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B3ANMOCBS3b MEXIY TEXHOJIOI'MYECKUMHU
CBOVMICTBAMM YIJIEM U COCTABOM DKCTPAKTOB

Ilposedeno demanvhoe cpasuumenvHoe U3yueHue 8blxo0d U COCMAsa IKCMPAKmMos, a maxdice npo-
0yKkmos nonykokcosanus cnexkaiowuxcsi (mapka JK) u necnexarowuxca (mapka /[) yeneii /Jonbacca
DA3HbIX 2EHEMUYECKUX MUno8 no 60CCMAHOGIEHHOCIU C YEbI0 OYEHKU 603MONACHOCINU UX PAYUOHATb-
HOU 3HepeoXuMu4eckol nepepabomku. Bvisgneno naiuuue mecHOU KOPPeIAYUOHHOU C8A3U MeHCOY
BbIXO00M NONYKOKCOBOU CMOJIbL U COOEPIAHCAHUEM 8 IKCMPAKME ANKUTUPOBAHHBIX Oupenunos, Hagpma-

JIUHA, PeHaHMPena U ux NPoU3800HbIX.

Knrouegole cnosa. nonykokcoeas cmoaa, y201bHble IKCHMPAKMbL, KOPPEAYUs.

OCHOBHOM COIIMAJIBHO-3KOHOMHUYECKOH 3agauei,
0COOEHHO aKTyaJbHOU JJIsi PETHOHOB, TPAJAUIHOHHO
HCTIONB3YIOMINX B KAYECTBE SHEPIrOHOCUTEIICH YIIIH,
SIBJIICTCS. Pa3pabOTKa M BHEAPCHHUE TEXHOJIOTHHA HMX
KOMILIEKCHOH JHEPTOXMMHYECKOW TepepadOoTKH.
OTO TO3BOJHUT CHHU3UTHh AHTPOIOTEHHYIO HArpy3Ky
Ha OKPYXAIOIIYI0 CPEly W YBEIMYUTH CTEICHb HC-
[I0JIb30BaHus ToruinBa [1-5].

Cawmprii 6omp1I0l B YKpanae JloHeNKui kaMeH-
HOYTOJIbHBEIN OacceiiH pacmoioxkeH B JlOHEUKOH,
Jlyranckoir u JIHempomerpoBckoi obOmactsax. Ero
passenannbie pecypcsl (mo riryouusr 1200-1500 M)
COCTaBIISIOT. IJIsl KameHHoro yrisa — 41,5 mipn. T,
U3 HHUX KOKCymomerocs — 12,8 mipa. T; ans aHTpa-
uuToB — 6,3 MiIpa. T. Dkcmyatupyercs 159 o0bex-
TOB (IIaXT, pa3pe3oB, y4acTkos) [2].

KomuuectBo cepsl B yrie JloHenkoro Oaccelina
KoJe0eTcs B OU4eHb MUPOoKuX npeaenax — ot 0,5 mo
9,3 % macc. 3anexu yrii, colep KaHue Cephl B KO-
TOpBIX TpeBbimaeT 2,5 % Macc, B CpeiHeM COCTaB-
msiror 70% u moryT kosebarbes ot 30 % (Kpacho-
apmeiickuii paiion) no 85 % (JIucryanckuii paioH).

W3 570 mnacroB yris, pa3pa0aThiBaeMbIX B
Houbacce, 26,4 % OTHOCATCS K KaTErOPUH HU3KO-
CepHUCTHIX, 59,2 % — K KaTeropmu CEpHHUCTHIX H
14,4 % — BbicOKOCEpHHUCTHIX. 13 238 miacToB KOK-
cytomerocst yris 113 (47,5 %) UMEIOT CEpHUCTOCTD
1o 2,5 % u tonpko 4 maxTtel U3 74, noOBIBAOIINX
KOKCYIOIIMICS YTOIb, pa3pabaThIBAIOT HU3KOCEPHU-
CThIE TIACTHI.

Heus0exHblil B TaKUX YCJIOBUSIX POCT HOTPEO-
neHnst Hu3KokadecTBeHHBIX yried (HKY) ¢ Brico-
KUM COJIEp)KaHHUEM Cepbl M OaTaCTHBIX KOMIIOHCH-
TOB T'PO3UT YBEIMUYEHUEM U 0€3 TOTO BBICOKOM 3KO-
JOTMYECKON HAarpy3Kd Ha OKPYXKAIoOIIyH Cpeny,
MOCKOJIbKY TIPH COKUTAHUHM YKAa3aHHBIX TOILUIMB B
atMocepy BblAemsercss OONbIIOE  KOIUYECTBO
BPEIHBIX MPOAYKTOB. BBIOPOCHI B OKPYKAMOIIYIO
Cpelly MOKHO 3HAYUTEIBHO COKPATHTh MMyTEM Opra-

1(1)'2016

BECTHUK [JOHELIKOrO HALIMOHAINBbHOIO TEXHUYECKOIO YHUBEPCUTETA

HU3aIUM  KOMIUIEKCHOTO 0€30TXOJHOTrO cIrocoda
mepepadoTKy.

B 3aBucuMocTH OT TeMIeparypbl Ipolecca
TEPMHUYECKON MepepadOTKU TBEPIOTO TOIUIMBA pas-
JIUYAOT. HA3KOTEMIEPATYPHBINA MUPOJIA3 UIH MOJTY-
KOKCOBAaHHE U BBICOKOTEMIICPATYPHBIM MHUPOIU3
WM KOKCOBAHUE.

CyuiecTByIoIMe METOAbl BBICOKOTEMIIEPATYP-
HOH Tepmmueckoi mepepadotkn HKY mpuBomsaT k
pa3pylIeHH0 opranudeckoil Maccel yrisi (OMY),
HE IO03BOJISISL U3BJCYb U3 HEE LICHHBIC MPUPOIHBIC
KOMIIOHEHTBI, KOTOPBIE OTPAXarOT CTPYKTYpYy HC-
XOJHOTO MaTepHaja U MOTYT pacIIMpHUTh acCOpTH-
MEHT PBIHKa XUMUYECKON MPOAYKIIMH YIIIeXUMHUYE-
CKHX IIPOU3BOJICTB.

IToxanyii, TOJBKO B YCIOBUSAX MOJYKOKCOBAHUS
BBIXOJ] U COCTaB MPOJIYKTOB CYIIECTBEHHO 3aBHCHUT
ot ocobeHHocTelt cTpyktypsl OMY. Ilo o0bemy u
pa3Hoo0pasrio MPOTYKINH, MPOLECC MOTYKOKCOBa-
HUS 3aHUMAaeT OJHO U3 TJaBHBIX MECT Cpeld BceX
MIPOIECCOB KOMIUIEKCHOW TepepabOTKH TBEPIIOTO
ToIMBa. BHenpeHnue aToro Metona B YKpauHe 1o-
BBICUT 3HAYCHHUE TBEPAOTO TOIUIHBA, KaK CBHIPHS, JJIs
SHEPrOXUMHUECKON mepepaboTku. BaxHo oTMe-
TUTh, YTO CBIPbEM [UIsI MOJYKOKCOBAHMSI MOXKET
CIIY’KUTh HU3KOKAaUE€CTBEHHBI KAMEHHBIH YTONb C
BBICOKUM COJICpKaHHUEM 30JIbl, CEPbl, OYPBIN Yroib
U TOPIOYME CIAHIBI.

[ns pemieHust 3a1a4i ONTUMAIBHOIO UCIOJIB30-
BaHUS YHEPrOXMMHUYECKOT0 MOTEHI[Halla BCEro MHO-
rooOpa3usi IPUPOJHBIX YIJeH, HeoOXOaUMO ycTa-
HOBJICHHE YETKHX 3aKOHOMEPHOCTEH HW3MEHEHUs
TEXHOJOTUYECKUX CBOWCTB YIJIEM, B YaCTHOCTH,
BBIXOJ]Ja M COCTaBa NMPOAYKTOB IOJYKOKCOBAaHHUS B
3aBUCUMOCTH OT UX COCTaBa U CTPYKTYPHI.

Pa3zpaboTannble 10 HACTOAIIETO BPEMEHU CHC-
TEeMBI KJIaccu(puKauy u KoaupuKauy yrien 6a3u-
PYIOTCSl Ha JAHHBIX TEXHUYECKOIrO, 3JIEMEHTHOIO U
MeTPOrpaguIeckoro aHajau30B. DTO OTPAHHYHBACT
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WX TIPOTHOCTUYECKYIO CHJIy, HE TO3BOJSIET OIHO-
3HAYHO OICHUTH WX NMPHUTOJHOCTD JJIsi OOJIBIINHCTBA
METOAOB HETOIUTMBHOTO UCTIOIB30BaHUSI.

Kitaccnueckum METOIOM U3y4EHHsI XUMHUYECKON
CTPYKTYpBl Yrjed U MPOAYKTOB HMX TEPMHUUYECKON
JECTPYKIIMH SIBIISCTCS aHAN3 PACTBOPUMBIX MPO-
IYKTOB TIOCNE TPEABAPUTEIILHOTO pa3/ielieHus Ha
(dbpakuuu pa3IMIHON TOJAPHOCTH, (YHKIHOHATH-
HOCTH W MOJIEKYJSIDHBIX pa3MmepoB. Paznenenue
yTIIe Ha COCTaBHBIC YaCTH 3KCTPAKIUEH MO3BOJISET
MIEPEeBECTH YacCTh OPTaHMYECKOW MacChl B PacTBO-
puUMOE COCTOSIHME, YOOOHOEe Al JajbHEWIIero uc-
cienoBaHus. HakorieH OrpoOMHBIM SKCIEpUMEH-
TaJbHBIA MaTepuai O PACTBOPUMOCTH YIJIeH pa3HOU
CTerneHu yriedukauu U 00 3PQPEKTUBHOCTH pas-
JUYHBIX pacTBOpHTeneil. B HacTosiiee Bpems BO3-
MOXKHOCTH aHaJIM3a XUMHUYECKOTO COCTaBa YTOIb-
HBIX DKCTPAKTOB CHIBLHO Bo3pociu [6-8].

EcTp naHHBIE O TOM, UTO NOBEAECHUE YIVIEH IIPU
AKCTPAKIIMH HETIOCPEJCTBEHHO CBS3aHO C TEXHOJO-
TMYECKMMHU TIpoOiieMaMu oxokenns yris [9]. Tlo-
MHUMO YHCTO HAYYHBIX IeJIeH, MPUHIUI Pa3JesicHHs
CMOJIUCTBIX MPOAYKTOB TI0 PACTBOPUMOCTH JICKHUT B
OCHOBE TPOMBINUICHHON TepepaboTKu yried s
MIOJTyYeHHUs] TOPHOTO BOCKA, YTJIEUIEIOUYHBIX peareH-
TOB, TYMHHOBBIX yo0Openuii u np. [10].

[lo mepe yBenuueHWs CTENeHHW YTIePUKAIIH
yIIe pasfeneHre uX Ha KOMIIOHEHTHI C MTOMOIIBIO
pacTBOpHUTENE 3aTpyIHsSeTcsl M3-3a IMepexona Co-
€IMHEHNH, COCTABISIOIINX OPraHWYECKOe BEILECT-
BO, B HEPAaCTBOPUMOE COCTOSHHE — OoJiee BBICOKO-
MOJIEKYJISIpHBIC HEHTpallbHbIE BELIECTBA.

[Ipouecc sKCTpakIUK MOXHO MPEACTaBUTHh Kak
pacTBOpeHHE HHU3KOMOJEKYJSPHBIX KOMIIOHEHTOB,
PACTOJIOXKEHHBIX B TIOpax YTOJBHOTO BEIIEeCTBA, U
KaK HaONI0/laeMoe YaCTUYHOE paspylIeHHe JOHOp-
HO-aKIICTITOPHBIX CBSI3€H, CYIIECTBYIOIIUX MEXKIY
MakpomoiiekysamMmu OMY, 1 BHeApeHHe Ha UX Me-
CTO MOJIEKYJI PacTBOPUTEINs, T.€. pa3pylleHHue Haj-
MOJICKYJISIpHO# cTpyKTYphI [11].

MHorue wccienoBaTelan IpeanoyiaraloT, dTo
COEIMHEHHS, OTBETCTBEHHBIE 3a IPOLECCHI CIEKa-
HUS U 00pa3oBaHUsl KUIKUX MPOLYKTOB, CIEIyeT
HCKAaTh B COCTaBE YTOJBHBIX HKCTPAKTOB.

O BIMSIHMH SKCTPAKIMH Ha TUIACTHYECKHE CBOM-
cTBa yrjeil m3BecTHO naBHO. [locnme sKcTpakiuu
MOJIIPHBIMU  alIPOTOHHBIMH  PACTBOPUTEIISIMU  TLJIa-
CTHYHOCTh YTJIA CHIDKaercs. Pam aBTopoB B cBOMX
UCCTICIOBAHUSX BBICKAa3bIBAIOT MHEHHE, YTO 3KC-
TPaKI¥sl yrisi TUPUIUHOM BOOOINE JIHMIIAET €ro
miactTryeckux cBoitcts. k. Jlapcen [12] obocHo-
Ball 3((PEeKTUBHOCTL H00aBICHUSA XJIOPO(HOPMHOTO
9KCTpaKTa yIisl MPH TEPMUYECKOW IEToIUMepH3a-
MU YT B HEBOAOPOIOJOHOPHBIX PACTBOPHUTEISX,
Mpemnoaras, 9To OH CIYXXHT JOHOPOM WM Tiepe-
HOCYMKOM BojJopona. YacTp crnaboCBA3aHHOTO,
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YJIOBJIIEHHOTO B MHKPOMNOpAaxX YIisl MaTepHaia BXO-
JUT B COCTaB CMOJIbI HU3KOTEMIIEpaTYpHOH aecT-
pykuuu yris (o 500-550 °C). B stom ciaydae npu-
posia M KOJIMYECTBO OMTyMa CIIyXKaT KIIOYOM K TO-
HUMaHUI0 MaKCUMallbHOH OXXW)KaeMOCTH YIS B
TUTACTHYECKOM COCTOSIHUH.

Llenpro HacTosIIEH PabOTHI SBISACTCS YCTAHOB-
JeHHe KOPPENSIHMOHHBIX CBS3eH MEXIy Iapamer-
pamu, XapaKTepU3YIOIIUMH COCTaB JKCTPAKTOB C
OJJHOM CTOPOHBI, @ TaK)X€ BBIXOJOM M COCTaBOM
IPOJIYKTOB ITOJIYKOKCOBAHHUSI, C APYTOH CTOPOHBI.

B kadecTBe 00BEKTOB HCCIICIOBAHHS UCIIONIB30-
Banu yriu JloHerkoro O6accefiHa HU3KOW U CpeIHEeH
cTamuu MeTamopdu3ma OIU3KOTro meTporpaduye-
CKOTO COCTaBa, HO pa3HbIX TEHETHYCCKUX THUIIOB 110
BOCCTAQHOBJICHHOCTH (THIT @ U 6), KOTOpbIE OTJINYa-
I0TCS TI0 COJEP)KAaHHIO CEepbl. DJIEMEHTHBIH U TeX-
HUYCCKUH aHAIM3 YTJICH MpeACTaBIeH B Ta0u. 1.

Texauyeckuid, nerporpaduvecKkuii U IEMEHT-
HBIH aHATHM3bI 00Pa3IOB, BKIIOUas cepy ooryio (S),
oprannueckyio (), muputHyto () u cynbdarHyro
(Sy4), OTIpenEnsIN ¢ MOMOIIBIO CTAHIAPTHBIX METO-
noB (TOCT 9414.3-93, 12113-94, 27314-91, 11022-
95, 8606-93, 6382-91, 2408.1-95, 2408.3-95).

[TomykokcoBaHHE MCXOIHBIX O00Opa3lOB IS T10-
Jy4eHUS] M HCCICAOBAHMS IMOJYKOKCOBOH CMOJIBI
BBINIOJIHSUTM B CTAaHJAPTHBIX YCIIOBUSIX COTJIACHO
I'OCT 3168-93 (UCO 647-74).

VYnaneHue MUPOTCHETHYECKONH BOJBI OCYIIECTB-
nsimock meronoM Juna u Crapka. CynHoOCTh MeTo-
Jla COCTOHUT B 00pa30BaHMH A3€0TPOIIA, COCTOSAIIETO
U3 BOJBI M PAcTBOPUTENS, KOTOPBIH OTrOHSETCS B
Hacanky [una u Ctapka, a mocie OXJaKICHUS Tpo-
UCXOIAT paccioeHust Boabl M pactBopurensi. Co-
Jep’)KaHue TIePBUYHONH CMOJIBI  ITOJIYKOKCOBAHUS
orpeeNsieTcs Kak PasHOCTh MEXIYy Maccoi IMoiy-
YEHHOTO KOHJEHCaTa M HMHPOT€HETUYECKOI BOJIBI.
BeIxox nommykokca orpeaensiicss BECOBEIM METOIOM.

VYIam 9KCTparupoBaid JTUXJIOPMETAHOM TPH
temmeparype 75 °C u naBnenun 50 Oap.

PactBopurens ymapuBanu B ammapare Zymark
Turbo Vap 500. 3arem cMmechio H-TeKCaHa W M-
xnopmerana (80:1) ocaxknanu acdaibTeHbl U OTHE-
JSUTH MIX METOJIOM IIEHTPH(yTHpOBAHHSI.

Pa3nenenne pacTBOPHMEBIX B H-TEKCAHE BEIIECTB
Ha (pakiU¥ HACBIIICHHBIX, apOMAaTUYECKUX W IIO-
JSIPHBIX TETEPOCOCAMHEHUH MPOBOIMIN C HCIOJb-
30BaHUEM JKHIKOCTHOH Xpomarorpauu CpeaHero
nasienus [13].

@pakiyy HACBIIICHHBIX W apOMaTU4eCKuX YT-
JIEBOJIOPOJIOB aHATM3UPOBAIM HA Ta30BOM XpOMATO-
rpade, CHaO)KCHHOM KBapIIeBON KaNWLIIPHOH KO-
noHko# jmHOU 25 M, muamerpom 0,25 mwm, Hamod-
HEeHHOHW ctannoHapHou ¢azoit JIB-1. ['a3oBbrit xpo-
Marorpad) HEMOCPEICTBEHHO COEIHMHSUICS C Macc-
cnekrpomerpom Finnigan MAT GCQ ¢ wonHOM
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JnoBymikod. TemrepaTtypa B Ie4Yd H3MEHAJIACh B
nporpamMmmupoBanHoM pexkume ot 70 o 300 °C co
ckopocteio 4 °C/MUH C M30TEPMUYECKON BBIICPIK-
Koil B TeueHue 15 muH. B kadecTBe raza-HocuTeins
UCIIOJb30BasICs Tenuit. [loTeHnuan HoHU3auu 00-
pasua B Macc-criekTpomerpe nocturan /0 3B mpu
Bpemenn ckaHupoBanus 0,7 cek. JlaHHble OBUIH
06paboTaHbl ¢ TOMOIIBKO 0a3bl AaHHBEIX Finnigan.

Wnentndukamus OTACTFHBIX KOMIIOHCHTOB ITPOM3-
BOJIMJIACh 10 UX BPEMEHU YAEP>KUBaHUS Ha XpoMa-
TOrpaMME€ MU IYTEM CPAaBHEHHUS MAaCC-CIEKTPOB C
JTUTEPATYPHBIMA JTaHHBIMHA. OTHOCHUTENBHOE TIPO-
IIEHTHOE COJIEp’)KaHWe W aOCONOTHBIE KOHIIEHTpPA-
LW COECIWHEHUI B HACHILIEHHON U apOMaTHYECKOU
(hpakmusax ObUTM pacCYUTAHBI MO TUIOMIAASM ITHKOB
ra3oBBIX XpOMAaTorpamMM C HCIOJIb30BAHHEM BHYT-

Tabn. 1. XapakTepucTHKa HCCIeyeMbIX 00pa3IoB

TexHuueckuit anamus, Bec. % DIeMCHTHbIl Herporpagimieckuit
ananus, daf, Bec.% cocras, % 00.
3 S
B 8 =
S| >| Illaxra, | & o P
o 2 mIacT = Y. z = R Q
2| & d af | Y| <d d| cd g m F
E WL AT vE ST IS ST C L H P E S (VLT T
S
O
g
N4
1|1 Yemto- a|08|24|356| —|217|0,04(0,11|79,3|4,94(13,7| 2,02|87|8| 5 | 5|0,71|0,75
CKUHIIEB, |4
Tpynos-
2\ 0| oo |a| 1|16|37.3) —|1,05/001|0,08|784(4,95158| 0,96 86| 5| 9 |6 (0,55/0,76
y 14
3|k Fafjg;ma’ a|l2|37(287|22| 07 |006(0,03|874/ 51|69 06 |85[3|12|1|118|07
4K 330’?‘“‘0' a|1,4|26|31,7|16|1,09|0,01(0,24|87,8/516| 7 | 0,8 |89|6| 5 |0|1,01|0,69
4
1 YKplE(ISI/IHa, 6|15/99|418| - |287|011| 08 |77,9| 53 14,6/ 2,17 | 83| 6 | 11|50|0,57|0,82
1 Tpynos-
2N I G ke | 6]09]46|462| — |585/0,05/071/76,1|543)137| 533 | 80| 8| 12|54/ 0,49/ 0,86
3t Far?TI]%I/IHa, 60,8/12,2|35,6|32(3,75|0,05|2,41|83,6| 49| 10 | 1,3 |87|3|10|82(0,96(0,71
4
41K 3a°”|ﬂ"“°' 6¢(0,8| 2,7 |317|27|281|002|1,14(87,3|5,23| 7,2 | 1,7 |83| 3 |14|56/096| 0,7
4

Tpumeuanune: 0603HaYeHus B Tabnuie npuseaeHsl cornacio I'OCT 27313-95 (MCO 1170:1977): WP —
BJIara aHAMTHIECKOH mpolsr; A — 3016HOCTE Ha cyxoe cocTostHue;, V¥ — BRIXOJ TeTy4rX BeIIecTB Ha Cyxoe
6€330JIbHOE COCTOAHNE; Y — TOJIIIMHA IIACTHYECKOTro ciiosi, MM; VI — BUTpuHUT; L — muntusuT; | — nHEepTH-

HHT,

Rom — II0Ka3aTe/Ib OTPAXKCHUSA BUTPUHUTA, H/C — aromHo€e oTHOILLIEHKE BOAOpOaa K yrjiepoay, art.

Tabu1. 2. BeIxon 1 cocTaB dKCTPAKTOB, ITOJYICHHBIX U3 HCCIICOBAaHHBIX YTIICH

(j Q o\o o] é d o] E m" -
= i = g\: E g c% § ;t c% § % £~ def j ~def E_D‘-
E g E [MTaxTa, mmact % § ?\,: CO’O é E é 2 2 é 2 SR g S7ICT, %)
o | &, 5='Bec.%| o A o5 o o8 0 ar. =
g mER S| 58 |88 | 2 3

5 °g|°&8s |°5¢ i
1 | A | a |Yenrockunues, l4| 10,8 76,7 59 19 5 21 | 0,0098 | 0,75
2 | A | a | Tpynosckas, ls | 1054 | 76,3 53 12 4 26 | 0,0041 | 0,76
3 | K| a | Tarapuma, m’ 1,88 87,8 59 15 13 9 | 00036 | 0,7
4 | K| a 3acsbKo, 4 2,08 87,4 68 17 6 14 | 0,0026 | 0,69
1" 1] s VkpawnHa, Kg 1354 | 719 36 24 5 30 | 0,0105 | 0,82
2' | I | 6 | Tpynosckas, ks | 15,77 69 37 15 6 31 | 0,026 [0,86
3' | K| ¢ | Tarapuna, m’, | 243 | 87,3 53 30 11 12 | 0,0071 [ 0,71
4K | 6 3acsbKo, I4 2,94 83,6 64 25 6 14 | 0,0058 | 0,7
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Ta6u. 3. BeIxo IpoIyKTOB MMOJYKOKCOBaHUS yrieii, % daf

Ne .. TaxTa, miact Tun [Tomykokc H,O CMoOJIBI I'as
1 YenIoCKUHIEB, |4 a 63,5 13,6 6,7 16,2
2 TpynoBckad, 4 a 64,8 17,5 9 8,7
3 Larapuna, M° a 84,4 2,3 53 8
4 3acanpko, la a 82,7 3,2 5,9 8,2
1t Vpauna, kg 6 62,5 11,3 12,9 13,3
2! TpymoBckas, Kg 8 62,1 10,7 14,3 12,9
3 Tarapuna, M’y 6 71,8 1 4,7 22,5
4t 3acsiibKo, Kg 6 71,7 1,5 6,1 20,7

Tab6mn. 4. KoHleHTpayu KOMIIOHEHTOB B alTU(aTHIecKoi U apoMaTHIecKoil QpaKkuusx SKCTPAKTOB

daf .
(mMr/r C™) u ux cooTHomeHue as yraeu mapok I u XK

UnentudunmpoBanubie il Mapxa yras
COCINMHCHUA 1 2 11 21 3 4 31 41
Cymma H-AJIKaHbI 60,6 2793 | 36,54 | 73,36 8,95 4,60 8,58 8,89
N-Cis.19/ Cis.35 0,12 0,11 0,09 0,19 0,32 0,67 0,43 0,5
N-Cy1.25 / N-Cis.35 0,27 0,24 0,2 0,16 0,38 0,14 0,31 0,21
N-Cy7.31/ N-Cis.35 0,42 0,48 0,5 0,43 0,15 0,1 0,13 0,17
IMpucransl / N-Cy7 5,58 6,82 6,4 2,34 0,88 0,9 0,71 0,7
®uransl / N-Cyg 11 1,41 1,71 0,93 0,4 0,78 0,57 0,82
Ipuctanbl / DutaHbl 5,64 5,45 4,24 2,99 2,73 2,12 1,78 1,46
C ,7 Ctepanbl 0,92 0,58 5,73 10,36 0,1 0,09 0,75 0,41
Cyg Ctepanbl 0,73 0,44 3,76 7,53 0,09 0,05 0,35 0,11
Cy9 Ctepanbl 3,28 2,47 5,81 17,19 | 0,23 0,21 1,2 0,76
Jnacrepanpl 1,36 0,75 5,73 13,35 0 0 0 0
4o. Metuncrepansl 2,9 1,26 0,64 7,34 0 0 0 0
oB ['omanel 26,93 | 16,93 | 25,57 | 69,23 | 0,57 0,47 1,85 1,24
Bo. I'ommans! 10,46 7,23 8,17 2754 | 0,22 0,09 0,7 0,56
I'omaHsl 378 | 2452 | 34,22 | 97,16 | 0,79 0,56 2,55 1,8
Crepanbl / ['onassr 0,24 0,22 0,63 0,57 0,54 0,4 0,65 1,06
JluteprieHOn 16l HaChIEHHBIE 3,87 4,76 4,87 8,04 0,53 0,23 0,42 0,17
JluTepneHon b1 apoOMaTHIECKIe 8,88 17,24 | 26,94 | 29,34 2,12 1,41 1,61 2,77
Jurepnenonas (Hacei.+Apom.) 12,75 22 31,81 | 37,38 2,64 1,63 2,03 2,95
Hacpimr.-/ Apom.-JIuTeprieHOMTBI 0,44 0,28 0,18 0,27 0,25 0,16 0,26 0,06
Tpu (Tput+Mono) Apom. Crepounsl | 0,55 0,61 0,64 0,47 0 0 0 0
Hadranun 1,6 1,34 4,26 1,17 0,15 1,27 0,22 0,4
MeTuaHadTaTuHBI 18,39 | 15,08 | 33,25 | 11,22 49 6,97 2,62 12,53
JumetnnHadTaauHbl 4525 | 4582 | 67,23 | 39,91 16,2 2495 | 13,08 | 37,63
TpumMerunHad TaTUHBI 50,89 29,7 65,84 | 64,55 8,82 17,35 6,71 27,22
ANKWIMPOBaHHKIN HAa()TAIUH 11453 | 90,6 | 166,32 | 115,68 | 29,92 | 49,27 | 22,41 | 77,38
Hadramma+ankunuposannsnii Had. | 116,13 | 91,94 | 170,58 | 116,85 | 30,07 | 50,54 | 22,63 | 77,78
deHaHTpEH 11,1 15,69 | 35,82 | 14,93 2,12 4,22 0,94 6,79
MeTtundeHanTpeH 29,02 | 28,67 | 64,26 | 46,09 | 8,19 11,09 | 3,89 13,35
deHaHTpeH+METHI)EHAHTPEH 40,12 | 44,36 | 100,08 | 61,02 | 10,31 | 15,31 4,83 20,14
MeTunaudeHuIbI 6,4 8,61 14,45 | 16,25 1,17 4,66 0,76 4,58
JumetnnnndeHub 21,17 | 20,37 | 31,85 | 45,18 3,85 13,43 4,23 12,85
TpumeTrnand eHUITBI 17,04 18,9 40,68 | 5545 | 11,35 | 19,46 | 1355 | 21,54
AJKUTMPOBAHHBIC TU(PCHUJIIBI 4461 | 47,88 | 86,98 | 116,88 | 16,37 | 37,55 | 18,54 | 38,97
Jlnbenszodypan 4,71 5,03 16,03 | 14,74 1,83 1,92 2,23 3,89
Jlubenszotroden 6,77 9,09 17,91 | 20,34 | 0,83 1,01 0,94 4,95
[MonuiuKInYecKue apOMaTHIECKUE
yrieBoaopobl (ITAY) (+Ankui.) 0 0 0 0 5,64 7,91 4,49 20
16 BECTHUK .uOHELI,KOFO HALUUOHAINBHOIO TEXHUYECKOIO YHUBEPCUTETA 1(1)'2016
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peHHEX craHmapToB. KoHneHTpanumu ObUH OTHECE-
HBI K coepykanmio yriepoga C* B oGpasiax.

Kak BumHO M3 Tabn. 2, CTPYKTYPHO-TPYIIIOBOM
COCTaB AKCTPAKTOB IPEICTABICH CYMMOW BEIECTB,
pacTBOPUMBIX B rekcaHe (MajlbTEHbI) U HE PacTBO-
pPHMBIX B FeKCaHe, HO paCTBOPHMBIX B TOJyoJIe (ac-
(banbTeHbI).

st 9KCTpakToOB, TOJYYEHHBIX W3 yTJed BOC-
CTaHOBJICHHOTO THIIA, XapaKTEpPHO Ooliee BHICOKOE
coJiep)KaHHe TOJIAPHBIX TeTEPOCOSANHEHUH, a TaK-
K€ apOMAaTHYECKHUX YTJIEBOJAOPOJOB, HUTO MOXKET
OBITH CBSI3aHO C WX CHOCOOHOCTBHIO (hOpMHUpPOBATH
CTEKIIHNECs TOTYKOKCHI H KOKCHI.

BrIxon muxiopMeTaHOBOTO SKCTPAKTa U3 YIIeH
THUIIA ¢ BBIIIE, YEM U3 yTJIel THIA @, YTO CBHIETEIb-
CTBYET O MOBBIIIEHHON PAacTBOPUMOCTH BOCCTaHOB-
JICHHBIX 00pa3IIoB.

OCHOBHOHM YacTbl0 AKCTPAKTOB HCCIEIyEeMbIX
yrieit ssisitoTes achansTensl (36-68 %) — upe3Bbi-
YaifHO PeaKIMOHHOCIIOCOOHBIE KOMITOHEeHTHI. Komu-
49ecTBO achaabTCHOB CHIDKACTCA B Psay yrieduka-
UK W 3HAYUTEIBHO BHIIIE IS YIIIeH ciaboBoccTa-
HOBJIEHHOTO TUna. CuMTaercsi, 4TO OCHOBHAs 4acTb
achabTEeHOB TEPEXOAWT B COCTaB «IEPBUYHON»
CMOJIBI BMECTe C HamOoliee KPYMHBIMH OTIIEIUICH-
HBIMU (pparMeHTaMl MakpoMoJeKyisl yris. Heco-
MHEHHO, BBIACISSCH HA MEPBBIX CTAAMSIX TePMHUeE-
CKOTO pa3JOXeHHs], acallbTeHbl HTPAIOT BaXKHYIO
poib B mporeccax (GOPMHPOBaHUS CTPYKTYpHI II0-
JayKokca u kokca. C Apyroii cTopoHsl, eciiu acdaib-
TEHBI COXPAHWIINCh B HEU3MEHEHHOM COCTOSIHHH, TO
OHH HECYT BRXXHEUIIYI0 MH(POPMALUIO O IMpolecce
00pa3oBaHMsl TBEPIAOrO TOIUIMBA M, BEPOATHO, CO-
CTOAT W3 OCTATKOB JIMTHWHA, JIUMHIOB U CMOJ C
MIPUMECKIO MTPOIYKTOB METa00IM3Ma OaKTepHil.

B Tabxn. 3 mokaszaHbl pe3yabTaThl MOITYKOKCOBA-
HUS HccienyeMbix yried. Kak BUaHO w3 TaOmuIlm,
BBIXOJI TIAPOTA30BBIX MPOAYKTOB M3 YITIEH THMA 8
CYLIECTBEHHO BBIIIE, YeM U3 H30METaMOP(HBIX
yriieil tuma a (As SKUPHBIX YIJICH MPUMEPHO B
2 pasa), a BBIXOJ OCTAJIbHBIX MPOAYKTOB HUXeE. BbI-
X0/ MHPOTEHETUYECKOW BOJBI BBIIIE JJIA YIJIEH C
OoJiee BBICOKHM COJIEpKaHUEM KHUCIOpOJa H, COOT-
BETCTBEHHO, KUCIBIX Tpynm. OTMedeHo, 4TO YIUIH,
MTOKA3bIBArOIIe OOJNBIIHIA BBIXOJl TIEPBUYHOTO JIeT-
TS, OTJIMYAIOTCSI TAKXKE U TOBBIIMICHHOW pPacTBOpH-
MOCTBIO B JUXJIOpPMETAHE.

PesynpraTtel  Ta30-XpoMaTo-Macc-CIIEKTPOMET-
PHUYECKOTO aHann3a aMpaTHICCKUX U apoMaTHye-
CKUX (pakUuuil SKCTPAKTOB HCCICAYEMBIX yTien
npencraBieHsl B Ta0n. 4. [lomyueHHble naHHBIE
CBUETEIBCTBYIOT O CYIIECTBEHHBIX KOJIUYECTBEH-
HBIX Pas3iHYUsIX B COCTaBE KOMIIOHEHTOB, H3BIIE-
YEHHBIX U3 BOCCTAHOBIIEHHBIX H CJIIa00BOCCTaHOB-
JICHHBIX yTJed. OTH pa3nuyusl KacaloTcs, MPexIe
BCET0, KUCIOPOA- M CEPOCOJEPIKAIINX COCAHMHEHH.

1(1)'2016
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B skcTpakTaX BOCCTAHOBJICHHBIX YTJeH abCONIOT-
Hoe cozepxanue nubenzotnodena (0,94-20,34 mr/r
C™) 3HaunTenbHO BHIIE [TO CPABHEHHIO CO CIAGO-
poccranoBienusiva (0,83-9,09 mr/r C¥), rtaxxe
Kak M CoJepiKaHHe KUCIOPOJCOAEpIKaIIero IHOeH-
30¢ypana.

B skcTpakTtax HH3KOMETaMOP(GU30BAHHBIX YT-
Jed BBICOKOE cojiepxaHue ankaHoB. Kpome Ttoro,
IKCTPAKTHl YKa3aHHBIX YTJIEH, TAK)KE KaK SKCTPAKTHI
pacTeHui, coaepkar OHoMapKepbl (CTepaHbl U TO-
nanbl). O6Gpa3oBaHue yIrIeBOIOPOAOB psijia TOIaHA
NPOMCXOAMIIO Ha CTAJANU TUareHe3a OpraHnYecKOro
BEIIECTBA W NPOAYLHUPOBAJIOCH PSIAOM OaKTEPH.
CrenoBaTenbHO, UX HAJIMYHAE B OKCTPAKTaX CBHUJC-
TEJILCTBYET O IIUPOKO MPOTEKABIINX MHKPOOHOIIO-
ruyeckux npoueccax. CTepaHbl SBIAIOTCS BaKHEH-
HIMMU TIPEJCTABUTEISAMH YTJIICBOJOPOJIOB KAayCTO-
OHMOJIUTOB, KOTOPBIC COXPAHSIOT CTPYKTYPY HCXOJ-
HBIX IPUPOIHBIX COSTUHEHHH.

JluTepreHOUIbl WM KHUCIOPOJIHBIC MPOU3BOI-
uele aureprieHoB (CsHg)s stBstOTCS  OGBIYHBIMHK
KOMITOHEHTaMH{ BBICHIMX pacTeHuil. OHU mpencTaB-
JSFOT o000 BSA3KHME Macia, KHILIIIKE Py TeMIepa-
type Boime 300 °C u BXoasmIe B COCTaB HelleTyuek
YacTU CMOJIBI. JIUTepIrieHbl UMEIOT MPEeuMyIIecT-
BEHHO IHKJIMYECKYIO CTPYKTYPY W3 OBYX HIH TpeX
KOJIEIl.

AHaAU3UPYs COCTaB IKCTPAKTOB, MOXKHO Ipe/-
MOJOXUTh, YTO JIBYXKOJbUATHIE JUTEPICHBI THIIA
kagnena CqisHos 1 anmemona CisHogO siBISITOTCS 07-
HUM M3 MCTOYHHWKOB Ha(pTaIMHA W €ro MPOU3BOJ-
HBIX. Takue TUTepIIeHbl, Kak JIEBOMMMAapoBasi, abue-
THHOBasi M JIPyTH€ CMOJISIHBIC KHCIJIOTBI SIBIISIFOTCS
uctouHukoM (eHantpeHoB. K mpumepy, mokazaHo
MOJy4YEeHUE apOMATHYECKOTO YIIIEBOJOPO/a peTeHa
13 aOMEeTUHOBOM KUCIIOTHI KaHU(OJIH:

H;C. COOH

Y. O3
e —
™ CH;
CH s i
.
CH;

AOHETHHOBAsI KHCIIOTa Peren

JecTBUTENbHO, TPeobIaaroIiuMi KOMITOHEH-
TaMu B aMU(paTHUSCKOH U apoMaTHYECKOW (paKiy-
X OKCTPAKTOB SIBIAIOTCA HA(TaIMH W €ro Hpou3-
BOJIHBIE, HA BTOPOM MECTE HaXOISATCS AIKHIUPO-
BaHHBIC TU(EHUIIBI, PEHAHTPEHBI.

OO6pazoBanue mueHWIA W €ro MPOW3BOIHBIX
MOYKHO TPEJICTABUTH CIACAYIOUIMMHU PEaKIHIMU:

2w <D
—H;
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—H,

HcroyHnkoM OEH30JIBHBIX YIJIEBOJIOPOJIOB, II0-
BUIUMOMY, sIBIIsieTcs TMrHUH. Kak u3BecTHO, nude-
HUJIbHBIC CBSI3U COCTABJSIIOT B JIMTHHHE MPUMEPHO
25 % cBszeit MEXAY apOMAaTUUECKUMH SIIPaMu. ITO
MIPOYHBIE HETMAPOIU3yeMbIe CBs3H [13].

OCHOBBIBAsICh Ha TMOJYYCHHBIX JAHHBIX, OBLI
BBITIOJIHEH KOPPEISIMOHHBIA aHAU3 C IEbI0 BbI-
SIBJICHUSI 3aBUCHMOCTH MEXIY BBIXOJOM IOJYKOK-
COBOH CMOJIBI M KOJIMYECTBOM OTIEIBHBIX KOM-

100, T T
v =-150.736 + 33.638-x R =09813

[
=

HaTanuH

=

— 50! 1 I
50, -

CMOTE

a
30 T T

o= 43645 + 10235-x B = 0084

(beHaHTpeH

60) T T

g
=

DuheHUNk

G

CMOTB

B
Puc. 1. 3aBUCHUMOCTE MEXKITy BBIXOJIOM

MOJIYKOKCOBOH CMOJIBI M COACPKAHUEM CJICTYIOITIX

KOMITOHEHTOB B 3KCTpaKTax yried mapku XK:
a —HadTaTMH U ero NpOU3BOIHEIE;
6 — (heHaAHTPEH U €r0 MPOU3BOIHBIC;
6 — aJIKUIIUPOBaHHbIC OU(EHUITBI

18
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HIOHEHTOB B YKCTPAKTAX.

[Monyuennsie B mporpamme MathCAD rpaduue-
CKHE 3aBHCUMOCTH IpeACTaBlIeHbI Ha puc. 1-3.

W3 puc. 1 cienyer, 4To CyIIECTBYeT TecHas
KOPPEJSIHUOHHAS CBS3b MEXKIY BBIXOJIOM ITOJYKOK-
COBOHM CMONBI M coaepkaHHeM HadTanuHa W €ro
rOMOJIOTOB B 3KcTpaktax >xupHoro yris (k=0,91).
KoapdummenT xoppemsamun MeXIy BBIXOAOM CMO-
Tl U KOJNUYECTBOM (PEHAHTPEHa M €ro MPOU3BOJ-
HBIX coctaBiser K=0,98. MeHee TecHas KOppemnsiy-
OHHAs CBSA3b HAOJIIOTACTCSI MEXKITy BBIXOJIOM CMOJIBI
U coJiep)KaHUEeM B YKA3aHHOM JKCTPAKTE aJKHIUPO-

130, T T

vo= 26732+ 94-x

B = 0933

DuheHunNkI

40) T T

vo= =721+ 3.005x R = 0893

AuTepneHouakLl
5] =

=

y = —6.568 + 1874x R =0892

avbeHnsoTHoheH
=)
=]

=

Puc. 2. 3aBUCHMOCTE MEXTY BBIXOIOM
MIOJTYKOKCOBOW CMOJIBI U COZIEP’KaHUEM CIIEITYFOIIIX
KOMITOHEHTOB B 3KCTpaKTax yriei mapku /I
a — aKUITUPOBaHHbBIE OM(hEHWITHI;

6 — TUTEPIICHOU/IBI; 6 — TMOCH30TUO(CH
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150, T T

yo= 23433+ 01721x

R =097

=1
=

DuheHUNkI

[
=

30 T T
R =10.2083

vo=-—01434+01721x

(]
=

aubeHaoTHoheH
=

Puc. 3. 3aBUCHMMOCTD MEXAY BBIXOIOM HOJTYKOKCOBOW CMOJIBI
U COJIEp>KaHHEM KOMIIOHEHTOB 3KCTPAKTOB sl yriaeil mapok X u JI:
a — Ougenmnel; 6 — quOEeH30THOGEH

BanHbIX Audennnos (k=0,88).

Jns SKCTPaKTOB UIMHHOIUIAMEHHOTO YTl 00-
Hapy’>keHa XOpollas KOppeJsiiys MEXIY BbIXOIOM
MEPBUYHOTO JErTs U KOJIMYECTBOM AaJIKUIHPOBAH-
HbIX OW(EHHUIIOB, TUTEPICHOUIOB W IUOCH30THO-
(enHa B 3KCTpaKTe.

CrnenoBaTenpHO, TEXHOJOTMYECKHE CBOICTBa
MOJIOABIX yTJield MOTYT OBITh OLCHEHBI, MPEexIe
BCET0, UCXO/IS U3 3aKOHOMEPHOCTEH pacipeeeHus
H-aJIKAaHOBBIX M H3ONPEHOMIHBIX YIJEBOAOPOIOB,
KOTOpbIE ONPEAEIIIOT IIyOuHY NpeBpallieHus opra-
HUYECKUX BEIIECTB YIJIEH B TMpolecce MeTaMop-
(mu3ma, a CcBOHCTBa CHEKAIOUIMXCS YIIEH cpemHeit
CTaguu yrieQuKaluuud CBSA3aHBl C COAEP)KaAaHUEM
ApPOMAaTHYECKUX YTIIEBOJOPOIOB.

AJKUTUpOBaHHBIE TU(QEHUIBI U CEPOCOAEpIKa-
mue OuOeH30THO(EHB! KOPPETHPYIOT € BBIXOJOM
MEPBUYHOTO JIETTS HE3aBUCHMO OT CTaJiH MeTa-
Mopdusma yris (puc. 3). Beicokoe 3HaueHHe K03¢-
¢unmenta koppensaiuu (0,97-0,98) cBuaeTenbCTRY-
€T O B&)XHOCTH M OOILIEM XapaKkTepe 3THX XapakTe-
PHUCTHK, YTO MO3BOJISIET MPEIIOKUTh X B KAUECTBE
MoKaszaTeneid AN OLEHKHM  TEXHOJIOTHYECKUX
CBOWMCTB yTJei.

BriBObI

JlaHHBIE O BBIXOJIE M COCTaBe OSKCTPAKTOB, a
TaKKe TMPOAYKTOB MONTYKOKCOBAHHUS CIEKAIOIIUXCS
(mapka XK) m Hecnekarommxcs (mapka JI) yrieit
JlonOacca pa3HBIX TE€HETUYECKHX THUIIOB IO BOCCTa-
HOBJIGHHOCTH HCIIOJIb30BAHbI ISl yCTaHOBIICHUS
MaTeMaTHKO-CTATHCTHYCCKUX 3aBUCHMOCTEH MEXKITy
BBIXOJIOM TIEPBUYHOTO JETTs, C OJHOM CTOPOHBI, U
JIOJICBBIM yJacTHEM OTIEIBbHBIX KOMIIOHCHTOB B
3KCTpaKTax — ¢ APyrou.

VY CTaHOBICHO, YTO TEXHOJOTHYECKUE CBOMCTBA
MOJIOZIBIX YTJIel MOTYT OBITH OILICHEHHI 110 CO/IepKa-
HUIO H-QJKAHOBBIX M M3OIPEHOMIHBIX YTIIEBOIOPO-
J0B B 3KcTpakTax. KommdectBo HadramuHOoB, de-
HAHTPEHOB, OM(EHMIOB B SKCTPAKTaX CHEKAIOIINX-

1(1)'2016
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Csl yrilel KOPPEIUPYET € BBIXOIOM KHUAKUX MPOAYK-
TOB MOJYKOKCOBaHUS. DTH JAHHBIE MOTYT HCHOJb-
30BaThCS B KAaUECTBE MOKa3aTeNnel sl OLEHKU TeX-
HOJIOTHYECKHX CBOWCTB TBEPABIX TOPIOYHMX HCKO-
MaeMbIX, JJI BBIpAOOTKH KPUTEPUEB ONMTHUMH3AINH
CBIPLEBOI 0a3bl MpH Pa3pabOTKE TEXHOJIOTUN DHEP-
TOXUMHYECKOH TTepepaboTKH yTIIeH ¢ IeNTbI0 HHTEH-
CI/I(i)I/IKaHI/II/I TaKUX IMPOU3BOJCTB.
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L.F. Butuzova/Dr. Sci. (Chem.)/, Sh.M. Shakir, V.0. Kulakova, V.A. Kolbasa
Donetsk National Technical University (Donetsk)

POSSIBILITIESOF COAL TECHNOLOGICAL PROPERTIES ASSESSMENT
BY THE EXTRACTS COMPOSITION

Background. About 70 % of coal beds in Donetsk coalfield are composed of coal containing 2.5 % of
sulphur mass. The growth of sulphur coal consumption, which is inevitable under such circumstances,
requires the establishment of quality levels that allow assessing the direction of their most rational us-
age. The given research is carried out aiming at the establishment of correlations between parameters
characterizing the composition of extracts, on the one hand, and the output and the content of low
carbonization products, on the other hand.

Materials and/or methods. The research is based on the assumption of coal as a two-phase system
(Marzhets model) whose mobile phase can be extracted, i.e. to convert into the most appropriate for
the research form. There are data justifying that coal behavior during the extraction is directly related
with the technological issues of coal processing. A unique collection consisting of four pairs of coal of
low and medium metamor phism degree of various genetic types in terms of their restoration has been
compiled for the research. The coal has been extracted by means of dichloromethane at the tempera-
ture of 75 °C and the pressure of 50 bar, after that it has been divided into fractions and investigated
by means of liquid chromatography of medium pressure and gas chromatography-mass spectrometry.
Results. The detailed, comparative study of the output and the extracts composition as well as low
carbonization products of the coal under analysis has been carried out aiming at the assessment of the
possibility of their efficient energy and chemical recycling. Close correlation between the coal tar
output and the content of alkylated biphenyls, naphthalene, phenanthrene and their by-products in the
extract has been derived.

Conclusion. The data gained have been used to establish mathematical-statistical relations between
the primary coal tar output, on the one hand, and the partial participation of definite components in
the extracts, on the other hand.

Keywords:. low carbonization tar, coal extracts, correlation.
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