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Paszpaborana yctaHOBKa ISl TIPOBEASHUS 9KCIIEPUMEHTOB 110 MUKpOBOIHOBOMY (M B) nuponusy Topda
Ha paboueii yactote uctouHuka 2.45 I'Tir. [IpoBeaeHbl sKCIiepUMeHTalIbHbIE UcciienoBaHus M B-nuponusza
Topda ISt HOJTyYeHUsI 3 HETO HU3KOMOJIEKYJISIPHBIX OPraHMYECKUX KOMITOHEHTOB. OmpeieieHbl ITPOITYKThI
pasnoxeHus Topda moxa BosaeiictBueM MB uznydyeHusi, U peIoKeHbl CXeMbl TECTPYKIIMA KOMITOHEHTOB
Topda. [ToxydeH yriepoaucThIii 0CTaTOK C OTHOCUTEILHBIM colepkaHueM yriiepoaa 83—85 mac. %, Bomopo-
nma 4—5 mac. %, azora 2—3 Mac. %, cepbl meHee 0.3 mac. %.
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BBEAEHUE

LleHHBIM pecypcoM, OOIIMPHBIMU 3alacaMu Ko-
Toporo o6nagaet Poccuiickas @enepauus (TTopsiaka
234 mupn ToHH), sBasiercst Topd [1]. Ero noGerua u
BBICOKOTEXHOJIOTUYHAsI IepepadoTKa II03BOJISIET pe-
IIATH 3KOJOTUYECKIE U pecypcocoeperaromnime mpo-
OJIEMBI.

B HacTosmiee BpeMst OCHOBHBIM METOIOM IIepepa-
0oTKM TOopda saBasgeTcsd nupoan3. Pabora yctaHOBOK
OCHOBAaHa IPU 3TOM Ha HarpeBe OT CTEHOK peakTopa
K 00BbeKTY (I1e4H, KOTJIbI) M PACIIPOCTPAHEHUS B 00b-
eMe ITyTeM KOHBeKIMM 1 Teruronepenaau [2]. IMupo-
JIU3 C TMOMOIIBLIO HarpeBa chipbsi MB uzinyyeHuem
MMeEET PsiI IPUHIMNITAATBHBIX OTJIMYMIA OT CTaHIapT-
Horo meroma. Bo3HuMKaeT rpagudeHT TeMIlepaTypbl
BHYTpU OOBEKTa, CTpagaeT KayecTBO IMPOJIU3a.
IMomyyeHMe MPOOYKTOB IIMPOJIM3a CTAOMILHOIO Ka-
yecTBa (YTO SIBISIETCS BaXKHBIM (DAKTOPOM IS XUMMU -
YeCKOil TIPOMBIILICHHOCTU) C UCIOJb30BaHUEM
CTaHAAPTHOIO IIMPOJIM3a MPEACTABISICTCS 3aTPYIHI-
TenbHBIM. [Tnponu3 npu Bo3neiictBun M B B oTimiune
OT HarpeBa 3a CueT repeavyy Terjia OT CTEHOK peakTopa
K 0o0pa3ily obecIieunBaeT OMHOPOIHOCTh HarpeBa IO
BCcEMYy 00BeMy, OOMBIIYI0 3(PPEKTUBHOCTL Nepeaadyn
TeIia, a TaKXKe CBOOOJEH OT JIOKAJIbHBIX MeperpeBoB
OKOJIO CTEHOK peakTopa. TakuMm oOpa3zoM, HEOOXOaU -
MO NPOBECTH CpaBHEHME ILJIA3MOXMMMYECKUX Ipe-
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BpallleHWI TPU CTaHAAPTHOM HarpeBe U MpHu IMOMOIIU
MB-u3nydeHus mjid uccienoBaHus 3POEKTUBHOCTH
ITPOIIECCOB.

Lenpro HacTosMIEi paOOTHI IBJISIIIOCH UCCIICIOBA-
HUe ocobeHHocTeii M B-nimponusa BepxoBoro cgar-
HOBOTO Topda 1 aHATINU3 TTOTYIYSHHBIX ITPOIYKTOB.

METOINKA SKCITEPUMEHTA

IMupomm3 Topda OCYHIECTBISIICS ITOCPEACTBOM
paszpaboranHoro Hamu M B-komIuiekca, mpeagHa3Ha-
YEHHOTO MJISl TTIepepaboTKU KayCTOOMOIUTOB, B 4aCT-
HocTH, Topda [3].

MB-KOMILIEKC OCYHIECTBIISIET padOTy CJIEAYIOIIM
o6paszoM. Topd (macca o 5 Kr) 3arpyxaercs B MB-pe-
aKTOop JUIS IMPOJIN3a, U 3aTeM PEaKTOp BaKyyMUPYETCSI.
MB-u3nydeHre OT MarHeTpoHa IOCTYyIIaeT BHYTPb
peakTopa. IIpu HarpeBe Topda HAUMHAETCST pa3JIoKe-
HHUE BelleCTB, BXOASIIMX B ero coctaB. [locpencTBoM
CHCTEMbI OTKAYKU JICTYYHE MPOMYKThI YOAISIOTCS W3
peakTopa U KOHICHCUPYIOTCS B CUCTEME IEPBUIHOTIO
¢dpakunMoHUpoBaHUS W B mornotutene Puxrepa,
OXJIAXXIAeMOTO XUIKMUM a30ToM. TBepmast (ppakmus
BBITPY2KaeTCs Iocjie OKoHYaHus mmpoiecca (30 MuH).
B Ta61. 1 npuBeneHbI MapaMeTpbl TATMYHOTO SKCIe-
pUMEHTA.

Cobupannch Xuakue, ra3000pa3Hbie U TBepIble
mponaykThl. KauecTBeHHasT MAeHTU(MDUKAITNS IPOTYK-
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Ta6muna 1. [TapameTpbl THTMYHOTO 3KCIIEPUMEHTA

ITapametp Benuuuna
Yacrora MB-u3nyyenus, I'Ti 2.45
CpenHsisa MOIITHOCTh UCTOYHMKA, BT 900
Bpewms akcriepuMeHTa, MUH 30
Macca cyxoro Topda, T 300
MakcuMaibHas TeMneparypa Harpesa, °C 250
JlaBneHue, aTM 0.1

TOB (ppaklLiyU IIPOBOAMIIACH IPU MOMOILU XPOMATO-
Macc-crekrpomMerpa Solutionver. 4.11 GC-MS (dpupma
Shimadzu) ¢ nucrons3oBanuem 0a3bl JaHHbIX NIST 11
M0 METOJIMKE, N3TOKEHHOM B [4]. AHaIM3 ITOIydeH-
HBIX TBEPOBIX IPOAYKTOB MHPOXOAWJI IPU IOMOIIU
aJIeMeHTHOro aHaiau3atopa Vario El Cube mist omHO-
BpPEMEHHOIO0 OIIpeaeseHUs yriiepoaa, Bogopoaa, ce-
pbI 4 a30Ta.

PE3VIIBTATHI 1 ObCYXKIEHWA

Topd cOCTOUT 13 HECKOJIBKUX TPYITH XUMUYIECKUX
COCIUHEHMI, TAKUX KaK JINTHUH, TYMUHOBBIE U (hyiTb-
BOBbIC KMCJIOTHI, LIeJUTI0J103a. PaccMoTpuM Tipenmnoia-
raemble MyTU TepMOJIM3a COSAUHEHUN U3 3TUX TPYIIIL.
BBuay BBICOKOTO comepKaHUsI KUCIOPOaa, IS TyMU-
HOBBIX KMCJIOT B XOJI€ IIMPOJIN3a BO3MOXHO (OPMUPO-
BaHUE IIPOIYKTOB OKMCJICHMS, JaXe B aHA3POOHBIX
ycaoBUsX. B onyOIMKOBaHHBIX paHee CTaThiIx [4—6]
paccMaTpuBaIOTCsSl OCHOBHbBIEC MPOLIECCHI, TTPOTEKa0-
II1e IPpY MUPOIN3e TYMUHOBBIX KUCIOT. IIpenmona-
raeMasi cxemMa MUPONM3a U UACHTU(GULMPOBAHHBIC
MPOAYKTHI TIpeICTaBIeHbI Ha pucC. 1.

Kak ormeuaror aBTOpHI [7, 8], M3HAYAILHO TIPHU
HarpeBaHWM T'YMMHOBBIX KUCJIOT UAET ITOTEPST aICOP-
OMpOBaHHOM BojbI, MpU Harpese e Bbile 200°C npo-
WCXOMUT MECTPYKIMS amnbaTniecKnx (pparMeHTOB C
dbopMupoBaHNEM MaJIbIX OPTAHUYECKUX MOJIEKYN, a
pu 250—300°C — nekapOOKCUIMPOBAHUE U JaTbHEeH-
mast mepparMeHTaIys MpoTeKaloT 6oJlee MHTEHCUBHO
[9]. OcHOBHBIE CTPYKTYpHbIE M3MEHEHUS CBSI3aHBI C
monudpukanueit C=0 rpynnsl 1 C—H cBsizeil B anu-
barngeckmx coemmHeHUSIX.

Cpenu mpoaykKTOB AECTPYKLIMM oOpasla Topda
HaMy ObUIM MACHTU(PUIIMPOBAHEI ajKaHbI (TeKcaH,
TerTaH), 3a TOsIBJIEHNE KOTOPhIX OTBEYAET TOMOJIUTH-
yeckuii pa3pbiB C—C CBSI3M € TTOCTEAYIONIEN peakiueil
00pa3zyLIErocsl ATIKUIBHOTO paiuKaia ¢ ICTOYHUKOM
aToMoB Bomopona. Kpome Toro, mpoucxoquT 4acTuy-
HBII pacnaa apoMaTUYeCKUX CTPYKTYp ¢ oOpa3oBa-
HHUEM IIeCTUATOMHBIX JIMTHETHBIX TPOTYKTOB.

M3orekcaH obpasyeTrcs IpyU U30MEPU3ALIMU U3HA-
YaJbHO 0OOpa3ymoIerocss TeKCMIBHOTO paauKajia ¢
ITOCJICIYIOIIM OTPBIBOM aTOMa BOAOPOIA.

HdernapupoBaHre ¥ IUCIPOIIOPLIUOHUPOBAHUE
yoieBonoponoB (YB) mpu TepMudeckoil aeCTpyKIIMU

XUMUSA BBICOKHX DHEPTUM

YIJIEBOIOPOMIOB MPUBOAAT K 0Opa3oBaHUIO MPOIICHA,
OyTeHa, TIeHTeHa, reKCceHa, TenTeHa. JlanbHeiiiee ae-
TUAPUPOBAHUE VX MPUBOIUT K 0OPA30BaHUIO COIIPSI-
JKEHHBIX TNEHOBBIX YITICBOIOPONOB (OyTageH, METHII-
OyragueH). Tak, B padotax [10, 11] orMedeHo, 4TO BO3-
JIeiicTBre MB-uznyyeHus KaTaJau3upyeT
oOpa3oBaHMe KpaTHBIX CBS3ei IIpU JEeTUIPUPOBA-
Huu. M3 oieduHOB, comepxKalluX ajJKOKCUTPYIIY,
MOCPEACTBOM LIMKIIM3ALUU C TTOCIIEAYIOIINM JeTUI-
pPUPOBAHMEM MOKHO ITOJyYUTh IPOU3BOIHBIE (hypa-
Ha.

[IatuwieHHble HUKIBI (LIMKIOIEHTAH, IIMKJIO-
MEeHTaIueH, LMKIJIOIIEHTEH) 00pa3yroTcsl U3 ajJKaHOB,
MOCPEACTBOM LIMKIM3ALMK C MOCAEIYIOIUM IeTUI-
pUpOBaHUEM.

Hamu nokasaHo, 4TO NpPU WMHULIMHUPOBAHHOM
MB-n3nydeHneM HU3KOTeMIIEpaTypHOM ITMPOJIN3e
Topda cpeau razodasHbIX MPOAYKTOB HAOIIOOAETCS
3HAYUTENILHO MEHBIIIEE COlEPKAHME aIKAaHOB U OJIe-
¢GUHOB, a colepKaHNe KapOOHMIBHBIX U TeTEPOLINK-
JIMYECKMX COSAUMHEHMI1 BHIIIE, YeM IIPU CTaHIapT-
HOM METOJIE.

IMTpu pazpeiBe C—C cBs3€eli MPOUCXOIUT 00pa3o-
BaHME KHCJIOT, TaAKUX KaK MacJIsiHasi, MU30reKCaHoBasl,
YKCYCHasI, KDOTOHOBasI, MypaBbiHas1. KapOookcniasHbIS
panvKaibl CIIOCOOHBI B3aMMOMIEMCTBOBATh C APYTUMU
paguKajaMu ¢ 00pa3oBaHUEM CIOKHO3(UPHBIX CO-
eOIUHEHUI, TaKuxX, KaK aleTOKCUOYTaHOH M alle-
TOKcHalleTOH. BaxHeliieil peakuueili KapOOKCUIb-
HBIX COCAWHEHUI IPU TEPMOACCTPYKIIUU SIBISICTCS
JIEKapOOKCWJIMPOBAHUE C BBIACICHUEM YIJIEKMCIOTO
rasa, YTo XxapakTepHO MPU HAJIMYUU B TOpHe T'YMUHO-
BOM U (PyJIBBOBOII KMCJIOT M COOTBETCTBYIOIINX UM
KapOOKCWJILHBIX IPOU3BOAHBIX (puc. 2) (cp. ¢ [12]).

Hanunuue ruipoKCMIIBHBIX TPYII B UCXOIHBIX BE-
IeCTBaxX 00yCIOBIMBACT IETUIPATAIINIO C 0Opa3oBa-
HUEM KpaTHBIX cBs13eii. OmHako 1151 GyJIbBOBBIX KMC-
JIOT B OOJIBbIIIEI CTENEHH XapaKTepHa JeCTPYKIINS 10
C—O cBsI31, TIOCKOJIBKY JaHHAasI CBSI3b UMEET MEHBIITYIO
sHepruto, yeM C—C cBs3b, UTO JeJ1aeT BO3MOXXHBIM 00-
pa3oBaHME KUCIOPOICOAEPKAIIMX MPOU3BOIHBIX, Ta-
KUX, KaK MeTaHOJ U aueToH. IlocienHuii B mpoliecce
paIUKaJIbHO-LIEITHOTO MeXaHU3Ma 00pa3yeT alleTOKCH -
alETOH IIPY B3aUMOACHCTBUM C KapOOKCIIBHBIM paiyi-
KaJioM.

Ne 4

TOM 57 2023
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Puc. 1. Cxema TeMmniepatypHOii AeCTpYKIIMHU (hparMeHTOB TYMUHOBOM 1 (DyTbBOBOIT KMCIIOT.

JIMTHUH SIBISIETCSI BBICOKOMOJIEKYISIPHBIM (001ee
10000 r/Moinb), pa3BeTBICHHBIM, ITOJIU(EHOIBHBIM
MOJMMEPOM, COCTOSIIINI U3 TUIPOKCU- Y1 METOKCH-
3aMeIIeHHBIX (DEHWIIIPONAaHOBBIX 3BEHbEB (puC. 2)
[13]. DTO BemiecTBO KpaifHe TEPMOCTAOMIBHO, YTO
3aTPyIHSIET HEKOTOPBIE IIPOIECCHl TEPMOXUMUYECKOMN
koHBepcun [14]. OH pasnaraercsd B 0osee IITMPOKOM
JIMaIa30He TEMIIEPATyp MO CPAaBHEHUIO C LIEJUTIOI0301
U TEMUILIEIUTION0301. METOKCUTPYIIIBI IIPpU TEPMOJIe-
CTPYKILIMA OOpa3yloT METWJIOBBIM CIIUPT. 3HAYWTEITb-
HOE KOJINYECTBO (PeHMIBHBIX M OCH3MIBHBIX (pparMeH-
TOB 00pa3yloT (HeHOJI, KCHJIOIbI, KOPUIOH U KPE30JIbl.
Ne 4
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Hanuuue KapOOHWIBHBIX TPYIN M TUAPOKCUIBHBIX
TPYIII CIOCOOCTBYET 0OPA30BaHUIO MTPU €T0 MUPOJIU3E
TUAPOKCUATBAETUAOB U TUAPOKCUKETOHOB, HaMpU-
Mep, TuapokcudbyraHoHa. CxemMa TepMUUYECKOU ae-
CTPYKLMU JIMTHWHA B XKUIKOU (haze mpeacTaBieHa Ha
puc. 2 (cp. c [15]).

Llenmono3a saBisieTcsl BAXKHEHIIINUM CTPYKTYPHBIM
KOMITOHEHTOM ITepPBUYHBIX KJIIETOUHBIX CTEHOK JIpe-
BECHOM U TpaBsIHUCTOM Gromacchl (puc. 3) [16—18].
Ilennron03a UMEET B CBOEM COCTaBe OOJIBIIOE KO-
YECTBO TUAPOKCUIBHBIX TPYII, CIYKAIIUX OCHOBOIA
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Puc. 3. Cxema TepMUUYECKOTO paciiafa Le/UTI0I03bl.

IJIsl mpoliecca aeruapatauuu. CxeMy TepMUYECKOI
JEeCTPYKLIVU 1IEJITIONO03bI MOXHO NpPEACTABUTH Cle-
nytoimuM oopasoM (puc. 3) [19].

HepBLIM 3TaIlOM B PAa3JIOKECHUMU L ECIIIIOJIO3bI AB-
JIACTCA CHUKCHUE CTCIICHU ITOJIMMEPpU3all1 MaKpO-

XUMUSA BBICOKHX DHEPTUM

MOJIEKYJIbI, 3aTeM MpoTeKaeT 6oJjiee TIyboKas ee ae-
CTpyKuus. B 1ie/monos3e UMeroTcs HEYCTOMYMBEIE TTPU
tepmoin3e C—O cBsA3M, pa3pbiB KOTOPHIX HE TOJHKO
MPUBOIUT K 0Opa30BaHNIO MOHOMEPHBIX 3BEHbEB, HO
M K pa3pbIBy MUPAHO3HOTO LIMKJIA U MOCIEAYIOIIEeMY

TOM 57 Ne 4 2023
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Puc. 4. DiieMeHTHBII COCTAB UCXOIHOIO ChIPbs (YUepHbIE TMHUU Ha O€JI0M) U TBEPAOro MPOoAyKTa (6ejible TMHUM Ha YEPHOM).

dopmupoBaHuio pypaHozHoro nukia. Hapsny c 1,4-
B-TIMKO3UIHBIMU CBSI3SIMU PACILETUIEHUIO TIOIBEP-
XeHBI PparMeHTHI ¢ 1,5-IIMKIMYecKoil arleTabHOM
cBs13b10. KpoMe Toro, 11e/1110/103a UMEET B CBOEM COCTa-
B€ CBOOOIHBIC TUIPOKCUIILHBIC TPYIIIBI, JIAOWIbHBIE K
TepMUUIECKOMY BozaeiicTBuio. [1py 5ToOM BO3MOXHA He
TOJIKO BHYTPUMOJICKYJISIpHAS AeTUApaTalns LEILTIO-
JIO3BI, HO U JIeTUApaTanus ¢ 00pa3oBaHUEM MEXMO-
JIEKYJISIpPHBIX CcBS3eil. HecMoTpss Ha MeHbIIyIO Ja-
ounbHOCTh cBI3M C—C mo cpaBHEHHUIO CO CBS3SIMH
C—0, nabmopnanach TIyooKast JECTPYKIUSI C pa3py-
IIEHMEM JAHHBIX CBSI3€ii BIJIOTh 1O 00pa30oBaHUs Ta-
KMX HU3KOMOJIEKYJISIDHBIX TIPOIYKTOB, KaK JUOKCU/L
yoiepojaa u Boga. binaromapst 3TuM mpoieccaM BO3-
MOXHO 00pa3oBaHHMe IIUPOKOTO CIIEKTpa IPOIyK-
TOB, MIPENCTaBJIEHHBIX Ha cxeMe (puc. 3).

ITo cpaBHEHUIO C TEPMUYECKUM TTUPOJIU30M, TIPU
MB-nuponu3se B razoBoii (aze O6ojiee XapaKTepHEI
00pa3oBaHUE KUCIOPOACOIEePXKAIIUX MPOU3BOIHBIX,
BKJIIOYasi TeTEPOLMKIIbI, 1 B 3HAYUTEJIbHO MEHbIIIEH
JloJie mpelebHbIX COeIMHEHUI, MpruueM oOpa3oBa-
HUE HenpeaebHbIX YIJIEBOAOPOA0B COMOCTaBUMO. B
XUAKou ppakimu, oopazoBaHHoi mpu M B-Tepmonu-
3e, MpeodagaT KapOOKCUIbHbIE, KApOOHWUIbHBIE 1
¢eHobHbIE COEAMHEHUS, a IPU HATPEBE UMEIOT MECTO
TeTePOLNKINYECKE COeAUHEHUs W crupThl. CTOUT
OTMETHUTh, UTO OOpa3ylOTCs MPEUMYIIECTBEHHO CO-
MpsIXKeHHbIE CUCTEMBI ¢ KpaTHbIMU cBsA3siMu C=C u
C=0.

IMosydeHHBIN B pe3yabTaTe 9KCIEPUMEHTOB 3JIe-
MEHTHBII COCTaB YIJIEPOAMCTOTO OCTaTKa B CpaBHE-
HHUU ¢ 00pa3lioM UCXOAHOTO cyXoro Topda go ooiy-
YyeHUs MpUBEJEH Ha puc. 4.

YcraHoBieHO, yTo M B-1tmponus Topga Ha yacTo-
te 2.45 I'Tu mpuBoguT K 60Jiee TIyOOKOMY pacramy
ncxogHoro ceIpbst (O(N) =2.5%, 0(S) < 0.3%) u K 06-
pa30BaHUIO IIMPOKOTO HaOOpa HM3KOMOJICKYJISIPHBIX
OpPraHUYeCKUX COSIMHEHUI (TIpeae/IbHbIC, HETIPEAeIb-

XUMMUS BBICOKUX DHEPTUM
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HbIE, apOMATUUYECKUE, ITUKIMIECKUE, TeTePOITUKITYe-
cKue, KapOOHWJIbHbIE, KapOOKCUIbHBIE YTJIEBOAOPO-
IIBI).

SAKJIIOYEHHME

Hamu nipoBeneH nuposin3 BEpXoBOro c(parHoBOro
Topda [peko-YIIIaKoBCKOro MECTOPOXIECHUSI B DKC-
nepuMeHTaTbHOM MB-koMmriuiekce. IlonydeHHBIE B
pesyiabTate MB-nuponn3a ra3oo0pa3Hble, JKUAKME U
TBepAble GpakiIy ObLTN OXapaKTepU30BaHBI TAKUMU
MeTOoJIaMM, KaK 2JIEMEHTHBIM aHanu3 (TBepaas ppax-
1IMsl) U XpOMaTO-MacC-CNeKTpOMEeTpUsT (CKuakasi u
razoo6pasHas ¢pakuun). I1o pe3yabraTaMm aHaIM30B
HaMU TIPEIJIOKEHBl BEPOSITHOCTHBIE IMYTU AECTPYK-
LI OCHOBHBIX cOocCTaBJIsIIOIIMX Topda. Ha ocHoBa-
HUU BJIEMEHTHOIO aHaliu3a YCTAHOBJIEHO, UTO MpU
MB-HarpeBe Topda IpoleHTHOE COAepKaHUE yIiie-
pola yBeJIWYMBAETCs, 10 CPABHEHUIO C UCXOOHBIM
CBIPbEM.

NCTOYHUK OPMHAHCUPOBAHU A

Pa6ota BrInoiHeHa MpU NOAIEePXKKE TOCy1apCTBEHHBIX
3anaHuit UTI® PAH Ha nmpoBeneHre HayYHBIX UCCIIeIOBa-
Huii mo teme Ne FFUF-2021-0001.
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