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AnHoTauus. [IpoBenenHas pabora mo3BoJisieT BbIpabOTaTh ONpEAEeIEHHBIN aJIrOPUTM
Juist BbIOOpa KucioTHBIX cocTaBoB (KC) B TexHONMOTUAX MpoBeAeHNUs 00pabOTOK MPUCKBAXKUH-
HbIX 30H (OI13) KapOOHATHBIX M TEPPUTEHHBIX KOJUIEKTOPOB. [laHHas aHanuTH4YecKas paborta
OCHOBaHa Ha WCCIIEJOBAaHUM BIMSIHUSA (PU3UKO-XxMMHUYecknXx mapamerpoB KC Ha sddexTus-
HOCTh TpoBeneHust KucaoTHRIX OII3 mimacToB kapOOHATHBIX U TEPPUTCHHBIX KOJUIEKTOPOB B
TEXHOJIOTUSX MHTEHCU(PUKALUU pabOThl TOOBIBAIOIIMX U HarHETATENbHBIX CKBaXUH. J{J1s1 mo-
BbIlIeHUs 3QpekTuBHOCTH KUCIOTHBIX OIl3 miuacToB kapOOHATHBIX U TEPPUTEHHBIX KOJIIEK-
TOPOB paccMaTpHUBaeTcs MeToandeckuil moaxos K Beidopy KC, KOTOpbIN 10KEH BKIIIOYATh
ONpENIETICHUE TEXHUKO-TEXHOJIOTHYECKHUX IapaMEeTPOB, CBS3aHHBIX C MHHEPAJIOTHYECKUMHU
0COOEHHOCTSIMH IJIACTOB U (PU3UKO-XUMHUYECKUMH cBoMicTBaMu HepTH. [y pa3paboTku HO-
BBIX COCTABOB M TE€XHOJIOTHH, a TaKXe JUIS aJalTalluy YK€ CYIIECTBYIOIIMX K KOHKPETHBIM
YCIJIOBUSIM, UCIIOJIB3YETCS IIUPOKUHA CIEKTP METOJOB M KJIFOUEBBIX NapaMETPOB. ITHU METOJIbI
MOYKHO Pa3/IeMTh Ha JIB€ OCHOBHBIC KaTETOPHH: OOIIME U CrielMaIn3upoBanHbie. O01e Me-
TOJIbl BKJIFOYAIOT B ce0sl cTaHAApTHBIE MPOLEAYPbl, HAallpaBJIECHHbIE HAa ONpeAeIeHue pU3UKO-
XMMHYECKHUX CBOMCTB BEUIECTBA, TAKUX KaK BHEITHUH BUJI, INIOTHOCTB, COJCPKAHUE OCHOBHOTO
KOMIIOHEHTa, MeX(a3Hoe HaTsKEHUE, CKOPOCTh pacTBopeHus ctanu Ct.3 U Temneparypa Kpu-

ctaym3anuu. Crienrain3upoBaHHbIe METObI (POKYCHUPYIOTCSI HA U3YYEHUH B3aWMOJECHCTBUS
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COCTaBOB C KOMIIOHEHTAMH ILJIaCTa, HAIPUMEDP, ONpeIeICHUE PACTBOPUMOCTH KE€pHA WIIA OT-
JIeTBbHBIX MUHEpaJIOB (Mpamop, KBapi). Takke UCCIeayeTcss B3auMOICUCTBUE C MJIACTOBBIMU
dronaaMu, BKIFOYasi COBMECTUMOCTD C HETHIO U IJIACTOBOI BOJOM, M MPOBOJSATCS (PHIIbTpa-
[IMOHHBIE NCIIBITAHUS Ha MOJIEJIAX U 00pa3iax kepHa. B ocHOBe perieHust ocTaBIeHHBIX 3a/1a4
JIeKaT TEOPETUYECKUE U IKCIIEPUMEHTANIbHBIE UCCIIEIOBAHMSI, TIOJKPEIUICHHbIE TIPEIBAPUTEIb-
HBIM aHAJIM30M KaK OT€YECTBEHHOI'O, TaK M 3apyO0eKHOT0 OMbITa, IPEJICTABICHHOTIO B OTKPHI-
ThIX UCTOYHUKAX. OOpaboTKa pe3yabTaTOB IKCIIEPUMEHTAIBHBIX UCCIEAOBAHUN TPOBOAMIACH
C WCITOJIh30BAHUEM aHATUTHYECKUX MeTooB. [Ipu Hammcanuu maHHON pabOThI HEOOXOIUMO
000CHOBATh NMPUMEHEHHE OCHOBHBIX HOPMATHBHBIX MapaMETPOB M UX 3HAYECHUN B TEXHHUKO-
TEXHOJOTH4ecKuX TpeboBaHuAX U ycnoBusax mo KC st kapOOHATHBIX U TEPPUTEHHBIX KOJIJICK-
TopoB B TexHosorusax OII3: onpenenuTs 3HAUUMOCTb, PACCMOTPETh OTEUYECTBEHHBIN U 3apy-
OC)KHBIIM OMBIT UCCIEOBAHUN, OMUCATh METOAUKU UX ONpPEAENCHUs, ONPeNeIUTh OCHOBHBIC
TEXHHKO-TEXHOJOTHYECKHe TpeOOBaHUs U yCIOBUsA, npeabsBisemble k KC nns ycnemHoro
MIPOBEJICHUS TEXHOIOTHH KUCIOTHRIX OII3 kapOOHATHBIX W TEPPUTESHHBIX KOJUIEKTOPOB, 000-
3HAYUTh OCHOBHBIC METOJHMKH W TIapaMeTphl, ornpeneistoniue 3QpPeKTUBHOCTh TEXHOJIOTHI
kuciioTHbeIX OI13, a Takxke 000CHOBATH BHIOOP M 3HAYUMOCTH (PU3UKO-XUMUYECKUX ITapaMETPOB
Y UX KOJIMYECTBEHHBIC 3HAUCHUS.

Kntrouesnie cnosa: kuciommuwiii cocmas, KUCIOMHASL 00pAbOMKA, NPUCKBANCUHHAS 30HA
niacma, KapOoHammuvie U meppuceHHbvle KOJLIeKmopsl, QUIUKO-XUMUYECKUe napamempsl, on-
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Abstract. The research performed has resulted in the development of a specific algo-
rithm to select acid systems for well treatment operations in carbonate and terrigenous reser-
voirs. This analytical study is based on analyzing the effect of physical and chemical charac-
teristics of acid systems on treatment efficiency in carbonate and terrigenous reservoirs when
used for injection and production well stimulation. To enhance the efficiency of well acidizing
in carbonate and terrigenous reservoirs, a new approach to selecting acid systems is considered.
This approach includes determination of technical and operational parameters related to the
mineralogical features of reservoirs and physical-chemical properties of oil. A number of meth-
ods and key parameters are used to develop new technologies and acid systems, as well as to
adjust the existing ones to specific reservoir conditions. These methods can be classified as
general and specialized. General methods include standard procedures to determine physical
and chemical properties, such as appearance, density and concentration of the basic component,
interfacial tension (IFT), dissolution rate of St.3 steel, and freezing point. Specialized methods
are focused on studying the interaction between acids and the reservoir rock, for example, sol-
ubility of core samples or individual minerals (such as marble, quartz, etc.). These methods also
involve studying interaction between acids and reservoir fluids, including compatibility with
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oil and formation water, as well as permeability tests using models and core samples. Solution
to this problem is based on theoretical and experimental studies supported by preliminary re-
view of domestic and foreign experience using public sources. The results of experimental stud-
ies were processed by analytical methods. This paper presents justification of the key standard
parameters and their values used in technical and process requirements and conditions applied
to acid systems for well acidizing operations in carbonate and terrigenous reservoirs. This in-
cludes determination of their significance, reviewing domestic and foreign research experience,
description of procedures, determination of basic requirements for acid systems to ensure their
efficiency during well acidizing operations in carbonate and terrigenous reservoirs, definition
of key techniques and parameters to assess the efficiency of well acidizing, as well as justifica-
tion of selection and significance of physical and chemical characteristics and their values.

Key words: acid system, acidizing, wellbore zone, carbonate and terrigenous reservoirs,
physical and chemical characteristics, optimum values

For citation: A.Yu. Dmitrieva, N.I. Baturin, K.M. Garifov, |.G. Fattakhov Povysheniye effektivnosti
kislotnykh obrabotok priskvazhinnykh zon karbonatnykh i terrigennykh kollektorov [Improvement of well acidiz-
ing efficiency in carbonate and terrigenous reservoirs]. Neftyanaya Provintsiya, No. 2(46), 2026. pp. 156-187.
DOI https://doi.org/10.25689/NP.2026.2.156-187. EDN ILKFYN (in Russian)

BBenenue

KitoueBbiMU acieKTaMu KUCIOTHOM 00pabOTKH KapOOHATHBIX U TEPPUTEH-
HBIX KOJUIGKTOPOB BBICTYIAIOT METOJHMKH €€ OCYIIECTBIICHUS M XapaKTepH-
ctuku KC. OHu 10KHBI OTBEUATh MHOXKECTBY KPUTEPHEB, OXBATHIBAIOIIUX KaK
cranaaptHeie mapamerpsl KC, Tak 1 a7anTHPOBaHHOCTh K CTUMYJISIIIUU TIPOU3BO-
TUTEIBHOCTH ONPEICICHHBIX JOOBIBAIOIINX WIIM HarHETATEIbHBIX CKBAYKHH.

K KC npenpsaBasitoTcst cleayromnie TeXHOJIOTHIECKUEe TPeOOBaHNUS:

1)  KC nomkeH pearnpoBath C 3arpsi3HEHUSIMHU I1J1acTa U JaBaTh PacTBO-
PUMBIC WIIA JTUCTICPCHBIC TIPOTYKTHI,

2)  KC pomkeH pearnpoBaTh ¢ MUHEpajJaMH, 00pa3yOIUMH ILJIacT, U
JaBaTh PaCTBOPHUMBIC MTPOTYKTHI PEaKITUH;

3) 3akauka KC He noimkHa BBI3BIBATH OOpa3OBaHUS OCAJIKOB THAPO-
OKHCH KeJie3a,;

4)  3akadka KC He no/mKkHA IPUBOIUTH K KOPPO3UH;
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5)  KC ne momxeH o0pa3oBBIBATh HEKEIATEIBHBIC OCAJIKH MPH KOH-
TaKTe C IJIACTOBBIMU (PIIIOUIaMU;

6) KC He momkeH 00pa3oBBIBATh AMYJILCHH IPHU KOHTAKTE C IUIACTO-
BBIMH (PJTIOMIAMU;

7)  3akauka KC He J0JDKHA BBI3BIBATH 00Pa30BaHUE BOISHBIX OJIOKOB;

8)  KC He momkeH BbI3bIBATh HAOYXaHHUS TJINH;

9) KC mommkeH nerko BEIMBIBATHCS M3 IJIacTa 1mociie kuciaotaoun OI13;

10) rtexuHomorus npuMmeHenns KC momkHa ObITh Kak MOXHO 0oJiee Tpo-
CTOM U COOTBETCTBOBATh TPEOOBAaHUAM O€30MACHOCTH.

CBoiicTBa rOpHBIX TTOPOA U (IIIOMOB OMPENEISIOT T€0J0r0-hU3NIECKY IO
cnenuduky 3anexei. BaXXKHO y4UTBIBaTh COCTaB MOPO-KOJIJIEKTOPOB M >KUJIKO-
cTel, 3anonHstonmx nopel. Oco0oe BHUMAaHUE YJEISETCS B3aUMOJICUCTBUSIM,
MIPOTEKAIONTUM B IJIACTE HA CTBIKE CPEJI: MEKY MOPOJION U TUIACTOBBIMH (DITFOU-
namu (HeThI0, BOJIOM, Ta30M), HEPTHIO U Pa3HBIMU TUIIAMH BOJIbI (TLIIACTOBOM,
3aKayMBae€MOl), TUIACTOBBIMU (IIOMIaMU W TEXHOJIOTHYECKUMU KHUJIKO-
CTSIMM (peareHTaMH JIJIsl CTPOUTENILCTBA U PEMOHTA CKBAKHH ), MOPOJION U TEXHO-
JIOTUYECKUMH KUJKOCTSIMU. Ha 3tu Pusuko-xumudeckue mpouecchl HeoOXo-
JTUMO 00palath BHUMaHUE MPU MOACIIUPOBAHUH Pa3pabOTKU MECTOPOKIACHUSI.

MeToanl

OcHoBOI1 151 perieHus: chopMyITHPOBAHHBIX TTPOOJIEM CITyKaT TeOpeTude-
CKHE€ U DKCIICPUMEHTAJIbHBIEC U3BICKAHMSI, TIOIKPEIICHHBIC JTaHHBIMH, TIOJTyYCH-
HBIMH HETOCPEJICTBEHHO B TOJIEBBIX YCIOBUsX. [IpenBaputenbHO MPOBOIUTCS
aHAIN3 W CHUCTEMAaTHU3allusl KaK POCCHICKUX, TaK U 3apyOEKHBIX HapaOOTOK,
MIPE/ICTABIICHHBIX B OTKPBITBIX HMCTOYHUKAX. Takod TMOJXOJ ITO3BOJIIET KOM-
MJICKCHO OLICHUTh CUTYAIMIO U pa3paborath Hanboiee 3¢ (PEeKTUBHBIE PEIICHNUS.

OcHoBHas YacTh

PaccMoTpuM Takue BaKHbIE C TOUKH 3pEHUS IPOBEICHUS TEXHOJIOTUIM KUC-
notHbiX OI13 nmapamMeTrpsl, Kak paCTBOPUMOCTD MTOPO/IbI, ONPEEIEHNE COBMECTH-

mocti KC mst OI13 kapOOHATHBIX U TEPPUTEHHBIX KOJJIEKTOPOB C MJIACTOBBIMU
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dmrongaMu M CTaOMIBHOCTH TPU KOHIIGHTPAIlMM MOHOB JKeje3a TPEeXBaJCHT-
noro 2000-5000 mr/mm® (ppm), onpenenenre yria cmaunbanus KC.

KapOonatHbsie U TeppuUreHHBIC MOPOABI SBISIOTCS PACIPOCTPAHEHHBIMU
TUTIAMU TOPHBIX MOPOJI, U O0Jiee MOJIOBUHBI BCEX 3aMacOB HE(TH IO BCEMY MHUPY
HAXOJATCA B KAPOOHATHBIX U TEPPUTEHHBIX MECTOPOXKICHUAX. B cBsA3M ¢ paznu-
YUSIMHU B COCTaBE, CTPOSHUH MOP U (paKTOpax, CHUHKAIOIINUX MPOHUIIAEMOCTh Kap-
OOHATHBIX M TEPPUTECHHBIX KOJUIEKTOPOB, TpeOyeTCsl MHAWBHUIYaJbHBIM MOJ-
oop KC mns Bo3aelicTBus Ha nmpuckBaxkuHHYr0 30HY miacta ([13I1) B kaxmom
KOHKpETHOM ciy4ae. PazHooOpa3ue MpUpOIHBIX KOJJIEKTOPOB, Kak KapOOHaT-
HBIX, TaK U TEPPUTECHHBIX, 00YyCIaBIMBAET HEOOXOJUMOCTh YUUTHIBATh UX YHH-
KaJIbHBIE XapaKTepUCTUKU. K HUM OTHOCATCA BapHallii B MUHEPAIbHOM COCTABE,
CTPYKTYpE OPOBOT'O IIPOCTPAHCTBA, & TAKKE MHOXKECTBO IIPUYNH, IPUBOISAIINX
K YMeHbIIIeHuto npoHuriaemoctu. [lostomy, ais spdexruHoii oopadorku 1311,
Bb100p KC noskeH ObITh aganTUPOBaH K CHEHU(PUUYECKUM YCIOBUSM Ka)XJA0ro
wiacta. [lToHnmanue MexaHM3MOB U OCOOEHHOCTEH pacTBOPEHUs KApOOHATHBIX U
TEPPUTrE€HHBIX MOPOJI UMEET BaXKHOE MPAKTUUECKOE 3HAYEHUE MPU JOObIYE yriie-
BOJOPOJIOB U 3aKaYKe yTJIEKHUCIIOTO ra3a B IJIACThI.

N3ydenue npoiieccoB pacTBOPEHUS B KApOOHATHBIX U TEPPUTEHHBIX 00pa3-
11X MMO3BOJIAET Jy4llle IOHUMATh U3MEHEHUS B IOPUCTOM CTPYKTYpE TOPHBIX MO-
pOI U MX BIMSIHME Ha MPOHUIAeMOCThb. HH3Kas MpOHUIIaeMOCTh KOJIIIEKTOPOB
J1000r0 THIMA BCErja HaKjaJblBajla CEpbEe3HbIE OIPAaHUYEHUSI HA TPOBOJUMBIE B
HUX KUCJIOTHBIE 00pabOTKH, TpeOys npuMeHeHus crnenraibubix KC 3amenien-
HOTO JEWCTBUSA, OOJBIIMHCTBO U3 KOTOPBIX COACPKUT HE3HAUUTEIHLHOE KOJINYe-
CTBO CHJIbHOM KHMCJIOTBI WJIU PA3JIMYHbIE ClIa0ble KUCIOThI, MEJIEHHO pearupyo-
II1€ ¢ IOPOJOM B €IMHUILY BpeMeHU. B ciaydae e BBICOKONPOHHUIIAEMOIO KOJI-
aexkTopa Takue 3ameienHbie KC MoryT oka3arbesi mpocto Hed((HEeKTUBHBIMU B
CBSI3U C HU3KOW KHCIIOTHOM eMKOoCThIo TpuMmeHsiemoro KC.

Takum o6pazom, orpeaesieHne pacTBoOpuMocT oopasia kepaa B KC Heoo-
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XOJIMMO JJI MPOBEACHUS MAaTPUUHBIX U celneKTuBHbIX O3 kapOOHATHBIX KO-
JIEKTOPOB M OIpEACNICHUE PacTBOPUMOCTU oOpaszna kBapieBoro crtekia (TY
9464-012-52876859-2014, CI1-7102) B KC neobxoaumo st nmpoeaeuus OI13
TEPPUTE€HHBIX KOJJIEKTOPOB, MOCKOJBKY MOJIYYEHHbIE 3HAYEHUSI JaHHOrO napa-
MeTpa MO3BOJISIIOT 10/100path uMeHHO Te KC, KoTophie MOMOTYT 00€creuuTh
HanOOJBITYI0 2(P(HEKTUBHOCTh KUCIOTHBIX 00pa00TOK Ha KOHKPETHBIX CKBAXKH-
HaX ONPEJEIIEHHBIX 00BEKTOB pa3padOTKU MECTOPOKIACHHI.

TexHUueCKUil pe3yapTaT ONpeAesIeHus JaHHOTO MapaMeTpa 3aKJII04aeTcs
B YCTAaHOBJICHNH cTeneHu B3anmonencTBrusa KC ¢ mopoBBIM IPOCTPAHCTBOM IO-
POJIBI-KOJUIEKTOPA, a Takke A 3(PGEKTUBHOTO BO3JICUCTBUS HA MPUCKBAXKUH-
HYI0 30HY NPOAYKTHUBHOTO IJIacTa M U30€KaHUS HEraTUBHOTO BIMSHUS MOOOY-
HBIX (DAKTOPOB, TAKMX KaK KOJbMaTallus IJIACTa MPOJyKTaMU B3aWMOJICHCTBUSA
KC ¢ nopojioii u np.

KadecTBeHHOE onpeenieHre pacCTBOPUMOCTH SIBISIETCS HEOThEMIIEMOI Ya-
CTBIO KOMIUJIEKCHOTO TMpolecca uccienoBanuii cBoiictB KC, mo3Bositomniero
ONPENENUTh UX CPABHUTENBHYIO 3()PEKTUBHOCTD U OCYIIECTBUTH BHIOOP OINTHU-
MaJbHBIX COCTABOB, OBBICHB T€M CaMbIM 3(PPEKTUBHOCTh KHCIOTHOTO BO3/CH-
CTBUS KaK METO/Ia UHTCHCU(PHUKAIIUU TOOBIYN HEPTH.

B nHacTtosiee BpeMsi OTCYTCTBYET YHU(PHUIIMPOBAHHBIA METOJA H3yYCHHS
B3aumoeicteus KC ¢ kapOOHATHRIMU M TEPPUTEHHBIMH TTOpoaamu. [IpudnHon
TOMY CIIYKUT ITUPOKHI CIEKTP MEPEMEHHBIX, YbH BApUATHUBHBIE KOMOMHAIMY 3a-
TPYJHSAIOT MOBTOPEHUE PE3YJIbTATOB ONBITOB. B 4aCTHOCTH, HCIONB3YIOTCS Clie-
JYOUIME METOJ0JIOTMYECKUE IPUEMBI:

—  rpaBUMeTpUYecKuil meton [1];
—  METO/J C UCIOJIb30BAHUEM MPAMOPHBIX KyOHUKoB [2—4];
—  MeTtoj Bpamarorierocs aucka [5—10];

—  METOJ KUHETHMKH rasoBbiaeneHus [11-14].
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Kaxk npaBumno, npu aHaau3e UTOrOB U3BICKAHUNA UCXOJAT U3 HOCBUIKH, YTO
nporekanue peakuuu KC ¢ ocagouHoil 1 00J10MOUYHOM TOPHO Cpesioit COOTBET-
CTBYeT (hyHAAMEHTAIBHBIM MPUHIIAIIAM, OTIPEACIISTFOIINM TOTIOXUMUYECKYIO JTH-
HaAMHUKY.

Haunboinee TounsiM MeTo10M U3MepeHus kunetuku peakiuu KC ¢ mopooit
HE(TSHOTO TIACTa SBISETCS METO] BPAIIAIOIIErocs IUCKa, OCOOEHHO MPH HUC-
M0JIb30BAaHUU rejieoOpa3HbIX Wi sMmynbrupoBanubix KC. B anmapate ¢ Bpamia-
IOLMMCS IMCKOM JUCK M3 MHUHEpaja pa3MelaeTcs B 00JbIIOM KOHTEWHEpE, Co-
nepxarnieM pactBop KC. Bpaimienue ocyiiecTBiasieTcss TakuM o0pa3oM, UYTOOBI
ckopocth nepeHoca KC Oblia BbIIIe 10 CPaBHEHHUIO CO CKOPOCTHIO PEaKIMU Ha
noBepxHOCTH. [[prMeHeHne Bpalaronierocst 1ucka JJjisi U3y4eHus pacTBOPEHUS
opoJi KapOOHATHBIX U TEPPUTEHHBIX KOJIEKTOpoB B KC mpuHIMnuaibsHO OTIH-
4aeTcs OT MPUMEHEHUS €T0 B JIEKTPOXUMUHU, T/I€ pearupyromas miolaab ocTa-
eTcs nocrosiHHou. s mpumepa npoBeaeHo 6a3oBoe TectupoBanue KC, pe3yiib-

TaThl KOTOPOTO MPECTaBICHBI HA pHC. 1 u 2.
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Puc. 2. Dakmuueckasn 3agucumocms CKopocmu peakyuu om KOpHA Kea()pamnozo

mt

27108011 cKopocmu épaujeHusn oucka 01 kepna ¢ KC

Bwmecte ¢ TeM y 3TOr0 moaxoaa oOHapyKHUBaIOTCS ONPeE/IeICHHBIE MUHYCHI,
00yCJIOBJIEHHBIE 3HAUUTEIbHBIMU PACX0JIaMU Ha MPOU3BOJCTBO U TEXHUYECKYIO
MOAJECPKKY anmnapaTypbl, THBECTUIIUSAMU B HAyUYHBIC M3BICKAHUS, 4 TAKXKE IO-
TPEOHOCTHIO B OCYIIECTBICHUH OOUIMPHOTO KOJMYECTBA SKCICPUMEHTOB IS
YMEHBIIEHUSI HETOYHOCTEM.

Omnpenenenue ckopoctu peakuu KC ¢ kapOOHAaTHBIMU U TEPPUTEHHBIMU
IOpPOJAAaMU METOJOM M3MEPEHHUSI CKOPOCTU T'a30BBIACIEHUS] OTMEYAETCS POCTO-
TOW, BBICOKOM MPEICTABUTEIBLHOCTHIO PE3YJIbTATOB UCCIEAOBAHUM, OTCYTCTBUEM
JIOPOTOCTOSIIIETO 000PYI0BaHUS, HECIIOKHBIM ITPOILIECCOM IMOATOTOBKH 00pa3IioB
KEepHa 1 IIPOBEJICHUS CCIIETIOBAHN, BO3SMOKHOCTBIO BBITIOJIHEHUS OOJIBIIIOTO KO-
JINYECTBA SKCIIEPUMEHTOB 32 KOPOTKUM TPOMEKYTOK BPEMEHU, YTO CHHXKAET T10-
TPEIIHOCTh UCCIIEIOBaHMM. 3HAUYUTEIBLHOE 3aBbIIEHNUE TOTPEITHOCTH U3MEPEHHUI
HaOJIoaeTcs U3-3a Mepexo/a BeIllecTBa B ra3000pa3HOe COCTOSIHUE TIPU MOBBI-
IIEHHBIX TeMreparypax. BMecte ¢ TeM npu MOHWKEHUH TeMIepaTypbl 00pa3oBa-
Hue kpuctamuioB KC, conpoBoxaatomeecss GopMUPOBAHUEM JIbJA, PE3KO 3aMeI-
JISIeT JIOCTABKy peareHTa K 30He peakuuu. B pe3ynbraTe 00111asi CKOpOCTh XUMH-
YECKOM PEAKLMHU OUyTUMO YMEHBIIAETCA BIUIOTh JO €€ MOJHOW OCTaHOBKH. I10-

BTOPHBIC OKCIICPUMCHTBI IIPOBOAATCA C HEJIbHO MUHUMU3AWHN ITOTPCIIHOCTH I'a-
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30BBIJICJICHUS], BHI3BIBAEMON HECTAIIMOHAPHBIMU TEPUOJAMU MPOTEKAHUS PEaK-
nuu. Jiia npuMepa npoBeieH 0a30BbIi AKCIIEPUMEHT, IO pe3yiIbTaTaM KOTOPOTo
MOJyYeHbl KUHeTHueckass KpuBasi BoijeneHus CO; v pe3ynbTUpYIOIasi KOH-
ctanta ckopoctu peakiuu 151 KC (Puc. 3). Pe3ynbrarsl npuBeEHbBI B BUIE 3a-

BHUCHUMOCTH KOJIMYCCTBA BbIACIINBIICTOCS C02 oT BpeMCHI/I peaKHI/II/I.
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Puc. 3. ﬂulmmuka KUHEMUKU 8blOeIeHUA 2a3d U pacueémHnan KOHCmanma pasnoesecus

no pesyromamam uccnedoeanuiit KC na oopasue kepna, nacvluyennozo negpmoio 25 °C

Cy1iecTByeT Takke TPaBUMETPUUYECKUNM METO]T aHAJIU3a B CTATUYECKOM pe-
xkuMe. OH HCIOIB3YETCS ISl COTIOCTABIICHUS PEaKIIMOHHON CITOCOOHOCTH pac-
tBOpoB KC. B nanHoM MeToze peructpanus yObuid Macchl oOpasiia KepHa/KBap-
IIEBOT'O CTEKJIa MTPOUCXOINT MPH MPOTEKAHUM XUMHUUYECKOW PEaKIIUK 3a CUET pac-
TBOpeHUs oOpasma kepHa/kBapieBoro crekina B KC. Ilo pesyiapTaTtaM cTposTcs
3aBUCUMOCTH yObUTH MacChl 00pa3iia KepHa/KBapIIeBOro CTEKIa OT BPeMEHHU 00-
paboTKH. YMEHBIIIEHHE MACChI 32 CUET PaCTBOPEHUS 00pa3iia KepHa/KBapIEBOro
ctekia B KC nmokaspiBaeT, Kakoe KOJTUYECTBO MOPOIBI B MPOIIEHTaX PaCTBOPUIIOCH
3a OMpeAeNéHHbIN TPOMEKYTOK BpeMeHu. K mpenMyIiecTBaM JaHHOTO METOJa
OTHOCSITCSI BBICOKAsi TOYHOCTh MO CPAaBHEHHIO ¢ 00beMHBIMH MeToaamu (abco-
JaroTHas ommoOka onpexaeneHus cocraiser ot 0,01 1o 0,02 %); oTcyTcTBHE Ka-

KUX-TH00 CTaHAAPTU3ALMKI UK TPAAYUPOBOK MO CTaHJAPTHBIM 00pasiiam, HeoO-

CeteBoe HayuHoe u3nanue «HedrsaHas npoBuHIms». http://www.vkro-raen.com 164



http://www.vkro-raen.com/

Hedrsanas mpoBunims. 2026. Ne 2(46). C. 156-187

XOJIMMBIX B JIFOOOM JPYroM aHAJIIMTUYECKOM METOJE; MPOCToTa (METOMA HE Tpe-
OyeT CIO0KHOM anmapatypbl U CHELMAJIBHBIX 3HAHWI); JOCTYIHOCTh (BO3MOX-
HOCTb MPOBEICHUS aHAIM3a MPAKTUYECKU B OO0 XMMHUUYECKOH 1ab0opaTopun).
K HepgocTratkam JaHHOTO METOJa MOKHO OTHECTU B OTAEJIBHBIX CIydasX 3HAYM-
TEJNbHYIO TPYIOEMKOCTh U HU3KYIO UYBCTBUTEIBHOCTb (TPYIHO OIpPENEATh Ma-
JI0€ KOJIMYECTBO 00pasila KepHa).

[IpoBeneHHbI aHANU3 paclpeneseHus] MUHEpaJIoB B 00pa3lax KbIHOB-
CKOT'O M MAalIMCKOro TOPU30HTOB MOKAa3all BBICOKOE COJIEpKaHHE KBaplia, 4TO
YKa3bIBaE€T Ha PEIICHUE 3aJa4M 10 OMPEAEIECHUIO TAKOro mapameTpa, Kak «pac-
TBOPUMOCTB». TaKKe ¢ y4ETOM OIbITa U JaHHBIX MO IPOBEJIECHUIO PACTBOPUMO-
CTH 00pa3I0B KEPHA TEPPUTEHHBIX KOJJIEKTOPOB, /1€ OBLIIM OTMEUYEHBI CIIy4au He
TOJIBKO MUHMMAJIBHOI'O CHUYKEHUS MACChl, HO U €€ YBEJIMUEHUS 110 IPUYMHE IIPO-
XOXACHUSI BCETO MEePEUHsI BBIIIEONMCAHHBIX peaKIuii ¢ 00pa30BaHUEM OCAJIKOB U
ckarmuBanust KC BHyTpu 00pasia, A1 MOJIy4eHUs] KOPPEKTHBIX JaHHBIX U3Me-
HEHa METOJIMKA IIPOBEJICHNS TECTUPOBAHUS NTapaMeTPa «PaCTBOPUMOCTB.

Jliist mpoBeeHust 1a00paTOPHBIX TECTUPOBAHUI MO ONPEIEIEHUIO PACTBO-
pumocTH oOpasua kepHa B KC st maTpuunbix U cenektuBHbIx OI13 kapOoHat-
HBIX KOJUIEKTOPOB T'PaBUMETPUYECKUM METOAOM HCIOJIB3YIOT LUIMHIPUIECKHE
oOpasubl JuaMeTpoM 2,5 cM, BbicoToi 0,8 CM HEIKCTPAarupoBaHHOTO KEPHOBOIO
MaTepuaiga KapOOHAaTHBIX  IMOPOI-KOJUIEKTOPOB CO  CpeAHEH  IUIOTHO-
cteio 2500 kr/m?® (+ 100 kr/m?). Takum 06pa3oM, HEOOXOAUMAs Macca KEPHOBOTO
Matepuana cocrasiser 10 r. BpeMs, npu KOTOPOM pacCUMTHIBAIOT 3HAUCHUE JaH-
Horo napametrpa, — 10 mun (Puc. 4), nockosibky B niepBbie 10 MHH TIpOTEKaeT
HauOoJiee aKTUBHAs XMMHUYECKasl peakius pacTBopeHus obpasna kepHa B KC, a

3aTeM HAOJronaeTCs €€ cCTa0uIn3arusl.
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Puc. 4. Kunemuxa peaxyuit oopasuoe kepna ¢ KC ona mampuunsix u cenexkmusnvix OII3

Kapﬁonamublx KoJlllekmopoes

Ha puc. 5 npeacrasneno pacnpeaenenue KC 1o ux npeaenbHbIM 3HaUE-

HHAM paCTBOPHUMOCTH 06pa3u0B KCpHa.
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Puc. 5. Pacnpeoenenue KC ona mampuunvix u cenrexkmusnvix OII3 kapoonamuvix

KOJLl1eKmopoe no ux npe&eﬂbubm 3HAUYCHUAM pacmeopumocmu 06pa3u06 KépHa

N3 puc. 5 Bugno, yto KC nmst matpuunbix u cenektuBHbIX OI13 kapOoHat-
HbIX KoJutekTopoB (10,04 % ot obmero uucna npotectupoBanHbix KC) umeror
3Ha4YEHMs pacTBOpUMOCTU 00pa3ioB kepHa 10 40 %, a 89,96 % ot ob1ero yucna

nporectupoBaHHbIX KC — 6osiee 40 %. PactBopumocTs oOpasia kepaa B KC s
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MaTpU4YHBIX U ceneKTUBHBIX OII3 kapOOHATHBIX KOJJIEKTOPOB JOKHA COCTAB-
7sTh He MeHee 40 %, MOCKOIbKY UCXO0/IsI U3 MOTYUYEHHBIX JaHHBIX 10 J1adopaTop-
HBIM TECTUPOBAHMM IpH 3HaueHun MeHee 40 % B kuHetnke peakunii KC ¢ 00-
pasuamu kepHa y KC mnosiBasercs 3amemyieHHe peakluud, 4TOo He Tpedyercs
st KC, npeHa3HaueHHbIX 711 MaTpUUHbIX U ceNeKTUBHBIX OI13 kapOoHaTHBIX
KOJUIEKTOPOB.

[TpeumymectBom KC miis rimyookonporukaroniux OI13 kapOoHATHBIX KOJI-
JIEKTOPOB siBisieTcs To, uTo AaHHble KC 00naaatoT 3aMeiJIEHHBIM JIEUCTBUEM IO
OTHOUIEHUIO K TJIaCTaM, CI0KEHHBIM U3 KapOOHATHBIX IOPOJI, YTO 00ECIEYMBAET
Oosee riry0oKoe MPOHUKHOBEHHUE U, KaK CIIEJICTBUE, CO3/1a€T PA3BETBICHHYIO CETh
YEpPBOTOUYMH, a TaKXKe MpoucxoauT nepepacnpeneneane KC B MeHee npoHumae-
Mbl€ U O0siee He(pTeHaChIlLIEHHbIE, 3aKonbMaTupoBaHHble yuacTku 11311 ¢ ysenu-
YeHHEeM 00JIacTU JIPEHUPOBaHMs CKBaKUH. [Ipu 3TOM cKopocTh 3ameasieHus pe-
akuuii kapOoHaTHbIX opoJ ¢ KC gocturaer 2 u 60see pa3 mo CpaBHEHUIO € YU-
croii coisguon kuciaoroilt HCL 15 %. Ucnonbp3oBaHue cremuaibHBIX J00aBOK U
MOBEPXHOCTHO-aKTUBHBIX BenlecTB ([IAB) mpu cooTBeTcTBYIOIIEM HAy4yHO-
000CHOBaHHOM BBIOOpE MX MPHUPOABI M KOHLIEHTPALMU TO3BOJISIET BKIIOYATh UX
B KC, Tem cambIM yiryuiiasi 3Ha4€HUsI JAHHOTO MMapaMeTpa.

HeobxoaumocTh onpeneneHuss JaHHOTO apaMeTpa COCTOUT B TOM, YTO OH
MIO3BOJISIET ONPEAEIUTH KOJMYECTBEHHBIE 3HAYEHUSI CKOPOCTH 3aMEJICHHSI peaK-
nuu oopasuoB kepHa ¢ KC no cpasnenuto ¢ HCL 15 %, Tem cambiM 1aeT BO3-
MO>KHOCTb CMOJIETIUPOBATH Mpoluecchl mpoxoxaeHus KC B kapOOHATHBIX MJ1acTax
u obOecrieunTh TIIyOnHHYI0 nocTaBky KC B oTHaieHHbIEe y4yacTKu KapOOHATHBIX
TJ1aCTOB.

KC nmnsa rmy6okonponukaromux OI13 kapOoHATHBIX KOJIJIEKTOPOB 00J1a-
JAI0T CBOKMCTBOM BBIPABHUBATH CKOPOCTH PEAKLMU B IJIACTE, 4 UMEHHO 3aMe-
JATh CKOPOCTH PEAKLMHU B BOJOHACHIIIEHHBIX MPOIUIACTKAX U YCKOPSATh UX B
He(TEHACHIIIICHHBIX MPOIJIACTKAaX 3a CYET BBEIEHHUS B HUX PA3IUYHBIX pearcH-

TOB, O6JIa,IIaIOHII/IX IMOBECPXHOCTHO-dKTUBHBIMHU CBOﬁCTBaMH, 3aMCAJIAIOITMMI
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ckopocTh peakiuu KC ¢ kapOoHaTHOM MOPO10H, TO3BOJISIIOIIEH CHUZUTH ITOBEPX-
HocTHoe HaTskeHue KC Ha rpanuiie ¢ yrieBoaopoaom. biaromaps 3amenieHHoM
peakiuu KC ¢ kapOOHATHBIMU OTJIOKEHHUSIMH TIPH TEMIIEpaType IiacTa yBelu-
yuBaeTcs 30Ha Bo3aehcTBus rpu OII3. DTo Takke MUHUMU3UPYET PUCK 00pa3o-
BaHUSI HEXEJIATEeIIbHBIX OCaJKOB, UTO B COBOKYITHOCTH TMOBBIIIAET PE3yJIbTATUB-
HOCTb KHCIIOTHBIX 00paboTok ¢ ucnonb3oBanueM KC. Takum oGpazom, 3amen-
JeHHast ckopocTh B3aumozeicteust KC ¢ kapOoHaTHOM mopooit obecrieunBaeT
OoJiee TIIy0OOKOE MPOHUKHOBEHHE PEeareHTa B IJIacT B MPOLIeCCe KUCIOTHOM 00pa-
OOTKH. YMEHBIIIEHHE CKOPOCTH PEAKIMU CHOCOOCTBYET Oojiee paBHOMEPHOMY
pacHpeeNeHnI0 KUCIOThl B IOPUCTOM Cpefie, YTO paciuupsieT 00JacTb BO3JEH-
CTBHS U YJIyYIlIaeT OXBaT IJIACTa.

UYT0oOBI yMEHBIITUTH HHTEHCUBHOCTH B3aUMOJICHCTBUS KUCIOTHOTO COCTaBa
C KapOOHATHBIMU MOPOJAMH U PACIIUPUTH 00JACTh €ro BO3JEHUCTBUS, PEKOMEH-
JyeTCsl MCTI0JIb30BaTh KUCIOTHBIE 00pa0OTKH, OCHOBAHHBIE HA KHUCIOTaX, KOTO-
pble pearupyroT ¢ HopoI0il MeAJIeHHee, 4eM cojlsiHas kuciorta. K tTakum kucio-
TaM OTHOCSTCS, HAPUMEDP, YKCYCHAs, MypaBbHHAsI, TUMOHHAS KHCIIOTHI, & TAKXKE
CMECH OPTaHWYECKUX KUCIIOT ¥ CHUPTOB. B KauecTBe anbTepHATHUBEI, MOYKHO TPH-
MEHATh KOMIUIEKCHBIE KUCTIOTHBIE 00paboTku. [Ipn TakoM Mmoaxoie B CKBAKUHY
3aKauMBalOT KUCJIOTHBIA COCTaB C 3aMEJJICHHOM peakiuen s oOpaboTKu yjaa-
JICHHBIX YYaCTKOB, IOCJIE YEro €ro MpOTaJIKHUBAIOT BIIyOb pacTBOPAMU COJISTHOM
KUCIOTHIL. [Ipu mpoBeneHNN KOMIUIEKCHBIX 00pab0TOK HE0OXOAUMO 00ECIIeUUTh
JI0CTaTOYHOE BPEeMsI AJIsl B3aUMOICHCTBHUS KUCIIOTHOT'O COCTaBa, KOTOPOE JIOJKHO
COCTaBJISITH HE MEHEe 4—6 4acoB. ITO MO3BOJUT KUCIOTE 3PHEKTUBHO BO3ICH-
CTBOBAaTh HA MOPOJIY U IOCTUTHYTh JKeIaeMoro pe3yibrara [15].

BaxxnapiM akTopom moseitieHus 3¢ dpexruBHocTr KC my1st riry6oKkonpoHu-
karomux OI13 kapOoHATHBIX KOJJIEKTOPOB SIBIISETCS YBEIMUEHUE TITyOUHBI CTH-
My, B kapOOHATHBIX KOJUIEKTOpPAax C MOBBIIMIEHHOW TeMIepaTypoil 3ame-

nenue peakiuu KC ¢ mopomon qocturaercs pasnudHbiME criocobamu. Kirode-
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BbIMU (DaKTOpaMU, PEryJIHPYIOIUMHU YKa3aHHBINA MTPOLIECC, SABIISAIOTCS: YMEHbIIE-
HUe CKOpocTH poHuKkHOBeHUs KC B CTpyKTypy MOPO/Ibl, CHU>)KEHUE COAEPKAHUS
noHoB H™ B pacTBOpe, a Taxke GopMHUpOBaHHE OAPHEPHOTO COPOIIMOHHOTO CIIOS
Ha MOBEPXHOCTH MOpoAbl. Ha 3T mapameTpbl OKa3pIBalOT BIAUSHUE KOHIIEHTPA-
1us, 00beM, cocTaB U pusnko-xumuyeckue xapakrepuctuku KC, remneparypa u
JIaBJICHHUE B CUCTEME, MUHEPATIOTUYECKUI COCTaB MOPO/IbI, 0COOEHHOCTH CTPOE-
HUS KoJIeKTopa, ckopocTh noaaun KC, a Takke MCIOab30BaHUE CIIEHHAIBHBIX
n00aBok. BiusiHue 3tux (pakTopoB HEOOXOAUMO YUUTHIBATH JIJIi ONTUMM3ALIUU
npoiiecca 00pabOTKH U MPEAOTBPAIICHUS HEeKENAaTeIbHBIX TOCIeACTBUN. Takum
o0pa3oM, peryiupyst ykazaHHble (DaKTOpbI, MOXXHO KOHTPOJIMPOBATH CKOPOCTh
pEeaklUy U TEM CaMbIM yBEIUYHMBATh 3(PPEKTUBHOCTh 0OPAOOTKH IJ1aCTa U MUHU-
MHU3UPOBaTh HEraTUBHOE BO3/CHCTBUE HA KOJIeKTOp [16].

s 3amemnienns B3aumoaeiicteus KC ¢ kapOOHATHBIMU TTOPOJAMHU IITHPO-
KO€ pacrpoCTpaHEHHUE MOITYYUIIO0 HCIOIb30BAHNE CIIEIUATBHBIX J0OOABOK, UTO SIB-
JSeTCsl OJTHUM M3 Hanbosiee SKOHOMHYHBIX W JICMCTBEHHBIX pemeHuid. [Togdop
ontuMmasibHOM (hopmyiiel KC TpeOyeT npenBapuTeabHOro TECTUPOBAHUS HA pe-
albHBIX 00pa3lax kapOoHaTHOM mopoabl. Maeansubiit KC nomxeH 1eMoOHCTpH-
poBaTh 00Jiee MEVICHHYIO PEAKIIMIO C TTOPOJI0H, HACHIIIICHHOM BOIOM, 0 CpaBHe-
HUIO C HETEHACBIILIEHHOM, YTO MO3BOJIUT TEXHOJOTHYECKON KUIKOCTH TIIy0XKe
NpOHMKATh B Tu1acT [17].

Ucnons3oBanue KC ¢ [TAB npu rimy6okoit 00padoTke kapOOHATHBIX KOJI-
JIEKTOPOB MPUBOJUT K 3aMETHOMY YIYUYIIEHUIO 3()PEKTUBHOCTU U IKOHOMUYE-
CKUX TIOKasartelne mporecca. Takoit addext mocturaercs Omaromaps 3amejie-
HUIO CKOPOCTH PacTBOpEHMsI KapOoHAaTHBIX mopon a’pupoBaHHbiM KC ¢ TTAB.
910 00yCI0OBICHO CHIXKEeHUEM Itomaan kontakta KC ¢ mopoaoit u3z-3a Hamu4us
ra30BBIX My3BIPHKOB U 3aTpyaHeHueM auddys3uu ceexero KC k moBepxHOCTH M0-
poasl. Ctabunuzanus adpupoBanHbix KC ¢ ITAB urpaet kitoueByro pojib B 1aH-

HOM TMporecce [18].
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BBeaenue 3arymaronimx KOMIIOHEHTOB (Takux Kak pactBopsl [IAB, uckyc-
CTBEHHbIE TToJIuMephl U ouononumepsbl) B KC cHIkaeT cKopocTh KUCIOTHO-Kap-
oonatHOro pearupoBanus. [loBeimenue Bs3koctr KC 3amensisieT KOHBEKTUBHBIN
MEPEHOC PEaKIMOHHOW CMecH, CojepKaliel riao0yibl JUOKCHAA YIiepoia.
B aTux 00cTOATENbCTBAX pEaKIMU MPOTEKAIOT MOYTH Oe3 MepeMEelIMBaHUs U
OTPaHUYUBAIOTCS UCKIIOYUTENBHO MU y3noHHBIMU TIporieccamu. Vcmonb3oBa-
Hue Bsa3kux KC st 06paboTku kKapOOHATHBIX IJIACTOB ¢ HEOIHOPOJAHOM IPOHU-
IAEMOCTBIO OKa3bIBAETCA PE3YyJIbTATUBHBIM, TaK KaK 0OpabOTKE MOABEPraroTCs
30HBI C HU3KOH MPOHUIIAEMOCTBIO, paHee He 3aTpOHyThIe BoaoH [19].

ITo cpaBHeHUIO ¢ 15%-HBIM pacTBOPOM COJIIHOW KUCJIOTBI, CAMOOTKJIOHS-
rommuecs kuciaotHbie coctaBbl (KC) neMoHCTpupytoT 00J1ee MEIJICHHYIO PEAKIIUIO
¢ kapOOHATHRIMH MOpoJaMU. IPPEKTUBHOCTD UX MPUMEHEHHUS TPeOyeT I0MOJI-
HUTEJILHOTO UCCIIEeI0BaHMs], 0COOCHHO B KOHTEKCTE MUHEPAIOTHYECKOTO COCTaBa
LEJEeBbIX MOPOJ. B yacTHOCTH, HAIMUME AOJOMUTA B TPOTYKTUBHOM ILJIACTE MO-
YKET CYLIECTBEHHO BJIMSATH HA PE3YJIBTAT, IOCKOJIBKY JOJOMHUT PEarupyeT ¢ caMo-
otkJoHstommmucs KC meanennee, yem n3BeCTHSK. JlanpHelme neciaeqoBaHus
JOJKHBI OBITh HANpaBJIEHbl Ha ONTHMHU3ALMI0 MPUMEHEHHUS CaMOOTKJIOHSIO-
muxcs KC ¢ ygetoM MuHepaorndyeckux 0COOEHHOCTEN KOJUIEKTOpa ISl MOBbI-
mieHus 3 GeKTUBHOCTH 00pabOTKHU Mpr3a00iHOM 30HBI ckBaxkuH [20].

CkopocTb 3ameienust peakuuii 0opasuoB kepHoB ¢ KC st rimy0okomnpo-
Hukaromet OII3 kapOonaTHoro kosiekropa no cpaBuenuto ¢ HCL 15 % omnpe-
JIEJISIIOT ITyTEM COOTHOLIEHUSI pacTBOpeHus oOpasiia kepHa B uccnegyemom KC k
pacTBopenuto oopasna kepua B HCL 15 %.

Ha puc. 6 npencrasneno pacnpenenenue KC no ux npenenbHbIM 3HaYe-

HUSIM PaCTBOPUMOCTH 00Opa3IOB KEPHA.
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Puc. 6. Pacnpeodenenue KC ona OII3 meppuzeHHbIX KOINEKMOPO8 NO UX HPEOEIbHBIM

3HaA4YenuAM pacmeopumocmu 06pll3l{08 KépHa

N3 puc. 6 Bunno, yto KC qyst OII3 teppureHHbix KomuiekTopoB (22,22 %
oT ob1ero yucna nporectupoBanHbiX KC) UMEIOT 3HaYeHUST paCTBOPUMOCTH 00-
pasioB kepHa menee 0,2 %, a 77,78 % ot 001Iero 4ucia NpoOTECTUPOBAHHBIX
KC — 6o1ee 0,2 %.

AHanu3 pacmnpeeneHrss MUHEepajaoB B 00pas3iax KbIHOBCKOTO W TMAaIuii-
CKOI'0 TOPU30HTOB MOKAa3aJl BHICOKOE COJIEp KaHKe KBapLa, UTO YKa3bIBAaeT Ha pe-
HICHHE 33JIa4M I10 OIMPEIETICHUIO TAKOTO MapaMeTpa, Kak «pacTBOPUMOCTbHY.

Taxke MCroNb3ys OMBIT U TaHHBIE MO OMPEIEICHUIO PACTBOPUMOCTH 00-
paslioB KepHA TEPPUTEHHBIX KOJUICKTOPOB, TJ€ OBLIM OTMEUCHBI CIydaul HE
TOJIBKO MUHIMAJIBHOT'O CHUYKEHUSI MACChI, HO U € YBEJIIMUEHUS 110 IPUIHHE MPO-
XOJKJIEHHUS BCETO TIEPEUHS BBIIICONMCAHHBIX PEAKIIUi ¢ 00pa30BaHUEM OCAIKOB H
ckarmuBanust KC BHyTpu 00pasiia, JOTUYHO JJIsl TIOJyYEeHHsS] KOPPEKTHBIX JIaH-
HBIX U3MCHUTH METOJINKY TECTUPOBAHUS TTapaMeTpa «PAaCTBOPUMOCTHY.

Jiist mpoBeieHust 1a00paTOPHBIX TECTUPOBAHUI MO ONPEIEIEHUIO PACTBO-

pumoctu obpasua kBapiieBoro crekia B KC mist O3 TeppureHHbIX KOIIEKTOPOB
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IPABUMETPUYECKUM METOJOM HCHOJB3YIOT KBAPLEBOE CTEKIIO CO CPEIHEN IIIOT-
HocThIo 2500 kr/M3 (£ 100 kr/M®). Takum 06pazoM, HeoOXo1UMas Macca KBaplie-
BOT'O CTEKJIa COCTABISAET S5 T. BpeMsi, npu KOTOPOM pacCUMTHIBAIOT 3HAYEHHE JTaH-
HOT'O napameTpa, coctaBiisier 240 MUH Ui TEPPUTCHHBIX NOPOA-KOJIEKTOPOB,
MOCKOJIbKY B nepBbie 240 MUH IpoTeKaeT HauOoJiee akTUBHAS XUMHUECKas peak-
1us pactBopeHus obpasua kepHa B KC, a 3arem Habmonaercs e€ ctabumu3amnusi.
PactBopruMocTs oOpasna kBapueBoro crekia B KC mis OII3 TeppureHHsIxX KoJ-
JIEKTOPOB JOJKHA COCTABIATH HE MeHee 3—5 %, MOCKOIBKY HUCXOS U3 MOJIyUYEH-
HBIX JIAHHBIX IO JJAOOPATOPHBIM TECTUPOBAHUSAM IIPU 3HAUeHHH MeHee 3—5 % B
kuHetuke peakuuil KC ¢ obpasuamu kBapueBoro crekia 'y KC nosisusiercs 3a-
MeJUIeHre peakinu, 4to He Tpedyercs 1t KC, npennasnauennsix 1y OIL3 Tep-
PUTEHHBIX KOJUIEKTOPOB.

JIabopaTopHble MCCIIEIOBaHMs MMOKA3add, YTO JAaHHBIA MapaMeTp MO3BO-
JSIeT TOBBICUTH JOCTOBEPHOCTH OIPEACIICHHUS] PACTBOPUMOCTUA TOPHBIX MOPOA-
kosutekTopoB B KC st OI13 kapOOHATHBIX U TEPPUTEHHBIX KOJIEKTOPOB, TOJI0-
Opath Ay HUX Hanbonee ontuManbHble KC, MX KOHLIEHTpALUIO U BpeMs pacTBO-
peHus ¢ uenbko nosbiieHus dpdexruBHoctr nposeaeHuss OII3 Ha ckBakuHaX C
JANTBHENIINM YBEJIMYEHUEM TPOYKTUBHOCTH CKBAKHH.

Ha puc. 7 npencrasneno pacnpenenenue KC s rimyOoKonpOHUKAIOIINX
OII3 kapOOHATHBIX KOJIJIEKTOPOB MO UX MPEAEIbHOMY 3HAYEHUIO CKOPOCTH 3a-
MeieHust peakiuu 1o cpaBuenuto ¢ HCL 15 %.

N3 puc. 7 BunHo, uyto KC s rimy6okonponukaromux OII3 kapOoHaTHBIX
koJutekTopoB (100 % ot obmiero yucia nporectupoBanHbix KC) uMmeroT 3Hade-

HUS CKOPOCTH 3ameJieHus peakiuu rno cpaHenuto ¢ HCL 15 % Gomnee 2 pas.
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Puc. 7. Pacnpedenenue KC ona znybokonponuxarujux OI13 kapoonamuwvix Koniekmopos
RO UX NPedeIbHbIM 3HAYEHUAM CKOPOCHIU 3AMe0/IeHUA PeaKyuu

no cpasnenuio ¢ HCL 15 %

3HaueHUs] CKOPOCTH 3aMeAJIeHUs peakinu o0pasuoB kepHa ¢ KC s roy-
ookonponukaomux OII3  kapOOHATHBIX KOJUIEKTOPOB IO  CPABHEHUIO
¢ HCL 15 % nomxHbl ObITh HE MEHEE 2 pa3, MOCKOJIBbKY UCXOJIS U3 TTOJIYYSHHBIX
JAHHBIX TI0 J1a0OPATOPHBIM TECTUPOBAHUSM, MPU 3HAYECHUAX MEHEE 2 pa3 B KHMHe-
TUKE peakiuil ckopocTh pearupoBanus KC ¢ kapOOHAaTHBIMU KOJUIEKTOpaMU TO-
BBIIIAETCS, YTO CIOCOOCTBYET yMEHbBILEHUIO ITyOuHBI npoHukHOBeHHs KC B
miact u He Tpedyerca s KC, npenHa3HaueHHbBIX AJis1 TIIyOOKONPOHUKAIOIINX
OI13 xapOOHATHBIX KOJUIEKTOPOB.

[IpoBeneHHbIe TaOOpaTOPHbBIE UCCIIEI0BAaHUS [TOKA3aJIH, YTO JaHHbBIH Mapa-
METp MO3BOJISIET BBISIBUTH MPEUMYILECTBA, 4 TAKXKE 00€CIeUUTh BOZMOXKHOCTb a1~
pecHoro nonbopa ontuMansHoro KC mist rmy6okonponukatomux OI13 kap6o-
HATHBIX KOJUIEKTOPOB 10/ KOHKPETHBIE 00BEKTHI Pa3pabOTKH.

OG6pazoBaHue OTI0XKEHUHN CyJb(uaa keje3a B CKBaKUHAX, 0COOCHHO 00-
raThIX CEPOM, MPEACTABISIET CO00H cephesHyto nmpobiemy. Xots KC, mpumensie-
MbI€ JIJIs OUUCTKHU CKBAKUH, 3 (HEKTUBHO PACTBOPSIOT JAHHBIE OTIOKEHHUS, STOT
npoliecc BiedeT 3a cOO00M BBICBOOOXKIEHHE CEpPOBOAOPO/Ia — TOKCUYHOIO rasa,
yCYTYOIISIFOIIero Koppo3uto obopyaoanus. Kpome Toro, pacTBopeHHOE *keleso,

10 MEpe HeUTpaIu3aluu KUCIOThI U noBbilieHus: pH paboueil sxuakocTu, uMeer
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TEHJEHUHUIO K MMOBTOPHOMY OCaxAeHHI0. OcaxaeHHe NPOUCXOIUT B BUJIE TUA-
POKCH/IA KeJie3a WK cylibdua xenes3a, 4To CBOJUT Ha HET 3 (EKT OT KUCIOT-
HOI 00paboTku. OcaxaeHne KeIe3HbIX COSAMHEHUH MOXKET YXYIIIUTh IPOHH-
1aeMocTh Iacta. Kpome Toro, BeicBoGOKIEHNE HOHOB Fe3* MoxeT ycumurs ac-
danpTeHOBOE TUIAMOOOpa30BaHKe, T.K. OHU pabOTAIOT B KayecTBE (azonepeHo-
csmero katanmuzatopa HCI. IllnmamooOpa3oBaHue MPOMCXOIUT MPH JBUKCHUH
KHUCJIOTHOTO COCTaBa B IJIACTE C XKEJIE30COIEPKALUIMHU MUHEPaJIaMH (CUIEPUTOM,
JUMOHHUTOM, TETUTOM U T.Jl.) B PE3YJIbTATE PEAKLIUHA HOHOB JKeJe3a C MOJISIPHBIMU
rpynmnamu acaibTeHOB, coepkanmxcs B HehTh KoyuiekTopa [21].

Haubosee onacHbIMU SBIISIOTCS COEIMHEHUS TPEXBAJIEHTHOTO XKelie3a, KO-
TOpbIE B KUCJIOW Cpelle pacTBOPSIOTCS, a MPU YMEHbBIIEHUH KHUCIOTHOCTU IPH
pacTBOpEeHUH KapOOHATHOM MOPObI MOTYT BBINIAJATh B OCAJ0K B BUJIE TeJisl TH/I-
poxcua xenesa B [1311, BeI3bIBast BTOpUUHYIO KOJIbMaTaiuio. [ 'eneodbpasoBanue
HaunHaetcs npu pH = 1,9 u npoxomxkaercs go pH = 3,2

Oco0yto yrpo3y HpeiCcTaBIISIIOT KeJIe30COIepKaIUe COSITMHEHUSI B CTe-
MeHU OKUCJEeHUs +3. B KUCIIOM cpefie OHU IEPEXOAAT B PACTBOPEHHOE COCTOSTHUE,
OJIHAaKO MPHU HEUTpaIu3aluu, HalpuMep, pu B3aUMOJEHCTBUU ¢ KapOOHATHBIMU
[OpOJIaMH, MPOUCXOJUT UX OCAXKJIEHUE B BUJE IeIe00pa3HOro TUIPOKCHU A JKe-
ne3a B [1311. DTo npuBoaUT K BTOpruHOM KosibMaTaruu. [Iporecc reneodpazona-
HUs uHULuupyerca npu goctwkennn pH = 1,9 m npopomxaercs 1o 3Hade-
Husa pH = 3,2. Takum 00pa3oM, U3MEHEHHUE KUCIOTHOCTHU SBIISIETCS KIIFOUEBBIM
(bakTopoM, BIMSIONIMM Ha BbINaJCHUE TPEXBAJICHTHOIO JKeJie3a B 0CAJI0K U, KaK
CIIe/ICTBUE, Ha CHIDKeHHe poHumaemoctu [1311 [11].

Omnpenenenue copmectumoct KC mist OI13 kapOoHATHBIX U TEPPUTEHHBIX
KOJUIEKTOPOB C IUIACTOBBIMH (DJTIOUIaMU B «CBOOOJTHOM OOBEME» M OTMBIB ac-
danbrocMononapauHOBOTO OTJIOXKEHUS MOJEIUPYIOT MPUUYHHY CHIDKEHUS (-
dbextuBHOCTeM kucinoTHbIX OII3 B pe3ynbrate B3aumopeicteusi KC ¢ yriesomo-
poaamMu 1 00ecreYrBalOT MPOTHO3UPOBAHKE MpoIlecca Ha TPaHHIIE KHCIOTHOTO

CoCTaBa U I1JIaCTOBOTI'O (bmoyma.
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B craHmapTHBIX MPOTOKOJIaX OLUEHKH COBMECTUMOCTH KUCJIOTHBIX COCTa-
BOB C IIJJACTOBBIMHU JKMJIKOCTSIMH, BKJIIOYas HE(PTb, OOBIYHO HCIOJIB3YIOT
roHbl Fe3* B KauecTBe MCTOYHMKA KeJe3a. JTO JeTaeTCs AJi1 UMUTALMU CUTYa-
Ui, KOTJa ene30 JUOO MOCTYMaeT B KUCIOTY M3-3a KOpPpO3UHU TPyO mpH 3a-
Kauke, MO0 yXe MPUCYTCTBYET B IUIACTE M pacTBopsercs B kuciore. [Ipucyrt-
CTBHE Kelle3a MOXKET yCyryOuTh oOpa3oBaHHe 0Caka MPU KOHTAKTE KUCIOTHI C
HedThIO [22-27].

B nccnenoBanuu, npoBeAeHHOM aBTOpamu [28], U3y4aaoch YMEHBUIECHUE
KOHIICHTPAIlMM MOHOB TPEXBAJIEHTHOIO Xkene3a B 15%-HoM pacTBope COJIIHOM
KUCTOTHI. Vcnonb3oBasics CEKTPOPOTOMETPUUECKUN METOJI, OCHOBAHHBIM Ha
U3MEPEHUH Oclla0yeHusl oJIockl oraomenus xenesa (I111). {ns nsmepennii npu-
MeHsuics ciekrpodoromerp Lambda-35 npoussocrea PerkinElmer Instruments.

Ha puc. 8 mpuBeneHbl CHeKTpbl NOTJIOMIEHHUSI pacTBOpa XJIOpHAa Ke-

ne3a (III) B 15%-HBIX COMSHBIX KUCIOTAX B JMarna3oHax KOHIIEHTpaIMid MOHOB

xene3a ot 100 mo 5000 ppm.
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Puc. 8. Cnekmpot noznowenusn pacmeopos xycenesa (I11) (om 100 oo 5000 ppm) ¢ 15 %-noii

consanou kucaome (oonacms om 385 00 650 um)

CHCKTp MMOTJIOCHM IMO3BOJIICT OHNPCACINTh JHAIIa30H KOHI_ICHTpaHI/Iﬁ

aHATM3UPYEMOTO BEIIECTBA, MPU KOTOPOM COOTIOACTCS JIMHEWHASI 3aBUCUMOCTh
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ONTUYECKOU MITOTHOCTH OT KOHIICHTPAIIUU, YTO HEOOXOIMMO MPHU pa3pabOTKe Me-
TOJMK OMpeeNIeHNs KOJIMYECTBEHHOIO coJiep kaHus BeecT. M3 puc. 8 BunHo,
YTO ONTUMAJBHBIM 3HAYCHUEM ONMTHYECKOU MIoTHOCTH (D) Mo m3mMeHeHuto co-
nepkanust tMeroT pactBopsl xkenesa (I11) B quanazone 2000-5000 ppm.

B cootBercTBUM ¢ kopriopaTuBHbIMU cTaHjgaptamu THK-BP [29], perna-
MEHTHPYIOIIMMHU KOHTPOJIb KauecTBa MPU THAPOPA3PhIBE IIacTa U KUCJIOTHOM
o0pabotke, Heo0xouMO, 4To0bI KC, HCroNb3yeMBblil 11 OUMCTKH HACOCHO-KOM-
npeccopHbix TpyO (HKT), oGecnieurBan KOHTPOIb COACPKAHUS TPEXBAIEHTHOTO
xene3a Ha ypoBHe 5000 ppm (5 mpomuie). [Ipu aTom nipenonaraercs, 4To mpo-
TpaBOYHBIN pacTBOp, puMeHseMbiit 1t HKT, OyneT u3BnedyeH Ha OBEPXHOCT,
a He HampasJyieH B miact. O0beM MPOTPABOUYHOIO PACTBOPA JOKEH COCTABISATH
He MeHee 2 M3 KUCIIOThI, KOHIIEHTPAIUS KOTOPOH COOTBETCTBYET KOHIIEHTPALUH
OCHOBHOI'O KHCJIOTHOrO cocrasa. Eciu ouncrka HKT HeBo3MOkHA niM He 1uia-
HUPYETCS, TO MepBble 7 M° KMCIIOTHI JOJKHBI COIEPKATh JOCTATOYHOE KOJIMYE-
CTBO PEAreHTOB JIJIsl MOJAACPKAHUSI KOHIICHTPAIMKA TPEXBAJICHTHOTO jKejie3a Ha
ypoBHe 5000 ppm (HEHTpaTU3yIOMKUX WU TOHUKAIOIIUX PEAareHTOB, IPUOPUTET
OT/AeTCsl MOHU3UTEIO Kefeza). OcTaBumiics 00beM KUCIOThI, UCIOIb3yeMOMN
J1s1 00pabOTKH, TOJDKEH 00eCIIeunBaTh KOHTPOJIb COJIEPKaHUs JKeJie3a Ha YPOBHE
He meHee 2000 ppm (2 mpomuuie). cxoas U3 pe3yabTaToB MPUBEACHHBIX HC-
CJICIOBAHUIN U OTIBITA OTEYECTBEHHBIX U 3apyOEIKHBIX CIIECIUATMCTOB, ONTUMAITh-
HBIM SIBJISIETCS IMaIia3oH KOHIIeHTpanuii HoHOB xene3a oT 2000 mo 5000 ppm.

B xonTekcTe yBenuueHus HeTeoTAauM KII0UEeBbIM (DAKTOPOM MpHU paszpa-
00TKe KapOOHATHBIX U TEPPHUTCHHBIX KOJUIEKTOPOB BBICTYMAET CMAaYyMBaEMOCTh
nopoJi. IMeHHO 0T 3TOro nmapameTpa 3aBUCAT (Ha30BbIe MPEBPAIICHUS TIACTOBBIX
KUJKOCTEH, PEareHTOB M KUCJOTHBIX COCTaBOB B MOPUCTOM CTPYKTYpeE, UTO B
CBOIO Ouepelb BIusAeT Ha 3P(HEeKTUBHOCTH BoITeCHEHHS He(pTU. MIHBIMU crioBamu,
CMaYMBAaE€MOCTh MOPOIbl OKA3bIBAET 3HAUMTEIHLHOE BO3CHCTBUE HA MOBEJICHUE

¢dronoB BHYTpH Tuiacta. OT 3TOrO 3aBHCAT B3aUMOJCHCTBUS MEXIY HEe(DThIO,
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BBITECHSIOIIUM ar€éHTOM M MIOPOJIOH, ONPEEsis CTENEHb U3BJIEUEHUS YIIIEBOIO-
pPOMIOB. DTa B3aUMOCBS3b JIeaeT CMAaYMBAEMOCTh BAXKHEUIIIUM IMApaMETPOM TIPH
ONTUMHU3ALIMN CTpaTeruil moBblieHUs HedreoTnauu. [loHmmanue xapakrtepa
JTAHHOTO TIapaMeTpa UrpaeT BaXXHYIO POJIb B ONTUMHU3ALUN U3BICUYCHUS HE(DTH,
ocobenHo npu OII3 kapOoHATHBIX M TEPPUTEHHBIX KoJuleKTOopoB. HemepHoe
IPEAINOJIOKEHNE O XapaKTEPEe CMauUuBAEMOCTH MOPO/IbI IJIAaCTa MOYKET MPUBECTU
K €ro HeoOpaTUMBIM MOBPEXKICHUSAM U OCIOXKHEHHUIO pa3padOTKH.

CwmauuBaroniast cnocoonocts KC — ¢uznueckoe B3aumoericteue KC ¢ no-
BEPXHOCTBIO MOpoAbI Mmacta. OHa 3aBUCHUT OT COOTHOUIEHHUS MEXAY CHIIAMHU
cueruierus mojekyn KC ¢ Monekynamu mopoibl riacta (aare3us) U CUujiaMu B3a-
uMHoro crerenus moJiekysl KC (kore3us). CmauuBaromias ciocoonocts KC Ha
ocHoBe [IAB — 3T0 ciocOOHOCTH CMauMBaTh MOPOY IUIACTA WIIK PACTEKATHCA O
HEW.

Mepoii cMaunBaroliel CrnocoOHOCTH, ONPEETSIONIEH CMauYuBaeMOCTh T10-
poabl macta KC Ha ocHoBe ITAB, cioyXuT yroia cMauuBaHusi. YToja cMayuBa-
HUs (JIeBBI/MPaBbIii) — 3TO yroJj, 00pa30BaHHBIM KacaTeIbHBIMU IJIOCKOCTSIMU K
Mex(pa3HbIM TOBEPXHOCTAM, OrpaHnunBaromnM cMauuparomme KC, a Bepimna
yTiia JeKUT Ha JIMHUU pasferna Tpéx ¢da3. Uem Oomble yroyi cMauyuBaHUsl, TEM
Xy’K€ CMauyuBaHKE, U HA0OOPOT.

B xapOoHaTHBIX KOJJIEKTOPax CKOHIIEHTPUPOBaHO 42 % 0CTaTOUHBIX 3ama-
COB YIJIEBOJIOPOJIOB, a B TeppUTEHHBIX — 58 %. O1HOM U3 KIIFOYEBBIX OCOOCHHO-
cTeil OOJBIIMHCTBA KAPOOHATHBIX U TEPPUTCHHBIX KOJUIEKTOPOB SIBJISIETCS BHICO-
Kast TuApOo(HOOHOCTh MATPHUIIBI TOPOJIBI.

OpHrM 13 IEPCTIEKTUBHBIX HAIIPABICHUN JJIs yBeIMYeHHs He(hTen3BIeye-
HUS U3 KapOOHATHBIX M TEPPUTCHHBIX KOJUIEKTOPOB SIBIICTCS MOBBIIICHUE TH]I-
podunusupyromei cnocoonoctu 3akaunBaeMbix KC myTem BBeieHUS B HUX pa3-
mnuHbIX [TAB, 005agaromumx BEICOKMMHU MOKA3aTeNs MU MOBEPXHOCTHON aKTHB-
HOCTH U MoIomel cmocoOHocTu. [locpencTBoM M3MEHEHHs] CMAadMBaeMOCTU

MOJXHO BJIMATH Ha (1)8.30BO€ IMOBCACHUEC ITJIaACTOBBIX (1)J'IIOI/I,Z[0B N BBITCCHAIOIMMX
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areHToB B IOPUCTOU cpeie (pactpeneneHue (QIoua0B B TOPOBOM MPOCTPAHCTBE,
OTHOCHUTEJbHAs (pa3zoBasi MPOHUIIAEMOCTH U T.J.), TAKUM 00pa30M yBEIUYUBas KO-
HEUYHYIO0 HETEeOoTAAUY.

N3yueHHbIe METOABI i TEXHOJIOTUY N3MEHECHHSI CMAaYNBaeMOCTH KapOoHaT-
HBIX U TEPPUTECHHBIX KOJUIEKTOPOB JUIsl yBEIMUEHUS HEPTEOTIauu MO3BOJIUIH BbI-
nemuth KC Ha ocHOBe ITAB kak kiacc Hanbosiee MepCrneKTUBHBIX areHTOB IS
ruapoduIN3aluy Mopoabl 1iacta nmpu nposeaeHnu OI13 kapOoHATHBIX U TepPH-
TE€HHBIX KOJUICKTOPOB.

JUist ompeneneHus KpaeBoro yria pa3padOTaHO HECKOJBKO MOIXOJO0B,
Cpelld KOTOPBIX: METOJI aHaliM3a HAKJIOHHBIX MEeMOpaH, METOJ HEMOJBM)XHOU
KaIuTd, TCH30METPUYECKUH aHAIHM3 ¥ CTIOCO0 KaMJUIIPHOTO O IbEMA.

OnHako OOJBIIMHCTBO YKa3aHHBIX METOJIMK OTPAHUYEHBI B MPAKTHUECKOM
MPUMEHEHUHU. ITO 00YCIOBIEHO TEM, UTO OHU HE MO3BOJISIIOT aJIEKBATHO YUUTHI-
BaTh HEOJIHOPOJHOCTh MUHEPAIBHOIO COCTAaBa U CIOKHYIO T€OMETPHIO MOp, Xa-
PaKTEPHBIX IS TOPOJI-KOJUIEKTOPOB. B pe3ynbTaTe moayueHHbIE U3MEPEHUs Ya-
CTO HE OTPAXKaIOT PEANbHBIX CBOMCTB MOPOABI-KOJUIEKTOPA B LIETIOM.

N3mepenne u pacuer yrina cMadyuBanuss KC MeToa0M MOKOsIIECs Jiexka-
I Karum sSBJsieTCs: Hanbosiee pacpoCTpaHEHHBIM TIPH OTIPEICTICHUH yTia cCMa-
YUBAHUS ¥ U3MEPSETCS B TOM citydae, koraa kariss KC HaxoauTcest B HEMOABUIK-
HOM COCTOSIHUH Ha TBEPI0M MMOBEPXHOCTH MOPO/IHI C TOMOIIBIO ONITUYECKOTO aHa-
au3aropa. [To cpaBHEHUIO ¢ IPYTUMU JaHHBIM METOJ SBJISETCS JOCTATOYHO IMPO-
CTBIM ¥l TOUYHBIM, ¥ TOATOMY OH HCITOJIB3YETCS JUTsl BRIYMCIICHUS YTJIa CMaYMBaHUS
B nuama3one 0-180°. HecMoTpst Ha cTaOMIBHOCTH pa3Mepa Karuik B XOJ€ U3Me-
penuii, yron cMaunBanusi KC He ABIsieTCS BEIMYMHOW MOCTOSIHHOW. BHemHue
YCJIOBHSI CTIOCOOHBI BBI3BATh €r0 U3MEHEHUS C TCYCHUEM BPEMEHU. YTOJ CMavyu-
Banust KC moBepKeH CIIOHTAaHHBIM U3MEHEHHSIM IO/ BIMSHUEM TaKHX MPOIIeC-
COB, KaK CEJUMEHTAlUs, UCHapeHue U Jpyrue (PU3MKO-XUMHUYECKHE BO3/CH-

CTBHAI.
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XOTsl KpaeBOM Yros CMayMBaHHs HE JAET MOJHON KapTHUHBI CBOOOIHOM
DHEPIUU TBEPAON NOBEPXHOCTH T'OPHOM NIOPOBI, OH IOJIE3E€H JUISl OTCIEKUBAHUS
JTUHAMHKHU a0COPOINH U aICOPOIMHI KOHTAKTHOM KHUAKOCTH HAa TOBEPXHOCTH T10-
ponbl. C OAHOW CTOPOHBI, METOJI KPAEBOI'O yrjia CMAYMBAHMS HE MO3BOJISIET I10-
JYYUTh MCUEPIIBIBAOILIYIO OLIEHKY CBOOOJHOMN 3HEPTUU MOBEPXHOCTU TBEPIOTO
Tesa, IPeICTaBIEHHOI0 ropHOM mopooil. C 1pyroi CTOPOHBI, €ro NPUMEHEHHE
IIO3BOJISIET U3Yy4aTh IIPOLIECCHI, U3MEHSIOINECS BO BPEMEHH, TAKUE KAK ITOTJIOIIE-
HUE U NPWIKIIaHWE KOHTAKTHOM XKUJAKOCTHU K MOPOJIE.

3a4acTylo UCCIIEIOBAHUS 3aTPYIHSAIOTCSA U3-3a BPEMEHHOW HECTaOMIIBHO-
CTH CBOWCTB, HAIIpUMEp, PACTEKaHUs KalIM. TOYHOCTh U3MEPEHHUN TAaKKE CHU-
KaeTcs u3-3a 1ePeKToB 00pa3la, TAKMX KaK LapanuHbl, NSTHA WX HEOJHOPO-
HOCTH MOBEpXHOCTU. OAHAKO METOJ MOKOAMIEHCS JIeKAIEH Kalljld MO3BOJISIET
MUHUMHU3HUPOBATH BIUSHUE 3TUX (PAKTOPOB. DTOT METO/I TO3BOJISIET MOIYYHUTH 00-
Jiee TOYHBIE PE3yJIbTAaThl JaKE MPU HAJUYMK BBILICYNOMSHYTHIX Ipobiem. Mc-
M0JIb30BaHUE JAHHOTO MOJIX0/Ia CIOCOOCTBYET MOBBIIEHUIO HA/IEXKHOCTU U BOC-
MPOU3BOJAMMOCTH HAayYHbIX JaHHBIX. JJabopaTopHbIE TECTUPOBAHUA IO OIpeEse-
JICHUIO yTJla CMAYMBaHUS JAHHBIM METOJIOM MPOBOASAT C MOMOIIbIO ONTHYECKOTO
ananu3aropa DataPhysics OCA20. Ha puc. 9 u 10 npencrasieno pacnpenene-
Hue KC mia OII3 kapOOHATHBIX U TEPPUTEHHBIX KOJUIEKTOPOB MO MX MPEAEIIb-

HBIM 3HAYCHHAM yTIJIa CMa4YMBaHUA.
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U3 puc. 10 Bugno, yro KC mist OII3 TeppureHHsix KosmiekTopoB (95,45 %
oT oOuiero yucna nporectupoBaHHelx KC) uMeroT 3HaueHusl yriia cMaulBaHUs
menee 30°, a 4,55 % ot obmiero uncia nporectupoBanHbix KC — 6omee 30°.

VYron cmaunBanus (nieBbiit/mpaBeiit) KC ans OI13 kapOoHATHBIX U TEppH-
T€HHBIX KOJIJIEKTOPOB JOJKEH UMETh 3HaueHHe He O6oJiee 30°, HOCKOIbKY, UCXOAs
U3 TIOJIyYEHHBIX JaHHBIX 110 JJA0OPATOPHBIM TECTUPOBAHUSAM, IIPU 3HaYE€HUHU 00-
nee 30° KC He cMaunBarOT MOBEPXHOCTH MOPOJBI IUIACTA U HE IPOUCXOIUT TU-
podunnzanus nopoAs miacta npu nposeaeHur OI13 kapOOHATHBIX U TEPPUTEH-
HBIX KOJIJIEKTOPOB, UTO MOKET IPUBECTU K €r0 HEOOPATUMBIM IMOBPEXKACHUAM U
OCIIO)KHEHHIO Pa3pabOTKHU.

Pe3yabTaThl

Pe3ynbraThl SKCIIEPUMEHTAIBHBIX U IIPOMBICIOBBIX HCCIECJOBAHUMN TOKa-
3aJii, YTO PACCMOTPEHHbIE (PU3UKO-XMMHUYECKHUE MapaMeTphl MO3BOJISIOT MOBbI-
CUTh JIOCTOBEPHOCTh MX OIpPEAENICHHUs Ha TOpHBIX Nopoaax-kojuiekropax KC
st OI13 kapOOHATHBIX W TEPPUTEHHBIX KOJJIEKTOPOB U MOAOOpATh ISl HUX
HauOonee ontuManibHbie KC Ha ocHoBe [TAB 1 UX KOHIIEHTpAIUIO C LEJIbIO MO-
BbIIeHUS 3P dekTruBHOCTH npoBeaeHust OI13 Ha ckBakMHaAX C TadbHEHIINM yBe-
JMYECHUEM MPOAYKTUBHOCTH CKBAYKUH.

Oo0cyxaenune

B xone BemonHeHus qanHou pabotel Ha TeMy «IloBbienue rppexTuBHO-
CTH KHCIJIOTHBIX 00pa00OTOK MPUCKBAXKMHHBIX 30H KAPOOHATHBIX M TEPPUTEHHBIX
KOJUIEKTOPOB» ObLIa MpecTaBieHa HHPOpMaLUs 0 00CY X ACHHUIO, @ UMEHHO!

— pe3yabTaTOB PabOTHI, CBI3AHHBIX C JIUTEPATYPHBIM 0030pOM U 0OOCHO-
BAHMEM HOPMAaTUMBHBIX MapaMmeTpoB M ux 3HayeHud B TTY KC B TexHomo-
rusix OI13;

— CBOJIHBIX PE€3YJIBTAaTOB 10 OCHOBHBIM IIporieccam npu KUCIoTHeIX OI13 B
KapOOHATHBIX M TEPPUTECHHBIX KOJUIEKTOPAX;

— AQHaJIM3 UCCIIEA0BAHUM 110 MUHEPAIIOTUM NOPOJ KBIHOBCKOTO U IAIIHAN-

CKOT'O T'OPU30HTOB IJIA BI>I60pa nmapamMceTpa ((PaCTBOpI/IMOCTB».
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BoiBOABI

O060CHOBAaHO MPUMEHEHHE OCHOBHBIX HOPMATUBHBIX MApaMETPOB U UX 3HA-
YEHUH B TEXHUKO-TEXHOJIOTHYECKUX TpeOoBaHUAX U yciaoBusax o KC nus kapOo-
HATHBIX U TEPPUTCHHBIX KOJUIEKTOPOB B TexHoJorusx OII3: onpenenena 3Hauu-
MOCTb, PACCMOTPEH OTEYECTBEHHBIN U 3apyOekKHBIM OMBIT UCCIEIOBAHUMN, OIH-
CaHbl METOJMKH UX ompeaeseHns. OnpeeneHbl OCHOBHbIE TEXHUKO-TEXHOJIOTH-
yeckue TpeOoBaHus U yciaoBusl, peabsaBisiemble kK KC as ycnenrHoro nposese-
HUS TeXHOJOTUN KUCIOTHBIX O3 kapOOHATHBIX U TEPPUTEHHBIX KOJIJIEKTOPOB.
O003HaueHbl OCHOBHBIE METOJIMKH M TapameTpsbl, onpenenstonme 3h(exTus-
HOCThb TexHosorui KuciaoTHeix OII3. OOocHOBaHBI BHIOOP U 3HAYMMOCTU (PH-

SUKO-XUMHWYCCKUX IMAapaMCTPOB N UX KOJIMYCCTBCHHBLIC 3HAUYCHH.
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