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Crioco6 pa3paboTKu HEPTIHOM 3aIeXKH

MIIKE21 B43 /22

H3zobpetenne oTHocHTCS K HedTemoOBIBAIOIEH IIPOMBINLIEHHOCTH, B
YaCTHOCTH K CIocobam paspaboTKu — He(TIHBIX 3ajexed ¢ NPUMEHEHHEM

MUKPOOHOJIOTHYECKOTO BO3AEHCTBYS.

HsBecteH cnioco6 o6paboTky mpu3aGoMHOMN 30HBI IUIACTa MyTeM BBEASHHUS
OMONIOTMYECKH aKTUBHBIX CpeJi, COCTOSIUMX M3 MOJOYHOM criBopotku (MC) n

akTHBHOTO Mina (AW) B cootHomenun 1: 2 [1].

HCI[OCT&TKOM cnocoba SABiISETCS HENOJHBIM OXBaT H3-3a TOro, 4TO B
HEOOAHOPOJHOM ILIACTE OMOJIOTHYECKH aKTHBHAs cp€aa HE IMPOHUKACT B

MaJIOITPOHUIIAEMBIC YYAaCTKH.

W3BecTeH crmoco6 pa3spaboTku He(TSIHOM 3aleXH, BKIIFOYAOIIHN 3aKadKy
CMECH TOpsiye BOABI M BO3AyXa C CO3NaHHMEM B IUIACTE OTOPOUKH
BOJIOBO3AYIIHOTO pPacTBOpa B IpennepexomgHoM (a30BOM COCTOSHMHM U
BBITECHEHHE €10 He(TU M3 IUIacTa, MPH 3TOM OTHOIIEHME 3a60MHOro JaBieHHs B

HarHeTaTeJIbHBIX CKBXKHHAX K IJIaCTOBOMY MNOJAJEpXHUBaroT MeHbie 1,8 [2].

HenoctatkoM »Toro cmocoba sBisercs OrpaHH4Y€HHUEC Ha BCIHYHHY
OTHOLLIEHHWs] JaBJ€HHs Ha 3a00e HAarHeTaTeJbHbIX CKBaXHWH K mjIacToOBOMY

JAaBJICHUIO.

Hanbonee OnM3kuM TEXHHYECKHMM peIEHHEM K = MpPeLIaraeMoMy
H300pETEHHIO SABJISIETCS CIOCO0 pa3paboTKM HeTAHOM 3aleXd, BKIIOYAIOIIHEA
3aKa4Ky CMeCH YTJIEBOJOPOJHOIO rasa M BOJBI B IpeaNepexoaHoM (a3oBoM

COCTOSIHMH M BBITECHEHHE €10 He(TH u3 tiacta[3].

HenocrarkoM mnpoToTHIIA SIBISIOTCS HU3KHMH KOI(PQHIMEHT BBITECHEHHUS,

HEIIOJIHBIM OXBaT Iracta, HU3Kas paCTBOPHMOCTH ra3da U HU3Kagd Bq)(l)eKTI/IBHOCTL
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BBITCCHCHHA YTJICBOAOPOIHBIM Ta3oM IO CpPaBHCHHMIO C YIVIEKHCJIBIM TIa3oM,

HEBO3MOXXHOCTDh OCYIIICCTBICHUS criocoba 6e3 HCTOYHHMKA YriaeBooopo4aHOro rasa.

3amauedl U300peTeHUs SBNSETCS MOBHILIEHHE 3(P(HEKTUBHOCTH Pa3paGOTKH
HE(TSHOM 3aJIEXKH 3a CUET BBHITECHEHHUS HE(TH CaMOTasupyIONMMcs GHOpeareHToM

B I[IpCAIICPEXOJHOM (I)&BOBOM COCTOsSTHHH.

ITocTaBnennas 3a1a4a pemaeTcst TeM, YTo B cocobe pa3paboTku HedTsIHOIM
3aJIeXH, BKJIIOYAIOIIEM 3aKa4Ky CMECH DeareHTOB B IIpeIiepex0JHoM (a3oBoM
COCTOSIHMM U BBITECHEHME €10 He(TH U3 IUIacTa, B KAYeCTBE CMECH pEareHTOB B
NpeanepexoqHoM  (a3oBOM  COCTOSHHH  HCHONB3YIOT  OHOpeareHT B
IpEANepexXoaHoM  (a30BOM  COCTOSIHHH,  COIEp KAl UCTOYHHUKHU
MHKPOOPIraHU3MOB, IIUTATENbHYIO CPEly M BOAY, IIPH 3TOM OOBEM KOMIIOHEHTOB
BOJHOIO pacTBOpa OHoOpeareHTa ONpENessSiOT B 3aBHCHMMOCTH OT KOJHYecTBa
BbIJENSEMOro OuWorasa M ero pacTBOPHMMOCTH IIpH 3aJaHHOW TeMIepaType u

JaBJICHUM B ILJ1acTe.

Ilepen 3akaukoif OuopeareHTa B IpearepexoOqHOM (Pa30BOM COCTOSHUH B

HETO AOIIOJIHUTECIIBEHO BBOOST BOﬂOp&CTBOpI/IMBIﬁ IIOJINMEP

[lepen 3axaukoil 6HopeareHTa B IPEIIEPEXOIHOM (a30BOM COCTOSHHH B

HCT'O JOIIOJHUTEIBHO BBOJAT JICKTPOJIUT.

Ilepen 3akaukoii GuopeareHTa B IpEANEPEXONHOM (Ha30BOM COCTOSHHHU B

HErO JONOJHUTENIFHO BBOAST ra30BBIICIIAIOIIAN areHT.

B kadecTBe MCTOYHMKOB MHKPOOPTaHH3MOB B IIpEIIaraéMoM OHOpeareHTe
UCTIONIB3YIOT AKTHBHBIA HII- OTXOJ, IOJNy4YaeMBId TMpPH OYHUCTKE OBITOBBIX H
npou3BOACTBEHHBIX cTOUHBIX Boh (TOCT 32295-2013), B KayecTBe MUTATENHHOM
Cpelbl —MOJIOYHYIO CBIBOPOTKY, IIOOOYHBINM MPOAYKT MpH MepepaboTKe MOIOKA B
TBOpOT, ChIp, KaszeuH M T.A. (I'OCT 34352-2017), wiu Menaccy, moGOYHBIH

NpoIyKT npH npoussoacTse caxapa (I'OCT 30561-2017) .



CymHOCTh mpefyaraeMoro crnocofa 3akio4aeTcs B TOM, YTO 3aKadka B
IUIaCT caMorasupymolerocsi OmHopeareHTa B MpearnepexogHoM (a30BOM
cocrostaum (IHTIPC) noBHIIIaeT 3G (HEKTUBHOCTE MHUKPOOHOIOTHMYECKOTO
Bo3NlelicTBUS. B pesynsTare >KH3HENEATEIHPHOCTH MHKPOOPTaHM3MOB B ILIACTE
MMOMUMO HE(TEBBITECHSIOLUMX AareHTOB, TAaKUX KaK KHCJIOTBHI, CITUPTHI
pactBoputenu, OWollAB u OuomonuMmepsl, BbIpaOaTHIBA€TCS 3HAYUTEIBHOE
KOJIMYECTBO TIa30B OHWOTEHHOTO MPOUCXOXAeHUs. B 11abopaTOpHBIX YCIOBHAX
OINpefieNieH COCTaB BBIACNMUBIIMXCA W3 OUopeareHTa OHOra3oB U BBISBIEHO, YTO
HaunOoJbllee MIPOLIEHTHOE COJIep)KaHUe Cpeld HUX 3aHUMaeT yriekucibiid ra3 (CO,
-60%, N»-22%,CH4-14%, O,- 4%). Taxxe ompenesieHO, YTO MaKCHMaJbHas
reHepanus rasza HabmopgaeTcs B OunopeareHre, coctosmeM u3 Menacchl (M) -
aktuBHOTrO Una (AW) u monouHoi ceiBopoTkd (MC)- aktuBHOTrO Mia (Tabnuua 1).
Ilocne ompenenenus cocraBa BbeIAenuBIIMXCA M3 Ouopearenta B IIIOC
Ouorasos paccuuTaid pPacTBOPUMOCTh TIa30BOM CMECH B JKHUIKOCTH C
UCIIOJIb30BaHUEM 3aKkoHa ['eHpu [4]. B Tabnuue 2 mokasaHbl pe3ysibTaThl pacyera
PAacTBOPMMOCTH T'a30BO¥ CMECH MPH 3aJaHHbIX TEMIIEPaTypax U NaBIeHHsX B | M’

BOJIbI.

Onpepenum ycnoBus obpazoBanusi [I[IOC OuopeareHta B IIACTOBBIX
ycnosusix. MsectHo, yro IINIOC B ra3smpoBaHHBIX J>KHUAKOCTSX BO3HUKAeT B

nuanasoHe gasiieHuid (P) B 1.1-2.0 pa3a mpeBblIIaronieM JaBieHUE HaCHIIECHHUS
(Pe) :

1.1<£<i<2.0
P, p,

To ectp INNIPC rasupoBaHHOro OHOpeareHTa pealu3ylOT B IJIacTe B
auanasoHe  JaBleHMH P>P. u  oxBareiBaloT  IIIIDC  3akaumBaemoro
ra3upoBaHHOro OWopeareHTa oOO0NacTh IUIACTa MEXAY 3a00eM HarHeTaTeNbHOH
CKBaXXHHBI M BHEILIHEH IpaHUIIE! 30HB! BO3MYILECHHs I1acTa ¢ aasineHueM P,. [Ipu

srom IHIPC BeITECHSAIOMETO ra3sMpoBaHHOro OHOpeareHTa He 00s13aTelbHO



JIOJDKHO HAYMHATBECS Ha 3a00€ HarHeTaTelbHOM CKBaXKMHBI, a MOXET HAYMHATHCS
HECKOJIBKO IIy0Ke B IIacTe Ha HEOOXOAUMOM PACCTOSIHHH OT 32005 .

I
Ecnu 0603HaYuTh G = % , C YYETOM TOTI'0, UTO P, = — IIOJIYYUM
a

Torpa ycnosue peanuzanuu ITIOC noxyyuM B cieayromeM BHIE:

a a
—<G<—
2.0 1.1 (1),

rae I’ KOIu4ecTBO raza, pacTBOPCHHOI'O B IM3 BOIbI, HM3/M3; P- paBnenue B

cucteme, MIa; a — k03hUIMEHT pacTBOPHMOCTH rasa B Boge, HM/M° MITa

Kak BunHO u3 Tabmuus! 2 B auanasone Temreparyp 10-70°C u maBnenuu 1
- 15 MIla (TpaguUMOHHBIX JJII MHMKPOOHMOJIOTMYECKOTO BO3AECHCTBUS Ha
MECTOPOXKIAEHUAX  HAXONMIMXCA B  MO3JHEH  CTaguM  JIKCIUTyaTalluH)
o =2.08—-10.31um>/ m’MIa . TloacTaBnss B (1) 3TM YHUCIIOBBIE 3HAYEHHUS IONYYHM
ycioBue o obbpeMy rasa (B HM3) Ha 1 M 3akaumBaemoii xumkoctd 1 | Mlla

IJIACTOBOTO JaBiieHus Ans peanusaiuu [IIIOC:

1.04<G <94 )

YuuteiBag, 4to u3 1 M O6uopearenTa Beigensercs 10 30 HM/M° 6uorasa
(tabmuua 1), 1 ycnopue (2) Bceraa peanusyeTcs Ui YKa3aHHBIX TEpMOOAPUUECKUX
YCIOBHH, I NOIy4eHUs onHodasHOU cMecu OuopeareHT HEO6XOIUMO
CMEIIMBATh C BOIOH, 00BbEM KOTOPO# B eMUHHILIE 00BEMA CMECH OIPEIENAETCSA 110

bopMmyte

r
Vo=1-5) 3)



rae Q- o6seM BeIENMBIIErocs u3 1 M O6uopearenTa rasa. [Ipu nasnenun 15
MIla MuHHManBHOe 3HaueHMe I cormacHo (2) cocTaBHT 15.6 HM'/M’ u mpu
0=30aMm’/M’ nonyqnm V,=0.48 M° Ha 1M’ cMecH.

Hns nobimeHuss  3G(GEKTUBHOCTH  BBITECHEHHS B OHOpeareHt
JOIOJIHATELHO BBOIAT BOJOPACTBOPUMBIE IOJIMMEPHI, YTO IO3BOJIUT CO34ATh
ruOpuHble OUOMONMMEpHbIE peareHThl. BriTecHeHHWe HEe(TH TIa3HPOBaHHLIM
OuopeareHTOM ¢ J00aBKOH BOZOPACTBOPHUMOIO MOJMMEpPA B IPEAIEPEXOIHOM
(a30BOM COCTOSHHH CIIOCOOCTBYIOT BHIPAaBHHBaHHIO TPOGHIS (GHUIBTPAUH, a
TaKXe BBUAY MOJU(DUKALMU TE€UEHUS OT IUIATAHTHOTO K IICEBOINIACTHYHOMY K
YCKOPEHHIO TIpoLiecca pa3paboTKU U yBEJTUYEHHIO IPHEMHCTOCTH HArHETATEIBHOM
CKBaXHHBI. B kauecTBe BoOpacTBOpUMOro noiumepa ucrons3yior ITAA, KMIT u
Ap.

Jlns  perynmpoBaHHs pPacTBOPUMOCTH OHOpeareHTa B IPeINEPEXOIHOM
$a30BOM COCTOSHMM B HEro AOMOJIHUTENIBHO BBOJAT 3MEKTponutT. Jlo6aBKa K
OHOpEeareHTy 3JEKTPOJIMTOB YMEHBIIMT pacCTBOPUMOCTH Ta30BOM CMecH  H
onHOGAa3HBIH pPAacTBOP MOXHO OyIeT TMONYYHTh IPH MEHBIIMX OOBEeMax
BBIJICJIUBILNXCS Ta30B. B kadecTBe 3IEKTPONUTOB HCIONB3YIOT XJIOPHJ HATpPHS,

COJISIHYIO KHCJIOTY H JIp.

ITpu HEOOXOAMMOCTH MOXHO YBEJIMYHMTH KOJMYECTBO BEHIAEIIMBIIErOCs Ia3a
BBOJOM B OHOpEareHT TIa30BBIENSIOUINX areHTOB. JTO IIO3BOJIMT NPHMEHSTH
6uopearenT B [IIIPC mnpu Gonee BBHICOKUX IUIACTOBBIX JABICHHAX. B KadyecTBe
ra30BBIACIIAIOIIEr0 areHTa MCIONB3YIOT HHUTPUTHI Kalblids, KapOOHAT HATPHS C
106aBKOH OpraHH4ecKOd KHCIOTHI B IIOPOIIKOBOM BHJIE.
| IIpn pa3paboTke He(QTIHOH 3alexxu TmpemylaraeMbIM CIOCo6oM
YBEIUYHUBAETCS OXBAT M BBIPABHUBACTCA (POHT KOHTYypa 3aKa4yK{ ra3upOBaHHOIO

6uopearenTa B [TIIOC.

Cnoco6 ocymecTBiseTcss ClefylomuM 00pa3oM: BBIOMpaeTCs  ydacTok,

OTBEYAKONTHUH KPUTEPHUSAM NIPHUMCHHMOCTH MI/IKpO6I/IOJ'IOl"I/I‘-IeCKOI‘O METOOa C
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HAarHETaTeJbHOM M JOOBIBAIOIMIMMM CKBa)XWHAMH, IPOBEPAETCS TEXHHYECKOE
COCTOSIHUE HarHeTaTeNbHON CKBaXHHBI, OIpelesseTcs NpoQHiIb MPHUEMHCTOCTH,
pacCYMTHIBAETCI  ONTHMANBHBIA 00BeM OuopeareHTa, COOTBETCTBYIOILHIA
BeIOpaHHOMY 00BekTy. IIpomsBomuTcsi 3akauka B HATHETATENBHYIO CKBAXKHHY
buopearenTa. J[ng pacdyera HeoOXOAUMOro o0beMa BOIBI YYHUTHIBAIOT 0OHEMEI U
COCTaB BBIJICJICHHBIX U3 OHOpeareHTOB Trasos, a TaKxe ILTaCTOBBIE
XapaKTepUCTHKH (TeMIlepaTypa, AaBjeHHE) BBIOPAaHHOTO OOBEKTa I MOJyYEeHHUs

3aKauyaHHOro OHopearenta B riacte B ITIIOC .

Ilpumep 1. [Ins onpenenenus 3¢ppeKTHBHOCTH IPEMSIOKEHHOIO crocoba B
nabopaTOpHBIX  YCIOBHAX  IPOBOJWIKCH  WCCIENOBAHHA [0  H3YYEHHMIO
MHTCHCHUBHOCTH ra3oreHepaldy Ha anmapaTe 3oHTeHa. B kon6er o6seMom 1000
cM’ 32TMBANHCH KOMIIOHEHTEHI 6uopearenTa B KomuuecTBe 150 cM® kaxuioro. B
IIEpBOM OKCIIEPUMEHTE 3alHBAllUCh MeNacca M AaKTUBHBIM M, BO BTOPOM —
MOJIOYHasl CHIBOPOTKA M  aKTHBHBIM Wi. 3areM KoJOBI ammapara IUIOTHO
3aKpBIBAIMCH PE3UHOBOM NPOOKOH, uepe3 KOTOPYIO MpPOIMycKaluch I1-o6pasHbie
U30THYTBIE CTEK/ISHHBIE TPYOKH, HI)KHUE KOHLBI KOTOPBIX JOCTHIAIN NPHIOHHOM
4acTH KONGHL. Jlpyroil xoHen TpyOKH COENUHSIICS ¢ TIpaayHpOBaHHON KONOOH —
IPUEMHHUKOM, B KOTOPYIO IOCTYyIalla XUAKOCTh , BEITECHEHHAs U3 IEPBOM KOJNOBI
noJi  JaBJI€HHMEM  00pa3oBaHHOH  ra3oBoi  (hasel,  CKalIMBaroLeHcs
HeHOCpe,ZICTBeHHO NOJ pe3uHOBOM MpoOkoH. s moamep)kaHusi MOCTOSHHOM
TEMIIEpATypel  KOJOBI MOMEINAJIMCh B TepMocTar. Ha ocHoBe  0o6Bema
BBITECHEHHON  KHUIKOCTH B Koyibe -TIpHEeMHHKe OIpeaesics o0beM
00pasoBaBILErocs B pe3yJbTaTe MHKPOOHOIOTHYECKHX MpOLeccoB rasza. O6beM
00pa3oBaBINErocs Ta3a TaKKe KOHTPOJIMPOBAICS  C IOMOIIBIO Ta30MeTpa.

Pesynbrarel uccienoBaHuit mpuBoaaTcs B Tabimie 1

Kak BumHO m3 Tabnuue! 1, B 060uX ciiydyasx (Menacca - akTHUBHBIA M1 U
MOJIOYHAasi CBIBOPOTKA - aKTHUBHBIM MJI B COOTHOIIEHHH 1:1) B TeueHwe 26 CyTOK
HabJI0Ia0Ch HHTEHCHBHOE ra3000pa3oBaHye, B IIEPBOM ClIydae cocTaBHBIIee 30

3
M’/EM’, BO BTOpOM — 16 M*/HM’.



IIpumep 2. lna usydeHus npouecca BBITECHEHHs He(TH OHMOpeareHTaMH B
npeanepexoaHoM (a30BOM COCTOSHHUH NPOBOJWINCH HCCIEAOBAaHUSA Ha

3KCHepI/IMeHTaJII>HOI71 YCTaHOBKE.

- KOJIOHKA BBICOKOI'O AaBJICHHS, MPEACTaBIsIONIas CO0O0M MOJNBIH CTaJIbHOM
LMIHHIP, OOKIIECHHBIH U3HYTPH KBapLEBBIM MIECKOM, C JUIMHOM paboueii yacty 1.1
M M BHYTpeHHHMM auamerpoMm 0.032 M, myTem BepTHKaJIbHOH BHOpalMOHHON
TpaMOOBKM 3allOJHAIACh KBapLEBBIM IECKOM pa3MYHbIX (QpaKuuii, CpeaHuM

pasmepom 1.4-107 wm;

- MOJECIIHUPOBAJICA CHOI/ICTO-HEOIIHOPOI[HBII\/’I IiaCT € KOHTAKTHPYIOIIMMH
IpoIruiaCTKkaMHy, 4TO JOCTUTra10Ch UCITOJIB30BaHUEM paB,HeHHTeHBHOﬁ IIEPETOPOJAKH,

ITOCTCIICHHO yzxanﬂemoifl B ITPOLIECCE 3allIOJTHCHUA KOJIOHKH,

- mocie OOBS3KU 3KCIIEPUMEHTANBHOW YCTaHOBKH IO CTaHJapTHOM
METOIUKE OHpeeNnsid o6beM IOop U abCONIOTHYIO NPOHHLIAEMOCTH IOPHUCTON

2
cpelbl, KoTopas B cpegHeM coctabisiia 0.02 MKkM™;

- npu HenpepelBHOM TepMoctatupoBaHud (77 = 303 °K) mpou3BoAMNIOCH

BaKyyMHUpOBaHHE yCTaHOBKH;

- MOJeNb IUlacTa HachlUlajach MOENbl0 HedTH (TpaHCHOPMATOPHBIM

MaclioM), 4 JaBJieHHe MOBBIIIANock 1o 2Ml1a;

- B 6oMbOe BBICOKOIO JAaBJIEHUS T'OTOBHJIIUCH HMCCIEAYEMBIC Ia3HPOBAaHHBIC

OMOpeareHTHI .

I"asupoBaHHBIH 6HOpeareHT rOTOBUIIACH CIEAYIOIIUM 00pa3oM. Memacca -
aKTHUBHBIA HJI (B COOTHOIIEHUH 1:1) CMEIINBANACh B PA3IMYHBIX SKCIEPUMEHTAX C
BOJAOM mmu noiMMepHeIM pactBopoM (0.02% Bomubiii pacteop ITAA) B
COOTHOIIIEHUH, ompenensieMoM ¢opmynoi (3). Ilpm >ToM, B yKa3aHHHIX
TepMobapudeckux ycaoBusx (7= 303 °K, P = 2MIla) B TEYEHUH CEMH CYyTOK MBI
NOJly4aeM OAHOMA3HBIM ra3MpOBaHHBIM pacTBOp (cM. Taba. 1, 2 u dopmyay 3).

He#icTBUTENBHO coracHO Tabnuie | U3 GHopeareHTa Mejacca - aKTHBHBIA HII
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3, 3
yepe3 CeMb CyTOK Bblaensercss 12.66 HM'/M°, a coryiacHO Tabiuie 2 mpH
yKa3aHHBIX TepMOOapHUYECKUX YCIIOBHSIX PacTBOPUMOCTH Ta3a coCTaBiseT 8.14
M /M, a=4.08uM’/M° MITa. Y4uTHIBAsI, YTO COMIACHO (2) makcumanesHbIR 3G heKT

ITI®C Hactynaer mpu LAy npuHuMaeM yciosue (2) B dgopme G=2 = 3.14

. 1.3
uM’/m® MITa. Torza npu gaBnennn 2 MITa B 1M° xunxoct TpebyeTcss pacTBOPATH
6.16 HM BBIJICJIUBIIIENCST Ta3oBod cMmecd. Ui mOdydeHUs HeoOXOIHUMOro
pacTBopa 6uopeareHT (Menacca - akTUBHBIN W) CIEAYET CMEIMBATE C BOJOW MM
NOJJUMEPHBIM PAacTBOPOM B COOTHOIICHMH 1:1. buopeareHT, mNpUroTOBIEHHBIN

OITUCaHHBIM CIIOCOO0M, BblAepxkHBaics B 6ombe PVT B TeueHue 7 CyTOK Ipu

nasnenuu 2 MlIla u Temneparype 303 °K;

-IIPOM3BOAMIIOCH BBITECHEHHE He(TH Npu nepenane nasienus 0.1 MIla 1o

IIOJTHOT'O 06B0,Z[HCHI/Iﬂ MOJZCIIH I1J1acTa,

- pesynbTaThl OGOPMILUINCE B BHIE 3aBHCHMOCTH KO3(h(HIHEHTA

BBITECHEHH OT 6e3pa3MepHOro 0ObeMa MPOKaYKH.

BritecHeHne Mogenu HepTH OCYIIECTBISUIA: BOJOTa3oBOM CMECHIO B
IMN®C (mo mnpoToTUIly), ra3UpOBaHHBIM OHOpEareHTOM M Ta3UPOBAHHBIM
OHONONMMEPHBIM PEareHTOM.

Ha durype 1. nokasana 3aBUCUMOCTH KO3()(DHUITHEHTA BHITECHEHHS (77) OT
OTHOCHTENIEHOTO NOpoBOro obsema mpokauku (¥): 1 — Bomorasosas cMech ; 2 —

rasdpoBaHHBIN OHOpeareHT; 3 - ra3upOBaHHEBIM OHOMOIMMEPHBINA pEareHr;

ConocTaBnsisi pe3ynbTaThl 3KCIEPHMEHTOB, MOXXHO OTMETHTH 3aMETHOE
MOBBILIEHWE OE€3BOJAHOTO M KOHEYHOTO KOI()(MHUMEHTOB BBITECHEHHS  IIPH
IpUMEHEHHH ra3MpOBaHHOIO GHOpeareHTa Mo CPaBHEHHUIO C BOJOTa30BOM CMECHIO.
Ilpu 3akadke rasupoBaHHOro OHOpeareHTa B Hﬁ(DC KOHEYHBIH K03 dHIHeHT
BBITECHEHHS Ha 16 % Bblle, YeM mpH 3akavyke Bomorazonoit cmecu B [TIDC (1o
npoToTHIly). BMecTe ¢ TeM HaOmomaercst CyIIECTBEHHOE COKpalleHHs o0bema

npokayuBaemoro ouopearenra B [IIIPC 1o monHoro 06GBOAHEHHUS IPOLYKIHH.



IIpn BeITeCHEHMH OHMONOJIMMEpPHBIM peareHTOM (MpH MNCEBAONIACTHYHOM
PEOJIOTHH) 3(p¢PEeKTUBHOCTh 3HAYUTENBHO BbIlIE, YeM I[PH BbITECHEHUU
ra3upoBaHHbBIM OuopeareHToM. IIpu PUMEHEHHH ra3upoBaHHOTO
OHOIOJIMMEpPHOro peareHTa HaOJylonaeTcss yBelMdeHHe Oe3BOJIHOIO M KOHEYHOIo
ko3ddunreHToB BhiTecHeHHss Ha 20 u 30 % Mo cpaBHEHMIO C ra3vpOBaHHbBIM
OuopeareHTOM TMpH CYIIECTBEHHOM COKpAall€HMH OTHOCHTENIBHOIO IIOpOBOIO

o0BeMa MPOKayKHU.

B uccnepoBaHuMsAX ¢ ,Il06aBKOﬁ JJIEKTPOJINTOB (led BBICOKHX 3HAUYCHHAX
ra3oBblACIICHHUA U3 CI/ICTeMBI) U Tra3oBBIACIIAIOUNINX AI'€HTOB (l'lpPI HHU3KHUX
3HAQUYCHHUAX Ta30BBIACICHUA U3 CI/ICTeMBI) KPHUBLIE 3aBUCHMOCTH KOSd)q)I/ILIHeHTa
BBITECHEHHS OT oOBbeMa NMPOKAa4YKH 6YI[}’T COOTBCTCTBOBATH I(pPIBO]?I 3aBUCHMOCTH

npH 3aKauke rasupoBaHHoro 6uopearenta B [11PC.

Jlutepatypa
1.12000 0028, E21B43/22, 2000
2.A.c. CCCP Ne 1623285, E 21 B 43/24, 1988

3. A.c. CCCP Ne 1822219, E 21 B 43/22, 43/20, 1998

4. Hamuor A.}O. PactBopumocTh rasos B Boje: CripaBouHoe nocobue.-M.:Henpa,

167 c., 1991.

b. CyneiimanoB




Tabnuna 1

Menacca + aKTHBHELH 1T Mosno4Hast CBIBOpPOTKA +aKTHBHBIH HJT
Bpewms, Komuuectso Bpewms, Komuuectso
CyT 00pa3oBaHHOrO rasa, CyT 06pa3oBaHHOro
M/ rasa, HM>/m>
2 4.86 2 1.31
3 6.37 3 2.01
4 8.07 4 2.59
6 10.44 6 3.97
7 12.66 7 5.02
8 13.70 8 5.73
9 14.50 9 7.08
10 16.06 10 8.09
11 16.68 11 9.13
12 17.99 12 10.10
13 18.99 13 11.10
14 20.70 14 12.11
15 22.01 15 12.63
16 24.07 16 13.11
17 25.42 17 13.63
18 26.03 18 14.15
19 26.93 19 14.77
20 28.03 20 15.29
26 30.00 26 16.13
Tabmuua 2
PactBopuMOCTS rasa (HM°) B 1 M° BOZbL, HM/M
Hasnenwue, t=0°C t=10 t=20 t=30 t=40 t=150 t=60 t=70
MIla °C °C °C °C °C °C °C
0.1 1.03 0.726 | 0.531 0.4202 | 0.3363 0.284 0.241 0.211
1 10.31 724 | 533 4.11 3.29 2.75 2.35 2.08
2 20.62 14.45| 10.65 8.14 6.6 5.48 4.7 4.16
3 30.94 21.68 | 15.99 12.33 9.89 8.23 7.06 6.23
4 41.26 28.92 | 21.32 16.44 13.19 10.96 9.41 8.3
5 51.57 36.15 | 26.64 20.54 16.48 13.7 11.76 10.39
6 61.89 4337 | 31.97 24.65 19.78 16.44 14.11 12.46
7 72.2 50.6 | 373 28.77 23.08 19.19 16.46 14.54
8 82.52 57.84 | 42.63 32.88 26.37 21.92 18.81 16.61
9 92.83 65.06 | 47.96 36.98 29.67 24.67 21.16 18.69
10 103.14 72.28 | 53.29 41.09 32.97 274 23.51 20.76
11 113.47 79.52 | 58.61 45.2 36.25 30.14 25.87 22.85
12 123.78 86.76 | 63.95 49.32 39.56 32.88 28.22 24.92
13 134.09 93.97 69.28 53.42 42.85 35.63 30.57 26.99
14 144.41 101.2 74.6 57.51 46.15 38.37 32.92 29.06
15 154.72 108.44 79.93 61.62 49.45 41.11 35.27 31.14
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®opmya nzobpereHus

1. Croco6 pa3paGoTku HedTsHOM 3aMexH, BKIFOYAFOMIII 3aKa4yKy CMecH

pearcHTOB B NpPEAINICPEXOJHOM q)aBOBOM COCTOSIHHH M BBITECHEHHE €10 He(bTI/I H3

InacTa, OTIMYAIOIMHCA TEM, 4YTO B KaueCTBE CMECH pPEareHTOB B
NPEANEPEXOTHOM  (DAa30BOM  COCTOSIHHHM  HCIIONB3YIOT OuopeareHT B
NPEANEPEXOHOM  ()a30BOM  COCTOSHHH,  COJEPIKAIIMii HCTOYHHKH

MHKpPOOPTaHM3MOB, NMUTATEIbHYIO CPEAYy ¥ BOLY, IPU 3TOM OOBEM KOMIIOHEHTOB
bHopeareHTa ONpe/eNOT B 3aBUCHMOCTH OT KOJMYECTBA BBIIEIIEMOro GHorasa

H €TO0 paCTBOPUMOCTH MpH 3aJaHHOM TEMIIEPATYpPE U JaBJI€HUH B ILJIaCTe.

2. Croco6 no .1, oTnHYarolMiics TeM, 9TO Hepej| 3aKaYKOi Ouopearenta
B TNIPEANEPEXONAHOM (a30BOM COCTOSHHM B  HEro JONOJIHHTENHHO BBOJISAT

BOAOPACTBOPUMBIH MOJHMED.

3. Cnoco6 1o 1.1, oTnuyaromumiics TeM, uTo nepes 3aKauykol  OGuopeareHTa
B MNpPEANepexoqHOM (a30BOM COCTOSSHUM B HEr0 JOMNOJHHUTETBHO BBOJSAT

SNIEKTPOJIHT.

4. Cnioco6 mo 1.1, oTnuyaromiics TE€M, 4TO Niepe]t 3aKaykol OuopeareHra
B IpeAnepeXomHOM ()a30BOM COCTOSHHM B  HEro JOMOJHHTEIBHO BBOIST

Tra30BBIACISIIOUINI arcHr.

3aM. tupekTopa b. Cynetimanos
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1-4

RU 2079642 C1 (BCEPOCCUUCKHWI HE®TEI'A30BbIM

X HAYYHO-UCCJIEJIOBATEJILCKUH HHCTUTYT UM. AKAJL. A. T1. I-4
KPBIJIOBA) 1997-05-20; pedepaT; onucanue n3obpeTeHus cTpaHunua 3
cTpoka 46 — crpanuua 4 crpoka 40.

A [US3599716 A (ATLANTIC RICHFIELD CO) 1971-08-17. 1-4

D NMOCJICAYHONIME JOKYMCHTBI YKa3aHbl B NPOAOIKCHHUH

N «T» - Gonee NO3AHMIA JIOKYMEHT, ONyGRMKOBAHHDIA NOCE AAThI NPHOPUTETA H
Ocobble KaTeropyuu cChIOUHBIX JOKYMEHTOR:

«A» - JOKYMEHT, ONpeeNsiomuit oBWwMi YpoBeHb TEXHUKH MPUBCACHHBIA 113 NOHMMaNUA H306peTeHNs

(D> - NOKYMEHT, NpUBESEHHbIT B EBPA3HIACKON 3aBKE (X - IOKYMEHT, HMeIOLLIHii HauGonee GIM3KOE OTHOLIEHHE K NPEAMETY MOHCKA,

«E» - Gonee paHHMil NOKYMEHT, HO ONyBIMKOBAHHBIH HA NaTy MoAa4u MOpOYalIMi HOBH3HY WM H30GPETATENbCKHIA yPOBEH, B3ATHIH B

cBPA3HIICKO# 3a9BKH HIIK NIOCE HEE OTACTLHOCTH .

(O - ZOKYMEHT, OTHOCALLMACA K YCTHOMY PACKPHITHIO, <Y - IOKYMEHT, umeioutwii HanGoee GAKOE OTHOUICHHE K IPEAMETY NOMCKa,
KCTIOHHPOBAHHIO H T.1. MOpoYaLKit H30BPETATENLCKHIT YPOBEHb B CONETAHMM C APYTHMH

"P" - BOKYMCHT, 0nyOMKOBAHHBIN 0 AaThl MOJAYM CBPAZHACKON JOKYMCHTAMM TOH e KATErOpuM

3a4BKH, HO NOCNE AATbl HCNIPALIMBAEMOrO APHOpUTETa" (&> - IOKYMCHT, ABARIOULKACE NATEHTOM-aHAOTOM
«L» - JOKYMEHT, IPHBEACHHBII B APYTHX UENSX

Jara nposeachus narentHoro noucka: 11/11/2021

Y 110IHOMOUYEHHOE JIHLIO:
3aMecTUTENb HauallbHHKA OTACNA MEXaHHUKH,
(PU3HKH U DREKTPOTEXHHKH

y W/éd). Kpbiios
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