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INJIAHUPYEMBIE PE3YJIbTATbI OCBOEHUSA
21.03.01 Hedrerazosoe aejio

OOII «Pa3padorka u IKcIIyaTanus HepTAHBIX M Ta30BbIX MECTOPOKACHMUII»

Kox
KOMIIEeTeHIIMH

HanmeHoBaHMe KOMIIETEHIIUH

yHI/IBepcaJﬂ)Hble KOMIICTCHI MU

YK(Y)-1

CriocobeH  OCYHIECTBIIATH  IMOWCK, KPUTHYECKHH aHaIM3 M CHHTE3
UHPOpPMALIUU, TPUMEHATh CUCTEMHBIA TOAXO] Ul PEHICHUS MOCTaBJICHHBIX
3aja4

YK(Y)-2

CrniocobeH ompeaensTh Kpyr 3a7ad B paMKax MOCTaBJICHHOW L€ U BBIOMPATh
ONTUMAJIbHBIE CIOCOOBI MX PEIIEeHUs, MCXOJd U3 JCHCTBYIOIIMX IMPaBOBBIX
HOPM, UMEIOIINXCS PECYPCOB U OrPAHUYEHHH

YK(Y)-3

Cnocoben OCYIICCTBJIATE COLMUATIBHOC BSaHMOI[eﬁCTBHG H PCAIN30BbIBATH
CBOIO pOJIb B KOMAaH/IC

YK(Y)-4

Crioco0eH oCyHIeCTBIISTh JETOBYI0 KOMMYHHUKAIUIO B YCTHOW U MTUCBMEHHON
dbopmax Ha rocymapcTBeHHOM s3bike Poccmiickoit  ®eneparuu U
MHOCTpaHHOM(bIX) sI3bIKe(ax)

YK(Y)-5

CrnocobeH BOCHIpPUHMMATh MEXKKYJIbTYpHOE pa3HooOpa3ue oOlecTsa B
COIIMAJIbHO-UCTOPUYECKOM, ITHUECKOM M PUII0cOPCKOM KOHTEKCTaX

YK(Y)-6

CrocoOeH ympaBisiTh CBOMM BpPEMEHEM, BBICTpaWBaTh M PEATM30BBIBATH
TPACKTOPHUIO CaMOPA3BUTHs HAa OCHOBE MPUHIIMIIOB O0Opa30BaHUsI B TEUCHHUE
BCeH KU3HU

YK(Y)-7

CriocoOeH noiIep>KUBaTh JOHKHBIA YPOBEHB (PU3UYECKOM TIOATOTOBIEHHOCTH
JUIsi  o0ecreYeHus] TMOJHOIICHHOM COIMAJIbHOW U mpodeccroHaabHOM
ESITENLHOCTHA

YK(Y)-8

Croco0eH co3gaBaTh W MOJJEPKHUBATh B TOBCEIHEBHOM KU3HU U B
npodeccuoHabHOM NesITebHOCTU Oe30MacHble YCIOBUS KU3HEACITEIbHOCTH
JUI COXpaHEHHUsl IMPHUPOJHOIN cpenpl, 00ecredeHnsl yCTOMYMBOIO pa3BUTHUS
oOliecTBa, B TOM YHCJIE€ NpU YIpo3e M BO3HUKHOBEHHUU YpPE3BbIUANWHBIX
CUTYalluil 1 BOCHHBIX KOH(IUKTOB

YK(Y)-9

CnocobeH IIpUHUMATb 000CHOBAHHbBIE YKOHOMUYECKHE PELICHMA B Pa3JIMYHbBIX
o0macTax KU3HCOACATCIIbHOCTH

YK(Y)-10

CriocoGeH ¢GopmMupoBaTh HETEPHIUMOE OTHOIIEHUE K KOPPYHNIUOHHOMY
MOBE/ICHUIO

Ob6menpodeccnoHabHbIe KOMIIETEHIIHUA

OIIK(Y)-1

Cnocoben peuiaThb 3aJa4u, OTHOCAIIIUECCA K HpO(I)eCCHOHaHLHOfI
ACATCIIbHOCTH, IIPUMCHAA MCTOAbI MOACIIMPOBAHHA, MATCMATHUYCCKOI'O
dHaJINn34, CCTCCTBCHHOHAYYHbBIC 1 O6H.[€I/IH)KCHepHLIe 3HaHUA

OIIK(Y)-2

Crocoben y4aCTBOBATb B IIPOCKTUPOBAHUN TECXHUYCCKUX 06’beKTOB, CHUCTEM U
TCXHOJIOTHYCCKUX IPOUECCOB € YYCTOM OSKOHOMHUUYCCKUX, DIKOJIOIMYCCKHX,
COINUAJIBHBIX U APYI'UX OFpaHI/I‘leHI/Iﬁ

OIIK(Y)-3

Cnocoben y4aCTBOBATb B YIIPABJIICHHUU Hpoq)eCCHOHaHBHOﬁ ACATCIIBHOCTBIO,
HCIT0JIb3Yd 3HAHUA B obOmacTu IMPOCKTHOT'O MCHC/I’KMCHTA

OIK(Y)-4

CrocoOeH mMpoBOOUTH U3MepeHuss u HabmroAeHus, oOpabaTeiBaTh U
NPEJICTABIISITh SKCIIEPUMEHTAIbHBIE TaHHBIC

OIIK(Y)-5

CrniocobeH NOHUMaTh MPUHIUMBI pabOTHl COBPEMEHHBIX HMH()OPMAIIMOHHBIX
TEXHOJIOTUH ¥ UCIOJIb30BaTh MX IS pelieHHus 3a1ad NpodecCHoHaIbHON
JESITEIBHOCTH

OIIK(Y)-6

Cnocoben  npuHMMaTh  OOOCHOBaHHBIE  TEXHHUUYECKHE  pEIIEeHUs B
npodeccuoHaNbHON JeSITeNbHOCTH, BbIOMPATh 3PQPEeKTUBHbIE U Oe30IMacHbIe
TEXHUYECKUE CPEICTBA M TEXHOJIOTUU




OIIK(Y)-7

CrnocobeH aHanM3UpOBaTh, COCTABIATH W  INPUMEHATH TEXHHYECKYIO
JOKYMEHTAIMIO, CBS3aHHYI0O C TPO(QECCHOHATBHON JIeATENBbHOCTHIO, B
COOTBETCTBUU C JICHCTBYIOIIMMU HOPMAaTUBHBIMH NIPAaBOBBIMH AKTAMH

ITpodeccuonanbHble KOMIIETEHIIUU

MK(Y)-1

CriocobeH OCyIIEeCTBIATh U KOPPEKTHPOBATH TEXHOJIOTMUYECKHE MPOIECCHI
He(Tera3oBoro TPOM3BOJCTBA B COOTBETCTBUH C BBIOpaHHOW cdepoii
1po(heCcCHOHATLHOM e TEIILHOCTH

MK(Y)-2

CriocobeH  mpoBOaUTH  pabOTBI 1O  JHUArHOCTUKE,  TEXHUYCCKOMY
00CITy’)KUBaHUIO, PEMOHTY U SKCIUTYaTallil TEXHOJIOTHYECKOTO 000y 10 BAaHHS
B COOTBETCTBHUU C BEIOpaHHOU chepoii mpodhecCHOHATHLHOM e TEIIbHOCTH

MK(Y)-3

Crioco0eH BBIMONHATH pabOThl MO KOHTPOJO Oe30macHocTH paldoT MpHu
MPOBEACHNUU TEXHOJIOTUYECKUX MPOIECCOB HE(PTEra3oBOro MpOU3BOJCTBA B
COOTBETCTBHUU C BbIOpaHHOU chepoil npodeCcCHOHATBHON IESITEIbHOCTH

MK(Y)-4

CrocoO6eH MpUMEHSITh MPOIECCHBIM MOAXO0] B MPAKTUYECKON ICSATEIHHOCTH,
coueTaTb TEOPUI0 U MPAKTUKY B COOTBETCTBHUM C BbIOpaHHOW cdepoil
1pohecCHOHATBHON JIeATeTLHOCTH

MK(Y)-5

CriocoOen oOecneunBaTh M KOHTPOJUPOBATh BBHIMOJHEHHE IOKa3aTemeil
pa3pabOTKH  MECTOPOXJACHWUH W  TMPOU3BOJCTBEHHBIX IPOIECCOB  TIPH
OKCILTyaTallul CKBAKWH

MK(Y)-6

Crocoben  oOecrieurBaTh  BBINIOJIHEHHE  pabOT MO  TEXHUYECKOMY
OOCITy)kKMBaHHUIO M PEMOHTY,  JAWAarHOCTHYECKOMY  OOCIIeZIOBaHHIO
00OpyIOBaHUs, TPOBOJUTH OPTraHU3AMHOHHO-TEXHUYECKOE oOecreueHue
nporecca J0ObIYH YIIIEBOIOPOIHOTO CHIPhS

MK(Y)-7

CriocoOeH BBITIONHATH PAa0OTHl 1O TMPOSKTUPOBAHHUIO TEXHOJOTHUYECKUX
MPOIIECCOB HE(TEra30BOr0 IMPOU3BOACTBA B COOTBETCTBUU C BBIOPAHHOM
ctepoit mpodeccnoHaTEHOM AEITEIBHOCTH

MK(Y)-8

CriocoOeH UCIoIb30BaTh HOPMATUBHO-TEXHHUECKUE TPEOOBAHMS U TIPUHITHIIEI
MPOU3BOJICTBEHHOTO MPOCKTHUPOBAHUS JUISI TIOATOTOBKH TPEIUIOKECHUN 10
TTOBBIIIICHUIO 3¢ heKTUBHOCTH pa3paboTKu MECTOPOKICHU u
NIEPCIICKTHBHOMY Pa3BUTHIO MTPOIECCOB IO JI0OBIUE YTIIEBOJOPOIHOTO CHIPhS
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PykoBoautens OOII
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3AJIAHUE
HA BbINOJIHEHNE BBINYCKHON KBAJIN(QUKAMOHHON padoThl
OO6yuaromuiics:
I'pynna DOUO
3-2Bb8I'1 AOnypaxumoB Papuran [loiinueBuy

Tema paboThI:

OBOCHOBHAHME NTPUMEHEHUS TEXHOJIOI'MHA ITOJIMMEPHOI'O 3ABOJHEHU B
PA3JIMYHBIX '’EOJIOI'MYECKUX YCJIIOBUAX HEO®TAHBIX MECTOPOXKIEHNU

3AIIAJTHON CUBUPU
YTBepxkaeHa IPUKA30M JUPEKTOpa (1aTa, HOMep) | No39-65/c ot 08.02.2023
‘ Cpok c/1auu CTYJCHTOM BBITIOJHEHHON paOOTHI: | 19.06.2023
TEXHUYECKOE 3ATIAHHUE:
Hcxoanbie 1aHHbIe K padoTe TekcThl U rpaduyecKkue MaTepuabl OTIYETOB U

HCCIICA0OBATCIIbCKUX pa60T, (bOHI[OBaH 1 Hay4YHasa
JIATeparypa, TCXHOJIOINICCKHUEC PCTIIAMCHTEI,
HOPMAaTUBHBIC JOKYMCHTEI.

BOIIPOCOB

Iepeyenn momIesKanMX HecaenoBannio, | O030p COBPEMEHHBIX IMMOJAXOJ0B K MOJUMEPHOMY
MPOEKTHPOBAHMIO M pa3padoTKe 3aBOJIHEHHUIO. AHAIM3 TeOJIOTHYSCKUX OCOOCHHOCTEH

IJ1aCTOB JIA TIOJIMMCPHOTO 3aBOJHCHMUA. ®duzuko-
XUMHYCCKHUE TIPOLECChl € TIOJIHMMEpaMHU. KpI/ITepI/II/I
npu BBIACIICHUNU 00BeKTa JJIA MOJIMMEPHOTO
3aBOHCHHA. AHanu3 TEXHOJIOTHH MOJIMMEPHOTO
3aBOJHCHHA. CpaBHI/ITeHBHHﬁ aHalIu3 XHUMHUYCCKHUX
pcarcHToB n  pCUCHTYPHI. Metoauka pacucTta
TMOJIMMCPHOTO 3aBOTHCHU .




KoncynabTaHThI 0 pa3iesnaM BbITYCKHON KBAIH(GUKAIMOHHONH padoThI

Paspen Koncynbranr Jo/KxHOCTD
DuHAHCOBLIM MEHEIKMEHT,
Mananuna BepoHuka
pecypcodhdekTuBHOCTD U JloneHt

pecypcocOepexeHne

AHaroJibeBHA

ConmanpHag OTBETCTBEHHOCTD

I'yngaeB Munnit
Bceeononosny

Crapuuuii npenojaBaTeib

HaszBanus pa3ae/ioB, KOTOPbIC T0/IKHbI ObITh HANIMCAHBI HA WHOCTPAHHOM HfI3bIKE:

I[aTa BbIJA4Y4 3a1aHU{ HA BBINNOJHCHUE BLIHyCKHOﬁ

. N 11.02.2023
KBAJIN(PUKANIMOHHOM padoThI N0 JIMHeliHOMY rpaguky
3agaHue BbIIAJ PYKOBOJAUTEIb
Jlo1KHOCTH DdUO Yuenasi cTenens, Moanucey Jara
3BaHHUeE
. Maxkcumona FOmmsg
Crapmmuit mpenoiaBatesnb 11.02.2023
AnaTtonneBHa
3ajaHue NPUHAJ K HCIIOJTHEHUIO CTYIeHT:
I'pynna DOUO Moanucn Jdara
3-2B8I'1 AOGnypaxumoB Papmran [loiinueBuy 11.02.2023
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OO6yuaromuiics:
I'pynna ®PUOo
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Tema paboThI:

3AIIAJTHON CUBUPU

OBOCHOBHAHMUME NTPUMEHEHUSA TEXHOJIOI'MU HOJIMMEPHOI'O 3ABOJHEHUSA B
PA3JIMYHBIX TEOJIOTHUYECKHUX YCJOBUAX HE®TSIHBIX MECTOPOXKJIEHUM

\ Cpok criauu CTYZCHTOM BBITIOJTHEHHOHN paOOTHI: \

19.06.2023

Jara Haspanue pa3gena (Moayas) / MaxkcuMaabHbIH
KOHTPOJIsI BHJI padoThl (McCiIe10BaHNs) 0aJ1a1 pazaena (MoxyJisi)
27.02.2023 | OBJIACTb ITIPUMEHEHHM S ITOJIMMEPHOI'O 3ABOJIHEHWA 30
27.03.2023 | AHAJIM3 TEXHOJIOITMYECKOI'O ITPOLHECCA 30
ITOJIMMEPHOI'O 3ABOJHEHIM
17.04.2023 | BBIBOJbI 1 PEKOMEHIOALNU 110 BBIBOPY 20
OIITUMAJIBHOI'O COCTABA JIA ITOJIMMEPHOI'O
3ABO/IHEHUW A
15.05.2023 | ®UHAHCOBBIM MEHEJDKMEHT, 10
PECYPCOD®OEKTUBHOCTH 1 PECYPCOCBEPEXXEHUE
05.06.2023 | COOUMAJIBHAA OTBETCTBEHHOCTbD 10
COCTABUJI:
PykoBoaurear BKP
JloJzKHOCTH DdUO YueHasi cTeneHb, Hoanucy Jara
3BaHHe
Crapuuit Makcumosa FOnus 11.02.2023
penoiaBaTeciib AnatonneBHa
COI'TACOBAHO:
Pykosomuresas OOII
JloJIZKHOCTH DOUO Y4eHasi cTeneHb, Hoanucy Jara
3BaHHe
JIykun Anexceit K.I'.-M.H. 11.02.2023
JlomeHT
AHaTOoJIbeBUY
Ooyuawuuiics:
I'pynna DPUO Moanucey Jara
3-2b8I'1 Ab6nypaxumoB Pasman [lloiianesny 11.02.2023




OBO3HAYEHUA, OTIPEAEJIEHUS, COKPAILIEHUSA

I3 — nonuMepHOE 3aBOHEHHE;

CIIC — cluThlii NOJMMEPHBIN COCTAB;

IAC — nonuMepaucepCHbIi COCTAaB;

II'C — monumepHoO-TeneBas CUCTEMA,

DI — mpocToit 3¢up 1EIION03HI;

BII — Guononumeps;

I'®Y — reonoro-¢puznveckue ycuoBus;

KHH — xordunrienT usBiaedenus HeQTu;

ITAB — n0oBEpXHOCTHO-aKTUBHOE BEILIECTBO;

KMII — kapOOKCHMETHIIIIEILTION03A;

III — nognepkaHue miacToBOrO JAaBJICHUS;

ITAA — nonuakpuiaaMuz;

AA — akpunamu;

CBBb - cynbdaTtdoccTaHaBIMBaOIINE OAKTEPUH;
BHK — BojioHepTsiHOI KOHTAKT;

KHC — xycTOBBIC HACOCHBIEC CTaHIIUH;

BPBb — BogopacnpenenuTeabHble OaTapeu;

MCIIC — MOaepHU3HPOBAHHBIN CIIUTHINA MOJUMEPHBII COCTAaB;
MIIJC — moauduImpoBaHHbII TOTUMEPAUCIIEPCHBIN COCTaB;
AMI — areHT MOAUPUITUPYIOMINI TeIe00pa3yIOIIHiA;
CH3 - cpencTBa UHAMBUIYATIbHOM 3aIIUTHI,

YC — ype3BbIUaHBIE CUTYALIUH.



PE®EPAT

Breinycknaa kBamupukanuonnas padora 100 crpanuubl, B ToM uyucie 21
pucyHok, 15 tabaun. Cnucok nauteparypsl BkiatoyaeT 31 umcrounukoB. Pabota
COZIEPKUT | IPUIIOKEHHE.

KiroueBple cioBa: IMOJUMMEPHOE 3aBOJHEHHE, KO3(PPUIMEHT oxBaTa ILIacTa
3aBOJIHEHUEM, MTOJIUMED, YBEJIMUEHUE He(TeoTaauu, 1eCTPYKIHS oJIMMepa.

OOBEKTOM HCCIIeJOBAaHUS SBISIOTCS TEXHOJIOTUU TOJIMMEPHOTO 3aBOJHEHUS.

Leny wuccnegoBaHWs — aHAJIW3 TEXHOJIOTUH NPUMEHEHHS MOJIMMEPHOTO
3aBOJIHEHHUS B PA3JIMYHBIX T€OJOTMYECKUX YCIOBHUSIX Ha MECTOPOXKACHUSIX 3anagHou
Cubupu.

B mnpomecce wuccinenoBaHus ObUIM MOJIPOOHO PacCMOTPEHBbI PEAreHTHI,
OpUMEHsEMblE TPU MOJMMEPHOM 3aBOJHEHWH, a TaKXKe [MEpPCHEKTUBBI TIO0
NpUMEHEHHI0 0oJiee COBEpIIEHHBIX peareHToB. [IpoBeneH aHanM3 TEXHOJOTUH U
COIYTCTBYIOIMX MM XHMHUYECKHX PEAarcHTOB, NMPUMEHSIOIIMUXCS Ui YBEJIWYEHUS
OXBaTa IUIacTa 3aBOJHEHHUEM M YMEHBILIEHHS OCTAaTOYHON HE(TEHACHIIIEHHOCTH.
IIpoaHanmu3upoBaHbl COBPEMEHHBIE TEXHOJIOTUH MTOJIMMEPHOTO 3aBOIHEHHS.

B pesynbrare ucciaenoBaHUS — BBISBICH — INOJOKUTENbHBIA 3¢ (eKT
NOJUMEpHOro 3aBojHeHUs . C IMOMOINBIO JAHHOW TEXHOJOTMU MOXHO YBEJIUYUTH
OXBAaT IJIaCTa 3aBOJIHEHUEM U J1I0OBITh OCTATOYHYIO HE(DTh.

OO6nacTh NPUMEHEHMSI: HATHETATENIbHbIE CKBAXKUHBI.

[ToreHumanbHast 3koHOMHUYECKast 3P PEKTUBHOCTD CBsI3aHa C AOMOJIHUTENBHOM

no0br4eil HepTH 3a cYeT MPUMEHEHUS TTOJIMMEPHOTO 3aBOTHCHHUS.
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BBEJIEHUE

BonpmMHCTBO MECTOPOXKICHUN HAXOJATCS Ha MO3JHEW CTaauu pa3pabOTKH.
Ha Ttakux MecTOpOXAEHUAX HEOOXOAUMO TMPUMEHSITh METOJbl MOBBIIICHUS
HeTeornaun. OCHOBHBIMU 3aJjadyaMU JIaHHBIX METOJIOB SIBJISIIOTCS BOBJICUCHHE
c1aboIpeHUPYEMBIX 3allacoB, YBeJIHUeHHE KodpduieHTa wu3BiIeYeHUsT HeDTH u
kod(pdunreHTa oxBara IulacTa 3aBOJAHEHHEM. JlaHHBIE 3a7ayud MOXKHO PEIIUTH,
NPUMEHSI HA MECTOPOXKJICHUSX TEXHOJOTHIO 3aBOJAHEHHUs. OHAKO MO CPABHEHUIO C
TPaAUIIMOHHBIM  3aBOJIHCHHUEM IOJMMEPHOE 3aBOJIHEHHE TI03BOJIsieT  Oosiee
3¢ PeKTUBHO BO3/ICHCTBOBATH HA ILJIACT.

[TonumepHoe 3aBOJHEHHE SIBIACTCS OAHOM M3 COBPEMEHHBIX TEXHOJIOTH
3aBOJHEHMS TIACTOB. OCHOBHBIM CBOWMCTBOM MOJIMMEpPA SIBISECTCS 3arylll€HUE BOJbI,
YTO JeNaeT TEXHOJIOTHI0 TIOJIMMEPHOro 3aBojHeHus Oosiee »ddextuBHOM. C
MOMOUIBI0 TOJIMMEPOB MOXHO CHU3UTH JUHAMUYECKYIO HEOJHOPOJHOCTH MOTOKOB
¢darouaa, TeM camMbiM YBEJIMYMTH OXBAT IUIACTa 3aBOJHEHHEM. Takxke MOJMMEpPHBIN
pacTBOp TO3BOJIAET CTAOWIM3UPOBATh (PPOHT BBITECHEHUS U TMPEJOTBPATUTH
IPEKIEBPEMEHHBIN MPOPHIB BOJBI K TOOBIBAIOIIIM CKBaKHHAM.

AKTyalnbHOCTh [TaHHOM pa0OOThI: TMPUMEHEHHE TMOJUMEPHOTO 3aBOJHEHUS
BMECTO TPAAULIMOHHOTO 3aBOAHEHUS.

[lenbto BBIMYCKHOW KBaJM(PUKAITMOHHON pPaOOTHI SBIISICTCS OIpeecHue
KpuTepueB 3PGEKTUBHOCTH NMPUMEHEHUS TEXHOJIOTMH MOJIMMEPHOTO 3aBOJHECHHS B
Pa3TUYHBIX TEOJIOTHYECKUX YCIOBHUSAX Ha MECTOPOXKACHUAX 3anagHoi Cubupu.

JIns TOCTHKEHUS LIENIU TTOCTABIICHBI CIEAYIOIINE 3a/1a4H:

1. Onpenenuts CYIUIHOCTh MOJUMEPHOTO 3aBOJHCHHUS;

2. Ilpoananm3upoBaTh reonoro-pu3nyeckrue yciaoBus MPUMEHECHHUS,

3. M3yuuth mporiecc AECTPYKIIUU MOJTUMEPA;
4

PaCCMOTpeTB COBPCMCHHBIC TCXHOJIOI'NH ITIOJIUMCPHOI'O 3aBOJHCHU .
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1 OBJIACTb IPUMEHEHUSA IMTIOJIUMEPHOI'O 3ABOJIHEHUSA

[Ipu pa3paboTke MHOTOMIACTOBBIX MECTOPOXKICHUN HE obecrnednBaeTCs
paBHOMEpHOE HE(PTEBBITECHEHUE, B Pe3yJbTaTe YErO B MaJIONPOHUIIAEMBIX 30HAX
ocraetcsi HedTh. [l ymeHbIIeHHUs HEPTH B TPAHUYHBIX CIOSX MPUMEHSIOT
peareHThl, KOTOpPBIE YIYYIIAIOT CMayuBaeMOCTh TOPOJBI BBITECHSIOMICH BOJIOM.
[loatoMy npumenenue nonuMmepHoro 3aBogHeHusi (I13) saBnsercs nHaubonee
NEePCIEKTUBHBIM METOIOM yBEIWYCHHS HEPTEOTAauH.

[TonumepHOEe 3aBOJHEHWE — TEXHOJIOTHS MOBBIIICHHUS He(TEOTHaYM IMMyTeM
yBeNMMUeHUs KodpQulMeHTa oxBaTa IulacTa 3aBojgHeHHMEM. CyIIHOCTh JaHHOIO
METOJIa 3aKIF0YaeTCs B TOM, YTO MOJMMEPHI PACTBOPSIOT B BOJE, YTOOBI YBEIHYUTH
BSI3KOCTH BOJIBI M CHU3UTH €€ TOJBMKHOCTh. PeareHThl CrioCOOHBI MMPOHUKATH BIITYyOh
TUIacTa M CO3/1aBaTh MIOTOKOOTKIOHSIONINE YKPAHBI.

Cy1mecTByeT HECKOJIBKO THTIOB ITOJTMMEPOB:

e  Cmutsiii momumepHbiit coctas (CIIC);

o [lonmumepaucnepcusiii coctas (I1JC);

e  [lonmumepno-reneBas cucrema (I1I'C);

e [IpocToii apup nemtronossl (IT3L);

e  buononumepsi (BII);

° ACII-3aBoHeHME.

Hedtb, xoTOpass Obuia yAepkaHa KamWUIIPHBIMHA CHJIAMH WIH HE Oblia
OXBaueHa, octaercs B Iuiacte. 13 crmocoOCTByeT M3BICUEHHUIO OCTATOYHOM HEPTH.
[lonumepHbIii pacTBOp TMPOHHMKAET B  BBICOKONPOHHUIIAEMBIE MPOIUIACTKH, B
pe3yabTaTe 4ero yMeHbUIaeTcs AUHaMUYecKasi HEOAHOPOAHOCTh MOTOKOB KHUJIKOCTH,
COOTBETCTBEHHO, YBEJIMUMBAETCS OXBAT IIACTA 3aBOJHEHHUEM.

I[Ipu Herh(DEKTUBHOM  BBHITECHEHWHW MPOUCXOAUT TPOPBIB  BOABI K
JI0OBIBAIOIIMM CKBaKMHAM, YTO CIIOCOOCTBYET YBEIMUEHHUIO 00BOAHEHM. B maHHOM
Cllydyae COOTHOIICHHE MOJBMKHOCTEH He(pTH M BOABI HEOIArOMPUSATHOE, MOITOMY
3aKavka MOJIMMEpa B IUIACT MOBBICUT K03 dummenT oxsata. [IpuyrmHaMu IpOPHIBOB
MOTYT CIYXXHTb: 30HaJbHAas W CJOWUCTas HEOJHOPOJHOCTH IIACTa, 3aJICTaHue

IMOJOIIBCHHBIX BOA, HAJIMYHNC BBICOKOIIPOHHUIACMBIX TPCIIWH MJIM KaHAJ10B (OCO6€HHO
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XapaKTepHO ISl TPEIIMHOBATO-MIOPUCTOIO KOJUIEKTOPA), @ TAaKKE€ HErepMETUYHOCTb
AKCITYyaTallMOHHOM KOJOHHBI. EciM ke miacT uMeeT HEKOTOPYI0 HEOJHOPOJAHOCTh U
0JIaronpusATHOE COOTHOIIEHHE MOABHXXHOCTEN, TO NTpH [13 BO3MOXKHO U3BII€Yb HEPTH
U3 IJIACTOB, UMEIOIINX HU3KYIO TPOHUIIAEMOCTb.

HUctopus II3 B mupe Havamace B KoHue 1950-x romoB, oOaHaKko, Ha
MECTOPOXKJICHUSX HAYaIM MPUMEHATH JAaHHYIO TexHojiornio B 1960-x romax. II3
OPUMEHSUIOCh HAa MECTOPOXKACHMSX, KaK OJMH U3 METOJ0B YBEIWYCHUS
HepreoTnayu. Takoil TUN 3aBOJHEHHUS HCHOJB30BANCA B PA3JIMYHBIX TE€OJIOTO-
busnueckux ycnoBusx (I'®Y) B pasubix crpanax — CIIA, Kananma, Kwuraii,
Benecyane, Unnun n npyrux. B Hacrosmee Bpems Kurtail ocraercss NHAMPYIOLIEH
cTpaHoi o nmpuMeHenuto 13, koropoe peanusyercs ¢ 1990-x ronoB. MHorosieTHUM
onmbIT mokazan, uro II3 sddexkTuBHO mNpuMeHseTcs Ha MECTOPOXKACHUIX C
00BOJIHEHHOCTBIO 95%, oOecneunBas yBenuueHue Kodh UIIMEHTa W3BICUCHUS
Heptu (KNMH) npumepno na 10%. B tabnuue 1 npencrapineHa Tabauma npuMeHeHUs
MOJIMMEPHOTO 3aBOJAHEHUS HA HauboJiee KPYMHbIX MECTOPOKAeHUAX Poccun u mupa.
Tabmuna 1 — XapakTepuCTUKU 3apyO€KHBIX M OTEYECTBEHHBIX OIBITOB I10

IMOJIMMCPHOMY 3aBOIHCHHUTIO

Mecrtopoxkaenue, | Temnepary- | Bazkocts | [Iponunae- | [loomumep u | I deKTHBHOCTD
CTpaHa, roj pa, °C HedrTH, MOCTb, ero
mlla-c MKM? KOHIIEHTpa-
uus, %

Hopc Xocsui, 105 0,07-0,09 0,05 Pusher, Veeanuenne KMH
Texac, 1963 0,025-0,05 Ha 3,3%
OpisHCKOE, 245 8,6 0,5 ITAA, 0,1 1800 T
Poccust, 1966 JIOTIOTHUTEIHHO

24 12,2 0,4 JI00BITON HEPTH HA

I T pearenTa
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[Iponomxenue Tabauisl 1

Mecropo:xaenue, | Temnepary- | Bsaskocts | Ilponnnae- | llontumep u | IddexTnBHOCTH
CTpaHa, rog pa, °C HepTH, MOCTb, ero
mlla-c MKM? KOHILIEHTPa-
nus, %
Taiibep, CIIIA, 35 58 2,1 Pusher-500 PaspaboTtka
1967 u Pusher- BEJICTCH C
700, 0,036 MEHBIINM
i 0,023 | oOBogHEHHEM, YEM
MIPOTHO3UPOBATIOCH
JUISt
TPAAUITHOHHOTO
3aBOJIHEHHUSI, HO
MIPEXKIEBPEMEHHBIN
MPOPBIB TIOJIUMEPA
CBHJICTEILCTBYET O
HEBBICOKOM
3¢ (HEeKTUBHOCTH
mporiecca
Taiibep 33 120 1,92 Pusher-700, VBennueHue
Meusumnn, 0,025 He(TCOTIauH.
Kanaga, 1971
ApnaHckoe, 24 19-29 0,66 CS-6, 0,075 -
Poccus, 1975
Hcr  Koanunra, 38 25 0,25 Kenzan, Veennuenue KMH
Kamudophus, 0,05 Ha 2,8%
1978

B 1960-x rogax B CCCP wu3y4yasii METOJbl YBEIWYEHUSI BBITCCHAIOUICH
CIIOCOOHOCTH BO/JIbI, KOTOPBIE 3aKIIOUATIUCh B IOOABICHUH PA3IMYHBIX XUMUYECKUX
PEareHToB ISl YBEIUYCHUS BHITECHEHUS He(PTH M3 MATOMPOHHUIIAEMBIX 30H IUIACTA.
[TonumepHoe 3aBOJHEHHE OBLIO BHEAPEHO Ha MecTOpoxkacHHsX CeBepHOTrO MOpS B
1980-x rogax, a *MMEHHO OMOTIOJIMMEDP Ha OCHOBE KCaHaTa.

buononumep «Cumycan» Obul IPUMEHEH HAa ApJIAHCKOM MECTOPOXKICHHUH B
1987 rony. Ilonmumep 3akaunBanu B 53 HarHeTaTelbHbIE CKBAXHUHBI ¢ iepuox 1987-
1990 rr. Texumomoruueckuit 3dpdexr mocine npumenenus bII 6vm1 400-800 TOHH
JIOTIOTHUTENIBHO NTOOBITON HeTH Ha OJHY TOHHY 3aKadueHHOTO peareHTa. OIHAKO
3aKauyKy MojauMepa OCTAaHOBUJIU MO MPUYMHE OTCYTCTBUSI OMOMOJIUMEDA.

«IIponykr BII-92» B 1999 rtomy Obln

buononumep BHEJAPEH Ha

[TokamacoBCKOM MecTOpOXAEHUHU. bbpulo mpousBeneHo 69 omepanuil Mo 3akadke
14



pearedta B IuacT. B mmact Obuio  3akadeHo 50 Teic. M° peaktuBa [1].

Texnonornueckuit 3Qp¢HeKT OT NPUMEHEHHUsI TaHHOTO nojuMmepa coctaBui Oonee 500
TOHH JIONOJHUTEIBHO TOOBITON HEPTH Ha 1 TOHHY peareHra.

Takum oOpa3zoM, 4YTOOBI yBENIMUYUTh HEPTEOTHAYy IJJACTOB HEOOXOIUMO
ucnons3oBath [13. C nNoOMOLIBIO JAaHHOW TEXHOJOTMH BO3MOXHO YMEHBIIHUTH
OTHOIIEHHE MOJBUKHOCTEH areHTa BBHITECHEHUS U HE(THU 3a CYET YEro YMEHBIIUTCS
KOJIMYECTBO OCTAaTOYHON HeTH B 30HE 3aKauku. Takke B pe3ysbTaTe MPUMEHEHUs

[13 yBennuutcs kKo3hHUIMEHT 0XBaTa MJIaCTa BHITECHEHUEM.
1.1 O630p coBpeMeHHBIX MOAX0A0B K MOJTMMEPHOMY 3aBOIHEHHUIO

B mocnemnme roawsl dYacto wucmoibdyercs mienouHo-ITAB-nonuMepHoe
BO3JICHCTBUE HA TIJIACT, KOTOpPOE Moyunsio HazBanue ASP-3aBonnenue. [laHHbpii T
MOJIMIMEPHOTO 3aBOJHEHUE BKJIIOUAETCS B CBOM COCTaB HECKOJIBKO KOMIIOHEHTOB:
HOJIMMEp, MOBEpXHOCTHO-akTHBHOE BeriecTBo (ITAB) u menounoi areHt (comy).
Jlanubiii Bun monmMmepa Obl1 paspaboran B 1980-x romax. Paspabotkoit ACII-
3aBOJIHCHUS 3aHMMAJIMCh B HAYYHO-HMCCJICIOBATEIbCKOM IIeHTpe kommanuu Shell B
CIIIA.

ACII-3aBogHenue Hambosnee 3h(PEKTUBHO, TaK KaK KaKJbIH KOMIIOHCHT
cOoCTaBa OKa3bIBaeT CBOE Bo3jekcTBue Ha muiact. [IAB amcopOupyercs Ha TrpaHuIie
pasnena HeTh-BOJIa, B pe3yJibTaTe 4ero Mexx(azHoe HATSHKEHHE YMEHBIIAeTcs. ITo
OPUBOJUT K TOMY, YTO MPOUCXOIUT MOOHMIM3AIMS HEDTH, 3aIEMIICHHOM MEXIy
3epHamMu  nopoabl. llonmumep moBbIIAET BSI3KOCTh pacTtBopa. OxBar 1miacTa
MPOIIECCOM 3aBOJIHCHMSI YBEIMYMBACTCA TpPU 3aKayke B IUIacT 0oJjiee BSI3KOTO
pactBopa. Bce 3To0 B CBOIO ouepenp JiellaeT BO3MOXKHBIM Oojiee 3()PEeKTHBHO
BBITECHATh MOOWIM3NpoBanHylo [IAB HedTh. YBenmuuuBas moIBMXKHOCTH He(TH,
COJIa YMEHBIIAET CMAaYMBAEMOCTh NMOpoabl He(QThIO. [Ipy HCTOIB30BaHUHU 1IEIIOYHOT O
areHTa ymeHsblnaetcsa ocaxaeHue Ha nopone I[TAB. Berynmas B peakuuio ¢ KHCIIOH
He(THIO, UMEIOMIEH OOJIBITIOE COJEPIKAHNE IPUMECH CEPBI, IPOUCXOAUT 00pa30BaHUE

JOMOJIHUTEIILHOTO 00BeMma [TAB.
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IIpu onHOBpeMeHHOM HcmoJib30BaHMH coiapl U IIAB  moBbeimaercs
MOOWJIBHOCTh I1acToBOM Hedtu. IlpumeHeHue mnonumepa, B CBOIO OuYepenb,
yBeIU4YuBaeT KOA(PUIIMEHT 0XBaTa IlacTa 3aBOJHEHUEM M0 CPABHEHUIO C OOBIYHBIM
3aBoiHEHUEM. D(HPEKTUBHOCTh HE(PTEBBHITECHEHHS YBEIMYMBACTCS IIPU COBMECTHOM
BO3JCMCTBUM Ha HePTh, MOCTYMaIIed B JOOBIBAOIIUE CKBaXUHBI. (OJHAKO
KOJIMYECTBO 100BIBaeMbIX (PiironoB He u3MeHsiercs. KomnuecTBo n100bIBaeMO BOIBI
YMEHBIIIAETCsI, @ KOJIMYECTBO HE)TU — YBEITUUHNBACTCSI.

Komnanus «Caneim Iletponeym Jlesenonment H.B.», coBMecTHas koMmaHus
¢ [TAO «I'asnpom HedTh» u Shell, B 2008 rogy Hayana u3ydeHHE ONTUMAIBLHOTO
coctaa ACIIL Tlpu npumenenun ACII-3aBogHEeHHsI HEOOXOJUMO C TOMOIIBIO
UCIIBITAHUN B JIaOOpaTOpUU MOA00paTh COCTaB peareHTa, 4ToObl OH YAOBJIETBOPSIT
r'e0JIOrO-TEeXHUYECKUM OCOOCHHOCTSIM IIacTta. B Xoje TpOBENCHHUS IOJIEBBIX
ucnbiTanuii B 2009 roay Ha OJTHON U3 CKBaXUH OBLIIO YCTAHOBJICHO, YTO C TTOMOIIIBIO
JAHHOM TEXHOJIOTMH BO3MOKHO BbIpaboTaTh 10 30% octaTouHoi HEeDTH.

Ha 3amagno-CanbsiMCKOM MecTOpokAeHUM npumensiercss texHosorus ACII-
3aBogHeHuss. B 2014-2015 rr. 610 mpoOypeHO 5 CKBOXHMH U OBUIO MOCTPOCHO
HeoOXoauMoe 00opynoBaHHe: TpPyOONpoOBOJ, OJIOK pa3faeieHus SMYJIbCHH U
yctanoBka cmemenust ACIIL. C 2016 rona Hayanm 3akayky peareHra B IJ1acT.

Ilo ouenkam cnenuanucToB npumeHenne texHoiorun ACII-3aBonHeHHS B
Te4eHue 15 5eT Mo3BOJUT AOOBITH JOMOJHUTENBHO 10 25 MJIH TOHH HE(TH, YTO
cootBeTcTBYeT npupocty KMH npumepno Ha 10% B 11es10M no mectopoxkaeHuro. Ha
TEX yYacTKax, TJe HEMOCPEICTBEHHO OyJEeT HMCIOJB30BAThCS JaHHAS TEXHOJIOTHS
oxumaercs npupoct KHMH na 15-20%. BrHeapenwe ke MaHHOW TEXHOJOTHH Ha
TEppUTOpUM  XaHTHI-MaHCUICKOTO  aBTOHOMHOTO OKpyra TOBBICUT OO0BEM
noObBaeMoit HedTH Ha 2,4 MIIp] TOHH.

Taxke cBoe mnpumeHenne ACII-3aBojHEHHE HAIUI0O HAa MECTOPOXKICHUU
Mooney Bluesky B Kaname. 3anexp Obuta BBe[eHAa B 3KCIuTyaTanuto B 1987 rony.
Onnako B 1997 rongy pazpaboTka MECTOPOXACHHUS OblIa OCTAHOBJICHA M3-3a BBHICOKOM
OOBOJHEHHOCTH TPOAYKIMH W HHU3KOro nebuta. IlpuymHONM OCTaHOBKH OBLIH

OorpaHUYeHHAass MOILIHOCTh IJIACTa U BbICOKas Ba3kocTh Hedtu (0,3-1,5 ITa-c).
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CxBaxxrHa TOBTOPHO ObLIa BBeAeHa B dkciutyatanuio B 2005 roay. Jlebur
CKBOXMH yBenuuwics. TeM He MeHee Boja J00bIBajJach C CaMOro Hayajla H3-3a
HAJIWYUS B KOJUIEKTOPE MOJBIWKHOW BOJBL. JlaHHAs cuUTyanus MpuBeia K TOMY, YTO
OBUTO pelIeHo TMPUMEHUTh Ha JAaHHOM MecTopoxkaeHuu I3, mcmbITaHne KOTOPOTO
Hayanu B 2008 roay. Konnentparus nonumepa 6s1a 1500 mr/n u Baskocts — 0,02-
0,03 TIla-c. bnarogaps JaHHOH TEXHOJIOTMM YAQJIOCh YBEIWYUTh JAEOUT U
MOJIICP)KUBATh  €r0  CTAaOWIBHBIA  YPOBEHb B HECKOJBKHMX  CKBaKWHAX,
pacTONOKEHHBIX OJIM3KO K HarHeTaTelbHBIM. TeM He MeHee B CKBAKHHE C
OTPaHUYCHHBIM OTOOPOM MPOM3OIIEIN MMPOPHIB BOJBI B TEUEHUE 4 MECSIIEB, YTO BUIHO

u3 pucyHka 1. Oxunaembiii KMH nocne npumenenus 113 oxunancs npumepHo 18%.
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% 80 40 i
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Pucynok 1 — I'paduk npuMeHEeHHs TOTUMEPHOTO 3aBOTHCHUS HA

MecTopoxennn Mooney

Hns toro, utoOnl eme yBennuuth KHWH Ha wmecTropoxiaeHun mnpoBenu
texHosioruto ACII-3aBognenust B 2011 roay Ha 23 HarHeTaTeIbHBIX CKBAXKMHAX.
CoctaB pactBOpa, 3akaumBaemoro B macT: kapOonat Hatpusi Na,COs
koHueHtpauen 1,5% wmacc., konuentpauusst [TAB — 0,15% wmacc. u nonumep

koHneHTpanueir 2200 mr/n. K koniy 2013 roma Habmoanoch CHUXKEHHE JeOuTa
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He(Tu. OOBOJHEHHOCTh CHayala HEMHOTO YMEHBLIWIACh, 3aT€M CHOBAa Hayasa
YBEIINYUBATHCH.

B 2016 romy wu3-3a OONBIIMX OHKCIUIyaTallMOHHBIX 3aTpaT MPHUILIOCH
OCTaHOBUTh BHOBb 3aKauKy pacTBopa B mjact. l[logcuntaB cymMMapHylo 100bIYY Ha
HCCIIETyeMOM y4YacTKe, ObUIO BHAHO, UTO J00bYa HedTH cocTaBwiia mopsijaka 9%,
YTO 0Ka3aJI0Ch 3HAYMTEILHO MEHBIIIC 0KHIAEMOTro pe3yibrata [2].

Taxkum oGpa3zoM, B mocieaHEe BpeMsi BCe OOJIBIITYIO TOMYJISIPHOCTh HaOupaet
texHonorusi ACII-3aBogHenusi. B pesynbraTte [JaHHOM TEXHOJIOTHMM BO3MOXKHO
JOTOJIHUTENbHO J00bIBaTh 10 30% duronna. OnHako HEOOXOAMMO IS KaKJA0Tro
o0beKTa 3aBOJHEHMsI TMMOJAOUpaTh WHIWBUIYAJIbHBIH cocTaB pactBopa. llpu
npuMmeHeHur ACII-3aBoJHEHUsT Harpy3ka Ha OKPYXalollyl) Cpeay 3aMETHO
cHmKaercs. JIJisl MCMoab30BaHusl TAaHHOW TEXHOJIOTMU HE TPeOYyeTCsl CTPOUTEIIhCTBA
JOTIOJTHUTENIbHOW MH(PACTPYKTYPhI, COOTBETCTBEHHO, COKpAIIaeTCs 00beM OTXOJIOB.
Camu xe peareHTbl HETOKCUYHBI, TaK)K€ MOTYT MCIOJIb30BaThCsl B OBITOBOM XUMMHH,
takue, kak [TAB u cona, u B Bogoounctke — noiaumep. IIpu ucnonszoBanun ACII-
3aBOJIHEHUS CPETHUN CPOK HEPTEeNOOBIUM COCTABISET MPUMEPHO 3-5 JIET, B TO BpeMs
KaK TpHU HCIOJIH30BAHUM TPATUIIMOHHOTO 3aBOJHEHUS HA W3BJIICUEHHE HEPTH ATOT
CPOK YBEJIMYHUBAETCA J10 JECATUIICTHUSA.

Ha mecropoxnennn bubu-Jiidat B AzepOaiiykaHe MPUMEHSIOT MOJIUMEPHBIN
pacTBOp Ha OCHOBE HATPUEBOM coyim KapOokcuMetwmientono3pl (KMLI). /lannbi
BHJI MIOJIUMEPA SABIISIETCA BogopacTBOpuMbIM. KMII umeer psax npenmyiiecTs Takux,
KaK: HeOOJIBIIONW PAcX0/1, UCIIOJIb30BAHUE IS BHICOKOBS3KOM HEPTH. OHAKO, KaK H
OCTJIbHBIE BUJIbI MTOJIMMEPOB, NAHHBIM TUN MOJMMEpPA YYBCTBUTEIIEH K TEMIEPaType
W MUHEpaIW3aluy miacToBOM BOJAbL. [loaToMy Ha maHHOM MecTtopoxiaeHun k KMI]
nobasisitor HaHowacTHIbl amomuHus Al m memn Cu mis Gonee 3ddexTuBHOTO
BBITCCHEHUSI TPYJAHOU3BICKAEMBIX 3aMacoB HE(PTH 3a CUET YyBEIWYEHUS OXBaTa
miacTa 3aBOJHEHUEM W CHIDKCHHUS OTHOIICHHUS TIOJBIKHOCTEH HepTH U
BBITECHAIONIEr0  areHTa. [loly4yeHHBII  pacTBOp  HAa3bIBAIOT  MOJHUMEPHBIM

HAaHOKOMIIO3HUTOM.
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Ha wmecropoknenun ObUIO TPOBENEHO MCHBITaHHWE JUIsl  1Hojgdopa
ONTUMAJIbHOM KOHIIEHTPAallUM TMOJHMMEPHBIX HaHOKOMIO3UTOB. Ha pucynke 2
MpeACTaBlieHa AuarpaMma, KOTopasi OTOOpa)kaeT pe3yJbTaThl BIWSHUSA Pa3IudHOU
KOHLEHTpAI[MU PacTBOPOB HAa €r0 JUHAMUYECKYIO BA3KOCTb.

9

JMHanGIUecKad BASKoCcTe, [lac
W

0 2 4 6 8 10
Kommenrparptr KM, r/n

== EI[+ H20 EMIT+Hi0 + AL = KMIT+H20 +Cu

PI/IcyHOK 2 — Bnusnue KOHOCHTpAOHUU 1 COCTaBa paCTBOpPA HA AMHAMUYICCKYIO

BA3KOCTB

Kak BugHo M3 rpaduka, nmpu HEOOMbIIUX KOHIEHTpanus pactBopa (1-3 1/im)
HET OOJIBIION pa3HMIBI B TOM, KaKOMl COCTaB KOMIIO3WTa HMCIOJb30BaTh, TaK Kak
JUHAMHUYECKas BS3KOCTb MPAKTUUYECKH HE wu3MeHserca. Ho npu yBennyeHuu
kounenTparuu KMII naGmromaercst Oonpinii pa3pbiB B 3HAYCHHUSIX TUHAMUYECKON
Bsi3kocTH. OnHako mpu paBHbIX KoHUeHTpauusx KMI[ nuHammuueckas BS3KOCTb
Oosbllle y TOJMMEPHOTO pacTBOpa ¢ HaHoyacThiamu amtoMuHus Al BaxHbiM
ycioBueM 3(P(EKTUBHOTO 3aBOJHEHHUS SBISIETCS COOTHOIICHUE JIMHAMUYECKOU
BS3KOCTH HE()TH W BBITECHSIONIETO areHTa. YeM Oimke 3HaueHUs BSI3KOCTEH NPYT K
apyry, Tem Oynmer Oonee 3(h(EKTHBHO MPOUCXOJUTH BBITSCHCHHE W TEM OOJIBIIIE
Oyner koddduIMeHT oxBara IIacTa 3aBogHEHHEM. lloaTBep)kIeHHe TaHHOTO
3aKJIIOYEHHS] MOKHO MPOUJUTIOCTPUPOBATh PUCYHKOM 3. M3 puCyHKa BUJIHO, UTO MPHU

koHueHtpauu KMI[ 5 r1/n Oymer nambonbmmii KWMH. Ha wMectropoxnenun
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IIPUMEHSUIM 3TO 3HAYEHWE KOHLIEHTPALMM, B pe3ysbrare Kotoporo noayuwn KUH

npuMepHO 60% OT TEeKyIIero 3Ha4eHMUs.
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Eosddrnment imeneuesma Hedimiz, %o

PI/ICYHOK 3 — Bausinue KOHIOCHTPAIUHU Kap6OKCI/IMCTI/IJ'IL[€JIJIIOJIO3BI Ha

Kod(puMeHT u3BieueHust HeTu

WNrtak, mnomuMepHble KOMIIO3UTBI MOXKHO TakKXKe€ HCIOJIB30BaTh  Kak
BBITECHSIOIIUN areHT s Ooisiee »ddextuBHOro 3aBogHeHus. [Ipu mobaBiaeHUU K
KMIl wnHaHOYacTHI] allOMHHHS WIA MEOA MOXXHO JOOUThCS HEOOXOIUMOM
JTMHAMUYECKOHN BSI3KOCTH. [[aHHBIC 3JIEMEHTHI YBEJIUUUBAIOT BI3KOCTh pacTBopa. Uem
BBIIIIE BSI3KOCTh, TE€M BBIIMIC HE(MTEBBITCCHAIOIIAS CIIOCOOHOCTh, a TaKXE OXBaT
miacta 3aBogHeHHeM. [lonmmMmepHBIE HAHOKOMIIO3UTHI C QIFOMHHHEM Ooliee

3 GeKTUBHO BO3AEHCTBYIOT Ha miact [3].

1.2 AHaau3 reojiornuyeckKux OCOOEHHOCTEeH IJIACTOB JIJISI MOJUMEPHOIO

3aBOAHCHUSA

[Tpu nmpumenenuu 13 mpoucxoaut Gosbiiee HEPTEBHITECHEHNE B CPABHEHUH
C TPaJWIIMOHHBIM 3aBOJHEHUEM, YTO WILTIOCTpUpYyeT pucyHok 4. I3 3akmiouaercs B
CMENIMBAHUU BOJIBI M TOJIMMEpA M 3aKaykd JaHHOTO pacTBopa B IiacT. PacTBop
HEO0OXOIMMO 3aKayuBaTh JIO TEX IMOp, MOKA MOJMMEP HE 3aIMOJIHUT Y5— Y2 TIOPOBOTO
IPOCTpaHCTBa KoyiekTopa. OOBIYHO MOJIMMEPHBIE PACTBOPHI MPEICTABISIOT COOOM

otopouky pazmepom 40-50% ot o6bpema mop.
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TTommms CPHOC 3dB0THCHHE

Jobrraa nedu

3aE0THEHHE EOTOMH

BO,".'LE__ 00BEM 2AKAYIHHOTD MopoEOrd NPOCTPAHCTEA

PI/IcyHOK 4 — CpaBHeHI/Ie MMOJIMMCPHOTO U TPAAUIITMOHHOTO 3aBOAHCHUA

Bona, koTopasi 3akaunmBaeTcs B ILIACT, CTPEMHUTCS TMPONTH MyTh MEHBIIECTO
COINPOTHBIICHUS K COCEIHUM JIOOBIBAIOIINM CKBa)XKHHAM, T.C. TIOMACTh B 00J1aCTh, TJIC
Oonee BBICOKAs TPOHHUIIAEMOCTh M Ooliee HU3KOE JaBiieHHWe. Eciu  BS3KOCTh
HarHeTaeMoMW BOJBI MEHBIIIE BI3KOCTH HE(PTH, TO BOJa OyIeT IPOXOIUTh Yepe3 HEPTh
i 00XouTh ee. Bee 3To MpUBOIUT K yMEHBIIEHHUIO KO puimenTa oxsara miacra
3aBOJIHEHHEM, TaKke Oy/leT HaOII0AaThCsl YMEHbIIIeHHE He(pTeoTaauu.

[Ipu BBIOOpE mMOIMMEpPA HEOOXOAMMO PACCMOTPETH TIeoJIOTo-(hu3zndyeckue
ycioBus npumeHeHus ais I[13. Iuanazon 'OV B mocnenHee BpeMsi 3HAUUTEIBHO
pacmpuics. OTO CBA3aHO C TeM, 4YTO pPa3pabOTKu B HEPTEXMMHHU TO3BOJIMIU
aJanTHPOBATh MOJUMEPHI U CIENATh UX 0oJiee YCTOWUMBBIMU K TEMIIEpaType IJiacTa,
MUHEpaIM3aIluy TUTACTOBOM BOABl W Kod(dduimenty casura. Taxke mg00aBIsIOT
CHeIUaNbHBIC 3alllUTHBIE TO00AaBKH, YTOOBI MOJMMEPHI ObUIM OOJee yCTONYHMBBI K
KECTKUM Cpe/IaM.

Hoseie uccnenoBanust B obmactu [I3, yuuthiBas 0COOCHHOCTH 3aKadyKu
peareHra B IIJIaCT, YMEHBIIAIOT PHUCK pa3pylmIeHUs TOJUMEpa W TIOBBIIIAIOT
s hexTUBHOCTH TpUMEHEHUs TexHooruu. B HacTosmee Bpems [13 ocymecTBisercs
npu OONBIIMX 3HAYEHUAX TEMIEPATyp, MUHEpAIM3ANMU M B IUIACTaX C TSKEIOU
HeThi0. B Tabmmie 2 mpencTaBiIeHBl KOHTPOJIBHBIC MapameTphl IMOJTUMEPHOTO

3aBOJHCHUS.
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Tabnuia 2 — [lapaMeTpsl NOJTUMEPHOTO 3aBOTHEHHUS

XapaKkTepUCTHKHU KOJJIEKTOPA Texkymmii 1MaNa30H NPUMEHEHUS
TIpOHULIAEMOCTD, MKM> 0,01 -2
Temneparypa, °C 80 —-120
JIuTonorndyeckuil CoCTaB Ilecuanuk
Bsizkocth HedTH B muiacte, [la-c Memnee 10
IInotHOCTL HeTH, KI/M° Bonee 965,9
Munepanuzanus, /1 Memnee 270
Hedrenacoimennocts, % bonee 20

Baxuyio ponap mnpu npumeHeHuu I3 wurparoT mpoHUIIAEMOCTH IUIACTA,
IlacToBasi TeMIepaTypa M MUHEpaiu3alus BOJAbL. YUHUTHIBasS TOT (akT, 4TO B
KapOOHATHBIX KOJLUIEKTOPAX MPUCYTCTBYIOT TAKUE MOHBI, Kak Kanbluii Ca?t u Maruuii
Mg?*, B 1aHHBIX KOJUIEKTOPAX IIPOUCXOIUT OCAXKJIEHHE MOJIUMEPA CONSAMH KallbLs U
MarHausi. Bce 310 oTpUIIaTeNIbHO CKa3bIBAETCS HA MPOIECCE 3aBOAHEHHUS.

[IpoHuiaeMocTh MOPOALI BO3JCUCTBYET Ha PEOJOTHMYECKHE CBOMCTBA
noyimMepa pu GUIbTpaluu B opucToi cpeae. CHIKEHUE MPOHUIIAEMOCTH BJICUET
3a co0OM yBeIMYEHHE TOKa3aTeJIel PEOJIOTHYECKUX CBOUCTB pacTBOpoB. OcCOOEHHO
CHUJIBHO 3TO CKa3bIBaeTCs Ha OCTaTOYHOM (aktope compoTtuBieHus. [lo maHHOMY
napaMeTpy BO3MOXKHO OIIEHUTH JeUCTBUE MouMepa. DakTop COMPOTUBIICHUS CBSI3aH
c copbruelt moauMmepa nopojgamu. CopOIust - mporecc MOTJIOMICHUS MOJUMepaMHu
PAaCTBOPEHHBIX BEIIECTB M3 OKPYXKAIOIIEH Cpelbl. YMEHBIICHUE MPOHUIIAEMOCTH
IJIacTa JJis MOJIMMEPHOTO PAacTBOpPA MPOUCXOAUT HAMHOTO CUJIBHEE, YEM U3MEHEHUE
COOTHOIIEHHUS BSA3KOCTH HE(PTH M BOJBI. DTO Ha3bIBaeTCS (PaKTOP CONMPOTHBIICHUS.
OcraTouHblii (paKTOp CONMPOTUBICHUS 3aKIIOYACTCS B TOM, YTO JaXKe TOCIIE TOJHOTO
pa3pylieHusl noJMMepa MPOHUIIAEMOCTh MJIaCTa HE BOCCTAHABIMBACTCS IOJHOCTHIO.
Ecnu nponunaemocts MeHee 0,01 Mkm?, To npomuecce I13 mpakTHYeCKH HEBO3MOIKEH,
TaK KaK pa3Mephl IomMepa OoJIbIlie pa3MepoB Mop. B pesynbTaTe 3TOro MPOUCXOIUT
KOJIbMaTaIusl Mpru3ab0WHOM 30HBI IUIACTa, T.C. €€ 3aCOPEHHUE, WM MEXaHHYeCKas
JTECTPYKIIUS.

OOGnamast BBICOKOM BSI3KOCThb, PAcCTBOPHI MOJMMEPA CHOCOOHBI BBITECHSTH
He(Th U CBSA3AHHYIO BOJY W3 TOPHUCTON cpeabl. B pe3ynbpTaTe 4ero mpoMCXOAUT
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B3aMMOJICUCTBHE CO CKEJIETOM IOPUCTOH Cpeabl (C MOpoaod W IIEMEHTHUPYIOIIUM
BEIIECTBOM ). DTOT MPOIIECC Ha3bIBaeTCs ajcopOiuel momumepa (pucyHok S5). B xome
mporecca afcopOIuy MPOUCXOIUT OCAXKACHHE MOJIEKYJ MOJMMEpa Ha MOBEPXHOCTU
Cpelbl M 3aKylOpUBaHUE KaHAJIOB, T.C. MPOUCXOJUT yXYAIICHUE (DUIBTPAIIUU BOJIBI.
Munepanu3aiuss BOJAbI M MUHEPAIbHBIA COCTAB IMOPOJBI BIUSIOT HA BEIUYUHY
afacopOuuu. Jlns CHmKEeHHs aAcopOlUM CYIIECTBYET HEOOXOJIUMOCTb CO3JaHUs

OTOPOYKH U3 HpeCHOﬁ BOJHBI.

> Moneryie nommepa

CreneT nopucTol cpemsl

Pucynok 5 — AncopOuus moimmepa

CymiecTByeT Juana3oH 3HAYCHUH ancopOmuu, TpH KOTOPOW MpOIEece
3aBojHEHUsT Oyzner Hambosnee dddexkTuBeH. MuHUMANBbHBIA 3(PGEKT 3aBOTHEHUS

OyneTt HaOJI0IaThCs TIPU HYJICBOM aJICOPOITUH, YTO BUIHO U3 PUCYHKA 6.

I8 |

Pucynok 6 — 3aBucumoctb K03 PuIMEeHTa BRITECHEHUS OT OTHOCUTEIHHOTO

oTOOpa pu pa3Hoil COpOUPYEMOCTH MOIMMEPa
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BriTecHenue npoucxoaut: 1 — Bonou; 2, 3, 4 — NOJIMMEPHBIM PACTBOPOM C

pa3zabiM K03 purmentom aecopounu 0; 1 u 0,5 COOTBETCTBEHHO

JlaHHYIO 3aBUCUMOCTH MOHO OOBSCHUTH TE€M, YTO IOJIMMEPHBIA PacTBOp B
IIacTe TEPEMEIIMBACTCS C CBSA3aHHOW BOAOW WM pa3pymiaeTcs. DTO TPHUBOIUT K
CHI)KCHHIO BSI3KOCTH. B pe3ynbTare MaHHOTO TpoIlecca MPOMCXOAUT OO0pa3oBaHUE
30HBI HEAKTUBHOHN BOJbI. (OJHAKO 3ajlada MOJIUMEPHOTO PacTBOpPAa COCTOUT B TOM,
YTOOBI YBEJIIMYUTH BSA3KOCTh BOJIBI U TIOHU3UTH €€ MOJIBUKHOCTD, & TAKKE YBEIUYHTH
(GakTop COMPOTHBIICHHUS MPU MAJOW CKOPOCTH (PUIBTPAIUUA PACTBOPA, YTO MOMKET
o0ecIeuuTh MpoIecc ajcoponuu mommMepa. TakuMm 00pa3oM, CHIKCHHE acopOInun
CHWXaeT (DaKTOp CONMPOTHBIICHUS IUIACTa JUIS BOABI, @ TAK)KE CHIMIKAET OXBAT IUIacTa
3aBOJIHEHUEM, YTO JIEJIaeT MPOIIECC 3aBOAHCHUS HETOCTATOUHO 3P (EKTHBHBIM.

C npyroii CTOpOHBI, TPH OOJBIIONW aJCOPOIMU HAOIIOACTCS CHUKCHUE
Hedreornauu. DpoHT BeITeCHEHHs] HEPTH TOJIMMEPOM OTCTaeT oOT (poHTa
BBITECHEHMsSI BOJIOM, COOTBETCTBEHHO, OOJblllasgs dYacTh HEPTU BBITECHSIETCS
HEaKTHUBHON BOj0M. B pe3ymnbpTaTe 3TOr0 HedTeoTnaua miacra cHmwkaercs. [loatomy
s HauOosee 3(DPEKTUBHOTO BBHITECHEHUS HEOOXOJMMO MOJI00paTh ONTHMAIbHYIO
a7ICOpOIIHMIO TIOJIUMEDA.

[Tomumep mpu BBICOKMX IUIACTOBBIX TEeMIIEpaTypax TepsSeT yCTOWYHBOCTD,
MO3TOMY HEO0OXOIUMO J00aBIIATh CTaOMIM3aTOphl. JlaHHBIE BelIeCTBAa CIOCOOHBI
MOBBIIIATh YCTOMYMBOCTD TOJIMMEPA K TEMIIEpaType, a TakKe HE JaBaTh MOJIUMEPY
OoCaXxJaTbcsl U3 pactBopa. M3 pucyHka 7 BUAHO, YTO IPU OJWHAKOBOW TeMIIEpaType
OTHOIIIEHHUE BSA3KOCTEH OyIeT TeM MEHBIIE, YeM MEHBIIE KOHIICHTpAIlUsS pacTBOpA.
Taxke manHoro rpadguka BHAHO, YTO 4YeM OOJIBIIIE KOHIICHTPAIUS PACTBOpPA, TEM

Oombiie OyeT BIMSHUE TEMIIEPAaTyphl HA OTHOIICHHUE BSI3KOCTEH.
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¢ s ¢ F 60 A
Pucynoxk 7 — BiivsiHue teMiiepatypsl Ha OTHOLIEHUE BA3KOCTEW IOJIMMEPHOIO

pacTBOpPa U BOALI ITPU PA3JIMYHBIX KOHICHTPALUAX

Konnentpamus, %: 1 —0,1; 2- 0,05; 3 -0,03; 4 - 0,015

TemmepaTypHyto  OOCTaHOBKY B  IUIacTe MOXXHO  OTCIEOUTH IO
reOTePMUYECKOMY TPaTUCHTY, T.€. NMPUPOCTY IUIACTOBOM TemmepaTypbl Ha 1 M
rITyOWHBI, U TEOTEPMHUYECKON CTYIEHU — BEJIMYWHA, OOpaTHAas Te€OTEPMHUECKOMY
rpaueHTy. B Hepax cymecTBYIOT HE TOJIBKO YYaCTKU ¢ HOPMaJIbHBIMU 3HAYCHUSIMU
TEeMIIepaTyp, a TakKXKe HaOJIOMAI0TCS YYaCTKH C AHOMAJIBHBIMH TEMIIEpPaTypaMHu.
BennunHa reoTepMHUYECKOTO TPAJUCHTa YMEHBINACTCS B CHHKIMHAIBHBIX 30HaX U
BO3pAacTaeT B AHTUKIWHAIBHBIX. TakuM 00pa3oM, CHHKJIMHAIHN SBISIOTCS 30HAMHU
MOHIKEHHOU TEMIIEpaTyphl. DTO OOBICHIETCS T€M, YTO B pallOHAX CUHKIMHAIBHBIX
BIIAJIUH U MPOTHOOB MPeoOIagaloT TIIMHUCTBIE MOPOJIbI, KOTOPBIE, B CBOIO OYEPEb,
00Jaar0T MEHBIIEH TEeIJIOMPOBOAHOCTHIO. AHTUKIWHAIN — 30HBI TTOBBIIICHHON
TEMIIEPaTyphl (PUCYHOK 8). DTH aHOMAJIUU BBI3BAHBI TEM, YTO B Mpeaeax MOTHITHHA
npeoOnamaer MeCcYaHbIi paspes, KOTOPbIN oOnamaeT MOBBIIIEHHOMN
TETUTONPOBOTHOCTHIO. [IOBBIIIIEHHBIE TEMITEPATypPhl CYUTAIOTCS TEMIIEPATYpPhl BBIIIE

95°C npu rpaguente Boime 4°C/100M.
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CHHKJIHHAIb AHTHKJIHHAIb
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[
Pucynok 8 — I'eorepMuuecKkuii rpaiMeHT B Pa3JINYHBIX CKIaJKaX TOPHBIX

OpOJT

H3meHeHne Temmepatypsl B IUIACTE TNPUBOAUT K HM3MEHEHUIO O0BEMOB
KHUJIKOCTH, Ta3a W BMENIAIONIUX MOpoA. B pesynbTaTe MOBBIMICHHUS TEMIICPATypPhl
MIPOUCXOJIUT CHW)KCHHE BSI3KOCTH HE(PTH M BOJLI W TOBBIINICHHE BSI3KOCTH Trasa.
[TnacToBoe naBjieHWE TMOBBIMIACTCS TPU YBEIUYCHUH TEMIICPATypPhl B 3aMKHYTOM
pe3epByape. M3MeHeHre (ha30BBIX COOTHOMICHUH B 3aJIe)KaX M PACTBOPUMOCTH Ta30B
B BojJic U Hed)THU, a TaKKe COJed B BOJIE CBSI3aHO C IUIACTOBOM TeMIEpaTypoHu.
CHmwKeHHe IIJJaCTOBOM TeMIepaTypbl BJ€YeT 3a COOOH OCJIOXXKHEHUE T00BIYU
yIJIEBOJOPOJIOB M TPUBOAUT K TIOTEPH ILIEHHBIX MPOAYKTOB (BsI3KOM HedTH,
KOHJIeHcaTa U napadurHa), Mo3TOMY pa3paboTka HEPTIHBIX MECTOPOKIACHUN BEIETCS
C YBEJIMYEHUEM IUIACTOBOM TeMIepaTypsl [4].

JlaBneHue i 3aKavKy IMOJIUMEPHBIX PACTBOPOB B IJIACT JIOJHKHO OBITH BBIIIE
JaBJieHUs: OOBIYHOTO 3aBOHEHUSA. COOTBETCTBEHHO, ONITUMAILHOE JIABJICHHUE JOJIKHO
obITh 20-22 MIIa. Takoe nmaBiieHHE HEOOXOIMMO, YTOOBI MOIJIEPKUBATH JIACTOBOE
JaBJICHUE W3-3a TIOBBIINICHHS BS3KOCTH BBITECHSIONIETO AareHTa, IOSBICHUS
JIOTIOTHUTENIBHOTO COMPOTUBIICHUS CPEbl, a TAKXKE M3-3a MPOSIBICHUS KaXylencs
BS3KOCTH pactBopa. [lo stum mnpuumHam I[13 okaxercs manodddEKTUBHBIM B
cmabompoHUIIaeMbIX TUIacTaX. B xoxe ¢uubTpanuu dYepe3 TOPUCTYIO Cpeny B
pacTBOpE MPOSIBISIETCS KaXKyIas BSI3KOCTh, KaK YK€ TOBOPUIIOCH BHINIC. Bs3KOCTH
okaspiBaeTcsi B 10-20 pa3 BbllI€ BSI3KOCTH, HM3MEPEHHOM BHUCKO3UMETpOM. B
pesyabsTate 3toro 113 Gonee 3phekTUBHOCTH NMPUMEHSATH IS HePTH, 00namaromen
BBICOKOM BSI3KOCTHIO, YTOOBI YBEIMUHUTH KOI(PPHUIIMESHT 0XBaTa IJIacTa 3aBOJHECHUEM.

[Ipu mepeMemuBaHWM TOJMMEpPa W TUIACTOBOM BOJBI  HAONIOMAETCS

paspymicHuC MOJICKYII H, COOTBCTCTBCHHO, CHHIXCHHUC BA3KOCTH. Ecau mmactoBas
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BoZia 00JaJaeT BBICOKOM MUHEpalM3alueld, TO KOHIEHTpalMs MOJIUMEpPA JI0JKHA
ObiTh B 2-3 pasa Beimie. OnHako s sddexkruBHoro [13 nydmie ucmonb30BaTh
C1a0OMUHEPAITM30BAHHYIO BOIY C HEOOIBIIUM COACPKAHUEM KaJIbIIUS U MarHus.

JletictByromiasi cucteMa mnozjaepkanus 1iactoBoro nasienus (IHTI) —
BHYTPUKOHTYPHOE 3aBOJHEHHE. Takke ClelyeT y4ecTh, UYTO NMpPU OOBOJHEHHOCTHU
npoaykuun 6onee 80% mnpumenenue I[13 cranoButTcs HedapdEKTUBHO. ITO
OOBSCHAETCS T€M, YTO MPH JAHHBIX YCIOBHUSIX (UIBTPALIMOHHOE COMPOTUBIICHUE
HOPUCTOM CpeJbl MPAKTUUECKH HE MEHSIETCS! TPU MPUMEHEHUH MOJIMMEpa.

Takum oOpa3zoM, BbIOOp MOJIMMEPA W/MIM 3alUTHI MOJMMEpPA SIBISETCS
BaXXHBIM 3BeHOM B mporecce [13. Haubonee riaBuble mapaMeTpbl, KOTOPHIM JOJKHBI
yIIOBJIETBOPSATH MOJMMEPHI: IUIACTOBasg TeMIlepaTypa, MPOHHUIIAEMOCTh IUlacTa H
MUHEpaJIn3alus 3aKkadynuBaeMoil Bojabl. HeoOxoaumo ynensiTe JOJMKHOE BHUMAaHUE
TAaKOMY Teosioro-Gu3n4eckoMy TIapaMeTpy, Kak IulactoBas Temmeparypa. Jlus
MOBBIIICHUS HedTeoTnaun CTaOUIIBHOCTh peareHToB oTpeesieT
IPOJOJIKUTENBHOCTh d(PpeKTa 3aBOJHEHUS, COOTBETCTBEHHO PEAreHT MOJIKEH OBITh

YCTOWYMB K IMOBBIICHHOM IJIAaCTOBOM TEMIIEPATYypE.
1.3 ®Duzuko-xuMHYeCKHe MPOLECCHI ¢ MoJUMepaMu

I[Ipu npumenenun II3 momuMepbl ¢ OONBIIOW MOJICKYJISPHOW Maccoi
NOABEPKEHBI PA3NUYHBIM JECTPYKIUSAM, T.€. PA3pPYLICHHUSIM MOJEKYJI MOJIHUMEPA.
[Iponiecc AecTpyKUMU MPUBOAUT K YXYALICHUIO 3aBOAHEHHUS W YMEHBIICHUIO
HedreoTnaun. CyliecTByeT HECKOJIBKO TUIIOB JECTPYKIIMHU TTOJIMMeEpa.

e  XuWMHYECKas JCCTPYKIHSI — 00pa30BaHNE CBOOOHBIX PAJUKAJIOB;

e  Mexanuueckas JOECTPYKUHMS — IIPOMCXOAUT IIPU BO3IACHUCTBUU HA
OCHOBHYIO LI€TIb MOJIUMEPA OOIBIIOT0 CABUTOBOTO HAMPSIKEHHUS;

e  Tepmuueckas IeCTpyKUHs — BO3JAECHUCTBUE TEMIIEPATYPHI HA TTOJIUMED;

e  buonornueckoe pasnoxeHue nojauMepa.

XumMu4eckass NECTPYKUHUs SIBISETCS CIEICTBUEM B3aMMOJCHCTBUS MOJIEKYII
nojauMepa u kucaopoja. [lonmumep nepes 3akaukoi B IJIACT PaCTBOPSIOT B «BOAE IS

pPaCcTBOPCHUA», 4 3aTCM B «BOAC OJIA paSGaBHCHI/IH». ITocne pacTBOpP 3aKa4MBaAKOT B
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miact. Bopa, ¢ MOMOIIBIO KOTOPOM MONY4YarOT HEOOXOAUMBIM pacTBOp s
3aBOJIHEHUS, COJEP)KUT B CBOEM COCTaBE »JJEMEHTHI, CIOCOOHBIE BCTYIATh B
peakuuio: pacTBopeHHbI kuciopon O, cepoBomopox H,S, xemeszo Fe** u mp.
brnaromapst B3aMMOJCHCTBUIO  OKUCIUTENSS M  BOCCTAHOBUTENS  00pa3yroTcs
cBoOOmHbIC pamukaibl. [Ipu koHTakTe ¢ monmakpuwiamuaoMm (ITAA) mpoucxomut
paspylieHue nojiuMepa. B cienctBue Toro, 4to ouH CBOOOHBIN paguKall ClIoCOOEH
pa3pylIuTh 0OJIBIIIOE KOJTUYECTBO MOJIEKYJ, JAHHYIO PEAKIUI0 CUUTAIOT IIEMTHOM.

UTOOBI YMEHBIIUTH BEPOSTHOCTh HACTYIUICHHS] XUMHUYECKOH JEeCTPYKIIMHU
HE00XoAuMO MO0 MoA00paTh MOJICKYJISIPHYIO Maccy, JIMOO MCMHOJb30BAaTh METOJbI,
MO3BOJISIOIINE CHU3UTh YYBCTBUTEIBHOCTh K JAHHOMY THUITY JeCTpyKiuu. Hanpumep,
MOXHO HCIOJb30BaTh AaKIENTOPHl CBOOOJHBIX paaukaioB. JlaHHBIH MeTON
3aKJII0YaeTCsl B NMPUMEHEHHMM TMOTJIOTUTENICH Kuciaopoda (Hampumep, OucynbduTta
ammonust NH4HSO3), ¢ moMorIipio KOTOpIX BO3MOXKHO CHU3UTD COJIEpKAHUE B BOJIE,
UCTIOJIB3yeMOl i 3akauku kuciopona a0 0-20 wacreit Ha mumumapna (0-20 ppb).
Eme omnum crocoOom OOprOBI ¢ XMMHUYECKON AECTpYKIMEH SIBIAETCA YAaJICHUE
Kuciaopoaa. BaxHo, 4ToObI MOTYUYEHHBIN pacTBOp coAepskail HEOObIIIOEe KOJIUUYECTBO
KHCTIOPO/Ia U OTPAaHUYEHHOE KOJIUYECTBO MOTJIOTUTENEH KUCIOPOIa.

Takum oOpazom, pacTBOp, MOAJIEKAININI 3akauke B Tuiact npu 113, momken
ObITh  OecKHCIOpPOAHBIM.  JlaHHBIH  pacTBOp  HEOOXOAWUMO  3allMINATh  OT
B3aMMOJICHCTBHS W  TIONMAJIaHWs KHCJIOpojaa. PereHue JaHHOW  MPOOJIEMBI
3aKJII0YAeTCsl B a30THOM 3aluTe OO0OPYyIOBaHUS, KOTOPOE UCIOJB3yeTCs TpU
MPUTOTOBJICHUH pacTBOpa 3akayku. OAHAKO TMOMYyTHBIA ra3 sl 3allUdThl OT
XUMUYECKOU JIECTPYKIIMHU UCIIOIb30BaTh HE PEKOMEH 1yETCSI.

CnBuUroBO€ HaNpSHKEHUE WM CABUT — (DaKTOp, KOTOPHIM BIHSIET HAa HAIAYUE
MEXaHWYECKON JEeCTpyKIMHU noiaumepa. Pa3nenenue noaumepa Ha OTAENbHBIE YaCTH
MPOUCXOMUT MO JCHCTBUEM clBHUTA. B pe3ynbpTaTe JaHHOTO Tpoliecca o0pa3yroTcs
CBOOOJHBIC paJMKaIbl, KOTOPbIE TaK K€, KaK U MPU XUMHUUYECKOW JECTPYKIIHH,
CIOCOOHBI pa3pylIaTh MOJIUMEPHBIE MOJIEKYJIBI B XO/1€ LIETHON PeaKIInH.

OCHOBHOM cIBUT HAOJIIOMAETCS B HArHETATEIHLHOM JIMHHUU. ITO OOBSICHIETCS

TCM, 4YTO B AJAaHHOM MCCTC IIPOHUCXOAMT 3aTOpP HJIM YMCHBUHICHHC BHYTPCHHCTO
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nuameTpa (Halmuuyue Jpoccerieil u kianaHoB). Tak)ke CABUT MOXHO HaOII0JaTh MpU
MIPOXOKJEHUHU KMJIKOCTH MO HacocaM WM B MNpu3aboiHO#l 30He miacta. Casur
MOXET MIPOUCXOJUTH U MPU COBMECTHOM JCHCTBUM HECKOIBKUX (PAKTOPOB:

e  Tun monumepa — CpesiHsIs MOJICKYJISIpHAs Macca U MOJIUIUCTIEPCHOCTD;

e  crnonHeHue CKBaXXUHBI — IephOpUpOBaHUE, ITyOMHA CKBAYKUHBI;

e  [IpoHunaemocTs I1aCTa;

e HaszemHoe oOopynoBaHue — KJamaHbl, HACOCHI, JpOCCEIU U
o0opy1I0BaHUE JJ1s1 PACTBOPCHHS.

Takum o00pa3om, MexaHWYecKash JeCTpyKUus Oyaer HaOIAaThCs MpU
BBICOKUX CKOPOCTSIX JBI)KEHHUs. B Tpybax u 000pyIOBaHMM CKOPOCTH IOTOKA
KUJKOCTH PeKOMEHayeTcs He Oonee 5 m/c. [Ipu ogrHAKOBOM 3HAYEHUU CIBUTOBOTO
HAIPSDKEHUST CTETICHh MEXaHWYECKOW JECTPYKIMU OyIeT TeM BBIIIC, YEM BBIIIC
MOJICKYJISIpHAsl Macca MoJIuMepa.

TepMuueckasi 1ecTpyKIusi HACTYMAaeT MPU BO3JIEUCTBUM BBICOKOM IUIACTOBOM
TEMIIEpaTyphl Ha MonuMep. Peakium ocaxxieHus: B3auMOICHCTBYIOIINX MEXKIY CO00i
ruposin3oBaHHbiM [TAA ¥ JBYXBaJIEHTHHIMH HOHAMU IUTACTOBOM BOJIBI (KaJIBIIMIA
Ca?", marauii Mg?") mpoHCXOaAT IIpU ONpeeIeHHbIX TEMIIEpATypax. DTH PeaKuu
BEyT K IMOTEpE BSA3KOCTH PACTBOpA 3aKAaYKW. ODTO HETaTUBHO CKa3bIBaeTCS Ha
nporecce II3, Tak kak He Oymer AOCTHTHYTO HEOOXOIWMOE OTHOIIECHUE
MOJIBUKHOCTH (JIOJIKHO OBITh MEHBIIIE 1).

IIpu temnepatype, He npeBbiatoniei 80°C, cononumepsl akpuiamuaa (AA)
U aKpWJIOBOW KHCIOTBHI OCTAIOTCS CTaOMWIbHBIMU. OHAKO MPHU TEMIIepaTypax BHIIIIE
80°C oHHM TepsIOT CBOIO CTAaOWIBHOCTH. [l coxpaHeHHs CTaOMIBHOCTH TIPH
BbIcOKHX Temmepatypax (90-100°C) HeoOXomMMO HCIOIB30BATh CTAOMIN3ATOPHI,
HanpuMep, cyiabhorupoBaHHbIe MOHOMEpHI (ATBS). X moxOuparT B 3aBUCUMOCTH
OT COCTaBa PacTBOpa M KOJIMUECTBA CTAOMIN3aTOPA.

I'maponu3 nonumepa TakkKe MOXKET MPOUCXOJIUTh W MPU  HUBKUX
temneparypax (50°C) mpu ompeaenaeHHBIX 3HadeHuUssx PH pactBopa. JlaHHBIM
MPOIIECC MPUBEJET K MOBBIIICHHOW aHMOHHOCTU MOJUMEPA, B Pe3yJIbTaTe YEro Cojiu

KaJIbLIUSl U MarHus OyayT ocaxjarh noiumep. Takoil mpouecc XapakTepeH s
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KapOOHATHBIX KOJUIEKTOpOB. I[loaToMy mipM BBICOKMX TeMmIepaTypax CleayeT
BBIOMPATH MOJMMEP C HU3KOM aHUOHHOCTBIO WJIM C HU3KOM KaxKylleics BA3KOCThIO. B
pe3ynbrare Oyner HaOJIOAaThCs MOBBINIEHUE BSA3KOCTH. Ecnu Oyner mpaBUIIbHO
BbIOpaH nosmmMep A 113, To B xoae ruzponusa He OyJeT IPOUCXOJUTh OCAKIECHUE
MIOJINMEDA.

Nrtak, TtepmMuueckass ACCTPYKIUS HAOJIOJAETCS TPH BBICOKUX 3HAUYCHHSIX
I1acToBoM Temneparypbl. Eciu  pacTBop, B KOTOpBIA J00aBiseTCS MOJIUMED,
COAEPKUT MOHBI JBYXBAJICHTHBIX METAJJIOB, TO BSI3KOCTh PAcCTBOpPAa YMEHBIIUTCS U
IPOU30MIET OCaXK/IeHHe nmojaumepa u3 pacteopa. [loaromy B pacTBop 1esecooOpazHo
N00aBIATh CTAOUIM3ATOP, KOTOPBIN MOBBICUT CTOMKOCTH MOJIMMEPA HE TOJBKO K
BBICOKOM TEMIIEpaType, HO W HE JacT NOJHUMEPY OCAXAAaTbCi B pE3yJbTaTe
TUAPOIU3A.

ITAA wMeHee 4YYBCTBUTENIEH K OHOJOTMYECKOMY BO31eHcTBUIO. (OJHAKO
BCTpPEUAIOTCS CJy4yaW, KOIJIa TPOUCXOJUT OHMOJIOTHYECKast ACCTPYKUHUS MO
BO3JIeHicTBUEM a’poOHbIX Oaktepuid. Ilpu 3akauke HX € BOJOM MPOUCXOIUT
OKHUCJICHHE He(QTH B pe3yibTaTe uero oopasyrorcs Oaktepuu. Takke B pe3ysibTarte
obOpazoBanus cepoBojoposa HyS cynbsbharpoccranaBnuparonumu 6akrepusmu (CBB)
NOJIy4aeTcsi HU3Koe 3HaueHue ypoBHS PH. B pesynbrare BO3MOXHA KOppO3HUS
000OpyIOBaHUSI WJIH OKHUCIUTEIbHO-BOCCTAHOBUTENbHAS PEAKIMsl, B XO0JI€ KOTOPOU
Oyner HaOmIOMaThCA paspyllieHue mnoiuMepa. TeM He MeHee JaHHBbIE MPOILECCHI
BCTPEUAIOTCSI PEAKO M HAa OrPAHUYECHHBIX Y4YacTKax, IO3TOMY [aHHBIM BUJ
JACCTPYKIIMH HE 0c000 BIIHSCT Ha BA3KOCTH rmosimMepa [5].

CTOUT OTMETUTD, UTO BAXKHO MO00pATh THUII MOJMMEPA U €TO MOJICKYIISIPHYIO
Maccy TakuM o0pa3oMm, 4YTOOBI HE JOMYyCTUTh HACTYIUICHHs JeCTpyKiuu. B
pe3yibpTaTe JeCTPYKUHMHM CHIDKAeTCS MOJEKyJsipHas wmacca U 3aryujaromas
CIOCOOHOCTh, KOTOpasi SBJISIETCS BaKHOM XapaKTEPUCTUKOW IMOJUMEpPA, KaK areHra
BBITECHEHMS.

Bsaskocte mosmmepa — pe3ynbTaT, MOJYYEHHBIM B XOJI€ B3aUMOICHCTBUS
TUAPOJMHAMUYECKOTO 00beMa paCTBOPUTEIIA C MOJIEKYJIAMU MOJMMeEpa. Y Xy/IIIEHUE

[13 mpowusoiaeTr npu pa3pylIeHUH MOJEKYJ MOJUMEPA, KOTOPOE MPOBOIAT C LIENIBIO
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YMEHBIIEHUS YaCTULl U KOTOPOE MOBJEYET 3a COO0I CHM)KEHUE BA3KOCTH MOJIUMEpA.
Yro0b!I HE IpOU301LIA AECTPYKIMS TOJIUMEpA!

1. PactBop, B KOTOpbIii ngo0aBisieTCs TOJUMEp, JOKEH  OBITh
OECKHUCIOPOIHBIM;

2.  CKopocCTb MOTOKA KMJIKOCTHU JOJIKHA ObITh HE OoJiee 5 M/c;

3. Ilonumep nomKeH ObITh HU3KOW aHUOHHOCTH;

4. Tlomumep AomxkeH ObITh MAJTOYyBCTBUTEIBHBIM K BO3JIEHCTBUIO COJIEH;

5. Tlomumep momxkeH OBITh YCTOWYHMB K JAECTPYKIMH, TyTeM J00aBICHHUS K

HCMY CTa6I/IHI/ISaTOpOB.
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2 AHAJIN3 TEXHOJIOI'MYECKOI'O
IHOJIMMEPHOI'O 3ABOJHEHUA

MPOLIECCA

B ocHoBHOM pa3paborky texHonoruu II3 HaumHaroT ¢ BbhIOOpa OOBEKTa-
KaHauaara. Jlanee HaymHAETCs CTaAusl MPOM3BOJACTBA MOJIMMEPOB U MOIUMEPHOTO
pactBopa. PacTBOp MpOXOAUT MpeaBapuTENbHBIN U MOApoOHBI aHanmu3. [locie dero
MOJyYEHHBI TMOJMMEPHBIA PAacTBOP IMOABEPraeTcs IOJICBHIM HCIBITAHUSAM. 3aTeM
NpOM3BOJAT 3aKayKy pacTBopa B miacT. Ha pucyHke 9 mpencrtaBieHa cxema

UCCJIEOBAHUI MTOJIUMEPHBIX PaCTBOPOB.

1 31an — [IpesEapHTEIbHOE HCCIETOEAHMEE

Ommcakse EedTeHRCIMRHEOTO
caod (ceoficTEa mopol B
domroEmoE)

CpeEHEHEE C AHATOTHIHBLE
MECTOPOHIEHRAME

BrISop mOTeHIEATEEHOIO THIA
TIOIEMERE

Kpumepuu npunamus

4

2 3ran — IlpenEapHETeIbHEIR AHATHY

TIpeaEapHTeTEHELE
maSopar H Paspaforsa cxemer | CEpHHEET 3X0HOMERE Briaz1enne ¥ aRATHS
LA =P =P _ OCHOEHEX faETopos
CKPHHHET MEpECHSTATEHOTS, | (HCTOUHERE padowero
i HEONpETeNeHHOCTH E
{COBMECTHMOCTE BOTEL DCHOBEOTO AreHTa, PesyIBTATE
H IOTHMEDE MOTETHPOEAHER MOZIETHpORAHET) FKOHD
i i IOCTIENC TEHE
peCIoTHe)
Fpumepuu npurarmus
3 31an - Mogpodaed apanus
TMoapodmoe Vmymresmoe
mafopaTopHEDe 3aEepmHETE OMHCAHEE - Cxena
PaTcpe P SEOHOMMIECKHA
HOCTeIOEaHE: EHIGOp MECTOPOFIEHEA NpOEEICHER
BHATES C VIETOM
(HCCTIEOOBEHEA | OOpelensHEOTD | H DoOpoSHEX cToR TIOMIEERIE
ESPHS, HCIEITANHEY | BHAS DOMHMEPE | HMETANHOHHEDT P HCIIBITEHHE
HA CTa0HIEHOCTE) MOIeneHE
Fpumepuu Apunamus

4 3ran — IToneBnie HCOBITAHAR

PepoMeRTaNHE COTTACHY CXEME HOIEITAHRE

Pucynok 9 — IIporpamma ucciieqoBanus
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Ha 1 stane ocymiecTBIsIOT MpeABapUTEIbHBIA aHAIN3 TIACTOB-KAaHAUIATOB.
Heo6xonumo coOpate uHbopmanuio o He(TeHACBHINIEHHOM Cclioe, T.€. CBOMCTBa
nopoa u ¢aousoB. Jlanee HEOOXOIMMO MPOBECTH CPABHEHHE C AHAIOTMYHBIMU
MECTOPOXKACHUSIMH U BHIOpATh MOTEHIIMATBHBIA T TIOJIMMEpA.

Ha 2 »rtane npoBoasT mnpeaBapuTenbHblii aHanu3. OH BKIIOYaeT B ceds
7a00paTOpHBI CKPUHHUHT, T.€. MPOBOAST HCCIEIOBAaHHS Ha COBMECTUMOCTD
noJuMepa H BOJIBI, pPa3pabOTKy CXeMbl MOJETHpPOBaHUS (TIEPBOHAYAIBLHOTO U
OCHOBHOT0), a TaK)K€ SKOHOMUYECKYIO MPOBEPKY AP (HEKTUBHOCTH.

Ha 3 stame ocymectsisiercs noapoOHbIii ananu3. [IpoBoasT mabopaTopHbie
UCCIICJIOBaHMS HAa HACBHIMHBIX MOJENSAX U KepHaX, a TakXKe UCIHBITAaHUS Ha
TEPMOCTaOMIBHOCTh. Ha 3TOi CTaluu OKOHYATEIHHO BBHIOMPAIOT THIT TOJIMMEpA.
Taxke HE0OXOIWMO TPOBECTH SKOHOMHYECKHMN aHAJIW3 C YYE€TOM pPHUCKOB U
COCTaBUThH CXEMY MPOBEICHUS MOJIEBBIX UCITBITAHUH.

Ha 4 »srtamne nmpoBOJAT MoJieBbI€ UCIIBITAHUSL BEIOpaHHOTO cocTaBa. [IpoBonsar
UCHIBITAHUS HA TPUEMHUCTOCTH, T.€. CMOTPST HAa YCTOMYMBBHIM 00bEM 3aKaukd M Kak
noiuMep BeneT cebsi B mopuctoi cpene. HeoOxomumo oneHUTh 3¢G(HEKTUBHOCTH

MUJIOTHOTO MPOCKTA, & TAK)KE aHATIM3 TOJYUYCHHBIX TaHHBIX [6].
2.1 Kpurtepuu npu BbljieJeHNH 00bEKTA I OJTMMEPHOI0 3aBOHEHUSA

[Tpu BEIOOpE 00BEKTA IS TIOJMMEPHOT'O 3aBOJHEHUS HEOOXOIMMO MPOBECTH
DKCIIEPUMEHT Ha HEOOJBIIIOM YYacTKE C MEHBIIMMH 3aTpaTaMd NpPeXKIe YeM
BHEJIPATH JIAaHHYIO TEXHOJIOTHIO Ha BCEM MECTOPOXKIeHHH. BrIOOp Takoro o0ObeKTa B
OCHOBHOM 3aBHCHUT OT MUHUMHU3AIMU BPEMEHH OTKJIMKA IUIACTA JJIS TIOTY4YeHUS
uHbOpMAaIK I penIeHus o npuMeHeHuu [13 Ha BceM MeCTOpOKIeHUH.

BpeMms oTkimka 3aBUCHT OT MHOTHX (DAKTOPOB, TAKMX KaK: TOJIIWHA TIIACTA,
CKOPOCTh 3aKaykW peareHTa, HCTOpHUs pa3paboTku W 1p. B ocHOBHOM, oO0mme
MPUHIKIIBI BbIOOpa o0bekTa ais [13 crnegyromniue:

1. Cnauana HeoOXOJMMO BBIOpPAaTh TAaKOM y4YacTOK, HA KOTOPOM MOKHO
OTIEIUTh W W30JHPOBATH JOOBIYY HE(PTH OT 3aKaykd TOJIMMEpa. DTO MOXKHO

OCYHICCTBUTL MAJIs1 BCPTHUKAJIBbHBIX CKBAXXWH, HCIIOJIB3YA IATUTOYCYHYIO CHUCTCMY
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pa3pabOTKU ¢ UEHTPaIbHOU MOOBIBAIOIIEH CKBAXKUHOM, W ISl TOPU3OHTAJIBHBIX —
UCIIONB3YIOT 1 TOOBIBAIOIYIO CKBAXKHHY U 2 HarHeTaTelbHbIC.

2. IlogoOpaTh onTHUMalIbHBIA MHTEpBaAN A MakcuMuzauuu 3dekra. s
BEPTUKAIBHBIX CKBaXMH JaHHOe pacctosgHue cocrasisger 100-150 M, s
ropu3oHTaIbHBIX — 100 M. MakcumanbHasi JJMHA IS TOPU3OHTAIBHBIX CKBAXKUH |
kM. Ecnu ke paccrosiHue OylneT MEHbIIe BO3MOXEH TMPOPHIB  BOJBI, UTO
OTPHUIIATENIBHO CKa)keTcs Ha 3P(HeKTUBHOCTH TexHooruu [13.

3. C nmoMONIIbI0 TPAaCCEPHBIX HCCIEIOBAHUN YCTAHOBUTh, €CTh JIH
TUAPOJIMHAMHUYECKAS CBS3b MEXKY TOOBIBAIOIICH M HArHETATEILHON CKBaXKUHAMH.

4.  Ecnu nnact, Ha KOTOPOM cOOUparoTcs NpoBOUTh 113, MHOTOMIaCTOBBIH,
TO CJEAYET M30JUPOBATh 30HY 3aKayKu pearcHTa. Eciu 30Ha 3aKayku pacroyiokeHa
BOM3M BostoHedTsiHOTO KOHTakTa (BHK), TO Takke cremyeT n3oaupoBaTh 3Ty 30HY.

5. Takxe HE0OXOIUMO MPOBEPUTH COCTOSHHE W YHUCTOTY CKBaXUHBIL. B
BEPTHUKAJIbHBIX CKBAKUHAX JIOJDKHO OBITh MUHUMYM 12 niepdopalluOHHBIX OTBEPCTUH
Ha 31 cM, 9TOOBI CBECTH CABUT K MUHHUMYMY. [7]

MO>KHO BBIICJIMTh HECKOJBKO cTanuii moaroroBku I13. B mepByro odepenn
pou3BeCTH 0TOOp 0ObekTa A [13, KOTOphIi AOKEH YIOBIETBOPATH 3 OCHOBHBIM
I'®Y: mracTtoBor Temmneparype, INPOHMIAEMOCTH IUIacTa W MUHEpAIM3ALUU
IJIACTOBOM BOJBI. BBIOpaTh THI moJIMMEpa, KOTOPBIM XapaKTepU3yeTcsl HEKOTOPHIMHU
CBOMCTBAMHU TaKUMH, KaK XOpoIas 3arymaromnias CrocoOHOCTb, YCTOMYMBOCTH K
CABUTY, HU3Kasl CTENEHb yJIEPKUBAHUS, TEPMOYCTOMUYNBOCTD, a TAKKE XUMHUYECKAs U
Ounonornyeckas yYCTOMYHUBOCTb. Paccuurarp KOHIEHTpAaLMIO U KOJIUYECTBO
nonuMepa. Paspaborate o00opymoBaHue, KOTOpoe OyJIeT WCHOIb30BAHO IS
cMeIMBaHus, GUIBTPAMM U 3aKa4YKH MOJMMepa B miacT. MoKHO copMyIupoBaTh
HEKOTOpbIe Traru it 3pdextuBHOrO Mpumenenus [13:

e  JlerasbHO M3yunuts [ OV mnacra;

e [lpoBectu nccnenoBaHus sl ONPENEICHUS KOHICHTPALMHU MTOJIMMEPA;

e [Ilpoussectun MO/JICJIMPOBAHUE mpouecca A ONpPEACIEHUS

OIITUMAJIBHOT'0 00beMa 3aKaurMBACMOTO pearcHra,
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e [locTOSTHHO OTCIlIE)KHUBaTh MPOIIECC, @ MMEHHO CIEIUTh 3a (PPOHTOM
BBITCCHCHHSI, KQUECTBOM 3aKauMBaeMOI'0 arcHTa M BOJIbI.

OnHako, kak U MHorue mpoueccsl, [13 umeer ceon HemocTatku. OCHOBHBIM
HEJIOCTATOK JAHHOW TEXHOJIOTUM SIBJISIETCS TOTEPS MPUEMUCTOCTH HArHETATEIbHOU
CKBakUHBI. [Iponcxoaut 3To B pe3ynbraTe TOro, 4yro npu I3 noBbimaercs BA3KOCTD,
KOTOPYIO HE BCErga BO3MOXXHO KOMIICHCUPOBATh YBEJIWYECHUEM JABIICHUS
HarHeTaHWs W3-3a JCCTPYKIMU mojuMepa. M3-3a pa3nuuHbiX (akTopoB (Hampumep,
CIIBUT, TEMIIEpaTypa, MUHEPAIU3aIUs BOJIbI) TOJUMEP MOXKET pa3pymiaThes. JJaHHbIN
IpOIECC MPUBOJAUT K CHIKCHUIO MOJIEKYJISIPHOM Macchl M, KakK CIEICTBHE,
3arymaroned CcrnocoOHOCTH, KOoTopas sBisieTcss OocHOBOM mporecca I[13. Taxke
BO3MOXKHBI TTIOTEPH TOJIUMEPA U3-3a aJACOPOIIUU WK PEAKITUU C COJISIMU B IJIACTE.

Taxum 00pa3oM MOXXHO BBIICIUTH TPH KaTETOPHH JJIsI BbIOOpAa 00BEKTa JJIs
I13:

e ['ecomoro-¢usnyueckre — CBOMCTBA IJIACTOBON KHUIKOCTU U OCOOCHHOCTH
KOJIJIEKTOPA;

e  TexHonmormyeckue — KOHIEHTpAIUs IMOJIMMEpa B pacTBOpE, JaBJICHUE
HarHeTaHus, 00bEM OTOPOYKH U T.1.;

e  MarepuaapbHO-TEXHUYECKHE —  OOECICUCHHOCTh  MECTOPOKICHUS

HY>XKHBIM 000pyI0BaHWEM U XUMUYCCKUMH pearcHTaMu.
2.2 AHaJIU3 TEXHOJOTHH MOJUMEPHOIro 3aBOTHEHUS

TexXHONOrn MNOJIMMEPHOrO 3aBOJHEHUS MOXKHO Pa3[CiIUTh HAa HECKOJIBKO
CTaJHii: MPOU3BOACTBO ITOJIMMEPA, MOArOTOBKA BOJBI M HEMOCPEACTBEHHO 3aKaudKa
pactBopa B mnact. Kak y»e roBopuiiocs Baiiie, [13 IpUMEHSIOT ¢ 11€JIbI0 YBETUYEHUS
0XBaTa IUIacTa 3aBOAHECHUEM.

OCHOBHOE CBOMCTBO, KOTOpOE€ TO3BOJSETCS MPUMEHSTh MOJUMEPHI s
3aBOJIHEHUs1 — 3aryuieHue Bonabl. Hampumep, npu koHueHtpanuu nonumepa 0,1 %
Macc BSI3KOCTHb BONbI yBenmmuutcs n0 3-4 wmlla-c. JlanHOe CBOWCTBO CrOCOOCTBYeT
ctabunn3an  (poHTa BBITECHEHHUS] W NPEAOTBPAIICHUIO MPEKIECBPEMEHHOIO

IIpOpbIBa BOALI K I[O6BIBaIOH_II/IM CKBa’>XHH.
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2.2.1 TexHoJiorusi IPOM3BOACTBA MOJIMMEPA

[Tonumepbl — BelIECTBA, KOTOPbIE COCTOSAT M3 «MOHOMEPHBIX 3BEHBEB» U
COEJIMHEHbI B JIJIMHHBIE MAKpOMOJIEKYJbl XUMUYECKUMU WM KOOPAMHALIMOHHBIMHU
cBsA3sIMU. B Hacrosiiee BpeMs CylIecTBYeT MHOKECTBO nonumepoB. Oanako npu 113
HamOoJIee YacTo B KauecTBe MmosunMmepa npuMensor [TAA.

[Monuakpmiamun — noaumep, cocrosimii u3 akpumiamuaa (-CH,CHCONH;-)
M ero mnpousBoAHbIX (pucyHok 10). PanukanbHas moJuMepU3alus SBISCTCS
OCHOBHBIM ~METOJIOM CHHTE3a IMOJMMEPOB Ha ocHoBe AA. JlaHHbIli TuUI
NOJIMMEPU3alluU MIPEICTaBIgeT cOO0M Mpouece, IpU KOTOPOM CBOOOAHBIE paANKaIbl

SABJIAOTCSA AKTUBHBIMUA LICHTPAMHA POCTA MAKPOMOJICKYII.

CHZ_H?
7
NH2 N

Pucynox 10 — DnemeHTapHOE 3B€HO MaKpOMOJIEKYJIbI MOJHAKpUIaMUaa

CoIppe, KOTOpOE HCMNONB3YIOT npu cuHTe3e IIAA, sBIgeTCS NPOMMIIEH.
JlaHHBI peareHT MOoJy4yalroT U3 ChIpoM HePTH. APWIOHUTPUI  SBISETCA
IPOU3BOAHBIM MpomnuiieHa. AA, KOTOpBIN SIBISETCA OCHOBHBIM 3BEHOM IOJIUMEDPA,
NOJIy4YaloT W3 aKpUIOHUTpHIA. B X0[€ OKUCIUTENBHON pEeaKUUH MOMXKHO MOJYYUTh
aKpUJIOBYIO KUCIIOTY M3 nponwieHa. Ha pucynke 11 npexncraBieHa cxema MoiaydeHuUs

AA u akpuioBo# KuciaoTel u3 Hetr [8].

W
-
B Hadra
E ( Topomks
IMYIbCHH
Juaxoetn
Kamuonnstit ITAA
@Imeﬁ AKPILTOHHTPHIT AKpPIITAMILT j
( . A
Topomks
= IMYIbCHH
KuoxocTH
- R mmonan Anunonnsiit [TAA

Pucynok 11 — Cxema nonydeHust akpuiaaMuaa v aKpuiaoBOM KUCIOTHI
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TexHomoruss NPOU3BOACTBA IOJMMEpPA IO3BOJIAET IOJIYYUTh PEAareHThl C
pa3HbIMM XapakTepucTHKaMH. CyIecTBYEeT HECKOJBKO IPOLECCOB NPOU3BOICTBA:
CONOJINMEPHU3ALNsL, COTHAPOIN3 U NOCTTHAponn3. lIpuMmeHss naHHbBIE TEXHOJIOTHH,
BO3MOXHO I10JIy4aTh B COCTABE MOJIMMEPA YACTHULIBI TeJIs.

CononmMepusanuss — IPOLECC, NPU KOTOPOM IHPOUCXOIUT COBMECTHAS
nonumepusanus AA m akpuioBo KHCIOThl. COruapoiins3 — Mpouece, Mpu KOTOPOM
MIPOUCXOIUT roMonoJuMepu3annss AA B NPUCYTCTBUM OCHOBAHUS, T.€. IPOUCXOIUT
ruaponus. lloctrunponns 3akimodaeTcss B TOM, 4TO romonojuMmep AA, KOTOpBIA
HaXOJIUTCSl B COCTOSIHUM T€JIsl, OJIBEPraeTCs THAPOIN3Y B IPUCYTCTBUM OCHOBAHUS U
3aTeM BbIcylMBaeTcs. B tabnuie 3 mpencraBieHsl peakiMy KaKaoro mpouecca.

Tabmuma 3 — Peakiuu, npoucXosiiue Npu Mporu3BOACTBE MOIUMeEpa

Ha3zBanue Peakuus npouecca
npoiuecca
Cononumepuzanus x {‘Ill—(l']i . _rL'II::Ll'II » +CH,—CH+FCH—CHYE,
. | |
[ C [ C..
{}/? NH, SN {)// \\llh N
Corunpomnus )
+CH3'C|H+n A —e *{‘C‘Hs—cl“Hl—Fnu1 CH;—CH«% + mNH;
: : | i
CONH, CONH, COONa
Hoctrupponus FCH—CHE, +20H,0 —— £ CHy—CHE—FCHy—CHT, + mNH;
. . | '
7N 2N 2\
0 NH; 0 NH; O OH

OnHOM M3 BaXHBIX XapaKTEPUCTUK MOJMMEpa SBISETCS €ro aHMOHHOCTh. B
KapOOHATHBIX MOPOJIaX MPH MPOTEKAHUU PEAKIIMH THAPOIN3a MOJMMEPA BO3MOXKHO
€ro OCaXKJICHUE COJSIMUA MAarHUs M KaJbIlds. TO BO3MOXKHO, €CJIM TTOJIMMEDP 00J1aiaeT
TIOBBIIIICHHON aHUMOHHOCTHIO. Bce 3TO HeraTuBHO cKasbiBaeTcs Ha mporecce I13 u
Oymer HaOmMomaThes 3akymopka 1op. IlodToMy mnpM BBICOKHX IIJIACTOBBIX
TEMIIepaTypax CJIeAyeT BBIOMpaTh MPOIEcC, MPH KOTOPOM oOpaszyercs IMOIUMEpP C
HU3KOW aHMOHHOCTBIO, B PE3yJIbTaTe Yero OyJeT YBEIUUYMBATHCS BSA3ZKOCThH PacTBOpA,

yT0 nenaet npoiecc [13 6onee 3pPpekTUBHBIM.
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Ha pucynke 12 mpencraBieH rpaduk, Ha KOTOPOM BHUAHO paclpeseicHue
AHHUOHHOW aKTUBHOCTH IOJUMEPA, MOJIYYAeMOI0 Pa3IUYHbIMU TeXHoJioruamu. U3
JAHHOTO TpaduKa TaKXKE BUIHO, YTO MPHU TEXHOJOTHU COMOIUMEPHU3AIUS MOXKHO
MOJIyYUTh HaWOOJIbIIEE KOJMYECTBO YACTUI[ TOJHUMEpPA, YeM TMPU TEXHOJOTHHU
noctruapoian3a. OJHAKO MPU NOCTTUAPONHM3e OyaeT HaumOOoJbllIee paclpeiesieHue

AHUOHHOCTH, YTO OTPHUIATCIBbHO CKa3bIBACTCs Ha ITPOLECCC I13.

A~

Huciio mosexyn

0 10 20 30 40 50 60
AHMOHHAas aKTUBHOCTD
—Iloctruaponus —— Coruaponus Cononumepuszanus

Pucynok 12 — I'paduk 3aBUCUMOCTH HOTUAUCTIEPCHOCTH OT TEXHOJIOTUH

IMOJIMMCPHU3aAlIUU

[Ipouiecc  mpou3BoACTBA  MOJMMEPA  COMPOBOXKAAECTCS — 0Opa3oBaHUEM
HEpPACTBOPUMBIX YACTHI] Telisd. Pa3nnuyaroT MArkue M kecTkue yactuubl rens. I[lox
BO3JICHCTBUEM CJBUTAa YACTUI[BI MSATKOTO Tels MOTYT nedhopMUpOBaThCS U
pa3pyliaThcs, T.€. MOXKET HACTyNaTh MEXaHUYecKasl JecTpyKuus. B cBoro ouepensb,
YaCTHIIBl JKECTKOTO Teisi He AeQOpMUPYIOTCS W MOTYT 3aKylNOpUBaTh MOPHI B
KOJIJIEKTOPE.

IIpu pa3HBIX TEXHOJOTHSX MPOU3BOJCTBA OOpazyeTcs MOJMMEP C pPa3HOUH
MOJIEKYJISIDPHOM MAacCOW, KOTOpas WrpacT HEMAJIOBAXHYIO pPOJib. YeMm Bblle
MOJIEKYJIsIpHasE Macca moiumepa, Tem Oonpuie npobrem Oyaer npu II3 ¢
pPacTBOPUMOCTBIO M (UIBTPYIOIIEH CHOCOOHOCTBHIO peareHTa, 4YTO HEraTUBHO

CKa)keTcs Ha HadalibHOM d3Tane 113, T.e. Ha cMemenuu noaumepa ¢ Bojgon. OOmanas
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BBICOKOM MOJIEKYJISIPHOM Maccoi, AJisl MOJIMMEpPa XapaKTepHO OONBIIOE COAEpKAHUE
YaCTHUII )KECTKOTO TEJIS.

KonnuecTBO HEpAaCTBOPUMBIX YACTHI], MOJY4Ya€MbIX NPU H3FOTOBICHUU
MoJIMMEpPA, 3aBUCUT OT HEKOTOPHIX (haKTOPOB:

e KauecTtBa MOHOMEPOB M XMMHUYECKHX PEAr€HTOB, HCIOJIb3YEMBIX MpHU
MPOU3BOJCTBE;

e  Tuna TEXHOJIOTMYECKOIO MPOLECCa;

e  MonekynspHOW Macchl OJIY4aeMOTI 0 MOJIUMEPA;

e  OOopynoBaHusl, UCIIOJIb3yEMOE IIPU MPOU3BOICTBE;

e  KouTposs 3a TeMnepaTypoi npoiiecca.

Takum o0o0Opa3oM, MOXHO COCTaBUTh CPAaBHHUTEIIBHYIO XapaKTEPUCTUKY
TEXHOJIOTUH TMPOU3BOJIcTBA TosmMmepa (tabmmma 4). M3 naHHOW TaOIUIIBI MOXHO
cienaTh BBIBOJI, YTO HauboJee ONTUMATbHON TEXHOJIOTHEH MPOU3BOJICTBA MOJUMEPa

ABIEACTCA ITPOUCCC COMOJIMMCPU3alluN.

Tabmuma 4 —TexHOJIOruW MPOU3BOJICTBA TIOJIUMEPA

TexHosorus Conosumepusanus Coruaposaus IHocTruapoans
NPOU3BOJACTBA

MonekymnspHas 20 18 22
Macca, MJIH I/MOJIb
PactBopuMocTh OueHb xoporias Xopormas ITmoxas
Pacnipenenenne VY3koe [upoxoe OyeHnp mUpokKoe
AHUOHHOCTH
HepactBopumsie Msrkue yactuubl | Markue u xxectkue | JKecTkre 4acTUIlbl
YaCTHUIIbI TeJIs YaCTHUILIbI

Kak ynomunanoces panee, moauMepbl MOJBEPKEHbl HACTYIUIEHUIO Ipoliecca

JACCTPYKIMH, TIO3TOMY HEOOXOIUMO J00aBIATh A3 IMYHBIC CTAOWIH3aTOPHI.
Hanpumep, nobasnenue cynbhorupoBaHHBIX MOHOMEepoB (AMPS/ATBS) crioco6HO
MOBBICUTh TEPMHUYECKYIO YCTOWYMBOCTH IMOJUMEpA. 2-aKPHIAMUI0-2-METHIIIPOIIaH
cynbdokucnora C7H13NO4sS — MoHOMEp, MCTIONB3YEeMBIN NJii U3MEHEHHsI CBOWCTB
AHUOHHBIX MMOJIMMEPOB. BBICOKYIO CTEeNeHb THAPOGUILHOCTH U aHHOHHBINA XapaKTep

npugaer cyibponataas rpymma (RSO.0-M* u RSO0R;, rae R, Ri
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opranndeckuii pagukain, M* - xatuon). Takke TaHHBIA CTAOMIN3ATOpP MO3BOJISCT
nojvMepaM JIydille TMOTJIONaTh BOAY M MpUJAET YJIy4IlCHHbIE TPAHCIOPTHHIC
XapakTepUCTUKU. B ciydasx, Korma MUHEpaIbHBIE COJIM OCAXAAIOT MOJUMEpP, UTO
HETaTUBHO CKa3bIBaeTcs Ha nporecce 13, no0aBiieHre B MOJIUMEPHBIA pacTBOP JaXKe
HEOOJIBIIIOr0 KOJIMYECTBA CTaOUIIM3aTOpa CHOCOOHO MPEMSTCTBOBATH OCAKICHUIO
JBYXBaJEHTHBIX KAaTHOHOB. B pe3ynbTare CHUXKACTCA KOJIMYECTBO OCAJIKOB
MUHEpanbHBIX conel (kanpuuii Ca®*, marumit Mg?*, xenezo Fe?* u Fe®*, amoMunnii

AP, munk Zn?* u 6apuii Ba?").
2.2.2 TexHOJ0rusl MOATrOTOBKH BOABI

Bonga sBISICTCS OCHOBHBIM ~ arcHTOM, 3aKayMBacMbIM B ILIACT IPHU
3aBOJIHCHUH, ITO3TOMY KaueCTBO 3aKauMBAaEcMOM BOJIBI HTPACT TJIaBHYIO poJib. B mact
MOJKHO 3aKauyWBaTh MPHUPOJHBIC BOJABI, KOTOPBIC OTACISAIOT OT HepTH B mpolecce
cOopa W MOATOTOBKHU. JlaHHBIM THIT BOJBI CHJIBHO MHUHEpaln30BaH. [103TOMy 4TOOBI
HE JIONMYCTUTHh THOETW IPECHOBOJHBIX WX HCIOJB3YIOT JJIsS 3aBOJHCHUSA, a HE
cOpachIBalOT B BOAOEMBI. Takke B IUIACT 3aKaYMBAIOT IPECHBIC BOJBI, KOTOPHIC
UCIIOJIb3YIOT B TEXHOJIOTUYECKOM TIPOIIECCE, U JIMBHEBBIC BOJIbI, KOTOPHIC MOMAIA0T B
IPOMBIIIJICHHYIO CHCTEMY KaHalW3alMh. Bce 3TH BOJBI OTHOCATCS K CTOYHBIM
BojaM: TuiacToBbie (85-88%), mpecubie (10-12%) u nuBHeBbie (2-3%). 3akauka B
IUTACT CTOYHBIX BOJ SBISCTCS TEXHUYCCKUM MEPONPHATHEM, ITO3BOJISIOIIUM
IIUKJIUYHO HCITOJIB30BaTh BOAY IO CXEME:

HarneratenbHasi CkBaxuHa — IJIaCT — J0OBIBAIONIAs CKBAKMHA — CHUCTEMa

cOopa ¥ MoAroTOBKU He(TH ¥ ra3a ¢ OJIOKOM MOATrOTOBKH BOoAbI — cucteMa [1IT]]

B cTouHbIX BOax coaepikaTcs pacTBOPEHHBIEC Ta3bl Takue, Kak kuciopos Oa,
cepoBojopox HxS wm yrmekucaweii raz CO,. Jlng gaHHBIX Ta30B  XapakTepHa
KOPPO3HOHHAs aKTUBHOCTh, KOTOpPasi, B CBOIO OYEPEIb, CIOCOOCTBYET OBICTPOMY
M3HOCY HE(DTEIPOMBICIIOBOTO 000PYIOBaHUS U TPYOOIIPOBOIOB, YTO BIIEYET 3a COOOMU
3arpsi3HEHUE CTOYHBIX BOJ MpoyKTaMu Koppo3uu. Comepikanue 3akucu xene3a FeO

(m0 0,2 1/71) mpuUBOIUT K 00Pa30BaHHUIO YTIIEKUCIIOTO Ta3a M 0caaKa.
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B crounbix Bomax Moryt conepxkarbecs CBb, H3-3a KOTOpPBIX BO3MOYKHO
HACTYIUICHHE OWOJIOTUYECKOTO pa3liokeHus momuMepa. WX coaepkaHne MOXKHO
OOBSCHUTH MOCTYIUICHUE WX C JUBHEBBIMU BoJaMu. biaromapsi JTaHHBIM OaKTEpHUsIM
BO3MOJKHO BBINIaJIcHUE Cylbduaa xene3a FeS u kapoonata kanbius CaCOsz [9].

B cTo4HOIi BOJIe MPUCYTCTBYIOT TaKKe MEXaHUYCCKUE MPUMECU U KaTleIIbKU
HepTu. VX Hamnyue cnocoOCTBYET CHMXKEHHMIO MPUEMHUCTOCTH Iiacta. [loatomy
nmepex 3akaykod B IUIACT HEOOXOIMMO OYHCTHTh BOAy. HekadecTBeHHO
MIOJICOTOBJICHHAS BOJIa MOKET HETaTHBHO CKA3aThCs HA MPOIIECCE 3aBOAHCHUS.

[TonroToBKa BOABI /TSI 3aKaYKH BKJITIOYACT B CEOS:

e  KoarynupoBaHue,

o  JlekapOoHwu3aluio (MoAlIeIaunBaHue);

e  (OO0e3xkene3uBaHUE;

e  XJIOpUpPOBAHHUE;

° OUIbTpaLUIO;

e  HurubupoBanue.

[Ipouiecc koarynupoBaHUs NMPUMEHSIOT C LENbIO YKPYITHEHUS MeNbYalIinx
B3BEIICHHBIX YaCTH, KOTOPBIE TOJ JIEWCTBUEM CHJIBI TSDKECTH HE OCaXKIAIOTCH.
[ToaToMy cnemyer moOaBUTH B BOAY KOATYJSHTBI, HANpUMEp, CyJIb(aT amroMUHUS
Aly(SO4)s, xmopun xenesa FeCls, xenesnsrit kynmopoc FeSO4 u apyrue. B pesyabrate
ATOrO0 TPOIECCa B3BEIICHHBIE YACTUIBI YKPYIHSIOTCS, 00pa3ys XJIONbEBUIHBIC
YaCTHIIBI, U OCENal0T B Boae. DuibTpamuio MpOBOIAT C LETBI0 OYUCTKHA BOABI OT
B3BEIICHHBIX YACTHII.

JlexapOoHU3aIMsi OCYIIECTBISIETCS C IENbI0  yAajeHuss OukapOOHATOB
MarHusi ¥ KajabIus U3 BOAbL. J[aHHBIE KOMITIOHEHTHI, MOMAaAas B TUIACT, OCAXKIAIOTCS U
3aTpynHSiOT GuiabTpanuio ¢uronaa. JlekapOoHuw3zamus — Tpolecc, KOTOPBIH
3aKJTFOYAETCs] B CMSTUYEHUW BOJIBI, T.€. B €€ TOJIICIIAYNBAHNN TAlIEHOW H3BECTHIO
Ca(OH),. B pesynbrate 3TOro mporecca MPOWCXOIUT KOATYISALUS TMPUMECEH H
noBoasaT PH Boxasr 10 7-8.

OO0e3xene3nBaHue — MPOIECC yAaJICHUs COJIEH jkene3a u3 BOJAbI. JlaHHBIN

MIPOIIECC MO3BOJISIET M30€XaTh 3arpsA3HEHUS >KEJIE3UCThIMU OCAaJAKaMH MPU3a00HOM
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30HbI Mmacta. OO0e3Kene3MBaHUE MOXKHO OCYIIECTBUTH IyTEM a’paluu WId
u3BecTKOBaHUsA. CyIIHOCTh a’paluud COCTOUT B TOM, YTO BOAY OOOramaror
kuciaopogom. OOpasyrommiics U3 cojiei jkenesa ruapaT okucu kene3a Fe(OH)s
BBINIAJIA€T B OCAJ0K B BHJE XJomnbeB. OgHAKO JaHHBIA MPOLECC UMEET HEJIOCTATKU:
yIaJsAI0TCsl HE BCE COJIM JKe€Je3a, MOBBIIAETCS KOPPO3HOHHAs aKTUBHOCTH BOJABI U
JUIsL TIPOBENICHUs MpolLiecca HYXXHO clioxkHoe oOopynoBanue. [Ipu mHruOupoBaHuu
BOAY 00palaThiBalOT HWHTUOUTOpPaMHU, KOTOpbIE 3aMEMIAIOT  KOPPO3UOHHBIE
npouecchl. Paznuyaior MHruOUTOpHl cepoBojmopomHo H)S, kucioponHoit u
yraekuciaotHo HoCO3z KMCTOTHL.

[Iponecc ¢uabTpanuu HUCHOAB3YIOT JJII OYHUCTKH BOJBI OT B3BEHICHHBIX
yactuil. J[Ji yaaneHuss MUKpOOPraHM3MOB U OaKTepuii Bogy 00pabaThIBAIOT XJIOPOM,
T.€. TPOU3BOJAT XJopupoBaHue Bojbl. MHorma mist ynaenenuss CBb mpumensior
pearentbi-0akTepunuabl. Hanbonee 3¢ pexTuBHBIM peareHTOM sBISETCS (popmManuH
[10].

CymiecTByer 2 THINA YCTAaHOBOK ISl OYUCTKU BOZBI: OTKPBITOIO U 3aKPBITOrO
TUIA. YCTAaHOBKHM 3aKpPBITOTO THUIA MPUMEHSIOT C LEIbI0 HCKIIOYEHUS] KOHTAKTa
BOJIBI C KUCTIOPOIOM, YTOOBI HE IOMYCTUTh OKUCITUTEIHHONU PEaKIINH.

Paccmotpu yctaHOBKY OTKpbiTOro tuma (pucyHok 13). C ycTaHOBKH IO
MOJITOTOBKE HE(TH CTOUYHBIC BOJIBI MOCTYIAIOT B MECKOJOBKY (1), T/Ie MPOUCXOIUT
OCaXJIEHUE KPYIHBIX MEXaHMYECKHUX IpuMmeceil. [lamee cTouHas Boja caMOTEKOM
noctynaer B HedrenoBymky (3). B Hel oTaenstoTcss OCHOBHash macca HeTH U
MexaHn4eckux mnpumeced. [lpuHnmnm neWicTBus He(PTETOBYIIKM OCHOBAaH Ha
IPABUTALlHOHHOM pPAa3JIeJICHUH CTOYHOM BOJbI MNPU MAJIOW CKOPOCTH JBUKEHHUS
(menee 0,03 m/c). JlaHHBIA aUANa30H CKOPOCTH MOYKHO OOBSCHHTH TE€M, YTO KaIlId
He(TH, y KOTOPHIX nuameTp Oombire 0,5 MM, YCTICIOT BCIUTBITH HA TTOBEPXHOCTH. [10
He(TecOOpHON TpyOKe CKOMUBIIAsCS HEPTh B JIOBYIIKE IMOCTYNaeT C TOMOIIBIO
Hacoca (2) 17st MOBTOPHOUM 00pabOTKM Ha YCTAaHOBKY MOJTOTOBKU HE(PTH.

C 1enp0 JOOYUCTKH BOJABI OT HEPTH M MEXMpPUMECEH BOJY OTIPABISIOT B
npynabl-orcToHuku (4). OTcravBaHuWE Ha JIaHHOM 3Tafe OCYUIECTBISETCS OT

HCCKOJIBKUX YdCOB A0 ABYX CYTOK. I/IHOFI[a ,Z[O63BJ'I$HOT CIICHHUAJIBHBIC PCAarc¢HTbl C
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IENBbI0 YCKOPEHHUs Tpolecca goouucTku: amvuak NHs, wu3Bects (coctouT B
ocaoBHoM n3 CaO u MgO), cynbdat amomunus Aly(SO.)s u npyrue. [locne manHOrO
mpoiiecca cojepxkanue B Boje HedTu coctaBisier 30-40 mr/i, MexaHHMYECKUX
npumeceit — 20-30 mr/n. Takoil TUN MOATOTOBKHU BOJBI JOCTATOYEH JJIA 3aKayKH B
MOTJIONIAOIKE TIACTHI, TIO3TOMY, MPOXOas depe3 kamepsl (5 u 6), uyepe3 Hacoc (7)
OCYIIECTBIISIETCS] HEMOCPECTBEHHASI 3aKaUKa.

OpHako JUisi HarHeTaTeNIbHOM CKBaXXMHBI HeoOXonuma Oojee TuiaTesibHas
ouncTtka Bojabl. [loaToMy mocie xkameps! (5) BoJa MOCTYMaeT ¢ MOMOIIBIO Hacoca B
¢unbTpel (9 u 10), KOoTOpble pabOTAIOT MOMEPEMEHHO. 3a4acTylo (PUIbTPYIOIIUM
MaTepHaJIOM SIBIISIETCS KBapleBbl mecok pazmepom 0,5-1,5 mwm, rpadut u apyrue
matepuainsl. [locie mpoxoxxaeHuss GUIBTPOB colepkaHue HePTH W MeXIpumecei
3aMETHO CHIDKAeTCs W coctaisier 2-10 mr/in. Jlanee ounineHHas Boja, MOCTYIasl B
emkocTh (11), uepe3 Hacoc BbicOKOro aaBieHus (14) oTmpaBisieTcs Juisl 3aKayku B
miact. OgHako cryctss 12-16 4yacoB GuIbTp 3arps3HsAETCs W BOJa IOCTYMaeT B
apyroit GuasTp, a 3arpsA3HEHHBIA QUIBTP NMpombIBatOT. [IpOMBIBKY OCYIIECTBISIOT
ouniieHHoU Bojou. Eé 3abuparor u3 emroctu (11) Hacocom (13) m mpomyckaioT B
oOpaTHOM HampasiieHuH uepe3 ¢uibTp. [IpomMbiBKa ocymiecTBiseTcss mpuMepHo 15-

18 munyT. ITocne npoMBIBKHM BOJBI C TPSI3bI0 OTIPABISETCS B WIOHAKONUTEIN (12).

Pucynok 13 — TexHosiorndeckas cxeMa yCTaHOBKH MO MOATOTOBKE CTOYHBIX
BOJI OTKPBITOT'O THIIA
| — ctounsie Boabl; || — mexannueckue npumecw; |l — Hed1h;

IV — ouniienHas Boja JJIs MOTIOIIAIOIIMX IUIACTOB; V — OYHIIeHHas BOJA.
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1 — neckonogka; 2, 7, 8, 13, 14 — Hacocsl; 3 — HedTenoByIika; 4 — Ipy/bl-

OTCTOMHUKY; 5, 6 — kKamepsl; 9, 10 — puabTpsl; 11 — eMKOCTh; 12 — UITOHAKOTIUTEIb.

Tenepb paccMOTpUM YCTAHOBKY 3aKkpbIToro tumna (pucyHok 14). C npomeicia
noctynaer BojgoHedTsHass SMyibcus. [Ipoucxoaut TypOyJleHTHOE MepeMelIuBaHUE
SMYJIbCUH C TOPSYEN TUIACTOBOUW BOJOM U PEAreHTOM-AeIMYysbratopoM. llonydyennas
CMeCh MPOXOAUT KarieoopazoBaresb (1). [IpoucXoauT U3MEHEHHE THIIA AIMYJIbCUH C
oOpatHoro Ha mnpsMol. Jlamee monyueHHass 3MYJbCHUS TMOJAETCA B pe3epByap-
OTCTOMHHK C KMJIKOCTHBIM THAPODMIBHBIM (GUIBTPOM (2) Yepe3 pacTBOPUTEND IO/
cioii Boabl. Ha jgaHHOM 3Tame OCYIIECTBISIETCS MPEIBApPUTENIBHBIN COPOC BOJBI.
IMuapodwibHBINA GUIABTP BHITIOIHEH 0 TUITY BEPTHUKAJIBHOTO pe3epByapa U UMEET B
cBOEM cocTaBe CU(OHHOE YCTPOHCTBO. JlaHHOE YCTPOMCTBO MO3BOJISET MOJICPKATh
HEOOXOAUMBIH CJIOM BOJBI MO CJIOEM HE(TH.

[Tocne pesepByapa-orcToitHuKa (2) 00e3BOKEHHAs] HEPTh BHIBOJUTCA 4epe3
BEPXHIOIO YacTh U MOJAETCS B Pe3epBYap-OTCTONHUK C KUIKOCTHBIM TUAPOGHOOHBIM
¢unsTpom (3). BeimonmHeHue naHHOTO (GUIBTpA TaKOE ke, KaK U Y TUAPOOUILHOTO
bunbTpa U OH Takxke uMeeT cudoHHOE ycTpoiicTBo. Bosma BBoguTCS uepes3 JTydeBoi
nephOpUPOBAHHBIN pacHpeaeuTeNb B He(PTIHON CIIOH, MOcie 4Yero Karid BOJbI
OCaXJalTCd U3 HEPTH. YIIOBIEHHAass HE(PTh uYepe3 BEPXHIOI YacTh pe3epByapa
Mo aeTCsl Ha YCTaHOBKY NOATOTOBKM HedTu. Boma, ocBoGomuBmiasics ot HedTH,
oTnpasisieTcs s orctosi. OunilleHHas: BOJIa MOCIie pe3epByapa, N01aeTcsl B eMKOCTh

(4) m Hacocom (5) 3akaunBaeTCs B TUIACT.

—

VII
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Pucynok 14 — TexHosornueckasi cCxemMa yCTaHOBKHU I10 TOJTOTOBKE CTOYHBIX
BOJI 3aKPBITOTO TUIIA, OCHOBAHHAS HA PUHLIUII OTCTOS
| — BononedTsHas smynbcus; || — o6e3Boxxennas Hedto; |l — crounas Boga;
IV — Hepazpymaemas smyinbeusi; V — ynoiieHHast HeQTh; VI — ouninenHas Boja;
VIl — ropsiuas miacroBas Boja.
1 — xaneoGpa3zoBaTenb; 2 — TUAPOPUIBbHBINA GUIBTP; 3 — TUAPOPOOHBII

KUJKOCTHBIA (QUIBTP; 4 — EMKOCTB; 5 — HACcOC.

TpeOoBaHus, MPUMEHSIEMbIC K CTOUYHBIM BOJAaM, KaK K areHTY JIJIsl 3aBOTHCHHUS
CBOJISITCSL K TPEM TTOKA3aTEIISIM:

° Conepxanue HETH B BOJIE;

e  ConepxaHue MEXaHHMYECKHUX MTPUMECEH;

e  COBMECTUMOCTh CTOYHOM M IJIACTOBOM BOJIbI M IIOPOI0M -KOJIIEKTOPOM.

TpeGoBanusi k BojAe s 3aKaykd B IUIACT B TIPOIECCE 3aBOJIHEHMUS
chopmymupoBanbl B OCT 39-225-810 «Boxa nnst 3aBogHeHUs HETIHBIX IUIACTOB.
TpeboBanus k kauecTBy» [11]:

1. Bomopoassiii moka3zatensb (PH);

2. DunpTpallMOHHAs XapaKTEPUCTHKA;

3. CoBMeCTHMOCTH C IIACTOBOM BOJION W MTOPOJIOH;

4, Pa3Mep yacTuIl MEXaHHYECKUX IPUMECEH B SMYJIbI'HPOBAaHHON HEPTH;

5. Copepxanue He()TH U MEXaHHMUECKUX MTpUMecel (Tabnuia S);

Tabnuna 5 — JlomycTumoe cofiepskaHne MEXaHUYECKUX pUMecei u HeTu

IIponunaemoctn Ko puuuenr JomycTuMoe coaep:xaHue B Bojae,
MOPUCTOM Cpelbl | OTHOCHUTEJIbHOM MTI/J1
KOJJIEKTOPA, TPELIHHOBATOCTH | MexaHn4YeCKHX Hedrtn
MKM? KOJLJIEKTOpa npumeceii
1o 0,1 Bk1. - o0 3 0 5
cBoie 0,1 - J0 5 o 10
10 0,35 Bk oT 6,5 10 2 BKII. o 15 mo 15
cBeime 0,35 MeHee 2 1o 30 10 30
10 0,6 Bk ot 35 10 3,6 BKIIL. 1o 40 1o 40
cBele 0,6 MeHee 3,6 1o 50 10 50
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6. CogepxaHue paCTBOPEHHOT'O KHCIOPOa,;

/. HalyxaemMoCTb IJIaCTOBBIX IJIMH;

8. Koppo3uoHHas akTUBHOCT®;

9. CogepxaHue cepoBOAOPOA;

10. Hamuuue CBB;

11. Conep:kaHue HOHOB TPEXBAJIEHTHOTO JKeJle3a.

KonTponp 3a kKadecTBOM BOJABI HEOOXOAMMO OCYIIECTBISATH ABAKIBI: Ha
BBIXOJIE W3 BOJOOYHMCTHOM YCTAaHOBKM U Ha YCThe HamOoliee yJIaJIeHHON
HarHeTaTEeJIbHON CKBa)XMHBI. VICXOIs M3 BCEro BBINIECKA3aHHOTO MOXKHO BBIJCIHTH
OCHOBHBIE TapaMmeTpsl, TpeOyemble M 3aKauuBaeMoll B IlacT BoAbl. JlaHHBIE
napaMeTpbl TpeCTaBiIeHbl B Tabmuie 6. Takxke Hanboyiee BAKHO MHHHUMH3UPOBATH
cojaepkanue B Boje kuciopoga O, cepoBogopoaa HxS u xenesa Fe nns uzberanus
HACTYIIJICHUS XUMUYCCKOMN IECTPYKITUH.

Tabmuma 6 — OcHOBHBIEC TPEOOBAHUSI K KQUECTBY 3aKaUYMBaeMOU BOJIbI

ITapameTp 3HavyeHue
Conepxxanue HepTH B BOjIe Meunee 50 mr/n
CoJzepkaHue KUciaopoia Memnee 0,5 mr/n
CopneprxaHue TBEPIbIX YACTHUII Memnee 50 mr/n
Pa3zmep TBepabpIx yacTuil Menee 5 MKM
Bonopoansiii mokazarens pH 45-8,5

2.2.3 TexH0JIOTHA PUTOTOBJIEHUS PACTBOPA

Cxema YCTAaHOBKH 3aBHCHUT OT TOI'O, B KAKOM BHAC HCIIOJIB3YCTCA IMOJIHUMCD.
Tak kak IMOJIMMCP B OCHOBHOM IIPHUMCHACTCA B BUAC IIOPOIIIKA, II0O3TOMY CHa4dalla €ro
HGO6XOI{I/IMO pacTBOpPUTL B  BOJC. Cxema YCTAaHOBKH OJIs1  IIPHUTI'OTOBJICHUA

MOJMMEPHOr0 PacTBOPA NPEACTABIEHA HA pPUCYHKE 15.
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BYHKEP

(]

NIRIN
FLOQUIP PSU BAX CO3PEBAHUA D i
MNOAAIOWMA HACOC
BOAA

Pucynok 15 — Cxema yCcTaHOBKM 111 paCTBOPEHUS MOPOILIKA NOJIUMEPA

Y CTaHOBKY YCIIOBHO MOXHO Pa3/IeIUTh HA HECKOJIBKO OTCEKOB:

1) Otcex XpaHeHHs TMOJUMEpa: MOJUMEP XPAHUTCS B OOJBIIUX MENIKaxX IMo
750 Kr B CyXOM U OTaIJINBAEMOM MECTE.

2) OTCeKk MPHUrOTOBJICHUS TMOJMMEPHOTO pacTBopa. JlaHHBIM OTCEK MOYKHO
pa3eNuTh Ha HECKOJIBKO MOZYJICH:

- Monayns pasrpy3ku noiauMepa. B gaHHOM MoAysie  MPOUCXOIUT
aBTOMATU3WPOBaHHAs pa3rpy3ka MoJuMepa U3 MEIIKOB B OyHKEP-HAKOITUTENb.

- Moaynbs n3MeNnbuYeHUs OJIMMEPA U TOTOYHOTO 103UpoBaHus. OpaHIy3CKUM
xonguarom SNF  Obuta 3amareHtoBana ycrtanoBka FLOQUIP PSU, xoropas
HazpiBaeTcs [IMM. C momoniplo JaHHOW yCTaHOBKHM BO3MOXHO MUHUMM3UPOBATh
BpEMS pACTBOPEHUS MOJMMEPA B BOAE IPU 3TOM, HE NTOTEPSAB KAUECTBA PACTBOPECHMUS.
Ycranopka I[IMM 103BOJIIET MOATOTOBUTH MATOYHBIA IMOJUMEPHBIM pPacTBOP;
MOJIHOCTBIO PACTBOPUTH TOJTUMEDP, HE JIOMYCTUB OOpa3oBaHUS KOMKOB; CHHU3UTH
BpeMsi pactBopeHuss Ha 50% 10 cpaBHEHHIO C OOBIYHBIM pAaCTBOPEHUEM; HE
JONYCTUTh CHMXKEHUSI MOJIEKYJSIPHOW MACChl TOJHUMEPA; YMEHBIIUTH BA3KOCTH
pacTBOpa W OCTAaTOYHBIM (PAKTOp COMPOTUBICHUS IO CPAaBHEHHUIO C OOBIYHBIM
PacTBOPEHHUEM.

- bak co3peBanus. Ilocne mMOTHOrO pacTBOPEHHS B BOJAE IOJIMMEPHBIN

pacTtBOp mojaércsi B Oak CO3peBaHUs, KOTOPBIA COCTOMT W3 YEThIPEX CEKIUH,
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oobémom 1,1 ™® kaxmas. [lonuMmepHBIi pacTBOpa IyT€M IIEpPEIHUBAHHUS
IepeMeIaeTcs 1o CEKUMsIM. B KaKI0M CEKIIMM YCTAHOBIJIECHBI MELIAIKHA MOIIHOCTBIO
0,75 kBT, mpu moMony KOTOPBIX OCYIIECTBISAETCS TOMOT€HU3alns pacTBopa. Bpems
HaxO0XJICHUS pacTBOpa B 6ake coctapisieT 40 MUHYT.

3) Otcek 3akayky MOJUMEPHOTO PACcTBOpA B CKBaXHMHY. B NaHHOM oTceke
PacoIOKEHbI TUTYH)KEPHBIE HACOCHI BHICOKOTO AaBieHus. OHU MO3BOJISIOT H30€KaTh
HACTYIUIEHUSI MEXaHUYECKON AECTPYKIUHU MTOIUMEPA.

4) Orcex reHepanuu a3zota. B cocTraB [aHHOrO OTCEKa BXOJIHUT CHCTEMA
nojlayu BO3ayXxa (BO3JYIIHBIA KOMIIPECCOp WMJIM BO3IYIIHHK). ['eHepanus aszora
IPOUCXOAUT MYTEM MNPOKAYKHU BO3AYyXa YEPE3 YIIEPOJHOE MOJEKYISPHOE CUTO, Ha
KOTOpOM abcopOupyercs KUCIOpPOA. A30T TMO3BOJSET MUHUMHU3HPOBATH PUCKHU
HACTYIUIEHUSI XUMHUUYECKOU IECTPYKIIUHU MTOTUMEPA.

5) Homemenne MCC (ueHTp yrpaBieHHUs 3JIEKTPOIPUBOJIAMHU ), arllapaTHasl.
JlaHHbIE TOMEIIEHUS [T03BOJIAIOT JIEKTPUUYECKU 00ecreunBaTh paboTy YCTaHOBKH.

6) Jlaboparopus u aucnerdepckas. HeoOXonuMel sl MPOBEEHUS aHATIU30B
TIOJIMMEPHBIX PACTBOPOB Ha BSA3KOCTH [12].

Takum o00pa3oMm, MNPUTOTOBIEHHWE PacTBOpa MPOUCXOAUT CIEAYIOIIUM
obpazom. Ilomumep B BHIE TMOpoIIKa HaxoauTcs B OyHkepe. I[lpum momomm
JNO3UPYIOLIEr0 BUHTA IIOJUMEDP IOJAETCS B YCTAHOBKY HW3MEJIbYECHUA, KOTOpas
3ar0JIHeHa a30ToM. Ha TaHHOM 3Tare IpoUCXOAUT pa3pe3aHue YacTHUll MOJIUMEPa, UX
MOCTENIEHHOE CMaynBaHUe M cMmemuBanue. [lpu npocenBanum nopoiika o0pa3yercs
IIbUIb, KOTOPYIO YZHAIAIOT C IIOMOLIBIO BO3IYLIHMKA, KOTOPBIM YCTaHOBJIEH 3a
npejelaMu OCHOBHOTO nomeleHus. [lanee pactBop nojgaercst B 6ak J03peBaHus, 1€
OCYILIECTBIIAETCS THUApATAlM W pPAacTBOpeHHe B Boje. l[loyyeHHBI MaTOYHBIN
pacTBOp pa30aBIAIOT 10 1€JIeBOI KOHIIEHTpauu. Yepe3 QpuiabTpbl pacTBOp MoAaeTCs
B OJIOK HarHeTaHMs Ha MPUEM TPEXBMHTOBOrO Hacoca. C MOMOIIbIO TaHHOTO Hacoca

pacTBOp MoJaeTcs Ha MpUeM Hacoca KyctoBoit HacocHo ctaniuu (KHC).
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2.2.4 TexH0JI0rusl 3aKa4YKH B ILIACT

KycroBeie nHacocuwie ctanuuu (KHC), BomopacmpenenutenbHbie OaTapeu
(BPB), BbICOKOHAMOpHBIE BOJOBOJLI U HArHETATENbHbIE CKBAXXMHBI OTHOCATCS K
coopyKeHMusIM ISl 3akauku BoJbl B mact. C momoupo KHC mpoucxonut 3akauka
BOJIbI B IUIACTBI YEPE3 HATHETATENbHBIE CKBAXXUHBI I noanep:kanus 1IIIJ[. Bona,
nocrynaromas B HarHerarenbHble ckBaxkuHbl 3 KHC, nmpoxomut BPbB, rme ona
pacnpenensercss no CKBAXWUHAM. TpaHCHOPTUPYETCS BOJA IO BBICOKOHAIIOPHBIM
BomoOBOAaM. IIpOTSKEHHOCTHP BOJOBOJOB 3aBUCUT OT YMCJIAa HArHETaTeJIbHbBIX
ckBaxuH B cucreme III1/] u paccrosnusa mexny Humu, n yuciaa KHC. Yem meHnblie
JMaMETp BBICOKOHAIOPHOTO BOJOBOJA, TE€M OOJBIIEH TOJIMHON JOJIKHBI OHU
obnmanate. Ha pucynke 16 mpejicTaBieHa NPUHIUNHAIBHAS CXEMa PACIOJIOKEHUS

COOPYIKEHHMIA JIs1 OCyIeCTBICHHs 3aBoqHeHus [13].

Bopo3ab. ckeaxuHb

00

KHC

Pucynok 16 — IlpunnunuansHas cxema cucteMbl TTT1J]
BPb — Bonopacnpenenurenshas 6arapesi; KHC — kyctoBast HacocHas
ctanmus; 3Y — 3amepHas yctanoBka; YIIC — yctaHOBKa mpeaBapUTEIBHOTO cOpoca

BOJIBI
[TogzemHoe 00OpyaOBaHWE HArHETATCIBHOW CKBaKWHBI BKIIIOYAET B ceOs

AKCIUTYaTallMOHHYIO KOJIOHHY, HAaCOCHO-KOMIIPECCOPHYIO0 TpyOy M nakep. HazemHoe

000pyIOBaHUE COCTOUT M3 OOBSI3KU YCThSI CKBRXMHBI M HATHETATEILHOW apMaTyphl.
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O6opynoBanue st OOCITy>KMBaHHSI HAarHETaTEJIbHOM CKBaXXMHBI MPEACTABICHO Ha

pucyHke 17.

HasemHoe o6opypoBaHue:
* HarHetaTenbHas apmartypa;
* 06BA3Ka YCTbA CKBAXKMUHbI.

Nopsemuoe o6opyaosauue:

*  3KCNAyaTauMoHHasA KONOHHa

*  HacoCHO-KOMMpeccopHbie Tpybbl;
* nakep.

Pucynox 17 — Cxema o00py0BaHHUs HATHETATENbHON CKBa>KUHbI

[lepen nayasiom paboT MO 3aKayke MOJMMEPHOTO PacTBOpa HEOOXOIUMO
yOenuThCsT B UYHMCTOTE€ TIPU3aOOWHOM 30HBI, YTOOBI 00ECHEYUTh XOPOIIYIO
npueMucTocTh. CKOpPOCTh 3aKaukKH PacTBOpa HE NTOJDKHA MPEBBINIATH 5 M/C, YTOOBI
HE JIONYCTUTh HACTYIUICHHUS] MEXaHUYECKON AecTpyKiuu. ONTUMaTbHBIM JaBICHUEM
3akauku sBiusiercs 20-22 Mlla.

[TonumepHbIi pacTBOp 3aKayMBalOT HEOONBIIMMHU OTOpoukamu. OOmui
00BEM OTOPOYKH MOJMMEPHOTO PacTBOpa He JoikeH mpeBbimath 40-50% ot o6bema
IIOPOBOTO MPOCTPAHCTBA. 3aKauka pacTBOpa OcyllecTBIsgeTcs u3 pacuera 1-1,5 m° na
1 M mepdopupoBanHOl ToMIUHEL. J[711 Oosiee BA3KUX pacTBOPOB CIEIYET MPUMEHSITh
cienyromne 00beMbl pacTBOPOB Ha 1 M mepdOpUpOBAaHHON TOJIMHBI CKBAKHHBI B
3aBUCUMOCTH OT IPHUEMHUCTOCTH

e Jlo 100 m¥cyt — 1,5-2,5 m3;

e 100 -300 m¥cyr — 2,5-4 M3,

e 300 - 600 m%cyr — 4-5 m3;
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e  Bonee 600 m%/cyr — 6-7 M°.

3akauky TOJUMEpPHOTO pacTBoOpa ClEyeT HayuHATh C  IOJIOBUHBI
pacCUMTAHHONW BA3KOCTM W B TEUEHHE HECKOJIbKMX JHEH 3aKadyaTh IOJIOBUHY
HE0OX0oauMOro oobema J0 TeX IMOop, MOoKa JaBjieHUE He cTabunusupyetcs. Jlanee
HEOOXOJUMO YBEJIWYUTh BSI3KOCTh MOJUMEPHOTO PAcTBOpa J0 HYKHOTO 3HAUYCHUS,
MOJ/ICP>KUBAsl 3aKauKy IMOJIOBUHBI 00beMa B TEUCHHUE ellle HeCKoJbKkux aHel. [locie
ATOT0 00BbEM 3aKAaYKU PACTBOPA YBEIUYUBAIOT J0 HY>KHOT'O 3HAYCHUS.

[IpoGneMbl € TNPUEMHUCTOCTHIO, BO3HHUKAIOIIME TMPU 3aKayke pacTBOpa,
CBSI3aHBI C TE€M, YTO B IUIACT 3aKayuBaeTCs BS3KUM pacTBOp. MoOunuzainus
OCTaTOYHOW HE(PTH MNPUBOJUT K YBEIUYCHHUIO JABJICHUS, MOITOMY HEOOXOIUMO
CHU3UTh O0BEM 3aKauyKd TOJIMMEPAa M CKOPOCTh 3aKaukKh, 4TOOBI HE JIOMYCTHUTh
HapYIIESHHS 1IEJIOCTHOCTH KOJUIEKTOpa. TeM He MeHee B HadabHBIN MEePUOJ] 3aKaYKH
MPUEMHUCTOCTh OKa3bIBAC€TCSl BBIIIC OXHIAEMOHM, YTO CBSI3aHO C HAJIUYHUEM
MUKPOTPEIINH B IJIACTE, KOTOPhIE 00pa3yloTcs B pe3ylibTare OypeHus MW 3aKadyKu
BOJIbI, OCOOCHHO TpPU 3aKayKe XOJIOJHOW BOJIBI B IUIACT C BBICOKOW IJIACTOBOM
TEMIIEpaTypoil. 3aKauyeHHbIH IOJUMEPHBIA pacTBOp, IMONAB B CYIIECTBYIOIIHE
MUKpPOTPELIUHBI, MPOJIUT UX, TEM CAMbIM YMEHBIIUT CKOPOCThb CABUTa M CBEAET K
MUHHUMYMY PUCK HAaCTYIUICHUSI MEXaHUYECKOU TECTPYKIIUU.

Uepe3 HarHeTaTesIbHbIE CKBAKUHBI ITOJYYEHHBIM MOJIMMEPHBIA PaCTBOP
HEOOXOIMMOM KOHIIEHTPAIIMU 3aKaYyMBAIOT B IJIACT B JKUJKOM COCTOSHUU (PUCYHOK
18). Bcrymas BO B3aMMOJEHCTBHE C IIOPOAOW, pPAcTBOPHI IIEMEHTHPYIOTCS B
MOPUCTON cpefie, T.e. 3aTBEPACBAIOT. JTOT TMPOIECC HA3BIBACTCS acopOIuen
MONUMEPOB.  AAcopOuMs TPUBOAUT K CYKEHUIO KaHaJOB, YTO YXYJIIAeT
¢unpTpanuio BoAbl U Onarojapst 4emy oOpa3yeTcsi Ball «HEaKTUBHOW» BOJBI Ha

(GbpOHTE BHITCCHCHUS.
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___Pacraop
¥ pearedToB

No6biBaouian
CKBaXKMHA

S
HarHeTarwoulan
CKBaXKMHa

BbITeCHAIOLMI areHT Ban AononHUTeNbHO
{ras, nonMepbsl, Wenoys, MABbI, BbICBOGOXAEHHOH
CepHas KucnoTa, yrnekucnoral HedTH

Pucynok 18 — Cxema 3akauku B TUIACT MOJMMEPHOTO PacTBOpa

HpOHI/IKa}I B ILIACT, IIOJHUMEP IIOCTYIIAa€T B  BBICOKOIIPOHHUIACMBIC
IIpOIIIaCTKH. HOSTOMy MPOXOXKACHUC BOABLI II0 MPCALIAYIIMM KaHaJlaM YiKC
HCBO3MOJXHO, 1 OHA BBIHYKJICHA IIPOXOOUTD I10 AOIIOJIHUTCIIBHBIM KaHaJIaM, KOTOPBIC
paHCC B OKCILTyaTallMIO HC BOBJICKAJIHNCH. B pPE3YyJIbTAaTC BCCX IJTHUX IIPOLICCCOB
YMCHBbIIACTCA JUHAMH4YCCKasa HCOOHOPOIHOCTD IIOTOKOB KNIKOCTH, T.C.
YBCIMYHUBACTCA OXBAT IIJIaCTa 3aBOAHCHHCM. Ha PHUCYHKC 19 moxHO HarJsiaHo
YBUIACTDH, KaK IIPOUCXOAUT CTa6I/IJ'II/I3aIII/ISI (I)pOHTa BBITCCHCHHA W YBCINYCHHUC OXBaTa

Ijracra 3aBOAHCHHUCM.

QO0O0sI4HOE TTomaMmepHOS
3aBOJTHEHHE 3aBOJHEHHE

Pucynox 19 — [lpuHmun aeicTBUS MOJMMEPHOTO pacTBOpa
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[Ipu ocymiecTBIeHUH TOJIUMEPHOTO 3aBOJHEHHUS HEOOXOJMMO CIEAUTH 3a
CIECIYIOIMMU [apaMeETPaMu:

e [IlnacroBas Temmneparypa;

e  [IpoHunaemocTs IUIaCTa,;

e [IpueMHUCTOCTBH CKBAXKUH,

° JlaBneHre HarHETaHUs U IMJIaCTOBOM JIaBJICHUE;

e  OO0BEM noOBITON HEPTH;

e  (OObBEM 3aKayeHHOr0 peareHTa;

e  CKOpOCTh HarHETaHUS pe€arcHTa B IJIACT.

Taxoke creayeT KOHTPOJIUPOBATH MPOBIKEHUE KOHTYpa HE()TEHOCHOCTH.

OneHuTth paboOTy HArHETATEIHPHOW CKBAXKWHBI BO3MOYKHO MPU UCIIOJIL30BAHUHU
rpaduka Xoia, METOJ TOCTPOSHUSI KOTOPOTO OCHOBBIBAETCS HA MCIOJb30BAHUU
JAHHBIX MO0 HArHETAHWID areHra B TIUIACT 4Yepe3 HEKOTOpPOE BpeMs IOCIIE
yCTaHOBJICHHUS pekuMa pabotel. ['padux Xomma (pucynok 20) — 3aBUCHMOCTH
UHTETpaja W3MEHEHHUs JaBjeHUs OT HaAKOIUICHHOW 3akayku. ['paduk noimKeH
NPEJICTABIATh MPSAMYIO JIMHUIO, T.€. JOJKHA ObITh JIMHEWHAs] 3aBUCUMOCTh BEJIHYHUH.
Kak BugHO u3 rpaduka mnpsmas JUHUS COOTBETCTBYET XOPOILIEMY MPOIECCY
3aBojHeHus. [lo yrioy HakioHa KpHUBOM MOXXHO OIGHHTh CKHUH-(pakTop U

MPEANOJI0KUTh, 3arpsi3HeHAa MPU3a00itHas 30HA WM HET.

l")_\‘.:_J»ZH.'E-' 33K auKK/3301BaHNe

Paanenexue nopoa

Hsmenenne gasnenna, MIla-cyr

HakoruieHHad 3aKauka, M”

Pucynok 20 — I'padpuk Xomna
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2.3 CpaBHHUTeJbHBIN AaHAJIM3 XUMHUYECKUX PeareHTOB U pelenTypbl

Jnst  nambonpiedt sddextuBHOCTH 0T mnpuMmeHeHus [I3 HeoOxoaumo
THIATENbHO M3yuuTh ['@Y M ucX0lsd U3 ATUX YCIOBUN MOA00OpaTh ONTUMAIbHBIN
COCTaB pearcHTra. Y IMOJHMMEPOB, KAK M MHOTMX JPYTHX pPEareHTOB, €CTh CBOHU
CBOMCTBAa. DTH CBOMCTBA ONPEIEISAIOT IPOMBICIOBBIE XaPAKTEPUCTUKHA IPUMEHEHHUS
NOJINMEPOB:

1. Bsskocth — aHuoHHble [TAA 00namarT 3arymaroiieil crnocoOHOCThIO,
KOTOpasi CBsI3aHA C B3aMMOJICMCTBUEM MAaKpPOMOJIEKYJI C BBICOKOW MOJIEKYJISIPHOM
Maccoi. JlaHHBIA mapameTp 3aBUCUT OT KOHUEHTpPAUUW U MOJIEKYJISIPHOM Macchl
NOJIUMEPA B PACTBOPE.

2. Peonorunueckue  cBoWcTBa —  pacTBOppl Ha  ocHoBe [TAA
XapaKTEPU3YIOTCS  HEHBIOTOHOBCKMM  IOBEAEHUEM, T.€. OT MPHIOKEHHOIO
CABUTOBOIO HAIPSDKEHUSI 3aBUCUT BA3KOCTb pacTBOpa. Y pacTBOpa HaOIOJaeTCs
IICEB/IOIJIACTUYECKOE TIOBEAEHUE, IPU KOTOPOM BS3KOCTh YMEHBINAETCA MpPH
YBEJIMYEHUHU CIBUTOBOI'O HAIIPSIKEHUSI.

3.  PactBopuMocTh — MpoONEMBI C PaCTBOPUMOCTBIO U (UIBTPYIOMICH
CIOCOOHOCTHIO OyAyT HAOIMIOAATHCS TIPH IPUMEHEHHH TTOJTMMEPOB ¢ BBICOKOH (Ooiee
1 MUTH T/MOJIb) MJIM CBEPXBBICOKOM (0K0JIO 18 MITH I/MOJIb) MOJIEKYJIIPHON MAaCCOM.

Taxum oOpazoM, BRIICISIOT CISAYIOIINE TpeOOBaHMUS IMPU BEIOOPE MOJMMepa:

e  BrICcOKas BSI3KOCTH;

e  Xopomas paCTBOPUMOCTb;

e [loHmxkeHHas cTeNeHb yAEPKUBaHUS MOJUMEpPA B IJIACTE;

e  YCTOMYMBOCTBH K MEXaHUYECKON JECTPYKIUH, T.€. CABUTOBASI CTOMKOCTB;

e  VYCTOMYMBOCTH K XHMHUYECKOM JECTPYKIHMH, T.€. HCHOJb30BAHUE
3aIIUTHBIX CUCTEM JJI1 MUHUMU3AIMU KOJIMYECTBA IPUMECEHN B BOJIE;

e  VYCTOMYMBOCTBH C TEPMUUYECKOU IECTPYKIINH, T.€. 100ABICHUE K PACTBOPY

CTaOMIIN3aTOPOB;
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e  VYCTOHYMBOCTH K OMOJOTMYECKOHM  JECTPYKLHMH, HUCIOJb30BaHHUE
OMoLKI0B (BElIEeCTBa, CIIOCOOHBIE OOPOTHCS C BPEIHBIMU OPraHU3MaAMH);

e Xopomas QUIBTPYEMOCTb, T.€. XOPOIIMH TMEPEHOC TMoJuMeEpa B
IIPOHULIAEMOU CpeJie.

[Tonumepsl, monaaasi B MacT YMEHBIIAIOT MPOHUIIAEMOCTb IJIacTa, TOITOMY
ONTUMAJIBLHON  KOHILEHTpauued  moinumepa  cumraercs  0,1-0,15%  macc.
Hcnonp3oBanue OoJbleld KOHIEHTPALlMM HEPEHTAa0EeNbHO, TaK Kak Oyner
HaOII0aThCS 3HAUNTEIPHOE YMEHBIIICHHE MTPOHUIIAEMOCTH.

B mHacrosmiee Bpemss u3-3a OONBIIOTO pa3HOOOpas3us peareHToB B
HEPTEXUMHUU BBIACISIOT CIEAYIONIUE THUIBI TOJIMMEPOB: CIIUTHIA TMOJIMMEPHBIN
COCTaB; MOJIMMEPANUCIIEPCHBIN COCTaB; MOJIMMEPHO-TENIeBass CHCTEMA; MPOCTOi 3pup

1esuTr010361; OnononumMepsl U ACII-3aBogHEeHUE.

2.3.1 ClnThlil NOTUMEPHBbIH COCTAB

Cumnteiii  monmumepssii  coctaB  (CIIC) — BoaHble TelM Ha OCHOBE
BOJIOPACTBOPUMBIX TOJMMEPOB, C TOMOIIBIO KOTOPHIX MOXHO YBEIUYUTH OXBaT
Iiacta 3aBojHEHHMEM. Yame Bcero B KauecTBE BOJOPACTBOPUMOIO TMOJHUMEpa
ucnonb3ytoT [TAA. CIIC nauboinee a¢dextrBeH Ha TpeThel cTaauu pa3padoTku. Ha
JAHHOW CTaJuu TPOUCXOJHUT CHIDKCHHE J00bIYM HE)TH U POCT OOBOJHEHHOCTH
POIYKITUH.

[Tpu 3axauke B iacT [IAA MOXHO CHU3UTH TOJIBU’KHOCTH BOJIBI U TIOBBICUTD
€€ BSI3KOCTh, a TAK)K€ MOYKHO TMOBBICHTH OXBAaT IUIacTa 3aBojHEeHHEM. OOpa3zoBaHue
CIIC sBnsercs pe3yabTaTOM XUMHUYECKON CIIMBKM MaKpPOMOJEKYJI ToJuMepa
(cimBaTenu) C MOJEKyJIamMu pacTBopuTens (Boabl). B kadectBe cmimBarens B
ocHoBHOM wucmonb3ytoT areratr xpoma (Cr(CH3;COO)s3) wnm muTpar amoMUHUS
([C3H4OH(COO)3]Al). Ob6pazoBaHne Tens, COCTOSIIErO0 W3 CIIUTHIX IMOJUMEPHBIX
1ened B pacTBOpHTENE, MPOMCXOAUT B XOJe peakmuu. Bpems reneoOpa3zoBaHus
MOET OBITh OOJIBIIIE WJIM PAaBHO BPEMEHHU 3aKAaYKHW KOMITO3WIIMH B TUIacT. Bs3kocT