Journal of
Baku
Engineering
sveuen UN1Versity
Nmbe2 P HYS1TCS
D020 e e e e

An International Journal

p

BAKU ENGINEERING UNIVERSITY

http://journal.beu.edu.az

|




Founder

Havar Mammadov

Editor-in-chief
Niftali Qocayev

Co-Editor

Razim Bayramov

Editorial advisory board

Azer Ahmedov (Baku State University, Azerbaijan)

Cahangir Huseynov (Azerbaijan, Azerbaijan Pedagogical
University)

Eldar Qocayev(Azerbaijan, Technical University )

Eldar Masimov (Azerbaijan, Baku State University)

Enver Nakhmedov (Baku Engineering University)

Eyyub Guliyev (Azerbaijan, National Academy of Sciences)
Farhad Rustamov (Azerbaijan, Institute of Physical Problems)

Gulnara Akhverdiyeva(Azerbaijan, Institute of Physical Problems)
Izzet Efendiyeva (Azerbaijan, Baku State University)

Larisa Ismayilova (Azerbaijan, Institute of Physical Problems)
Kerim Allakhverdiyev (Azerbaijan, National Aviation

Academy Of Azerbaijan)

Namiq Ahmedov (Azerbaijan, Institute of Physical Problems)
Sajida Abdulvahabova (Azerbaijan, Baku State University)

International Advisory board

Ahmed Abdinov (Azerbaijan, Baku State University)

Anar Rustamov (Germany, Hote Frankfurt University)

Ali Javan (USA, Massachusets Institute of Technology)

Adil R. Abduragimov (USA, University of California, Los Angeles)
Amrulla Mamedov (Turkey, BilkentUniversit)

Faig Mikailzade (Turkey, Gebze Technical University, Kocaeli)
Gulshen Agayeva(Azerbaijan, Institute of Physical Problems)
Irada Aliyeva (Azerbaijan, Baku State University)

Garib Murshudov (York Akademy, UK, London)

Hamed Sari-Sarraf (USA, Texas Technik University)

Eden Mamut (Romania, Black Sea Universiteties Network Center)
Elsen Veli Veliyev (Turkey, Kocaeli University)

Edil Eyvazov (Azerbaijan, Azerbaijan Pedagogical University)
Kamran T. Mahmudov (University of Lisbon, Porugal)

Kev Salihov (Tataristan, Kazan University)

Khalil Kilantér (Displays and Optical Technologies, Japan, Tokio)
Konstantin Voldemarovich Shaitan (Russia, Moskow State
University)

M.1gbal Choudhary (University of Karachi, Pakistan)

Natig M. Atakishiyev (Universidad National Antonoma de Mexico)
Nizami Gasanliy (Middle East Technical University, Turkey )
Oktai Gassumov (Azerbaijan National Academy of Sceince, Baku)

Oguz Gulseren (Bilkent University, Turkey)

Olgun Guven (Turkey, Hacettepe University)

Rasim Mamedov (Azerbaijan, Baku State University)

Rauf Jafarov (Azerbaijan, Institute of Physical Problems)
Sebahattin Tuzemen (Turkey, Ataturk University)

Sevim Akyuz (Turkey, Istanbul University)

S.V. Chernyshenko (Germany, Koblenz University)

Suleyman 1. Allakhverdiev (Russian, Akademy Science, Moscow)
Svetlana Demuhamedova (Azerbaijan, Institute of Physical
Problems)

Takhmasib Aliyev (METU, Ankara, Turkey)

Taleh Yusifov (University of California, USA, Los Angeles)
Tariel Ismayilov (Azerbaijan, Baku State University)

Tarlan Efendiyev (Belarus, National Academy of Science)
Toshi Nagata (Japan, National Institute for Natural Science)

V. Thavasi (Singapore, National University of Singapore)
Vanin A.F. (Russia, National Academy of Science)

Vagif Nasirov (Azerbaijan, Azerbaijan Pedagogical University)
Vladimir Pashenko (Russia, Moskow State University)

Veli Gusseynov (National Academy of Science, Baku, Azerbaijan )
Vladimir Gorbarchuk (Poland, Lyubel Polytechnic University)
Yusuf Sahin (Turkey, Ataturk University)

Executive Editors
Shafag Alizade

Assistant Editors

Ulker Agayeva
Lala Hajiyeva

Design
Ilham Aliyev

Contact address
Journal of Baku Engineering University
AZ0102, Khirdalan city, Hasan Aliyev str. 120, Absheron, Baku, Azerbaijan
Tel: 00 994 12 - 349 99 95 Fax: 00 994 12 349-99-90/91

e-mail: jr-phisics@beu.edu.az

web: http://journal.beu.edu.az
facebook: Journal Of Baku Engineering University

Copyright © Baku Engineering University

ISSN 2521-6368



ISSN 2521-6368

——
—
—

ENGINEERING UNIVERSITY

Journal of

Baku Engineering
University

PHYSICS

Baku - AZERBAIJAN




Journal of Baku Engineering University

PHYSICS
2020. Volume 4, Number 2

CONTENTS

KOMIIZAEKCHAS ANDAEKTPUYECKASI IPOHUITAEMOCTD U
OIITUYECKME ®YHKIIMI BMOKOMIIO3MTOB II9H+x06.%PY

B.B. Caaumosa

53

THE DECAY OF Polarized CHARGINO (NEUTRALINO) INTO HIGGS BOSONs
Abdullayev S. K., Omarova E. Sh.

61

SPATIAL AND ELECTRONIC STRUCTURES OF
HYLAMBATIN (8-12) PENTAPEPTIDE

G.A. Agaeva, G.R.Safarli, N.M.Godjaev

76

ELECTRONIC SPECTRUM OF o-In2Ses COMPOUND
AND NATURE OF THE CHEMICAL BONDS

E.M. Qocayev, Z.A. Cahangirli, A.F.Garibli, S.A. Nabiyeva

82

BAVSTHUE HEOPTAHMYECKMX COAEN HA ®A30BYIO AVIATPAMMY
1 PA3AEAUTEABHYIO CITOCOBHOCTh BOAHOW ABYX®A3HOM
CUCTEMM IIBT-HATPUEBASI COAb AMMOHHOMN KUCAOTBI-BOJAA

2.A Macumos, I.M Ilaxbasosa

86

THE INFLUENCE OF ETHYLENE GLYCOL AND GLYCERIN TO THE FORMATION

OF AQUEOUS BIPHASIC SYSTEM POLYETHYLENE GLICOL-SODIUM CITRATE-WATER

Shahbazova Gunel Mugaddas

92

CONDUCTIVE EXTENDED STATES INBi:Tes<In,Cu>.

Gojayev E.M., Gahramanov A.SH., Gahramanov S.SH., Gulmammadov K.]., Mamedova S.I.

INFLUENCE OF THE SEASHELL ON THE MECHANICAL AND
ELECTRICAL STRENGTH OF HIGH PRESSURE POLYETHYLENE

E.M. Gojayev, Sh.A.Zeynalov, K.].Gulmammadov, R.S. Ragimov, N.F. Memmedzade

102



JOURNAL OF BAKU ENGINEERING UNIVERSITY - PHYSICS

2020. Volume 4, Number 2 Pages 53-60

PACS. 78.20Ci; 78.30.Jw; 81.05.Lg; 82.35.Pq; 82.35.Lr.
UOT:530.1:51

KOMIIAEKCHAS AMDAEKTPUYECKAZS ITPOHNMIOAEMOCTD "
OIITUYECKME ®YHKUVIN BMOKOMIIO3UTOB ITOHA+x006.%PY

B.B. CAAMMOBA
CyMranTcKmii rocyAapCTBeHHBIN yHUBepcuTeT, T. CymMrant

vefa_24@mail.ru

PE3BIOME

B mpeanasaenHoit paboTe M3A0KE€HBI pe3yAbTaThl MCCAeJOBAaHIUS JaCTOTHOM 3aBUCHMOCTU peaAbHON U
MHIMOJ 4acTell AUDAeKTPUIeCKOi ITPOHMUIIAeMOCTU ITOAMDTUAEHa HU3KOTO JaBAeHU:A, MOAMQPUINPOBAHHOTO
priOberi demryeri. C IIOMOIIBIO SKCIIEPUMEHTAABHBIX 3HAU€HMII KOMILA€KCHON AMDAEKTPUIECKON IIpOHMIIae-
MOCTH, OBIAY OIpejeAeHbl onTudeckue PyHKIINMYN — peaabHble M MHUMBIE YacTu KOd(pPuIenTa mpeAoMAeHNs],
ONTIYECKOV DAEKTPOIPOBOAHOCTY, KOddPuIineHTa oTpakeHns, KodpuirieHTa IOTAOMIEHNs U TIOTEPY DHEP-
ruu 6uokomno3utos [TOHA+x06.%PY.

Karouesbie caosa: 6rokommosutsl [IDHA+x06.%PY, onTideckne (pyHKIIMM, KOMILAEKCHasI AUDAEKTPIIecKas
ITPOHMUIIAEMOCTD, peaabHbIe ¥ MHUMBIE JacTV Koo PUIieHTa IIpe10MAEHNs, ONITUIecKas 91eKTPOITPOBOAHOCTb.

ASPE+xhacm%BP BIOKOMPOZITLORININ KOMPLEKS DIELEKTRIK
KECIRICILIYI VO OPTIK FUNKSIYALARI

XULASO

Taqdim olunan isds baliq pulcuqlarinin modifikasiya olunmus asag1 sixliqh polietilenin dielektrik kegiricili-
yinin haqiqi ve xayali hissalarinin tezlikdon asilihqlarinin todqiqi naticalari toqdim edilmisdir. Kompleks dielektrik
kegiriciliyinin eksperimental naticelarinden istifade edarak, ASPE + xhacm % BP biokompozitlarinin optik funk-
siyalar1 — ssnmanin haqiqi ve xayali amsali, optik elekterik kegiriciliyi, oksetma vo udma amsali, enerji itkisi
miiayyen edilmisdir.

Acar sozlar: ASPE + xhacm% BP, optik funksiyalar, kompleks dielektrik kegiriciliyi, ssnma amsalinin haqiqi
va xayali hissalari, optik elektrik kegiriciliyi.
COMPLEX DIELECTRIC PERMITTIVITY AND OPTICAL FUNCTIONS
OF BIOCOMPOSITES LDPE+xvol%FS.
ABSTRACT

The presented work presents the results of studying the frequency dependence of the real and imaginary
parts of the dielectric constant of high-pressure polyethylene modified with fish scales. Using the experimental
values of the complex dielectric constant, the optical functions were determined - the real and imaginary parts of
the refractive index, optical conductivity, reflection coefficient, absorption coefficient and energy loss of the
biocomposites LDPE + +xvol % FS.

Keywords: biocomposite LDPE+xvol % FS, optical functions, complex dielectric constant, real and imaginary
parts of the refractive index, optical conductivity.

BBEAEHWE

OAHVIM 13 NepCIIeKTMBHBIX HaHpaBAeHI/IfI MeTaAAd0BeAeHUs JABAACTCA CO34aHNMe HOBBIX
KOMITO3MIMIOHHBIX ITOAVIMEPHBIX MaTE€PMaA0B. Takne MaTepnaabl MOI'YT HaTUu IIpUMEHeHNne
B KadyecCTBe MN30AJ1MNN €MKOCTHEIX HAIIOAHUTEAEN YHepruu, pa60Tanu_U/1x Ha MMITyAbCHOM
HaIIpsI>KeHUIL. B 3aBucumMocCT; OT Ha3HaueHMsI M 00AaCTu IIpUMEHEHNSI BbICOKOBOABTHBIX
VIMITIy AbCHBIX YCTpOIZCTB AANTEAbHOCTb Cl)pOHTa VMIIyAbCOB HaIIPS>KEHNMS MOXKET M3MEHITDHCI
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B.B. Caarumosa

OT HECKOABKIX AECATKOB MC 40 HC. II09TOMY KOMITO3MIIMOHHbIE MaTepUaAbl 445 € MKOCTHBIX
HaKoOINTeAel DHeprum AOAXHBI 004alaTh CTaOMABHBIMU DAEKTPOPU3NMYECKMMU XapaKTe-
PUCTUKAMM B IIMPOKOM Alaria3oHe YacTOT BHELIHErO 9AeKTPUYEeCKOro moas. Beegenue nHa-
MOAHUTEAs] OMOAOTMYECKOTO IPOUCXOXKAEHUs CYIIeCTBEHHO MOAU(DUIIMPYeT CTPYKTYPYy U
CBOJICTBA KOMITO3MITMOHHBIX MaTepMaAoB 3a cueT Me>K(asHbIX B3aIMOAECTBII 11 oOpa3oBa-
HIs TPAaHMYHOTO HAHOCAOsl BOAM3M 4YacTUIl HallOAHUTeAsd. DTO ompeeasieT OCOOeHHOCTHU
BpPeMeHHOTIO paciipejeleHNs A0KaAbHOIO 11045, B OTA@ABHBIX 00AaCTsIX MOAMMEPHOI cucTe-
MBI ¥ 9aCTOTHOI Aucrniepcunt 9PpQPeKTUBHON KOMIIAeKCHOM AMDAeKTPUIeCcKOl ITPOHUITaeMOC-
TU KOMIIO3UIIVIOHHBIX MaTepuaaoB.

B sroit cBasum mpm pazdpaboTke KOMIO3UIIMOHHBIX MaTepualoB HEOOXOAMMO UMEeTb
MHQPOPMAaLINIO O CHIeKTpe KOMILAeKCHON AMDAeKTPIIeCcKoil MPOHNUIIaeMOCTI CaMOil IIOAUMe]-
HOII MaTPUIIbI YaCTUL] HAIIOAHNUTEAs] OM0AOTMYECKOTO ITPOVMICXOKAEHIL.

B cBeTe BBIIIEN310KEHHOTIO 11€4BI0 AJAHHO PabOTHI ABMAOCH MCCAeAOBaHNe YaCTOTHOM 3a-
BVICMIMOCTY KOMILAEKCHOM AMDAeKTPIIecKol ITpoHniiaeMocty 6rokommnosntos ITOH A+x00.%PY.

METOAUKA DKCITEPUMEHTA

[Ipu usmepennn AnUsAeKTPUYECKUX IIapaMeTPOB B KaueCTBe KOHTAKTa JCII0Ab30BaAach
cepeOpsAHasg  macrta. llccaegoBaHme — 9acCTOTHOM — 3aBUCUMOCTM  AUDAEKTPUYECKON
IIPOHMUIIAEMOCTH M yIrda AUDACKTPUYECKMX IIOTeph IIPOBOAMUAOCH C MCIOAb30BaHMEM
undposoro npudopa Aas naMepenus umieganca E7-20, xak onucano B [1]. Hanpsoxenne,
IIPUAOXKEHHOe K 00pasily, cocrasasao 1 B. Ilorpemmnoctu uaMmepeHns AnsAeKTpUYIECKON
IIPOHMIIAEMOCTU ¥ AMDAEKTPUYECKMX ITOTeph cocTaBasiam 3 m 5% coorsercTBeHHO. ITpu
rccAe0BaHNY TeMIIepaTypHOI 3aBMCMMOCTU AaHHas yacToTa Oblaa mpuHsTa pasHoi 1 kI,

SKCITEPMMEHTA ABHBIE PE3Y AbTATHI 1 OBCYKAEHUE

1.0 7
0.8
% 0.6
2l
=04
0.2
0.0

b b L th

0.01 0.1 1 10 100 100
okHz

6.0 7
56 7

527

=k G gt

50 T T T T 1
0.01 0.1 1 1m0 100 1000

o.kHz )
Puc.1. YacToTHbIE 3aBUCUMOCTHU TaHTeHCa yraa AnsAeKTpUIeCKNX I10Tephb (a) n

AuBdAeKTpudecKoit mponutaeMoctu (6) 6Guoxommosutos ITOHA+ x 06%PY, rae 1-x=3; 2-
x=5; 3-x=7; 4-x=10; 5-x=15.
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Komnaexcras dusrexmpuveckasn nponuyaemocmo u onmuteckue ynyuu duoxomnosumos IIDHA+x06.%PY

PesyabTaThl MCCcAeAOBaHMS YaCTOTHOM 3aBUCUMOCTY AMDAEKTPUYECKON IPOHUITAeMOCTI
U AUDAEKTPUIECKON IOTepH MOAMDTIAeHA HU3KOTO AaBAEHNS, MOAU(UIIMPOBAHHOIO PhI-
Obel1 yenryeil mpuseAeHsl Ha puc.la, 6.

Ha puc.la mpusoasATcs pe3yabTaThl MCCAeAOBaHM JAaCTOTHOM 3aBUCUMOCTU ANDAKTPU-
gyeckoll motepu O6moxoMnosutos ITOHA+x006%PY. Ansaekrpuyeckas mortepsi yKasaHHBIX
OMOKOMITO3MTOB CHadala C yBeAndeHNeM YacTOThl Pe3ko yBeAndmpaeTcss, mpy yactore 50 kI
AOCTUTaeT CBOETO MaKCHMMaAbHOTO 3HaYeHMsI U yMeHbIIaeTcsl. Pa3MBITHIN YaCTOTHBIN CITEKTP
AUDAEKTPUIECKON IOTepy CBUAETEALCTBYET O HaAMYMI COCTaBASIONINX, 0OyCAaBAMBAIOIINX
PasAMYHBI  BKAaJ AUIIOABHO-OPMEHTAIMOHHON IIOASApU3aluyu B OOLIYI0 AMCIIEPCUIO
KOMIIAE€KCHOM AMDAKTPUYEeCcKO ITpoHuIaeMocTu [2-5].

Kak BuaHo, (puc. 10) ¢ yseandennem gactotsl ot 0.01 kI'y 40 1000 kI'11 gmsaekTpryeckas
IIPOHMIIAeMOCTh CHadyaJa yBeANIMBaeTCs, AOCTUTasl CBOEI0 MaKCHMMaAbHOIO 3HaYeHUs IIpU
gacrore 10 I, a 3areM ymeHbLIaeTCs. YBeAWYEHME AUDACKTPUYECKON ITPOHMIIAeMOCTU
HabAl0AaeTcsl M C yBeAMYeHMeM OODbeMHOIO cOoJep>KaHMs OMOHANOAHUTeAs B COCTaBe
MIOAMDTUAEHA HU3KOTO AaBAeHU:. XapaKTepHO AAs BCeX MCCAeA0BAHHBIX KOMIIO3UTOB IIPU
HUBKMX YacTOTax IIPOUCXOAUT OTHOCUTEAbHOe caaboe yBeAndYeHMe AMDAeKTPUIeCcKO
IIPOHMIIAeMOCTH, a IIPY BBICOKMX YacTOTaxX HabAIOAAeTCsl CABHOEe YMeHbIIIeHNe AUDAeKTPU-
yeckoil mpoHniaemoctu. C ypeandyeHneM cojep>kaHus OMOHAIIOAHUTeAsI B COCTaBe KOMIIO-
3UTa OpY HU3KUX YacTOTaX IPOMCXOAUT OTHOCUTEABHO cAaboe yBeAndeHUe AMDAeKTpudec-
KOV IPOHUILIA€MOCTH.

Pazangnslit X BKAa4 B OOIIYIO AVICIIEPCUIO KOMILAEKCHOM AMDAeKTPUIECcKOl IIpOHUIIa-
eMOCTI OOYyCAOBA€H TeM, YTO MCCAeAyeMBIil MOAUMEepP COAeP>KUT MOASpPHBIE pajuKaaAbl, a
Tak>Xe IOASIpHbIe IPYIIIBI MOAeKyA IaactudukaTopos. Kpome Toro, BBesenne Moguduxa-
TOPOB IHPUBOANUT K YMEHBIIIEHNIO BsA3KOCTU HOAMMepPa BCAeACTBIe CHYKEHIST DPHePIUI MeX-
MOAEKYASIPHOTO B3alIMOAENCTBIS M M3MEHEeHNIO BpeMeHI peAaKcaliiy IpOoIeccoB AUIIO0Ab-
HO-OPMEHTalIOHHON NOAAPU3aINH ITOASPHBIX TPYIII U paauKaaos. [ToayuyeHHble pe3yabTa-
TBI ITOKa3bIBAIOT, YTO M3MeHeHe KOHIIeHTpalluy HallOAHUTeAs] 3 PhIObell JeIryn IIpUBOANUT
K CMeIlleHMIO YacTOThl, peJaKcally BceX COCTaBASIOIINMX CIIeKTpa B 004acTh 004ee HU3KUX
9acTOT, yBeAMYeHNIO IAyOMHBI AU IOAHOM IIVPUHBI AUCIIEPCUN KOMILA€KCHOM AMDAKTPU-
YecKOil ITPOHUIIaeMOCTM B IPUMEPHOM COOTBETCTBMI C KOHIIeHTpallyell HallOAHUTeAs U
M3MEHEeHMIO BKJaJa OTAEABHBIX COCTaBASIOIIMX CIeKTpa B AMCIepCHIO KOMILAeKCHOM AM-
DAEKTPUYECKOI IIPOHUIIaeMOCT.

M3BecTHO, 4TO Mepoll AMDAEKTPUYECKUX IIOTEPb MOXKET CAY>KUTh TaHIeHC yraa &, A0-
MOAHSIOIINI yroa ¢ 40 90°
IaK &

peak  Er

Ly 7 Iyea — QKTUBHASI 1 PEAKTMBHAS 4aCTU CUABI TOKA.

M3BecTHO Tak’Ke, 4TO OOOOIIEHHAs! AMPAEKTpUdIecKas IPOHUIIAEMOCTh OIpeAeAseTcs
dopmyaoit
2 2 2 ;
4mNe Wi —w ifw

=1 + — =& —1&;
m  \(wf —w?)?+f2w? (wf—w?)?+[f2w? T

AeﬁCTBMTeAbHaH & I MHUIMAZ &; 9aCTU KOMILA€KCHOI AMBAGKTqueCKOfI IIpOHULIaeMOC-
TN IIPpY DTOM PaBHBI
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4nNe? (w3 — w?)?
m[(w§ — w?)? + f2w?]
__ 4nNe? fw

m (wg_wz)z_,_fzwz )

&g =1+

i

T aaBHBIN TTOKa3aTeAab IIpeAOMAEHNST (BeIHGCTBeHHa}I JacCTb ITOKa3aTeAasl HpGAOMAeHI/I}I)

o1rpeaeasAacs 1o Cl)OpMYAe
— 1 2 2
n= E Er + for= + €i

PesyabraThl pacdyera nmpuseseHsl Ha puc. 2. Kak caegyer us puc.2 peaabHast 4acTb KO9(-

¢unmenTa npeaoMaeHNsl IpM HU3KUX 3HadeHMsIx dactoTsl (0+1 xI'Ir) mpakTuyecku He M3-
MEHSIeTCsl, a B 4aCTOTHOM AmanasoHe ot 1 g0 50 xI'1y HaGa104aeTcs cuabHbin pocT n. C gaab-
HeJMIINM POCTOM YacTOThl KO®(PPUIIMEHT IIpeAOMAeHNs CBOeTO MaKCUMaAbHOTO 3HauyeHI s
AOCTUTaeT B 4acTOTHOM auarazoHe 50+100 kIt Xapaktep m3ameHeHms Kod(pQPUIMEHTOB
IpeAOMAeHMsI YaCTOTHOM 3aBMCUMOCTI JCCAeA0BaHHBIX OMOKOMITO3UTOB He oTanmdaercs. C
yBeANYeHleM OOBEeMHOTIO codep KaHIUs OMOHAIIOAHUTEAS IPOUCXOAUT yBeAUdeHNe pealb-
HOII yacTy K09 PuIINeHTa Ipe1oMAeHsL.

265 7
2.55 7
= 245 7
235
2.25 7

215 . . | . !
0.01 0.1 1 10 100 1000

o, kHz

okl W o N

Puc.2. YacrorHas 3aBUCHMOCTb peaAbHOI 9acTy Kod¢puiineHTa npeaoMAeHnst O1I0KOMIIO3UTOB
IIDHA+ x06%PY, rae 1-x=3; 2-x=5; 3-x=7; 4-x=10; 5-x=15.

MHuumast 9actb ,ZI,I/IB/leKTpI/I‘IeCKOIZ IIPOHNIIAEMOCTI OIIpeAEASIeTCA 110 (l)OpMYAe

1
k = §<_€T + /erz +ei2>

Kaxk caeayer 13 pI/IC3 YacTOTHasl 3aBUCUMOCTh MHIMMOI 4acTu KOBCI)CI)I/ILIGHTa npeaom-

AeHNs VMeeT aHaAOTMYHBIN XapakKTep, T. €. IIPY HMU3KUX 3HAYeHMUIX 4acTOThl HaOAI0AaeTCs
cAalbIll POCT, a B CpedHelt yacTu KOO(PPUIMEHT OTpakeHIsI AOCTUTaeT CBOer0 MaKCUMaAdb-
HOT'O 3HAYEeHNs ¥ YMEHBIIIaeTCsl.

Kosdpuiment orpakenns ornpegeasercs: GopmMya0i
(n—1)? — k?

~ (n+1)? + k2
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PesyabraThl pacueTa Koo puiimeHTa oTpakeHus mpuseieHsl Ha puc.4. Kak caeayer us
puc.4 B R(w) 3aBucumoctu yseandeHue KOd>pQPuIMeHTa OTpaskeHMs IPOMCXOAUT OTHOCH-
TeabHO cuabHee. C yBeanyeHnneM oObLeMHOTO COAEP KaHMs PhIObeli Yely B coCTaBe IOAND-
THA€Ha IIPOUCXOAUT CMelleHIe MaKCMYMOB B CTOPOHY BBICOKMX DHEePIUIL.

1.2
1.0
0.8
== 0.6
0.4
0.2 7
0.0

= ok L el

0.01 0.1 1 10 100 1000

o, kHz

Puc.3. YacToTHast 3aBMCHMMOCTh MHMMOI YacTu KodpduiimenTa mpeaoMAaeHns 61OKOMITO3UTOB
TIDHA+ x 06%PY, rael-x=3; 2-x=5; 3-x=7; 4-x=10; 5-x=15.

0.27
0.25 -
0.23 -

R 021
0.19 -
0.17
0.15

= ok e tn

0.01 0.1 1 10 100 1000

o, kHz
Puc.4. YactoTHas 3aBuCcHMOCTb KOodpuIiienTa oTpaxkenns duokommnosurtos [IDHA+ x

00%PY, rael-x=3; 2-x=5; 3-x=7;
4-x=10; 5-x=15.

XapaKTepI/ICTI/I‘IeCKa}I (IDYHKLU/I}I IIOTEPDb DHEPINN DACKTPOHOB OIIpeAeAsIeTCI TaKNM

2 2

CHeKTpaAbHa}I 3aBUCMOCTh MHIIMOI 4acTU O6paTHOﬁI BEeAMYUHBI KOMIIA€KCHOM AUDAEK-
. 1
TpUYIECKON IIPOHNMIaeMOCTU IIpeACTaBA€Ha Ha pI/IC5 Kak BIMIAHO Ha _Im (;) 3aBUICIMOCTIX

Ha6AIOAaeTC}I OAVH MaKCIIMYM. O6Hapy>1<eHo, 9TO IIpM MaAbIX COAEP>KaHMAIX OuoHarmoAHMI-
TeAs yBeAndeHue O6paTHOﬂ BeANYVHBI KOMIIA€KCHOM AMBAGKTqueCKOfI IIPpOHNTTIAEMOCTIL
OTHOCUTEAbHO CIAbHAasI.
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0.10
0.08
go_os .
50.04 1
0.02

Wt

=k

0.00 = . ; ; .
0.01 0.1 1 10 100 1000

o, kHz

Puc.5. YactoTHast 3aBUCUMOCTD IIOTEPb DHeprun 6nokommosntos IITOHA+ +x06%PY, rael-x=3; 2-
x=5; 3-x=7; 4-x=10; 5-x=15.

PeaapHast 1 MHUMAsI YaCTH ONTUYECKON DAEKTPOIIPOBOAHOCTY OIIPeAeAseTCsl C ITIOMOIITBIO
caeAyonux GopMya:
WE; we,

T 4% T A

PesyapraThl pacyera peaabHOV M MHUMOMN 4YacTel ONTUYECKON 3AeKTPOIIPOBOAHOCTI
OMOKOMIIO3UTOB IIpuBeAeHbl Ha puc.6. Kak caeayer ms puc.6 npm Hmakux yvacrorax (0+10
kK[11) 0, 445 Bcex MccAel0BaHHBIX OMOKOMIIO3UTOB XapakTepHO He maMeHseTcsl. OgHako ¢
yseandennem gactotel oT 10 40 1000 xI'11 pesko yBeanmumsaeTcsl. MHIMas 4acTh ONTUYECKOI
DAEKTPOIPOBOAHOCTY TaKKe IIPY HM3KMX YacTOTaX OCTAeTCs MOCTOSHHOM, a NP BBHICOKMX
3HaYeHNAX JaCTOTHI Pe3KO yMeHbllaeTcs. VIHTepecHO OTMeTUTD, YTO MHMMasl YacTh ONITIYeC-
KOI 91eKTPOIPOBOAHOCTY OMOKOMIIO3UTOB HE3aBUCUMO OT COAep>KaHIs OMOHaIOAHMUTeAs
OKa3hIBaeTCsI OAVTHAKOBOIA.

KosdpuimenT noraomenns onpeaeasercs Brlpa’keHeM
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Puc.6. YUacToTHas 3aBMCUMOCTD pealbHO (a) M MHMMOIL JacTell (0) OIITHYeCKOI 51eKTPOIPOBOAHOCTI
ouokomito3uTtoB [IDHA+ x06%PY,  rael-x=3; 2-x=5; 3-x=7; 4-x=10; 5-x=15.
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a(w) = 4—nk(ou) =20k ,
A c
€ — CKOPOCTB CBeTa B BaKyyMe.

Kak caeayer n3 puc.7 koopPuUIMEeHT ONTUIECKOTO MOTAO0IIeHNsI OMIOKOMIIO3UTOB IIpI
HIUBKMX YacTOTax IPaKTUIecKy He u3MeHsAeTcs, a HaunHas ¢ gacToTsl 100 xI'1y yBearansaetcs. C
yBeANuYeHieM OOBEeMHOTO cogep>kKaHusl OmoHamnoaHmuTeaAs B cocrase [IDB/ nabaroaaercs
Doaee cruabHOe yBeAndeHue Kodp@uIMeHTa IOTA0meHNnsA. DT0, MO-BUAUMOMY, CBI3aHO C
TeM, 4TO C yBeAMYeHMeM COJep>KaHMs HAIlOAHMUTeAs] B COCTaBe IPOMCXOAUT yBeAUdeHUe
ONITUYECKOM TTAOTHOCTU MCCAeA0BaHHBIX OMOKOMITO3UTOB [6, 7, 8].

3 5
25 1
e 2
=
=15 3
. 1 2
0.5 1
0 & 3 fi
0.01 0.1 1 10 100 1000
o, kHz

Puc.7. YacroTHas 3aBMCcMMOCTb KO PUIIEeHTa ITOTAOIIeHN s GYIOKOMITO3UTOB
TIDHA+ x06%PY, rae 1-x=1; 2-x=2; 3-x=3; 4-x=4; 5-x=5.

3AKAIOYEHUE

IToxazaHo, 4TO Ha OCHOBe II0AMMepa HU3KOIO AaBAE€HM:s BO3MOXKHO CO3/aHe KOMIIO3M-
LIMOHHBIX MaTep1aloB C BBICOKMM DHeprocodep>kanneM. /a5 noaydeHns crabMAbHBIX DA€K-
TpOopU3NUECKNX XapaKTepUCTNK HeOOXOAUMO ONTUMU3MPOBATh COCTaB KOMIIO3UIIMIOHHOTO
MaTtepuasa, TUII ¥ 0ObeM HaroaHuTeAs. MeTos AM»AeKTPIIeCcKOl CIeKTPOCKOINHU B YacTOT-
HOM XOJe AaeT IOAHYIO MH(OpMaluIO He TOABKO O IOBeAeHUU KOMIIAeKCHON AMDAeKTpU-
YeCKOJ IPOHMUIIA@MOCTH, HO U O CTPYKType KOMIIO3UIIMOHHOIO MaTepuasa, 4TO He3aMeHM-
MO IpM 1leAeHallpaBAeHHOM peryAMPOBaHNUM COCTaBa KOMIIOHEHTOB M CBOMICTBA KOMITO3MIIV-
OHHBIX AUDAEKTPUKOB C HAIIOAHUTEASIMU OJ010TMIECKOTO IIPOMUCXOXKAESHIIA.
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ABSTRACT
In the framework of the Minimal Supersymmetric Standard Model, the decays of the heavy chargino (neutralino)
into lightest chargino (neutralino) and the Higgs bosons are considered : 7; = 7 +h(H; A), 79, = 705 +h(H; A),
73 => 7 +HT. Taking into account the polarization states of the chargino (neutralino) analytical expressions for the

decay width are obtained. The degrees of longitudinal and transverse polarizations of the chargino and neutralino, as
well as the asymmetry due to the polarization of the initial chargino (neutralino), were determined. The dependence of
these characteristics and the decay width on the chargino (neutralino) mass has been studied.

Keywords: Standard Model, Minimal Supersymmetric Standard Model, chargino, neutralino, Higgs-boson, decay
width.

POLYARIZ® OLUNMUS CARCINONUN (NEYTRALINONUN) HIQQS BOZONLARA PARCALANMASI
XULASO
Minimal Supersimmetrik Standart Model ¢orgivesinde polyarize olunmus agir c¢arcinonun (neytralinonun)
yiingiil carcino (neytralino) ilo Hiqgs bozona parcalanmasi proseslorine baxilmusdir : 7, = 77 +h(H; A),
;?g = )?1(,)2 +h(H;A), 73 = 72 +H¥. Carcinonun (neytralinonun) polyarizasiya hallari nazers almagla pargalanma
enlari {i¢lin analitik ifadslar almmusdir. Carcino ve neytralino uzununa vs enina polyarize olunma daracaleri, hamg¢inin
ds baglangic carcinonun (neytralinonun) uzununa ve enine spin asimmetriyalar1 toyin edilmisdir. Hemin
xarakteristikalarin ve proseslarin pargalanma enlorinin ¢arcinonun ve neytralinonun kiitlelarinden asililiqlar1 strafli
Oyranilmisdir.
Acar sozlar: Standart Model, Minimal Supersimmetrik Standart Model, ¢arcino, neytralino, Hiqqs bozon,
parcalanmai eni.
PACIIA A IIOASIPM30BAHHBIX YAPAKVMHO (HEMTPAAVHO) B XUITC - BO3OHBI
PE3IOME
B pamkax Munnmaasuoit Cynepcummerpuanon CraHgaptaO Mogean pacCMOTPEHBI pacriafbl TSKEAOrO
YJapAKMHO (HEMTPaAMHO) B A€TKOe YapAKIHO (HeiTpaAuHO) 11 XUITC OO30H : Zs = 71 +h(H; A), 754 = 2 +h(H; A,
73 = 7L +HT . C yueToM MOASPUBAIIMOHHBIX COCTOSHMIT YaPAXKIHO (HETPAaANHO) MOAYdeHb! aHAAUTIHECKIE BhIpa-

SKeHIA A4S IMUPUHBL pacitagos. OpejeaeHbl CTeTleHN ITPOAOABHBIX Y ITOTIePeYHBIX MTOASPHU3AINil YapAKIHO U Heli-
TPaAMHO, a TakkKe aCuMMeTPUIO, 00yCAOBAEHHOI NoAgpu3aliyeil HayaAbHOTO YapAXKMHO (HeifTpaanHo). V3ydeHa 3a-
BUCUMOCTD DTUX XapaKTepUCTVK U IMMPUHBI paciiaJoB OT MacChl YapAXKMHO (HEeMTpaAuHO).

Karouesbie caosa: Mummmaarnas Cynepcummerpuunas CrangaprtHasd Mogeap, Xurre ©030H, 4apAXKUHO,
HEeNTPpaAnHO, INMPUHA pacriaja.

1. Intorduction

With the discovery of the Higgs boson Hgy, at the Large Hadron Collider (LHC) by the

ATLAS and CMS collaborations in 2012 [1,2] (see also reviews [3-6]), a new era in an elementary
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particle physics began. The mechanism of generation of masses of fundamental particles - the
mechanism of spontaneous breaking of the local gauge symmetry of Braut — Englert — Higgs [7,8]
was experimentally confirmed. Thus, the Standard Model (SM) of fundamental interactions
received its logical conclusion and acquired the status of a standard theory. The SM based on the
local gauge symmetry group SU.(3)xSU| (2)xUy (1) describes the strong, electromagnetic and
weak interactions between quarks and leptons. According to the SM, the carriers of strong,
electromagnetic and weak interactions are gluons, a photon, charged W™ - boson and neutral Z
- bosons. Now a fourth, the Yukawa interaction, carried by the Higgs boson, has been added to
them. Based on SM, Feynman diagrams of various processes can be calculated and compared
with the corresponding experimental results. The agreement between SM and experiment is
strikingly good.

Despite the success of SM, this theory has its own difficulties. The main difficulties are
associated with the fact that this theory describes a lot, but does not allow it to be derived from
deeper principles. One mysterious feature of the SM is a very large spread in the masses of
fundamental fermions - quarks and leptons. The top - quark m; =173.2 GeV has the largest

mass, and the electron m, =5-10" GeV has the smallest mass. The masses of the top quark and
the electron differ by hundreds of thousands of times. Thus, the masses of fundamental fermions
are scattered over a very wide range. This situation looks abnormal. Within the framework of the
Standard Model, such a mass spread does not receive a satisfactory explanation. However, in
non-standard theories, similar mass spreads can occur.

The second difficulty of the SM is related to the renormalization of the mass of the standard
Higgs boson. For all SM particles, the mass renormalization works well, however, in the case of
the Higgs boson, a problem arises: the vacuum has a strong effect on the mass of the Higgs
boson, its mass increases by a factor of trillions and such a particle can no longer play the role of
the Higgs boson. There is no restraining factor inside the SM that stops the growth of the Higgs
boson mass due to virtual particles. Here such a way out of the difficult situation is possible. If
there are some particles in nature that are absent in the SM, then in virtual form they can
compensate for the effect on the Higgs boson mass. The most important thing here is that in
models outside the SM, such compensation itself arises from the construction of the theory.

The absence of dark matter particles in the SM is also one of the difficulties of this theory. In
astrophysics, it is believed that in the Universe, in addition to particles of ordinary matter, there
are also particles of dark matter. We do not see them, they practically do not interact with
ordinary matter and radiation. There is not a single particle in the SM that is suitable for this role.
In theories outside the SM, there are such particles as neutralino, sneutrino, gluino, gravitino,
which can be candidates for dark matter particles.

All the above facts, as well as other reasons, indicate the need to go beyond the framework
of the SM. What opportunities are there for expanding the SM? The focus is on the two-doublet
Higgs model (2HDM) [9,10] and the Minimal Supersymmetric Standard Model (MSSM) [11-13].

In the MSSM, two scalar field doublets with hypercharges —1 and +1 are introduced:
o = Y 0| 2
) s )
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In order to obtain the physical fields of Higgs bosons, the scalar fields ¢, and ¢, are

represented in the form

1 (o +H+iR’ 1 Hy
Q) =—7= _ s Py == 0 -0 |’
\/5 H, \/5 vy +H, +1P,

where H,P),H)and P} are the fields describing the excitations of the system with respect

1 1
to the vacuum states (¢,) = ﬁul and (¢p,) = ﬁuz .

CP-even Higgs bosons H and h are obtained by mixing the Hand Hj fields (mixing

angle o ):

H) (cosa sina)H/
h) \-sina cosa ) H?
Similarly, by mixing the fields P)and P, (H; and Hj; ), a Goldstone boson G’and a CP-
odd Higgs boson A are obtained (Goldstone bosons G* and charged Higgs bosons H™):

G%) (cosp sinp\R’) (G*) (cosp sinp)HE
A) \=sinpg cospP?) (H*) \~sinp cosp)HI/

here g is a field mixing angle.

Thus, there are five Higgs bosons in the MSSM: CP-even H - and h- bosons, CP-odd A-
boson, and charged H *-and H ™ -bosons.

The Higgs sector of the MSSM are characterized by parameters M,,My,M,M ., a and
p, of them, the parameters M , and tan g = Y2 are considered free. The rest of the parameters
by
are expressed through them:

Miin) =%[M/24+Mz 1\/('Vl/zﬁl\/'%)z—4|\/|,§M500322ﬂ},

MZ. =MZ+My,
2 2
tan2o. = tan2[3~w, (—ZSOKO).
Mz—-M7 2

Where My, and M is the masses of the gauge W* -and Z - bosons.

In the MSSM there are two charged charginos 7zi(i=12)and four neutralinos
)??(j =1,2,3,4). Chargino is the result of mixing calibrino W* and higgsino |_~|1+ , I-|2_ , while
neutralino is superpositions of photino 7 , zino Z ,and higgsino I-~|10 , I-|g .

Higgs - bosons H, h and A can decay into both ordinary particles and supersymmetric
(SUSY) particles (chargino, neutralino, sfermions) [11, 14-25]. If the mass of the Higgs boson
H,(k=12,3,4 for the Higgs bosons, H, h, Aand H * ) is greater than the sums of the masses of
the chargino (neutralino) pairs My, >mz +m;  then the Higgs boson decay into a chargino
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(neutralino) pair is energetically possible H, = %; + ;. However, if M, <m; +m 7, - then the
decay is not allowed H, = z; + 7;. Under this condition, the decay of a heavier chargino (neut-

ralino) into a lightest chargino (neutralino) and a Higgs boson is possible:

75 =7 +Hy, 1)
754 = 12 +Hy, @)
To = +H. 3)

In this work, taking into account the polarization states of the initial and final chargino and
neutralino, an analytical expression for the decay width (1) - (3) is obtained, the degrees of
longitudinal and transverse polarization of the chargino (neutralino) and the dependence of
these characteristics, as well as the decay width, on the chargino (neutralino) mass are
determined.

2. Masses and constants of interaction chargino and neutralino

Chargino mass matrix depends on mass parameters of vino M, and Higgsino x, as well as
on the parameter tan g [15, 26]:

3 M, \/EMWsinﬂ 4
MT_(\/EMWCOS,H Y7 ] @

This matrice is diagonalized by two real U and V matrices:

R, if detM_. >0,

UM..V?T=U=R_ and y = _
z ogR, if detM_. <0,

where o3 is a Pauli matrice which making the chargino mass positive, R, is a rotation
matrices with angles 6.

cosd, sind,
R+ = - a - )
= \-sind, cosb,

where

2\/§MW (M, sin S+ ucos j)

2\/§MW (M, cos S+ usin f3)
M2 — 42 +2M{ cos 8 '

tan26, =
! M2 — 42 —2M{ cos B

, tan20_ =

This leads to 7,7 and y, charginos with masses

mf{ =%[M22 4%+ 2ME FA[(M2 = 12)2 + 4M2 (M2 cos? 28+ M2 + 112 +2Musin Zﬂ)} :
1,2
©)

At the limit |]>>M,, My, the masses of the two charginos are equal:

2
m.. =M, —M—‘;V(M2 + usin 23) ,
H (6)

M .
m.. =y +—5-¢,(M,sin 28+ p)
y7,
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where &, defines the sign of the parameter x: ¢, = u/|y].

At || = o, a lightest chargino corresponds to the state of vino with a mass m.. = M, , and
1

a heavy chargino to a state of a Higgsino with a mass m.. = ||
2

In the case of neutralino, the mass matrix depends on the same parameters M,, # and
tan 5, as well as on the additional bino mass parameter M, (8, is the Weinberg angle) [15,17]:

M; 0 —Mzsing, cosf  M;sin g, sin
M, = 0 M, M, cos@, cosff —M; cosdy sin g '
2 | —Mysingy, cosf My cosd, cosp 0 —u
M,singy,sin g —M, cos@, sin 5 U 0
@)

This matrix can be diagonalized with one real matrix Z [15,17]. In the limit of large values of

the |g|(|y|>>My,>>M;) parameter, the neutralino masses are determined by the expressions
[11];
M 2 . )
m-o =M, —'U—ZZ(M1 +usin28)sin” 4§, ,

2
M-, = Mz—%(M2+ySin 2/8)cos’ 8, ,

X2
M2
m., ;|y|+2—225ﬂ(1—sin 28)(u+M,sin? 4, + M, cos’4,) , 8)
3
u
M7

~ 1 in2 2
m_o :|y|+2—/uzgﬂ(1+smZﬁ)(y—Mzsm Ay —M,cos” ) .

Again at |¢/=> o, two neutralinos correspond to the gaugino state with masses Mmoo = My,
1

Mmoo = M,, the rest of the neutralinos correspond to a purely Higgsino state with Mo =Moo = |4
2 3 4
masses.

The matrix elements of Z; (i, j=12,3,4) diagonalizing the mass matrix of neutralino are

determined by the expressions [15,17]:

o) ) )]

Zip 1 Mimamp

Zy  19%6y Mz—gimlio, 9)
Zi,  HMi=gim o)(M, —gimlio)—O.SMgsin 28[(M; —M,)cos® 8 +M;—gm ]

Z, M (M —&m o)sin Gy [1cos 5 +&m o sin £ ’

Zis €M (Mi—&m o)(M, —gimlio)—Mg cos® A[(M; —M,)cos? 6, + M, —&m o]

Z, Mz (M —&im o )sin Gy [1Cos 5 +&m o sin f] '

65



Abdullayev S. K., Omarova E. SH.

Here ¢, =¢, =1, 64 =-¢3=¢,.

The coupling constants of the Higgs bosons H, (k=1,2,3,4 for H, h, A and H* bosons)
with a pair of charginos (neutralino) and chargino-neutralino are determined by the expressions
[11, 18]:

1
gilj_k :E[\/jluiZek =V Uidy ],
i (10
1
Jijk :E[\/ilu j2€k — ViU jndy Jey
1 . .
Oiji :E(ij 198y Z 1)(Zigey + Ziyd ) +i > |,
Iz ~ Ok = an
1 . .
Jiik ZE(ij 198y Zj1)(Zisex +Zjady ) +i—> ],
1
Jij =C€0s B[VinZ j4 +Evi2(zj2 +196y Z 1)1,
L,R _ ~LR
Onzz ~ 9k = (12)

. 1
gi?k =sin Uy Z 3 _Euiz(zjz +196y Z 1),
& =&, = —&3 =1 is coefficient, ¢, and d, are equal:
e, =CoSc , e, =—Sina ,e;=—sin 3,
d,=-sina,d,=-cosa , d;=Ccosf.
3. Amplitudes and widths of decays (1) — (3)

The decay process of heavy chargino (neutralino) into lightest chargino (neutralino) and
Higgs boson corresponds to the Feynman diagram shown in Fig. 2. Here p, p; and p, are 4-

momentums of the initial chargino (neutralino), final chargino (neutralino), and Higgs boson; s
and s; are the 4- polarization vectors of the initial and final chargino (neutralino).

// Hk (pz)

e

Lps)
% (P, S)

Fig. 1. Feynman diagram for decay ¥, => y; H\
The amplitude of process can be represented as:

Mi,¢ =ig[gi T(py,sy) PLu(p,s)+ 0 G(py, ;) Pru(p,s)l, (13)
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where g is a constant that determines the mass of W* - boson in MSSM: M3 == g 2(0E+03);

P r _dE7s) is chirality matrices; gi'j‘k and gi?k are the coupling constants of the Higgs boson
H with a pair of charginos (neutralino) (they are determined by expressions (10) - (12)) :

For the square of the matrix element (13), the following expression is found in a standard
way:

M| = {[(guk) +(95) 7P+ ) —mz ms (s-s)]+[(g4)% ~(9f)1Im3, (p-sy) -

—mz (py '5)]4'29ijkgijk[m;}i mz, +(P-51)(P1-8)—(P- P1)(s-51)] }-(14)

The decay width of processes (1) - (3) in the rest system of the initial chargino (neutralino) is

determined by the formula

dr:—\MHf\ -do, (15)

Z i

where
dp, . db, (16)
(27)%-2E, (27)°-2E,

dd = (27)*3(p - py - Py)

is a phase volume; E; and E, are the energies of the final chargino (neutralino) and Higgs
boson, p; and P, are their momentums.

After integrating over the momenta of the chargino (neutralino) and over the energy of the
Higgs boson, for the decay width 73 — 71 +H, (754 = 2o +Hy , 23 — 70 +H" ) in the rest

system of the initial chargino (neutralino), we obtain the formula:

dr(E,E,) GeM?
fjésfl) :32352/2 M, JA(, T, (0507 + (@502, |~ T A+ (AE)AE)) +

+2,r, (E&) - AEOAEN-195)? - (9501 A, 1 AE) + (&) +
+205 082 [T, @+ REEE) + W+, -1y NEE) -GOGEEN . (17)

Here G is the Fermi constant of weak interactions; i is a unit vector in the direction on the

Higgs boson momentum; & and & are unit vectors characterizing the polarizations of the

charginos and neutralinos in their rest systems ;

Ar, h)=(@-1, - M, )’ —4r, Ty, (18)

is a kinematic function of two-particle phase volume, dQ2=d(cos@)de is a solid angle of

departure of the Higgs boson; through r, and ry are introduced notation
j k

2 2
m, M
. Xj . Hy
ij - m ! er - m ’
Zi Zi
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where m,-andm, — are a mass of heavy and lightest chargino (neutralino).

We direct the Z axis along the unit spin vector of the initial chargino (neutralino) & (see Fig,
2), then the unit vector fi will have projections

n = (sin @cos ¢, sin @sin ¢,cosb),

where 6 and ¢ are the polar and azimuthal angles of departure of the Higgs boson. First,
suppose that the final chargino (neutralino) is longitudinally polarized. Moreover, we have:

(&) =¢&cosO, (&) =-4, (&) =—EAcosh,

where A is the spirality of the final chargino (neutralino).

Fig. 2. Selected coordinate system

In this case, for the decay width of the processes (1) - (3) we have the expression (integrated
over the azimuthal angle¢) :

dr,4)  GeMy
d(cos®) 1622 *#

+AgLOf 1, 10— 2£c0s0) +[(G5)? ~ ()1 AT, Ty, ) (A - £0056) .(19)

At T )I@50% + (95)71+ 1, 1 )+

If only the initial chargino (neutralino) is polarized, then the decay width is expressed by the
formula :
ar)  dry
d(cosd) d(cosd)

@+2A). (20
Here

dly, _GFMV%/ L2 R \2 L R
d(cosd) ~ 8U2n M, A, T i)™ + (9i) “1A+ 1, =Ty, ) + 4G5k Gijk T, } (21)

is decay width in case of unpolarized particles, and

[(gilj_k)z _(gi?k)z]Jﬂ(r . +Th,) cosd

[(95)° + (9502 1@+r, —ry ) +4gfafJr,

A (22)

is longitudinal spin asymmetry due to polarization of the initial chargino (neutralino).

If we were interested in the dependence of the decay width on the spin direction of the final
chargino (neutralino), we would get the following expression for the decay width, integrated
over the particle emission angles :
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i) = %FO @$+AR,), (23)

where

GeM2
Iy =—4i/§7‘;V m._JA(r j,er){[(giJFk)z +(g8)71a+ I, — 1y, )+ 495,95 /rlj} (24)

is a total decay width, and P, is the degree of longitudinal polarization of the chargino
(neutralino) :
[(9i5)* — (@i 1 JAr, . r,)
[(95i)7 + (9507 1@+ 1, =1y )+ 495 gf . r,,

(25)

I:)II

Now suppose that the final chargino (neutralino) is transversely polarized in the plane of
Higgs boson - chargino (neutralino) production. Moreover, we have:

(&) =(f7) =0, (i&) = (i) =0, (£&) = (7i7,) =0,

As a result of these relations, the decay width of the processes (1) - (3) is insensitive to the
transverse polarizations of the initial and final chargino (neutralino). Here 77 and 7, are the unit

vectors of the transverse polarizations of the chargino (neutralino).

If the final chargino (neutralino) is transversely polarized in the plane of Higgs boson -
chargino (neutralino) production, then

(&) = (i) =0, (A&) = (f7) =-nsin @ , (E&) = (ijijy) = -y sin 6,

and for the differential decay width of the processes (1) - (3) we obtain the following
expression :

dr'(p,,m) 1 dry
_1 1+ A, 7+P nm,)- 26
d(cosd) 2 d(cosﬁ)( * A Punm) 0
Here

. L \2 R \2
A 2sin O[(gijic ) — (i) 1,/ A(r ,-'er) (27)

(o507 + (95)2@+ T, —r ) +4gfiaf T,

is a transverse spin asymmetry due to the transverse polarization of the initial chargino
(neutralino) and P, is the degree of transverse polarization of the final chargino (neutralino)

during the decay of the transversely polarized chargino (neutralino) :
[(935)* + (giij?k)z]wfrlj + O Oy (L+ My = Th)
[(95)° + (0507 1@+, —r ) +4g5af.[r,

P, =-2sin@- (28)
4. Analysis of the obtained results

Let's make estimates the A, and A, asymmetries, the degrees of longitudinal P, andP,
the transverse polarizations of the chargino (neutralino), and the decay widths y, — y; +h (

794 —> 1o+, 73 = 70 +H"), where h is the Higgs boson with the minimal mass.
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Figure 3 shows the dependence of the longitudinal spin asymmetry A, on the chargino
mass in y, —> y; +h decay at cosfd=1, M, =180 GeV, tan f=1,M, =150 GeV. It follows
from the figure that the longitudinal spin asymmetry A, inthe y, — 7; +h decay is negative,
with an increase in the chargino mass, the asymmetry increases and reaches a maximum at

m- =300 GeV, and a further increase in the chargino mass leads to a decrease in the
2

longitudinal spin asymmetry.
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084 |
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0.9 ST
260 280 300 320 340 360 380 400 420 440 460 480 S00 320
- , GeV

Fig. 3. Dependence of the longitudinal spin asymmetry A,; on the chargino mass in the decay )?E = i{ h

Figure 4 illustrates the dependence of the transverse spin asymmetry A, on the chargino

mass at an angle 6=120" (other parameters are chosen as in Fig. 4). The transverse spin
asymmetry, in contrast to the longitudinal spin asymmetry, is positive; with an increase in the

chargino mass, it first decreases and reaches a minimum at mz, =300 GeV, and then the
2

transverse spin asymmetry monotonically increases with an increase in the chargino mass.

0,88
A
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0,84
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Fig. 4. Dependence of the transverse spin asymmetry A, on the chargino mass in the decay ;?2_ = ;?1_ h

As for the asymmetries A, and A, in the neutralino decays 734 — 71, +h , then due to

the equality of the interaction constants gﬁk = gi?k, these asymmetries, as well as the degree of

longitudinal polarization P, can be vanished.
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In fig. 5 shows the dependence of the degree of longitudinal polarization P, on the mass

m__ for the same parameter values as in Fig. 4. In the X2 = 71 +h decay, the degree of
2

longitudinal polarization of the chargino is positive, with an increase in the chargino mass it first

decreases, reaches a minimum near m;?_ =300 GeV, and with a further increase in the chargino
2

mass, the degree of its longitudinal polarization increases.
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0,82

0,8 |

0,78

0,76 1 1 1 1 1 1 1 1 1 1 1 1
260 280 300 320 340 360 380 400 420 440 460 480 500 520
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Fig. 5. The degree of longitudinal polarization of the chargino in the

)~(£ = f{ h decay as a function of the m%, mass
2

In fig. 6 illustrates the dependence of the degree of transverse polarization of the chargino
P, inthe 7, = » +h decay on the m-_ mass at 6=90", M, =180 GeV, tan =1, M, =150
2

GeV. It follows from the figure that the degree of transverse polarization is negative, with an

increase in the chargino mass, it decreases and reaches a minimum near mz, =290 GeV, and a
2

further increase in m- leads to an increase in the degree of transverse polarization.
2

It should be noted that in the neutralino decays ;?:? 4> ;?10 » +h, the left and right coupling

constants of the Higgs boson with a pair of charginos are equal to each other (gi'j‘k = gi?k )

therefore, the degree of transverse polarization of the neutralino depends only on the polar angle
of the Higgs boson emission &

P, =-siné. (29)

With an increase in the polar angle of the Higgs boson from 0° to 180°, the degree of
transverse polarization of the neutralino decreases from zero to -1, then increases again to zero.

Figure 7 shows the dependence of the T'(y, = y; h) decay width on the chargino mass for
the values of the parameters as in Fig. 4-6. With an increase in the mass of the chargino m-, the
2

X2 = 11 +h decay width increases.
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Fig. 6. Dependence of the degree of transverse polarization of the chargino on the mass m%,
2

Note that in the M, ~|4>>M, limit, the partial widths of the decays of a chargino

(neutralino) into a light Higgs boson h and a lightest chargino (neutralino) are proportional to
the mass parameter | y| :

~- ~- GFMVZV‘IU‘
(7, = 77 h)=—221
(x2 =M 82
0~ GeMy |y 1
(7Y = 72n) = —— X% ~tg24, (1-sin 23),
(X3 = 2 h) s2r 2 g Gy ( B) .
GFMVZ\/‘,U‘. (30)

~ ~ 1 -
(7 = 70h) = — X1 292 1+sin2p4),

- - G MZ‘,u‘ 1
r(z = 73n) =——"Y8. 2 1-sin 2),
X3 X2 8\/572' 2 ﬁ

- - G MZ‘,u‘ 1
(70 = 79h) = Y. 2 (14 sin 23).
X4 X2 8\/572’ 2 ﬂ

At | ,u| =400 GeV, tan =3 and sin 2 Gy =0.2315, these partial decay widths are
I'(7, = 7:h)=0.848 GeV, I'(79 = 7 h) =0.015 GeV, I'(72 = 7/h) =0.062 GeV,

(7 = 79h) =0.17 GeV, I'(72 = 75h) =0.678 GeV.
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Fig.7. Decay width I'(y, = y; h) as a function of m}z_
2
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We have estimated the longitudinal and transverse spin asymmetries A, and A, the
degrees of longitudinal and transverse polarizations of neutralino P, and P, in the
7, = g +H ™ decay at M, =180 GeV, 2M; =M, =150 GeV, tanf =1, M, =91.1875 GeV,
M,y =80.385 GeV, sin®4, =0.2315.

In fig. 8, a graph is presented that characterizes the dependence: longitudinal spin asymmet-
ry A, (at cos@=1); the degree of longitudinal polarization of neutralino P, ; transverse spin
asymmetry A, (at sin@=0.5) on the chargino mass in the decay 7, = 7 +H . As can be
seen, with an increase in the chargino mass, the longitudinal spin asymmetry A, the degree of

longitudinal polarization of neutralino P, and A, transverse spin asymmetry decrease.

0,08
Ay Pp.d,
0,07 |
0,06 |

0,05

0,04 |

0,03

335 368 401 434 467 S00 533 566
m, GeV

Fig. 8. Dependence of A}, (at C0S& =1), P, (atany @)and A, (at Sin & = 0.5 ) on the chargino mass

As for the degree of transverse polarization of neutralinos P, , we note that they are almost

insensitive to the mass of the charginos and amounts to 50% at the above values of the
parameters.

Fig. 9 shows the angular dependence of A, , A, P, . It follows from the figure that the
longitudinal spin asymmetry at the beginning of the angular spectrum is positive, with an
increase in the angle @ it decreases and vanishes at € =90°, then it changes sign and increases in
absolute value. The maximum value of the longitudinal spin asymmetry is observed at an angle
0=0" and is A, =7,9% . The transverse spin asymmetry A, is positive; it increases with
increasing angle @, reaches a maximum at the angle 6 =90° and is A; =10% a further increase
in the angle @ leads to a decrease in the asymmetry A, . The degree of transverse polarization of
neutralino is negative, with increasing angle ¢ decreases and reaches -1 at angle ¢ =90", and
then increases in magnitude with increasing angle.
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Fig.9. Dependence of A;;, A, and P, ontheangle € ata chargino mass m;?, = 378.303 GeV
2

4. Conclusion

We have discussed the decays of a heavy chargino (neutralino) to a light chargino

(neutralino) and a Higgs boson: 73 = 7 +h(H; A), 754 = 7o +h(H;A), 72 = 70 +H" . In

the framework of the Minimal Supersymmetric Standard Model and taking into account the
polarization states of the chargino (neutralino), analytical expressions for the decay width are

obtained. The degrees of the longitudinal and transverse polarizations of the chargino

(neutralino), as well as the asymmetry caused by the longitudinal and transverse polarization of
the initial chargino (neutralino), were determined. The dependence of these characteristics and
the decay width on the chargino (neutralino) mass has been studied in detail.
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ABSTRACT

The spatial and electronic structure of C-terminal pentapeptide of hylambatin molecule have been investigated
by computer modeling methods. It is shown that this molecule has preferred alpha-helical conformational state. This
peptide preferentially adopt the quasicyclic conformation, stabilized by hydrogen bonds between the end groups of
molecule. The energy and geometrical parameters and for each of low-energy conformations are obtained. The
important stabile inter-residue interactions of preferred conformations of this molecule were calculated. By means of
semiempirical quantum-chemical method have been determined the electronic characteristics and values of dipole
moments of all low-energy conformations of C-terminal pentapeptide.

Keywords: hylambatin , pentapeptide, spatial structure, electronic structure, conformation.
IMPOCTPAHCTBEHHASI 1 DAEKTPOHHASI CTPYKTYPBI MOAEKY Al TUIAAMBATIHA (8-12)
PE3bIOME

ITpocrpaHcTBeHHas: M DAEKTPOHHAs CTPYKTYpHl MoJAeKyAbl C-KOHIIeBOIO IIeHTallenTuAa ImaaMOaTuHa
MCCAeAOBaHa KOMIIBIOTEPHBIMU MeToJaMu MoJeaupoBaHus. IlokazaHo, 4ro sTa MOJeKyada IIPeATIouTUTeAbHO
yKJAajbiBaeTcsl B aAbda-CrypaibHOoe KOHQOPMAIMIOHHOE — COCTOSIHUE. DHEepPreTHJecKu  IIpeArodTHTEeAbHas
KOoH(pOpMAI MOAEKYAbl 0Opa3yeT KBa3MIIUKANIECKYIO CTPYKTYPY, CTaOMAM3MPOBAHHYIO BOAOPOAHBIMU CBA3AMIA
MeXXJy KOHEYHBIMU TPYIIIIaMU OCHOBHOJI IIEIIM MOAEKYABL /A5 Ka’kAOM U3 HIM3KODHEpreTHIecKnX KOHpOpMarmit
IIeHTallelITAa IIOAy4eHbl 3HepreTdeckie I TeoMeTpMyecKle IlapaMeTpbl. bblam  BbIMMCAEHBI  BeANYMHBI
DHEPTeTUYECKMX BKAaJOB MEXKOCTAaTOYHBIX B3aMMOJENCTBMII B ONTMMAABHBEIX KOH(OPMAIMAX MOJAEKYABL.
ITocpeacTBOM TIOAYSMIIMPUYECKOIO KBAHTOBOTO-XMMIUECKOTO METOAa, OIlpeJeAeHbl DAeKTPOHHbIE XapaKTePUCTUKMA U
BeANYVMHEBI AMTIOABHBIX MOMEHTOB BCeX HIM3KODHePTeTIIecKux KoHpopMarii MoaeKy sl C-KOHIIeBOTO IeHTarenTraa
rimaaMoOaTmHa CA0Ba.

Karouesbie: ri1aMOaTIH, IIEHTaTIEIITIA, IIPOCTPaHCTBEHHAsI CTPYKTYPa, DAeKTPOHHas CTPYKTypa, KOHpOpMaIyisL.
HILAMBATIN (8-12) MOLEKULUNUN F9ZA VO ELEKTRON GURULUSLARI
XULASO

Hilambatin (8-12) pentapeptid molekulunun faza ve elektron quruluslar1 molekulyar modellagdirma {isullari ilo
tadqiq edilmiidir. Gosterilmisdir ki, bu molekul enerji cohatden alfa-spiral konformasiya veziyyetine meyl edir. Bu
pentapeptid molekulun an stabil konformasiyas: hidrogen rabitslari ile sabitlogsmis, kvazitsiklik qurulus smale gatirir.
Molekulun har bir asagi-enerjili konformasiyasi {iciin enerji ve handasi parametrlor hesablanmisdir. Biitiin optimal
konformasiyalarda qaliglar arasi qarsilight tesirlorin enerji paylart hesablanmigdir. Yarimempirik kvant kimyeavi
hesablama tisulu vasitesi ile bu pentapeptid molekulunun asagi-enerjili quruluslarmin elektron xarakteristikalar vo
dipol momentlori miiayyan edilmisdir.

Acar sozlar: hilambatin, pentapeptid, foza qurulusu, elektron qurulusu, konformasiya.
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L. INTRODUCTION

The knowledge of preferred conformations and electronic structure of pharmacologically
active peptides is necessary information for understanding of their mechanism of action.
Hylambatin (Hyl), a dodecapeptide isolated from the skin of the African frog, Hylambates
maculatus, belongs to the family of tachykinin or physalaemin-like peptides. Hylambatin
(DPPDPNRFYGMMamide) is the first example of a tachykinin which possesses a methionyl
methionine residue at the C-terminus, rather than the C-terminal tripeptide -Gly-Leu-Met-NH2
which hitherto has been a characteristic feature of all members of the tachykinin family [1-3]. It is
well known that the C-terminal pentapeptide amide in the tachykinin family represents the
minimum requirement for the appearance of full tachykinin-like bioactivity (1), and it is a well
established fact that all tachykinins hitherto found in nature (in molluscan tissues, amphibian
skin and mammalian tissues) contained the common C-terminal tripeptide -Gly-Leu-Met-NH2.
Hylambatin, with its C-terminal tripeptide, -Gly-Met-Met-NH; represents a unique exception to
this rule. The pharmacological study of hylambatin is in progress and the preliminary results
indicated that the spectrum of activity of hylambatin seems similar to that of physalaemin rather
than to that of kassinin the other tachykinin peptide. Except this the effect of hylambatin on the
secretion of glucoregulatory hormones was examined in the rat. Hylambatin, injected
intravenously in graded doses 10 and 30 min before blood collection, significantly increased both
plasma glucose and plasma insulin, whereas the secretion of glucagon was not affected. This
profile of action is different from that of kassinin or substance P. Should hylambatin, like other
neuropeptides, be present in mammalian tissue, it may have a role in the regulation of
carbohydrate metabolism activity [4,5].

The major aim of the present article is the investigation of the preferred conformations and
electron structure for C-terminal pentapeptide for hylambatin, with the purpose of getting
insight into basic structural requirement that determine ligand-receptor interaction. The
conformational analysis of this pentapeptide have been carried out by molecular mechanic
method, which allow to determine a whole sets of energetically preferred conformers of peptide
molecule, but the charge distribution and dipole moments of peptide conformations was
obtained by means of semiempirical quantum-chemical method.

II. STRATEGY AND METHOD
Molecular mechanics method

The conformational energy is considered the sum of independent contributions of
nonbonded Enb, electrostatics Ee, torsional interactions Ewr and hydrogen bonding Em energies.
The first term is described by the Lennard-Jones potential with the parameters proposed by
Scheraga [6]. The electrostatic energy is calculated in a monopole approximation, with atom
centered charges obtained by Momany et al [7,8]. The dielectric constant is assumed to equal ten
[9]. Torsional potentials and barriers to rotation about bonds N-C* (¢), C*-C’ (y), C'-N (»), and
about side chain bonds C*-C” (y) were as proposed by Scheraga [6]. The hydrogen bond energy
calculated from the Morse potential [10] are supposed to be weakened with maximum energy of
1.5 kcal/mol. Bonding lengths and angles are those given Corey and Pouling. Above potentials
with energy and geometry parameters are used in some investigations. Conformational energy
was calculated with a computer using program writteen by Godjayev et al [10.11]. The
conventions used for torsion angles are those of IUPAC-IUB Commission [12].
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CNDO/2 method

The shape of a molecule is often associated with a surface of constant charge density. An
atomic partial charge distribution is an essential element of any force field for peptide ligands.
The peptides electronic structure was investigated, the active site, the way of action and
structure-activity relationship were discussed. These molecules not only may have the same way
of action but also may have common site of action in the receptor when they interact with this
receptor. The ensemble of charges, or an equivalent collection of multipoles, not only describes
the external molecular field, but its self-energy - taking induction into account - also represents
an important component of the internal molecular energy. We uses CNDO/2 for the
determination of electronic charge density for the molecules. Complete Neglect of Differential
Overlap (CNDO) is the simplest of the SCF methods for semi-empirical quantum mechanics
calculations. It is useful for calculating ground-state electronic properties of open- and closed-
shell systems, geometry optimization and total energy [13,14]. Method CNDO/2 gives a correct
charge distribution in peptide molecules and more or less satisfactory describes such their
features, as dipole moments and total energy of molecules. We calculates charge density as a
sum of molecular orbital densities, each the square of the orbital wave function. In this study we
investigate how the charge distribution of a molecule may be related with their reactionary
ability. An atomic partial charge distribution of the stable conformation of molecules allow to
predict the relationships of their reactionary ability with separate molecule areas. Here we will
only be considering the charge distribution itself, leaving aside for the moment a discussion of
intramolecular electrostatic and polarization energies and their relation to intermolecular
interaction energies.

III. RESULTS AND DISCUSSION

Conformational study of the C-terminal pentapeptides of the hylambatin (Phe-Tyr-Gly-Met-
Met) molecule was carried out, basing on the fragmental analysis. The initial variants of the small
fragments were formed on the base of low-energy conformations of the corresponding
monopeptides. Conformational analysis of pentapeptides Phe-Tyr-Gly-Met-Met has been carried
out basing on the 10 most stable conformations of the preceding dipeptides Phe-Tyr and Met-
Met and 4 low-energy conformations of Gly monopeptide. For this pentapeptide were analyzed
400 conformations belonging to 16 different shapes. Each of these low-energy conformations
comprises a lowest structures of the preceding dipeptides. Molecular mechanics study of C-
terminal pentapeptides has shown that its spatial structure may be described by similar families
of low-energy conformations. The calculated conformations of the other possible shapes are
energetically much less favourable, their energy being 3 kcal/mol higher than the global
structure. For this pentapeptide global conformation adopt a helical structure. Only helical
structures of the pentapeptides are fall in the 0-3 kcal/mol relative energy interval. It is shown
that all preferred pentapeptide conformations have similar backbone form and orientations of
side chains at the C-terminal part of molecule. The calculated values of dihedral angles of
rotation about the backbone and side chains bonds in the global conformation of the
pentapeptide and its relative energy values and important hydrogen bonds are given in Tablel.
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Tablel. The energy parameters of low-energy conformations of C-terminal pentapeptide of hylambatin molecule.

Residue Conformation

Dihedral angles O, ®, X1,%2 K3, X4

Phe -64,-45,178, 180,91

Tyr -74,-32, 176, 180, 90, 180

Gly -63, -39, 182

Met -82,-55, 182, 181, 173,180, 180
Met -87,-53,179, -60, 183,180, 181
Erel ( kcal/mol) 0

Important hydrogen (Met%) NH...OC(Phe')

bond (length, energy) (1.7 A 11 kcal/mol)

The lowest energy structure of pentapeptide formed by most favourable nonvalent
interactions and therefore may be become the most preferred in a strongly polar medium.
Calculation showed that in global helical conformation of pentapeptide is formed a identical
hydrogen bond between atoms of the backbone of the Met5 and Phel (Table 1) as in global
conformations of homological C-terminal pentapeptide of tachykinin peptides. These hydrogen
bonds play a significant role in stabilization of the helical spatial structure of this pentapeptide.
Our calculations demonstrated that this C-terminal pentapeptide under the native conditions is
not a fluctuating formation, but a compact structure with severely restricted conformational
freedom. The most stable conformations of pentapeptide generally exhibit the similar backbone
form and adopt the stable pentapeptide quasicyclic structure. The above calculation shows
interesting conformational features of this pentapeptide which might be important for its
biological activity. The preferred spatial structures of the C-terminal pentapeptide of the
hylambatin are presented in Figurel (a).

Quantum chemical calculations of the peptides.

The electronic parameters of the global conformations of the C-terminal pentapeptide (Phe-
Tyr-Gly-Met-Met) of hylambatin molecule have been investigated using semiempirical quantum
chemical calculations method. Optimal lowest energy conformations of these peptide were
determined by molecular mechanics method, but the atomic charges and dipole moments were
calculated by molecular orbital calculations method CNDO/2 with standard parametrization.
The charge distributions in the global conformation of this pentapeptide are represented in the
Fig 1 (b). Both Phe and Tyr residues have the aromatic side chain , but yet in side chain of Tyr
exist a hydroxyl group OH and this factor possible is an essential for peptide interaction with
selective receptor. The results of quantum chemical calculation show that in lowest energy
conformation of the peptide the total dipole moment totally differs one from another low-energy
conformations. Table 2 summarized the result of the total electron energy calculations of the
investigated pentapeptide molecule. The calculation results are coinciding with conformational
analysis data. Therefore in global conformation the side chain of the Phe! residue is in fixed state.
Hydrogen bonding is to increase the values of the partial positive and negative charges
somewhat and thus accentuate the electrostatic components of the interaction between the side
chains of the Phe! and Met® residues. In other words, these interactions are more electrostatic.
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a) b)

Fig.1. Preferred spatial structures of the C-terminal pentapeptides of the hylambatin molecule (hydrogen bond is shown
dashed line, peptide backbone is shown yellow line).

TABLE 2. The energy parameters and summary dipole moments of electronic structure of the lowest energy
conformation of hylambatin C-terminal pentapeptide.

Electronic parameters of electronic structure of the preferred a-
helical conformation
Total energy,kcal/mol -183631
Binding energy, kcal/mol -8159
Isolated atomic energy, kcal/mol -175472
Electronic energy,kcal/mol -2055843
Core-Core interaction energy, kcal/mol 1872212
Heat of formation, kcal/mol 376
Dipole moment, debyes (D) 8

Results representing the distribution of electrostatic energy derived from quantum chemical
calculations show that differents parts atom groups have different amounts of charge density, so
it could be said to be difficult to represent the Tyr hydroxyl group as having some negative
charge. However, the results show that the most positive part is at the surface immediately
opposite to the hidroxyl group, so the these dipoles is still evident with this approach (Table2).
The electronic structure of both pentapeptides indicate a similar charge distribution around the
C-terminal group and imply that their binding to the receptor site could be similar ( Fig.1 (b).).
On the basis of this investigation may also consider spatial structure other tachykinins with
common C-terminal pentapeptide. They not only have the same way of action but also have
common site of action in the receptor when they interact with receptor.

CONCLUSIONS

Comparison of results of the calculations showed that C-terminal pentapeptides of
hylambatin molecule under polar conditions is not a fluctuating formation, but a compact
structure with severely restricted conformational freedom. Calculation show in global helical
conformation of this pentapeptide is formed a identical stabile hydrogen bond between atoms of
the backbone of the Met> and Phe! as in some tachykinin C-terminal pentapeptides. These
hydrogen bonds play a significant role in stabilization of the helical spatial structures of this
pentapeptide. The most stabile conformations of hylambatin C-terminal pentapeptide generally
exhibit the similar backbone form and adopt the stable pentapeptide quasicyclic structure. The
results of quantum chemical calculation showed that this molecule have similar preferred
conformational states with different electronic structure. The above calculation shows interesting
conformational features of this pentapeptide which might be important for its biological activity.
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ABSTRACT

In the article a band structure and energy density of the a-In2Ses crystal using Density Functional Theory (DFT)
have been calculated and on their base a genesis of chemical bonds in this crystal has been determined. Based on the
electronic band structure it was determined that a- In2Ses is a semiconductor compound with a band gap of 0.9 eV. The
valence band is divided into three groups. From the analysis of the wave functions of the valence bands it is obtained
that the bands around -15 +-11 eV are derived from the s-states of the Se atom. The bands near -5 eV are mainly formed
from the s-states of the In atom and p-states of the Se atom. Finally, the highest group around - 4+ 0 eV forms from the
p-states of the Se atom with a small mixture of the p-states of the In atom.

Keywords: o--In2Ses, DFT, band structure, energy density, chemical communication, electronic spectrum
DAEKTPOHHBIN CITIEKTP COEAVMHEHMUSI a-In2Se3 U IIPUPOAA XUMMNUYECKINX CBSI3EN
PE3IOME

B craThe paccumTaHbl 30HHAsI CTPYKTypa M ILAOTHOCTh SHeprum Kpucraada o-In2Se3 c ncroab3oBaHmeM Teopum
¢yuxmmit naoraoctu (DFT) 1 Ha mx ocHOBe oIpeje eH TeHe3UC XMMIYEeCKIX CBsA3ell B 9ToM KpucTaaae. Ha ocHosanmm
9AEKTPOHHO 30HHOV CTPYKTYpHl OBLAO ompejeaeHo, 4To o-In2Se3 mpeacraBaseT cobOi MOAYIIPOBOAHMKOBOE
CoeauHeHMe C IIMPUHOI 3arpelieHHol 30Hel 0,9 »B. BasenTHas moaoca geauTcs Ha Tpu Tpymmbl V3 anaamsa
BO/JHOBBIX (PYHKITUI BAA€HTHBIX 30H TI0AYJaeTCsl, YTO 30HBI OKOA0 -15 + -11 5B ABAIOTCS TPOM3BOAHBIMI S-COCTOSHIIIA
atoma Se. Iloaockr okoa0 -5 ®B B ocHOBHOM 0Opa3oBaHbI S-COCTOAHMAMM aToMa In u p-cocrosnmsMM aToma Se.
Haxkower, bIcias rpyIina okoao -4 <+ 0 B obpasyeTcst 3 p-cocTosHmit atoMa Se ¢ HeOOABITION CMECHIO P-COCTOSHUI
aToma In.

Karouesnie caosa: a-In25e3, DFT, 3oHHasI CTPYKTypa, TLAOTHOCTh DHEPTUM, XMMUJecKasl CBA3D, DAeKTPOHHLII
CIIEKTP

a-in2Ses BIRLOSMOSININ ELEKTRON SPEKTRI VO KIMYOVi RABITONIN TOBIOTI
XULASO

Magalada Sixliq Funksionali Nazeriyyesinden (DFT) istifade etmoakls a-In:Ses kristalinin zona qurulusu, energetik
hal sixligt hesablanmis ve onlarin asasinda bu kristalda kimyavi alagalerin genezisi toyin olunmusdur. Elektron zona
qurulusu asasinda miisyyen edilmisdir ki, o- In:Ses qadagan zolag1 0.9 eV olan yarimkegirici birloasmadir. Valent zonast
ti¢ qrupa boliiniir. Valent zonalarmin dalga funksiyalarimn analizindan alinir ki, -15 + -11 eV atrafinda yerlagon zonalar
Se atomunun s-hallarmdan téromigdir. -5 eV yaxinligindaki zonalar ssasen In atomunun s-, Se atomunun ise p-
hallarindan formalagir. Nohayat, -4 + 0 eV atrafindaki an yuxari qrup In atomunun p-hallarinin azaciq qarigigi olmagla,
Se atomunun p- hallarindan smale gelir.

Acar sozlar:o- In2Ses, DFT, zona qurulusu, energetik hal sixlig, kimyavi rabits, elektron spektri
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Introduction

Chalcogenides form a large group of two-dimensional layered materials with different
electronic and optical properties. These include metals, semiconductors and topological
insulators. As is typical for 2D layered materials, their electronic and optical properties are highly
dependent on the number, sequence, and location of atoms within the layer [1]. The In2Ses
compound is a widely used member of this type of substance. This compound has many
technological applications, including solar cells [2], photodetectors [3] and phase transition
memory devices.

Although the In:Ses crystal has been studied for many years, information about its crystal
structure is often quite confusing and even contradictory [4]. Thus, there are differences of
opinion regarding the atomic coordinates within the layer and the sequence of layers position. At
least four phases of this compound (a, 3, Yy and d)are known. One of them - phase 0 has a 3D,
and the others have a 2D layered structure. Layered structures are composed of Se-In-Se-In-Se
atomic layers. Within each of the five layers, a strong covalent bond between the atoms, and van
der Waals interaction between the layers exist (Figure 1).

The value of the band gap obtained from the optical absorption spectra of the layered In:Ses
crystal and from ab-initio calculations based on the Functional Density Theory varies from 0.55
eV to 1.5 eV, and there are also conflicting reports on whether this substance is semiconductor
with direct or indirect transitions. It is known that the DFT method reduces the band gap.
Therefore, the mBJ (modified Becke-Johnson) potential [5] and the GGA (generalized gradient
approximation) [6] were used in the calculations to accurately estimate the band gap.
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Figure 1. Crystal structure of a-In2Ses compound.

Electronic spectrum and chemical bonds

The band structure and energy density of the a-In:Ses crystal were calculated using the
Wien2k [7] software package using the ab-initio DFT and FP LAPW (Full Potential Augmented
Plane Wave) method. In the calculations, the "muffin-tin" radii of the In and Se atoms were taken
equal to 2.5 Bohr. Within the muffin-tin sphere, the charge density and potential are expanded
into spherical harmonics with Lmax = 10. In the space between the spheres, the wave functions are
expanded into Fourier series and RurKmax = 8 is taken to obtain the required energy convergence,
here Rwr is the average radius of the “muffin-tin” sphere, Kmax is the maximum value of the
inverse lattice vector. The calculations used 350 points from the irreducible part of the Brillouin
zone. Convergence accuracy of total energy and specific values was 10% eV.
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Band structure calculations were performed at symmetrical points G, Z, F ~ and L and along
the lines connecting them (Figure 2). As can be seen from Figure 2, the width of the valence band
is approximately -15 eV and it can be divided into three main groups. The maximum of the
valence band (VBM) is located along the line I' - L at a distance of about one third of the segment
I' - L from the point I'. The minimum of the conduction band (CBM) is located at point I'. Thus, it
is derived from our calculations that the a-In:Ses crystal is a semiconductor with indirect
transition with a bandwidth of ~0.9 eV. The direct transition situated at point I is equal to ~1 eV.

In order to study the genesis of electronic energy states - the nature of chemical bonding,
energy state densities projected on individual atoms were calculated (Figure 3.). From the
analysis of the energy state densities and the expansion of the wave functions of the bands, it is
obtained that the lowest valence bands around -15 + -10 eV are derived from the s-states of Se
atom. Because these bands are energetically very deep relative to the maximum of the valence
band, they do not participate in optical transitions and do not form the semiconductor properties
of the a-InzSes crystal. The next group of bands below the maximum of the valence band -5 eV is
formed mainly by the s-states of In atom and p-states of Se atom.
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Figure 2. Band structure of the o-In2Ses crystal.

Finally, the highest group in the energy range -4+ 0 eV is formed from the p-states of the Se
atoms, with a small mixture of the p-states of In atoms. As can be seen from Figure 3, the
minimum of the conduction band is mainly formed from the s-states of In atom and the p-states
of Se atom.
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Figure 3. Energy state densities of a-In2Ses crystal projected on atoms.
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Conclusion

Ab-initio calculations have shown that a-In2Ses crystal is a semiconductor with indirect
transition with a bandwidth of ~0.9 eV. The maximum of the valence band is located on the line I
- L. The direct transition at point I' is equal to ~1 eV. The minimum of the conduction band is
located at point I'. The analysis of the energy state densities projected on the atoms shows that
the maximum of the valence band is formed from the p-states of the Se atom, with a small
mixture of the p-states of In atom. The minimum of the conduction band is formed mainly by the
s-states of In atom and p-states of the Se atom.
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BAVISTHUE HEOPT AHUYECKVIX COAEN HA ®A30BYIO

ANMATPAMMY N PASAEANTEABHYIO CIIOCOBHOCTD

BOJAHOM ABYX®A3HOV CUCTEMMU IIST-HATPUEBASI
CO/b AMMOHHOM KIICAOTBI-BOAA

9.A MACMOB, I'M IIAXBA30BA

baxvmcknii I'ocyaapcTBeHHBIN Y HUBEPCUTET

AszepbaiiaxaH, I. baky

B npeacraBaennot paboTe Ob1AM VcCAe 0BaHbI (pa30Bble AMarpaMMBI BOAHO-TIOANMEPHOIT ABYX(a3HOI CYICTEMEI
[1OI-HaTpueBass cOAb AVMOHHONM KUCAOTBI-BOAA M BAVSIHUE HEKOTOPBIX HEOpPTaHMYECKUX COA€ll Ha IT0A0KEeHMs
OMHOAaAMM 1 Ha BeAVMVHY pa3jeANTeABHON CTIOCOOHOCTH ABYX(Pa3HOI CHUCTEMEL

Karouesvte croea: I19T, HaTpuesas coAb AMMOHHOI KIMCAOTEI, ABY3()asHbI CHCTEM.

THE INFLUENCE OF INORGANIC SALTS ON THE PHASE DIAGRAM AND SEPARATING ABILITY OF
AQUEOUS TWO-PHASE SYSTEMS PEG-SODIUM CITRIC ACID-WATER

In the presented work, the phase diagrams of the water-polymer two-phase system PEG-sodium salt of citric acid-
water and the concentration effect of the inorganic salt on the position of the binodal, on the value of the separating
ability of the system were investigated.

Key words: PEG, sodium citric acid, two-phase systems.

Kaxk mssectro |11, mpy cmemmmBaHnm pacTBOPOB ABYX ITOAVMEPOB B OOIIIEM PacTBOPUTEAS
(B wacTHOCTHM B BOAE) IPU OIIpeAeAeHHBIX YCAOBMX (B ONpeAeAeHHOM MHTepBade KOHIIeHTpa-
LV KOMIIOHEHTOB) IIPOMCXOANUTH (pa3oBOe pacCAOeHIe CUCTEMBI Ha ABe ¢aze pa3ANdaroiy-
MICsL PUBVIKO-XVIMUYECKMIMI CBOVICTBAMM, B YaCTHOCTY OTHOCUTEABHBIMU IMAPOPOOHOCTAMIL,B
clydae Korga pacrsopuredeM spasercs: Boga. CaegyeT OTMETUTDh, YTO TaKasl HECOBMECTMMOCTD
KOMITOHEHTOB B OOIIleM pacTBOpuTeAs MOXKeT HabAI0AaThCA M B CMeCSIX OAHOIO IIoAMMepa C
HEKOTOPBIMI HEOPTaHNIECKVIMY U OPTaHMIeCKIMMY oMM |21,

Cucremarnygeckte mccaeaosanus A. Aa0epTcoHa pa3ANYHBIX BOAHO-TIOAVIMEPHBIX ABY3-
¢pasnpix cucrem (BIIAC) 3| mpusean K mosiBA€HMIO HOBOIO YHMBEPCAABHOIO, BEICOKOe(pPeK-
TUBHOTO, MSTKOTO, SKOHOMMYECK) BBITOAHOTO MeTOJa pasjedeHus (ceraparyy) M OYVCTKA
CaMBIX Pa3ANYHBIX OMOAOTMYECKIIX MaTePHaAOB.

baarogapst Tomy, uto pactsoputesem B oOeux pasax cucremsl sAsasercsa soga (70-80%), B
TaKyl0 CUCTeMy MOXHO BBOAUTL OeAKM, HyKAeMHOBbIe KUCAOTBI, BUPYCHI, KACTKU W.T.A. DTU
Oroaormyeckye 0OObeKThl, B 3aBUCUMOCTH OT UX MHAUBUAYAAbHBIX OCOO@HHOCTEN U OT YCAOBUIA
pacnpegesenns ( IpUPOAbI U KOHLeHTpauuu ¢$pa3oo0pa3yionuxX KOMIIOHEHTOB, IIPUPOABI U
KOHIIeHTpaluu 400aBOK J.T.4. ) HePaBHOMEPHO pacIipeAeAsIIOTCsl II0 COCYLIeCTBYIomuM ¢gasam,
He Tepsis IIPU 9TOM CBOMX MHTAKTHBIX CBOVICTB.
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Bausnue neopzanuteckux coreti Ha Ppazoeyro duazpammy u pazdeAuneAbHyIo cnocooHocmob 600HO1L
06YxasHoil cucmemu n3z-HAMPUEsAsl COAb AUMOHHOTE KUCAONIbI-600A

Caeayer 0cobO IOAYEpPKHYTb, YTO BDTOT METOJ YCIEIIHO IIpUMEHseTCd TakkKe AA4s
KOAMYeCTBeHHOI OLIeHKVM OTHOCUTEABHOMN TMAPOPOOHOCTY BEICOKOMOAEKYASPHBIX COeAVHEHMI
KOTOPYIO HEBO3MOXKHO OBLI0 OITpeAeANTh PaHee CYIeCTBYIOIIIMI MeToaMn |61,

AAs ommcaHus BOAHBIX ABYX(Pa3HBIX CUCTEM IIPMHATO U3ydaTh (pasOBYIO AMarpaMmy
cucreMsbl (OMHOAAABHBIE KpUBbBIE, COeAVHUTEAbHbIE AVHUM, Pa3aeAUTeAbCKYIO CIIOCOOHOCTD
n.1.4.). CpoiicTBa BOgHOI cpeabl (a3 AByXx(pasHOI CUCTeMBI U XapakTep (pa3OBLIX AMarpaMM
3aBMCUT OT MHOTUX (paKTOPOB: OT MPUPOABI ¥ KOHIIeHTpaluy (pazoo0pas3yIouX ITOAUMEPOB,
X MOJAEKYASPHO-MAaCCOBBIX XapaKTePUCTUK, OT IIPUPOABI U PacTBOPUTEAs, TeMIIepaTyphl,
IIPUCYTCTBUM HU3KOMOAEKYASPHBIX 400aBOK I.T.4,.

VsydyeHne BAMAHUSA pa3AMYHBIX A0DaBOK, B YaCTHOCTM HEOpPTaHMYeCKMX COJeil Ha
XapaKTePUCTNKI BOAHO-TIOAVIMEPHON ABYX(a3HOM CHCTEMBI Ba’KHO KaK C TOYKM 3PeHIs,
TeOpUM PacTBOPOB, TaK U MpeACTaBAseT OUYeBUAHBIN ITPaKTUYECKUIT MHTepeC, TaK KaK 400aBKI
HeOpraHIJEeCKIX COAeTl IIPOKO MCIIOAB3YeTCs AASl peTy AN POBaHIL IPOIIECCOB pacIipejeAeHus
Oroaormyecknx MatepmaloB B 9THX CHCTeMaX. Takoro poja mccaeAOBaHMsA ITPOBOAMANICH B
padorax 14,51 aaa asyxdasueix cucrem A-T19I, A-TIBI1, A-¢uxoaa, A- IIBC. B otux paborax
OBL10 ITOKA3aHO, YTO CTETIeHb BAVIAHI A00aBOK HEOPTaHITIECKVIX COAEeVl Ha YCAOBYS PACCAOEHILT
das B paccMaTpyBaeMbIX AByX(pa3HBIX CHCTeMaX CBS3aHO C ITOAOXKEHVEM COAU B AVOTPOITHOM
P4y CIIOCOOHOCTH COA€li IO OCa’KAeHMIO 6eAKOB B BOAHBIX pacTBopax. OAHaKo, IIpeAcTaBAseT
VHTepeC TakKe W3ydeHue BAVLSTHNMA HeOpTraHMYecKUX COJell Ha IIpollecC pacCAOeHUs B
AByx(a3HBIM CHICTEMaXx IIOAVMepP-OpraHnJecKas CoAb-BoJa.

B mipeacraBaennor paboTe OblAM VccAeA0BaHbI (Pa3oBble AyarpaMMBbl BOAHO-TIOAVIMEPHOI
ayx¢pasHort cucremsl  [IDI-HaTpmeBas COAb AMMOHHONM — KHUCAOTBI-BOAAa WU BAVISIHUE
HEeOpraHMYecK!X CcOoJeil Ha II0AOXKeHUs OMHOJaAMM U Ha BeANYNHY pasjeAuTeAbHON
CITOCOOHOCTY CYICTEMBL.

Ha puc.l npeacrasaena skcriepyMeHTaAbHbIe Pe3yAbTaThl OIMCBIBAIOIIE OMHOAAAU 1
coeauHMUTeAbHbIe AMHIY (Pa30BOM AMarpaMMBl U3ydaeMoi AByX(a3HOI CHCTeMBI B OTCYTCTBII
U IIPUCYTCTBUM Pa3AMYHBIX COA€M, IAe Ha PUCYHKE IO OCSIM KOOPAMHAHT OTAOXKEeHbI BeCOBbIe
KOHLIeHTpaluu  a3ooOpasylonux KOMIIOHeHTOB. Kpusble auarpamMmbl  (OmMHOgaAmM)
pasrpaHMIMBaiOT 00AaCThb CyIIeCTBOBAHILSI TOMOTEHHBIX PacTBOPOB (1104 OMHOAAABIO) U 00AaCTh
CYIIIeCTBOBaHM s TeTePOTeHHbIX (HaJ, OMHOAaAbI0) PacTBOPOB.

40 -
35 - °
30 - * @ B OTCYTCTBUM
2’0 Pa3/INYHbIX conen
25 - -
0 * NaNO3
R 15 -
°\ Na2s04
=10 -
cC
O 5 -
X Na2C03
0 A’I * * ,
5 0 30 40

Cconb (NanumoH), , %

Puc. 1. bunoaaas! (pa3oBoll AVarpaMMBI B OTCYTCTBUM U IIPUCYTCTBUN 200aBAEHHBIX COAEIT
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Ha puc.2. npeacraBaeHO M3MeHeHIs TTOA0XKeHs OmHoaaan B ripucyTcTsum coan ( NaNOs)
Pa3AMYHON KOHLIEHTPALIVIA.

x
35 o
2
V0 o
25 ¢
) ° @ B OTCYTCTBMU conen
20
5% NaNO3
15
X 10% NaNO3
10
. +20% NaNO3
0 L
0 5 10 15 20 25 30 35

CCOIIb (Nanumon), , %

Puc2. Bansane coan (NaNOs) Ha GurOAaa1 Pa3oBoll AvarpaMMBI BOAHO ABY3(¢a3HO CHCTeMI
ITOI-HaTpueBast COAb AMMOHHOI KICAOTHI-BOAQ

Kax caezyer u3 1moAydeHHBIX pe3yAbTaTOB J00aBAeHIeM BCeX CoAeil B cucTeMy, O1HoAaAmn
$a3oBoit AMarpaMMBl HECKOABKO CMEIAIOTCA B CTOPOHY Hadalo KOOpPAMHAT, IIpUdeM TeM
DoapbI11e, yeM Ooabllle KOHIIeHTpalu coan (puc.2.). ITpu sTOoM yBeanumsaertcs 14o011ia/, rerepo-
reHHol obaactu gasoBoii gmarpamMmbl. Takum oOpaszoM pasgaeaeHue cucTeMbl Ha ABe (a3bl Hac-
TyIlaeT IPY MeHBIINX KOHIIeHTpalysix (azoo0pasyIoiX KOMIIOHEHTOB, 4TO CBUAETeAbCTByeT
O TOM 4YTO UMeeT MeCTO CTPYKTYpMPOBaHIS BOAHOM CpeAbl CHUCTeMBI IIO/ BAVLTHVIEM
A00aBAeHHBIX coaeit. O4eBIAHO, YTO CTPYKTypOBaHIe BOAHON cpeabl (a3 AByX(pa3HOI CHCTEMBEI
CBSI3aHO C M3MEHeHNUeM CTelleHM rmapartaiuy ¢pazooOpasyionux KOMIIOHeHTOB . Ilpu sTom
yBeANUMBAeTCs Pa3ANdMsl CBONCTB (pa3, YTO B CBOIO Odepeab MPUBOAUT K XyAllleil COBMeCTHU-
MOCTM DTUX KOMIIOHEHTOB B OOILIeM PacTBOPUTEAs], ¥ eCTeCTBEHHO, K PacCAOEHUIO CUCTeMbI Ha
Ae (da3pl IIPU MEHBIINX KOHLIeHTpalysx (pazoo0pasyIoniX KOMIIOHEHTOB.

14.6
14.4 e
14.2

14
13.8
13.6
13.4
13.2
13 "o
12.8

0 5 10 15 20 25

Vi L NaNO;)%

Mo

Pwc3.

Ha pnc3 mnpusejeHa 3aBUCHMOCT CyMMapHON KOHIIeHTpanuy (¢a3oo0pasyioniux
KOMIIOHEHTOB B KPUTHYECKON TOuKe OMHOAAA ABYX(a3HOV CUCTEMBI II04 BAVSHUSAM
AobaBaennon B cucrtemy coau (NANOs) pasamunsii konnenrpauyn. IloayuenHsie aanHbIe
TaKXKe CBUAETeABCTBYeT O TOM, UTO II0J BAUSHMEM COAM pasjeleHye CUCTeMbl Ha ABe (pa3bl
HaCTyIlaeT IIpM MEeHBIIX CyMMapHBIX KOHIIeHTpalsix pazooOpas3yIoIX KOMIIOHEHTOB.
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B pabore Onlao mposegeHO cpasHeHuu Mexxay sausHueM NaNO3 Ha mosepxHocTOe
HaTSDKeHIUST BOABI U BAVSHUE MAEHTUYHBIX KOHIIeHTpAI[MM DTON >Ke COAM Ha CyMMAapHYIO
KOHIIEeHTpaInIO (a3o00pasyIoiX KOMIIOHEHTOB B KPUTITIECKO TOuKe OMHOAaAM AByX(pa3HOI
cucteMnl ( TAe oObeMbl (a3 M KOHIIEHTpalMy KOMIIOHEHTOB B (pazax paBHBI). PesyabraTs
HpuBeJeHbl Ha puc. 4 .

14.6
14.4 o
14.2

14 *..y =-0.6095x + 15.012

13.8 -, R?=0.9769

136

>V

13.4
13.2
13 ®

12.8

Ao

Puc4.

Kak caeayer u3 pucyHke MeXAy STUMI IlapaMeTpaMI CyIecTByeT OIpedeleHHas
KOppeAsILIMOHHAs CBsI3b. DTOT pe3yAbTaT TakKe IOATBep>KAaeT O TOM, UTO 400aBAeHHbIe COAM B

ABYX(a3HYIO CHCTeMY CTPYKTypUpYeT BOAHBIE Cpeabl AByX(pa3HOI CIICTEMBI.

Aas 0oaee TOAPOOHOIO aHaAM3a IOAYYEHHBIX pPe3yAbTaTOB PacCMOTPUM MeXaHN3M
BAVISTHIIE COAeli Ha BOAY Ha ocHoBe Teopyy Camoiiaosa |91.

CoraacHo 3TOJ TeOpUM IIOA MOHOM, ( KaTVIOHOM VLAV aHMOHOM) Pa3pyIIalOIUM CTPYKTYPY
BOABI IIOJpa3yMeBaeTcsl MOH, BOAU3 KOTOPOTO MOJEKYA BOABI OOMEHMBAeTCs C MOJeKyAaMU
"cBODOOAHOI" BOABI B 0ObeMe ¢ 0OoAblIlIell JacTOTOM, YeM MOAeKyAl 'CBOOOAHON" BOABI MEXKAY
o001, T.€.

V(H,09-H,0") > V(Hy0°-H,0°) (1)

T'ae H,0° - MoJeKyAa Boabl B 00beme, H,0" - Boja B TMApaTHOI 000404ke 1oHa. Apyrimn
CA0BaMI, BpeM:I 0CeAA0M >KM3HM MOAEKYAU BOABI y MIOHa 0ObIIIe yeM B o0beMe

THy0" < Th,o0 (2)

A 1104, IOHOM, CTa6I/[AI/ISI/Ipy10H_U/IM CTPYKTYPBI BOABL, I1I04Ppa3yMeBAECTCSI MIOHBI 4451 KOTOPBIX
BBITTOAHAETCS yCAOBILT:

VHZOO—HZOF <VH20°—H20° (3)

TH,0" = TH,00 4)
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IToayyeHHble HaMU pe3yAbTaThl, CBIAETEALCTBYIOT O TOM, UYTO B HallleM cAydae, MMeeT
Mmecto ycaosus (3) u (4) . IIpu BBeaeHun coaeit B cicTeMy MOAEKYABI BOABI Y aHMOHOB (y Bcex
1ccAe0BaHHBIX COAeli KaTVOHbBI OAMHAKOBbIe) 0OMEHIBAIOTCSl C MOAeKyAaMM 'CBOOOAHbIE BOABI"
MeHbIIIell 4aCcTOTOM YeM CBOOOAHbIe MOAEKYABl BOABI MeXAy COOOM, 4TO B MTOTe IIPUBOAUT K
CTPYKTYPOBaHIIO BOABI B I1€10M.

Bce Bl 13105KeHHOe TT03BOAsIeT KaUeCTBEHHO OOBSICHUTH II0AYJYeHHbIe B JaHHOI paboTe
pe3yabTaThl 110 BAVSIHUIO A400aBOK COJA€ll Ha XapaKTepUCTUKu (a3oBoil AMarpaMMBbl AByx(as-
Hot cucteMsl I IOl -HaTpueBas coab AMMOHHOM KUCAOTHI-BoAa | .

Takum obpaszom, cMmerenns 61HOAaAelt PasoBoil AuarpaMMBbl B CTOPOHY Hadalo KOOPAU-
HaT, yBeANdeHNe I110I1all TeTepOreHHON 004acTi AuarpaMMBbl IIpU BBeA€HUU UCAeAOBaHHBIX
coaeir (NaNOs, Na:SOs, Na2COs, KCl, KBr, KJ, Kz50s4), a Taxoke yMmeHbIlleHIe CyMMapHOII
KOHIIeHTparuy ¢pa3z000pa3yIomyX KOMIIOHEHTOB B KPUTHUECKOI TOUKe AByX(pa3HON CUCTeMM C
yBeArdeHreM KoHIeHTpauyu coan (Ha npumepe NaNOs ) 04HO3HaUHO CBUAETEALCTBYIOT O TOM,
YTO DT COAY OKa3bIBaeT CTPYKTYPHUPYIOIIe AeJICTBIS Ha BOAHYIO Cpeay CUCTeMBI.

Heo0Ox041M0 Nog4epKHyTh, YTO M3MEHeHIs XapaKTepUCTUKI BOAHO-ABYX(a3HOI CCTeMBI,
eCTeCTBeHHO, OTpaykaeTcsl Ha ITpoliecc paciipeJeAeHIIO Pa3ANYHBIX BeIIeCTB B DTUX AByX(a3HO
crucreMe. a5l KOAMIECTBEHHON XapaKTePUCTUKI PasANdus cpoacTsa (a3 K paclipeseaseMoM
BellleCTBYy HaMI OBLAO M3y4eHO pa3jeAuTeAbHasl CIIOCOOHOCTh (n') aByxdasHoi cucteMy I1OT
(6000)-HaTpmeBas coab AMMOHHOM KICAOTHI-BoAa ipu T= 298,15 K B oTCyTCTBUM U TIPUCYTCTBUN
pa3AnyHBIX coaeBbIX A400aBoK. [loayueHHble jaHHbIe TpeacTaBaeHbl B Tabautle 2. PasaeanTean-
Hasl CIIOCOOHOCTH CHCTEMBI OIIpeAeAsiAach II0 METOAY IIpeAA0>KeHHsbIe B padoTy 161.

Tabavmia 1. PasaeanteanHas criocoOHOCTH AByx(pasHoii cuctemsl [ 121" — HaTpueBast coab AMMOHHOM
KICAOTHI — BOJa B IIPVICYTCTBUM HEKOTOPBIX COAENT

Cucrem n*
IIOI-HaTpuesas coab AMMOHHOM KucaoThl-Boa (I10I'- CéHsO7Nas-H20) 9,3
19T~ CeH507Nas-H20 +NaNOs (4,67 mol/l) 12,6
19T~ CeH507Nas-H20 + Na2COs(3,76 mol/l) 13,5
T1OT- CsHs07Nas-Hz0 + Na2SO4(2,36 mol/l) 14,6
T1OT- CsHs07Nas-Hz0 + Na2SO4(1,79 mol/l) 15,42
ITOT- CeHs07Nas-H20 +KCl (5,5mol/1) 7,19
19T~ CeH507Nas-H20 +KBr(3,53 mol/l) 6,98
I1OT- CsHsO7Nas-H20 +KJ(1,04mol/1) 10,6
19T~ CeHsO7Nas-H20 + K2SO4(0,47mol/l) 14,35

IloayyenHele pe3yabTaThl IIOKa3blBaeT 4YTO HEKOTOPble COAM YBEAUYMBAIOT BEAMYUHY
pasAeAUTeAHON CIIOCOOHOCTM YTO CBA3aHO YBeAMYeHMe pa3Andus CBOJCTBaxX (pa3 a HeKOTOpbIe
COAM YMeHbIIIaeT N* YTO CBSA3aHO C IPUOAVIKeHNEeM CBOJICTB CUCTEMBI APYT-APYTY
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GLICOL-SODIUM CITRATE-WATER
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Shahbazova.gunel@mail.ru

ABSTRACT

In this work aqueous two-phase systems consisting of polyethylene glycol-sodium salt of citric acid and water
have been studied. Experimental phase diagrams and the influence ofethylene glycol, glycerin to the phase diagram are
presented. As a resultif the system includesethylene glycol and glycerin the binodal curve is splinted to top of
coordinate, in other words, the separation of phases process occur at high concentration of polymers which formed
phases. This means that ethylene glycol and glycerin acts as a factor that destroys the structure of water, breaking the
hydrogen bonds between water molecules. As a result, the number of free water molecules increases, the phase-
forming components are easier to dissolve, and the phase separation occurs at higher concentrations of the components.

Keywords:aqueous two phase systems, binodal curve, sodium citrate, ethylene glycol, glycerin

BAVISTHUE STUAEHT AMKOASI U TAULIEPMHA HA ®OPMMPOBAHUE BOAHOM ABYX®DA3ZHOM
CUCTEMBI ITOAUDTUAEHTI ANKOAb- TUTPAT HATPUSI -BOAA

PE3bIOME

B aannO711 paboTe 6b1aM M3yYeHBI BOAHEIE ABYX(asHble CHCTeMB], COCTOSIINE U3 TTOANDTIAEHT AMKOAb-HaTPHeBOi
COAU AVIMOHHOJ KUCAOTBI U BOABL [IpuBeseHBI DKCIIepyMeHTaAbHbIe (a3oBble AarpaMMBbl U BAVISTHUE DTVAEHIAU-
KOAsI, TAuIlepyHa Ha (a3oByIo AuarpamMmy. B pesyarTate, ecan B cucteMy BXOAAT STUAEHTAUKOAD ¥ TANIIEPUH, OMHO-
AaAbHasI KpUBasl pacIeriAseTcs A0 BepIINHbI KOOPAUHATH, APYTUMI CA0BaMY, IIporiecc pasaeaeHns a3 IPOUCXOANUT
IIpM BBICOKOM KOHIIEHTpaI[uy IOAMMEpPOB, 0Opasylonmx (paspl. DTO O3HadaeT, YTO STUAEHIAMKOAL ¥ TAMIIEPUH
AeVICTBYIOT KaK (paKTOp, paspyIIalONii CTPYKTYPY BOABI, pa3phiBasl BOJOPOAHBIE CBA3Y MEXAY MOAeKyAaMu BOALL B
pe3yabTaTe KOAMIECTBO CBOOOAHBIX MOJAEKYA BOABI yBeAudnBaeTcs, (pa3zoo0pasyIoliye KOMIIOHEHTHI Aerde pacTBop-
smoTest, 1 pasoBoe pasjeaeHrie IMPOUCXOANUT TPy O0Aee BEICOKVX KOHIIEHTPAIVIAX KOMITOHEHTOB.

KaioueBbie caoBa:BOAHBIE ,ﬂ,ByX(l)aSHbIe CIICTeMBI, OMHOJAaAbHAsI KpuBasl, IIATPAT HATPIS, DTUAEHIAMKOAD,
I“AI/IL[epI/IH
PEQ-LIMONTURSUSUNUN NATRiUM DUZU-SU IKIFAZALI SISTEMININ OMOLOGOLMOSINO
ETILENQLIKOL VO QLISERININ TOSIR1

XULASO

Toqdim olunan isde PEQ-limon tursusunun natrium duzu-su ikifazali sistemina baxilmigdir. Bu sistemin tacriibi
ayrisi vo bu sistemin amslagalmasine etilenglikol ve gliserinin tesirine baxilmisdir.Gosterilmisdir ki, etilenglikol ve
gliserinin tesirilo PEQ-limon tursusunun natrium duzu-su sisteminin hal diaqrammin binodali heterogen oblast
istiqamatine teraf siiriisiir, basqa sozls fazalara ayrilma komponentlarin daha bdyiik konsentrasiyalarinda bas verir. Bu
o demoakdir ki, etilenglikol va gliserin su molekullar1 arasindaki hidrogen rabitelarini qirarag, suyun strukturunu
dagidan faktor kimi ¢ixis edir. Naticada sarbest su molekullarmin say1 artir, faza amslo gatiron komponentlarin
hallolmast asanlasir ve fazalara ayrilma komponentlarin daha boyiik konsentrasiyalarinda bag verir.

Acar sozlar: sulu ikifazal sistemlor, binodal ayrisi, limon tursusunun natrium duzu, etilenqglikol, gliserin.
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The Influence of Ethylene Glycol and Glycerin to the Formation of Aqueous Biphasic System Polyethylene Glicol-Sodium Citrate-Water

INTRODUCTION

Aqueous two phase systems (ATPS) are aqueous solutions of acombination oftwo
incompatible polymer or a polymer and a salt that separate into two phases when their
concentration surpasses a certain threshold value [2]. One phase is rich in one polymer, and the
second phase is rich in the other polymer as (or salt) with water as a solvent in both phases.
ATPSs consist of two immiscible aqueous phases and have traditionally been used for the
separation and purification of biological material such as proteins or cells [1].

Aqueous two phase systems (ATPS) based on water-soluble polymers are highlyuseful tools
for extraction and purification of biomolecules [4-8].

Generally, the application of two-phase aqueous systems once a time move to the fore and
the fundamental scientific investigation of these systems are relatively delayed. So that,
formation mechanism of the two-phase aqueous polymer systems, influence of external factors
to physical-chemical properties of them, the separation of some substances in these systems are
explained in literature opposite ideas. Some writers were suggested solvent role of components.
They claimed that if two polymer give two-phase systems in any solvent, then this incident must
observed in other solvents. In recent times, E.Masimov,Zaslavsky and others were suggested
hypothesis that the formation of two-phase aqueous polymer systems, water has a key role in
scientific investigation and they were confirmed with experimental facts.

As is known, water is organize most of the living world, and it is here play not onlysolvent
role, but also biological active medium role. So that, the biological activity and functionality of
high-molecular compounds, they structure and conformation in water environment, formed as a
result of the interaction them with water. These interactions are widely investigated with
different methods (such as scattering of light, IR, EPR, NMR spectroscopy and etc.). Water in
contain base part of living organism and high-molecular compound and metabolism in organism
is mainly performed by blood. For formation of simplest model of the processes in living
organism which many-component, many-phase system, we can using two-phase polymer-
polymer-water systems.

So these notes that allows us to the investigation of two-phase aqueous polymer systems
have both fundamental and great practical importance.

MATERIALS AND METHODS

In this study using PEG with M,, = 6000 molecular weight which produced by “Panreac”
firm of Spanish and “chemical cleaner” and “special cleaner” sodium citrate, glyserin, ethylene
glycol.

Polyethylene glycol isa polyether compound derived from petroleum with many
applications, from industrial manufacturing to medicine. PEG is also known as polyethylene
oxide (PEO) or polyoxyethylene (POE), depending on its molecular weight. The structure of PEG
is commonly expressed as H-(O-CH2-CH2)n-OH.

Sodium citrate is the sodium salt of citric acid. This is a white, crystalline powder or white,
granular crystals, weakly excreted in moist air, freely soluble in water, almost insoluble in
alcohol. Like citric acid, it has a sour taste. From a medical point of view, it is used as an
alkalizing agent. It works by neutralizing excess acid in the blood and urine. Indicated for the
treatment of metabolic acidosis
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Researching of physical-chemical properties of two-phase systems in the phase formation
dissolved in water two polymers or aqueous solution of any polymer which dissolved in water
with inorganic salt to structuring water, studied mictures in water of some organic salts.
Knowning that, PEG give the two-phase system with some organic salts, including aqueous
solution of sodium salt of citric acid(C¢0,HsNas).

According to the aqueous mixture of C40,HsNas salt with PEG, to obtain two-phase system
at certain concentration of components. As in the investigated two-phase aqueous polymer
systems, at the same time existed phases of PEG-C40;HsNa3—H,0 systems they are keep both
two components, they have different concentration in phases. At this time, the interaction
between water and components play main role.

As is known, investigation of two-phase aqueous polymer systems are actual that is why
the processes which these systems are can be accepted as the model of the processes which in
living organisms. Really, the explore of biological substances separation between the phases
which exist at the same time and differ from each other for hydrophobicity can help to explain
metabolism mechanism that carried out with blood.

For illustrating aqueous biphasic polymer systems, it is conventional [1] to investigate the
phase diagram-binodal curves, where the weight vs concentrations of the phase-forming
components, the tie line, its length and angle of inclination, separation capacity, etc., are plotted
along the coordinate axes. Fig. 1 shows the binodal curve of the PEG (6000)-sodium citrate/water,
tie line, which is defined based on the method of least squares equation.

35 y =-0.9721x + 24.608
30 ° y =-0.9717x + 26.558
25 o y = -0.9777x + 27.608
‘3_ y = -0.9787x + 19.556
© 20
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Fig. 1- Binodal curve and tie lines of the biphasic system PEG/sodium citrate -H20

The binodal curve and tendency angle of connecting (or tie) lines are taken as the main
characteristic of aqueous two-phase systems.

Then investigated the influence of ethylene glycol and glycerin to the phase diagrams of
aqueous biphasicsystem PEG-sodium citrate-water.
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Fig. 2. Influence of polyhydric alcohols on the binodal curve of the two-phase system PEG-CsHs07Nas-H20
1-binodal without additive, 2-ethylene glycol, 3-glycerin

In Figure 2. given the binodal curve of (M,, = 6000) PEG with sodium salt of citric acid
aqueous solution the two-phase system and influence some alcohols(ethylene glycol, glycerin) to
binodal curve.

With the influence of ethylene glycol, glycerin to the system, obtained that binodal curve is
slipped to top of coordinate at the high concentrations, two-phase systems are occur with higher
concentration of components which formed phases.

CONCLUSION

The formation of two-phase system is observed in aqueous mixture of polyethylene glycol
with citrate at thermodynamic equilibrium. Phase diagram of acquired two-phase system
(binodal curve and tendency angle of connecting or tie line) is investigated.

The results show that, with the influence of ethylene glycol, glycerin to the system, obtained
that binodal curve is slipped to top of coordinate at the high concentrations, two-phase systems
are occur with higher concentration of components which formed phases. This means that
ethylene glycol and glycerin acts as a factor that destroys the structure of water, breaking the
hydrogen bonds between water molecules. As a result, the number of free water molecules
increases, the phase-forming components are easier to dissolve, and the phase separation occurs
at higher concentrations of the components
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ABSTRACT

In this paper presents the results of a study of the temperature dependences of electrical conductivity and Hall
coefficient. The Hall mobility was determined as the concentration of free carriers doped with Cu atoms - 0.05 wt% and
In-01 wt% and of the stimulated magnetic field of Bi2Tes crystals in the temperature range. Studies were conducted in
the temperature range of 77-300, K. An analysis of the results showed that the formation of new covalent bonds through
the long-range orbitals of large atoms BizTes<In, Cu> creates binding states. The anharmonicity of the bonds and the
membrane effect contribute to the overlapping of electronic functions between the layered elements, this leads to the
formation of extended states, which in turn leads to an increase in the concentration of charge carriers, and
conductivity.Changes in the interatomic distances in the crystal, coupled with the centers of disorder, enhance the effect
of delocalization. A weak magnetic field also leads to the formation of extended states through charge delocalization
during spin orientation of bonds.

Keywords:BizTesx<In, Cu>, electrical conductivity, Hall coefficient, negative magnetic resistance, magnetic field,
kinetic parameters.

IMPOBOASIIINE ITPOTSIDKEHHBIE COCTOSIHWS B Bi2Tes<In,Cu>.
PE3bIOME

B paGore 13a05xeHbI pe3yabTaThl MCCAeAOBaHN: TeMIIepaTyPHBIX 3aBIMCUMOCTell yAeAbHOM 9AeKTPOIIPOBOAHOC-
i, kxoddpduunenta Xoasa. OmnpedeseHel XO0AA0BCKas ITOABVIKHOCTh KOHIIEHTpaUMsl CBODOAHBIX HOCHUTeAelt
aernposanHble aromamy Cu — 0.05 sec% u In-01 Bec% m cTMMyAMPOBaHHBIX MarHMTHOTO 11045 Kpucraaaos Bi2Te3 s
TeMIepaTypHOM uHTepBaze. VlccaeaoBanms IposoguAnuch B TemmepaTypHoM uHTepsase 77-300, K. Amnaamszom
IIOAYYEHHBIX Pe3yAbTaToB IIOKa3aHO, YTO (pOpPMMpOBaHNe HOBBIX KOBaJEHTHBIX CBs3€ll 4epe3 JaAbHOJEVCTBYIOIINe
opburaanm KpymHbIX atomoB Bi2Te3<In,Cu> cosjaeT CBA3BIBAIONIUE COCTOSHNS. AHIapMOHMYHOCTD CBA3EM W
MeMOpaHHBIN 9PPeKT CITOCOOCTBYIOT MEePEeKPHITUIO DAEKTPOHHBIX (PYHKITMI MeXAy CAOEBBIMM DAeMeHTaMM, 9TO
MPUBOAUT K 00Pa30BaHMIO ITPOTSKEHHBIX COCTOAHMI, UTO B CBOIO 04epeAb IPUBOAUT K YBeAUUYEHUIO KOHIIeHTpaIuu
HOCHTeAell 3apsija, M MPOBOAVMOCTH. VIsMeHeHM:s MeXXKaTOMHBIX PacCTOSHWMII B KpMCTadde B KyHe C IJeHTpamu
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Oecriopsigka ycnamsaioT sPdekr deaokaamsanyy. Caaboe MarHMTHOe I104€ TakKe IIPUBOAUT K OOpasOBaHUIO
ITPOTSKEHHBIX COCTOSIHMIA ITOCPeACTBOM AeA0KaAM3aINI 3apsiAa ITPY CITMTHOBOM OPVIEHTUPOBaHMI CBA3EIA.

Karouesbie caosa:BizTes<In,Cu>, 91eKTporpoBodHOCT, KOSPPUIIMEHT X0a14a, OTpUlIaTeAbHOe MarHUTHOe
COIIPOTUBAEHIE, MaTHUTHOE I104€e, KUHEeTIYeCKIe ITapaMeTpEL

BLTEs<IN,CU> BIRLOSMOSINDO DAVAMLI KECIRICILIK HALI
XULASO

Isde Cu - 0.05 ¢oki% vo In-01 ¢oki % atomlari ilo agqarlanmis ve maqnit sahasi ilo stimullagdirilmis Bi:Tes
kristallarimin  xiisusi elektrik kegiriciliklorinin, Holl emsalmin temperatur asililiqlar1 todqiq edilmisdir. Serbast
yiikdastyicilarin Holl yiiriikliiklori vo konsentrasiyalar: toyin edilmisdir. Tadgiqatlar 77- 300, K temperatur intervalinda
aparilmigdir. Alinmis naticolorin tohlili gdstermisdir ki, rabitelerin anharmonikliyi ve membran effekti tobage
elektronlar: arasinda elektron funksiyalarmin kasismalarine sabab olur ki, bu da 6z névbasinds uzunmiiddatli hallarin
amoale gelmasine, naticads sarbest yiikdasiyicilarin saymin ve kegiriciliyin artmasma getirir. Kristalda atomlararasi
moasafenin dayismesi nizamsizliqla birlikds delokallasma effektini giiclandirir. Sabit maqnit sahasi do hamg¢inin davamli
hallarm amaole gelmasins rabitelarin spin nizamlanmasi naticasinds delokallasmaya sabab olur.

Acar sozlar:BizTes <In, Cu>, elektrik kegiriciliyi, Holl amsali, manfi maqgnit miiqavimati, maqnit sahasi, kinetik
parametrlar.

Bismuth tellurides are layered structures, the crystalline matrix ...-Te®-Bi-Te®-Bi-Te®-...of
which consists of layers separated by weak interactions. On the state of quintet layers of the
crystal lattice is also affected by processes occurring in the interlayer space, which directly affect
the redistribution of electron density and changes in the phonon subsystem. It is known that in
layered crystals a part of superstoichiometric excess and impurities is formed in the interlayer
space. A shift of the charge density deeper into the layer during broadening of the van der Waals
gap [1, p.109], as well as an increase in the number of electrons from donor impurities, can lead
to mutual repulsion of lone electron pairs in the Bi-Te?bond and to a change in the valence
angle.Due to this charge displacement [2, p.233], a greater splitting of various types of molecular
orbitals occurs, and non-binding orbitals are involved in the formation of covalent orbitals. Bi
orbitals are combined with Te orbitals, with the formation of new binding orbitals instead of the
original non-bonding orbitals, i.e. the bond takes on a metastable ion-covalent form. In the
hybridization of bonds between Te® and bismuth atoms, the initial system overlaps with the p-
orbit of Te? and the unshared bismuth electron pair transforms into conjugated system,
accompanied by a redistribution of electron density.

The inhomogeneous distribution of electron density on the lattice centers on both sides of Bi,
caused by a change in the valence state and leading to polarization of the electron system, can
lead to the appearance of static and dynamic waves of charge's density. For waves of charge
density, mixing of the binding orbital with its loosening is inherent; energetically, the binding
and loosening levels are located symmetrically with respect to the Fermi level.A cycle consisting
of 75K, at which fluctuations of the lattice parameter of Bi:Tes crystals doped with Cu and In
impurities occurs, is ~ 0.0065eV [3, p.315].Approximately the same energy value is observed
during fluctuations of kinetic parameters. The temperature behavior of these parameters
apparently also shows a partial contribution to the change in the binding and loosening bonds,
depending on the fluctuations of states corresponding to them near the Fermi level.This is
accompanied by a change in the types of charge ordering, as well as changes in the formation of
bonds and changes in the parameters of the crystal lattice.As can be seen, the temperature
changes the energy state of the bonds, which, changing orientation, lead to compression and
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decompression of the crystal in the direction of the “C” axis. A change in valence bonds leads to a
change in charge ordering and, possibly, to its polarization as in the case of superconductivity in
BixSes<Cu> [4, p.5,5,p. 3].

The redistribution of electron density may be accompanied by the formation of extended
states conducting along long-range hybrid orbitals of heavy elements.The conducting extended
states are akin to a long molecule, i.e. at a certain energy, a tunnel bond through atoms of heavy
elements forms a weak chemical bond, because the interaction energy of the extreme electrons
with the nucleus is weak, and a potentially forming new bond is also weak.Resonance or
hybridization of bonds leads to the appearance of extended states, and an increase or decrease in
energy relative to the level of the resonance state leads to the destruction of extended states and
the absence of tunneling. According to the results of studying the kinetic parameters of Bi:Tes
crystals doped with Cu-0.05 wt% and In-0.1 wt% impurities obtained by vertical directional
crystallization, shunting through extended states had activation peaks at 100K and
150K.Stimulation of these states by a weak magnetic field and their destruction at strong fields
were observed: negative magnetoresistance NMR up to 10 kOe. An increase in temperature
during magneto-field exposure led to an increase in the NMR from 100K to 170K, then the NMR
sharply faded away, i.e. the effect of shunting over an extended conducting state was
blocked.The destruction of the resonance bond leads to a return to the previous model of the
distribution of bonds in the molecule and, accordingly, the electron density in the quintet. With
the exception of the main, largest feature, extrema in the temperature dependences of the Hall
coefficient (Fig. 1) and electrical conductivity (Fig. 2) as well as the concentration (Fig. 3) and
carrier mobility (Fig. 4) in the region of 77-170K are possible from - due to an increase in the
electronic component, during the transition of localized electrons from filled levels to unfilled
with increasing temperature. The flow of electron density over the Bi-Te bond, which enhances
the ionicity of the bond, shortens the interatomic distance, and an increase in the concentration of
free carriers appears on the conductivity.An indirect confirmation of this is the negative
magnetoresistance NMR at 100-170K (Fig. 5).
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Fig. 1. Temperature dependences of the Hall coefficient -R of Fig. 2. Conductivity temperature dependences of
BixTes<In,Cu>sample with directions of experiment: 1- H | C 1J; BixTes<In,Cu>sample with directions of the experiment:
2-H.iC4f

1-HIC4:2-H1C4]
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Fig. 3. Temperature dependences of the Hall charge carriers Fig. 4. Temperature dependences of the mobility -u
concentration - n Bi2Tes<In,Cu>for experimental directions:1- BixTes<In,Cu>for experimen-tal directions:1-HICL]J; 2-
HIC.J; 2-H1CyJ HiC4J

The anharmonicity of bonds, which was pointed out by other authors as the cause of bond
deviation at T100K-150K, is a consequence of the flow of electron density over the bond. The
temperature dependences of the elastic constants in layered crystals revealed a tendency for a
more rapid change in the interlayer elastic constants as compared to the intralayer ones [6, p.
667.].
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Fig. 5. Dependences of the transverse magnetoresistance Fig. 6. Dependence of the Hall coefficient -R on the magnetic field
AP [Pfrom the magnetic field H for the of a Bi2Tes<In,Cu>sample at temperature:1 —110K; 2 — 120K; 3 -
Biz2Tes<In,Cu>sample 150K; 4 — 170K

It is noted that a change in the values of elastic constants with temperature is an anharmonic
phenomenon and occurs due to two processes: phonon-phonon interaction and lattice
deformation due to thermal expansion. The anharmonicity of the bonding forces between the
layers is substantially greater than the anharmonicity of the intralayer forces. Moreover, the
contribution of thermal expansion to this change is much higher for the “interlayer” elastic
constant than for the “intralayer” [7, p. 293].Intralayer (within the five-layer quintet packet)
bonds in bismuth chalcogenides are sensitive to changes in the magnitude of the interlayer
interaction.

A weak magnetic field apparently leads to the delocalization of precisely electrons on the
metastable configuration of orbitals near defective centers.A surge in kinetic parameters is
possibly associated with delocalization during the formation of extended bonds, the
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anharmonicity of the bonds and the membrane effect contribute to the overlap of the orbitals
between the layer elements. The overlapping of the electronic functions of the layers leads to the
formation of extended states; this, in turn, leads to an increase in the concentration of charge
carriers, conductivity, etc.A weak magnetic field also leads to the formation of extended states by
delocalization of the charge with spin orientation of the bonds.
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ABSTRACT

In the paper given the results of a study of the mechanical and electrical strength of bio-composites based
polyethylene low density modified with seashell, LDPE + x vol.% Seashell, where x = 0; 3; 5; 7; 10; 15 depending on the
volumetric content of the bio-filler-seashell, on the electric field strength and on the magnitude of the mechanical
deformation.

Samples obtained by hot pressing. The polymer + shell mixture is heated to the polymer melting point; at the
same temperature, it is aged under pressure of 15 MPa for 15 minutes and cooled in an ice-water mixture.

It was revealed that for small values of the filler 3 vol.% Shell, the mechanical strength of the bio-composites
increases, when the content reaches its maximum value. The maximum value of the electric strength of the films of bio-
composites is achieved when 5 vol.% Shell are introduced into its composition. The increase in the electrical and
mechanical strengths of the LDPE film with the introduction of the optimal amount of additive can be explained on the
basis of changes in the physical structure of LDPE.

Key words: mechanical and electric strength, seashell, bio-composites, mechanical deformation, electric field
strength.

BAVISTHUE PAKYIIKY HA MEXAHUWYECKYIO U D1EKTPUYECKYIO ITPOYHOCTD
INOAMDTUAEHA BBICOKOI'O AABAEHMS

AHHOTAI VIS

B craTpe nmpuBeAeHBI pe3yAbTaThl MCCAEAOBAHIISI MEXaHIIECKON U DAeKTPIIECKOI IMPOIHOCTY OMIOKOMITO3UTOB
Ha OCHOBe IIOAMBTHAEHa HM3KOM ILAOTHOCTU, MOAUQPUIIMPOBaHHOIO Mopckoi psaKymkoi(P), [T9BA + x 06.% P, B
3aBUCUIMOCTI OT OOBEMHOIO COAep>KaHMsI OMOHAIIOAHUTEAS-MOPCKOI PSKYIIKY, HAIIPSDKEHHOCTU DAEKTPIYECKOTO
ITOAST U1 BeAVIVIHBI MeXaHmJecKoit aepopMariuy, rae x = 0; 3; 5; 7; 10; 15.

O0paslibl T0Ay4eHbl METOA0M TOpsuMM IpeccopanueM. CMech HoAMMep+psKYyIIKa HarpeBaioT 40 TeMIlepaTyphl
I1AaBAeHNs II0AUMepa; IIPU TOM JKe TeMIlepaType ero BhlAep>KMBalOT 1104 AasaeHreM 15 Mlla B Teuenne 15 MunHyT 1
OXAa>KAAIOT B A€ASTHOM BOAE.

BrIsABA€HO, YTO IIpU MaAbIX COAEP>KaHIIX HalloAHUTeAd 3 00.% P MexaHIIecKasr MpOYHOCTb OMOKOMIIO3UTOB
yBeANdMBaeTcs, AOCTUIaeT MaKCMMAaAbHOTO 3HadeHIs. MaKkcuMaabHOe 3HadeHle 9AeKTPUIecKOl IIPOYHOCTH I1AeHOK
OMOKOMIIO3UTOB AOCTUIAeTCs IIPY BBEJEHUN B MX COCTaB 5 00.% P. YBeauueHme »AeKTpUYECKON VM MeXaHNIeCKOI
npouHocTy maeHku I19B/ nmpy BBegeHMM ONTMMAABHOTO KOAMYECTBA A00aBKM MOXKHO OOBSCHUTH M3MEHEHVSIMU B
Ppusraeckoit crpykrype ITOBA.

Karouepble caoBa: MexaHMmdecKas I BJAeKTpUYecKas IIPOYHOCTh, MOPCKas paKOBNHA, OMOKOMIIO3UTEI,

MexaHnJeckast 4epopMariyLsl, Hallps’KEHHOCTh DA€KTPIUYECKOTO ITOASL.
BALIQQULAGININ ASAGI SIXLIQLI POLIETILENIN MEXANIKI VO ELEKTRIK
MOHKOMLIKLORIN®S TOSIRI
XULASO

Magalads asag1 sixligh polietilen (ASPE) asasinda baliq qulag: (BQ) ile modifikasiya olunmus, bio-kompozitlerin
ASPE + x hacm.% BQ (x = 0; 3; 5; 7; 10; 15) mexaniki ve elektrik méhkemliklari baliqqulagt doldurucusunun hacmi
miqdarindan ve elektrik sahasinin intensivliyinden ve mexaniki deformasiyanin giymstinden asili olaraq tedqiginin
noticoleri verilmisdir.
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Niimuneler istipresloms {isulu ilo alinmigdir. Polimer -baliqqulagr qarisig1 evvelca polimerin arime noqtesine
goder quzdirlir; bu temperaturda 15 MPa tozyiq altinda 15 deqige miiddstinde saxlamlir ve arimekde olan buz
vasitesilo soyudulur.

Tadqiqatlar naticesinde miisyyen edilmisdir ki, doldurucunun 3 hacm.% BQ qiymetinde mexaniki mhkemlik
maksimal qiymsetini alir. Biokompozitlerin elektrik déztimliiliiklorinin maksimal giymatleri ise terkibinds 5 hacm%BQ
olmast halinda miisahide edilir. Doldurucunun optimal qiymetinde ASPE — nin elektrik vo mexaniki doziimliiliik-
larinin artmasi1 ASPE — nin fiziki qurulusunun dayismasi ile izah oluna bilar.

Acar sozlar: mexaniki ve elektrik giicii, deniz qabigy, bio-kompozitler, mexaniki deformasiya, elektrik sahesinin giicii.

INTRODUCTION

The use of polymeric materials provides the opportunity to create a fundamentally new
design and various types of products, helps to reduce their weight, operating and transportation
costs, improve quality, physical and mechanical properties and appearance. It should be noted that
the proportion of individual polymers among such materials is small. This is explained by the fact
that for specific purposes, as a rule, polymers with a new set of properties are needed and it is
preferable to solve this problem based on new materials with controlled properties. A convincing
achievement to solve such problems is the creation of ordered heat-resistant, frost-resistant
structural materials, as well as composite materials designed for use in harsh conditions [1-5].

The need to have any material with a specific set of properties led to the fact that when
creating polymer compositions they were guided mainly by practical considerations [6-11].

For practical purposes, the most interesting is the determination of the electrical durability of
the service life of polymer insulating materials and the effect on them of various modifying
additives of various origins. Modifying additives leads to a change in many properties of
polymers. In this case, the modified polymers change the mechanical tensile, bending and
compression strengths of the respective elastic modulus, impact resistance, hardness, softening
temperature and thermal conductivity. Depending on the origin and content of the fillers, the
mechanical and electrical strengths of the composites can significantly change. [12-14]

We note that the introduction of additives into the polymer matrix has the following goals:
modification of physical, mechanical, electrical properties: to prevent destruction from exposure to
heat or ionizing radiation; material cost reduction; changes in color, transparency or other optical
properties and appearance, improvement of technological properties. Therefore, the use of
additives allows you to directionally adjust the properties of the final product. The effect of
mechanical stress and additives on the change in the electrophysical properties of composite
materials has been studied in many works [14, 15]. However, the change in the electrophysical
properties of modified composite films in the presence of mechanical loading has not been studied
enough.

The experimental technique

Samples obtained by hot pressing. The polymer + shell mixture is heated to the polymer
melting point; at the same temperature, it is aged under pressure of 15 MPa for 15 minutes and
cooled in an ice-water mixture.

Samples for testing the force dependence of mechanical durability and strength were cut out
of the film in the form of a double blade, the length of the working part 10 mm wide 3 mm.
Measurement of mechanical strength was carried out given in the work [15]. The installation for

103



E.M. Gojayev, Sh.A.Zeynalov, K.J.Gulmammadov, R.S. Ragimov, N.F. Memmedzade

measuring mechanical durability should ensure the fulfillment of two basic requirements: the
effective tensile stress and temperature should not change during each test.

Measurement of the electrical durability of the composite film, the following electrode design
was used [16]. The test sample was made in a rectangular shape with dimensions of 40x50 mm.
During the test, the sample was between the electrodes. Before the test, the thickness of each
sample was measured for 6-8 work places, after which the arithmetic mean value was found.

RESULTS AND DISCUSSION

The electric strength of the LDPE + Shell film depending on the amount of additives was
determined on the basis of studying the kinetics of the development of electrical breakdown
according to the developed technique.

The obtained experimental results are shown in Figures. 1 and 2. The introduction of an
additive from a shell into the composition of LDPE leads to a significant change in its electrical
durability (Fig. 1). As follows from the experimental data, in the case under consideration, when a
certain amount of filler is introduced into the composition of LDPE, its electric strength increases.
The maximum increase is observed for a biocomposite with a volumetric filler content of 7%. This
means that by increasing the lifetime of the LDPE film with the introduction of the additive, it is
possible to determine the optimal conditions for the modification of the electrophysical properties
of LDPE to determine the effect of the composition of the added additive on the change in the
electric strength of the LDPE film. The data are shown in Fig. 3. It can be seen that the introduction
of a shell additive in LDPE also leads to a change in its electric strength [16,17], as the electric field
strength increases, it linearly supplies the logarithm of electric durability, i.e. the well-known
relation T = B exp (-3E) holds, where parameters B and 3 depend on the nature of the polymer and
the test temperature. However, their numerical values turn out to be different. For a clearer picture
of the development of electrical failure in a modified polymer, Fig.2 shows the dependence of the
electric strength of the LDPE film on the weight percent of this additive under other identical
conditions (T = const, t = const). The dependence Epr = f (C) is constructed according to the data
used for the graph (Fig.2). As can be seen from Fig 4, the electric strength of the LDPE film reaches
its maximum value when 5 vol% of a shell is introduced into its composition. As follows from the
obtained results, when the optimal content of the proposed additive is introduced into the
composition of LDPE, its electric strength increases from 12:107 to 17-10°V / m.

Indeed, as follows from the experimental data, the optimum content of additives of biological
origin in the composition of LDPE in the detected positive effect is only 5 vol.% Seashell.

Changing the mechanical strength of polymer composites with fillers seashells, were shown in
Fig. 3. As follows from Fig. 5 at low contents of the shell (0-3 vol.%) in the composition of LDPE,
the mechanical strength increases reaching a maximum at an optimum filler content of 0-3 vol.%
Shell, with a further increase in the volumetric amount of the filler monotonously decreases.

Thus, analyzing the experimental results, it can be assumed that the increase in the
electrophysical properties of the LDPE film with the introduction of the optimal amount of
additive used can be explained on the basis of changes in the physical structure of LDPE. At the
same time, due to physical structure formation, heterogeneity in the mutual arrangement of
macromolecules seems to decrease, as a result of which the conversion process and ionization
processes in them are significantly slowed down.
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It is important to note that the equation

U, _70)}

T=1, exp[ T

expressing the temperature - time dependence of the mechanical strength of polymers
indicates that the destruction of polymers under the action of mechanical load is a kinetically
activation process that develops in time and is controlled by temperature and mechanical stress. It
indicates that, firstly, the time factor is a fundamental characteristic of polymer strength, and
secondly, the breakdown is nothing more than an activation process, the rate of which is
determined by the frequency of thermal fluctuations by the ratio of the average energy of thermal
motion and the value of the energy barrier reduced by the applied external mechanical stress [18].

CONCLUSION

Investigations of the electrical durability and mechanical strength of bio-composites LDPE +
Shell have established the optimum values of seashell additives that correspond to their
maximum. It was shown that an increase in the strength of biocomposites is observed at a low
volumetric content of the bio-filler from the seashell.

NS

Igt, s

E'10-7V/m

Figure. 1. Dependence of the electrical durability of LDPE biocomposites + x vol.% Seashell on the electric
field strength. 1-x=0;2-x=3;3-x=5,4-x=7;5-x=10; 6-x=15.

E'10-7 V/m

xvol.%

Figure. 2. Change in the electric strength of LDPE biocomposites + x vol.% Seashell from the volume content of the filler.

a, MPa

x vol.%

Figure. 3. The dependence of the mechanical strength of LDPE biocomposites + x vol.% Shell on the volumetric content of the filler.
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anpec (Journal@beu.edu.az). OtmpasiseMble CTaThH J0JKHBI YIUTHIBATH CIICAYIOLIHME TPABHIA;

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3ariaBue CTaThH IIHUIIETCS JIJIA KaXKJI0M aHHOTAaIMU 3arjaBHBIMU 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U pacrioJjiara-
€TCA TI0 LEHTPY. 3arnaBue u AHHOTAIlMH JOJI?KHBI OBITH TMPEACTABJICHBI HA TPEX SA3BIKAX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 cmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpefcTaBisSiOTCs aHHOTAIMK HA BYX JAPYTHX BBINIC YKa3aHHBIX S3bIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEPIKaHMIO OpUruHaia. KitoueBble cioBa JOJKHBL ObITh MPEACTABIEHBI
mocyie KaXKI0i aHHOTAIMK Ha ero S3bIKE U COAEPIKaTh He MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCIeJOBAHUS H BEIBOIOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCcKOM sI3BIKE, TOTJAa OPWUTWHANBHBIA S3BIK YKa3hIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ai(aBUTE.

PuCyHKH, KapTHHKH, TpaGUKH ¥ TAOIHMIBI JOJDKHBI ObITH YETKO BBIMOJIHEHBI M Pa3MEIeHbI BHYTPH CTATHH.
INoamucu K pUCYHKaM pa3MEIIaloTCsl MO PUCYHKOM, KapTHHKON Wi rpadukom. Ha3Banue TaOIMIbI MHIIETCS
HaJ TaOJIULEH.

CChUIKH Ha HCTOYHHKH JAI0TCA B TEKCTE IU(POH B KBAIPATHBIX CKOOKAX U PACIIONAraloTcs B KOHIIE CTaThH
B TIOPSIZIKE IUTHPOBAHMUS B TeKCTe. ECITM Ha OJIMH M TOT jK€ MCTOYHHK CCHUTAIOTCS JIBa U Oojiee pas, He00X0-
JIMMO YKa3aTh COOTBETCTBYIOIIYIO CTPAHHILY, COXPaHAS MOPSAKOBHIM HOMep nuTupoBanus. Hanpumep: [7,
crp.15]. bubmuorpaduueckoe OMMUCaHKUE CCHIITAEMOM JTUTEPATYPHI TOJKHO OBITH POBEIEHO C YUETOM THIIA
UCTOYHMKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCBUTKE Ha HAYYHYIO CTaThiO, MaTEPHAIIBI CHM-
No3uyMa, KOH(PEPEHIINH WK IPYTHX 3HAYNMBIX HAYYHBIX MEPOIPHATHH TOJKHBI OBITH YKa3aHbl Ha3BaHUE
CTaThH, JOKJIAJA WK TE3HUCA.
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Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knueza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391
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tino Linotype, pasmep mwpudra 11 punto, uHTepBan-oanHapHbii. [laparpadsl TOKHEL OBITh pa3/ielcHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAIBLHOM CTaThH, KaK IPaBHIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM JKCIIEpTaM.

CraThs MOCHUTACTCS aBTOPY IS yUeTa 3aMeUaHuil SKCTIEPTOB.

CraTps, TIOCNE TOTO, KaK aBTOP yd4es 3aME4YaHHs KCIEPTOB, PEIAKIIMOHHON KOJJIETHell KypHama MOXET
OBITh PEKOMEH/IOBaHA K MICYATH.
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