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OIIpEe/IeIICHHs] OCTATOYHOW HE(TEHACHIIIEHHOCTH IUIACTa MOCPEICTBOM TPACCEPHBIX HCCIICHOBAHUM, U
MOXET OBITh UCITIOIB30BAHO IS OMPEACICHHSI OCTATOUHOMN He(DTEeHACHIIIEHHOCTH IJIACTa B IIPOMBICIOBBIX
YCIOBHSIX TIOCJE 3aBOMHCHHS HE(TSIHBIX IUIACTOB BOJOH, a TaKXKe MOCIC MPUMCHCHHUS TPCTHYHBIX
METOZIOB yBeNu4eHHs HedTeoTnaud. TeXHUYECKUM pe3yJbTaTOM HACTOSIIEro W300pETEeHHs SIBISETCS
MOBBIIICHUE TOYHOCTH OMPEICIICHUSI OCTATOYHON HEe()TEHACHIIIEHHOCTH IUIACTa B HCCIIEAYyEMOM 30HE,
a TakXke TOBBIIICHHE HAJEKHOCTH crocoba ONpeeIeHUs] OCTaTOYHON He(TEHACHIIEHHOCTH IUIacTa.
3asiBIICHHBINH CIOCO0 OMpEeeNeHUs] OCTaTOYHON HEe()TEHACHIIEHHOCTH ILIACTa BKIIOYAET CICYIOIIUE
JTaIbl: ONMpPEACICHHE 3aBUCHMOCTH CKOPOCTH PEaKIMH THUAPOSH3a He()TepacTBOPUMOro Tpaccepa OT
TEMIIepaTyphl U 3aBUCUMOCTH KO3 GUIMEHTA pa3ieieHus He(hTepacTBOPUMOTO Tpaccepa MEXK Ty BOTHOM
U He(TIHOW (a3aMu OT TeMIlepaTypbl; 3aKauka B CKBAXHHY pabOvero areHTa; 3akayka B CKBAXKHHY
JKHUJIKOCTHU; OTIPEICICHIE CPEAHEH TeMITepaTyphbl TPU3a00HON 30HbI IJIACTA; OCTAHOBKA CKBAKUHBI, ITYCK
CKBa)XXHMHBI B PEXKHUM JTOOBIYM; ONPEACICHUE 3HAUCHHI HAKOIUICHHOTO 00beMa (irrona ¢ 00pa30BaHHBIM
BOZIOPACTBOPHMBIM TPACCEPOM U 3aKa4E€HHBIM HE(TEPACTBOPUMBIM TPACCEPOM; ONIPECICHUE OCTATOYHO
He(TEHACHIIIEHHOCTH IIACTa B COOTBETCTBHM CO 3HAUCHUSMHM HAKOIUIEHHOTO oObeMa (uronma c
00pa30BaHHBIM BOJOPACTBOPUMBIM TPAaCCEPOM W 3aKAYCHHBIM HE(TEPaCTBOPHMBIM TPAacCEpPOM U
3HaYeHHeM Kod((UIMeHTa pa3feneHus HeQTepacTBOPUMOTO Tpaccepa MEXIy BOTHONH M HEPTIHOH
(asamu mpu cpenHel Temreparype npu3a0oiHOM 30HBI IUIACTA ¢ YUETOM €€ OXJIAKACHHS IPHU 3aKauKe
pabodero areHra u )KUAKOCTEH.

nponaxona, usonponaxona, Mr/n
KoHLueHTpauua staHona, mMr/n

KoHueHTpauya sTunauerata, H-

80 9 100 110 120

HakonnexHas aobbiya daonpa , M*
o1- 2 .3

©4-37aHon

IV £€80£67C0C



E21B47/00
E21B47/026
GO1V11/00
E21B49/00
E21B 43/00

CIIOCOB ONPEJEJEHUSI OCTATOUHOM HEGTEHACBHIIIEHHOCTH IJIACTA

H3o0perenne otHOcUTCs K oOnactu HedrerazomoObIBAIOLIEH MPOMBILUIEHHOCTH, a
UMEHHO, K CrocobaM OIpenesieHus] OCTaTOYHOW He(TEHACHIIEHHOCTH IUIACTa MOCPEICTBOM
TPACCEPHBIX HCCICIOBAHUNA, U MOXKET OBbIThb MCIOJB30BAHO MJISI OMpPENENIEHUs] OCTaTOYHOU
He(TeHACHIIIIEHHOCTH TUIACTA B MPOMBICIIOBBIX YCIOBHSIX MOCIE 3aBOJHEHHST HE(TSIHBIX IJIACTOB
BOJIOM, & TaKKe MOCJIe MPUMEHEHHsI TPETUYHBIX METOJIOB YBEJIMYCHUS HepreoTauu.

H3BecTHO, UTO mpouecc omnpeneseHnus HepTeHACBIEHHOCTH IUIACTa SIBJSIETCS] BaYKHBIM
3TanoM pazpaboTku HeTSIHBIX MECTOPOKACHUH. Pesynbratsl onpeaeNeHus
He(TeHaCBIIIIEHHOCTH HEOOXOMMBI, B HACTHOCTH, JUI OLICHKH Me€OJIOTMYECKUX 3aracoB HeTH, a
TaKXKe Ui OLEHKH 3((eKTHMBHOCTH METONOB yBeNW4YeHHs He(pTeoTnauud M Ui HOCTPOECHHUS
UMHUTALIMOHHBIX THUAPOJUHAMUYECKUX MOJENeH, TIOCPEACTBOM KOTOPBIX PAaCCUUTBIBAIOT
MIPOTHO3HBIE XapaKTEPUCTUKHU SKCILTyaTalUu MecTopoxiaeHuil. Ilpu sTOM mox ocraTouHON
He(PTEeHACBIIIIEHHOCThIO CTOMT IMOHMMATh KOJUYECTBO HE(TH B IUIACTE, OCTAIOIIEECs IMOCTe ee
BBITECHEHUS 110 OKOHYaHHMHU KCIUTyaTalliy pa3padaThIBA€MOro I1J1aCTa, BHIPAXKAEMOE B JIOJISIX HITH
IPOLEHTaX OT 00beMa MOPOBOTO MPOCTPAHCTBA.

Bpicokass TOYHOCTb PE3YyJBTATOB, TOJIYYEHHBIX I@PU ONPENENEeHHUH OCTATOYHOU
He()TeHACHIIIEHHOCTH TIACTA, SIBJIIETCS HanOOJee 3HAYMMBIM TOKa3aTeNieM Ui ONpeneeHuUs
3¢ (EeKTUBHOCTH METOMIOB YBEIMYSHHsT HE(TEOTAAYH B MPOMBICIIOBBIX YCJIOBHUSX U, B YACTHOCTH,
IUISL TIOCJIEAYIOINEro TMPUHSTHS PEHIeHUs O MaciuTaOHOM BHEAPEHHH METONOB YBEIUYEHUS
HeTeoTIaun Ha Pa3IMYHbIX MECTOPOKIACHUSIX.

W3 ypoBHSI TEXHMKH H3BECTHBI PA3JIMYHBIE CIOCOOBI, MCIIOIB3yEeMbIe ISl ONpENeTICHUs
OCTaTOYHOH He(TeHACBIEHHOCTH IulacTa. B wacTHocTH, Hambojee pacnpoCTpaHEHHBIM
CTIIOCOOOM SIBJISIETCSI UCCIIEAOBAHIE HEPTEHACHIIIEHHOCTH KEPHOB, U3BJICYEHHBIX U3 IJIACTOB, MPU
KOTOPOM OTOOp KEpHa OCYINECTBIIIETCS MyTeM OYypeHHs MCCIEAyeMOro KojuiekTopa. Tak,
U3BECTEH crocod ompeneneHus HeTeHachlmeHHOCTH 3anexu no kepHy (Ilatrenr PD

Ne2472136, ony6amkoan  10.01.2013), xapakTepusywIIuiics  TeM 4yTO U3

2
He(TEHACBIIEHHOI0 KepHa mepexonHoil 3o0Hbl II3 3amexkm W 30HBI MPENEIbHOIO
HepTeHaceimenus 3IIH 3amexxu ¢ pasnuuHbiMH  HepTe- U BOAOHACBIIIEHHOCTHIO,

U3rOTaBIMBAIOT CTaHAAPTHBIE IWIMHApUYeckue oOpasusl. Ilocne dwero oOpasiel



SKCTPATHPYIOT OT COAEpPIKALIEHCA B HUX HEPTH, ONPENENAI0T NOPUCTOCTD U MPOHUIIAEMOCTh
KaXgoro oOpasma, 3areM mnpou3BoAsaT 100%-HOe HaChIEHHEe MPO3KCTPArupOBaHHBIX
0o0pa3loB IIACTOBOM BOMOH. MeETOAOM KanWJUIAPUMETPUHM TNPH PA3IUYHBIX AABIEHUAX
APEHUPOBAaHUSA B oOpasuax MOAETUPYIOT BOJOHACBILIEHHOCTD, NO00HYIO
BOJOHACBIIIEHHOCTH pa3nnuHbix ypoBHed B I3 w 3IIH 3anexu u 1o HaHHBIM
KaMWUIPUMETPUH  KOKAOro oOpasuna CTPOST KpPHBBbIE 3aBUCUMOCTH KaIHIJUISIPHOTO
JABJIEHUSI OT BOJOHACKHIIIEHHOCTU. [I0 moNy4eHHBIM KPUBBIM KaWUIIPHOTO IABJIEHUS OT
BOJOHACBILIEHHOCTH KaXJOro oOpasma OmpenensitoT BbICOTHI yYPOBHEH pa3IUYHOM
BoJOHachIeHHOCTH B npenenax [13 u 3ITH 3anexu xax Hax 3epkanoMm Boabl 3B 3anexu,
xapakrepusyromumcs ypoHeM 100%-HOW BOJOHACBHILIIEHHOCTH, TaK W HaJ YPOBHEM
BonoHe(dTssHOrO KOoHTakTa BHK 3anexu.

Haubonee CymecTBEHHbIM HEOOCTATKOM  Crocoba  OMpeneNieHus  OCTATOYHOH
He(TeHACBIIIIEHHOCTH IIJIACTa 110 KePHAaM, U3BJICUEHHBIM U3 IJIACTOB, U, B YACTHOCTH, U3BECTHOTO
TEXHUYECKOTO PELICHUS, SIBIAIOTCSA OIIHNOKU B TEXHUKE OTOOpa mMpod KepHa, a TaKKe BBICOKAs
BEPOSITHOCTb M3MEHEHHMs] HEe(TEHACHIIEHHOCTH W3BJIEKAEMOr0 KEpHA, BCIEICTBHE YEro
oTOOpaHHbIe MPOOBI XaPaKTEPU3YIOTCA HE PENPE3CHTATUBHOCTBHIO JUISI UCCIENYyEMOro IUIacTa B
LIEJIOM U, COOTBETCTBEHHO, PE3YJIBTATHI ONPENEICHNsI OCTATOYHOIN He()TEHACHIIEHHOCTH I1J1acTa,
HanpHuMep, IOcye MPUMEHEHHS TPETUYHBIX METOOB YBEJINYECHUS HEPTEOTAAUH XapaKTEPU3YIOTCS
HU3KOH TOYHOCTBIO. Takske CyIeCTBEHHBIM HEAOCTATKOM SIBJISIETCS TO, UTO JAHHBIE, TOJyUYEHHbIE
IIPU BBINOJIHEHUN KEPHOBBIX MCCJIENOBAHUM, 3aTPYAHUTEIBHO 3KCTPANOJUPOBATh HA YYaCTKU
IJ1aCTa, YAAJIEHHBIE OT CKBAKUHBI.

Jlpyro¥i pacnpocTpaHeHHbIH Ccrnoco0 ompeaeseHHs OCTaTOYHOH He(TeHACHIIEHHOCTH
IUIACTA 3aKJIFOYAETCs B MHTEPIPETAIlM KAPOTaKHBIX JAHHBIX CKBAKUH. Tak, M3BECTEH CHOCOO
omnpeneneHus HegTeHachieHHOCTH 1acToB ([Tatent P Ne2517730, onybaukosan 27.05.2014),
COTJIACHO KOTOPOMY B CKBaKHHE OTOHMPAIOT U UCCIEAYIOT KePH, ONPEAesIIOT K03 PHULHEeHT
HEe(TEHACBIIEHHOCTH IO KEepHY, NPOBOMIT KOMIUIEKCHBIH KapoTaxk, ONpPEAESIOT
Ko3pPueHT HepTEeHAChIINEHHOCTH IO KapoTaXy, ONPEAENSIIOT OTHOCUTEIbHBIH
Ko3pPunueHT kak oOTHOmEHHe Kod(pQuiueHTa HePTEeHACHIIIEHHOCTH MO KEepHY K
Ko3pPUIeHTy HePTEeHACHIIIEHHOCTH MO KapOTaxy, aHAIM3UPYIOT KapOTaXXKHble KPHUBBIE
CKB&XHUH B TEPPUIE€HHOM pas3pe3e NpOAYKTUBHOIO TOPU30HTA, BBIABJISAIOT IIACTHI-
KOJUIEKTOPBI C KaXKYLUMHUCS YAEIbHBIMU CONPOTUBJIEHUSMH 110 UHAYKLIMOHHOMY KapoTaxy
meHee 3 Om'M. 3aTeM CpeaH BBISBIECHHBIX IUIACTOB BBIOMPAIOT IJIACTBHI, B MUHEPAJIbHOM
COCTaB€ KOTOPbIX MO KEpHY M IJaMy OTME€YaeTcsi HaJllUuhe MUHEpPaJOB, MOHUIKAIOIIUX
yAeJIbHOE CONMPOTUBJIEHUE, a MO JaHHBIM KapOTa)ka OTMEYaeTCsl MOBBILIEHHOE COJEepKaHue

TOKOMNPOBOAAIUX 3JICMCHTOB, AJisI BbIABJICHHBIX IIJIACTOB YTOYHAKOT UCTUHHOC 3HAUCHUC



ko3punmenTa HePTEHACHIIIEHHOCTH YMHOXXKEHHEM Kod(duineHTa HePpTEHACHIIIEHHOCTH
0 KapOTaXy Ha OTHOCHUTENbHBIH KO3((QUIMEHT, MOJyUYeHHOE 3HAUYEHHE CPABHHUBAIOT CO
3HaueHUsIMH Kod(uureHTa He(TEHACHIIIEHHOCTH IJs cyiado HePTEeHACHIIEHHbIX U
He(TEHACBIEHHbIX KOJJIEKTOPOB U COOTBETCTBEHHO OTHOCAT NaHHBIM IJIACT K cJado
He(TeHACBIIEHHbIM NN HEQTEHACHIIEHHBIM.

HenocratkoM cnoco0OB omnpeneneHuss OCTaTOYHOH He(TEeHACHIEHHOCTH IUIACTA,
3aKJIIOYAIOIIUXCSl B MHTEPIIPETAIIMN KAPOTAKHBIX TAHHBIX CKBAJKWH, U, B YACTHOCTH, M3BECTHOTO
TEXHUYECKOTO PELICHUs, SIBJSIETCS UCCIIEAOBAHUE TIACTa Ha HEOOIBIIOM PACCTOSIHUU OT CTBOJIA
CKBQXHMHBI B PE3yJIbTATE HYEro pe3yJbTaThl OMPEAENCHHs OCTaTOYHOW He(TEeHACHIIEHHOCTH
IUIACTA XaPaKTEPU3YIOTCS HU3KOH TOUHOCTBIO, MTOCKOJIBKY MPOLIECC ONPENEICHHUS BBITOIHIETCS B
KpPaTHO MEHbIIIEN 30He BOKPYT CKBA’KHUHBI, CBOMCTBA KOTOPO U3MEHSIFOTCS MTOCIIE SKCILTyaTaluu.

Taxke M3BECTHO, YTO ONHUM K3 Hamboyiee MH(POPMATHUBHBIX CIIOCOOOB OMpEHENEHHS
OCTaTOYHOH He(TEeHACHIEHHOCTH IUIacTa SBJSIETCS TPAcCepHBbI (MHIUKATOPHBIN) Crocod,
XapaKTePU3YIOIUHCS 3aKaUYKOH TPaccepoB B IJIACT, OTOOPOM MPOO MO KOHTPOJIBHBIM CKBAKIMHAM
U TIOCIIENYIOIINM OTPENeIeHNEM OCTATOYHOH He(pTEHACHIIIEHHOCTH. Tak, U3 YPOBHS TEXHUKH
U3BECTEH CcrIoco0 onpeneneHus HeTeHaceeHHoCTH HeTsaHbIX macToB (US3856468A, omyOur.
24.12.1974), B KOTOPOM HArHETAOT B IUIACT (IIOWI-HOCUTENb, COAEPKALINN HHU3KHE
KOHLIEHTPALlMK  TPEKypcopa,  paclpenessomuiics  Mexay  (QIIONIOM-HOCHTENEeM U
HECMEIINBAIOIINMCS (PIIIOMIOM U BCTYMAIOIUM B PEAKIMIO B IJIACTE ¢ 0Opa30BaHUEM NEPBOTO
Tpaccepa, KOTOPBIM pacrpenensercss Mexay (QIIONIOM-HOCUTENEM M HECMEIINBAOIINMCS
¢dmronoM wHave, YeM MpeKypcop. 3aTeM HarHeTaloT B IUIACT BTOPOH NPaKTHYECKH
HepeaKLIMOHHOCIIOCOOHBIN Tpaccep, KOTOPBII pacnpenensercs Mexay (QonaoM-HOCUTENIeM U
HECMEIIMBAKOLINMCS (DJIFOMIOM MPUMEPHO IO TOH »Ke CTENEHH, YTO U YKa3aHHBIH MPeKypcop,
MIOCJIe Yero OCYLIECTBIISIOT 3aKPhITHE YKa3aHHON CKBa)KMHBI HA BPEMsi, JOCTATOYHOE ISl TOTO,
9TOOBI MPEKYpPCOp MPOpearupoBai ¢ 0Opa3oBaHHEM OOHAPYKMBAEMBIX KOJHYECTB YKA3aHHOTO
MEPBOrO Tpaccepa. 3aTeM OCYINECTBISIOT 3aMyCK YKA3aHHOW CKBaKUHBI B TOOBIYY it 0TOOpa
¢mronnoB W3 yKAa3aHHOIO IUIACTa U MOCJIEAYIOWIEro aHanu3a (IIOMIOB HA ONpEneNeHHe
KOHLIEHTPALMH, YKa3aHHBIX MEPBOr0 M BTOPOro TpaccepoB. Ha 3aBepmaromem stame crocoda
OTPENENSIOT OTHOCHTENBHYIO HACBIIIEHHOCTH HECMELINBAIOIIUXCS (DITFOMIOB, MPUCYTCTBYIOIIUX
B YKa3aHHOM IUTACTE, MOCPEICTBOM XpOMaTOrpaduu.

Henocratkom m3BecTHOro criocoda siBisieTcst onpenenaeHne KodpuimenTa pasaeaeHus
Tpaccepa Mexny (IIONIOM-HOCHUTENEM U He(DTHIO B TUIACTOBBIX YCIOBHSIX O€3 yueTa OXJIaKACHUS
IUIACTa, TNPOUCXOMALIETO H3-3a 3aKaYKW B CKBKWHY XOJIONHBIX (HE HArpersix) padbodmx
KUIKOCTEH C TpaccepaMy, TeMIeparypa KOTOPBIX CYLIECTBEHHO MEHbIIE TeMIepaTypbl

pa3pabaTeiBaeMbIX IUIACTOB. BcencTBue uero pes3ynbTaThl, MOJIYYEHHBIE NMPU ONpPEAETIeHUN



OCTaTOYHOH He(TEHACHIINEHHOCTH HEPTSHOrO IUIACTA, XapaKTEPU3YIOTCS HU3KOW TOYHOCTBIO.
Kpome Toro, B OnMcaHHOM TEXHMYECKOM PEIIEHUH OTCYTCTBYET KOHKPETHU3aLUs BPEMEHHU, Ha
KOTOPO€ OCTAHABJIMBAIOT CKBAXKUHY, COOTBETCTBEHHO BPEMsI OCTAHOBKU CKBa)KHUHBI B OITMCAHHOM
crioco0e He KOHTPOJHUPYIOT, YTO SIBJIAETCS] €r0 CYIIEeCTBEHHBIM HEIOCTATKOM, MOCKOJIBKY HM3-3a
HEJJOCTATOYHOTO BPEMEHHM HAXOXKAEHUsI TPACCepOB B ILIACTE He OOECIeYMBAETCS MPOTEKaHHE
peakiuy, Ipu KOTOPOH 00pa3yroTcst OOHapyKMBaeMble CPEICTBAMU U3MEPEHUS] KOHLIEHTPALUH
NPOAYKTOB, MPU COXPAHEHUH OOHAPYKMBAEMBIX KOHLIEHTPALHI IPEeKypcopa.

Taxke  W3BECTEH  IBYXTEMIIEPATYpPHBIH  TPACCEpHBIH  CHOCOO  OmpeneNeHws
¢dmononaceimenHoctT B HeTsaHbIX Twactax (US3847548A, ony6On. 12.11.1974), kortopsrit
3aKJIFOYAETCS B OMPENEICHUH OTHOCUTENIbHBIX KOJMYECTB JKUAKHX (Pa3, MPUCYTCTBYIOLINX B
NOA3€MHOM HE(PTSHOM IUIACTe, BKJIOYANOIIUN CIIEAVIOIINE ONepalvy. HAarHeTaHHe B IUIACT
TEIUIOOOMEHHOTO (IIFOMa C TEMIEepaTypol, CYLIECTBEHHO OTJIHMYAIOIIECHCS OT TEeMIIEPaTypbl
IUIACTA, JUI JOBEOCHHS TEMIIEPATypbl UCCIEAYEMOro IUIACTa A0 TEMIIEPaTyphbl 3aKaUUBAEMOTO
¢mronna; HarHeraHue (QIFOUA-HOCUTENS Yepe3 YKA3aHHYK CKBAKHHY B YKa3aHHBIA IUIACT MPHU
TEMIIEPaType HArHETAeMOro TEeIUIOOOMEHHOro (urouaa, yKa3aHHBIA  (DIFOMA-HOCHUTEND
CMELINBAETCS ¢ YKA3aHHON MOJBM)KHOM JKMIKOCTBIO M COIEPKUT HHU3KYI0 KOHIIEHTPALHUIO, 10
MEHbLIEH Mepe OHOTO MEPBOro Tpaccepa, KOTOPBIM pacrpenensercss MexXay OTHON M3 JKUIKUX
¢da3 B muracte, U (QIOUAOM-HOCHTEIEM B CTENEHU, KOTOPAs 3aBHCUT OT TEMIIEPATyphl, U IO
MEHbIIEH Mepe OFHOro BTOPOrO Tpaccepa, MMEKLEero Kod(p(UIMEHT paclpeneeHus, He
3aBUCALINNA OT TEMIIEPAaTypbl, 3aTe€M 3aKpPbIBAIOT CKBAXUHY HAa BpeMs, IOCTATOYHOE MJIs
JDOCTHKEHUsI TEMIEePaTypHOrO PAaBHOBECHS 3aKAUMBAEMBIX (DIIOMUAOB C IUIACTOM; IIOCIE Yero
3aIlyCKal0T CKBAKHHY B JAOOBIMY MAJIsl HM3BJICYEHUs (IIIOMIOB M3 YKa3aHHOTO IUIacTa |
AHATU3UPYIOT (DIIFOUABI C LENBIO ONPEAeIeHUsT MUKOBBIX KOHIEHTPALNH YKa3aHHBIX TPACCEPOB U
OTNPENENSIOT OTHOCHTENBHYIO HACBIIEHHOCTh (IIOMIHBIMU (hpa3aMHu IUIaCTa TOCPEICTBOM
xpomatorpaduu.

Henocratkom wu3BecTHOro cmocoba  SIBJISETCS  JJUTENbHBIH  CPOK  MPOBEACHHUS
UCCIIEIOBAHUN I10 OINPENEeNIEHUI0 OCTATOYHOH (DIIFOOHACHIIIEHHOCTH B HE(TSIHBIX IUIACTAX,
NIOCKOJIbKY TIOCNIe TMPOBEACHHUS STama 3aKadykd (DIOWUAOB B IJIACT, CKBAXXHHY HEOOXOAHMMO
OCTaHABIIMBATh HA BPEMs, JOCTATOYHOE Il TOTrO, YTOOBI 3aKauMBaeMble (IOl MPUIIIH B
TEMIIEPaTypPHOE paBHOBecHE C HE(TAHBIM TUIACTOM. B 4YacTHOCTH, B OIHOM H3 IPHMEPOB
peanH3anuy YKa3aHHOTO crocoda, BpeMsi OCTAHOBKU CKBaKMHBI cocTaBisieT 30 CyTOK.

HaubGonee OnNM3KUM TEXHHUYECKUM pEIIEHHEM IO COBOKYIHOCTH CYIIECTBEHHBIX
NPU3HAKOB K 3asBIIEMOMY H300pPETEHUIO SIBISIETCS CIOCOO OmpeneNeHHs OCTATOYHOMN
HedTeHachimeHnHocTH macta (Kopskun @. A, Tperbsikos H.1O., A6aymna O.b., @wmnmos B.I'.

Omnpenenenue OCTaTOUHONW HE(PTEHACHILICHHOCTH METOAOM PpAa3ZEISIIOLINXCS TPaccepoB B



nabopaTopHbIX ycioBusx // M3Bectus Beicmnx yuebHbIx 3aBenennii. Hedrs u ras. 2020. No. 6. C.
131-143), npuHATBI 32 MPOTOTHUN, KOTOPBIM XapaKTEPH3YETCsl 3TANOM 3aKAa4YKH B CKBAKHHY
IUIACTOBOM BOJIBI, 3TANIOM 3aKa4KU HEPTEPACTBOPUMOTO Tpaccepa 1 NOCIEAYIOLIYIO €ro MPOJABKY
OTOPOYKOM BOJIBI, CBOOOIHOM OT TpaccepoB. Criocol Takke BKIFOYAET 3TAIl OCTAHOBKHU CKBAKHHbI
Ha Tepuoj, 3aJaHHbI U3 Auana3oHa, oT 1 A0 5 AHeN Ay NPOXOXKAEHWs B IIACTE PEaKLUH
oOpa3oBaHusi U3 He(TEpacTBOPUMOrO Tpaccepa BOJOPACTBOPHMOIO Tpaccepa, dTam IycKa
CKBRJKUHBI B PEKUM JOOBIMH ¢ MOCIEAYIOUIUM OTOOPOM Mpolb ¢uitonaa u onpeaejeHrneM B HUX
KOHLIEHTpaLiH 00pa30BaHHOTO BOZIOPACTBOPUMOTO Tpaccepa u 3aKaue€HHOT O
He(TepacTBOPUMOro Tpaccepa, ITAIl ONMPENeIeHUs] OCTATOYHON HEPTEHACHIIIEHHOCTH TUIACTa.

Cy11ecTBeHHBIM HEJOCTATKOM OMHUCAHHOTO TEXHUYECKOTO PEIIeHUs SBIISIETCS] OTCYTCTBUE
KOHKPETH3aIMU onpeaeneHns BpeMeHu (OT 1 10 5 cyTOK), Ha KOTOPOE OCTAHABJIUBAIOT CKBAYKHHY,
YTO MPUBOIUT K OOPa30BaHUIO HENOCTATOYHOIO KOJIMYECTBA BOAOPACTBOPHMOIO Tpaccepa s
€ro OIpefesieHUs] Ha CpEeACTBaX W3MEpPEHHus, B pe3yJbTaTe uero, BIIOCJIEACTBUHU, He
NPEACTABISIETCS. BO3MOXKHBIM ONPEAETUTh MAKCUMAaJIbHBINA MUK MO rpadudecKkoil 3aBUCUMOCTH
KOHIIEHTPaIM! 00pa30BaHHOT'O BOAOPACTBOPHUMOIO Tpaccepa OT HAKOIJICHHOro obbeMa (ronaa
¢ 00pa30BaHHBIM BOIOPACTBOPHMBIM TPAacCePOM, HEOOXOAMMOIO I TOYHOI'O OIpENeIeHUs
OCTaTOYHON He(TEHACHIEHHOCTH IuacTa. TakuM 0o0pa3oM, OTCYTCTBHE TOUYHOTO pacyera
BPEMEHHU TMPOCTOSl CKBAXKUHBI CYLIECTBEHHBIM O0pa30M BIHUSET HAa TOYHOCTb OMNpPEAENCHHS
OCTaTOYHOH He(dTeHachIeHHOCTH IuacTa. Kpome TOro, HemocTaTkoOM H3BECTHOTrO crocoda
ABJISIETCS UCIOJb30BaHUE KO3 (uLMeHTa pas3zeneHus He(TepacTBOPUMOIO Tpaccepa MEXAY
BOAHON M HepTsIHOH (pasamMu mpu IIaCTOBOH Temmeparype, 0e3 ydera OXJIaKAEHUs IUIacTa,
IPOUCXOJSINErO M3-3a 3aKaUKU B CKBAKHHY XOJIOIHBIX (HE HArpeThiX) pabodMX KMAKOCTEH C
TpaccepaMu, TeMIepaTypa KOTOPbIX CYIIECTBEHHO MEHbIIE TeMIepaTypbl pa3padaTbiBaeMbIX
iacToB. Tak, B OMMCaHHOM Croco0e, Ha ATanax 3aKayk IJIaCTOBOM BOJBI, 3aKa4KH SKUIKOCTH,
cozeprKalyro HerepacTBOPUMBIIA Tpaccep, W MPOJABKU BOJOH KHIKOCTH C TPACCEPAMH BIIIyOb
npr3a0OWHON 30HBI IUIACTA, TUIACTOBAS TEMIIEPATypa, KOTOPask MOXKET TOCTUraTh 3HaueHus1 100
°C u Bblllle, 3HAUUTENBHO CHUXKAETCS, B cpeAHeM Ha TemnepaTypy oT 5 1o 30 °C, mocKoibKy
3aKauMBaeMble B CKBOXHHY padoune >KUAKOCTH MMEIOT TeMIIEPaTypy, ONHU3KYI0 K TeMIeparype
okpy:xatomeii cpensl B quana3one ot 0 1o 30 °C. Takum oOpa3oM, pe3yabTaThl MOCIEAYIOIETO
OTIpeNeNIEH s OCTATOUYHONH HE(PTEHACBILIEHHOCTH TIACTA, TIOJIYYEHHBIE IO OMMMCAHHOMY CIOCO0Y,
XapaKTepU3yeTcsl HU3KOH TOYHOCTBIO.

OOmmM HemoCTaTKOM, OIMCAHHBIX BBIIIE TEXHUYECKUX PEIIEHUH, SBJIAETCS HU3Kas
TOYHOCTb ONPEAENeHUsT OCTATOYHOH HEe(PTEHACBILIIEHHOCTH IUIACTa B IIOJIEBBIX YCIOBHSX B

OOJIbIIIEH CTENEHH H3-3a HE y4€Ta OXJIAKACHUS T1J1aCTa, KOTOPOC MPOUCXOAUT Ha STalax 3aKavukKnu



paboYmNX areHTOB U SKUAKOCTEH B IUIACT, TEMIIEPATYPa KOTOPBIX 3HAUYUTENLHO HIDKE HA4aJbHON
TEMIIepPaTyphI IJIACTa.

3amauell HacTOsINEro H300pEeTeHUs SBJSIETCS CO3/aHUE Crocoda  OIpenesneHus
OCTaTOYHOH He(TEHACHIEHHOCTH, IO3BOJIAIOIIETO IOJYYUTh OOJiee TOYHbIE 3HAYEHHS
OCTaTOYHOH HEe(TEHACHIIEHHOCTH ILIACTA B ITOJIEBBIX YCIOBHSIX.

TexHU4YeCKUM pPe3yJIbTaTOM HACTOSIIEr0 M300pETeHHs SBJISIETCS] MOBBILIEHHE TOYHOCTH
OIIpPEAENIeHUs] OCTATOYHOH HE(PTEHACBIIIEHHOCTH IUIACTa B MHCCIEAYeMOHW 30He, a TakKxke
MIOBBIIIEHHE HAJIEXKHOCTH CIIOco0a OnpeesieHnst OCTATOYHON He(hTeHACHIIEHHOCTH IIACTA.

VKa3aHHBIA TEXHUYECKUH Pe3yJIbTaT JOCTUTAETCs IS CIoco0a orpenesieHus: OCTaTOYHON
He(TeHACHIIIIEHHOCTH IJIACTa KOTOPBIA BKIIFOYAET CIEAYIOIINE STAITbL:

- ONpeAeNieHHe 3aBUCUMOCTH CKOPOCTH pEaKUUH THAPOIH3a He(PTEepacTBOPHUMOTO
Tpaccepa OT TEMIIEpaTypbl M 3aBUCUMOCTH KOd(pQUIMeHTa pa3neieHus He(TepacTBOPHUMOIo
Tpaccepa MeKAy BOJHON M HE(PTIHOH (a3aMu OT TEMIIEPaTyphbl;

- 3aKa4YKa B CKBAXHUHY paboyero arexra,;

- 3aKayka B CKBQXHHY  JKHIKOCTH, BKJIIOUAIOIIYI0 [0 MEHbIIEH Mepe OAHH
HeTepacTBOPUMBIH Tpaccep;

- TPOJAaBKa SKUAKOCTH, BKJIIOYAIOIIEH MO MEHbIIeH Mepe OAWH He(TepacTBOPHMBI
Tpaccep, BriayOb mpru3a00iHOM 30HBI IJIACTAa OTOPOYKON JKUIKOCTH,

- OlpenejicHHE CpeAHeW TemrepaTrypbl NPU3a0OWHON 30HBI IJIACTa C YYETOM €€
OXJIQXKIEHU IIPH 3aKauKe pabovero areHTa 1 *KHIKOCTeH;

- OCTAaHOBKA CKB2)KMHBI Ha BpeMsi, OOJblIee MUHIMAJIbHOTO BPEMEHHU PEaKUy THAPOIN3a
¢ oOpa3oBaHneM M3 He(PTEepacTBOPHMOIO Tpaccepa BOAOPACTBOPUMOIO Tpaccepa MpH CpenHen
Temreparype npu3aboitHON 30HBI IJIACTA C YYETOM €€ OXJIAKACHUS MPH 3aKauke pabovero areHTa
1 KUIAKOCTEH,

- MyCK CKB@KUHBI B PEXKUM JOOBIYM € MOCHEAYIOIMUM OTOOpoM mpod duronnma u
ONpeneNieHueM B HHUX KOHLEHTpaluu OOpa3OBAHHOTO BOIOPACTBOPHMOrO Tpaccepa M
3aKaueHHOro He(hTEepPacCTBOPHUMOIO Tpaccepa;

- OmpeneNeHHWe 3HAYEHWH HAKOIUIGHHOro o0beMa (Quronma ¢ oOpa3oBaHHBIM
BOJIOPACTBOPUMBIM TPACCEPOM U 3aKAUEHHBIM HE(TEPaCTBOPUMBIM TPACCEPOM;

- OTIpeNieNIeHNe OCTATOYHOH HEe(PTEHACBILIIEHHOCTH IJIACTa B COOTBETCTBUH CO 3HAUCHUSIMH
HAKOIJIEHHOro oObeMa ¢urrona ¢ 00pa3oBaHHBIM BOAOPACTBOPHMBIM TPACCEPOM U 3aKaUYaHHBIM
He(TepacTBOPUMBIM TPacCEpPOM H 3HadeHHeM Ko3(duLmeHTa pasaeneHust HeTepacTBOPUMOTO
Tpaccepa MeXIy BOAHOH M He(TsHOH (a3zaMu Npu cpenHeil TemrepaType npu3aboHHON 30HBI

mjacrta ¢ y4€TOM €€ OXJIAXKACHUS IIPU 3aKa4YKe pa6oqero areHTa U >KMIKOCTEH.



B 3asiBieHHOM crioco0e mpu onpeeeHnd 3aBUCUMOCTEH CKOPOCTH PEaKIUU THAPOIIN3a
He(pTepacTBOPUMOTO Tpaccepa OT TEMIEPATypbl M 3aBUCHMOCTH Kod(huimeHTa pasneieHus
He(TepacTBOPUMOTO Tpaccepa MexAy BOAHOH W HeTsHOU (ha3aMu OT TeMIepaTyphbl MEepBOE
3HAYEHHE TEMIEepaTypbl MOXKET COOTBETCTBOBATh HAUAJbHON TeMIlEpaType IulacTa, a
NOCJIeAYIOLINe 3HAYSHHs TeMIIepaTyp MOTyT ObITh 3a1aHbl U3 auarnasoHa ot 1 go 15 °C Huke
HavyaJIbHON TeMIlepaType IacTa.

B 3asBneHHOM criocoOe B kadecTBe pabodvero areHTa MOKET ObITh MCIIOJIb30BaHA BOJA,
BOL[HI:Iﬁ PacTBOP NMOBEPXHOCTHO-AKTHUBHBIX BCIICCTB, BOI[HbeI paCcTBOp MOJIUMEPOB HUJIN I'a3.

B 3asBieHHOM CHOCO6€ JKHUAKOCTb IIPH 3aKadyKe€ B CKBAXXUHY MOXKET JOIIOJHUTCIBHO
COZIep KaTh BOAOPACTBOPUMBIE TPACCEPDI, MPU STOM MOCJIEe MyCKa CKBAKUHBI B PEKUM OOBIUH C
nocienyromuM  otbopoM npod Quronna  ONpenensioT KOHIEHTPAUH BOAOPACTBOPHUMBIX
Tpaccepos.

B 3asiBneHHOM criocobe cpemHsisi TeMIepaTypa npu3aboiHOM 30HbBI MJIacTa C YYETOM ee

OXJIQXK/IEHUsI TIPH 3aKauKe pabovero areHTa M JKUIKOCTEeH MOXKeT ObITh OmnpesesieHa o popmyJie:

Cp*(To—Ty) M (1—So—Swc)
[A-m)-Cy+m-(So-Cu+(1-55)"Cx)]

T:TO_

rne T — cpenusis Temnepatypa npu3aboWHOM 30HBI TIIACTA, ¢ YYETOM €€ OXJIAXKISHUS MIPH
3aKadke pabovyero areHTa u KUAKOCTeH;

Ty, T~ HauanpHas TeMIlEpaTypa IUlacTa M TeMIepaTypa 3aKauuBaeMbIX padouero areHra
U JKUAKOCTEH;

m, Sg,Swe — TIOPUCTOCTb, KpPUTHYECKas HEPTEHACHIIEHHOCTh U HACBILIEHHOCTh
CBSI3aHHOM BOJIOM,

Cy , Cy , C; — oObeMHBIE TEIIIOEMKOCTH BOJbI, HE()TH M MOPOIBI.

B 3asiBneHHOM crocobe cpemHsisi TeMIepaTypa npu3aboiHON 30HbI J1acTa C YYETOM €€
OXJIAXK/IEHUsI ITPH 3aKayKe pabodero areHTa 1 KUAKOCTeH MOXKET ObITh ONpesiesieHa TOCPEICTBOM
TEMITEPaTyPHON THIPOAMHAMHYECKON MOJIEITH.

B 3asBienHoM criocobe BPEMA OCTAHOBKU CKBaXWHbI MOKET OBITh OIIPEACIICHO 110

dbopmye:

1
=In
k

rme t - BpEMA OCTAHOBKHU CKBAXUHbI [IJId TIPOXOXKACHUA PECAKIINN O6pa30BaHI/I$I
BOZIOPACTBOPUMOTO Tpaccepa u3 HehTepacTBOPUMOIro Tpaccepa B pe3ysibTaTe Peakluu THAPOJIH3a

B IJIACTE;



k - CKOpOCTb TpOTEeKaHMs pPEeaKUMH TUAPOJHM3a BOAOPACTBOPUMOIO Tpaccepa H3
He(TepacTBOPUMOro Tpaccepa MpHu CpegHel TeMrepaType npru3adoHHON 30HBI IJIACTA C YIETOM
ee OXJIAKACHUS NP 3aKauke padouero areHTa 1 >KUAKOCTeH;

In — HatypanpHbIi NOrapupM;

cK, cI" _ MakcMManbHO BO3MOXKHAs KOHLEHTPALMs BOIOPACTBOPUMOTO TPaccepa,
00pa3oBaHHOTO B pE3yJIbTaTe PEaKIMU THUAPOIN3a M3 HePTepacTBOPUMOIO Tpaccepa, U ero
MHUHHMaJIbHAS KOHLIEHTPALMsI, KOTOpasi HeoOXomuma Jyis OMNpedesieHUus: BOIOPACTBOPUMOIO
Tpaccepa ¢ MOMOLIBIO CPECTB H3MEPEHHUS.

B 3asBneHHOM crocoOe 3HAUeHUs HAKOIUIEHHOro oObema (urouna MOryT ObITh
orpezeseHbl Mo rpaguyeckoit 3aBUCUMOCTH KOHLIEHTPALKH 00pa30BaHHOTO BOJOPACTBOPUMOIO
Tpaccepa M 3aKa4yeHHOro He(TepacTBOPHUMOIO Tpaccepa OT HAKOILIEHHOro o0bema ¢uronna ¢
00pa30BaHHBIM BOIOPACTBOPHMBIM TPACCEPOM U 3aKaUSHHBIM He()TEPaCTBOPHUMBIM TPACCEPOM.

B 3asBieHHoM cmoco0e ocraToyHash He(PTEHACHIIEHHOCTh IUIACTa MOKET OBITh
onpenaesnieHa mno Gopmye:

__ (Qoil-8)/(Qwater-8)-1
Sor = (Qoil-8)/(Qwater—8)—1+Kd’

rae Sor — OCTaTOYHAsI He(PTEHACHIIEHHOCTD I1J1aCTa,

Qoil, Qwater — HaKOTUTEHHBIE 00BEMBI (TONAA ¢ He(TEPACTBOPUMBIM U BOJIOPACTBOPUMBIM
Tpaccepamu,

K¢ — xoadpdunuent pasneneHus HedTEpacTBOPHMOIO Tpaccepa MeXIy BOTHOW U
HeTsHON (asamu mpu cpemHeil Temmepatrype npu3aboiHONW 30HBI IUIACTa C Y4YETOM €€
OXJIJKAEHUS ITPU 3aKauke paboyero areHra u XKHUIKOCTeH;

0 — 00BEeM KHIKOCTU B CTBOJIE CKBAXKIHE, KOTOPBIN HE MPOJABUIICS B ILIACT.

JIOCTIDKEHHE TEeXHHUYECKOro pe3ysibTara O0ecnedmBaeTcs B IEPBYID Ouyepenp 3a
CYET OMpeNeNIeHUsT OCTATOYHON HEe(PTEeHACBHINEHHOCTH IJIACTa C Y4ETOM TeMIEepPaTypPHBIX
I'PaJUEeHTOB U U3MEHEHHI B UCCIIENyEeMOl 30He BBIOPAHHOH CKBaKMHBI, & UMEHHO, C YYETOM
OXJIQXK/IEHUsI TUTACTA, MPOUCXOAAIIEe Ha STanax 3aKauku B HEro pabouero areHTa U KHIKOCTEH,
TEMIIepaTypa KOTOPBIX 3HAYUTENbHO HIDKE HAYaJIbHOH TEMITEpaTyphl IJIacTa, a TaKKe 3a CUeT
UCTIOJIb30BAHMS 3aJAaHHOTO BPEMEHHU OCTAHOBKH CKBAYKUHBI.

[IpennokeHHas: COBOKYIHOCTh JTAaIllOB 3asBJISEMOro crnocoba HampaBlieHa Ha
OTpeneNIeHNe OCTATOYHON He(PTEHACHIIIIEHHOCTH JIaCTa C BBICOKOH TOYHOCTHIO.

CornacHo 3asBI€HHOMY CIIOcOOy Ha MEPBOM 3Talle ONPEAEISIFOT 3aBHCUMOCTh CKOPOCTH
peaknun rugponm3a (k) HedTepacTBOpUMOro Tpaccepa, Hampumep, JTWIALETaTa, OT
TEMIEpPAaTypbl M 3aBHCUMOCTb KO3(duumeHTra pasneneHus HePpTepacTBOPUMOrO Tpaccepa,
HanpHuMep, 3TWIaLeTaTa, MexXay BOAHOI u HepTsHOU (asamu (Kq) ot Temneparypbl. OnmcaHHbIe
UCCIIENIOBAHNS BBINOJIHAIOT B JJA0OPATOPHBIX YCJIOBUSIX, IPU 3TOM BO3MOXEH BapHaHT
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BBITTOJIHEHHSI H300PETEHUS I1€ IPH OTIPEeIEHUH 3aBUCUMOCTH CKOPOCTH peakiuu ruaposusa (k)
He(TepacTBOPUMOro Tpaccepa OT TeMIepaTrypbl U 3aBUCUMOCTH KO3(puumeHTa pasneneHus
HeTepacTBOPUMOro Tpaccepa Mexkay BogHoH u HedraHoit ¢pazamu (Kq) OT Temneparypsl epBoe
3HaYeHHEe TeMIIEPaTypbl COOTBETCTBYET HaudalbHOI Temnepatype racta (To), a mocneayromue
3HA4YEeHUs] TEMIIepaTyp 3a7aHbl U3 quanasoHa ot 1 1o 15 °C Huke HagaIpHON TeMnepaType rjacra
(To).

CyIIHOCTh 3KCIEPUMEHTOB IO ONpPENESJICHUI0 CKOPOCTH peakuuu ruapoiusa (k)
3aKJIF0YAETCSs B ONPEACTICHIH TeKYIIeH KOHIIEHTPALUU He)TepacTBOPUMOTO Tpaccepa, HapuMmep,
STHJIALIETAaTa, U MPOAYKTAa €ro THAPOIN3a, a MMEHHO OOpa3sOBaHHOTO BOJOPACTBOPUMOIO
Tpaccepa, HampUMep, STaHOJA, Yepe3 OMpeesieHHble MPOMEXKYTKH BPEMEHH B CBOOOTHOM
o0beMe. DKCIEePUMEHTBI TAKOTO pOJa IMOBTOPSIOT JJIsi BBIOPAHHOTO AHMANa3OHa TEMIIEpaTyp,
HanpuMep, ePBOe 3HAYCHUE TEMITEPATYPhl COOTBETCTBYET HadabHON Temmepatype miacta (To),
a ToCNIeAYIOIINE 3HAUEHUS TEMITEPATyp 3a1aHbl B quanasoHe S°C HIKe Ha4allbHOW TeMITepaType
riacta (To), mpu 3TOM MOTYT OBITh 33/1aHBI M HHBIE TEMIIEPATYPHbIE AHANa30Hbl. B CBOO ouepers,
CYILTHOCTh 3KCIIEPUMEHTOB IO OMpenesIeHu0 Kod(uimeHTa pasaeneHus HeTepacTBOPUMOTO
Tpaccepa, Hampumep, dTHJAleTaTa, MeKIy BOAHOW u HedTsiHON (azamu (Kq) 3akimrodaercs: B
NPUTOTOBJIEHUH BOHOTO PacTBOpa ¢ He(PTepacTBOPUMBIM TPACCEPOM, HAIIPUMED, ITHIIALIETATOM
Y CMELINBAHHUH €T0 C HE(PTHIO, MTOCIEAYIOIIEM MTePeMEIINBAHNH, TEPMOCTATHPOBAHNH, HATIPUMED,
B PVT-ycraHoBke, 1 BOCCO3maHMU aBiieHus B ckBakuHe. [locie yero onpenessitoT kKoahhuunueHt
pasnenenuss (Kd), paBHBI OTHOLIEHMIO KOHLEHTpaLMU Tpaccepa B HedTsHON daze K
KOHLIEHTPALMK B BOXHOW (ha3ze. DKCIEPUMEHTBHI TAaKOrO POAa MOBTOPSIOT Ui BBIOPAHHOTO
AMana3oHa TEMIIEPaTyp, HalpuMep, NMepPBOe 3HAYEHHE TeMIlepaTypbl COOTBETCTBYET HAYaJIbHOM
temneparype miacta (To), a mocneayromme 3HaYeHUs TEMIepaTyp 3aAaHbl B Auanaszone S °C Huxe
Ha4anbHOM Temneparype miacta (To), mpu 5TOM MOryT ObITh 3a/laHbl U HHbIE TEMIIEPATYPHBIE
auanasoHsl. J{Jist onpeneseHust KOHLEHTPALH BEECTB MOKET OBITh HCIIOJIb30BAH METOJT Fa30BOM
xpoMatorpadun (Hampumep, COrNAcCHO MeTonudyeckuMm ykazanmsm MVYK  4.1.3170-14).
[Nony4eHHbIE 3aBUCUMOCTH MOT'YT OBbITh MPEACTABIICHBI B BHe TaOIMLIbI WK B BUIE rpaduka, u,
B COOTBETCTBHM C HHUMH, Ha IMOCIENYIOIUX 3Tarax ONPeNesiFoT MUHHMaJbHOE Bpems (t), Ha
KOTOpOE IOJDKHA OBITh OCTAHOBJIEHA CKBA)KMHA C yYETOM OXJKACHHUS IUIACTa, a TaKKe
OTIPENENSIOT OCTATOYHYIO HE(PTEHACHIIEHHOCTD 11acTa (Sor) C YUETOM €ro OXJIAXKISHHS.

ITocne mpoBeneHusi 1abOPATOPHBIX SKCIEPUMEHTOB, B COOTBETCTBUHU C 3asBICHHBIMU
3TaraMu crocoda, mepexoasT K MOJEeBbIM dTanaM uccienoBaHuil. Tak, Ha cnenyromeM sTamne s
CO3JIaHMsI OCTATOYHOH HE(PTEHACBHIIIEHHOCTH IIJIaCTa MPOBOAAT OONBIIEOOBEMHYIO 3aKauKy B
CKBXUHY pabodero (BeITeCHsIOLIEro) areHTa. [log pabodunm areHToOM, KOTOPBIA 3aKaYHBAETCS B

CKBRXMHY Ha JAHHOM 3Talle, B KOHTEKCTE HACTOSINEro M300peTeHHs MOAPa3yMEBAIOT JIIOOYIO



TEKyUyl0 cpeay (ras, »KUAKOCTh W/HIN UX KOMOHMHALIMIO), KOTOpas 3aMelnaer He(Th B IuiacTe.
Bo3mMoskeH BapHaHT BBINOJIHEHUS H300pETeHNs, I7ie B KadecTBe pabouero areHra, 3aKkauuBaeMoro
B CKBXKMHY, UCIOJIB3YIOT BOAY WJIM BOIHBINA PacTBOP MOBEPXHOCTHO-aKTUBHBIX BelecTs (ITAB)
VI BOJIHBIN PacTBOP MOJMMEPOB WK ra3. CrenuaiucTy B JaHHOH OONacTH TEXHUKU OUEBUIHO,
YTO B MPEIJIOKEHHOM CIIOCO0E MOTYT OBITh NCTIONB30BAHBI U Ipyrue pabovyne areHThl.

Ha crnenyrommem sTane oCyIIeCTBIIAIOT 3aKauKy B CKBaKUHY KMJKOCTH, B YACTHOCTH BOAY,
BKJIFOYAIOLIYKO TI0 MEHbLIeH Mepe OnuH HedTepacTBOpUMBIH Tpaccep, B YaCTHOCTH
HeTepacTBOPUMBIN Pa3IENAIOMUICS Tpaccep. 3aKauky OCYLIECTBIISIIOT C LEJbIO JOCTaBKH B
IJIACT XUMHUYECKOTO COeOUHEeHMs (MHIUKATOpa), CIMOCOOHOr0 B3aMMONEWCTBOBATh C BOIOU W
00pa30oBbIBATE HOBBIE COCOUHEHMS, KOHLEHTPAIMU KOTOPBIX ONPENEeNSIOT Ha IMOCIEAYIOIINX
sTamax cnocoda W 3aTeM OMPEeNeNsIOT OCTaTOYHYIO HedTeHachlmeHHOCTh miacta (Sor). lon
He(TepacTBOPUMBIM TPACCEPOM B KOHTEKCTE TAHHOTO H300PETEHHsT PACCMATPUBAETCS BEILECTBO,
pacTBopsirolieecst B He(hTH, HITH BEIIECTBO, pacTBopsitoineecst B HehTH 3 PpekTUBHEE, UeM B BOJIE.
B kauecTBe HedTepacTBOPHMOro Tpaccepa COTJACHO MPEAIOKEHHOMY H300pPETEHUI0, MOXKET
OBITH HCIIOJIb30BAH, HAPUMED, dTHAETaT (3TUIOBbIH d(up yrcycHoit kucinotet CH3;COOC,Hs).
B sTOoM ciydae, mpu NpoOBENEHMH HCCIENOBAHUN B pe3yJbTaTe€ PEAKUUH THAPOIH3a U3
He(TepacTBOPUMOrO pa3essIOIIEerocs: Tpaccepa - dTUaleTaTa o0pasyercss BOIOPACTBOPHMBII
He pasgestromuiicss Tpaccep - atanon (CoHsOH) u ykcycnas xucnora (CH3COOH) cornacho
peakuuu: CH;COOC:Hs + H,O = C;HsOH + CH3;COOH. B kadectBe HedTepacTBOPHUMBIX
TPacCepOB TAKXKE MOTYT ObITh HCIOJIb30BAHBI, HAIPUMED, METHIIIIPOITHUOHAT UJIH STUJIIPOIUOHAT
vy 3TIIGOPMHAT WK TPONMIpOpMHAT WK Apyrue HerepacTBOpUMBIE Tpaccephl, N3BECTHBIE
U3 YPOBHS TEXHUKH.

Bo3Mo)keH BapHaHT BBIMOJHEHHUs] M300pPETeHUs, TAE >KUIKOCTb, B YaCTHOCTH BOJA,
3aKauMuBaeMasi B CKBKUHY, MOXKET JTOMIOJHUTEIBHO COAEPIKaTh BOIOPACTBOPHMBIE TPACCEPHI, TIPU
5TOM B KOHTEKCTe M300pPETeHHs B KayeCTBE BOJOPACTBOPHUMOIO Tpaccepa paccMaTpHBAETCs
BEIECTBO, PACTBOPSIOLIEECsS TOJBKO B BOJE U HE pacTBopsroineecss B HedpTu. B wactHOCTH, B
CKBAXHMHY MOXeT ObITh 3aKadeHa  KUAKOCTb, JOMOJHHUTENBHO BKIIIOYAKOINAs  IBa
BOJIOPACTBOPUMBIX Tpaccepa, a MMEHHO KaBep-Tpaccep M Tpaccep maccoBoro Oanmanca. Llenbro
IOCTaBKH B TUIACT KaBep-Tpaccepa SIBJISETCS KAa4eCTBEHHAs OLIEHKA TOYHOCTH OIpPENeIeHUs
OCTaTOYHOH He(TeHACBIIIEHHOCTH macTa (Sor), ONpenensemMasi XapakTepoM TOBEACHUST KPUBBIX
KOHLIGHTPALMi KaBep-Tpaccepa W He(PTEPACTBOPUMOIO Tpaccepa, HAMpUMep, STUIIALETAaTa,
NpUYEeM €CITH XapakTep KPHUBBIX HMIASHTUYEH, TO MOXKHO IeNaTh BBIBOJ OO0 OTCYTCTBUU TNpHU
NPOBENEHNUH  HWCCIIEIOBAHUI TaKMX  MCKAXKAOIMUX  (PAKTOPOB, KaK  MEKCKBOKUHHAS
uHTEepEepeHINs, MEKIIIACTOBbIE MepeToKu ¢uonga u npyrux ¢akropos. Kpome Toro, mpu

OTCYTCTBUU 110 KaKUM-JIHOO NprUirHaM, BbIXOAA OJSTUJIALICTATA KaBEP-TPACCEP MOXKET OBITh
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UCTIOJIb30BaH JJIs1 HHTEPIIPETALMH PE3YIbTATOB BMECTO HEr0. B CBOIO odepenp, LENbI0 JOCTaBKU
B TUIACT TPAccepa MaTEPUAIBHOTO OajaHca ABJISETCS KOHTPOIIb H3BJIEYEHHOr0 00beMa TPAacCepOoB
BO BpeMsI IPOBENEHUs UCCIENOBAHNM, YTO NMO3BOJISIET CBOEBPEMEHHO 3aBEPILINTh HCCIIEJOBAHUE.
B kauectBe KkaBep-Tpaccepa M Tpaccepa MaccoBOro OajaHca MOTYT OBbIThb HCHOJb30BaHBI
HanpuMep, H-IPOMAHOJI I U30IPOIAHOJ MIIK METAHOJ UJIN IPYyTHe BEeLeCTBa.

ITocne 3akauku B CKBaKWUHY JKMIKOCTH, BKJIOUAIOIIYIO IO MEHbIIEH Mepe OIUH
HeTepacTBOpUMBIA Tpaccep, a B OAHOM U3 BapHAHTOB pealu3allu HU300peTeHus,
JOTOJHUTEBHO BKJIOYAIOLIYI0 BOJOPACTBOPUMBIE TPAcCephl, OCYLIECTBISIOT MPOAABKY
YKa3aHHOH JKUAKOCTH BIIIyOb MpH3aOOWHON 30HBI IJIACTa OTOPOYKOW JKHUIKOCTH, HAmpHMep,
BOZIOM, HE COIEep’Kallel TpacCepoB. YKa3aHHBIM ATam OCYLIECTBIISIIOT C LEJbK MPOAABKHU
(moctaBku) He(hTEpaCTBOPUMOTO TPaccepa, a B OJJHOM U3 BAPHAHTOB pealu3alui U300pEeTeHUs 1
BOJIOPACTBOPUMBIX TPACCEPOB, B IIIyOb IJIacTa.

CrenyrommuM 3TaroM 3asiBICHHOIO HW300pETEHHs SBJISETCS ONpeneieHne CcpenHei
Temreparypsl npu3adoitHoii 30HbI tacTa (T) ¢ yueToMm ee OXJIaKACHUS U3-3a 3aKAaYEHHBIX paHee
paboyero areHra W *XKMIKOCTEH, a IMEHHO OXJIAXKACHHUS IJIacTa Ha 3Tare 3aKayKd B CKBAKUHY
pabodero areHra, Ha 3Tarne 3aKa4kKd B CKBKHUHY JKHIIKOCTH, BKIJFOYAIOIIYIO MO MEHbIIEH Mepe
onuH He(dTepacTBOPUMBIA Tpaccep, a B OOHOM H3 BAPUAHTOB peANU3aLMHU H300pEeTeHHs,
JOTMOJHUTEBHO BKIIFOYAIOIIYIO BOJOPACTBOPHUMBIE TPACCEPHI,  HA 3TAIe TNPOIABKHU JKHIKOCTH,
BKJIFOUAIOLIYIO TIO MEHbLIEH Mepe OAMH He(pTepacTBOPUMBIN Tpaccep, a B OJJHOM U3 BapHAHTOB
peanu3anuy U300peTeHus], JOMOIHUTEIBbHO BKJIIOHANOINel BOJOPACTBOPUMBIE TPACCEPHI, BIUIyOb
npu3a0OHHOMN 30HBI IUIACTA OTOPOUKOH KUAKOCTH. CTOUT OTMETHUTB, UTO IJIACTOBAS TEMITEPATypa
(To) moxet nocruratb 3HaueHust 100 °C u BbIlIe, a Mocie 3aKa4Ku pabouero areHTa u JKUAKOCTeH
3HAYUTEJIBHO CHIDKAETCS, B CpeHeM, Ha Temmepatypy ot 5 10 30 °C, mOCKOJIbKY 3aKauuBaeMble
B CKBO)XMHY paOO4YMii areHT U JKUAKOCTH UMeroT Temreparypy (Tx), OMu3Kyr Kk Temmeparype
OKpY’Karolel cpenbl, B YaCTHOCTU TeMmriepatypy B auama3zoHe ot 0 mo 30 °C. BaxnHOCTb
onpeneneHus: cpennerd temmneparypsl (T) mpu3aboliHoN 30HBI MiacTa OOYCIOBJIEHA TE€M, YTO
3HaYEHUE CKOPOCTH Peakuu ruposiu3a (K), KoTopoe HeOOXOIUMO YIUTHIBATD JUJISl Peau3aiuu
CJIEAVIOIIETO 3Tana MO OCTAHOBKE CKBAJKMHBI, CYILIECTBEHHO 3aBUCUT OT TEMIIEPATYpPhl IUIACTA.
Taxke 3HaueHne kodpPUIMEHTa paszfeneHus: HedTepacTBOPUMOro Tpaccepa MEKAY BOAHOH U
HedTsiHOU (pazamu (Kg), KOTOpBI HEOOXOAMMO YYUTHIBATH MJISI OINPENEJCHHs] OCTATOYHBIN
HeTeHachIeHHOCTH Twiacta (Sor), CYIIECTBEHHO 3aBUCHUT OT TEMIIEPATyphl IJiacta. B cBoro
oyepenb OTCYTCTBHE JAHHOTO 3Tama B 3asSBJICHHOM CIIOCOO€ MITH OTCYTCTBHE Y4€Ta OXJIAXKACHUS
UCCIIelyeMOH 30HBI IIJIaCTa MPUBOANT K 3HAYUTEIbHON MOrpemHocTy (B cpenHeM ot 2 1o 25%)
BBIYMCIIEHUSI OCTaTOYHON He(TeHachIeHHOCTH 1iacta (Sor). B CBA3M ¢ 3TUM 1enbl0 JaHHOTO

JTana sBJIIETCS ONpenesieHre CpenHel TemMrepaTypsl mpu3adoiiHoi 308k iacta (T) ¢ yuerom ee
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OXJIUKACHUS] JUISl TMOCJEAYIOIIEro TOYHOTO OMNpEeIeSieHHs] OCTATOYHOW He(TeHACHIIIEHHOCTH
miacta (Sor).

B ogHOM u©3 BapuUaHTOB OCYINECTBJICHUS M300pETEHHs CPEOHIOID TEMIEpaTypy
npusaboiiHol 30HbI Tacta (T) ¢ ydeToM ee OXJaXIeHus NMpU 3akauke padodero areHra u

KUIKOCTEH onpenenstoT o Gopmyte (1):

Cy*(To—Ty) M (1—=Sp —Swc) (1)
[(A-m)-Cht+m:(So Cy+(1-50)Cp)] >

T=TO—

rne T — cpenHsis Temnepatypa mpu3aboWHOM 30HBI TIACTA, ¢ YYETOM €€ OXJIAXKIEHUS MPH
3aKavke paboYero areHTa u KUIKOCTEH;

Ty, T~ HavanbHas TEMIIEpaTypa IUIacTa M TEMIepaTypa 3aKauuBaeMbIX padouero areHra
W KUJIKOCTEH,

m, Sg,Swe — TIOPUCTOCTb, KpPUTHYECKAas HEPTEHACHIIIEHHOCTh U HACBIIIEHHOCTh
CBSI3aHHOW BOJIOM;

Cy , G, , C; — oObeMHbBIE TEIJIOEMKOCTH BOJIbI, HE()TH U MTOPOIBI.

Onpenenenue cpemaHel TemmepaTypbl NPU3a0OMHONW 30HBI TUIACTA C YYETOM €€
oxjaxaeHus mo ¢opmyne (1) oOycroBieHa TOYHOCTBIO, MOCKOJIBKY YYUTHIBAETCS TETLIOBOM
OanmaHCc MeXAy 3aKa4eHHbIM pabOYUM areHTOM M KHIKOCTBIO C OJHOH CTOPOHBI M CKEJIETOM
NIOPOIBI, CBS3aHHOM ITACTOBOM BOAOH M KPUTHYECKOH HE(PTHIO, C IPYroi CTOPOHBL.

B npyrom BapuaHTe OCYIIECTBICHUS H300pETEHNUs CPEHIOI TeMIepaTypy npru3abonHON
3oubpl muacta (T) ¢ yderom ee oxnaxaeHHs NpU 3akayke pabodero areHra U SKUAKOCTEH
OTIPEAEIAI0T NOCPEACTBOM TEMIIEPATYPHOM THAPOAMHAMUYECKON MOZIEH, B YACTHOCTU Ha OJJHOM
U3 TUIPOAMHAMUYECKUX CUMYJIATOPOB. OmipeneneHne cpenHei Temmnepary pbl mpu3adoiHOM 30HbI
miacta (T) ¢ yderoM ee OXJaXIOEHHUs IO TEMIEPaTypHOU T'HIPOJUHAMUYECKOW MOJEH
00yCJIOBJIEHA TOYHOCTBIO, MOCKOJBKY YYUTBIBAETCS TEIUIOBOH OajaHC MeEXIy 3aKaueHHBIM
paboYuM areHTOM M KUAKOCTBIO C OIHOW CTOPOHBI U CKEJIETOM TMOPOIbI, CBSI3aHHOM IMJIaCTOBOM
BOJIOM U KPUTHYECKOH HE(PTBIO, C APYrOil CTOPOHBI, IPU 3TOM YYUTHIBAETCS HEOTHOPOIHOCTH B
CBOMCTBAxX MEXY MPOIJIACTKAMH 3aJI€XKU.

CrnenyromuM 3TarnoM 3asBJIEHHOTO crocoda sBJISIETCS 3Tall OCTAHOBKHM CKBA)KMHBI Ha
BpeMs (t), HeoOXOMMMOe J1JIsi MPOXOKIASHUS B IJIACTE PeaKInK 00pa30BaHUs BOJOPACTBOPUMOTO
Tpaccepa u3 He(dTEpacTBOPUMOro Tpaccepa. Bpemst (t) OCTAHOBKM CKBaXKHHBI, COTJIACHO
3asIBIIEHHOMY M300PETEHHUIO, TOJKHO OBITH O0IbIIIe MUHIMAIBHOTO BPEMEHH PEAKLIUU THIPOIIN3a
¢ oOpazoBaHHeM M3 He(PTEPaCTBOPUMOIO Tpaccepa BOIOPACTBOPHMOrO Tpaccepa MpU CpenHeil
Temreparype npu3aboiHON 30HBI IIACTA C YIETOM €€ OXJIAKACHUS IIPH 3aKauke pabodero areHra
U OKUIKOcTeW.  BakHOCTh mpoBepeHMs NaHHOrO sTama OOYCJIOBIeHa HEOOXOJUMOCTHIO
YCTaHOBJIEHHS] BPEMEHU OCTAHOBKH CKBAXXUHBI, KOTOPOE€ IO3BOJUT HA CIEAYIOLIMX 3Tamnax
crioco0a TrapaHTUPOBAHHO OCYIIECTBUTH, HANpPUMeEp, YCTAHOBJEHHE IMUKOB MO rpaduyeckoi
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3aBUCHUMOCTH 3HAYEHUsT HAKOIUICHHOTO o0BbeMa (IIoMAa OT KOHLEHTpAaUUu OOpPa30BAaHHOIO
BOZIOPACTBOPUMOTO Tpaccepa U 3aKaueHHOro HedrepacTBopumoro tpaccepa (Qwater, Qoil).

B OAHOM M3 BApUAHTOB OCYLICCTBJICHUSA I/1306peTeHI/I$I BpEMs OCTAHOBKHU CKBAKHUHbI
onpenensoT no ¢opmyie (2), KOTopasi yCTaHABJIUBAET HIDKHIOI MPAHULY BPEMEHH OCTaHOBKH,
npU4eM CKOpPOCTh MpOTekaHus peakumu ruaponusa (k) BomopacTBOpMMOro Tpaccepa W3
He()TepacTBOPUMOro Tpaccepa, ONMPEeAessIOT M3 IMOJY4YeHHOH Ha IepBOM 3Tare 3aBHCUMOCTH
cKkopocTH peakumu ruaponusa (k) HedTepacTBOPUMOro Tpaccepa OT TeMIepaTyphl, UIs
onpeneneHHoN paHee cpenHeidi Temmnepatypbl (T) mpu3aOoiHON 30HBI MjacTa C Y4ETOM €e

OXJIAXKJIEHUsI TTPH 3aKayKe pabovero areHTa U JKHIKOCTEH:

1
—mm| <t (2),
1— B
e

1
=In
k

rae t - BpeMsl OCTAHOBKM CKBAKHHBI AJISI MPOXOXAEHHS PEaKUHUU OOpa3oBaHUsI
BOJIOPACTBOPUMOTO Tpaccepa U3 HepTEPaCTBOPUMOTO Tpaccepa B Pe3yJIbTaTe PeaKkMy THAPOIIH3a
B IUIACTE;

k - ckopocTb mpoOTeKaHMs pEAaKUWH THIPOJIM3a BOIOPACTBOPHMOIO Tpaccepa W3
He(TepacTBOPUMOro Tpaccepa MpHu CpeqHel TeMrepaType npru3adOWHON 30HBI IIACTA C YIETOM
ee OXJIAKACHUS NP 3aKauke padouero areHTa u KUAKOCTeH;

In — HatypanpHbIi TOrapupM;

cK, cI" _ MakcMManbHO BO3MOXKHAs KOHLEHTPALMs BOXOPACTBOPUMOTO TpPaccepa,
00pa3oBaHHOTO B pE3yJIbTaTe PEaKLUU THUIPOJIN3a M3 HePTepacTBOPUMOIO Tpaccepa, U ero
MHMHUMaJIbHAsl KOHLEHTPALMsI, KOTOpas HeoOXomuma Ui OIpeAeseHHs BOAOPACTBOPHUMOIO
Tpaccepa ¢ MOMOLIBIO CPEICTB H3MEPEHHSI.

Hwxasas rpanuna BpemeHH (t) OCTAHOBKHM CKBKHUHBI OOYCJIOBJIEHA HEOOXOIMMOCTBIO
oOpazoBaHMs B IUIACTE JOCTATOYHOTO KOJIMYECTBA BOJAOPACTBOPUMOIO Tpaccepa W3
He(TepacTBOPUMOTrO Tpaccepa AJis €ro ONPeNeIeHUs C TOMOIIBIO CPEACTB U3MEPEHHs (HanpuMmep,
xpomatorpada). Ecimu Bpems (t) OCTAHOBKM CKBaXKHUHBI OyIEeT 3aaHO MEHbIIIe JaHHOW HIKHEU
I'PaHULIBL, TO KOHIIEHTPALUU 00pa30BaHHOTO BOJOPACTBOPUMOrO Tpaccepa OyAeT HeJOCTaTOUHO
IUIsL €ro onpeneneHus. B TakoM ciydae onpeneneHne OCTaTOuHOW He(pTEHACHIIEHHOCTH IJIacTa
(Sor) He mpencTaBiseTCs BO3MOXHBIM 1O ¢opmyie (3), TOCKOJNbKY HE TPEenCTaBIsSETCS
BO3MOYKHBIM ONPEAEITNTh KOHIIEHTPALIUIO 00Pa30BaHHOTO BOAOPACTBOPUMOIO Tpaccepa.

Onpenenenne BpeMeHH (t) OCTAHOBKM CKBAXKHUHBI JUJISI TMPOXOXKICHUS PEAKIUU
o0Opa3zoBaHUs BOIOPACTBOPHMOrO Tpaccepa M3 He(PTEepacTBOPHMOIO Tpaccepa B pe3yJbTare
peaxkuu ruAposIu3a B miacte mo gopmysie (2) oOyciaoBieHa TOUHOCTBIO, TIOCKOJIBKY IS pacdera

Oepercst 3HaUEHHE CKOPOCTH IPOTEKAHUsI PEaKILH T'HAPOJIN3a BOJOPACTBOPHMOIO Tpaccepa M3
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HeTepacTBOPUMOro Tpaccepa Hpu cpenHeil Temmeparype npusaboitHoil 30HbI miuacta (T) c
YUYETOM €€ OXJIAXKICHUS TIPU 3aKauKe padoyero areHTa 1 KHUIKOCTEH.

3aTeM OCYLIECTBISIOT MyCK CKBAXKUHBI B PEKUM AOOBIUH € TIOCJIENYIOUIM 0TOOPOM Npob
¢ronnia u onpeneneHUeM B HUX KOHLIEHTpaLuH 0Opa3OBaHHOTO BOIOPACTBOPHMOIO Tpaccepa,
HanpuMep, STaHOJIA, U 3aKaY€HHOTO He(TepacTBOPHMOIO Tpaccepa, HAIpUMep, STHJIALeTaTa, ¢
TIOCJIEAYIOLIMM 3TAIlOM OIpeAeseH s 3HaYeHHi HakorieHHOro oobema ¢uronna (Qwater, Qoit) ©
00pa3oBaHHBIM  BOAOPACTBOPHUMBIM TPACCEPOM, HANPUMEP, OTAHOJIOM, U 3aKau€HHbIM
He(hTepacTBOPHUMBIM TPACCEPOM, HAIPUMEp, STUNIALIETATOM. AHAN3 OTOMPAEMBIX MPOO MOKET
ObITh TPOBEINEH KaK B PEXKHUME PEaJbHOrO BPEMEHH B MOOWJIBbHOW JabOopaTopwH, TaKk U B
CTaLHOHAPHOIT JJabopaTopuu. B 0HOM U3 BapHAHTOB BBIMOJHEHHUs] U300pETEHUS Ha HTAIle MyCKa
CKBLKUHBI B PEXHUM HOOBMMU C MOCHEAYIOMUM OTOOpoM mpod (irouaa JOMOJHUTEBHO
OIPEeAEeNISIIOT KOHLEHTPALMH, 3aKaU€HHbIX PaHee BOJAOPACTBOPUMBIX TPACCEPOB.

JUisi MHTEpIIpeTalyy MOJYYEeHHBIX pPe3YyJbTaTOB B OJHOM W3 BAPHAHTOB BBIMOJHEHUS
u300peTeHust  CTPOST  rpaUyuecKkyrd  3aBUCUMOCTb  KOHLIEHTpanuu  OOpa3sOBaHHOTO
BOZIOPACTBOPUMOIO Tpaccepa M 3aKaueHHOro He(h)TepacTBOPUMOIO Tpaccepa OT HAKOIUIEHHOTO
obobema Quronza (Qwater, Qoit) ¢ 00pPa30BaHHBIM BOIOPACTBOPHUMBIM TPACCEPOM M 3aKau€HHBIM
HedTepacTBOpuMBIM TpaccepoM. Ha ykazaHHBIX rpaduuecKkux 3aBHCUMOCTSIX BeIOMparoT (Pur.1,
@ur.3) 3HaYCHUS] HAKOIUICHHOW NOOBIYM (PJIOMIOB, COOTBETCTBYIOLIME SKCTPEMyMaM KPHBBIX
KOHLIEHTpALMi HepTepacTBOPUMOro Tpaccepa M HOBOro BomopacTBopumoro Tpaccepa (Quoil,
Qwater), 00pa30BaBIIErOCs] B pe3ysbTaTe peakuuu rugpoimnsa. Kpome Toro, takke MOryT ObITh
HOCTPOEHBI 3aBHCUMOCTH KOHLIEHTPALMI 3aKa4eHHBIX BOJOPACTBOPHMBIX TpPaccepoB (KaBep-
Tpaccepa M Tpaccepa MaccoBoro 0OajaHca), HalpuMep, H-IPONAHONA MM M30MPOIAHONA I
METaHOJIa, OT HAKOILJICHHOTO 00beMa (uronna.

3aBepUIalOIMM  3TAIOM crocoba  SIBISIETCST orpezeseHue OCTaTOYHOM
HeTeHachIeHHOCTH TacTa (Sor) B COOTBETCTBHM CO 3HAYEHUSIMH HAKOIICHHOTO O0bema
¢uronna ¢ 0Opa3oBaHHBIM BOIOPACTBOPHMBIM TPACCEPOM M 3aKaYEHHBIM He(TepacTBOPHUMBIM
tpaccepoM (Qoil, Qwater) U 3HaueHueM kodddunuenra pasgenenus (Kq) HedTepacTBOpUMOro
Tpaccepa Mekay BOAHOH 1 HeTsaHOM (azamu npu cpenneii remneparype (T) npusadoitHoil 30HbI
iacTa ¢ y4eToM ee OXJIaKIEHHs TpH 3akauke pabouero areHta W skuakocteil. OmnpeneneHue
OCTAaTOYHON He(PTeHACHIIEHHOCTH IIacTta (Sor) OOYCIIOBIEHO TOYHOCTBIO, TMOCKOJBKY JUISI
pacuera Oepercsi 3HaueHue kod(pduumenrta pasmenenus (Kq) HedTepacTBOpUMOro Tpaccepa
MeKIy BOOHOU U HeTsiHOMU (hazamu ripu cpenneit temnepatype (T) mpruzaboitHON 30HBI TUIACTA C
YUYETOM €€ OXJIXKISHHUS TP 3aKadKe padoyero areHTa u KUIAKOCTeH

Bo3MOkeH BapHaHT  BBINOJHEHHUS HM300pETE€HHs, NPU KOTOPOM  OCTaTOUHYIO

He(pTeHACHIIIEHHOCTH 11acTa (Sor) onpenesnsitot mo hopmyie (3):
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_ (Qoil-8)/(Qwater—8)—1
Sor = (Qoil-8)/(Qwater—8)—1+Kd 3)

rae Sor — OCTaTOYHAsI He(PTEHACHIIEHHOCTD I1J1aCTa,

Qoil, Qwater — HAKOTIIEHHBIE 00BEMBI (UIFOHNIA C HEPTEPACTBOPUMBIM U BOIOPACTBOPHMBIM
Tpaccepamu,

K¢ — xoadduumeHt pasgeneHus HePTepacTBOPUMOrO Tpaccepa MeXIy BOIHOW U
HeTsHONM (pazamMu TpU CpenHell TemrepaType Mpu3aOOWHON 30HBI IUIACTA C YYETOM ee
OXJIAXK/IEHUsI TIPH 3aKaYKe pabovero areHTa u *KUIKOCTEeH;

8 — 00BEeM KHIKOCTH B CTBOJIC B CKBAKMHE, KOTOPBIN HE MPOAABHJIICS B IUIACT.

IMpudem it onpenesieHnsi OCTATOYHON He(PpTEeHACHIIIEHHOCTH miacTa (Sor) Mo dopmyie
(3) xoapuument paznenenus (Kq) HedrepacTBOpUMOro Tpaccepa MeXIy BOAHOH M HEPTSIHON
(hazamu onpenessIFOT U3 MOJIYYEHHON Ha MEPBOM dTare 3aBUCHMOCTH Ko3(purmenTa pasnenaeHus
(Ka) HedpTepacTBOpHMOTro Tpaccepa MeXAy BOIHOW M HeTsHOH (hasamMu OT TemrepaTypsl, A
omnpeneneHHoNW paHee cpenHed Temnepatypbl (T) mpu3aOoiHON 30HBI TUIACTA C YYETOM ee
OXJIQXK/IEHUSI TTPH 3aKa4Ke padovero areHTa U )KUAKOCTEeH, a Mol 00BEMOM KUIKOCTH B CKBAKHHE
(0) crmenyer moHUMaTh OOBEM SKUIKOCTH, KOTOPBIA OCTAJICSd B CKBOKUHE TPU 3aKAYKe W HE
NPOZIABUIICS B TUIACT.

H300peTeHne nosCHSEeTCs CIeAYIOIUMHI (PUTypaMH.

Ha ®ur. 1 nokasan rpaguK 3aBUCHMMOCTH HAKOIJIEHHOH n00bmuu (mouma (M°) oT
KOHLIEHTPALMH 3THUJIaLleTaTa, H-IIPONaHoa, U30MPOIaHoJIa U 3TaHoja (Mr/i) rmo nmpumepy 1, rae 1
— 3TUJIALETAT, 2 — U30IMPONAaHOJ, 3 — H-IPOMNaHoJ, 4 — 3TaHOL

Ha ®ur. 2 nokazaHa TemrepaTypHasi THAPOAMHAMHYECKAsT MOJENb MPu3abOiHON 30HbBI
CKBAKMHBI C Y4ETOM €€ OXJIAKACHHUS NPHU 3aKauke pabodero areHTa u )HUIKOCTeH, rae 1 — 30Ha ¢
temnepatypoii ot 71 mo 81°C, 2 — 30ma ¢ TemnepaTypoii or 61 mo 70 °C, 30oma 3 — 30Ha ¢
TemnepaTypoii ot 50 0 60 °C, 4 — 30Ha ¢ Temnepatypoii ot 40 10 49 °C.

Ha ®ur. 3 mnokasan rpaduK 3aBHCHMOCTH HAKOIUIEHHOW n00bmm (mouma (M) oT
KOHLIEHTPALMI 3TUJIALleTaTa, H-IIPOMAHOJIA, U30MPOIAHOJIa U 3TaHoa (Mr/i1) o mpumepy 2, rae 1
— 3TUJIALETAT, 2 — U30MPONAHO, 3 — H-ITPONAaHOJ, 4 — 3TaHOL

Huxe mpuBeneHsl YaCTHBIE MPUMEPH! PEATU3aLNN, KOTOPbIE WLTFOCTPUPYIOT 3asiBIEHHOE
n300peTeHne, HO HE OrpaHn4MBalOT ero. Kpome TOro, B MOATBEP)KACHHE 3asBISIEMOTO
TEXHUYECKOTO  pe3yJibTaTa  TNPUBEACHBI  pacueTbl Uil ONpeNeNieHHs  OCTATOYHOH
He(pTEeHACHIIIEHHOCTH IJIACTa OTHOCUTENIBHO OJIMKalIero anajora (MPOTOTHUIIA).

ITpumep 1. ITnacT B palioHe CKBaKMHBI OTHOTO U3 MecTOpokaeHnd 3amanaoit Cubupu, Ha
KOTOpOM ObUIM TIPOBENEHBI HCCIENOBAHMSA, HWMEET CIEAYIOLIHe reoJoro-pusndeckue
XapaKTepPUCTHKH: HayajibHas Temneparypa miacta (To) pasna 87 °C; mopucrocth nmacta (m)

pasHa 0,3; kpuTudeckas He(TeHaChIEHHOCTb 1acTa (So) paBHa 0,25; HACHIIEHHOCTh CBS3aHHOMN

15



BO0M (Swe) paBHa 0,20; TerutoemkocTH nopoasl (Cr), HedTu (Cx) u Boas! (Cs) pasabl 2200, 2120,
4180 JIx/(M>K), coorercTBenHo. IIpim 3TOM MHMHHMMalbHas KOHLEHTparms (chU™)
00pa30BaHHOTO BOAOPACTBOPUMOIO Tpaccepa (STaHONA) B IJIACTE B pE3YJbTaTe pPEaKLuu
ruaponu3a u3 HeTepacTBOPUMOro Tpaccepa cocranisier 200 mr/aurp.

Ha mnepBom »stame peammsaumu cnocoba B Ja0OpaTOPHBIX YCIOBHSX OIpeneseHa
3aBUCHMOCTb CKOPOCTH PEaKLMU THAPOJN3a HedrepacTBopumoro Tpaccepa (k) ot TemmepaTypsl
U 3aBHCUMOCTB Kod(uimenta pasaenenus (Kq) HegTepacTBOpUMOro Tpaccepa Mexny BOIHOH U
HedTsaHOM (azamu ot Temmnepatyps! (Tabmuua 1). Ilpu 3TOM mepBoe 3HaUE€HUE TEMIEepaTyphl B
YKa3aHHOH 3aBHCHMOCTH COOTBETCTBYET HauaibHOH Temmeparype miacta (To), mocnenyromue
3HAYEHUS] TEMIIEPATYP BBIOPAHBI HCXOJS U3 MPOTHO3UPYEMOTO MpOoLecca OXJIKICHHS TUIacTa B
pacIIupeHHOM nuamna3oHe temreparyp ot 7 go 12 °C.

Tabnuna 1. 3aBUCUMOCTb CKOpOCTH peakumu ruaponusa (k) HepTepacTBOpUMOro Tpaccepa
u ko3 ¢unuenra pasnenenus (Kq) HedrepacTBopumoro Tpaccepa MeKAy BOIHOW U HEPTSIHOM

¢azamu OT TEMIEPATyPHI.

Temmneparypa, °C Ckopoctb peakunn runponmsa (k), 1/cyt pI:st?it:E: ?IIZ)
50 0,0058 2.53
60 0,0075 2.79
67 0,0090 2.96
75 0,0111 3.17
87 0,0168 3.47

Ha cnenyromem srtame Ui CO3JaHMS YCJIOBHH OCTaTOYHOW He(TEHACBHIEHHOCTH
OCYIIECTBJISUIN 3aKayKy B CKBaKMHY pPabO4ero areHTa, B JaHHOM IPHMEpe MPeNCTaBIIOLIeH
coboii TTAB-nonumepHBIii pactBop obbemom 300 M’ u Bomy, oobemom 900 M°, mocne uero
3aKayamM SKUAKOCTh 00beMoM 50 M°, MNpeacTaBIsIomyl0 co0oH BOAHBIA pacTBOp ¢
He(TepacTBOPUMBIM M BOJOPACTBOPUMBIMH TpPaccepamMH B CIENYIOIIUX KOHIEHTPALMSX
stunanerar (9,2 kr/m*), H-nponanon (4,15 kr/m*), uzonponanon (3,0 xr/m*), 3aTem 3akauanu
KUAKOCTb 00BEMOM 75 M®, MpencTaBisioNIyro cobOOl BOAHBIA PAcTBOP C BOAOPACTBOPHMBIM
TpaccepoMm, MPeCTaBIEHHBII H30MPONAHOJIOM C KOHLeHTpalmel 3,0 kr/m>. 3aTeM oCyIecTBIsIu
3Tal NPONABKH BriyOb MPHU3a0OHHON 30HBI IUIACTA JKUIAKOCTH, BKIIFOYArOIIell HerepacTBOpUMBIE
1 BOJIOPaCTBOPUMBIE TPACCEPB, OTOPOUKOMH KUIKOCTH 0ObeMoM 24 M, mpescTaBstoe coboi
Bony Oe3 TpaccepoB. CpenHsisi TeMIieparypa 3aKa4MBaeMbIX KUAKOCTEH, CYMMapHBIM 00BEMOM
1349 ™, cocrasnsina 10 °C. Tlocne ompenensid CpeHIOK TeMIepaTypy Mpu3aboHHON 30HbI
MJacTa ¢ y4eToM ee OXNaJIEeHMs TpH 3aKauke KHAKOCTell cyMMapHbIM obbemoMm 1349 M ¢
temneparypoii 10 °C. B nanHOM npuMepe CpenHIOn TeMIepaTypy npu3a0oiHON| 30HbI IJ1acTa ¢

yUETOM €€ OXJIAKIEHUs paccunTaiu no ¢popmyie (3):
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4180+(87-10)0,3(1-0,25-0,20)

T =87 —
[(1-0,3)-220040,3+(0.25:2120+(1—0.25))-4180)]

=67°C.

3areM Mpou3BEN OCTAHOBKY CKBAXKHHBI Ha BpeMs (t), Oonbliee MHHUMAJIBHOTO BPEMEHHU
NPOTEKaHUsl PEaKLUU TUAPOIH3a C O0pa3oBaHHEM M3 He(PTEepacTBOPUMOIO Tpaccepa HOBOIO
BOZIOPACTBOPUMOTO Tpaccepa Mpu cpefHell Temneparype npu3aboiHONM 30HbI IIACTA C YYE€TOM €€
OXJIQXKJIEHUs] TIPU 3aKadke XUAKocTed. B nmaHHOM mpumepe MHUHMMaJIbHOE BPEMs OCTAHOBKH
ckBakuHbI (4,7 cyToK) onpenenunu o Gopmye (1):

1 1
tmin = o,oo9oln - = 4,7 CYTOK,

IPU 3TOM CKOPOCTb PEaKLUU THAPOJIN3Aa BbIOpaHA MCXOAS M3 CPEOHEH TeMmeparypbl
npr3aOOoHON 30HBI MJIACTA ¢ YYETOM ee oxyaxaenus (cornacHo tabmuie 1: k = 0,0090 1/cyT), a
MaKCHMaJbHas KOHIEHTPAIMIO C5 HOBOrO BOIOPACTBOPHMOTO TPACCEPa — STAHONA (CUUTAS, UTO

BECh 3THJIAIIETAT MPOPEArupyeT) pacCuuTaIn mno Gopmyre:

Cotmanerst) Mw oraon) _ 9246 _ 4,8 kr/M3 = 4800 mr/n1uTp

Mw (stunanerar) 88
rie Coranerar) — HaUaIbHAs KOHIIEHTPALUs STUNAIETaTa, paBHas 9,2 kr/m;
Mwranon) — MOJISIDHASI Macca 3TaHOJa, paBHasi 46 1/MOJIb,
Mwrananerary — MOJISIPHASI Macca dTUJanerara, papHas 88 r/Moib.

ITocne oCTaHOBKM CKBa)KMHBI Ha 5 CYTOK, OCYIIECTBMJIM MYCK YKa3aHHON CKBa’KUHBI B
PEKUM JTOOBIYH € MOCIEAYIOIUM OTOOPOM Mpo0 (IIrouAa U onpeaesieHueM B HeM KOHLEHTPALUU
00pa30BaHHOIO BOAOPACTBOPUMOIO Tpaccepa M 3aKauyMBaeMoOro paHee He(TepacTBOPUMOTO
Tpaccepa. Ilocie dvero mpousBenw MOCTpOeHHe rpadUIeckoll 3aBUCUMOCTH KOHLIEHTPALMU
00pa30BaHHOTO BOJOPACTBOPUMOIO Tpaccepa M 3aKaUYMBAEMOrO paHee He(PTepacTBOPHUMOIO
Tpaccepa OT HAKOTUIEHHOM 100bIYH (BIIFOMIA, a TAKKE 3aKaY€HHBIX paHee IBYX BOAOPACTBOPUMBIX
TPacCepoB OT HAKOIUIEHHOH no0brMu (rouaa, a MMEHHO MOCTPOMJIM TpadUK 3aBUCUMOCTHU
HAaKOIJIEHHOH no0buu  ¢Qmouna (M’) OT KOHLEHTpaluii 3TUNAlleTaTa, H-NPOMAHOJA,
U30MpOoMaHoia u 3tanona (mr/n) (®Pur. 1), mo koTopoMy onpeneaniu 3Ha4eHus (Kpusble | u 4)
HakoruieHHOW 1o0brau QironnoB Qoil, Qwater AN pacdeTa OCTATOYHON He(TEHACHIIEHHOCTH
miacTa, COOTBETCTBYIOINHME 3KCTpeMyMaM Ha KPHUBBIX. XapakTep TMOJNYUYEeHHBIX KPHUBBIX
usonponanoja (2) u H-nmpomanona (3) CBUAETENBCTBYET 00 OTCYTCTBHUU TPU TPOBEIACHHH
UCCJIEZIOBAHUN TaKWX HCKAKAKOIMUX (PAKTOPOB, KaK MEKCKBAXKUHHAS WHTephepeHIs],
MEKIUIACTOBbIE MEPETOKH (PIIFOMAA U IPYTUX (PakTOpoOB.

OnpeiesieHHbIE 3HAYEHHUST MAKCUMATbHBIX MUKOB Ha KpuBbIX 1 1 4 Qoil= 53,5 M* u Quwater=
34,7 M> HCMIOBL30BAJIH JUTsS TOCIEAYIOIIErO PacueTa OCTATOYHOI He(hTeHACHILIEHHOCTH TIJIACTa 110
dbopmyie (2), mpu 5ToM K03 PP ULIEHT pa3aesieHus: HeTepacTBOPHUMOro Tpaccepa MeKAY BOIHOM

1 He(TAHON (pazaMu IPUHAT MPH CpeaHEN TeMnepaType Mpu3adOHHON 30HBI IUIACTA C YUETOM ee
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oxnaxnaeHus: (cormacHo tabmune 1: Kg=2,6), a onpeneneHHbIi 00beM KHIKOCTH B CTBOJIE

CKBa)XMHBI (8), KOTOpBI He MPOJaBMIICS B MIAcT, paBeH 14,6 M°:

Sor — —(535-146)/G47-14,6)-1
"~ (53,5-14,6)/(34,7-14,6)—-1+2,96

= 0,240.

Jnst cpaBHEHHS Take ObLT MPOU3BEAEH pacyeT OCTATOYHOH He()TeHACHIIIEHHOCTH IacTa
no nporotuny no ¢opmyne (2), npu 3ToM Ko3(pULHEHT pa3peneHust HePTEpacTBOPUMOIO
Tpaccepa MeXxay BOIHOU U HeTAHON (azaMu MPUHAT MPU HAYAJIBHOMW IJIACTOBOH TemIeparype

(cornacHo Tabnuue 1: K¢=3,47):

Sop — —(535-146)/(347-14,6)-1
T (53,5-14,6)/(34,7—14,6)—1+3,47

= 0,212

Takum 00pa3oMm, YCTaHOBJIEHO, YTO MPEIJIOKEHHBIH Crocod MO3BOJsIeT Oojiee TOYHO
OTPENEeNIUTh 3HAYCHHE OCTATOYHOIN He(PTEHACHIIIIEHHOCTH IJ1ACTA, PH 3TOM Pa3HULIA B 3HAYCHHSX
He(pTEHACHIIIIEHHOCTH MEXKy MPOTOTHIIOM M MPEIJIOKeHHbIM u3o0peTeHneM cocrasmia 0,028
i 13,2%.

ITpumep 2. CxkBaknHa OJHOTO M3 MecTopoxaeHui 3ananHoi Cubupu, Ha KOTOPOI ObLIH
NpOBEACHBl HCCIeNOBaHMs, uMena asa mnopormacta (Nel, No2) co creayromuMu Teoyioro-
du3nueckne XxapakTepUCTHKAMH: HadaslbHas ruactoBas remneparypa (To) I1st ABYX MPOIIaCTKOB
pasHa 80 °C; mopuctocts (m): s mporuiactka Nel pasra 0,25, nist mporutactka Ne2 pasna 0,28;
KpuTHdeckas HereHachIeHHOCTh (So): ans nporutactka Nel pasna 0,34; s nportactka Ne2
pasHa 0,37; cBsazanHast Boaa (Swc): mnst mporutactka Nel — 0,20; s mporutactka No2 — 0,25;
TermioemkocT noposbl (Cy): atst npornactka Nel — 2000 kJlx/(m*K); nis mponmactka Ne2 —
2300 xJlx/(m*'K); Temnoemkoctu HedTH (Cw) 1 TermoemkocTb Boabl (Cs) paBHbl 2120 u 4180
kJx/(M>K), coorBercTBeHHO. IlpH 5TOM MHHHMAnbHAas KOHLEHTpauust (ch*™) HOBOro
BOJIOPACTBOPUMOTrO Tpaccepa (3TaHona), oOpa3OBAHHOIO B IUIACTE B pe3yJIbTaTe peaKLUuu
TUApONN3a 13 He(hTEePaCTBOPUMOro Tpaccepa cocranisier 200 Mr/aurTp.

B nmanHOM mnpumepe Ui ONpeneNeHHss BPEMEHHU OCTAaHOBKHM (t) CKBaKUHBI W JUIS
OTpeNeNIEHUs] OCTaTOYHOH He(TeHACHIIEHHOCTH Iiacta (Sor) MCIOIB30BANH, OMPEACTICHHYIO
coryacHO mpumepy 1, 3aBHCHMOCTb ckopoctH peakuuu ruaponusa (k) HedrepacTBOpHMOro
Tpaccepa oT Temmeparypbl U koadduimenra pasnenenus (Kq) HedrepacTrBopumoro tpaccepa
MeKIy BOOHOM U HeTsiHOU (pazamu ot Temmneparypsl (Tabmuua 1).

JUns co3maHus yCIOBUH OCTAaTOYHOH HE(TEHACHIIEHHOCTH OCYINECTBIISIIM 3aKa4yKy B
CKBKUHY, pabodero areHrta, B JAaHHOM MPUMepe MPENCTaBIISIoIero codoit Bony odremom 1200
m’. TTocne yero 3akadaju KUAKOCTb 00beMOM 50 M’, MPECTaBIAIOILYI0 COOO0I BOAHbIN PacTBOP
¢ He(TepacTBOPHUMBIM H BOJOPACTBOPUMBIMH TpaccepamMu B CIENYIOIIUX KOHLEHTPALMAX:
stunanerar (9,2 kr/m’), H-mponanon (4,15 kr/m*), uzonponanon (3,0 xr/m*), 3aTem 3akauanu

KHUIKOCTb 00BEMOM 75 M®, MpEenCTaBJsIONIyI0 COOON BOAHBIN PACTBOP C BOAOPACTBOPHMBIM
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TpaccepoMm, MpeCTaBIEHHBII H30MPONAaHOJIOM C KOHLeHTpalueli 3,0 kr/m>. 3aTeM ocyIecTBIsIu
3TaI NPOIaBKH BriyOb MpH3a00HHON 30HBI IUIACTA KUAKOCTH, BKIFOYAOLIeH HedrepacTBOpUMbIE
1 BOTIOPACTBOPUMBIE TPACCEPBI, OTOPOUKOMN KUAKOCTH 0O6beMOoM 24 M, peacTaBastomel coboi
Boay Oe3 TpaccepoB. CpenHsis TeMIepaTypa 3aKauuBaeMbIX *KUIKOCTEH, CyMMapHBIM 00beMOM
1349 M°, cocraBmsma 5 °C. Tlocne ompenensiu CPemHIO TeMIepaTypy Hpu3aboHHON 30HBI
MacTa C y4eToM ee OXJaXkIEeHHs MpHU 3aKauke SKUAKOCTell cymMapHbIM obbemMoM 1349 M’ ¢
temneparypoii 5 °C. B naHHOM mpuMepe CpeaHIOr TeMrepaTypy npu3aboiHON 30HBI IIacTa €
yUETOM €€ OXJIAXKIEHHUS OTpeessuId OCPEICTBOM TEMIIEPATyPHOI M'MAPOJUHAMUYECKONH MOAETH
(®ur.2). U3 mpencraBieHHONW MOIEH YCTAHOBJIEHO, YTO CPEIHsS TEMIIepaTypa B paguyce 3-ex
METPOB OT CKBaXHHBI (Hcclenyemasi 30Ha) mnpuzadoiHoi 30HBI Twiacta (T) ¢ yderom ee
oxJjaxaeHus pasHa 60°C.

3areM Mpou3BeNN OCTAHOBKY CKBAXKHHBI Ha BpeMs (t), Ooybliee MHHUMAJIBHOTO BPEMEHHU
NPOTEKAHUS PEaKIUH TUAPONIN3a C O0pa3oBaHHMEM U3 He(TepacTBOPUMOIO Tpaccepa HOBOTO
BOJIOPACTBOPUMOTO Tpaccepa MpH CpeaHel TeMriepaType npu3aboiHON 30HbI IIACTa C yUETOM €€
OXJIAKIEHHUs] NPU 3aKadyke >KUAKOocTed. B maHHOM mpuMepe MHUHUMAJIbHOE BpeMsl OCTaHOBKH
CKBaXHHBI (5,7 cyTOK) onpexneniu o gopmyine (1):

1 1
tmin = 50075 In Tz = 5,7 cyTOK,

IpU 3TOM CKOPOCTb PEaKLUU THAPOJIN3a BbIOpaHAa HCXOAS M3 CpeOHEeH TeMmepaTypbl
npu3aOOMHON 30HBI IJIACTA C YUETOM ee oxyaxaenus (cornacHo tabmuue 1: k = 0,0075 1/cyr), a
MaKCHMaJibHas KOHIIEHTPALMIO C5 HOBOTO BOTOPACTBOPUMOTO TPACCEPa — STAHOMA (CUUTAs, UTO

BEChb 3TUJIALIETAT [IPOPEArupyeT) pacCUnTAaIN Mo GopMyJIe:

Comaerst) Mwrason) _ 9246 _ 4,8 kr/M3 = 4800 mr/n1uTp

Mw (stunanerar) 88
rie Coeruanerar) — HAUAIbHAS KOHIIEHTPALUSA STUNAIETaTa, paBHas 9,2 Kr/m;
Mwranon) — MOJISIpHASI Macca 3TaHOJa, paBHas 46 1/MOJIb,
Mwrananerary — MOJISIPHASI Macca dTUJjIanerara, paBHas 88 r/Moib.

ITocne OCTaHOBKM CKBaXKMHBI Ha 6 CYTOK, OCYIIECTBIISIM MyCK YKa3aHHOW CKBa)KUHBI B
PEsKUM JTOOBIYU ¢ MOCIEAYIOIUM OTOOPOM MPo0d (IIFOUAA U OTpeAeSIeCHUEM B HeM KOHIEHTPALUU
00pa30BaHHOTO BOAOPACTBOPUMOIO Tpaccepa M 3aKauyMBAaeMOro paHee He(TepacTBOPUMOTO
Tpaccepa. Ilocne dHero mpow3BeNM MOCTPOEHHE TpaduUIecKOld 3aBUCHMOCTH KOHLICEHTPALUU
00pa30BaHHOTO BOAOPACTBOPUMOIO Tpaccepa W 3aKauyMBaeMOro paHee He(TepacTBOPUMOTO
Tpaccepa OT HAKOILJIEHHOM 100bIuu (BJIFOMIA, a TAKIKE 3aKaYeHHBIX PaHee IBYX BOJOPACTBOPUMBIX
TpPaccepoB OT HAKOIUICHHOH no0bMu (hrouaa, a MMEHHO MOCTPOWIN TpaduK 3aBUCUMOCTU

HaKOTJIEHHOH no0buu  ¢Qmouna (M) OT KOHLEHTpaluii 3TUNAlleTaTa, H-NPOMAHOJA,
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u30Mponanoia u sraHona (mr/m) (@ur. 3), mo koropomy onpenenin (kpusble 1u 4) 3HaUCHUS
HakoruieHHOW noObrau QuronnoB Qoil, Qwater AT pacdeTra OCTATOUHON He(TEHACHIIEHHOCTH
IUIACTa, COOTBETCTBYIOIIME OKCTPEMyMaM Ha KpPUBBIX. XapakTep NOJYYEHHBIX KPHUBBIX
uzornpomnadona (2) u H-npomaHona (3) cBUAETENbCTBYET 00 OTCYTCTBUU IPH IPOBEACHUU
UCCIIEZIOBAaHUH TaKUX MCKAKAIOIMMX (AKTOPOB, KaK MEKCKBaKMHHAs HHTepdepeHis,
MEXXIIACTOBbIE IEPETOKH (IIIONIA U IPYruX (PaKTOpPOB.

OnpeieneHHbIE 3HAYEHN MAKCUMAJILHBIX MHKOB Ha KPUBBIX Qoil = 35,9 M 11 Quater = 27,8
M’ HUCTONb30BANM /IS MOCIEYIOMEro PacderTa OCTATOUYHON He(TeHACHIMEHHOCTH IMIACcTa MO
dopmyiie (3), mpu 3ToM K03 P PULIMEHT pa3aeneHus: HeTepacTBOPUMOIO Tpaccepa MeKAY BOIHOM
U He(TAHOMW (ha3aMu TPUHST MPH CPEeIHEHN TeMnepaType Mpu3adOHON 30HBI IUTACTA C YUETOM ee

oxnaxnaeHus: (cormacuo tabmune 1: K¢=2,79), a ompeneneHHblii 00beM KHIKOCTH B CTBOJIE

CKBa:XMHBI (8), KOTOpBIH He 3allen B IacT, papeH 17,5 m°:

Sor = (35,9-17,5)/(27,8-17,5)—1
T (359-17,5)/(27,8—17,5)—1+2,79

= 0,220.

JUnist cpaBHEHHSI TaKkke OBLI MPOM3BENEH PACUYET OCTATOUHOW HE()TEHACHIIEHHOCTH IJIACcTa
no npororuny no Qopmyne (3), mpu 3ToM Ko3pPUIMEHT pasneneHuss HEPTEPACTBOPUMOTO
Tpaccepa MeXy BOIHOU M He(pTAHOH (azamu MPUHAT NMPU HAYAJIBbHOMU IJIACTOBOH TemIeparype

(cornacHo Tabmuue 1: K¢=3,47):

Sor = (53,5-14,6)/(34,7-14,6)—1
"~ (53,5-14,6)/(34,7—14,6)—1+3,47

= 0,185.

Takum 00pa3oM YCTaHOBJIEHO, YTO NPEAJIOKEHHBIH Crnocod MO3BOJsiET Oojee TOYHO
OTpeNeNIUTh 3HAYSHHE OCTATOYHOI He(PTeHACHIIIEHHOCTH IJ1aCTa, MPU 3TOM Pa3HULIA B 3HAYCHHSIX
He()TeHACHIIIEHHOCTH MEXIY MPOTOTHIIOM U MpPeIJIokKeHHbIM u3o0OpereHuem coctaBuia 0,035
i 18,9%.

Onucannple B mpumepax 1 u 2 OSKCHEpUMEHTalbHbIE JaHHbIE TOATBEPKAAIOT
IMPOMBIINIJIEHHYKO IPUMEHHUMOCTD 3aABJICHHOI'O 1/1306peTeH1/1$1, a TaKXKE€ CBUACTCIBCTBYOT O TOM,
qTO HpeHHaFaCMbeI CHOCO6 o6ecnqu/IBaeT AOCTHXKCHUE BBIIICYKA3aHHbIX TEXHHUYCCKUX
PE3YyJIbTATOB, 3aKJIIOYar X CA B IIOBBIIICHUH TOYHOCTHU OMNpEaACICHUA OCTaTOYHOU
He(pTEeHACHIIIIEHHOCTH IJIACTa B UCCIIEAYEMOH 30He, a TAK:Ke B TIOBBIIICHUH HAIEKHOCTH CIIOco0a

OTIpeNeNIEH s OCTATOYHON He(PTeHACHIIIIEHHOCTH IJIacTa.
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®opmyJia uzodpereHust

1. Crioco0 ompeneneHusi OCTaTOYHONH HE(PTEHACHIIIEHHOCTH IJIaCTa, BKJIFOYAFOIIUN
CJIEAYIOIIHE TAIIbL:

- OIpefeNeHHe 3aBUCUMOCTH CKOPOCTH peakLUH TUApoiIu3a He(pTepacTBOPUMOIO
Tpaccepa OT TEMIEpaTypbl U 3aBHCUMOCTH KOd(pduIMeHTa pasneneHus HedTepacTBOPUMOro
Tpaccepa MeKay BOAHOW 1 He(pTAHOH (asamMu OT TeMIepaTypsbr,

- 3aKauKa B CKBO)XUHY pabouero arexra,;

- 3aKayka B CKBAXHHY  JKUAKOCTH, BKJIOHYAIOLIYKD [0 MEHbIIEH Mepe OIuH
HeTepacTBOPUMBIH Tpaccep;

- TPOJABKa SKUAKOCTH, BKJIIOYAIOIIEH IO MEHbIIEeH Mepe OAWH He(TepacTBOPHMBIIA
Tpaccep, BriyOb mpru3abOoiHOM 30HBI IJIACTAa OTOPOYKOH JKUIKOCTH,

- OmpenejicHWE CpPEAHEeW TeMmreparypbl NPU3a0OWHON 30HBI IJIACTa C YYETOM ee
OXJIQXK/IEHUSI TIPH 3aKayKe pabovero areHTa v JKHIKOCTEeH;

- OCTAaHOBKa CKBO)XHWHbI Ha BpeMs, OOJblleé MHUHUMAIBbHOIO BPEMEHH pEeaKLUH
rUaponu3a ¢ o0pa3oBaHUEM U3 He(pTepacTBOPUMOIO Tpaccepa BOIOPACTBOPHMOIO Tpaccepa npu
cpenHell TemmepaType Mpu3abOWHOW 30HBI IJIACTA C YYETOM €€ OXJIAUKISHUS MPH 3aKadke
pabouero areHra u >KHIKOCTEHH;

- MYyCK CKBAXKHHBI B PEXUM JNOOBIYH C MOCIEAYyIIIUM oTOopoM mpod dQuronna u
ONpefieIeHHeM B HHUX KOHLEHTpalMM OOpa3oBaHHOTO BOJIOPACTBOPUMOrO Tpaccepa H
3aKaueHHOro He(hTepacTBOPUMOIO Tpaccepa;

- ompeneieHHWe 3HAYEHHWM HAKOMJIEHHOro o0bema ¢uironga ¢ 0oOpa3OBaHHBIM
BOZOPACTBOPUMBIM TPACCEPOM H 3aKaUE€HHBIM HEPTEPACTBOPUMBIM TPACCEPOM;

- ompenejieHHe OCTATOYHOW He(TEHACHIEHHOCTH IIJlacTa B COOTBETCTBUH  CO
3HAYEHUSIMU HAKOIIJICHHOTO o0beMa (pirora ¢ 00pa3oBaHHBIM BOAOPACTBOPUMBIM TPACCEPOM U
3aKa4eHHbIM He(PTepacTBOPUMBIM TpaccepoM H 3HaueHueM KodpduuueHTa pasaeneHus
He(TepacTBOPUMOro Tpaccepa Mexay BOAHOH M HeTsIHOH (asamu mpu cpemHel TemrepaTtype
npu3abOHHON 30HBI IJIACTA C YYETOM €€ OXJIXIEHHUs MNpHU 3akadke pabodero areHra u
JKUJKOCTEMN.

2. Cnocob mo m.1, B KOTOPOM MNpH ONpPEAENCHHH 3aBUCUMOCTEH CKOPOCTH DPEaKLUU
ruaponu3a He(pTepacTBOPHMOTO Tpaccepa OT TEMIEpaTypbl U 3aBHCHMOCTH KO3 UIMEeHTa
pa3neneHuss HedTepaCTBOPUMOrO Tpaccepa MekAay BOAHOH u HepTsHOH (daszamu OT
TEMIIEPATYPhI NIEPBOE 3HAUEHHE TEMITEPATYyPhl COOTBETCTBYET HAYaJIbHON TEMIIEpaType IIacTa,
a TOCJIEeNYyIOIINe 3HAYSHUs] TeMIiepaTyp 3aganbl u3 auamnasona ot 1 go 15 °C Huke Ha4aIbHOM

TeMIepaType IiacTa.



3. Crocob mo m.1, B KOTOPOM B KadecTBe padO4Yero areHTa MCIONb3YIOT BOMLY, BOAHBIN
PacTBOP MOBEPXHOCTHO-AKTUBHBIX BEIICCTB, BOHHbIﬁ pacTBOp NMOJIMMEPOB UJIH I'a3.

4. Cnocod® mo m.1, B KOTOPOM KMIKOCTb MNPU 3aKauKe B CKBAKUHY AOIOJHHUTEIBHO
COZIEPIKUT BOJOPACTBOPUMBIE TPACCEPBI, TIPU STOM MOCHE MyCKa CKBAKUHBI B PEKUM HOOBIMH C
nocjenyummuM otoopoM mpod ¢uronga ONpeneNsoT KOHLEHTPAIMU  BOAOPACTBOPUMBIX
TPaccepoB.

5. Cnocob mo m. 1, B KOTOPOM CPEIHIOI TeMIepaTypy Npu3a0OWHOM 30HBI ILIacTa C

YUETOM €€ OXJIXKICHUS TP 3aKauKe padouero areHTa 1 KUAKOCTeH ONpenessitoT no Gopmy.ie:

Cy*(To—Ty) M (1—So—Swc)

T=To— [(1-m)-Crtm-(So-Cu+(1=S0)Ca)]’

rne T — cpenHsis Temmneparypa npu3abOWHOM 30HBI MJIACTA, C YUETOM €€ OXJIAKIASHHUS TPU
3aKavke paboYero areHTa u KUJAKOCTEH;

Ty, Ty~ HauanbHAs TeMIIEpaTypa IIacTa U TeMrepaTypa 3aKkaunBaeMbIx padodero areHTa
U JKUJIKOCTEH,

m, Sg,Swe — TIOPUCTOCTb, KpPUTHYECKas HEPTEHACHIIIEHHOCTh U HACBIIICHHOCTh
CBSI3aHHOM BOJIOH,

Cy , G, , C; — oObeMHbIE TEIJIOEMKOCTH BOJIbI, HE()TH U MTOPOIBI.

6. Ciocod mo m. 1, B KOTOPOM CPEmHIOI TemrepaTrypy Mpu3aboWHOW 30HBI ILUTACTa C
yUETOM €€ OXJIAXK/IEHUS MPH 3aKauyke pabodyero areHra M KHUAKOCTEH ONMpeneNsitoT MOCPEACTBOM
TEMITepaTypPHON MMIPOANHAMUYECKON MOJEIH.

7. Crioco0 1o 1.1, B KOTOPOM BpeMsi OCTAHOBKU CKBaKMHBI OMPEAEIISIFOT 10 (hopmyiie:

1
kln

rme t - BpeMs OCTAHOBKM CKBaXKMHbI ISl TIPOXOKIEHUS PEAKIMU 0Opa3oBaHUs
BOJZIOPACTBOPUMOrO Tpaccepa W3 He(PTEpaCTBOPUMOrO Tpaccepa B pe3yJbTare peakiuu
TUZIPOJIH3A B ILJIACTE,

k - CKOpPOCTH MpOTEKaHWs] pPEAKIHMH THAPOJIM3a BOXOPACTBOPHUMOTO Tpaccepa U3
He()TepaCTBOPUMOrO Tpaccepa MpH CperHeil Temreparype npu3aboiHON 30HBI IIIACTa € YIETOM
ee OXJIAXKIEHUsI [IPU 3aKauke pabovero areHra u KUIKOCTeH,

In — HaTypanpHBIN TOTapUpM;

cK, cI¥™ _ MakCHMaJbHO BO3MOXKHASI KOHIIEHTPALHSI BOJOPACTBOPHMOIO TPaccepa,
00pa3oBaHHOTO B pe3yJIbTATe PeaKUHWd THAPOJIN3a H3 He()TepacTBOPUMOrO Tpaccepa, U ero

MUHHUMAJIbHAasA KOHLCHTpAlUUWs, KOTOpas HeO6XOI[I/IMa AJisL ONpEACTICHUSA BOAOPACTBOPUMOIO

Tpaccepa ¢ MOMOIIBIO CPEACTB U3MEPEHHUSI.



8. Crocob mo 1.1, B KOTOPOM 3HAa4YeHHs] HAKOIUIEHHOTO 00beMa (Irona ONMpenessioT 1o
rpaduueckoll 3aBHCHMOCTH KOHIIEHTpanUH OOpa30BAaHHOIO BOAOPACTBOPUMOIO Tpaccepa MU
3aKaueHHOro He(pTepacTBOPUMOrO Tpaccepa OT HAKOIUIEHHOro oObemMa ¢uonga ¢
00pa30BaHHBIM BOIOPACTBOPHMBIM TPACCEPOM U 3aKaUSHHBIM He()TEPaCTBOPUMBIM TPACCEPOM.

9. Cnocob mo 1.1, B KOTOPOM OCTaTOUHYIO He(PTEHACHIIEHHOCTD IUIACTa ONPENEISIIOT 110

bopmye:
(Qoil-8)/(Qwater—-586)—1
(Qoil-8)/(Qwater—8)—1+Kd’

Sor =

rae Sor — OCTaTOYHAst He()TEHACHIIEHHOCTD I1J1aCTa,

Qoil, Qwater — HaKOTUIEHHBIE 00BEMBI ITFOHIA C HEPTEPACTBOPUMBIM U BOJIOPACTBOPHMBIM
Tpaccepamu,

K¢ — xoadduuueHt pasgeneHus HePTEpPaCTBOPUMOIO Tpaccepa MeEXIy BOTHOW U
HeTsHOW (pa3aMu TpU CpPEAHEW TemrepaType NPu3adOMHON 30HBI IUIACTA C YYETOM ee
OXJIAKISHHUS TPH 3aKauKe padouero areHTa u SKHIKOCTel,

d — 00beM JKHUAKOCTU B CTBOJIE CKBAKHHE, KOTOprfI HE MPOAABUJICA B TUIACT.
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D NOCJICAYIOIIHE AOKYMEHTH! YKa3aHbl B NPOJODKEHUH

* Oco6ble KaTEropuK CCBUIOMHBIX JJOKYMEHTOB:

«A» - IOKyMEHT, ONIpEACNAIOMHIA 06IWMl yPOBEHD TEXHUKH

«D» -~ NOKYMEHT, PHBEACHHBIN B eBpasHIiCKOl 3aaBKe

[«E» - 6onee paHHuii IOKYMEHT, HO OMyGNHKOBAHHBIH Ha 1ATy NOAAYH
CBPA3HIICKOM 3a4BKH WIN TIOCTIE Hee

«O» - IOKyMEHT, OTHOCAIMHCA K YCTHOMY PAaCKPBITHIO, IKCIOHHPO-
BAHHIO U T.AL.

"P" - noKxymeHT, omyGnuKoBaHHBIN 10 AATH! NOAAYM eBpa3MiCKOH
3adBKH, HO 10C/IE AaThl MCMIPAIIMBAEMOro NpHopHTeTa”

NPUBEACHHBIN VIS MOHMMaHHUs U306peTeHHs

CTH

TaMH TOH XK€ KaTeropuu

«L» - IOKYMEHT, NPHBEACHHEI B APYIHX LEAAX

«&» - IOKYMEHT, ABJIAIOMIICA IATCHTOM-aHAI0rOM

«T» - Gonee NO3AHMI JOKYMEHT, OIyGANKOBAHHBIN NOCNE AAThl IPHOPUTETA H

«X» - NOKYMeHT, umeromuit HauGosiee GIM3KOE OTHOILIEHHE K NPEAMETY MOHCKa,
NOpovalKi HOBH3HY MM M300PETATENLCKUI YPOBEHD, BIATHIN B OTAENBHO-

«Y» - IOKYMEHT, HMCIOmui HanGonee GIU3K0e OTHOWIEHHE K MPEMETY TOHCKa,
rnopovauti H306peTareNbCKHii yPOBEHS B COYCTAHUM C JPYTUMM JOKYMEH-
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