Pazpen 1.4.9.

YAK 544.43

BMOOPI‘OHM‘IGCKGSI XmmMmusa

DOI: 10.17122/bcj-2024-1-35-38

A. K. Kysaes (unx.), E. M. Iliuce (a.x.H., npod., aup.)

MATHUTHBIIN 3®®EKT B OKUCJIEHUU
HEIIPEJAEJbBHBIX COEIMHEHUI
MOJIERYJIAPHBIM KHUCJJIOPOAOM

SApocnasckuii rocynapctseHHsii yHusepcutet umenn [1. . Jemugosa,

MHCTUTYT PYHAAMEHTQNILHOM M MPUKIQAHOM XMMUU

150003, r. dpocnasns, yn. Coserckas, 14, e-mail: pliss@uniyar.ac.ru

A. K. Kuzaev, E. M. Pliss

MAGNETIC EFFECT IN THE OXIDATION
OF UNSATURATED COMPOUNDS
BY MOLECULAR OXYGEN

P.G. Demidov Yaroslavl' State University

14, Sovetskaya Str., 150003, Yaroslavl’, Russia; e-mail: pliss@uniyar.ac.ru

[IpoBenen TeopeTnuecKuii aHAIN3 TOCTEJHUX JIUTEPa-
TYPHBIX JaHHBIX O BJIUAHUN CTAIlTUOHAPDHOTO MarnmT-
HOTO II0JIA Ha I[eTaJIbeIﬁ MEXaHN3M panKaJIbHO-1ICII-
HOTO OKHUCJIEHUSI HENPEeNeJbHBIX COCJIMHEHUIA.
OTMeuYeHO, YTO MATHUTO-CEJIEKTUBHBIMU SBJSIOTCS
CcTainu 3aposKaeHNs (MHUITMUPOBAHNUS ), TIPOIOJIKE-
HUS 110 PEAKIMU NPUCOCJMHEHUS KUCJA0POa K aJl-
KUJIbHBIM pajKasaM 1 o0pbiBa 1ieneil. BausiHue mar-
HUTHOTO II0JiAd Ha OTAEJbHbIC CTaAWU IIEITHOTO
OKHUCJICHUS CBSI3aHO C 9BOJIIOIUEH PAIMKAJIBHBIX Map.
Addekr Moxer 6bITH 0OYCIOBIEH KMHETUYECKUMU
0COGEHHOCTSIMU JIETAJIBHOTO MEXaHU3Ma IIEITHOTO [PO-
recca. OTBET HA ATOT BOIIPOC CJIEIyeT UCKATD B COYETA-
HUU TEOPETHUYECKOTO aHAJIN3A C IKCIIEPUMEHTAIbHBIM
N3yueHNEM 3JIeMeHTAPHBIX PeaKInil.

Kanroueguvie c1068a: KNHETHYECKUI M KBAHTOBO-XNMH-
YeCKUI aHAIN3; MAaTHUTHBIN 3(hdeKT; aBoonus paju-
KaJIbHBIX I1ap.
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A theoretical analysis of the latest literature data on
the influence of a stationary magnetic field on the
detailed mechanism of radical-chain oxidation of
unsaturated compounds has been carried out. It is
noted that the stages of nucleation (initiation),
continuation of the reaction of addition of oxygen to
alkyl radicals and chain termination are magnetically
selective. The influence of the magnetic field on
individual stages of chain oxidation is associated with
the evolution of radical vapor. The effect may be due to
the kinetic features of the detailed mechanism of the
chain process. The answer to this question should be
sought in a combination of theoretical analysis with
experimental study of elementary reactions.

Key words: evolution of radical pairs; kinetic and
quantum chemical analysis; magnetic effect.
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Teopetnyeckuil aHaIU3 BAUSHUS CTAIMOHAP-
Horo MaruuTHOTro nosust (MF) Ha neranbHbIil Mexa-
HU3M PaJnKaJIbHO-TIETTHOTO OKUCJIEHNS OpraHuyec-
KUX COEJIMHEHUH 1 TOJIydeHHbIEe KCITEPUMEHTAJb-
HbIe JaHHbIE CBUJIETENBCTBYIOT, YTO MAaTHUTO-CENIEK-
TUBHBIMU  SBJSIOTCS  CTaJANM  3aPO’KIEHUS
(MHUTIMUPOBAHMS ), IPOJIOJIKEHUS TI0 PEAKITUU TIPH-
COEZIMHEHNS KHUCJIOPO/a K alKUIIBbHBIM pajuKaiaM 1
00pbIBa 11emei 1-5,

VY 106HO# MOZIETBIO B TAKUX MCCIEIOBAHNIX SIB-
JISIOTCST HeTIpe/leJIbHbIe COeIMHEeHNST PA3HBIX KJac-
COB, MEXaHN3M OKHCJIEHUS KOTOPBIX OMNCHIBAETCS
M3BeCTHOI KuHeTnueckoii cxemoit 1 879,

ITpu ymepennbix temiepatypax (< 100 °C) u
[O5] £ 0.3 MM Ha MajbIxX rayOMHAX IpeBpaIleHns
(£1%) peakiuu (3) 1 (4) MOKHO UCKJIOUUTH, 1 CKO-
pocth okucyenuss (W) mogunHseTcs U3BECTHOMY
YPaBHEHUIO 10-12,

- d[Oy)/dt =W= ky(2ks) "> [RH]- W3,

rze W; — ckopocTh UHUIIMUPOBAHUSA TIeTIell BBE/IEHHBIM
WHUIUATOPOM.

[Toydyenvie KnHETHUECKON MHGMOPMAITIH O BJINS-
HUU MarHUTHOTO 110JIs1 HA KK/YIO OT/IeJIbHYIO CTa/[UI0
AKCIIEPUMEHTATBHO 3aTPYIHEHO, TIOCKOJIBKY Pedb UAET
0 MHOTOCTaJIUHHOM Pa/IUKaJbHO-1IEITHOM IIpoliecce.
[TosTomMy a8 HaxOXKIeHWST MarHUTHOTrO adhdeKTa
(MFE) ucniosibdyercst METOI0JIOTUST UCCIIEI0BAHUS Jle-
TaJIbHOTO MEXaHM3Ma IEMHbIX PeaKIuil OKUCIEHUS
(moapoGHoe n3oxenue moxuo Hairru B 3717 i kom-
JIEKC 9KCIIEPIMEHTANBHBIX M TEOPETUUECKUX METO-
JIOB, BKJIIOUAsl KBAHTOBbIE PACUEThl U KUHETUUECKOe

RH

KoMITbIoTepHoe Moziesmposanne 8722 Oun nokaswr-
BaioT, yTo MFE copTupyer MapmpyThl OKucJIeHuUs,
CTUMYJIUPYS TPUILJIET-CUHTIETHYI0 CIUHOBYIO KOH-
Bepcuio. Bonpoc 0 TOM, TPOUCXOJAT JIM CUHTJIET-
TPUILJIETHBIE TIEPEXOBI B IIPOIlecce paciana MHUIHA-
TOpa, a, COOTBETCTBEHHO, OY/IET JIN OKa3bIBaTh BJIVS-
HUe BHEIITHee MAarHUTHOE 1T0JIe Ha BEPOSITHOCTD Pactaja
He SIBJISIETCS OU€BUIHBIM. T PUTLIIET-CUHTJIETHBIE TIepe-
X0/bl HabGJoal0TCst TP (POTOMHUITMMPOBAHHOM
pacnajie MHUIMATOPOB 2!, IPK 3TOM BHeIHee Mar-
HUTHOE T0JIe MOKET OKa3bIBaTh CYNECTBEHHOTO BIIN-
auud. To ecTh BpeMs JKU3HU TPUTLJIETHBIX PAJIUKAJIb-
HBIX Map J0CTATOYHO JJIsi HHTEPKOMOMHAIIMOHHOTO
nepexojia. Ho cunrieTHas pagukajabHas napa JoJK-
Ha peKOMOMHUPOBaTh ObIcTPo. OHAKO aHAIM3 TIPO-
JYKTOB pacliajia a30-uHUIMATOPOB 1103BOJISIET Clie-
JIATh TIPEAITIONI0OKEeHNE, YTO TAKKE TIePeX0/Ibl BCe-TaKu
UMeIOT MecTO. B wacTHOCTH, TpU TEPMOUHUITUUPO-
BAaHHOM pacliajie Bce TeMUHAJIbHBIE PAJIUKAJIbHBIE
Hapel B OTCYTCTBUY HHTEPKOMOMHAIIMOHHBIX TEPEX0-
JIOB JIOJIKHBI OBITH CHHTJIETHBIMM, OJHAKO BBIXOJ
MPOIYKTOB PEKOMOWHAIIY TeMUHATBHBIX PaHKajIh-
HBIX TIap BBITJISIINAT 3aHMKEHHBIM, YUUTHIBAs CyTIle-
cTBeHHBIT KaeTounblil addekt 22, C 0HOI CTOPOHBI,
OMHAKOBAS CTPYKTYpa PAIUKAJIOB B IPOAYKTaX pac-
naga AIBN, cienctBueM KOTOPOU SIBJISIETCS PaBeH-
CTBO MX g-(PaKTOPOB B OCHOBHOM KOJIeGaTETBHOM CO-
CTOSHWH, TOJIKHA ITPUBOJIUTH K OTCYTCTBUIO BJINA-
Hust MII Ha BeposiTHOCTh KOHBEPCUH 110 Ag-MeXaHU3-
My. Ho ¢ apyroil cropoHbsl npu pacnajze 10
KOHI[EDTHOMY MEXaHU3MY TI0 IBYM CBSI3SIM, MEXKIY
KOTOPBIMHU HaXOJIUTCS MOJIEKYJIa a30Ta, KaK JIJIsl CUH-
[JIETHOW PaZMKaJbHON Maphl KOPPeISLus MeKLy 00-
pasyoimuMucs paaukaiamu OyjaeT ociaabiena, Tak
4TO OHM MOTYT HaXOJUTCS Ha Pa3JIMYHBIX Kojeba-
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Cxema 1. I — uaummatop, RH — HenpenensHOe coennHeHne WK €ro HaChIMI€HHBII aHAJIOT
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TeJTBHBIX YPOBHAX. B aTOM citydae nx g- u A-TeH30pBI
OyAyT pasanvaThCs, uTo OyIeT CnocoOCTBOBATh MH-
TePKOMOUHAIIMOHHBIM TIepexo/aM. [1ist Toro, 4ToObI
OIIEHWTD JMAHHBIH 2(DPEeKT ObLIN BHIUNCIEHBI g- 1 A-
ter3opbl pagukanoB (CHj3),C-(CN) cunrietHoi u
TpuieTHON Mosiekysl AIBN B MUHUMYyMe sHepruu u
noce 1000 ¢c MostekyIApHO-TMHAMIYECKOTO MO/Ie-
JIUPOBAHWS, KOT/Ia KOPPEJAMS MEKIY HIMU TIPaK-
TUYECKW OTCYTCTBYET M WX KOHGUTypanuu ¢ 60b-
107 BEPOSITHOCTHIO OTBEYAIOT Pa3HBIM KOJiebaTesb-
HBIM ypoBHsM. [IpoBesileHHBIN pacuyeT CBUIETEIb-
CTBYET O BO3MOKXHOM BJIMSHUM BHENIHETO
noctogaHoro MII Ha KMHETUKY BBIX0/1a PA/IUKAIOB B
obbeM mipu TepmudeckoM pactage AIBN, uto B ¢BotO
ouepenb JAOJKHO TPUBOAUTH K POCTY CKOPOCTH MHU-
[UUPOBAHUST OKUCJIEHSI, YTO COOTBETCTBYET HabJIIO-
JIaeMBIM BKCIePUMeHTATbHBIM Aanubv 417,

PaccMoTpuM peakIuio MpucoeInHEeHUsT KUCJIO-
poza K IBOWHOU CBSI3W HA MPUMeEPE CTUPOJIA. 31eCh
TaK’kKe, KaK U B MPEBIAYIIEM cJydae, MexaHuzm MO
peanmayeTcs Yepe3 BAUSHUE MAaTHUTHOTO TI0JIsI Ha Be-
POSITHOCTH TPUILTIET-CUHTJIETHOW KOHBEPCUU PaJIu-
KaJbHOMN Taphl B Xoze peakunu. B paborax % 16 ma
OCHOBAHUHU TIOJIYYEHHBIX 9KCIIEPUMEHTATBHBIX JaH-
HBIX 1I0Ka3aHo, uTo BiaugHue MII onpenengercs me-
XaHU3MOM B3auMmoeiicTBust Oy ¢ m-cBsi3bio. Peakiust
npoTeKaeT yepes 00pasoBaHKe TPUILIETHOrO OUpPaIn-
KaJia, KOTOPBI WHUIIMUPYET IeNU OKUCTEHUT:
0, + CHy)=C< —» 0, + C=C - ['O0C-C*]< —
— *O0CH,-C* < 1o peaknusam ¢ Oy U -CBA3SIMH.
3eMaHOBCKOE  B3aMMOJIEWICTBUE  CTUMYJIUPYET
TPUILJIET-CUHTIETHYIO KOHBEPCUIO uepe3 mepexon T—
S npuBoaKT K 06PA3OBAHUIO HEPAIUKAIBHBIX COE/IU-
HEHUI MOJIEKYJSPHBIX MPOAYKTOB MUOKCETaHA W
MTPOIYKTOB €TO pacIiajia):
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B npeznpiayniem crydae MarHuTHOE TIOJIE TIPUBO-
IIUT K YBEJMYEHUIO 1Tepexo10B S—T, To B peakInu 3a-
POKIEHUS IMeeT MecTo oOpaTHast KapTHHA: MarHUT-
HOe TI0Jie M3MEHSIeT BEPOSTHOCTh 1—S mepexozoB.
[TocKoabKY yCTOWUYUBBIM CITUHOBBIM COCTOSTHUEM
MOJIEKYJISIPHOTO KHCJIOPO/IA SIBJSETCS TPUILIETHOE,
TO TIPEIPEAKITMOHHBIN KOMILJIEKC, BKJIIOYAIONIUI MO-
JIEKYJIBI CTHPOJIA ¥ KICJIOPOJIA, CBSI3aHHBIE MEKMOJIe-
KyJSIPHBIM B3aUMOJIEICTBUEM, TaKXKe SBJSETCS
TPUILJIETHBIM. B pe3yibTaTe peakiiuu MOTYT BO3HU-
KaTh MEPBUYHBIE PAUKAIBHBIE TAPBI, TAKKE HAXOI-
necst B TPUIJIETHOM cocTostHUH. [Ipu ipucoenune-
HUW HECTIAPEHHBIX 3JIEKTPOHOB PAAMKAIBHBIX Map K
JIBOWHBIM CBS35IM 0Jie(hTHA HAaUMHAETCS TIEMTHOH 1Tpo-
Iecc OoKucieHus. Bmecte ¢ Tem, B pe3yibrare
TPHUILJIET-CUHTIETHBIX TIEPEX0I0B B PAIUKATbHBIX Ia-
pax MOTYT 06pa3OBbIBATHCS MOJIEKYJISIPHBIE COE/IH-
HeHus. [lockosbKY B IaHHOM ciIy4ae, B OTJIUYNE OT
UHUITTUPOBAHUS a30UHUITUATOPOM, CHHTJIETHBIE CO-
CTOSHUST HaXOJATCS TIO0 9HEPTUU HUXKe MCXOTHOTO
TPUTIJIETHOTO, TaKHe TPOIECChl 6YYT BHIBOANUTD 00-
pasyromirecs COeINHEeHNs U3 IeITHOTO TIpoIlecca u
3HaK MO OyzeT OTpUIaTebHBIM.

TaxuMm 06pa3oM, BIAMSHUE MATHUTHOTO TIOJIST HA
OT/IETbHBIX CTAJIUH I[ETHOTO OKUCJEHUS CBSI3aHO C
aBoJfoInell pagrKaabHbIX map. O6HapyKeHHBIN 9¢-
ekt MoKeT OBITh 00YCIOBIEH KHHETHYECKUMU 0CO-
OGEHHOCTSIMU JETATHHOTO MEXaHU3MA TIETTHOTO TIPO-
recca. OTBeT Ha ATOT BOIIPOC CJIEAYET UCKATh B COUe-
TaHUU TEOPETUYECKOTO aHAIN3a C 9KCIIePUMEHTAIb-
HbIM M3yYeHUeM 3JIEMEHTAPHbIX PEAKITUIA.

References

1. Hayashi H. [Introduction to Dynamic Spin
Chemistry: Magnetic Field Effects on Chemical and
Biochemical Reactions]. Singapore, World Scientific
Printers (S) Pte Ltd, 2004, 268 p.

2. Buchachenko L. [Magneto-biology and medicine].
New York, Nova Science Publishers, 2014, 144 p.

3. Kokhan V., Matveeva M., Mukhametov A. Shtemberg
A. [Risk of defeats in the central nervous system
during deep space missions]. Neurosci. Biobehav. Rev.,
2016, n0.71, pp.621-632.

4. Binhi V., Prato F. [Biological Effects of the Hypo-
magnetic Field: An Analytical Review of Experiments
and Theories]. PLoS One, 2017, no.12, ¢0179340.

5. Salikhov K., Molin Yu., Sagdeev R., A., Buchachenko
A. [Spin polarisation and magnetic field effects in
radical reaction]. Amsterdam, Elsevier; Budapest,
Akademia Klado, 1984, 419 p.

6. Kazin V., Guzov E., Pliss E., Moshareva V., Makaryin V.,
Levshin N., Baranov A. [The Effect of a Constant

Magnetic Field on Components of Protein Structures in
Human Blood]. Biophysics, 2017, n0.62, pp.998-1007.

bawxupcruit xumuueckuit acypnan. 2024. Tom 31. Net 37



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

38

Zhang B., Tian L. Reactive Oxygen Species: Potential
Regulatory Molecules in Response to Hypomagnetic
Field Exposure // Bioelectromagnetics.— 2020.—
V.41.— Pp.573-580.

Buchachenko A., Pliss E. Isotope effects of hydrogen
and atom tunnelling // Russian Chemical Reviews.—
2016.— V.85, Ne6.— Pp.557-564.

Sampson C., Keens R., Kattnig D. On the
magnetosensitivity of lipid peroxidation: two- versus
three-radical dynamics // Phys. Chem. Chem. Phys.—
2019.— V.21.— 13526.

Buchachenko A. Experimental testing of molecular
dynamic function of pairs by the isotope selectivity of
radical recombination // Russ. Chem. Bull.— 1995.—
V.44~ Pp.1571-1577|.

Adam B., Sinayskiy I., Petruccione F. An open
quantum system approach to the radical pair
mechanism // Sci. Rep.— 2018.— V.8.— Pp.1-10.

Buchachenko A., Bukhvostov A., Ermakov K,
Kuznetsov D. A specific role of magnetic isotopes in
biological and ecological systems. Physics and
biophysics beyond // Progress Biophys. Mol. Bio.—
2020.— V.155.— Pp.1-19.

Usselman R., Hill 1., Singel D., Martino C. Spin
Biochemistry Modulates Reactive Oxygen Species
(ROS) Production by Radio Frequency Magnetic
Fields // PLoS One.— 2014.— V.9.— Pp.1-13.

Pliss E., Grobov A., Kuzaev A., Buchachenko A.
Magnetic field effect on the oxidation of hydrocarbons
by molecular oxygen. Mendeleev Commun.— 2017.—
V.27.— Pp.246-247.

Pliss E., Grobov A., Kuzaev A., Buchachenko AL.
Magnetic field effect on the oxidation of organ. ic
substances by molecular oxygen // Journal of Physical
Organic Chemistry.— 2019.— V.32, Ne4.— P.e3915.

Pliss E., Grobov A., Kuzaev A., Buchachenko A. Mag-
netic field as a means to identify initiating reaction in
oxidation of organic substances by molecular oxygen //
Mendeleev Comm.— 2020.— V.30.— Pp.433-435.

Pliss E., Grobov A., Kuzaev A., Buchachenko A.
Magnetic field effects on the initiation of chain
oxidation // Mendeleev Commun.— 2021.— V.31.—
Pp.341-342.

Fedin M., Purtov P., Bagryanskaya E. Spin relaxation
of radicals in low and zero magnetic field // J. Chem.
Phys.— 2003.— V.118.— Pp.192-201.

Gohdo M., Wakasa M.. Kitahama, Y. Sakaguchi Y. J.
Magnetic field effects due to the relaxation mechanism
observed for the photo-induced electron transfer
reaction of zinc(II) tetraphenylporphyrin and 2-
methyl-1,4-naphthoquinone // Journal of Photoche-
mistry and Photobiology A: Chemistry.— 2008.—
V.199(2-3).— Pp.130-135.

McKenzie I. Spin relaxation of a short-lived radical in
zero magnetic field // Phys. Chem. Chem. Phys.—
2011.— V.13.— Pp.1168-1173.

Denisov E., Afanas'ev I. Oxidation and Antioxidants in
Organic Chemistry and Biology.— Boca Raton (FL):
CRC Press, 2005.— 992 p.

Pliss E., Safiulin R., Zlotsky S. Inhibited oxidation of
unsaturated compounds. Kinetics, mechanism,
correlation of structure with reactionary ability.—
Saarbruchen: LAP LAMBERT Academic Publishing,
2012.— 130 p.

Denisov E., Denisova T., Pokidova T. Handbook of
radicals initiators.— New York: Wiley, 2003.— 886 p.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Zhang B, Tian L. [Reactive Oxygen Species: Potential
Regulatory Molecules in Response to Hypomagnetic
Field Exposure]. Bioelectromagnetics, 2020, vol.41,
pp-573-580.

Buchachenko A., Pliss E. [Isotope effects of hydrogen
and atom tunnelling]. Russian Chemical Reviews, 2016,
vol.85, no.6, pp.557-564.

Sampson C., Keens R., Kattnig D. [On the
magnetosensitivity of lipid peroxidation: two- versus
three-radical dynamics]. Phys. Chem. Chem. Phys.,
2019, vol.21, 13526.

Buchachenko A. [Experimental testing of molecular
dynamic function of pairs by the isotope selectivity of
radical recombination]. Russ. Chem. Bull., 1995, vol.44,
pp.1571-1577|.

Adam B., Sinayskiy I., Petruccione F. [An open
quantum system approach to the radical pair
mechanism]. Sci. Rep., 2018, vol.8, pp.1-10.

Buchachenko A., Bukhvostov A., Ermakov K,
Kuznetsov D. [A specific role of magnetic isotopes in
biological and ecological systems. Physics and
biophysics beyond]. Progress Biophys. Mol. Bio., 2020,
vol.155, pp.1-19.

Usselman R., Hill 1., Singel D., Martino C. [Spin
Biochemistry Modulates Reactive Oxygen Species
(ROS) Production by Radio Frequency Magnetic
Fields]. PLoS One, 2014, vol.9, pp.1-13.

Pliss E., Grobov A., Kuzaev A., Buchachenko A.
[Magnetic field effect on the oxidation of
hydrocarbons by molecular oxygen]. Mendeleev
Commun., 2017, vol.27, pp.246-247.

Pliss E., Grobov A., Kuzaev A., Buchachenko AL.
[Magnetic field effect on the oxidation of organ. ic
substances by molecular oxygen]. Journal of Physical
Organic Chemistry, 2019, vol.32, is.4, p.e3915.

Pliss E., Grobov A., Kuzaev A., Buchachenko A.
[Magnetic field as a means to identify initiating
reaction in oxidation of organic substances by
molecular oxygen]. Mendeleev Comm., 2020, vol.30,
pp.433-435.

Pliss E., Grobov A., Kuzaev A., Buchachenko A. [Mag-
netic field effects on the initiation of chain oxidation].
Mendeleev Commun., 2021, vol.31, pp.341-342.

Fedin M., Purtov P., Bagryanskaya E. [Spin relaxation
of radicals in low and zero magnetic field]. J. Chem.
Phys., 2003, vol.118, pp.192-201.

Gohdo M., Wakasa M., Kitahama Y., Sakaguchi Y. J.
[Magnetic field effects due to the relaxation
mechanism observed for the photo-induced electron
transfer reaction of zinc(II) tetraphenylporphyrin and
2-methyl-1,4-naphthoquinone]. Journal of Photoche-
mistry and Photobiology A: Chemistry, 2008, vol.199(2-
3), pp-130-135.

McKenzie I. [Spin relaxation of a short-lived radical in
zero magnetic field]. Phys. Chem. Chem. Phys., 2011,
vol.13, pp.1168-1173.

Denisov E., Afanas'ev I. [Oxidation and Antioxidants
in Organic Chemistry and Biology]. Boca Raton (FL),
CRC Press, 2005, 992 p.

Pliss E., Safiulin R., Zlotsky S. [Inhibited oxidation of
unsaturated compounds. Kinetics, mechanism,
correlation of structure with reactionary ability].
Saarbruchen, LAP LAMBERT Academic Publishing,
2012, 130 p.

Denisov E., Denisova T., Pokidova T. [Handbook of
radicals initiators]. New York, Wiley, 2003, 886 p.

Bbawxupcruii xumuueckuti scypmuan. 2024. Tom 31. Ned



