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PE®EPAT

Brimycknas kBanubukanmonHas padora 42 crpanuia, 10 pucyHkoB, 8 Tabmuil,
26 UCTOYHUKOB.

OUJIETPALIMIOHHO -~  EMKOCTHBIE  CBOWMCTBA, METO]]
YBEJIMYEHUA  HEOTEOTHAYHM, MOHTMOPUJIUDIOHUT, ASDPOBHBIE
CWINKATO — PABPYIIAIOIIUE BAKTEPUMN.

OOBEKTOM HCCIIEOBAHUS SIBISIETCS. MOHTMOPWIJIOHUT W TJIMHU3UPOBAHHBIN
oOpaszel] kepHa, 00paboTaHHBIE A3POOHBIMU CHIIUKATO — Pa3pyIIAIOIIUMU OaKTEPHUSIMH.

Llenpro MccnenoBaHuid ABISETCS aHAIU3 U3MEHEHHUS CTPYKTYPHOTO CTPOCHUS
MOHTMOPHWJUIOHUTA U (PUIIBTPAIIMOHHO — EMKOCTHBIX CBOMCTB MOPOJIbI KOJIJIEKTOPA HA
pUMeEpPe NIMHU3UPOBAHHOTO 00pa3la KepHa.

Llenpro ccienoBaTeIbCKON pabOThHI SIBJISETCS aHAJIU3 CYIIECTBYIOIUX METOI0B
yYBEIMYEHHST HE(PTEOTHAauu W MPOBEACHHUE J1A0OPATOPHOU pabOTHI MO BO3JAEHCTBHUIO
MHKpPOOMOJIOTUYECKOTO0 MeToJa Ha He(Th, TIWHU3UPOBAHHBIM IECUYAaHUK U
MOHTMOPHUJUIOHUT.

B aunnomHoil paboTe paccMOTpEeHbl OCOOCHHOCTH METOJIOB YBEIMYCHUS
He(TeOoTa4n B 3aBUCUMOCTH OT CTaJIUU pa3pabOTKU MECTOPOXKIEHUH, MEPCIEKTUBBI
WCIIOJIb30BAHUSI MHKPOOMOJIOTHYECKOTO MeEToAa [UJIsl yBeNu4yeHusi HedTeoTnauu,
I'PaHYJOMETPUUECKUI COCTaB MOHTMOPW/UIOHWTA M TJIMHU3HPOBAHHOTO IEeCYaHUKA
00pabOTaHHBIX CHUJIMKATO - Pa3pylIAlONIMMHU OaKTepusMu. AHAIW3 MPOBEACHHOU
nabopaTopHOI PabOTHI MO BO3JIEUCTBUIO MUKPOOHOJIOTHYECKOTO METO/Ia Ha CBOMCTBA
He(TU, CTPYKTYPY MOHTMOPWIJIOHUTA U TIIMHU3UPOBAHHOTO MECUYaHUKA, H3MEHECHUE

(U3UKO-XUMHUUYECKUX CBONCTB HE(TEIIPOTYKTOB.
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BBEJAEHUE

HoBble cnocoObl mMOBBIIEHUS HE(PTEOTHAauW IUIACTOB BIEPBBIE CTalu
MPUMEHSTBCA B COPOKOBBIX — MATUIAECATHIX Tojax XX Beka. JTO ObLIM MPOCTHIE
CIOCOOBI 3aKaYKU B KOJUIEKTOP HE(TSHOrO MOMYTHOIO ra3a WM BOJIbI. 3aTEM TaKue
CHOCOOBI CTAaHOBHWJIUCH pa3zHOOOpa3Hee u ciiokHee. [l0SBUIMCH COOTBETCTBYIOIIHE
NEPCHEKTUBHBIE M HAMHOTO 00Jiee HKOJIOTMYECKHM YHUCThIE CIOCOOBI, Te s
MOBBIMICHUS HEPTEOTIAYyu CTaIM MPUMEHSTHCS OHOJOTUYECKHE OOBEKThI —
MUKpPOOPTaHU3MBbI

B cepenune XX croietds B Haiield cTpaHe BIEpBbIE ObUI anpoOUpOBaH
MUKpPOOHOJIOTUYECKHI METOJA  yBenuueHus HedreoTnaun. B mocnepyromem
WHULAATOPOM HCHOJB30BAHUS OMOJIOTMYECKUX CHOCOOOB BBICTYNWJI OJHMH U3
co3mareneid  coBpeMeHHoM  HedrerazoBoi orpaciu B CCCP  Hukomaii
KoncranTnHOBHY baii0akoB, KOTOpBIA B CEpEAUHE CEMUAECCATHIX OOpaTWiCsS IO
JaHHOMY BOIIpocy K jaupektopy HMHcrutyra OuoxumMuu #  (DU3HOJIOTHH
mukpoopranu3zmMoB AH CCCP I' K. Ckps0uny. 3a pernieHre MmocTaBiI€HHOW 3aJauH,
pa3paboTka KoTopoil Hauanmach B 1955 ropmy, B3suiach akajaemMudeckas Hayka. B
CEMUJIECATBIX—BOCBMHUIECATBIX TOJlaX BIEPBbIE B CTPaHE B MNPOMBIIIIEHHBIX
MacmTabax yCHemrHO NPUMEHWIA MHUKPOOMOJIOTMYEeCcKui crnoco0 HedTeoTnayw,
pa3paboTaHHbIN akageMuKkoM Muxauiom VBaHOBBIM C COTPYIHUKAMH. DTOT CIIOCOO
ObUT OCHOBaH Ha HCIIOJIb30BAHUN MMEIOIIUXCS B KOJJIEKTOPE HE(TEOKUCISIOMUX U
npyrux OakTepuil (CrOCOOHBIX MepepadaThiBaTh YIJIEBOJIOPO/bI), KOTOPbIE MPU HUX
aKTUBAIIMM THUTATEILHBIM PAaCcTBOPOM CHHXKAJIM BSI3KOCTh HE(PTH M TMOBBITIANIUA €6
BBIXOJ.

B Hactosiiee Bpemsi paboTa B HampaBJiEHUU Pa3paOOTKU U HMCIOJIb30BaHUS
OMOTEXHOJIOTUYECKHUX CTIOCOOOB MOBBIIIEHUSI He(PTeOTIauM TOJIBKO Havanack. Jis eé
YCHEIIHOrO TMPOJOJDKEHUS] M MPAKTUYECKOTO HCIMOJIb30BaHUS B HEPTErazoBOM

IMPOU3BOACTBC HGO6XOI[I/IMBI I[&HbHGfIIHHG TCOPCTUUCCKHUC MW  IIPAKTHYCCKHC



UCCIIEIOBaHMSI, OMBITHO-KOHCTPYKTOPCKHE M MPOU3BOJCTBEHHBIE pPa3pabOTKH C

BBIACJIICHHUEM Ha 3TU pa6OTBI BCEX HCO6XOI[I/IMBIX CUJI U CPCACTB.



1 IIpobJsiema TpyAHOU3BJIEKAeMBbIX 3a11ac0B HeQTH

Henpzst npencraButh cebe cCOBpeMEeHHBIA MUp 0€3 yrieBoaopoioB. B kaxmoi
CTpaHe, B K&yKJ0M OTPaCIIM IPOMBIIIEHHOCTH, B K&KJI0M CEMbE €KETHEBHO, €KEYACHO
MPOUCXOJUT TOTPeOJICHUE WM T0JIb30BaHUE MPOAYKTOB MEepepabOTKH TaKOro
YKU3HEHHO BaYKHOTO TMOJIE3HOTO UCKOMAeMOro Kak HE(Th.

C caMoro HayaJjia 3MOXHU MMOBCEMECTHOTO HCIONIb30BaHUA HePTH (Hayano XX
BEKa) OHa cTajia MPUUYMHON MHOTHX UCTOpHUECKUX coObITHil. [locTosTHHBIE TIepeebl
30H BIIMSHHUA, OCHOBaHHbIE Ha OOprOe 3a 3HEpropecypchl, CHOPMHUPOBAIH
COBPEMEHHOE€ MHUPOBOE TMOJUTUYECKOE NpocTpaHcTBO. W B HacTosiee Bpems
KOJIMYECTBO pa3BEJAaHHBIX 3aMacoB, BeJIMYMHA TOTPEOJICHUs, MPOU3BOJICTBA U
KcHopTa HEPTENPOAYKTOB OMNpEACiseT BHEIIHUNA U BHYTPEHHUM «CTaTyC»
rocyJapcTBa, €ro SKOHOMHYECKOE TMOJIOKEHHE Ha MHUPOBOM PBIHKE, a TaKKe
COCTAaBJISIET OCHOBY BHYTPEHHHUX PECYPCOB.

CoBpeMeHHas CTaTUCTHKA [3 ] OlleHMBaeT MUPOBBIE Pa3BelaHHbIE 3arachl HEPTU
B 288,75 mapx 1 (1650 mupy 6appeneit), Hepa3zBenanubie - B 52-260 mupxa 1 (300-1500
mipa 6appeneit). [Ipu aToM BeayIM peruoHOM Mo 00bEeMY 3aMlacoB ChIPbS OCTACTCS
bawxuuit Boctok ¢ goieit B 48,1 npoiieHTa.

B 2012 rony Benecyana ctaia MUpOBBIM JIMJEPOM 10 3aracaM HedTu, 000THaB
CaynoBckyro ApaButo. O6 3TOM roBopuTcs B €XerogHoM "CTaTUCTHYECKOM 0030pe
mupoBoit sHepreTuku" (Statistical Review of World Energy), moaroroieHHOoM
HedTerazoroit kommanueir BP. 1o mannsim BP, Ha konery 2011 roga mokazaHHbIC
3anacel He(pTH B BeHecyane cocraBuiam 296,5 mmmmuapaa 6apperneid, uiu okoiao 18%
oO1IeMUpOBBIX 3amacoB. 3anackl HehTu B CayqoBCKOW ApaBuM B KOHIIE MPOIIOTO
rojia HaXOJWJINCh Ha OTMETKe 265,4 munapaa 6appeneit (16% oT oO1eMUpoOBbIX ).

Ha tperbeM mecTe B Mupe IO JOKa3aHHBIM HEPTSIHBIM 3aracaM HaXOIUTCS
Kanana c 175,2 muuapaamu 6appeneit (11% ot obimemMupoBoro nokaszaress).

Poccus, no noacueram BP, pacnionaraet 3anacamu B 88,2 Mmmiutnapaa 6appeneit

(5,3 mporieHTa OT OOIIIEMHUPOBHIX - 8§ MECTO).



Ho npu 3TomM HE0OX0auMO 3aMeTUTh, 9TO B oTiudune oT CaygoBckoit ApaBuu
OCHOBHYK 100 3amacoB Benecyansl, Kanmamer m  Poccum  cocraBisior
TPYJIHOU3BIIEKAEMbIE U HETPATUIIMOHHBIE UCTOUHUKH YIiIeBO0poAoB. K Tomy xe 3a
MOCJICTHUE NECITHIICTUS YPOBHA MUPOBOM TOOBIYU HE(PTH BBIPOCIIH, & HU3KUE TICHBI
Ha HeTh B KoHIle 1990-x u Havyane 2000-x mMpensTCTBOBAIM MHBECTHUIUSM B ITOUCK
HOBBIX  MECTOPOXKJEHHUW, YTO OCTABWJIO MPOU3BOJUTENICH, B  OCHOBHOM,
HEIMOATOTOBJICHHBIMHU K POCTY CIIpOCa.

TpyaHou3BiekaeMbIMU  CUMTAIOT 3amachl, JKOHOMHYECKH 3(PeKTUBHAS
(penTabenpHasi) pa3pabOTKa KOTOPBIX ~ MOXET  OCYIIECTBISITBCS TOJIBKO C
NPUMEHEHUEM  METOJOB W TEXHOJOTHH,  TpeOYIOImmMX TTOBBIIIICHHBIX
KalUTAIOBJIOKEHUNA W HKCIUTyaTallMOHHBIX 3aTPaT MO CPABHEHUIO C TPATUIIMOHHO
UCIIOJIb3yEMBIMH ~ CIIOCOOAMU.

OCHOBHBIMH BUJaMH TPYAHOU3BICKAEMbIX 3aI1aCOB SIBJISIOTCS:

1.MectopoxaeHus: ¢ HU3KOW MPOHUIIAEMOCTHIO KOJIJIEKTOPOB (MPOHUIIAEMOCTh
— CIIOCOOHOCTH MOPOBI PUIBTPOBATH CKBO3b CEO0sT (hITIOUIBI).

2. 3asiexxu, coqiepkaiire He T MOBBIIIIEHHOM BSI3KOCTH.

3. MecTopoXXAeHUS CII0KHOTO T€OJIOTHIECKOTO CTPOSHHUSI.

Ha rpaduke (PucyHok 1) [6] mpuBeneHO MpOLEHTHOE COOTHOIIEHUE 3TUX TPYIII

3armacoB B Poccum.

9%
100 O TpaAMUMOHHbIE HeDTH
80 - 38,4
50,3
E Mograzosbie HeGTAHLIE 3aNEXKH
60
40 - M 3aneu B NN0XONPOHULAEMbIX
KONMEKTOPAXxX C HU3KOMN
20 - HedTeoTHauEH
O TAMenble U BbICOKOBA3KKE HedTH
16,4
0 | 8,2 |
3anachl Hobbiua

Pucynok 1 - Ctpykrypa 3anacoB u 100s1uu HeGTH Poccuu
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KoHeuHbIM KpuTEpHEM OIICHKH KaueCcTBa Pa3paboTKH MECTOPOKICHUS SIBIISIETCS
koapurmenT n3nneuenus Heptu KUH (HedreoTnaya) [2].

HedreoTnaya — oTHOIICHHE BETMUYMHBI W3BJIEKAEMBIX 3allaCOB K BEIUYHHE
reoiornyeckux 3anacoB. JJocruraembie KMH Bapeupyrores ot 0,09 no 0,75 [1].

3nauenne KUWH 3aBucuT OT reonoro-gpu3nyeckux YCIOBUW 3ajieraHus u
UCIIOJIb3yeMbIX ~ METOAO0B  HedTenoObryn. MeTonbl, UCHOJIB3YIOMIHE  TOJBKO
€CTEeCTBEHHYI0 3Hepruto rmnacra, pocruraior KMH ne Gonee 20-30%. Bropuunsie
METO/Ibl, CBA3aHHBIC C MOJICPKAHUEM BHYTPHUIUIACTOBOM SHEPTUU MYyTEM 3aKaUYKU B
IJIaCT BOJBI U rasa, He npeBbimatoT 30-50%. Tpetuunsie metoasl goBoast KUH no
40-70% [21].

N3 pucynka 2 [6] MOXHO BHIETb, YTO C YBEJIMYECHHEM JIOJHU
TPYJHOMU3BIIEKAEMBIX 3aMlaCOB IMPOEKTHBIN KO3(DPUIMEHT HedTeoTaaun CHUXKaJICA
MHOTHE TOJbl, U TOJbKO B IOCIEIHUE TOAbl CTal HE3HAUYUTEIBHO pPACTH. OTH
3aBUCHUMOCTH JOCTAaTOYHO SIPKO WJUIIOCTPUPYIOT CJIOXKHUBIIYIOCS MHOTOJIETHIOIO
TEHJICHIIMI0O B pa3pabOTKe HEPTAHBIX MECTOPOXKIACHUNW — HEraTUBHOE H3MEHEHUE
CTPYKTYpbl 3allaCOB MHOTHE TOJIbl HE KOMIIEHCHPOBAJIOCH COBEPIIEHCTBOBAHUEM

UCIIOJIb3YEMBIX TEXHOJIOTHI HedTen3BieueHus [21].

85
)l 0.54
m g ' ]

* e~ " Tos2
N -

T 0.5 =
g 4 | T 048 &
bod 1
; 40 0.46 g
§ 35 - T 044 g
E = 042 E
2 25 - 194 5
o
= 20 ¢ 0,38 g
g 15 - 0.36 8
E 10 T0.34
(= & % 0.32

ﬂ T L T T T T T T T T T T 0.3
1961 1968 1971 1976 1981 1988 1891 1986 2001 2006 2007 2009 2011
Fogel
= p= JlONRA HAYENEHLE TPYOHOMIBNSKASMLY 38Nacos, % g K 3 (DAL EHT HedTEOTAEY ‘

Pucynok 2 - JluHaMuKa TpyTHOU3BIEKAEMBIX 3aI1acOB HEPTEOTAaYH MECTOPOXKIeHHH Poccun
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B nocnennee BpeMss MHOTME pOCCHHCKME U 3apyOeHble KOMIIAHUU
«BKJIJBIBAIOTCS» B Pa3BEJKY HOBBIX U JOPA3BEIKY CTAphIX MECTOPOKACHUI, a TAKKE
aAKTUBHO (PMHAHCUPYIOT MPOEKTHI M0 Pa3pabOTKE COBPEMEHHBIX TEXHOJIOTUI 100bYU
TPYAHOU3BIEKAEMbIX He(TEH.

Ocoboe MecTo B 00beMe TpPYAHOU3BIEKAEMBIX 3allacoB  3aHUMAIOT
MECTOPOXKACHUS, KOJUIEKTOPbI KOTOPBIX IIPEACTABICHBl HHU3KOIPOHHUIIAEMBIMU
nopoAamMu. ITO TaKHE MOPOJbl, KAK IJIMHBI C YIIOPSAOYEHHOMN MAKETHOW YIaKOBKOM,
[JIMHUCTBIE CIIAHLbI, MEPrejM, MEeCYaHUKU C OOWJIbHOM TIJIMHHUCTOM LIeMEHTAaIUEi.
CaMbIM FpKMM NOPHUMEPOM TAKHUX 3allacoB SIBISETCS HaXe HE MECTOPOXKIEHHE, a
reojiornyeckas cBUTa - baxeHoBCKas, pacrosnoxkeHHas B 3anaaHod Cubupu u
IIPOCTHPAIOIIAsACA HA MWUIMOH KBaJpaTHbIX KuwioMeTpoB. OHa IpencTaBiieHa
IUIOTHBIMU TJIMHUCTBIMH TOPOJAMH, KOTOPBIE CUHMTAIOTCS HEPTEMATEPUHCKUMU
(comepx’aT aHOMAaJbHO BBICOKOE KOJMYECTBO IPEOOPa30BAHHOTO OPraHUYECKOIrO
BElIECTBa, reHepupoBaBllero HedTh). CBUTa pacroyiaraeT OrpOMHBIMU 3alacaMu
YTJIEBOJIOPOIOB, HO KO3(PGIUIIMEHT M3BICYEHUS MPHU pa3paboTke He mpeBbImacT 8%
[2]. TnuHa Onarojapsi CBOMM CBOWCTBAM YXYIIIACT (HIBTPAIIMOHHO-EMKOCTHBIC
CBOMCTBa IUIACTa, a pa3pabOTKa MECTOPOXKACHUS TpeOyeT NPUMEHEHHS HOBBIX

COBPEMEHHBIX MeTOZI0B noBbIeHus: KNH.

1.1 Hean HegreoTnaumn

Bo BceM Mupe ¢ KaxabIM I'OJJOM BO3pacTacT MHTEPEC K METOAAM IOBBIICHUS
He(TeoTAauu IUIACTOB, U PA3BUBAIOTCSA MCCIEAOBAHUS, HAINPaBJIEHHBIE HA IOUCK
HAay4YHO OOOCHOBAHHOI'O MOJX0Ja K BbIOOpPY HambOoJiee d(PPEKTUBHBIX TEXHOJIOTUN

pa3pabOTKU MECTOPOKICHUM.

B umensix MOBBIIEHUS 3KOHOMUYECKOM 3(P(GEKTUBHOCTH  pa3pabOTKu
MECTOPOXKACHUM, CHUKEHUS NPSAMBIX KaHUTAJIBHBIX BIIOXEHU M MaKCUMAalIbHO
BO3MOYKHOTO MCMOJIB30BAHMS PEMHBECTULIMNA BECh CPOK Pa3pabOTKU MECTOPOKICHUS

IIPUHATO ACIUTL HA TP OCHOBHBIX 3Talla.
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Ha nepBom osrtane (PucyHok 4) gt noObram HeTH MaKCHMaJIbHO BO3MOXKHO

UCIIOJIB3YETCSl  €CTECTBEHHAsl »JHEprus Iuiacta (yopyras SHEprusi, SHEprus

PaCTBOPCHHOI'O I'a3a, SHCPIrUA 3aKOHTYPHBIX BOM, ra3oBOM IIaIlik1, ITOTCHILHAJIbHas

)
AR

>< >

HHEPTUs IPABUTAIMOHHBIX CHII).

Pucynok 4 — EcrecTBeHHas sHEprus 1iacra

Ha BTopom »srame (PucyHok 35) peanu3yroTcsi METOIbI TOMJEPKaHHS IJIACTOBOTO

JaBJICHUS IIYTEM 3aKa4KW BOJbI HJIM TIa3a. Ot MCTO/Jbl IIPHUHATO HAa3bIBATb

BTOPHUYHBIMMU.

Pucynox 5 — 3akauka raza/Bojapl
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Ha Ttperpem otame (PucyHok 3) mist moBblmieHust 3¢Q(GEKTHUBHOCTH pa3pabOTKu

MECTOPOXKICHUI TPUMEHSIOTCS METO bl yBenudeHus Hedreotnaun (MYH).

>4

Pacnipenenenrie octatouyHOM He(PTEHACHIIIIEHHOCTH IIIIACTOB TPeOyeT, YTOObI
MeToAbl yBenuueHus HedTeoTnauyn S(HPEKTUBHO BO3ICUCTBOBAIM Ha HEPTH,
paccestHHyI0 B 3aBOJHEHHBIX WJIM 3ara30BaHHBIX 30HAX IUIACTOB, Ha OCTABIIMECS C
BBICOKOM TeKyIlel He(PTEHACHIIIEHHOCTHIO CJIA00MPOHUIIAEMbIE CIIOM U TTPOILIACTKU
B MOHOJIUTHBIX 3aBOJHEHHBIX IUIacTaxX, a Takke Ha 000COOJICHHBIC JIMH3bI U 30HBI
IJIacTa, COBCEM HE OXBAauCHHbIC JIPEHHPOBAHMEM IIPU CYIIECTBYIOIIEH CHCTEME
no0brun. IlpencraBnsieTcss COBEPIIEHHO OECCIOPHBIM, YTO MPHU CTOJb HIUPOKOM
MHOT000pa3uM COCTOSIHUSI OCTAaTOYHBIX 3aIacoB, a TAKXKE MPU OOJIHIIIOM Pa3IMUUU
CBOMCTB He(pTH, BOJIbI, Ta3a M MPOHUIIAEMOCTH HE(DTEHACHIIIIEHHBIX 30H IJIACTOB HE

MOJKET OBIThH OJHOT'O YHUBCPCAJIBbHOI'O MCTOAAd YBCIINUCHUA He(l)TeOTI[a‘-II/I.

N3BecTHbIE METONBI YBENWYEHUsT He(PTEOTHaud TIJIACTOB B  OCHOBHOM
XapaKTEPU3YIOTCSl HaMpaBlIeHHBIM (()EKTOM U BO3IEUCTBYIOT MAaKCUMYM Ha OJIHY-

ABC IIPUYHHBI, BIMAIOIIKUC HAa COCTOAHUC OCTATOYHBIX 3aI1aCOB.

14



2 OcHOBHBbIE MeTO/IbI YBeJINUYeHus HedTeoTaaun

K ocHOBHBIM METOAaM ITOBBIIIICHUA HC(bTCOTI[a‘-II/I OTHOCATCA: TCIIJIOBBIC

MCTO/JIbI, I'a30BbIC MCTOAbI, XUMHUUYCCKUC MCTOAbI U THAPOANHAMUYICCKHNC MCTOBI.

2.1 TensioBbIe MeTOBI YBeJIMYeHUSA HEPTEOTAAUMN

TeruoBble METOBI yBEIMUEHUS HEDTEOTAAUN - ITO METOJIbI MHTEHCU(DUKAITUU
NpUTOKa HEPTH ¥ TOBBIIMICHUS TPOAYKTUBHOCTH OSKCIUTYaTallHOHHBIX CKBaKHH,
OCHOBAaHHBICE HA MCKYCCTBEHHOM YBEIMYEHUHW TEMIEPATyphl B HX CTBOJIE U
npuzaboitHori 30He. [Ipumensitorcs TerioBsie MYH B ocHOBHOM mipu Jg00bIde
BBICOKOBSI3KUX TapadWHUCTBIX M CMOJMCTBIX HedTed. IlporpeB mnpuBOauT K
pazxmwkenuto HehTu (Pucynok 6), pacmaBienuto napaguHa U CMOJIHUCTHIX BEIIECTB,
OCEBIIMX B MPOIIECCE IKCIUTyaTallMM CKBOKUH Ha CTEHKAX, MOJAbEMHBIX TpyOax u B
pu3a00iHOM 30HE. TeII0OBBIC METOIBI B CBOIO OYEPEh ASIATCS Ha BHYTPHUILIACTOBOEC
ropeHue, MapoTEeIUIOBOE BO3JEHCTBHE HA IUIACT M MAPOIMKIUYECKHE O00pabOoTKH

CKBa)XHH.

30Ha Harpepa BO3yxa
30Ha HAYATBHOI

TEMIICPATYPHI

w
(=)
I
[y
I
—
%
3
)
=
=
=
=

exAveod
BHHELIILIEH BHOE,

30Ha 1 2

o G
°..-“~ ;w .

PI/ICYHOK 6 — MexaHu3M BBITCCHCHUS HC(I)TI/I IIpH TCINIOBOM MCTOJC YBCINMYCHUA

HedTeoTaUM
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2.2 T'a30BbIe MeTOABI YBeIMUYEeHHsI HeQTeoTaaYH

['a3oBble MeTOnBI yBENWYEHHS HEPTEOTHAaud MPEACTABISAIOT COOOW JBa
BapHaHTa BO3JEHCTBUS Ha IJIACT — 3TO MyTEM 3aKauKH B IJIACT BO3/lyXa, BO3ACHCTBHE
Ha IJIACT JIBYOKHUCBIO YIJIEpOo/ia, a30TOM, IbIMOBBIMU a3aMHU.

Merton 3akauku Bo3ayxa B iacT (PucyHok 7) ocHOBaH Ha mojaye BO3JyXa B
OPOAYKTUBHBIA TOPU30OHT M €ro TpaHchopManuu B 3(PPEKTUBHBIC BHITCCHSIOIINE
areHThI 3a CYET HU3KOTEMIIEPATYPHBIX BHYTPUILUIACTOBBIX OKUCIUTEIBHBIX IIPOLIECCOB.
B pesynbprare HHU3KOTEMIEpaTypHOTO OKHUCICHHUS HEMOCPEACTBEHHO B IJIacTe
BbIpa0aThHIBAETC  BBICOKOO(D(EKTUBHBIM Ta30BbIM  areHT, COAEpKallMi  a30T

yraekucibii ra3 u HIOJIY (mupokue Gppakiuy Jerkux yrieBog0poI0B).

30Ha cMewwmBalwWero
l BbITECHEHUA

npoyecco l ucnapeHust

30Ha OKMCNUTENbHbIX 3oHa
5
..l.l

“ 3oHa Harpesa 3oHa

- - BO3AyXa - KOHAEeHCcauum &
Y OCOOOBOOOOOO000 8
Sy @
:
g 3
s = 8 8
5 @ g
£ 5 s
@ O d De ~ °
T O ™
e BO3AY X3 mie) 30Ha HayanbHOM TemnepaTypb!
2 0
PI/IcyHOK 7 — MexaHu3M BBEITECHEHHS HC(I)TI/I IIpU 3aKa4YKE€ BO3JyxXa B IJIaCT
2.3 anpounHaaneCKne METOAbI yBequemm He(l)TeOTIla'-II/I
FI/IJIpOJII/IHaMI/I‘-IeCKI/IC METOObI Inpu 3aBOJJHCHUUA IIO3BOJIAKOT

WHTEHCU(DUIIMPOBATH TEKYIIYIO 100BIYYy HE(PTH, YBETUUYHBATH CTEIICHb W3BJICUCHUS
He(TH, a TAaK)Ke YMEHbIIATh 00BbEMbI IPOKAUMBAEMON Yepe3 IMJIacThbl BOJbI U CHUXKATh

TEKYITyI0 0OBOJHEHHOCTH T0OBIBAEMOM KUKOCTH.

bapbepHoe 3aBojHeHME Ha Ta30HE(QTAHBIX 3aleXaxX - SKCIUIyaTanus

ra3oHe(TAHBIX MECTOPOXKICHUM OCTOXKHAETCS BO3MOXHBIMH TMPOPBIBAMHM Ta3a K
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3a00siIM JOOBIBAIOIIMX CKBAXXHH, YTO BCJIEJCTBHUE BBICOKOTO Ta30BOro (hakropa
3HAYUTENbHO YCIOXKHSET UX dKCcIuTyaTanuio. CyTs 0apbepHOTO 3aBOIHEHHUSI COCTOUT B
TOM, YTO HarHETaTeJIbHbIE CKBAXKUHBI PACIIOJIaratoT B 30HE Ta30HE(TAHOTO KOHTAKTA.
3akauky BOJBI M OTOOpBHI raza M HEPTH PEryIUPYIOT TaKUM O0pa3oM, YTOOBI
UCKJIIOYUTh B3aMHBIE IEPETOKU HEPTH B FA30BYIO YACTh 3AJI€XKH, a Fa3a — B HEPTIHYIO
4acTh.

HecranyoHnapHoe (LIMKIMYECKOE) 3aBOJHEHUE - CyTh METOJA LUKINYECKOIO
BO3JCICTBUSI W W3MEHEHUs HalpaBlIeHUs NOTOKOB kuakoctu (PucyHok 8)
3aKJII0YAaeTCsl B TOM, YTO B IIACTax, 00JalalolIMX HEOJHOPOAHOCTHIO 10 pa3Mepam
1Oop, MPOHMUIIAEMOCTU CJIOE€B, MPOIUIACTKOB, 30H, YYAaCTKOB M HEPABHOMEPHON HX
HE(TEHACHIIICHHOCThIO  (3aBOJAHEHHOCTBIO),  BBI3BAHHOM  ATUMH  BHUJAMHU
HEOJHOPOJIHOCTH, a TaKKe 0TOOPOM HE(TH M HArHETAHHEM BOJbI Ye€pe3 AUCKPETHBIC
TOYKM — CKBAKMHBI, MCKYCCTBEHHO CO3JAETCs HecTaunoHapHoe nasieHue. OHO
JOCTUTAeTC M3MEHEHHMEM OOBEMOB HArHeTaHUs BOJAbl B CKBAKMHBI WM OTOOpA
KUIKOCTH M3 CKBAXUH B OIPEACIICHHOM MOPSAAKE NYyTeM HUX MEePUOJIUYECKOro

ITOBBIIICHUW NUJIM CHUKCHU .

TaBsienue CranuonapHoe ;auma:g:;;e A
3aKAYKH
K1 —
N S RS E RSN CEZEI TR rrrrnrrnrrer
i Kz a
FTITTTTTrITsqrsdecirrrrreirey LTI TTTTTrTTr78rrrrrrrrIrrrrrrrren
P 3ax [loBbimenHoe JaB/IeHHE 3AKAYKH A
| K1>K2
| @ P1>p2 | [N=—fp P1 K
lllll’lflllllll% '%J'l'l’llll’lll,I,lT,['ll'l'I'l'llfllt
CITTrretiriiredsrdrIrrerrey ITTITTTTTTAIATL AP Arrresrryrrrrren
| P 3ax IMouukeHHOE JaBJIEHHE 3aKAYKH A
@ l K1>K2
| pi<p2 | [N=——b P1 M g] K1 ——
TIrrIeTrTIrre iy v 9 (ZTXXTXTLAXLL T rirrrrree
| — P2 — K2 )

[ S8 R R Nl u. LTTTTXITTTITTL LI LI P T T I IIX I IIrren

Pucynok 8 — MexaHu3m I[UKJIMYECKOTO BO3JEHCTBUS HA IUIACT

dopcUpOBaHHBIM  OTOOP JKUJIKOCTH MPUMEHSETCS Ha TO3JHEH CTaauu

pa3paboTKH, KOraa 0OBOAHEHHOCTh aocturaet 6omiee 75%. Ilpu stom HedTeoTnaya
17



BO3pacTaeT BCJIEICTBUE YBEIUUYCHHS TPAJUEHTA JABJICHHUS U CKOPOCTH (PUIIbTPALIHH.
[Ipu sTOM MeTone BOBJIEKAIOTCA B Pa3pabOTKy y4yacTKH IUIacTa, HE OXBauCHHBIC

3aBOJIHCHHUEM, a TAK)KE OTPHIB TJICHOYHON HEPTH C TOBEPXHOCTH TOPOIHI.
2.4 XumMn4yeckue MeTobl YBeJInueHnsi HeQreoTaaquu

XYUMHYECKHE METOAbl YBEIMYECHHUS HeTeoTAauu MPUMEHSIIOTCS IS
JIOTIOJIHUTEIBHOTO M3BJCUYCHUS HEPTH U3 CHIBHO HCTOIIEHHBIX, 3aBOJHEHHBIX
HE(TEHOCHBIX IIIACTOB C PACCESIHHOM, HEperysipHOH He(PTEHACHIIIEHHOCTHIO.
OObeKTaMu TPUMEHEHUS SBIISIIOTCS 3aJI€KU ¢ HU3KOM BSI3KOCThIO He(TH (He Ooiiee 10
Mmlla*c), HU3KON CONEHOCTBIO BOJbI, MNPOJYKTUBHBIE IUIACTBl MPEICTABICHBI

KapOOHATHBIMU KOJUIEKTOPAMHU C HU3KOM MPOHUIIAEMOCTBIO.

BoiTecHenne HedTtu BoaHbIMU pacTBopamu IIAB - 3aBojHeHHE BOJHBIMU
pacTBOpaMM TMOBEPXHOCTHO-aKTUBHBIX BellecTB (IIAB) HampaBiieHO Ha CHUXEHUE
MOBEPXHOCTHOT'O HATSKEHMsI HAa TPaHUIIE «HEPTh — BOJIa», yBEIIMUEHHUE MTOIBHKHOCTH
He(DTU U yJIy4YIIEHHE BBITECHEHHsI €€ BOJOM. 3a CUeT YJy4YIllEHHUS CMA4YMBAEMOCTHU
IOpOJIbI BOJIOM OHA BIUTHIBAETCS B MOPBI, 3aHATHIE HE(THIO, pABHOMEPHEE JIBUKETCS

I10 INIACTY M JIY4YHIC BBITCCHACT HC(l)TB.

BriTecHenne HedTH pacTBOpamMHu TMOJMMEPOB - TMOJUMEPHOE 3aBOJHEHUE
3aKJIF0YAEeTCsl B TOM, YTO B BOJIE PACTBOPSIETCS] BHICOKOMOJIEKYJISIPHBIA XUMUYECKUMA
peareHT — nojauMep (MmoaruaKkpuiiaMu), 001a1aroui CHOCOOHOCTHIO JIaXKe MPU MaJIbIX
KOHIIEHTpAIUSAX CYIIECTBEHHO MOBBIIIATH BI3KOCTHh BOJBI, CHIKATh €€ MOJABMXHOCTD

H 3a CYCT 3TOI'0 IMOBAIIIATH OXBAT IIJIACTOB 3aBOAHCHHUCM.

BriTecHeHre He(PTH IIETOYHBIMU PACTBOPAMH - METO/I IIIEIOYHOTO 3aBOAHCHUS
He(TAHBIX TUIACTOB OCHOBAH Ha B3aWMOJICHCTBUU IIEJI0UYEH C IJIACTOBBIMH HEPTHIO U
nopoaoi. IIpy KOHTaKTe MIENOYM ¢ HEPTHIO MPOUCXOIUT €€ B3aUMOACHCTBHE C
OPTraHUYECKUMHU KHCJIOTaMH, B PE3yJIbTaTeé dYero oO0pa3yrTcs IOBEPXHOCTHO-
aKTUBHBIC BEIIECTBA, CHIKAIOIIME MexX(a3HOE HATSHKEHUE Ha TpaHMile pasnena ¢as
«He(pTh — pacTBOp MIENOYM» M YBEIMYMBAIOIINE CMAYMBAEMOCTHh IMOPOJIBI BOJIOM.
[IpumeHnenue pacTBOpPOB IIENOYe — OAWMH W3 caMbIX 3(PGEKTHUBHBIX CIOCOOOB
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YMEHbBILIEHUSI KOHTAaKTHOTO yIJIa CMauyuWBaHUS TMOPOABI BOAOW, TO €CThb
TUAPOPUIN3ALNN TTOPUCTOM CPEAbl, YTO MPUBOAUT K MOBBIIICHUIO KO3PPUIMEHTA

BBITECHEHUS HE(DTHU BOJIOM.

BriTecHenne HeTH KOMMO3UIMSIMHU XHMHUYECKHMX PEAreHToB (B TOM YHCIIE
MULEJUISIPHBIE  PacTBOPBI) - MUIEIUIAPHBIE PACTBOPHI MPEJCTABISAIOT  COOOM
MPO3payHble U TMOJYIPO3payHble KUAKOCTH. OHM B OCHOBHOM OJHOPOJHBIE H
yCcTOHYMBBIE K (Da30BOMY pa3eNeHHIO, B TO BpeMs Kak SMYJIbCHH HEPTH B BOJE WIH
BOAbl B HE()TU HE SBISIIOTCS MPO3PAYHBIMU, PA3HOPOJHBI MO CTPOCHUIO TJIO0YN U

o0nanaroT (a30BoOl HEYCTOUUUBOCTHIO.

MukpoOuosoruyeckoe BO3JACUCTBHE — OSTO TEXHOJOTHWH, OCHOBAaHHBIE Ha
OMOJIOTUYECKUX TPOIECCaX, B KOTOPBIX HCIOIb3YIOTCA MHUKPOOHBIE OOBEKTHI. B
TEUEHHUE TMpOoIecca 3aKauyaHHbIE B IUIACT MHMKPOOPTaHU3MBI META0O0JIU3UPYIOT

YIIIEBOAOPOAbI He(i)TI/I W BBIACIIAIOT ITOJIC3HBIC IMTPOAYKTHI JKU3HCACATCIIbHOCTH!

* COUPTHI, PACTBOPUTENIM M cJA0ble KHUCIOTHI, KOTOPBIE MPUBOIAT K
YMEHBILIEHUIO BA3KOCTH, NOHWKEHUIO TEMIIEpaTypbl TEKy4eCTH He(PTH, a TaKxKe
YAATIAIOT NapapuHbl U BKIFOUEHUS TSHKEN0M HE()TH U3 MOPUCTHIX MOPOJ, YBEJINYUBAS
MIPOHUIIAEMOCTD MOCJIETHUX;

* OMOIOJIMMEpPBI, KOTOPBIE, PACTBOPSAACH B BOJE, MOBBIIMIAIOT €€ IMJIOTHOCTD,
oOJeryaroT u3BJeYeHUE He(TU MpPU HCMOIb30BAHUU TEXHOJIOTMHM 3aBOJHEHUS;

* OMOJOrMYECKHE TMOBEPXHOCTHO-aKTHBHBIE BELIECTBA, KOTOPHIE JENAI0T
MOBEPXHOCTh HEPTH O0Jiee CKOJIB3KOW, yMEHbINas TPEHHEe O TOPOIbL;
ra3bl, KOTOPbIE YBEJIMYHUBAIOT IABJICHUE BHYTPHU TUIACTA U IOMOTAIOT MOABUTAaTh HEPTH
K CTBOJIY CKBa)KHHBI.

CornacHo 0000IIEHHBIM JaHHBIM MPU MPUMEHEHUH COBPEMEHHBIX METOJI0B
yBenuueHuss Hedrteotnauu, KMH cocraBnser 30-70%, B TO BpeMs Kak Mpu
NEePBUUYHBIX croco0ax pa3paboTKu (C HUCMOJb30BAaHMEM IOTEHIMAja IJIaCTOBOM
SHEPTHUH) — B cpeaHeM He Bhile 20—25%, a mpu BTOPUUYHBIX crlocobax (3aBOJHEHUU

¥ 3aKadyKe Trasa Juisl ToAAep KaHusl TIIacToBOM sHeprun) — 25-35%.
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25-35%

15-30%

5-15%

7-15%

Tennosble [a30Bble Xumunyeckune fvapoamHamumceckme

PI/ICYHOK 9— IloTenumanbpHBIE BO3MOXKHOCTHU YBCINYCHUA He(i)TCOTI[a‘II/I I1J1aCTOB

pa3InYHbIMHA ME€TOAaMHU
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3 IlepcnekTUBBI HMCHOJb30BAHHUS MHKPOOHMOJIOTHYECKOI0  MeTojAa

YBCJINICHUSA He(l)TeOTI[a‘II/I

W3 Bcex MpeAcCTaBICHHBIX METOJOB YBEIWUYEHUST HE()TEOTAaud HET HU OJHOTO
METO/1a, YJIYYIIAIOMIEro MPOHMIIAEMOCTh IJIACTa, KPOME XMMHYECKUX (KUCIOTHas
obpabotka) wu Mexanmdeckux (I'PII), pmarommx  pe3ynbTrarel TOJIBKO B
OKOJIOCKBR)XMHHOM  TPOCTpPaHCTBE. A BC€  OCTalbHble,  BKIOYas U
MUKpPOOHOJIOTUYECKOE BO3/ICHCTBUE HA TUIACT, KacalOTCs U3MEHEHUN CBOMCTB HedTH
(YMCHBIIICHHE BS3KOCTH) WM YIYYIIAIOT OTMBIBAIOIIME W  BBITCCHSIONINC
CIIOCOOHOCTH 3aKa4MBAaeMOT0 areHTa.

Mukpob6uosoruyeckoe Bo3ACHCTBUE, C HAIIICH TOYKH 3PEHUs, SIBISICTCS OJHUM
13 HanOoJiee TMEPCIEKTUBHBIX, TTOCKOJIBKY M3MEHEHHUE OCHOBHBIX (DHIBTPAIIMOHHBIX
XapaKTEepPUCTUK BCEro IIIacTa-KOJJIEKTopa (a HE TOJbKO Mpu3a00HHON 30HBI
CKBa)XHMHBI) 0€3 HEMOCPEACTBEHHOTO JIOCTYIa Ty/Aa 4YeJIOBEKa BO3MOXHO OJHUM U3
CJICAYIOIINX CIIOCOOOB:

- 3aKayke B HE(PTIHYIO 3a1€Kb KAaKUX-THUO0 peareHToOB B (DIIFOUIOHOCUTEIIE;

- MPUMEHEHNH HAHOTEXHOJIOTUU (POOOTOTEXHUKA);

- HCTIOJIb30BaHUU OAKTEPUHU.

N3BecTHO OTpOMHOE KOJMYECTBO BaPUAHTOB XHUMHUYECKUX KOMITO3UIINHA,
3aKaYMBAaE€MbIX B IUIACT, KOTOPBIE CHOCOOCTBYIOT YBEJIWYEHUIO KO3(D(PHUIIMEHTOB
oxBarta U BbITecCHeHUsI. OHU TalOT XOPOIITUE MOKAa3aTeIu, HO HE B HU3KOMPOHHUIIAEMBIX
3aJIe’ax, OCIOKHEHHBIX TIIMHUCTHIMU BKITFOUCHUSIMHU.

HanorexHonmoruu B HedTErasoBOM CEKTOPE MPOMBIIUICHHOCTH HaXOASTCS B
HAYaJIbHOW CTaJMM DPAa3BUTHUS W HYXKIAIOTCA B HapaOOTKe OOJbIIOro o0bema
TEOPETUYECKUX UCCIETOBAHUM.

O Oaxrepusix Hayka 3HaeT MHOro. C OaKTepHUsIMH UYETIOBEYECTBO JKUBET YK
MUJUTMOHBI JIET. YUEHble HAyYWUIIUCh BBIJACIATh IITAMMbl MHUKPOOPTaHU3MOB C
3aJJaHHBIMHA ~ CBOMCTBaMH, aJalTHPOBAaThb WX K OMNPEICICHHBIM  YCIIOBHSIM,

HCIIOJIB30BATh B PA3JIMYHLBIX OTPACIIAX IIPOMBIINIJIICHHOCTH.
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Hcropust pa3BUTHS MUKPOOHOTOTHIECKUX METOJOB YBETUUYCHUS HEPTEOTIaun
Hayanack B 1955 rony ¢ skcrnepuMeHTa Ha OJTHOM U3 MIPUBOIKCKUX MECTOPOXKICHUMH,
KOTOPBIN 3aKOHUMJICS HeyAauen. JIBaaaTeio rogaMu mo3xe, Korjaa B MUpe MOIHSIICS
OMOTEXHOJOTUUECKUI OYM U JOOBIBAIOIME€ KOMIIAHUN OOPAaTUITMCh K HOBBIM METO/IaM
HOBBIIICHHS He(pTeOoTnauu, K mpodaeMe pelmin BepayThes [13].

MHoroJeTHIE HUCCIEeIOBaHUs TMO3BOJUIN BBISICHUTH, KaKHe THUIbl OakTepuit
HaxOoJATCS B IJIACTaX M KaKUM CIOCOOOM MOKHO PEryJIMpOBaTh MX YHCJIECHHOCTb.
Torna uHTEpEC K TIIACTOBOM MUKpOQIIOpe ObLI CBA3aH € IPOOIEMOii CepOBOIOPOAHON
KOPPO3UHU METANIMYECKUX TPYO U yXyAllleHneM kauectBa HeTH. M3yuenue nporecca
oOpa3oBaHUs CEPOBOJOPOJAa TMPU  B3aUMOJCHUCTBUU  CYJb(paTpeayLUPYIOIINX
MUKpPOOPTaHU3MOB U CyJb(paToB, COOCTBEHHO, M MPHUBEIO K HJIE€ HCIOIb30BATh
«HePTsHBIE» OaKTEpHUH JJI1 IPOU3BOJICTBA BEIIECTB, CIOCOOCTBYIOUIUX BBHITECHEHUIO
He(TU U3 TIACTOB.

HoBasg TexHONOrusi OCHOBBIBAJIACh HAa MEXaHWU3ME, AHAJIOTUYHOM IIPOIECCY
o0pa3oBaHUs CEPOBOAOPOAA U3 Cylb(PaTOB MO BO3IECHCTBHEM MHUKPOOPTaHHU3MOB.
Tonbko Ha BBIXOJIE TPEOOBAIOCH MOIYYUTh HE CEPOBOAOPOJN, a COCIUHEHUS,
CIIOCOOCTBYIOUIME BBITECHEHUIO HE(DTU U3 IJIACTA.

Ha mepBoM 3Tane B CKBaXHHY BMECTE C BOJIOM HAarHeTal W KHCIOPOJ B BUJE
BOJIHO-BO3JIYIITHOM CMECH Y MHUHEpaJIbHBIE COJIK a30Ta U pochopa. OHU aKTUBUPOBAIH
IJIACTOBYIO MHUKPOQIIOPY: YBEJIMYUBAIUCH YUCIEHHOCTh, BUIOBOE pa3zHooOpasue u
aKTUBHOCTh OakTtepuid. [lomamaronue ¢ BOJOM M BO3AYyXOM B IIIACT a’pOOHBIC
(CKMByLIME TpH HAJIMYMHM KHUCJIOPOJa) OaKTepuu OKHUCISUIM YTIEBOJOPOABI /10
MPOMEKYTOUHBIX TMPOAYKTOB - HHU3KOMOJICKYJSPHBIX OPTaHWYECKUX KHUCIIOT
(YKCYCHOM, IPOMTMOHOBOM, MACJISTHOM | JIp.) U CIUPTOB (METaHOJIA, dTAaHOJIA U Jp.).

3aTeM CHOBa 3aKauuMBaJM BOJY, HO yxke 0€3 KHCJIOopoaa, YTOOBl JOCTaBUTH
oOpa3oBaBIIUeCs MPOIYKTHI K JAPYTHUM OaKTepusM — aHadpOOHBIM (KUBYIIHM 0e3
KHCIIopoa). AHa’poOHbBIe OaKTepuu MPeoOpa3OBBIBAIIN MPOIYKTHI OKUCIEHUS HeTH
B METaH U yTJIEKUCIIOTY.

MertaH npu 5TOM CHUXKaJ BA3KOCTh HEPTH, OTHOBPEMEHHO TTOBBIIIAS JIOKAJTEHOE

JIaBJICHHE B IJIacTe. YTJEKUCIOTa TaKkKe CHIDKaIa BI3KOCTh HETH, HO, KpOME TOTO,
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eme ¥ pacTBopsla  KapOOHATHBIE  MOPOJbI, YBEIMYHMBAS, TAKUM  00pa3oM,
MIPOHUITAEMOCTb IIJIacTa M 00sieryasi BEITECHEHUE HE(TH.

DKCepuMEHTHl Iiuiauch 10 1988 roga. Jlanpiie oHUM MPOAODKAINUCH B BUJIE
ONBITHO-TIPOMBIIJICHHBIX HUCHBITAHUN. 3aT€M HOBBI MeETOJ ObLI MNPHUHSIT B
skcmryaranio OAO  «TatHedTh». DKCHEpUMEHTHl MOKa3ajld, YTO IOBBIIICHUE
HedTe00bIYM Ha pa3HbIX 3ajexkax coctarisuio oT 10 1o 30 %. B xone uccnenoBanmii
o610 1066ITO GoJiee 700 ThIC. TOHH HE(DTH.

NHHOBanusiMM 3auHTEpeCcOBAIUCH 3a pyOexkoM. Kurtail mposiBUn mMHTEpeC K
pazpabotkam emie B Havanme 1990-x, xorma Havaauch TpoOieMbl ¢ T00bIYe Ha
KpyIHeueM MectopoxkaeHuu B [lannne. OqHako mepBast MONBITKA COTPYAHUYECTBA
Obl1a HEYJTAYHOM.

Pabotsl npogomxminck B 2001 romy. [lepBUYHBIM U BTOPUYHBIM CIIOCOOAMU
Ha Jlarane usBnekinu 40% 3anexel, a TPETUYHBIM MUKPOOHOIOrHYeckuM — eme 7%,
TO €CTh MOYTH ISATYIO YacTh OT 100BITOTO. [Ipr 5TOM Ha MECTOPOKICHUHN OTKPHLIIU BCE
CTapbleé CKBa)XMHBI, a TaKkXKe MPOOYypWJIM HECKOJIHLKO HOBBIX, M3 KOTOPBIX ceiuac
Ka4yaroT HEPTh C MOMOIIBIO POCCUMCKON TEXHOJIOTHH.

Hedth, n00bITast ¢ mnpuMeHeHHEM OHOTEXHOJOTHHM, CpaBHUMa IIO
cebecTouMoCcT ¢ HEPThIO, JOOBITOM MEPBUYHBIM W BTOPUYHBIM CIIOCOOAMU U3
aKTUBHBIX 3amacoB. MUKpOOMOJOTUYECKAs] TEXHOJOTHUS BIIUCHIBACTCI B CXEMY
BTOPUYHON JOOBIYM U TpeOyeT MHUHUMAIbHOE JOIMOJHHUTEIbHOE 000pYyJOBaHUE -
KOMIIPECCOp AJIsI HATHETaHUS BO3/lyXa U 33KEKTOP ISl BBEJICHHUS] MUHEPAIbHBIX COJIEH.

DKOJIOTUYECKH O€30MacCHble MHUKPOOHOJOTUYECKUE METOAbl  YBEIHYEHHS
HeTeoTIaun NMPUMEHSIOTCS B OCHOBHOM Ha MECTOPOXKIACHUSX, pa3padaThIBAEMbIX C
MOMOIIBI0 3aBoAHEeHUS. [IpucyTcTBrE BOHONM (a3bl cO3/MaeT yCIOBUS JIJIST Pa3BUTHS
ooraToii U pa3HO0Opa3HOM MIACTOBOM MUKPO(DIOPHI:

- MUKpPOOPTaHU3MBI CIOCOOHBI CHUHTE3UPOBATH (BBHIPAOATHIBATH) pPA3TMUHBIC
BEII[ECTBA, CHUKAIOIIME BI3KOCTh Y TTOBBINIAIONINE BHIXOT HE(DTH;

- CYIIIECTBYIOT OaKTEpHUH, KOTOPhIE OOUTAIOT U PA3MHOXKAKOTCA B HEPTEHOCHBIX

IUIacTax U COCOOCTBYIOT U3BJICUEHUIO TaK Ha3bIBA€MON HEJIOCTYITHOM HePTH;
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- MUKpPOOPTaHU3MBI HU30UPATEIHLHO (CEIEKTUBHO) MOBBIMIAIT 3(P(HEKTUBHOCTH
oxBaTa HE()TEHOCHOTO IIJJacTa BBITECHSIOIIUMHU areHTaMu, KOTOpPhIE MOTYT
BbIPa0aTHIBATHCS CAMUMHU K€ OAKTEPUAMU;

- omnpelenéHHble BUIbl MHKPOOPTraHW3MOB CIIOCOOHBI OCYIIECTBIISITH CBOETO
polla OMOKPEKMHI, CBSI3aHHBI C IpoleccaMu IMepepadOTKH, U YCBOCHMSI STHUMHU
OaKTEpUsIMU PA3JINYHBIX YIJIEBOJOPOIOB.

brorexHoornueckue crnocoObl MOTYT CEPhE3HO YCUITUTh YKa3aHHbIE MOJIE3HbIE
KayecTBa MHUKPOOPTaHM3MOB M CYIIECTBEHHO IOBBICUTH 3()PPEKTUBHOCTh HX
I[EJICHAIIPABJICHHOTO MPUMEHEHUS B HE(PTEra30BOM MPOU3BOICTBE.

[IpeumyiiecTBa MUKpOOHOIOTHYECKOT0 METO/1a MOBBIIICHHUS] HEPTEOTIAUM:

* MIOBBIILIEHUE MPOU3BOAUTEIBLHOCTH HEPTSIHBIX MECTOPOKICHUH;

* YBEJIMYEHHE CyMMapHOU 1I00bIYM HEPTH U CpoKa 3PPEKTUBHON IKCILTYyaTALIMH
CKB&XKMH U MECTOPOXKICHUM;

* YMEHBILIECHUE COAECPKAHUS BOJBI B INIACTOBOM JKHUJIKOCTH;

* NOBBIIICHUE BS3KOCTH IUIACTOBOM BOJBI 32 CUET OMOMAacCChl U PACTBOPUMBIX
OMONOIUMEPOB, IPOAYKTOB )KU3HEAEATEIbHOCTH MUKPOOPTaHU3MOB;

* YMEHBILIEHHE COJAEPKaHUSI CEPOBOAOPO/IA B HE(TAHBIX M T'a30BBIX CKBAXKMHAX
U MECTOPOXKICHUAX, CHUYKAETCS €r0 OTpULIATEIbHOE BO3/IeCTBHE Ha 000pYI0BaHUE;

* YMEHbBIIIEHHE BPEMEHH MTPOCTOsI 000y I0BaHUSI.

[Ipy HECOMHEHHOH 3HAYMMOCTH MHMKPOOMOJIOTMYECKUE CIOCOOBI HMEIOT
3HAUUTEIbHBIE HEAOCTAaTKH, 3aTPyJHAIOIIME UX MIMPOKOE IPOMBIIIIECHHOE
npuMeHeHrue. OCHOBHBIMM M3 HUX SBJISIFOTCS:

- CYILIECTBEHHbIE OTrpaHUYECHUS BO3MOKHOCTEMN Pa3MHOXKEHUS
MUKpPOOPraHU3MOB B CAMOM KOJUIEKTOPE;

- HEoOXOAMMOCTb ynajeHus U3 A0ObITOM HepTH OakTepuii B CBA3U C
BO3MOYKHOCTBIO ITPOSIBIICHHS] UX TOKCUYHOCTH;

- HEXKEeJaTeJIbHOE BIMSHUE YIIIEBOJOPOIOB Ha PYHKIIMH MUKPOOPTaHU3MOB;

- HECMOCOOHOCTh OOBIYHO NPHUMEHSEMBIX IITAMMOB M BHJIOB OaKTEpHil
CUHTE3UPOBATh B 10CTATOYHOM KosinuecTBe ITABBI u ipyrue akTHBHBIE KOMITOHEHTHI,

CIIOCOOCTBYIOIIME BHIXOAY HEPTH U TIp.
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Bwmecre ¢ Tem, coriiacHO COBPEMEHHBIM TEOPETUUECKUM U KCIIEPUMEHTATbHBIM
JTAHHBIM, OMOTEXHOJIOTUIECKUH TIOIX0/T TTO3BOJISIET YCTPAHUTD 3TH HEIOCTATKU MyTEM
MOBBIIICHUS AKTUBHOCTU U KU3HECTIOCOOHOCTU HCIOIb3YEMBbIX MHUKPOOPTaHHU3MOB,
HaIMpaBJIICHHOTO  MPOBEJCHUS OMOXMMHYECKUX IMPOIECCOB C  OMOCHMHTE30M
(o6pazoBaHrEM) HEOOXOUMBIX COCIMHEHHM, a TAKKE MPUMEHEHUEM JPYTUX KUBBIX
OpPraHU3MOB U MPOAYKTOB UX KU3HENEITEIBHOCTH.

Tak, Hanmpumep, yCTaHOBIIEHO, YTO C TMOMOINBIO OMO(MU3MYECKUX IOIXOO0B
MOXHO  CYIIECTBEHHO  TOBBICUTH  YCTOMYHMBOCTb,  KHU3HECHOCOOHOCTh U
MPOJAYKTUBHOCTh MOJIE3HBIX MUKPOOPTaHU3MOB U 00JIe€ CIOXKHBIX, MHOTOKJIETOYHBIX
ouocuctem [15, 18, 14]. Ha ocHOBe MONYy4YEHHBIX [aHHBIX pa3pabOTaHbl |
MPEIIOKEHBl CIOCOOBI AKTUBAIIMM M TOBBIIMICHUS TPOJYKTUBHOCTH APOAOKEH U
JIPYTUX TOJE3HBIX OakTepuil. JlJist 3TUX 1enel UCIOoJIb30BaHbl MEMOpPaHO—aKTUBHbIC
m3nydennss — MU u JIM (MUKpPOBOJHBI W JIa3€pHOE H3IyYCHHUE), OUOJIOTHMYECKU
aKTUBHbBIC coenuHeHus [15, 16, 17] u opro—oboraménnas nutbeBas Boja [14].

Hecmotpst Ha 910, y HedTemoObIBaronmx KoMmaHui, ocobeHHo B Poccum,
CHUBWJICSA MHTEpec K 3TUM MmetojaM. (COOTBETCTBEHHO, BO3HUKJIA HEOOXOJIUMOCTh
JaTbHEUIIIETO PAa3BUTHUS MUKPOOHUOJIOTUUECKUX CIIOCOOOB HEPTEOTJauu U BBIXO/1a Ha
0oJiee MepCIeKTUBHBIE U YHUBEPCATIbHBIE OMOTEXHOJIOTHYECKUE CIIOCOOBI.

OO6o00mIasi ONBIT TEOPETUYECKUX W MPAKTHUUYECKUX MCCICOBAHUNH  MOXKHO
CKa3aTb, UYTO MHKPOOMOJIOTMYECKHE  METOAbl  TOBBIMICHUS  HEPTEOTAauU
pa3padaThIBAIOTCS TOJIBKO T10 ABYM HAMPABICHUSIM:

1. TlonyueHune B Ha3eMHBIX YCJIOBHUSX MPOIYKTOB MHKPOOHOJIOTHYECKOTO
CUHTE3a, YBEJIMUMBAIOIIUX MOABUKHOCTh HE()TU, U HATHETAHUE UX B HEPTSHOM TIACT.

2. Pa3zButrie MUKPOOUOIOTHYECKUX MPOILIECCOB HEMOCPEACTBEHHO B YCIOBHSIX
HepTIHOTO TUIacCTa € I1EIbI0 TOJYYEeHHS] METabOJUTOB, CIOCOOCTBYIOIIHUX
BBITECHEHUIO HE(PTH U3 KOJUIEKTOpA.

CyTb 3TUX METOJIOB 3aKJIIOYAETCS B YIIYUIICHUH HE()TEBHITECHSIOMINX CBOWCTB
3aKauMBae€MON BOJBI C TIOMOIIBIO  MHUKPOOHBIX  MeTabonuToB: OuOIIAB,

MOJIMCAXAPUJIOB, PACTBOPUTEIIEN U ApP. COCIUHEHHM.
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Otu metonel npumenstores B Poccun, Ionbme, Benrpun, Pymbinnn, Kurtae,
['epmanuu u CIIA

Mou ucciie1oBaHus HalIPaBJICHbI HA U3yYE€HHUE BO3IEHCTBUS MUKPOOPTaHU3MOB
Ha 2UHOCOO0epIcaujue nopoosl HEPTIHOTO KOJIIEKTOPA.

Bormpoc 0 CymecTBeHHON poJIi MUKPOOPraHM3MOB B Pa3pylIeHUH MUHEPAIOB
Kjlacca CHJIMKAaTOB B IPUPOJHON OOCTAHOBKE IIOCTOSIHHO BO3HUKAET IEpen
MUHEpaJIoraMu, FeOXMMHUKaMH W MHUKpPOOHOJOraMH MpH HM3YyYEHHH TUIEPreHHBIX
IPOLIECCOB B IOYBO- U KopooOpazoBaHuu (padboTel Bephanckoro, Bunorpanosa,
ApucrtoBckoi, I'na3oBckoit, Jlykaiea, [losnbiHoBa U 11p.).

[TomyyeH oOOWMPHBIA SKCHEPUMEHTAIBHBIA MaTepHal 10 HCCIEA0BAHUIO
JNECTPYKIUU MUHEPAIOB HAaKONMUTEIbHBIMU KYJIbTYpaMU MHKPOCKOIMUYECKUX I'pUOOB
¥ BOJIOPOCIIEN, HUTPODULMPYIOUIUX U CUIIUKATHBIX OaKTEpUI.

bakTepyuaJlbHOMy Pa3jOKEHHUIO IOJBEPrajMCh KBapll, IIOJEBbIE IIINATHI,
He(eNMH, CIOUCTBIE CHIIMKATBI (MyCKOBUT, OMOTHUT, IJIayKOHUT, BEPMUKYIIUT U JP.),
poroBasi oOMaHKa, IMUPOKCEHBI, SMUIOT, T'PaHAThl W Jpyrue cuiukarel. Bo Bcex
cllydasXx TIIpM CpPaBHEHUUM C AaOHMOTEHHBIM IMIPOLIECCOM OTMEUYAEeTCsl BBICOKAs
WHTEHCUBHOCTh OMOTE€HHOTO BBIIIEIAYMBAHUSA CUJIMKATOB U JaXE BECbMa TPYIHO
paznaraemMoro KBapua.

[Ipomiecc  GakTepuandbHOTO  pa3pyIICHHS]  CUJIUKATOB  OOJBITUHCTBOM
MCCIICIOBATENIC PacCMAaTPUBAETCA KAK COBEPIIAIONIMKCS TI0J BO3JICHCTBUEM
aKTHBHBIX IPOIYKTOB KU3ZHEIEATEIIbHOCTH MHUKpPOOPTraHU3MOB-3H3UMOB
(pepmMeHTOB), OpraHUYECKUX U HEOPTAaHMYECKUX KHCIIOT, a TaKKe (POPMUPYIOIIMXCS
OpU STOM KHCIBIX WM IIEJIOYHBIX pacTBOPOB. bojbIioe MecTo OTBOIUTCA
COBMECTHOMY BO3/ICHCTBUIO HA MUHEPAJl OMOTEHHBIX U YUCTO XUMUYECKUX (DaKTOPOB,
COBOKYNMHOCTh  KOTOPBIX  CYIIECTBEHHO  HMHTEHCU(UUUPYET  JIECTPYKIHUIO
MUHEpalbHOTO cyocTpaTta. CyliecTBYeT TakkKe MPeICTaBICHHE O HEOCPEICTBEHHOM
KOHTaKTE€ MHKpPOOPIaHU3MOB (B YAaCTHOCTH, CHUJIMKATHBIX OakTepHil) ¢ yacTHIIAMU
MUHEPAJIOB, KOTOPbIE 3aXBaTHIBAIOTCS CIIM3UCTON KarCyJaoi OakTepuaibHbIX KJIETOK U

SH3UMATHYECKH pa3pymaroTcs [S].
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Ha npumepe OuoreHHoil nectpykuuu (OKHCIEHUs) CyIb(PUAOB BBISBHIU, YTO
XapakTep 3TOro Mpolecca ONPEEHsIeTCs XUMUYECKMM COCTAaBOM, HaJIU4YHEM
ne(EeKTOB, THUIIOM XHMHUYECKUX CBSI3€H U MOJIYIPOBOJHUKOBBIMH CBOMCTBAMHU
muHepanoB. [Togo0HbIe TaHHbBIE TOSBUINCH U JJI CUJIMKATOB - 3TO KCIIEPUMEHTHI IO
MUKpPOOHOJIOTUYECKOMY  Pa3JIOKEHHUIO  KAOJMHUTa C  Pa3IM4YHOM  CTENEHBIO
yrnopsigodeHHocTH [27].

B pabote [26] Bce 3KCIEPUMEHTHI MPOBEAECHBI B OJJHUX M TE€X KE YCIOBUAX C
UCIIOJb30BaHUEM CHIMKATHBIX Oaktepuii (Bacillus mucilaginosus), B cBoe Bpems
00OCHOBaHHBIX U JAETadbHO U3y4eHHBIX [5]. llITaMmM cHIIMKAaTHBIX OaKkTepHil BhIIEICH
u3 pya KepueHckoro MecTopoKIeHHs U BbIPAIIEH U3BECTHBIM CIIOCOOOM Ha JKHUJKOU
nuTaTteabHOM cpene A-54. MuHepanbl, IpeIBapUTEIbHO AECTAIbHO HCCIEI0BaHHBIE,
MCIIOJIb30BAIMCh B BUJAE TOHKHUX mOpowkoB (¢pp.< 0,1 mm) maccoid Ir u yacTuyHO
HEOOJIBIIMMHU TUIACTUHKAMHU, TIOTPY>KEHHBIMM B IOCTOSSHHO ME€pEeMEIINBAEMbIi
KyJIbTypHbII pactBop ¢ pH 7+ 0,2. [lapannenbHo IpOBOAUIUCEH XOJIOCThIE OIBITHI (B
abuoreHHoi BoJHOM cpene ¢ pH~ 7). Mepoil BblllenaunBaHUs] MUHEPAJIOB SIBUIIUCH
KOJIMYECTBEHHBIE OIPEIENICHUs] KPEMHE3eMa, KOTOPbIM HaKalIuBajics B pacTBOpE 3a
Heneno. [IpoAomKUTENbHOCTh AKCIIEPUMEHTOB I Pa3iu4HbIX cepuil 00paslioB
cocraBuia 4-15 Henenb. /[nurenbHble ONBITHI IPOBEACHBI C LIETBIO OLEHKHU Ipoliecca
BbIIlIEJIaUMBaHUAd BO BpemMeHH. OHU CTaBWIM CBOEH 3ajauell UCClIeJOBaHHE
BBIIIEJIOYEHHOW MOBEpXHOCTU 0Opasia. HalOmoneHus BBITOIHEHBI MO PacTPOBBIM
3JIEKTPOHHBIM MUKPOCKOIIOM.

Bung mNOBEpXHOCTHM TMJIACTMHOK TMOJ PAacTpPOBBIM  MHKPOCKONOM  TOCIE
aOMOTeHHOTO M OMOTEHHOTO OMBITOB IMOKa3aH Ha pucyHke 10 [26]. B mepBom ciryuae
HaOMOJaeTcsl Majlo HW3MEHEHHas, I[IOYTH MCXOJHAs [MOBEPXHOCTh O0Opasla
ATbOMTHU3MPOBAHHOTO MUKPOKJIMHA. Ha Heil BUIHBI Ccllerka KOPPOAMPOBAHHBIC
IPaHUIBl MEXAY OTIEIbHBIMU KPUCTAIIUTAMU. BT MIaCTUHOK MOCIe ASITEIbHOCTH
OaKkTepuil CHJIbHO U3MEHUJICS - BCSI UX MOBEPXHOCTh MOKPBITA @XKYPHBIM arperaTtom,
COCTOSIIIMM U3 MmapoB auameTpoM okojio 0,002-0,005 Mwm, COUNIEHEHHBIX APYT C
npyrom. Ilpu »sToM BHAHA MHOTOSPYCHOCTh (0OOBEMHOCTb) 00Opa30BaHHOMU

"KOHCTpyKIMHU'". KauecTBennoe UCCIIEIOBAHUE 11apoB C IIOMOILBIO
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PEHTICHOCIIEKTPATLHOTO aHalin3a OOHAPYKUJIO B UX COCTaBE KPEMHHMA, aIFOMUHUM,
KaJIMW, HATPUM U KAJIbLUMN, T.€. BCE JIEMEHTHI MTOJIEBBIX IIIATOB.

OnBITH ¢ MIACTUHKAMU TOJIEBBIX IINATOB MPUMEYATEIBHBI TEM, YTO YIAIOCh
YBUJETh TPOIYKTHl OAKTEPHAIBHOTO Pa3pyIICHHS ATIOMOCHIMKATOB - COBMECTHO
CKOAryJINPOBaHHBIE THJPOTEIH KPEMHHUS W aTIOMUHUS, BUIUMO, aiopaHOUTHOU
IPUPOJIBI, COPOMPOBABIIME INETOYN W IIEIOYHBIC 3€MJIA. OTH OIBITHl MOKa3aln
HETMOJIHOTY  CBEICHMA 00  WHTEHCHBHOCTH  OaKTEpHAIbHOW  JECTPYKIIUU
ATFOMOCHJIMKATOB, IOJIy4aeMbIX C TIOMOIIBIO y4YeTa pe3ylIbTaTOB XHUMHUYECKOTO
U3ydeHUsT POPMUPYIOIIMXCS PACTBOPOB. BOJBIIOE KOMMUECTBO ECTPYKTUPOBAHHOTO
SiO; (m Al;O3) ocemaeT Ha MOBEPXHOCTH YacTUI] MuHepayia. OYEBUIHO, IMOJHYIO
KapTUHY pa3pyIICHUS] MOKHO BBISIBUTH TOJIBKO KOJIMYECTBEHHBIM (Da30BBIM aHAIN30M

TBEPAOT0 OCTaTKa.
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Pucynox 10 - Bun muiacTuHKY alibOUTU3UPOBAHHOTO MUKPOKJIMHA: a - TIOCJIE
X0JIOCTOTO OMBITA; O, B - MOCJIe OAKTEPUATIBLHOTO BhIIIETaUMBaAHUS

B pesynbTaTe npuBEAEHHOrO BBINIE JUTEpaTypHOro o030pa HamMu Oblia
BBIJIBUHYTA THUIOTE3a: I W3MEHEHUs CTPYKTYpbl, a Kak CJCJACTBUE, U
(GUIBTPAIIMOHHO-EMKOCTHBIX CBOMCTB HHU3KOIPOHHUIIAEMOTO TJIIMHOCOACPKAIIETO
HEe(DTEHOCHOTO IIIacTa MOKHO TPUMEHHTHh INTaMMbI OaKTEpHid, pa3pyIIarOIIuX

AJIIOMOCHIIMKATHI.
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4 UcciaenoBarejabCcKas 4YacTh

4.1 buorexHOJIOTMYeCKOe BO3/elicTBHE HA TIJIHHOCOAEP:KAIIUE MOPOAbI
He(PTAHOr0 KOJLJIEKTOPa

MukpoOroIoruyecKkuii MeTo ] yBeIudeHus: HeTeoTAauu acTa B OCHOBHOM
aKIEHTUPYETCs] Ha BO3JECHCTBUM OakTepuil Ha HeQTh. Hammm xe nuccnenoBanust ObLTN
HalpaBjeHbl HAa M3yYCHHE BO3ACHCTBUS MHMKPOOMOJIOTMYECKOTO METO/la Ha
TJIMHOCOJIEpIKAIINe MOPoAbl He(TAHOTO KoyuiekTopa. CrenaHo 3To ObUIO C ILENbIO
BBISICHEHUS TOTO, KaK (T€ WJIM HWHbIE) OaKTepuu BO3JCUCTBYIOT Ha KOJIJIEKTOP, B
KOTOPOM €CTh IIEHHBIE (DIIFOUIBI.

I'maBHO# 3amaueil B HCCIENOBAHUSAX SIBIISIETCS J0Ka3aTeJbCTBO TOrO, 4YTO B
polIecce XKU3HEACATEHbHOCTU OAKTEPHI TPOUCXOIUT Pa3pyIICHUE KPUCTATUTMUECKON
PELIETKA CWIMKATOB M CHWXKEHHE MX KOHIEHTpanuu. CrararomumMy XMMUYECKUMHU
AJIEMEHTAMH SIBIIAKOTCS QIOMWHUM, KajlblMH, MarHu, KpeMHuu. /s 3Toro B
7a00paTOPHBIX  YCJIOBUSX  OBUIM  TMPOBEACHBI  KCCIENOBAaHUS  T[JIMHBI U
TJIMHU3UPOBAHHBIX OOpa3IloB KepHa O0OpaOOTaHHBIX CHJIMKATO — Pa3pyLIAONIUMU
OakTepusimu. [{ns mporiecca JKM3HENEATENBHOCTH OakTepuil CleayeT co3/aTh
cnenuanbHyro cpeny (cpema Yameka) OnarompusiTHYHO JUIsl yBEJIMYEHUS HX
yuciaeHHocTH. C COCTaBOM COJIEM BXOJSIIMM B cpely Yameka, BBl MOXKETE

03HAKOMUTKCS B TadimIe 1.

Ta6muma 1 — KomnoHeHTHBIN cocTaB cpesl Yareka

KommnonenT Konuenrpauusi Bemecrsa na 1 aurp, (r/m1)
Hedts 20
NaNO3 2
K2HPO4 1
MgSO4*7H20 0,5
KCI 0,5
FeSO4*7H20 0,01
JluctuiinpoBaHHas BOJa 1
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Jlanee B moyydeHHYIO cpeqy Obuia AoOaBiIeHa UccieayeMas TJuHa U 00pa3ibl
KepHa. B xozme skcnepumeHTa OBLIO BBIBICHO 00pa3oOBaHHE CEPOBOAOPOJA, YTO
CBUJICTEIBCTBYET OO0 YBEIMYEHUU YHUCICHHOCTH OakTepuid H OIAronpusITHOM
nporekanuu mnpoiecca. [lo ucreyenun 4 Hemenb, SKCIEPUMEHT ObLT 3aBEpIICH.
[lonydyenHsie 00pa3ibl OBUIM TOABEPTHYTHl TEPMHUUYECKOMY BO3JICUCTBUIO B
mydenproil neun npu Temneparype 800 °C. Takas temmneparypa HeoOXoauma is
yaaneHus opranudeckux Bemiects (200 — 400 °C) u moaHOro 00€3BOKUBAHUS TJIUHBI
(500 °C).

[TomyuenHsIit oOpa3er] MIUHBI ObUT TIOJIBEPTHYT CTPYKTYpHOMY aHanu3y. beuin
B3sThl HaBecku (rmHa 1o 0,203 u 0,207 r), a mpoba ¢ 6akrepusimu (0,501 r) 3anura
couisiHO kucioroit mo 10 cm® + azoTHas kucnora 5 cM® + IIABUKOBOI KUCIOTHI 2,5
cm®. Ha MeIIeHHOM OTHE yrapuBanach [0 BJIaXKHBIX COJIEH, mocie Oblia no6asnena 30
cm® 3%-Hol a30THOM KHUCIIOTBI, IIOTPeTa Ha IUIATE 15 MHHYT, U MOCJIE OCTHIBAHHS,
oTUILTPOBaHA B MEPHYIO K00y Ha 200 cm®. 3aTeM MOIydeHHYIO CMECh JOBEIHU JI0
METKU JEUOHU3UPOBAHHON BOJOW. OMHOBPEMEHHO Oblia MPUTOTOBJIEHA XOJIOCTAs
npoOy, KoTopasi OblIa OTHSITA OT Pe3ybTaTOB oOpasia. Bce mpoObl MPUTOTOBIICHBI B
JByX HABECKaX, M IOCJE€ HU3MEPEHUs ObLIM MEepeCcUUTaHbl MX CpeIHEe 3HAYCHMS.
OOpa3upl Mpod 3aMepeHbl Ha ATOMHO-3MUCCHOHHOM CHEKTPOMETPE C UHIYKTHUBHO-
cesizanHoi mnasmoit «|CAP-6500». B xonme ananm3a OBLIM MOJYYEHBI PE3YNIbTATHI,

npeCTaBlIeHHBIC B Ta0uIIe 2

Tabmmma 2 — Pe3ynbTaThl CTPYKTYPHOTO aHAIU3a

Ne | Dnementsl | I'iuna, 00pad. I'nimna 6/0akT., cpeaHsisi HABecKa =

n/n 0akrTep.HaBecka=0,501r 0,205 r, koHe4yHbIii 00beM 200 cm®
KOHe4HbIi 00bemM 200 cm3
MI/J1 Mmr/r MT'/J1 Mr/T

1 Amomunnii | 117,42 46,87 84,24 82,19

2 Kansuuii 14,20 5,67 12,13 11,83

3 Kobanbt 0,032 0,013 0,023 0,022

4 XpoMm 0,037 0,015 HIDKE 11/0

5 Menn HIDKE 11/0 HIDKE 11/0

6 Keneso 54,02 21,56 38,01 37,08

7 Kannii 3,68 1,47 2,08 2,029
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OxoHyaHue Ta0IULBI 2

Ne | Dnementsl | I'tuna, 00pad. I'inna 6/6axT., cpeHsisi HABeCKa =

n/n O0akrtep.HaBecka=0,501r 0,205 r, KoHeuHbIii 06beM 200 cm®
KOHeYHbIIi 00beM 200 cm®
MI/JI Mmr/r MT/J1 Mmr/r

8 JIutuii 0,032 0,013 0,023 0,022

9 Maruuii 30,778 12,287 26,192 25,553

10 | Mapranenr | 0,926 0,370 0,916 0,894

11 | Momubnen | 0,143 0,057 0,110 0,107

12 | Harpuii 10,578 4,223 10,592 10,334

13 | ®ocdop HIDKE 11/0 HIDKE T1/0

14 | Cenen HIKE 11/0 0,039 0,038

15 | Kpemuwii 200,88 80,19 189,94 185,31

16 | OnoBo 0,752 0,300 0,448 0,437

17 | Crponmmit | 0,233 0,093 0,216 0,210

IMOKa3aTcJIsIMM aJItOMUHUS, KPCMHUA, Mardius, KaJblHsA, 1 KOHCYHBIMHA IMOKA3aTCIIIMUA
O9THUX BCHICCTB. I/ICXOIISI W3 DTOU Ta6J'II/ILII>I, MOKHO CACJIaTh BBIBOJA O TOM, UTO 6aKTepI/II/I

BSaHMO,Z[CP'ICTBYH C FHHHOﬁ, HU3MCHAIOT KOHIOCHTPALWIO XHMMHYCCKHX 3J3JICMCHTOB B

AHanu3upys TaOauIly, Mbl BUAUM Pa3HUILY B COJICPKAHUU MEXKTY UCXOIHBIMU

TJINHC.

JJIA 00€3BOKMBAHMS TJIMHBI M OYHUCTKH HUX OT 6aKTepHﬁ, ObBLIH HU3MCPCHBI Ha

MoKa3aTeslb OTHOCHTEIbHOM MNPOHHULIACMOCTH IOPOALI Ha Ta30BOM IIEPpMEaMCETPC

O6pa3u131 KCpPHa, 06pa6OTaHHBIG 6aKT€pHHMH " IIPCABAPUTCIIbHO ITPOKAJICHHBIC

«PREL-200». Pe3ynpTaThl n3MepeHut peicTaBlIeHbI B TabIuUIE 3

Tabnuna 3 — Pe3ynbTarsl n3MepeHuit OTHOCUTEILHOM MPOHUIIAEMOCTH

Cpennss Cpeanss Cpennss
NPOHULIAEMOCThH NPOHMIIAEMOCTH NPOHUIIAEMOCTH
MycTOro ITJIMHU3UPOBAHHOIO | 00paloTaHHOIO
New/m | hyem|d,em| m,r odopasua, m/[ KepHa, M/] KepHa, M/]
1] 3,52 | 2,516 | 35,70 1081,66 571,28 700,874
2| 3,49 | 2,515 | 35,53 808,66 436,64 615,502
3] 3,49 | 2,510 | 34,80 1411,33 629,2 751,150
4 3,51 | 2,502 | 35,03 1159,33 793,33 847,424
5| 3,32 | 2,517 | 33,33 1062,33 692,14 749,889

CHU3UT KO3 (ULIUEHT NnorpemHocTy. cxond u3 u3MepeHuil MOXKHO CHENaTh BBIBO,

N3mepenust mpoBOAWINCH € KaXAbIM 00pa3lioM 1Mo 5-6 pas, sl TOro 4ToObl
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YTO T1OCJI€ B3aUMOJCWCTBUSA TJIMHU3UPOBAHHBIX O00pa3loB, MPOHUIIAEMOCTb
u3MeHwiacb B cpeagHeM Ha 150-200 m/[, 3TO cyluecTBEeHHOE H3MEHEHUE NpH

HU3MCPCHHUHU ITPOHUITACMOCTH.

4.2 buotexHoJiornyeckoe Bo3jaeiicteue HA HEPTH

ITocne npoBeneHus UCCIIEIOBAHUI € TIIMHONW (MOHTMOPHWIIJIOHUT) U o0pa3iiaMu
TJIMHU3UPOBAHHOTO KEPHA, MBI MEPENUTH K HWCCIICTOBAHHSIM CBOWCTB HCXOMHON WU
o0paboTaHHOM OaKkTepusMU HEPTH.

O6paboTtannas HepTh ObLJIa U3MEPEHA Ha MapaMeTP KHUHEMATUYECKOU BI3KOCTH
npu Temrepatrype 60°C u Temmeparypy 3acThiBaHUA. Pe3yibTaThl U3MEpPEHUS

MpeJICTaBICHbI B Ta0uLe 4

Tabmuua 4 — Pe3ynbrarhl u3MepeHuil HeTH HA TapaMeTp KUHEMATHYECKOM

BA3KOCTHU U TEMIICPATYPhI 3aCThIBAHHA

KunemaTnueckasi BA3KOCTD, o
Ha3zBanue 5 Temmneparypa 3acrsiBanus, °C
MM*/ceK
Ob6paboranHas 9,731317 18
OaxkTepusMu HePTh
Hcxonnas HeQTh 4,508855 +4

KimtoueBpM TapamMeTpoM B HW3MEPEHHMSIX Oblla BS3KOCTh. Mcxoms w3
MIPOBEICHHBIX U3MEPEHUN BS3KOCTh 00paOOTaHHON HEPTH yBEIMYMIACH TPUMEPHO B
2 pasa, CIeA0BaTENIbHO, JaHHBIA OMBIT MOXHO CUMTATh HE YAAUYHBIM, TaK KaK UCXOJIS

N3 TCOpHUHU BA3KOCTDb JOJI’KHA OblJ1a CHU3UTHCS.
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5 be30nmacHoOCTh M IKOJOTHYHOCTDH MCCIEA0BATEIbCKOI padoThI

5.1 Be3onacHOCTH U DKOJOTHYHOCTH

[lenpr0o naHHOTO paszgesia SBIKIETCA PACCMOTPEHHE HOPMATUBHO-IPABOBOU
JIOKYMEHTAIlNH, perIaMeHTUPYIOoLIeil Oe30macHoe BeeHne padoT Ha MPEeANPHUSITHIX
HEe(TSIHOM ¥ Ta30BOM MPOMBINUIEHHOCTH, HAMpPaBICHHBIX HAa MHUHUMHU3ALHUIO
BO3/CUCTBUS BPEIHOIO 3PQeKTa Ha MUPOBYIO FIKOCUCTEMY C YUETOM OCOOEHHOCTEH
IIPUPOAHON U F€OJIOTUYECKON CPENBI.

B Hacrosimiee Bpems M3-3a BMEIIATEIbCTBA YEJIOBEKAa U3MEHSAIOTCS CBOMCTBA U
cocTtaB JUTOC(hEPHl, MOBBILIAETCS 3aNBIIICHHOCTh aTMOC(ephl, €€ HWXKHHUE CIIOU
HACBIAIOTCS. BPEIAHBIMU IS J)KUBBIX OPraHW3MOB BELIECTBAMU, A 3arpsA3HEHUs BOJ
JENar0T 3Ty CPENy HECOBMECTUMOM C JKU3HBIO MOPCKUX OPraHU3MOB.

OnmHOM W3 OCHOBHBIX IIPUYMH, OTPUUATEIBHO BO3JICHUCTBYIOIIMX HA
OKPY’KaIOIYI0 Cpely, SBJsieTcsl N00bl¥a YIVIEBOAOPOJOB, KOTOPBIE IMPENCTABISAIOT
co00i1 cepbe3HYI0 YIpO3y JIs ’KU3HHU uenoBeKka, Gpuopsl U paynsl. [{nst Poccun, ogHoro
U3 MUPOBBIX JIUJEPOB N0 HePTeA00BIYE, FIKOJIOTHUECKUE MPOOIEMBI CTOAT Haubosee
OCTpO.

5.2 AHaiM3 MOTEHUHAJBbHBIX OMACHBIX M BPEIHBIX MPOU3BOACTBEHHBIX
(akTOopoB npu NpoBegeHUN padoT

[IpoBenenHue nccaea0BaTeNbCKUX padOT BBITIOJIHAETCS B JIA00paTOpuu Kadeapbl
POHI'M unctutyta HedTu u raza COY.

[enpro paboT siBNsIETCS: HAOIIOICHHE 32 BO3ICUCTBIEM a3pOOHBIX OaKkTepuil Ha
He(TSAHBIC OTIIOKEHHS B OTCTOMHBIX pe3epByapax.

Ucnonb3dyemoe oOopyoBaHuEe MpU MpOBEAECHUU PpabOT: HEePTIHON HuIaM U
He(DTh C BEPTUKAIBHBIX CTAJBHBIX pe3epByapoB KpacHOSIpCKOTo Kpas, XUMHYECKHE
peareHTBl Uil cpenbl Yareka, a’poOHBIC OaKTepuu, KOMIIPECCOp, 2 CTEKIISTHHBIX
cocya, METAUIMYECKUI KOHTEHHED.

B xonme SKCIepMMEHTOB C TOMOIIBI0 AHAJTUTHYECKUX BECOB BBIMOIHICTCS
B3BEIIMBAHNUE HY)KHOTO KOJMYECTBA XMMHUYECKUX PEAreHTOB IS CO3JaHUS CPEIbI
Yaneka B 00béme 0,5 1. 3aTeM B CTEKJIITHHOM COCYJI€ CMEIIMBAIOTCS XUMHUUYECKHE
BEILECTBA C JUCTUJUIMPOBAHHOM BOJOW, MaHHAs cpela paszessiercs Ha 2 cocyza 1o
250 My, B KOTOpBIE JJ00aBisSETCS TMHA W TJIIMHU3WPOBAHHBIA oOpasell KepHa,
a’poOHbIe OaKTepuu, HEPTh.

Jlnst co3nanust OJaronpusATHRIX YCIOBUNA BO3ACHCTBUS OAKTEpU HA OTIOKECHUS
U JIOTIOJTHUTEIILHOM a’parfivl BO3/IyXa UCIOJIb3YIOTCS KoMmpeccop. s UCKITIoueHus
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pasnuBa KUAKOCTH B MPOIECCE a’pallid W TOMAJaHUs MPSMBIX COTHEYHBIX JTyden
COCY/IbI TIOMEIIAOTCS B KOHTEHUHED.

Ha pucynke 11 nmpencraBieHa cxema MOMEIICHHS JIA0OPATOPUH C pa3MEIICHHEM
000opy10BaHUS.

2

Pucynok 11 - Cxema maGopaTopHOTo MoMemieHus; 1- cto, 2- mkad;
3- 30Ha IPOBEACHUS PKCIICPUMEHTA.

Bpenubimu dakTopamu B Ipy MPOBEJCHUU PaOOT SIBISIOTCS:

- (¢u3nyeckue: TMOBBIIIEHHAs 3ara30BaHHOCTh BO3AyXa paboyell 30HBI,
MOBBIIIEHHBIN YPOBEHD IIyMa HAa paboueM MecCTe);

- XUMUYECKHe: TOKCUIHOE BO3CHCTBIE HAa OPTaHbI IbIXaHUS;

- OuoJsiorndeckue: padboTa ¢ MATOr€HHBIMU MUKpOOpraHusMamu (Oakrepuu,
BUPYCHl, PUKKETCUU, CIUPOXEThl, TIpUOBI, MpocTelIne U NTPOAYKTHl UX
XKu3HeaesTeapHocTr. [9]

[Io ocHOBHOMY BHJy IKOHOMHUYECKOW AEATEIbHOCTH YCTaHOBIEH V Kiacc
npo(hecCHOHANFHOTO PHUCKA, XapaKTEepPH3YIIIUKA ypOBEHb MPOU3BOIACTBEHHOTO
TpaBMaTu3Ma, mpo¢3ab0aeBaeMOCTH U PacXOJ0B MO OOECIEUYEHUIO IO MPOTrpaMme
00s13aTeTTbHOTO colMaibHOTO cTpaxoBaHus. CTpaxoBbeie Tapu(bl Ha 00s3aTEIHHOE
CTpaxOBaHHWE OT HECUACTHBIX CIIy4aeB Ha MPOU3BOJCTBE U MPO(HECCHOHATBHBIX
3aboseBannii coctaBisitoT 0,6% K HaYMCICHHOH orutate Tpyaa. [7]

Bo3MOKHBIMU aBapUHHBIMH CUTYAIUSIMU [P [TPOBEICHUH OIIBITOB MOTYT OBITh
pO3JIMBBI 00pa3loB, B COCTaB KOTOPHIX BXOJIAT XUMHUYECKHE areHThl U He(PTh. DTO
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MOJKET MPOU30UTH U3-3a HEMPABUIBLHO MOI0OPAHHON CTETIEHU a’pallii U MaJI€HbKOTO
o0BbeMa cocyjia AJisl IKCIIEPUMEHTOB.

5.3 HHxeHepHble W OpPraHU3ANMOHHbIE pelleHUsA Mo odecreYeHnIo
0e3omacHoOCTH padoT

[Tomemienue mabopaTopun HaXOAUTCA B Y4eOHOM KOpITyce HHCTUTYTa HepTH U
raza Cubupckoro denepanpHOro yHuBepcurera B . KpacHospcke.

KpacHosipck HaxoguTcsi B 30HE€ YMEpPEHHO-KOHTUHEHTAJIBHOIO KJIMMara B
10kHOM yactu KpacHospckoro kpasi. KOHTMHEHTaIbHOCTh KJIMMaTa B 4epTe ropoja
HECKOJIBKO CMSITYaeTCst noJ BIIMSTHUEM He3aMep3aroleil 3UMOI
pexu Enucen u KpacHOSIpCKOTro BOJOXpaHWINILA.

brnarogaps KOHTHHEHTAJIBHOCTH KIWMaTa YacTbl 3HAYUTENBHBIC TEperajbl
CYTOUHBIX TeMIIepaTyp BO3ayXxa Aaxe jeToM a0 15-20 rpaaycoB MexTy HOYHBIMH U
JTHEBHBIMU TEMIIEpaTypaMHu.

Tabnuna 5 — O6mras xapaktepuctuka kiumarta 1. KpacHosipcka.

Tun kiumara KonTuHeHTanbHbIN
KonnuecTBo 0cagkoB, MM 465
CpenaHsisi CKOpOCTh BETpa, M/C 2,3
CpenHsisi BIIaXXHOCTh BO3yXa, %o 68

Cpennsisi TemmnepaTypa Bo3layxa B KpacHospcke MO JaHHBIM MHOTOJETHUX
HaOmoaeHuit coctaisier —6.5 °C. Haunbomnee TEMIbIA Mecsl — HIOIb, €0 CPEIHS
temrnepatypa +15.7 °C. Haubonee XOJOIHBIM MecsIl — SHBApb C TEMIIEpaTypoi
—28.7 °C. BeaeacTBue pe3koil KOHTHHEHTAILHOCTH KJIMMaTa abCOIOTHBIN MECSUHbIN
MUHUMYM Temreparypbl B KpacHosipcke B HOos0pe Ha 0.7 rpaaycoB HUXKE, YEM B
dbeppasie (-42.3 m —41.6 TpagyCcoB COOTBETCTBEHHO), a aOCOJIOTHBIA MaKCHUMYM
TemriepaTypbl B ampene Ha 0.1 rpamycoB Beiie, uem B ceHtsOpe (+31.4 u +31.3
IPaaycoB COOTBETCTBEHHO).

3uma B KpacHosipcke xapakTepus3yeTrcsi JOCTaTOYHO MOPO3HOW MOTO0M,
yacTel oTTenenu. OcalKku BBINANAIOT, KaK MPAaBWIIO, B BUAE CHEra. 3uMa B ropoje
HAaYMHAETCS B CPEIHEM B Hauaje HOsOps C MOMEHTa CTAHOBJIEHUS YCTOMYHMBOIO
CHEXHOTO MOKPOBA U JJIUTCA JI0 MOCIEAHEH IeKaabl MapTa.

JleTHsis mOroJla yCTaHaBIIMBAETCS, B CPEAHEM, 9 HIOHS, KOTJa CPEAHECYTOYHAs
TeMriepatypa Bo3ayxa mnpubmmkaercs k 15 °C. Jlero xapakrepusyercs TEMION
MOT0J10i 1 HAaNOOJIBIIUM KOJTHMUYECTBOM OCAJKOB.
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[lomemienne mabopaTOPUM OTHOCUTCA K KaTeropud 3a — TIOMEUICHHS C
MacCOBBIM IIPEeOBIBAHUEM JIFOJIEH, B KOTOPBIX JHOAN HaXOAATCS 0€3 yIUYHON OJIEXKIbI.
[12]

B tabnuue 6 mpencrtaBieHbl XapaKTEPUCTUKU MUKPOKIMMATa B MOMEUICHUU
1abopaTopumu.

Tabmuma 6 - OnTuManbHble W JONYCTUMBIE HOPMBI TE€MIEPATYPHI,
OTHOCHUTEJILHOHN BJIAXKHOCTU U CKOPOCTH JABUIKCHUS BO3AYyXa B 31aHUAX.
Temneparypa Bozayxa, °C ONTUMAJIbHAs 20-21
JIOTYCTUMAsI 19-23
PesynbTupyromas onTUMaIbHas 19-20
temriepatypa, °C JIOTYCTUMAsI 19-22
OTHOCHTENbHAS BIIAXKHOCTbD, onTUMAaJIbHAs 45-30
% JOMYCTHMAsI 60
CKOpOCTh JBUKCHHS BO3TyXa, onTUMAaJbHas, He Oosee 0,2
m/c JIoNycTUMast, He Ooee 0,3

I[JI)I moAACPKaHsA  ONITHMAJIBHBIX  IMApaMCTPOB Cp€abl  YCTAHOBJICHA
OCHTpaJIbHAaA CHUCTCMaAa OTOINICHHA W BCHTHIAOWH, B Jla60paT0pI/II/I HMCIOTCH 2
HaCTCHHBIX pagraTopa U BbIXOI K HGHTpaHBHOP'I CHUCTCMC BCHTHJIAAIUH 30aHMA.

5.4 Canurapnbie TpeOOBaHUA K J1adopaTopum

Pazmepsn1 naboparopHoro nomenieHus 5,9 x 6,5 M, yto paBHo 38,35 kB. M. Ipu
BbIcOTE momenieHus: B 2,70 M u o6bemMoM pabouero mnpoctpanctsa B 103,5 ky0. M.
MuHnrManbHas HOpMaTUBHAS TUIOMIAAb 71t paOOThI OTHOTO COTPYAHUKA HE MeHee 4,5
KB. M. [24]

PaGoune u maGopatopHbie CTOIBI U OOOPYIOBAHHE PACIOIOKEHBI C y4ETOM
0€e30IacHbIX MPOXOAOB JJI COTPYIHUKOB.
Cronber wmsroroBnenbl w3 mnanened JICII co cnenuanbHbIM TOKPBITHEM,

YCTOMYHUBBIM K MEXaHUYECKOMY UCTUPAHUIO U BO3JACHCTBUSAM BJIArd, YTO MO3BOJISIET B
cllydae MpoJHMBa KaKoro-inu0o BellecTBa OBICTPO OYMCTHTh MECTO OT MOMaJaHus
KUJIKOCTH.

Ctynbsi BBITIOJIHEHBI U3 U3HOCOCTOMKOTO MaTepuala, oOUBKa CUJICHUH clernaHa
U3 BOJOOTTAJIKUBAIOIIETO Marepuana. Bes mebens B imabopaTtopuu COOTBETCTBYET
CaHUTapHBIM HOpMaMm [22].

[Topl BBUTOKEHBI MPAMOPHOM TUTHTKOM, HE 00pabOTaHHOM JTaKOKPACOUYHBIMU
MaTepuajiaMH, 4TO CIIOCOOCTBYET JyUllieMy KOHTaKTy ¢ 00yBbIO COTPYJIHUKOB. Takas
TUTUTKA XOPOILIO COMPOTUBIISIETCS] HCTUPAHUIO, HE TPEOYET OKpACKH, 001a/1aeT HUZKOM
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3JIEKTPONPOBOJHOCTEIO, 00agaeT CTOMKOCTBIO K XHMHYECKHM pEaKTHBaM,
TeIoycToiunBa. [24]

B Tabmuiie 7 mpencTaBICHBI XapaKTEPUCTUKH CAHUTAPHO-TUTHCHUYECKUX
yCIIOBHU# Tpya B 1aboparopun. [24]

Tabnuna 7 — XapakTepuCTUKU CAHUTAPHO-TUTHEHUYECKUX YCIOBUH Tpyia

[Tokazarenu ycioBuil Tpyaa [Ipon3BOACTBEHHBIE TOMENIEHUS

Bunbr pabodero HCKyCTBEHHOTO OCBEIICHHUS: JIFOMEHUCIICHTHBIE JIAMITBI

VcTtounuku cBera

OCBEIICHHOCTb, JIK, HOpMa/(akT 100/100

ABapuiiHas OCBEUIEHHOCTh J1a00paTOpUu Ha ITyTH 5)

IBAKYyaIlM¥ U3 TIOMEIICHHUS, JIK

VicTouHuK nuTaHusi aBapuiHOTO OCBEIICHUS JnzenpHas noacraHuus

VcnonHeHnue CBeTUIILHUKOB B3pbIBO3AIIUIICHBIC

MOIHOCTE CBETHILHUKOB, BT 15

KonnuecTBo CBETUIILHUKOB 16

Hcrounnkuy nryma JIBa koMIpeccopa HU3KOTrO J1aBJICHUS
BOYU U-3600

Hopmupyemsbie napamerpsl, 1b, Hopma/ Gaxt 40/10

Vcrounnku Bubpanmii BOYU U-3600

Hopmupyemsbie napamerpsl, b, Hopma/akT 30/2

Mukpoxnumar B momemeHuu, °C, Hopma/pakt 20-21/20

KpaTtHocTh BO3myxooOmeHa mo Jlacceny cocraBisier 4-8 Ky0. M Ha OJHOTO
4eJIOBEKa.

HccnenoBarenbekue pabOThl ClelyeT IPOBOJUTE B JIAOOPATOPHBIX XajlaTax U
PE3MHOBBIX MEpYATKAX, TAK KaK UCHOJb3YIOTCS HEPTENPOIYKTHI.

5.5 UHCcTpyKIus M0 6€301ACHOCTH BBINOJIHEHUS MCCJIe0BATeIbCKUX padoT

B nanHOM 5abOpaTOpHOM MOMEIIEHUU BBIMOIHIIOTCS JKCHEPUMEHTHI C
JIETKOBOCIUIAMEHSIFOIIUMUCS  J)KHJIKOCTAMM W C TBEPABIMM HEOPraHWYECKUMH
peareHTamH.

Ilepen nHawamom paboT crieayeT HaneTh JaOOpPaTOPHBIMA XanaT, CTPOro
3anpeniaeTcss HAXOAUTHCS B IOMEIIEHUH B BEpXHEH OJIeXk/1€; MPOBEPUTH UCIIPABHOCTD
o0opyaoBaHusl, pyOMIIBHUKOB U TIP.

[Ipu paboTe ¢ XUMUYECKUMHU PEaKTUBAMU B JIaOOPATOPUU JOJIKHO HAXOUTHCS HE
MEHee JABYX COTPYAHHUKOB.

HeoOxonumMo MCHOIb30BaTh TOJIBKO MOCYAY, MOAXOIAIIYIO AJISi NMPOBEACHUS
XUMHUYECKUX OIBITOB, YCTOMYMBYIO K JEHMCTBUIO XUMUYECKUX pacTBOpUTeneu. s
NpEeNoTBpaleH!s]  PO3JIMBOB  MpPoO  CIEAyeT  MOJIb30BaThCS  F€PMETUUYHBIM
METaJUIMYECKUM KOHTEIHEPOM.
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Jlis  AOCTOBEpHOM MMOCTAHOBKHM SKCIIEPHUMEHTa HEOOXOIMMO HCIHOIb30BaTh
TOYHOE 000PYIOBAHUE.

Heobxoaumo cTporo ciieuTth 3a TeM, YTOObl EMKOCTH C MPoOaMH HE OKa3aIuCh
PSAIOM C HATPETHIMU MPEAMETAMHU U HE OCBELIAINCH MPSIMBIMHU COJIHEYHBIMH JIy4aMH,
T.K. BHYTPH TE€PMETUYHO 3aKPHITOH €MKOCTHU CO3[AETCS JABJICHUE, KOTOPOE MOXKET
BBI3BATh Pa3pylICHUE CTEKISTHHON OYThIIM U MPUBECTU K BOZHUKHOBEHUIO MOXKapa.

Bce cyxue peaktuBbl He00X0AMMO OpaTh (HapPOPOBBIMU JIOKKAMH, IITTATEIISIMU.

Heo0OxomumMo mposIBISTE OCTOPOKHOCTh IMPHU CMEIIMBAHWU TBEPJBIX BEIIECTB
(0COOEHHO OpPraHMYECKHX), T.K. 00pa3yromascs IMbUIb MOXKET OBITh OIMACHOM IS
OopraHu3Ma. 3alpemniaercsi CMENIMBaTh CYXHE€ PEaKTUBbl BOJM3U BKIIOYEHHBIX
AJIEKTPOHArpeBaTEIbHBIX TPHUOOPOB.

5.6 Ob6ecneyenue B3PbIBONMOKAPHOW U MOKAPHOI 0€30MACHOCTH

[Tometienne 1abopaTopuu MO MOXKAPOOMACHOCTH OTHOCUTCA K KaTeropuu B3 —
IIOMEIICHUE, B KOTOPOM PAacCHOJIaratoTCs IOPIOYME M TPYAHOTOPIOUUE KUIKOCTH,
TBEpbl€ TOPIOUNE U TPYAHOTOPIOUHE BEIIECTBA U MaTepuaibl (B TOM YKCIIE MbUIb U
BOJIOKHA), BEIECTBA M MaTepUalibl, CIIOCOOHBIE MpPH B3aHMMOJEHCTBUU C BOJIOH,
KHCIIOPOJOM BO3JIyXa MU APYT C IPYTOM TOJIBKO TOpeTh. [22]

Kitacc B3ppiBoonacHoM miu noxapoomnacHout 30861 [1-1 B coorBercTBum ¢ I1YD.

B0O3MOXXHBIMU MCTOYHUKAMHU MOKAPOOMACHBIX CUTYALMH SIBISIOTCA KOPOTKHUE
3aMbIKaHHUs B IPOBOJKE KOMIIPECCOPOB HU3KOTO JaBICHUS.

B Tabnmuue 8 mpencraBieHa XapaKTEpUCTHUKA BELIECTB, MCIOJB3YEMBIX IMpHU
NPOBEICHUH dKcIepuMenTa. [23]

Tabnuia 8§ — XapakrepucTuka roprounx BEIIECTB.

HaunmenoBanue Konuenrtpanus, mi Temneparypa Bcnbiiku, | Temmeparypa
°C ropenus, °C
Ceipas He(Th 80 Ot -35 o 36 1100

Ha »taxke 3maHus, B KOTOpOM pacroyiaraercs JjabopaTopusi, YCTaHOBJICH
NnokapHbI pykaB. B moMeleHnr HaXOAUTCS OTHETYIIUTENb W SIIUK C MEeCKOM, a
TaKKe TUIaH BaKyallMu COTPYIHUKOB Ha CIydail BOSBHUKHOBEHHUS TOXapa.

Bce 31anme o00pyI0BaHO CHUCTEMOW CHUTHAIM3AIMU O TMOXKape M IMOXKapHOM
TPEBOTH, BKJIFOYAs TIOMEIEHNE JabopaTopuu.

CucreMa B TOMENIEHUHU MTPEACTABIICHA HIECTHIO JaTYMKaAMU, pearupyomnuMi Ha

3abIMJICHUC. B ClIy4dac 3abIMJICHUA 1 BOBHUKHOBCHUS I10Kapa, Cpa6aTBIBaCT CHUpCHA,

1 MCCTO 3aJbIMJICHU A obecTounBaeTcs.
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3AK/IIOYEHUE

B pesynbTaTte npoBeeHHBIX PadOT, MOYKHO C/ENaTh MIPEIBAPUTEIBHBII BBIBOJ
O TOM, YTO TaKH€ 3HAYUTEJbHbIE M3MEHEHUS B KOHUEHTPALMH 3JIEMEHTOB MpPOO
CBSI3aHbI C UW3MEHEHHEM WM pa3pylIEHUEM MOJIEKYJSIPHOH  pEIIETKU
MOHTMOPWJUIOHUTA. OJTO JA€T OCHOBAaHUE IMPEAINOJIOKHUTh, YTO HpPHU pa3padOTKe
MECTOPOXKACHHS (UIBTpAIHsl KUIKOCTH MO IUIacTy, 00paboTaHHOMY OaKTEpHUSIMH,
IpUBENET K BO3MOKHOMY BBIMBIBAHHIO W3 HEro MEPEUIEAIINX B PAaCTBOPEHHOE,
KOJUIOMJHOE WJIM JIPYrO€ M3MEHEHHOE COCTOSHUE HEKOTOPBIX 3JIEMEHTOB IJIMHBI, K
CTPYKTYPHOMY HM3MEHEHHIO KOJUIEKTOpa, W, KaK CIEJCTBUE, YBEIUYEHUIO €ro
(GUIBTPAIMOHHO-EMKOCTHBIX CBOWCTB. EcTecTBeHHO, Mmoka B Bompoce 00paboTKu
IJIaCTOB OaKTEepUsAMH, Pa3pylIAOMIUMH aTIOMOCUIIUMKATHI, OOJbIIE BOIMPOCOB, YEM
OTBETOB, a MCCJIENOBAHMS HAxXOIATCA Ha HayaJlbHOM JTane. Bo3MOXHO,
IpeJICTaBICHHAs TEXHOJIOTHs OyaeT BocTpeOoBaHa JUIsl OUUCTKU MpU3a00HHON 30HBI
oT (unpTpaTa nocie 0ypoBbiX padoT. /{11 TOro 4To0bl AaTh OTBETHI HA TOCTABJIECHHBIE
BONPOCHI, HEOOXOAMMO NPOBOAUTH AalibHeWIMe uccienoBanus. Ho yxe Ha 3ToM
JTame MOXHO YTBEpKIaTh, YTO pE3yJbTaThl €CTh M HUMEIOT OYEHb OO0JbIINE

MEePCTIIEKTUBHI.
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CIIMCOK COKPAIIEHUI

BP — British Petroleum

['PII — rupaBnu4ecKuil pa3pbiB IJ1aCTa

KWH — xoadduruent uzsneuenust Hehtu

JIN — nazepHoe U3iyuyceHue

MU — MUKPOBOJIHOBOE HU3ITyYEHHE

MYVYH — Meton yBenudeHus HedTeoTaauu

[TAB — moBEpXHOCTHO - aKTHBHBIE BEILIECTBA
[TYD — npaBuna ycTpomcTBa JIEKTPOYCTAHOBOK
POHI'M - «xadenmpa pa3paboTku U IKCILTyaTallu
MECTOPOKICHUN

COY - Cubupckuit OenepanbHblil Y HUBEPCUTET

[IDITY - mupokue dhpakiuu JETKUX yriieBoI0pOI0B
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