Taxenbie HepTM (TH) n npupoaHbie 6buTymbl (MB) B NEPMCKUX OTNOXKEHUAX
MecCcTopoXAeHUn TaTapCcTaHa XapaKTepu3yTCs BA3KOCTbIO B NMJIACTOBLIX YC/I0BUAX
6onee 10 TbiC. MIMa ¢ [1]. Mo MHeHUIO CNeynanncToB, AN AOCTUXKEHNA HEODBXOANMbIX
TemMnoB BbIpaboTku 3anacoB TH v MNMb HeobxoanMbIN YPOBEHb CHUXXEHUS UX BA3KOCTU
nosmkeH 6biTb 10 MMaxc [2]. B HacToswee BpeMs A58 CHUXKEHUSA BA3KOCTU
MPOWU3BOANTCSA HarpeB MnsacTa 3akadkown TernJoHocuTensa - napa. AibTeEpHATUBHbIM
BapMaHTOM MapoTen/JIoBOro BO3AENCTBUSA ABASAETCA 3aKavykKa pa3/IMyHbIX
pacTteopuTenen [3]. Ncnonb3oBaHMe pacTBoOpUTENEn, COCTOALWMX TOSIbKO U3
HU3KOKNNALWMX anndaTrnieckmnx yrnesonoponos (nponaH-6ytaH, ra3oBbln 6€H3UH,
LWMPOKas hpakunsa nerknux yrnesoaoponos) B 3aBUCMMOCTU OT COCTaBa bUTyMoB U
KonmyecTBa gobaBneHHOW hpakUUU MPUBOANT K Koarynaumm acanbTEHOB U, KakK
cnencTeme, K BO3MOXKHOW KOJibMaTaLMmM MOPOBOro NPOCTpaHCTBa C Nocaenyowmm
CHMXXeHneM KodhpuumneHTa BblITECHEHNSA. BO3MOXXHbLIM Crocobom nsbexxaTb
ocakaeHusa acanbTeHoB Npu fobeive TH 1 Nb ¢ ncnonb3oBaHMEM pacTBopuTenen,
apnseTca gobassneHne B HUX cTabunmsaTtopa (MHrMbmTopa) oca>kaeHus
acanbTeHoB[4]. 13BECTHO, 4TO (ha30BOE COCTOAHME acdaibTEHOB B HEPTAHbIX
cpefax onpenenseTcs pacTBopsoLEen CocobHOCTbLIO AUCNepcnMoHHon cpeabl [5,6].
Ona npegoTBpalleHns ocakaeHnsa acgasibTEHOB NCMOJIb3YIOTCA CTabunmsaTtopsbl -
pacTeopuTesin achasibTEHOB apoMaTMYeCcKne yranesonopobl, Takme Kak ToJyor,
Kcunon un T.4. [7]. Takxe MOXXHO MCNOb30BaTb PAA4 MHIMONTOPOB, AENCTBYOWNX KaK
COoJIbBATUpPYOLWME areHTbl, KOTOpble B OT/IN4ME OT apoOMaTUYeCKNX pacTBopuTenen
MOryT OTBE€4YaTb HOPMaM 3KoJlorm4eckon beszonacHoOCTU: HedTAHbIE cMObI [8, 9],
hAeacanbTn3aT N CUHTETUYEeCKMe aMpPudunabl Ha 0OCHOBE aNKUIMPEHONI0B NN
anknncynbgokucnoT [9]. OaHaKo B 3aBUCMMOCTUN OT XUMNYECKUX N CTPYKTYPHbIX
XapaKTepUcTUK MHrMbunTopa, a TakXXe CoCTaBa U CBONCTB HEPTU SPPEKTUBHOCTb
cTabunnmsaTopa MOXKXeT pa3nmyaTbCs. Llenbto paboTbl SBNSACA CONOCTAaBUTENbHbIN
aHaNn3 NHrMBbMTOPOB ANA KaXkaon HedTn B nabopaTopmnm Ha MOAeSIbHbIX YCTAaHOBKAX,
npexae 4eM OHM MOoryT ObITb MCMNOJIb30BaHbl B TEXHOJIOMMYECKNX Npoueccax us
3KOHOMUYeCcKux coobparkeHnin. Cpeam N3BECTHbIX BApPUAHTOB KOHTPOJIA OCa)KAEHMNS
acanbTeHoB, Hanbonee NCNONIb3YEMbIMUM ABAAIOTCA Ceayoumne MeToabl:
onpeneneHmne cTabmabHOCTN N COBMECTUMOCTU MO NATHY; FPaBUMETPUYECKME;
MWUKPOCKOMNYeCcKmne; onTu4ecKmne; KOHOYKTOMeTpUYeCckne; BUCKO3IMMeTpunyeckue;
aKycTmyeckme v T.4. B npomMbicnoBbIX 1abopaTopusax onTuMasabHbIM BapuaHToM byaeTt
aHaIN3 ONTUYECKNX CBOMNCTB, Bbnarogapsa HannM4Yno CTaHOapPTHbIX
cnekTpogoToMmeTpoB. OAHUM U3 MHHOPMATUBHLIX MAPaMETPOB B N3YHEHUN
ONTUYECKNX CBONCTB HE(PTU N HEPTAHLIX PppaKkLUA CNeKTpa ABNAETCA yAeSbHbIN
rnokasatenb nornoweHusa [10]. B Hawmnx nccnenoBaHUAxX A9 KOHTPOA npouecca
ocakgeHus achanbTeHOB NpU NpoBefeHUN MO4esIbHbIX 3KCNEePUMEHTOB OLeHnBanach
BO3MOXXHOCTb MCMNOJ/Ib30BaHUA KOIhuMUMeHTa ceeTonoraoweHnsa (Kecn) HedpTen n
He(TAHbIX hpakLn B BUONMON YacTn cnekTpa. iccnepoBaHbl obpasubl 6UTYyMOB
AwanbymHckoro, Mopaoso-KapManbCkoro n EKaTepmHOBCKOro MECTOPOXAEHUN.



OnpepeneHune cogep>kaHnsa achanbTEHOB B BUTyMax OCyLLIECTBAAETCS CTaHAAPTHbIM
rpaBMMeTpUYeCcKumM metoaom gobasieHnem ocagntens K BUTymMmy B COOTHOLLEHUN
20:1. B Ka4ecTBe ocaanTens acdanbTeHoB Obin BbibpaH neTponenHsin agup 40-70, a
B KavecTBe cTabunmsaTtopa - Toayosa. C yBenmyeHnem Josnm Toyosia B ocaguTene
KOJIN4eCTBO OCafKa acanbTeHOB yMeHblaeTcs. 1o pe3ynbTaTaM U3MepeHun
YyCTaHOB/IEHO, 4TO A8 6uTymoB € 60/1bLLIMM COOTHOLIEHMEM aCcdaibTEHOB K CMOJIaM
TpebyeTcsa 6onblwe cTabnnusatopa achanbTeHoB. OQHOBPEMEHHO B Kakaom 13 npob
n3 BepxHero cnos otbmpanm npoby geacchanbTrnlaTta Ha aHanm3 B konmdectee 0,25
MN 13 koTopoun rotosusn 0,5% pacTteop B Tonyosie gnsa onpegenenns Ken. Mpun
hoTOMETPMPOBAHUN UCMOJIb30BAIN «KPACHLIN CBETOUALTP>» (OJIMHA BOJIHBI,
COOTBETCTBYKOLWAa MakKCMMyMy nponyckaHusa, 630 HM). Mexxay cofep>XaHnem
acanbTeHoB 1 Kcn geacganbtmilaTta bbinn onpeaeneHsl MIMHENHbIE 3aBUCUMOCTM C
BbICOKMM KO3(hhpuuneHTOM Koppensauum (puc. 1). Puc. 1 - 3aBncumocTtb Ken
neacganbTnlaTa nNpn 630 HM OT coaep>XaHMsA achanbTEeHOB B 0Cagke OJis
nccnepyembix 6utymos Mcxonsa n3s nosyvYeHHbIX pe3ynbTaTos, 6b1J10 NpennoxeHo
ncnonb3oBaTb NapameTp Kcn geacganbTmiaTta gna onpegeseHmnsa Heobxoammoro
Kosnm4yecTBa ctabunmisaTtopa acanbTeHOB. Onsa Awanb4nHCKoro butyma bbina
MOCTpOEHa 3aBUCUMOCTb Kcn fgeacanbTr3aTa OT COAEep>KaHUA TOoNyosia B
neTponenHom agupe. MMHMManbHas To4Ka B 3Ha4YeHUM Kcn cooTBETCTBYET 3HAYEHUIO
Kcn geacdanbTr3aTa B OTCYTCTBUM cTabunmisaTopa, 4TO COOTBETCTBYET
MaKCMMaJIbHOMY KOJIM4eCTBY BbliNaBLUMX acasibTEHOB, @ MaKCMMaJsibHasA TOYKa B
3HadYeHunn Kcn cootBeTcTByeT Kcn 6uTtyMa. bbinn nccnenosaHbl obpasubl
acganbTeHOoB, NoJly4YeHHble B pe3yJibTaTe BapbUPOBaAHNA COCTaBa oCaanTens
neTponenHsln 3coup : Tonyosa. C ygenmyieHnem oM Toslyosia B CMecu uBeT
ocagmMBLINXCA acdasibTEHOB N3MEHSAJICA OT TEMHO-KOPUYHEBOIro 40 YepHOro C
bnectawmm oTTeHkoM. Tabnmua 1 - OnTu4eckme CBONCTBaA acasbTEHOB
Awanb4nHckoro (A) n Mopaoso-Kapmanbckoro (M-K) 6utymos Cogep>xaHune Tonyona
B neTposienHoM 3gumpe, 06.% Kcn acganbteHoB, 630 HM ApOMaTUYHOCTb
1600/720+1380 KoHaoeHcnpoBaHHOCTL 1600/740+860 A M-K A M-K AM-K 0 37,8 43,8
0,580,511,101,111045,546,80,610,601,24 1,21 1545,7 46,90,63 0,61 1,24 1,23
20 48,2 51,00,72 0,62 1,55 1,23 B Tabaunue 1 nokasaHo nameHeHune Kcn
acasibTEeHOB U CNeKTpasibHbIX KO3 PUUMNeHTOB Ha ocHoBe NK-Pypbe cnekTpos,
OCaKOeHHbIX ocaguTeneMm C passiMyHon gonen tonyosna. lNpeacraBieHHble AaHHbIE
CBMAOETENbCTBYIOT, 4TO C yBEJINYEHUEM O0/IX TOJyOosila B CMecu C NeTposienHbIM
3pnpoM ysenn4ymeatotca Kcn achanbTeHOB, apOMAaTUYHOCTb M KOHOAEHCUPOBAHHOCTD.
B Tabnunue 2 nokasaHo n3MeHeHne coaep)xaHnsa BaHagus, CtabunbHbiX CBO6OOHbIX
paaunkanos (CCP) n BaHagunnoBbix komnnaekcos (BK) Tabnuua 2 - CeoncTBa
acanbTeHoB AwanbynHckoro (A) u Mopaoso-Kapmanbckoro (M-K) 6utymos
Cooepr>xaHue Tosyona B neTposenHom acupe, 06.% CopepxaHue BaHaaus, Mac.%
CCP*1017, oTH.cn.,r BK, *1017, otH.cn/r AM-KAM-KAM-K0 0,28 0,229,39,92,82,9
100,26 0,24 6,6 10,02,1 2,9 150,28 0,226,78,82,32,9200,250,225,57,31,82,1



Mosy4eHHble pe3ynbTaTbl CBUAETENIbCTBYIOT O TOM, YTO C YBEJINYEHUEM [,0/1M Toyosa
B CMeCun C NeTPoJIeNHbIM 3(PUPOM UMeeTCH TEHAEHUNSA K CHUXKEHUIO B COAEPXAaHUN
BaHagunsa, CCP n BK. Takum obpa3oM, nameHeHne CBONCTB OCa)KAaeMbIX acasibTEHOB
ABNAETCA TaK)XXe O4HUM N3 KpUTEpMEB OLLEHKN IPPEKTUBHOCTU MHIMOUTOPOB
ocakaeHus acanbTeHoB. Ana Awanb4YnHCcKoro butyma nposeneH
COMNOCTaBUTEJIbHbIN aHa/IN3 PAa3/INYHbIX METOLO0B AN OUEHKWN 3(h(PheKTUBHOCTHU
cTabnnmsaTopos ocakaeHUs acasbTeHOB (PUCYHOK 2). Pe3ynbTaThbl NO
onpeneneHunto HeobxognMmMoro KonnyecTBa CTabunmsaTopos rpaBUMETPUYHECKNM U
poTOMeTpmnYeCKrM MeToLaMu COBMafatloT, a MeTo4 «MNATHa» NnoKa3biBaeT
3aHM>KEHHbIe pe3ysibTaTbl. Taknum obpa3oM, poTOMETPUYECKNUA MEeTOL NO3BOJAET C
HaMHOIro MeHbLUIUMK TpyAo3aTpaTaMn NOJYHYUTb COMOCTaBUMbIE C TPAaBUMETPUYECKNM
MeTOo4OM pe3ysibTaTbl. PUC. 2 - Pe3ynbTaThl Mo onpegeneHuto Heobxoammoro
Kosaim4yecTBa CTabunmsaTopoB oca>kaeHns acasbTEHOB Pa3/IMYHbIMM MeTOAaMn ANs
AlanbyYMHCKOro 6utyma B cTaTn4eckoM pexume B pe3ysibTaTe OLUEHKN U3MEHEHUS
KoJZinyecTBa ocafka acdasibTeHOB U KO3 duLmeHTa CBETOMOr1oweHms
neacdanbTnsaTta npu gobasneHnn K butymy 20-kpaTHoro niboitka cMecu
neTposienHoro acpupa C TosyosioMm 6bI10 BbIABIEHO HEOBXOAMMOE KONTNYECTBO
apoMaTun4eckoro pactesoputens ana 6utymos Allanb4MHCKOro n MopaoBo-
KapManbCKoro n EKTepMHOBCKOro mectopoxxaeHun 26, 33 n 35% CcooTBETCTBEHHO.
KpomMe apoMaTUyYeCcKux yrneBoaoponoB acpdekTomMm nHrnbnposBaHmsa npouecca
BbiMaaeHma acasnbTeHOB 06/1a8atl0T pasinyHblie NPUPOAHbIE N CUHTETUYECKNE
MoJsIipHbIE reTepoaTOMHbIe BellecTBa N coeguHeHuns. o pesynbTaTaM NpoBefeHHbIX
nccnenoBaHMM yCTaHOB/IEHO, YTO AeacdanbTU3aT ABNSETCA AOCTAaTOYHO
3(hbhekTMBHbIM CTabMAN3aTOPOM OCarKAeHUs achanbTEHOB He YCTynatowmm
3KOJIOrMYeCKM OrnacHbIM apoMaTUYeCKM yrnesogoponam. HepTAHbIE CMOJIbI KaK
MHrMOUTOPLI NpoLecca ocaKaeHnsa achasibTEHOB MO 3PPEKTUBHOCTN HEHAMHOI O
OT/INYAIOTCA OT OOPOroCTOALNX CUHTETUYECKUX NMPOAYKTOB. MeTooOoM NATHa
YCTaHOBJIEHO, 4TO 4015 BeH30/IbHbIX CMOJ1 B KOJIMYeCcTBe He bonee 6,5%, Ha 06bem
HU3KOKMMALLMX H-aJIkaHOB MO3BOJISET MOJIHOCTbLIO obecneynTb cTabnnmsaumio
acanbTeHOB B NpoLecce BbITeCHEHUA TaXKenon HedTu. MNMpu 3TOM yCTaHOBNEHO, 4YTO
CNMPTOBEH30/1bHbIE CMOJIbl MPU HOPMaJibHbIX YCIOBUAX HE ABAAIOTCA SPPEKTUBHBLIMM
MHrMbuTopamMm oca>kaeHns acanbTeHOB. 19 KONMYECTBEHHON OLEeHKMK 3hdhekTa
MHrMbnpoBaHNsA sKCNepmMMeHTaNbHO 060CHOBaHa BO3MOXXHOCTb UCMOJIb30BaHUSA
MeToha CNeKTPohOoTOMETPUN B BUAMMOM fMarnasoHe OJi1 KOHTPOJIA npoLuecca
oCa)KaeHuns acanbTeHOB Npu pasbaBneHnn BUTYMOB H-ankaHaMu ¢ gobaBkamu
Pa3INYHbIX MHFMOGUTOPOB. MeTod OCHOBaH Ha aHanuse KoagdunumeHTa
cBeTonornouweHusa geachanbTn3aToB U No3BonseT 6e3 nsmMmepeHnsa KoamyecTsa
ocagka acanbTeHOB CyanTb 06 3hPEKTUBHOCTUN MHIMOBMPOBaAHUSA Pa3INYHBIMU
coeguHeHNAaMU 1 BellecTBaMn. B criy4ae ncnosib3oBaHUA B Ka4yeCcTBe pacTBoOpUTeen
NIErKNX aflkaHOBbIX Yr/1eBOAOPOA0B Ba)XXHO MMeTb cBeaeHnsa o6 obvemax
ocakjarwmxcsa achanbTeHOB B He(dTeHacChILWeHHOM nacTe. N4 pewweHns gaHHOW



npob6siemMmbl NPoOBEAEHO 3KCNEPUMEHTAJIbHOE MOOEeIMPOBaHMNE (PU3NKO-XUMUYECKOT O
BO34ENCTBUA Yr/1eBOLOPOLAHbIX pacTBOpUTENEN Ha HepTeHAaCbILWEHHbIN MAacT C
ncnosb3oBaHueM nabopaTopHON MOAENbHOM YCTAHOBKU. DKCNepuMeHTaslbHas
yCTaHOBKa MO MoLeIMPOBaHNIO (PU3NKO-XMMNYECKOro BO3OENCTBUA pacTBoOpuTenen
Ha HedTeHacbIWEeHHbIN NNACT NpeacTaBngeT cobon Npo3padHyto KaMmepy 13
OopraHu4eckoro crtekna c pasmMmepamm 10x10x1 cm. [ing npoBeneHNss MOAEsIbHbIX
3KCNEePUMEHTOB NCMNOJIb30BaHbl 0bpa3ubl buTymoB Alwanb4nHCKOro. BoibpaH 6a30BbIn
Yyr1eBO4OPOLAHbIN pacTBOpUTENb - NeTposenHbin 3pup 40-70. NMpoHMLaeMoCTb
Mooenu nnacta coctasnana 270 mL (bpakumm necka 0,125-0,250 mm), cooep>xaHune
buTtyma B nopoae 5 mac.%, Temnepatypa 20°C. Npouecc BbITECHEHNSA OCYLLLECTBASANCS
noa AeNCTBUEM CUJbl TSXKECTU CBEPXY BHU3 NpU aTMOChepPHOM aaBneHun. Ons
BbIACHEHNSA 0COBEHHOCTEN N3MEHEHNS COCTaBa N3BJIeKaeMbiX BUTYMOB (3110aT),
MOJIY4EHHbIX BbITECHEHNEM NeTPOsIeNHbIM 3(hMPOM N3 MOoLEeNN NacTa onpenesneH nx
KoaphpumumeHT ceeTonoraouweHunsa (Kcn). MNMonyyYyeHHble AaHHbIe MO n3MeHeHuto Kcn
BblITECHAEMbIX BUTYMOB N3 MOOENN CBUAETENbCTBYIOT 06 06LLMX 3aKOHOMEPHOCTAX
M3MEeHeHUsA NX COCTaBa B npoLecce n3iBnevyeHns pacteoputesieM. Tak, BO BCeX
C/lydasax NPoONUCXoaunT CHMXXeHne Kcn butymMa no Mepe BbiTECHEHMSA U3 MOAENN NnacTa
pacTBOpUTENEM, YHTO CBA3aHO C OCaKAEeHNEM acqasibTEHO-CMOJINCTbIX KOMMOHEHTOB.
Ina NoBbIWEHNA KONNOUAHOW CTabnibHOCTN acaibTEHOBbLIX KOMMOHEHTOB BUTYMOB
B Npouecce Nx BblITECHEHUA NerKOKNNAWMMM H-aJlkaHaMn NpoBeneH
aKCnepuMeHTaNbHbIM Nogbop xmmMmnyecknx nobasok. B nepeyto oyepenb
onpenensnocb MMHUMaIbHOE KOJIMYEeCTBO apoMaTUYeCKOro yrinesogopona (Tonyon) B
cocTaBe 6a30BOro pacTBOpMUTENSA HA OCHOBE H-aJlIkaHOB (NeTponenHbin acpup 40-70)
ONa NnpenoTBpalleHns KossiongHonm gectabunmsaunm NnpupoaHbiX 6UTymMmoB u
obpa3oBaHUA achanbTEHOBLIX OTJIOXKEHUIN, @ BO- BTOPbIX CMOCOD 3aKkaydku
pacTeopuTens. MNMpun BbiISCHEHNN 0COBEHHOCTEN BbiITECHEHNA BUTYMOB CMeCH
neTposIenHOro apupa C pasHbIM KOJIMYECTBOM TOJIyoJ1a U3 MO4e v nJacTta NnoJslyyeHbl
cnepyowme pesynbTaThl (pUCyHOK 3). 119 aHanm3a ocTaTo4HOro buTyma nocne
3aBepLleHnsa npouecca BblTeCHeHUSA, yCTaHOBKa pa3bupanack, n BeCb 00beM necka B
MoAenn pa3nensanm Ha 9 cekTopoB (PUCYHOK 4). OCTaTouYHbIN BUTYM N3 KakAoro
CeKkTopa akKcTparmpoBanun 6eH300M. Yem Bbile Kcn ocTaTo4vyHOro butyma B ceKkTopax,
TeM 6osblUe BbiNano achanbTeHoB. Puc. 3 - U3BnevyeHmne HedhT N3 MOAENLHOWN
YCTaHOBKW Mpu pa3sIM4HOM COCTaBe BblTeCHAeMoro pacrtsoputens Puc. 4 - Cxema
3KCNepMMEHTasIbHOMN YCTAHOBKW MO MOOE/IMPOBAHNIO PU3NKO-XUMUNYECKOT O
BO3EeNCTBUA pacTBOpUTENEen Ha HepTeHacChIWeHHbIN niaacT Mo nameHeHuo Ken
SKCTPAKTOB MOXXHO CAeslaTb BbIBOL, YTO C YBEJIMYEHMEM A0 TOJyos1a B
neTposienHOM 3(hupe KOM4eCcTBO ocafka acasbTEHOB B MO eI YMEHbLUaeTCs.
Cnocob 3akayku Tonyosa TakXe nMeeT 3HadveHune. MNpn BBeAEHNN TOJyoJla OTOPOYKOM
nepen 3aka4ykom NeTposIenHoro aupa Koan4ecTBo ocafka acasbTEHOB B MoOe NN
CYLLEeCTBEHHO YyMeHbLIaeTcs. B uenom, noayyvyeHHble pe3ysibTaTbl SKCNEPUMEHTasIbHbIX
nabopaTopHbIX paboT 060CHOBLIBAOT BO3MOXHOCTb Nepexoa K 3Tany OrnbITHO-



MPOMBbILLJIEHHbLIX UCMbLITAHNI Ha y4aCTKe MecTopoXXaeHuns butymos B Pecnybnmke
TaTapcCTaH NO TEXHOJIOMNN NX N3BIEYEHUA NYTEM 3aKa4YKM KOMMO3ULMOHHOI0O
pacTBOpPUTENS B CUCTEME FOPU3OHTAJIbHbIX CKBa>XNH. 3aKadka pacTBopuTenen Ha
OCHOBE LWMPOKOW ppakumm nerkmx yrnesogoponos (LLUDJTY) MoxxeT oCyLeCcTBAATbCA
KakK OTAEeNIbHO, TaK U COBMECTHO C MapoM, B LUKJINYECKOM UM NMOCTOSAHHOM pexxume.



