCJIeT0BAHMIO,

NMPOEeKTHPOBAHUIO M Pa3padoTKe:

1. OMEHKCZ KoMmep4ecKoeo U UHHOB8AYUOHHO2O0 nomernyuaia
HTH

1.1. Illomenyuanvhsie nompedumenu pe3yibmamos
uccnedoganus

1.2. Ananu3 KOHKYpEeHMHbIX MeXHUUeCKUX peuleHutl ¢
no3UYUU pecypcodPpexmueHocmu u
pecypcocbepedicenus

1.3.SWOT-ananus

1.4. Oyenxka comoeHocmu npoexma K
KOMMEPYUanu3ayuu

1.5. Memoowei Kommepyuarusayuu pe3yibmamos
HAYYHO-MEXHUYECKO20 UCCe008aHUS

2. Paspabomka ycmaga HayyHO-MEeXHUYECKO20 NPOeKma

2.1. Ycmas npoexma
2.2. Op2aHu3ayuoHHas cmpykmypa npoexkma

3. Inanuposanue npoyecca ynpasaenuss HTU: cmpyxkmypa u
epaghux npogedenust, 6100icem, PUCKU U OP2aAHU3AYUS

3AKynokK

3.1. Ilnan npoexma

3.2. Brodowcem HayyHo20 uccnedo8aHus

3.3. OpeanuzayuonHas cmpykmypa npoexkma

3.4. [lomenyuanvuvle pucku

3.5. Ilnan ynpasnenuss KOMMYHUKAYUAMU NPOEKMd
3.6. Peecmp puckos npoexma

4. Onpeodenenue pecypcHoul, PuHAHCOBOU, IKOHOMUUECKOU
a¢hpexmuenocmu

4.1 Oyemnxa cpasnumenvHol 3 pghexmugrnocmu
uccnedo8anus

Ile P€YCHb rpaq) HYCCKOI'0 MATECPHAJIA (c mounbim yKasaHuem 00a3amenbHblX yepmedicell):

1. Ceemenmuposanue pvinka

2. Oyenxa KOHKYPEHMOCNOCOOHOCIU MEXHUYECKUX Deutenuil
3. Mampuya SWOT

4. I'pagux nposedenusu 6100xcem HTH

S.

6.

Hamelmuaﬂbnble pUucKu

Oyenxa pecypchotl, punancogou u 3koHomu4eckou dggexmusgnocmu HTH

| JaTa BblaauM 3aJaHudA U pa3jaena no JUHeHHOMY rpag uky |

3ana}me BbIAJ KOHCYJbTAHT:

J10J1KHOCTH DdPUO YuyeHasi creneHb, IMoanucy JlaTa
3BaHHe
JloneHT Kpununpina 3.B. K.T.H.
3aua}me NPUHAJ K UCITIOJTHCHHUIO CTYACHT:
I'pynna D®UO MMoanucek Hdarta
2JIMATl" Kan Tatesana JIeonnnoBHa




Pedepar

Beimycknas kBammdukanmoHHas paborta coiepxkur 129 crpanmm, 15
pucyakoB, 30 Tabmmi, 99 WUCHONB30BAHHBIX JIUTEPATYPHBIX HMCTOYHHKA, 1
PUIOKEHUE.

KmoueBpie cioBa: razoderoH (I'OCT 25485-89). mramm OakTtepuu

Escherichia coli ATCC-25922, ouuTtka BOJbL, MHUKPOOHMOJOTHIECKOE 3arpsI3HEHUE

BOJHBIX CPE.

O0BeKTOM HCCJIECIOBaHNSA SIBJIIIOTCS HEMOIU(UIIMPOBAHHBII )54

MOI[I/Id)I/II_II/IDOBaHHHﬁ CUHTCTUYECKUM COD6CHT Ha OCHOBC HM3MCIBYCHHOIO

razoberona (I'OCT 25485-89) u mrramMm 0akrepuu Escherichia coli ATCC-25922.

[ens paboThl — oleHKka 3(PPEKTUBHOCTH WCTIOJIb30BAHMS CUHTETUYECKHUX

COpOEGHTOB HAa OCHOBE TIa300€TOHA JUII OYWMCTKH BOJHBIX CPEIl  OT

MHUKPO OMOJIOTHYECKHX 3 arps3HCHUM.

B IMpoueCcCC HUCCICAOBAHUA ITPOBOIUIICA HOI[6OD d)DaKHI/IOHHOFO COCTaBa,

MOI[I/Id)I/IKaHI/IH CHUHTCTHUYCCKOI'O  COp 6eHTa, DJIEMEHTHBIM  COCTaB COD6€HT a,

ONpeAc/ICHUE VACAbHON ITOBEPXHOCTH M VAEIbHOIO 00BEMA IOp 10 TEIJIOBOM

I[CCOD6HI/II/I a30Ta, OICHKA THUAPOIMHAMHUYCCKOI'O COIPOTHBJICHMA, d)I/IJ]I)TDaHI/IH

TECTOBOM CYCIICH3MH, aHAIU3 (bI/IJ'IBTDaTa N KYJIbTHUBAIIUA MHUKPOOPraHM3MOB IOCJIC

dbunsTpalmmn, onpenesieHue OUILTPVIOMIEH CIIOCOOHOCTH COPOEHTOB B OTHOIIICHUU

oaxrepuit E. Coli.

B PE3YIIbLTATC UCCIACAOBAHUA MNOJIYYCHBI OIITUMAJIbHBIC d)DaKLII/II/I COD6€HTa 4l

ux CMCCH, OIIPpCACIICHBI d)I/IS HKO-XMMHWYCCKHUC XAPAKTCPUCTHUKH, N3V4YCHBI

COD6LII/IOHHBIC CBOMCTBA M J0Ka3aHAa MNOTCHIHMAIbHAsl BO3MOKHOCTb NPUMEHCHMUS

CUHTCTHUYCCKUX COD6€HTOB Ha OCHOBE ra3o0eroHa AJI1 OYHMCTKH BOJHBIX CPEL.

O06nacTh INPpUMCHCHUSA: BOJAOOYMCTKA M BOJAOIOJAIOTOBKA B PAasJIMYHBIX

oTpacX MpOMBIINIIICHHOCTH.

CrenecHb BHCAPCHUA — HaCTHUYHAA.

DPPEKTUBHOCTh — HCIIOJIB30BAHUS CHHTETHYCCKHX COPOCHTOB SBIIACTCS

ACIICBBIM U IIPOCTHIM MECTOAO0OM OYHNCTKH BOJHBIX CPEA.




Omnpenesienusi, 0003HaAYEeHNUs, COKPALICHUS, HOPMATHBHbIE CCHLIKH
BO3 — BcemupHas opranusanus 34paBoOXpaHEHNUs;

JKKT — xemy104HO-KUIIEYHBI A TPAKT;

[TIP — nonumepasHas LEMHAs PEaKIUs;

BI'KII — 6akTepuy rpymibsl KUIICIHO N TAIOYKH,

I'AY — rpanynupoBaHHbIN aKTUBUPOBAHHBIN YT OJIb;

[TAY — nopomikooOpa3Hblii aKTUBUPOBAHHBIHN YT0J1b;

MITA — msiconenToHHbIN arap;

MIIb — MsiconenToHHbIN OYIbOH;

KOE — kosonueo6pa3yroime e1MHUIIbI;

TTX - TpudeHnnTeTpazoamyM XJIOpU/I.
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BBEJIEHHE

AKTyaJlbHOCTHL TeMbl. B Hactosmiee BpeMs BOIHAs cpena sIBISETCS
UCTOYHUKOM OCHOBHOTO KOJMYECTBAa 3arps3Hstonmx BemecTB. ColuanbHas
COCTABJISIIOIIAS BOAOIOIb30BAHUS PE3KO YBEIMYMIIOCH 3a MTOCJIEAHUE TO/Ibl, B CBSA3H C
U3MEHEHHUEM CTPYKTYpbl HCHOJb30BaHMUsI BOAbl. C y4eTOM NPOTHO30B PA3BUTHS
OTpacyiell JKOHOMHUKH, YUCJICHHOCTH HACEJICHUS] U BO3MOKHBIX U3MEHEHUHN Y 1eTbHBIX
MoKa3aTelied HKCIOJL30BAaHUE TIPECHOW BOJBI MOXeT Bo3pactd k 2020 1. (1o
cpaBHeHMIO ¢ 2005 T) BO3MOXXEH POCT BOJOTOTPEONCHUS MPOMBIIIUIEHHOTO
NPOU3BOJICTBA M 3JIEKTPOIHEPTETUKU. B CBSI3U € pasBUTHMEM arpOINpOMBILUIEHHOTO
KOMIUICKCa BO3MOXKEH pOCT BOJOTIOTpeOJieHHss B celbckoM xo3siictBe [1]. Tlo
JIaHHBIM SKCHEPTOB, HAa CEroAHALIHUI €eHb, HOpMaTUBaM NMUTHEBOM BOAbI B Poccuu
He cooTBeTrcTBYET OT 30 10 60%. BhIsiBNIEHO OOJiee 6 THICSY y4aCTKOB 3arps3HEHUS
BOJIHBIX Cpe€Jl Ha TeppuTopum ctpasbl [2]. OqHO¥M M3 Hambojiee BaXKHBIX MPOOJIEM
ABJICTCS ~ 3arpsi3BHEHWE U KAyeCcTBO  BOJHBIX  Cpel,  CBI3aHHOM  C
HEYJOBJIETBOPUTEILHON OYUCTKOW Ha BOJOMPOBOJHBIX CTaHIUSX, 3arps3HEHUEM
BPEIHBIX  BEIIECTB, MHUKPOOHMOJIOTHUECKUM 3arpsisHeHueM. [lepcriekTHBHBIM
MOJAXOOM B JIaHHOW CHUTyalluu SBISIETCSI TOUCK HOBBIX METOJIOB M CPENCTB
JTOTIOJTHUTEIILHOU TOATOTOBKHU M OUUCTKH BOHBIX CPEI.

CopOIMOHHBIE METO/bl OUYMCTKH MOJYYWIH IIMPOKOE PaCHpOCTPAHECHUE
BCJIC/ICTBHE OTCYTCTBUSI BTOPUYHOIO 3arpsi3HEHUST U BBICOKON 3((PEeKTHUBHOCTH.
AKTyaJIbHBIM PELICHUEM CIYXHUT yJICIIEBICHUE OUYNCTKH TEXHUUECKOM, MUTHEBOU U
ctounbix Boj [3]. Kak mpaBuio, mpupoaHbie COPOCHTHI HE BCEra YIOBICTBOPSIOT
COBPEMEHHBIE TEXHOJIOTMUeCKHUe TPeOOBaHUs, TaK KaK OHM HEIOCTATOYHO MPOYHBI U
UX pereHepanys BO3MOXHA MPHU YCIOBHMH COOJIOMECHHUS KECTKHX TpeboBauuii [4].
[looToMy MEpPCTIEKTUBHBIM METOJOM SIBJSIETCS TMPUMEHEHHWE CHUHTETUYECKUX
COpOCHTOB, B CBS3M C UX XOpPOIIEH TOTJOTHTEILHOW CIHOCOOHOCTRIO U
BO3MO’KHOCTBIO K MOJTU(DUKAITUH.

HeoOxonumo co3naHue HaydHbBIX OCHOB HCIOJIb30BAaHUS CHUHTETUYECKUX
COpOEHTOB B BOJIOOYHUCTKE, AJI ITOTO CJEAYET BbIOpATh palMOHAIbHBIE MYTH HX

NpUMEHEHHUS U OOOONMTh UMEIOIIMECS CBeIeHHs 00 WX WCIOJb30BaHUU B
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KOHKPETHBIX IPOLECCAX 10 OUUCTKE BOAHBIX CPEI.

Heabp wuccaenoBaHMsi: 3aKIIOYACTCS B OKCHEPUMEHTAILHOM  OLIEHKE
3(h(HEKTUBHOCTH KCIIOJL30BAHUSI CUHTETUYECKUX COpOEHTOB HAa OCHOBE ra3o0eToHa
JUIsL OYMCTKH BOJIHBIX CPEJl OT MUKPOOHMOJIOTUUECKUX 3arpsI3HEHUM .

B cootBercTBHHU € 3TUM B pabOTE OBLIM MOCTABIIEHBI CIEAYIOIINE 3aaUM:

1. TlomoOpare onTUMalIbHBIE (PPaKIUU U UX CMECH Ha OCHOBE HOBOTO
CUHTETUYECKOTO CcOpOeHTa MJisi TOJIy4YeHHS ONTHUMAIbHBIX THUIPOJUHAMHICCKUX
XapaKTEPUCTUK (PHUIBTPOB.

2. WByunth (PUBUKO-XMMHUUECKUE XapaKTEPUCTUKA  CUHTETUYECKUX
COpOEHTOB Ha OCHOBE ra300€TOHA.

3. Byunth COpOLMOHHBIE CBOMCTBA CUHTETUYECKUX COPOCHTOB HA OCHOBE
razo0eToHa JIsl OYUCTKH BOJIbI OT MUKPOOUOJIOTUYECKUX 3arpsI3HEHUH.

4. OueHUTh BO3MOXKHOCTH NMPHUMEHEHUS CHUHTETHUYECKUX COPOEHTOB IS
WHJIVBUAYAIbHOW M KOJUIGKTUBHOW  JIOOYHUCTKM  BOJHBIX  Cpe€l  OT
MUKPOOHOJIOTUYECKUX 3arpsA3HEHU.

Hayuynass HOBM3HA mnpoekTa. BrepBble HCNOJIB30BaHbl CHUHTETUYECKHUE
COpOCHTBI Ha OCHOBE Ta300€TOHA JJIsI OYMCTKU BOJBI OT MHUKPOOHOJIOTHUECKUX
3arps3Henuit. OnpeneneHbl uX COpOIMOHHBIC XapaKTEPUCTUKH.

IpakTHyeckasi 3HAYMMOCTB. Pe3ynbTaroM pabOTHl CTAI0 KOMILIEKCHAS
OLICHKa BO3MOYKHOCTHU NMPHUMEHEHUS HOBOTO CHUHTETUYECKOrO COpOEHTa Ha OCHOBE
ra3o0eroHa i OYUCTKM  BOJbl  MHUKPOOHOJIOTMYECKHUX  3arps3HEHUA B
CTAIlMOHAPHBIX U IEPEHOCHBIX CUCTEMAX BOJIOOYUCTKH.

IIpakTHyeckasi 3HAYMMOCThb pe3yabTaTtoB BKP mnosnydenHbix QuibTpoB
JUISI OYMCTKM BOJbl 3aKJIFOYAETCS B TNPUMEHEHHE CUHTETUYECKMX COpPOEHTOB Ha
OCHOBE Ta300€TOHa B TMPOMBIIUIEHHOCTH, JUJISI OYHCTKH BOAHBIX Cpe€l OT
MUKPOOHOIOTHIECKOTO 3arpsI3HEHHUS.

Peasm3anmss u anpoOdamuss  padorbl.  OCHOBHbIE  pPE3YJbTaThl
JIUCCEPTAIMOHHOr 0 UccienoBanust Obum mpencTaBiensl Ha XVII MexmynapoaHoi
HAYYHO-TIPAKTUYECKON KOH(PEPEHIIMU CTYJIEHTOB M MOJIOJbIX YYEHBIX «XUMHS U
xumuueckast Textosiorust B XXI Bexe» umenu npodeccopa JI.IL Kynésa. B paznene

14



OXpaHa OKpYXalIlel cpeapl U PalUMOHAIBHOE HCMOJb30BAHUE MPHUPOIHBIX
pecypcoB. Ilo Teme nuccepraruu omyOJuMKOBaHBI 2 Te3Wca M TOJaHA CTAaThs B
xypHan “Toxicology International” (SCOPUS) B kOTOpbIX HalUIM OTpaKCHHE
TEOPETHYECKHE MPUHIUIBI U PE3YyIbTaThl pa0OTHI.

O0beM W CTPYKTypa MAarucTepckoi auccepramum. JluccepranuoHHas
pabora wu3noxena Ha 129 ctpanunax, comepxut 30 Tabmmi, 15 pUCYHKOB H
oubmorpaduio u3 99 HamMeHoBaHui. PaboTa COCTOMT W3 BBEAEHUS, ISTH TJIaB,
BBIBOJIOB, CIICKA JINTEPATYPbl U MPUII0KEHUH.

Bo BBeneHuM packpbiTa aKTyaJbHOCTb TEMbl, ONpPEEIEHbl LU U 3anaqyu
UCCJIeIOBaHus, COpMyIUpOBaHbl HAayyHAas HOBH3HA W TpakTUYeCKas 3HAYUMOCTb
paboTel. B nmepBoli riaBe npuBeaeH JUTEpaTypHblid 0030p. PaccmoTpensl npoOiiemMbl
MUKPOOHOJIOTUYECKUX 3arpsA3HEHHI, OCHOBHBIE MHKPOOHMOJIOTHIECKUE TMOKA3aTeIH
BOJIbI, & TAK)KE METO bl OYUCTKHU BOJIBI OT MUKPOOPTAHH3MOB.

Bo BTOpo#i riaBe ommcaHbl METOJpl TMPUTOTOBJICHUS MHTATEIBHBIX CPEl,
MOPSIZIOK BBITIOJIHEHHSI pa0dOT ¢ OakTepHalbHBIMH KyJIbTYpaMH, IOJCYET OOIIEro
KOJIMYECTBA MHKPOOPraHM3MOB MerojoM Koxa, merom ¢uibTparwi BOABI C
MOMOIIbIO0 (PHITETPOB HA OCHOBE Ta300€TOHA, METO MOAU(PHUKAITNN CHHTETHUYECKOTO
copOeHTa.

B Tperbeil T1naBe MCCIENOBAHO THMAPOJAMHAMUYECKOE COIPOTUBIICHUE
UCCIIETyeMbIX (PUILTPOB, (PUIUKO-XMMUYECKHE XAPAKTEPUCTHKH MU COPOILIMOHHBIC
CBOMCTBA.

B derBepToii rnaBe JaHO AKOHOMHYECKOE OOOCHOBaHME IPOEKTA,
pPaccMOTPEHbI BOMIPOCHl PUHAHCOBOM 3(PPEKTUBHOCTH U PECYPCOCOEPEIKEHUS.

B msiTo#i rimaBe paccMOTpPEHBI BOIIPOCHI OE30MMaCHOCTH KU3HEESTEIHHOCTH B
NpOIIeCCe WCIOJIh30BAHMS CHHTETUYECKUX COPOCHTOB HAa OCHOBE Ta300€ToHA IS
OUYMCTKHU BOJIHBIX Cpell. AKLEHT CJeNlaH Ha acIeKTax COIMaIbHON OTBETCTBEHHOCTU

YYEHOTO.
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I'JIABA 1. AHAJIMTUYECKHA OB30P

1.1. ITpo0s1eMbI MUKPOOMOJIOr HYECKUX 3aTPA3HEHU BOAHBIX Cpe/l

OnHUM W3 BaXHBIX AJIEMEHTOB B JKM3HHU JIIOOOTO 4YeJIOBEKa SIBISIETCS BOJA.
[lpecHast Boma coctaBmsier 3% oT oOmero oObema Boabl M3 3TOro KonmuecTBa
YEJIOBEK MOXKET HCIOJIB30BaTh JIMIIL HEOOJBIION MPOLIEHT MPECHOM BOJABI, KOTOPBIN
coctaBisier 0,01%. B cBi3u ¢ poCcTOM HaceneHus, pa3BUTUA ypOaHU3aLUUU U
HEPAIMOHAIBHOIO0 UCHOJIL30BAHUS B MPOMBIILICHHOCTH U CEIILCKOM XO3SIMCTBE 3Ta
HEOOJIbIIIAs YaCTh MPECHOW BOIbI HAXOUTCS MOJ1 YTPo30i# [5].

B mocnennee BpeMsi pacnpOCTpaHEHHBIMH 3arpsi3HEHUSIMU BOJHBIX CPEI
SBIISIIOTCS. HE(TEMPOIYKThI, XJIOPOPTAHUYECKHUE MECTHULMABI, (EHOJbI, COCAUHEHUS
IMHKa M MEIH, a TaKke MHKpoOuojorudeckue 3arpssHeHus. [IpocnexuBaercs
HAMpaBJICHHOCTh K YBEIMYCHHUIO COpPAchIBaHUS B BOJHBIE O0BEKTHI 3arpsi3HEHHBIX
cTouHbIX BoA [6]. [lo maHHBIM BOJHOTO rocynapcTBeHHOro kamactpa B 2003 roay B
NOBEPXHOCTHbIE BOJIBI COpOIIEHO OKOJIO 20 MWIIMApJOB KyOWYECKHMX METPOB
HEOYHILICHHBIX CTOYHBIX BOJ [ 7].

OOcnenoBanue BOJ03a00POB TMOKA3al0, YTO 3arps3HEHUE BOILI MOYKHO
XapaKkTepu30BaTh, KaK «BBICOKO®» M «UPE3BbIUAWHO BBICOKOE». Hamuuue
BBICOKOTOKCUYHBIX COEAMHEHMI o00ycioBieHo B Tomckol, Kypranckoit wu
Tromenckoit o6mactu [8]. Habmromaercst pocT o0bemMa cOpachiBaGMBIX HEIOCTATOYHO
OUMIICHHBIX U 0€3 OYUCTKH 3arpsi3HEHHBIX CTOYHBIX BOJ, MPU OOIIEM CHIKEHUH
00beMOB cOpOCa B BOJIHbIE 0OBEKTHI CTPAHBI.

CrouHble BOAbl PAJIUYHBIX MPEANPUATUN, KaHAJIU3AUMOHHAs  CETh,
OPOMBIIUICHHBIE UM OBITOBbIE CBAIKH SIBJISIFOTCS  OCHOBHBIMM ~ MCTOYHHUKAMHU
MUKpoOuosiorndeckoro  3arpssHeHus  [9].  [laToreHHble ~ MHKPOOpPTaHH3MBI
O0OHapyXMBAIOTCA B MOJ3EMHBIX BOJHBIX cpenax Ha riayoune ao 300 m. [Ipuuunoii
3a0oneBaeMocTd  Okoio  40%  HacenmeHHs  CIYXKUT  MHUKPOOHMOJIOTHYECKas
3arps3HeHHOCTh Bo b1 [10].

Kak npaBuio, Bce COBpeMEHHBIE CIIOCOObI OYMCTKH BOJIBI IMPEIHA3HAYECHBI

JUIsI TOTO, 4YTOObI yOamuTh W3 BOJABI, KaK MOXHO Oosbmie mpumeceil. [lpu
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NPOEKTUPOBAHUM CHUCTEM OUYHUCTKM BO3HHMKAeT TNpoOJeMa CTOJKHOBEHHS C
MHUKpPOOHOJIOTHIECKUM 3arpsi3HEHUEM, BHOCUMBIX B OYHIICHHYIO Boay [11]. UToObI
NPENCTaBIATh, KaK OOPOTHCS C MUKPOOHOJIOTUIECKUM 3arPS3HEHUEM, HY)KHO 3HATh O
BO3MOJKHBIX MHKPOOpPraHW3Max, KOTOpbIE€ MOTYT MPUCYTCTBOBaTb B BOAHOM Cpee,
UX ONTUMAIbHBIE YCIOBUS Pa3BUTHSL.

[laToreHHBIMM ~ MHMKPOOPTAHM3MAMHM  HA3BIBAIOTCS  MHUKPOOPraHU3MBI,
criocoOHbIe BBI3BIBATh MH(EKIMOHHBIE 3a00JIcBaHMsS B JKMBOM opranmMe [12]. B
npoliecce M3MEHEHHsI OKpY)Karolleld cpelpl U BPEMEHHM IPOUCXOJUT YBEJIHYEHHUE
Yycja MaTOr€HHbIX MUKPOOPTaHM3MOB 3a CUET HUX u3MeHeHuid u anantauui. C
TEUEHUEM BpPEMEHHU YK€ H3BECTHBIM MAaTOreH MOXKET MYTUPOBAaTh U MPOSBISTH
JpyTHe CBOWCTBA, a TAKXKE BBI3BIBATH APYyrue BUAbI 3a0omneBanwmii [13]. 13 175 BumoB
96 paznmMUHBIX HHQPEKIUOHHBIX BO30OYAUTENEH, KIAaCCU(DPUIUPYIOTCS Kak HOBBIE
NaTOreHHbIE MUKPOOPTaHU3MBbL. 75% M3 3TOM TPYIIIBI COCTABIISIOT 300HO3HBIE BU/IBI,
KOTOpbIE TMEpefaloTCsd YeNOBEKY 4Yepe3 JKUBOTHBIX, OOBIYHO JTO CBSI3aHO C
yIOTPeOICHUEM B IHUIIY MsICa, UL K MOJIOKa OT O0JIbHBIX )KMBOTHBIX [14].

Meroasl  AMUAEMHOJIOTHYECKMX UM CAHUTAPHO-MUKPOOHOJIOTHIECKUX
UCCJIEIOBAHNHN MO3BOJIAIOT OOHAPYXUBATh MAaTOTEHHbIE BUABI MUKPOOPraHU3MOB, a
TaK)KE€ COTOCTABIATH YK€ M3BECTHBIE MATOTEHbI C XapaKTepPHbHIMH CUMIITOMAMH U
BbI3bIBAEMBIMHU 3a00JieBaHUSIMU. B pe3ynbTare HM3MEHEHUH HMMMYHOJIOTHYECKOTO
COCTOSIHHSI YEJIOBEKAa, a TAaKXKe DKOJOTUUECKHX, AEMOrpauuyecKux MU COLMATBHO -
HKOHOMUYECKUX U3MEHEHUI MPOUCXOAUT aJanTallys MaTOT€HHbIX MUKPOOPTraHU3MOB
K ONpEACNCHHBIM YCJIOBHSM, 4YTO TMPEJICTABISIIOT CEPHE3HYIO MpoliieMy Jist
0OIIIeCTBEHHOTO 3/IpaBooxpaneHus [15].

[laroreHHble MUKPOOPTAaHM3MBI, BBI3bIBAIOIINE HUH(DEKIIMOHHBIE 3a00JIEBaHUS
U TiepefaBacMble uyepe3 MUTHEBYIO BOAY MPEACTAaBIAIOT 0COObIN (hakTop pucka s
310poBbs. MccrenoBaHusl TOKa3aiM, 4YTO MATOrEHBI IMEpeiaBaeMble 4epe3 BOIY
SBIISIIOTCS. OJJHOM M3 OCHOBHBIX NPUYMH 33a00JI€BAEMOCTH M CMEPTHOCTH BO BCEM
mupe [16]. KommaecTBo 3a00eBIMX JFO/IEH ¢ KaXKIBIM TOJIOM BO3PacTaeT, a CIIEKTP

3a00JIeBaHUH NepcaaBacMbIX UCpPE3 BOAY YBCINYUBACTCA.
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OmnpeneneHre NaTOTeHHbIX U 00JIE3HETBOPHBIX MUKPOOPTaHU3MOB OTHOCHUTCS
K OJHOW W3 OCHOBHBIX MpoOJieM BOIHBIX cpend. bakrepuanbHOe 3arps3HeHUe
NUTHEBOM Cpenpl SBISETCS NPUYMHOW TMOSBICHUS Pa3IMYHBIX 3a00JICBaHUIA.
Hampumep, aumapes, TOIIHOTA, TaCTPOIHTEPUT, OpIOIHAsA Au3eHTepHs. Yaie Bcero
3a00JICBAIOT JIETH M JIOAM CO cllaboii mMMyHHOU cuctemoi [17, 18]. Omuum w3
HanboJiee pAacIpPOCTPAHEHHBIX MATOrCHOB SIBJSIIOTCS KoJM(OpMHBIE OakTepuu
(Escherichia Coli, Citrobacter, Enterobacter u Klebsiella), xoTopble TakKe CITy:KaT
MUKPOOHBIMH ~ MHAMKATOpaMH  3arpsS3HEHUs] MNHUTbEBOM  BOABL  VCTOYHHKH
KOJM(OPMHBIX 3arpsi3HEHUH MOYKHO OOHapYXHTh B (PEKaAIMAX, B OKpYKaromeih
cpede, a TaKkkKe B BOAE C OTHOCHUTENHbHO BBICOKOM KOHIEHTpalMed MHUTaTelbHbIX
Bemecte [19]. B cootBercTBHM co craHmaptomM BceemupHO# opraHuzanyu
3npaBooxpanenus (BO3) obmee xosmdecTBo KomMpopMHBIX Oaktepuit B 100 mut
BOJIbI HE JIOJDKHBI PEBBINIATH JOTYCTUMBIX YpoBHeii [20)].

Hmeromecst B KEMyJOYHO-KHUIIEYHOM TPAKTE 4YeJIOBeKa KOJM(GOPMHBIC
OakTepuH, PEIKO MOTYT BbI3bIBAaTh Kakue-muOo 3adoseanus. E. Coli yuactsyer B
Ooopebe ¢ Oone3HeTBOpHbIMH OakTepusimu, mnomnagarommMu B JKKT, aktuBHO
CIOCOOCTBYET OOMEHHBIM THILIEBAPUTEIHHBIM TIpOIECCaM, MMEET OTHOIICHHE K
Pa3BUTHIO 3aIUTHBIX (YHKIIMH UMMYHHOW cucteMbl. OJHAKO TOJA BIUSHUEM
BHEIIHUX U BHYTPEHHUX (PAKTOPOB JaHHbIE MHUKPOOPTAHU3MBI MOTYT CTaTh
OMAaCHBIMU JJIi OpraHu3Ma. Hampumep, uMeeTcss TUIl OMACHBIX KOJIU(DOPMHBIX
Oaktepuii, m3BectHbie Kak E. coli 0157:H7, ciocoOHbIe BIpabaThiBaTh TOKCHHBI [21].
JlaHHBIN BHJ, TIONIa1as B OPTaHM3M 4YeJIOBEKa uepe3 MUILy WIM BOAY MOKET BHI3BaTh
KPOBaBYI) JIMaper0, a TaKKe ©eCTh BEPOATHOCTh TMOSIBIICHUS  TIOYCUHOU
HEI0CTATOYHOCTH.

C 1970 roma B kauecTBe MaroreHoB ObuM OOHapykeHbl Cryptosporidium,
Legionella [22], Escherichia coli 0157 (E. coli O157), poraBupyc, rematut E u
HopoBupyc (panee Bupyc Norwalk) HaiiiecHHbIE B OKpYJKalolleld cpeze, a TakkKe B
bekamusix  yenmoBeka W kMBOTHBIX [13]. B HacTosmiee Bpems Omaromaps
JOCTMKEHUSIM B 00JlaCTWU HAyKH, TEXHUKM U DIHJIEMHUOJIOTHH TPOBOIUTH

HCCJIICAOBAHUA IIO0 YPOBHIO IIATOI'CHOB B BOAC M HX 06Hapy>1<eHH}0 CTaHOBHTCA
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3HAYUTEIBHO Jierdye. HemaBHO OTKPBITBIM NATOTEH MEPENABAEMbI 4EPE3 BOAY -

Helicobacter pylori.

Pucynok .1.1 — Buemnwuii Bun 6akrepuii 8) potopupyc u 6) Cryptosporidium

u Giardia
CyImecTByeT MOX0KUe CUMITOMBI Mexny uHdekuueir H. Pylori u 6one3Hbio
paka xenynka. GakTopsl, KOTOPHIE BIUAIOT HA ATHOJIOTHIO pPaKa )KeJyIKa, BKIIOYAIOT
B ce0s pa3HOOOpa3ue MTaMMOB, CX0XKHUX ¢ cumnTomamu 0aktepuit H. Pylori. Ognako
undekmus H. Pylori He3HaunTenpHO yBeIMYMBAET BO3MOYKHOCTH BO3HHUKHOBCHHS
paka sxenynaka [23]. Psa uccrnenoBanuii mokasan, uto Oaktepunm H. Pylori moxker

0CTaBaThCs JKU3HECIIOCOOHOM B BOJ€ B TCUCHHNEC HCCKOJIBKHUX I[Hefl.

Pucynok 1.2 — Buemmuii Bug 6axrepuii Helicobacter pylori

B mocieaHee Bpemsi eCTh BEPOSITHOCTH MOSIBICHUS YK€ M3BECTHBIX paHee
NaTOTEHHBIX MHUKPOOPraHW3MOB, TMEPEHOCHUMBIX Yepe3 BOJHYIO Cpeay. OTo
0OYCJIOBJICHO BO3HHKHOBEHHEM M PacTpOCTPAHEHHEM YCTOMYMBBIX K JIEKApCTBAM
napasutoB (Hampumep, Oaktepun Plasmodium, Be3pIBaromKe Manspuio) U

YCTOﬁQHBBIX BHPYCOB. Taxxe IMPOUCXOANUT U3MCHCHHC YCJIOBI/Iﬁ pPa3sBUTHA BOJHBIX
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pecypcoB U ypOaHU3alKU B LIEIOM, YTO MPUBOJIUT K OJIArONPHUSATHBIM YCJIOBHSIM JJIS
MHUKPOOPTaHU3MOB [24].

Ha pucynke 1.3 mnokazaHo pa3HooOpasue BHJOB  IATOTE€HHBIX
MUKpOOPTaHU3MOB, CIIOCOOHBIX BBI3bIBaTh MHPEKIIMOHHBIE 3a00JeBanus. BuaHo, yTo

OOJIBIIYIO YaCTh MATOT'€HOB, COCTABIIIIOT OAKTEpUN U BUPYCHI [25]

BHpYCH 243% &

pHKKeTCHH 5.9% Gaxrepum 48.3%
npocTeimme 11.7%

nproHe! 0.3%

KiIeyHsle YepeH 3.6%
IpHOEI 5.9%

Pucynok 1.3 — Pa3noo6pa3zue BUI0B MaTOT€HHBIX MUKPOOPTaHU3MOB

[losiBneHre HOBBIX U U3BECTHBIX MATOTEHHBIX MUKPOOPTaHU3MOB TPOUCXOIUT
3a CYET pa3IMYHBIX (PaKTOPOB. MOKHO BBIIEIUTH HECKOJIBKO U3 HUX: BO3HUKHOBEHHE
HOBBIX CpE€I W TEXHOJIOTHH, OTKpPHITHE HAay4YHBIX JOCTI)KEHHUH, a TaKke B
BO3MOJKHOCTH YSI3BUMOCTH 4eJIOBeKa. [laToreHHsle MUKPOOPTaHU3MBI MOCTOSTHHO
HBOJIIOLIMOHUPYIOT U PA3MHOKAIOTCSI, OTHOCUTENILHO OBICTPO aJalTUPYIOTCS K HOBBIM
YCIOBHSM, a TaKK€ 4YacTo NOJBEPrarTcsi MyTalusM. BiusioT npou3BOJACTBa,
KOTOpBIE CBA3aHHBI C BOJHOW CPEIOW, HAIPUMED, CENbCKOE XO3IMCTBO, YIIPABJICHUE
10 KOHTPOJIIO Haj cToyHbiMU Bogamu [15, 20]. B cooTBercTBHM CO CTparerusmu
3allMThl PECYPCOB M YIIPABJICHHUS HA IAHHBIX MPOU3BOJACTBAX JOJHKEH TPOU3BOUTHCS
KOHTPOJb M Y4YE€T BO3MOXHOTO MHMKPOOHOJIOTMYECKOro 3arpsisHeHus. Taxoke
BO3MOJKHO€ BJIMSIHUE MOT'YT OKa3aTh JieMorpauueckue, COUUAIbHO -3KOHOMUYECKHE
(dakTopbl, Ha KOTOPbIE TPYAHO OCYIIECTBUTH OMNPEJEICHHBIE MEpbl KOHTPOJS IO

OYHCTKE BOJAHBIX CPEI.
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1.2 MeToabl onpeae/ieHUss MUKPOOPraHW3MOB B BOJHBIX Cpe/iax

IlaToreHHbIM MHUKpPOOpraHu3Mam TSt obecrieueHusl CBOEH
KUZHENEATEIbHOCTH  TpeOyercst  OjarompusiTHas Cpena, 4Yamie BCEero  3To
NUIIEBAPUTENBHBIN TPAKT YEJIOBEKa M OOJBIIMHCTBA TEIUIOKPOBHBIX JKUBOTHBIX. 3a
CYeT M3MEHEHHUs XapaKTepUCTHUK M YCJOBUH B Cpele, IMaToreH ObICTpo
npucrocabianBaeTcss W agantupyercs nox cpeay [13]. IIpu m3MeHeHHMH CBOMX
CBOMCTB MATOTE€HHBIM MHUKPOOPraHU3M MOXET MYTUPOBaThb M O0Opa30BbIBaTh HOBbHIE
IITAMMBI C IPYTUMU XapaKTePHbIMU CUMIITOMAMHU.

CoopyxkeHuss ¥ TPOW3ZBOJCTBA CBsI3aHHBIE C BOJOCHAOKEHUEM TIPU
NONa/IaHNM NATOT€HOB MOTYT NPUBECTU K PAcHpOCTPAHEHUIO TaKUX 3a00JIEBaHUN
KaK, MasIpus, MMCTOCOMO3, (uiapro3 U smoHckuil sHiedammt [26]. Kpome Toro,
U3MEHEHUE KIIMMaTa CIOCOOCTBYET MOSBICHUIO BUJIOB KOMapOB, OTBETCTBEHHBIX 3a
nepenady MalsipuiHOTO Mapa3ura u Bupyca Jlexre.

[TosiBiieHME HOBBIX TEXHOJIOTMA OKa3bIBAET HEUTPAIBLHOE BIMSIHWE Ha
HKOJIOTHIO MATOTE€HHBIX MUKPOOPTaHM3MOB. OTHAKO TEXHOJIOTHH, UCTIOIb3yeMbIE TPU
00paboTKe, XpaHEHWU W PaCHpeAeSeHUH BOJbl MOTYT MPUBECTH K HOBBIM IMYTSIM
BO3/ICHCTBUS TMATOTEHHBIX MHUKpoopraHm3MoB [27]. Cuctemsl pacmpeeieHus
BOJHBIX CUCTEM pa3padaThIBAIOTCA JIJIsl YIYUIIEHUsS U TOAJepKaHus KauecTBa BOIbI.
Ho Taxke ecTh BO3MOYKHOCTh BO3ZHMKHOBEHHS MATOT€HOB C MOSIBJICHUEM MOOOYHBIX
OPOAYKTOB, CIIy4allHOrO 3aHECEHHMs B paclpeAeiuTeNbHble cuctemsl. llpu
BO3MOJKHBIX PHUCKaX, pa3padaThIBAlOT METOAbI ISl YCTPAHEHMS WM CHUKCHHS
TIOTIa/IaHUS TATOTEHHBIX MUKPOOPTaHU3MOB B BOIHYIO cucTemy [15].

Bo Bpems Bcmbimku xonepel B Iepmanuu B 1892 roxy, Osbuia
OPOJEMOHCTPUPOBaHA  YPPEKTUBHOCT,  (WIBTPALIMM C  TOMOIIBIO  TECKa,
npeaHa3HadYeHHas [Tl YAAJIeHUs MaTOT€HHbIX MUKPOOPraHU3MOB U3 MUTHEBOI BOIbI.
B I'amOypre OblT OYE€Hb BBICOKHHM YPOBEHH CMEPTHOCTH CPEAW HACEICHHUS, B TO
BpeMs, KaK B COCEIHEM ropojie ANTOH yaajioch u30exaTh OOJBINIOrO KOJIWYECTBA
CMEPTHOCTH TIPU WCTOJIb30BaHNH Tlecyanoi (punbtparmu [28]. [lanHas umbTparms
OblJla BBE/ICHA B KaueCTBE AJIbTEPHATUBHOW TEXHOJOTMU OUYMCTKU BOJbl. Bo Bpems

buibTpOBaHUS BOJAHOW Cpelbl Ha (GUIbTpax MOTYT KOHIUEHTPUPOBATHCS OakTepHUH
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pona Cryptosporidium oocysts [29], yTO NOTEHIHMATBHO OIMAcCHO IS 3J0POBbS
yenmoBeka. Jlig  mommepkanus  dddekTuBHOCTH  GUIBTpOBaHUS, Tpedyercs
peryispHas OYHCTKAa IeCYAHBIX (DUIBTPOB YCTAHOBKH C TOMOIIBIO «0OpaTHOM
TIPOMBIBKI.

Hanbosee mMpoOKo  HUCMONB3YEMBbIM  JME3MHMUIUPYIONMM  CPEICTBOM
NIUTHEBOW BOJIBI SBJISICTCS XJIOP. BriepBbie OH OB MCTIOJIB30BaH JIJISI OYMCTKH BOJIBI
J>xonom CHoy, Bo Bpemst Bembiiiku xojepbl B Jloagone [30]. Mcnonp3oBanue xiaopa
JUISI OYMCTKH BOJABI BHECIIO OrPOMHBIA BKJIaJ B OE30MacCHOCTh MUTHEBOM BOJIBI,
OJIHAKO €CTh HEOCTATKH €r0 UCIOJIb30BaHUS, KOTOPHIE 3AKITIOUAIOTCS B CIEAYIOIIEM:

m Hecmompss Ha 71O, uTO XJOp d3(dEeKTUBEH TMPOTUB OOJBITMHCTBA
BETCTaTUBHBIX OaKTepuid W BHUPYCOB, MPU HOPMAIHLHOW KOHIIGHTpAIlMK OH HE
nesunpumpyer ot Oakrepuii Cryptosporidium oocysts [31]. Kpome Toro, xiop
UMEET OTPAaHUYCHHOE BO3JCHCTBUE HA MATOTEHHBIE MUKPOOPTAaHU3MBI, PACTYIIUX B
ounomenke. TakuM oOpa3oM, €ro MCIOJIL30BAHUE CHUKAET OOIIME PUCKUA U BIUSAET
Ha BO3JICHCTBHUE TOJILKO OCHOBHBIX ITATOTCHOB.

m [lobo4uHBIE MPOAYKTHI, KOTOPHIE OCTAFOTCS IMOCJE NE3UH(EKIUN XIOPOM,
KOTOPBIE OTPaKAIOTCS B 3amaxe u Bkyce [32].

Hecmotps Ha  00pabOTKy  HMCXOMHOM  BOABI W HCIIOJB30BAHUS
Ne3UH(UIMPYIONIETO XJIOpa, 3arpsi3HEHUE BOJIOTPOBOIHON CHUCTEMBI MPOJIOJDKAET
pactu. [lomaganue MHUKPOOPraHW3MOB MPOUMCXOJHUT BO BpeMs YyTE€YKH B TpyoOax,
JIPYTUX YA3BUMBIX YacTAX CHCTEMBI, a TaKXKe BO BpeMs pabOT IO TEXHUYECKOMY
oocayxuBanuio [33]. Tlocne momagaHus B CHCTEMY BOJOCHAOXKEHHs OakTepuw,
rpuObl W MpOCTEUIIME NPUKPEIUBIIOTCS K BHYTPEHHEH TOBEPXHOCTU TPYO.
Hekotopsie u3 BUAOB MOTYT 00Opa30BhIBaTh OMOTUICHKH, KOTOPBIE 3aTp yIHSIOT HX
JAIbHEUIIIEE YTAICHUE U3 CUCTEMBI.

JlocTrkeHus B 00J1acCTH aHATMTHUYECKUX METOJIOB SIBISIIOTCS OJHUAM U3
DJIEMEHTOB OTIPE/ICIICHUS MATOTEHHBIX MUKpOoOprann3MoB [34]. BeisiBieHHE M MOUCK
HOBBIX MHKPOOPTAHM3MOB [1a€T BO3MOXKHOCTH COTIOCTABHTH YK€ TIATOTEHBI C
3a00JIeBaHUSIMU HEU3BECTHOM ATHOJIOTHH. TeM He MeHee, OCTaeTCs 3HAYMTEIbHbBIN
OPOLIEHT OT oOmIero 4mcyia 3a00JIeBaHUN KOTOPBIM HE YAATOCh acCOIMHPOBATH.
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Craructuueckue ganubie B mepuon ¢ 1991 go 2000 roj mokasbIBarOT, YTO OKOJIO
40% B030yaUTENEH MUTHEBOM BOIBI HE OBLIIO UACHTU(UIIUPOBAHO.

B  Hacrosimiee  BpeMsi  METOABI  BBIACIEHUS U WIACHTHU(PHUKAIIU
MUKPOOPTaHU3MOB OBICTPO pPa3BUBAIOTCS B COOTBETCTBUU C KOHLENIMEH MUKPOOHOM
TeopuH HH(PEKIMOHHBIX 3a0osieBaHMU. B Teuenue mnepBoil mosioBuHBI 20-TO BeEka
BO3MOJKHOCTH aHAIMTUUYECKUX METOAOB 3HAUUTEIHHO BO3POCIH, B OCOOCHHOCTH 3TO
KacaeTcsi METOJ0B O0TOOpa W TOJCYeTa MAaTOT€HHBIX MHUKPOOPraHU3MOB, a TaKXKe
OTKPBITHSI HOBBIX METOJIOB UJICHTU(HUKAIIUN OPraHU3MOB M UX KJIETOUHBIX CTPYKTYP.
brnarogapst MeTonaM KOJMYECTBEHHOTO y4eTa MUKPOOPTAHW3MOB OBIJIH BBIIETICHBI U
OXapaKTEepHU30BaHbl OOJBIIMHCTBO OaKTePUATbHBIX W MPOTO30MHBIX MATOTEHHBIX
MHUKpPOOPTaHu3MOB [35].

Campblii 00JBILION MPOPHIB B 00JACTH aHATUTUYECKON TEXHOJOTHH B TEUEHHUE
nocaenquux 30 JieT OTKpbITUE MPOCTOro M 3(P(PEKTHUBHOTO METOJa CBA3aHHOTO C
reHeTUYECKUM MaTepuajioM opranuzma. B HacTosiiee BpeMs JaHHBIA METOJ] IIMPOKO
UCIIOJB3YETCSl B MEIUIMHCKHUX, CYAEOHO-MEIULMHCKAX W  IKOJOTMYEeCKHX
naboparopusax, KOTOPBIM Has3bIBaeTCs TMojuMmepasHou mermHoi peaknuen (ITLP).
Meron TP mo3BoJsiET BBISIBUTH MUKPOOPTraHU3MbI M3 PA3JIMYHBIX UCTOYHUKOB, a
TaKe MOKET OBITh HCIIOJIL30BaH JIJIs1 OOHAPY)KEHHUS UYPE3BBIYANHO MAJTBIX KOJHMIECTB
HYKJIEMHOBOM  KHCJIOTBI, KOTOpass OJKBHUBAJEHTHA OJHOMY MHUKPOOPraHU3MY.
OOHapyXeHHe HYKICMHOBOW KHCIOTHI ¢ mioMompio III[P He o3Hagaer sBHOE
NPUCYTCTBUE MATOTEHHBIX MHUKPOOPraHM3MOB, HO JIaHHBIM METOJ SIBIISIETCS
OTJMYHBIM IIOUCKOBBIM HHCTPYMEHTOM [36].

3HauUTEIbHOE KOJMYECTBO BUPYCOB, CBSI3AHHBIX CO BCIBIIIKAMU OOJIE3HEN B
BOJITHOM cpelie He MOTyT ObITh BBIpallleHbl B J1A0OpPaTopuu C HCIOJIb30BAaHUEM
OOBIYHBIX METOJI0B KysbTUBUpOBaHus [25]. [Ipumenenne meroma [P s anamusa
MATOTEHHBIX MHKPOOPraHM3MOB B BOJE TMO3BOJMI OMNPEACIUTh HEKOTOphIE U3
HanOoJiee BaXKHBIX BUPYCHBIX MaTroreHoB. Hampumep, HOpOBUPYCHI, POTaBUPYCHI U
Bupyc renarura E [36].

Pa3paboTaHHble HEAABHO TEXHOJOTMHM OLIEHUBAIOTCS HAa BO3MOXKHOCTh HX
NPUMEHEHUs B BOJHOM MHKpoOHosorun. KoJImuecTBEHHOE M3Y4YEHHE KIIETOK

23



BO3MOJKHO IIpU MOMOIIM JIa3€pHOTO W3JIYYEHHUsS JAHHBIA METOJ CIIYKUT IS
KOJIMYECTBEHHOTO  ONPENENICHUS] YacTULl WM  PAaclo3HaHUsl  CTPYKTYPHBIX
ocoOeHHocTel KieTku [37]. AHAIUTHYECKHE BO3MOMXHOCTH METOJAMKH MOTYT OBITh
JOTIOJTHUTENbHO  pPACIIMPEHbl 3@ CYET  HUCIMOJIb30BaHUS  (PIIyOpECIIEHTHBIX
MOHOKJIOHQJIbHBIX ~aHTHTeNl [38], KOTOpBIe SBISIOTCS CHCHUPHIHBIMU IS
KOHKPETHOIO TATOr€HHOTO MHUKpoopraHmsMa. WneHTH(UKaAIMs HOBBIX U YKe
M3Y4YEHHBIX BO30yAUTENEeH HE MOJIaraeTcs TOJbKO Ha AaHATUTUYECKUE METOIBI.

Nmmvynnas cuctema obecrieunBaeT 3(G(GEKTUBHYIO 3aIUTy OT WHOEKIIHMA.
[lomumo Bo3pacta, Ha SPPEKTUBHOCTH MMMYHHOW CHCTEMBl BIHSET, YPOBEHb
NUTaHUsS, CTIpecca, Ype3MEpHOe BO3JEHCTBHE YIbTPa(UOIETOBOrO OO0IydeHus,
O0epeMeHHOCTh. HekoTopble (PakTOpbl MOIYT OKa3aTh CUJIbHOE BO3JIEHCTBHE Ha
MMMYHHYIO CUCTEMY. TpaHCIUIaHTalMsl OPTaHOB, TAKMX KaK CEpALE, I€YEHb U IMOYKH,
COMNPOBOKIACTCS JJIUTEIbHBIM TMPUMEHEHUEM HMMYHOIIO/IaBIISIOIMX TPErnapaToB
JUIsL IPEAOTBPAILICHHUS] OTTOPXKEHHUSI HOBOTO opraHa. JleueHue paka BKIIOUaeT B ceOs
OPOLEAYPhl, KOTOpbIE CHIXKAIOT 3(PPEKTUBHOCTh HMMMYHHOM cucTeMbl. [laHHas
rpymmna Jiojed O4eHb BOCIPUUMYHUBBI K WHPEKIMOHHBIM 3a00JI€BAaHUAM M HUMEET
OOJIBIIION PHCK CMEPTHOCTH OT JOOpOKauecTBeHHBIX MH(pekiuii [39].

OnpeneneHre MUKpPOOPraHu3MoB B Bojie Npou3BoJsaT corjacHo [OCTy u
CaHWTapHO-TIOKa3arelbHbIM HopMaM [40, 41]. O6riee KoJM4ecTBO OaKTEpHid B BOJIEC
ONPEAENAIOT MyTEM IOCEBa BOJbI B CTEpWibHbIE Yallku llerpu, B KoTOphle 3areM
N00aBIISIOT pacIUIaBICHHBIM U OCTYKeHHbIN 10 42—45°C arap. Ilpu uccrnenoBanuu
YUCTOW BOJBI 3ace€BalOT | MJI, a MPHU HCCIEIOBAHUU 3arpsi3HEHHBIX BOJ JIEJAIOT
nmoceBbl 10 1 mut onpenenenHubix pasBeaeHuit Boabl (1:10; 1:100 u 6onee). Yamku
nometaoT B Tepmoctar npu 37°C Ha 24 4y (wmm npu 20—22°C Ha 48 4) U 1o
UCTEYCHUH CpPOKa WHKYOallud TMOJCYUTHIBAIOT BCE KOJIOHUH, BBIPOCIIHME KaK Ha
MOBEPXHOCTH arapa, Tak W B TUIyOMHE ero, BbIOMpas Yallku, B KOTOPHIX HamboJjee
y100HO NPOU3BECTHU MOJCUET KOJTOHHM.

OO6111ee KOMMYIECTBO OAKTEpHil OTIPEISIAIOT B TIEpeCcUeTe Ha YKCIIO KOJIOHUH,
BbIpocuMX NHpu nocese 1 mia Boabl. CuutaroT, 4To B 1 M1 unMCTOW Boje oOliee

KOJIMYECTBO OakTepuit 10JKHO ObITh HE OoJiee 100, B BOJi€ COMHUTEILHON YUCTOTHI -
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ot 100 go 1000, B 3arps3aeHHO# - cBbime 1000. Obmee kommuecTBo OakTepuii B 1
MJI BOJAOTPOBOAHOM BOABI HE MOJDKHO TpeBbiiarh 100; I KOJOAIEB U OTKPBITHIX
BO10eMOB aotyckatot 10 1000.

NHTeHCUBHOCTh  (DEKaTbHOIO 3arpsi3HEHUs] BOJIBI  XapakTEpHU3YIOT JIBa
MOKA3aTelIs:

1) WHIEKC KHIIEYHOW TMalouKu (KOJIM-UHIEKC) — KOJIMUEeCTBO OakTepuii
rpynmnsl kumeaHo# nmajgouku (BI'KII), oonapyxerHoe B 1 71 BOIBI;

2) TUTp KHUIIEYHOW TANOYKU (KOJU-TUTP) — HAUMEHbIIEE KOJIUYECTBO
MUJUTATUTPOB BOBI, B KOTOpOM 0OHapykuBaroT bI'KI1.

s ompenenenust konumdectBa BIKII ucnonb3ytoT Meron MeMOpaHHBIX
(GUILTPOB, KOTOPHI OCHOBaH HAa KOHIICHTPUPOBAHUU OTIPEACIIEHHBIX 0ObEMOB BOJIBI
Ha MeMOpaHHbIX (UIbTpaX ¢ TOCIAEAYIOUMM T[OCEBOM HMX Ha Cpeny OHJO.
BpoanibHble (TUTpAlMOHHBIE) METO/bI, NMPEAYCMATpPUBAIOT MOCEB OMNPEIEICHHOTO
KOJIMUECTBA BOJbI Ha Cpeibl 00OrallieH sl, @ METOJ] MPSIMOT0 TIOCEBA - OTPE/IEIEHHBIX
pa3BeAeHU BOAbBI HA Cpeny DHIO. bpoaWiIbHBIA METON YJUIMHAET CPOK aHAIU3a Ha
CYTKH.

Bei6op merona mccrnemoBaHuMs 3aBHCUT OT KauecTBa BOABI. UHCThIE BOJBI,
KOTOpbIE XOpomio (UIBTPYIOTCS (BOAa LEHTPATM30BAHHOTO BOJOCHAOXKEHN),
UCCIIEAYIOT METOJ0OM MeMOpaHHBIX (GUILTPOB. Eciu BOIbI comepikaT pa3iudHbIC
IPUMECH, MPUMEHSIOT METOJ OPOIUIBHBIX MPo0. MeTo NpsMOTo MOCEBA Ha Cpeny
DHJI0 UCTIOJB3YIOT PEAKO, IPU UCCIIEI0 BAHUHU CUIIBHO 3arpsI3HEHHBIX TPOO BOIBI.

[Ipu omnpenenennn BI'KII y4yuThIBalOT BCE Pa3HOBUIHOCTH KHILEYHOU
NaJ0OYKU, AUPPEpeHInpysi KOJIOHUU 10 JAKTO3HOMY MPU3HAKY, OKCUIa3HOMY TECTY
U (hepMEHTaIUU TIIFOKO3bI.

KauectBo mutheBoit Boapl onpeaencao ITOCT P 51232-98 [42], B xoTopoMm
MpPEAyCMOTPEHO Kak HOpMa:

1) obmee kommaecTBO OakTepwmii B 1 Mt Bojibl He 601iee 100;

2) xommuectBo BI'KII B 1 11 BojbI (KOJIM-UHJIEKC) HA IMUIOTHBIX MUTATEIbHBIX
cpenax (Ipu MCMOJb30BaHUM METoJa MEeMOpaHHbIX (DUILTPOB) HE Oosiee 3, a mpu
MCTOJIb30BAHNUH KUIIKUX CPeJl HAKOIUIEHUs KoJM-TuTp He MeHee 300. Boma nutheBas,
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3abupaemMasi W3 KOJOJIEB, periameHTHpoBaHa «CaHUTapHBIMH TIPABUIIAMHU TIO
YCTPOMCTBY UM cojeprxkanuto kosonanes» [43], B koTopeix npexycMorpero BIKIT He
6onee 10 B 1 11, a xomu-tutp He Menee 100. [OCT 2761-84 onpenensier npaBuia
BbIOOpAa M OIIEHKM KayecTBa KCTOYHUKOB IEHTPAIU30BAHHOTO XO3SMCTBEHHO -
UTHEBOTO BoJI0cHAO)KeHMs [41]. Bosa moBepXHOCTHBIX HCTOUHHUKOB XO3SIHCTBEHHO -
MUTHEBOTO BOJOCHAOXXEHUS HE JOJ/DKHA COJIEp)KaTh BO30YAWUTENCH KHUIIIEUYHBIX
3aboneBanuii, a uuciao BI' KII nomwkuo O061Th He Oosiee 10 000 B 1 1 Boawl. CTOUHEIE
BO/JIbl CYUTAIOTCS IOCTATOYHO 00€33apakeHHBIMU TNPU KOJU-TUTPE HE MeHee 1, KoJu-

uHaekce He 6osee 1000 B 1 11, mpu HAMMYUKM OCTATOYHOTO XJI0pa HEe MeHee 1,5 Mr/miL.

1.3 MuKpoOH0I0rHdyecKue MOKAa3aTeJId Ka4ecTBa BO/AbI

[Tokazatenn kadecTBa BOJBI B BHAY BBICOKOW 3HAYUMOCTH IS 3J0POBBSI
YeIIOBEKa SIBJSIIOTCS  CTPOTO  HOPMHPYEMBIMH — TapamMeTpamu. | UrHeHUYecKue
HOPMATHUBHI TI0 TIOKAa3aTeNsIM MPEICTABICHHBIX B CAaHUTAPHBIX HOPMax M TMpaBUIIaX,
OTIPENENAIOT Ka4eCTBO U 0OE€30MacHOCTh BOJAbI. MHUKPOOHOJIOTHYECKUE MOKA3aTeH
OTIPEICISIOT OE30MaCHOCTh BOJBI B AMHIEMUYECKOM oOTHolneHuu [44]. YcinoBHO
BbIICTsIEMas Tpymnmna OakTepuil cemeicTBa JHTEpOOAKTEepHii, HUCTOIB3YeTCs B
KadecTBe Mapkepa (ekaapbHOro 3arps3HeHHs. JlaHHas TpyIma OpraHu3MoOB
NPUMEHSIOTCS B Ka4€CTBE MHIMKATOPOB W3-3a JISTKOTO OOHAPYXCHHS U OBICTPOTO
KOJIMYECTBEHHOTO ITOJICYETA.

Beiiensitor Tpu OCHOBHBIE TPYIIIBI  OCHOBHBIX ~MHUKPOOHOJOTHIECKHX
nokazareneit (Tabmuma 1.1):

* 001Ie MUKPOOHMOJIOTUYECKHE TTOKA3aTEIIH,

* (hekaNbHBIC MMOKa3aTeNu (HapUMep, KMILICUHAs MalovKa);

* OMOJIOrMYECKHUE UHIUKATOPHI.
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Tabmmma 1.1 — Onpenenenne mokazareneid 1 OMONOTHYSCKUX WHIUKATOPOB

MHUKPOOPTAaHU3MOB
I'pymma Ornpenenenue
O6ume ['pynmma  MHKpOOPraHU3MOB, KOTOpPBIE JIEMOHCTPUPYIOT
MOKa3aTeNn 3G (EeKTUBHOCTh MpoOLIECCa, HANpUMEpP TeTepoTpO(dHBIE HWIU

KoJIM(OpMHBIEC OAKTEPHUHU.

Dexanb I'pynma MHKpPOOPraHM3MOB, KOTOPBIE YKa3bIBAalOT Ha
HbIE HaYue (EeKaTbHBIX 3arpsA3HEHUN, Takue Kak  TPYIIIbI
[OKa3areau TEPMOCTOMKHUX KOJU(GOPMHBIX OaKTEPUI MM IITAMMBI KUIIIEIHOM
MAJIOYKHU.
buonor I'pynma mnu BUOsl MUKPOOPTAHM3MOB YKa3bIBAIOIIME HA
NYECKHUE HJIMYKME NAaTOT€HHBIX MHUKPOOpraHu3MoB. Hampumep, xuimeuHas
WHMKATOPbI NaJI0YKa KaK UHAUKATOP JJIs1 CaTbMOHEIUT ¥ KoJ(daros.

JIroboi1 moka3zarellb MHUKPOOHMOJIOTHUECKOTO 3arps3HEHUs] HMEET CpOK
JICUCTBUA B 3aBUCHUMOCTH OT OKPYXKAKOIIEH CpeAbl W Pa3pylICHUs CaMoro
MHIUKaTOpa. MOXHO CKa3aTb, YTO HET YHUBEPCAJIBLHOTO IOKA3aTENs, KaxKIbIN
WHAUKATOp O00JagaeT ONpeAcnEHHBIMA XapaKTePUCTHUKAMU JJIsI  OMPEIEICHHOTO

NaTOTEHHOT'0 MUKpOOpranusma [45].

1.4 MeToabl 0O4UCTKH BOJABI 0T MUKPOOPraHN3MOB

[epBoii ciyx00# 00ILIECTBEHHOTO 3paBOOXPAHEHUsI TUTHEBOM BobI B 1914
roqy ObUI OPUHAT OAKTEPUOJOIMUECKHA CTaHAapT, KOTOPBIM ObUI, NPUMEHUM K
mobomy TUIy BoAocHaOxkeHus [46]. B mpunsTOM cTaHAapTe, yTOUYHSETCS, YTO HE
Oosiee yueM B OJHOM M3 IISITH OOpasIoB HcclieayeMoro obpasma oobémoMm 10 mu
JOTMYCKAETCSl HAIWYWE KUIICYHON MaJOuKh. DTOT METOJ HAa3bIBAETCS OMpE/IeTICHHE
0011IeT0 MHUKPOOHOTO 4YHCJIa B BOJHOW Cpeae, B HACTOSIIEE Bpems A0pabOTaH H
U3MEHEH B COOTBETCTBUM C T'UTHeHHMYecKuMHU TpeboBanuamu. Ilomcuer oOmiero
Yycia 00pa3yroluX KOJOHUM OakTepuil pacCUnUThIBAETCS HA 1 MJI M UCTIOJNIb3yeTCs B

Ka4eCcTBE KpPUTEpHs OaKTEPUOJIOTUUECKOW 3arpsS3HEHHOCTH BoAbl. JlaHHBIH MeTon
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IperosaracT TOJbKO OMpeesicHne OOIIEero 4YKcia KOJOHUU Pa3HbIX THUIOB, IO
MOJIyYUEHHBIM DPE3yJIbTaTaM HENb3sl CKa3aTb O IMPUCYTCTBUUM B BOJE MATOTEHHBIX
MUKpPOOPraHU3MOB.

CymiecTByeT pa3iMyHble METOJbl IO OIPEECICHUI0 TEPMOCTOMKHUX WU
o0nmx KoJMpOpMHBIX OakTepuil. Yuenbie [47] mokazamu, 4To OaKTepHH KOTOPHIC
bepMeHTUPYIOT JakTo3y Tpu 44°C OTHOCATCS K MHIOJI-OTPHUIATEIILHBIM, TOTJIa KaK
KUIIEYHAs Tajlovyka K WHAOI-TIOJOXKUTENbHbIM. Peakiust oOpazoBaHus HHJI0JIA
SBIIETCSI DKCIIPECC-METOAOM Ji1 mpenBaputenbHoii macHtudukamuu E. Coli, kak
CaMOro pacrnpoCTpaHEHHOTO TMpencTaBUTENs (pekampbHOrO 3arpsisHeHus. JlaHHbIE
MOJIyYEHHbIE O IUTAMMAax M BHJAX KHUIICYHOW NAJOYKU MPEACTABISAIOT LEHHYIO
MH(GOPMAIMIO B OTHOLLIEHUH OXPaHbl BOJHBIX CUCTEM OT OaKTepHUalbHbBIX MTATOI€HOB
[48].

Jo 1950-x ronoB ompeneneHre nokaszarened KOJIMPOPMHBIX OaKkTepuil u
KUIIEYHON MAJIOYKU MPOU3BOAWICS B OCHOBHOM TOJIbKO Ha CTATUCTHUECKOM TOJXO0/1€
[49]. Torma kak, B 1943 roay ObLIM MONIBITKH HCIIOJH30BaHUS MeMOpaHHBIX
GbuIbTpoB BMeEcTe ¢ DHAO-OYJIHOHOM sl aHaiuu3a NUTheBOM Bozabl. [locie 1950
rogoB MeMOpaHHas (QuiabTpaius mnpuoOpena mpakTuueckoe 3HadeHue [50].
MemOpanHas GuIbTpads €cTh MPOIecC (PH3UYECKOro pasfeieHus, OCHOBOM
KOTOpPOTO SIBJISIETCSl pa3HMIA B JIABJICHUM MEXIY JABYMsS CTEHKAMH CHELHAAIbHOU
MeMOpanbl. bnarogaps »>TOMY MpollecCy CTAHOBUTCS BO3MOXKHBIM —Pa3JeisiTh
MOJIEKYJIbI C Pa3JIMYHBIMHM pa3MepaMH M CBOWCTBaM, a TaKK€ MPOU3BECTH yJAJICHUE
U3 BOJHOW cpeabl MUKpoopraHuamoB. IIpu MeMOpaHHOUW (puiabTpamu MpoOUCXOAUT
yJlaJIeHue MaTOT€HHbIX MHUKPOOPraHM3MOB B OCHOBHOM 3a CYeT pa3mepa ¢paxuuit
(0e3 HeoOxoauMOCTH Koaryssiiuu). Jlanaplil Metoa siBisieTcs 3PpGEeKTUBHBIM, 34 CUET
yIlaJIeHUs: MUKPOOPTaHM3MOB, pa3Mephl KOTOPBIX OOJIbIIE, YEM pa3Mep Top MeMOpaH
[58].

Kumeunass namoyka W €€ IITaMMbl CHOCOOHBI BBUIEISTH Ta3bl IMOCIIE
depMeHTallMU B KauecTBE NPOAYKTa >KU3HEAEATeNbHOCTH. I[Ipu 3TOM MoOXKer

00pa30BbIBaTbCS MOJIEKYJISIPHBIN BOJOPOJ, KOTOPBIA NPENSTCTBYET OOpa30BAHUIO
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merabosmToB E. Coli, mostomy dacTo KwHIeyHas TWajlo4yKa COCYIIECTBYET C
MHUKpPOOPTaHU3MaMU, CTIOCOOHBIX MOTPEOISITh Boopo 1 [51].

[Ipouieccsl ynaneHus: MUKPOOPraHU3MOB M3 BOJHOW CpEIbl 3aKIIIOYACTCS B
npeaBapuTenbHO  00paboTke, Koaryiasuuu, ¢roTalud, CEIUMEHTAIuu U
bunbTparuu. [IpenBapurenbHas 0OpaboTKa BKIIIOUAET B ce€0s MpuMeHeHue (GUIbTPOB
NpeABAPUTEIHLHON Tpy0oit ouncTku [52], GUIBTPBI IS OYMCTKA OT MHKPOYACTHI]
[53], a Taxke mpumenenue OeperoBoii (unbIpaiuu [54], kaxabii Mmeron o0aagaeT
OTPENeICHHOW (PyHKIHMEH M0 OYHuCTKEe BOAbl. [IpuMeneHne >TMX QUIBLTPOB H
METOJIOB TIO3BOJBIET yIAJIWTh BOIOPOCIH, BUPYCHl M MPOTO30MHBIC ITUCTHI, a TAKXKE
OUYHCTUTH BOAY OT BBICOKOTO YPOBHSA MYTHOCTH.

XuMHuecKass KoaryJsiiusi uMmeer OoJbinoe 3HaueHue g 3(GEHEKTUBHOTO
yJlaJleH!s] TAaTOTeHHBIX MUKPOOPTAaHM3MOB B OYMCTKHU BOZABL BMmecTe ¢ koaryisueit
UCTIOJIb3YIOTCS METO/bI (PIOKYJISIIMA U CENMMEHTALIMU, YTO TIO3BOJISIET OUUCTUTH B
HECKOJIbKO pa3 3arps3HEHHYIO0 BOAY OT OakTepHid, BUPYCOB W MpocTedimx [55].
Hcnonb3oBaHue mpolecca Koaryisaiuu oueHb d()(EKTUBHO ISl OUUCTKH TBEPbIX
METAUIOB M3 BOJHOW CpeIbl, TAaKKe BO3MOKHO TPHMEHEHHE JaHHOTO METo/a
OYHCTKH, JJI1 BOJ] C BBICOKMM YPOBHEM COJICpP KaHUS BOJOPOCTICH.

CopO1ronHas GuUabTpaIus MMPOKO UCTIONH3YETCS B OUMCTKE MTUTHEBOM BOJIBL.
3a cyer mpolecca cOpOLMU Ha TIOBEPXHOCTH U B TMOpax copOeHTa M3-3a CHII
MOJICKYJSIPHOTO B3aMMOJACUCTBUS TMPOMCXOIUT MOIJIOMIEHHE U KOHIEHTPUPOBAHUE
BEIIECTB. B coueranue ¢ IpyrumMu METOJlaMU OYHMCTKU, HANpHUMEpP, KOaryJslluu,
GITOKYISAIUK ¥ CSIMMEHTALMU XOPOIIO OYMIIACT OT MPOTO30MHBIX MAaTOTeHOB [56].
be3 npeaBapuTenbHOM XMMUYECKON OYHUCTKHU BOJIbI, COPOIIMOHHAs (puibTpanus Oyaet
CIy’)KUTh TOJBKO B KayecTBE ceTdaroro QuibTpa, W HE OyIeT SBISTHCS
3 (HEeKTUBHBIM METOIOM OUHUCTKHU OT MATOTCHHBIX MUKPOOPTaHK3MOB [57].

JloGaByieHne OKUCIIUTENEH B BOY MPUBOANT K YAAJICHUIO HEKOTOPHIX BHUIIOB
OakTepuid W COCAMHEHHUU DJIEMEHTOB jKeje3a W Mapranna. [IpuMeHeHwe Takux
OKHUCJIUTENeH Kak, XJIOp, JUOKCHJ XJIOpa, 030H, BBIMOJHAIOT AS3HUH(DUIMPYIOLIHE
cBorictBa [58]. OcHoBHbIe QakTophl, BimAIONME Ha 3(P(OEKTHBHOCTH ynaneHHs
MUKPOOPTAaHU3MOB TpPHU J00ABICHUA OKHUCIUTENS  SBISIOTCS  KOHIIEHTPAIUS
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Ne3UH(PUIMPYIONIETO CpPeACTBa, BpeMs KoHTakTa, Temmeparypa u pH. Ilpu
NPUMEHCHUN JIC3WH(QUIIMPYIONMX CPEACTB BAXKHO pPaccYUTaTh KOHIICHTPAITUIO
OKHCITUTEIIS, YMHOKEHHYIO Ha BpeMsi KOHTakTa [59].

B cucteme BogocHaOkeHHs OakTepuu MPUCYTCTBYIOLIME B TPYOOTPOBOJIE,
MOTYT 00pa30BbIBATh OUOTUICHKH, YTO 3aTpYAHSET UX yaaleHue. O4nucTka B CUCTEME
BOJIOCHAOKEHMSI 3aBUCHUT OT Je3WMH(UIUPYIOIIETO0 CPEACTBA, MPUMEHSEMOTO IS
yllaJeHUs MaTOTeHOB, BAKHO 3HATH MaTepuan TpyO JJIsl MPEaOTBpaIIECHUs] KOPPO3UU
MeTajlla WK APYTrux Ho004HbIX peakiuii [60].

Bce paccmoTpeHHbIE METOABI OYUCTKH BOABI I(PGEKTUBHBI B yIaJCHUU
B3BEIICHHBIX YaCTHI] U MATOT€HHBIX MUKPOOPTaHM3MOB. UTOOBI ONpEnenuTh O0IITyIO
3¢ (DEKTUBHOCTh  yJAJCHUST  MUKPOOPTAHM3MOB  HEOOXOJMMO  paccMOTPETh
BO3MOYHbIC M3MEHEHUSI B TPOIECCE OUMINEHUS, TIOJTOTOBKH U TPAHCIIOPTUPOBKHU
BOJIbI. B HacTosIee BpeMsi pe3ysabTaThl OYMCTKU BOJbI, HE JAIOT MOJHOW rapaHTUU
CTEpWILHOCTH. [[711 COOTBETCTBHSA THTHMEHHUYCSCKHMM TpPEOOBAaHHSAM M CTaHIapTaM
HE00XO0IMMO HCIIOJIh30BaHNE HECKOJIbKUX METOJI0OB y/IaJICHHS TTaTOTCHOB.

OIHMM W3 OCHOBHBIX CIIOCOOOB TMOATOTOBKH BOJIBI SIBIIETCSI COpPOIMS Ha
MOPUCTBIX copOeHTax (Jaimie Bcero (QUIbTPOBaHWE Yepe3 HEMOJBIKHBIN CIIOM
copoenta). B KkadecTBe COpPOGHTOB HCIONB3YIOTCS TpaHyJIMPOBAHHBIC U
MOPOIIKOOOpa3HbIe  aKTUBUPOBAHHbIE  yIJIM,  MHHEPAIbHBIE  aJICOPOCHTHI,

IMOJIMMCPHBIC MaTCpHUajbl 1 T. /.

1.5 XapakTepucTHKA U IPUMEHEHHUE a/ICOPOEHTOB

AZICOpOEHTBI, WCIHOJIB3YEMbIE JJII OYMCTKM BOJHBIX Cpel OOBIYHO
OPUPOJHOTO WM CHUHTETHUYECKOTO MPOMCXOXKAECHUS, MOJIy4YeHHbIE B pe3yJbTare
aKTUBAIIMM MaT€pUaJIOB MPOMBIILIICHHOTO Mpou3BoACTBA. [IpupoHbie ancopOeHTh —
TJIMHUCTBIC MUHEPAIbI, TPUPOJHBIC IEOJHMTHI, OKCHIbI WM OuonoamMepbl [61].
Cunrernueckue aJIcOpOEHTHI MOT'YT OBIThH KJ1acCU(UIIMPOBAHBI Ha
yIJA€pOI0OCOAEpKAILME, TMOJUMEPHBbIE, OKCHAHBIE U LIEOJUTHBIE aJCOPOEHTHI.
AKTUBUPOBAHHBIM yroJib, TIOJYYEHHBIN U3 YIJIEPOJUCTOTO MaTrepuaia MOJTydEeHHbBIN

IIyTCM XUMHUYECKOM dKTUBAalMM HJIM aKTHUBAIlMK Ta30M, ABJIIAKOTCA HanOoJiee
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NPUMEHSEMbIMU aJICOPOCHTaMU B 00JIaCTH OYHMCTKHA Bojbl [62]. Ha cerommsmmmmii
JIeHb  TMOJMMEpPHBbIE  aJCOPOEHTHI, TOJYYECHHBIE IIyTEeM  COTMOJIMMEpU3AINU
HETOJSIPHBIX M TOJSIPHBIX MOHOMEpPOB  TOKAa3bIBAIOT CXOKHME CBOWCTBA C
aKTUBUPOBAHHBIM YTJIEM, HO JIaHHbIE aJICOPOCHTHI OTIAMYAIOTCS BEICOKUMHU 3aTpaTaMu
Ha WX pereHeparuio. YTo, KacaeTcs OKCHIOB U IICOJMTOB, TO JAHHBIE aCOPOCHTHI
NPOSIBIISIIOT CUJIbHBIC TUAPO(UIbHBIE W MOBEPXHOCTHBIE CBOMCTBA, YTO TOBOPHUT 00
3pQPEKTUBHOM yIaICHUHM TMOJSIPHBIX, B YaCTHOCTH WOHHBIX COCJAWHCHUH. B
MOCJICTHEE BpEeMsT MOYKHO HaOJIfoAarh OOJBINOW HMHTEPEC K HWCIOJIL30BAHUIO B
KauecTBe aJCOPOCHTOB OTXOJOB M TOOOYHBIX TIPOJYKTOB B  KAuyeCTBE
aTbTEPHATHBHOT'O M HEAOPOTOTO c1ioco0a [63].

CuHTeTndyeckue ancopOeHThI IEMOHCTPUPYIOT CaMble BHICOKHUE BO3MOYKHOCTH
ancoporuu. JlaHHble anCcOpOEHTH TPOUBBOIATCS IO CTPOTUM KOHTPOJIEM H
BBIPQKAIOT TIOCTOSIHHBIE CBOWMCTBA. B OONBIIMHCTBE CIydaeB METOJ aiCOpPOIMH C
UCIIOJIb30BAaHUEM PA3JMYHBIX aJCOPOSHTOB XOpOIIO W3BECTHBI W3 HAyYHBIX
UCCIIeIOBaHU M WHOpMau OT npomsBoautencii [64]. C apyroét cTOpOHSI,
CUHTETHYECKHE aJICOPOCHTHI MOTYT OKa3aThCsl JOPOTUM TpolieccoM. B oTimuue ot
HEJIOPOTUX MPHUPOIHBIX U IPYTHX aJcopOeHTOB ¢ Oosiee CHIBHBIMU CBo¥icTBamMu. Ho
B OOJILIIIMHCTBE CJIy4acB MCCIICIOBAHUS JICIIEBBIX COPOCHTOB OTPAaHWUYCHBI B BUIY UX
CriermMUIHOCTA ¥ HEXBAaTKU WHPOpMAIMK JJII OKOHYATEIbHOW OIIGHKH WX
UCTIOJIb30BaHMUS.

J7st TOro 4TOOBI UCTIONB30BATh COPOCHTHI JJISI OYKMCTKU IMUTHEBOW BOJIBI, OHH
JOJDKHBI OBITh CEePTU(MUITMPOBAHBI U TOAXOAUTH IOl CTAHIAPTHI KadecTBa. Takum
00pa3oM, YHMCJI0O BO3MOXHBIX aICOPOCHTOB OTPAaHMYEHO, W BKIIIOYACT B ceOs B
OCHOBHOM aKTHBHMPOBAaHHbIC YIJIM M OKCHUAHbIC ancopOeHTtsl [65]. [pyrue
aJIcOpOEHTHI, B TOM YHCJIE CHHTETUYECKHE, IIPUTOTHBI JIJIST OYMCTKH CTOYHBIX BO/I.

[Ipomtecc  amcopOmmm  TPEACTAaBIIET COOOM TMPOIECC, CBI3aHHBIA C
MOBEPXHOCTHIO YaCTHUI[ COPOEHTA, MOATOMY Ha CTENEHb aACOPOIMH UMEET OTPOMHOE
3HaYEHHE TUIOIA/Ib MOBEPXHOCTU acOPOEHTa, KaK KII0UEBOTO MapaMeTpa KauecTBa.
B nienom, npuponHbie ancopOeHThl UMEIOT TOPas3i0 MEHbIIHUE IO TIOBEPXHOCTH,
4eM BBICOKOIIOPUCTHIE CHHTETHUYeCKHe cOpOeHThl [66]. Hambosmpmmmu miomaasmu
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MOBEPXHOCTH 00J1a/1al0T AKTUBUPOBAHHBIE YIJIU U MOJMMEPHbIE afcopOeHThl. OTHUM
U3 TJIABHBIX YCJOBUHM [JIs1 BBICOKOM IUIOLIAJM TOBEPXHOCTH SIBJISIETCSI BBICOKAS
NOPUCTOCTh ~ Marepuaia, KoTopas oOecneduBaeT  OOJIbIIYIO  BHYTPEHHIOIO
NOBEPXHOCTh, OOpa3oBaHHas CTEHKaMU T1Op. BHYTpeHHSsI  MOBEPXHOCTH
CUHTETUYECKHUX aJCOPOECHTOB 3HAYUTENHHO OOJIbILE, YEM KX BHEIIHSS MMOBEPXHOCTh
yactull. Kak mnpaBmiio, yem OOJibllle M TOHBIIE MOpPHI, TEM BBIIIE BHYTPEHHSS

MOBEPXHOCTb.

1.5.1 AKTUBMPOBAHHBIH YT 0JIb

ACOpOIIMOHHBIE CBOMCTBA YIJIEPOHBIX MaTEPHUATIOB (HApUMED, APEBECHBIN
yroJib, KOCTSHOM yTOJib) ObUIM M3BECTHBI B TE€UCHHUE JECATUICTHI, HO C JBaALIaTOTO
BeKa C TIOMOIIBIO MPOIIECCOB AaKTHBAIIMM OBIIM YIy4IIEHbI CBOWCTBA JTaHHBIX
MarepuanoB [67]. AKTHBHpOBAaHHBIC aTOMBI YIJepoja MOTYT OBITh TOJYYCHBI U3
pa3IMYHBIX  yIJIepoJcoAepkammx BemiecTB. Hambomnee pacnpocTpaHEHHBIMU
BEIIIECTBAMHU  YTJIEPOOCOJIEPIKAIIUX BEUICCTB SABJISIOTCA JIPEBECHHA, JPEBECHBIN
yrojb, Top®, Oypblil yroyib, KOKC, KAMEHHbIA YTOJib, OCH3MH, & TAK)KE€ OCTATOYHBIE
MaTepuaibl, TaKHE€ KaK CKOPJIyla KOKOCOBBIX OPEXOB, OMWIKH, WM IJIACTUKOBbHIE
OCTaTOYHbBIC MPOAYKTHI [68].

AKTUBUPOBAaHHBIC YIVIM TIPUMEHSIOTCS B JBYX pPa3JIMYHBIX (dopmax,
rpaHyJUPOBAHHBIN aKTHBUPOBaHHBIN yroib ('AY) ¢ pazmepoM dacTuil B JUANa30He
ot 0,5 10 4 MM u mopomKkooOpa3Hei akTHBUpOBaHHKIN yroib (ITIAY) ¢ pasmepom
yactull <40 MkM. Pa3nnuHble pasMepbl YacTHUIl CBSI3aHbI C Pa3JIMYHbIC METOJaMHU:
IIJITAMOBBIC PEAKTOPHI JIs ipuMeHeHust [TAY u ¢ HemoABMKHBIM CJI0EM aicopOepoB
s TAY [69].

AKTUBUPOBAHHBIC aTOMbI  yIJIEpOJla TOKa3bIBAIOT MIMPOKHUN  CHEKTP
BHYTPEHHHX YJaCTKOB [OBEPXHOCTH B MPEIEIAX OT HECKOJIBKHAX COTEH M-/T' 10 Gouiee
MOIyTOpa ThICSM M/T B 3aBHCHMOCTH OT HCIIOJB3yeMOrO ChIPbS H IPOLECCa
aKTUBAIIUA. AKTHBUPOBAHHBIN YTOJb JJIs1 OYUCTKH BOJBI HE JOJDKEH UMETh KPYITHBIE
MOpbI, TaK Kak KPYIHBIE MOJEKYJIbl MOTYT aJICOPOMPOBATHCS HA BHYTPEHHIOIO

noBepxHOCTh copOenTta [70]. BHyTpeHHHME y4acTKH MOBEPXHOCTH AKTHBHPOBAHHBIX
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yIiled, NMPUMEHSIEMBIX JJIs1 OYMCTKH BOJBI, KAaK IPABWIIO HAXOJATCS B JIHMAIAa30HE
800-1000 M°/r.

JIpeBECHpI M AKTMBUPOBAHHBIM YrOJIb IIUPOKO HMCHOJIB3YETCS B KAaueCTBE
aficopOCHTOB il OYMCTKM BOJBI B OCHOBHOM, NPUMEHSIOTCS Il CHMXKECHUS
TOKCUYHBIX OPraHUYECKHX COCIMHEHMI, a TAaK)K€ HENPHITHOIO BKyca W 3araxa B
BoJsie. JIpeBecHBIM yrojib WIM AaKTUBHPOBAHHBIM Yrojib XOPOIIO aacopOoupyer
MUKPOOPTaHU3Mbl M3 BOJBI, OJHAKO MHKPOOPTaHU3MbI MOTYT OBICTPO 3aHUMAaTh
LEHTPHI azcopOumu U yriepona. Bo BCskoM ciydae, yriaepoHble YaCTULbl CKIOHHBI
NPUTATUBATh OAKTEPUU U APYrUe KOJOHU3ZHUPYIOUIME MUKPOOPTAHU3MbI, TEM CaMbIM
CHIDKasi MHKpoOHWosormdeckue KkadectBa Bomabl [/1]. Bo wmHormx cucremax
UCIIOJIBb3YETCsl YIIepoA, NPOINUTAHHBIM WM CMELIAHHBIM C cepedpoM, KOTOPBIi
CIy’)KUT B KauecTBe OaKTEpUOCTATUUECKOro cpenctBa. [IpoucXoauT yMmeHbIIEHHE
MUKpPOOHOW KOJIOHM3AllUK M KOHTPOJIb MHUKPOOHOJOTHMYECKOTO COCTOSIHUSL B
ouniieHHOU Boze. [lo mpuurHaM HaKOIJIEHUs] MUKPOOPraHU3MOB Tocie GUibTpaluu
3arpsi3HEHHON BOJIbI, (PUIIBTPHI Ha OCHOBE AKTUBHUPOBAHHOTO YTJIsi MOT'YT BBI3BAaTh
BBIOPOC 3arpsi3HEHUIl B OYMINEHHYIO KHAKOCTb, TOJTOMY JlaHHBIE (UIBTPHI
TpeOyeTcsi NepUOANYECKH 3aMEHSTh.

CymiecTByeT METOJbI € HCIOJIB30BAHMEM YIJIEpOJa BMECTE C JIPYTUMU
XUMUYECKUMU areHTamu. Hanpumep, yroiabHeie GUIBTPHI, COAEPIKAIIME COSTUHEHHUS
AMOMHUHUSA WIM OKCHAA JKene3a, TH (UIbTPhl 3aMETHO CHIDKAIOT — KOJMYECTBA
MUKpOOHOTO umcia B Boue [/2]. I'paHynMpoBaHHBIN aKTUBUPOBAaHHBINA YTOJib B
KayecTBe (UIBTPYIOUIEr0 Marepualia, TMOJyYEHHBI C MOMOIIbI0 XUMHUYECKUX
areHToB OoJsiee >PQPEeKTUBEH B OYUCTKE OT MHUKPOOOB. B HacTosiee Bpems miis
OBITOBOM OUYMCTKH BOJHBIX CpEl PEKOMEHAYIOT MCIOJIb30BaTh AKTUBHPOBAHHBIM
yrojb B CMECH C JPYyrUMH MaTepuajiaMu, 4YTOObl YMEHBIIUTh BO3MOKHOCTb

MHUKPOOHBIX 3arpsI3HCHHM.

1.5.2 lleoauTnl

B npupoae BcTpedaroTcsi pa3fiM4yHbIe BHIBI LEOJUTOB. B mpakTHke yariie

BCCTO HUCIIOJIb3YIOTCA  CMHTCTHUYCCKHC  LCOJIMTHI. CuHTeTHUCCKHE OCOJIUThI
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V3TOTABJIMBAIOT U3 BOJAHO-LIEIIOYHBIX PACTBOPOB KPEMHHUS U COCAUHEHUN AIFOMUHUI
[73].

[lo XMMUYECKON CTPYKTYypE LIEOJUTHI — 3TO AFOMOCWIMKAThl. VX CkeneTHas
CTPYKTYpa COIAEPKUT ITyCTOThI, 3aHATHIE KPYITHBIMM HOHAMU M MOJIEKYJIAMU BO/IBI,
YTO MPUBOAUT K MOHHOMY OOMEHY M oOparuMoi aeruaparanuu. Kpuctammyeckas
pemérka 1eoJMToB chOpMUpOBaHA TETpadpaMH, B IEHTPaX KOTOPBIX HaXOIATCS
aTOMbI KDEMHHUS M AIFOMUHUSA, a B BEPUIMHAX — ATOMbI KUCIIOPOJa.

eomter  obOecneunBaroT 3(PGEKTUBHOE  yOaJCHHE MHOTHX  BHJIOB
3arps3HeHud. [IuTheBas Boma C BBICOKOM KOHIEHTpAMEd MapraHla, KeJesa,
(eHoI0B, aMMOHUIHOIO a30Ta, METaHA, TSDKENBIX METAUIOB HEPTENpPOAYKTOB, U
HEKOTOPBIX  MHKPOJJIEMEHTOB  BBI3BIBAIOT  HENPUATHBIE  OPraHOJICITUYECKUE
OIIYIICHUS U TIPEACTABISIOT OTIACHOCTh JIJIS 3J0POBbs UenoBeka [ 74].

@UIbTPOBAHKE B MPUMEHSIEMBIX CXEMaX OYHUCTKH BOJ HE MPETYCMATPUBAOT
rIyOOKOM OYHMCTKHM OT YKa3aHHBIX 3arpsisHeHui. [IpuMmeHeHune GUIbTPYOIIEro
MaTtepuaisa C BBICOKUMHU COPOLMOHHBIMU M aJIT'€3MOHHBIMU CBOMCTBAMH, MOKET
peumTh AaHHylo npooieMy. OJHUM U3 HamboJjee MEePCINEeKTUBHBIX (PUIbTPYIOMIUX
MaTepuasoB SIBISETCS 1EOJMUT M, B OCOOCHHOCTH, KIMHOTTHUIIOUT, KOTOPBIA MOXKET
UCIIOJIb30BATHCS MPU OYUCTKE BOJ OT MOHOB KEJe3a, aMMOHMUS, TIXKEIIbIX METAJUIOB,
pPaTMOHYKJIEUIOB, OPraHNYECKIX COCMMHEHUN M Pa3IMIHBIX MUKPOAJIEMEHTOB [73].
B omimyme oT KBapEeBOTO IECKa IEOJUTOBbIE (MIIBTPHI TMO3BOJIIIOT YIIYyUYIIUTh
Ka4yeCTBO OYMIIAEMON BOJbl M TOBBICUTH TEXHOJOTHMYECKHUE MapaMeTpbl pPadOThI
OUMCTHBIX coopykeHuil. Takue QUIBTPHI HafEXHBI B AKCIUTyaTaluu. OUIbTP €
IIEOJITUTOBOM  3arpy3kKod  ynmajsieT  [BETHOCTb, MYTHOCTh,  (PUTOTUIAHKTOH.
[eomutoBomy  unbTpy mpucymie ©OoJiee  paBHOMEpPHOE  pacmpeiesieHue
3a/IEp)KUBAEMOIO  OCajKa M0 TOJIIMHE 3arpy3KH, Ye€M KBapLEBOMY IIECKY,
CJIEICTBHEM YEro SIBJSIETCS MEHbBINAs MoTeps Hamopa U 0oJiee MPOAODKUTETHHOE
3ammTHOE JckicTBUe [75]. Bbicokuit koadduimeHT Gopmbl 3epeH, 3HAYUTEIbHAS
MEXK3E€pHOBasi MOPUCTOCTh OOECIEUMBAIOT BBICOKYIO TIPA3EEMKOCTh LEOIMTOBBIX
(GUIbTPOB, MPEBBIIAIONIYI0 B 2-6 pa3 3TOT MOKa3aTelb Al MeCYaHblX (UIBTPOB.
HecmoTpst Ha 0oJiee BBICOKYIO IPSI3€EMKOCTh LIEOJUTOBOM (PUIBTPYIOIIEH 3arpy3KHu,
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€€ OTMBIBKA OT HAKAILJIMBAIOIIETOCS OCaJIKa MMPOUCXOIUT OBICTPO M MHTCHCHBHO [76].
HccnenoBanue (pU3MKO-XUMUIECKHUX, (PH3UKO-MEXaHUIECKHX CBOMCTB MOKA3aJlo, YTO
IICOJIUT OTBEYALT TPEOOBAHUAM, MPEIBABISIEMBIM K (PHIILTPYIONMM 3arpy3kam, U 10
HEKOTOPBIM  TOKa3aTelsiM  MMEET  HECOMHEHHbIE  MPEUMYINECTBA  MEpen
TPaJUIIMOHHBIM KBapIIEBBIM MECKOM: 00JianaeT 0ojee BBICOKOW MOPUCTOCTHIO U
yIIebHON TIOBEPXHOCTHIO, MEHBIIICH IJIOTHOCTHIO. [Ipu MccineqoBaHUM PUMEHEHHUSI
[IEOJIUTOB 11 OYUCTKH TWUTHEBOM BOJA TMOJYYEHBI CIEAYIOUIME PE3YIbTaThI:
cHmkeHune conepxkanusi HUTpUTOB (100%), HuTpatoB (89%), cBuHIA, (HEHOJIOB,
HedrenpoaykToB (100%), xmopunos (91%), xene3o (89%) [75]. AByxiaeTHHI OTIBIT
AKCIUTyaTalluy 3arpy304HOr0 MaTepuajia MPOJEeMOHCTPUPOBAI €0 TMOJIOKHUTEIHHBIC
AKCILUTyaTallMOHHBIC KaueCTBa.

Pa3paboTana oyuCTHasi YCTaHOBKA C OJHOBPEMEHHOW cCOpOIMEH HOHOB
Kelesa, Maprafila, Kalbllds, MarHusi W cepoBooponaa. [ urueHmdeckas OIEHKA
nokasaja, 4To ¢ IPUMMEHEHHEM 1I€0JIMTOBOM 3arpy3Ku B BOJI€ CHU3WIOCH COJlEpIKaHNe
a30Ta, TMOHMBWIACH ECTKOCTh, IIEJIOYHOCTh W TIGPMAHTAHATHAs OKHCIIIEMOCTb,
YMEHBIMJICSL  3amaxX, I[BETHOCTh, KOJUYECTBO MHUKPOOPraHu3MoB. (OTMEUEHO
CTaOMIIBPHOE CHIDKCHHE B OCBETIICHHOM BOJIE KOJM-UHIEKCa, OOIIEro yrcia OakTepuid,
¢uto- u 3001IaHKTOHA. C MOMONIHIO IIEOJUTOB BO3MOYKHA OYHCTKA BOABI OT
oenzonupena. KoHuenTpaius B pacTBOpe TOro BellecTBa yMeHbInanach B 260 pas
[74].

TpaauimoHHbIE METOIBI JITIsI OUUCTKU B CITydae Crenn(puuecKux 3arpsi3HeHHMI
HE TapaHTUPYIOT KauyeCTBO MHThEBOW BOJBI. PacmpocTpaHeHHBIE COpOEHTHI
(aKTUBMpPOBAaHHbIEC TPAHYJIMPOBAHHBIC WM IMOPOIIKOOOpa3Hble YIriu) 3PPEKTUBHBI
TOJILKO JIJISI OPTAaHUYECKUX 3arpsi3HEHHIA, a BBICOKas IICHA CIIEPIKUBACT MX HIMPOKOE
IpUMEHCHHE.

Hayunsie  wuccnemoBaHusi  yCTAaHOBWJIM — HaJWMdWe  COPOIMOHHBIX U
MOHOOOMEHHBIX CBOMCTB y MPHUPOAHBIX I1e0iMTOB. HO 3TM CBOiicTBa, Kpome
WCIIOJIb30BaHUS TIPOTHB OPTaHWYECKUX 3arps3HEHUN, TPOSBISAIOTCSA €Il W B

OTHOIIICHUH PATUOHYKITUIOB U TSKEIBIX METaIUIOB [76].
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[leomuT mpuUMEHSETCSs B KauyecTBE 3aCHIIKH JJII OYHUCTKH BOJBL, KaK OT
OBITOBBIX, TaK 1 OT MMPOMBIIIICHHBIX 3arpS3HEHUH, a TAKKeE:

e  JUIA OCBETJICHHUS U OYUCTKH PEUHOU BOIBI;

e B BOJOEMax JUIs pa3BeIeHUs pbIObI, OYHUINAS BOJY OT AaMMOHUS,
o0e33apakuBasi OT BUPYCOB U OaKTEpHii;

e  Ha BOJIOOYHMCTHBIX COOPYKEHUSX;

« B OacceifHax, yBeIMYMBas B 2 pa3a MpPOJ0DKATEIBHOCTh (DHIHTPOIIMKIIA
[74].

Hcrnonp30BaHre 1IE0IMTOBBIX (PHIIBTPOB HA BOJIOOY MICTHBIX COOPY)KEHUSX U B
OBITOBBIX YCJIOBHUSX TIOBOJUT KA4€CTBO MUTHEBOM BOJIBI IO COOTBETCTBHUS CAHUTAPHO -
rUrueHuueckumM HopMmam [77]. Taxoke OYHMIarOTCss OBITOBBIC CTOKH C NMPHUMEHEHHUEM
3aCBHITKA MUHEpaja B OTCTOMHUKKA B KadecTBE (PHIHTPOB pPa3IMYHBIX TUIOB. B

JanbHenIeM Marepuai (uiIbTpa MoJABEPraeTcs pereHepaluu.

1.6 IlpumeHeHMne ra300eTOHA B Ka4eCTBE CHHTETHYECKOr 0 COpPOeHTa 1151
OYHCTKH BOJbI

['a300eToH  ABNAETCS  YHUKAIBHBIM — MaTepHajioM, KOTOPBIM  IIMPOKO
UCIIOJIb3YyeTCsl B JOMOCTpOeHUU. OH MOAXOIUT AJis1 BO3BEJEHHUS BCEX TUIIOB CTEH, B
TOM 4uciae W HecymuX. OTiaMYHbIE  3BYKOM3OJSILIMOHHBIE  CBOWMCTBA,
M0kap00e30MacHOCTh, MOPO30CTOMKOCTh M JIETKUM BeC MO3BOJISIIOT MPUMEHATH €ro
IPU CTPOUTENILCTBE MPOMBIIUICHHBIX 0a3, )KUBOTHOBOYECKUX (PepM, KHUIIbIX JTOMOB.
["a300eToHHbIE OJIOKM HE TOABEPKEHbI THUEHUIO 10 CPAaBHEHHIO C JPEBECHUHOU.
Knaaka ocymiecTBisieTcss HAMHOTO ObICTpee, YeM W3 KHUpIu4ya, IpU 3TOM U IIeHa
ra3o0eToHa CyIIecTBeHHO Hike [78].

SAueuncrtas cTpykTypa coctapisieT noutu 85% obObema Bcero 0J0Ka, OATOMY
JaHHBIM MaTepuall OTIMYaeTcs BechMa JIETKUM BecoM. Bce cocTaBisitomme
(KBapIIeBBIM TECOK, IIEMEHT, HM3BECTh) 3aTBOPAIOTCS OOBIKHOBEHHOW BOJOW U
pa3MENIMBAIOTCS B CIEIHAILHOM cMecuTenie B TedeHne 5 muHyT [79]. Bomopon,

00pa30BaHHBIN peaKIued MEKTYy aTIOMHHHEBOW macToi (Iyapoi) W H3BECTHIO,
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obpazyer mopel. [ly3pippku pazmepamu ot 0,6 10 3 MM paBHOMEPHO
paccpenoTOYMBAKOTCS 10 BCEMY MaTepHay.

B Metanimueckux eMKOCTSIX WK (popMax MpoTEeKarOT OCHOBHbIE XUMUYECKUE
peakuuu. Cmech nojJBepraercsi BUOpanum, cocoOCTBYIoUIeH cxBareiBanuio. locie
3aTBEp/ICHUS], BCE HEPOBHOCTHU C TIOBEPXHOCTU CHUMAIOTCS CTaJIbHOUM cTpyHOM. Ilmact
pazzaensiercsi Ha OJIOKM, M 3aTeéM OHHU OTIPABISIOTCS B aBTOKJIABHYIO YCTAHOBKY.
KoneuHas kamrOpoBKa rOTOBBIX OJI0KOB OCYIIEeCTBiIsIETCS (ppe3epHoit Marmuoit [80].

['a300eToH MOXKeT OBbITh IPOU3BEACH pa3IM4YHbIMH 0OpaboTkamu [81],
TaKUMU KaK:

o  Asmoknasnas o6pabomka. JlaHHBI OTall 3HAUMUTENIBHO YIIy4IIaeT
TEXHUYECKUE XapaKTEPUCTUKHU ra300eToHa. 37eCh B TeueHUE 12 4acoB MPU BHICOKOM
JaBJICHUU MPOBOAUTCS 00paboTKa mapoM, TEMIIEpATypa KOTOPOrO COCTABISIET OUYTH
200°C. Takoit mpoliecc HarpeBa JeiaeT TEKCTypy OoJiee OJIHOPOAHOM, TEM CaMbIM
yJy4liasg MpOYHOCTHBIE CBOMCTBA (HE MeHee 28 Krc/m?)

o  HeaBTokiaBHas TEXHOJOTHS 3aKJIIOUAETCSI B €CTECTBEHHOM 3aTBEPICHUU
cMecu. B 3TOoM ciiydae ero BIOJIHE MOKHO TMPOUZBECTH CBOMMH PyKaMH, TaK Kak
371ech HE TpedyeTcs crenuaibHoro ooopynoanus. [IpodHOCTs OJIOKOB MPU TaKOM
MIPOM3BOJICTBE HE MpEBBIIIaeT 12 Kre/m?.

CylecTByeT MHOTO IIPEUMYIIIECTB HCITOJIb30BaHus ra3o0eToHa [82].

- JlerkocTe. biok D500 pazmepamu 30x25x60 cm Becut 0ko10 30 Kr.

- TemnonpoBoAHOCTh. fluencTas CTPYKTypa CO3AAeT TEIUIOMU30JSUOHHBIN
addekr. Takke maHHBIM MaTepHall CIIOCOOEH COXPAHATh TEIUIO, a B JICTHUN CE30H —
OPUSATHYIO IPOXJIAY.

- Tloxxapobe3omacHoctb. ChIpbe, HCIOJIB3YEMOE B IMPOU3BOJCTBE, HMEET
MUHEpaATbHOE TIPOUCXOKIEHUE, TI0 CBOMM CBOWCTBaM — He Toprouee. [loatomy 6710ku
CITIOCOOHBI BBIZIEPKATh BO3IEHCTBUE OTKPBITOTO INIAMEHH B TEUCHHE 3 4acoB.

- Mopo3zoyctoiiunBocTh. [Ipu cOOMOIEHNN TEXHOJOTHM Ha BCEX HJTamax
CTPOUTENILCTBA, JIaHHBI Marepual CHocoO€H BbIIEpKaTh OoJsiee 25 LHKIOB

3aMOPO3KU/OTTaUBaHMUS.
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- IIpouynocTs. BpICOKMI mOKa3arenb MPOYHOCTH HA CHKATHE JOCTUTACTCS
IIyTEM €ro MPOXO0XKICHUS YEPE3 ABTOKIIABHYIO YCTAaHOBKY.

- DOKOHOMUYHOCTh. bnarogaps 0osbiMM radapuram M JETKOMY BECY HTallbl
CTPOUTEIbCTBA OCYILECTBIISIIOTCS OBICTPEE, UEM U3 JPYTUX MAaTEPUAIIOB.

- Jlerkocth oOpaOareiBanus. Ilpunate emy moOyio (opMy MOXHO Tpu
MOMOIIM PYYHBIX CPEACTB, HANPUMEP, HOKOBKHU WM TWILL BIOK jerko pexercs,
CBEpJIUTCA.

- DKOJIOTUIHOCTh. HOBBIE TEXHOJOTHH Jat0T BO3MOXKHOCTh HPOU3BOJIUTH ATOT
Marepuall U3 ChIpbsi, HE BBIJIEISIONIETO TOKCHYHBIX BemlecTB. [lo skosnorumueckoit
YHACTOTE OH YCTYNAET JIMIIb APEBECHHE, HO IIPU 3TOM HE IOJABEPIKEH TOPEHMIO,

THHUCHHIO, BOBHGﬁCTBHIO HaCCKOMBIX.
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I'JTIABA 2. OB BEKTBI UMETOAbI UCCJIEIOBAHUS
2.1 IIpubops1 1 000pyaOBaHUE.

OOGopynoBaHue,

1. HMuky6arop co BcTpoeHHbIM IeiikepomM DAIHAN WiseCube®WIS-30,
yIpaBJIeHUE TEMIEpaTypoil ¢ Tmomolipio IMdpoBoro koHTposuiepa Fuzzy Logic B
nuarnazone 10 .. 60°C, npoABUHYTHIN MAJIOLIYMSIIUNA BCTPSAXUBAIOIINNA MEXAHU3M C
UGPOBBIM JTUCIIICEM, OOECTICUMBAIOIIMN TMPEIU3NOHHYI0 CKOPOCTh,  MOJKHO
yCTaHaBIUBaTh KOJOBI 00BeMoM 10 1000 mi

2. boxc Ouonoruueckoit 6€30MacHOCTH BTOPOTO KJlacca ¢ TOPU3OHTAIbHBIM
notokoM Streamline SC2 ¢ MUKpOIPOLIECCOPHBIM KOHTPOJIEM pabOYero COCTOSHHUS
Ha Oa3e cucteMbl Sentinel Delta™, ocHaleH 3JIEKTPUYECKUMU PO3ETKAMH,
YHUBEPCAILHBIMU  KpaHamMu  (BO3AYX, Ta3bl, BakyyM) U OaKTepHUIUIHOM
yIbTPaprOJIETOBOM JIAMIIOHM.

3.  AstokimaB DAIHAN WiseClave WAC ¢ cuctemoii ynparienus Fuzzy
Logic, »MeKTpOHHOW CHUCTEMOW 3amvpaHusi ABEPH, 2 TMPOBOJIOYHBIC KOP3WHBI, JI0
132°C, makc. 2 kr/cm2, 47, 60, 80 u 100 matpos, "CE-MDD ceptudukarms"

4. TlepuctanbTHUECKHI HAcOC C OTKUAHOM rojoBkod 313D mist ObicTpoid
YCTaHOBKH TPYOKH, IIU(PPOBOE yHpaBiieHUE CKOPOCThIO OT 1 06/MuH 10 400 00/MHH C
maroM 1 06/mMuH. MrHOBEHHBIN peBEpC.

5. Cymmumenbiii mkap LOIP LF-25/350-GG1l. Moaenp 6e3 BEHTUIISTOPA,
BKJIFOYAsi KaMepy U3 CTAM C 0a30BbIM  PETYJATOPOM. VYHuBepcabHas,
BBICOKOTOYHAsI dJIEKTPOIeYh JUI HarpeBa, TEIUIOBOM 0OpabOTKM pa3IMYHBIX
MaTepUaIOB, BHICYIIIMBAHUSA B BO3AYIIHOW cpee npu Temneparypax a0 +350°C.

6. Becoi maboparopueie npernmsuonusie  Unigram  ET-600I1-M ¢
HanOOJIBIIIAM TIpeenoM B3BemmBanus 600rp.

7. AxBamuctwuiarop WD-2008F Daihan Labtech wucnomesyercst s
MOJIy4eHHsI KaueCTBEHHOW IUCTWIUIMPOBAHHON BOJBI MEIUIIMHCKOTO, OBITOBOTO U

TEXHUYECKOro HazHaueHus. [ IponsBoaurensHoCTh 7.5 11/4ac.
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B pabote wucmonp3oBamack MepHas JabopaTopHas mocyaa: (BIaKoHBI IS
JICKApCTBEHHBIX CPENCTB (NMCHUIMIMHKN) oO0beMoM Ha 10 mul, KOJIOBI HaAJWMBHBIC
BMeCcTUMOCTHI0 50.0, 100.0 u 500 mu; mumuaApEl BMecTUMOCTHIO 10.0 11 50.0 M.

JInst mpoBefeHUsT TIOCEBOB HCIOJB30BAINUCH: MOJMMEpPHBbIE 4Yamku [letpu
aramerpoM 90 MM, CTEKJISHHBIM ImaTess Jlpuraabckoro, OakTEpHOJIOTHIECKas

MeTJIsA, Ta30Basi WM CIIMPTOBAs TOPeNKa, BAaTHO -MapJieBbIe IPOOKH.

2.2 PeakTUBBI

Crupt sTrnoBsiii 70%.

JluctuimmmpoBaHHas BOAA.

Arap Oaktepmosiornueckuil. [IpomsBogutens HMcemammsa. Temmeparypa
xpanenust He Bbiie 30°C mpu oTHOCUTENNLHOU BiIakHOCTH 80%.

Ilenton wmscHou. IIpomsBomurens HMcemanus. Ilpemapar rurpockonuueH.
XpaHuTbh TEPMETUYECKH 3AKPBITHIM B CYXOM MeCTe Ipu TeMrieparype He Boime 30°C.

[TutarenbHas cpena i BbLACIEHUS dHTepoOakTepuil cyxas. (Arap IHJO-

['PM). [Ipoussoaurens Poccus, pH 7,4+0,2.

2.3 O0BbeKThI HCCJICI0BAHNSA

B kauecTBe HHIMBUIYAILHBIX BEIIECTB, JIJIST KCCJICI0OBAHUS UCTIOIH30BATUCH:

1) cuHTeTMYeCcKHit cOpOCHT - m3MenbueHHbIN razooeron (IOCT 25485-89).
[Ipy W3roTOBICHHMM CMECH B KAueCTBE BSDKYINETO BEIECTBA HCIOJB3YETCS
nopTinananeMment mo 'OCT 970-61 mapok 300, 400, 500 ¢ HayaabHBIM BpEMEHEM
cxBarbiBanus 160 — 260 MmuHyT W/mmm MosoTas HerameHas u3BecTh (CaO mopsimka
75 % ot Beca, MgO mnopsinka 2.0 % ot Beca, CO - 4.0 % ot Beca, SOz - 1.0 % ot
Beca). OCHOBHBIM HAIIOJIHUTENIEM CMECH SIBJISIETCS KBapLEeBbIi necok (S10; - 85 % ot
Beca, Fe,03 — 3%, AlLO; — 7%, Ca0 — 10%, MgO — 3%, SO; — 1%, Na,O — 2% ot
BECa) WJIM 30J1a TEIUIOBBIX SJEKTpOCTaHIMi (ra3zo3o0si00eToH). B  kauectBe
ra3zoo0paszoBatessi MPUMEHSETCS ATFOMUHHUEBBIHN MOPOIIOK ¢ pasmMepoM (pakiuii 20 -
45 MKM U COJEpKaHHEM aKTHMBHOro Meraia He meHee 90-95% wnm antoMUHUEBBIC

nacThl (CYCIIEH3UH) C CO/Iep>KaHUEM aKTUBHOTO MeTaiia He MeHee 92%;
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2) MoauUIIMPOBAHHBIN CUHTETHUECKH COPOCHT Ha OCHOBE U3MENIbUEHHOTO
razo0erona (I'OCT 25484-89). Jlns mMoaudHKalUK KCTIOIb3YETCs BOAHBINA PacTBOP
10% constHOM KUCTIOTHI TPU TEPMUUECKON 00paOOTKH.

3) B KaduecTBE TECTOBOW KyJIbTyphl HMcmosb3yercss Escherichia coli mramm
ATCC-25922. Bua rpamMoTpuUaTEeNbHBIX OakTepuid, NATOYKOBUIHOW (HOPMBI
OTHOCSANMXCA K  cemedcTBy  Enterobacteriaceae. Hmetor  Gostblioe
AMUIEMHUOJIOTMYECKOE M CAaHUTAPHOE 3HAuUEHHUE. SIBJIAIOTCS OCHOBHBIM MOKAa3aTeleM
(ekanbHOTO 3arps3HEHUsT B COOTBETCTBMM OCHOBHBIM CAHHUTap HO-TIOKA3aTeNbHbIM

TpeOOBaHUSM.

2.4 MeToabl UCCJICIOBAHUS

2.4.1 lIlpuroToBiieHUEe MUTATEJIbHBIX CPe/]

[TurarenpHas cpena, npeaHa3HadeHa TUTS KYJIbTUBUPOBAHUS
MUKpPOOPTAaHU3MOB, B KOTOPOW MPHUCYTCTBYIOT HEOOXOIWMBIC AJIEMEHTHI I HX
pocTa, B OMNpeASNEHHON KOHIIEHTpAaMM W XUMHIeCKoW ¢opme. B manHOM paboTe
WCII0JIb30BaHHBIE CPEJIB TOTOBUIIUCH B cooTBeTcTBUM ¢ MYK 4.2.1018-01.

Jlns 6akrepuansHO¥ KyabTypbl EScherichia coli, BaxueimmMu snemenTamu
SIBJISIFOTCS: KUCJIOPOJI, a30T, YIJiepo, cepa, gocdop, Bogopoa. B obiielt cymme 3tu
AIIEMEHTBI COCTABJIAIOT OK0JIO 95% OT Beca cyxux kierok. Ha ocraBuryrocst om0
MPUXOASATCS TAKUE JIEMEHTHI KaK: KaJlui, HATPU, KalbIUM, MarH Ui, XJIOP, KEJIE30.

B GakTepHroIOTHISCKOM MPaKTUKE UCITOIB3YIOTCS PSJ] MTUTATEIBHBIX CPET IS
mubdepennmanun ¥ Beimenaenuss E. Coli, Takwe cpemsr kak: DHO0, Aceib-
JInGepmana, [Imockupena, JIeBuna u p.

Hanbonee Omu3koit mo mocturaemMomy 3(PQPeKkTy W TEXHUYECKOW CYITHOCTH
ABJIICTCS TIMTaTelbHas cpema OHmo 18 auddepeHmaTbHOM TUArHOCTUKA |
BbIiencHus Oakrepuii E. Coli, comepxaias nuraTenbHBIA arap, BOJHBIM PacTBOP
cyib(uTa HATPUS, YHCTYIO JIAKTO3Y, CIHPTOBOM pPacTBOP OCHOBHOIO (DyKCHHA,
BBITTyCKaeMasi B CyXOM BHJIC.

[TpurotoBnenue cpeasl DHAo. Cyxoil mpenapar TrOTOBAT IO YKa3aHHOMY

croco0y Ha sThkeTke. HaBecky cyxoi mutaTenbHOM Cpe/bl pacTBOPSIIOT B YKa3aHHOM
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KOJIMYECTBE B | J1 NHUCTWUIMPOBAHHOW BOJbI, HAIPEBAIOT, JOBOJAT JIO KHUIICHMS,
KUIISITAT OKOJIO 3 MUH JI0 TIOJTHOTO pacTBOpeHus arapa. GuibTpyroT ropsuyo cpeny
yepe3 BaTHO-MapJieBbli GUIIBTP U OMSAThH AOBOJAT A0 KureHus. OXJIaxkIai0T Cpeay 10
temneparypbl 45-50°C wm paszmuBatror B yamku llerpu. IloBepxHOCTH cpembl
MOJICYIIMBAIOT, TIOCJE 3acThiBaHUS B TepMoctare npu Temmeparype 37£1°C B
teueHue 40-60 mun. ['oTOBas cpema DHIO Mpo3padHas Wik OJIETHO-PO30BOTO IBETA.
baktepuu pona E. Coli BelpacTaroT B Buie KpaCHBIX U IPKO-PO30BBIX KOJIOHHM, YaCTO
C METAUTMYECKUM 3€JICHOBATHIM OJIECKOM.

Kynetypa Escherichia Coli nerko pacter Ha mpoCTBIX MUTATEILHBIX CpeaaX.
Ha wmsaconentonnom arape (MIIA) o06pasyroT mpo3padHble C CEPOBATO-TOIYOBIM
oTiMBOM  KoJioHud. Ha wmsconentonHoM Oymeone (MIIb) HaGmomaercs
HE3HAUUTEIILHOE TIOMYTHEE Cpebl, OOWIBbHBIA POCT, MPHUCYTCTBYET HEOOJIBIION
0Ca/I0K CEpOBATOrO LIBETA.

[TpurotoBnenue MIIA. HaBecku 20 r arapa OakTepuoJiormuyeckoro ui 15 r
MenTOHA PacTBOPSIIOT B 1 J1 BOABI, JJIs1 PACTBOPEHUS KHUIMTAT Ha cjIaboM OTHE, B
ropsidyeM BUJIE Pa3IMBaIOT B KOJIOBI U CTEPUIIM3YET B aBTOKIaBe 15 mun npu 121°C.

[TpurotoBnenne MIIb. K 1 1 Boael nob6apnstor 15 r menToHa, pacTBOPSIIOT
Mpyd HArpeBaHWHW, jgalee QUILTPYIOT, pa3immBaroT B KoyObl. Ilocime dero

aBTOKJIaBUPYIOT 15 muH nipu 121°C.,

2.4.2 Pa6oTbI ¢ 0aKTepHAJIbHBIMHU KYJIbTYpaMH

[Ipu moceBe OakTepuii Ha MHUTATEILHBIC CPEIbl WM TEPECEBE COOIIOMAOT
ONPEAENCHHbI TMOPSAJOK BBINOJHEHUS padoTel. BHauane B IJIaMEHH TOPENKU
CTEPWIM3YIOT METII0 U NETIeNepkKaTeIb, KOTOPbIM MPHU MOCEBE OTOUPAIOT KYJIbTYPY
B vawky llerpu. Kppimka yvamku llerpu ¢ KynabTypoll HpUNOJHUMAETCS JIEBOU
pPYKOH, HO TIOJHOCTHIO HE OTKphIBaeTcs. B mpaByro pyky OepyT, Kak mucyee mepo,
IETJII0 WU, JEp)Ka €€ BEPTUKAIbHO, NPOKAIMBAIOT B IUlaMeHW ropenku. [lermo
OXJaXIAIOT, 3aTeéM OCTOPOXHO TIUIABHBIM JBMKCHHEM HaOUpParOT HeOOJbIIoe
KOJIMYECTBO OaKTepHii, ciienis, 4ToObl HE MOBPEAUTh NMUTaTeIbHYIO cpeny. [lermo ¢

MaTepuajioM BHOCST B TIOJArOTOBJIEHHYIO cpeny. OCTOpOXKHO pacTUpalT TI0
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IMOBCPXHOCTHU MMUTATEIbHOU Cpcanl. H3Bnekarot IICTIIIO, 3aKPLIBAIOT KPBIIIKY YalllKH

[leTpu u 3aTeM CTEPUIA3YIOT METIIIO.

2.4.2.1 Ceaexnus ynuctoii KyabTypbl E. Coli Ha cpene DHmo

JUist BBIACNICHUS. YUCTOM KYJIbTYphI CJIEAYET YUUTHIBATh Psijl YCIOBUI: 000D
COOTBETCTBYIOLUMX MUTATENbHBIX CPEJl, pAHHUI NIOCEB B3ATOTO Marepualia, TEXHHUKA
BBINIOJIHEHUST ToceBa. HaHocAT uccieayeMblil Marepual Ha Cpely C IMOMOIIbEO
PEKTAIBHOTO TaMIIOHA, CTEKJISAHHON MajJo4yKd, OaKTepHOJIOTMUECKONW NETIH WU
MUTETKH.

Ha nuddepennmansHo-1uarHocTHIECKY0 cpeay DHAO0 MPOU3BOIUIICS TIOCEB
OaKTEepHOJOrHUecKON MeTnel wucciaeayeMoi Kynabprypbl EScherichia coli mramma
ATCC-25922 meronom mrrpmxa. JIJIs ATOro WCCIACMyeMbI MaTepHall HAHOCAT Ha
MMOBEPXHOCTh MHUTATEIBHON Cpe/Ibl 0AKTEPHOJIOTHICCKOM TeTIIeH BO3JIC Kpas JalllKH.
N30bITOK MaTepuaga CHUMAKOT U MapauIeIbHBIMU IITPUXaMU MPOBOJAT NETIEH OT
Kpasi K Kparo yanku. Takoil MEeTo/ MO3BOJIAET MOJYYUTh M30JMPOBAHHBIE KOJOHHH.
[loceB cnenyer npom3BOAUTH HA 2-3 yallku, HaOWpas Ui KaXI0M Yallku Marepuan
3aHOBO. Yamku € MOCEeBOM CTaBAT B TepMocTaT Ha 24-48 uyacoB mnpu 37°C.
BeiHumaror M3 TepmocTara U MpocMaTrpuBalOT Yamiku llerpu B mpoxodsieM WM
nanaromem ceere. [Ipu mpopacTtaHuu oOpa3yroTcsl BRIMYKJIbIE, CIM3UCTHIE KOJIOHUU
APKO-MQJIMHOBOTO  IIBE€Ta C  METAUIMYECKUM  OJECKOM, 4YTO  SIBJSIETCS
auarHocTiueckuM mnpusHakoM KyinbTypel E. Coli. Ha ocHoBanum w3ydeHus
MOpP(}OJIOTUYECKUX XaPAKTEPUCTHK, MOKHO CAENaTh BBIBOJ O BBIACICHUE KYJIbTYPhI
Escherichia coli.

24.2.2 TlpuroToBiieHHe MOJEJBLHOT0 pacTBopa KyibTypbl E. Coli mas

TeCTUPOBAHUSA UCCJIEAyeMbIX (UIBTPOB

Marepuaa [jIs I1OCEBAa Ha JKHAKYIO IHMTATEIbHYIO Cpeay OTOHparT C
noMouipo nerwm. M3 cpeapl DHIO0, HA KOTOPOW MPOPOCTM YHUCTHIE KOJIOHUM
Escherichia coli B mamuHapHOM mikady mpu CTEPUILHBIX YCIOBUAX IO IUIAMEHEM
TOpEJIKH, OaKTEPUOJIOTHUECKOW MeTNeH HECKOJIbKO pa3 JISTKUMHU JIBHXKCHUSIMHU, HE

CKalllMBasi TUTAaTeIbHOM cpeapl oTOMpaeTcsi HEeMHOTo wmarepuana. llermio ¢
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OTOOpaHHOM KyJNbTypOil TOTPYXalOT B OJKUAKYIO Cpeldy, B HalleM Ccliy4yae
MSICONENTOHHBIM OyiIbOH 00beMoM 250 mul. IImaBHO cTpsixuBas WiaM pacTupas Io
CTEHKE KOJIOBI, YTOOBI CHATh Bech marepuan ¢ nermm. Konly 3akpbIBaloT BaTHO-
MapJIeBOM MPOOKOW 1 CTaBAT B TepMocTar Ha 18-24 gaca nmpu 37°C st mHKyOaI.
HaOmogaercsi moMyTHEHHE pacTBOpa, HEOOJBIION OCaTOK CEpPOBATOrO IIBETA, YTO
roBopuT 00 o0uiIbHOM pocTe. KoHIleHTpalusi JaHHOTO pacTBOpa CIMIIKOM BEJHKa,
JUIA TPOBENEHUS OMbITa CJEAYyeT pa30aBUThb pPacTBOP BOJOIPOBOJHOM BOJOM.

JloBecTr 00bEM MOJIETTLHOTO PAaCTBOPA 10 4-5 TUTPOB.

24.2.3 AHaau3 QpuibTpaTa U KYJbTHBAIUA MHUKPOOPraHMW3MOB IOCJIE

punbTpanuu

[locne mpomyckaHusi MOAEIBLHOTO PACTBOPA YEpE3 HUCCIENyeMblid (PUibTp,
oTOupaercs npoda OTHUILTPOBAHHOM BOJABI JJI OIpPENEICHUs OOIIEro 4Ywucia
KOJIOHMEOOPpa3YIOIIUX €IMHUI] MUKPOOPraHU3MOB. J[aHHBIN MOKa3aTenb Onpeesier
KOJIMYECTBO KOJIOHMH CIOCOOHBIX OOpa30BBIBATHCS HA MUTATEIbHOM arape Ipu
temneparype 37°C B TeueHwe 24 4 U XapaKTepW3yeT KAaueCTBO YMCTOTHI BOJbBI
MPOIIEIIETro (PHIILTPAIIHIO.

B pabote mnpumeHsercs MeETOJ, OCHOBAaHHBIM Ha CEpUM Ppa3BEACHUI
uccieayeMoi mpoObl mociie GUIbTpalv, JaHHBIA 3Tl SBJISIETCS KpailHe BaKHBIM.
Jlyisi pa3BeneHusi UCIOJb3yeTcsl MepHas MUIleTKa Ha 1 MiI, UCCIeayeMylo Mpooy
o0bemMoM 1 My J00aBISAIOT B MPOOUPKY € 9 MJ CTEPUIHBHOIO BOJHOIO PacTBOpPA.
Takum oOpazom, noaydarot pactBop 1:10. M3 storo pactBopa otbOupaercs 1 mi u
TaKUM K€ METOIOM, MNoJrydaroT passenenue 1:100. [Insg kaxpgoro pasBeneHus npu
oTOOpe TpoObl HEOOXOAMMO HCIOJH30BATh CTEPWIHbHYIO THUNETKY. Pa3zBeneHus
poOBI BEIOMPAFOT TaK, YTOOBI 0Opa30BaHHBIC KOJOHHH, BRIpOCIIME Ha Jamke Ilerpu,
He npepbimano 300 WM30IUPOBaHHBIX KOJOHMHA. B maHHOW paboTe NMpUMEHSINCH
ISATUKPATHbIE Pa3BEICHUS, B BHAY KOHIIEHTpalMM HCXOAHOro pactBopa. Iloces
NPOM3BOAUTCS. TMOBEPXHOCTHBIM METOJIOM, HJIsi ATOTO KCCIEAyeMYyI0 Mpo0y WiH
pa3BeeHHEe BHOCSAT NapajuieibHO B /BE yalku [letpu (mapamiensHoe onpeeeHue)
nmo 0,1 mMn Ha mnoBepXHOCTH mnUTareabHOW cpeapl. l[locime wyero, paBHOMEpPHO
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pacTuparoT mmarenem JpuranbCckoro mo Bced moBepxXxHOcTH vamku Ilerpu. [lns
3TOTO MPEABAPUTENBHO CTEPWIM3YET IMNAaTenb J[pUranbCKoro Haj IUIAMEHEM
TOPENKH, JAI0T OCTHITh MOBEPXHOCTH, YTOObI HE YOUTh MMeroImMecs KosoHuu. [lpu
KaX/J0M HCTOJb30BAaHUU ILIATEIN TPeOyeTcsl CTEpUIM30BaTh €ro Haj IJIaMEHEM
ropenkd. Yamkyu ¢ noceBaMu MPEIBAPUTEIBHO TNOJNKCHIBAIOT W IMOMEIIAIOT B
TEpMOCTaT JHOM BBepX Ha 24-72 4. npu temneparype 37°C. [lo ucreuenuro BpeMeHu

BU3YaJIbHO MPOU3BOIUTCS [TOICUET BBIPOCIINX KOJIOHHMI (puc. 2.1).

1mn 1 1mn 1un

1:100 1:1000 1:10000 1:100000

0.1 3 0.1 1 0.1 201

—_—y Ty Yy

Puc. 2.1 Metonuka pa3BeaeHus: mpooObI

2.4.3 Iloacuer 001Ier0 KOJIMYECTBA MUKPOOPraHu3MoB MeTo10M Koxa

[Tosicuer BBIPOCIIMX KOJIOHMA TPOU3BOISAT HEBOOPYKEHHBIM B3IUIJIOM WM C
MIOMOIIFI0O TPUOOpa TMPEAHA3HAYCHHOTO JUIS ToAcCYeTa KOJIOHWH. Pe3ynbrarhl
MoJicueTa JaHHBIX TI0 KOJMYECTBY BBIPOCIIMX KOJOHHM TMOJyYEHHBIX Ha dYaIlkax
[letpu 1enecooOpa3HO COMOCTABIATH C MOCEBAMHU MaTepuiia U3 IMOCIe0BATEIbHbIX
pasBencHuid. KOMMYECTBO TOJACYMTAHHBIX KOJIOHWH JIOJDKHBI COOTBETCTBOBATH
KPaTHOCTH B3SATHIX Pa3BEACHHWHA. YUYET pe3yJbTarOB BBIPAKACTCS  YHUCIIOM
koJionueoopazyromux enqunuil (KOE) Ha 1 M1 B uccaenyemoit mpo6e Boabl, KOTOPBIN

BBIYHCIIAIOT 10 (hopmyIie:

ax10™
M= ;
1%

rae M — konuecTBO Oaktepuii B 1 11;

a — CpeaHee YMCJIIo KOJIOHUM Ha vamike [lerpu;
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10" — ko> puULMEHT pa3BeaCHUS;

V — 00beM cycTieH3UH, B3SIThIH JJ11 TTOCEBA, MJL.

KonmuecTBO BBIpOCHIMX KOJIOHMM Ha OOEUX Yalllkax MPUBOJSAT K CPEIHEMY
apudMeTHIECKOMY YUCITY U3 HUPp oHOro nopsiaka. Eciu HEeBO3MOMKEH MOJCUYET Ha
OJTHOM M3 2 YaIlleK, TO Pe3ybTaT COCTABJISIOT MO OHOM yaiike. CYnUTaeTCs, JTyqIIM
pa3BefeHueM, Npu BeiceBe KOToporo BeipacTaet oT 50 g0 100 kojoHM. YUUTHIBAIOT
TOpKO Yarmku [letpu, Ha KOTOpBIX BhIpocio He Oosiee 300 KOJMOHMIA, B OCTAIbHBIX

CIIy4asiX OTMEYarOT CIUIOIIHOM POCT.

244 Meton ¢(uiabTpanmuM BOAbI ¢ NMOMOIbI (GUILTPOB HA OCHOBE
ra3o0eToHa [Jisi ONEHKHM CTelNeHH OYUCTKH OT MHUKPOOHOJIOrnYecKHuX

3arpsA3HeHui

Cormacho TOCTy w® pa3nuyHbIM CTaHZapTaM Ha BOAHBIE CpEIBbI
YCTaHaBIMBAIOT 0OIKe TpeOOBAaHUS M METO/Ibl KOHTPOJISI KauecTBa BObl. J1Jis 3TOTO
YCTaHABIMBAIOT TpeOOBaHUS JIEUCTBYIOLIMX CAHUTApPHBIX HOPM U TMpaBWil. 3a
KOHTPOJb KayecTBa OTBEUAIOT OpraHM3allid, JKCIUTyaTUPYIOIIME CHCTEMBbI
BOZIOCHAOXeHHUA. B COOTBETCTBMM € TEXHOJIOTMYECKUM PErjlaMeHTOM KOHTPOJIb
KauecTBa BOJbI MPOBOJAT HA PA3JIMYHBIX CTAAUSAX BOJONOATOTOBKH. CyIIECTBYIOT
pa3Hble NMoKa3aTean KayecTBa: HEOPTraHUYECKUE U OpTaHNIECKUE BEILIECTBA; BPEIHbIC
XMMHYECKUE BEIIECTBA, MOCTyMAlIMe M oOpasyromuecss B Ipolecce o0paboTKu
BO/Ibl; OPTaHOJICNTUYECKUE CBOMCTBA; MUKPOOUOJOTHIECKHE U MTAPa3UTOJIOTHIECKHE
nokasarenu. JlaHHble TTOKa3aTeiau OMPENESIIOTCS C TOMOIIBIO Pa3JIMYHBIX METOJ/IOB
OTIpe/ICIICHUSI.

CymiecTBYIOT METOJUYECKUE YyKa3aHUs CAHUTaAPHO-MUKPOOHOIOTHYECKOTO
aHaJM3a MUTHEBOM BOJbI,  KOTOpbIE  TPEAHA3HAYeHbl Uil  NPEANpPHUATHH,
7a0OpaTOPHBIX OpPraHM3aLUMP OCYILECTBISIONMX MPOM3BOJACTBEHHBIN KOHTPOJIb
KauecTBa muUTheBOM Boapl. B gokymente MYK 4.2.1018-01 omucansl oTOop,
XpaHeHWE W TPAHCIOPTUPOBAaHUE MPOoO, MOArOTOBKA OOOPYIOBaHUS, HA3BAHUS
PacXOIIHbIX MaTEPUAJIOB M PEAKTUBOB, MPUTOTOBJIICHNE MMUTATEIbHBIX CPE, METOANKA

paboThI PH UCIIOJIB30BAHUN MEMOPAHHBIX (UIBTPOB U NPOBENCHUE aHanMu3a. Takke
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cymecTByeT MexxrocyaapctBenublii cranaapt ['OCT 31955.1-2013 06 oOHapy ) eHUH
u xosmuectBeHHOMY yuety E. Coli u xomudopmubix O6akrepuii. MeTo1 OCHOBaH Ha
¢unbTpoBaHKMK NPoO BOABI Uepe3 MeMOpaHHble (uibTpsel. Jlanee oTguiabTpoBaHHbIE
MUKpPOOPTaHU3Mbl KyJbTUBUPYIOT Ha AU(PGEpEHIUPYIONIEH arapu3oBaHHOM cpere.
[IpousBoauTCS MACHTUDUKAIMA U TI0/ICUET KOJIMYECTBA BBIPOCIINX KOJIOHUH.

Cornacno tpeboBanusm no ['OCTy 31942 npoObl BoJbI MpenBapUTEIHHO
OTOMpAIOT, TPAHCIOPTUPYIOT U TPOBOAST TMOATOTOBKY Iepen (uiIbTparuen.
Uccrenyemyro mpoOy GUIbTPYIOT depe3 0O0O0pyIoOBaHHWE [JII MEMOpaHHOU
bunpTparmu 1 MemOpaHHbI GuabTp. O0beM mpoObl 00bIYHO cocTaBisieT 100 M.
[IpenBapuTenbHO MOATOTABIMBAIOT W CTEPUIM3YIOT (PUILTPOBAIBHBIN ammapar u
HEOOXOAMMYIO TMOCcynqy. B BOpPOHKY (QHUIBTPOBAILHOTO —ammapara HaluBaloT
HEOOXOAUMBI 00beM MpPOOBI BOJBI, CO3MAIOT YCHIOBUsS Bakyyma. llepen kaxmoi
HOBOHM Tpo0Ooii o0Oe33apaxkuBaroT npuoop. Ilpu moceBe ogHON TPOOBI Pa3IMUHBIX
00bEeMOB (PWIBTPYIOT, HAUMHAS C MEHBIIIMX 00ObEMOB, TIPU 3TOM MEHSS KKl pa3
bunbTpel. Creayer QuiIbTpoBaTh MpOObI B MOPSIKE MPEANOIaraeMoil 4UCTOThI, OT
YHUCTHIX MPOO K OoJiee 3arps3HEHHBIM NpodaM. [Ipu oobseme ucceayemoit Boapl B 1
MJI, ClIelyeT HalIuTh B BOPOHKY He MeHee 10 MiI CTepMIIbHON BOJBI, TOCJE YEro
MO>KHO BHOCHUTH HUccieayemyio mpoOy Bonbl Ilocne 3aBepuienHust ¢uibTpanuu u
ocyuieHus pUIbTpa OTKIIOYAIOT BaKyyM U BOPOHKY CHUMAIOT.

[Tocne punbTpoBaHMS KCTIOIH30BAaHHBIN (PUIBTP MOMENIAIOT Ha yalky [letpu
c nmakto3HbiM TTX arapom c renraaeuuicyibdaTtom HaTpusi. Takxke IOIMmycKaercs
UCIIOJIb30BaHue cpeapl JHA0. MHKyOaimo noceBa MUKpOOPTaHU3MOB MPOBOIST MPU
temneparype 36+2 °C B reuenue 21+£3 .

OubTpallMOHHAS YCTaHOBKA, MPEJIoKEHHAs! B JJaHHOM paboTe, mokasaHa Ha
puc. 2.2. Coctoutr wm3: 1 - emkocTH ¢ OakTepuanbHOM cpemoit; 2 -
MEePUCTATBTHICCKOr0 Hacoca; 3- GuiabTpa ¢ ucciaemyeMoi dpaknuelr copoernrTa; 4 —

CTepHIbHAs KOJiba 17151 0TO0pa mpoObl.

47



1@
Pucynok 2.2. Cxema GprIbTpallMOHHOW YCTaHOBKHU

Mo uduumpoBaHHbIi METOA OLIEHKH, MPEJIOKEHHbIH B JIaHHOM padore,
OCHOBaH Ha (PUIBTPOBAHHE MOJIEIBHOI'O PacTBOPA C MOMOIIBIO MEPUCTAIBTUUECKOTO
Hacoca, Mmpu pexume duibTpauu 1,5 o6opoTa/mMmuH. MoAenbHBIM PacTBOP
TOTOBHWJICS Ha BOJIONPOBOAHOM Boje obcemenénHol KympTypoit E. Coli ¢ koHeuHoM
koHuentpamueit 2,5%107 KOE/mn. Ilpomyckanue MOAENBHOTO pacTBOpa depes
UCCIIEAYEMBIN (PUIBTP, HAXOAIIMICS B (PUIBTPOBATILHOM MOJYJIE, OCYILECTBIISIIOCH
C TIOMONIBIO MepucTalbTHUecKoro Hacoca. [locne ¢umptpamu 100 Ma cpenpl,
npoBOAUTCS 0TOOP NpoObI HA HanmMuKe mraMMoB E. Coli.

[Mon mmameHem ropenku MojenbHbId pactBop E. Coli BHocutcs B
BOJIOTIPOBOAHYIO BOAY 00BEMOM 4-5 JIMTpa, B €MKOCTh MOMEIIAETCS IUIAHT, Yepe3
KOTOpBIA OyaeT NpOXOAWTh JaHHBIA PAcTBOP C IMOMOIIBIO MEPUCTATHTHYECKOTO
Hacoca. EMKOCTh ¢ MOJENbHBIM pacTBOPOM 3akpbiBaeTcs (oJbroil Bo u30exkaHue
NOMaJaHusl BHEUIHUX MHUKPOOPTraHM3MOB. B KOHLE mnulaHra 3akperuisiercs
UCCIIeTyeMbI PUIBTP, U3-3a CUJILHOTO JABJICHUS MPUMEHSIOTCS XOMYThI, TaK YTOObI

MO/JIETbHBIN PACTBOP HE IPOXOIWII UYEPE3 KPEIUICHUS.

2.4.5. MeToauka Moau(puKaAIUU ra300eToOHA

Jns  Monudukanum Ta3o00eToHa Pa3NMYHOTO  (PPAKIUOHHOIO COCTaBa
UCIIOJIb30BAJICSI BOAHBIN pacTBOp cossiHOM KucioTel 10. bepercsa HaBecka razo0eroHa
B KoJmuecTBe 20 I U MOMENIAETCsI B CTEKIAHHEIN cTakaH o0BnémMom 2000 ,Z[MS, B
KOTOpbld 3areM HamuBaim 1000 o’ pactBopa coJyisHOM KuciaoTel 10 %.

BeiaepxuBaeTcss HOCUTENb B PaCTBOPE B TEUEHUE 2 4ACOB, 3aTEM CIIMBAETCS PAacTBOP
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COJISTHOM KHCJIOTHI M TIPOBOJUTCS TIPOMBIBKA ra300€TOHA JUCTUUTUPOBAHHON BOJOM
no HeitpanbHOU PH. Ilocne mpoOMBIBKM HOCHUTENS, OCYILIECTBJSIOT €r0 CYIIKY B
naboparopHoit mydensHoit neun CHOJI 23/10 Brauane npu 120°C, B TeueHuu 4
4acoB. 3aTeM MPOBOJISIT TEpMUUECKYI0 00padoTky mpu 450°C, B TeUeHUH 5 4acoB.
Tabmma 2.1 - ®uszuyeckue CBOWCTBA pacTBOpAa COJITHOM KHCIIOTHI C

KoHueHTpanuen 10%

Komi. (Bec), HClkr 10%
Kom. (r/m) HCIm® 104,80
II1oTHOCTB, KI/1T 1,048
MouisipaocTts, M 2,87

pH -0,4578
Bszkocth, MIla*c 1,16

VY aenwHas TersoeMkocTsh, Kx/(kr*K) | 3,47

JlaBnenue mapa, Ila 0,527
Temneparypa kuneHus 103°C
Temmneparypa miaBjaeHus -18°C

2.5 CratucTuyeckas 00padoTka pe3yjabTaToB

Craructudeckas 06pa60TKa PE3YIIbTATOB IPOBOAUTIACH Ha IICPCOHAITIBHOM

KOMIIbIOTEpE, TP oMo nporpamMmmel FSTAT.
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I'JIABA 4 ®UHAHCOBBII MEHEI’KMEHT,
PECYPCO®PEKTUBHOCTDb U PECYPCOCBEPEXEHUE

4. 1. IlpeaAnpoeKTHBIN aHATH3

4.1.1 lloreHuMaJIbHbIE IOTPEOMTEIH PE3YIbTATOB UCCIAEA0BAHUSA

Jlng anamm3a TmOTpeOuTeNel pe3yJbTaTOB HCCIACHOBAHUS HEOOXOIUMO
PaccMOTPETH LENEBOUM PHIHOK U IMTPOBECTH €r'0 CErMEH TUPOBAHHE.

Ilenesoit pvinox — cerMEHTH PBIHKA, Ha KOTOPOM OyAeT MpoAaBaThCs B
Oyaymem pa3pabotka. Jlas [aHHOTO MpoOeKTa MLENEeBbIM PBIHKOM  SIBJISIOTCS
npeanpusTis papMareBTHIeCKOU OTPACIIH.

Ilpooykmom (pezynemam HHP) — cuHTETHYECKH COpOEHT HAa OCHOBE
razo0eToHa.

Ceznenmupoeanue — 310 pazlieJCHUE MOKYyMAaTelIel HAa OHOPOAHbBIE TPYIIIHI,
IS KaXIO0M W3 KOTOPBIX MOXKET TOTpeOOBaTHCS OMPENEICHHBINH ToBap (yciyra).
MoHO MPUMEHATh pa3Hble KPUTEPUM CErMEHTUPOBAHMS PhIHKA MOTPEOUTENCH, TaKKe
KaK, TOBEICHUYECKUH, JaeMorpapuueckuii, reorpa@uyeckuii M HHbIE KPUTEPUH.
[lpumeHenne WX KOMOWHAIMKA BO3MOXKHO C  HCIOJB30BAaHHEM  Pa3JIMYHBIX
XapaKkTepUCTUK. Takux Kak: 1MoJji, HallMOHAIBHOCTh, BO3pacT, 00pa3zoBanue, mpodeccus,
YPOBEHb JI0X0Ja, CTWJIb JKU3HH, JIIOOMMBIC 3aHSTUS, CONMAIbHA MPUHAIJICKHOCTh U

MH. JIp.

4.2. AHa/JM3 KOHKYPEHTHBIX TEXHHYECCKHUX PelIeHU ¢ MO3HLIUHN
pecypco3ddeKTUBHOCTH U PpecypcocOepe:KkeHust

JleTanmbHBI ~ aHaIWM3 ~ KOHKYPUPYIOIIMX  pa3padOTOK ¢ TO3HIMH
pecypcodPPEKTUBHOCTH H PECypcocOEpPEKEHHUS TI03BOJISIET TIPOBECTH  OIICHKY
CpaBHUTENHLHOW A(h()EKTUBHOCTH HaydHOUW pa3pabOTKHW M OMPENEINTh HaIpaBJICHUS

TS €e OyAylIero MOBBIIICHHUS.
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Tabmuma 4.1 - OnieHouyHas KapTa JJIsl CpaBHEHHSI KOHKYPEHTHBIX

TEXHUUYECKHX pelieHuil (pa3padoTok)

Bec banns KonkypeHToCcrocoOHOCTb
Kpurepun onenku

KpUTEPHUsI

Bq) Bxl BKZ BK3 Kq) le KK2 KKS

Texaudeckne KpUTEPUU OLICHKU Pecypcod(PPeKTUBHOCTH
1 IloBrIlIEHTE
MPOU3BOAUTEIHLHOCTH TPy 0,07 5 3 2 3 0,35 (0,21 | 0,24 | 0,21
[IOJIB30BATENS
2 Y100CTBO B 3KCILTyaTalluu
(cooTBeTCTBYET TPEOOBAHUSIM 0,20 5 3 3 4 1,0 0,60 | 0,60 | 0,80
norpeouTenei)
3 DHEpProdKOHOMHUYHOCTh 0,10 5 1 3 2 0,5 0,1 0,30 | 0,35
4 HanmeXxHOCTD 0,07 5 3 4 4 0,35 | 0,21 | 0,28 | 0,28
5 be3omacHoCTb 0,07 5 3 3 3 0,35 { 0,21 | 0,21 | 0,21
DKOHOMHYECKUE KPUTEPUU OLICHKH 3(PHEeKTUBHOCTH
1 KoHKypeHTOCTIOCOOHOCTh 0,07 5 3 3 3 035 | 021 | 021 021
MPOTIyKTa
2 YpoBeHb IPOHUKHOBEHU S Ha 0,06 4 5 4 3 024 | 03 0.24| 018
PBIHOK
3 llena 0,08 5 4 4 4 0,40 | 0,36 | 0,36 | 0,36
4 Ipeanonaraembiit cpok 0,08 5 |5 |5 |5 | 040|040/ 040]| 040
IKCILTyaTaluu
> Hocnenponaxroe 0,07 5 |3 |2 |3 |035|021]014]0.21
o0CITy)KUBaHWE
6 Qunancuposanue naymoi | ) 43 4 |4 |4 |4 |012]012]012]012
pa3paboTKu
7 CpoK BBIXOJIa Ha PbIHOK 0,05 5 3 3 3 0,25 |1 0,15 | 0,15 0,15
8 Hanuuue cepruduranuu

0,05 4 4 3 3 0,20 | 0,20 | 0,20 0,10
pa3zpaboTKu
Hroro 1 62 | 44 | 43 | 46 | 4,86 | 3,28 | 3,25 | 3,3
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by — pusnueckure MeTo1bI OJTydEeHHUS

by, — XuMHUYECKHE METOIbI MTOJTyYCHUS

B3 — DIIEKTPOXUMUYECKUI METO T ITOJTyY CHUS

Anamus KOHKYPCHTHBIX TCXHUYCCKHX peﬂleHI/Iﬁ OIpPCACIACTCA 11O (l)OpMy.TIGI

K=2>RR

(1)

rjae K — KoHKypeHTOCTIOCOOHOCTh HAyYHOM pa3padOoTKU WM KOHKYPEHTa;

B; — Bec mokasarens (B 10X €AUHUIIBI);

B; — 6ai1 iI-ro mokasares.

4,86/3,79=1,47 naHHbBI METOJ SBIISIETCS HaNOOJIee KOHKYPEHTOCIIOCOOHBIM

4. 3SWOT-anaau3

Tabmmma 4.2 - Marpunia SWOT

CuibHbIE CTOPOHBI MPOEKTA:

Caa0ble CTOPOHBI MPOEKTA:

C1 DKoJIOTMYHOCTh TEXHOJIOTUH Cnl. OrtcyrcTBue
C2. bonee Hu3Kas CTOMMOCTD | JOCTaTOYHOIO
MPOU3BOJACTBA [0 CPaBHEHHUIO C | (MHAHCHUPOBAHUS IIPOEKTOB
JPYTUMHU TEXHOJIOTUSAMU Cn2. OtcyrcTBUE
C3. Hannuue 010/1PKETHOTO | HEOOXOAUMOIO
dbuHaHCUpPOBAHUS o0opynoBaHus JUISt
C4. KBamiurupoBaHHbIii | TpoBeIeHUS HCTIBITAHUS
MIEPCOHAT OMBITHOTO 00Opasia

Bo3mo:xxHocTH: XUMHYECKHE Monudukatopsr | 1. Heo0OxomumocTh B

BI. Hcnonb30Banue | 9K30MOIMCAPAXUI0OB  MO3BOJISIOT | pa3paboTke Hay4qHOTO

WHHOBAIMOHHON YAY4IIUTh HEO0OXOMMBIE | UCCIIEeIOBAHUS

uHppactpykrypsl TITY CBOMCTBA IIPOAYKTa 2. [TpuoOperenue

B2. IlosBnenue copoca Ha HE00X0IMMOT0

MPOIYKT o0opynoBaHus ONBITHOTO

B3. CHumxenmne oOpasia

TaMOXCHHBIX TIOUUIMH Ha

CBIpb€ U MaTepualsl,

U CIIOJIb3yeMbIE npu

HayYHBIX HCCIICIOBAHMSIX

Yrpo3si: 1.Pa3paboTtannas TexHonorus | 1.3aTpynqHeHHss B 3aKylke

V¥1. OtcyrcTBHE cripoca Ha | MOBJIEYET CIPOC HA BHYTPEHHEM | HHOCTPAHHOTO

HOBBIE TEXHOJIOTHH | pPbIHKE o0opynoBaHus

IIPOU3BOJCTBA 2. CHumxenue cebectoumoctu | 2.M3yuenue

V2. Orpanuyenue  Ha | n00br4u HedrH 3aKOHOJATENbHON 0a3bl

AKCMOPT TEXHOJIOTUH 3. Cumwxenue 3aBucumMoctd OT | 3.CepTudukanus IpoayKInu

V3. BBeneHus | BHEIHUX PBIHKOB

JIOTIOJIHUTETHHBIX

rOCYIApCTBEHHBIX

TpeGoBaHMA K

cepTH(UKAITNT TPOIYKIINU
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4.4. OueHka roToBHOCTH MPOEKTAa K KOMMEpHUHUAJIU3allun

Tabnuua 4.3 - biaHk OlLIEHKH CTENEeHN TOTOBHOCTH HAYYHOT'O IPOEKTa K

KOMMCpIHaJIn3alunu
No CremneHb YPOBEHb HMEIOIM XCA
/ HaumeHnoBanue popabOTaHHOCTH 3HaHUU Y|

v Hay4HOTO MPOEKTa pazpaboTumnka

1 Onpenenen AMEOIMICS HAY1HO-| 4 4
TEXHIUYCCKHH 3a]1elT
OnpeneneHsl MEePCIEKTUBHBIC

2 HaIpaBJICHUS KOMMepLHaTH3aLiH| - 3
Hay9IHO-TEXHUUECKOTO
3ajena
OmpeneneHbl  OTpPAacid W TEXHOJOTHH

3 (ToBaphl, yCnyru) IIsl TPEUIOKEHUs Ha|S 4
PBIHKE
OmnpeneneHa ToBapHas Qopma Hay4dyHO-

4 | TexHmueckoro 3ajena [is npeacTaBiIcHus|4 3
Ha PbIHOK

5 OrmnpeneneHbl aBTOPHl U OCYIIECTBIICHA 4 3
OXpaHa WX MpaB

6 [IpoBenena OIlE€HKA CTOMMOCTH 3 4
UHTEJJIEKTyalIbHOW COOCTBEHHOCTH

7 [poBeneHsr MapKeTHHTOBbIE| - 2
M CCJIeIOBAaHUS PHIHKOB COBITA

g |Paspaboran Ou3Hec-IJ1aH 1 1
KOMMepIMaIn3alii HaydHOH pa3paboTKu

9 OmnpeneneHsl nyTH MPOABHKCHHS 4
Hay4YHOU pa3pabOTKH HA PHIHOK

10 |Paspaborana CTpaTerus (hopma) 3 4
peanu3aiuy HaydHOH pa3paboTKH
[TpopaboTranbl BOIIPOCHI

11 MEXIYHAPOJHOTO  COTpyAHHYecTBa Hu|4 3
BBIXOJIa Ha 3apyOeKHBIN PBIHOK
[IpopaGoTanbl BOMPOCH HCIOIb30BAHUS

12 yeIyr  WHQPACTPYKTYphl  MOJUICPKKH,|3 4
MOJIY4EHUS JIbIOT

13 |IIpopaboTanbl BOnpoCHl (PMHAHCHPOBAHUS 2 3
KOMMEpIHATH3aIlU Hay9HOH pa3paboTKH

14 |Wmeercs KOMaH/1a TUTST 4
KOMMeEpIUaIn3aluy HaydHO! pa3paOdoTKu

15 |IIlpopaGotan  MexaHM3M  peanu3aluu 5 4
Hay4YHOTO MPOEKTa
HUTOI'O BAJUIOB 58 50
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OlLieHKa TOTOBHOCTH HAyYHOTO MPOEKTA K KOMMEPIMAIM3aluu (MU YPOBEHb

UMEIOIINXCS 3HAHUN y pa3paboTynKa) onpeaensiercs mo hpopmyie:

chM = ZBI ) (2)

rae bey, — cyMMapHOe KomuecTBO 6a/uIoB 10 KaX10My HalpaBJICHHMIO;

b; — 6am mo i-My mokasarero.

3Hauenue by, M03BOJIAET TOBOPUTH O MEPE TOTOBHOCTH HAYYHOM Pa3pabOTKH
U ee pa3paboTyMKa K KOMMEpUHUAIM3AlMUA. 3HAYEHHE CTENEHU MPOpadOTaHHOCTH
HAYYHOTO NPOEKTa COCTaBWIO 60, 4YTO TOBOPUT O MEPCIEKTUBHOM pa3paboTke, a
3HaHUA pa3paboTUHKa JOCTATOUYHBI JJi YCHEIIHON ee KOMMepIMaanu3auui. 3Ha4eHne
YPOBHSI MMEIOIIMXCS 3HAHUK y pa3pabOTUMKa COCTaBUIIO 52 — TMEPCIEKTUBHOCTD

BBIIIIE CPETHETO.

45. Meroapl KOMMEPUHAIM3ALMHM  Pe3yJIbTATOB  HAYYHO-TeXHHYECKOI0

HCCJICA0BaHUA

MerogoM  KOMMepLMaIM3alMd HAy4yHOM pa3paboTku ObUI  BBIOpaH
VHXAHUPUHT. JIaHHBIA METOJ KaK CaMOCTOSITENbHBIA BUJI KOMMEPUYECKUX OIEPALNI
IIPEANOJIaraeT MpPENOCTAaBICHUE HAa OCHOBE JOIOBOpAa WHXKWHHMPUHIA OJHOM
CTOPOHOM, UMEHYEMOMN KOHCYJIbTAHTOM, APYTOW CTOPOHE, UMEHYEMOM 3aKa34yHUKOM,
KOMIUIEKCA WJIM OTEIbHBIX BHUIAOB HHXXEHEPHO-TEXHUYECKUX YCIIYT, CBA3AHHBIX C
IPOEKTUPOBAHUEM, CTPOUTEIBCTBOM M BBOJOM OOBEKTa B JKCIUIyaTallUio, C
pa3pabOTKOM HOBBIX TEXHOJOTMYECKMX TPOLECCOB HA MPEANPUATHU 3aKa34UHKa,
YCOBEPILIEHCTBOBAHUEM HMEIOIIMXCSA MNPOU3BOACTBEHHBIX IMPOLIECCOB BIUIOTH [0

BHCAPCHUA U3 ACIINA B ITIPOMU3BOACTBO U AAKE cObITa IMPOAYKIUH.



4.6. UIHuumnanus npoeKTa

Tabmua 4.4 - Llenu u pe3yabTar IpoeKTa

Heuau npoekra:

DKCIepUMEeHTalTbHAsT OlleHKa (PGEKTUBHOCTH HCTIOIH30BaHUS
CUHTETHYECKMX COPOCGHTOB HAa OCHOBE Ta300€TOHa I
OYHCTKH BOJHBIX CPE] OT MUKPOOHOJIOTHISCKUX 3arps3HEHUIA.

[lonyuyenne npoaykTa, KOTOPBIM MO CBOUM CBOWMCTBaM HE

O:xunaembre YCTyIIaeT TeM, KOTOpble IIPOM3BEICHBI IO  JIPYTUM
pe3yIbTaThbl TEXHOJIOTHAM, a BO3MOKHO M TIPEBOCXOJMT MX TP PABHBIX
npoexTa: 3aTparax Ha IIPOM3BOICTBO.
Kpurtepun
IpHeMKH

Hanuuue cepTudHKaUy 1 COOTBETCTBHE CTAHAAPTY
pe3yJabTaTa
NpoeKTa:

Tabmuna 4.5 - Pabouas rpymma npoekra

@O,

Ne | ocHOBHOE MeCTO Tpyno3aTparsl,

Poub B npoekTe (P yHKIUHN)

n/m | padoThI, JAHH.
A0JIKHOCTh
Boponosa Onecs
AJIeKCaHAPOBHA,

1 HU TI1Y, xangunar | Koopaunaupyer e TenbHOCTD 50

MIPOEKTA

XMMHUYICCKHUX HAYK Y4aCTHHUKOB ITPOCKTA

PYKOBOJUTEIb
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Kan Tatpsna
5 Jleonngosua, HA BrimonHseT oTaenbHbIe paboThI 11O 60
TITY, kadenpa MPOEKTY
®AX, MarucTpaHT
[ImoTHHKOB
EBrenun
Koopaunupyer nestebHOCTh
3 Brnagumuposua, HU 10
Y4aCTHUKOB MPOEKTA
TIIY, unxenep
kadenper PAX
UTOI'O: 130
Tabmuna 4.6 - OrpanndeHus IPOeKTa
daxkTop Orpanuvenust/ 10MymieHUs
brokeT mpoekra 140844 py6neii - 250000
Hctounuk puHAaHCHUPOBAHUS 3aKka3umK
Cpoku npoekra: 1.01.2016-10.04.2016

Jlara ytBepxnaenus mnana ynpasienus | 1.01.2016

IIPOEKTOM

JlaTa 3aBepiiieHust IpOeKTa 31.03.2016
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4.7. HJIaHl/lpOBaHI/Ie yYupaBJICHUA HAYIHO -TEXHUYECCKUM IIPOECKTOM

4.7.1. Opranu3aliuOHHAA CTPYKTYPA POEKTA

B  mpaktuke = HCHOJB3YyeTCsl  HECKOJBKO 0a30BbIX  BApUAHTOB
OpTraHU3aIMOHHBIX CTPYKTYP: (PYHKIHMOHATIbHAS, IPOEKTHAsI, MAaTpUYHAS.
Hanbonee nonxonsiuedl OpraHu3allMOHHOW CTIPYKTypOWd JaHHOM paboThI

SABJACTCA IIPOCKTHAA, IIPCACTABJICHHAA HAa PHUCYHKC

3aKka3umk = Pykosogutenb
MaructpaHt
3amblicen T30 MpoeKT KoHTpakT 3aBepueHune
Lenn Peanuszauusa

Pucynok 4.1 — OpranuzannonHasi CTpyKTypa NpOeKTa

5.7.2.1ll1aH npoeKTa

Tabmmia 4.7 - KanenmapHblii TU1aH MpoeKTa

Cocras
Kon
Jlata Jlara YYaCTHUKOB
pabort JImMTensHOCTb,
HazBanue Havyana | okoH4aH | (PUO
bl (U3 JTHU
paboT | msI paboT | OTBETCTBEHHBIX
HCP)
UCTIOJTHUTEJIEH )
Kan T.JL.
1 Bsenenue 10 1.01.16 | 10.01.16 | ITmoTHUKOB
E.B.
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JIuteparypHbIil 10.01.1
2 21 31.01.16 | Kan T.JI.
0030p 6
Teoperuueckuii 31.01.1
3 10 10.02.16 | Kan T.JL.
aHaJIn3 6
[TocTanoBKka Kan T.JI.
10.02.1
4 3a1a4u 10 6 20.02.16 | IL1oTHUKOB
VCCJICIOBAHUA E.B.
Kan T.JL.
DKcnepuMeHTaITh 20.02.1
5 18 9.03.16 | [InoTHHKOB
Hasl 4acTh 6
E.B.
Kan T.JI.
PesynbTarel n [ImoTHHKOB
6 11 9.03.16 | 20.03.16
00CYXKICHUS E.B.
Kypaskos C.I1.
Pazpabotka
NIpE3CHTAINH U 20.03.1
7 5 25.03.16 | Kan T.JI.
pa3aaToyHOTO 6
MaTepuana
25.03.1
8 Odopmnenue 6 6 31.03.16 | Kaun T.JI.
Hroro: 91

Juarpamma [aHTa — 3T0 THI CTOJIOYATBHIX mwarpavv  (rucrorpamm), KOTOPBIH

HCTIOJIb3YCTCA AJI1 UIUTFOCTP AU KAJICHAAPHOTO ITJIaHa IIPOCKTA, Ha KOTOPOM pa6OTI>I 110
TEMC MMpCaACTABJIAOTCA MPOTAKCHHBIMU BO BpPCMCHU OTpC3KaMH,

XapPaKTCPUIYIOIMUMHC AaTaMH Ha4daJlda 1 OKOHYaHHW:A BBITIOJIHCHUA JaHHBIX pa60T.
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http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B0%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0
http://ru.wikipedia.org/wiki/%D0%93%D0%B8%D1%81%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0

Tabmuna 4.8 - Kanengapusiii tan-rpaduk nposenenns HUOKP no teme

Kon Bun pabor Hcnomantemn | Ty
paboThI
Kajl, | sHBaph | (peBpasib | MapT
(u3 JTH.
HCP)
1121312312
ACCHUCTEHT,
1 Bsenenue 10 L
MarucTpaHT
JIureparypHsl
2 Maructpant 21
i 0030p
Teopernueck
3 5 MarwucTtpanT 10
Wi aHaTN3
[TocTanoBka [
3aauu ACCHCTEHT,
4 10
WCCIIEIOBAHU | MAarMCTPaHT
s
DKCHEpUMEHT | ACCHCTEHT,
3) 18
allbHas 4acTh | MarUCTPaHT
PyxoBourens, ﬁ
PesynbTaThl n
6 MarucTpaHrT, 11
00CYyXIeHUs
ACCUCTEHT
Pa3pabotka
MIPE3CHTAINH
7 u Maructpant 3)
pa31aToyHOTO

Marepuaa
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8 Odopmnenue | Maructpant 6
- Pyxosooumenw - Macucmpanm - accucmenm

4.8. bro:xkeT HAY4HOT 0 MCCJIeIOBAHUS

Pacuer cToMmmMOCTH MarepualibHBIX 3aTpar MPOU3BOAUTCS MO JIEUCTBYIOLIMM

MIPEUCKYPaHTaM WJIM JIOTOBOPHBIM LIEHAM. Pe3ylbTarsl 10 TaHHOM CTAThE 3aHOCSTCS

B Ta0J1. 4.9.

Tabnmma 4.9 - Pacuer 3arpar Ha ChIpbe

Ne | HammeHoBaHme Ennnuna Pacxon | Ilena 3a enunwuiyy, | Cymma,

/1 | 3aTpar U3MEpEHui py6(c HIC) pyo
bymara

1 yITaKOBKa 1 120,00 120,00
(bunbTpOBATLHAS

2 | I'a300eron M’ 1 3000,00 3000,00

3 | Yamku Ilerpu LT 50 10 500,00

4 | XomyT mmHO#M 20 MM | ymakoBKa 2 110 220

HUroro 3840,00

Tabnuua 4.10 - Pacder 3atpar no cratbe «Crnienio0opyaoBaHue A1 HAYUHBIX

padboT»
Ne HaumenoBanue Kon | Llena Awmoprusa | Hopma
n/m 000pynoBaHus -BO0 | 00opynoB | s, pyo | amopTtuzamuu, %o
aHus, pyo
1 Becw1 maboparopHbie
1 17250
TEXHUYECKUE

60




2 Becrr naboparopHsie
1 72500 7250 10
AHAJTITHY €CKHUE
3 Cynmsnblit mxkad |1 | 65800 6580 10
4 DJEKTPOILIUTKA 1 1200
3) Nuxybarop 1 210300 31529 15
6 Konba xonnueckas 6 200
7 XuMudeckuii cTaka | 6 60
8 Juctunstop 1 36300
UTOT'O 55010 45359 100369
Tabmuna 4.11 - I'pynmupoBKka 3arpar 1o cTaTbsm
Bun | Ceiphe, CriermaiibHO€E OcuoBHasa | Otuncienus | Utoro
pa- | marepuassl (3a | 000pygOBaHUE 3apa0oTHAs | HA COIMAJIb- | TUIAHOBAS
00T | BEIYETOM TUIS HAYIHBIX iaTa HBIC HY)KIIBI | cebecTon-
BO3BpPATHBIX (3KCTIEpUMEH- MOCTb
OTXOJIOB), TIO- | TAJIbHBIX) pabOT
KyIIHbIE — M3J1e-
IS W TIOJy-
(habpuKaTsl
3840,00 100369,00 183055,38 | 74431,24 212833,14
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Tabmuma 4.12 - KommdgecTBO moTpeOisseMOl SHEPruM 0O0OPYAOBAaHHUEM

1a00paTOPHH.
Kon-Bo Komuect KomnuectBo
[ToTpebasiema
HaumenoBanue SIMHUI] BO YaCcOB noTpedIsIeMoit
s MOIITHOCTb,
o0opynoBaHusi | 000pyA0B B pabOThI B | SHEPTUU 3a CYTKH,
kBT
aHus CYTKH KBT
Bechl
1 0,011 2 0,022
AHATMTUIECKUEC
Becnl
1 0,011 2 0,022
TEXHUYECKUE
HNukybatop 1 0,4 2 0,8
Jluctumsatop 1 0,5 1 0,5
UTOI'O: 1,344

BropbiM miarom OyneT Hax0XIEHHE CTOMMOCTH JJIEKTpOdHEpTHH (TpH

croumMocTH 2,7 kBt/4ac).

Tabimmua 4.13 - Pacuer cTOUMOCTH 3IEKTPOIHEPTUH C STHBAPS 1O MAM.

Mecsan | KommuectBo | KommuectBo | KommuaectBo CTOoNMOCTD
THEN pabounx | moTpedsIeMOoit AIIEKTPOIHEPTUU 3a
JTHEW DHEPTUU 32 Mmecs, pyo (ripu 2,7
Mecsl, KBt kBTt/4ac)
SAuBapp 31 17 79,968 215,92
deBpaib 29 20 94,08 254,02
Mapt 31 20 94,08 254,02
Arnpenb 30 22 103,488 279,42
Mait 31 19 89,376 241,32
UTOTI'O: 12447
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OcHoBHas 3apaboTHas mara (3,,;) HaX0UTCs 1o hopmyIe:

3..=3,.T

OCH IH pab

©)

rae 3o — OCHOBHAs 3apa0OTHas I1aTa OJHOTO padOTHHKA;

T

paboTHUKOM, pad. H.;

3.m— CpelHeaHeBHas 3apa0doTHas iara paboTHUKA, PYO.

p — TPOAOJLKHUTCIIHEHOCTD pa60T, BBITIOJIHACMBIX HAYYHO-TCXHUYCCKHUM

CpennenHeBHasi 3apa0OTHasi IJIaTa B CBOIO OYEpPENb PAcCUMTHIBACTCS IO

dbopmyire:

4)

rae 3, — MECSYHBINA JODKHOCTHOM OKJIaa padOTHHKA, pYO.;

M — KOJIM4eCcTBO MECAIICB pabOThI O€3 OTITyCKa B TCUECHHUE TO/IA:

npu oTycke B 24 pab. nas M =11,2 mecsiia, S-aHeBHAsS HEIENS;

F. — nelicTBUTenbHBIM TOM0BOM (OHA pabodyero BpeMEHH Hay4dHO-

TEXHUYECKOT0 NIepcoHaia, pad. aH. (Tadi. 4.14).

Tabmuna 4.14 - bananc pa6oyero Bpemenu 3a 2016 rog.

[Tokazaremu pabodero BpeMeHu PyxoBoaurens | Maructpant
Kanennapuoe uncio quei 365 365
KommuecTBo HEpabounx gHel
- BBIXOJIHBIE THU 118 118
- Mpa3gHUIHBIC THU
[ToTepu paboyero BpemMeHu
- OTHYCK 24 -

- HEBBIXOJIBI IO 00JIE3HU
JeiicTBUTENBHBIN T0A0BOM (POHA pabovyero BpeMeH! 223 247
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MecsaHBIH TOHKHOCTHOM OKJIaa paOOTHHKA!
3m =36 "Kp, (5)

rae 3 — 0a30BbIN OKIa, pyo.;

k, — paifoHHBIH K09 dHIMenT, paBHbIi 1,3 (111 ToMcka).

OcnoBHas 3apaboTtHas miara pykosonurens (ot TIIY) paccuutsiBaercst Ha
OCHOBaHMU OTpacJieBO# oruiarkl Tpynaa. OTpacyieBas cucteMa orarsl Tpyaa B TITY
peArnoaraeT CASAYIOMMNA COCTaB 3apabOTHOM IJIAThI:

1) oxnman — onpenensierca npennpusitueM. B TITY oknanbsl pacnpeneneHsl B
COOTBETCTBUM C 3aHMMAEMbIMH JIOJLDKHOCTSIMU. ba3oBwiil oknag 3 ompenensercs
UCXO/51 U3 pa3MEPOB OKJIAJI0B, ONIPEACIIEHHBIX INTATHBIM PACIUCAHUEM ITPEATTPUSATHSI.

2) CTUMYJUPYIOLIME BBIIUIATBI — YCTAHABJIMBAIOTCS PYKOBOJIUTEIEM
nojpazneneHuii  3a  3((EKTUBHBIA  TPyH, BHINOJHEHUE  JIOTIOJHUTEIHLHBIX
00513aHHOCTEH U T.]I.

3) uHbBIC BBIILIATHI; pAaOHHBINA KO3 UIHEHT.

Haitnem ocHOBHYIO 3apa0OTHyIO TUIaTy 3a Tiepuoa ¢ siHBaps no mai 2016
roja jis pyKOBOJUTENS:

3smec = 23264,86* 5 = 116320,86py6.

3oy = 116320,86* 1,3 =151218,59%y0.

AHAJIOTUYHO JIJII MAarUCTPAHTA:

3,, = 2500py6.

3ocu = 2500 5 = 12,500py6.

Tabmua4.15 - Pacuér ocHOBHOM 3apabOTHOM IJIaThI C STHBApS IO Mai.

36; 35M601 3OCH,
Hcnomaurenu Kp
pyo. pyo pyo.
PykoBoaurensb 2326486 | 1,3 | 116320,86 | 151218,59
MarucTtpant 490011, 12,500
Jlabopant 14874,45| 1,3 19336,79 96684




OTuncnenus Ha COIHAJIbHBIC HYKIblI BKIIOYAOT B ce0s OTYMCIICHUS BO

BHEOIO/KETHBIC (DOHTBI.

Cones =kgneo 3ocu, (6)

rne K,..; — ko3duipienT oTuncneHuit Ha yruiaty BO BHEOIOKETHBIC (hOH/IBI
(meHcuoHHbIN (ona, GoHm 00S3aTENHHOTO MEIUIMHCKOTO CTPaxOBaHUA U TIp.),
paBHsblii 30,5%.

Tabmmma 4.16 - OT4ucacHUS Ha CONUATBHBIC HY Kb

PykoBoaurens MarucTtpant JlaGopanT
3apruiara 151218,59, 12500 96,684
OTuHCICHUS HA COII. HY>K/IbI 45402,82 29028,42

4.9. lloTeHAJIbHbIE PUCKHU

Ha nytu peamuzaiuu mpoekTa MOTYT BO3HUKHYTH Pa3HOTO poJia PUCKH,
MPEICTaBISIOUE ONaCHOCTh TOTO, YTO MOCTABJIEHHBIE 1IEJTM POEKTa MOTYT ObITh HE
JOCTUTHYTHI TIOJIHOCTHIO MM YacTUaHO. [loHOCTRIO M30€KaTh pUCKa NMPAKTHIECKU
HEBO3MOYKHO, HO CHU3UTh MX YI'PO3y MOXKHO, YMEHbINAs JEeHCTBUE HEOIaronprsTHHIX

daxTopoB. Bo3MoskHbBIE prCKHY TIpeicTaBlIeHbI B Ta0miie 4.17 u Ha pucyHke 4.2.

Tabmuia 4.17 - Peectp puckos.

Beposrt
Bimmsin
HOCTb
ue | YpoBeHb Cnoco0bl cMsATYEHUS
No Puck HACTyN
pUCKa | puCKa pucka
JICHUSA
(1-5)
(1-5)

TexHnueckne pucKku

1 | TpeboBanus 2 4 cpeanuil | OTcnexuBaHue

—| U3MEHEHMI TpeOOBaHUM K
2 | Texnonorus 2 3 HU3KUI
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DddexTuBHOC

npoayKuu. [locTosiHHBIN

3 | ThH 4 CPEIHUM | TOUCK IMyTen
HaJI)KHOCTh OINTUMU3AIUN
npousBocTea. CTporuu
KauecTBO
KOHTPOJIb KaueCcTBa
4 4 HU3KUI .
BBIITYCKAEMOM PO TYKITHH,
cootBercTBUEe [[OCTam.
Buemnne pucku
Cy6noapsiuu N3y4yeHnne KOHbIOHKTYPBI
S |kuu 3 HU3KHAW | PBIHKA.
MIOCTaBUIUKH CtpaxoBaHuEe UMYIIIECTRA.
N3ydyeHne n3MeHeHu! B
[Ipennucanus
_ | poccuiickom
6 | KOoHTpOIHPYIO 3 CpeaHui
3aKOHOJaTeNIbCTBE.
IMX OPTaHOB
Onpenenenue mep
7 | PpiHOK 4 CPCAHHU | oorpeHuid 1 HaKa3aHUH
~—{ 10 OTHOIIICHHUIO K
8 | 3aka3umk 3 HU3KUH
pabouum.
Henpensunen
HEIC
9 4 CpeaHui
00CTOSATEHCTB
a
N3menenus
POCCHUICKOTO .
10 5 BBICOKHI
3aKOHO/1aTellb
CTBa
HebpexuocTh .
11 p 3 HU3KUH
u
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Heg00pocoBeC
THOCTb
pabouunx
Opranu3aMoOHHbIE PUCKH
Opranuzanuu, Ctporuii KOHTPOJIb 32
12 | oT KOTOPBIX 2 3 HU3KUI | paboToil Bcex
3aBUCUT MPOEKT BCTIOMOTaTeNIbHBIX CITYKO.
| Tlouck anbTepHATUBHBIX
13 | Pecypchr 2 5 CpenHui
MOCTABIIMKOB U
DUHAHCUPOBAH VHB
. €CTOPOB.
14 3 5 BBICOKHI P
ue
PaccranoBka
15 2 3 HU3KUH
MIPUOPHUTETOB
Pucku ympaBieHus: IpOEKTOM
16 | Onenka 2 4 cpennuii | OTBETCTBEHHBIN MOAXO0]1 K
pa3paboTke u
[InannpoBanu .
17 2 3 HU3KUHN | yIIpaBJICHUIO IIPOEKTOM.
e
IToBbIlIcHNE
18 KOHTpOHB 2 4 CpCI[HI/Iﬁ KBaJ_H/I(bI/IKaHI/H/I JINII,
OTBETCTBCHHBIX 32
KomMmyHukanm .
19 " 3 3 CPENHHN | yiipapieHme IPOEKTOM.
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MNpoekKT

o o < YnpasneHue
—  TexHun4eckun — BHewHun —  OpraHu3aunoHHbIN
NPOEeKTOM
Cybnoapsaaunkm u OpraHusauum, ot
- TpeboBaHuA — M - OueHka
NOCTaBLUMKH KOTOPbIX 3aBUCUT MPOEKT
Mpeanucanua
= TexHonorua = PeA H Pecypcbl — [lnaHupoBaHue
KOHTPONMPYIOLLMX OPraHoB
SPeKTUBHOCTb U
M b — PbIHOK M ®durHaHCcMpoBaHMe — KoHTponb
HaAEeXHOCTb
PaccraHoBKa
— Kauvecrtso — 3aKasumk — — KommyHuKaunm
npUopUTETOB
HenpeasnaeHHble
obcToATeNnbCTBa
MN3meHeHMA poccninckoro
3aKOHOAATENbCTBA
HebpeXHOoCTb U

Heao0bpoCcoBECTHOCTL Ppaboumnx

Pucynoxk 4.2 - Mepapxudeckasi CTpYKTypa pUCKOB.

4.10. Omnpenesenne pecypcHoil (pecypcocOeperamwueii), ¢GuHAHCOBOI,

0I01:KeTHOM, COIMATbHOM K IKOHOMUYECKOH 3(p e KTUBHOCTH UCCJIeI0BAHUSI.
OuneHka cpaBHUTEIbHOM 3P PEKTHBHOCTH UCCJICTOBAHMS.

Yro6s1 onpenenuTh d3PGEKTUBHOCTh MCCIICAOBAHUS, HEOOX0IUMO PacCUUTATh
UHTETPAIbHBINA MoKa3zarenb A((EKTUBHOCTH HAYYHOrO WccieaoBaHus. s 3Toro
ONPEAENSAIOT JBE CPEIHEB3BELICHHBIE BEIWYMHBI: (PMHAHCOBYIO A(P(EKTUBHOCTH U
pecypcodPheKTUBHOCTb.

WuterpaibHplii  mokazarenib  (UHAHCOBOM  3(PPEKTUBHOCTH  HAYYHOTO
UCCJICIOBAHUS TIOJIy4alOT B XOJI€ OILIGHKM Orojpkera 3arpar Tpex (wm Ooliee)
BAPUAHTOB HCIOJHEHUS] HaydHOro wcciaenoBanus (tabmuma 4.10). s sToro

HauOOJBIIIMA HMHTETPAIBHBIN TIOKAa3aTelh peaM3alid  TEXHUYSCKOW 3amadu
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npuHUMaeTcss 3a 0a3y pacuera (Kak 3HAMEHATENb), C KOTOPBHIM COOTHOCHUTCS

(bHHaHCOBBIC 3HA4YCHUA 110 BCCM BapHaHTaM MCITIOJIHCHMA.

WuTterpanbHblil PUHAHCOBBIN TOKA3aTeNb Pa3padOTKU ONPEAEIIETCS KakK:

02
D

pi

P _
I, =

max

rae |, - uHTerpabHblil PUHAHCOBBIN [OKA3aTelb pa3padoOTK;

@i — CTOUMOCTb I-r0 BApHAHTa UCTIOJIHEHHUS;

(7)

(pmax — MaKCUMAaJIbHAasA CTOMMOCTb HMCIIOJIHCHUA HAYyYHO-HUCCJICIO0BATCIILCKOT'O

MpoeKTa (B T.4. aHAJIOTH).
Tabmuma 4.18 - I'pynmupoBKa 3aTpar 1o cTaThsIM aHAJIOTOB Pa3pabOTKH.

CrIpbe,
MaTepHatbl
B (3a
ApUaHT CrienanapHOe OcHoBH | OTuncIe
BBIUETOM Hroro
HCTIOTHE o6opynosanue | CTOMMOCTB ast HUS Ha
BO3BPATHBI TUTAHOBasI
HU3A JUISL HAYIHBIX | 3JIGKTPOdHE | 3apaboT | COIHalh
X OTXOJ0B), cebecToum
aHajiora (3KCIIEpUMEHTA pruu Hast HbIE
HOKYITHBIE OCTb
No JbHBIX) pabOT ara | HyXIbl
U3J1EUs 1
noydadbpu
KaThl
230895, | 70423,0
1 1000 165253,85 662,56 468234,85
36 8
296425, | 90409,7
2 1000 10677,75 662,56 %6 2 399175,40

Haiinem 3HaueHus WHTErpalbHOTO (UHAHCOBOTO TIOKAa3aTelsl [JIs BCEX

BapHaHTOB NCITIOJIHCHUS HAYYHOTI'O UCCICIOBAHUA:

Jlnisa Hameit pazpadoTku: [ g =

Pp

_559023,75 _

Dpax 46823485

0,92
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Dgy _ 468234,85
Omax  468234,85

Jlnst mepBoro anasnora: [ qz; =

Dy 399175,40

A1 BTOpOTO aHanora: qu: T 0. 46823485
max ’

0,85

[loslyueHHass  BeMMYMHA  MHTErPATBHOTO  (DPMHAHCOBOTO  MOKazares

pa3paboTKi OTpakaeT COOTBEICTBYIOIIEE YHUCJIEHHOE Y/CIICBICHHE CTOUMOCTH
pa3paboTKu B pa3bl, TO €CTh HaIla pa3paboTka 001agaeT HAaMMEHBIIEH CTOUMOCTHIO

110 CPAaBHCHUIO C dHAJIOT'aMH.

NuTterpanbHblil moka3arelib pecypcodd(PEeKTUBHOCTH BapUAHTOB HUCTIOJHEHUS

00BEKTa UCCIIEIOBAHUS OTIPEALISIOT CIACTYIOMUM 00pa3oM:

1©=Yab'  17=Yab’
i=1 ’ i=1 (8)

rae [, — UHTerpalbHBIA MOKa3aTellb pecypcodPPEeKTUBHOCTH BapHAHTOB;
a; — BECOBOM KOA((UIIUEHT 1-TO TapaMeTpa;
b? , b’ — GampHas OIeHKa i-TO mapamerpa a 0
i b 10 apaMmerpa i1 aHajlora U pa3pabOTKH,
YCTAHABIIMBAETCS HKCIIEPTHBIM ITyTEM 10 BHIOPAHHOM IIKAJIE OLIEHUBAHUS;
N — YH1CJIO MapaMETPOB CPABHCHUSI.

Pe3ynbTar pacueroB npencTaBUM B BHJIEC TAOIUIIG:

Tabmuma 4.19 - CpaBHuUTeNbHas OIEHKAa XapaKTEPUCTUK BapHUAHTOB

HCIIOJIHCHHA ITPOCKTA.

10 Becosout
ko3 dunuent | Tekymm | Ananmo | Anaino
Kpurepun rapaMmerpa U MIPOEKT rl r2
L. CnocoOcTByer pocTy
POU3BOAUTEIBHOCTH Tpyza 01 S 4 3

IIOJIb30BAaTCIIA
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2. Ya006CcTBO B DKCIUTyaTaluu

(cooTBEeTCTBYET  TpEOOBAHMIM 0,15 4 3 4
oTpeouTENEiN)

3. IToMex0yCcTOMUMBOCTh 0,15 5 4 3
4. DHeprocoOepekeHne 0,2 5 5 4
5. Hapexxnocth 0,25 5 4 3
6. MaTtepuasoemMKoCTh 0,15 3) 4 3
NTOI'O 1 4,85 4,05 3,35

WuterpanbHblii okazarenb 3()(QEKTUBHOCTU pa3pabOTKU (Ig ) U aHajora

HHD

( Igusp ) OUpenensiercs Ha  OCHOBAHMM  MHTETPAIBHOIO  TOKa3aTells

pecypcod3pheKTUBHOCTH U MHTETPATIhbHOTO (PMHAHCOBOTO MOKA3aTeIs 1o (hopMmyJie:
p a

P

Gunp | P, punp | ¢ 9)
b b

Jlist Harei p3,3pa6OTKI/IZI£HHp = z%i = 6,59

4,05
Jlnsa mepBoro ananora: Ig,, ., = = 4,05

a2 __ 3,35

Just BTOpOTO ananora: Iy, = el 3,93

CpaBHeHHEe UHTErpaIbHOTO NoKazarels 3(pGEeKTUBHOCTH TEKYIIEro MPOeKTa U
AHAJIOT'OB MMO3BOJIUT OMPEIEIUTH CPABHUTEIbHYIO 3(D(HEKTUBHOCTH MTPOEKTA.
CpaBHutenbHast 3pHEKTUBHOCTD TPOEKTA:

I p

_ Gunp
Op=7u (10)
Gunp
rae 3., — CpaBHUTENbHAA 3(PPEKTUBHOCTL MPOEKTA, IgHHp — HHTErpaJibHbIN
noxasarelb  pa3paboTKu; Iy, — HHICIPAIBHBIH  TCXHHKO-DKOHOMHYECKHiH

IIoKa3arciib aHajiora.
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Tabmuna 4.20 - CpaBautenbHas 3()()EKTUBHOCT, pa3pabOTKH C TEPBHIM

aHaJIOTOM.
Ne
n/n [lokazarenu Ananor 1 | Pazpabotka | Ananor 2
1 | UaTerpanbHplii  (UHAHCOBBIM
1 0,74 0,85
nokasareib pa3padoTKu
2 | UarerpanbHbIit 1oKa3areb
pecypcodPpPeKTHBHOCTH 4,05 4,85 3,35
pa3paboTKu
3 | UarerpanbHbIit MoKa3areib
4,05 6,99 3,93
s hekTUBHOCTH
4 CpaBHuTenbHast
3¢ (HEKTUBHOCTD BapUaAHTOB 1,63 1,68
UCTIOJTHEHUS
CpaBHeHHE 3HAUCHUN HMHTErpalIbHBIX TMOKazarened  dddexkTuBHOCTH

NOKa3bIBAIOT, YTO Hama pa3zpaboTka Oosee 3PQPEKTUBHBIN BapHAHT pEIICHUs

IIOCTaBJICHHOM B MAruCTEPCKOM JUCCEPTALMM TEXHUYECKOW 3aJa4yd C TO3ULUU

(brHAHCOBOM M pecypCHOM Y(PPEKTUBHOCTH.
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1.1 Problems of microbiological pollution of water environments.

Water is an essential element for life. Fresh water comprises 3% of the total
water on earth. Only a small percentage (0.01%) of this fresh water is available for
human use. Unfortunately even this small proportion of fresh water is under immense
stress due to rapid population growth, urbanization and unsustainable consumption of
water in industry and agriculture. According to a UNO report, the world population is
increasing exponentially while the availability of fresh water is declining.

Emerging pathogens are those that have appeared in a human population for
the first time, or have occurred previously but are increasing in incidence or
expanding into areas where they have not previously been reported, usually over the
last 20 years [5]. Re-emerging pathogens are those whose incidence is increasing as a
result of long-term changes in their underlying epidemiology [6]. By these criteria,
175 species of infectious agent from 96 different genera are classified as emerging
pathogens. Of this group, 75% are zoonotic species.

Improved methods of surveillance, epidemiological studies and the
continuous development of more advanced methods of diagnosis have allowed us to
detect new pathogenic species of microorganism or to associate a known micro-
organism with a new or atypical set of disease symptoms.

Furthermore, the agents of several diseases that were thought to have been
controlled are re-emerging as a result of adaptive changes in the pathogen, changes to
the immunological status of the host, or environmental, demographic and socio-
economic changes. Each of these pathogens represents a public health problem.

Developments in our understanding of the relationships between water and
human health have been characterized by the periodic recognition of previously
unknown pathogens or of the water-related significance of recognized pathogens.
Several studies have confirmed that water-related diseases not only remain a leading
cause of morbidity and mortality worldwide, but that the spectrum of disease is

expanding and the incidence of many water-related microbial diseases is increasing.
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One of the biggest concerns is finding pathogenic, or disease-causing,
microbes in drinking water. Bacterial contamination of drinking water is a major
contributor to water-borne diseases such as diarrhea, nausea, gastroenteritis, typhoid
dysentery and other health-related problems, especially in children and persons with
weak immune systems [1, 2]. Regardless of the source of contamination, natural or
otherwise, one of the most common bacteria is known as Coliform Bacteria. Total
bacterial count, total coliforms and Escherichia coli are common indicators of water
contamination with disease causing pathogens. Sources of total and fecal coliform in
groundwater can include infiltration of domestic or wild animal fecal matter, effluent
from leaking septic systems or sewage discharges and agricultural runoff [3].
According to the WHO standard for public drinking water, total coliforms and fecal
coliforms in 100 mL of water must both be below detectable levels [4].

What's interesting to note is that the coliform bacteria found in human gut
rarely cause any trouble. They are basically looking for a place to eat, live, and
reproduce. That place just happens to be human intestinal tract. However, every now
and then, a type of dangerous, toxin-producing, coliform bacteria known as E. coli
0157:H7 can cause bloody diarrhea and even kidney failure in people who ingest this
deadly microbe by eating or drinking contaminated food or water.

Since 1970, several species of microorganism from human and animal faeces
and from environmental sources, including water, have been confirmed as pathogens.
Examples include Cryptosporidium, Legionella, Escherichia coli O157 (E. coli
0157), rotavirus, hepatitis E virus and norovirus (formerly Norwalk virus).
Furthermore, the importance of water in the transmission of recognized pathogens is
being continually assessed as new tools become available through advances in
science, technology and epidemiology. Helicobacter pylori (H. pylori) is an example

of a recently emerged pathogen that may be transmitted through water.
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There is a strong link between H. pylori infection and gastric cancer in many
countries, but there are large intercountry variations in incidence of gastric cancer and
H. pylori seroprevalence seen among many Asian countries. For example, the
prevalence of H. pylori infection is high in India and Bangladesh, but low gastric
cancer rates have been reported. Factors that may influence the etiology of gastric
cancer include the genetic diversity of the infecting H. pylori strains and differences
in the host genetic background in various ethnic groups. These factors, in addition to
environmental factors, such as personal hygiene and dietary habits, reflect the
multifactorial etiology of gastric cancer [7]. A number of studies have demonstrated
that H. pylori survive in water although isolation of H. pylori from water systems has

been shown to be difficult.

Picture 2 — Appearance of bacteria Helicobacter pylori

Similarly, water-related vector-borne pathogens have been (re-) emerging
over the past 20 years. To a large extent this has been caused by the emergence and

spread of drug-resistant parasites (for example, the Plasmodium species causing
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malaria) and of insecticide-resistant vectors. Changing environments linked to such
trends as intensified water resources development and urbanization, and the
accompanying demographic changes, have created conditions where vector-borne
diseases can gain new strongholds. International travel has contributed to the spread
of pathogens to areas where the vector was already present but so far innocuous (for
example, West Nile virus in North America).

The distribution of emerging pathogens according to the main group of
microorganisms to which they belong. The figure shows that nearly half of all

emerging pathogens are bacteria or viruses [8].

Pl

viruses 24.3% g8

bacteria 48.3%

rickettsia 5.9%

protozoa 11.7%

prions 0.3%
helminths 3.6%
fungi 5.9%

Picture 3 — Distribution of emerging pathogens by group

There are many reasons why human pathogens emerge or re-emerge after a
long period of inactivity, but most have a common theme and may be grouped under
a few general headings: new environments, new technologies, scientific advances,
and changes in human behaviour and vulnerability. Some factors associated with
emerging issues in water and infectious disease, for example, agricultural and
wastewater management practices, may be anticipated and subsequently controlled
by implementing appropriate resource protection and management strategies. Others,
such as demographic, behavioural changes and socio-economic factors, also may be
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anticipated, but the outcomes are unpredictable and appropriate control measures

difficult to implement.

1.2 Potential drivers of the emergence and re-emergence of pathogens in

water

The interplay between the host and the pathogen is a complex one, each
driven by the need to secure the success of the species. Adaptations by one partner to
exploit new environments will often stimulate the other to modify its characteristics
to take advantage of the change. As a consequence of this cycle of interaction created
by changing environments, new strains of pathogen will evolve. Over time, these
strains may emerge as new species with characteristic disease symptoms.

There is a large portfolio of case studies demonstrating how dams and
irrigation schemes have led to the spread of malaria, schistosomiasis, filariasis and
Japanese encephalitis. Furthermore, climate change is expanding the range of
mosquito species responsible for the transmission of the malarial parasite and the
dengue virus. Thus, new environments can favour the proliferation of pathogens or
their vectors and bring about contact with a previously-unexposed population.

More often than not, new technologies have a neutral impact on the ecology
of pathogens, but some technologies accidentally introduce new routes of exposure
between humans and pathogens. This is particularly evident when dealing with
technologies that are used in water treatment, storage and distribution.

New water treatment, storage and distribution technologies are being
developed to improve and maintain the quality of drinking-water. Many of these
technologies will have significant benefits, but unforeseen problems with a few may
introduce new risks, such as harmful by-products or pathways of transmission that
may lead to the re-emergence of water-related pathogens. Each time a risk is
identified, systems are developed to eliminate or reduce the risk that may, in turn,
increase or decrease other risks. In the context of new technologies, water distribution
systems show how an engineering solution to one problem can create new
opportunities for contact between humans and water-related pathogens.
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The effectiveness of slow-sand filtration to remove pathogens from drinking-
water before it enters the distribution system was demonstrated spectacularly during
the outbreak of cholera in Germany in 1892. Hamburg suffered a very high mortality
amongst its population, whilst neighbouring Altona, which abstracted water from the
same source as Hamburg but used treatment by slow-sand filtration, escaped the
worst ravages of the cholera. Slow-sand filters occupy large areas of land and so
rapid-sand filtration was introduced as an alternative technology. Yet, in order to
maintain their efficiency, rapid-sand filters must be cleaned regularly by
‘backwashing’. Producers can reduce costs by recycling the backwash water.
Cryptosporidium oocysts are concentrated on the filters during normal operation.
Recycling backwash water to the raw water flow can return large numbers of oocysts
to the treatment plant at a time when the plant is potentially vulnerable to
breakthrough. This practice has lead to outbreaks of disease.

Chlorine is the most widely-used drinking-water disinfectant. It was first used
for treating water by John Snow (1845) as he intervened to control the outbreak of
cholera in London. The use of chlorine disinfection has made an immense
contribution to the safety of drinking-water supplies, yet, recently, the limitations of
chlorine and some disadvantages linked to its use have been widely publicised:

m although chlorine is effective against most vegetative bacteria and viruses
when used at the normal concentration for treatment, it will not inactivate
Cryptosporidium oocysts. Furthermore, chlorine has a very limited effect bupon
pathogens growing in biofilms. So while its use reduces overall risks, it changes the
relative impact of different pathogens;

m traces of chemical by-products of chlorine disinfection have raised public
concern about potential long-term but small risks from chemically treated water.
Inappropriate decisions made about the risks from chemical contamination versus the
need to maintain microbiological safety to protect consumers from imminent high
microbial risks have been implicated in the re-emergence of pathogens.

Despite the treatment of source water and the use of chlorine disinfectant,
contamination of piped water supply continues to occur, without necessarily causing
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large easy-to-recognize outbreaks, through leaks, or at other vulnerable parts of the
system, and during maintenance work. Once in the system, bacteria, fungi and
protozoa can attach to the inner surfaces of the pipes and some may to produce
biofilms.

Recent analysis of the pathogens regarded as emerging has shown that they
are not a random subset of all pathogens, but that they share certain characteristics.
Zoonotic pathogens, for example, are almost twice as likely to be regarded as
emerging or re-emerging than non-zoonotic pathogens. This observation has
implications for intensive livestock farming, which frequently can result in the
discharge of pathogens into water from concentrated animal wastes and animal
feeding operations. Several species of emerging water-related pathogen have been
recognized from these sources, including Cryptosporidium, E. coli O157 and
Campylobacter. This example shows how a substantial enhancement of a long-term
practice can impact watercourses in ways that are not anticipated.

The history of pathogen discovery broadly describes a cycle of events
beginning with a disease of unknown etiology, development of analytical techniques,
and identification of the etiological agent. Advances in analytical techniques are a
fundamental component of the exploration of emerging pathogens. By increasing our
capacity to concentrate and detect micro-organisms in water samples, we can
recognize new pathogens and associate known micro-organisms with diseases of
unknown etiology. However, despite advances in diagnostic technology water-related
disease of unknown etiology remains a significant percentage of the total outbreaks
of disease. Published statistics show that between 1991 and 2000, the etiological
agent of around 40% of drinking-water associated outbreaks was not identified.

Following the conception of the germ theory of infectious disease, methods
for the isolation and identification of micro-organisms developed rapidly. During the
first half of the 20th century the power of analytical techniques was enhanced by
improved culture media for the selection and enumeration of pathogens, and new
techniques for visualization of organisms and their cellular structures. Using these
techniques, many water-related bacterial and protozoal pathogens were isolated and
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characterized. The discovery of techniques for growing mammalian viruses in cell
culture further expanded the list of water-related pathogens.

Possibly the most revolutionary advance in analytical technology during the
last 30 years was the discovery of a simple, but effective method of amplifying very
specific regions of an organism's genetic material. The technique, called the
Polymerase Chain Reaction (PCR), is now widely used in medical, forensic and
environmental laboratories. Not only does the method allow investigators to
discriminate between micro-organisms from different sources, it can be used to detect
extremely small quantities of the nucleic acid: equivalent to asingle micro-organism.
Detection of nucleic acid by PCR does not necessarily indicate that viable infective
organisms are present, but it is an excellent exploratory tool.

A significant number of the viruses associated with water-related disease
outbreaks cannot be grown in the laboratory using conventional culture techniques.
The use of PCR methods for the analysis of pathogens in water has been fundamental
to our understanding of the distribution of some of the most important water-related
viral pathogens: for example noroviruses, rotaviruses and hepatitis E virus.

Other recently-developed technologies are being assessed for their application
in water microbiology. Flow cytometery is a powerful technique using laser light to
quantify particles or to recognize structural features of cells. By measuring the scatter
and wavelength of light as a particle intercepts the beam, information can be gained
that allows the rapid quantification of the organisms. The analytical capability of the
technique can be further enhanced by use of fluorescent monoclonal antibodies that
are specific for a particular pathogen.

The recognition of emerging and re-emerging pathogens does not rely solely
upon the development of new analytical methods. The reassessment of methods in the
context of improved knowledge about the health risks from water-related disease
leads to evolving interpretation of findings. The recognition of emerging and re-
emerging pathogens does not rely solely upon the development of new analytical

methods. The reassessment of methods in the context of improved knowledge about

92



the health risks from water-related disease leads to evolving interpretation of
findings.

The immune system provides an efficient line of defence against infection.
During the life of an individual, the immune system develops, matures and eventually
wanes. At birth the immune system offers little protection against infection, but it
develops rapidly in response to stimulants in the environment, infectious disease
organisms, and from contact with other people. After a few years the body has
acquired an elaborate system of cellular and humoral immunity that can rapidly
neutralize an infectious agent as well as set up a barrier against future infection by the
same agent. In later life, the efficiency of the immune system begins to wane and the
body is once again more susceptible to infection.

Factors apart from age can affect the effectiveness of the immune system: for
example, the individual’s level of nutrition and fitness, stress, excessive exposure to
ultraviolet irradiation, and pregnancy. Some, however, can have a devastating impact
on the immune system. The transplantation of organs, such as the heart, liver and
kidneys, is followed by the long-term administration of immunosuppressive drugs to
prevent rejection of the new organ. Cancer treatment often involves procedures that
reduce the effectiveness of the immune system.

In combination, the ageing of the world's population, the use of
immunosuppressive procedures, and the global spread of HIV/AIDS have created a
large and growing population with impaired immune systems. This group of people is
highly susceptible to infection by organisms that may be of little or no threat to
immunocompetent individuals, or have a greater risk of mortality from normally-
benign infections. Several pathogens have emerged or are re-emerging within the
immunocompromised population eg. Cryptosporidium and MAC.

Human frailty has been the cause of many outbreaks of infectious disease, but
the consequences can be particularly devastating when the failure has occurred within
established public health protection measures. Production of water that poses no
threat to the consumer's health depends on continuous protection. Because of human
frailties associated with protection, priority should be given to selection of the purest
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source. Polluted sources should not be used unless other sources are economically
unavailable, and then only when personnel, equipment and operating procedures can

be depended on to purify and otherwise continuously protect the drinking-water

supply.
1.3 Indicators of microbial water quality

Traditionally, indicator micro-organisms have been used to suggest the
presence of pathogens [9]. Today, however, we understand a myriad of possible
reasons for indicator presence and pathogen absence, or vice versa. In short, there is
no direct correlation between numbers of any indicator and enteric pathogens [10].
To eliminate the ambiguity in the term ‘microbial indicator’, the following three
groups (outlined in Table 1.1) are now recognised:

* General (process) microbial indicators,

* Faecal indicators (such as E. coli)

* Index organisms and model organisms.

Table 1.1 — Definitions for indicator and index micro-organisms

Group Definition

Proce A group of organisms that demonstrates the efficacy of a
ss indicator process, such as total heterotrophic bacteria or total coliforms for

chlorine disinfection

Faecal A group of organisms that indicates the presence of faecal
indicator contamination, such as the bacterial groups thermotolerant
coliforms or E. coli. Hence, they only infer that pathogens may be

present.
Index A group/or species indicative of pathogen presence and
and model behaviour respectively, such as E. coli as an index for Salmonella
organisms and F-RNA coliphages as models of human enteric viruses.

The validity of any indicator system is also affected by the relative rates of

removal and destruction of the indicator versus the target hazard. So differences due
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to environmental resistance or even ability to multiply in the environment all
influence their usefulness. Hence, viral, bacterial, parasitic protozoan and helminth
pathogens are unlikely to all behave in the same way as a single group, and certainly
not in all situations. Furthermore, viruses and other pathogens are not part of the
normal faecal microbiota, but are only excreted by infected individuals. Therefore,
the higher the number of people contributing to sewage or faecal contamination, the
more likely the presence of a range of pathogens. The occurrence of specific
pathogens varies further according to their seasonal occurrence [11]. In summary,
there is no universal indicator, but a number, each with certain characteristics.

Water sanitary engineers, however, require simple and rapid methods for the
detection of faecal indicator bacteria. Hence, the simpler to identify coliform group,
despite being less faecal-specific and broader (for which Escherichia, Klebsiella,
Enterobacter and Citrobacter were considered the most common genera) was
targeted. One of the first generally accepted methods for coliforms was called the
Multiple-Tube Fermentation Test.

1.4 Removal processes of microorganismfrom water

In 1914, the first Public Health Service Drinking Water Standard adopted a
bacteriological standard that was applicable to any water supply provided by an
interstate common carrier [12]. It specified that not more than one out of five 10 ml
portions of any sample examined should show the presence of the E. coli group by
the specified Multiple-Tube Fermentation procedure (now referred to as the Most
Probable Number or MPN procedure).

Although this test is simple to perform, it is time-consuming, requiring 48
hours for the presumptive results. There is a number of isolation media each with its
bias and the bacteria enriched are not a strict taxonomic group. Hence, the total
coliforms can best be described as a range of bacteria in the family varying with the
changing composition of the media.

Following presumptive isolation of coliforms, further testing is required for
confirmation of the coliform type. During the late 1940s there was a divergence
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approaches to identifying the thermotolerant or so-called ‘faecal’ coliforms.
Mackenzie et al. [13] had shown that atypical fermentors of lactose at 44°C were
indole-negative, whereas E. coli was indole-positive. Thus over a period of some 50
years, water bacteriologists developed the concept of E. coli as the indicator of faecal
pollution, but continued to attach significance to the total lactose fermenters, known
variously as ‘coli-acrogenes’ group, Escherichia-Aerobacter group, colon group or
generally referred to as the ‘total coliforms’ group.

Despite the obvious failings of the total coliform group to indicate health risk
from bacterial pathogens, they provide valuable information on process efficiency
which is clearly important in relation to health protection.

Until the 1950s practical water bacteriology relied almost exclusively, for
indicator purposes, on the enumeration of coliforms and E. coli based on the
production of gas from lactose in liquid media and estimation of most probable
numbers using the statistical approach initially suggested by McCrady [14]. In Russia
and Germany, however, workers attempted to culture bacteria on membrane filters,
and by 1943 Mueller in Germany were using membrane filters in conjunction with
Endo-broth for the analysis of potable waters for coliforms. By the 1950s membrane
filtration was a practical alternative to the MPN approach, although the inability to
demonstrate gas productionwith membranes was considered a major drawback [15].

The arbitrary definitions adopted for E. coli and the related coliforms were all
based upon cultural characteristics, including the ability to produce gas from lactose
fermentation [16]. Hence, the thermotolerant coliforms include strains of the genera
Klebsiella and Escherichia [17], as well as certain Enterobacter and Citrobacter
strains able to grow under the conditions defined for thermotolerant coliforms
[18,19].

Processes for removal of microbes from water include pretreatment;
coagulation, flocculation and sedimentation; and filtration. Pretreatment can broadly
be defined as any process to modify microbial water quality before, or at the entry to,
the treatment plant. Pretreatment processes include application of roughing filters,
microstrainers, off-stream storage and bank infiltration, each with a particular
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function and water quality benefit. Applications of these pretreatment processes
include removal of algal cells, high levels of turbidity, viruses and protozoan cysts.

Processes for removal of microbes from water include pretreatment;
coagulation, flocculation and sedimentation; and filtration. Pretreatment can broadly
be defined as any process to modify microbial water quality before, or at the entry to,
the treatment plant. Pretreatment processes include application of roughing filters
[20], microstrainers [21], off-stream storage and bank infiltration [22], each with a
particular function and water quality benefit. Applications of these pretreatment
processes include removal of algal cells, high levels of turbidity, viruses and
protozoan cysts.

For conventional treatment processes, chemical coagulation is critical for
effective removal of microbial pathogens. Together, coagulation, flocculation and
sedimentation can result in 1-2 log removals of bacteria, viruses and protozoa [23].
For waters with high levels of algae, care must be taken to remove these organisms
without disrupting the cells, which may release liver or nerve toxins [24]. High-rate
clarification using solids contact clarification, ballasted-floc, or contact clarification
systems can be as, or more, effective than conventional basins for removal of
microbes. Dissolved air flotation can be particularly effective for removal of algal
cells and Cryptosporidium oocysts [25]. Lime softening can provide good microbial
treatment through a combination of inactivation by high pH and removal by
sedimentation [26].

Granular media filtration is widely used in drinking-water treatment. It
removes microbes through a combination of physical-hydrodynamic properties and
surface and solution chemistry. Under optimal conditions, the combination of
coagulation, flocculation, sedimentation and granular media filtration can result in 4-
log or better removal of protozoan pathogens [27]. However, without proper chemical
pretreatment, this type of rapid rate filtration works as a simple strainer and is not an
effective barrier to microbial pathogens [28]. Slow sand filtration works through a
combination of biological and physical-chemical interactions. The biological layer of
the filter, termed schmutzdecke, is important for effective removal of microbial
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pathogens [29]. Precoat filtration was initially developed as a portable unit to remove
Entamoeba histolytica, a protozoan parasite [30]. In this process, water is forced
under pressure or by vacuum through a uniformly thin layer of filtering material,
typically diatomaceous earth. As with granular media filtration, proper chemical
conditioning of the water improves the treatment efficiency of precoat filtration [31].
In contrast, membrane filtration removes microbial pathogens primarily by size
exclusion (without the need for coagulation), and is effective in removing microbes
larger than the membrane pore size [32].

Oxidants may be added to water for a variety of purposes, such as control of
taste and odour compounds, removal of iron and manganese, control of zebra mussel
and removal of particles. For microbial pathogens, application of strong oxidizing
compounds such as chlorine, chlorine dioxide or ozone will act as disinfectants,
inactivating microbial cells through a variety of chemical pathways [33]. Principal
factors that influence inactivation efficiency of these agents are the disinfectant
concentration, contact time, temperature and pH. In applying disinfectants, it is
important to take into account data on CT (disinfectant concentration multiplied by
the contact time) for the specific disinfectant [34]. Ultraviolet light (UV) inactivates
microorganisms through reactions with microbial nucleic acids and is particularly
effective for control of Cryptosporidium [35].

For control of microbes within the distribution system, disinfectants must
interact with bacteria growing in pipeline biofilms or contaminating the system. The
mechanism of disinfection within the distribution system differs from that of primary
treatment [36]. Factors important in secondary disinfection include disinfectant
stability and transport into biofilms, disinfectant type and residual, pipe material,
corrosionand other engineering and operational parameters.

Performance models can help in understanding and predicting the
effectiveness of granular media filtration processes for removal of particles and
microbes. Similarly, equations can be useful in predicting microbial inactivation by
disinfectants. It is also useful to consider variability in processes and in
measurements to determine the overall effectiveness of treatment to control microbial
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risk. At present, performance models cannot precisely define microbial treatment
effectiveness. This leads the operator back to the monitoring and control of critical
points within the treatment process. The combined effect of these control measures
ensures that the microbial water quality of the treated water meets or surpasses risk
goals for the potable water supply.

A water safety plan combines elements of a “hazard analysis and critical
control point” approach, quality managment and the “multiple barriers” principle, to
provide a preventive management approach specifically developed for drinking-water
supply. It can provide a framework for evaluating microbial control measures by
helping to focus attention on process steps such as coagulation, filtration and
disinfection, which are important for ensuring the microbial safety of water. Many
current practices already employ some elements of a water safety plan, and this type
of approach is likely to become more clearly defined in water treatment practices in
the future.
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