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DIIK (deHoonuIaKoBasi KOMITO3UIIUS
OXIJIC deppoxpoMIHTHOCYIb(POHAT

LITP LIEMEHTHO-TIOJIAIMEPHBIN PACTBOP



BBE/JIEHHUE

AKTYaJILHOCTH PadOTHI.

B mHacrosmee BpeMs HepTeXHMMHUYECKass W XHUMHUYECKas MPOMBILUICHHOCTb
pa3BUBAIOTCS aKTUBHbIMU Temnamu. Kak u 5r060e Tpou3BOJCTBO, MPOU3BOJICTBO
tepedTaneBoil kuciaotsl (TDOK) sBisieTcss CIOXKHBIM TEXHOJIOTMYECKUM IPOILIECCOM, B
X0JlIe KOTOPOro HEHU30€KHO NPOUCXOJUT HETraTUBHOE BO3JECHCTBHE HA MPUPOIHYIO
cpeny. [lpuopuTeTHbIM HampaBieHUEM B BOINPOCaX HKOJIOTHYECKON Oe30MacHOCTH
ABJIIETCS pa3pad0TKa METOAOB M MPOrPaMM MO CHUYKEHUIO HArPy3KH Ha OKPYKAIOLLYIO
cpelly, B YacTHOCTH 10 OOpamIeHUI0 C OTXOJAaMU IPOU3BOJCTBA, IOCKOJIBKY
npousBoacTBo TOK npencranisier co00i NOTEHIUAIBHYIO OTIACHOCTbD.

Ha cerognsmHuii neHp BEChbMa aKTYaJIbHOW SABJISETCA PEaIu3anus IPOIYKTOB
XUMHUYECKOTO IMPOU3BOJACTBA B CMEXHBIX OTPAC/SIX MPOMBIIUIEHHOCTH, B TOM YHCIE
HeTenoObIBaomel. Tak, UCIIOIB30BaHUE PA3NUYHBIX OJUMEPHBIX I00ABOK B COCTABE
OypOBBIX PAacTBOPOB TMO3BOJIIET MOBBICUTh 3KCIUTyaTallMOHHBIE XapaKTEPUCTUKHU
pacTBOPOB, a TAK)XKE CHU3UTh PUCK BOSHMKHOBEHHMS OCIIO)KHEHUH B Mpoliecce OypeHwUs..
OpHako NMpUMEHsSEMble COBPEMEHHbIE MOJMMEpPHbIE NOOABKM B OCHOBHOM SIBIISIFOTCS
HKOJIOTUYECKH HEOE30MacHbIMU, O00JaJal0T HM30MpaTenbHON (DYHKIIMOHAIBHOCTBIO, a
TaK)K€ MOTYT NMPUBOJAUTH K T€OXUMUYECKUM MPEoOpa30BaHUSAM I'€OJOTUYECKONW Cpebl.
B cBS3M C O3TUM NOUCK M HCCIEJOBAaHUE HOBBIX MOJIMMEPHBIX KOMIIO3UIIMA,
NO3BOJIIOIIMX OrPAaHWYHUTH TMOTJIONIEHHE OypOBOTO pacTBOpa M MPUTOK BOIBI B

CKBaXUHBI, ABJISTFOTCA KpaﬁHe AKTyaJIbHBIMMU.

Heapr padoTbl — HCHOJB30BAHUE TMOJIMMEPHONM KOMIO3UIMA HAa OCHOBE
nmoboyHoro mpoaykra (oTxoma) mnpousBojacTBa TepedraneBoit kuciaorel (TDOK) u
MOAU(PUITUPOBAHHOTO CTUPOMAIIS (CTUPOMAJIb-M) B COCTaBE OYypOBBIX PACTBOPOB IMPHU
CTPOUTEIHCTBE HE(TEra30BbIX CKBAXKUH

JI1st nocTHKEeHUs TOCTAaBJIEHHOM LENH pelaiuCh CIEAYIOIIHNE 3a1auHn:

- KOMIUIEKCHBI aHaJI3 BO3JECUCTBUS MPOIECCa CTPOUTEIHLCTBA HE(TEra30BbhIX

CKB)KMH Ha OKPY>KaIOIILYIO CpeLy;
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- pa3paboTKa peLenTypsl HOBOTO 3KOJOTHYECKH 0€30MmacHOro 0ypoBOro pacTsopa
Ha OCHOBE MOOOYHOTrO MPOIyKTa (0TX0/a) MPOM3BOJCTBA TEpeTANICBON KHCIOTHI U
CTUPOMAJISI-M C ONTUMAJILHBIMU PEOJOTHYECKUMHU XapAKTEPUCTUKAMU;

- u3y4yeHHEe OUOCTOMKOCTH M TOKCUYHOCTH pPa3pabOTaHHON MOJIMMEPHOM
KOMITO3UIINH;

- TMPOTHO3UPOBAHUE PEOJOTHYECKUX XapaKTEpUCTHUK OYpOBOro pacTBopa Ha
OCHOBE CTUPOMAJISI-M C ITOMOIIBI0 MaTEMAaTUYECKON MOJIENH;

- pa3paboTKa BOJOM3OJIALMOHHBIX COCTAaBOB HAa OCHOBE MOOOYHOIO MPOAYKTa
(oTx0/1a) MPOM3BOACTBA TepedTasieBOM KUCIOTHI JJIi OIPAaHUYEHUs BOJOINPHUTOKA B

CKBAXXUHY M TOTJIONICHUSI OypOBOTO pacTBOpA.

HayuHnast HoBU3HA pa0doThI

1. BmepBble MNpemIOKEHO UCMONB30BaTh MOOOYHBIA  MPOAYKT (OTXOM)
xummudeckoro npousBojacTBa TOK u cuHTeTHYECKHH MOTUMEP — MOIU(DUIIMPOBAHHBIN
cTupoMalib ¢ MoJiekyisipHor Maccor 200000 B kadyecTBE KOMIIOHEHTOB TJIMHUCTOTO
OypOBOT0 pacTBOpa MPU CTPOUTEIHCTBE HEPTIHBIX U Ta30BbIX CKBAKUH. Y CTAHOBIICHO,
YTO pa3pabOTaHHBIH OypOBOW PacTBOP SIBJISETCS IKOJIOTUYECKH OE€30MacHbIM (MHIEKC
TokcuyHOCTH — 0,21) 1 06J1a1a€T ONTUMANILHBIMU PEOJIOTUYECKUMH CBOMCTBAMU.

2. llpennokeHa monauMepHas KOMIIO3UIIUS HA OCHOBE IMOOOYHOTO IMPOJYKTa
(otxoxa) xumuyeckoro mpousBojictBa TOK v CHHTETUYECKOTO MOJIMMEpPa CTUPOMATISI-M
JUIl OTPAHUYEHHS] MNPUTOKA BOABI B CKBAXKHMHY. YCTAHOBJIIEHO, YTO ONTHUMAJIbHOE
coJiep>KaHure MOOOYHOro TpoaykTa npousBojacTBa TOK B moguMepHONW KOMITO3UITUU

coctaBigeT 9—12 % macc.

IIpakTHyeckasi ¥ TeopeTHYECKAsI 3HAYMMOCTD

1. Pa3spaborana »skojormdecku Oe3omacHas perentypa OypoBOro pacTBopa
CJIEIYIONIETO cocTaBa, Macc. %: rmuHonopomok — 4,0; ctupomains-M — 0,5; mOGOUHBII
npoaykt mpou3BoactBa TOK — 0,5, Boma — ocrampHoe. [lonmmMepHbIE peareHTHI
OypoBOro pacTBopa HMMEIOT HU3KYIO cTeneHb TokcuuHocTu (0,21). Ilpemnaraembiii

6yp0B0ﬁ pacTBOp O6JI&I[3€T HU3KHMMH TII0Ka3aTCJsIMH  BCIHMYHMHBI CTAaTHYCCKOI'O



HalnpsoKeHWsT  CIBUTA W BOAOOTIAYM, BBICOKUMU 3HAQUEHUSIMU  BA3KOCTH U
COJIECTOMKOCTH, @ TaK€ BBICOKOM TEpMO- W OMOCTOMKOCTBIO IMPH OJHOBPEMEHHOMN
JOCTYITHOM ¥ DKOHOMHMYECKHM  pPEHTAa0EIbHOM  TEXHOJIOTMH  IPUTOTOBIICHHUS.
D¢ddexTuBHOCTH pa3paboTaHHOTO OYPOBOTO pacTBOpa MOATBEPKIACHA MPOMBICTOBBIMH
WCTIBITAaHUSAMU, TpPOBEICHHBIMU Ha ckBaxkuHe Ne 103 KwurtasMoBCckoW 1uIomaau
(Openbyprckas ob6iacte). B pesynbpTaTe MCHBITAaHUNA yCTaHOBJICHO, YTO OypeHHE Ha
OypoBOM pacTBOpe, cojJeprKaileM MOOOYHbIM npoayKT mnpousBojctBa TOK wu
CTUpOMasib-M, IMO3BoJsIeT mpodTh wuHTepBan 1407 — 3300 M 06e3 OCIOKHEHHH ¢
MOJIy4YEHUEM CTBOJIa HOMUHAIBHOTO IUAMETPA.

2. Vcnonp30BaHKE BOJOU3OJISIIIMIOHHOIO COCTaBa HA OCHOBE TOOOYHOIO MPOAYKTA
XxuMuuyeckoro mnpousBoacTBa TAOK U CHHTETMYECKOrO TNOJMMEPA CTUPOMAIIA-M
MO3BOJIUT COKPATUTH MPUTOK BOABI B CKBAXXUHY M TEM CaMbIM CHHU3UTh HArpy3Ky Ha
OKPYXKAaOLLyI0 Cpeay.

3. ChoporHosupoBaHa MaTeMaTW4yecKass MOJIEb, OINMUCHIBAIONIASl BIIMSHUE 103
BHECEHUSI TJIMHBI, CTUPOMAJISA-M, MOOOYHOrO MPOJYKTa MPOU3BOJACTBA TepedTasieBoit
KHUCIJIOTHI Ha YCIIOBHYIO BSI3KOCTh OYPOBBIX PACTBOPOB.

4. Marepuanbl JUCCEPTALIMOHHON padOThl KUCIONB3YIOTCA B Kypcax JIEKIUH 1O
JTUCIUTUIMHAM: «ODKOJIOTUYECKasi OWOTEXHOJIOTUs» [IJIsi 0akajJaBpOB HAIPaBJICHUS
241000 «2nepro- u pecypcocOeperaroniye MmpoIrecchl B XUMHUYECKOW TEXHOJIOTHH,
HepTexuMun u OHOTexXHOoJNOTHM», NOpoduiab «OxpaHa OKpyXaroled cpeapl |
pallMOHAJIbHOE  HCIOJb30BAaHUE IMPUPOJHBIX PECYpPCOB», JUIsI HMHKEHEPOB IO
cenmanbHocT 280201  «OxpaHa  okpyXaromied cpeabl HW  paldOHAIBHOE
UCIIOJIb30BAHUE TPUPOJIHBIX PECYPCOB», «IKOJOTUS» ISl OakajgaBpOB W HHXKEHEPOB

Bcex cnermuanbHoctet YIHTY.

MeTtomos10rust ¥ METOAbI HCCACI0BAHUM

Hcrnionp30BaHbl OOIMICTIPUHSTHIE METOJMUKH JJIsi OMPENETICHUS] OUOCTOMKOCTH U
TOKCUYHOCTH OYpOBBIX PacTBOPOB C TPUMEHEHHUEM COBPEMEHHOTO OO0OpYIOBaHMS.
OO6001meHbI cBeieHus] TT0 OypOBBIM PacTBOpPaM M BOJOW3OJISIIMOHHBIM COCTaBaM JIJIst

OIrpaHUYCHHA IIPUTOKA BOJAbI B CKBAXHHY, COACPIKAIIHUCCA B Hay‘{HO-TCXHI/I‘I€CKOﬁ )41
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cnenuanbHo nuTeparype. [IpoBeneHsl abopaTOpHBIE HCCIEIOBAaHUS IO OLEHKE
CTPYKTYPHO-MEXaHUYECKUX, PEOJOTMYECKUX XAPAKTEPUCTUK OYpPOBBIX PACTBOPOB B

nabopatopuu kadeapsl Oypenuss YIHTY.

Ha 3amuTy BBIHOCSATCS:
[ToGounblii  mpoaykKT  (OTXOA) XUMHYEcKoro nmnpousBojacTBa TOK wu
CUHTETUYECKUU MMOJUMED - CTUPOMAJIb-M B Kau€CTBE KOMIIOHEHTOB OYpOBOT'O pacTBOpa

U BOAOU3OJLINUOHHOTO COCTaBa ITPHU CTPOUTCIILCTBC He(i)THHLIX M T'a30BbIX CKBAXXHH.

JloCTOBEPHOCTh MOJYYEHHBIX Pe3yJabTATOB IOJITBEPKIACTCS 3HAYUTEIBHBIM
00BEMOM MPOBEJEHHBIX J1a0OPATOPHBIX HCCIEJOBAHUM IO OINpPEAEICHUI0 OCHOBHBIX
PEOJIOTUYECKUX XapaKTEPUCTUK, TOKCHUYHOCTH, OMOCTOMKOCTH OypOBBIX pacTBOPOB U
BOJIOM3OJISIIMOHHBIX COCTABOB HA OCHOBE CTHUPOMANsS-M M MOOOYHOIO MpPOIyKTa

IIPpONU3BOACTBA T®K ¢ ucroinp30BaHUEM aTTECTOBAHHBIX HpI/I60p0B )51 O60py,ZIOBaHH$I.

Anpobauus padoTbl. OCHOBHbBIEC MOJIOKEHHUSI U PE3YyJIbTaThl JUCCEPTALUOHHON
pabotel Obu mnpenctaBiaeHbl Ha XII MexayHaponHOM HaydyHOM KoH(pepeHUuu
«CoBpeMeHHbIE TTPOOJIEMbI UCTOPUM €CTECTBO3HAHMS B 00JIACTU XMUMHUHU, XUMUYECKON
TexHosmorun u HedTsaHoro nena» (2012, Yda); 64, 65-0if HaydHO-TEXHUUYECKOU
KOH(EPEHIIMU CTYJEHTOB, aCIIUPAHTOB U MOJIOALIX yueHbIX YIHTY (2013, 2014, Yda);
VIl Beepoccuiickoit HayuyHO#M uHTEpHET-KOHpepeHnn «IHTerpaius HayKy U BBICIIETO
oOpa3oBaHus B 00y1acTu OUO- U OpraHUYecKor XuMuu 1 ouorexHosorun» (2013, Ya);
| MexnayHapoaHoit Hay4dHO-pakTUYecko koHdepeHuuu «IIpobGiaeMbl U TeHIAEHIIUU
pPa3BUTUS HWHHOBAllMOHHOM HKOHOMHUKH: MEXIYHAPOJHBIM ONBIT WU POCCHMCKAs
npaktuka» (2013, Vda); MexayHapoaHOl HayYHO-TIPAaKTHUECKONW KOH(MEpPEHIINH
«9konorust U HedTerazoBbiii komiuieke» (2013, Ateipay); MexayHapoaHOW HAay4YHO-
TeXHU4YeCKol KoHpepeHmmn «CTpaTernyeckue HampaBiICHUS ©W  WHCTPYMEHTHI
NOBBIIIEHUS APPEKTUBHOCTH COTPYJIHUYECTBAa cCTpaH-ydyacTHUKOB I[llanxaiickoi
OpraHu3allid COTPYIHUYECTBA: YKOHOMHKA, dKojorus, nemorpadus» (2013, Ya); 1

MexayHapoaHod KOH(GEpPEeHIHMH C HJIEeMEHTaMM Hay4YHOW IIKOJIBI JUIS MOJIOJEKHU
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«Okonorudyeckue mpodiemer Hedremoobran - 2013» (2013, Yda); MexnayHnapomHoi
HAyYHO-TEXHUUYECKONM  KoH(pepeHIMH  «3ammMra  OKpyXKalomed  cpeapl  OT

HKOTOKCUKAHTOBY (2014, Ya).

Hyoankamuu. OCHOBHOW MaTepuai IUCcCepTaluu U3JI0KeH B 15 myOnukanusx, B
TOM 4Huciie B 4 CTaThsX B PELUEH3UPYEMBIX HAYyUHBIX KypHAJIaX, BXOAAIIMX B IIEPEUYEHb
BAK MunoOpnayku P®, 10 Tesucax AOKIAIOB Ha POCCUHCKUX U MEXTyHApPOIHBIX
KoHpepeHuusax, 1 wmoHorpagpuum «IKOIOTHMUECKHE aCHEKThl MPH CTPOUTEIHCTBE

CKB2KMH Ha CYIIE U MOPE», MOJIYYCHO TMOJIOKHUTEIHLHOE PEIIeHNE Ha BhIAauy MaTeHTa
P® o 3asBke Ne 2013118054/03 ot 18.04.2013 «bypoBoii pacTBOp».

Ctpykrypa u 00beM auccepraumu. Juccepranus uznoxena Ha 108 crpanumax
MaITUHOMKUCHOTO TEKCTa, COCTOMT W3 BBEJCHUS, YETHIPEX TIJ1aB, BBIBOJOB, CIIHCKa
JUTEPATYPHl U NpuIokeHu, Bkitouaet 20 tabnuil, 13 pucyHnkos. bubnanorpadudeckuii

crmcok Biirodaet 140 HaHMeHOBaHHﬁ, B TOM 4mcJie 9 HMHOCTPAHHBIX HCTOYHHUKOB.

baarogapuocTn. ABTOp BbIpaXkaeT TINIyOOKYIHO OlarogapHoCTb HAyYHOMY
PYKOBOJUTENIO A.T.H. mpodeccopy kadenpsl npukinaanon sxonoruu .I'. Aradaposoii
32 Hay4yHbl€ KOHCYJbTAllMW, MOMOIIb U COJECWCTBHE HA BCEX ATalax HCCIEAOBAHMUS.
ABTOp mpu3HaTeNeH I.X.H. npodeccopy kKadeapbl oOIIEH M aHATUTUYECKOW XUMUU
IO.A. Ily3uHy 3a LEHHBIE COBETHI M NOMOIIb B OCBOCHHMM IPOLECCOB PAAUKAIBHOU
noJuMepu3ali. ABTOp UCKpPEHHE OaroJapuT K.T.H. HayalbHHUKa OTAeNa OypOBBIX
pactBopoB OAO «Azumyr» A.I'. HurmarynnumHy 3a BHUMATEIbHOE OTHOILIECHUE U

MIOMOIIIb B MIPOBEACHUH JIA0OPATOPHBIX UCCIICOBAaHUM.
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TJIABA 1 AHAJIMTUYECKUI OB30P JINTEPATYPhI

1.1 Dkonoruyeckrue acueKThl TEXHOJIOTUU IMPpONU3BOACTBA TepeQ)TaneBoﬁ KHCJIOTBI

TepedraneBas xkucinora (TOK) B oCHOBHOM uCHOIB3yeTCS Ui CHUHTE3a
noJaudTHIEHTepedTanara — noauspupa, NIPUMEHSIEMOTIO B IIPOU3BOJICTBE TEKCTUIIBHBIX
NOJUI(PUPHBIX BOJIOKOH, YMAKOBOYHBIX MAaT€pUANOB, B TOM 4YHUCJE JIs TMHIIECBOU
IPOMBIIUICHHOCTH, PaIMOJIeTaleH, XHMUIEeCKOro 00opyaoBanus [54].

PeiHOK TepedTaneBoil KUCIOThI, UCHOJIb3YEMON B MPOU3BOACTBE MPOIYKLIHUUA Ha
ocHoBe mnonudTUieHTepedTanara ([IOTD) — ogun w3 Haubonee JTUHAMHYHO
pasBuBatomuxcs. O6vemsl npousBoacTBa TOK onpenenstorcs B OCHOBHOM CIPOCOM Ha

noAM3UPHYIO NPOAYKIIUIO CO CTOPOHBI TPOU3BOIUTEIIECH.

1.1.1 Merox nonyuenus tepedraneBoit kuciaotsl Ha OAO «ITOJIND Dy

«JTOJINDDy sBnsieTcsl €AMHCTBEHHBIM KPYMHOTOHHAXXHBIM MPOU3BOAUTEIIEM
ountieHHo T®K B Poccuiickoii @enepanuu. TOK, npousBogumas B «I[IOJINDDy,
COOTBETCTBYET BBICILIMM MUPOBBIM CTaHIAAapTaM KauecTBa.

«(1OJIND®» HaxomuTcs B CEBEPHOM JIeCOCTENHOW 30He PecmyOnumku
bamkoprocran, B 5 KM BOCTOUHEE pallOHHOIrO LEHTpa T. biarosemieHcka u B 15 kM k
ceBepy OT I. YubI. [ToauddupHbIN KOMIUIEKC pacoIoKEH ¢ YIETOM reorpapuiecKkux u
KJIMMAaTUYECKUX YCJIOBHM 3TOM 30HBI, a TaKXK€ C LIEJbI0 MUHUMHU3ALMU HEraTUBHOTO
BO3JICHCTBHS HA OKPY>KAIOIIYIO CPELy.

Ceronnst MomHOCTh «ITOJIMD®» no npouzBoactBy TAK cocrasisger 250 ThicsS4
TOHH B roj, [I19T® — 140 Teicsy TOHH B roj. B paMkax MHBECTHIIMOHHOM MPOrpPaMMBbl
pa3BuTHs noMd(PUpHOTO KOoMIuiekca K KoHIYy 2013 — mavamy 2014 r. mimaHupyercs
YBEJIMYCHHUE MOIIHOCTH 110 Tipon3BoACcTBY [IIT®D mo 210 Thicsu ToHH B roa [129].

OcHoBHoe mpousBoactBo TDOK ocymecTBisgeTcss B COOTBETCTBHE €

TEXHOJIOTHYECKUM TIPOIecCcoM, pa3paboTaHHbIM Kommanuen «Mitsui, Ltd» (SAnonwms).
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[Tpou3BOACTBO TEXHMYECKOW Tepe(TaneBOil KUCIOTHI OCHOBBIBAETCA Ha METOME
KUAKO(PA3ZHOTO OKUCICHUS MTAPAKCUIIONA B CPe/ie YKCYCHOM KUCIIOTHI.

Texunueckyro TOK BBIJICTISIIOT  KpUCTa/UIM3alMer u  QuibTparueid Ha
neHTpudyre C mnocienyromed cymkod. M3 cmecm BOAbI W YKCYCHOW KHCJIOTHI
pPEreHEpUpYOT YKCYCHYIO KHMCiIOTy. g ouncTkn TtexHuuyeckod TOK ucnomesyercs
Ipoluecc THUIPUPOBAHMS BOAHOro pactBopa TAOK B NpuUCYyTCTBUM KaTaJnu3aTopa.
Ounmennyto TOK mOBTOpPHO CycCHEeHAMPYIOT B BOJE, BBUICISIOT Ha LEHTpUPyre u
CyIIaT, 3aT€éM ITHEBMOTPAHCIOPTOM HAIPaBJIAIOT B CUJIOCHI XpaHeHMs. OudMIleHHas
TOK nanpasnsiercss Ha npou3BoACcTBO [IDTd-rpanynsara wim Ha y3ea (pacoBKH B OWr-

Oeru wim OaTK-KOHTEHHEPHI [T MOCIIEAyoIIel peau3anuy norpedureno [54,129].

1.1.2 Dxonornyeckoe OOOCHOBAHHME IMPOM3BOACTBA Tepe(TasieBOW KHUCIOTHI Ha

OAO «I10JIND Dy

C y4yeroM  TIOTEHIMAIBHOM  OMACHOCTH  XMMHYECKOTO  IPOU3BOACTBA
IIPUOPUTETHOE BHUMAHUE MPEANPUATAEM YIECIAETCS BOIPOCAM OXPaHbl OKPYkKAOUIEH
cCpeabl W TPOMBINUICHHOW Oe3omacHOCTH. B yacTHOCTH, pa3pabaThIiBalOTCA U
peaNU3yI0TCA JOJITOCPOYHBIE LIEJEBBIE IPOrpaMMbl MO CHWKEHUIO HArpy3kud Ha
OKPYXAIOIIyI0 Cpey, M0 OOpaIlleHUI0 ¢ OTXOJaMH, 10 OXpaHe aTMOCHEpPHOro BO3ayXa
Y BOJIHBIX PECYPCOB.

[Ipu pabote 000pyIOBaHWS OCHOBHBIX IPOU3BOJCTB TOJHOCTHIO HCKIIIOUYEH
HEKOHTPOJUPYEMBIN BBIOPOC 3arps3HSIONIMX BEIIECTB B OKPYKAIOIIYIO Cpely, T.K. BCE
TEXHOJIOTUYECKHE TTPOIIECCHI MPOUCXOIAT B FTEPMETUYHBIX TEXHOJOTMYECKHUX CUCTEMaX,
HO B MEpPUOJ IMyCKa U OCTAHOBKHM BO3MOKHBI Pa30BbI€ BHIOPOCHI B aTMocdepy u cOpoc
CTOYHBIX BOJ.

Otxopmsmue ra3sl mpou3BoaAcTB TOK u [I9TD nepen BeiOpocoMm B atmochepy
OUMIIIAKOTCS OT 3arpsS3HSIOIIMX BEIIECTB, TAKMX KAaK YKCYCHas KHUCJIOTa, METUJIALIETAT,
aueTanbJIerul,, 3THICHIJUKOIb, TPUITUIECHIJIUKOIb B KOHJEHCATOPaX M OPOLIAEMBIX

ckpy06epax, a oT mbun — TOK u [I9TO® B nuknonax u pykaBHbIX punbTpax. Kpome
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TOTO, YaCTh Ta30BBIX BHIOPOCOB MPOXOAMT CTAIUI0 TEPMHUECKOTO OOE3BPEKUBAHUS C
JAIbHENIIIEH IOOYMCTKOM JIMOBBIX T'a30B.

Konnentpamuu crneuududeckux s «I1OJINDDy 3arpsa3Haronux BEIIECTB, B
TOM 4YHUCJIE€ TAapOB YKCYCHOM KHCJIOTHI, UMEIOIIEH HanOoyiee BBIPAXKCHHBIN 3amax, B
aTMOC(EpPHOM BO3JIyX€ YK€ Ha T'PaHUIIE CAHUTAPHO-3AIIUTHOW 30HBI paguycoM | Km
COCTaBJISIFOT  COThIE JOJM OT IPENEIbHO JONYCTUMBIX KOHLIEHTpPAUWUW I
aTMOC(EPHOTO BO3/IyXa HACCIICHHBIX ITYHKTOB.

Tperb Bcell TEPPUTOPUHU IPEANPUATUS NPUXOJATCS HA OUUCTHBIE COOPYKECHUS.
TmiarenbHbIi KOHTPOJIb, IPUMEHEHUE COBPEMEHHOTO OOOpPYAOBAHMS W TEXHOJOTHI
OYKMCTKH BOJbI MO3BOJISIIOT 3HAYUTEIBHO CHU3UTHh YPOBEHb 3arpA3HEHUS OUYMILAEMBIX
CTOUYHBIX BOJ (COJEp)KaHME 3arpsi3HAIONIMX BEIIECTB IMOCJIE OYHUCTKH HE MPEBBIIIACT
COOTBETCTBYIOIIMX MpeeabHO JonmycTUMbIX KoHIleHTparui (I1/IK) BpeaHbIX BeliecTB B
BOJIC BOJIOEMOB PbIOOX03CTBEHHOTO HA3HAYCHMUS).

Kommneke ounctbix coopyxeHuid «IIOJIMD®y» ocCylecTBIsET OYUCTKY TpEX
BHUJIOB CTOYHBIX BOJI: TPOU3BOJICTBEHHBIX, X035 HCTBEHHO-OBITOBBIX U JIMBHEBBIX. COpOC
OUMIIIEHHBIX CTOYHBIX BOJ B peKy bemasg ocymecrBiasercs Ha OCHOBAaHUU
COOTBETCTBYIOIIIETO pa3pelieHus O MPEJOCTaBICHUN TIPEANPUSTHIO BOJHOTO 00bEKTA B
nojb3oBanue [129].

B mensx oOecriedeHusi 9KOJOTHUYECKOW O€30MACHOCTH Ha  TEPPUTOPUU
«I1IOJIND®» nOoCTpOEH  MOJMIOH IO 3aXOPOHEHHIO ITPOMBIILICHHBIX OTXOOB.
[TonuroH cooTBETCTBYET BCEM TPEOOBAHUSAM SKOJOTUYECKOTO 3aKOHOIATENIbCTBA, a CaM
MPOEKT MOJIMTOHA MOJIYYWJI TOJIOKHUTEIBbHYIO OLIEHKY 3KOJOTMYECKOW SKCIEPTHU3bl U
skcrieptusbl OI'Y [II'COH B Ph. B nensx MoHUTOpHUHTa COCTOSAHUS MOA3EMHBIX BOJI Ha
TEPPUTOPUM TIOJUTOHA [0 BCEMY NEPUMETPY TOJUTOHA MPOOYpPEHBI MAECITh mMap
KOHTPOJIBHBIX CKBa)KMH, OHA M3 KOTOPBIX B KAXIOW Mape HaXOIUTCS HA TEPPUTOPUU
MOJIUTOHA, a Apyrasi — 3a ero rpanuiei. CkiagupoBaHue 00€3B0KEHHOTO N30BITOYHOTO
aKTUBHOTO WJla TMPOU3BOJUTCA B OCTOHUPOBAHHBIX  KapTaX-HAKOMUTEISX C
NPOTUBOPHIBTPAIMOHHBIMU AKpaHAMHU U3 TOJIMATUIICHOBOW IUICHKH, CKJIAJIUPOBAHUE
30716, TIOMEIIEHHOW B CHEIUAJIbHBIC MSITKHE KOHTEHHEpPHl THMA «OUr-03r» wu3

HOHHHpOHHHGHOBOﬁ TKaHH C IIOJMOTUJICHOBBIM BKJIAABLIIICM, IIPOU3BOJHUTCA B



15

CEKIIMOHUPOBAHHBIE KENIe300€TOHHBIE €MKOCTU. JIjig 3aImuThl OT aTMOCQEpHBIX
OCaJIKOB EMKOCTH 3aKPBIThI CheMHBIMH KpBIIIIKaMu 13 TipodHacTria [114].

OcranbHble MaJIOONACHBIE OTXOJIbI IEATEIBHOCTH NPEANPUITUS B 3aBUCUMOCTH
OT BUJa, TAaKHE KaK pe3rHa, UCIIOJIb30BaHHas Tapa, Oymara, ObITOBBIC M IPOYNE OTXO/IBI,
HAIIPaBJIAIOTCA HA YTWIM3ALHIO B CTOPOHHUE CIELMAIM3UPOBAHHBIE OpraHU3alld WU
Ha 3aXOpPOHEHUE Ha FOPOJICKUE CBAJIKU TopoJoB Y (bl 1 biarosemnieHcka.

B mHacrosimee Bpems coBMmecTHO ¢ Kopnopamuein passutus PecnyOnuku
bamkoprocran Ha 6a3e «[IOJINDDy» cozmaercss MHAYCTPUATIBHBIA TapK «XUMTEpPpPay.
[IpropUTETHBIMU HANPABICHUAMH JIEATEIbHOCTU PE3UACHTOB HUHIYCTPUAIBHOTO MapKa
CTaHyT MaJOTOHHaXHasi XUMHUA U nepepaboTka nmosumepoB. [lmaHupyercs BTOprUYHas
nepepaboTka oTxoA0B mnpou3BoactBa [IDTD, a Takxke BoBieueHHE NnepepadOTaHHON
[I9T®-ynakoBkyu, TpeOyOIIE MHUHUMAIBHOTO KOJWYECTBAa pecypcoB. CTOUT Takxke
OTMETUTh, 4YTO TMOBceMecTHass opranmzamus u cbop [IOT-ynakoBku Ha
rOCyapCTBEHHOM YPOBHE ITO3BOJIMT 3HAYUTEIBHO CHU3UTh HAIPY3Ky Ha OKPYKAIOIIYIO

Cpely ¥ HAIaIuTh CTaOUIIbHYIO TIepepadoTky [129].

1.2 VICTOYHMKM ¥ TPUYUHBI 3arps3HEHUs TMPHUPOAHON Cpeasl Mpu OypeHHUH

CKBa’XUH

CoopyXkeHHE CKBaXXUH XapaKTEPU3YeTCs PSAIOM CIEeHU(PUUESCKUX 0COOEHHOCTEH,
KOTOpBIE OINPEAEISAIOT XapakTep U 00bEeMbl TEXHOICHHBIX HapyIIEHUH U 3arpsA3HEHUs
OOBEKTOB OKpY’Karomeid mnpupogHoil cpenbl. st pa3paboTKu TPHPOIOOXPAHHBIX
meponpusatuid (IIOM), uckinrovyaronmx HeraTUBHOE BIUSTHUE MPOIIECCOB CTPOUTEIHCTBA
CKBaXMH Ha OOBEKTHl MPUPOJHOW Cpenbl, HEOOXOIMMO 3HAHHE B IEPBYIO OYEpPeIb
WCTOYHUKOB HApPYILICHUS U 3arPsS3HCHUS KOMIIOHEHTOB OKpY»karoliei cpesl [ 78,89].

[Ipouecc OypeHusi cCOnpoBOXKIAETCS MPUMEHEHHEM MaTepUaioB U XMMpPEareHTOB
pa3IMyYHOM CTENEHU OINAaCHOCTH, 3HAYUTEIbHBIMM OObEMaMu BOJAONOTPEOJCHUS U
oOpa3oBaHMsI  NPOU3BOJCTBEHHO-TEXHOJIOITMYECKHX  OTXOJOB,  IPEICTaBISIOLINX
OTIPEIETEHHYIO OMAaCHOCTh AJisi (yiopbl U payHbl. OCHOBHBIMU 00BEKTaMU 3arpsi3HEHUS

npu OypeHUU CKBaXHMH SIBJISIIOTCS T€OoJOoruyeckas cpefa (MmoJa3eMHbIe BOJbI), TUIPO- U
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autochepa  (OTKPBITBIE  BOJOEMBI, I[OYBEHHO-PACTUTENBHBIA  MOKpOB). OHu
3arpsI3HSIFOTCS B pe3yJbTaTe HECOBEPIICHCTBA W HECOOTBETCTBHUS  OTICIBHBIX
TEXHOJIOTUYECKHUX MPOLIECCOB TPeOOBAHUSAM OXPaHbl OKPY’KAIOIIEH Cpe/ibl, a TaKKe U3-
3a TMOMagaHus B HHUX MarepuajoB, HEPTEHPOIYKTOB, XHMPEAreHTOB U
MPOU3BOICTBEHHO-TEXHOJIOTHUYECKUX OTXOJ0B OypeHHs, MPEICTaBICHHBIX OypOBBIMU
ctounbiMu Bojamu (BCB), orpabGotrannbiM OypoBbsiM pacTtBopoM (OBP) u O6ypoBbiM
nutamom (BII). Haubonee ouryTuMbl OTpullaTeNIbHbIE TTOCIEACTBUS 3arPA3HEHUSI MTOYB,
MOBEPXHOCTHBIX M MOA3EMHBIX Box [17,22].

Hcrounnky 3arps3HEHUS TIpH OypPeHUN CKBOXKHWH YCIOBHO MOYKHO pa3/eiiUTh Ha
MTOCTOSTHHBIC U BPEMEHHBIC.

K mepBbIM OTHOCSTCS (QUIbTpalds W YTEUKU >KUAKUX OTXOAOB OypeHus u3
HAKOIUTEIbHBIX KOTJIOBAHOB, COOPY)XaeMbIX B MHHEpPAJIbHOM TpyHTE (IINIAMOBBIC
amOapsbl). Ko BTOpoii rpymme cienyeT OTHECTH MCTOYHHUKH BPEMEHHOIO JIEUCTBUS —
norJioleHne OypoBOro pacTBopa Npu OypeHHH; BBHIOPOCHI IUIACTOBOTrO (Quiromaa Ha
JTHEBHYIO  TIOBEPXHOCTh;,  HApyIICHHWE  TEePMETUYHOCTH  3allEMEHTHPOBAHHOTO
3aKOJIOHHOTO TIPOCTPAHCTBA, MPUBOASAIICE K MEKIIACTOBBIM MEPETOKAM U 3aKOJIOHHBIM
MIPOSIBJICHHSIM; 3aTOIUICHHE TEPPUTOPUU OypOBOW BCIEACTBHE TABOAKA B TIEPHOJT
BECCHHETO TIOJIOBOJIbSI WJIM HMHTCHCHUBHOTO TasHHWsI CHETOB W pa3lIUB TPH ITOM
COJIEPKMMOTO IIJIAMOBBIX amMOapoB. OOMMM [Jisi HUX SBJISETCS TO, YTO OHU HOCST
BEPOSTHOCTHBIN XapakTep, a UX MOCISACTBHS TPYIHO MpeackasyeMnl [85,97].

HauOounpiryto omacHOCTh 171 OOBEKTOB MPUPOTHON CpeAbl MPECTaBISIOT
MIPOU3BOICTBEHHO-TEXHOJIOTHYECKUE OTXOABl OypeHHs, KOTOPhIC HAKAITUBAIOTCA U
XPaHATCS HEMOCPEJACTBEHHO Ha TEPPUTOpHHM OypoBOH, KaK TPABWIO, B 3EMJISTHBIX
am0Oapax (KOTJIOBaHAX-OTCTOMHUKAX), YCTPAMBAEMBbIX B MUHEPAIBHOM WJIM HACHIITHOM
rpyate. OTXOAbl B CBOEM COCTaBe COJAEP)KAT IIMPOKHH CIEKTp 3arpsS3HUTENCH
MUHEpPAJIbHOW W OPTaHMYECKOW TMPHUPOJBI, TMPEACTABICHHBIX MaTepuaiaMu |
XUMpEareHTaMM, WCIOIb3YEMbIMU [JI1 TIPUTOTOBJEHUS © 00pabOTKH OYpOBBIX

pactBopoB [44,130].
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1.3 XapakTepucTuka 0TX0/10B OypeHHs

Ha coBpeMeHHOM 3Tarie pa3BUTHUSI TEXHOJIOTUHM HEPTEAOOBIUN MPU IKCIUTyaTalluN
HE(DTSAHBIX ~ MECTOPOKICHHA  OOpa3yloTCs  3HAYUTENBbHBIE OOBEMBI  OTXOJIOB,
MPEUMYIIECTBEHHOE KOJIMYECTBO KOTOPBIX HAKAIJIMBAETCs B IUIaMOBBIX amOapax. Ha
He(Te0ObIBAIOIIMX MPEANPUITHIX, B COOTBETCTBUHM C perjamMeHTaMu, s cOopa
OTXOJIOB OypeHHsI C OJHOW KyCTOBOW IUIONMIAJKH TPU OypeHWH BOCHMH CKBaKHUH
cTpoutcsi oauH am6ap. Ecinu KolM4yecTBO CKBaXMH B KycTe OoJiee JECsTH, TO CTPOUTCS
HECKOJIBKO aMm0OapoB [22,25].

B nporuiecce skcmtyaTanuu aMmOaphl 3aM0IHSIIOTCS OYPOBBIMU M TaMITOHAXHBIMU
pacTBOopamMu, OYpPOBBIMH CTOYHBIMH BOJIaMM U IIJIAMOM, IUIACTOBBIMH BOJIaMH,
MPOTYKTAMU UCIBITAHHS CKBAXWH, MaTepUajiaMU IS TIPUTOTOBJICHHUS U XUMHUYCCKOU
00paboTKH OypOBBIX W TAMIOHAXKHBIX pacTBOPoB, ['CM, X035HCTBEHHO-OBITOBHIMU
CTOYHBIMHU BOJAaMH U TBEPJBIMU OBITOBBIMH OTXOJIaMU, TUBHEBHIMU CTOYHBIMH BOJIAMH.
[IpolieHTHOE COOTHOIICHWE MEXIYy OTUMH KOMIIOHEHTAMH MOXET OBITh caMoe
pa3Ho00pa3HoOe B 3aBUCUMOCTH OT T€OJIOTHYECKUX YCIOBHUM, TEXHUYECKOTO COCTOSIHUSA
000pyTOBaHUs, KyJbTYphl IPOU3BOJICTBA U T.1. [22].

Tak, mo nanubiM OAQO «KoransimHedTeras», mpu OypeHUU CKBaXUHBI TITyOUMHON
2600 M B ambape coaepkutcs okosno 65% macc. Boabl, 30% Macc. nutama (BeIOypeHHOM
nopojkl), 4% wmacc. Hedptu, 0,5% wmacc. 6entonuta u 0,5% pa3nUUHBIX NPUCATIOK,
o0eCIeYrBarOIINX ONTUMAIBHYIO pa0boTy OypoBoii ycranoBku [78,105,107].

[To paHHBIM XMMHYECKOTO aHaidu3a uiamMa u3 amOapHbix 1wiamoB OAO
«Koraneimaedrerasy [107], comepkanue HEPTEHPOAYKTOB B IIaMe KOJCOJIETCS B
npenenax ot 2000 mo 13870 mr/kr. HedTsHas yacts niama npejcTaBieHa B OCHOBHOM
napaduHo-HapTeHOBbIMU yriieBogopogamu — 41,8% wmacc., u3 Hux 20% macc. —
tBepable mapadunbl [107]. Acdamprensr — 5,6% wmacc.; cmoael — 19,2% macc.,
MOJIMIIUKJINYECKUE apoMartuueckue yrieBomopoasl — 20,1 % wmacc. B oOpasmax
achaabTO-CMOJMUCTBHIX  MapaUMHOBBIX  OTJOXKEHUW, OTOOpaHHBIX M3  aM0apoB
HepTenpomeicioB  3amamHoit  CuOupu, coaepkaHue  napaduHO-LEPE3NHOBBIX

KOMIIOHEHTOB C TemriepaTypamu IaBieHusi 66—84 °C  cocraBuser 40-70% wmacc.;
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conepkanue opranndeckord gactu — 72-90% wmacc. [22]. Hedrsaras gacte 0TX0II0B
pacnpenenseTcs B [OIIaMOBOM  amOape  ciueayrommm — obpazom:  7-10%
He(TEYTIIeBOJOPOIOB copOupyeTcs Ha nuiame, S—10% HaXxoauTcst B SMYJIbrUPOBaHHOM
U PaCTBOPCHHOM COCTOSTHWUH, OCTAJIbHBIC YTIEBOJAOPOABl HAXOMATCS Ha MOBEPXHOCTH
am0apa B BUjI€ IJICHKH [78].

Heopraamueckyio 4acThb COCTaBIISIIOT B OCHOBHOM OKHCIIBI KPEMHHS U JKeyes3a
(mecok, MPOAYKTHI KOpPpPO3UM), HEOOJbIIOEe KoinuecTBO (MeHee 1%) coeanHeHUi
AITFOMHHMSI, HATPH, IIWHKA U Apyrux Merauios [103].

CrpoutenscTBO amM0apoB MPAKTHYECKH 3aKIIIOUAETCS B BHIEMKE OIMpPEAEICHHOTO
o0beMa TpyHTa W OOBaJOBAaHWM TIOJYYCHHOTO KOTJOBaHA. | Wapow3onsnus JHA H
CTEHOK amOapa yacto He mupousBoautcs [22]. Ilpu Takoi KOHCTpYKUIUHM H30EKAThH
buabTpanyy KUAKON (a3sl ¥ MOTATAHNS €€ Ha OKPYKAIOIMNN JTaHAmadT MPaKTHISCKH
HEBO3MOJKHO.

Haubonee pacnpocTpaHeHHBIM crnocod JIUKBUAAIMM ILJIAMOBBIX aMO0apoB
BBITVISIAUT CIEIYIOMUM 00pa3zoM. AmMOapbl OCBOOOXKIAIOT OT KUJAKON (pa3bl, KOTOPYIO
HAIPaBJISIOT B CUCTEMY cOOpa M MOATOTOBKH HE(PTHU € MOCIEAYIOMIUM HCTIOIb30BaHUEM
ee B CHUCTeME NOJAepXaHHs IUIacToBOro naBieHUs. OCTaBIIMKCSA HUIaM 3acChINAIOT
MUHEpaIbHBIM TPYHTOM [22]. OmucaHHBIN CIOCOO JTUKBUAAIMH IIJIAMOBBIX amM0apoB
UMEET PAJl CEPbE3HBIX HEJIOCTATKOB, OJTHAUM W3 KOTOPBIX SIBIISIETCA COJEpKaHUE B
OypOBOM TUTaM€ JOCTATOYHO BBICOKMX KOHIICHTpAIMA HE(TEYTIIEBOIOPOAOB, TSHKEIIBIX
MeTauioB B moaBwkHOU ¢dopme, [IAB u apyrux TokcwuHbix BemiecTB. [loaTomy
HEO0OXOMMOCTD JIMKBUIAIIMH MIJJAMOBBIX aMOapoOB C IMOCISAYIOMNUM 00e3BPEKUBAHUEM

W yTHJIU3aluei 0ypoBoro 1iamMa oueBuaHa [ 78].

1.4 Knaccudukaius orpaboTaHHBIX OypOBBIX PACTBOPOB U LIaMa

Hnsa pemenust 3agau yruiamszauud OBP u nmutama OypeHust BakHOE 3HAUYEHHE
UMEeT MX KIacCupuKaluus IO OIpPeNEICHHBIM KayeCTBEHHBIM U KOJIMYECTBEHHBIM
npusHakaM. Hanbornee cyiiecTBeHHBIMU IPU3HAKAMU SIBIISIIOTCS arperaTHOE COCTOSTHUE,

KOMIIOHEHTHBIM COCTaB U (1)I/I3I/IKO-XI/IMI/I‘{€CKI/I€ CBOMCTBA.
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[lo  arperaTHOMy  COCTOSIHMIO  yKa3aHHbIE  OTXOABI ~ MOTYT  OBITh

CUCTEMATU3UPOBAHBI KaK >KHJIKHE (TEKy4YHre), OIyKUAKUE (TacCTOOOpa3HbIE) U TBEP/bIE

(pucynok 1.1) [55].

OBP u nutam

Kunkue [Tonmyxunkue TBepapie

(Tekyune) (mactooOpa3HbIe)

Pucynok 1.1-Cucremaruzanus OBP u nuiaMa no arperaTHoMy COCTOSIHUEO

IIpy 3TOM OCHOBHBIM IIPU3HAKOM HMX OTHECEHMs] K TOMY WJIM HHOMY BHUIY B
JAHHOM cHuCcTeMaTH3aluu SIBIISETCA COJAepX aHue TBepAod M kujakou (a3. Tak, mpu
cojepkanuu TBepaoi (pasbl 10 35% Macc. OTXOAbl COXPAHSIOT CBOIO MOJIBUKHOCTH U
TEKY4eCTh U OTHOCSTCS K )Kuakum otxonaMm (OBP). Ilpu conepskanuu TBepaoi (assl OT
35 no 85% mMacc. oTX0ABl UMEIOT MAacTOOOPA3HBIM BUI M OTHOCATCA K MOJYKHUJIKUM
(OBP ¢ OypoBbiM 1iamoM). Ilpu comepskaHuM KUIKOCTA B COCTABE OTXOJOB MEHEE
15% Macc. ux ciaemnyeT OTHECTH K KaTeropHH TBEPHABIX OTXOJIOB (BBIOYpEeHHas Mopoja
uin OypoBoi nutam). Cucremaru3anus OTXOAOB MO TaKOMY HPHU3HAKY MO3BOJISET
000OCHOBaHHO TMOJXOJUTH K BBIOOPY CIOCO0a MX TPAHCTIOPTUPOBAHMS M CMEIICHUS C
JIPYTUMU UHTPETUEHTAMU.

[Io KOMIIOHEHTHOMY COCTaBY OTXOJbl OYpPEHHMsI CIEeyeT CUCTEMATHU3UPOBATh KaK

TJIMHUCTBIC, KapOOHATHBIE, FAIOMIHO-CYIb(aTHbIe (pucyHOK 1.2) [55].
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OBP u nmuiam

['munucThIC KapGonatHsie ["anougHo-cynbdaTHbIC

Pucynok 1.2 — Cucrematuzanus OBP u niama 1no KOMIOHEHTHOMY COCTaBY

Ota cucTeMarus3anusi B OCHOBHOM OTHOCUTCS K TBEPABIM U TOIYKHIKAM
orxomaM. K TIWHHCTBIM OTHOCSATCS OTXOJbI, TBepaas (pa3za KOTOPHIX MpeCcTaBiIcCHA
nopoJamMu TJIMHUCTON (pakuuu (TJIMHBI, apruuIUThl, Meprenu). KapboHnatHeie — 3T0
OTXO0JbI, TBepaasi ¢aza KOTOPHIX COCTOUT MPEHMYIIECTBEHHO M3 KapOOHATHBIX MOPOJ
(M3BECTHSKH, TOJOMUTHI). ['amouaHo-Cyab(aTHBIE OTXOIbI COAEpPKAT TBEPAYyIO (azy,
COCTOSII[yI0 B OCHOBHOM U3 KaMEHHOW coJid, THUIca U aHruapurta. Takas
CHUCTEMAaTHU3allMsl TTO3BOJISICT OICHUBATh MPUTOJHOCTh OTHUX OTXOJOB B KadeCTBE
BTOPUYHOTO CHIPHS MPHU UX YTUIH3AIIUU.

Ananu3 coctaBa OBP u muiama nokasan, 4yTo ux TBepAas ¢aza MOXKET COCTOSAThH
U3 MOPOJI IIIMHUCTOW PpaKkuu, KApOOHATHBIX U TAIOMAHO-CYJIb(ATHBIX MOPOJ, OapuTa,
reMaTuTa ¥ HEKOTOPBIX NIPYTUMX BKIIOYECHHH. B KaXI0M KOHKPETHOM Ciy4yae COCTaB
pas3nuyeH, U CTPOTOW 3aBUCHUMOCTH B COJICP)KAaHHHM TOTO WJIM WHOTO KOMITOHEHTa HE
YCTaHOBJICHO.

AHanu3 TakXKe TOKaszal, 4YTO JIJIi OCHOBHBIX PETMOHOB CTpPaHBI B IOCJIEIHEE
BpeMs OTMEUACTCS TEHICHIMS K YCHICHHIO WX 3arpsi3HEHHOCTH, IPEXKIE BCETO
OpraHUKOW. DTO CBS3aHO CO Bce 0oJyiee MIMPOKUM MPUMEHEHUEM JUisi 00paboTKH
OYpOBBIX pPACTBOPOB TIOJMMEPHBIX XHMPEAreHTOB, B YJIEIBHOM BeCe KOTOPBIX
npeo0IaaloT peareHThl-CTaOMIN3aTOPbl M MOHU3HUTENN BOJOOTIAYM, T.€. Hambojee
CTaOWJIbHBIE COCAMHEHUS, MAJIO TIOJIBEPKEHHBIC TEPMOTHAPOIUTUICCKON NECTPYKITUH.
XapakTepHbIM TaKXe SBISICTCI W TO, YTO 3a yKa3aHHBIA IEPUOJ HE OTMEYacTCH
YMEHBIIICHUSI colepXaHuss HepTm B HX cocTaBe. OTO CBUACTEIBCTBYET O
HEYIOBJIETBOPUTEIILHOM COCTOSITHMHM BOIIPOCA IO COKPAIICHHUIO NCIIOIh30BAHUS HEPTH U

He(TENPOAYKTOB ISl TEXHOJIOTMYECKUX HYk 1 OYpOBOH.
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Takum o00pa3zom, ucCleOBaHHE COCTaBa U CBOWCTB OTPaOOTAHHBIX OypOBBIX
pacTBOpoB M OypoBOro IjlaMa CBUAETENBCTBYET O JIOBOJBHO BBICOKOM YPOBHE HX
3arpsi3HEHHOCTH, YTO CJIEYeT YUUTHIBATh MIPHU BHIOOpPE HAMPABICHUN UX YTUIU3AINH U

METOJIOB 00e3BpexkuBanms [55,128].

1.5 CocraB oTx010B OypeHuUs

Bypenue ckBakuH CBsi3aHO C MoTpebieHueM OobIKMX 00beMOB Bojabl. Ha 1 M
poxoaKu pacxoxyercs okono 0,9—-1,0 M> BOJBL KOTOpasi 3arpsA3HAETC TOKCUYHBIMHU
BemectBamu [78]. OOpasyrontuecs Oyposbie ctounble Boasl (BCB) mpencraBustor co-
0ol HambOoJee 3HAYUTENbHBIN M0 00beMy B 3arpsisHeHus. CoctaB BCB mocrosiHHO
MEHSIETCS M 3aBUCHUT OT MHOTUX (PAKTOpPOB: OT MHUHEPAJIOTHUUECKOTO COCTaBa MOPOJ,
COJIEBBIX TOJI] M PACCOJOB, MPUMEHSIEMBIX MaTE€pPUAJIOB U peareHToB. OCHOBHBIE
nokazarenu TokcuuyHocth bBCB — B3Bemennblie BemiectBa (BB), HedTs U
Hedrenponyktel (HII), xumuueckuit (XIIK) m Omonmornueckuit (BIIK) mnoxazarenu
notpebsieHnss kuciopoya, cyxoi ocrarok (CQO), ImEIOYHOCTh, KeCcTKOocTh pH um np.
NHTEeHCUBHOE HW3MEHEHHE XUMHUYECKOTO COCTaBa MPOMBIBOUHOW JKUAKOCTH U €€
00BEMOB CO3/aeT OMpeNeNeHHbIE TPYIHOCTH I KOHTPOJISE U HOPMUPOBaHUSI cOpoca
OypOBBIX CTOYHBIX BOJI. HopMaTuBBI pa3pabaThIBalOTCS JJII UCXOIHOW MPOMBIBOYHOU
KUJKOCTH (pacTBopa), MpUYEM JIJIsi €€ UCXOJHOr0 COCTaBa, a HE JIJIsi TOTO PacTBOpa,
KOTOPBIN IUPKYJIHUPYET JIIUTEIbHOE BpeMs B riporiecce Oypenus [78,128]. Kpowme toro,
yiiepOsl OC pacCUnTHIBAIOT 10 COOTHOIICHUIO BETUYMHBI (DAKTUUECKUX KOHIICHTPALIUMA
B Boae wiu mnouBax Kk I[IJIK. Ilocnegnue omnpenenstor NpPpeUMyIIECTBEHHO s
WHIUBUYAIbHBIX ~ BEIIECTB, KOTOPbIE OOHAPYXWUBAIOT B BOJE C IOMOIIBIO
YTBEPKIECHHBIX METOJIOB, 3apETUCTPUPOBAHHBIX B ['OCYJapCTBEHHOM peecTpe METOANK
KOJIMYECTBEHHOTO XMMHUUYECKOTO aHAJIN3a, JOMYIIEHHBIX JIJIS1 SKOJIOTHYECKOr0 KOHTPOJIA
u MoHuTopuHra. OHaKo, KaK U3BECTHO U3 MPUHITUIIOB CUCTEMHOTO TIOIX0/1a, OypOBbIE
pacTBOpbl MOXHO paccMaTpuBaTh KakK BBICOKOOPTaHW30BAHHBIEC MOJIUAUCIEPCHBIE

CHCTCMBI, a LOCJI0€ BCCraa OoubIIIEe CYMMBI YacTeu. CJ'IGI[OBEITGJ'H)HO, ITIOKOMIIOHCHTHAsA
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OLIEHKa TOKCUYHOCTH OYpOBBIX PacTBOPOB, OBICTPO M3MEHSIOIIUXCS BO BPEMEHH, HE
IIPUBOJUT K a/ICKBATHBIM PE3YyJIbTATAM.

CeroaHs 114 aHaIM3a MHOTUX BEILECTB, UCIIOJIB3YEMBIX B OYpEHUH, HET METOIUK
ONpENENIeHNs] UX KOHIEeHTpauuid B cpemax u coorBercTBeHHO I[IJIK. Ilostomy B
IPAKTUKE HOPMHUPOBAHMS JUIsI CMECEBBIX M OMOpasiaraeMbIX IpenaparoB MOIYYUIN
pacrpocTpaHeHHue METO/Ibl PACUETHBIX KOMIIOHEHTOB Wi ycraHoBieHue 11JIK B nenom
U1l cMeced. Takue HOpPMATHBBI YTBEPKIAIOTCA JJISL ONPENECIEHHBIX KOMIIO3WULIMM
OypOBBIX PacTBOPOB IO HECKOJBKUM OCHOBHBIM KOMIIOHEHTaM C Y4E€TOM UMEIOLINXCS

ITJK wim Ha ocHOBe OnotectupoBanus (tabnwma 1.1) [13, 86, 87].

Ta6muma 1.1 — DKoy1oro-prId0X03sIMCTBEHHAS XapaKTePHUCTUKA OYPOBBIX pacTBOPOB

HaumenoBaHnue u coctaB JIIIB IIJIK, mr/m | Kimacc omacHocTn
BypoBoii pacTBOp 0TpaOOTaHHBIIA: Toxec. 1,25 vV
JKC-skctenaep - 0,004,
KMII - 0,3%

HT® - 0,027%
Tpunarpuiidpocdar -0,15%
Tpunonudocdar natpus - 0,01%
Bona - no 100%

* J1i1st BOBaHEHKOBCKOTO
MECTOPOXKIACHUS

BypoBoii pacTBOp mOTUMEPHBII: Toxkc. 50,0 \Y
benrormuaonopomiok -4,0%
ITAA - 0,3%
Xnopuoe xene3o - 0,013%
KMIT -0,12%
Xmopua kamus - 0,5%
Bona npecnas - 1o 100%
** s mectopoxaeHus [10
«YxTanedrerasreosorus

Ha npaktuke odeHb TpynHO MOAOOPATh NEPEUUCIEHHBIE KOMIIOHEHTHI B COCTABE
OypOBBIX pacTBOPOB B TOM BHJE, B KOTOPOM OHHM YyKa3zaHbl B HopmatuBax [I/IK.
Hanpumep, cymiecTByeT HECKOJIBKO JAECATKOB MOAM(PHUKAIUN TJIMHOMOPOUIKOB C
pa3IMYHOTO Poja IMIEJOYHBIMU U MOJUMEPHBIMH 100aBKaMu. BMecTo unctoro xmopuaa

KaJInsd HUCIIOJBb3YIOT KaJIMMHbBIC yI[06peHI/I}I, coacpiKamune Mu Apyruc€ KOMIIOHCHTEI.
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VYka3zaHHbIE HOPMATHUBBI 11 OypOBBIX PAacCTBOPOB MOTYT HU3MEHSTHCS B IIHPOKUX
npenenax. Kpome Toro, B cocTaBe pacTBOPOB BCerAa MPUMEHSIOT CMa304YHbIE T00aBKH,
[TAB, yrsxensitomye peareHThl M JPYyrue€ HMHIPEAUEHTBI, KOTOPble MOTYT OBITh HE
BBEJICHBI B ITIEPEUCHb, OJTHAKO MPUMEHSIOTCS B HEIITATHBIX cuTyarusx [13,128].

C 9TuUX TO3UIUH OIIEHKAa 3KOJOTUYHOCTH TNMPUMEHSEMBIX OYpPOBBIX PACTBOPOB
MMEET OrPOMHOE 3HAYEHHUE MPU MPOBEICHUH SKOJIOTHYECKUX UCCIICIOBAHUIA.

Takum oOpa3om, otcyrctBue IIJIK MHOrmx BemiecTB, NPUMEHSAEMBIX IpU
OypeHuu, HE TMO3BOJIIET pErjJaMEHTUPOBATh OTXOAbl OypeHHs IO CTENEeHH UX
TOKcH4ecKoro BoszaeucTtBus Ha OC co BCeMM BBITEKAIOUIMMU ITPUPOJIOOXPAHHBIMU
MOCJIEACTBUSMHU.

Haubounee kpymnHoe ucciieloBaHrue B 00J1aCTU TOKCUKOJIOTHYECKUX OIEHOK OTXO-
0B OypeHwmsl ObUIO MPOBEACHO JHIIb B Tocienaue roasl [16, 126]. Ha ocHoBanuu
COBPEMEHHBIX aHAIMTUYECKHUX ONpeieNieHui orpaboTanHoro 6ypoBoro pactsopa (OBP)
u3 ckBaxuHbl Ne I1 1 (AunmoBckuii Topu3oHT, 3a60i 3900 M) XagyTelckoil momaau
IOxno-I1ecioBckoro ra30KOHJIEHCATHOTO MECTOPOXKICHUsI  SIMamo-HEeHEKOro
aBToHOMHOTO oOkpyra (SIHAO) mnpoBemeHa 5sKclepuMEHTaNIbHAs OIEHKA €ro
AKOJIOTUYHOCTH.

Kowmruieke necnenoBannii BKIOYAIIL:

- aHAJIN3 XUMUYECKHX AJIEMEHTOB C MOMOIIbIO METOJa MHIYKTUBHO CBSI3aHHOMN
MJIa3Mbl C MacC-CIIEKTPOMETPUUECKUM OKOHUaHHEeM Ha ipudope «KBaapuony;

- aHaluM3 OpPraHUYEeCKUX MPHUMECEHd pacTBOpa HA OCHOBE XPOMAaTOMAaccC-
CIIEKTPOMETPHUH;

- WCCIIEIOBAHUE OPTaHOJENTUYECKUX CBOMCTB BOJbI ¢ aoOaBienneM OBP s
YCTaHOBJICHHS TOPOTOBBIX KOHIIEHTPAIU;

- pnusaue OBP Ha canuTapusiii pexxum BogoeMoB (BITK);

- ouorectupoBanue OBP Ha runpoOHOHTAX, a TAKKE IKCIIEPUMEHTATIBHYIO OICH-
Ky sKkojorugHoct OypoBoro nuiama (BIII) (konmruecTBeHHBI XUMUYECKUN aHAJINU3, €TO
(UTOTOKCUYHOCTh W BIMSHHUE HA TUAPOOMOHTHI). KoOMIUIEKC Takux ucCCIe0oBaHUN

MPOBEICH BIIEPBBIC, IMOATOMY 3acClIy)KHMBaeT Oojee TOAPOOHON XapaKTEPHUCTHUKHU.
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OpnHako, yuuTbIBasg Oojblide OO0BEMbl (DAKTUYECKUX MJAHHBIX U PEe3yIbTaToOB

TECTUPOBAHUS, IIPUBOJIMM CBEJICHUS C HEKOTOPBIMH COKpaIrieHusMHu (Tabdmuia 1.2).

Tabmuna 1.2 — Conepxanne xumudeckux BemecTB B OBP u BIII o manubiM [22]

OnemenTt | Konnentpauus | Hopmatu ConepxaHrue XUuMHYECKUX
B OBP, mr/ M3 B, ssieMeHTOB B BIII
mr/ am3 Bonauebrit AAB- Kucnots.
AKCTPAKT, | DKCTPAKT, | DKCTPAKT,
MKT/MJT MKT/JT MKT/JT
bepunuii 0,017 0,0002 - 0,45 25,6
ATIOMUHUIMA 63,33 0,5 10,1 1397 206 400
docdop 21,27 0,0001 41 250
Xpom 15,44 0,05 0,8 430 14 871
Maprasnen 5,82 0,1 0,3 2005 8528
Keneso 160,65 0,3 15.0 8387 481 200
Huxenb 0,474 0,1 <0,05 46,1 1810
Menn 2,01 1,0 0,3 41,5 2385
[uuk 7,62 1,0 0,4 1925 7334
MBIIIBAK 1,3 0,05 6,3 1146
MomnoaeH 1,55 0,25 30,9 117
bapuii 45,76 0,1 2,1 2473 5318
PryTh 0,014 0,0005 <0,001 1,3 1,0
Tannuii 0,0021 0,0001 0,65 4,8
CeuHen 149,48 0,03 5,1 3904 26,7
Kanmmii 0,019 0,001 <0,002 1,8 13,0
Cypbma 0,037 0,05 <0,05 7,2 27,2
Harpwnii 1366,82 200,0 - 258 267 361 000
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Hannbie Tabmumpl 1.3 cBUAETENbCTBYIOT 0 Hamuuuu B oOpasue OBP Bbicokmx
conepkanuii Takux amemeHToB I u Il kiraccoB omacHocth, kak Pb, Hg, P, As, Cd, Zn,
A1, kotopbie Bo MHOTO pa3 mpessimaioT [1JIK B Boge [22, 124].

Bri0ypeHHbIi 1u1aM U3 ckBaKUHBI Ne 1-I1 siBisieTcst TOKCHYHBIM M MOTEHLIHUAIBHO
omacHbiIM i1 OIIC wu 4YenoBeka, IIOCKOIBKY COIEPKHUT TSDKENbIE METaJlIbI,
otHocsimuecss K I m Il kmaccam omacHoctu. Ilpm xontaktax BII ¢ armocdepHbIMU
OCaJIKaMi MPOUCXOJUT HX IMEPEX0] B BOJHBIE PACTBOPHI C MUTPALIMEN TOKCUKAHTOB B
NOBEPXHOCTHBIE U TPYHTOBBIE BOAbL. Takum oOpa3oM, obpasery OBP u3 ckBaKuHBI
Ne T1-1 sBiIIETCA MOJMKOMIIOHEHTHOM CMECBHIO, COAEPKAIIEH BBICOKME KOHLEHTPALUH
ONacHBIX 3arps3Hsiommx BemecTB (3B), B ToM uYucie TSOKEIBIX METALIOB H
YTJIIEBOJOPOIOB.

TectupoBanne oOpazuma OBP Ha ruApoOMOHTAX MOKa3ajo0 €ro BBICOKYIO
TOKCUYHOCTh JJIs1 JaHUA W TeTpaxuMeH. TeMmmbl Pa3MHOMKEHHUS CHMKAIOTCA MpH
pa30aBieHIH BO10# oOpasia 1o 1:4000 [103].

3arps3HUTENIIMA TPUPOJHOM Cpeibl Mpu OypeHUM ABISIIOTCS OypoBbIE U
TaMITIOHAXHBIE PACTBOPHI, MaTEpUaIbl U XUMUYECKUE PEAr€HThI, IPUMEHSAEMbIE I UX
npurotoBiieHus, ['CM, a Taxke NpPOAYKTBI OCBOCHHMS MW B OTHEIBHBIX CIy4asx
BBIOYpEHHAs TOPO/Ia.

Tak, nMpu CTPOUTENIBCTBE CKBAKMHBI PACXOJl MATEPUAJIOB U XUMPEAreHTOB CO-

CTaBJISIET B CpeIHEM (T):

- OCHTOHUTOBBIN TITMHOTIOPOIIOK - 17,6;
- KMII —-2,01;
- HT® —-0,17;
- YHU(IIOK —0,059;
- KayCcTU4ecKas cojaa -0,2;

- KaJIbIIMHUPOBAaHHAS CO/Ia —0,05.

B kadyecTBe OUYHMCTHBIX AareHTOB H JJIsI TaMIOHUPOBAHUS NPUMEHSIOTCA
CJIeIyIOLIUE TUIBI OYPOBBIX PACTBOPOB:
- TEXHUUYECKas BoJia (C J0OABKOW IBYOKHCH MapraHia);

- OGHTOHUTOBBIN PACTBOP;



26

- TJIMHUCTBIN PAaCTBOP PA3JIMYHOM IUIOTHOCTH;

- XJIOpHATPHUEBBI OYpOBOM pacTBOpP;

- XJJ0poMaruueBo-gochaTHpIi OypOBOM pacTBOP;

- OJINCOJIEBOM PACTBOD;

- raMMa O€3IJIMHHUCTBIX PACTBOPOB;

- XJIOPKaJIMEBbIN TJIMHUCTBIN pacTBOP;

- TAMIIOHAKHBIN [IEMEHT C Pa3JIMUYHbIMU JOOaBKaMHU.

N3  roprodecMa3ouHbIX ~ MarepualioB,  KpoMme  HepTH,  TPUMEHSIOT
TPAHCMHUCCUOHHOE U TpaHC(HOPMATOPHOE Macia Ipu OYyPEeHUU C AIEKTPOIPUBOIOM.

[IpoayKThl OCBOCHMS MPEICTABICHB B OCHOBHOM 3arps3HEHHBIMHU MPECHBIMU U
IJIACTOBBIMU BoAaMu, cojepxanumu 10 1% wmacce. ITAB n monmmakpunamuna (ITAA),
WU OypOBBIMU pacTBOpaMu. MOTryT co/iepKaTh IJICHKY HE(TH, a B OTJEIbHBIX CIydasix
U HEe(Th.

K oprannueckum 3arps3HUTENSAM, BXOMSIIUM B COCTaB OYpOBBIX PacTBOPOB,
OTHOCSITCSL ~ yIJA€BOJAOPOAbl (HepTh, AM3TOIUIMBO, Macia). Wx mnomagaHue B
okpyxaromyio cpeay (OC) wgaime BCEro CBA3aHO C aBAPUHHBIMHU CHTYALHSIMH IIPH
HApyIICHUU TEXHUYECKUX YCIOBUM M MpaBUI JKCIUTyaTalluu TPYyOOINpPOBOJOB,
YCTPONCTB HE(PTSIHBIX BAaHH WJIM MPU HEDTEIPOSIBICHUSX.

K sToMy ke Tumy MOXXHO OTHECTU Takue 3arps3HutTenu, kak [TAA, okcudTui-
nemtono3y (O31), xapboxcumetunnemnonody (KMII-600), koHAEHCHPOBAHHYIO
cynbdut-ciuproByro 6apay (KCCb-2) u ITAB. OnpeneneHue 3TUX CIOXKHBIX COCIIH-
HeHuM B KoMnoHeHTax OC — ype3BbIYaWHO TPYAOEMKOE U JOPOTOCTOSIIEE MEpOII-
pusatue. OJTHaKO B CUCTEME MOHUTOPHHTA HEOOXOIUMO MPEAYCMOTPETh KOHTPOJIb XOTS
OBl 32 HEKOTOPHIMU OPTaHWYECKUMH 3arpsi3HUTEISIMU, Ha KOoTopbie cymiecTByoT [1/IK
(ITAB, vedrenponykrsl, [TAA u np.) [103].

CylmecTBylOT  TNOJHMMEPHBIE  PEAreHThl  Pa3JIMYHOIO  MPOUCXOXKICHUS:
OHMOTIOMMEDHI, IEJITI0I030COAEPKAINEe, KpaXMaJCoAepKaIlie, CHHTETUYECKUEe, Ha

OCHOBe JIuTHOCYJIb(anatoB u jp. [110,126].
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1.5.1 TlonumepHBI€ peareHThl B COCTaBE OTXOA0B OypeHHs

1.5.1.1 Llenntono3Hble MOIUMEPHI

B kauectBe OypOBBIX pEareHTOB IIUPOKO HCIOJNB3YIOTCS OpPTaHHMYECKUe
HOJIUMEPBI, TIOJy4YaeMble IPU XUMHUYECKOM Moaudukanuy Lemnono3sl. Hamumuwne
T'MJIPOKCHIBHBIX TPYMII B LIEJUTF0JIO3€ 00YCIOBIMBAET BO3MOKHOCTD €€ ITepUUKALINU C
00pa30BaHUEM MPOCTBIX U CIOXKHBIX IPUPOB. DPUPHI LETUTIONO3bI XaPAKTEPU3YIOTCA
JUIMHOM nenu  (cteneHbto moiaumepuzaumu  — CII), coctaBoM u  yucioMm
NPUCOECIMHEHHBIX (QYHKIMOHANIbHBIX Tpynn Ha 100 3BeHbEB 1ENU (CTENEHBIO
sTepuduKalu WM CcTeneHnplo 3amenieHus — C3). B kadectBe mpumepa MOXKHO

NPUBECTH HATPUEBYIO COJIb KapOokcumeTmiesutoo3bl (Na-KMIT) [24,110].

1.5.1.2 buononumepHbie peareHThl

buononumepHbie KOMIIOHEHTHI OYPOBBIX PacTBOPOB (HampuMep, Ha OCHOBE
KCAaHTAHOBOW CMOJIbI), HPOAYLUpPYEMBIE CHEHUPUUECKUMH MHKPOOpraHMU3MamMu Ha
yIIeBOJIaX, HAXOAAT IIMPOKOE MPUMEHEHHE B mporiecce Oypenus. Momekynia KcaHTaHa
MOCTPOEHA W3 TOBTOPSIONIUXCS OJOKOB, coaepxammx D-rmoko3y, D-mannosy, D-
IJIIOKYPOHOBYIO KUCIOTY. MoseKyssipHas Macca KCaHTaHa HaXOAMTCS B JMAINa3oHE OT
2—-106 no 5-106 [65]. MeTo nosTy4eHus: KCAaHTAHOBOW CMOJIBI OBLIT pazpaboTan B 1961
r. B CIIIA, a B kauecTBe KOMIIOHEHTa OYpOBBIX PacTBOPOB €€ Hayalld NPUMEHATH B
cepenuHe 60-X TT. MPOILIOro Beka 1moja HazBaHueM «XC-nomaumep» [68]. 3a pyOexom B
1970-1980-¢ rr. MHTEHCUBHO BEIUCh PAOOTHI MO CO3AAHUI0 OYpPOBBIX PACTBOPOB C
ouonosuMepaMu TUIA KCaHTaHa u JOTIOJIHUTEIbHBIMU nobaBkaMu
THIPOKCHATHIIIICIUTIONO3bI,  KpaxMmaia,  [OJMBAJCHTHBIX  CINMBATeleH,  COJH
JIMTHOCYJIL(GOKUCIIOTHI, CHenHaabHON opranuueckor cmoibl [110]. TIpoBogmiuck
paboTHI MO CO3JaHUIO MOJUMEPOB-aHAIOIOB KCAHTAaHA, KOTOPbIE OTIUYAIUCH BHICOKOM
(b (HEeKTUBHOCTRIO B OYypOBBIX pPAcCTBOpaX Ha OCHOBE COJIEM IJIi TOPU3OHTAJIBLHOTO
Oypenusi ckBaxkuH [68]. Pa3paborana mpOMBIBOYHAS KHUAKOCTH, MPEACTABIISIONIASL

co0oll BOAHBIA pacTBOp rerepononucaxapuga S-7. Ilo JaHHBIM HKCIIEPUMEHTOB,
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BS3KOCTh PAcCTBOPOB 3TOr0 OWOMOJMMEpa OCTAETCS MPAKTHUYECKH HEU3MEHHOW B
mupokoM auanazone tremmnepatyp (ot 5° go 90°C) u npu yBenuuenuu pH ot 2 no 12.
BrnepBbie MuHepanu3oBaHHbIH OypoBOW pacTBOp Ha ocHOBe Ouomnonumepa XC wu
XJIOpUAa Kanus ObLI MCIOJB30BaH Il OypeHUs CKBAXMH B BEYHOMEP3JIBIX MOPOJIAX
[38].

OpHa u3 nepBbIX MyOJIMKAIU O MOJTYYEHUH OMOTIOIMMEPa Ha OCHOBE JOCTYITHBIX
OTEUYECTBEHHBIX MAaTEpPUAJIOB W IITaMMa C PEKOMEHJALMSIMU O BBIIYCKE OIBITHOU
naptuu nosiswiiack B 1970-x rr. [38]. beumn pa3paboTaHbl CUCTEMBI OC3TIMHUCTHIX U
MaJIOTJIMHUCTBIX PAacTBOPOB HA OCHOBE OWONOJIUMEpa U XPOMOPTaHUYECKOTO
KOMIUIEKCHOTO coenuHeHusi. B pesynbrate coBmectHbhix pador MMB AH YCCP u
BHUUBT 6w11 co3nan peareHT bII-1, otHOcsmumiics k Ouononmmepam. B 1980-x rr.
BHUNKPHedpTs coBmecTHO ¢ CeBepo-KaBkaszkum ¢umuanom BHUU cunrtesa Genka
MPEIOKUIM B KaueCTBE OCHOBBI OYpOBOTO pacTBOpa OMOIMOIUMED, MPOLYIUPYEMBIi
npoxoxkamu  Cryptococcus laurentii. B mocienmyroiee aecsTUIETHE HHTEPEC K
OuomnoJiMMepaM Kak KOMIIOHEHTaM OypOBBIX PACTBOPOB HE OCIa0EBall, YTO BHIPAKAIOCH
B M3YYEHHHM HUX MEXaHU3Ma B3aUMOJCHCTBUS C COJSIMA W TJIMHUCTBIMU TOPOJAMHU,
KOMIUICKCOBAHHUSI C OpPraHUYEeCKUMU COCIMHEHUSMH U pa3padoTKe peuentyp
MPOMBIBOUHBIX KuakocTed. C 1995 1. ocymecTBisercss MOpPOU3BOJACTBO B
MPOMBITIIUICHHBIX MacITabax OTe4eCTBEHHOTO OuomosimMmepHoro mnpoaykra bI1-92. B
COCTaB MaKpPOMOJICKYJIbl AK30MOJIMCcCaXxapuia BXOJAAT TUAPOPUIbHBIC KUCIBIE TPYIIIHI,
00ecCIeynBaIINe XUMUUYECKYI0 aKTUBHOCTh Ouomoiaumepa u ruapodoOHbIe OCTAaTKH
JKUPHBIX KHUCJHOT. JIJIsS yJIydIleHus ero peoJIOTMYECKUX CBOMCTB IMpEIoKeHa
Mo udukarys MHorodyHkimonaabHbM [TAB [37].

Jpyrum HampaBiieHHEM TEXHOJIOTHYECKON MOJCPHHU3AIMU OHUOTIOJIMMEPHBIX
pPacTBOPOB SIBJISIETCS IPUMEHEHHE B TaKUX CHUCTeMax MOJurinkosneil [86]. M3BecTHbI
ounononumepHbii pactBop pupmbr «MK®D», coneBoit 6mononumepusiii pactBop CBP u
COJIEBOM OMOTIOTUMEPHBIN MoMUIponuiIeHrIuKoaeBbiil pactBop CBIIP. Jlymmeesa O.A.
B CcBoedl paboTe MNPHUBOJIUT PE3YJNbTAThl OMNBITHO-MPOMBICIOBBIX  HCIBITAHUN
ounononumepHbix pactBopoB UKD, CBP u CBIIP [51]. Cneunanuctamu OAO HIIO

«bypenue» u I'VII HUN «Cunte3010K» NpeasioxkeH K MPUMEHEHHUIO OMOTIOIUMEPHBII



29

xumuueckuii peareHT ACI-1. PaspaGotana ruaporesneBasi OHOMOJUMEpPHAs CUCTEMa
Bypsuc Ha ocnoBe 6uononumMepa ACI-1 u kpaxmansnoro peareata KMK no ananoruu
¢ peuentypoii Flo-Pro. B npyrux pa®oTax mnpHBeaCHBI MOJIOKHUTEIBHBIC PE3YJIbTAThI
IPOMBICIIOBBIX ~ HMCIIBITAHUNA ~ OHOMONMMEpHONM cuctembl bypBuc mnpu OypeHuu
TOPU30HTAIBHBIX CTBOJIOB MPOTSAKEHHOCTHIO 10 900 M nipu cTtpoutenbcTBe 20 CKBAKHUH
Ha MectopoxaeHusx OAO «CrnaBaedTh-Mernonnedrerasz» [128].

B nmocnennee necAtunerne HaMeTWIACh TEHACHIMA CO3JaHHUs HOBBIX OHO-
nonuMepHbIX KoMrnoHeHToB. B CIIIA 3amareHTOBaH peareHT XUTO3aH, B YKpauHE
3aMaTEHTOBAHbl COCTaBbl OYPOBBIX KOMIIO3UIIUM ¢ OHomnoauMepoM DHMocaH, B Poccun
coo0IIaeTcss 0 OMOMOoIMMEPE OTEYECTBEHHOTO Tpom3BojacTBa Putuzan [39]. Haxomut
npuMeHeHue OuomnosnnMep buokcan oredectBeHHoro mpousBogctBa (OO0 «Terpay).
OCHOBHBIM HEAOCTATKOM OHONOJIMMEPHBIX PACTBOPOB SIBISETCS HUX IMOJABEPKEHHOCTH

OHMOAECTPYKIIMH, YTO BhI3bIBACT HEOOXOUMOCTD ITPUMEHEHUs OakTepuunaos [42,128].

1.5.1.3 Kpaxmasncopep:xaiiue peareHThbl

Kpaxman BnepBbie npuMmenusid B 1933 r. npu OypeHUH CKBaKUH B 1IT. Texac ais
CHWKEHUS (UIBTpAIlM MHUHEPATM30BaHHOTO pacTtBopa. Kpaxmam — opraHudeckuit
noaumep odmieit  popmynel (CgHyoOs)n. Tlonucaxapuasl Kpaxmana — amuiiaza |
aMUJIONIEKTUHBI — MOCTPOEHBI U3 OCTaTKOB D-rimroxonupanos3sl. B cpegHem kpaxman
conepkut 25% ammiiossl 1 75% amunonektura [125]. OH HepacTBOPHUM B XOJIOIHOM
Bojie. I Toro 4ToOBl Kpaxmaa OpuoOpes CIOCOOHOCTh 0Opa3oBBIBATH C BOJOU
KOJUIOMIHBIE PACTBOPHI, €r0 HY>KHO MOJAU(PUIIMPOBATD.

N3BecTen cmocoO MoydeHUs: pacTBOPUMOTO Kpaxmalia myTeM oOpabOoTKH ero
CYyCHEH3UHM IMepell CYLIKOW alOMOKAJIMEBBIMU KBAaCLAMH, NpPEMIOKEHHbIN B.D.
Mapkepom B 1953 r. Ilpomecc moamduiupoBanusi Kpaxmajaa KBaclaM{ BKIIOUYAET
NOJlyYeHUE BOJHOTO pAacTBOpa, OTHEJICHHE OCJIKOBBIX BEUIECTB W3 CYCIECH3UH,
MPOMBIBKY OCaJika Ha BaKyyMHBIX (UIBTpax, NEpEeMEIIMBAHUE B PACTBOPE C KBacllaMu
U COJI0i, BBICYIIMBaHKE Ha Bayblax npu 150°C, uamenbueHue U npoceB. 3anaTeHTOBAH

MOAU(PUIIMPOBAHHBIA Kpaxmall C MONepeyHbIMU CBs3siMU [36]. YcTaHOBIEHO, 4YTO
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MOIU(ULIMPOBAHHBIN KpaxMmall yAOBICTBOPUTENBHO pabOTaeT mocie BO3ACHCTBUS
Temnepartypsl, npesbimatoiieii 127°C. g nomydeHus Moau(GUIMPOBAHHOTO KpaxmMaia
UCIIOJIB3YETCSl  peareHT, CIOCOOCTBYIOIIMI O0Opa30oBaHUIO TMONEPEUHBIX  CBS3EH,
HampuMep, XJOPOKHCHh ¢ocdopa, SIUXIOPTUATUH, XJIOPAHTUIAPHUI LUAHYPOBOU
KUCIIOTHL,  (dopmanbiaerun.  CiaemyeT  OTMETHTb,  4YTO  MPAKTHUYECKHM  BCE
BhIIIENIEPEUNCICHHbIE MOAU(DUIIUPYIOIINE PEareHThl KOJIOTHYECKH HeOE30MacCHBI.

W3 nuTepaTypHBIX HCTOYHUKOB U3BECTHO, YTO CYIIECTBYET MHOT'O BO3MOXKHOCTEH
MOAU(UKALIMKA OKUCICHHBIX KpaxMaibHbIX peareHToB (OKP) u pasnuunbie pazpaboTku
TEXHOJIOTMM WX TPOU3BOJICTBA nyTeM HampaBlICHHBIX HW3MEHEHHH mpolecca
KapOOKCUITUPOBaHUSA. AHAIN30M pE3yJIbTaTOB WCCIEIOBAHUA YCTaHOBIEHO, 4YTO
noyJMuMepHelie  pacTBopbl Ha ocHoBe OKP xapakrepusyrorcss UHTHOUpYrOIIei
criocoOHOoCThI0. HanmeHblIle Aucneprupyromieil crnocoOHOCThI0 00IaJal0T pacTBOPHI,
coJeprKallie aJTOMOKaIMEBYI0 HU3KOKapOOKCHIMpoBaHHYI0 Moaudukcamuioo OKP.
Hanuune B coctaBe mosiekysnsl OKP koMIIeKCHOTo KaTHOHA ONpeesisieT HaubOIbITY 0
aKTUBHOCTb JTOM MoauduUKalMu Kak UHruoupytome no6aBku. IIpombiciioBbie
ucnbeITanus kanueBbix Moaudukanuii OKP mokazanu, yto OypoBbI€ pacTBOPHI Ha €T0
OCHOBE TEXHOJIOTMYHBI, ()EPMEHTATHBHO YCTOWYMBBI, MPOSBISIOT HHTHOWPYIOIINE U
dbokkymupyromme cporictna [128].

MupoBbIM JTUIEPOM IO MPOU3BOJCTBY KpaxMaJbHBIX PEareHTOB W3 KapTodes
apisietca kommnanuss AVEBE(Hunepnanasr), co3gannas B 1919 r. B cepeaune 1930-x
IT. ’Ta KOMIIAaHUS BBIMYCTHJIA HA PHIHOK TEPBOE TMOKOJEeHHE T00aBOK K OypoBOMY
pacTBOpy Ha OCHOBE KpaxMmaina. Bo Bpems mpuMeHEHHS B OypeHHH TEPBBIX
KpaxMaJbHbIX PEAreHTOB MPOSBUIICA €r0 HEJOCTAaTOK — HU3Kas OMocToikocTh [35]. B
MIPOMBICJIOBOM MPAKTUKE HA MEPBOM dTane st O0phOBI ¢ STUM SBICHUEM MPUMEHSUITH
3acosienne u yBenwmdeHue pH pactBopa. Ilo3gHee crtamum NMPUMEHSTH CHEIHATBHBIC
no0aBku — OakTepuruabl. B Xoae wuccleqoBaHUN pa3IUYHBIX PEIENTyp OYypOBBIX
pacTBOPOB OBUIO yCTAHOBJEHO, 4YTO JPEBECHBI JEroTh SIBISIETCA PpPEareHTOM,
HHTUOUpyronmM ouonecTpykiuio kpaxmana. Ero mo6aBku B konmyecte 0,1-0,2 %
MOJTHOCTBIO TPENOTBpaaloT (epMmeHTaTuBHOe Opoxxenne kpaxmana [80]. B marente

[79] mpemnaraercs mpuUMEHSATh B KadecTBe OAaKTEPUIMIAHOTO peareHTa Kpaxmasia
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dopmarima B kommuectBe 0,03—0,30 %. WM3BecTHO mNpUMEHEHHME B KAYECTBE
WHTHOWTOPOB JCCTPYKIIMHM Kpaxmana cyiabhura HaTpws, ¢HeHonpopMaIbIeTuIHON
cModbl, dTaHomamuHa [94]. B matente [71] mpeanaraercs B KauecTBE BEIIECTBA, CHU-
JKAIOIETO OTPHUIIATEITLHOE BO3ACHCTBHE MHUKPOOPTAHM3MOB, HMCIOJB30BaTh THOKCH/
xsopa. Ha ocHOBe MpoOBENEHHBIX JTA0OPAaTOPHBIX W MPOMBICIOBBIX AKCIIEPHMEHTOB B
pabote [4] ycraHaBmMBaeTCs MOPSIOK BHECEHHWs OmommaoB. bakrepurum B OypoBoi
pacTBOp HEOOXOIMMO BHOCUTH 10 00paboTku Omomonumepamu. B 70-e rr. mporuioro
BEeKa B MEPHOJ] POCTa IMPOM3BOJCTBA CHHTETUYECKHX IIOJMMEPOB B HAIIC CTpaHe
paccMaTpuBaics BONpOC O 3aMeHe kpaxmana. OmHako 0 HACTOSIIETO BPEMEHH
KpaxMaJbHBIC MTOJIMMEPHI HAXOAT MHUPOKOE TPUMEHEHHUE B PEIENTypax MPOMBIBOYHBIX
KUJKOCTEN Kak 3a pyOexoMm, Tak W y Hac B crpaHe. O0JacTh UX MPUMEHEHHS — HTO
OypOBBIEC PACTBOPHI TSl OypEHUS TOPU3OHTANBHBIX CKBAKWH, O€3TITMHUCTBIC KUIKOCTH

JUISE BCKpBITHS miacTa u ap. [110,128].

1.5.1.4 CunTeTnveckue noJuMepbl

Cunretnueckue noauMepsl Brepsbie npumeHeHbl B CIIA B 1949 r. B xauectBe
PEareHTOB MCIIOJIB30BAIM A30TCOJEpKAIME NOJuMepbl. B Hacrosiiee BpeMs 3a
pyoexxom mpomsBoauTcs Oonee 120 HaMMEHOBaHWUN pEarcecHTOB Ha OCHOBE
a30TCoepKaIIUX MoIuMepoB [49].

OCHOBHYIO TPYIITy a30TCOJEPKAIMUX CHUHTETHUYECKHX KOMIIOHEHTOB OYpPOBBIX
pPacTBOPOB  COCTAaBIIAIOT aKPUJIOBBIE TOJIUMEPHI, SBISAIONIUMECS KapOOIECHBIMU
COINOJIMMEPAMHU JIMHEWHOTO CTPOEHUSI, COJEPKAIMMMU B PA3IUYHBIX COOTHOLICHUSX
KapOOKCHIIbHBIC, a 3a4acTyI0 U Apyrue (PyHKIMOHAIBHBIC TPYNNbL. B uX coctaB MoryT
BXOJIUTh TAKXKE PA3JIMYHBIE OPraHMYECKUE U HEOPraHMYECKUE paguKayibl. AKPUIOBBIC
peareHTbl  MOJy4aloT B  OCHOBHOM THUAPOJU30OM  MOJUAKPWIOHUTPUIA  WIH
nonuakpuiaamuaa. LlenouyHbIM TUAPOIU30M MOJMAKPUIOHUTPUIIA MPU TEMIEPATYPE,
OJM3KOM K KumeHuto, monydaroT peareHT ['mman. MccnenoBanusmu BHUUBT Oblio
YCTAaHOBJICHO, 4YTO [WmaH oOecredYrBaeT TMOBBINIEHHYIO COJIe- U TEPMOCTOHMKOCTH

OypoBBIX pacTBOpoB. ONTUMAIBHBIM 3aUTHBIA 3((EKT peareHT MposIBISET B
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nuanazone pH or 8 ngo 11. I'mman Hamen mupokoe MpUMEHEHHe i OypeHus
JBJOCIHEMEHTUPOBAHHBIX ~ TOPOJT U BBICOKOKOJUIOMAAQIBHBIX  OTJIOXKEHUM, B
HEJUCIEPTUPYIOMKNX OYpPOBBIX PACTBOPAX, MPU BHICOKUX 3a00MHBIX TeMmIepaTrypax U B
MUHEpaIN30BaHHBIX pacTBopax. [lonnakpuiarel Onarogapsi COAEPKaHUIO B UX COCTABE
aKTUBHBIX TPYII M AaTOMOB BOJOPOJa CKJIOHHBI K pPa3IU4YHbIM XUMHUYECKUM
NpEeBpalllCHUsIM M B3aUMOJCHCTBUSAM C JAPYTMMH peareHTaMu. Y CTaHOBJIEHO, YTO
OypoBble pacTBOpsl Ha 0a3e Takux TMOJMMEPHBIX pPEareHTOB  O0JagaroT
ncepaomiacTuubiMu - cBorictBamu  [18,77]. B benHUI'PU paspabotan wmemHo-
aKpUJIOBBIA peareHT Ha OcHoBe [ wumana, cymbdarta meau [29] W MaIOTIMHUACTHIN
MUHEpaJIM30BaHHBII pacTBOp Ha ero ocHoBe. IIpoBeneHHblE uCClIeNOBaHUS U
pe3yJbTaThl MPOMBIIUIEHHBIX UCOBITAHUN MOKAa3aJd MNEPCHEKTUBHOCTh UCIOJIb30BAHUS
MEJHO-aKpHJIOBOTO peareHTa B OypeHuu. Ilpennaramuchk peareHTbl Ha OCHOBE
MOJIMAKPWIOHUTPUIIA U a30THO-KHUCIIOTO HUKENA U nepcyibdara kamus [128]. [Tozanee
corpynaukamu  bamHUIIMHedTn paspabarbiBaiuch pelenTypbl pacTBOPOB  C
MHTHOMpYyIOIIUM  Kanui-akpuiaTHeiM  pearentoM (Komman) [117]. B kadectBe
3aIUTHBIX PEAreHTOB MPUMEHSIIUCH TAKKE MPOIYKTHI THIPOJIN3a TOJIUAKPUIOHUTPHIIA
OTPAaHUYCHHBIM KOJIMYECTBOM €IKOr0 HaTpa, MOJYyYHUBIIUE YyCJIOBHbIE Ha3zBaHus K-4
[109], K-9, KIIII [88]. BrisBneHue cuHepreruyeckoro 3¢d@dexra Mmpu COBMECTHOM
UCIIOJb30BaHMM ['MnaHa U Jpyrux peareHTOB MOCIYXUJIO OCHOBOWM CO3JaHUs LIEJIOTO
psia peareHTOB KOMIUIEKCHOro JedcTBud. IIpu 3ToM B KadecTBe MOAU(PHUKATOPOB
MPUMEHSUTM  JIMTHOCYJh(OHATHI, TyMaThl HATpUsi W Kanusi, Topd, HUTPOJIUTHUH,
azoAMKapObOaMH]l, TaKKe HCIOIb30BaJIUCh (ymMapoBasi KHCIOTa, €€ COJIu U
JIECOXMMUYECKAsi CMOJIa, aleTOH(OPMANIbAETHAHAS CMOJIa, AJTIOMOMETHI-CHIIMKOHAT
Hatpusi, KMII, OyraaueH-cTHpOJabHBIA Kaydyk, omyinstan [128]. Iupokoe
pacrpocTpaHeHue TMoaydus HUTpOHHBIM peareHT (HP), nmomydaembrit mienouHbIM
THIPOJI30M OTXOJ0B BOJOKHAa HUTPOH [40], OTXOMOB TpHUKOTa)KHOTO BOJOKHA [97],
OTXOJIOB CTPHKKM HCKYCCTBEHHOIO M€Xa, COCTOSIIMX M3 CMECU BOJIOKOH HHTPOH,
KypTenb, ApayioH [128]. Bonpoc 0 HE0OX0AMMOCTH TTPOU3BOJICTBA MOPOITKOOOPA3HOTO
['nana B Hamieil ctpaHe ObUT MOCTaBIIEH enle B cepeauHe 70-X IT. MPOIUIOro CTOJIETHS,

TOraa >X€ HadaTbl OKCIICPUMCHTAJIIBHBIC UCCIICAOBAHMA I10 pa3pa60TI<e TCXHOJOTHH €T0
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pou3BOJACTBa. bblna co3gaHa cepusi MOPOIIKOOOPA3HBIX MOJUMAKPUIATOB, TaKUX KAaK
[TAHI'M, KO-3. Haubonee mHpOKOE MNPUMEHEHHE Ha MECTOPOXKICHUSAX CeBepa
3anagnoit Cubupu HanuM nopolikooOpasHbie noiuvakpuinatel K-14 u Yaudnok. Ha
OCHOBE 3THX IOJHMMEPOB ObUIM 3alMaTEeHTOBAHBI MHOTOYHCIIEHHBIE COCTaBbl OypOBBIX
pacTBOpoB Il OypeHUsT HEYCTOWYMBBIX TIJIMHUCTBIX OTJOKEHUH, a TaKxke IS
BCKPBITHS I1JIacTa U OypEeHHs TOPU30HTAIbHBIX cTBOJIOB [110].

[[lupokoe mnpuMeHeHHe Hapsay ¢ [MmaHoM Hamen W THAPOJIM30BAHHBIN
MOJMaKpUIIaMUl, uccienoBanuss kotoporo ¢ 1960 r. nposonumuce N.J1. @puamanowm,
VY.JI. Ckanbckoii, B.C. benpkoBckum u ap. Ha mepBoM 3Tamne roToBbId MOTHAKPUIAMHUL
(ITAA) mnpexacraBnsim coOOM  BBICOKOBSI3KMM JIETKO THAPOJIU3YIOMIMNCA Telb C
MoutekyJisipHoit maccoit 500000 u Gosee. Pe3ynbTaThl UCTIBITAHUN BOJAHOTO pacTBOpa
Heruaponu3oBaHHoro ITAA mnpu OypeHHMHM CKBaXMH B HEYCTOMYMBBIX TJIMHUCTBIX
paspezax Kazaxcrama [56] mokazanm, dYTO pacTBOP O0OECHECYMBACT BBICOKYIO
YCTOMYMBOCTh CTEHOK CKBaXXMH. BbIsiBieHa BbicOoKas 3()PEKTUBHOCTh peareHra s
XUMHUYECKONM OYMCTKU OYypOBBIX PACTBOPOB, MPUTOTOBJIEHHUS BSI3KOYINPYTHX CMeECEH,
U30JSIIMK  TOTJIOIAKIIMX IUIACTOB M B KadecTBe OyQepHOMl KMIKOCTH IIpU
LHEeMEHTUpOBaHUU CkBaxXuH B Skytuu [7/5]. B bamHUIIMHedpTn Obuin pazpaboTaHbl
HOBBIE PELENTYpPbl OYPOBBIX PACTBOPOB Ha OCHOBE MOJIHAKPUIAMUAA, KOTOPbIE IIIUPOKO
npumeHsiuch B bamkupun [121]. [TAA mnpumeHscs TpHU TeOJOT0-Pa3BEIOYHOM
oypenun B IloBomkbe [5], a Takxe Ha CeBepo-3amaje Kak OCHOBHasi J00aBka B
MAaJIOTJIMHUCTBIE, COJIEBBIE M OMYJIbCHOHHBIE pacTBOpbl. [llupokoe npumeHeHUE
MOJIMAKPUJIAMUTHBIE XJIOPKAJTUEBBIE PACTBOPHI MOJYUUIIU MPU OYPEHUHU OCHINAIOLIUXCS
rOpHBIX mopoA. B oHOM U3 cKBaXWH Obljia 3aperucTpupoBaHa 3a00iHas TeMIiepaTypa
o6onee 200°C, He oka3aBIIas OTPUIATEILHOTO BIMSHUS HAa CBOHCTBa OypOBOTO
pactBopa [110].

B 80-x rr. mpomuioro Beka B MpakTUKE OypOBBIX pabOT Haval MPUMEHSTHCA
YaCTUYHO THAPOM30BaHHbIN monuakpuiaamua (UT'TIIT), B Tom uncne B koMOMHAIIMM ¢
XJIOPUCTBIM KanueM. [IpoBoAMINCh MCCIENOBaHUS COBEPIIEHCTBOBAHUSI TEXHOJOTUHU

IIPOM3BOJICTBA TUApoIM30BaHHOTO Nojuakpriiamuaa (I'TIAA) [128].
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B xonne 1980-x rr. 3a pyOe:xoM ObLI CO3AaH U Hayall IIUPOKO MPUMEHSATHCA
HOBBIM KJIACC TOJIMMEPHBIX a30TOCOJEpXkKAMX peareHToB. HOBBIE peareHThI
MPEACTABIAIOT COOOM MONMMAKPUIATHBIE MOJUMEPHI C HU3KOM MOJIEKYJISIPHOW Maccoi.
OHU XOpOIIO pacCTBOPUMBI B BOJIE, yCTOWUMBHI IpU TeMiiepatype 1o 150°C. B oTimuune
OT JIMTHOCYIb(OHATHBIX pPa3z3KUKUTENIEH TMpu 00pabOTKE JSTUMU peareHTamu
MPOUCXOAUT JIUIIb pa3fesieHue (IOKYyT TJIMHUCTBIX YacTHI, a HE IMOJHOE UX
nucneprupoBanue. [Ipu aTom nocturaercs 3pPexKTUBHOE CHUKEHHE BI3KOCTH OYPOBBIX
pacTBOpOB 0€3 3aMETHOTO YBEIUWYEHUSI OOBEMHOM JOJIM €ro KOJUIOUIHBIX (paKIui.
CTOMMOCTB peareHTOB CPABHUTEIIBHO HU3KAs, @ paCX0 UX nNpuMepHO B 40 pa3 MeHbIIIE,
9YeM pacxo/] JIMTHOCYIb(POHATHBIX pazkmxkurenen [138].

B Poccuun Ttakxke ObutM pa3paOOTaHbl peareHThl MOJ00HOTO HasHadeHus [67].
HccnmenoBanusiMA ~ yCTAHOBIIEHO, 4YTO  akpwioBbld  padkwmkutens  OJI1-04A,
MPEACTABIAIONINN CO0OM BOJHBIM HU3KOMOJICKYJISIPHBIM PacTBOpP IMOJIHAKPUIOBOM
KHUCJIOTBI, HE YCTyHaeT mo 3()p@PEeKTUBHOCTU ITy4IIUM 3apyOeKHBIM aHajoraM. OTOT
HOJIUMEP KPAaTHO MPEBOCXOAMT pazkmwikurean Ha ocHoBe DOXJIC [85]. AxpuioBbie
peareHThl HallIM IHPOKOE MPUMEHEHUE B COCTaBaX HEIMCIIEPIUPYIOLIUX PACTBOPOB C

MaJIbIM coJiepkanueM TBepon (a3l [110].

1.5.1.5 JlurnocynbhoHaThI

JIurnocynbQoHATHI SIBISIOTCA TMOOOYHBIM MPOIYKTOM IEIUTFOIO3HO-0YMaKHOTO
MIPOM3BOJICTBA, TOJTYyYaeMbIMU B TIPOIIECCE BAPKH APEBECHHBI C BOJHBIMH PAacTBOPAMHU
CCpHUCTOM KHUCIOTBI M €€ KHCJBIX coyieli (OucynbdurHas Bapka) [63,64,124].
JIurHOCYNBb(OHATHI ABJISIOTCS COJIIMU CHIIbHOU Ha 60% AUCCONMUPOBAHHON KUCIOTHI U
MPEACTABIISIOT COOON MOIUAIIEKTPOIUTHI ¢ MOJEKYIsIpHBIM BecoM 250-25000 u Gouee,
o0najaronme KaTHOHOOOMEHHBIMU CBOMCTBaMHU. CKJIOHHBI K TEPMOMNOJUMEPU3AIINH,
0o0pa3yloT B BOJE€ KOJUIOMJHBIE PAcCTBOPHl M CPAaBHUTEIBHO JIETKO KOAryJIHpylOT B
pacTBope MOJ JEHCTBUEM COJIEH TSDKENbIX METaJJIOB, MUHEPAJIbHBIX KHUCIOT M JAp.
MaxkpoMoneKyabl  JTUTHOCYJIb(OHATOB MPEACTABISIOT CO0OM  HEYNOPSIOUYECHHBIE,

Pa3BCTBJIICHHLIC CIIMpain C Pa3iIndYHbIMHU CTCIICHAMHU YIUIOTHCHHA.
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Huskomonekymsipable Qpakiuu MOTYT UMETh JIMHEHHoe cTpoeHue. CTpoeHne B BUJE
MOJIMAPOMATHYECKUX IENeil C BKIIOYCHHBIMH B HUX (PYHKIIMOHAIBHBIMU TPYIIaMU
ornpenenseT AU(UIBHBIA XapakKTep JIUTHOCYJIb(OHATOB, HX IOBEPXHOCTHYIO U
aJICOPOIIMOHHYI0 aKTUBHOCTh. B  XHMHUYECKOM OTHOLIEHUH JIMTHOCYJIb()OHATHI
IOPEJICTaBISIIOT COOOM  CIIO)KHOE COEAUHEHHME IPOU3BOJHBIX (DeHMImIponaHa, ¢
3(UPHBIMH, ALETAIBHBIMU U YIJIEPOA-YIJIEPOJHBIMU CBS3SIMU, SIBJISISICH TAKUM 00pa3oM
MOAU(PUITUPOBAHHBIM JIMTHUHOM [63,104,124,95,70,35]. B LIEJIOM BCE
JUTHOCYJIb(OHATHBIE pPEAreHTbl — HTO JIUTHONOJMMEPHl HAa OCHOBE IPHUPOJHOTO
JUTHUHA. B TpeBOBUIHBIX PACTEHUSAX KOJUYECTBO JUTHHHA COCTaBISIET OoT 15 1m0 36%.
OH 1§pugaer KIETOYHBIM CTEHKaM HEOOXOJIHMMYIO JKECTKOCTb, oOecreunBas
YCTOMYMBOCTD JIPEBECUHBI K yAapaMm, CxKaThuio, u3rudy. CreneHb CTOMKOCTH APEBECHOM
TKaHU K BO3JICWCTBHI0O MHUKPOOPraHU3MOB TAaKXE CBf3aHa C KOJIMYECTBEHHBIM

coaepkanueM urauna [104].
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Pucynok 1.3 — Cxemaruueckoe cTpoeHHe MOJIEKYI bl TUrHuHa 1o @. bpayncy
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N3 pucynka 1.3 BWAHO, YTO TJIABHBIM CTPYKTYPHBIM 3JEMEHTOM MOJIEKYIIbI
JUTHWHA SBJSIOTCS  (DEHUINPONAHOBBIE TPYMIIHPOBKH, CKPEIUICHHBIC MPOYHBIMU
3(GUPHBIMH, alleTATbHBIMU, YIJIEPOAHBIMUA U JPYTUMU CBsi3siMU. HanOoubliiee 3HaueHue
UMEIOT TIPOMAHOBBIC IICTIOUKH, CBS3BIBAIONINE (EHOJBHBIE sapa HW 00Jagaronue
CpPaBHUTEIHHO Oonee AKTUBHBIMH OL-YTJIEPOTHBIMH aTOMaMH
[47,100,118,105,55,32,64]. MeTOKCHIbHBIE Tpynnbl (DEHOJBHBIX sIep O00JIATar0T
Majoll  pEeaKIUMOHHOW  CHOCOOHOCThIO.  Pa3nmuuusg  akTUBHOCTH  OTAENBHBIX
GYHKIIMOHATBHBIX TPYII TMPOSBISIOTCS TPH TPOBEICHWW PEAKIMA OKHUCICHHS |
Cynb(UpOBaHUS, UMEIOIINX HAaUOOJIbIIIee 3HAUYCHNE B XMMUH JINTHUHA.

Ha ocHoBe Oosiee MO3AHUX CBEACHUN O CTPOEHUU JUTHUHA cXeMma Ipuolpena
cnenyromuii Bun (pucyHok 1.4). Cxema @peitnenoepra B 00bIIeH CTENEHU OTpa)KaeT
XUMHYECKYI0 CTPYKTYpy MO CpaBHEHHI0O cO cxemoi bpayHca, 4yTOo mO03BOJISET
MIPOTHO3HUPOBATH CBOMCTBA M X0 Pa3IMYHBIX XUMHUYCCKUX PEaKIINi JIUTHUHA.

Beeaenne  cympdorpynmel B MAKpOMOJIEKYJdy — JIMTHHHA — TIPHAACT
BOJIOHEPACTBOPUMOMY  TOJUMEPY TuapoduibHble cBoicTBa. [l mosydeHus
JUTHOCYJIb(OHATA PUMEHSIOTCS pa3IMYHbIC BapUAHTHI BAPOK: KUCJIbIC, HEHTPAIbHBIC,
nienioynble. Hanbonee pacmpocTpaHeHHOUM sBIsSieTCs Kucias OucynbpuTHas Bapka,
MPOBOJIMMAs C pacTBOpaMu, cojaepx amumu 3—6% cBobognoro SOz u okomno 2% SO, ,
CBA3aHHOTO B BHAC OHCYyIbPUTa C KaJIBIIMEBHIM, MAarHUEBBIM, HATPHUEBBIM WM
aMMOHHUEBBIM OCHOBaHHMSMHU. BapouHble pacTBOpbI KHUCIIONH OHCYIh(OUTHONW BapKH
umerot pH=1,5+2,5. Bapka npoBoautcs moj JaBieHHEM Mpu Temrepatype oT 135 mo

150°C. Bpems Bapku coctaiiger oT 4 10 12 yacos.
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Pucynok 1.4 — MoauduiupoBaHHasi cxeMa CTPOCHUSI MOJIEKYJIbI JINTHUHA

B npyrux BapmaHTax Cyib(UTHON BapKu MPUMEHSIOTCS BapOYHBIE PACTBOPHI C
Oonee mupokuM auana3zoHoM 3HadeHuid pH (ot 1 1o 9). Bo Bpems cynbduTHON Bapku
NPOTEKAIOT OJHOBPEMEHHO HECKOJBKO MPOILIECCOB: Cylb(UpoBaHWE JIUTHUHA,
WHAKTUBALUs, THAPOJU3, OKUCICHHE U CyJIb()UpPOBaHHE YIJIEBOAOB, OKHCIUTEIIBHO-
BOCCTaHOBHUTEJIbHBIE MPEBPAICHUsT CEPHUCTOM KUCITOTHI [104].

JIurHocynboHAT TIO CTPOCHHUIO TPEACTABISIET CO00M (PEHMIPONAHOBBIM
nosmmep [30,47,100], MoHOMEpHOE 3BEHO KOTOPOTO, KpPOME TMPUCYIIHX EMY
(GYHKIIMOHATBHBIX TPy, umeer cynsporpynmy —-SOzH, obecnednBaroriyto
TUAPOPHUIBHOCTh MAaKPOMOJIEKYJIbl. BhiIeNeHbl Tp OCHOBHBIE PEaKIMU, MPOTEKAIOIINE
B IPOLIECCE€ KHUCIBIX CYJIb(UTHBIX BAPOK: COOCTBEHHO CyIb(UpPOBAHUE, THIPOIU3 U
koHAeHcanusa. COMyTCTBYIOIIMMHU PEAKIHSIMH  SBISIOTCS  PEAKIUH  OKUCIICHHSI-
BOCCTAHOBJICHHsSI,  TEPETPYNIUPOBKH,  JACTHUApATAMM,  TUOCYIb(UPOBAHUSA U
CyIb()UAUPOBAHUS.

[ToBepxHOCTHAsA aKTUBHOCTH JIMTHOCYIb(hoHATOB [1,30,47,74] aBisieTcsi BaXKHBIM
dakTopoM WX  CTAOMIM3UPYIOLIErO  JEHCTBUS,  IOCKOJIbKY  HM3HA4aJbHO
JUTHOCYJIb(OHATHI B MPAKTHKE OYpEHUS UCTIOIb30BATIUCH KaK CTAOMIN3AaTOPbI OYPOBBIX

pacTBOpoB. HemocTaTrkoM MOBEPXHOCTHON AKTUBHOCTH JIMTHOCYJIH()OHATOB SIBISIETCS
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neHooOpa3oBaHue,  BO3pacTalollee C  YBEIUYEHHEM  KOJMYeCTBa  J100AaBKHU
JUTHOCYIH(OHATHOTO peareHTa B 0ypoBOi pacTBOP, OCOOCHHO B IIETOYHBIX U COJCHBIX
cpenax. ConepkaHue BO3yXa, BHOCUMOIO C TMeHOM, MoxkeT aocturath 20% u Ooree,
YBEIIMYUBAS BI3KOCTh M 3aTPYIHSSA Jera3annio OypoBsIx pacTBopoB [40].

Takum  oOpa3oM, cocTaB U  cojaepkaHuE  (PYHKIUOHAIBHBIX  TPYIIII
(GeHUIIpPONaHoBOM  €IMHULIBI  JIMTHOCY/Ih(GOHATa OMNpeaesseT €ro XHUMHUYECKHe,
TEXHOJIOTUYECKHUE, IKOJIOTUUECKUE U KAaUECTBEHHbBIC XapaKTEPUCTUKHU.

Ha nurHomonvMepHO#l OCHOBE cO3[aHbl OECXpPOMOBBIE pPEAreHTHI, TaKHE Kak
Jlurnocun, KCCB-H. DT peareHTbl 3K0JI0THYECKH 00Jie€ BHITOAHBIC, ISl TOCTUKEHUS
HeoOxoaumoro »ddexra mpu OypeHHH, AOJKHBI MPUMEHITHCA B KOJMYECTBAX,
3HAQUYUTENBHO MPEBOCXOAIINX KOHUEHTPALMK XPOMCOJEPIKAIlUX peareHToB. B Takoi
CUTyalldd OTPAaHUYUBAIOIMIUM (PAKTOPOM SBISECTCS YBEJIMUYCHHUE KOJIMYECTBA CaAMOIO
aurHocyb(hoHara mo Hopmam nocryrmienus B OIIC[110].

OTtedecTBEHHBIN MOIMMEPIUTHOCYIbGOHATHBIN peareHT Jlurnomnon-M® (OAO
HITO «bypenue») obnagaeT aHAJIOTUYHOM TEPMOCTOMKOCTHIO, MpEAHA3HAYCH s
XUMUYECKON 00pabOTKM TMPECHBIX, MHUHEPAIU30BAHHBIX TJIHMHUCTBIX PACTBOPOB U
MPECTABIIACT COOOM MPOAYKT MOJTUKOHICHCAIINY MTOJIMAaHUOHHBIX JINTHOCYJIH()OHATOB C
dbopMalibIETHIOM UITH €T0 OJIMTOMEPOM.

Hpyroii UHTHOUPOBAHHBIN  monumeprauHucteiii  pactBop  (MIIBP),
paspadotanubii HIIO «bypenue» (r.Yda) 11 TOPU3OHTAIBHBIX M HAKJIOHHO-
HaIpaBJICHHBIX CKBAXUH (BrepBble mnpuMeHeH B 2003 roay), MMEeT B OCHOBE
dhocoHOBBIE KOMIUIEKCHI M KPEMHUUOPTaHUYECKUE COSTUHEHMS, KOTOPhIE MPUIAIOT
pactBopy ruApodoOu3upyomnme, MOAUGUIMPYIONINE W HUHTHOUPYIOIIME CBOMCTBA
[128].

JlurHocynb(oHaThl ABOMHON OMOXUMUYECKON OYUCTKH 00J1a1at0T HAauOOIbIITUMU
Pa3KMKAIOMIMMU | 3alITUTHBIMHU CBOMCTBAMHU M M3BECTHBI MO HA3BaHUEM «CYJIb(PHUTHO-
npoxxeBoit 6apasny (CIB).

HccnegoBaHusiMu  MOCHEIHUX JIET YCTAHOBJIEHO, YTO TEPMOCTOMKOCTH JIUT-
HOCYJh()OHATHBIX CTAOMIN3aTOPOB 3aBUCUT OT KOMIIOHEHTHOTO COCTaBa TEXHUUYECKHX

naurHocynbponaroB  (JICT) —  OCHOBHOTO  ChIpbS I IPOM3BOJCTBA
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JUTHOCYIb(OHATHBIX peareHToB [127]. Ha ocHOBe coBeplIeHCTBOBAaHUS TEXHOJOTUU
MPOU3BOJICTBA JIMTHOCYIh(OHATOB ToydeH JlurHomon-M®. PeareHT BBIMOTHSET
byHKIMIO CcTabWiIM3aTopa BBICOKOMUHEPAIM30BAHHBIX, TUIICOBBIX, W3BECTKOBBIX,
XJIOpKaJmblMeBbIX ~ OypoBbix  pactBopoB [30]. Eme oM  HampaBieHHEM
COBEPILICHCTBOBAHMS KauyecTBa JIMTHOCYJIb(OHATHBIX CTAOMIN3AaTOPOB SIBISETCA UX
KOMOUMHAIMA C JPYrUMU [OJMMEPAMH: COIMOJIMMEPOM CTUPOJia W MAaJEHHOBOTO
aaruapuaa [122,91]; comomuMepoM aKpWIIOBOM KHCIOTHI M OKCHUIIPOIFJIAKpHUIIATA
[128]; npomykToM akpuioBod KHCIOTHI [45]. OpraHu3oBaHO MPOHM3BOJCTBO HOBOTO
peareHra, SIBJISIIOLIErocs COMOJIMMEPOM JIMTHOCYJIb(OHATA U aKPUIOBOW KHUCIOTHI, T.€.
akpusurHocyibdonarta (AJIC). IlepcrnieKTUBHBI KOMILUIEKCHBIE JIMTHOCYIb()OHATHBIC
peareHTsl cepuil R, KoTopble UMEIOT HeOOJIbIINE OTINYUA. M3 0Te4eCcTBEHHBIX MapoK
OXJIC ¢ Touku 3penus kauectBa Jydmumu siBiseTcss @XJIC-b (OAO «A3umyT») Kak

Oonee TEPMOCTOMKUN W cosiecTOMKUN. Jlydmmm cTaOuiau3atopoM SBIISIETCS pEeareHT

AJIC (OAO «Aszumyt») [128].

1.6 OrpanuyeHue BOJIONPUTOKOB B CKBAKUHY

1.6.1 MeTo1bl OrpaHUYEHMS IPUTOKA BOJIBI B CKBAYKHUHBI

W3omsiust mpuToKa BOABI K 3a005M TOOBIBAIOIINX CKBAXUH SIBISCTCA OAHOW U3
BOKHEUITUX TPOOJIEM B CHUCTEME MEPOIPHUSATUN MO MOBBIMNIEHUIO 3((HEKTUBHOCTH
pa3paboTku HE(PTAHBIX MECTOPOXKIECHUW W YBEIMYEHHIO HedTeoTAauu IiactoB. B
CKBaKMHAX, JKCIUTYaTHPYIOMIMX HECKOJIbKO MPOAYKTUBHBIX IUIACTOB OJHOBPEMEHHO,
OOBO/IHEHHE MPOUCXOAUT HEPABHOMEPHO, MOCKOJBKY BOJAA IMpOJBUTaeTcs Mo Oosee
MPOHUIIAEMBIM TPOIUTACTKAM W TMPOCIOsAM. Bo MHOTHX CiTydasix TMOCTYIUIEHUE BOJBI IO
TaKUM MPOIUIACTKAM MPOUCXOAUT HACTOJIBKO MHTEHCUBHO, YTO CO3JIA€TCs BIIeUATIIEHUE
MOJIHOTO OOBOJAHEHUS CKBAXXKMHBL. B Takux yCIOBUSX MPOUCXOIUT HEpaBHOMEpHAas
BBIPa0OTKA OTAEIbHBIX IU1acTOB [73].

B nacrosiiee Bpems B He(Ten0OBIBAIONMIEH MPOMBIIIJIEHHOCTH MOUCKY METO/IOB

OIrpaHUYCHHA BOAOIIPUTOKOB B CKBAXHHY YACIIACTCA BCC OoJIbIlIe BHUMAHHSL. MGTO,Z[BI
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OTPaHUYCHHsSI TIPUTOKA BOJIBI B CKBAKUHBI B 3aBUCHMOCTH OT BIIUSHUS 3aKaYWBaEMOTO
peareHTa Ha TPOHHUIIAEMOCTh HE(TEHACHIIIEHHOW dYacTH IjlacTa BCKPBITOTO
nepdoparmeit nenaTcs Ha CeJeKTHBHbIC M HecenekTuBHbIe [111]. Takoe pasnenenue
ornpeaensercs GU3NKO-XUMUYECKUMU CBOMCTBAMH MaTEPHAJIOB.
CenextuBHbie MetoAbl wu3oisinuu (CMMUM) oOcHOBaHBI Ha HCHOJB30BAaHUU
CEJICKTUBHBIX CBOWCTB CaMHMX H3O0JUPYIOIIUX MaTEPHAIOB, TEXHOJOTHUU IPOBEICHUS
paboT M XapakTepe HaChIIEHHs MOpobl. M30as1usa BOAONPUTOKA NPHU UCIOJIb30BAHUU
TaKUX METOJOB MPOUCXOIUT 3a CUET CIACAYIOIIMX MPOILIECCOB:
- ruapododu3anys Nopoasl U 00pa30BaHUE B IOPAX CTOMKHUX AMYJIbCHIA;
- (U3UKO-XMMUYECKOE MPEBPAILICHUE peareHTa NPy KOHTAKTE € MJIACTOBOM BOJIOM
(koarymsus, yMEHbIIIEHHE PACTBOPUMOCTH U T. 11.);
- B3aMIMOJICHCTBHE XMMHYECKUX BEIIECTB, BXOAIINX B TAMIIOHAXXHBIM COCTaB C
COJISIMU TIJTACTOBOM BOJIBI;
- OXJIaXKJICHUE NpU3aO0MHOMN 30HBI IJIaCTa:
- OCWXIEHUE IMEPEHACHIIIEHHBIX pPAacCTBOPOB TBEPABIX YIJIEBOAOPOJIOB B
npu3aboiiHoi 30He miacrta [89,73].
CelleKTUBHBIM METOJ] HE MOXKeT 00JianaTh aOCOJIOTHOM HM30UPaTEIbHOCTHIO.
CeleKTUBHOCTBIO METO/la SIBJSIETCSI €ro  CIOCOOHOCTh HM30MpPAaTEeNbHO CHHXKAThH
MPOJYKTUBHOCTh ~ OOBOJAHEHHBIX  HMHTEPBAJOB B  OOJBIIEH  CTENEHH, YeM
He(TeHACHIIICHHBIX. YeM OoJbllie CTeNeHb CHIDKEHUS MPOIYKTHBHOCTH MPHUTOKA
MJIACTOBBIX BOJI, TEM BHIIIE CEIEKTUBHOCTH METO/IA.
C yuyeToMm Nmpupo/ibl CEIEKTUBHBIX BOJOU30IMPYIOLUIUX MAaTePUAIOB B HACTOSILEE
BpEMsI METOBI X MPUMEHECHHSI MOYKHO Pa3/IelIUTh Ha 3 TPYIIIIHL:
1) MeTonbl, OCHOBaHHbIE Ha 3aKayke B IUIACT OPraHMYCCKUX TOJTMMEPHBIX
MaTepHUaJIOB;

2) MeTO/bl, OCHOBaHHbIC Ha MPUMEHCHHH HEOPTaHMYECKUX BOIOM3O0JHUPYIOIINX
COCTABOB;

3) MeTOoAbl, OCHOBaHHbIC Ha 3aKadyke B IUIACT DJIEMEHTOOPTaHUYECKUX

coenuuenwuii [20].
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Knaccupukaums CMU 1o (QyHKIMOHATBHOMY HA3HAYCHHMIO, XHUMHUYECKOU

OpUpOAE W NPUHIMUIY OO0pa3oBaHUs 3aKyNOPUBAIOLIETO Marepuana MNpHUBEICHA Ha

pucyHke 1.5, a mo pU3UKO-XUMUYECKUM CBOWMCTBAM BOJIOM3OJIUPYIOIIET0 MaTepuasia —

Ha pucyHke 1.6.

Xumugeckue mpoayktel msi CMU
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Pucynok 1.5 — Kiaccupukanms  CEJICKTUBHBIX  METOIOB  H3OJISLMH

O6BOI[HI/IBI]_II/IXC$I IJ1aCTOB I1IO0 (I)YHKLII/IOHEU'H)HOMY Ha3HAa4YCHHUIO, XUMHUUYECKOMN IIpupoac u

IPUHLIKITY 00pa30BaHus 3aKyIIOPHUBAIOIIETO MaTepuaa
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CeeKTUBHBIC MCTO/bI U30JIAIIUN OTPAaHUYCHUA IPUTOKA
BOJ B CKBaKHWHBI
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Pucynox 1.6 — Kraccudukanus CENEeKTHBHBIX  METOJOB  HM3OJIAIHMH

06BOI[HI/IBHII/IXC$I I1J1aCTOB IIO (I)I/IBHKO-XI/IMI/I‘-IGCKI/IM CBOMCTBaM BOJOU3OJIMPYIOILICTO

Marepuana

OrpaHnyeHue NPUTOKA BOJBI HOCUT HECEJICKTHUBHBIM  XapakTep, ecClH
WCMOJIB3YETCSl I ATOW IEIM MaTepuall, KOTOPbIA HE3aBUCUMO OT HACBIIICHHOCTH
cpenbl He(THIO WM BOAOW o0Opa3yeT J3KpaH, HE pa3pylalomuics B TEUCHUE
JUTATEIIBHOTO BPEMEHU B IJIACTOBBIX YCIOBUSX. [Ipy 3TOM U305 BOABI TOCTUTACTCA
IIPY TAaHHOM METO/JIE€ CJIIEAYIOUIMMH BUIaMU BO3JCUCTBUM U B3aUMOJAECHCTBUN:

- OXJIQXKJICHUEM NMPHUCKBAXKUHHOMN 30HBI ILIACTA;

- OCAXKIACHHEM IICPCCBhINCHHBIX PACTBOPOB TBEPABIX YIIICBOAOPOA0B,
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- ruapodoOu3aueit mopoasl 1 00pa30BaHUEM B HEW IMYJIbCHIA;

- B3aUMOJICHCTBHEM XUMUYCCKUX COCTUHEHUHN C COJISIMH IIJIACTOBBIX BOJ;

- (PU3UKO-XMMHUYECKUM B3aUMOJICHCTBUEM CMECH COCIUHCHHUN C TUIaCTOBOM
BOJION, B pe3yJbTaTe KOTOPOTO CHIIKAETCS PAaCTBOPUMOCTb, HACTYIACT KOATYJSIUS U
t.1. [120].

OCHOBHBIMH MaTepuajaMy SBJISIOTCS IIEMCHT, MOJIMMEPIIEMEHTHBIC PaCcTBOPHI,
neHonemenTsl [108]. Kiaccupukammss HCMU 1o (U3HKO-XMMHYECKHM CBOMCTBaM

BOJIOM30JIMPYIONIETO MaTepuasia nmpuBeeHa Ha pucyHke 1.7.

HecenekTuBHBIC METOBI H30JIA0UU OTPaHUYCHUA
IIpUTOKA BOJ B CKBA>KHWHBI

/V 7 ;

C npumeHeHueM C npumeHeHueM C npuMeHEeHHeM TeXHUYECKHUX
BOJOU30JIUPYIOIIUX TEXHUYECKHUX CPEICTB CPCACTB C BOMOM30JINPYIOMNMHI
MaTepHualioB Ha OCHOBE MaTepuaiaMi

MakKepsl Pa3oBOro
MIOJIb30BAHU
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Pucynox 1.7 — Knaccudukanys HeCeITEKTUBHBIX METOJO0B M3OJISAINH TUIACTOBBIX

BOJ 110 CI)I/IBI/IKO-XI/IMI/I‘-ICCKI/IM CBOMCTBaAM BOJOU3OJIMPYIOIICTO MaTCpUraia

1.6.1.1 Marepuaisl 1 KOMITO3UIIMH 711 BOJOU3OJISIIMOHHBIX PAaOOT B CKBaXKHHAX

B Hacrosmiee BpeMst Ipu peMOHTHO-BOIOM30JISIITUOHHBIX Pa00Tax B HEPTIHBIX H

ra30BbIX CKBXMHAX HCIIOJIB3YIOTCS Pa3InYHbIE TAMITIOHAXHBIE MaTepuaisl [14,53]:
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1) cmecu Ha 0a3e MUHEpAIBHBIX BSDKYIIMX BEHIECTB (TaMIIOHAXXHBINH ILIEMEHT,
IIJIaK, THIIC U UX MOAU(DUKAIIIHN);

2) TaMIIOHHPYIOLIME CMECH Ha 0a3e OpraHMYeCKUX BSDKYIIUX MAaTCpHAJIOB,
M3BECTHBIE KaK MMOJIMMEPHbIE TaMIOHaKHbIE MaTepuaiibl (IITM);

3) TaMIOHaKHBIC PACTBOPBI, IPUTOTOBJICHHBIC HA 0a3¢ MUHEPAIbHBIX BSDKYIIHX
TaMITOHAKHBIX MAaTEPUAJIOB C PA3IMYHBIMU 00JIaropaXMBAIOIIMMU J00aBKaMu
(CIIBC-TP, TO2I', TC-10, a’pocun u Ap.), Ha3BaHHbIE 1EMEHTHO-
nosmMepHbIMU pacTBopamu (L{ITP);

4) MHOTOKOMIIOHEHTHBIC TAMIIOHAXKHBIC CMECH, MPUTOTABIMBACMEBIC C IIOMOIIIBIO
nesunterparopa (MTCJI);

5) cxuMmaromiuecs tamnoHaxubie marepuaibl (CTM). B ckBakuHAX ¢ HHU3KOM
npueMucTocThio 3 dexruBro npumenenue [1TM u LITP [43,111].

[Ipumenenue I[ITM Haubonee >PdexkTuBHO (IO CPaBHEHUIO C LEMEHTHBIM
TaMIOHAKHBIM PAacTBOPOM) IPU TEPMETU3ALMUU COETUHUTENBHBIX Y3JI0B 00CaTHBIX
KOJIOHH, a TaKXe NPH PEMOHTE OOCAHBIX KOJIOHH B YCJIOBHUSX HU3KOW NMPUEMUCTOCTU
U30/IMpyeMoi 30HBL. Vcronb30BaHME LIEMEHTHBIX pPAacTBOPOB OKa3bIBaeTcst Oosee
¢ dexTuBHBIM (110 cpaBHeHUto ¢ [ITM) npu AMKBHIAUKUK TPOPHIBA BEPXHUX U HUIKHUX
IUIACTOBBIX BOJ B YCIIOBHUSX BBICOKOM NPHEMHUCTOCTH W JIMKBHJIALWK IPOpHIBA
IJIACTOBBIX BOJA B ciydae HeaudepeHIMpOBaHHOTO aHaln3a PEe3yJbTaToB paldorT.
[Tpumenenue LIIP Gonee s¢pdextuBHo (o cpaBHeHuto ¢ IITM) npu nukBuaanuu
IPOPBIBA BEPXHUX TIACTOBBIX BOJI B YCIIOBHSX BBICOKOW mpueMucTocTh [43].

B nocnegnue roasl 11 BTOPUYHOIO LIEMEHTHUPOBAHUS BCE YaIlE HCIONIb3YIOTCS
MOJIMMEPHBbIE TaMIIOHAXHBIE MaTepHalbl, MPUTOTABIMBAEMbIE KaK B BUJIE€ MCTHHHBIX
pacTBOpPOB, TaK M PpacTBOPOB, COAepKamMx TBepaylo (a3y. OHU MOryT HMMETh
peryaupyeMyro B IIHPOKOM JAHamna3zoHe BA3KOCTh. lIpu peMOHTHO-H3OJISILIMOHHBIX
paborax mpumensitorcst [ITM Ha ocHoBe dhenondopmanbaeruaasix cmoi (TC-10, TCO-
91), Bsaskoympyrue coctaBel (BYC), IITM - Pemont-1, d¢enomocnupter (DC),
CEJICKTUBHBIE TaMIIOHAXHBIE MaTepHUalibl — CHUJIaHbl, TUAPO(OOHBIM TaMIOHAKHBIN
matepuan (I'TM), ruagpoan30BaHHbBIN MOJIHAKPUIOHUTPUII (TUIaH), BOJIOPACTBOPUMBII

tamnoHaxHbli coctaB (BTC), kpemuuitopranuueckas cimutas cuctema (KPOCC),



45

cocTtaB Ha OCHOBe ctmpomais u jap. [14,94,138,139]. B kadyectBe OTBepaUTEICH IS
CMOJI HCTHONB3yIOTCS  (dopmampaerun, mnapadopm wm yporpornuH. Illupokoe
NpPUMEHEHUE HAXOJAT OTBepxKaaeMmble TnuHUCThie pactBopbl (OI'P), roe B cmecu Ha
ocHOBE (eHOoaPOpPMaTbIACTHAHON CMOJIBI BMECTO BOJABI HCIOJB3YETCS TJIMHUCTBIN
pactBop. Hegocrarkamu pacTBOPOB Ha OCHOBE CMOJ SIBJISIETCS UX JIOPOrOBU3HA, a Ha
OCHOBE CHJIAHOB — TOKCUYHOCTb, B3PBIBO- U MOXKAPOONACHOCTh. MI3BECTHO TPUMEHEHUE
Bs3koympyroro  cocraBa (BYC) w3 cmecm 2%-HOro  BOJHOTO  pacTBOpa
rekcope3opurHoBoit cmoiibl (I'PC), 1% BogHoro pactBopa nonuakpuinamuaa (ITAA) u
dopmammaa 38% — 40% xoHmeHTpanuu B cooTHomeHuun ob6vemoB 1,0: 0,1:0,02.
[Mpumenum o Temmeparypsl + 90°C [72,76,140].

Haxomutr mnpumenenune ruapodoOHbIi TamnoHaxHblii Matepuan (['TM).
OTtBepkmaercs B MPECHOM U IUIACTOBOM BOJE, HEPTIX, UMEET XOPOIIUE a/IF€3UOHHBIE
cBolcTBa. M3 BBICOKOTEMMEPATYPHBIX MOJUMEPHBIX TaMIIOHAXHBIX MAaTepUaIoB
HAXOJIAT MpuMeHeHue GpeHomocnuptol, penonuuiaku u jp. eronocnupt (PC) roToBsIT
u3 ¢enona, dopmanpaeruga, 40% pactBopa enkoro Hatpus (unu 10% pactBopa
KaJIbIIMHUPOBAHHOM COJbI). XapaKTepu3yeTcsl BHICOKOM MPOHUKAIONIEH CIIOCOOHOCTHIO
U (UIbTpyeMoCTbl0 B  MOPUCTOM  Cpele, COBMECTUM C  HAMOJIHUTENSAMMU:
TJIUHOTIOPOIIIKOM, MOJIOTBIM MEJIOM, IIJTAKOBBIM IIEeMEHTOM u Jip. [43].

®enomnonuiakoBas komnosuiusa (PUIK) — cmecs GpeHomocnupra, TaMIOHAKHOTO
[IUIAaMOBOTO ILIEMEHTa M HanojgHuTens (Oaput, rematut, pyaa). PLIK Bcrencteue
MOJIMKOHJIEHCauu  (peHoJlocmupTa Y TUApATallud  [UTaKa [peBpamaeTcs B
BBICOKOITPOYHYIO OpraHOMHHEPAIbHYIO KOMIIO3UIHIo [73].

JIns U30JISIIUM  TPUTOKA IJIACTOBBIX BOJ MPUMEHSIETCS BOJIOU30JIUPYIOIIHMA
peareHT, umeronuii HaumeHoBanne AKOP. OH co3/ian Ha OCHOBE MaJIOTOKCUYHBIX, HE
coJiep KallluX XJIOpa OTXOJ0B MPOU3BOACTBA AJIKOKCHUCUIAHOB M AJIKOKCUCUIIOKCAHOB,
COCTOSIIIMX M3  AJKOCOAEPKALIEro  KPEMHUHOPraHWYECKOIO0  COEAMHEHHUS U
KPUCTAJUIOTUAPATOB coneun METAJIIIOB IV-VIII CPYIIIL. B KayeCTBE
KPEMHUMOPraHUYECKUX  COCJAMHEHHN  TMPUMEHSIETCS CMECh  ATHI-OyTHI(OUPOB
OPTOKPEMHHUEBOM KHUCJIOTBI, a TakKKe CMOJIKa JITwicwinkara. Kpucramioruapars

BBITNOIHAIOT (DYHKIIMIO MOCTABIIMKA BOIbI, HCOOXOAMMOM JIst 0Opa3oBaHMs CBsA3eH Si —
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OR, u kaTtanmu3upyroT TOJUKOH/ICHCAIIMOHHBIE TMPOIECChI O0OpPa30BaHUS «CIIUTOTO)
HEIJIAaBKOTO M HEPACTBOPUMOTO Teja, a TAKXKE PACIIUPSAIOT TEMIEPATypPHBIA UHTEPBAJ
MPUMEHSEMOT0 COCTaBa M 00ECIIEYMBAIOT €0 OTBEPXKJICHUE B MOJTHOM 00beme. Bpems
OTBEP)KIEHUS MOXXHO PETyJHpOBaTh B IMHPOKOM HHTEpBAJE TeMIeEparyp B
3aBUCUMOCTH OT KOHIEHTPAIlMM HCXOJHBIX KOMIOHEHTOB W XUMHUYECKOW MPUPOIbI
kpuctaimtoruaparos. Hanpumep, AKOP-1 coctout u3 75-85% cMonku 3TUIICHIIMKATa —
(TY 6-02-59-81) u 15 — 25%, 67% pactBopa FeCl3 B anerone. [lmotHOoCTh TIpH + 25°C
coctaBisier 1070 — 1080 xr/m3, ycimoBHast Bsi3kocTh Ha ypoBHe 20 — 21 mo CIIB-5
[111,43,73].

Hapsimy co cHWXEHHEM MNPOAYKTHBHOCTH OOBOJHEHHBIX WHTEPBAJIOB B
pe3yibTaTe  HM3OJISIIMOHHBIX ~ pabOT  BO3MOXKHO  TIOBBIIICHHWE  IPOHUIIAEMOCTHU
He()TCHACHITIICHHBIX WHTEPBAJIOB IJIACTOB. Takue pe3yabTaThl MOTYT OBITh MOJYYCHBI,
HarpuMep, TMPH HCHOJIB30BAHUM TUAPODOOUZUPYIONIMX [MOPOBOE MPOCTPAHCTBO
KoJuiekTopa peareHToB. Cpenu nepBbix padoT B Poccuu 1o M3y4eHUI0 BO3MOXKHOCTH
WCITOJIb30BAHUS SABJICHUN Ha TpaHWIle pazzaena a3 «HedTb-BOIA» ISl OTPaHUUCHUS
MPUTOKA BOJBI CJIEIYeT OTMETUTh HCCIEIOBAHUS MO pa3pabOTKe METOJIOB W3OJISIIUH,
OCHOBAaHHBIC Ha 3aKauyke B IUIACT HePTH W HeTeMa3yTHBIX CMeceil, a Takke Ha
ruipodoOU3aIuu MPUCKBAKMHHOM 30HBI TUIACTA C MIOMOIIBIO TOBEPXHOCTHO-aKTHBHBIX
BemecTB (ITAB). M3ydanack BO3MOKHOCTh MPUMEHEHHSI PACTBOPOB CYJIb(OHATPUEBBIX
coiieii B cmecu ¢ Hedrtwro. Ilo3gHee Obu1 pa3paboTaH METOJ, OCHOBAHHBIM Ha
NMEePUOJIMYECKON 3aKauyke B IUIACT BO3JyXa WM a’dpPUPOBAHHOW BOJBI, a TaKKe
MPEIIOKEH METOJ H30JAIMKM TPUTOKAa BOJABI, OCHOBAaHHBIH Ha WCIOJIb30BAaHUHU
MIEHOOOPa3yIONIUX PeareHTOB, 00SCIIEYNBAIONINX TOJyYCHHE IIEHBI B CAMOM IUTACTE MPH
KOHTaKTE C IJIaCTOBOM Bomoit [89].

Pa3paboTaHbl CEIEKTUBHBIE METO/IbI, OCHOBAaHHBIC Ha MCITOJIb30BAaHUU B KaUeCTBE
W3OJISIITUOHHBIX PEAreHTOB TMEPECHIIIEHHBIX PAacTBOPOB TBEPJIBIX YIJIEBOJIOPOIOB
(mapaduna, 1epe3nHa, 030KepUTa B KepocHWHE, MapadUHOBBIX OTIIOKEHUH B HE(PTH,
JaTeKca, HATPUEBBIX coJied HapTEHOBBIX KuCHOT). [IpeumyiecTBoM METOIOB 3TOMH
TPYIIBl  SBISETCS BO3MOXXHOCTh WX TNPUMEHEHHs 0€3 TOYHBIX CBEICHUH O

MCCTOITIOJIOKCHHUHU BOAOHACBIIIICHHBIX MHTCPBAJIOB WM IMPOBCACHHA BOAOU3OJIAIMOHHBIX
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pabot 06e3 paszmeneHus BoJIO- U HE()TEHACHIICHHBIX WHTEpBaIOB. OMHAKO HU OJUH W3
MEPEUYNCICHHBIX METOJ0B HE HaIled IHPOKOTO TPHUMEHEHHUS W3-32 HHU3KOH
3 PeKTUBHOCTH, YTO OOYCIOBUIO TIOMCK Oojiee 3(PGEKTUBHBIX H3OJSIITUOHHBIX
MmaTepuaios [26,108].

Haunbonee u3ydyeHHBIMU W OCBOCHHBIMH METOJIAMU CEJIEKTUBHOM H3OJIALIMU U
OTpaHUYEHMs] TMPUTOKA IIJJACTOBBIX BOJ B He(TsIHBbIE CKBAKUHBI (IlepBas Tpymrna)
SIBJITFOTCSI METOJbI, OCHOBAaHHBIE HAa HWCIIOJIh30BAHUM BOJOPACTBOPUMBIX IOJMMEPOB
aKpUJIOBOIO psifia, KOTOPhIE HAILIU IMIMPOKOE MpUMEHEHUE U 3a pyOexom. B kauectse
BOJIOM3OJIUPYIOIIETO MaTephala U3 aKpUJIOBBIX BOJOPACTBOPUMBIX MOJIMMEPOB
UCIIOJIB3YIOTCS. B OCHOBHOM TMOJIMAKPUIOHUTPMI (rumnaH) u nosuakpuinamuyn (ITAA)
[20,25,119]. [IpumeHeHne TUTaHA OTPAHUYCHO B YCIOBUSAX MECTOPOXKICHHI 3araaHoi
Cubupu MuHepaau3alMed IJIaCTOBBIX M 3akauMBaeMblX Boj. Mcmonb3oBanue [TAA
OTPaHUYMBACTCS  TPYAHOCTSAMH  TpPU  NPUTOTOBJICHUU  PACTBOPOB,  HUBKOU
TEXHOJIOTUYHOCTBIO B 3WMHHUX YCJIOBHSIX. M3 coeNMHEHHMI aKpuUJIOBOrO psaa s
CCICKTUBHON M3OJSIIMA TPUMEHSIOTCS MOHOMEPBHI aKpWUJIaMHUAa, COIOJMMEPHI
METaKpUJIOBOM KHUCIOTHI M MeETakpwiaMuja («Mmerac») U Jp. MexaHus3M U30JISAIUuU
BOJIOTIPUTOKOB B 3TOM CJIy4ae OCHOBAH Ha B3aMMOJICHCTBHM WX C COJIAMH IIJIACTOBBIX
BOJ WJIMA aJCcOpOIMU TOJHMMEPOB Ha BOJOHACHIIICHHOW TMOPOJE, CHIDKAIOIIEH ee
MPOHUIIAEMOCTD JJIsi BOJIbI. HaxonaT nmpuMeHeHne Takxke MmoianojeduHbl (OJIUITUIICH
HU3KOTO JIaBJICHUS, TIOJUTIPONIIICH U Ap.). OHM pacTBOPSIOTCS B HEPTH W HAXOAATCS B
TBEPAOM COCTOSIHUU ITPY KOHTAKTE C IIACTOBOM BOJIOM.

JIJIsl CENEeKTUBHOM M30JISAIIUN MPUMEHSFOTCS TaKkKe He()TECEPHOKUCIOTHBIE CMECH
(HCKC), taxenble HedTenpoaykTbl (TyAapoH, OutyM). OOHAKO KOJUIEKTOPCKHE
CBOMCTBA, MUHEpaIM3AIUs TJIACTOBBIX BOJ, TEMIIEpaTypa B MHTEpPBAJIC MPOTYKTUBHBIX
IJIaCTOB  HE(MTAHBIX MECTOpOXAeHHM 3amagHoii CuOupyu HE MalOT OCHOBAHHS
pPEKOMEHJIOBaTh K  IMUPOKOMY  MPUMEHEHHUIO  BBIMICTIEPEUYHCICHHBIE  METOJIbI
OrpaHMYCHUS MPUTOKA IIAcTOBBIX BoA [96,108,57,135].

Pa3zpaboTaHn psii METOJI0OB, OCHOBAHHBIX HAa UCIOJIb30BAHUU MOJIMU30IIMAHATOB U
nosmyperadoB. OHM WHEPTHBI K HEPTH, a B TMPUCYTCTBHU BOABI O0OpPa3yrOT

Pa3BETBJICHHBIM MPOCTPAHCTBEHHO CIIUTHIA TBepAblid mosumep. IIpuMeHstoTcs npu
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BBICOKHMX TuTacTOBbIX Temmeparypax (90 — 150°C), HO 3T Marepuagbl OCTPO
nedunuTHbI [73].

N3 mMeTonoB BTOpPO# IpymIibl, OCHOBAHHBIX Ha MCIIOJIb30BAHWU HEOPTaHUYECKHUX
BOJOM30JIUPYIOIIMX pPEAareHTOB, HAXOJAT MPUMEHEHUWE HEOPraHMYecKHe coyim (UX
pacTBOpPbI), KOTOpPHIE BCIEACTBUE MOHHOTO OOMEHA C COJIAMH IIACTOBOM BOJBI (WJIU
MpEeIBapUTENbHO 3aKaYaHHOM B TUIACT KHUAKOCTHIO) JIMOO TUAPOIM3a TIACTOBOM BOJION
00pa3yloT BOJOHEPACTBOPUMEBIE OCAJKH WM Tenu. Hapsny ¢ MUHEpanbHBIMHU COJIIMU
JUIsL OTPaHUYEHHS] BOJONMPHUTOKOB B HE(MTAHBIX CKBAKMHAX MOTYT HCIOJb30BaThCS
OT/ICJIbHbIE XMMHYECKHE DJIEMEHTBI, HalnpuMep, MarHuii, KOTOPBIM CHocoOeH
pearnpoBaTh C BOJAOW C BBIJACICHHEM HEPACTBOPUMOIO OCaJKa TMJIPOOKHCH MarHusl.
Peanuzanust 3TUX METOAOB  CAEpXKUBAETCS  JACHUIMTHOCTHIO PEAreHTOB, UX
TOKCUYHOCTHIO, BO3MOXHOCTBIO OCJIOKHEHUU TMPU BBIMOJHEHUH BOJAOU3OJISIIIUOHHBIX
pabot. B mocnennue roapl pazpaboTaHbl BOAOU3OJIUPYIOIIME MaTEpHallbl Ha OCHOBE
CHUJIMKATOB IEJOYHBIX METAUIOB, B YyacTHOCTH kuakoro crekina (R20-nSi02), roe R
O3HayaeT Kaluid W Hatpui. HaydHbll M DpakTUYECKUHA HMHTEPEC MPEACTABISIOT
KOMITO3UIIMH, COJIEPKAIUE KUAKOE CTEKI0 U GypPypuiIoBbIid CUpT, pa3paboTaHHBIE B
TioM[HI'Y. Ilpuuem ¢ypdbypuioBsiii cnupt mnOpugaeT COCTaBY JOMOJHUTEIbHbBIC
rupohoOU3UPYIONINE CBOWCTBA U HE MEHSET PEAKIIMOHHOM CIIOCOOHOCTH >KHIKOTO
CTEKJIA.

HaunOonpiM pacnpocTpaHeHUEM MOJIb3YIOTCS METObI CEJIEKTUBHON H30JILUN
MJIACTOBBIX BOJI, OCHOBAHHBIE HA 3aKAYKE B IUIACT 3JIEMEHTOOPTaHUYECKUX COCTUHEHHUI.

Pa3paboTanbl reneoOpa3yronie cocTaBbl HA OCHOBE I'yapOBOUM KaMmeau, OKCHJa
MarHusi B TPUCYTCTBHUU alleTaTa Xpoma, MPECHON WM MHUHEPAJTU30BaHHOW BObI, a
TaKke Mojucaxapuaa KCaHTaHa, MpoAyLHPYEMOr0 MUKPOOPTaHU3MaMHu, alleTara XxpoMa
WM  XPOMKAJIMEBBIX KBACIOB, OKCHATUIMpPOBaHHOrO ankwideHonma Adg-6 u
MUHEPAJIM30BAHHON BOJbI. TeXHOJOTrMYecKasi BBbIJEpKKa IOCJE 3aKaukKd COCTaBa B
mwiact cocraensieT 3—10 cyrtok. CocraBbl 0051aJalOT CENEKTUBHBIM JIEHCTBUEM H
MO3BOJISIIOT CHU3UTh MMPOHUIIAEMOCTHYIO HEOJJHOPOAHOCTD IIACTa, a TAKKE OTPAHUYUTh
BOJIOTIPUTOK B HEPTSHBIC CKBAXKUHBL. OIHAKO MCIIOIH30BAHUE TOKCUYHBIX COCAMHEHUI

XpoMa OrpaHUYHMBAIOT MX IMPAaKTHYECKOE HCIoIb3oBanue[42,119].
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[IpakTuueckuii UHTEpEC IS W3OJIAIUKA BOJOMPUTOKOB B HE(PTIHBIX CKBOKHMHAX
MPEACTABISIOT THUIPOJIU3YIOMKECS MOTU(GYHKIIMOHATIBHBIE KPEMHHUHOPTaHUYECKUE
coenunenus (KOC). Psag runpoiu3yrommxcs KpeMHUHOPraHUYECKUX COEIUHEHUMN
crioco0eH 00pa30BBIBATh B MJIACTOBBIX YCIOBHSAX 3aKyIOPUBAIOIINA BOJAOHACHIIIICHHYIO
NOPOAY MOJIMOPTaHOCUIIOKCAHOBBINA TOJIMMED, 00JIaJalolui BBICOKUMU aIr€3MOHHBIMU
XapaKTEpPUCTUKAMU K MOpPoJie, THIPOPOOHOI aKTUBHOCTHIO, BBICOKUMU CEJIEKTUBHBIMU
CBOMCTBaMU [15,111,73]. Hanpuwmep, IIPUMEHEHHE IIPOCTENIIINX
KPEMHUMOPraHUYECKUX  COCIMHEHUN  (OpPraHOXJIOPCWIIAHOB)  BIEpPBbIE  OBLIO
OCYILECTBJIICHO Ha HE(MTSIHBIX MECTOPOXKICHUSIX AHACTACUEBCKO-TpOUIIKOE U 3UMHSS
CraBka, r1e Obula TIOKa3aHa BbIcOKasgs Ad@PekTuBHOCT, cmocoba. OmgHako
BOJIOM3OJUPYIONIMH COCTaB HA OCHOBE XJOPCHJIAHOB BBISIBUJ €0  BBICOKYIO
TOKCUYHOCTh M arpeCCUBHOCTb, OOYCJIOBJIICHHBIC BBIJICICHUEM OOJBIINX OOBEMOB
XJIOPUCTOTO BOJOPOJA BCIEACTBUE MX TUAPOJM3a BIAroil BO3Ayxa. OTH COEAUHEHUS
TaK)K€ B3PBIBO- U MOXKAPOOMACHBI. OTINYAIOTCS THAPOGOOHON aKTUBHOCTHIO U BBICOKOM
aaresve K TOpHOM mopoje. Peanuzamusi BbIIEYKa3aHHBIX METOJOB CEJEKTUBHOMU
M30JISIIIMU TUIACTOBBIX BOJ 3aTpyJIHEHA Je(PUIIMTOM PEareHTOB M3-3a HEAOCTATOYHOU
MOIITHOCTH CBHIPbEBOM 0a3bl XUMHUYECKOW MPOMBIIUICHHOCTH JJIsI MPOW3BOACTBA
OCHOBHBIX KOMIIOHEHTOB Kommo3uiuii [120].

Ocoboe BHUMaHUE WHCCIEIOBATEICH CKOHIEHTPUPOBAHO Ha pa3paboTKe
BOJIOM3OJUPYIOIIUX  COCTAaBOB, K KOTOPHIM  OTHOCSATCA  0OoJjiee  JOCTYIHbIC
ankokcurnpousBoansie KOC. Tloatomy Ha ocHoBe anmkokcunpousBojHbix KOC Obuin
pa3paboTaHbl HOBBIE TPYIIBI BOJOM3OJIUPYIOMIMX Kommosunuil. IlepBas rpymmna
BKJIIOUYAET BOJOM3OJIUPYIOIINE COCTaBbl HA OCHOBE d(PUPOB OPTOKPEMHHUEBOMN KHUCIIOTHI,
BTOpasi — OJIMTOMEPHBIE OPTraHOATKOKCUCUIIOKCAHbl WJIM KOMIIO3HUIIMM HAa UX OCHOBE.
HaxoasT mpuMeHeHHEe OJIMMOOPraHOdTOKCH (XJop), cuiaokcanbl u ap. [111,108,73].
[IpakTueckuii ~ WHTEpEC  JJIsI  HU30JSIUMA  BOJIONPUTOKOB  MPEJICTABIISIIOT
THAPOJIM3YIOIIHECS  MOMUPYHKIMOHATIBHBIE KPEMHUMOPTAHUUYECKHE  COCAMHEHUS,
KoTopeie comepxkar cBszu Si-O u Si-C, U 3TO omnpenenser UX MNPOMEXKYTOYHOE
MIOJIOKEHUE MEXKy OPraHMYECKUMHU W HEOPTaHUYECKUMU coequHeHussMu. Hanbombiee

YUCJIO HCIIOJIb3YEMBIX KpCMHI/II‘/’IOpI‘aHI/I‘IeCKI/IX IMPOAYKTOB HMMCIOT B LCIIHM MOJICKYII
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CHJIOKCAHOBYIO CBs3b Si-O M Ha3bIBaIOTCA MOJUOPTaHOKCUCUIIOKCAHAMU. MOJEKYJIbI
MOJINOPTaHOKCUCHIIOKCAHOB HMMEIOT JIMHEWHYIO, LUKINYECKYIO, Pa3BETBICHHYIO WJIU

«CIIUTYIO» CTPYKTYpY, KOTOpass B 3HAUUTEIbHOW Mepe OIpelesieT CBOWCTBA

COCTUHEHHI. OTtedecTBEHHOM MIPOMBITINIEHHOCTHIO BBITTYCKACTCS pan
OJIUTOOPTAaHOCUIIOKCAHOB, pa3IMYHBIX o CTPOCHHIO u CBOMCTBaM:
OJINTOMETUJICUIIOKCAHBI (IMC), OJINTOATUJICUIIOKCAHBI (I12C),

onmurometmwidenmicuiokcanbl  ([IOMC), oIUTroOpPraHOKCHUCHIOKCAHBI C  aTOMOM

rajoreHa B OpraHm4ecKoM paaukaie u opranoruapuacuiokcans (I'KXK) [137,138].

1.7 OcoGeHHOCTH HAKJIOHHO-HAIIPABJICHHOTO OYpEeHHs CKBAKUH

IIpu OypeHMH CKBaXKHMHBI TMPOCKTHUPYIOTCS BEPTUKAIBHBIMH WM HAKJIOHHBIMHU.
HakJIOHHBIMU CUHMTAIOTCSI CKBAKUHBI, OTKJIOHEHHE KOTOPBIX OT BEPTUKAIU COCTABISET
Oomnee 2° mpu KOJOHKOBOM OypeHuu U Oosiee 6° — mpu TiIyOOKOM OypeHHU CKBaKHH
[24].

OTKIIOHEHUE CKBaKMHBI OT BEPTHKAIM MOXET BBI3BIBATHCA €CTECTBEHHBIMU
YCIIOBUSIMU WJTM MCKYCCTBEHHO. ECTECTBEHHOE MCKpPUBIICHHE OOYCIIOBIUBACTCS PSIIOM
NpUYUH (T€OJOTUYECKUX, TEXHUYECKUX, TEXHOJIOTMUECKHX), 3Has KOTOpPbIE, MOXKHO
VOPABJISATh TOJOKEHUEM CKBaXUHBI B MpOCTpaHcTBe. [lol HMCKYCCTBEHHBIM
UCKPUBIICHUEM TOHUMAIOT JH000€ TPUHYAUTEIBPHOEC WX HWCKpUBJICHHE. HakjaoHHBIE
CKB)XKWHBI, HAINPAaBJICHHE KOTOPBIX B TMpoIlecce OypeHUsi CTPOro KOHTPOJIUPYETCH,
Ha3bIBAIOT HAKJIOHHO HaIpaBjieHHbIME [89].

Hakinonno HampaBieHHoe OypeHue HEQTAHBIX M  Ta30BbIX  CKBaXKUH
OCYIIECTBJISIETCS. TI0  crnenuanbHbIM  mpoduisiM.  [lpodunmm  ckBakuH  MOTYT
BapbUPOBATHCSA, HO TIPH STOM BEPXHUW HWHTEPBAJ CTBOJA HAKIOHHOW CKBaKHHBI
JIOJDKEH OBITh BEPTHKAIBHBIM, C MOCIEAYIOIMIUM OTKJIOHCHHEM B 3alPOSKTHPOBAHHOM
azumyte. [Ipu reonoro-pasBeoYHBIX paboTax Ha TBEPJBIC MOJIE3HBIE HCKOIAEMbIE
HAKJIOHHO HarpaBlieHHOe OypeHHe OCYIIECTBIAETCS IIMUHACIbHBIMU OypOBBIMU
CTaHKaMH C 3€MHOM MOBEPXHOCTH WM W3 TMOJ3EMHBIX TOPHBIX BBIpaOOTOK. bypenue

TaKUuX CKBa)XHWH OTJIH4YaAcTCd TEM, 4YTO BHaA4ajI€ OHH HMCIOT HpHMOJ’IHHGﬁHOG
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HamnpaBJieHUE, 3aJJaHHOE IIMUHAEIEM OYypOBOrO CTaHKA, a 3aTEM B CHIy aHHU30TPOIHH
pa30ypUBaEMBbIX OPOJ OTKJIOHSIOTCS OT MPSAMOJMHEWHOTO HAMPABICHHUS.

['opusoHTanbHO  HampaBieHHOE OypeHHe  SBISETCS  YaCTHBIM  CIydaeM
HAKJIOHHOr0 OypeHuns. HakIoHHO HampaBlIeHHbIE CKBAaXKUHBI MOJIPA3IEISAIOT Ha OJTHO- U
MHoOTro3a00MHbIe. [Ipu MHOr03a00itHOM OypeHUU W3 OCHOBHOTO, BEPTHUKAJIBLHOTO WIU
HAKJIOHHOTO CTBOJIA IPOXOUTCS JIOTIOJIHUTEIILHO OJIMH MJTM HECKOJIBKO CTBOJIOB [25].

HcKycCTBEHHOE OTKJIOHEHHE BIUIOTh 10 TOPU30HTAIBHOIO MPUMEHSETCS B
CIEAYIOIINX CIIyqasx:

1) mpu BCKpBITUM HEPTSIHBIX M Ta30BBIX IUIACTOB, 3aJETAIOMIMX O] MOJIOTUM
cOpOCOM WM MEXAY 2-51 mapajulelIbHbIMU COpocaMu;

2) mpu OTKJIOHEHHUH CTBOJIA OT COPOCOBOM 30HBI (30HBI pa3pbiBa) B HAMPABICHUU
MPOJYKTUBHOI'O TOPU30HTA;

3) mpu IpOXOAKE CTBOJIOB Ha HE(PTEHOCHBIE TOPU3OHTHI, 3aJErarollue IO0J
COJITHBIMU KYIIOJIAMH, B CBSI3U C TPYJTHOCTBIO OypeHUs Yepe3 HUX;

4) npu HE0OXOIUMOCTH 00X0/a 30H OOBAJIOB U KaTaCTPOPUUECKUX MOTIIONICHUN
MIPOMBIBOYHOM KUJIKOCTH;

5) ropuzoHTabHOE OypeHHE HE3aMEHHMMO TMpPHU BCKPBITUM MPOJYKTUBHBIX
IUTACTOB, 3aJIETAIOIIMX IOJ JTHOM OKEaHOB, MOpEH, peK, 03ep, KaHajJoB U OO0JIOT, MO
KUJIBIMU WM TPOMBIIUJIEHHBIMU 3aCTPOMKAaMHU, B Mpeaeiaax TEPPUTOPUN HACEIEHHBIX
MyHKTOB,

6) TIpU TMIPOXOJIKE HECKOJIBKUX CKBAXXUH HA MPOJYKTUBHBIC TIJIACTHI C OTIACIBHBIX
OypOBBIX OCHOBAHMI M 3CTaKajl, PaCloOJI0KEHHBIX B MOPE UJIH 03€pE;

7) mpu TPOXOJKE CKBOXHH HAa MPOAYKTHUBHBIE IUIACTHI, PACIOJIOKEHHBIE MO
y4acTKaMU 3e€MJIM C CHUJIbHO TEepPEeCEYeHHBIM peibe(oM MECTHOCTH (OBparu, XOJIMBI,
TOpBI);

8) mpu HEOOXOAMMOCTH YXOJa B CTOPOHY HOBBIM CTBOJIOM, €CJIM HEBO3MOXKHO
JUKBUMPOBATH aBapUIO B CKBAXKHUHE;

9) npu 3a0ypuBaHMM 2-TO CTBOJIa JJisi B3ATHUS KepHA U3 MPOJYKTUBHOIO

TOPU30HTA;
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10) mpu HeoOXoAMMOCTH OypeHHsS CTBOJIOB B MPOLIECCE TYIICHHUS TOPSLINX
(OHTAaHOB M TUKBHUIAIIUU OTKPHITHIX BEIOPOCOB;

11) npu HeoOXxoaumocTH mnepeOypUBaHUS HIKHEH 4YacTW CTBOJAa B
DKCIUTYaTallMOHHOW CKBAKUHE;

12) npu HEOOXOAMMOCTH BCKPBITUSL IPOAYKTUBHOIO ILIACTA MOJ ONpPEACIICHHBIM
YIJIOM JUIS YBEJIMUYEHUS! IOBEPXHOCTH JIPEHAXKa, a TAKKE B MPoLiecce MHOr03ab0iHOro
BCKPBITHS I1JIACTOB;

13) mpu kycToBOM Oype€HHHM HAa PAaBHMHHBIX IUIOIIAJAX C LEIbI0 CHHKEHUS
KalMTalbHBIX 3aTpaT Ha OOYCTPOWCTBO TMPOMBICIA M YMEHBIIEHHS CPOKOB
pa3OypuBaHUS MECTOPOKICHHUS;

14) mpu OypeHuM c LEenbl0 Aera3uduKanuu CTPOro Mo YrojabHOMY ILIAacTy, C
TEJIBIO TIOJI3EMHOTO BHINIEIAYNBAHNUS, HAIPUMEP, KATMHHBIX cojiei u ap. [24,31].

["'opu30HTaIBHOE U Pa3BETBICHHOE TOPU30HTAIIBHOE OypeHue MPUMEHSIOTCA 1JIs
yBeIMYEHUS] HedTe- M Tra3o0T]aud HNPOAYKTUBHBIX TOPHU3OHTOB IIPU MEPBUYHOM
OCBOGHUU MECTOPOXKACHUNA C TIJIOXUMH KOJJIEKTOpaMH W TIPH BOCCTAHOBJICHUHU
MaJIoIcOMTHOTO U Oe3eicTByomIero Gonma ckBaxuH [43].

Ecimu mpu OypeHMHM HaKJIOHHOW CKBa)KMHBI TJIABHBIM SIBIISIETCS JOCTH)KCHHE
3aJJaHHOW 00JIaCTH MPOAYKTUBHOTIO IJIaCTa U €T0 MONEPEYHOe IepecedeHne Mo YIiioMm,
BEJIMYMHA KOTOPOTO, KaK MPAaBUJIO, KECTKO HE yCTAHABIMBAETCs, TO OCHOBHAs IIEJb
OypeHHs TOPH3OHTAJIHHOW CKBaXXWHBI — II€PECEUEHUE TMPOIYKTUBHOTO ILJIacTa B
OpOAOJIBLHOM HampasiieHuu. l[lpu 3TOM NPOTSHKEHHOCTh 3aBEPIIAIOLIETO ydacTKa
CKB2KUHBI, PACIIOJIOKEHHOTO B TPOAYKTHBHOM TIUIACTe (TOPU3OHTAIBLHOTO YYacTKa),
MoxkeT npeBbiath 1000 m [24,89].

VYcnoBus, BBI3BIBAIOIIME HEOOXOIUMOCTh MNPUMEHEHHUS KYCTOBOTO OypeHHs,
MONpa3AeNAOTCS Ha  TEXHHYECKHEe — pa3dypuBaHHEe KyCTOBBIM  OypeHHEM
MECTOPOKICHHM, 3aJeTaloluX MO 3aCTPOCHHBIMH y4aCTKaMU; TEXHOJIOTMYECKHUE — BO
n30exaHue HapyLICHUs] CETKU Pa3pabOTKH MPU €CTECTBEHHOM MCKPUBICHUN CKBaKUHBI
O0BEIUHAIOT B KYCTbI; T€0JIOTMUECKHE — pa30ypUBaHUE, HAPUMEP, MHOTOILUIACTOBOM
3aJeXu; oporpaduueckue — BCKPBITHE KYCTOBBIM OypeHUEM HEPTSHBIX M Ta30BBIX

MCCTOpO)KI[CHI’Iﬁ, 3ajicraromux I1oa BOJOCMaMHM, IIOA Yy4dYaCTKaMH 3€MJIM C CHUJIBHO
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NEPEeCeYeHHBbIM penbe()OM MECTHOCTH, MPHU MPOBOAKE CKBAKUH Ha MPOTYKTHUBHBIC
TOPU30HTHI C OTAENBHBIX MOPCKUX OYpOBBIX OCHOBAaHUM WJIM 3CTaKala; KIMMAaTHYECKUE
— pa30ypuBaHue HE(PTAHBIX U FA30BbIX MECTOPOXKJICHUMN, HAIPUMEP B 3UMHHI MEPUOI,
Korja HaOmo1aeTcsi O0JBIION CHETOBOWM MOKPOB, MM BECHOW BO BpeMsl PacIyTHUIIbI U

3HAYUTENIbHBIX TaBOAKOB [89].

1.8 BrIBoBI, IOCTAaHOBKA IIEJIEH U 3a7a4 MCCIICIOBaHUS

N3 ananutmdeckoro o630pa JuUTEpaTypbl CIEAYyET, UTO B HACTOSIIEE BpeMs B
MPOIIECCE CTPOUTENILCTBA HE(PTEra3oBhIX CKBAXKHH, a TAKXKE NPU HX KamUTaJIbHOM
PEMOHTE UCIOIb3YIOT Pa3IMuHbIe pacTBOPbl. OTHAKO OCHOBHBIM HEJIOCTATKOM JITAHHBIX
pacTBOpPOB  SIBIISIETCSI HallMYMEe B HMX COCTaBE€ DKOJOTMYECKM HEO0e30MacHBIX
KOMIIOHEHTOB, TaKUX KAaK HOHBI TSDKEJBIX METAJJIOB, TOKCHUYHBIE apOMaTHYECKHE
coenunenus (dhenon, Gopmanbaerug u ap.). B cBA3M ¢ 3TUM B XOJie IKCIIEPUMEHTOB
MPOBEJICHBI HCCIIEIOBAHUS MO Pa3pabOTKE HKOJOTHYECKHM O€30MacHbIX OYpOBBIX H

TaMIIOHAa>KHBIX paCTBOPOB.
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I''TABA 2 MATEPHUAIJIBI U METObI NUCCJIIEJJOBAHUA

2.1 OOBEKTHI UCCIIEIOBAHUA

B xauecTBe KOMIIOHEHTa OYPOBBIX M BOAOU3OJISLIMOHHBIX PAaCTBOPOB HUCCIEAOBaH
MOOOYHBIA TPOAYKT (OTXOJ) XMMHUYECKOTO MPOU3BOJACTBA TepedTaneBOM KUCIOTHI —
KHCIoTa TepedTayieBas TexHuueckas oOBoaHenHas (TY 2477-007-39989731-2007)
[116].

[TpousBoacTBo TexHudyeckor tepedraneBoit kucnotbl (TDOK) ocHOBBIBaeTCS Ha
METo/E KUAKO(DA3ZHOTO OKUCIEHUS NapakCuioja B CpPENe YKCYCHOM KHUCIOTHI.
Texauueckyro TOK BbiensoT kpuctaumsanuend u QuibTpanueil Ha HeHTpudyre
OoCHEAYOMENn Cymkon. M3 cMmecm BOABI M YKCYCHOM KHCIOTBI PETEHEPUPYIOT
yKCyCHyr0 kucnoty. Jlig oumctkum TexHuueckod TOK wumcnons3yercs mpouecc
rupupoBanusi BogHoro pacrtsopa TOK B mpucyrctBum KaranuzaTopa. OYUIIEHHYIO
TOK noBTOPHO CYCNEHIMPYIOT B BOJE, BBIIEISAIOT Ha LUEHTpU(PYre W CylaT, 3aTeM
MMHEBMOTPAHCIIOPTOM ~ HAMpaBJAIOT B cWiockl  xpaHeHud. QOuumienHas TOK
HarpasisieTcss Ha npou3BoAcTBO [IDT®d-rpanynsata wim Ha y3en (pacoBku B Our-oeru
WK OaIK-KOHTEHHEPHI )15 TOCIEAYIONICH peanu3aiuu morpedutento [129].

Kucnora tepedraneBas TexHudeckas 0OBOJHEHHAs, MMOJydaeMas Kak oOOYHBII
NpoOAYKT B mporecce mnpousBoiacTBa TAOK, mpenHazHadyeHa i1 HUCMOJb30BAHUSA B
MPOU3BOJICTBE IUTACTU(UKATOPOB JJii OUTYMHBIX MACTHUK, B JIAKOKPACOUYHOM
MPOMBIILJICHHOCTH U UHBIX ITPOU3BOJICTBEHHBIX 1LIEJISX.

Kucnora TepedraneBas TexHuueckass 0OBOJHEHHAs] — BJIAKHBIA MacTOOOPa3HBIN
MPOJYKT, COCTOSIIIMA W3 TepedTaneBol KHUCIOTHI, M-TOJYWJIOBOW KHCIOTHI, JAPYTHUX
OpraHUYecKuX KUCIOT M mpumeced (tabmuua 2.1). Ilo BHemHeMy BUAY NMpEACTaBIsSET
co00# BIAXHBIA MACTOOOPA3HBIA MPOMYKT OT OEJNOro JI0 CEpOro IBETa, BO3MOXKEH
JKEITOBATHI OTTEHOK, 00J1aaeT ceupUIECKUM 3amaxoM, TPYJIHO PACTBOPHM B BOJIC

Y XUMHUYCCKU HEUTPATIbHBIN 110 OTHOIICHUIO K TPUMEHsIEMbIM pearentam [116].
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Tabnuna 2.1 — KauecTBeHHbIE MOKa3aTeNy MPOIYyKTa

No HaumenoBanue noka3zaresns Hopwma

/1

1 MaccoBas gomns Boabl, %, He OoJiee 60

2 Kucnornoe uncio, mr KOH/T ipomykra, B mepecyeTe Ha Ot 620 1o 638
a.C.B. BKJIFOUMTEIBEHO

3 LIBeTHOCTD, eAMHMIILI Xa3eHa, He OoJiee 450

4 MaccoBass nonst  4-xkapOokcubOeH3anbiaeruga, %, B 15

IICPeCUCTC Ha a.C.B., HC Ooiee

5 MaccoBast 10151 OEH30MHOM KUCIIOTHI, %, B TIepecyeTe Ha 0,2

a.c.B., He OoJiee

6 MaccoBasi I-TOJIyUJIOBOM KHUCIIOTHI, %, B MEepecyere Ha 15

a.c.B., He OoJiee

[Ipumeuanue: * a.c.B. — aOCOIIOTHOE CyXO€ BEILECTBO.

B kauecTtBe 00BEKTa UCCIEAOBAHMS B COCTaBE OYypOBBIX PACTBOPOB ObLIT BHIOpaH
MOJIMMEPHBIN peareHT — MOAU(ULIUPOBAHHBIN CTHPOMANb (CTUPOMAIIB-M).

CrupoMaib, IPOAYKT paguKaibHONH COMOJUMEpPU3ALMH CTHPOJA ¢ MAJICUHOBBIM
aHTUAPUIOM B Cpelle OCYIICHHOro O€H30ja, MpeAcTaBiIseT co0oi  Oemblid,
MEJIKOKPUCTAILTNYECKHI TOPOLIOK, ITOTHOCTBIO 1,2 T/em[115].

Cononumepusalmio CTUPOJIa W MaJEMHOBOIO AHTUAPUIA OCYLIECTBISUIUM I10

metoauke [113]. [Iporecc mpoTekaeT no ciaeayronien cxeme:

CH=CH, Q co—cHy+—fF—HC—CH—}—
C. \
+ n [ o 5 0=C C=0
[
O — —m — - 1n

1€ M U N — CTCIICHU MOJIMMEPU3ALUH,; IJIsI CTUPpOMAJIA n~Mm.

YuuTteiBas YepCAYyIOmceCs CTPOCHHUC MaKpOMOJICKYJIbI COoImoJnumepa,

CTPYKTYPHYIO (POPMYITy €ro 2JIEMEHTApPHOTO 3BE€HAa MOXKHO TPEJCTABUTH CIICTYIOITIM
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oOpazom (pucyHok 2.1).

—+—CH—CH,—HC—CH

\

0=C C=0
N

— - n

Pucynok 2.1 — CtpykTypHas ¢popMyia CTUpOMAIIS

Moaudukaiusi CTUpoMassi OCYIIECTBISETCS IMyTEM €ro CIIMBAaHMS, aMMOHOJIU3A
U IEepeaMuaupoOBaHus B TeuyeHHEe 3—4 4acoB, C MOCIEAYIOUIEH HEUTpaIM3alueu
OCTaBIIMXCA OCH30J1a U MaJEMHOBOW KUCIOTHI PACcTBOPOM €IKOro Harpa. B Hauame
pacTBOp cTupoMalsi B OEH30J1€ HarpeBaju A0 KUMEHUS B aTMocdepe a30Ta U 100aBIIsLIA
CMECh ATUJICHTIIUKOJIS, TUITUICHTIUKOSA, TPOMMICHTJIMKOIIA (MOJbHOE COOTHOIICHHE
1:0,2:0,05, cooTBeTCTBeHHO; o00mas MoabHas goist 5%). Ilpomecc cmmBaHus

ITOJIMMEPHBIX MOJIEKYJI MponoipkaroT 44,5 gaca. Cxema mponecca mpencTaBiceHa Ha

pucyske 2.2.
——CH-CHy+—f—HC—CH——
\ + k HO—R—OH
0=C C=0 -
\ / -d H,O
0
— —m — —m
—;CH—CHzif—;—C - CH—1+ -1+ HC—CH— | | HC—CH
0=C___C=0 0:(‘3 C=0 o:c‘ C=0
OH ¢ OH ¢
|
> R
B I aE ROH | [7 ’ 7
OH O OH O
O | | | |
R el B
——CH-CHy———CH—CH CH—CH———+—CH—CH————

rae R = -(CHz)-g; 3, -(CHg)z-O-(CHz)z-; b=m- (C +d)

Pucynok 2.2 — Cxema Moiu(puKanuy u CIIMBaHUSI CTUPOMAJIS
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He npekpamas HarpeBa U NEpEMENIMBaHUSA, B PEAKIHOHHYIO CMECH IMOJAIOT
ra3oo0pasHblii amMmuak. AMMOHONIM3 BenyT 3—4 dyaca 10 00pa3oBaHHUs XOpPOLIO
HaOyxarouiero B Boje npoaykra. HaGyxanue npoaykra onpenensiercss BU3yaiabHo. s
3TOro OepyT HpoObl, BHICYIIMBAIOT UX BO3JYXOM J0O MOPOIIKOOOPA3HOTO COCTOSIHMS,
pacTBOpSIOT B AMCTWUIMPOBAHHOM BOJIe M BblAEpkuBatoT 1 yac. ['enp nomkeH ObITH
MPO3PAYHBIM WM CJIErKa ONMAJIECUUPYIOIIMM U HE TOJDKEH BBINAAATh B OCAJIOK.

B cocTaB nonumepHO# 1ieny MOJIy4eHHOIO MPOYKTa BXOIAT 3BEHbs KaK CTUPOJIA
Y MaJIEMHOBOI'O aHTHJPHUJA, TaK U 3BEHbS MOCJIEIHEr0, MOABEPIIIHecs MOAU(PUKALUN.
K Tomy e B mpolecce CHIMBaHHA MEXIYy MaKpOMOJIEKYJaMH O0O0pa3yroTcs
MEXMOJIEKYJISIPHBIE CIIMBKU-MOCTHKM, NMPUIAOIIME IPOAYKTY CBOMcTBa rensd. OHu
MOTYT OBITH IBYX BUJOB: CJIOKHOA(UPHOTO U aMuIHOro. Cia0kHO3(UpHBIE (parMeHThI
o0Opa3yloTcst B XOJ€ Ipolecca CIIMBaHUS, a aMUJHbIE — Ha CTaAUM aMMOHOJIM3a U
nociueayomero nepeamuaupoBanus  [61].  VYcmoBHas  cTpykTypHas — Qopmyia

CONOJINMEpA MpPEACTaBIEHA Ha pUCYHKE 2.3 (O4EpEAHOCTh YEPENOBaHUS TIPYIII

YCIIOBHAs).
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Pucynox 2.3 - YcnoBHas cTpykTypHas Gopmyiia MOAUPHUITUPOBAHHOTO COMOJIMMEPA

OOpa3zyromuiicss B MpOIECCe aMMOHOJU3a MOAU(PUIIMPOBAHHBIA CTUPOMAITH

croco0€eH BBIIEPKUBATh TeMreparypsl 10 190-195° C.
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2.2 AnnapaTypa U METO/Ibl UCCIEOBAHUS

2.2.1 Metoauka u3y4eHus: peoJIOTHYECKUX CBOMCTB OYpOBOTO pacTBOpa

I[J'ISI OLCHKH 3(1)(1)CKTI/IBHOCTI/I MMPUMCHCHHUA CTUPOMAJIAI-M B KAaUCCTBC I[068,BKI/I K
6ypOBLIM pacCTBOpaM OIIPCACIIAIN HanOojee YacTo HCIIOJIB3YCMBIC PCOJTOTHUYICCKHUC
XApPaKTCPUCTUKHU: YCJIOBHAA BA3KOCTb, IMOKA3aTCIIN CI)I/IJ'IBTpaHI/II/I, pH, CTaTU4YCCKOC H

JVHAMUYECKOE HAIPSKEHUE CABUTA.
2.2.1.1 MeTonuka onpeaesieHus: yCIOBHOM BS3KOCTH OypOBOTO pacTBOpa

JUist onpeneneHus yCIOBHOM BSI3KOCTH OYpOBBIX PAacTBOPOB HCHOJb30BAIN
Bucko3umerp BBP-1, koTopsril npencrapiser cobol BOPOHKY ¢ TpyOkoi jumrHou 100
MM M BHYTPEHHUM JUAMETPOM 5 MM. B KOMIUIEKT BXOAST TaKKe KPY’KKa U CETKa JJIs
OYHCTKHU PacTBOpa.

Meronuka M3MEpEeHMUsl 3aKIIOYAETCA B ClEAyroleM. B BOpPOHKY udepe3 CeTky
BHOCWJIA UCIIBITYEMbII OypOBOM pacTBOp 110 mepeyiuBa. MepHyI0 KPY>KKY MOJICTaBIISUIHA
1o TpyOKy BHCKO3UMETpPA U OTKPBHIBAIM OTBEPCTHE TPYOKH, OJHOBPEMEHHO BKIIOYMB
CeKyHAOMEp. B MOMEHT 3amoJHEHHsI KPYKKH PacTBOPOM JO KpaeB CEKYHIOMED
OCTAHABJIMBAJIM, 3aKPbIBAJIM OTBEPCTUE TPYOKU MPOOKOW M (PUKCUPOBAIM MOKA3AHUS
cekynaomepa. Bpems uncreuenus 500 cM® JKHIKOCTH U3 HATHTHIX B Bucko3umeTp 700
cM® depe3 TPYOKYy AMAMETPOM 5 MM M €CTh YCIOBHAsI BSI3KOCTb, ONpeIeisieMas B

CEKYH/Iax.
2.2.1.2 MeToauka onpeaesieHus moka3aresst QuibTpaiuu

[TokazaTenp QuibTpanuu ompenensiu Ha npubope BM-6 (BomooTmaua 1o
npubopy MmuHEH30HA) MO0 CTaHAApPTHON MeTomuke [62]. 3a BomooTmauy (mokKasareb
bunbTpani) MPUHUMATN KOJIWYECTBO (UIbTpaTa, KOTOPOE OTHHILTPOBBIBAECTCS M3

pacrtBopa uepe3 GpHIbTp AHaMetpoM 75 MM 3a 30 MuH (cM*/30 MuH).
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Meronuka onpeneneHys 3aKiII049aeTCsa B CIEAYIOIIEM.

Kpyxok ¢uibTpoBanpHOM Oymarun cmadumBajid BOJOW M YKJIaAbIBad €r0 Ha
pELIETKY, KOTOPYIO BCTABJISJIM B HMU)KHIOK 4acTh (DUIIBTPALIMOHHOIO CTakaHa Oymaroi
BHYTpb. Ha pemerky ycraHaBiMBanu KJallaH C PE3MHOBOM IPOKIIAJKOW W Jajiee
HaBopauuBanu  nofaoH. CoOpaHHBIM  CTakaH  BCTaBISUIM B KPOHIUTEHH.
[TonroroBneHHblii OypoBOl pacTBOp 3aluBajd B CTakaH Ha 3—4 MM HMIXKE Kpas.
HamopHbIl THIMHIP HABOPAYMBAIM C 3aKPBITBIM HIOJIbYATHIM KJIAIIAHOM HA CTaKaH,
CBEpPXY HAJIMBAJIM MAIMHHOE MAacyio. BCTaBisnM IUIyHXKEp B LUIUHADP U, NPUOTKPHIB
OMYCKHYIO WIJIy, JIETKAM Bpall€HWEM IOABOAWIM HYJEBOE JICJICHUE Ha IIKAIE K
OTCUETHOW PHUCKE HA BTYyJKE HMWIMHAPA. CIIyCKHOM MIOJIbYAThIM KJIamaH 3aKpbhIBAJIM, a
KJIallaH C PE3MHOBOW IPOKIIAAKOW OTKPBIBAIN, OJHOBPEMEHHO BKIIIOUMB CEKYHIOMED.

UYepes 30 MHUH Aenany OTCYET MO MIKAJE.

2.2.1.3 Meronuka uzmepenusi pH 6ypoBoro pactsopa

Onpenenenne pH OypoBoro pactBopa HpoBOAWIM C nomollsio pH-meTrpa mo
u3BecTHOM Metoauke [102].

CymHoCcTh METOJa 3aKJII4YaeTcs B MW3MEPEHUU JJIEKTPOJABMXKYLIEH CHIIBI
JIEMEHTA, COCTOSILEr0 U3 3JIEKTPOJA CPABHEHHUS C U3BECTHOW BEJIMYMHON MOTEHIMAIA
Y MHAMKATOPHOIO 3JIEKTPO/Ia, MOTEHIIMA KOTOPOTro 00YCIOBIIEH KOHIIEHTpAllMel HOHOB
BOJIOPO/Ia B UCIIBITYEMOM pPacTBOpE.

[Tpubop BKIIIOYAIOT B ceTh U nporpeBatoT He meHee 30 muH. [lepen nposenenneM
UCIIBITaHUI TprOOp nporpeBasid B TeueHre 30 MUH, 3aT€M OCYILIECTBIISIIIN MTPOBEPKY 11O
cTanaaptHeiM OydepubiMm pactBopam ¢ pH 3,57; 4,00; 5,00; 6,88; 9,22 mnpu
temriepatype 20°C mo mpuiaraeMbiM K mpudopam uHCTpyKiusM. Ilocie npoBepku
NIEKTPOJBl THIATENBHO NPOMBIBAIM JAUCTHWIIMPOBAHHOW BOAOW. 3aTeéM KOHIIbI
AIIEKTPOJIOB TOTPYXalu B HCCIeAyeMble OypOBbl€ pacTBOPbl M TIOCJIE 3TOTO

OTCcUuThIBaIM BennunHy pH no mikane npudopa.
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2.2.1.4 Metonuka onpeaesieHus: CTaTUUYEeCKOTO HAINPSKEHUS CABUTA

OnpeneneHue cTaTUYECKOro HANPsDKEHUs! cABUra npoBoauiu Ha npudope CHC—
2. IlpuHnmm paGoThl MpuOOpa OCHOBAH HA M3MEPEHWU CIIBUTOBBIX HANPsHKCHUN B
KOHTPOJIUPYEMOM Cpejie, PACHOJOKEHHOM MEXIy COOCHBIMU IIMJIMHApaMu. Mepoi
CIABUTOBBIX HANpPsHKEHUN SBISETCS YroJl MOBOPOTa TMOJIBECHOTO IMJIMHAPA BOKPYT

CBOEU OCH.

B 3aBUCUMOCTH OT BSI3KOCTHOT'O COCTOSIHHS UCCIEAYEeMOU MPOOBI UCTIOJIb3YIOTCS
pa3HblE HUTH, HOMEP KOTOPbIX onpeaenser kodpduuueHT npudopa. Jns aureit Ne 1 u
4 xoaddumment npudopa — 0,043, s auterr Ne 2 u 5 — 0,12, qyst aureit Ne 3 u 6 — 0,3

Cratryeckoe HalpsHKeHUE BBIYUCIISIOT 10 hopmylie:

0110 = A - ¢1,10,
rae 0110 — cratuyeckoe HamnpsbkeHue capura yepes3 1 u 10 munyr, Ila;
A — x03hHUIIMEHT NOTPEIIHOCTH (JAaeTCs B MacnopTe mpubdopa);

(1,10 — YTOJI 3aKpYUYMBaHUS HUTH, 3aMepeHHbIN ntocie 1 u 10 MUHYT MOKOS, Tpal.
2.2.1.5 MeTtoauka onpeneneHus TMHAMUYECKOTO HaMpPsHKEHUS CABUTA

Junamuyeckoe HampsbkeHue caBura To (allA) ompepensiv Ha pOTalMOHHOM
Bucko3umerpe BCH-3. BypoBoii pacTBOp mnepeMemmBaid MPU YaCTOTE BPAIICHUS
HapyxHoro nuinuaapa 300 u 600 06/MuH.

Pacdyer nWHAMWYECKOTO HANPSOKCHUS CIOBUTA MPOU3BOAWIM IO CICAYIONTUM
dbopmynam:
N = P2 - Q1
70 = 3 (P1 - Nuw)s
rae (1 — moka3zanue mkaibl Buckosumerpa BCH-3 npu 300 06/muH;

(, — mokazanue mkansl Buckozumerpa BCH-3 npu 600 06/MuH;
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Nux — Mactuueckas (cTpykrypHasi) BsizkocTh (Ila-c) — ycnoBHas BenuuuHa,
MOKa3bIBatomasl MO0 3(PQPEKTUBHON BA3KOCTH, KOTOpas BO3HUKAET BCIICICTBHE

CTPYKTYypoOOpa30BaHUs B TOTOKE OypOBOTO pacTBOpa.

2.2.2 Metoauka onpeneneHus TepMOCTOMKOCTH OYpOBOT0O pacTBopa

JUis  ompenenaeHus: yCTOMYMBOCTH OYpOBBIX PACTBOPOB K  BO3JEHCTBUIO
TEMIEPATypbl TPUMEHSIN KaJOpUMETpUYEeCKHe OOMOBI, MpEeACTaBIAIOMUE CcO00it
TOJICTOCTEHHBIM  COCyJ, TEPMETHYHO 3aKpBIBAIOIIMICA KpbIIKOW. HarpeBanme
KaJIOPUMETPUYECKUX OOMO MPOBOAMIIM B CYUIMJIBHOM HHU3KOTEMIIEpaTypHOM IIKady,
KOTOPBI TIpeIHA3HAYCH ISl MOJYYCHUS W TOACPKaHUS BHYTPU pabOunX Kamep
temnepatypsl ot +50°C no +350°C.

[IpurotoBneHHsie  00pasllbl TIAMHUCTBIX PACTBOPOB  TOJUMEPOB  TOCIE
OTIpE/IETICHUS MX MCXOJHBIX CBOWCTB HAJMBAIH B KATOPUMETPUIECKHEe OOMOBI 00BeMOM
0,4 n. Kpbimky OOMOBI 3aBUHYMBAIM BPYYHYIO M IIOMEILAJIM B CYLIMJIbHBIN
HU3KoTeMIepatypHsbIii mkad. bomOsr moasepramm narpey mpu 60°, 90°, 120°C. Bpems
Harpesa 4 uaca. 3aTeM 00pasubl OXJAXIaIud A0 MocTosHHoM Temmeparypbl 20°C u
U3MEpSUIM  YACNBHYIO BS3KOCTb, IIOKa3arenb ¢uibTpanuu, a Takke pH 1o

COOTBCTCTBYIOIIIMUM MCTOJUKAM.

2.2.3 Meroauka WM3y4eHHs BIMSHUS MHHEpPATU3allMM HAa KayecTBO OypOBOIO

pacTBopa

B o006pa3upl OypoBBIX pacTBOPOB Ha OCHOBE pPa3IMUHBIX MOJUDUKAIIHIMA
crupomairst BHocun conb Hatpust NaCl B xormentpamusax 0,5%, 1,0%, 2,0%, 3,0% u
5,0 % wmacc, mnocnenoBaTeNbHO U3MEPSAS OCHOBHBIE PEOJOTMYECKHE CBOKCTBA
pacTBOpoB. Bo BTOpYIO ceprio OypOBBIX pacTBOPOB BHOCHIHM Xjopu Kanbius CaCl, B

kounentparusax 0,05%, 0,1%, 0,2%, 0,3% u 0,5% macc, 1 TOBTOPSITN U3MEPEHUS.
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2.2.4 Mertonuka ompeneneHus CTENeHW OMOMECTPYKIIMU MOIU(DHUITMPOBAHHOTO

CTUpOMaJisi B OYpOBBIX pacTBOpax

CrnenyrommmM 5TaroM pabOThl OBLIO  OMpENETICHUE CTEINCHH OHOAECTPYKIIUU
HCCIIEyeMbIX MOJU(UKAIIMN CTUpPOMaIsl W H3BECTHBIX IOJIMMEPHBIX J100aBOK
a’pPOOHBIMU MHUKPOOPTaHM3MaMH-JICCTPYKTOpPAMH, B KauyeCTBE KOTOPBIX MPUMEHSIACh
accommanus KyJabTyp U3 KoJuteKiuu Myses kadenpsl «lIpuknamgnas sxonorus» OI'BOY
BITO YT'HTY Pseudomonas flourescens IBRB 34 DCP u Rhodococcus erythropolis AC
1339 D, B3sTBHIX B cooTHOIIEHNH 1:1.

JInst mpoBeieHUsT ONbITA TOTOBUJIM JIBE€ CEPUU OMNBITOB B KUIAKOW MUHEPAIBHON
cpene cienyromero coctaa, r/1: NaNOs; — 1,0; MnSO,4-5H,0 — 0,013; KH,PO, — 1,0;
MgSO, — 0,5; ZnSO, — 0,013; Bonma muctwuikpoBanHas — g0 1 i [127]. B kauecTBe
€IMHCTBEHHOTO UCTOYHHUKA YTJIEPOJia U SHEPTUM BHOCUIIM UCCIIETyEMbIE€ CTUPOMAJIb-M B
konuectBe 1% macc. KoHcopiimyM MHOKYJIsITa MUKPOOPTaHU3MOB cocTaBiisl 3% 00.
Kontponem cayxuia cpena 0e3 BHECEHUST MHUKpPOOpraHu3moB. KyiabTHBUpOBaHUE
MPOBOJIWJIA B YCJIOBUAX a’pallid Ha TEPMOCTATUPOBAHHON KayaJike MpPHU TeMIlepaTrype
30°C u yactore Bpamenns 120 mun™ B Tedenne 7 cyTok. O pesynbTaTe GHOIECTPYKIHH
CYJMJIM 10 OCTaTOYHOMY KOJHYECTBY IMOJHUMEPOB MOCJE IKCTPAKIIMU ITUIIALIETATOM C
MOCJICAYIONIMM HMCIIapeHueM B poTopHOM wucnapurene. CojepkaHue MOJMMEPOB

onpeacisiini BECOBBIM MCTOZOM.

2.2.5 Metoauka H3y4eHHs] TOKCHYHOCTH OYpOBBIX pacTBOPOB Ha OCHOBE

CTUPOMAJISI-M

TOKCHMYHOCTh — CHOCOOHOCTH psijia BEHIECTB M XUMHUYECKUX COCJAMHEHUU
OKAa3bIBATh HETAaTHBHOE BO3JCUCTBUE HA OPTAHU3M KHUBBIX CYILIECTB.

TOKCUYHOCTH TOTO WJIM MHOTO BEIIECTBA OMPEACIISICTCS LIEIbIM PSAI0M (HhaKTOPOB,
B TOM uucie: QU3NUECKHe W XUMHUYECKHE CBOMCTBA TOKCHYECKOTO BEIECTBA, /1033,

KOHOCHTpanusA, IIyTb MW CKOPOCTb IPOHUKHOBCHHUA TOKCHYCCKOTO BCHICCTBA B
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opranusM. [1o3ToMy I OICHKM TOKCHYHOCTH HCIOJIB3YIOT TECThI HA Pa3IM4YHbBIX
opraHusMax, HarmpuMmep Ha npoctenmux [52].

Ha cnenyromem stame paboT ONpEACTsUIA CTENCHb TOKCHYHOCTH OYpPOBBIX
pacTBOPOB Ha OCHOBE CTHPOMAJS-M JO M TOCIHEe OWONECTPYKIMH. TOKCHYHOCTH
ONpENEeIISIIN ~ METOJOM  OuoTecTHpoBaHWMs Ha  npubope  «buorectep-2» ¢
UCIIOJIb30BaHUEM B KaueCTBe TeCT-00beKkTa nHpy30puii — Paramecium caudatum [60].

JIJIs TIpOBEJICHUSI OIbITa TOTOBWJIM BOJHBIC BBITSDKKH HCCIICIYEMBIX OYpPOBBIX
pacTBOPOB Ha OCHOBE CTHpOMaisi-M. V3MepeHwWe KOHIEHTpanuidi WHPY30pHid B
KOHTPOJIBHOH ¥ aHaTU3UpyeMOil MpobOax ocCyIIecTBIsUTH Ha mpubope «buorectp-2»
nocie 30-Th MHHYTHOM 3KCHO3MLIMHU MPOObI ¢ pabodyum pacTBOpoM HH(pY30puil. B
KauyeCTBE KOHTPOJHHOW WCIOJB30BaIN pa3zbaBicHHYIO cpeny JlosmHa—JIo3uHCKOTO
cienyromero cocrasa, T: NaCl — 1,0; KCI — 0,1; MgSO, — 0,1; CaCI*2H,0 — 0,1;
NaHCO; — 0,2; Boma aucTrmimiupoBadHas 1o 1 .

I/IHI[CKC TOKCHYHOCTH OIIPCACIIAIN KAaK:

T " cp.Koump cp.onvim

cp.KOHmMp

RN - | ponum TOE CpEOHES MOKA3aHWE NPHOOpPA ISl KOHTPONBHBIX U

aHaJTM3UPYEMbIX TTPOO COOTBETCTBEHHO.

WNunekc Tokcnunoctu T BenmnumHa 0e3pa3MepHasi 1 MOXKET MPUHUMATh 3HAYCHUS
ot 0 10 1 B COOTBETCTBUHU CO CTETMIEHBIO TOKCUYHOCTH aHAJU3UPYEMOU MPOOBI:

0,0 <T< 0,40 — mommycTUMasi CTEIeHb TOKCUYHOCTH;

0,41 <T< 0,70 — ymepeHHast cTeneHb TOKCUYHOCTH,

0,71 <T< 1,0 — BbICOKas CTENEHh TOKCUYHOCTH.
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2.2.6 Metonuka w3ydeHHs] BOAOU3OJIUPYIONIMX CBOWCTB COCTABOB Ha OCHOBE

MOJIMMEPHON KOMIO3ULIUU

2.2.6.1 YcraHOBKaA UCCIE€0BAHUS BOIOU3OIALIMOHHBIX CBOMCTB COCTABOB

Jist uzydeHus: pUIIbTpalmoOHHBIX MPOILIECCOB OblJIa CKOHCTPYUPOBAHA YCTAHOBKA,

MMO3BOJAOIIAA JACPIKATh MMOCTOSIHHBIN nepemnaja JAaBJICHUA, HNPUHOMUIIMAJIbHAA CXCMa

KOTOPOW MpUBEJEHA HA PUCYHKE 2.4.

["a30BbIii OaIOH [J1s1 MPOKAYKHU UCCIEAYEMBIX COCTABOB; 2 — ra30BbIN OAJIJIOH JIJIs

OOKOBOTO 00XHMMa KepHA; 3 — PENYKTOPHI; 4 — MAHOMETPHI;S — eMKOCTh JIJIsI
MIPOKAYMBAEMBIX KHUIKOCTEH; 6 — KepHOAEpKaTeNb;, 7 — MPUEMHHK; 8 — BEHTHUIIU

Pucynok 2.4 — YcraHoBka ucciieioBaHusl BOAOU3OIAILMOHHBIX CBOMCTB COCTABOB!

JlaBneHnue Ha OOKOBOM O0KHMM KEpHOJEp)KATENsl U Ha BXOJ B KEPHOJEPKATEIb
yepe3 MPOMEXKYTOUHYIO €MKOCTh 5, COJEpXKAllyl0 HCCIEIYEMBIE COCTaBbl CO3JAETCS

py TTOMOIIHX a30Ta u3 OaymoHoB 1 u 2. JlaBieHue Ha BBIXOJAE M3 KEpHOIAEpKATENs 6
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MOJIICPKUBAETCS Ha ypoBHE aTMmochepHoro. KommyecTBo mpoluenmieir depe3 KepH
KUIKOCTH H3MepseTcs MepHbIM LuiauHApoM 7. Ilpm HEoOXOoIMMOCTH CO3AaHUS
BBICOKMX TEMIIEpAaTyp KEpHOAEpKATellb MOXKET OBbITh IOMEIIEH B TepMOIIKadQ.
OunpTpanus XKUIKOCTEH yepe3 KepH MOXKET OCYIIECTBISATHCS B MPSIMOM M 0OpaTHOM

HaIIPpaBJICHUAX IIPH ITOCTOAHHOM IICPCIIAAC IABJICHUS HA O6p33[[€ KCpHA.

2.2.6.2 Metoauka u3yueHus: GUIbTPAIIMOHHBIX CBOMCTB COCTABOB Ha HACHIITHBIX

U UCKYCCTBEHHBIX KEpHaX
Bonouzonupytoiiyue CBOMCTBA COCTABOB M3ydalid MyTeM (UIbTPALMM UX YEPe3
oOpa3slibl HACHITHBIX M HCKYCCTBEHHBIX KEpHOB. [lapameTpbl KepHOB NpHUBEICHHI B

tabimmuax 2.2 u 2.3.

Tabnuna 2.2— TlapaMeTpbl HCKYCCTBEHHBIX KEPHOB

Pa3Mepsb! kepHa Vob6ir., Vnop., %,

D, cm L,cMm | cwe cMB TIOPUCTOCTb,
101U

2,9 4,2 21,7 7,6 27,4

2,9 4,3 28,4 5,5 19,4

2,9 3,7 24,4 5,97 24,5

Tabnuna 2.3 - [lapameTpbl HACBITHBIX KEPHOB

Pa3mepsl kepHa Voom. Vnop. %,

D, cm L,cm |, cm? , cm® MTOPUCTOCTbD, JOJIH

3,3 7,5 64,11 22,03 34,36

3,3 7,5 64.11 22,03 34,36

HacpinHble KepHbI TOTOBWIM CIEAYIOIIMM OOpa3oM: Ha BBIXOJHOM KOHEI]
KEpHOJEp KaTelsl HaBOPAYMBAJIM MPOOKY C KpPaHOM JMJiA CTOKAa >KUIKOCTH, Jajiee
YCTaHABJIMBAJIN PELIETKY M CETKY M1 YACpKUBAHMS IE€CKa, 3aT€EM HAOWBAJIM PEUHOM

necok macco 118 r, TmIaTenpHO YIUIOTHSJIM M HAa HEro YCTAHABJIMBAIM CETKY C
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pemeTkoi. B mycroe mpocTpaHCTBO yCTaHABIMBAIM YIIOPHOE KOJIBIIO MU HAaBOPAYUBAIH
BXOJHYIO MTPOOKY C KPAHOM JJIsl TOJAQ4H JKUJIKOCTH.

JIJist ipoBelieHUs MCCIIeIOBaHUs TOTOBWJIM OOpa3libl UCKYCCTBEHHBIX KEPHOB C
pasznuyHoi nmopuctoctbio: 19, 24 u 27%. IlopucToCTh HACBHIMHBIX KEPHOB COCTaBIIsIA
34 %. BogoHacslllleHHE KEPHOB OCYIIECTBIISIIN ITPECHON BOJOM.

Uepe3 KepHbI MPOKAYMBAIM MOCIEI0BATENIBHO 25% Macc. pacTBOPbI XJIOPUCTOTO
kambius (33 mi), Oydepa (11 mi) m cmecu ctupomans-m (33 MiI) ¢ pa3IMIHBIM
MPOIICHTHBIM cojepkanueM otxoda: 3%, 9%, 12%, 24% wmacc. B kadectBe Oydepa
MCIIOJIB30BAIM MPECHYIO BOAY. D(PGHEKTUBHOCTH OOPaOOTKH OLIEHUBAIU MO CHIXKCHUIO
ko3 duienTa npoHunaeMocTd KepHoB. Pacuer mpousBogunu no ¢opmyne lapcu
[31]. DkcriepuMeHTBI MPOBOAMIN HAa YCTAHOBKE, MO3BOJISIOIICH JACP)KaTh IMOCTOSHHBIH

niepera;] JaBICHHS.
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I'TABA 3 HccnenoBaHuwe peoJIOTHYECKUX CBOWCTB OypOBOTO pacTBopa C

HCIIOJIB30BAHUCM ITOJIMMCPHBIX KOMHOSI/ILII/Iﬁ

3.1 UccnenoBanne OMOCTOMKOCTH TOKCHYHOCTH OypOBBIX PACTBOPOB Ha OCHOBE

JIUTHOCYJIb(OHATOB

Ha mpenBaputebHOM 3Tarie pabOTHl MPOBOAMIIN HCCIICIOBAHUS IO W3YyUCHHUIO
OMOCTOWKOCTH M TOKCHYHOCTU IIHMPOKOTPUMEHSEMBIX MOJUMEPHBIX KOMIIOHCHTOB
OypoBbIX  pacTBopoB — JjmrHocynbdonara (JIC) wu ero  MomuduKariwii:
deppoxpomiuraocyiabponara (PXJIC) u akpuioBoro nuraocyiabponata (AJIC) [4].
HccnenoBanre 1o OMOCTOWKOCTH OYPOBBIX PAacTBOPOB TPOBOJWIM B MHHEPATHHOMN
cpene Makkianra. B cpeny B KauecTBe €JMHCTBEHHOT'O UCTOYHHKA YIJIEPOJia U SHEPTUH
BHOCWJIM HCCJIEIyeMbli JHrHOCYlIbpOHAT U3 pacdera 1% w™acc. B kagectBe
OMOIECTPYKTOpA  HUCIOJB30BAIM  ACCOIMAIMI0  MHKpoopranu3MoB Pseudomonas
flourescens IBRB 34 DCP wu Rhodococcus erythropolis AC 1339 D, B3saThiX B
cooTHomeHusix 1:1. B pe3ympraTe WUCCIEIOBaHHS BBISIBJICHO, 4YTO CTCIICHb
OMOACCTPYKIIMKM TOCHe 7 CYTOK KYJbTHBHPOBAHHS: B Cpelc C JIMTHOCYJIb()OHATOM
coctaBisier 82%, ¢ deppoxpomimrHocynbhponarom — 52%, ¢ aKpWIOBBIM
aurHocynbpoHaToM — 7/8%.

O 6I/IOI[CCprKL[I/II/I CBUACTCIBCTBOBAJIM H II0OKA34aTCJIM HMHACKCA TOKCHYHOCTH

(tabmuna 3.1).

Tabmuua 3.1 — MHAEKC TOKCMYHOCTH B pacTBOpax C JMICHOCYJIb(OHATOM U €ro

MOAUPUKAIHSIMHU
No Pearentnl NHjaexc TOKCHYHOCTH
n/u HauansHoe | Koneunoe 3HaucHHe
3HaYCHHE (uepe3 7 cyTOK)
1 2 3 4
1 JlurnocynbgoHat 0,31 0,31
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1 2 3 4

2 JlurnocynbdoHat 0,31 0,1
+ MHUKpPOOPTaHU3MBbI

3 OXJIC 0,64 0,64

4 OXIJIC 0,61 0,41
+ MHUKpPOOPTaHU3MBbI

3) AJIC 0,43 0,43

6 AJIC 0,42 0,35

+ MHKPOOPraHU3MBI

Kax BunnHo u3 Tabmuuel 3.1, Hanbosiee TOKCUYHBIM SIBIIIETCS OypOBOM pacTBOD,
coaepxkamuii GXJIC. Yepe3 7 CyTOK KyJIbTUBUPOBAHUSA HUHAECKC TOKCUYHOCTH BO BCEX
pacTBopax B cpelle ¢ MUKpOOpraHn3dMaMu yMeHbinaercs, HO B cpenie ¢ OXJIC mHaekc
TOKCUYHOCTH OCTAETCS B TPYIIIE YMEPEHHOM CTENEHN TOKCUYHOCTH U cocTaBisieT 0,41.
[IpoBeneHHbIE HCCEAOBAaHUSA TOKa3aJld HAJMYME HETaTUBHOIO  BO3JICUCTBUA,
OKa3bIBAEMOTO Ha OKPYKAWIIYI0 TPUPOJHYIO CpeAy B Cliydae MacHITaOHOro
npuMeneHus: ®XJIC (ungekc TokcuyHocTH yObiBaeT B psagy DXJIC-AJIC-JIC), uto
JIOKa3bIBaeT HEOOXOAMMOCTh cokpatieHus ucnonb3oBanuss GXJIC B mensix coxpaHeHus

310POBOM OKPYXAIOIIEH CPEIbI.

3.2 UccnenoBanue (GyHKIMOHAIBHBIX CBONCTB OYpOBOTO pacTBOpa Ha OCHOBE

CTUPOMAJISI-M

Ha HauwanpHOM »JTame paboThl OmMpenemnsii  TOKaszaTeld, Haubojiee YacTo
UCIIOJIb3yeMble€ JIJI1 OLIEHKM KadecTBa OYpPOBBIX pAacTBOPOB: IJIOTHOCTb, YCJIOBHAas
BSI3KOCTh, CTaTUYeCKOe U auHamudeckoe Hampspkenue casura (CHC, JJHC),
nokasarenu punbTparuu u pH.

JIns mpoBeAieHUsT UCCIIEIOBAaHUS TOTOBUJIM YETHIPE CEPUU TIIMHUCTHIX PACTBOPOB
(I'P) ¢ conepxannem riauubl 4% macc. B nepByro 1 BTOPYIO CEpUIO paCTBOPOB BHOCHIIN

CTUpOMalib-M U3 pacyeta 1% Macc. B BUjI€ CyXOro MOpoIIKa ¢ MOJEKYISIPHOU Maccoi
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120000 m 200000 cooTBeTCTBEHHO. B Tperblo — peareHT TIUBMOAH, IIHPOKO
NpUMEHsSEeMbIi B He(Te00BIBaIOIIECH TPOMBIIIICHHOCTH, Takxke u3 pacuera 1 % macc.
YerBepTass cepusi TNIMHUCTBIX PacTBOPOB Oe3 J00aBieHHsS MOJMMEPHBIX PEarcHTOB
CITy>kujia KoHTpoJieM [69].

OmnpeneneHre HavaJIbHBIX PEOJIOTUYECKUX CBOWCTB M pH pacTBOpPOB MpoBOAMIH

110 CTaHJAPTHBIM METOAMKaM. Pe3yabTaThl nccieq0BaHui MpUBeAeHBI B TaduIe 3.2.

Tabmuna 3.2 — ®OuU3MKO-XMMHUYECKHE CBOWCTBA OYpPOBBIX pAaCTBOPOB Ha OCHOBE

Mou(DUKAUN CTUPOMATISA-M

Cocras Ve IInot- CHC, I1a IToxa3aTenb
No JHC,
OypoBOro | BSA3KOCTb, | HOCTb, bunbTpammu, | pH
n/m 2 1 10 nlla 3
pacTBopa c r/cM cM /30mMuH
MUH | MUH
1 2 3 4 5 6 7 8 9
I'P+
1 | ctupomarp- 64 1,081 | 50,8 | 69,3 12 5 9,21
M*
I'P+
2 | cTUpOMAITh- 84 1,081 | 46,2 | 56,1 11 6 9,02
M**
I'P+
3 88 1,081 | 49,5 | 62,7 12 6,5 10,5
THBIIAH
4 |TP 58 1,080 | 79,2 | 108,9| 14 8,4 7,0
[Ipumeuanue:

CTUPOMAITb-M* — MOTU(PHUITUPOBAHHBIA CTUPOMAITH C MOJICKYJIsIipHOU Maccor 120000
CTUPOMAJIb-M** — MOIM(DULIMPOBAHHBIN CTHPOMAaJb ¢ MOJeKyIsipHoi Maccoi 200000

Kak BugHo u3 Ttabmuusl 3.2, OypoBble pacTBOpPHI Ha OCHOBE CTOPOMAsi-M
00JIaflafoT BBICOKUMHM TEXHHUYECKUMH XapakTepucTukamu. I[Ipu sTom HauGombiueit

BA3KOCTHIO U HAaMMEHBIIMMHU 3HAaUeHUAMHU Tokazatens ¢uibTpanuu u CHC obnamaer
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OypoBOM pacTBOp, COJEpXkKalUi CTUpOMaAIb-M ¢ MoJekyisipHoi Maccorr 200000.
3nauenne pH wu3ydyaembIX TJIMHHUCTBIX pAacTBOpPOB He TmpeBbimaer 9,21, d4ro

YIOBJICTBOPSACT Tp€6OBaHI/IﬂM, IMPUMCHSCMBIM K 6ypOBI>IM pacTBOpaM 110 HICJIOYHOCTH.

3.3 HccnenoBanue TepMOCTOMKOCTH OYpOBBIX pacCTBOPOB Ha OCHOBE CTUPOMAJIS-

OpnHoit 3 HamboJee BaXKHBIX XapAKTEPUCTUK OYPOBBIX PACTBOPOB SIBISETCS MX
TepMocTOlKOCTh. [loaTOMYy Ha criemyromnieM 3Tane padoT ONpenessiu YCTOMYHUBOCTD
OYpOBBIX PAaCTBOPOB Ha OCHOBE Pa3IMYHBIX MOAU(DUKAIMK CTUPOMAJISA-M K JIEUCTBUIO
MOBBINIEHHBIX TemnepaTtyp. McciienoBaHve NOpOBOIWIM MYTEM MOCIEI0BATEIBHOIO
HarpeBaHuss pacTBOpoB 10 Temmeparyp 60°,90° u 120°C. IlonydeHHBIE JTaHHBIE

npejcTaBiieHbl B Tadutie 3.3.

Tabnuna 3.3 — TepmocToiiKOCTh OypOBBIX paCTBOPOB HA OCHOBE CTUPOMATISI-M

No Coctar 0ypoBoro Temneparypa | YcinoBnasa | Ilokaszarens | pH

n/m pacTBopa Harpesa, ‘'C | BA3KOCTb, | (DHIILTpAIIVH,
c cm®/30Mun

60 64 9,5 9,31

1 I'P + ctupomainp-m* 90 84 13,5 9,28

120 96 14,0 9,36

60 84 10,5 9,78

2 ['P + ctupomanb-m™** 90 112 15,5 9,88

120 136 16,0 9,92

VYcranosieno, uto temmeparypsl 60 °C, 90 °C u 120 °C He3HAYHMTEIHLHO BIUSIOT
Ha MOKa3aTelaM yIeIbHOM Ba3kocTu M pH ucciaenyeMbix OypoBBIX PacTBOPOB, YTO
CBUJIETENLCTBYET 00 WX TEPMOCTOMKOCTU. IIpu 3TOM BO BCEX ONBITHBIX 00pa3iax

HOKa3aTellb (PUILTPALUU HECKOILKO MOBBIIIEH, 0co0eHHo npu 120°C.
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3.4 V3yyenue BIUSHUSA MHUHEpAIN3allid HAa Ka4eCTBO OypOBOTO pacTBOpa Ha

OCHOBE CTUPOMAJISI-M

CrnenyromumM 3TanoM paboThl ObUIO ONPEACIICHUE BIUSHUS COJIEH Ha CBOWMCTBA
TJIMHUCTBIX OYPOBBIX pacTBOPOB. [l uccienoBanusi ObLIM BHIOPAHBI COTH XJIOPUCTOTO
natpus (NaCl) u xnopucroro kaneuus (CaCl,) kak HanbOosiee 4acTO BCTPEUAIOIIUECS
npu OypeHun. PacTBOpbl TOTOBWIM MO METOJIMKE, OMHUCAHHOW B MyHKTEe 2.2.3, U
U3MEPSUTH CBOMCTBA pacTBOpoB Mo Meroamkam mnm. 2.2.1. ITlomydeHHBIE JTaHHBIC

npuBesieHbl B Tabmmnax 3.4 u 3.5,

Tabnuna 3.4 — BausiHue colielt XJIopuia HaTpUsi Ha Ka4eCTBO OYpOBBIX paCTBOPOB

o | ooy, | Yo | flomaren | gy, | M
w/m pacTBOpa /o macc. , C cM/30MuH Alla Mi'IH BE'P?H

1 | I'P+NaCl 0,5 60 8,5 16 | 79 | 99 |7,05

1 54 8,9 15 | 76 | 97 |7,13

2 50 9,2 13 | 68 | 95 | 7,24

3 48 9,6 13 | 62 | 88 |7,31

5 45 10,2 11 | 59 | 81 (7,38

2 |I'P + 0,5 48 5,0 13 | 41 | 53 9,26

Nl 1 40 5,5 12 | 38 | 42 9,31

2 36 6,5 10 | 23 | 27 9,36

3 34 7,0 9 21 | 25 |9,40

5 32 7,5 9 | 20 | 21 946

3 |IP + 0,5 72 7,0 15 | 43 | 50 |9,09

e 1 68 8,5 14 | 42 | 56 9,14

NaCl 2 42 9,0 13 | 35 | 38 [9,23

3 36 9,5 12 | 27 | 31 (9,28

S 32 10,5 12 | 26 | 29 9,31
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Tabnuna 3.5 — BausHue xmopuia Kaabliusg Ha Ka4eCTBO OypOBBIX PAaCTBOPOB

K H
Ne 6CI§)§T2BO H;glg:g{f 33’((:;2 (;IOKai)aaTenL JHC, CHC,Ta | P
y BOI" 0 BA3KOCTD, WIJIIbTpaluu,
w/n pacTBopa /o macc. C ov30mmn | 1A |1 10
MUH MUH
1 | TP+ CaCl, 0,05 61 8,6 20 76 | 108 7,03
0,1 72 9,1 18 78 | 112] 7,15
0,2 84 9,7 15 81 | 109 7,23
0,3 96 10,8 16 80 | 107 7,33
0,5 109 12,0 19 82 | 105] 7,35
2 |TP + 0,05 68 14,0 11 31 | 279,26
CTUPOMAJIb- 0,1 72 145 13 35 | 36| 9,33
M*+CaC|2
0,2 76 15,0 13 36 | 311935
0,3 82 16,5 15 35 | 311941
0,5 88 17,5 15 37 | 39944
3 |TP + 0,05 120 9,0 40 57 | 61 | 9,07
CTUPOMAJIb- 0,1 136 11,0 37 62 | 70 | 9,16
M** +
cacl, 0,2 149 13,0 25 63 | 719,23
0,3 163 13,5 21 66 | 74| 9,34
0,5 187 14,5 19 67 | 751 9,41

Kax Bunno u3 tabmun 3.4, 3.5, nokazarens punbrpanuun, CHC u JIHC, ycnoBnas
Bsi3kocTh, pH OypoBbix pactBopoB mocie obOpadorku comsmu NaCl u  CaCl,
U3MCHSIOTCSI HE3HAYMTEIbHO. XJopua HaTpusi criocodctByeT ymenbmeHuto CHC u
YBEJIIMYCHUIO BOJOOTAAYM, pH M3MEHsIETCS B CTOPOHY TOJIICIAYNBAHUS, YBEIMUCHHUEC
nokasateist (pUIbTpalMM, IO-BHIMMOMY, CBSI3aHO C HApYIICHHEM arperaTuBHOM
YCTOWYMBOCTH TJMHUCTOH CYCIIEH3WH, BCJICJCTBUE YETO MPOUCXOAMT KOATYIISIIHS

HaCTull 1 OCBO60)KIICHI/IC CBSI3aHHOM BOJBI.
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3.5 Uzyuenue mponecca ruapoduu3anui moOOYHOTO MPOIYKTa MPOU3BOACTBA

TOK

[ToOouHBII nOpoAyKT Xumuueckoro mnpousBojactea TOK mnpensapurensHoO
NOJIBEPTaliy TUAPOPUIN3ALMH ISl YIYyYLICHUS] CMEIIMBAHUS CO CTHpOMAleM-M (M.M.
200000).

[Ipouecc ruapodunmM3zanuu 3aKkioydasics B cienymomeM. K moboyHOMy MpoayKTy
N00aBISUIM MOBEPXHOCTHO-aKTHBHOE BemiecTBO — 0,5 —HbI% pacTBop cyibgaHoia.
ToiaTenpHO NEPEMEIMBAIIA B MEIIAIKE B TeueHue 10 MuH.

IMuapodunu3zanust cnocoOCTBOBaJIa POCTY CPOJCTBA IMOOOYHOTO MPOIYKTA
xummuaeckoro npoussoacrea TOK k pacTBopy cTUpoMaisa-M U K YaCTUUYKaM I1€CKa, YTO
IIO3BOJIIO EMY JIETKO IPOHHUKATH B IOPOBOE ITPOCTPAHCTBO KEPHOB.

Bxonamme B coctaB moOouHoro mnpoaykra npou3BoactBa TOK kuciaotHbie
ocTaTku 4-kapOokcuOeH3anberuaa, TeperaieBoi 1 OEH30MHON KUCIOT pearupyror ¢
aMUHHOW TpynIIoOM CTUpoMaisi-M. B pe3ysbrare B3auMOIEHCTBHS, IO-BUAMMOMY,
IIPOUCXOJNUT CINMBKA NOJMMEPHOM KOMIO3WLMU, YTO B JAJbHEHIIEM ITO3BOJIUT
NOBBICUTH 3((PEKT 3aKynmopku MycToT B mopoaax. Ilpu 3ToM u3-3a ocoOeHHOCTEN
CTPOEHUSI CTPYKTYpPbl CTHPOMAJIS-M MOKET IMPOU30MTH Ppa3BETBICHUE NOJMMEPHOM
KOMIO3UIMHK, YTO CHOCOOCTBYET TMOBBIIICHUIO  BOJAOU3OJISIIMOHHBIX  CBOWCTB
TaMIIOHAXHBIX PACTBOPOB W YIYUYIICHHUIO XapPaKTEPUCTUK TJIMHUCTBIX OYpPOBBIX

pPacTBOpPOB.

3.6 HccnenoBaHue peosIOTMYECKUX CBOMCTB OYypOBBIX DPAcTBOPOB HAa OCHOBE

no6oyHOTro MpoAykTa nmpousBojictBa TOK u ctupomans-m

C 1Uenbl0 TOBBILIEHHUS PEOJOTMYECKUX XApPaKTEPUCTHK W YMEHBIICHUS
cebecTonMOCTH OypOBOTO pacTBOpa OB MPUTOTOBJICH OYPOBOM pacTBOP, COMEPIKAIIIHIMA
MOJIMMEPHYI0 KOMITO3UIIMIO Ha OCHOBE MOOOYHOTO MpoaykTa mnpousBojctBa TOK u

ctupoMaisi-m ¢ M.m 200000.
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JIyist IpoBeeHUST MCCIICIOBAaHUN TOTOBWIIM OypOBBIE PACTBOPHI C COIEPIKAHUEM
ruHbl 4% Macc. B pacTBOpbl BHOCHIIM MOJUMEPHYIO KOMIIO3UIIMIO, COCTOSIIIYIO M3
cTupoMalsi-M ¢ MoJekyisipaoi maccord 200000 B konmmyectBe 0,5 % mMacc U MOOOYHOTO
npoaykTa nmpou3BoacTBa TOK u3 pacuera 0,25; 0,5; 1, 1,5%. Jlyst cpaBHEHUST TOTOBUITN
TJIMHUCTBIN pacTBOP Ha OCHOBE pearenrta rusmnana (1 % macc).

Onpenenenue CTPYKTYpHO-MEXAaHHUYECKUX, PEOJIOTMYECKHX CBOMCTB U pH
pPacTBOPOB MNPOBOAWIM MO JCUCTBYIOIIUM METOAUKAM. Pe3ynbTaTbl HCCIEIOBAaHUN
NpUBEICHBI B TabuIe 3.6.

Tabmuua 3.6 —

OyHKIMOHAJIbHBIE CBOWCTBA OypOBBIX pPAacCTBOPOB Ha OCHOBE

HOHHMCpHOﬁ KOMIIO3MIIUH

Conep
CocraB KA CHC. TI
No | Oyporo | T Ven. | Inot- , 11 JTHC IToka3zarenn
o /;1 o T CDI? BSI3KOCTh,| HOCTb, Ha’ bunbTpanuu, pH
pacTBo % ’ c r/em’ 1 10 A cM/30MuH
pa MACC. MHUH | MUH
- 84 1,081 |46,2(56,1| 11 4 9,02
I'P+
0,25 46 1,06 [395(51,2] 10 4,2 8,9
CTUPOM
1 0,50 22 1,02 6,6 | 23 8 3,9 8,1
aNb-
1,0 22 1,02 |4,95]19,8 8 7,7
M**
1,5 35 1,01 [253(326| 10 4,1 7,67
I'P+
2 - 88 1,081 [495(62,7| 12 6,5 10,5
TUBIIaH

Kak BugHO M3 Tabmuimbl 3.6, TIIOTHOCTH OypOBOTO pacTBOpa MOCIE BHECEHUS
MOJIMMEPHON KOMITO3UIIMM HAa OCHOBE MMOOOYHOTO TpoaykTa mpousBojactBa TOK
MIPAKTUYECKA HE MEHseTcs H coorBeTcTByeT 1,02 r/em® 1o CPaBHEHUIO C
KOHTPOJBLHBIMU 00pa3iiaMu OYpOBBIX PacTBOPOB Ha OCHOBE ctupomMaisi-M (M.M.200000)
u ruBnaHa. pH pactBopa ocraercs cnabouienoyHbiM Ha ypoBHe 8. Ilpu sTom

He3HauuTenbHas no6aska TOK (0,5% macc.) B MOJMMEPHYIO KOMITO3UIUIO MTO3BOJISIET
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can3uth CHC u JIHC GypoBoro pactBopa B cpenneM Ha 40 u 20 % COOTBETCTBEHHO.
Takum oOpa3om, BHeceHHE MOOOYHOrO MpoaykTa mpousBoacTBa TOK ymydmaer
PEOJIOTUYECKUE XAPAKTEPUCTUKU U TIO3BOJSIET CHHU3UTh CE0ECTOMMOCTh OYypOBOIO
pacTBOpa 3a CYET COKpAILlEHUs KOHLEHTPAlUUd CHUHTETHUYECKOrO IIOIUMeEpa —

CTUpPOMAJIA-M B COCTAaBC HOJII/IMepHOﬁ KOMIIO3UIINHU.

3.7 HWccnenoBaHue CTENEHW OMOASCTPYKIMU TMOJNUMEPHOW KOMIIO3ULIMU B

OYypOBBIX pacTBOpax

Cnenyromum 3TanoM paboThl ObUIO H3y4eHHWE OHOCTOMKOCTH MOJHUMEPHOU
KOMITO3UIIMM Ha OCHOBEe MoboyHoro mnpoaykra TOK wu crupomans-m a’poOHbIMU
MUKPOOPTaHU3MaAMH-ACCTPYKTOPAMH, B KaUCCTBC KOTOPLIX IPUMCHAIACHh aCCOMalnAa
Pseudomonas flourescens IBRB 34 DCP u Rhodococcus erythropolis AC 1339 D,
B3SITBIX B COOTHOIIIEHHH 1:1. KOHTpOJICM CIIYKHWJIK TUBIIAaH U KpaxmaJl.

O pesynbTaTe OMONECTPYKIMHU CYJUIIN IO OCTATOYHOMY KOJIMUECTBY MOJIUMEPOB
IMOCJIC DJKCTpAaKOHUKW JOTUIAOCTATOM C IIOCICAYIOINUM HCIIApCHHUCM B POTOPHOM
ucnaputene. CoaepKaHWe TMOJIUMEPOB OMPEACISIIA BECOBBIM METOAOM. Pe3ynbTarsl

MCCJICIOBAHUI MPECTaBICHBI Ha pUCyHKe 3.1.

100
90
80
70
60
50
40 -
30 -
20 -
10 -
0 .

Crenens OnonmecTpykuuu, %

THBIIaH KpaxmaJi IMOJIMMEPHAA
KOMITIO3MI W

Pucynok 3.1 — bBuocToiikocTh pacTBOPOB
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Kak BunHo u3 pucynka 3.1, creneHb OMOASCTPYKIIMH MOTUMEPHON KOMITO3UIIUU
Ha OCHOBE MoO0ouHOoTO MpoaykTta TOK u ctrpomans-m ¢ monekymsipHoit maccoi 200000
KOHCOpLIMYMOM MTaMMOB Pseudomonas flourescens IBRB 34 DCP u Rhodococcus
erythropolis AC 1339 D cocraBmser 49,4%. IlonuMepHass KOMIIO3HIHAS IIO

OMOCTOMKOCTH HE YCTYyHaeT U3BECTHOMY peareHTy OypOBBIX pACTBOPOB — TMBIIAHY.

3.8 HUccnenoBanne TOKCMYHOCTH OYypOBBIX PAacCTBOPOB HA OCHOBE MOJMMEPHOM

KOMIIO3UIINH

C menpr0 TOJNYYCHHs] TPEIBAPUTEITBHBIX CBEJACHHA O OMYCTHMBIX YPOBHSX
BO3JICUCTBHUSI Ha HKOCUCTEMBI Ha CIEIYIOIIEM JTare paboT OIpeAessid CTeNeHb
TOKCHUYHOCTH OYpPOBBIX PAacCTBOPOB HAa OCHOBE IMOJMMEPHON KOMITO3HMIIMHM JI0 M TIOCIIe
OuoecTpyKiu. B kauecTBe KOHTPOJISL UCCIEOBAIM TOKCHYHOCTh OYpOBBIX pacTBOPOB
Ha OCHOBE T'MBIIaHA.

TOKCHYHOCTHh PAaCTBOPOB OMPEICIISIIM METOIOM OHOTECTHPOBAaHUS Ha TpHOOpE
«buoTectep-2» ¢ UCMOMB30BaHUEM B KaueCcTBE TeCT-00beKTa HH(pY30pHii — Paramecium

caudatum [60]. Pe3ynbTaThl HCCiIeI0BaHMS IPEACTABICHBI B Ta0muUIE 3.7,

Ta6mumna 3.7 — OnpeaeneHue nHaeKca TOKCHYHOCTH OypOBBIX PAaCTBOPOB

Hunekc
Ne TOKCUYHOCTH NHpaexkc TOKCH4HOCTH
BemectBo
n/n HCXOJHOTO nocie ONoAeCTPyKIHUU
BCIIECTBA
I'muaucTeiil pactBop 4 % macc +
1 | crupomanb-m (M.M.200000) 0,5 0,31 0,21
% Mmacct+ TOK o6BomneH. 0,5%
2 I'muaucTeiil pactBop 4% macc 045 0.33
+ruBnan 1% macc
3 ['muaucteiit pactBop 4 % macc 0,25 0,25
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PesynbTaThl HCCIEAOBAaHHA CBHIACTEABCTBYIOT O TOM, UYTO IOJMMEpPHAs
KOMITO3UIIMSI Ha OCHOBE cTHpoMaisi-M ¢ M.M. 200000 u ee mpomyKThl MeTabomM3Ma
nociie KyJabTuBHpoBaHHMS KoHcopuumyma Pseudomonas flourescens IBRB 34 DCP u
Rhodococcus erythropolis AC 1339 D sBasioTcs HETOKCHYHBIMH, TO €CTh

HKOJIOTUYSCKH 0€30MIaCHBIMH.

3.9 Tlporro3mpoBaHHE YCIOBHON BS3KOCTH OYpPOBBIX pPacTBOPOB Ha OCHOBE

HOJII/IMepHOﬁ KOMIIO3HIIUH C IIOMOIIBIO MaTEMaTHYECKOM MOJICIIN

[lenpto maHHOTO 9JTama Obula pa3paboTka MaTEeMAaTHYECKOW  MOMEINH,
OINMKCBHIBAIONICH BIIMSHHUE /103 BHECEHHUS TJIMHBI, CTUPOMAJIS-M M MOOOYHOTO MPOJIYKTa
MIPOU3BOJICTBA TEPEPTATICBOM KHUCIOTHl HA YCIOBHYIO BSI3KOCTH MOJy4aeMbBIX OYPOBBIX
pactBopoB. [lonmyueHue wmaremMaTHYEeCKOM MoOJeTU OBUIO TPOBEICHO METOJIOM
MaTeMaTUYECKOTO IJIAHUPOBAHUS dKcrepruMenTa [96].

B o6miem Buje 3aBHCMOCTh HHTEHCHBHOCTH TPOIIECCa OT HECKOJIBKUX (haKTOPOB
MOXHO TmpenctaButh kKak y = (212, 2z ...Z,). [nsg omucanus stor QyHKIUM
WCITOJIB30BAI  YPABHCHUE PETPECCHU, OTPAHWYMBIIWCH IS YIPOIICHHUS 33Jaqd
ONTUMM3AIMHY JTUHEHHOU Mojenbio [48]. Takum 0O6pa3om, JJIsl YEThIPEX MEPEMEHHBIX Z1,

Z,, Z3 M Z4 yPABHEHHE perpeccuu Oy1eT UMETh BHUI:

v = botbyz + byzy + bazg+ Dyzy + Dszzp + Dgzyzz + brozyzs+
+ Dgzozz+ Dyzoz4 + D10z 24+ D11°21°22° 23+ D1pz12024
+ 013217324 + 014252324 +D01521°25°23°24,
rae Dg-bis — ko3 duIMEeHTH ypaBHEHHS PErpecCcru, XapaKTePU3YIOIIHE CTCIICHb
BIIUSIHUS COOTBETCTBYIOIIETO (haKTopa Ha MpOoIECC.

B ocHOBe 1uiaHupoBaHus JABYXypoBHEBOro II®PD mexuT peanusanus Bcex
BO3MOXKHBIX KOMOWHAIMK wuccienyemMbix ¢GaktopoB (N=4), KaXIbli W3 KOTOPBIX
MPOBEPSIOT COBMECTHO M HE3aBUCUMO JIPYT OT ApPYyTa Ha IBYX YPOBHAX — BepXHEM (+) U
HWKHEM (-). LIeHTpOM 3KCIiepuMEHTa CIYXUT CPEIHHUA YpOBEHb, MPEACTABISIONIUN

co0oi1 cpentHee apuhMETUYECKOE MEXKITY BEPXHUM U HMXKHUM YPOBHSIMU (haKTOpa.



78

B coorsercraun ¢ [IMD — 2* rorosumn 16 00pasIoB, B KOTOPHIX UCUEPIaHbI BCE
BO3MOXXHbIE KOMOHMHAIIMM H3y4aeMbIX (PakTOpoB Ha JABYX YypoBHAX. Paszmax
BapbUPOBAaHUS BBIOMPAIIM C TAKUM PacyeTOM, 4TOOBI 00a ypOBHS M3ydaeMoro (pakropa
HAXOAWJIUCH B JINMUTUPYIOLIEH 00nacTu.

B kauecTBe nonuMmepHoON A00aBKU UCHOIB30BAIM MOJIUMEPHYIO KOMIIO3UIUIO Ha
OCHOBE MOOOYHOrO NMpoykTa npousBoactsa TOK u ctupomains-m.

BypoBo#t pacTBOp nosjydanu myTeM IpPEABAPUTEIBHOIO CMEIIMBAHUS TTIMHUCTOTO
pacTBopa ¢ yKa3aHHBIMH IosimMepaMu. lloslydeHHBIE pPAacTBOpPBI  THIATENBHO
IIEpEMEIINBAIM  HAa DJJEKTpoMemanke B TedeHne 30 MHUHYT. OKCIUTyaTalMOHHBIE
XapaKTEpUCTUKN OLIEHUBAJIHN IO U3MEHEHHUIO YCIIOBHOM BA3KOCTH, KOTOPYIO ONIPEAEIISUIN
Ha ctaHaapTHOM Brucko3umeTpe CIIB-5 [62].

B kauecTBe BXOIHBIX MapameTpoB I IOCTPOEHUS MATEMaTUYECKOW MOJENN
npolecca HMCHOJB30BAIM ClENylolue (GakTopbl: Temieparypa OypoBOro pacTBopa
(z1),comepxanne TIHMHBI (Z), a TaKKe JI03bI BHECEHHS MOJMMEPHBIX 00aBOK:

cTrupoMasi-M (Z3) 1 mo0oYHOTO MpoykTa mpousBojactea TOK (z4) (tabmuma 3.8).

Tab6muia 3.8 — BxomHbIe mapaMeTpsl mporiecca

Bxonubie ®aktop | Huwxknuit | Cpennuii | Bepxuuii Ennnuna
nmapameTphbl YPOBEHb | YPOBEHb | YPOBEHb | BapbHPOBAHUS
- 0 + Az

Temmepartypa, °C Z; 20 57,5 95 37,5
Conepxanue Z5 2 5 8 3
riauHael, % Macc.

Conepxanue Z3 0,1 0,55 1,0 0,45
cTupoMaisi-m, %

Macc.

Conepxanue Z4 0,1 0,55 1,0 0,45

IMOO0YHOTO

MPOIyKTa

IIPOU3BOJICTBA

T®K, % macc.

IIOKa3aTcCJIsd

B kadectBe BBIXOAHOro mapamerpa (y) HCIOJIB30BAIM CpPEJAHEE 3HAUYCHUE

YCJIOBHOM

BsA3KOCTH

OypoBoro

pacTBopa.

Jlost

MOCTPOCHHUSI
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MaTEeMaTUYECKON MOJIENIH MCTIONB30BANIA PE3YIbTAThI TPEX MOCIEIOBATEIHHBIX OTBITOB,
B pE3yJbTaTe MOJIydYald 4YEThIpe 3HAYEHHUS YCIOBHOH BA3KOCTH: Y1, Y2, Y3 U Yep.
=(y1ty2ty3)/3 115 KaKI0T0 SKCIIEPUMEHTA.

Martpwuiia TUIaHHPOBAaHUS SKCTIICPUMEHTA B HATYPHBIX €IUHUIIAX TPECTaBICHA B

tabmurie 3.9.

Ta6muua 3.9 — Marpuna manuposanus ams [0 — 2° B HATYpaTbHBIX eIMHANAX

No 3HaueHust paKTopoB Brixon
ombITa | Z3, Z,, Z3, Zy,
oC % % % yu Y2 Ya Yep.s
vace. | mace. | aace. CEK. CEK. CEK. CEK.
1 20 2 0,1 0,1 35 36 34 35
2 95 2 0,1 0,1 50 49 48 49
3 20 8 0,1 0,1 35 37 36 36
4 95 8 0,1 0,1 54 53 55 54
) 20 2 0,5 0,1 50 49 48 49
6 95 2 0,5 0,1 69 73 71 71
7 20 8 0,5 0,1 81 79 83 81
8 95 8 0,5 0,1 104 103 99 102
9 20 2 0,1 0,5 53 55 54 o4
10 95 2 0,1 0,5 78 76 80 78
11 20 8 0,1 0,5 87 91 89 89
12 95 8 0,1 0,5 116 114 111 114
13 20 2 0,5 0,5 92 94 90 92
14 95 2 0,5 0,5 141 138 135 138
15 20 8 0,5 0,5 123 126 120 123
16 95 8 0,5 0,5 167 172 176 172

dopmyna nepexoaa OT CUCTEMbI KOOPIUHAT Z3, Zp, Z3, Z4 K HOBOM Oe3pa3MepHOit

CUCTEMC KOOpAHUHAT UMCCT BHU/:

. 0
x =45 21217

' Az,




rae z) — CpeJHUN YPOBEHD,

Z "+ 17
0
Zi — i ,
2
AZ. _ Zimax o Zimin ’
' 2

Az,— eJUHUIIA BApbUPOBAHMA,

Martpuiia miIaHupOBaHUSA HKCIEPUMEHTa B Oe3pa3MepHOM CHUCTeMe KOOpIUHAT
npejacTaBieHa B Tabnuie 3.10.

B 06e3pa3mepHOil cucTeMe KOOpAMHAT BEPXHUM YpOBEHb paBeH +1, HIKHHIMA
paBeH -1, KOOpAMHATBHI LIEHTpA IUIAHA PAaBHBI HYJIO. DJIEMEHTHI NApPHBIX, TPOUHBIX,
YETBEPHOIO  B3aUMOJEWUCTBUI  MOJy4YaJIH IEPEMHOKEHHEM  COOTBETCTBYIOIIHX
OJIMHApPHBIX  B3aUMOJICUCTBHI, KOTOpbIE BHOCWJIM B OOOOIIEHHYIO MAaTpUILY

rutanupoBanms [11OD-2°,

Ta6bmuma 3.10 - Marpuna mianupoBanust mis 11DD-2° B GespasmepHoil crcTeMe

KOOpAUHAT

X1Xa| X1X3| X1 X2 [ X2X3
NeXol X1 | Xo | X3 | Xa | X1X0 [X1X3|X1Xa| X2X3| XoX4 | X3X4 X1X5X3X4

X3 | Xq | X4 | Xq
1(2|{3|4|/5(6| 7 |8|9 1011|1213 14|15/ 16 17
1/1-1j-14-14-2y2}1;1}1;1;1,-1,-1|-1]-1 1
2/141¢-12j-1j-2y-1 -1 ,-1j1j1{1}111) -1 -1
3|1-1y17-2y-1y-2,12,;1}-1|-1,1}1}-1|1/|1 -1
411/1/1}-1y-1y1}-1(-1-1,-1|1|-1]1]-1]1 1
>5|1}-1y-2y1}y-12y1-12};1}-1|1,-1}1}1|-1/1 -1
6/142(-2j1}-1{-1/1 -1}-1}1}-1}-1|-1|1) 1 1
/7/14-1y2}1}-1{-1 -1, 1|1}-1}{-1}-1}1|1) -1 1
gj14y2y2}12}-2y1 17, -1j1}-1{-1}1-1}-1|-1 -1
9/14-14-2j-2j2|1 17 -1j1}-1}-1}-1/1 /|1 1 -1
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1123|4567 8|9 10|11 /12|13 14|15 |16 17
012 /-1y-1j1}{-1}-2};1}1}-1}-1}1-1-1|1 1
111141 ¢-1y1}{-12}1(-1}{-1{1|-1(1{1|-1|-1 1
12141241 |-1y1|1}-1(1}{-1{1|-1(-1|{-1|1]-1 -1
3/1(-14-1y1|j1}1}-1(-1}{-1{-1}1(1(-1|1]-1 1
i4/1/14-1y1|j1}-12}j1(1}|-1{-1}1-1{1|-1]|-1 -1
5114211 }-1}-12}-1j1}1|1}-1]-1-1|1 -1
61242111 }j1};1}1}1|1}1]1]1)|1 1

Pacuer k03 GUIIMEHTOB perpeccuu MpU JUHEWHBIX 4YIEHAaX MPOBOAMIN IO
dbopmyie:

b :inj'yU
N

I7IE Xjj — 3HAYEHHE NEPEMCHHOW B COOTBETCTBYIOIEM CTOJOLE (CO 3HAKOM +,
€CJIM BEpXHUHN YPOBEHb, U CO 3HAKOM -, €CJIM HUKHUN YPOBEHb);

Yu — BBIXOJ MpoIlecca, MoKa3areiab YAeIbHOW BI3KOCTH OypOoBOTo pacTtBopa (s
pacueToB OepeM cpelHee apuMeThuyeckoe M3 TpeX MOBTOpPHOCTeH). Pesynbrarhl
HYJIEBOTO (CPEIHEr0) YPOBHS MPH pacueTe KOAPPHUIIMEHTOB PErPECCUU HE YUUTHIBACM.

Cratuyeckasi OlLEHKAa 3HAYUMOCTH K03 duimeHToB perpeccuu. lleap 3Toro
sTamna padoThl ONpeneseHne, C KaKOl CTETIEHbIO JJOCTOBEPHOCTH MOTyUYEHHbIE 3HaUCHUS
ko3 dunmenToB perpeccun b otnmuarorcs ot Hyas. Koaddumumentsl perpeccun b
SIBJITFOTCSI MEPOM BIMSTHUS (haKTOpa Ha mporiecc. M3 3Toro ciaemyer, 4To eCiiu BeTUYrHA
kodddummenTa perpeccud Majo OTJIMYaeTCs OT HyJsA, TO JaHHBIA (QakTop HE
OKa3bIBaeT CYIICCTBEHHOTO BJIWSHUSA HA IMPOIECC, M M3MEHEHHE BBIXOJA IpoIlecca C
U3MEHEHUEM YpPOBHA COOTBETCTBYIOLIErO (hakTopa COU3ZMEPUMO C OIIUOKOW €ro
OINPEIEIICHMUS.

Cratuyeckuii  aHalnu3  YpPaBHEHUS  PErPECCMH  TNPOBOAWIM B TakKou

MOCJEA0BATEILHOCTU. PacCUMTHIBAIIA MOCTPOUHYIO AUCIIEPCUIO:

@ oy
e n—1
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rzie N=3 MOBTOPHOCTh B KaXJAOW CTPOKE.

Jlanee HAXOAUIU IUCTIEPCHUIO €IMHUYHOTO pe3yibTara mo Gopmyre:

_ X S

2
Sf@m -

N

rae N =16 gyucio ko3¢ HUITMEHTOB PErpecCcu.

Jlucriepcuio CpeHero 3HAYCHUS OTIPEIEISUIHN 110 GopmyIie:

Jucnepcuio BOCHPOU3BOAMMOCTA KO3(PPUIMEHTOB PErpecCUU HAXOIUIH IO

bopmyie:

a0 _
Saomg =

KoadduimenTsl perpeccuu MOKHO CUATATh OTIWYHBIMU OT 0, T.€. 3HAUMMBIMU, B
TOM CJIy4ae €CJIM BBIIIOJIHAECTCS CIEAYIOIIEE HEPABEHCTBO:

|bi|>to,05(f) -S bi '

Sﬂ
rne S b = s — CcpeaHsAd KBaJpaTU4yHas omrmoka onpeneiaeHus

K03((PUIIMEHTOB pErpeccuu B 3KCIIEPUMEHTE;
toosry KpuTepuii CThrofenTa npu 5%-HOM ypOBHE 3HAUUMOCTH,
f uncno creneneit cBOOOIBI:
f=(n-1):N,
rae N=3 MOBTOPHOCTb B KAXJ0M CTPOKE;
N=16 uncno k03P PuUIMEHTOB perpeccum.
Hns  5%-ro ypoBHS 3HAYMMOCTH M 4YHUCla CTermeHed cBoOomer =32,

TaOyIMpoBaHHOE 3HaYeHHe KpuTepus CTBIONCHTA t, 4, =2,04 [48].

Ha oCHOBaHHMM BBIIICH3IOKEHHOTO OBLIA COCTaBlIEHa MpOrpaMMa pacdera ¢
IOMOIIBI0 TIporpammHuoro odecreuerust Microsoft Office Excel.

[To pesymbraTam pacdera mnporpammbl  Kodddumuentsr bs, by, bz, Dis
HE3HAYMMbl W WX HCKIIOYMIM K3 ypaBHEHHs. Ilociie HCKIIOUEHHS HE3HAYHUMbIX

K03 UIIMEHTOB MOIYYUIIN YPAaBHEHUE PErPECCU:
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y = 83,562+ 13,687 - x1+ 12,812 - x2 4+ 19,937 - x3 + 23,937 - x4+ 3,562 - x1 - x3 + 4,312 - x1 - x4 +
43,187 - x2-x3+ 4,187 - x2 - x4 +3,812-x3 - x4+ 2,187 - x1 - x3 - x4 — 3,937 - x2 - x3 - x4
_ z;-575
*1="37s
Z,—=5
X2 =75
_ z3—-055
37 o045
_74—0,55
X4 = "oas

[Tocne moacTaHOBKHU MOJTy4YaeMm:
y = 27,853+0,196 -z, — 0,963 -z, — 1,297 -z3 — 3,957 -z, + 0,053 - z;z; +
+0,097 - zyz4 + 5,925 - 7,253 + 6,665 - z,z, + 34,67 - 23z, + 0,288 - 2,232,
— 6,481 - 2,232,

AJIEKBaTHOCTH MOJYYEHHOTO YPAaBHEHHUSI IPOBOJAMIIACH 110 Kputepuro Puiepa:

2
rae ™ ocTaTo4yHas AUCIEPCHS;

32
#7¥  MHUCIEPCHUS BOCIPOU3BOIUMOCTH.

OmnpenernseM OCTaTOUYHYIO JUCTIEPCHIO TIO POopMYyIIE:

Iiv=1(yonbzm - ypacq)z
N —1

2 —
Socm -

)

rae N aucio cpen B mutane, N=16;

| yrcno 3HauMMBIX K03 ULIMEeHTOB B ypaBHEeHUH perpeccuu, | =12.

Cpennue ONBITHBIE 3HAYEHMSI YCIOBHOW BS3KOCTH,  ITOJIyYEHHBIE B XOJIE
DKCIIEPUMEHTA Y, U PACYCTHBIC 3HAYCHHUS Ypacy, TOJYYEHHBIE C TIOMOLIBIO IIPOTPAMMBI

Microsoft Office Excel, npencrasnenst B Tabnume 3.11.

S, =20 = 0,4218.

Yucno creneHeit cBo00 bl ocTaToYHOM aucrepcun f; = 16-12 =4,

Jlucrepcuio BOCIIPOU3BOJMMOCTH OMpPEACTseM IO TPEM JIOTMOTHUTEIBHBIM
ombITaM B eHTpe miana (y'=91 cek., y,'= 92 cek., y3'=92 cek.):

N2
_ Z?=1(yi0_y0)

2
S gocnp 2 |
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0
rac y — CpC€IHCC 3HAYCHHUC BbBIXOIHOTO IIapaMcTpa 110 PpcC3ylibTaTaM

AOIMOJJHHUTCIIBHOI'O OIIbITa B ICHTPC IJIaHA,

o 91+92+92
y0 = = 91,67
3
— 2 _ 2 _ 2
ngocnp — (91-91,67)=+(92 921,67) +(92-91,67) — 0’3333

Yucno creneHeit cBo00bI quctepcun BocrponsBoaumoct = 3 - 1=2.

Tabmuna 3.11 — OnbITHBIE W pacyeTHbIE 3HAYCHUS YCIOBHOM BS3KOCTH OYpPOBBIX

pacTBOpPOB
ycp, C Ypacus C (ycp'Ypac'{)21 C
35 34 1
49 50 1
36 37 1
94 53 1
49 49,25 0,0625
71 70,75 0,0625
81 80,75 0,0625
102 102,25 0,0625
o4 53,75 0,0625
78 78,25 0,0625
89 89,25 0,0625
114 113,75 0,0625
92 91,25 0,5625
138 138,75 0,5625
123 123,75 0,5625
172 171,25 0,5625

16

Z(yon - ypacq)2/16 = 1,6875

=1
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TabynupoBaHHOe 3HaueHHEe Kputepus Puiiepa npu ypoBHe 3Hauumoct p=0,05
1 yncnax creneneit ceobonsl f1=4 u f,=2 pasno Fy(fif;)=19,25, F<F,(f:f,).

CrienoBarenbHO, IOJYYEHHOE YpPAaBHEHHE PETPECCMU aJE€KBATHO OMMCHIBAET
HKCIIEPUMEHT.

Takum oOpa3zoMm, MOATBEPKIEHA BO3MOXKHOCTh HCIIOJIB30BAaHUSI pa3pabOTaHHOU
MOJENIM ISl TPOTHO3UPOBAHUSL YCIOBHOM BS3KOCTH OYpOBBIX pPacTBOPOB, IpHU
M3MEHEHHH TEMIIEPaTyphl OypoBoro pactsopa ot 20° mo 95°C, comep:kaHust TIHHBI OT
2% no 8% macc., a TakkKe J103bl BHECEHUSI TIOJTMMEPHOM KOMIO3UIIMU: CTUPOMAJISA-M U

noboyHoro npoxaykra npoussojctea TOK ot 0,1% mo 1,0% macc.
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I''TABA 4 HccnenoBanue BOJIOM3OJSAIIMOHHBIX COCTABOB JJIsl MPEIOTBpALCHUS

IIPHUTOKA BOAbI B CKBA’KMHBI

4.1 V3yuenue (QUIBTPAIIMOHHBIX CBOMCTB COCTAaBOB HAa OCHOBE MOJUMEPHOMN

KOMIIO3UIINH

Boagounzonupyronie cBOWCTBa COCTAaBOB HM3ydald B JIA0OPATOPHBIX YCIOBHSX
nyTeM QUIbTPALMU UX Yepe3 00pa3ibl HACHIITHBIX U UCKYCCTBEHHBIX KepHOB. M3yueHue
(UIBTPALIMOHHBIX MPOLECCOB MPOBOJMIM Ha YCTAaHOBKE, IO3BOJIAIONICH JepiaTh
MOCTOSIHHBIN TIepenaJ JaBJIeHuUs .

JIJisi ipoBeNIeHUs MCCIIEIOBAHUs TOTOBWJIM OOpa3libl MCKYCCTBEHHBIX KEPHOB C
paznnuHOr nopuctocThio: 19, 24 u 27%. I1opuCcTOCTh HACBIHBIX KEPHOB COCTABIISIA
34%. BonoHachllleHHE KEPHOB OCYILIECTBIISUIA IPECHOM BOJIOM.

Uepe3 KepHbl [0 HACBIIIEHUS MPOKAaYMBAIM IMoOciaeaoBarenbHo 25% macc.
pactBophl xjopuctoro kKambitus (33 mut), Oydepa (11 ma) u cmecu 1% pactBopa
ctupoMaisi-M (33 mil) ¢ pa3IMYHBIM MPOICHTHBIM COACPIKAHUEM MOOOYHOTO MPOIAYKTa
npomsBoactea TDK: 0; 3, 9, 12, 15% wmacc. B kauectBe Oydepa HCIOIB30BATH
npecHyio Boay. DHPEKTUBHOCTh 0OpaOOTKH OIICHUBAJIH 10 CHIDKCHHUIO KO3 uIueHTa
MPOHUIIAEMOCTH KepHOB. Pacuer mnpousBomunu mo ¢opmyne [lapcu. Pesymnbrars

WCCJICIOBaHMS TpeCTaBICHBI B Ta0uIe 4.1 u 4.2.

Tabnuua 4.1 — Pe3ynbTarhl 3aKauky BOJOU3O0JIUPYIOIIEH CMECH Yepe3 MCKYCCTBEHHbIE

KEPHBI
Kepn | ITopuc | Conepxanne | HauanbHas Koneunas CTteneHb CHUXKEHUS
TOCTb, 0TXOJ1a B MpOHUIIae- | MPOHUIIAEMOCT MIPOHUIIAEMOCTH
% cMecHu MOCTB K, b K, MKkM?
MKM?
0 794 168 474
608 25 24,42
1 19
9 654 20 33,37
12 698 17 41,06
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15 732 17 42,41

0 456 106 4,29

312 14 22,9

2 24 9 344 10 34,1
12 384 10 39,87
15 512 12 41,96

0 2384 631 3,78
1890 95 19,83
3 27 9 2151 69 31,29
12 2064 56 36,54

15 1940 52 37,6

Tabnuua 4.2 - Pe3ynbTaThl 3aKauyky BOJOU3O0JIUPYIOIIEH CMECH Yepe3 HACHIITHBIE KEPHBI

Kepn | ITopuc | Conepxa- Hauvanbnas Koneunas Crenenb
TOCTh, | HA€ OTXO0JIa | MMPOHUIIAEMOCTh | MTPOHUIIAEMOCTD CHWDKCHUS
% B CMECH K, MKM? K, MKM? MIPOHMUITIAEMOCTH
0 586 188 3,12
892 129 6,89
1 34 9 2017 141 14,32
12 9318 527 17,68
15 1325 73 18,1

Kak Bunno u3 tabnun 4.1 u 4.2, BBeJieHUE MOTUMEPHON KOMITO3UIIMU HAa OCHOBE
CTUpOMAJIsi-M Y MOOOYHOrO mpoaykra mpousBojactBa TDK  cmocoOcTByeT
3HAYUTEIILHOMY CHIDKCHHUIO MPOHHUIIAEMOCTH MCKYCCTBEHHBIX U HACBHIITHBIX KEPHOB 3a
CYeT 3aKynopuBaHus nop. [Ipu 3Tom ontumanbHOE COAEpKaHHE MOOOYHOTO MPOIYKTa
npousBojgctBa TPOK B momumepHoit kommo3uruu cocraBimser 9-12% wmacc.
O(P(DEKTUBHOCTh 3aKyNMOPKU TPU COBMECTHOM HCIOJB30BAaHUU CTUPOMAISI-M U
noboyHoro mpoaykra npousBojcTBa TOK mpu 3akauke yepe3 MCKYCCTBEHHBIE KEPHBI

yBenuuuBaeTcs B cperHeM Ha 30%, yepe3 HachlHble KepHBI — Ha 15%.
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4.2 OmnpezaeneHue ONTUMAIBHOTO COCTaBa BOJOU3OJISIIIMOHHOTO pacTBOpa Ha

OCHOBE MOJIMMEPHON KOMITO3ULIAN

JIns mpoBelleHHsT UCCIEOBaHUsI TOTOBWJIM O0pa3lbl MCKYCCTBEHHBIX KEPHOB C
paznuuHor nmopuctocThio: 19, 24 u 27%. I[lopucTOCTh HACBIMHBIX KEPHOB COCTaBJIsIA
34%. BopnoHachlllleHME KEPHOB OCYUIECTBIBUIA IPECHOW BOJOM. Yepe3 KepHbI
MPOKAYUBAIM MOCIEAOBATEIbHO PACTBOPHI XJIOPUCTOTO Kanblus, Oydepa u cmecu
cTUpoMais-M ¢ 1moOouHbM TmpoxykToM (12% macc.). KoHieHTpamus XJIOpHUCTOrO
KaJblus B pacTBopax coctaisuia 20 u 25%. Pe3ynbraThl HCcCieI0BaHNS MIPEICTABICHbI

B Ta0niax 4.3 u 4.4.

Tabnuna 4.3 — CHWKEeHHnEe TPOHUIIAEMOCTH UCKYCCTBEHHBIX KEPHOB

Kepn | Ilopuct | Konuentpa | HauanpHas Koneunas Crenenn
octhb, % | ust  CaCly,, | mpoHHUIIAeMOCTh | IPOHHUIIAEMOCTh | CHHDKCHUS
% mMac. K, MKM® K, MKM® IIPOHHIIAEMO
CTH
L 19 20 748 18 42,13
23 698 17 41,06
2 |2 411 10 40,94
25 384 10 39,87
N 2211 59 37,61
25 2064 56 36,54
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Tabnuna 4.4 — CHUKEeHHE TPOHUIIAEMOCTH HACBIITHBIX KEPHOB

Kep | ITopuctoct | Konuentpan | HawanbHas Koneunas Crenenn
H b, % us CaCl,, MPOHUIIAEMOC | IPOHUIIAEMOC | CHYDKEHUS
% Mac. T K, MrM? T K, MrM? IIPOHUIIAEMOCT
u
1 34 20 9980 564 18,94
25 9318 527 17,68

Kak Bumno w3 Ttabmun 4.3 m 4.4, yBeIWMYECHHE KOHIIEHTPAIMH XJIOPHCTOTO
KaJIbLIUS CIIOCOOCTBYET CHIKEHUIO MPOHUIIAEMOCTH KEPHOB, UTO OOBSICHSIETCS, CKOpEE,
0oJee MOJTHOM MOIMMEPHU3alMel CTUPOMAIIA-M B MOJIUMEPHON KOMITO3UIIUH.

Ha ocHOBaHUM TMOJYy4YE€HHBIX JAaHHBIX MOJKHO CJ€JaTh BBIBOJ O TOM, 4YTO
HanOoJiee ONMTUMAJIBHBIM SIBIISIETCA CIOCOO W3OJSIUU 30H BOJIOMPHUTOKA B CKBAXKUHY,
BKJTFOYAIOITNI TIOCIICIOBATENBHYIO 3aKauKy KoaryistHTa — 25% pacTBopa XJIOpHUCTOTO
KaJIbIIUSI, TIPECHOM BOJABI U CMECU CTUPOMAJISI-M M TTOOOYHOTO MPOJIyKTa MPOU3BOCTBA
TOK (9-12% wmacc.). Takum oOpa3om, pa3paboTaHHas MOJTUMEPHAsS KOMITO3HUIIHS
MO3BOJIUT OTPAaHUYUTH MPUTOK BOJbI, B YACTHOCTU MPU HAKIOHHO-TOPU3OHTAIBHOM
OypeHuu, M OO0ECHEYUT HDKOJOTUUYECKYIO O€30MaCHOCTh OKPYXKAIOIMIeH Cpeabl MpHU
CTPOUTEIHCTBE HE(TEra30BbIX CKBAXKHUH.

[IpuHnMnUanbHasg CcXeMa TMPUTOTOBJICHUS M 3aKauyMBaHUS B  CKBAKHUHY
BOJIOM30JIUPYIONIETO COCTaBa Ha OCHOBE MOOOYHOTO MpoaykTa mpousBojcTtBa TOK u

CTUpOMAJIsi-M IpeJiCTaBlieHa Ha pucyHKe 4.1,
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1 — eMKOCTB 71 BOJIbI, 2 — EMKOCTb JUIs1 MOJAU(MUIIMPOBAHHOTO CTUPOMAJIs, 3 — EMKOCTh
JUTst ToOo4vHOTrO MpotykTa mpousBojacTBa TOK, 4 — ocpenuTenbHas eMKOCTh, 5 —
HACOC IIEHTPOOEKHBIN, 6 — HACOC BUHTOBOM, 7 — OypoBasi yCTaHOBKA

Pucynok 4.1 — ITpuHnunuaibpHasi cxeMa MPUroToBJICHUS U 3aKauyMBaHUs B

CKBaKMHY BOAOH30JIHUPYHOHICTO COCTaBa HAa OCHOBC HOHHMepHOﬁ KOMIIO3HIINN

Kak 6b110 0OTMEUEHO, BOJOHOCHBIE TIACThI PACIIOIOKEHBI HECKOJIBKO BBIIIE, YEM
MPOYKTUBHBIE, TOATOMY MTPOOJIeMa OTPaHUYCHUS BOJOTPUTOKA B CKBAXKMHBI OCOOCHHO
OCTPO CTOMT MpU HAKIOHHO-TOPU3OHTAJIBHOM OypeHHH, a TaKXke Npu OypeHuu
CKBAXXUH I10J] BOJHBIMU 00BEKTaMH (peKka, BOJIO0EeMBI U JIp.). [To3TOMY ¢ 3KOIOrHYecKom
TOYKU 3PEHUSI BOJIOM3OJIAIIMOHHBIE paOOThl MpeajiaraeTcs MPOBOJIUTh MHANBUIYAIBHO,
YUYHUTBIBAsA T€OJIOTMYECKUE pa3pe3bl IJIACTOB, a TaKkKe MPOHUIIAEMOCTh U MOTJIOIICHUE
OypoBoro pactBopa. Mcmonb3oBaHue pa3paOOTaHHOW TMMOJTMMEPHONW KOMITO3UITUU
MO3BOJIUT TOBBICUTH DKOJOTUYECKYH) O€30MaCHOCTh MPHU CTPOUTEIBCTBE CKBAXUH U

3AIIUTUTDb OKPYKAOIIYIO CPCAY OT SKOTOKCHUKAHTOB.
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OCHOBHBIE BbIBO/JIbI

1. TlpoBeneH KOMIUIEKCHBIA aHalW3 BO3JEHCTBUA MpOIECCa CTPOUTEITHCTBA
CKBAXXKMH Ha OKpYKAaIOIIyI0 cpeay. BBIIBIE€HO, 4YTO B HACTOsIIEe BpeMs IpHU
OOyCTpOMCTBE M PEMOHTE CKBaXXMH HCIOJNB3YIOT pa3iiMyHble OYpOBBIE PACTBOPHI U
BOJIOU30JIUPYIOIINE CMECH, OCHOBHBIM HEJOCTATKOM KOTOPBIX SIBJIETCS HAMYUE B UX
COCTaBe HKOJIOTMYECKH HEeOe30MacHbIX KOMMOHEHTOB. OOOCHOBaHa HEOOXOIUMOCTH
3aME€Hbl TOKCHYHBIX (HeppOXpPOMIUTHOCYJIb(POHATOB W THUBIIAHA HAa HKOJOTHYECKHU
0e30macHbI€ MMOJIMMEPHI.

2. Pazpaborana pernentypa HOBOTO 3KOJIOTHYECKH O€30MacHOro OypOBOTO
pacTBOpa Ha OCHOBE TIJIMHONOPOILIKA, CTUPOMAals-M M TOOOYHOrO TMPOAYKTa
npousBoactBa TOK ¢ ontumanbHbIMU  (YHKIIMOHAJIBHBIMU cBoMcTBamu. [lpum
COBMECTHOM HcCclieZloBaHUU cTupoMaisi-M U TOK Habmronaercss CHHEPreTHYECKUn
3¢ ¢deKT, KOTOPBIA MO3BOJIAET YJIYYLIUTh OCHOBHBIE PEOJOTHYECKHE, CTPYKTYpHO-
MEXaHUYECKHE XapaKTEepPUCTUKU OypoBOro pactBopa, B yacTHocTH, cHuU3uTh CHC no
4,95 1 19,8 mr/cm”® 3a 1 MuHYTY 1 10 MHHYT COOTBETCTBEHHO.

3. UM3yueHa OHMOCTOMKOCTP M TOKCHUYHOCTh MOJUMEPHON KOMITO3ULIUH.
VYcTaHOBIIEHO, YTO TMOJMMEpPHAs KOMIIO3UIUS HAa OCHOBE IOOOYHOIO MpPOIyKTa
npousBojictBa TOK u crupomansa-m ¢ MonekyisipHoi maccoi 200000 saBusiercs
OMOCTOMKOM, HE YCTyHaeT IMUPOKOIPUMEHSIEMOMY THBIIAHY.

4. MerogoM MaTeMaTH4eCKOro MOJEIUPOBAHUS CIIPOTHO3MPOBAHO H3MEHEHME
YCIIOBHOM BSI3KOCTH OYpOBBIX pacTBOpoB OT Temmeparypsl (20— 95°C), comepskanus
riuHbl (2 — 8% Macc.), a TakKe 103kl BHECEHUS MOJMMEPHBIX J00aBOK CTHPOMAISI-M U
no6ouHoro npoaykTa npoussozactea TOK (0,1 — 1,0% macc.).

5. Pa3paboTaH BOJIOM3OJUPYIONIMNA COCTaB Ha OCHOBE MOOOYHOTO MPOAYKTa
XUMHUYECKOTO npon3Boactea TAOK u ctupomansa-m il OrpaHAUYECHUST NIPUTOKA BOJbI B
CKBOXXMHBI M TOIJIOIIEHHs OypoBOro pactBopa. BrisiBieHo, uro Haubosee
ONTUMAJIbHBIM SIBJIIETCA CIOCOO BOJOM3OJISIIIMM, BKJIIOYAIOLIMNA MOCIEI0BATEIBHYIO
3akauky 25% pacTtBopa XJIOPUCTOTO Kajblidsl, MPECHOH BOJAbI, MOJUMEPHOU

KOMIIO3MIIMKU Ha OCHOBC CTHUpPOMAJISI-M U 1MOOOYHOTO MpOAYKTa IIPOMU3BOJACTBA TCDK, u3
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pacuerta 9-12 % wmacc. Mcnonb3oBaHue MOJUMEPHON KOMIIO3MLIUM HMCKIIOYAET HE
TOJILKO BOJIOTIPUTOK B CKBKUHY, HO U MOTJIONIEHUE OYpOBOTO PAacTBOpa B BOJIOHOCHBIE
IUIACTBI, TEM CaMbIM NPEAOTBpAINACT 3arpsi3HEHHE  THIPOCepbl, B TOM YHUCIE

HOUTHEBOU BOJEI.
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HACTORULMH AKT B TOM, ¥TO A cxmwkmie Ne 103 Kirrasmosckoil o (OpenGyprexas ofnacts) Grino
NPOBEACHO HCTTLITANIE GYPOBOTD PAcTROpPA, COACPARALIHA MOIMBHUMPORINILI CTHPOMATH.

O6wext nemmanmil passeaousas cknwknin Nel03, cTaon sepruxansii, okonarensiii 3a60i
3660 meTpos. Byposas yeranoska Ypanwam - 3)1 - 8C.

Tpeamer nermrranms — Gyposoit pacrsop, coacpaanmii MoAnpHUMPOBAHILIH cTHpOMANL,
CACAYIOMIETO COCTARE:

1. mmmonopowok 4%;

2. nobowmmtit npoayxr (orxoa) npowmonctea TOK 0,5%;

3. moandmumposanusit cruposans 1 %;

4. ocTanbioe Boja.

BypoBoil pacTsop, coaepRaIMii MOAHPUUIPOBAHHBIA CTHPOMATE, HMEET caeayIomme
TEXHOAOMMHECKHE bl

a) motHoeTs, p = 1,01 r/es’;

6) ycnossan susxocts, T, = 27 - 30 cex;

B) noxasavens putpatm, B = 5 — 8 v’/ 30 mumyr

r) craTuueckoe Hanpswenne casura CHC 1/10 afla.

Byposoit pacTeop Gut ecaeaoman B HITEpBANE GyPEHNS MO IKCIUTYRTALMOHIYIO KONOHHY OT
1407 m. 20 3300 m.. TTOpOIsl B ITOM HHTEPRAIC NPEACTARIEHS! It OCHOBHOM HIBECTHIKAMM 1
ACNOMHTAMH (HIPE/AKI BETPEHAIOTCS AICBPONNTL W NCCHANMKH).

Bypetue ra Gyposom pactsope, Conepaamm MoanGHIHPOBIHEIH CTHPOMALL, NOZBOINI0
npoiTH Hurepaan 1407 — 3300 m. Ge3 0cAMKHEHHI C NONYHCHHEM CTBONE HOMHHAILHOIO AHamerpa.

Byposofi pacteop, conepaaniit MOXMGHUMPOBAHILIH CTHPOMATE, PEKOMCHIYCTCH LIS Gypenus
HHTEPBANON CKBAMHH, CAOMCHHBIX KPEIKHMH NOPOAMH, Fae TpebyloTes HeGONBIINE TUIOTHOCTH 1
npHemMieMsIe nokasares GrisTpaumm (5 — 8 cm /30 munyr).

Byposoit macrep Tylimasunckoro YEP V(47 ‘cj/ H. U. Camaros
Havansuuk otnena Syponsix pactsopon OAO «AsumyT» (L AL Hurmaryumua

3aneayrouwan anboparopueil Gyposux pactsopos OAO «A C.B. Maprssanosa



