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FEATURES OF THE STATE OF CARDIAC MARKERS IN THE EARLY DIAGNOSIS OF DIABETIC CARDIOMYOPATHY IN CHILDREN WITH TYPE1 DIABETES

Section 1. Medical science
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FEATURES OF THE STATE OF CARDIAC MARKERS IN THE
EARLY DIAGNOSIS OF DIABETIC CARDIOMYOPATHY
IN CHILDREN WITH TYPE1 DIABETES

Abstract. Type 1 diabetes mellitus (DM1) is an autoimmune disease associated with the
destruction of insulin-producing pancreatic p-cells, the genesis of which involves many genetic and
immunological factors. When T1DM, antibodies to B-cells are present. It has been shown that in
1/3 of the cases the autoimmune process is not limited to betta cell lesions and other autoimmune
diseases develop.

Keywords: diabetes mellitus, CF creatinine phosphakinase, highly sensitive CRP.
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OCOBEHHOCTU COCTOSHUSA KAPOAUOJIOTMYECKUX
MAPKEPOB B PAHHE OUAFHOCTUKU OUABETUYECKOMU
KAPOUOMMONATUN Y OETEU C CAXAPHbIM AUABETOM 1 TUMNA

Annoranus. Caxapubiii anaber 1-ro tuma (CAl) mpepcTaBasier co60i ayTOMMMyHHOE
3ab0AeBaHNe, CBSI3aHHOE C AGCTPYKIMEN HHCYAHHIIPOAYIIUPYIOIUX (-KAETOK IIOAXKEAYAOUHOM
JKEeAe3bl, B FeHe3 KOTOPOI'o BOBA€YEHBI MHOTHE TeHeTHYeCcKre U IMMyHoAorudeckue paxropsl Ilpu
CAl npucyrcrBytoT aHTHTeAd K B-KAeTKaM. [Tokasano uTo B 1/3 cAydaeB ay TOMMMYHHBIN IPOLjeCC
He OIPaHUYMBAETCS IOPasKeHIeM 0eTTa KAeTOK U Pa3BUBAIOTCSI APYTHE Ay TOUMMYHHbIe 3a00AeBaHIHS.

KaroueBbIe caoBa: caxapHslil Anabet, MB kpearnHuH(pOCPakrHa3a, BBICOKOUyBCTBUTEABHDIN CPB.
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Section 1. Medical science

AxryaapHOCTD. [To3AHME OCAOKHEHNS CaXapHO-
ro puabera I Tuma, B TOM 4HCAe B CO CTOPOHBI cep-
AEYHO-COCYAUCTOM CHCTEMBI, SIBASIOTCSI OCHOBHOM
IIPUYMHOMPAaHHEMMHBAAMAU3ALMM U BBICOKOMAETAAD-
HOCTH OOABHBIX, YTO OIIPEAEASIET MEAUIIHCKYIO U CO-
LIMAABHYIO 3HAYUMOCTD AAHHOTO 3a60AeBaHMs [1;2].
ITporpeccupoBaHie caxapHOTO AuabeTa IPHUBOAUT
K Pa3BUTHIO KAPAMOMHUOIIATHH, MUOKAaPAMOCKAEPO3a
CepAEYHOM HEeAOCTATOYHOCTH, KU3HEYTPOXKAIOIIMX
HapyLIeHUH CePACYHOrO PUTMA M BHE3AIHOM CepAeY-
HoOM cMepTH [ 3; 4].

B ocHOBe pasBuTHS AMAOETHIECKON KAapPAHOMU-
OIATHUHU A€XAT TPHU INATOreHeTUIEeCKMX MeXaHU3Ma:
1) meTaboAmueckie HapyIIeHHs (I‘I/II'[epI‘AI/IKeMI/Iﬂ,
HOBBIMIEHHAS] YTUAU3ALMSI CBOOOAHBIX SKHPHBIX
KHMCAOT, THIIOKCHS TKaHeH, 9AeKTPOAUTHbBIE Hapy-
meHus); 2) AuabeTHyecKas MUKpOAHTHOMNATHUSA U;
3) aBTOHOMHaS KapAMOBACKyASpHas HeHpOIaTHs
[S; 6]. Ouu npuBoOAAT K SHepreTaecKkoMy Aedu-
IJUTY MUOKAPAHOLIMTOB U KACTOK ITPOBOASIIEN CH-

® Manb4ymkum

m [1eBOYKM

PucyHok 1. PacnpeneneHus
BO0sbHbIX MO N0y

PesyabTaTpl. B ocHOBe pa3BuTHS MO3AHMX OC-
AOXXHEHHMH CaXapHOTO AnabeTay pereit, B TOM YHC-
A€ CO CTOPOHBI CEPAEYHO-COCYAUCTON CHUCTEMBI,
AeXaT MeTaboAamdeckue HapylleHus, CBsA3aHHbIE
C HEYAOBAETBOPHUTEABHOM KOMIIEHCALIM e 3aboaeBa-
HU, KOTOPas, I10 HALIIUM AAHHBIM, BHIXOAUT M3 IIOA
KOHTPOAS IIPU AAUTEABHOCTH CaXapHOI'O Anabera
6oaee S aet. 1O IIOATBEPIXKAAETCS TECHOM IIPAMOM

CTEMBI CEpPALIR, YTO B CBOIO OUYEPEAb CIIOCOOCTBYeT
Pa3BUTHUIO YABTPACTPYKTYPHBIX U PYHKIIMOHAABHBIX
M3MEHEeHMI B MHOKapAe [7].

IleAp mccA€AOBaHMSA: YCTAHOBUTb KPUTEpUU
paHHe AMATHOCTUKY AMA0eTHIeCKOI KapPAHOMUO-
IIATHUH, AASL Pa3pabOTKU AATOPUTMA AUATHOCTHKH,
A€4eHUs U MPOPUAAKTUKHU ee ITPOTpeccCHpOBaHMs
U YCTaHOBHTD YaCTOTY BCTPEYaeMOCTHU COITYyTCTBY-
IOIUX 3a00A€BaHUI C AAHHOI IIaTOAOTHE!N.

Marepunaa u MeTopbl. O6caepoBaHbI 46 peTeit
B Bo3pacTe oT 8 A0 17 AeT ¢ caxapHbIM ArabeToM
AAUTEABHOCTBIO OT HECKOABKMX MECSIIEB AO 15 AerT.
Cpeannit Bo3pact aereit coctasua 13,3 ropa. Ha me-
pHOA 06CAEAOBAHMS HU Y KOT'O U3 GOABHBIX He OTMe-
YAAOCHh KETOAIMAOTHYECKUX M TUIIOTAMKEMHYE CKIX
coctossiHuM. Bee peTu Ob1An pasAeAeHbl Ha 2 IPYIIIbI
B 3aBUCHUMOCTH OT AAUTEABHOCTH 3a60AeBaHuA 1-10
rpymiry cocTaBuA 20 aAeTel C AAMTEABHOCTBIO Caxap-
HOro Auabera Ao S AeT, 2-10 rpymimy — 26 AeTeH C AAUL-
TEeABHOCTBIO 3a00AeBaHMS boaee S AeT.

m Ctaxk 3abonesaemocTtu 6onee 5 ner

® cTaxk 3aboneBaemoctu oo 5 net

PucyHok 2. PacnpegeneHuns netemn
no ctaxy 3aboneBaemMocTu

KOppeAsIfUOHHOM cBs3bi0 ypoBHs HbAlc ¢ pau-
TEABHOCTBIO 6OAE3HHU.

ITpu cormocTaBAEHUH AQHHBIX CTaKa 3200AeBaHS
¥ TAUKHAPOBAHHOTO TeMOTAOOHHA OHAO YCTAHOBAEHO
IpsIMasi AOCTOBEPHAsI B3AUMOCBSI3b, T.€. C YBEAYEHH-
€M CTa)Xa, TANKHPOBAHHbII IeMOTAOOKH ITOBBIIIAETCSL.

YauTbIBas BblIEYKa3aHHBIE AQHHBIE AAUTEABHOCTD
6o0ae3nn u yposenb HbA1c, kak oxasareast meTabo-
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FEATURES OF THE STATE OF CARDIAC MARKERS IN THE EARLY DIAGNOSIS OF DIABETIC CARDIOMYOPATHY IN CHILDREN WITH TYPE1 DIABETES

ANYECKOTrO AI/IC6aAaHC21 AOCTAaTOYHO HAAEXKHO KOppe- BUTHUHN OpFaHHOfI IIATOAOTHH MUMECIOT HE MaKCHMAaAb-
AUpYyeT C OpTraHHbIMU Y CHCTEMHBIMH O CAOJKHEHMSIMH. HbI€ ITNKH HOA’béMa KOHIJ€HTPaIlH 'AIOKO3bI B KPDOBH,

Mosxuo IIPEAIIOAOXKHT, UTO BEAYIIIEE 3HAUYEHHE B pa3- A AAUTEADPHO COXPAHSIOMASICA THIIEPTAMKEMIL.

n=30
Y Kosddumment panrosoit koppenaunn CriMpmeHa = 0.103
P=0.585

30 =

T T T T X
0 2 4 6 8

PucyHok 3. KoppensaumoHHas CBA3b MexXay cTaxem 3aboneBaHns 1 rMnknpoBaHHbiM Hb
HpuMeuaHuﬂ: ocb X — 3HaveHus cmaxca; Y — snauenus zztu;cuposaHHozo 26M02/105u1-ta

CaepoBaTeAbHO, y A€Tell C AAMT@ABHOCTDIO CaXap-  IPHCTAABHOTO BHUMAHUS Bpadeil C IIeAbIO X paH-
HOTO AnabeTa 6oAee S AeT BO3PACTAET PUCK Pa3BUTHS ~ HETO BBIIBAGHHS M CBOEBPeMEeHHOM IMPOPHAAKTHKU

MO3AHHMX OCAOXKHEHHII 3a00AeBaHUS, UTO TpebyeT  AAAbHEFIIEro.

2%

2% 2%
9
2%

m bes con.natonorun  m OuddysHoiit 306 1 ct. ® JuddysHbiid 306 2 cT 8 [unoTepros

= o/IMropperns Muonus cnaboii ct. = Xp. MuenoHepput m Llennakus

= pEeaKTMBHbIM renatut = BA = CKB = lOPA

PucyHok 4. ConyTtcTBytowas natonorns 60nbHbIX C caxapHbiM anabetom 1 Tmna




Section 1. Medical science

CaxapHblit Anaber 1-ro THIIA IPeACTABASIET CO-
6oi1 ayTONMMyHHOe 3200AeBaHUe, CBSI3aHHOE C Ae-
CTPYKIjHell HHCYAUHIIPOAYIUPYIOIIHX (3-KA€TOK ITOA-
JKEAYAOYHOI >KeAe3bl, B TeHe3 KOTOPOTO BOBACUEHbI
MHOTHe reHeTHYeCKHe 1 MMMYHOAOTHYecKue GaKkTo-
por. ITpu CAl mprcyTCTBYIOT aHTUTeAA K B-KA€TKAM
U MeeT MeCTO UHCYABT.

I'lo pesyabTaTOM MCCAGAOBAHUS MOXHO YBUAUT
uyro CA 1 Tuma yame BcTpedaeTcs BMecTe C AUPPy3-
HbIM 3060M (48%), a C APyTHIMH 2y TOUMMYHHBIMU
IIATOAOTHSIMU TaKHe KaK: IIeAMaKus], OpOHXMAABHAS
aCcTMa, CUCTeMHasl KpacHasl BOAYAaHKA, JOBEHUAbHBIN

PEeBMAaTOMAHBI aPTPUT, peaKTHBHbIN IeNaTUT BCTpe-
YaACSA B OAMHAKOBBIX KOAMUecTBax (2% ).

B pesyabraTe MccaepAOBaHUSA YCTaHOBAEHO, YTO
y GOABIIMHCTBA AeTell C CAXapHBIM AUabeTOM oIpe-
AEASIeTCsI TIOBBIIIEHHUS B OMOXUMUYECKOM aHAAU3E
KPOBH IIOKa3aTeAsl KapAMOAOTHYECKOTO MapKépa.
B ToM uucae MB-KOK u BpICOKOUYBCTBUTEABHOM
¢pakiuu CPB. B nepsoii rpymnne nokaszateab MB-
K@K cocraBuao B cpepreM 28Mr/ A, BO BTOPOI IpyTI-
1ie 32 Mr/A. ¥ TIOBBIIIEHVSI BBICOKOYYBCTBUTEABHOM
¢paxumu CPB B ocHOBHOM onpeAeAsAOCh Y AeTel co
crakeM 3aboaeBanus 6oaee S et (5,2mr/A)

m MB KOK mBY.CPB

35

30

25

20

15

10

6]

BonbHble co cTaem bonee 5 net

bonbHble co cTaem 8o 5 net

PucyHok 5. Nokadatenu kapamanbHOro Mmapképa B 3aBMCUMOCTM OT cTaxa 3ab0/1eBaeMoCTu

BoiBoasr 1. Y manuenTos ¢ CA 1 moBbImeH prcK
APYTHX ay TOUMMYHHbIX 3a60AeBaHuil. PaHHee BbLSIB-
aeHve AT-MapkepoB ayTOMMMYHHBIX 3a00A€BaHHI
Y CKPBITBIX HApYIIeHUI PYHKITUY OPTaHOB-MUIIEHeH
ITO3BOAAT IIPEAOTBPATUTb PA3BUTHE TSHKEAOM U B He-
KOTOPBIX CAYYasIX XU3HEYTPOKaIOI el KAUHUYeCKON
MaHUeCcTanuu 3a00AeBaHSL, CIIOCOOHOM YXYALIATh
teuenrie CAl.

2. TakuM 06pa3oM, yCTAaHOBAEHHbIE HAMHU KpHTe-
pHH paHHEN AMarHOCTHKH AUA0eTHIeCKOM KapAO-
MHOIIATHU Y AeTell U POAb ITOBBIIIEHUS ITOKAa3aTeAs
MB K®K u BricokouyBcTBUTeABHON Pppakiun CPb
MIO3BOASIIOT PEKOMEHAOBATb AASI IPAKTHYECKOTO
IPUMEHEHUST AATOPUTM AHCIIAHCEPHOTO HabAroAe-
HUSI 32 AETBMH C CAXapPHBIM AUA0EeTOM.
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Saidova Nilufar Akhrorovna,
Bukhara State Medical Institute
E-mail: sai-nilufar@mail.ru

COMPLEX TREATMENT OF ADOLESCENT (JUVENILE)
HYPERTROPHIC GINGIVITIS WITH THE HELP OF
VECTOR APPARATUS IN UZBEKISTAN

Abstract. The article is devoted to the actual problem of the effectiveness of complex treatment
of young patients with hypertrophic gingivitis in Uzbekistan using the Vector apparatus with the
inclusion of microcirculation indicators to evaluate the effectiveness criteria of the complex treatment

being carried out.

Keywords: Vector apparatus, juvenile hypertrophic gingivitis, vector therapy.

Introduction. In the adolescent period, marked
changes occur in the activity of various endocrine
glands. Strengthening the function of the sex glands
during puberty has a significant impact on the ac-
tivity of other endocrine glands and can disrupt the
hormonal balance that a child had during childhood.
Full activity of the endocrine system ensures the nor-
mal course of metabolic processes in the body. Dis-
ruption of hormone production causes a breakdown

of metabolic processes and the function of tissues
and organs. This is reflected in the oral mucosa, re-
gardless of excessive or insufficient function of the
endocrine glands.

According to studies, in Uzbekistan, 40% of chil-
dren in adolescence have gingivitis, while 7% have
hypertrophic. Gingival lesions that develop in ado-
lescents with characteristic localization in the area of
the anterior teeth are called juvenile gingivitis.

Figure 1.

Juvenile gingivitis may occur in girls 1/2—1 years
before their menstruation. There is a dependence of
the development of inflammatory changes in the
gums with menstruation: the activation of the in-
flammatory process in the gums before each men-
struation occurs in 2-3 days, its decline is noted on
the 2-5" day of menstruation. Often, hormonal gin-
givitis is accompanied by an increase in tooth mobil-
ity due to osteoporosis of the jaw bone tissue.

In our country, the effectiveness of treatment of ju-
venile hypertrophic gingivitis remains an urgent task,
despite the large selection of anti-inflammatory drugs.
It is necessary to take into account the pathophysi-
ological changes in the body of adolescents that occur
in tissues with periodontal diseases and the possibility
of exposure to pathogenesis links. Thus, with the com-
bined effect of ultrasonic vibrations, hydrodynamic
effects and the use of hydroxylapatite, the biofilm
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containing bacteria is easily removed, and the inflam-
matory processes in the periodontium subsequently
disappear. Clinical and experimental studies revealed
a high efficiency of the combination of low-intensity
ultrasonic vibrations. Moreover, hydroxylapatite is a
mineral substance that is biocompatible with the hu-
man body, which is part of the tooth enamel and is
used in the treatment of periodontal disease.

When using vector technology: there is no me-
chanical damage to the tooth and root due to gentle
and atraumatic removal of biofilm. The doctor does
not scrub the surface of the root, but produces tool
movements from the outside to the bottom of the
pocket, working along the root; the patient does not
feel pain during the procedure. With mechanical
manual curettage, in response to an irritant, the body
activates a protective immune response. Therefore,
the process is complicated by the presence of bleed-
ing, the appearance of supragingival dental deposits,
pathological traumatic occlusion and open dentinal
tubules. Complications such as gingival recession
and lysis of bone structures are possible. Due to the
scraping: a glassy surface is formed; possible damage
to the cement root; there is a violation of all struc-
tures that are important for regeneration. Thanks
to the suspension, which contains hydroxyapatite
microparticles, the efficiency of cleaning the root of
the tooth significantly increases, and the periodontal
pocket is intensively processed and washed.

Purpose of the study. To increase the effective-
ness of the treatment of chronic juvenile hypertro-
phic gingivitis, speed up the treatment time.
Objectives of the study.

Figure 2. Gingivitis before treatment

1. To prove the high effectiveness of the complex
therapy of gingivitis using the combined method of
treatment of ultrasound exposure and the use of hy-
droxyapatite.

2. To determine the change in the degree of ede-
ma in patients with chronic hypertrophic gingivitis
and its exacerbation.

Materials and methods.

The main group of patients was 40 patients with
hypertrophic gingivitis aged 13-16 years (20 with
a chronic course and 20 with an exacerbation of
chronic gingivitis). All patients underwent a com-
prehensive examination of the dental status.

Comprehensive treatment of patients with inflam-
matory periodontal diseases included etiological,
pathogenetic and symptomatic therapy. As a compo-
nent of pathogenetic therapy, a combined physiother-
apeutic effect of ultrasonic cleaning and hydroxyapa-
tite using the Vector apparatus was used. Ultrasound
therapy was performed with the “VECTOR” device
using a special nozzle with an optimal shape.

The results of the study. In patients with chron-
ic hypertrophic gingivitis after treatment, there is
almost complete recovery of normalized tissue.
During exacerbation of chronic hypertrophic gin-
givitis, the degree of hypertrophy before treatment
was 60%, after treatment it decreased to 49.7%. The
treatment with combined effects of ultrasound and
hydroxylapatite in patients with hypertrophic gingi-
vitis showed a positive clinical effect after 3 sessions,
which resulted in a reduction in the size of the papil-
lae, cessation of bleeding of the gums when brushing
teeth, and no unpleasant smell from the mouth.

W

Figure 3. Gingivitis after treatment
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Discussion. Consequently, the combined tion of the intravascular microcirculation compo-

treatment carried out using physiotherapeutic  nentin young patients with chronic hypertrophic
methods and hydroxylapatitis restores the viola-  gingivitis.

100
90
80
70
60
50
40
30
20
10

0

traditional treatment US treatment complex treatment

W catarrhal gingivitis M hypertrophic gingivitis M exacerbation of chronic gingivitis

Diagram 1. Of the effectiveness of laser treatment for various forms of gingivitis

Conclusion. Thus, the effectiveness of treatment  traditional regimen for the treatment of inflammatory

in patients with juvenile hypertrophic gingivitis  periodontal diseases.

is

achieved in a shorter time compared with the

References:

Kitaeva V.N., Bulkina N. V,, Polosukhina E.N., Parfenova S. V., Kobzeva Yu. A. Research of disturbances
of functional activity of thrombocytes in patients with chronic generalized periodontitis with the purpose
of early diagnosis of periodontal pathology // Saratov Journal of Medical Scientific Research. 2011. —
T.7.-No. 1 (annex). — P. 295-297.

Moskvin S. V., Amirkhanyan A.N. Methods of combined and combined laser therapy in dentistry.— M.—
Tver: OOO “Publishing house”. Triada ,2011.— P. 108-109, — P. 121-129.

Ivanov P. V., Zudina L. V,, Bulkina N. V,, Vedyaeva A. P, Ivanova E. V. Anti-inflammatory effect of chitosan
ascorbate in the complex therapy of periodontal diseases. Modern problems of science and education.
2013. - No. 4. 105 p.

Bulkina N. V., Borodulin V. B., Osipova Yu. L., Kropotina A. Yu., Guseva O. Yu., Bashkova L. V. Biochemical
changes in the saliva of patients with chronic generalized periodontitis under the influence of combined
action running alternating magnetic field and laser radiation. Saratov Journal of Medical Scientific
Research, 2009. - Vol. 5. — No. 3. - P. 390-393.

Kitaeva V.N. Disturbance of aggregation and activity of platelets in patients with periodontal disease:
Abstract. honey. Sciences / V.N. Kitaeva.— Saratov, 2007.— 71 p.

10



INCREASING THE TECHNOLOGY OF LIGHTLY REFINED OIL OBTAINED FROM LOW-GRADE COTTON SEEDS

Section 2. Food processing industry
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E-mail: a.ahmedov80@mail.ru; azim-10-86@mail.ru

INCREASING THE TECHNOLOGY OF LIGHTLY REFINED
OIL OBTAINED FROM LOW-GRADE COTTON SEEDS

Abstract. This article introduces the technology of initial whitening of low-grade cotton seeds.
As a result of the initial injection of urea-modified soil-based adsorbents (MSBA), the amount of
cotton oil, acid content and sediment lubricant decreased.
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Introduction

Regarding to the number, a significant amount of
low-grade cotton seeds is supplied to the enterprises
of the oil and fat industry of the country, processing
of which is accompanied by large losses of oil and
reagents.

The technology used to produce cottonseed oil
is used to process the first and second varieties of
cotton seeds and allows to obtain oil and cakes that
meet the requirements of the relevant standards [1].

Analysis of crude oils derived from low-grade
cotton seeds shows that they contain a significant
amount of coloring matter (gossypol, chlorophyll
and their derivatives), free fatty acids and other
components [2]. Therefore, the selection of a more
effective adsorbent for the clarification of these oils
is an important scientific and practical task.

Our laboratory studies on the preliminary clarifi-
cation of these oils showed that it is advisable to use
ICHA for this purpose [3].

Cotton oils obtained by pressing and extraction
methods from low-grade and non-standard seeds, in
most cases, are of dark color and are practically not
visible on the Lovibond color meter. This is due to

the high content of gossypol, chlorophyll and their
derivatives, as well as non-fatty substances.

The existing technology of refining cotton oils
obtained from low-grade seeds involves the use
of alkaline solutions with a high concentration
(400 g /1 or more) in an excess amount (150% or
more), which leads to significant losses of oil in
soap stock and a decrease in the yield of the result-
ing product.

Improving the technology of obtaining refined
pressing and extraction oils from low-grade and
non-standard cotton seeds using the method of
pre-clarification of raw (black) oils with the help of
carbamide-modified clay adsorbent is considered an
urgent and practically important task.

At present, domestic and foreign scientists have
carried out and are conducting research on the ex-
traction of related substances (including gossypol
and its derivatives) from the composition of raw
cotton oils obtained by pressing and extraction
methods. In the works of A. S. Sadykov, A. L. Mark-
man, V. P. Rzhekhin, A. G. Sergeev, A.1. Glushchen-
kova, A.1I. Ismailov, A. T. Ilyasov and many others.
refining cotton oils with solutions of caustic soda,
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carbamide and other alkaline reagents. In these
methods, due to the high consumption of alkaline
reagents, a significant portion of triglycerides is sa-
ponified, which adversely affects the yield of the
resulting oil and its quality.

Research objective: Development of technol-
ogy for pre-clarification of raw oils obtained from
low-grade and non-standard cotton seeds using a
carbamide-modified clay adsorbent.

Objects and research methods: The carbamide-
modified clay adsorbents were obtained by impreg-
nating them with a 30% urea solution, followed by
drying at 95-1000 °C to a moisture content of 7-8%,

and they were used for the preliminary clarification
of raw cotton oils. We have proposed the choice of
the location of the input MSBA in the technological
scheme of preliminary cleaning of raw press oils.

A technological scheme was created at JSC “Ko-
son Oil-Extraction” for clarifying raw cotton oil with
a clay adsorbent modified with urea. A distinctive
feature of this scheme from the well-known is that
at the beginning of the supply line of raw oils in the
collection —a fuse tank (bush), a hopper is installed,
from which the MCA is supplied to the crude oil, in
the required amount, depending on the color of the
original oil.
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Figure 1. Technological scheme of pre-clarification of raw cotton oil with carbamide-modified
clay adsorbent: 1 — steam worm screw; 2 — brazier; 3 — stirrer; 4 — press granulators; 5, 6, 9
and 14 - screw; 7 — fuse tank; 8 — noria; 10 — bunker; 11 — valve; 12 — pump; 13 - filter press

Figure 1 presents the proposed technological
scheme for clarification of crude oils, using ICGA.
This scheme functions as follows: on auger 1 moist-
ened cotton mint enters the roaster 2, which is
equipped with an engine and an agitator 3. From

where the pulp enters the press granulators 4, then
through the auger S the cake is sent to the extraction
plant. For the preliminary clarification of crude oils,
from the hopper 10 through the valve 11 to the col-
lecting auger of crude oil 6, the loam adsorbent from
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Angre kaolin (MCA-4), modified with carbamide, is
fed to the batcher in an amount of 2-6% by weight
of oil. Further, crude press oil is fed through screw 6
into the fuse tank 7, where it is cleaned of mechani-
cal impurities and sludge. From the fuzo tank 7, the
return product (fuz) according to noria 8 and the

screw 9 is sent to the roaster 2, and oil is pumped
into the frame filter press 13 for filtration, from
which they are sent to alkaline refining, and the sedi-
ment from the filter press 13 goes to fuza-tank 7.B
(TabA. 1) mpeACTaBACHBI TEXHOAOTUYECKUIT PEXKUM
IPEABAPUTEABHOIO OCBETACHHUS CHIPBIX MACEA.

Table 1. — HopMbl TeXHONOrMYeCKOro npoLecca npeasapuTesibHoro
OCBETJ/IEHUS CbIPOro Macna ¢ ncnonb3osaHnem MKIA

Name of processes and operations Unit. Meanings

I. Moisture Thermal Cotton Mint Treatment:

— minting of the myatka % 15-17

— humidity of the mint % 7-9

— quantity of the return goods (fuse) % 5-7
II. Pressing and pelletizing:

— the temperature of the pulp

— pulp moisture °C 95-100

— dimensions of grates: % 7.5-9.5

— first mm 1.0

— the second mm 0.75

— the third mm 0.45

— fourth mm 0.35

— the size of the matrix for granulation mm 10-12
II1. Preliminary clarification of crude oils:

— oil temperature °C 80-90

— number of MKGA % S

- time Per hour 0.4-0.6
IV. Fuza separation:

— oil temperature °C 55-70

— speed of turns of a fuse tank /min 50-60
V. Oil Filtration:

— oil temperature °C 70-75

— press pressure MPa 0.03-0.05

Probably, carbamide with gossiphosphatides ac-
cording to the substitution principle has the follow-
ing interaction formula (1):

In addition, urea can form compounds with
free fatty acids, their sodium or potassium salts,
as well as Schiff bases. Such a complex mechanism
of interaction of urea with other components of
raw cottonseed oil in the complex is reflected in
its color.

Results and their discussion: From the data of
Table 1 it can be seen that, in contrast to the tradi-
tional technology for producing cottonseed oil, the
proposed process introduces the process of clarify-
ing crude oils using an MCA. At the same time, the
adjustable parameters of the process of preliminary
clarification of raw oils can be the amount of injected
ICA and the time of preliminary clarification, which
vary in the proposed technological scheme (Fig. 1).
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It is known that the intensive dark color of cot-
tonseed oil is given by the products of changes in
native gossypol, as well as melanoidin compounds,
which are formed during the self-heating of seeds
and heat treatment of mints. In addition, in the pro-
cess of moisture-heat treatment of cotton myatka,
complex compounds of derivatives not only of gos-
sypol, but also of chlorophyll are formed, which also
increase the color of the resulting crude oils.

The formation of carbamide compounds with
native gossypol is apparently due to the participa-

phospatid (1)
tion of aldehyde groups of the latter, although other
mechanisms of their interaction are possible.

In addition, urea can form compounds with free
fatty acids, their sodium salts, etc. This complex
mechanism of interaction of urea with the accom-
panying components of raw cottonseed oil in the
complex s reflected in its color and other indicators.

In [4], it was shown that the optimal amount of
carbide-modified clay adsorbent MKHA-4 when
bleaching crude oil obtained from low-grade cotton
seeds is 5% by weight.

Table 2. — Indicators of cotton oils, purified in the usual way and pre-clarified
using ICGA-4 in the amount of 5% of the total mass of raw materials

Qil derived from:

Name of cotton oil indicators

low grade seed

mixtures of low-grade and non-
standard seeds

1 2 3

Crude oil, purified in the usual way (control):

Chroma, in 1 cm layer with 70 yellow

units:

— red edinet 65.5 74.3
— siny unity 3.7 6.5

Acid number, mg KOH / g 5.3 6.1

Sludge content,% 0.94 1.85
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1 | 2 | 3
Oil, pre-clarified using ICA:

Chroma, in 1 cm layer with 70 yellow
units:
— red edinet 36.7 424
— siny unity 1.5 2.8
Acid number, mg KOH/g 3.2 4.0
Sludge content,% 0.73 0.98

Table 2 presents the results of pre-clarification of
crude oils using thermally activated modified adsor-
bents, for example ICA-4.

From (table 2) it can be seen that the preliminary
clarification of crude oils, using 5% of the mass of
oil MKGA-4, significantly reduced the color of the
oils, their acid numbers and the content of sludge
in them. This is explained by the fact that the carb-
amide-modified clay adsorbent absorbs substances
that stain cotton oil and removes them when separat-
ing and filtering the oil.

It is known that at present carbamide is used in
animal husbandry to enrich feed with non-protein
nitrogen. Bentonites and kaolins are also used in
the preparation of mixed feed for various purposes.
Therefore, the choice of urea and natural clays in ob-
taining a modified adsorbent becomes reasonable.

Conclusions: Thus, the use of carbamide-modi-
fied clay adsorbent MKHA-4 in the process of pre-
liminary clarification of raw oils obtained from low-
grade cotton seeds has significantly reduced their
color, sludge content and acid number.
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RESEARCH OF CHANGES IN THE QUALITY INDICATORS OF
BLEACHED COTTONSEED OIL AND ITS PRODUCTS

Abstract. The optimal technological regimes for the partial neutralization of raw cottonseed oil

were determined, ensuring the maximum elimination of phospholipids, gossypol and its derivatives,

tocopherols from the raw material at the preliminary refining stage. Technique and technology of

refining fats continuously improved. On the basis of the work of scientists and the experience of the

foremost workers, original technological schemes have been created that ensure a high oil purification

effect with a significant reduction in waste and losses. Refining production is equipped with modern

high-performance equipment of continuous action, due to which the capacity of workshops is

increased and labor costs are significantly reduced.

Key words: phospholipids, gossypol, cotton fat, alkaline refining.

The refinement of vegetable oils and fats is one
of the most important technological processes of fat
processing. The technology of refining, namely, alka-
line neutralization of raw cottonseed oil consists of
a complex of complex physical, chemical and physi-
cochemical processes, on which the physic-chemical
characteristics and quality indicators of refined oil
mainly depend. Technological regimes, yield and
quality indicators of refined cottonseed oil are also
due to the nature and method of production of raw
oil, the composition and the quantitative content of
impurities in it, as well as related substances. Selec-
tion of an effective adsorbent for the improvement
of cotton fat requires a deep study of its mineral and
chemical composition, as well as structural prop-
erties. The optimal technological regimes for the
partial neutralization of raw cottonseed oil were
determined, ensuring the maximum elimination of
phospholipids, gossypol and its derivatives, tocoph-
erols from the raw material at the preliminary refin-
ing stage. Technique and technology of refining fats
continuously improved. On the basis of the work of
scientists and the experience of the foremost work-

ers, original technological schemes have been cre-
ated that ensure a high effect of refining oils with a
significant reduction in waste and losses. Refining
production is equipped with modern high-per-
formance equipment of continuous action, due to
which the capacity of workshops increases and labor
costs are significantly reduced [1].

The issue of the development and research of
the technology of refining oils and fats, as well as the
study of the scientific and theoretical foundations of
this process, both in the domestic and foreign litera-
ture and patent information, is a lot of work. Given
this, the issues that are directly related to the topic of
my work are analyzed.

For alkaline neutralization of raw cottonseed oil,
sodium hydroxide solutions with various concentra-
tions and excess are mainly used as alkaline agents.
Refining of raw pre-press and extraction cottonseed
oil proceeds at high concentrations and an excess of
alkaline sodium hydroxide solution. This technol-
ogy of refining is accompanied by a low yield of the
final product, as well as a significant consumption
of material and technological resources. Along with
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this, the oil and fat industry of the republic is expe-
riencing a deficiency of sodium hydroxide due to its
high cost. Taking this into account, in recent times,
advanced technological processes of alkaline neu-
tralization of raw cotton oil have been proposed us-
ing new types of alkali-replacing chemical reagents.
In this direction, a special place belongs to the use of
alkaline-berybamide and other solutions. However,
the technological processes of purification of raw
cotton oil with these types of alkaline reagents are
also not without some drawbacks [1].

It should be noted that the chemical and oil refin-
ing industries of the republic use various alkaline so-
lutions in technological processes. At the same time,
alkaline compounds of various metals accumulate as
industrial wastes and in wastewater. This is especial-
ly noticeable with the activation of stationary cata-
lysts used in technological processes of oil refining,
cracking and catalytic hydrogenation of oils and fats.
Alkaline activation of alloyed stationary aluminum-
containing catalysts is carried out using sodium hy-
droxide solutions. As a result of catalyst activation,
alkaline solutions of sodium aluminates are formed,
which later, being industrial waste, are discharged
into wastewater [2]. However, alkaline solutions
of sodium aluminate have a high neutralizing and
adsorption capacity. This is especially important
when neutralizing the free fatty acids of raw cotton
oils. At the same time, alkaline solutions of sodium
aluminate react with the substances associated with
cottonseed oil. In addition, aluminum compounds
and aluminosilicates have high adsorption proper-

ties, which is important when combining methods
of neutralization and adsorption purification of raw
materials. All this determines the prospects and ef-
fective use of alkali-containing industrial waste, in
particular, sodium aluminate solutions in the oil and
fat industry of the republic, namely, in technologies
for alkaline neutralization of raw cotton oil. Consid-
ering the above, the main objectives of the research
on the subject of this thesis were established:

— study of technological processes of alkaline
neutralization of raw cotton oil with sodium alumi-
nate solutions of different concentrations and excess;

— determination of the possibility and effec-
tiveness of the use of alkaline solutions of sodium
aluminate in the industrial technology of cotton oil
refining;

— development of technological regimes and
conditions for improving the quality and nutritional
value of refined cottonseed oil.

In studies on the alkaline neutralization of raw
materials with solutions of aluminates and sodium
hydroxide, cotton oil samples were used, obtained
by forpressing and extracting oil seeds of cotton of
different quality.

The feedstock differed in quality indicators and
physico-chemical characteristics [4].

Crude cottonseed oil obtained by forpressing
cotton pulp of various varieties of cotton seeds under
production conditions was estimated by acid number,
color, humidity, content of phospholipids, gossypol
and its derivatives. The physic-chemical characteris-
tics of pre-press cotton oils are given in (table 1).

Table 1. — Physic-chemical characteristics of samples of prepress cotton oils

Crudeoilperformance

\ ~ Content in %
% 5 io = 5 8 : : , onten 1rI1 ) P
2 | Cotton seed "g o 2 g B B 4 e 8 S
& 5 O S £ 28 94 2 _ O% | =2 %
S| s ) EZ | F |gkeE £E| 2T zE |BiE
‘ TE| 2 |S&52n | 8 3 55 | 822

2 2 £ | & | & |3%E
1 3 4 S 6 7 8 9
1. I 3.5-4.7 10.20-0.21 17-21 0.3-0.4 |0.09-0.17]0.12-0.20 | 90-100
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1 2 3 4 s 6 7 8 9

2 I 48-63 |022-024| 23-34 | 0.5-0.7 |0.19-0.23]0.26-029| 80-90
3, - IV 6.9-10.8 |0.25-0.27 noi;‘iier' 0.8-1.4 [0.29-0.35|0.34-039| 75-85
4. | Nonstandard |12.2-14.0|0.28-0.31 no‘t,iss‘lzer' 1.3-1.7 | 0.44-0.50 | 0.50-0.65| 6070

As shown by the data given in( table 1). The
used samples of pre-press cotton oils differ among
themselves by their quality and physic-chemical
parameters. At the same time, in raw cottonseed
oil obtained from low-grade and non-standard oil
seeds, there is an increase in color, the content of
free fatty acids and bound gossypol, as well as a de-
crease in the total amount of tocopherols. In order
to obtain extraction oil, the cake of the above sam-
ples (Table 1.) Cotton seeds were extracted under
production conditions. Physic-chemical character-

istics of the obtained extraction of cotton oils are
given in (table 2).

It has been established that, in contrast to raw
prepressions, extraction oils are characterized by a
higher content of free fatty acids, free and bound gos-
sypol, and also phospholopids.

The purpose of this section is to study the effect
of the concentration of alkaline solutions on the
change in the content of the main accompanying
substances of raw cotton oil with the processing of
solutions in the electromagnetic field and without it.

Table 2. — Physical and chemical indicators of samples of extraction cotton oils

Crudeoilperformance
—_ ° i O )
i g %o '3 _ Content in %, § .
Z = oy ® E a » — = ‘E y =)
) § g 2 RS E g, £ '2 e 50 S 5
& o = 5 B & = P~ 2 2 8o &=
g = g T A 2 9 g S 2 o S = S 5 O
g = 2 9 = £ 25 = S O — &= = °
“» &5 BN 3 g v & &0 et S S w|l T2
S = o 8 ¢ 8 3 e R o S
2 R = = 2 o & o 8
o A 2 E ° 1=
1. 42-58 |022-026| 34-41 | 0.7-0.9 | 0.13-0.22 | 0.16-0.28 | 70-80 traces
2. 6.1-7.6 | 026-0.30 | 46-52 | 1.3-1.6 | 0.27-0.38 | 0.30-0.43 | 60-70 traces
t -
3. | 7.9-12.3 | 0.34-035 noVisstlp(;er 1.9-2.6 | 0.45-0.55 | 0.50-0.61 | 50-90 | traces
t -
4. |12.6-14.8 | 0.36-0.41 noVisslf(;er 2.0-2.8 | 0.60-0.70 | 0.75-0.93 | 40-50 | traces

Evaluation of technological methods of purify-
ing raw cotton oil suggests that the quality and nu-
tritional benefits of refined oil mainly depend on the
content of free fatty acids, phospholipids, gossypol
and its derivatives, as well as other substances. The
reduction and complete removal of some oil-related
substances can significantly improve the perfor-
mance of the final product. Purification of raw oil

and ensuring high levels of final products also de-
pend on the nature of the raw materials and methods
of producing cottonseed oil [3,4]. When processing
raw cottonseed oil with an alkaline solution of so-
dium aluminate of various concentrations, the raw
materials are partially neutralized and some of the
associated substances are removed.
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The most significant decrease in the content of
free fatty acids and related substances is observed at
an alkali concentration of 15%.

When this is achieved by improving the color of
the partially neutralized cottonseed oil. The most
acceptable technological data is obtained by par-
tially neutralizing raw cottonseed oil with an ini-
tial acid number of not more than 4.1 mg KOH /
g. This suggests that alkaline solutions of sodium
aluminate exhibit their reactivity to a certain level
of acid number and the content of substances ac-
companying the original oil [3].

For the first time, compositions of adsorbents
from local materials were created for the purifica-
tion of cotton fat from the residues of gossypol and
its derivatives, catalyst metals and other impurities.
Technological regimes have been developed for the
transesterification of high-melting cotton fat with
rosehip oil and corn germ, which makes it possible
to obtain suppository bases of the required quality
[4]. Thus, the optimal technological conditions for
the refining of crude oil using the recommended
new technologies were determined, and the pos-

sibilities for increasing the yield and quality of re-
fined oil were established.

The technological parameters have been estab-
lished, which allow to significantly reduce the con-
tent of substances accompanying the oil and improve
its color.

The chemical interactions of the main compo-
nents of crude oil with an alkaline solution of sodium
aluminate are determined and their correspondence
with known chemical phenomena is established.

A technology is proposed to intensify the partial
alkaline neutralization of raw cotton oil with a solu-
tion of sodium aluminates activated by treatment in
an electromagnetic field.

The technological parameters were optimized
and the modes were determined to improve the qual-
ity of partially neutralized oil.

Obviously, the final process of alkaline refining
of raw materials with low acid number and improved
color can be reduced by reducing the consumption
of sodium hydroxide, which increases the yield of
refined oil and improves its quality.
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TECHNOLOGY OF DEODORIZATION OF SOYABEAN OIL

Abstract. The technology of deodorization of local soybean oil has been studied. Soybean oil is
obtained from soybean seeds grown locally. For deodorization, oils were obtained under production
conditions. Studies conducted in laboratory and production conditions. The effect of pressure, tem-
perature and duration of the deodorization process on the quality indicators of deodorized oil has
been studied. Equipment and technological lines for the deodorization of local varieties of soybean
oil have been selected. Research in production tests carried out on a bubbling device consisting of
tubes with holes for bubbling steam into oil. To maintain absolute pressure during deodorization,
steam ejector vacuum systems were used. The effectiveness of such systems on soybean oil ranged
from 75 to 95%. Distillates deodorization ranged from 0.25 to 0.50% of the raw materials supplied
to the deodorizer. In experiments, tocopherols and sterols were isolated from the distillate and fatty
residue of water from a barometric condenser. The use of tocopherols as food antioxidants was car-
ried out by comparison with other food and synthetic products. The results obtained ensured an
increase in the quality and perfection of the technological processes of deodorization of soybean oil.

Keywords: Local soybean oil, deodorization technology, laboratory and pilot plants, techno-
logical regimes, quality and physical-chemical characteristics of deodorized oil, deodorized oil

distillates and their use.

Deodorization is an oil treatment process with
steam, in which good quality steam, obtained from
deaerated and properly treated water, is injected into
soybean oil at low absolute pressure and high enough
temperature to distill off free fatty acids (FFA) and
odorizing substances and separate these volatile sub-
stances from the oil flow [1-3].

The role of deodorization in obtaining and re-
fining of food fats and oils is that deodorization is
the last stage of the preparation of oil for use as an
ingredient in margarines, shortening, salad oils, fry-
ing oils, confectionery fats and many other foods
[4-5]. Deodorized oil can be considered as ready
for various classification parameters, depending
on the characteristics and tastes of the consumer
market of a particular region or country. In some

regions they like oil with pronounced taste and
smell, in others they prefer oil with characteristic
color [6].

Studies of the technology of deodorization of
soybean oil, obtained based on soybean seeds, are
of both scientific and practical interest.

Soybean oil was deodorized in a laboratory setup.

To analyze the composition of the original and
deodorized soybean oils, modern methods of phys-
ical-chemical research were used [7; 8].

The quality indicators and the fatty acid composi-
tion of the initial and refined samples of local variet-
ies of soybean oils are given in (table 1).

The intervals of variation of the working param-
eters of the process of deodorization for the produc-
tion of high quality oils given in (table 2).
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Table 1. — The composition of raw and refined local varieties of soybean oils

Components Crude oil Refined oil
Triglycerides 95-97 More than 99
Phosphatides 1.5-2.5 0.003-0.045
Unsaponifiables: 1.6 0.3
Plant Sterols 0.33 0.13
Tocopherols 0.15-0.21 0.11-0.018
Hydrocarbons (squalene) 0.014 0.01
Free fatty acids 0.3-0.7 Less than 0.05
Traces of metals, mg / kg:
iron 1-3 0.1-0.3
copper 0.03-0.05 0.02-0.06

Table 2. — Soybean oil deodorization conditions

Absolute pressure, mm hg 1-6
Temperature, °C 252-266
Duration of exposure, min 15-16
Stripping steam, % of oil mass 1-3

The effect of each parameter on the deodoriza-
tion process is studied.

Pressure does not have a perceptible effect on
quality if the deodorizer operates at an absolute pres-
sure in the range from 1 to 6 mm hg,. It is established
that pressure is higher than 6 mm hg even in the range
of 7 to 9 mm hg will lead to problems with quality,
such as the appearance of undesirable taste and smell.

Deodorization temperature is a parameter that
can be considered as variable. It directly affects the
vapor pressure of volatile components that must be
removed. By increasing or decreasing the tempera-
ture, one can achieve a correspondingly lower or
higher rate of removal of odorizes.

The duration of exposure during deodorization is
the time during which the raw material is at the deodor-
ization temperature and at a given flow rate of bubbling
steam. The effectiveness of bubbling depends on the
ability of the devices to thoroughly mixing steam and

oil. In modern equipment, the duration of exposure
is from 15 to 60 minutes. This time refers to the oils
entering the deodorization after chemical (alkaline)
refining and with a FFA content of less than 1%.

To obtain the highest quality deodorization
product, itis necessary that the raw materials are also
of better quality. Improper or inadequate processing
at any stage of the process can lead to a change in
quality and even to permanently spoiled oil entering
into deodorization.

Soybean oil contains about 0.1% tocopherols,
and at a deodorization temperature of 260 to 265 °C,
from 40 to 50% of this amount will be removed.

By-products of deodorization of soybean oil con-
sist of a mixture of phosphatides, unsaponifiable sub-
stances, free fatty acids and soap.

The value of each by-product depends on its
composition.

Distillates of deodorization range from 0.25 to
0.50% of the raw materials fed to the deodorizer.
They consist mainly of unsaponifiable substances
and some fatty acids. Distillates of deodorization
are volatile organic substances released as a valuable
by-product in soybean oil deodorization (Table 3).

Table 3.- Distillates of deodorized soybean oil

Component Molecular weight, g / mol Relative volatility
1 2 3
Fatty acid 280 2.5
Squalene 411 5.0
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1 3
Tocopherol 415 1.0
Sterol 410 0.6
Sterol ester 675 0.038
Butter 885 Insignificant

The recovery efficiency of distillates of deodor-
ization is very high. In experiments, tocopherols and
sterols were recovered from distillate and from the
fatty residue of water from a barometric condenser.
98% of tocopherols and more than 95% sterols were
recovered from the distillate.

In (table 4) is shown that soybean distillates con-
tain 18% sterols, of which 44% is stigmasterol. The
approximate composition of the sterol components
of soybean oil is as follows: 20% campestero 1.20%
stigmastero 1.53% B-sitostero 1.4% §-avenasterol and
3% &-stigmasterol.

Table 4. — Composition of distillates of
deodorization of soybean oil,%

Components Soybean oil
Non-pollinated substances 33
Tocopherols 11.1
a — tocopherols 0.9
Sterols 18
Stigmasterol 4.4

Sterols are used in production of pharmaceuticals

Soybean oil is characterized by a special chemi-
cal composition. Soybean oil with such chemical
composition is easily subjected to deodorization
technology. In deodorization of soybean oil distil-
lates containing in its composition substances with
functional properties are obtained.
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Abstract. The effect of solar radiation on the formation and properties of high-temperature

superconducting phases of homologous series Bi Pb, Sr,Ca CunOy(n = 3-20) is researched.

The dependence of the completeness of HTSC phase synthesis on time-temperature conditions
within the range of 846-848 °C. 3-120 hours. The formation defined = 90%, in 2223 and 2234
phases. The synthesis under the influence concentrated solar radiation allowed to obtain stable high-
temperature superconducting materials with Tc > (107 = 151) K. The prospects for the use of so-
lar technology is determined for the synthesis of a number of high-temperature superconductors

Bi1,7Pb0,3Sr2Ca(n-1) CunOy (n = 3-20).

Keywords: solar radiation, high-temperature superconductors, HTS materials.

Introduction

High-temperature ~ superconductors  based
on the system Bi-Pb-Sr-Ca-Cu-O constitute a
homologous series represented by the formula
Bi, .Pb,.Sr,Ca ) Cu O There are relatively detailed
studies on conditions of synthesis and properties of

HTSC that start from the beginning of this series

n=1-4, and very limited information on properties of
HTSC phases with n > 4. Revealed direct correlation
between the increase in the critical transition tempera-
ture to the superconducting condition T and increase
in “n” for a raw Bi, Pb, Sr.Ca  Cu O (n=3-20)
allowed to assume the possibility of formation of

HTSC phase with a T_107K [1]. The conditions for
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the synthesis have a decisive influence on the critical
properties of high-temperature superconductors. The
most common method of synthesis of high-tempera-
ture superconductors in the solid phase has significant
limitations imposed by the diffusion mechanism of
interfacial interactions [2; 3]. Wider possibilities and
advantages of melting techniques offer the prospects
for finding new technological solutions based on the
melted synthesis, that can lead to an increase of critical
transition temperature to the superconducting condi-
tion and the critical amperage [4]. The increase in T.
can be solved at the expense of a different, compared to
the solid phase, phase formation and the nature of the
interfacial interactions in the melt and the subsequent
reactions in the solid phases during the formation of
the target high-temperature superconducting phases.
In addition, the reasonable expectation to increase
the critical current opportunities lie in the texture and
morphology during melt processing control, for ex-
ample by creating high temperature gradient during
the cooling procedure of the melt.

In order to obtain a melt as a heating source high
frequency currents are used, induction currents, re-
sistance currents, laser, radiant flux, generated by
mercury and xenon lamps [2-4].

Data on the comparative analysis of the impact
of spectrum from heating sources on the properties
of the materials being processed are very limited, the
photosynthesis of inorganic materials are rarely used
and specific explanation of the effect is given in [5].
The energy consumption of the heating sources to
achieve high temperatures in technological processes
under the severe power constraints makes important
to appeal to the study of the possibility of using re-
newable natural sources of energy, including solar
radiation. The possibility of using solar radiation
for the synthesis of the inorganic materials has been
studied in [6].

The positive change of the properties is found
and the prospects for use of solar radiation for the
synthesis of oxide materials is determined, includ-
ing a higher fire resistance of complex composi-

tions. However, the explanation of the results of the
influence of the solar spectrum on the nature of the
formation, interaction phases and properties of the
target materials mainly were tentative.

The [7; 8] under the explosion of concentrated
solar radiation the synthesizeation of titanates of
pseudobrookite type, mono- and di-lanthanide ti-
tanate P32 (P33 = La-Lu), fluorite solid solutions
based on ZrO,, HfO, the properties of these ma-
terials investigated. The distinctions of properties
if these materials is defined that synthesized under
the influence of solar radiation received by other
methods. The changes of the properties allegedly
explained by the influence of the solar spectrum on
the polarization of the valence electrons and the in-
fluence of “nadstehiometrichnogo” oxygen.

Based on these results and the benefits of using
concentrated solar radiation as a heating source, in-
organic materials synthesis experiment under the in-
fluence of solar radiation was distributed to receive
high-temperature superconductors homologous se-
ries of raw BimeOﬁSrZCa(n_l) Cu O, (n=3-20).

Experiment

The synthesis and the study the properties of
the precursors and HTSC of the ceramic series
Bi ,Pb, .Sr,Ca_ Cu O, c (n =3-20). Synthesis of
precursorsfornominal compoundsBi _Pb Sr,.Ca_,
Cu O, (n = 3-20) was carried out by quenching of
the melt obtained under the influence of solar ra-
diation and solar radiation simulators at a density
~ 680-750Bt/cm? (SFAQ-method)[9]. Supercon-
ducting ceramic is obtained on the basis of glass-ce-
ramic precursors obtained by ceramic technology.
The microstructure and phase composition was
examined under the electronic microscopes “NEO-
PHOT NU-2” Model JEM-1200EX11, JEOL Co.,
Ltd., Tokyo, Japan, the X-ray diffractometer DRON-
UM-1 (CuKa-radiation, Ni-filter).

Phase composition of precursors of the following
denominations Bi1’7Pb0’3Sr2Ca(n_l) Cu,O, (n=3-20)
in the initial state is represented by the diffraction
patterns (Fig. 2a). The weak diffuse reflexes of pre-
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cursors with “n = 3-5” more clearly manifested
when “n > §” Increase “n’, so to say elevated levels
of CaO and CuO, leading to destabilization of the
glass phase.

After annealing at S00 °C, 3h. the dif-
fraction patterns of ceramics denominations
BimeerZCa(n_l)CunOy(n=3—5) much broadened
reflexes phase of 2201 existed: (Figure 2a). In addi-
tion, the part of the weak intensity reflexes is defined,
which could be attributed to the phase (2212). After
annealing at 600 °C, 3h. the phase (2201) was better
crystallized and clearly manifested phase appeared
(2212). In addition to the reflections belonging to
(2201) and (2212) phases, there were a small num-
ber of low-intensity reflections present: 20 _ (20,9;
28,4; 30,1; 36,8; 37,2; 38,2 and unknown phases
(X phases), which did not correspond to the phases
of 2223, 2234 and the intermediate phases that are
involved in the formation of HTSC phases formation
reactions at the solid-phase synthesis by [10].

With an increase of the annealing temperature
to 700 °C., 3 h. the (2201) phase disappeared; the
main phase was (2212) and (2223 ) phase was pres-
ent at small portions. With an increase of the anneal-
ing time increased to 20 hours the 2212 phase con-
tents increased. Annealing at 845-848 °C, 60-100 h.
allowed to obtain =90% of the mixture = HTSC
phases (2223) and (2234). The selection of phase
(2234), and to determine its amount was difficult
because of the close values 0f 20° of these phases. The
content of (2212) phase decreased with increasing
in annealing time to < 10%. The characteristic fea-
tures of the heat-treated samples were a series of re-
flections corresponding to 2223, 2234 and, perhaps
other phases of HTSC-homology with the unit cell
parameters phase identified according to data [11;
12] in assumption of (2223): a = 5.2832-5.3539;
b = 5.3698-5.5075; c = 36.506-37.3855; (2289):
a=5.0545-5.1226;b=5.6696-5.8918; c=36.4798—
-37.2383.

The formation of mixtures of homologous
phases obtained in the samples synthesized by the

(SFAQ) - method, is not established in the synthe-
sis method of solid-phase reactions. When a solid
phase synthesis method is used the superconduct-
ing phases are formed by diffusion reactions be-
tween 2201 (2212) and intermediates junctions. In
the synthesis of the precursors obtained under the
use of (SFAQ) — method under the influence of solar
radiation, it can be assumed that the rapid quench-
ing of the melt “freezes” existing clusters in the melt
cluster-germs of the basic perovskite structure of
different stoichiometry. On the basis of these em-
bryos in the heat treatment of precursors the HTSC
phases homologues are formed.

The effects of formation of phase-homologues
were noted previously in synthesized by the use of
the same method of fluorite-type solid solutions on
the basis of ZrO,(HfO,) and P33 titanate pyro-
chlore, [7-9]. Probably, the formation of a series of
phase-homologues inherent to defect in the crystal
structure and their formation involves both the “ex-
cess” oxygen and affects of the excited state of elec-
trons that occurs due to the exposure to the melt of
the concentrated radiant flux.

The microstructure of the superconducting ce-
ramic compositions had the superconducting ma-
terial's characteristics lamellar structure (Figure
3). All ceramic compounds under the research had
Meissner effect to 184K, that is confirmed by X-ray
diffraction data.

Conclusion

Synthesis under the influence of the concentrat-
ed radiation allow to obtain stable high-temperature
superconducting materials with T > 107K.

The lack of intermediate phases, which, according
to the solid-phase synthesis 2212,2223, 2234 phases
should take part in their formation, allow to assume
formation of different from the solid-state mecha-
nism of HTSC phases of the precursors synthesized
under the influence of concentrated solar radiation.
The conditions for synthesis are defined in the rapid-
ly melting gradient conditions. The rapid quenching
of the melt “freezes” different on the stoichiometry
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germs” on the basis of which the heat treatment of
superconducting phases are formed from the series
of homologs Bi1,7Pb0)3Sr2Ca(n_l)CunOy (n = 3-20).
These phases can be noted on the diffractograms
with the groups of reflexes corresponding to HTSC
phases with different parameters of the unit cell.
The formation of the superconducting phases
not only in ceramics but also in precursors suggests
the following mechanism, which involves the for-
mation of the clusters — “embryos” in the melts with
the compound composition and crystalline struc-
ture, close to the most stable compound structure

in 2201 and part of the germs, representing the base
that participates in the formation of the structure of
high-temperature superconducting phases. The dif-
ferences of stoichiometric clusters — “germ” is influ-
enced by the conditions of synthesis, characterized
by a sharp temperature gradient in the melting and
quenching the melt.

Melting in gradient temperature conditions can
lead to the formation of a melt-homologues clusters
of various compositions, which are fixed with melt
quenching. These results indicate the possibility of a
new “green” synthesis technology of HT'S materials.
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Abstract. The mechanism of formation of chemical microheterogeneity of metal of a composite

covering of cast iron casting is studied. It is established, that formation of structure and properties

composite covering of cast iron casting depends as on chemical and fractional structure of a powder

and a thicknes of its layer and a temperature condition of impregnation powder liquid metal.

Keywords: coating, casting, impregnation, powder spread, alloy.

1. Introduction. Structural changes in the crys-
tallization of liquid iron, penetrating into the pores
of powder spreading, occur as a result of the interac-
tion of the melt with particles of the powder of the
composite coating. At the first moment after wetting
the surface of the powder particles of the spreading
with coasting iron, a surface chemical reaction takes
place between them, the speed of which depends
on the state of the surface, the temperature in the
joint zone and, above all, the heat of formation of
the forming compound and is determined by the
diffusion laws. The second stage is the dissolution
of the metal particles in the melt. The formation of
the solid solution and the intermetallic phases and
the dissolution of the solid metal proceed simultane-
ously. Therefore, undoubtedly, the final structure will
depend on the ratio of the rates of these processes.
At the same time, directly in the contact part of the
the powder particle paste with liquid iron, when the
particles are completely melted, these changes are
associated with the extraction of excess heat from
the melt to heat and melt them. In the middle and
peripheral parts of the spreading layer, the powder
particles are partially dissolved in the cast iron. The
reasons for this should be sought in the results of the
heterophase interaction of the powder particles with

the binding melt. Therefore, issues related to the for-
mation mechanism of the phase “particle boundary -
metal’, the near-contact zone, the severity of chemi-
cal and phase microheterogeneity of the composite
metal, become of paramount importance. It is also
important to ascertain the actual value of the degree
of crystallographic affinity for the structural changes
occurring in the binder metal under the influence of
the alloy of the particles of powder spread.

It is known that in the pulverized powder of the
CrNi80SiB3 alloy nickel in the overwhelming ma-
jority is in the boride (Ni,B) and in silicide (Ni,Si,),
and chromium is in the boride (CrB) and in carbide
(Cr,C,) phases.

2. Discussion of the results. The metal of cen-
trifugally cast castings of bushings with dimensions
of 100 x 43 x 180mm (100-outer diameter; 43-wall
thickness; 180-height) with powder paste thickness
x =S$; 10and 15mm alloy CrNi80SiB3 —gray cast iron.

As a result of the impregnation of cast iron in the
layer of powder spread, the dispersion of the structure
and chemical heterogeneity of the binder metal signifi-
cantlyincreased. The change in the thermal conditions
of the formation of the periwinkle structure was also
reflected in the nature of the distribution of the excess
phase; an uneven, but dispersed precipitation of which
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inside the grain and along its borders in the experimen-
tal metal contrasts with coarse local precipitates in the
intergranular region in the metal of the control cast-
ings. Undoubtedly, these changes were the result of
not only intensive heat exchange between the liquid
metal and the powder particles of the spreading. The
temperature conditions of the casting and the physi-
cochemical constants of the selected powder materials
(T<<T >T Y where T, is the liquidus temperature of
the alloy, T_| is the melting point of the powder mate-
rial, T is the pouring temperature of the alloy) powder
in the crystallized solid solution as a separate phase [ 1].

Thus, the powder particles also play the role of
refractory inoculators, whose catalytic influence on
the process of forming the crystal structure of the
alloy is largely determined by the degree of their
crystallographic means with the matrix of the binder
metal. Therefore, of particular interest is the analysis
of the causes of structural changes under the influ-
ence of non-isomorphic powder particles with a sig-
nificant discrepancy between crystallographic pa-
rameters (cast iron Class 15 a = 2.8657 A ; alloy of
the powder = 3.5926 A )

The mechanism of influence may be associ-
ated with a decrease in the work of the formation
and growth of crystals of the bonding alloy on the
finished interface. As a result of high temperature,
a regular the crystalline-structured transition zone
is made on the contact between the surface of the
powder particle and a crystallizing melt.

However, the reduction of the heterophase in-
teraction only to the appearance on the surface of
the powder particle of a spreading of the boundary
zone with a different crystallographic orientation
without taking into account possible changes in its
chemical composition and uniformity of the par-
ticle material is schematic.

Further study of this issue confirmed the need
for a deeper analysis of the phenomena in the con-
tact zone. Thus, the observation of partially dissolved
powder particles by means of color etching revealed
heterogeneity of their color coloration, varying from

yellow - brown (corresponding to the solid solution)
to green and burgundy. In addition, each color region
has a clear boundary.

Colors of inhomogeneity are accompanied by
different values of microparticle, the natural differ-
ence between which between the matrix and particle
is complemented by an anomaly inside the particle
itself in accordance with the colored areas.

The values of microparticle HH, MPa:

matrix metal binder .............. 2140-2190
matrix (near the contact zone) .... 2140-2920
contactarea............ooeiuiiiiiiinann, 3490
inner powder boundary.................. 2070
powdercore ..., 1250

Such a distribution of microparticles is a con-
sequence of the chemical heterogeneity of the par-
ticle and the area attached to it. This assumption is
fully confirmed by the results of micro X-ray spec-
tral analysis.

In the initial state, powder spreading alloy
CrNi80SiB3 consists of 78-80% Ni; 15-17% Cr;
3% B; 0.2-0.3% C; 0.7-1.2% Mn; 1% Si; 0.75% P
and 4.5% Fe, after crystallization interaction with a
binder melt of gray iron of composition (Class 15)
contains more carbon and iron with decreasing Ni
and Cr (Fig. 1).

The type of curves of the contact layer of the par-
tially dissolved powder microparticle components of
the bases (Ni and Cr) indicates the different inten-
sity of its flow and allows you to clearly distinguish
the contact layer, the core of particles and deter-
mine their sizes (particle size distribution of pow-
ders corresponded to fractions: + 50-60; + 63-100;
+100-160; 160-200 and 200-315 ym). The changein
the chemical composition of the microparticles of the
powder and the contact layer has a diffusion origin [2].

The contact layer around the particle with a clear-
ly defined boundary indicates the probability of for-
mation of intermetallic phases by the mechanism of
reactive diffusion.

Taking into account the aggregate state of the
interacting particles of the powder and the bonding
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alloy, we can assume that new phases is formed si-
multaneous dissolution of the microparticle in the
liquid metal and chemical reaction at the interface,
the speed ratio of which regulates the formation of
a particular phase.

Under real conditions of joint crystallization
of the melt with a solid multi-component particle,
the variable ratio of the melt, the degree of crys-
tallographic affinity between the matrix and the
particle, and finally, the change in the value of the
solubility of the alloy components of the solid par-
ticles with simultaneous alloying or crystallizing
binder were reflected in the ratio of the rates of
these processes.

Taking into account the amount of alloying com-
ponents in the powder particle from alloy CrNi80S-
iB3 and the fact that elements participating in the dif-
fusion process can form intermetallic compounds, it
can be assumed that a complex chemical Laves phase
forms in the contact layer.

The presence in the binder metal of dispersed par-
ticles of variable chemical composition and with a dif-
fusion interlayer of a certain width from intermetallic
strengthening phases that differ from the base metal
of particles and cast iron in the type and parameters
of the crystal lattice (aphase =474 A) explains the in-
creased heat resistance of the test metal [3].

When reducing the powder coating layer thick-
ness from 15 to 10 and S mm, as well as increasing
the pouring temperature from 1360 to 1440 °C, the
degree of dissolution of the powder particles in the
castiron of the bundle increases and the segregation
of Ni, Cr, Si and P over the cross section of the com-
posite coat casting decreases.

By chemical analysis of the metal over the cross
section of the manual, it was established that the
smaller the thickness of the powder coating, the
greater the degree of uniformity of the distribution
of Ni, Cr, Fe, and C across the coating thickness of
the iron casting. So, with an increase in the thick-
ness of the spreads made from the powder of the
alloy CrNi80SiB, from S to 10 and 1S mm, the con-
tent of the elements changes from the surface to the
contact zone; namely: nickel decreases from 45.1;
55.1 and 60.2% to 44.0-44.2%, and chromium from
11.0; 14.5 and 15.2% to 9.4-9.8%, the iron content
increases from 44.5-40.2 and 38.5% to 46-46.7%,
and carbon content with 1.47; 1.29 and 0.96% to
1.75-1.80% [4] (Fig. 2).

The degree of saturation of liquid iron, poured
into the mold at 1440°C and penetrated into the
pores of the powder composite with elements of the
CrNi80SiB3 a coasting coat alloy of casting 43 mm
thick, is shown in the (table 1).

Table 1. — Changes in the chemical composition, cast iron ligaments
depend on the thickness of the composite coating

Thickness Number of elements, %
Powder coating, mm | Powder mm in alloy Composite coating on iron casting
Ni Cr Si P

9.64 2.20 2.20 0.43

S Ni = 78-80 1714 304 232 034
Cr=15-17 425 1.95 1.96 0.59

10 . — - . —

Si=1 14.34 2.98 2.32 0.37

15 P=0.75 309 089 1.94 0.63

13.42 2.84 2.34 0.39

Note: In the numerator — at the surface; in multipliers — at the contact area

As can be seen, the nature of the dissolution of par-
ticles and the diffusion of Ni; Cr; Si and P in the cast
iron of the ligament at the surface of the coasting coat

of the casting significantly depends on the thickness of
the powder coating, and the content and distribution
of these elements in the zones varies significantly. So,
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in experimental castings with a total thickness of 50
mm in the surface zone of the gearbox, an increase in
the thickness of the powder spreads from S to 10 and
15mm led to a decrease in the content of elements of
the CrNi80SiB, alloy in thin interparticle interlayers
of cast iron: 9. 64% at 4.38 and 6.51%; for chromium,
from 2.20% to 0.25 and 1.31%, and for silicon, from

2.20% to 0.34 and 0.36%. Then as the phosphorus
content in the pig iron impregnated in the porous
spread increases from 0.43% to 0.51 and 0.63%, while
in all cases of the casting with the impregnation of the
powder spread the metal of the contact gearbox itelno
increasingly complex is saturated with Ni, Cr and P
than in the peripheral regions [4; S].
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thickness: (figures on the curves) of spreading: 1, 2 and 3 — thickness of powder
coating of 5, 10 and 15 mm, respectively; Tp =1440°C, 6 =43 mm

At the same time, the solubility and diffusion of
elements from solid particles of the powder alloy
into the cast iron of the bundle is much greater than
in the surface zone of the coasting coat. However,
with an increase in the thickness of the spread, the
content of the elements that become bonded to the
cast iron composition decreases as much as in the
metal surface zones of the gearbox, namely, as the
thickness of the spread is increased from S to 10 and
1S mm, the content of Ni and Cr decreases by 2.80
and 3.72%, 0.27 and 0.40%, respectively;

Regardless of the thickness of the powder spread
in the metal of the contact zone, the silicon content

remains almost unchanged; while the phosphorus
content in comparison with the initial amount (0.7~
-0.8%), decreases almost 2 times and is 0.35-0.38%.

A coasting coat of iron casting is characterized by a
layered structure, which depends on the melting tem-
perature and the degree of interaction, the particle size
distribution of the powder particles, the thickness of
the spreading layer of the melt impregnation tempera-
ture of the matrix during the casting process. Part of
these parameters in the casting process is maintained
very approximately and cannot be strictly controlled.
Since the moment of contact of liquid iron with pow-
der spreads made from alloy CrNi80SiB3, some of
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the powder particles are dissolved in the hardening
cast iron and are doped with Ni and Cr. This process
proceeds most efficiently, directly in the contact zone
and near-contact interlayers, both on the side of the
powder layer and the wall of the casting.

These elements affect the formation of the metallic
base and the shape of gray cast iron graphite in different
ways: Niand Mn have austenitizing effects and contrib-
ute to the formation of lamellar graphite; Cr contribut-
ing to carbidization sometimes distorts the shape of the
graphite incorporation. The complex effect of alloying
elements is turning into a strip of white hypoeutectic
cast iron — the third zone of the transition layer.

The dispersion of the pearlite component of each
zone of the transition layer is different. Redistribu-
tions of Ni, Cr, and Si are observed only within the
limits of the first zone of the transition layer.

The formation of the second and third zones is
associated with a change in the carbon concentration
of the pig iron of the bundle.

At 3.86-22.64% Ni in the transition layer, adjacent
to the cast alloy, the first zone is observed, in which,
at high cooling rates, there are areas of bainite and re-
sidual austenite, as well as partially dissolved powder

particles CrNi80SiB3. In the second zone, along the
grain boundary, carbides from doped cementite of the
type (Fe, Cr).C, and cementite needles with a type-
magnet orientation are observed clearly. The effect on
the structure of the transition layer Cr is significantly
manifested at temperatures T, above the boiling lig-
uid. At the same time, the first zone acquires a troost —
sorbitol structure with a cementite net, which turns
into a terostat — martensitic one. Redistributions of
C, Ni, and Mn in the transition layer are also con-
firmed by the change in microparticles.

The research results indicate not only the need
to take into account the effect of diffusion on the
chemical homogeneity of the microparticles, but
also indicate the possibility of controlling the whole
complex of structural and special properties of pow-
der materials by regulating the processes occurring
in the near contact zone.

3. Conclusion. In a cast iron casting, the forma-
tion of the structure and properties of a composition
coat depends not only on the chemical and fractional
composition of the powder particles, but also on the
temperature condition of the impregnation of the
powder spread with liquid metal.
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CONDITIONS FOR2-TESTABILITY OF TREE-LIKE CIRCUITS
OF SINGLE-OUTPUT FUNCTIONAL ELEMENTS FOR
SINGLE STUCK-AT FAULTS ON SIGNAL LINES

Abstract. Elaboration of new efficient mathematical models of testable digital circuits is impossible
without determination conditions of existence fault detection tests of definite length, including

minimally possible length for circuits of functional elements in respect of stuck-at faults on their

signal lines. The necessary and sufficient condition for 2-testability of tree-like circuits of one-bit

output functional elements in respect of single stuck-at faults on their signal lines have been obtained.

Keywords: tree-like functional-logical circuits, stuck-at fault, fault detection test.

1. Introduction and research objective

It is impossible to build effective mathematical
models of testable digital circuits without providing
conditions for tests of a given sequence length, in-
cluding the minimum possible length, for functional
elements circuits for stuck-at faults on their signal
lines (i.e., on lines connecting functional elements
with each other in logical circuits, as well as at the
inputs and outputs of these circuits [1; 2]).

It is obvious, that functional elements circuits
may differ in structure. A number of works [1; 3; 4]
consider tree-like and iterative block structures most
promising in terms of testability. Therefore, the task
of determination of conditions for fault detection
tests of length 2 existence for different types of tree-
like (or irritation-free [1; 3; S]) circuits for different
stuck-at faults is relevant and can be set as following:

The fault class J on signallines of functional ele-
ments is set and tree-like functional elements circuit
class E is set. The task is to find necessary and suf-
ficient conditions for existence of fault detection test
of length 2 for any tree-like circuits of E class for
faults of class J .

This article is devoted to solution of the given task
for E, subclass of tree-like circuits of single-output
functional elements and J class single stuck-at faults.

2. Main results
Let us assume that X is a set of logical circuits,
each of which contains at least one functional ele-
ment and does not contain discrete converters with
memory [1; 6]. Let us denote a set of signal lines
of circuit SeX as A={a,,a,,..,a,} that fulfills at
least one of the following conditions for any signal
line acA:
a connects the external poles of the circuit S (2.1)
a connects the functional elements
of the circuit S (22)
a connects all elements of a certain subset of
I=® UV (where @ is the set of all functional ele-
ments of the circuit S, V is the set of all external
poles of the circuit S ), for which both inequalities
are true:
I'cl:I'm®#Qand I'nV =0  (2.3)
As can be seen, the following equality is true for
any logical circuit:

V=XUY (2.4)
where X is the set of all input poles (or inputs) of
the circuit S, Y is the set of all output poles (or out-
puts) of the circuit S .

The signal line a € A of the circuit S (where A
is the set of all signal lines of the circuit S ), con-
nected to at least one input of the circuit S, will be
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referred to as the input signal line of the circuit S.
The signalline a € A of the circuit S, connected to
at least one output of the circuit S, will be referred
to as the output signal line of the circuit S.

Itis also obvious that for anylogical circuit S the
following inclusion is true:

AcA (2.5)

Let us consider subset Z, of set 2 that fulfills the
following condition for any circuit S€X:

Ac A (2.6)

Let us denote subset of 2, by Z, thatis not null
for any circuit S€X, of set A(S):

AS) % D (2.7)

Let us denote subset of Z, by Z,, such that any
circuit S € ¥, contains functional elements with one-
sided (directed) [1] and only with one-sided con-
ductivity.

Any circuit S € Z; creates a binary relation ¢ onthe
set A with the graph gr¢ = Ax A=A’ [7], defined
as follows: the signal lines a; and 4, of the set A of
circuit S areinrelation ¢ (i.e. a; ¢a,) ifand onlyifthe
signal line a; connected to the input of a functional
element F of the circuit S, and signal 4, to its output.

Let us denote by Z, subset of Z, such that for
any circuit S € 2, the following is true:

gro =D (2.8)
(i.e. therelation @, set by circuit S ontheset A isnot
null). Let us consider collective ® of m — relations
[7] (where 2<m < ) on the set A of the circuit
S € Z, such that for an arbitrary relationship 0™ € ®
with  graph  gr0" c A” (tuple)
a,= (aﬁ”,...,aﬁ“,a?“”,...,aﬁ"”) € gr0" ifand onlyifthe
following condition is satisfied:
(Vk e{l,Z,...,m—l})(aEk)(b a;k“)) (2.9)
(ie. (Vke{,2,...m=1})((a a'*") egrg). This set
describes the structure of the system A of signal
lines of the circuit SeX,.

Let us denote by X, subset of 2, such that for
any circuit S € 2, the following is true:

Collective ©O(S), corresponding to the circuit S,

is such that for any vector (tuple) a, =(a\",...,al",...

vector

.., "), situated on the graph of an arbitrary relation
0" of ©, fulfillment of the inequality s # r leads to ful-
fillment of the inequality a{’ # a\”forany s and r of the
set {1,...,m} (i.e. the different components of any vector
of the graph of any relation 0", belonging to ®(S), cor-
responded by different elements of A ). (2.10)

The signal line a; € A, connected to output of el-
ement F of the circuit S €Z, will be referred to as
the output line of the element F. The signal line
a; € A, connected to input of element F € ® of the
circuit S € X, will be referred to as the input line of
the element F. Inputs and outputs of all functional
elements of the circuit S € 2, as well as all inputs and
outputs of this circuit will be referred to as the circuit
contacts S, while inputs and outputs of the element
F of the circuit S will be accordingly referred to as
the input and output contacts of the element F of the
circuit S, inputs of the circuit S will be referred to as
the input contacts of the circuit S, and the outputs -
as the output contacts of the circuit S.

Let us denote by C the set of all contacts of the
circuit S € Z,. Let us consider a connected geometric
figure, formed by all contacts of set C by the elements
of some subset A # @& of set A of this circuit, as a set
of connected C = C HC ‘ >1 contacts of the circuit S.
Connection of set C(S) of contacts of the circuit S
will be denoted by @ (C(S), A(S)). If contact ¢, of the
circuit S is contained in set C of contacts of connec-
tions @ (C(S),A(S)) of the circuit S, then it shall be
considered as a part of connection ® (C(S),A(S)). Let
us consider contacts ¢; and ¢; connected, if and only
if ¢; and ¢; are a part of the same connection in the
circuit S (i.e.ifand only if contacts ¢; and ¢; are con-
tained in set of the contacts of some connection @ of
the circuit S ).

Let us refer to connection @ (C(S),A(S)) of the
circuit S as an elementary connection, if it satisfies
the following condition ‘A(S)‘ =1 (i.e. in which the
contacts are connected by its only signal line). The
simplest is the elementary connection ® (C(S), A(S))
of the circuit S, which fulfills the condition: ‘é ‘ =2
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(i.e. the elementary connection formed from the two
contacts of the circuit S ). Let us consider contact c;
of the circuit S involved, if and only if the circuit S
has a connection ® (C(S),A(S)), in which it is in-
volved.

Let us denote by Z; as a subset of Z, such, that
any circuit S € ¥, contains single-output functional
elements, while any single-output functional ele-
ment F of the circuit S € X has significant and only
significant inputs (i.e. F performs a Boolean func-
tion f € P,, that essentially depends on all its argu-
ments (variables)).

Let us analyze subset X, of set X, which fulfills
the following conditions for any S € X, circuit:

Any contact ¢; of the circuit S isinvolved.(2.11)

The circuit S contains only the simplest connec-
tions of contacts. (2.12)

Any input x € X ofthe circuit S is connected to
either the output y €Y ofthe circuit S, or the input

Any output y €Y of the circuit S is connected
either to the input x € X of the circuit S, or to the
output of the element F € @ of the circuit S. (2.14)

Anyinput 7, ofany element F, € @ ofthe circuitis
connected either to the input x € X ofthe circuit S, or
to the element output F, € ® of the circuit S. (2.15)

The output of any element F, € @ of the circuit
S is connected either to the output y €Y of the cir-
cuit §, orto the input i, of the element F, € @ of the

circuit S. (2.16)
[Y|=1 for the circuit S (i.e. the circuit S has a
single output). (2.17)

It is easily seen that any circuit S€2, defines
one-to-one mapping H of the set A(S)\A,(S)
(where A, (S) is the set of all input signal lines of the
circuit S ) on the set ®(S). This mapping is defined
as follows:
for Vae A(S)\ A, (S) H(a)=F when the signal line
a is connected to the output of the element F € ®

of the element F € @ of the circuit S. (2.13)  ofthe circuit S.
X ¢, 4, Cs
! F C.M
x,.6 4| a
2 C; i
Cyy
C [4) Cys
Xy ot F;
P
a Cog
C a 12
X, ot 4 ,C}_; ¢, a,;
X. C; a; | 1"
’ Cis =
3l
X, Cy ag Ci F Ciy Y
7 a,; Cys
Cy; 7
X, ¢ & LC 15
’ c a F CZU
8 8 3 a,
Xs [C 1y a; ¢
Cog
C_m{’ Cy
X, € 4y LCo) ay
X0 C am_ 54 Cs;

Figure 1. Circuit S,

It is also easily seen that relation ¢ for any circuit
SeZ, is functional [7]. The definition domain [8]

D(¢) of the relation in this case is the set A\{a,,}
(where a,, is the output signal line of the circuit S )
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and the range of values Z(¢) is the srt A(S)\ A, (S)
(where A, (S) is the set of input signal lines of the cir-

cuit S ). For the output signal line a,, of the circuit

ou

S €ZX, and any signal line a #4a,, of this circuit exists a

~ ) (k) (k+1)
aj:(aj sl AL s

single tuple (vector)

") (2<m<o0) thatis a’ =a,a/™ =a,, and for
Vke(l,2,...,m=1} ((a]" e A)&(a"pal")) . This
tuple belongs to the graph of some m -relation 6™
of the collective ©(S) of m — relations that corre-
spond to this circuit.

Let us assign each signal line a € A of the circuit
S € %, an appropriate level, defined by the following:

1) assign a level 0 to the output signal line 4,, of
the circuit SeX,;

2) assign level j+1 to the input lines to the ele-
ment Fe® of the circuit S€X,, where j level of
the output line of the element F .

It is obvious, that

r—1
A=|JA and (vp,q {0,127 1)) (A, N A, =0),

whei‘:e? A, is the set of signal lines of j level and r is
the number of levels of the circuit S .

An example of a circuit from a setX, can be the
circuit S, shown in (Figure 1).

Any stuck-at fault B of any signal line a€ A of
the circuit S€ X, can be considered as clamping of
signal line on logical 0 or 1.

The necessary and sufficient condition for 2-test-
ability of the circuit S consisting of X, relatively
single stuck-at faults on its signal lines is given by the
following theorem:

Theorem 1. A circuit S consisting of X, has a
fault detection test of length 2 for single stuck-at
faults on signal lines if and only if

(VEe®)(f(F)eG) (2.18)
where f is the function performed by F, G is the
class of Boolean functions performed by 2-testable
for single stuck-at faults with single-output function-
al elements [9].

Reasoning. It is obvious, that condition (2.18)
is necessary. Let us prove that this condition is suf-
ficient. Let us construct a vector b=(f; ;... B, ; ) of

logical signals values ( f; is the value of a logical sig-
nal on 7 line of j level, u= |AW|) on the input lines
of the circuit S €%, using the following algorithm:

Given data: it is assumed that for Vj €{0,1,...,r}
set A; of signal lines of j level of the circuit S€2,
is in a certain order. It is also assumed that for each
Boolean function f implemented by at least one
functional element from ® ={F,E,,...,E } the circuit
SeZ,, the set W(f) of all pairs of 72 — vectors is
found (pair of 72 -vectors of the Boolean function
f(x,5..,x,) is a pair of binary vectors b, =(8/,..., 8,)
and b, =(B},.... B;), that detect any single replace-
ments of any input and output variables with the
constants 0 and 1) [9].

Algorithm 1. I* step. It is considered that
j=0,4,= {aou} = {aw})ﬁlo = B'e {0>1}aBZ =0. 2
step. The condition A; N A, # O is checked. If the
condition is met, then the transition to the 3" step is
made. If the condition is not met, then the transition
totheS™stepismade.3"step.Set B, ={B; \a,; € A, N A, }
is formed. 4" step. B*:=B*UB;. S" set. Set
Al=A;\(A;NA,) is formed. 6" step. The condition
A} =0 is check. If the condition is met, then B= B*
and the algorithm is over. If the condition is not met,
then the transition to the 7* step is made. 7 step. For
each signal line a; € A} an corresponding element
Fed:H (aij) =F is determined and for Boolean
function f performed by the element, a vector b, is
chosen from any pair of 72 -vectors of the set ¥'(f),
that f(b,)= B, (where B; s the logical signal value
assigned to theline a; ). The inputlines of the element
F are assigned the values of the corresponding com-
ponents of the vector b, . 8" step. j := j +1 and the tran-
sition to the 2™ step is made.

It is easily seen that the vector constructed using
algorithm 1b=(B,p,,...B,) and the vector
b=(B,B,p,) opposite to it form a fault detec-
tion test of length 2 for the considered circuit for
single stuck-at faults on its signal lines. For example,
let there are a stuck-at fault 8 €{0,1} on any signal
line ae A\{a,,} of the circuit S. With the succes-

ou
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sive supply of vectorsb and b to inputs of the cir-
cuit S to inputs of any functional element F of this
circuit, the pair of supplied vectors form a fault de-
tection test for single stuck-at faults at its inputs and
outputs. Consequently, stuck-at fault B changes
logical signal value on the line a, when a vector b
or vector b is set at the circuit S inputs. Addition-

ally, when any vector of the set {b, b} isat the inputs
of the considered circuit S the change in the value
of the logical signal on the 1* component of any
tuple ﬁj = (a;l),...,a;k) (k1)

graph of -relation 6™ € ©(S) causes a change in the
value of a logical signal on m-component. Conse-

(m)
4, ,...,aj'”) from the any

quently, when any vector of the set {b, b} is at the
inputs of the considered circuit S, the change in the

value of the logical signal on the 1* component of

(k) (S))
)

~ 1
any tuple 4= (@”,....a®,...a where

a" =a,a”

=a,, causes a change in the value of the
logic signal on its s component, i.e. on the output
signal line a,, and therefore on the output y of the
circuit S. Thereby, stuck-at fault  on the signal line
a is detected by input vector b or by input vector b.

The sufficiency of condition (2.18) is proved.

3. Conclusion.

The obtained results can be used to develop a
number of mathematical models of testable circuits.
Subsequent researches will be devoted to creation of
necessary and sufficient conditions for 2-testability
of tree-like circuits of functional elements for stuck-
at faults of the fault class of multiplicity 1 and higher.
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FOUR-ZONE LINEAR INDUCTION MACHINE
WITH TWO-PHASE POWER

Abstract. Linear induction MHD machines with a low-frequency power supply inverter form a
complex of electromagnetic stirring of liquid aluminum in melting furnaces. The article discusses the
classification features and characteristics of four-zone inductors of a longitudinal magnetic field with
atwo-phase power supply. To calculate the operating parameters of a linear induction MHD machine,
a nonlinear multiphase model of a magnetic circuit was used. As a result of an iterative calculation,
the distribution of the integral magnetic fluxes in the tooth zone of a flat inductor is obtained, and
vector diagrams of electromagnetic regime parameters are constructed. The study shows the main
directions of optimization of the low-pole induction machine mode to obtain the best current dis-
tribution in the windings and to estimate the equivalent linear current load. According to the results
of the analysis, the main tasks and the sequence of stages of their solution were formulated when

developing energy-efficient induction MHD machines of a longitudinal magnetic field.

Keywords. Induction MHD machine, inductor of longitudinal magnetic field, electromagnetic

stirrer, running magnetic field, multiphase magnetic circuit model, vector magnetic flux diagram,

two-phase power supply system, frequency inverter.

For stirring metal melts in furnaces, linear in-
duction machines of transverse and longitudinal
magnetic fields are used [1, p. 2]. The cost of each
technical solution, along with the technological and
energy efficiency of induction machines and power
sources, is a decisive factor in the decision to mod-
ernize production or to develop design solutions for
new construction of smelting furnaces [2, p.217]. As
induction machines for stirring aluminum alloys in
mixers and furnaces, in addition to transverse field
inductors, high-tech shortened inductors of the lon-
gitudinal field are used [3, p. 65]. Among the simplest
flat induction MDG machines, two constructive so-
lutions can be distinguished, which determine the
type of machine, according to the number of force
inducing windings (inducing zones).

These design features appropriately characterize
the pole position of the inductor and the magnitude
of the synchronous velocity of the runnling magnetic
field in the melt [4, p. 26]. The following designa-
tions are used as constructive and operational pa-
rameters in the description:

2p - is the number of poles of the inductor;

Z — is the number of teeth of the core;

q — is the number of grooves of the core per pole
and phase;

a — is the phase zone of the inductor;

m — is the number of phases of a multiphase
winding inductor;

A - is the working gap.

The classical induction MHD machine of a longi-
tudinal magnetic field can have four or three windings
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(afour-zone or three-zone inductor). In addition, the
power supply of induction machines can be provided
in a two-phase or three-phase version. Thus, when de-
veloping inductors and evaluating their effectiveness,
four main options should be considered for construct-
ing shortened low-pole induction machines of a lon-
gitudinal magnetic field [, p. 86].

1. Four-zone inductor with two-phase power
supply.

2p=2,Z2=5,q=1,m=2,a=90°
2. Four-zone inductor with a three-phase power

supply.

2p=4/3,Z=5,q=1,m=3,a=60°

3. Three-zone inductor with a two-phase power
supply.

2p=3/2,Z=4,9q=1,m=2,a=90".

4. Three-zone inductor with a three-phase power
supply.

2p=1,Z=4,q=1,m=3,a=60"

This article discusses some of the classification
characteristics and features of four-zone inductors
of a longitudinal magnetic field with two-phase
power. A sketch of the construction of a shortened
induction MHD machine is shown in (Fig. 1).

Figure 1.

The inductor has four windings 1, denoted w , w,
w,, w,. They are made in the form of two-way disk
sections, which are grouped in series or parallel con-
nection. The windings are placed on a steel laminated
magnetic core 2, in the middle part of which a thick-
ening is provided, designed to reduce saturation. Be-
tween the windings 1 are placed steel teeth 3, which
serve as magnetic field concentrators. In the windings
connected to the inverter, alternating currents occur
at a frequency of about 1 Hz, which create a traveling
magnetic field in the surrounding space and capaci-
tance 4 with aluminum melt S [6, p. 50].

For this design of the inductor, a two-phase pow-
er supply from the transistor inverter of the modified
voltage can be applied, and the inductor becomes a
four-pole, with a corresponding change in the trac-
tion characteristics. By inverting the phases of a pair
of windings, they change the polarity of the induc-

tion machine (IM). The presence of four windings
allows to increase the raster of the coating of the mol-
ten metal, located in the region of the dentate zone,
by magnetic flux [4; 5].

For presented in fig. 1 letter designation of the
A x ByXaYb windings is obtained by a system of
balanced voltages in a two-phase configuration
with a phase shift of voltages of about 7 /2. There
is an effect of the mutual influence of currents and
distortion of the field pattern due to edge effects
and the open-ended configuration of the magnetic
circuit, as well as power transfer between the wind-
ings due to mutual inductance. Due to the proxim-
ity of the windings on the common magnetic core,
the phase shifts of currents differ from a=7/2,
therefore the refined distribution of magnetic flux-
es is estimated by calculation and experiment, and
to control the amplitude-phase relations, measures
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of modal regulation, special circuit solutions and
algorithmic control of the transistor state inverter
(7, p-54].

An example of a spatial phase representation of the
mode characteristics for the steady state of an ideal-
ized inductor with a power source is shown in (Fig. 2).

Figure 2.

The use of phase coordinates allows us to show
vector diagrams of currents, voltages and magnetic
fluxes more clearly. The nature of the multi-phase
power supply system is largely determined by the
wiring diagram of the inducing windings. It should
be noted that in the considered two-phase configura-
tion of the MHD inductor, the IM power supply sys-
tem, in contrast to the three-phase one, is balanced,
therefore the side effects caused by the pulsating
component of the magnetic field are significantly
weakened compared to the use of three-phase power
supply. In addition, the power and vibration loads on
the metal structures of the inductor and frequency
converter, as well as additional losses, are significant-
lyless [3; 5; 8].

A distinctive feature of the power mode of the
windings of a two-phase machine can be consid-
ered as a separate pair connection of sections to
half-bridges of a transistor source. The phasing of
the half-bridges of the power link of the inverter is
performed in such a way as to ensure a phase shift of
about 7/2 between the currents of adjacent wind-
ings. An example of the connection scheme of the
windings of a two-phase induction machine is shown
in fig. 3 In addition to the four-pole variant of the
inclusion of the windings of the four-zone inductor,
for the presented design of IM, a bipolar inclusion is
possible. Changing the number of poles is performed
by switching the windings and changing the power
supply circuit.

A X1 7 vT

Figure 3.
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Changing the polarity certainly leads to a change
in the traction characteristics, therefore, for each
configuration of alongitudinal magnetic field induc-
tor, the effectiveness of the effect on the melt is es-
timated in advance and recommendations are made
for the use of each type of induction machine [3; 6].

Judging by the scheme, each pair of windings of
one phase is connected in series with each other. Such
a connection provides the specified distribution of the
magnetomotive forces, according to the initial vector
diagram, in (fig. 2). It should be noted that the pres-
ence of edge effects causes distortion of the field pat-
tern, therefore, the given initial distribution should be
considered idealized. If necessary, advanced regula-
tion of the linear current load inductor, the connection

diagram of the windings of (fig. 3) can be modified

and transferred to the mode of separate connection
of phases to the inverter with an increased number
of half-bridges, or a parallel connection of windings
is realized. However, such decisions are made in ad-
vance, since they require additional research and co-
ordination on the current of the inductor mode with
the inverter. For parallel connection of the windings,
a design solution with a reduced cross-section of the
copper bus is required in order to preserve favorable
proportions of the inverter utilization ratio by voltage.

An example of the distribution of the integral
working flows of the dentate zone in a longitudinal
axial section of the inductor is shown in (Fig. 4, a). The
distribution diagram for the teeth of the MDS vectors
of the balanced system of currents in the reverse order
of the phase rotation is shown in (Fig. 4, b).
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Figure 4.

The calculation of the electromagnetic mode of
the induction machine of the longitudinal magnetic
field is conveniently performed using a multiphase
model of a magnetic circuit [4; 9]. The structure and
parameters of the model are determined by the ac-
tual geometry of the inductor and the winding mode.
The specified magnetizing effects take the values of
equivalent sinusoid currents, taking into account sat-
uration for a given inductor mode. According to the
results of the parametric optimization of the distri-
bution of integral fluxes of teeth, increased values of
the magnetizing forces of the extreme windings can

be applied, according to the condition of the greatest
achievable uniformity in a circular raster [9; 10]. Op-
timization criteria may be different, more complex,
directly taking into account the developed tractive
effort in the molten aluminum.

A fragment of the spatial circuit model of a two-
phase nonlinear magnetic circuit is shown in (Fig. 5).
The construction and determination of the parameters
of a detailed magnetic circuit model is considered in
[9; 10]. A feature of the presented model can be con-
sidered the use as magnetizing sources, controlled
four-pole links. The principle of analogy of electrical
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and magnetic circuits [4; 10] is used. The matrix de-
scription of the controlled source of magnetic voltage
corresponds to the traditional four-pole element of the
theory of circuits, referred to as a voltage source con-
trolled by current. The magnetization control mode
allows changing the coefficients k , k , k,, k, to take into

1

account the changing harmonic composition when
magnetizing the steel magnetic circuit. It should be
understood that, by the principle of a formal analogy
of electric and magnetic circuits, we are talking about
sources of magnetic voltage (magnetomotive force),
controlled by magnetic flux or magnetic voltage.
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The solution of the nonlinear problem is per-
formed by the methods of the theory of chains, us-
ing a modified nodal analysis. Therefore, a matrix
image corresponds to each element of the circuit
model, and a system of equations of 5-6 orders of
magnitude is formed for each controlled source,
and a second order for passive elements in the con-
ducive format. When using n-sensors of magnetic
flux in the circuit structure, the dimension of the
system increases proportionally by 2n. It can be
noted that the final dimension of a nonlinear itera-
tive problem is not decisive, since modern comput-
ing resources have overcome possible limitations
[11; 12]. Practical iterative calculations showed
that in the steady state in the center of the magnetic
circuit, the relative magnetic permeability can be
reduced to 20-30 units with a corresponding in-
crease in the magnetic resistance (H™') of the chain
section. The order of complexity of the model can
be quite significant, but the study showed that an
increase in the number of nodes, for example from
200 to 1000, with correct determination of the inte-
gral parameters of the chain model, does not lead to

a significant increase in the accuracy of the calcula-
tion [12, p. 208].

The description of the mathematical model is
formed manually, in a text format in ASCII code,
similar to some versions of the Ansys software pack-
age. Repeat fragments can be declared models and
grouped in a compact form.

The results of an iterative calculation of the elec-
tromagnetic mode of IM are presented in the form
of a vector diagram. The distribution diagram for
the teeth of the amplitude vectors of the working
magnetic fluxes is shown in (Fig. 6). The diagram
shows the expanded raster of the magnetic field
vectors above 7#/6, with a circular movement
counterclockwise from the @1 vector to the @S vec-
tor. This suggests that the raster leaves the magnet-
ic poles of the four-zone inductor with a two-phase
power supply beyond the full circle for the case of
2p =2.

Regulation of the magnetizing force of the wind-
ings carry out the redistribution of tooth flows,
changing their intensity and phase shifts. Naturally,
with a pair of head-on switching windings of differ-
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ent phases, the possibilities of regulation are limited,
even if there is software and algorithmic control of
the inverter mode.
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It should be noted that a detailed study of the pos-
sibility of controlling the shifts of magnetic fluxes is
the subject of parametric optimization. In this case,
the optimization criteria can be set significantly differ-
ent, both for uniform distribution of the prong flows,
and for extremely non-uniform. An additional param-
eter in the design of the optimization target function
is the tractive effort in the melt developed by these
flows [12-14]. It is noteworthy that it is in the two-
phase power supply system that there are expanded
possibilities for separate control of the windings of the
induction machine, while the three-phase system is
limited in control capabilities, since it is coherent.

It should be noted that the results presented here
should be considered as a statement of the problem

and a first approximation to the calculation of the
electromagnetic mode in the development format
of an induction MHD machine of the above con-
figuration.

Conclusion. When building energy-efficient in-
duction MHD machines, several interrelated prob-
lems should be solved. Evaluation of the effective-
ness of the effect of inductors on the molten metal
when changing the operating characteristics is the
essence of the magnetohydrodynamic problem. The
study of the characteristics and features of the elec-
tromagnetic field of an induction machine, as well as
the methods of controlling the redistribution of mag-
netic flux, relates to the field of mathematical model-
ing and optimization of the inductor magnetic sys-
tem. Creating an effective winding switching circuit,
controlling the number of poles and the speed of a
traveling magnetic field should also be considered as
a task in the field of research into flat induction ma-
chines of alongitudinal magnetic field. In addition, it
should be understood that the standard three-phase
inverters of a rotating asynchronous electric drive are
unsuitable for powering metallurgical equipment,
the modes of which are sharply asymmetric and ex-
treme. Therefore, when constructing complexes of
various dimensions intended for electromagnetic
mixing of the melt, it is necessary to create a series
of economical and reliable power sources for induc-
tion machines, with a different number of phases and
various circuitry for switching windings. Each of the
indicated tasks for the whole variety of designs of
induction machines is rather complicated and it is
necessary to devote a separate study to it.
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SYNTHESIS AND INVESTIGATION OF COORDINATION
COMPOUNDS OF ZINC AND COPPER NITRATES WITH
2-ETHYLTHIO-5-ACETAMIDO-1, 3, 4-THIADIAZOLE

Abstract. The coordination compounds of salt nitrates Zn(II) and Cu(II) on the basis of ligand
2-ethylthio-S-acetamido-1, 3, 4-thiadiazole were synthesized. The synthesized compounds were
investigated using the methods of elemental analysis, IR, ESI-mass spectroscopy and thermal analysis.
Asresults, it was concluded that in the complex the ligand is coordinated to metals through the oxygen
atoms of the carbonyl group and the nitrogen of the thiadiazole ring.

Keywords: 3d-metals, zinc, copper, 2-ethylthio-5-acetamido-1, 3, 4-thiadiazole, ligand, IR spectra,
ESI-mass spectroscopy, structure, composition, thermal analysis.

A comprehensive study of complexation reac-  mation of complex compounds in solution and their
tions, the identity of the reaction mechanism, the for-  isolation in solid form is of undoubted theoretical
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and practical interest. In addition, the theoretical and
practical results of complex formation reactions with
different classes of ligands make it possible to create
new complexes, develop new methods for determin-
ing metals and obtain highly pure substances, as well
as compounds with biologically activity properties.
Derivatives of thiadiazoles are of particular im-
portance among heterocyclic compounds. From the
literature [ 1-4] it is known that thiadiazole deriva-
tives exhibit antibacterial, antimicrobial, herbicidal,
and fungicidal properties. Interest in complexes
of 3d-metals with biologically active heterocyclic
ligands, in particular with thiadiazoles, is primar-
ily due to the prospects of their use as biological
preparations in medicine and agriculture [S-7]. The
presence of several donor atoms in the thiadiazole
molecule contributes to the formation of numerous
coordination compounds with transition metal ions
with mono- and bidentate coordination of ligands.
As the analysis of literature data shows, despite the
fact that the history of the development of the chemis-
try of heterocyclic compounds has not been for a de-
cade, the field of research of heterocyclic compounds
based on thiadiazole derivatives as ligands of coordi-
nation compounds is insufficiently studied. Although
the search among them is a special type of biologically

active substances, given the phenomenon synergism
seems to be very promising [7-8].

The purpose of the work is the synthesis and
study of the coordination compounds of zinc and
copper nitrates with 2-ethylthio-5-acetamido-1, 3,
4-thiadiazole.

The 2-ethylthio-S-acetamido-1, 3, 4-thiadia-
zole used as the ligand in the complex compounds
(L, amorphous powder, with a gross formula
C,H,N,OS_, mp. 194-196 °C, is well soluble in alco-
hols) was synthesized according to the method [9].

The synthesis of zinc nitrate complex with 2-eth-
ylthio-S-acetamido-1, 3, 4-thiadiazole was performed
by mixing hot 70% methanol solutions of the metal
salt and ligand. The reaction mixture was boiled for 2
hours, filtered, left to crystallize for several days. After
atime, small crystalline precipitate fell out, which was
filtered, washed with methanol and dried in air. Ex-
pected yield of the product, determined T .and the
nature of the solubility of the compounds obtained.

According to primary studies, it was determined
that the complex was obtained in 70% yield, melted at
243°C, the resulting complex is well soluble in water.
According to the results of elemental analysis, it was
identified that the following gross formula corresponds
to the complex: ZnC_H N O (Table 1). The com-

1277227 8 710
plex with copper nitrate was obtained in a similar way.

Table 1. —Yield, melting point and elemental analysis results of zinc (Il) and copper
(II) complexes based on 2-ethylthio-5-acetamido-1, 3, 4-thiadiazole

. , Found/Calculated,%
Compounds Yield,%| ™" | Gross-Formula
C C H N o
[ZnL,(H,0),](NO,),| 70 243 |ZnC _H N.O S |222/22,8 |3.4/3.5|17.2/17.7| 25.4/25.2
[CulL,(H,0) ](NO,),| 73 225 |CuC H NO S, |22,8/223|3.5/3.7(17.8/17.3|25.4/27.1
Table 2. — The main absorption bands in the IR spectra of the ligand
and complexes of zinc and copper nitrates based on it, cm~!
vNH v C-N v-N=N- | v CH vM-0
1 3 - s - s as 2
Types of vibrations v C=0 SNH v C-N v C=N v N=N-| v CH | sM>N
1 2 3 4 S 6 7 8
3156 1253 1008 3048
L 1698 1457 1304 1557 1046 2931
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1 2 3 4 S 6 7 8
1193 956 S50
ZnL (H N 1670 1440 1
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Figure 1. IR spectra of ligand (a) and complexes of Zn (Il) nitrate (b) and Cu (ll) (c) based on it
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To determine the coordination centers in the
ligand molecule, an IR spectroscopic study of the
complexes was carried out [10].

Interpretation of the IR spectrum of the Zn(II)
nitrate complex (Table 2) showed that the absorp-
tion bands of symmetric stretching vibrations of the
C=0 bond undergo significant changes at 1698 cm™*
and shift to the low frequency region and manifest
themselves at 1670 cm™. The absorption band of
symmetric stretching vibrations of the C=N group
from 1557 cm™ to 1474 cm™ also changes, shifting
to the low-frequency region by ~ 83 cm™ compared
to the position in the IR spectrum of the free ligand.
From that it can be deduced that, when coordinat-
ing to the complexing ion, two heteroatoms are in-
volved in the ligand molecule — the N* atoms of the
heterocycle and the oxygen of the carbonyl group of
the acetylamine substituent. In the IR spectrum of
the complex, in contrast to the spectrum of the free
ligand, in the low-frequency region at 550 cm™ and

425 cm™, new bands appear, attributed, according
to [S], to vibrations of the M—O and M-N bonds.

The spectrum of the complex also showed
(v(O-H) 3376 cm™, deformation vibrations at 1614
cm™!, pendulum vibrations at 704 cm™) new bands
corresponding to the absorption bands of the coor-
dinated water molecule.

To determine the relative molecular mass and
quantitative study of the complexes, the samples
were analyzed by HPLC-mass spectrometry.

ESI mass spectrometry (electrospray) was used
to obtain mass spectra of substances using a 6420
Triple Quad LC / MS mass spectrometer (Agilent
Technologies, USA). The mass spectra of the sample
was recorded with positive ionization. The intensity
of the fragmenter is 10.0 V, the gas flow rate of the
desiccant is 12 [/min, the gas temperature is 300 °C,
the gas pressure on the needle of the sprayer is 20
psi, the evaporator temperature is 300 °C, and the
voltage on the capillary is 4000V.
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Figure 2. Mass spectrum of the complex of Zn (ll) nitrate based on the ligand
2-ethylthio-5-acetamido-1, 3, 4-thiadiazole, taken under the conditions of

ionization by spraying in an electric field, the solvent is acetonitrile

In the ESI-MS spectra of the Zn(NO,), and L
complex, four types of complex ions are observed:

[ZanNO3]+, [ZnLZ(HZO)Z]’r [ZnL H,O]* and

[ZnL(H,0),]* (Fig. 2). In the spectrum there is no
sharpness peak of the molecular ion M*, however,
there is a peak with m/z = 537. The most intense in the
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spectrumare the peak Zn** (m/z=64) and HL* (m/z =
=203.9). Asaresult of the fragmentation of M*', peaks
appear with m/z = 537.1, m/z = 507, which showed
that there are two ligand molecules around the zinc
ion — a nitrate anion and water molecules. The na-
ture of ESI-MS fragmentation for the [ZnL (H,0),]*
complex (m/z = 507) indicates a loss of ~-H, O, which

H,0 [ZHLZ(HZO)]+

corresponds to an unstable ion with m/z = 489 (Fig.
3) with a low intensity. At the next stage, the loss of
one ligand molecule from the complex resulted in a
more stable ion with m/z = 307. Then we observed a
loss of the second ligand molecule, which causes the
formation of anion consisting of two water molecules
and zinc with m/z = 101 (Fig. 3).

H,0"(NOy) | znL, NO3y2H]

—
489 myz
; (C1%) oty
Z1L,H,0),7 |
[5072%1/22 2] - . L n + 2H,0 o+
(~1%) L [Z0L(H,0),t3H] — [£"(H0))" 270 70
— > 307mz 101 m/z 101 m/z
(5%) (30%) (100%)

Figure 3. Fragmentation of complex [ZnL,(H,0),]*

The results of the spectral data obtained for the
synthesized complexes show that the studied ligand
is coordinated to the central atom by the nitrogen
atoms N* of the heterocycle and the oxygen of the
carbonyl group. According to the results of spectral
analysis, it was found that the water molecule is also
coordinated in the inner sphere, and the nitrate ac-
idoligand is extra-sphere, and the coordination poly-
hedron probably has an octahedral configuration.

To determine thermal stability and mass loss
with increasing temperature, the method of thermal
analysis was applied.

TG%

Thermo-analytical studies of the samples were
performed on a Netzsch Simultaneous Analyzer
STA 409 PG (Germany) instrument, with a K-type
thermocouple (Low RG Silver) and aluminum cru-
cibles. All measurements were carried outin an inert
nitrogen atmosphere with a nitrogen flow rate of 50
ml/min. The temperature range of measurements
was 20-400 °C, the heating rate was 5 K/min. The
amount of sample per measurement is 3 mg. The
measuring system was calibrated with a standard set
of substances KNO,, In, Bi, Sn, Zn.

CC/(nvWha)

Figure 4. Thermal analysis of the complex [ZnL,(H,0),](NO,),

Thermocatalytic studies were conducted in the
temperature range from 20 to 400 °C. In this in-

terval, two areas of weight loss with an endother-
mic process are observed on the TG curve: the
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first is from 110 °C to 170 °C -6.77% (DSC peak
T =144.2 °C, which corresponds to the removal
of two water molecules from the internal sphere of
the complex, the second section 240-270°C (DSC
peak T =242.7 °C) corresponds to the melting
and decomposition of nitrate anions with the re-
lease of NO, and O,. The enthalpy of these two
processes is —243.9 and -210.8 J/g/, respectively.
Based on the conducted studies, it can be con-
cluded that the synthesized coordination compounds
of zinc and copper nitrates have an octahedral struc-
ture, where two molecules of the heterocyclic ligand

are coordinated by the bidentate, the fifth and sixth
places in the coordination polyhedron are water mol-
ecules. According to the results of physico-chemical
studies of the synthesized complexes, we can offer
the following structure:

oy

M<— /
H/ 0] \ 0\

{7

N
L H S

H
S

_| (NO3); M=Zn, Cu
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