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Original article
Performance evaluation of fishingschemes

Artem Yu. BabintseV!, Anatoliy V. SukonnoV?
L. 2Kaliningrad State Technical University, Kaliningrad, Russia
abintsevartem1996@nail.ru

Abstract Fishing vessels for mechanization of trawl fishing operations have a
wide variety of fishing schemes and com@sxDesign of the existing schemes is ca
ried out according to prototypes, which is the reason for the low level of mechanization
of fishing operations, which does not exceed’40In turn, a significant proportion of
manual labor leads to an increase mproductive time and, as a result, inefficient use of
vessels in commercial fishing. As practice shows, an increase in the effectiveness of the
work of courts is possible by increasing the level of mechanization of operatioms. In 0
der to develop design nieds and improve field schemes, an assessment of tlee effe
tiveness of the existing schemes has been carried out, where the mechanization coeff
cient is taken as a fundamental criterion. The selected criterion is the ratio of the number
of operations careid out by mechanized means to the total number of fishing operations
performed by the trawl. One of the methods for such an assessment is compilation of
morphological maps. For the present study, a review and analysis of the fishing schemes
and complexesor 22 trawl fishing vessels, covering trawlers with a power of 141 kW
to 5148.6 kW has been carried out. After evaluating the effectiveness of these vessels,
the dependences of the mechanization coefficient on the power of the power plant and
the power ofthe fishing equipment spent on operations have been obtained.eThe d
pendencies obtained allow us to evaluate the influence of the power indicators of power
plants and equipment on the mechanization coefficient, which can serve as the basis for
the developrant of methods for designing fishing schemes for trawlers under constru
tion, as well as improving the fishing schemes of trawlers used in operation.

Keywords:trawl complex, fishing operation, fishing scheme, mechanizatmn, c
efficient

For citation: Babintsev A. Yu., Sukonnov AV. Performance evaluation of fis
ing schemedzvestiyaKGTU = KSTUNews 2022;(66):1118(in Russ).
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Fig. 1. Influence of power characteristics of trawlers on mechanization coefficient
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Original article

Forecasting the dynamicsf forest ecosystems in conditions of industrial emissions
pollution by the state of herbaceous plants

Olga A. Belykh
Kaliningrad State Technical University, Kaliningrad, Russia, boa@mail.ru,
ORCID 00060001-72741420

Abstract The articleis devoted to the fundamental problem of biochemical
ecologyi finding mathematical patterns that describe the effect of technogenic poll
tants on vascular plants. In the activities of employees of forestry, national parks and
scientific organizations ohe forestry complex, there is a need to prepare forecasts of
the forest ecosystems dynamics for scientific and economic activities and for fhe ado
tion of managerial phenomena. Pollution of natural areas near an industrial enterprises
of the Irkutsk regions associated with dust and gas emissions from accumulated soils
and plants of the unigue natural object of Lake Baikal, which is under the protection of
UNESCO. The object of the study is the system of interrelations of perennial plants of
the genus Thailtrum sensitive to changes in habitat conditions due to growth in areas
with accumulated environmental damage. The article describes the habitat conditions of
marker plants. Information is given on the content of conditionally toxic elements in the
soil horizons of industrially polluted territories of the Southern Baikal region. Distrib
tion of these elements in soil horizons is described. The paper proves the possibility of
using the method of mathematical modeling to identify the dependence of thes lzdbitu
an ecological marker on the conditions of influence of the natural and technogenic env
ronment. A mathematical model is presented that relates significant environmental fa
tors of industrially contaminated territories that affect the developmenbufditator
plant species Thalictrum minus L. territory. This model was developed to carry out a
predictive assessment of the state of forest ecosystems on the example of the Southern
Baikal region by biologists, ecologists, and foresters.

Keywords:ecology bioindication, trace element composition, soils;ax fluo-
rescence analysis, system analysis, mathematical model

For citation: Belykh [ . ¢. Forecasting the dynamics of forest ecosystems in
conditions of industrial emissions pollution by the state ob&ezous plantdzvestiya
KGTU = KSTU News2022;66):19 29 (in Russ).
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detsfylst 6 4 Clils. 1 dzv fsftesj dzedv clLdPHEzY @®isd dzrydizts?
Msd BftejHjdjddY dMitsd LseOdzd cthmMikzHOtefMmise j dzdz
d Hisdede' » BMOHS e, dhztse d tr ndzr 7 lsdzsy § dzd 2

[ Ofmfmdor Bdzs 6 s5dzj sded = H Odzdz'dr d3OAEB@ dBfiz dfoteiss adqdfd:
MisOldmisduj MCddsd KjlssHOB] [ 13 tehd]n ff et z®Usus
"Statistica8". | &zv fsfMlstesjdd?Y &sHjdzi?2 ddhftsd Lo Od t

Lr1Vvf 20 ¢fui3s R T [ LRI

CCtdzsedy MSd2 ftotsedatst BzHENMN jets dL d&3j dzj dac
Eidzsedwr ftotsdir hdzj dzdesets L OctewW L dzgj dzgdWw Mistetsd sy
BsH2dzi sfdmr o0 hdrn eodzdwdady + SCBdzsedyuitmSdn WO
LOIjdj?2 Mmdmlsj " ddzddsdEChdmsgalgmess. syj dk j
ftedtocsHdets?2 Isjtotcdlststedd dMfd LseOdedj BItsdzse d
Yd dedzlz®  ddal stedz3Oyds , Y JLdgiz] fom 3 OfWie disusjtedzipitef , L Gscd
dzedv ddzlsj ctcOdzr dets toj Ocdtolzes s dzO o j ! Ctsdisf dzj € fi
fOswlils! 86 9o wWHE fCtsdj dd?, dBdsctdjlsddtd Mo tsd
LO HdzdlIlsj dz dz" BIstf Migdhtse j dzdes? d L Otcks j g tets?2 dzdls
MojHJdd?2 5 Itsdz, ybts O §OLOB] Ister WOt odlsdw
908Ils 1 CsdzsedydimMédy WOCktster o L OsdMmdiRtsmisd sl
ssyd deslsdyd MEses Sty jddy d MmMisjfjdd Odzlstesf
Isjtetcdilststedd [ 1BHindzj htseo Bdzdzz S Odidzsets ftetsyd MMO
fsLdyd?2 MmMdMmlsj didese s OdzOdzd L O.

lted BYyjdeSji 6COyimbeaO HtodtosHds? Isjtotedlststed
MH jtey Odedt IssSCMdyude = 1 dzj B delstse, Htoj HiNlsOo dzw !
Bl . 1 ddlsjttOlkztcjOHIstls Oglsts ddistc ik PdzO dzf B H iaAc
BjlsOdkzezses o tOMisjddwrn LOodmdls s [12lgAdkdydy Is
sOdkzdzr ftoed dLB' ssydessds f sf OHOdedd o tsBI jCIsr 5
ksSMdSOdzls' d $CBEEEHREE Odtd j o' B wddff’r MjH
wa, fsfOHO8Is oad3jfisj M ddimstser i3 tlsf OHtsd d
Emyf j o Osls yofmlsdydes tOLBOadIls: M oBHB2 HB d&j d
L Issdy dzOtelzh dls+ JjMmisimlse jdedetsy WERS ydsddftetse Odad .
Lisds, ®BOCMd BOdz dats jydzi B H J o BKgzdzls sls ts UGG dzs-H O Is fiyw
whn o ftsys', GHj wOMkjddy ftohtejHMso sBsSsedzj ots
jdedz’ | BAdzj 6Odz dz' j ojh iMoo O, dMytsd LEzjdrj

loslsj MisOl OF SPOFGRY.BOOLY 58593
btodzOzlslsp wlsOdzH Oelsdz §| BBLOLY' ndBdujmises Mshms0s O f

BdssHdud MCd MiLosaifdmOydrfL dy el { ¢1204 fpuef, 1087.
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Br dzs wfitcjHjdzj des RBjlstsHisds toj dzlse j desW ddztstej iy ¢
Emdzseo dzts IstsCmdyde » { dzj Bj dzlstse, Ctslsstetsj §toj HMIs

s OB dzd yo 1. 4 B H stk ndfduidz Bidztslpjdlgg dzlstse o f syo § «
ftesds" hdzj dedzts L OGteW L dgj dzdz’ = Isjtetcdlststed?2 Sy datsets
Table 1. Content of conditionally toxic elements in the soilzons of industrially ple

luted territories of the Southern Baikal region
- stststeH d d )
g1 | G4 BE O *sz’t T((')/Co))z
cts ff zdg
. | N 52812511 ¢, | 42200,0013] 0,0044| 0,008 | 0,0063] 0,0034| 0,0159] 0,0188| 0,0024] 0,0319
E 104A ¢ ¢, [ 4,2110,0013] 0,0044] 0,0060| 0,0063| 0,0034] 0,0159] 0,0188] 0,0024| 0,0299
N 52416.1813 %o | 4,263 | 0,0012| 0,0041] 0,0019] 0,0056| 0,0032 0,0192] 0,0179] 0,0023| 0,0579
E104413951 | ¢, | 4,352 | 0,0011] 0,0043] 0,0018] 0,0057 | 0,0033] 0,0196] 0,0187| 0,0018] 0,0596
N 51A 3¢ ¢, | 5312 0,0010] 0,0049] 0,0047| 0,0096| 0,0069| 0,0210] 0,0278] 0,0022| 0,0536
E103A 4 ¢, | 5934]0,0010] 0,0047] 0,0050| 0,0100| 0,0050| 0,0214[ 0,0285] 0,0023| 0,0519
4 | 51644391 %o | 7,243 | 0,0023| 0,0115| 0,0072| 0,0068| 0,0039| 0,0315| 0,0189 0,0022| 0,0537
E 104.0566 ®, | 7,365 | 0,0027] 0,0113] 0,0072] 0,0077] 0,0037| 0,0326] 0,0179] 0,0018] 0,0510
N 51A 47 ¢, | 6885/ 0,0024|0,0103] 0,0047| 0,0056| 0,0041| 0,0214| 0,0293| 0,0018| 0,0668

Co (%)| Ni (%) | Cu (%) | Zn (%) | Rb (%) | Sr (%) | zr (%) | Pb (%) | Ba (%)

2

E 104A (¢, |7234]0,0028]0,0105] 0,0049| 0,0057| 0,0040| 0,0219| 0,0372] 0,0021| 0,0585
6 |N S 1A 49 ¢, | 5130 ]0,0021|0,0051| 0,0037| 0,0068| 0,0032| 0,0194| 0,0186| 0,0020| 0,0349
E 104A (4, [ 6,738 |0,0020| 0,0061] 0,0034| 0,0077| 0,0037| 0,0196| 0,0194| 0,0017| 0,0332
2 | N 513%& 0 [ ¢, [ 6410 [0,0018]0,0053] 0,0039] 0,0064 0,0053] 0,0182] 0,0243] 0,0595] 0,0593
E10 43%%7 ®. | 6,312 | 0,0019] 0,0051] 0,0054| 0,0067| 0,0052| 0,0173] 0,0363| 0,0585| 0,0596
g | N 519859 [ ¢ [ 6934]0,0020]0,0057]0,0041] 0,0071] 0,0059] 0,0264] 0,0323] 0,0650] 0,059
E 103A97 ¢, | 6934]0,0020]0,0057] 0,0041] 0,0071] 0,0059] 0,0264| 0,0323] 0,0649] 0,0510

t OMftej Hy dzj dedj H Odzdz’ = 1 dzj o3 dzlsid:off teyj- f syo J d
MlsOo dzj dzts Mdzj HIz¥ h d d3 TiIR2> Ba ©2r ">Fde Zis > Cis>dyli >
Rb>Pb>Co |tz f O Ry BOF RlctOKL Is j tcd L 2z j Isfqw tH)tcj H dzj 2
Mskzf desis d §Zts BaZ®,Njiidedoz;H dzts HsMiskf dz2@ twPmisj ded W o3
dzj dzgdw o dzdwW dzdwWw Emdzse dzts IstsCmdyde » 1 dzj'dsd dzelstse
LsoaOdzd dr oO0dkzsoatsy MmtsH jtey Odzed | .

s dMlsj BO, ~ OtOC Is jitecdta Qefryld jCdzd 2t O LWoaddevdj Is fpw ) dzts
MsHjtey dls ddzsy jMlsots StdYftsdy dzlstse, dzORGHWH o
fMewLwg, d LOadMmdlk ls Mootk dsMmisd W OCIststetse
ssys¢d Ltwjddy dn MisOlsdmisdyi MEs2 L dOd iisMisd .
tcOMmisj dzd 2 tWWHH @o ls widcedztso i, tc@MMdBQlstgdoddfils ¢ OC Mt
dz" 2 fsCOLOIsjdz2 Memlsswddw tOMlsy ddwyd -Wdlstsyd
dzj dzdztsMBted Btsdzjj HjlOd d & tBfdzjHse @dzdWv e
90dzd j &3 Mknts?2 dOMBdzdz®d g ~o dsH@ B 2 Hddzd yr f dztsh
Wdltsyj dsL O, &0 mdhzydls o&jts? Ksh dshsd yj das
YygdmdzO tsmese 2 &0 jHdddykz §dashond. 1td filsdd
¥ ydd eofmj 6tMtsed ftesntsHWIs §jte] ¢ jdilgdeCiis-dteedgd §
fjydoeoOw ftesye jlsOdzdj odHO o Wdlktyy datsr-j. ¢ .
dzj dedets st Hsfkzdzvydd o© BOZEZOR d&O thdase j Lkyj s
ClsO hCOzO B"™ ZO HBY tsdzdzj dzO § 5C OL Olsj dzv B, =~ Otc!
COMisj dzd?2 $ BECE&OBL] dzd ¢ Stefusiza@E OUsEMED]. dzd) "H j
OdZOdzdL O { SCsdscdyuiMSdr Y OCktstese, odd-shdn da
ydtdedzr 7 f Thaictrde@riintgsh. , B dzd tOMMdisistej dzr

ier MO Misjsdv ( Md) ,

Biftotslsw y j dzdetsls! Mmdzsy desets dzd s © ( M) ,

Bihdted dzO Mdztsy desc s dzd Mls O ( Md3) ,
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ziftej Hded 2 ©WOL BBjte By HBEL IZJ2 ( Md) ,

ior MslsO Mtsye jlsdw (M) .

RMfsdz' L s9a Odedj BOIJ BOIsdyd MEsects dfH | dzdtets o
WiClkdodesmils! tyjdeSd MMmisswddw Isjtctedlgfstedd M
Ctse d BBty ytesmMbsmMf csHizS ydsdzdese s f tetsc datsL C

l " Btstc WOCktstetse fftod ftsMmistesj dzedd dEtsH j dzd dzdzts
ftesdMrtsHdIls dz0 thdetse j -1€Omydrtids \j jdEstE dsts Isq] sfiply Glsf ¢
OdzOdzdL O IsjdzHn j dzyd?2 dL o3 dzgj dedw tOMMdZOIsted o O4 d3"
HdzZw ftesedtsL Jietso Oz + Csdztedud Mitsets oL HJ 2M
BsHjdzd di3detsy j Milse j dedets?2 dzd dzj 2 dets?2 toj ctegfpmdd d
s dzdz" |

10 fjtcosds + sOfj OdzOdzdL O o dzdw dzadw f-Ctsdztsedn
Hze hdj WOtk K Gwseds@dasy sd fgidaizyef 2 :

mior MslsO i3 MisdesMmisd dzOH Ektetsoadzj i3 Bstew ( dB) ,

2T dzsh OH! ftesjClsdodidyts fsCter Isdw o dHO

RIMtdiES dzlstsfmils! Ctotsdz Hjtejo! jo (%),

nloOizso sy MtsH jtey Odzedy §tsye j dzder 7 ff sdzdz® s Odzls

]l twOBtlsj Brdzd dMf sdz L 59 Odz fi)ls OO fstg thodfrfls d ¢
dzj dzdzts L OcteW L dzj deder = Isjtetedlssted?2 ¥ 0 -l EZIsME E
nots2der 7 dzj Mse Sy desets 1 tedBO2COdz W, IsOBdz. 2.

v OB dzd yo 2. Adlssyj dzetslsdyd M Ov " OwOCIsjtedmisdSC O
LOGteW L dzgj dgdz" » Isjtetedlststcd?2 ¥ 0O RteSklsmMCts?2 B dzOF
Table 2. Rytocenotic characteristics of reference sites of industrially polluted territories

of the south of the Irkutsk region

uts -
BSGH d .
Gitsgmogh (i | LOMBdl)| ushsOo | Sl Idn fud
TR RARAA e h jfi fssw | kth| Ed L 58
Ctcts
" gsmdev & - #jdzdlsy B
1 2521’*0'3125':{159 dz | dzd fRGstsidsd 56 24 +(| 04 |LsdO ¢
1 dzdCtsor 2 Ao O
; 1 j o Ol udg " Odedz [ &zn &<
2 Efgf&filssgla 5jteteOl oL deslstsq 41 4u+[| 05 |f Okt
' . 1. |sMsCtser 2 J d&zm O
N51 A 39. 18 J H tejsdrtso b dzs H W dzfn
> JE 103A 4152 % Jygnemerg '8 20 1 OB | mddy
N 5 148%l4 1 d2 ks Ot dat ] OGS o O
4 | E1040566 | B2%®¥ lgjncwmisg 2 830 3] 06 |47 oac
N 2T . Q;[GtSHdthS
5 N 51A 4 fn;a;ts(arg wjfg| 6s 4r+d 04 dz" 2 !
E 104A («Chfsc|p o & 4z oy dats 2
ydd t 1B ts dzd dg
5 ] OtcCtsor 3 g4 d&zdlsi B
6 Eiéﬁ‘A‘lE:gzgozt;iljoq’tststslsc g1 21 1 04 |LskO @
COL dzsls ts g Cod MO
p g dzOB 5 - .
7 N 513&&0 LOﬂ@H(UJ_.-.dzJSGJ_c 51 3[f 03 Z dzO¢ s ts-Is
E 103731 dz 2 tej HS tsdzj fi dzd &
N 5 199% 9 JujRdese g g ujtetedlsts
8 |E 103A0 I B2% T icwajn °4 18 03 |, %is
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]l dzOfmlstswh j2 twOBBl] ftetso jHjdz CStstetej dzv yd tsd
fsCOL O jfigg3R": o3 MisdesMmisd, § dzsh OHd 4 terij-Cydd oc
osMmMlsBOEzZgo Se B8 MBHJjtey OdzedV f sBdzdzsé sOdzlssea o § tsyo
Yylsts BBy HE §fdzshon!'es ftosijSydd oadHO doe Odzser d3
dzv j sfqw Mmddzt dzgOW 5B . OIls dzg@W jic@o dffipdndisg fplis'e .O dgddzv daj G
dm¢ dz¢ ydls: sHdzz dL fjtejd3jdeder = ot dLBJ Y Oded J
{udodHdets, ybt, dmedz ydsy) f dztzh Camj g fzgd s
odzdwdedy tIsts?2 (jtoj o3 dadets?2 2O stV sdzsedyd mSdy
fsQo dzOS Of dzd o OjIs IswWwy jdzr » BJ sOdzdztse , I€£j-d3 d3j dg' "
ydd odHO.

s OB dBf YOk te j dzv YO de@ALAP @ f) BO Is el © OIS =3 8 o

Table3. Correlation analysis of the factors under consideration

My N Ng My
Ny 1
Mo -0,1642 1
Mg 0,3425 -0,3231 1
My 0,1135 -0,9537 0,4253 1

sz HEs hdds N Oesd3 Br dzd tsyjdgj dz@ € OL Olsj dzgd
d ZOud B3tsfisd di3ixHE S @xan'dBOud tsdefiphaz) dzle g BUDS ts
HJSC Olfylsdc Oz C OL Odzdz" @3 MBMIsOo sy B HleE HEdis-AGzde 2 ¢ C
Yoy B yd dest ) zdzWiysdalz y j dedz" § dzd dzj 2 dz" § dstsH J dzd
[1styd dz2C OB tcOfmMmdzOIstcdo Oj d&3" = toj ctoj Mifteictsea , kY
s OdzOdzdL O, HtojHMIsOodzjdzr o IsOBdz. 4.

sOBdZdyo 4. [ ddzgj2de j BsHjdzd L Oedmddismisd ¢ OB
ipso d2? & MsstsB JlsOdedw yJ destf s zdzw yd 2
Table 4. Linear models of plant habitus dependence on environmental factors of habitat

' ; {-L 2Oy
] OO Ister _ _ _ s Ouj _
oL Od Ble W L LVLicOo dzj dzd | tGJGtGdSiSHJRqu d3t5fg|zléu_

I " 550 M ] B { &=259,93 0,05+ 6746% i 13,01% 0,94 0,07
16, téts 'jzvov[ %fs dOijmfn}i b= 57,72i 0,006+ 5,455 i 2,845, 0,87 0,15
%g t(;q dzf?] d;“ WS 4 .~ 77,551 0,0020,1 0,367 1 4,0075 0,98 0,006
. tcéz?f gzq ? . to‘%@i" bi= 44,951 0,015, + 16,79% 1 2,547, 0,95 0,06
I " MO Mys b= 109,97 0,025+ 8,030 1 6,340 0,85 0,21

RL bOBd 4 odHds, vyt ofmj (ot ddzy j &
jdzs Hjlbj®BBIdEOYGdd SOyjMmbbet d&sHjdj?2 HEMOISEYC
WUsts lmgdHflsobjls 5B L W%, jCldodss? f 5HMBOdSs S j
dZzdmMdzd S tse d o0O0dzdHdesMisd § tsdzzyj dedzr = B+ dzj 2 H
BdlskmO ©wOMisjdd2 » LOsdmd®smisd fls o dsfw ddw f t
BE dzz Ists M ls ! C tc s dz, dL d3zj dejodfd j ff =8 wipjrdzj dzlf REAS G fy t=z

GL ZOYd Bsflsd cOLOdsdilzsls ojtedi¥dydtss Odedetsfls

25



1 Okyder &ZOskEwj Misdw™, s v®6., 2022
Scientificjournal AKSTUNew® ; 66, 2022

fs ddd. vO¢, Jfmdd MsHjty Odd] &fifdgsoepy dstsC g
ydlsmw dz0 1 % tsls Mo tsj ¢ s Thptcfumdzdpuslisd tzdgjsdedidy fpw Is ts
fldzj Hizs h d &3 ssmoLsm) ) iz s 6 © ) i Is gz® dz& 3 ( Odl- %;  H dzc
Mis&) (§sddL dlsm Zz0 2, 84 %; lz) " didd@idg) Isfn degjydestd cjts
4,007 %,; fntGJHdZCf?- b O L bfgl3 j tantz! OB j 94V lz teo@A] 82 65 4ntsyo § ks
k) MsStolsdls 2O 6,34 % tls fMotsjcEét Mtej Hdzj 1
WOCksteOR. Clsd HOdkdr | ot & ksdRO0-ykts Ml

fpw

Is
dzts BhalictrumminusL., des d MsCteOIsdlsmw jets My dzj dzdzOW
Coltstots? 4qjsla@lq’cﬁanlzﬁzt§3 @gdH' BEHjtydoOsls i Mist
sBtOL 5d3, H OdzdzO BsHjdz oLodwjlks ftosedtL it
Emdztsedw s dL d34dZJdZCfW o jhjddv ftd distej > do Odz
Isj mndets@ j dzdesets L OcteW L dzj dzad v .

1 sSHT stEyda §ooO®defr JgazOd3d S d MmMsMmistsw dzedw  dzj |
Lo o bkffdzsedwri ftojMMddcO ftosd3 h dzj dedig-m Ol tofse
sy ftoscdtsL JesoOdzdy M Htoddii dzai dzdj &3 - Ot OC Isj t
CtOHJ ] dzls ¥ JlsygEasts d Uyj MS d R kidss d2. L HOMO
syjdeCd 1 Ctsdzsedyj MEsets Mtsmisswdadw dzj iz 7 1 € 51
GtoWw L dzgj dzgdv dMmMratsHWY dL tjhOjdBs?2 LOHOYd, o" BtOC
ColtstcOV fLotsdzV jIs ftetsgdesL qtetso Ols+ dL o3j dzj ded W
fsys’ (kfmdss dtsj ety yde' Sitsdzj dgdetsmisd tOL o dIsd"
HsfisOlssydes ftosoatsHdIs! jYjeBHdy jJ] dRBOtohtelzlsdzs j ¢
dsects wOLodlsdw tOMmlsjdzd?2, Yl it tsldzzisigshls sy j Is
Isjded® ddzd dwZOYOdkZE  dzZsH tsdzetsh jdzdW , L O IBPL Y gdm @S f
BdtsddzH S Olststc®, bkfmdzsedw Mo jh jdedetsMils JO-§f sH { ts¢
ptsfissw. [ jlstsH {WW,jClkdejds, dzj ItejBljls Mmfjyd
Odzd ydwy 1s d ftesctcOdB3dBzder = Mtcj HMise, HBMEY j dz
(1 ¢ sdztsc tstwo,, Bjshpnadet 9 ) .

viisOdzats o dzj dadz" | LOCtsdetsdzj tedatsfylsd  d L d&3j dzaj ded W
o d HralictrumminusL.zB J HdIsj dz! degts HESCOL T 9 O ls odzdWdadj |
stsCMdude = 1 dzj 5j dzlstse o o jterndzj 3 Ckdizfijso sdz @ s
sSsH { CBdtsdi3d yds®@s zfttyHdicsdfsmMistswh jegts BSBBStclzH S
BjlssHsdsedY KOk BOdUj MSBSets &sH,j dtese Oded v
Hdzw Y | ye Qeedrlstse, | Scdscets, d&j HMdsets HJj &0 d
syjdzCj d ftoscdtL s Odzdd MohisgObpfy tzy Mdzn 2
wodzwes h jetsmw Bl jCItds afMmj ddtedese s dzOMmdzj HdW.

108/ OYL1RE

RMMdzj Hiso Odzed ™, o jHjdeder j] o ¢ totsd-h dzj dzdats
6 1tedBO2COdz v, HsLotsdzddzd EMisOdso dls: , yYlsts ¢
tcOMmlisj dzad 2 dzO { tsdzdzt Is Gidelsy j dfdtafts WoprdzW yj dsiindsj jdadztstfids d ¢
dzdd ftsCOL Ols;dz;? tcOLodlsdw ftesHEZSCIsdoadzgr = ftedL
ZdMsO, ©OLodlkdw ¢jdzjtcOlsdody i GcOdss, Wit
ftesHESIsdo desfisd, o jyoOshdj LO §dmidshmiso dj e
2 o dHBO. { Mdzd dzOB dz6 HOJj IsMw dzj SBKLOIY-BS] dL C
flsodjd §esd h dzj dedes?2 sz sOydq, o dlsej 1ls
HjctOHOYdd. uvOCE2 Isdf HJROBISd o dvejlsmw iz
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Original article

Method of planning experiment on stidy of the static coefficient of friction
of a seine harness on a traction drum of a frictiortype mechanism

Aleksey N. Martynov', Aleksandr A. Nedostug

12Kallnlngrad State Technical University, Kalinigrad, Russia
! ajiex94@gmail.com

2 nedostug@klgtu.ru

Abstract.The static coefficient of friction is the main characteristic of the fishing
gear (FG) interaction with the friction machines. Its changes can lead to sliding of the
FG on the surface of the drws) of a machine which leads to negative conseges,
such as wear of the FG, increasing time for retrieving, increasing energy consumption,
etc. Currently, there are precise methods for determining the static coefficient of friction
only for threaerope products (TRP). The article presents a degmmi@ind planning of
the experiment with seine to determine this coefficient in relation to the seinei-Exper
ments have been performed in laboratory conditions to comply with the TRP methodo
ogy. To carry out the research, samples of seine have been griparghree different
materials (polyamide, polypropylene, polyester) of the same diameter (2 mm), which
will interact with three steel drums of different diameters (104 mm, 128 mm, 152mm).
In addition, different contact arc angles (90 deg, 135 deg, é§Phhve been taken into
account. To implement this experiment, a special installation based on the strain station
MIC-200 and electric motor simulating the drive of the drum of skemding mech-
nism has been designed by the Department of Industriagriiesh By means of strain
gauge the value of the maximum tension of the seine incoming b{&)akill be rec-
orded and graphical dependence$obn the time of the experiment (t) will be plotted.
Using the obtained data, we calculate the coefficiertiction in two different ways,
classical and by the formula of Nedostup and Orlov. Further, the calculated results will
be compared and the corresponding conclusions will be drawn.

Keywords:static coefficient of friction, seine, slip, friction, frictiaggpe mech-
nism, experiments, tension, planning, incoming branch

For citation: Martynov A.N., Nedostup A. AMethod of planningexperiment
on study of the static coefficient of friction of a seine harness on a traction drum of a
friction-type mechanismzvestiya KGTU = KSTU New8022(66):30 39.(n Russ).
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tdfhp. 2. [BtOLY" MilidB 8 HRHEslsjd M " O
Fig. 2. Samples of mesh webs with a mesh @f30 mm

tdfp. 3. [BtOLYr Mmivsed ¢ 4Gsdsdgj &z i " Oc
Fig. 3. Samples of mesiebs with a mesh pitabf 40 mm

tdm. 4. [B®OLY' Mjlsds0 GHeslsjd H " oc

Fig. 4. Samples of mesh webs with a mesh pitch of 80 mm
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Experimental study of the static coefficient of friction of a fishing seine on the
drum of a friction -type mechanism

Alexey N. Martynov', Aleksandr A. Nedostug

12Kallnlngrad State Technical University, Kalinigrad, Russia
! ajiex94@gmail.com

2 nebstup@klgtu.ru

Abstract. Seine fishingi one of the most popular type of fishing (except for
trawler). With such method of fishing, working process on the vessel consists of several
operations, where seine hauling is the most laborious andcomsuming. Seine
hauling frictiontype machines are often used for this operation. The main principle of
the operation of these mechanisms is based on the friction force, which is carried out by
the clutch between seine and drum of friction machine of suffiéenoe to haul the
fishing gear. The main index of this force is the friction coefficient. This article presents
a methodology for conducting and the results of experimental studies on the determin
tion of this coefficient for fishing seine on the drum dfiation-type mechanism. The
experiments described here are based on the previous work of the author associated with
their planning. Net samples with specified parameters corresponding to realseine a
plied to the fishing were made for the experimentshkat them interacted with three
steel drums of different diameters at different angles of contact arc. By means ef strain
sensor connected to the stratation"MIC-200' tension values of the incoming branch
(S) were fixed and graphic dependencBgrom the time of experiment)(were built.

To determine the behaviour of friction coefficient comparatively to normal contact area
(6 ), graphic dependencié¥ "Q0 FD were built using the obtained maximum
valuesS; (Sima) and he width of seine bundle on the druda)( After that, the relevant
conclusions have been made and the following research has been planned.

Keywords:coefficient of friction, seine, slip, friction, frictiestype mechanism,
experiments, tension, incongiroranch, width of seine bundle, normal contact anea, a
gle of contact arc

For citation: Martynov A. N., Nedostup A. AExperimental study of the static
coefficient of friction of a fishing seine on the drum of a frictigpe mechanism.
IzvestiyaKGTU = KSTUNews 2022;(66):4052(in Russ).
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9 T ¢ A 0,025 80 52.6 0,515
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Table4. Values of Y  for PA exemplars
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5B D d;BGBOLBw@,S@ d;BGB tSBtQQ_SL—l dz_isGts tSBtQG]_SL—1
5O Hj2Mlsokze h j&-|Hj2Msokzs M j&H]j2Msakzs h j&-
Gtsé dzZsd3 D = 1| dzgsdz D = 1 dzsds D = 1]
1 4 7 1 4 7 1 4 7
90 19.398| 20.610| 18.943| 23.610| 20.458| 21.065| 21.065| 24.398| 23.641
[53] [49] [32] [60] [53] [34] [57] [51] [36]
135 22.883| 24.247| 22.428| 23.338| 23.641| 22.732| 26.065| 26.520| 26.823
[53] [51] (34] [57] [46] [40] [62] [51] [39]
180 25.308| 27.429| 26.369| 24.398| 24.247| 27.732 | 26.672| 25.308| 28.187
[60] [53] (34] [63] [52] [36] [59] [45] [33]

v OB dzd y@ dEOj da#B tcOL ytse dL 11
Table5. Values of Y  for PP exemplars
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GtcOl desds D = 1(BOW@ABSd D =| BOOB Odztsdy [
2 5 8 2 5 8 2 5 8
%0 23.338 | 23.489| 23.035| 20.610| 22.883| 23.641| 28.642| 24.702| 27.126
64] | [58] | [36] | [67] | [58] | [32] | [68] | [62] | [36]
L35 30.763 | 28.793| 29096 | 24.853| 27.278| 25.914| 34.855| 35.613| 31.218
62] | [55] | [34] | [63] | [57] | [35] | [66] | [62] | [40]
36.370 | 37.734| 36.522| 30.612| 30.460| 32.127| 40.462| 37.734| 38.947
180 66] | [62] | [35] | [68] | [62] | [33] | [65] | [61] | [35]

s OB dzd yQ@ dBOJ dadiyB tcOL ysse dL 1 G A

Table6. Values of Y  for PE exemplars
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GtcOl dzsd3 D = 1(BOtcOBOdztsd3 [ BOtcOB Odztsd3 [
3 6 9 3 6 9 3 6 9

90 21.368 | 22.277| 21.368| 20.610| 20.610| 19.852| 18.640| 20.458| 22.125
[60] [54] | [28] | [58] | [53] | [27] | [58] | [52] | [35]

135 23.944 | 24.095| 25.005| 21.065| 20.761| 22.580| 25.611| 23.489| 26.520
[63] [54] | [31] | [53] | [47] | [30] | [63] | [47] | [39]

180 25.005 | 25.611| 26.369| 25.156| 24.095| 26.520| 26.672| 27.581| 28.036
[61] [52] [31] [59] [51] [30] [64] [52] [37]
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Fig. 8. Graph of functionlY "Q0 o for PA exemplars
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Abstract. The higher is the sludge moisture content, the higher are the costs for
further sludge processing. Thus, agglomerated sludge is dehydrated in order to reduce
the cost of its subsequent drying and transportation. The purpose of thishregagaro
study the parameters of wastewater flocculation with cationic flocculants, followed by
filtering the sludge on press filters. To improve the sludge dehydration, the following
chemical reagents were usé€edb64m@dtaifarbi8® op alnyde
ARZe7 &88§20. Settling velocity of solid parti
effect have been determined. The moisture content of the sludge after filtration on press
filters has been measured. It has been established thagtiestsettling rate (7 mm/s),
the highest flocculating activity and flocculating effect (0.66 and 26.2, respectieely) b
l ong to the medium-tT@89@ni Thé llocwadmntediiZeud
tent after filtration on press filters was showntbh e medi um cati onic fl o
76890%)(.36The high cati-oth640 fdmkcctuhant oWZet
NnZe7&88§20 had residual moi sture content aft
and 37%, respectively. The residual moistureteot of the sludge filtered on the filter
press meets the technological requirements. The release of water from this strueture du
ing filtration can be explained by the phenomenon of capillarity. A liquid meniscus is
formed between the particles. In themscus on the opposite side of the liquid, the c
pillary potentials are directed in opposite directions, but their absolute values are not
equal. As a result, liquid moves through the capillary until the potentials are equal. To
achieve reasonable dehytioa of the sludge, it is necessary to carry out test fl@ecul
tion as it allows studying the processes of polyelectrolyte adsorption on the sludge, the
rheological properties of wastewater suspensions and flocculant solutions. It isoebligat
ry to select ad control filter press parameters.

Key words: wastewater, flocculants, filter presses, settling, sludge, cationic
polyelectrolytes, dehydration

For citation: Ulrikh E. V., Barkova A. S. Parameters of wastewater flocculation
with subsequent filtration on @ss filters. lzvestiya KGTU = KSTU News
2022;(66)53i 64 (in Russ).
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54


mailto:elen.ulrich@mail.ru
http://orcid.org/0000-0003-4107-7277
mailto:anna.barkova@klgtu.ru
http://orcid.org/0000-0002-2602-6810

1 Okyder &ZOskEwj Misdw™, s v®6., 2022
Scientificjournal AKSTUNew® ; 66, 2022

O Qo dzj dz O bd3jdz " jdzdj Jjetmdwdise@ds@mddzdd e
dzj 20 j2 fjtjwcOeskCd SMOHSO, GBJMYJjujddy ¢t

ElsddzdL Oydd hdzodz0 [ 2] . bydlsr e OW otHBEHjYdO
dzr » otH d BIrOdduimMSéts] BBjLOBYdoOddj, 6 dHI
9599 HIBS¥W J 3] . J1jL dMmftsdy Lso Odedw MddalsjIsdyj M¢

d ftesyi MmO Wddz steso OdzedWw HOYJ GfteOoddz des MY to
B rOdqUd MEd] tBjLOBYdO O M) EmMbtts fifdlsco © dzj
flsd [ 4] .

U o3 dzdzd OC ' afQadlsfiHs B i igdz) v dzv S dH)-Oded v dzs
dZzd 3j 6O, o (bt OCttd ZOBdH fHtodmkzlsfissoalzjls o
dzj § M, jcets df Bizdl-edBB8ddH )| UPAKE Bftej HJ
CO¢C otHBwOMIsoastcd iz 2 ftsdzddijtc, BKOL s Odzdz" 2
OCwdddH O, dadf B lisd dlj, dzeNf'Il( OC tcd &ZO B H O) . ] s5dzd OC te
stsdz! €5 OCtedzOBBdHdzr | Bsdetsdzd teF , WwWo dzv jOsfw dzj d
Cdd ¢C0¢ OC®YdapdkRdagjadty & cstf Odzgmiz dz' W sdz@fls, dBtsc kzl
BjtedL B0 Odzr o tOL dzd ydz'jrded ' 5 ts \ryj daisedss G SprOifdpl
f sdzd OCted &ZORBd H O; 1, 4 HJd] IsddzH FiOtdafiaf 24O ddizts dzd 2
(IsC B osy j dzd dz) & fgkf )Safdixzt] dzf dittsH dude’ j fts d3ts dats a3 &
Hdzw COldtddzsets f tsdzd OCted &ZOBdH O.

JdHiedzdL 59 OdzdzO" W ste 3O | s xd OC od dz@dsd 1 @, d Mt

ko2 Cdmdslkr, wodwjlshmy d&Odetsdjj " PesCt )
BdHsE § g tGOLtGOBISISQJ d34fnlststets>1Hsz.d2 @j Wisd

dde fsyer . Ol 2 wOMftesMmMistcOdzj dedz" 2 C s3I oy d
dzj Wisj cOL 58 ) daflastdg d lthJanlsOadeOBlgOinﬁzysrsQaiﬂg,lzdz-
Ststets? Hodzdd3j e tOMmMlsotstej dz 9 o BHAS?2 WAL-j, ddzf (
ds?2 WOLt2, MlsOB ddzdL d@&Ssle aaizs®d u’ascjahcijtsfﬁlsms(ﬁ]dgcﬁzts

glzh jMmMsolzjls Wdktets Mftsmsetse dL d3j dzdedy Mistc iz
dzq’W. [JHABZOCEs MOB 2 ttOmftesistcOdzj dzdfr -2 3 Istst
fr]t]’tsdzJLtss)Odzc{J dzj stee Odzed yd MSdr d Btee Odzd ud M
[ BHjdz dgr 2 Odzetstedlsdys Hdzv tOfMyd sO dzOd B ts5dz,
Hiezedrn ~ddgdaj Mg MLAGp@E " dr  d2Od dzzyh dj
: cOLOBSISOdz MAzOe s [ 2] . [ dzv  Mmdad 4 OJ
lz dzw dzls BsHdWdydtekzels d dMmMmdzj HEzs s datser §

WaesSkdvydd [6]. stOCEdv dls izt Glhdds S iz dzw ¢
fseor Mdls! Jjet My ddi0j cssfls: .

sydmlsdz = MlsOdzydwrs ftoddzj dgWw s Isfqpw fdzj HIz®

Exv) ssn,fp,q—
N
(72

%rro&;gﬁﬂ%

0] ftoj HMisOadzws h d2 MtsBts?2 dMilsj yisdedj o tSH'
dzd § fsH Hj2Mbsoadjd odBttOyYydd MtiMmise j dadets
oEpido®dzyj dzlsted W Z &gy Olstelg MlseO d ® O dzdzg ydz" = SIs
oty doOdzedj ©®© CcdHteydS dztsdzj ; Wddz JstcOyds
dedzz 8 Mkzh Sk o MCAEZOHME R Ekfmdtsedwhn [ 4] .
Ajdzrs tBjLoatsyJoOdzdw OcCdzsdi3 edtotso @dzdetse s h
kOl dz0 (shmij ks qesseOkhf selsdesoa k. | L Osd
o ZOY desc s BMOHSO d jets YdqHSB2 WOL' dMmitsd Lkt
d tsBjLotsyJoOddw, dOftddjte, o0CkEzddr 2 Wddz Is
fjtoj ctotsH C 52 to jffighyf WH[@@ dejtedzd b MzO M Fh k) f sH O

55



1 Okyder &ZOskEwj Misdw™, s v®6., 2022
Scientificjournal AKSTUNew® ; 66, 2022

sBjLOBYdoOdzedw Htod L Istsd3 LjGoa dMmdls t
NdHSCsMmiIsd, MSBQMBS so jteH™ m YOMmliIsdnr
dlstczC Iskzte sMOHSCO ftcjH]Jdzwjlsw
fﬂﬂffrr@HngfmdS@o‘lmsdﬁJ Bsfhis: &« MshlsOo dzw s f
eFvgdRRiu JWnELJRS B OC sstetso  dzO tsMOH sydz
ddzd WdzsC lzdzw ydd, dzOdzdydJ 2Mtsdz’ 9 Olsc
H d dzO s dudsdn @ G S off - sHif@icHS st sjols W 6 OL
n kejdzduyiddjda otLtOMIsOjIls o dzd W dzc
WFERERd U MEda  d ~ddi3dyd MSdn [7] ]
odzdw jls dz20 cdHtesHdZOBd i MSE dJ

izt O) dzO f tse jtorn desfisd W dde-Is

sMOHC O. JIsH j dzj dzd so jtoH S
dzifltag Mise ftoj HMisOodzw jIs MsBts2 fMdzisy ftots
kZso dWw tBKOL so Odzgdw MMy jldastdd fts g tsdxvstdO Bdsds
Olsdzets dL d3j dewIs!' Mmsftetslsdodzj dedj MOy wg dads . 1
d Whstezdvdssd ko jddydeOjls ftstedmistsimis! MO

NSSo<sh

SEZRIRH" e

(2} Eﬁ_mo(ﬁq

o FSLe G

312. UTQ-.nﬁ-

Fo0 00 -
ﬁ_u{

@

§
g
o

SHoe
EE

FONsEg SN InoaEg
&8

ToaAgIo0IgOoOndE T Fan
@_ .
)
&
O]

)

Kjd HOMEEQL QEEE] § OOdjstetse W dkS zdv ydd
sdeder Bq WaBOWHEW § shdj HEY b dd W dd -dde O] &

ferflvréCc Youu?
fruvlra3

r dzv dmfmdzj Hse Odedwy dMf sdzr L soa Odzd BMOHBE Mist
Moty j dad2 o &3 MISSd BEMBUuBS 4DsOPBOdZd dzO d3j - Odad
sBjLOoBY o Odedwzvtydig e WS MYyr IsOdedwY Htotsn SHJ
fMswa . 17" &z tlktsBtcOdts Hjowls! ftotsB B gsH Az dedzats
dzed W dzOH dzj ¥ OF dr EMmdzse d2 ftetsyj MMO tBtOL yr h dzC
lsj B jo@lskde jf BHSGte) 0 Odzd M)! W5 Sy dgdzQisipfedz! I8 jsdgt

dzd j 3. 1 OtcO®Rj stE'7, BHOH LB dzp Hzts ] W o oz sitelzs b j
2,528/ A0, o DY de& ik f jumptgitlsdz’ 2 ,i Iir ®s@Bs sl O.
[ dzw  kdzzyh jdzdwV BeBjLOotsydo OdzdW h dzOROT WP tsdz! L ts5.
s d tsdedz | I tsezdpd) 6y jlstO6s, ") j 57689 d ") j 570, Sttt j
ftojHMisOodws s M2 tsdzdOStedZOBJHdzr j f ts5dzd d3j
BsdetsdRj e’ . stdeyj desteOYdY C Obdtsdedz’ 7 W dgtsS 2 dzv dzls t
toj BN doOdzd ) § sdi3sh ! s "Bids@cMEpEROMIS' A tsd3 S @sdeSsdn Is ¢ &
60/ 100ts B . / & dz.

ltesyj M sMOYHjdedw oLo jh jdedgr = yOfmlsdy mizh
sftejHjdjddy MStshlsd smo Hjdedw Ise jtr n yoOfml
Ckdw dzs®. RLBjtwWdzd of sk Mmftcj Mijtse Odedz' 7 tslsdz
BOo difvtslafd + dzj CIstetsdzd Is .

#Cstetsis! w/PEYHBAZdH) (eOMMydlsr e Odzd 5 Wistedk

100

sfy

t
GHIPOT tcOMMistswdzadj dBJYHE BjlSCOBBd o yddzddzHte, ,

56



1 Okyder &ZOskEwj Misdw™, s v®6., 2022
Scientificjournal AKSTUNew® ; 66, 2022

ANESCEddelzy h g2 L W% jCls WasClkdvdlstsel -5y dzd o !
©OL &3j dets Bz D OELOd) Istslz

O
H

G HYD dV m JHdd] MEsttsMmisd tMOYHJ ddWdeHd MY j ©ff
mzsmbaqq COldtsdadyr 7 WSS kzdvw dste,
UjMise jdedets?2 tSyjdeSd ‘WWiShkgodasilsg
6 Oo dzj ded®L i o3l i) AstiOde'HdDg dgs & " dZO s o
ks h 2y OCIsdo desls! :

5"9,41

D
“c

stcOydw § sdzd 3 6O, %.

W Edzv ydd tMOHEC d tel dhidg'OE tc s 9 @drq d3dz@ 1
9dzO>|dztsntSJ.

tryvfj?2vduv3 R RM JareaULr[r 1R

H ftesojHjdedjds + S jteddsj degs® BTM dzO o' H
hjMmMsets o ftosyjmmj eBjLoatsydo Odedw d Wd

no +

=3

sz'®89'. Clsts tsBi widgw jIsfqw Isjd3g, Yyt daj f stc
dBsdui MSd oL OddBsH shHb § B ikls Migts tsdeo & H dzis dzd
2, dzj L dzOydlsj dz’ dets? ff dztsh OH' ¥ 5o j ton detsl
stedmilsr | WdtsCkzdvdlsr C(sdsoOClsdtekzesls M M
tcOL BBdZ' hj 2, Yjd3 odgj hdgww ff dztsh OH! Ctsc
d udets Mdd" EHjtwyde Oddw BdMmjtd &3 ROl
edfmlsr d3, ybts Mfshtsemiselzjls ftsor M jdds Mmisjt
sMOHCO [9] .

dtsc dzOMmdets ¢ &zOMMdWdscoOydd 1. ¢. tjkgddzsHjtcO
v dzlstseo wisdatsmw Isipw IsCd ¢ MntsGtcksdf @apd thtzdg) s istezC Isztc O
stster »n joets BOSCtwsdisdz] Ckdzr Ibyj ydets CtsdasOCIsqdtolzt
HJj-lsOOdz! MO yjtejLr YdqHSESd) fGtoshmdts2Cd dJdaf- yjtjL
B lsfpw  tor ndzr §j SOt OMr dL yifosydsS s Offj gOIstse
Wduydesy Met2fmlsets € tsO sz Cyfigftaclsimiss fnd & fi) Is teCiztsS IdstdrtdeO W
fteswodwjlsmw fdtod Isjyddedd 6jdzjsBteOL dzOm tOMmlIse
fisdude" § MdMmisd &3* o slsddudj s dzj f zOfplsd ydz' = |
ots YtsHRtHdI f H) .CdOomMmMdy g @ygdttO Mtcj Hdzj COIsd s
" J Is7689'.
v Mis Odats 0 dzjdzisls O G IHHEEj8jAs Mtej Hdzs ¢ Bsdzj § & dzv tc dzk
Hdzs ¥ (50 %) MIsjfjdz cedHtesdzdL O. RL 9 J Mlisdats
Ckdzw dzls O dzOR sH dIsfw o @ dzts BilzadzW Wodtatstdy] dpde/fiidsdsty d3z
Ov MbtckzCikztcd® MfsmMtseMmMisakzjls dOd dzzyfh-j 2 OH Mt
Ldd BMOHCO Mlssyder » oatsH, O L dzOyjdedj dBtsdzj
MdzOo dzd o OjIs fsor h jdedzgks MECtstetsmis: MO HJ dad
S'F [ Is7692', gqizi s hjets BBdZijj Mo jtodzlskzy MlsclkzC I
dL Oy de, Hotg) dBJOyd dz0@ OHMtsteB ydd dz0@ yYyOMmlsdyor M
W fndzd Is Btsdzj j dedL €52 [ [ " ( s5O@'Es dzD6 B Rzt ,

d
2
¥
d
g

£8 1R

O

eI LR S IO N R

g_gs-&_mg;ssq
“E

Fow @ =
TEQI—OFS
CFRNgE

57



1 Okyder &ZOskEwj Misdw™, s v®6., 2022
Scientificjournal AKSTUNew® ; 66, 2022

tcOL o jtedzzlst o BIsHJ dz' dzg j7 Czd¥)d, (dnisgif Q> j dfdsjdzdeaL LC

yomisdy fttsdmratsHdls B Mistej J, fted {1 Istsdz tsMOH T
{MOYHjddj vOMmbsdy Mem§jdL dd dtsydts tsefi-v fded s
dz0O, | OdzH O Iz, AJtcea j W, JojtB C0O). 0 MsHs-2 Yd o sMis

Msopdzfip oL OdBsSH j2Msoadj &3 YyoOmlsdy HdMmMY jemdes?2 W«
dzdets fftso jten detsylsw dzd . Clss 9L Odi@sHj2Misod] G tc,
o jtorndzsmiswdy d MbtczCskztcssBtcOL s Odzdy © HIMY J to
Isd stedd dzi xdls Mistslsdats "djlstsdiid degli™y Hz trigflaaDigEdd ofQalzd v
d Btsdz "dmr tOmMMmswddwr &BiYHE YyoOmlsdyodzd f{toj s
fMtcj HidgddB] cadw 1 dzj StetsMisOIsduyuj MEsets tlslsOdzE d 9 Odz
9jIsmlsalzjls dzj f sMmtcj HMIso j dadzets Blz T fif ed fif Qoofdssw 3 Y @4d 1S d
YydtedL ftoshms2C¢lEz McjH . [ OCMddBzd dzO0 ddytcj H dzd =
ydodz: dzn 2 B Ot | to, ftejtfwismisolze h d2 Mmdzdstf Oded s Y
Gkls wWOmMftesMistcOdzY Is! MW dzO wWOMMIsswdzdw HEtS MisIlsS | ¢
tdzgjteedd HEMbFGogs] 101 difmdjHiEz] @ 7 Mdhsj BOn
otH o fwsyjmMmj WksCikzdvydd ftedmizlsmisetzrjls HEML
tc! | to, O kOS] hdesCd?2 d cdzzesSd2 olstted ydz 2
B MstcOwW W hatsClkzdvydw yoOfMmlsdy dzO0 tcOEdylls tepisdiatiw »,
Bzdiz. 1 ZOctsHOtW dOdzdyds §tlsjdydod dscts B OG-
bls dzJ f stcj HMilse j dzdzsects CtsdzlsOCIsO d tOL HJ dzj dzr

B dzd B3z 5y dzOB dzE HOjIsfqw wWodzjdedj IS MlEftesy dd, f
Mo [13].

Cdzj ClstotsMmils GOK s jsfipS q2Mists2 ydo smisd - OGOCIsj toj d
ftosMistcOdzj dgdzr = MdMmMlsjdz M eotHd dizd Micj PO ABJ, mts
ydd. [ JrOdedL 5 SBKGOL S Odedw 1 dzj SstetsMlsOIlsdyj M¢
SBtcOL s Odzgdw HoBm2detsets {1 dzj Clsted yOmMYtsc v j M dzth)ds:o Of
yomksdy, OHMBB Y™ 1 dzj SlstesdzdIstsoe , o Istsdz yd mdzj
ojhiMmlse d o MsCtd@sdz] CSdzw tedz" = Mtsj Hd dzj ded 2, d
tcOMmlso stodlsj dzw ddzd tOMmlse tstcj dzdz" n o jhjMmlse
s tej HJ dzv glzls iffw 5B & @O & d3, 4dz;§lstgquﬁ]gq’d3t3]’BISsz
Gt 1 dzj CIstedyj MEsets Mdzsw Is 5, BI{JSC{H
dzts iy Is dzts 2 HdMMsydoydd, Cdzd yj mMlso O fr]
dodzse d ftesydesmisd dn LOQ&MGZJ.@GﬁWBBH@QB]@ oy
sdotsdtsdetse ) o jtendesMmis: 8 (ko jdzdyj dzghj Ho 52
dzsflsd WEkdzeC yd tsdzOdz' dzr = oz {f WztsC z dzw elzls ts o
smdzeso dz" &3 Mo ts2 Miseo O], Ld&ZOyd dzdy ¢ tslsj dzyd OdzO
BOt! Jtc® uwQodfipglertsif 6] .

1 sdzEyjdedz | © ftesyjmmy WhsClkzdvwydd- smMOHC s
MisOo dzj dz@ o I1sOBdz. 1.

58



Scientificjournal AKSTUNew® ;

1 Okyder &ZOskEwj Misdw™, s v®6., 2022
6 6, 2022

s OB dZdyo 1. AdsCbkddkzsehdj d LOckhOshdj Mmots?2
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Table 1. Flocculating and thickening properties of catifloaculants on sewage sludge
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Abstract An increased number of river beaver (Castor fiber) in the Kaliningrad
region necessitated the adoption of measures to regulate it. The use of beaver meat for
the production of meat products, including sausage prodsaisie of the ways of pr
cessing seized animal carcasses. The quality of sausage products depends not only on
safety indicators and nutritional value, but also on rheological properties and an ability
to form minced meat. Vegetable components are usetttease the nutritional value,
organoleptic parameters and expand the range of sausage products. The paper examines
the effect of food plant components (pumpkin meal, cabbage powder, a mixture of
wheat and psyllium dietary fibers) on the watetding caacity, the depth of immme
sion of the penetrometer, the ultimate shear stress, the effective viscosity and adhesive
properties of minced beaver meat. In all samples of minced meat with the addition of
vegetable components, the waleiding capacity exceed the wateholding capacity
of the control sample (50.75 %), which led to a more juicy and dense consistency and
less moisture loss of the minced meat during heat treatment. A sample with the addition
of wheat and plantain plant fibers had the highesashktrength and the lowest viscosity
(488.5 Pa and 15740.7 MPa*s, respectively). Whereas the addition of pumpkin meal
and caster powder in comparison with the control sample practically did not affect the
ultimate shear stress, and the viscosity of theced meat increased. The stickiness of
minced meat with the addition of vegetable components, characterized by adhesive
properties in the form of a separation force, changed slightly compared to the control
sample (0.359 kPa). It has been revealed thatreoke of minced meat with the addition
of a mixture of wheat and plantain dietary fibers has the best structural and mechanical
properties.
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Fig. 1. Change in ultimate shear stress of minced beaver meat samples with the addition
of vegetable components
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Original article

Similarity criteria of units for pumping low -viscosity food liquids
by peripheral pumps

Nat al 6ya R.% ORskna mledcherd Viadimir A. Naumov?
13Kaliningrad State Technical University, Kaliningrad, Russia
2 Baltfarmatsevtika LLC, Bagrationovsk, Russia

Abstract Various types of pumps are used at food industry enterprises for
punping processing media. Perifirium pumps (P& evork with a wide range of pile
ucts that do not contain solid impurities and can create a large pressure at a relatively
low flow rate. It is recommended to use PP with large values of the end gap between the
impeller and the housing, having a lineargsiee characteristic. Reducing the gap can
lead to clogging of the unit and complicating its flushing between operations. Manufa
turers of PP in the open access place the characteristics of pumps in dimensional form
and, as a rule, only the dependencehef pressure on the flow rate. Calculations pe
formed on the basis of the test results of JSC HM®&gidromash have made it poss
ble to determine the similarity criteria for the pumping units under consideration and to
investigate their impact on performze characteristics. It has been established that for
all the considered PP, the linear load characteristics{flead dependence) are similar;
for the flomp ower characteristics, one similarity
determining the efficiecy (ef f i ci e n Kyhpve beenndefined.rThetsienr i a ( d,
larity criteria for determining the flow and pressure at the working point are twadime
sionless quantitiesa( hc), with an increase in which the dimensionless flow decreases
and the pressarincreases. When determining the dimensionless power at the working
point, three similarity criteria have been establishegdhg, d) , when det er mi
efficiency four (@, he, KJ. An increase in the criter@a hc, d |l eads to an il
the dmensionless power expended at the working point and a decrease in efficiency.
The increase in efficiency occurs only with an increase ilKKthalue.

Keywords: peripheral pumps, load characteristics, liquid consumption, head,
power, efficiency, operatingamt, similarity criteria

For citation: Akhmedova N. R., Levicheva O. |., Naumov V. A. Similarity- cr
teria of units for pumping lowiscosity food liquids by peripheral pumpgvestiya
KGTU= KSTUNews 2022;(66):7888(in Russ).
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Fig. 2. Load characteristics of thes-5/24pump:ai head;bi power. Points are
experimental data [9], lines are calculation according to formulas (1.1)
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Original article

Application of vegetable raw materials with fish collagen in the production
of small bakery products
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Abstract The effect of aditives of vegetable raw materials with fish collagen
from the scales of fish (perch, carp) on the physicochemical and organoleptieparam
ters of the resulting bakery products has been studied. The optimal mass fraction of the
introduction of fish collageifraction (FCF) into vegetable raw materials (apple puree)
has been determined, which is 6%. Experimental samples etdtmsie smalpiece
bakery products have been obtained, with the addition of various plant components in
an amount of 6% by weight ofwamaterials with a concentration of% FCF. Boiled
mashed vegetable raw materials from pumpkin, carrots, beets and mashed cranberries
not subjected to heat treatment have been used as herbal supplements. It has been found
that in the bun§Dandeliori and"YantarikK' with FCF in the composition of vegetable
raw materials, there is a decrease in bakingit®/% and an increase in shape stability
(from 0.54 to 0.60 and from 0.60 to 0.70, respectively) compared to the control. The
duration of freezing of the otrol and experimental samples of swakce bakery
products with FCF (at the stage of readiness of the product is 60%) in the freezer Abat
SHOK-6 - 1/1 at a temperature e? 5i[Jas well as the postaking mode in the Ratie
al 0128100.01 combi steamer, has been found experimentally. The obtained prototypes
of smallpiece bakery products with FCF are identical in organoleptic parameters to the
control samples without the additiaf fish collagen fraction. The general chemical
composition (including calcium, phosphorus and energy value) of finished bakdry pro
ucts has been investigated. There has been a slight increase in the mass fractisn of moi
ture, protein, ash and a decreas¢he mass fraction of carbohydrates in buns with the
addition of FCF compared to the control.

Keywords:fish scales, fish collagen fraction (FCF), loalorie smalpiece bé&-
ery products, vegetable raw materials

For citation: Vorobyov V. I., Chernega (. Application of vegetable rawan
terials with fish collagen in the production of sragikce bakery products ¥zvestiya
KSTU=KSTU News2022;(66)89 102(in Russ.).
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Il COyjfmlsej tcOMmld layjjddz! dets clitsts difpryig'ded w j » dzj B 5B 2
dzd?2 tsdedy J dedes? COdzsted2 detsmilsd, ddsde hbr o M
ftotslsj € Iststedy odgijdzdfigo tsRdifs B s PL lgtigpb n B dzd oL Wisr Is' C ¢
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te d. B)

9 )
tdfml dgh dzd @ sezftetsdz dz' 64 ( HEHS e PPL Y50
slso Otdfdmsslssj tolsts 6 5 tc O ls didy f dzsfyizisEtss Grp dej dzd | &3
6 % tsA tls ®BORHE S djCEZCwed s € gidne j ¢ dzO
Fig. 2. Appearance of control (left) and experimental (on right) samples of
boiled mashed vegetable raw materials for buns with the addition of 6 % FCF
by weight of raw material&1 carrotsbi cranberries¢i pumpkin,di beets
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Table 2. Recipes of bakery products (weight of piece products 60 g) with vegetable raw
materials and FCF and without it (control)

t O Mr 2w dz© 100 his. ¢}
1 Od d3d dzts 9 O dz( 1l Zdzsy¢ O
d §YtdzkzW OoBte| "1 ®-| "ceHs | " jidy| "cdds| "l d &g-| "[ H
B Y dzOw | tcOw| ted ¢ L'O yde

f2CO §h] ded ek
C Mtstels O 4300,0| 4300,0 | 4300,0| 3690,0 | 3690,0 | 3690,0
f2CO ¢ ] ded ek
G Mtstels©® ( dz@ 150,0 | 150,0 | 150,0 | 150,0 150,0 150,0
rtesyyd Mmkh jd 65,0 65,0 65,0 40,0 40,0 40,0
4 OnPicMsC 200,0 | 200,0 | 200,0 | 600,0 600,0 600,0
u ts dz! 70,0 70,0 70,0 40,0 40,0 40,0
[ OMMO distes o
fteslsj telsts?2 M T T T T i 250,0
[ OMMO Isr Cor
fteslsj telss?2 M i i i 250,0 i i
[ OMfis® Cde dzts & -
sts?2 Isr Cor T T T T 250,0 T
[ OMMO fteslsj tg
fh t sA T ) 340,0 ) T T
[ OMMO fteslsjtg 1 340,0 T T i T
[ OMMO fteslsj tg
[ sA 340,0 ) T ) T T
[ Otcc Otcd dz 130,0 | 130,0 | 130,0 | 700,0 700,0 700,0
C2yYy0O (Hdzw fmdi 950 95,0 95,0 95,0 95,0 95,0
RIssets fr to w |5350,0|5350,0 |5350,0| 5565,0 |5565,0 |5565,0
] sH O 1800 1800 1800 | 1650,0 | 1650,0 1650,0
[ OMmMO 6800 6800 6800 | 6800,0 | 6800,0 | 6800,0
lr aBBH 6000 6000 6000 | 6000,0 | 6000,0 | 6000,0

[ty Jotsy IsjMmkts HdzY oMmj~ GHNSOSYWSY I @ EHIg HB)o
dzd j fi3c s ldsjctdsls te OMisdlIsj dz dzsets M to4 w ( BRLIS s d, m
sfrisder J] BBteOLYr Gotsth@te fnmict g @o detsdds dzd yj mise J
Jets BOMMr d feelsjtelskze Cdzs Cokz OS] M 6 % t

RL Colstsotsets IsjMisO Y pmHifiBsoddzd ®BOPKEGE dzv dzd
cOMMIss2X5d dFd dgt q ted M. 3) .
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(Tt 2 twwH MY HizdDO)dg deikzsdats YCoOs stets?2 teWH Mo j ter

T dBBBt] B2 Mej ton ') dzls @' 26y & O
M tsAn (yYydlsejtelsr 2 wWH Mo jten Iz)

Fig. 3. Molded control and experimental samples with the addition of vegetablearaw m
terials at the time of proofingi Pink bun, first row on top, Barbie bun with the add

tion of FCF, second rown top, Berry bun, third row on top, Motley Bunith the add

tion of FCF fourth row from the tofly 7 "Autumn' bun first row from the top,Dance-

lion" bun with FCF addition second row from the ttidimosd' bun third row from the

top, Yantarik bun with EF addition fourth row from the top

1 jtejH o' fjuSts? o jtendetsMmls! dLHjddw f) &30 |
f Otcts € ts dzo j'Ratosaiifi@28300.01

VMMisOdetse dzj dets, yYlsts ZOd dzz yh d 3 BtecOdetsdzj ff Is c
fpdzy L ORSOy do Odzd¥ 8 dzQrQ dixfiz" d L HizOdzb) | s figds Is s ©
Hzsdds Htsoa jHjded j O3 His CEtslstsodesfisd o IIs.jmjdedj 10
LIssdBz Hdzv " Isder 7 d 1S jtoddzj delsOdz ds-= 5B e Ol
M orffjCOdedw fjte[]]H LOBSOY do Oded j o

l My ®BBOL YY" nzj BEBRZAEZEYd « dJLHJjJd&d2 or" 4t
sj B3Pty 230Aw o bkjuyjddy 7 &Bdde. [ O0®ij ¢ tsid
BstcOy do Odzd o Of f OtcOBhatz 6B ERd L BB SOz tc
B dzz e 25CC MY jtod di3j delsOdz' dzr &5 f2Zlsj s BT dzts EMls Odz
HiS Isj &3 jeOlskzter Bddzz®MIsD8 Ay JazOagg SZBtcfj Of jotzg 2 Is
sls dzOyOdz! dets?2 Hts L OHOdzdets?2 Ctsdgj ydets?2 o ygd dzlstey
A OO so 52 L PRiSkigs O dzfhdzO dzO ted M.

¢ ZzOdmfjLL Zdz! IsOIstse ftsC OL 'PdgL BH@Bs OS] -B 2z dzts yj ¢
BsLd'[ Mj YW B Gasdzj degd W € sdzdzOG j dzgO f tetsH sdzy d Isj dz! «
MsMmisOo d dzOH &Y H ez @zl 'tf Hzls O'tcliff € o dzj MJ ded j BT € 5 dzdzOG §
100H d2% Ot'efth J MISEOY0 dBddz. t OLddyO o (tedHsdydls]
o 0dzdw ®wBERMdZzte dzj 20 § dztslsdesfis! ¥ dL HJ dzd 2 .

[ Odzj § nftdigoirjd dz! desets R tcOdzj dzgdv BteOL Yyr lsjf
ftod Isj &3 jteOlskztej 180 Uw.
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Hp COOIFITTENEHOCTE 3aMODEEIIEAHIIA . MITH
sl By 104KE "MecTpEA” sl By 04 KEA "ArogHaA"
=== Fynouka "Bapin" e By0qka "Po3osaR"

tdfmp. 4. 1 ddzOBBdSCO Isj Bf j cOlskzter o yjdzalstej €t
nz] B sB zdzsydz'L O o jdst®zdnds do tsIs tej yd f skzter f tod |
9 dM@teL ddz dZBBaOT-FPH OIS §
Fig. 4. Dynamics of temperature in the center of control and experimental
samples of bakery products, depending on the recipe during freezing
in the freezet Abat SHOCK®6-1/1"

[ OMMO SdjesBhkdsyd 7 dLHjdd?2 @O @OLd & I
oy j 20 B kOB dz

v OB dzd yo 3. fOMMO S(Bdstetsdz dz" = d frilsde =~ BB
&ZzO tOoL g ydessecdud MSda S jteOydwna
Table 3. Change in the mass of control and experimental samples of bakery products
in various technological operations
[ oMo ¢gfy [ OMMOJ - ;
1 OL9oOdzd [ OMMO § &5 W . . v g
sBEOLYY tdCokso| - 0®IY HE (] ddsgs

0,
60 %, d  dzqw, &

1 2 3 4 5
62, 85 58,98 55,58 111
| b sy B0 9 62,16 58,88 55,26 111
( ¢ 5 dgls te t5 2 56,55 53,56 50,27 111
58,54 54,98 51,68 11,7
41,51 38,96 36,2 11,1
56,86 53,03 50,35 11,4
' ; 58,85 54,57 51,49 12,5
i Z ?\Z‘S uO&'ing 62,74 59,47 55,69 11,2
55,84 52,03 49,00 12,2
40,09 37,77 35,65 111
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]S sdzyOdzdj OB dzd yr
1 2 3 4 5
61.21 5717 53 89 12.0
| b s ® 54 22 50,26 4761 122
(e en g 5543 5181 4923 11.2
5892 54 81 5185 12.0
5553 51.67 48.82 12.1
58.09 53.89 51.01 106
. . 56.39 52.79 50 47 105
;n bz ?Zts }{g LEL 56 42 5251 50,06 113
5321 4904 4698 117
57.47 5314 50,69 118
6328 57.73 5519 128
Tl T
(¢ t5dzls te 15 dz : ! : :
67.32 62,20 59 64 11.4
7713 7115 68.65 11.0
66.27 62.22 59.77 98
. 6857 64.31 62.12 9.4
Ju 5. g‘;ts }&g ‘}fd“'G 67 47 62.50 6095 97
6513 60.10 58.92 95
6512 60.10 5871 98
62.58 58,83 55.99 105
| s S O 6852 64.56 6158 101
[ f BEL O 66.99 62.10 5908 105
(15 dgls te ts dz 64.83 5957 57.46 11.4
60.39 5583 54.09 10.4
6052 5724 54.80 9.5
. 66.34 62.20 59.90 9.6
L 5. ;ﬁts ?2”2 67.97 63.37 6131 98
64.74 5993 5877 9.2
68.18 63.45 6141 9.9
VEJjS ftod o' f§juSj SdkisBO d SdzjBtebkdsyd o
fic] njiddVE 06 L Oo M Bshlsd Bl Moo, Wsgd , &ofh
Cds.0¢ odHES,HABMEPB Gy " Isdz" » BB tOL WD 1tRdz SMPls O
Ylsts Mmtdstwldzej jlsls fifzetste d3j "J H &z o ®"tfdgtbzlg @'tdrf St s A o MsMmilsOeo
COMisdlsj & G fr ! W f o2 Vet s dadgiDjeicia] oz b § j ¢

B L2 M dddzijd ¢ d3j dgepded BOdz detsy L ida@%J dzd J sls 9
AN L dSdsBBd ud M dd §5¢0L Olsj tede & stpisptg giaf & dzj B SE
Hjd@ ©® IsOBdz. 4, 5.

vOBdzdYBSC OL Olsj dzd Wstediskzmists?2 ydo smisd
Codzlstesdzl dz" ~L GBdeiPd dgtisfigls p sls t6j yd f skzter
Table 4. Indicators of dimensional stability of bakery products of experimental and co
trol sampes, depending on the recipe

~n Oz BtsB zdz

1 O0L90Odzdj BBIOL ANBBtediszmists?2 yde
1 2
I 'y SO Eo OW 0, 70N0, 2
I 2 dztsy O@'dnd t s A 0, 70NO0, 2
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1 2
b &es"g € ® H' dzO W
2z 4 @ISOy s A
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1
v OB dzd yoO 5% d daddud et § f sCOLOIsjdzd COyjMmseaO -~
s lsdzr = d € tsdzls tctod® odyf fixd dstsifdOd yHlo @] yj flskzter
Table 5. Physical and chemical ingiors of the quality of bakery products
of experimental and control samples, depending on the recipe
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0
0
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7
5
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]zt SO g9 OW 32,30 3,38
I £ izs'y D@6 s A 28,20 3,45
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I &zt g SOy s A 30,00 3,80
| 2 dzts'y @ dizdzw w 26,60 2,90
I Y @ @ o Odgud S A 26,50 3,10
I E s g &’EL O 24,82 3,40
) 2 d&zs"g @B O'th)d § S A 24,80 3,50
# 56 dzO M dzt818Q520485R L H j dzdW "~ dzj BtsBERzdzsydz" j dL fh
{ BN &l ndduj MS YgzOly pttfydEefh © o fGtesHEZCygdd dr gh
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MesmMisswdg g Qo j Is, tc Q9o dzts d3j te dzts fiyls ¢ sCtOm< d, 1 dz(
~ntockfmls, Ctotsh (o ObtsMmMis!, CBSEHBEMOHOE tcOL X Jj
ldH Codzstetsdz dzn » d frlsder = BBtOLESO ElsE
dzts ydz" ~

d L Hj &R0 {§usd fy.fylsEd.e dzj de
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Fig. 5. Control and experimental samples of spate bakery products after baking
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Table 6. General chemical composition (including phosphorus, calcium, energy value)

of control and experimental samples of bakery products
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Original article

Study on the technology improvement of bakery products enriched with a fish
protein-mineral additive
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Abstract. The article presents data from a survey of schoolchildren ageib 15
years, showing their dietary preferences. It is emphasized that most teenagers prefer
bakery and flour confectionery products as a snack. Therefore, it is imptotan
crease the biological value of this product. It is also established that children do-not co
sume enough fish protein, which is fflkdged and easily digestible. In this regard, the
paper solves the problem of improving the technology of whegt brisads (crusty
ends) by replacing part of the flour with rye and enriching it with protein and mineral
additives. The latter is a composition obtained by the destruction of muscle, integume
tary and bone tissues of fish raw materials in cheese wheyefEomine the optimal
parameters of this process, mathematical planning of the experiment has been carried
out using a secondrder central compositional plan for two factors: the degree ef fin
ness of fish raw materials (2 times) and disaggregation dargtibours). The obtained
proteinmineral additive is used in the production of-wykeat loaves (crusty ends) by
introducing it into the dough. The baked finished product is an attractive bakery product
from light gray to light brown, well baked, with aiform structure, without signs of
undermixing, with a pleasant taste and smell with slightly pronounced fishy shades. The
results of physica@hemical studies show an increase in the amount of protein by 47.3%,
mineral substanceésby 96.3 %. The indicataof the biological value of the protein is
124 %, which characterizes its balance. The utilitarianism coefficient of amino acids
increases twice when a proteirineral supplement is added to the standard recipe of
bread, which indicates expediency of msroduction. It has been established that crisp
breads are characterized by a high content of the most important mineral elements (p
tassium, calcium, magnesium, sodium, phosphorus), thus the new product is functional.

Keywords: nutrition of adolescents,neched food products, bakery product,
crisp breads, crusty ends, protenneral supplement, cod, cheese whey

For citation: Klyuchko N. Yu., Pozdnyakova D. A. Study on the technology
improvement of bakery products enriched with a fish pretgimeral addive. Izvestiya
KGTU = KSTUNews 2022;(66)103 111(in Russ).
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Table 2.Cdculated indicators of amino acid score of experimental and control bread
samples
GsH Y sBdelstesdz! dg § ¢S MY Jteddz) debs
_ _ bs © B (Bd L pBdgflzRiste| wOL yr ( frri3deegd
1dLOdBj dz W ls O dris dzs?2 HBt5B O9 tc Odz! dzt®d ¢ Hstd
ds | & BSH j toy 4 SHJ to)y
X P S RS N T I TR I
¢/ 100 Bszg(fng*s%, 5} e ¢ ¢ %
] Odzd dz 5,00 4,5 90,00 489 97,80
R IZ] 2 yd dz 11,00 9,18 83,45 10,19 92,64
dzj 2 yddz
[ dL d dz 5,50 2,52 45,81 3,60 65,45
[ J sipd dz + 3,50 2,60 74,29 3,59 102,57
ydfmisdde
U t@sdzd dz 4,00 2,30 57,50 3,27 81,75
U e Odz 1,00 0,91 91,00 1,03 103,00
A J dzd dzO dzd 6,00 7,39 123,16 7,44 124,00
Is dide d dz
4z BBO: 36,00 29,4 34,01
1 A*, % 86,81 96,76
sol WWdydJ dzls Ekilsd d
Mishls0s OF , HEd. 0,62 0,79
*HOdzdz” | ts dzlzoe jogz f RGO | Is
l IsOB . 3 d 4 fwijHdsyjd tjLiEzd SOIr dMm
d OMmMyui kO EZHtseodzjlsotstejdzedw o dnm Mizlstydzs?2 SISt
dzsdzdzy B sBzdzsydzesiBdf e s GCls Oz fzedd 150 @ ndzi BYd
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v OB dzd yo 3. o tOjziclrqBed jiisdd dzj t& dzj B yO~n
Table 3. Content of mineral substances in crisp breads
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sOdz yd?2 | 110,00 50,00 10001 2 0 0
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rjazjLts, 1,50 1,50 101 8
[ Otcc Odzj - 0,09 0,09 2 |G
AddS, o 0,55 0,55 12 ®&d
[ JHI, d3 ¢ 0,01 0,01 1 e
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Mmicsdg, ds 20,00 20,00 50200 (
lteddsj yodedd . * 10 tshaspoddzd YL BB yg M8 fr Yiste] B dats
d fdhjera ojhimseaOrn HdAv ©OLdJyde = Gtk deOMmj dzj dedvw ¢ |

v OB dzd yoO sz jt @ §jOL Olsj d&zd © bkHtseodzj setsfpj dzdd Mk
tc Odz dzr n 94N JmEbj daf yds>xo0dz8 dzj B yon, B G OM j dz
B dzj tOdz! degts? HEBB O8O C 52

Table 4. Calculated indicators in meeting the daily requirement of minerals\wheet

crisp breads enriched tia proteiamineral supplement
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(jdzj L %, 2,25 14 & 16,0
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[jH! % | 0,015 1 @ 1,5
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Dynamic analysis of the basic mechanism of a technological machine
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Abstract The paper presents an example of the use of a-comkler mechanism
as a part of two machines: lespeed and higepeed. In the first case, the basic naech
nism is a part of a twoylinder reiprocating compressor, in the second case it is a part
of a sixlink mechanism. It contains a crancker mechanism and it contains a crank
rocker mechanism and L. V. Assurads structu
prism hinged to the post.

The dynamic analysis of the crasmkcker mechanism has been performed. The
total reactions in its vapors have been determined. At the first stage, the nature of the
change in the components of speed and acceleration of the center of the connecting rod
is estdlished. Diagrams of angular velocities of the connecting rod and rocker are
given. The diagrams have been analyzed. At the second stage, the total reactions in the
pairs of the mechanism from the action of inertia forces have been determined. It is
shown that the reactions in pairs formed by a crank with a rack and with a connecting
rod, respectively, change identically. The total reaction in the restkad pair has an
oscillating character of change in time. At the third stage, in addition to tbesfor
inertia, the influence of the nature gravity of the change in reactions has been taken into
account. It has been established that at a given angular velocity of the crank, the inertial
forces make an insignificant contribution to the valoéghe total reactions. At the
fourth stage of the dynamic analysis of the mechanism, in determining the reactions, the
forces of inertia and gravity, as well as the forces of friction, have been takertinto a
count. The coefficient of friction is assumed to b&id all pairs of the mechanismcA
counting for friction when determining reactions leads to their local bursts in the vicin
ty of its three positions. These are the two extreme positions and the minimum position
of the transmission angle. The total réats in the pairs of the basic mechanism are
determined mainly by the gravity forces of the links at the chosen angular velocity of
the crank. As a result of the performed dynamic analysis of the basic mechanism, the
parameters have been obtained. Theynaeded to study the strestsain state andsa
sess the strength of the mechanism links.

Keywords basic mechanism, lowspeed machine, compressor, hggeed ra-
chine, sixlink mechanism, dynamic analysis, kinematic pair, reactions in pairs, link,
gravity, inertial forces, friction

For citation: Sukiasov V. G., Sereda N. Bynamic analysis of the basic niec
anism of a technological machinkzvestiyaKGTU = KSTU News 2022;(66)112
126(in Russ).
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Original article

Results of experimental and computational studies of electromagnetic interference
generated by the electrical equipment of ship power facilities and their elements
with non-linear characteristics
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12%aliningrad State Technical University, Kaliningrad, Russia
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Abstract It is shown that the use of semiconductor converter equipment and
electrical technologs with norlinear characteristics in ship power facilities and their
elements causes electromagnetic interference in ship power systems, which are based on
higher harmonics. The paper presents the analysis of the power quality indicators that
regulate valage and current harmonics in power supply systems. In order to develop
solutions and approaches to ensure the electromagnetic compatibility of electrical
equipment of ship power plants and their elements, the following have been performed:
experimental stdies of electromagnetic interference caused by the operation of ship
electrical equipment, implemented on the basis of elements withinear charactesr
tics; computational studies on a mathematical model of the propagation of higher ha
monics of currenhand voltage through the elements of the ship's electric power system.
Experimental studies of power quality indicatetsigher harmonics, caused by the- o
eration of electrical equipment with ndinear characteristics, have been carried out in
the eleatic power system of th&Kruzenshterh sailing training vessel. An analysis of
the results of experimental studies of ship electrical equipment: semiconductort-conver
ers, power transformers, frequermyntrolled electrical wires, LED lamps, and others
showed that during their operation, odd current harmonics from the third and higher are
emitted into the ship's electrical power system. The results of studies of the propagation
of higher harmonic and related effects on a mathematical model developed asithe b
of the equivalent circuit of a ship's electric power system for higher harmonics of an odd
order, not multiples of three, are presented. On the mathematical model, the contribution
has been estimated to the total coefficient of harmonic voltage cemigofiom sefn
conductor converters that feed the DC load. A relationship has been established from
the influence of higher harmonics on the operation of asynchronous electric motors.
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Original article
Study of tooth contact pattern depending on transmission geometry

Ol 6ga S.YIVIiéayae nk.o® WadimioG. Sukiasov *
13 aliningrad State Technical Urersity, Kaliningrad Russia
?Lugansk Vladimir Dahl State Universityugansk, Luganskeople's Republic

Abstract. Tooth wheels are among the most widely spread machine parts which
are used in different machines and mechanisms, Consequently, increasguctipity
and quality of their manufacturing is one of the major tasks facing technologists and
producers of instruments all over the world. A variety of tooth wheels for helical gears
have a different design form, manufacture of which requires a vafietiyferent tet-
nologies, as well as a variety of geaitting tools based on thidass shaping schemes.
Such transmissions are widespread in general mechanical engineering and are used in
mechanisms with low capacities and significant gear ratios.qlilness and smooth
operation of such transmissions is one of their main advantages. If the gear ratio is less
than eight, then the tooth contact is pdiké. The initial tooth contact occurs at a point,
while significant sliding speeds occur in thentact zone, leading to intense wear of the
teeth. Therefore, in this work, a helical gear train has been developed, which has a linear
character of tooth contact at any gear ratio. The load capacity of gears and, above all,
their wear largely depends oretkize of the contact pattern. A contact pattern has been
found in helical gears, as well as cylindritaiperboloid gears with various geometric
and kinematic parameters. Evaluation of the influence of various factors on the size of
the contact pattern babeen determined experimentally. The dependence between the
contact pattern area and the geometric parameters of the gears included in the gear
transmission has been found.

The present study can be used when designing orthogonal helical geardransmi
sionsof different types aimed at significant increase of their loading capacity and las
ing use.

Keywords: tooth wheels profile, geometriekinematic parametersshape
formation schemeools

For citation: Vitrenko O. S.,Vorontsov |. B.,Sukiasov V. G.Study of tooth
contact pattern depending on transmission geomiavestiyaKGTU = KSTU News
2022;(66)143 152(in Russ).
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Fig. 1. Contact pattern on the teeth of helical gear

( fdzd tBC OIOIs! sO¢C z¢¥ LB yolskze f Otclz, st 9
BEHjIs Wodgs 9" Oy jdz ssyjyder 2 -~ OFOBBE®Y § @O
fwisdes CtsdzZlsOCIsO dzO L kBj Ctdzj MO, t©OBBISOaN j d3 ¢
& &5 LkBYOkr & € sdzj fisd.

1l ftejdjndzda®? twWOBBIS] d2ZO2HjdBB L O dmddgsmis! d3d
sOCIO d e jdjbteduyuiMSddizd f OteOd3j IstcOBdj -Mf tetsj € |
duddzz § dztsh OHd fwlsdz0 SCtdsOCk0 ftejh-j dzdd § &
detsfls!  §WisdzO € Bdas @§ 6 Hdzd Pd3 LNAs | fiite@dzH] Gstatisdzis ¢ 5 d3 (]
Me i 0.

1 to CodemMlstczdteso Odzedd oddzlstsear n L 2BYYOIsr 7 €t
sO BEkzHEI oddwlk!' C(tddyjmsets LORBHBS O{ 9o dlsCtso
Bjlste, O OCY] §jtjHOBYdts] lsdsh jdzdj o fots]

l tetso jH ] d3WiIDSdrdztc2z” 2 1+ € Mt tod dggwdzlsts UsjdfS@ o dzd v
fjtejudmdzjdedzr = o7 hj WOCkttess dz® o j dzdyddzlz o w1
fjtcosets fstc"WHCO Isdf O:

S, ={0,x,y,2,}
y = bO + blxl + b2x2 + b3x3 + blZXlXZ + b13xlx3 * b23X2X3 + b123 X1X2X3 . (1)

| ZOUj ded v  oP stedddgd? K o Ok’ e Odzd™" W OC ko
s O Eldz.
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v OB dztf i@ addidizls | oo @tdz" d toc th OO eic s o
Table 1. Levels and intervals of factors variation

L tets o dzd Rdzlsj too
AOCIstste” I jterndz [ Mdese| 1 dy ded| © Ots! @
+1 0 il dzd W
x, TS tsdzd yj misads- L
f jteBtsdzsd H dzts G ts5- 14 10 6 4
dzj MO
X, THjddIsj dz¢ dzr 2
Gdf jteB sdzsdH dzls @ 73,8 60,1 46,4 13,7
Csdzi MO o ¢ tstedzts
X, T4 J 6] HOIS Y dzts j
cdpgsdzsdHdets2 J ¢ 5 3 1 2
tcd HOYd

[Ottdy0O §d&OdkO {CMfjteddjdso d Smfjtddjc
fwisdO CodlsOCk0 fojHmisOosdjd' o kOBd 2.

sOBEIYO 2. 1 Ok 2SSy jtedd3j dlsO Isd§f O
Table2. Experiment plan type

x
<
x
x
x

N
x

1 5 d3d S (%)

X X,

sgr|

N
o
¢
N
=
w
w
=
N

75
65
67
45
71
64
66
43

+|+|+|+

o|~N|o|o|hlw|N|F
S S N N N N P
O ) I e I ]
e Sl B N el el RN
+ ==+ |+ |+
+ =+ |+
+|+ | |+
e B R E B B Bl B

{fein§fadBidyd]dls’ tog cio @ddefded d ) :

by =& vy /n;
i=1
n

b, =& x;y;/n;
i=1
n

by =& x;x; ¥, /n.
i=1

ddzj Htse Ols j dz' dats:

75+ 65 + 67 + 45 + 71 + 64 + 66 + 43
b, = =62
8
75- 65+ 67 - 45 + 71 - 64 + 66 - 43 .
b, = =7,75;
8

75+ 65 - 67 - 45 + 71+ 64 - 66 - 43 _
b, = = 6,75 ;
8
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75+ 65+67+45- 71- 64 - 66 - 43 .
b3= =1,
8
75-65- 67 +45+71- 64 - 66 + 43 .
b, = =-35;
8
75- 65+67 - 45- 71 +64 - 66 + 43 .
by, = =0,25
8
75+65- 67 - 45- 71- 64 +66 + 43
23=
8
75- 65- 67 +45- 71+ 64 + 66 - 43
123=
8
) sdzj ©WOMYjkO ofjn CwiWWduyd,jdsse bktOs dzj
Mz HEs h 2 odH:

y =62+ 7,75% + 6,75, + X, - 3,5%,X, + 0,25%,X; + 0,25%,X; + 0,5%,%,X, .  (2)

YydMmdztse " j L dzOyd dzd W C ts4 oy off usd jo dslsiry otdd ts jscyte § ) f
Mlsjfjded otLHj2Mbadw Y OCktteses d dn oL OdEBEH 2

=0,25,

b

=0,5.

rG)dzJJ sftej Hjdzdds L &zOyd dstsmls Cs1 WWdydJ dzlsts
HSo JtedIsj dzt degsets dadzlsj tco OdzO dzO2HJ BB HIdMY J tsmd d
Hize h J2 L Oeadmddssmisd:
S{b}—iNs 3)
[ SojtedIlsjdzt dg 2 dadzlsjtcoOdz Hdzw COY3YHBEGB dL § 5t
SftejHjdvilsMmY of O ded j 3
Db, = °t. S{b} , (4)

GHYy T IsOB dzd ydzsj L dz2Oyj dedy Stedlsjtedw fted  tedc
udmdzy Misj ¥ jrdzj 2 MotSBBHT

f=(n-1)N,

(5)
GH ydmdzts f OtcOdzdzj dz! dz" = S " Istso ;

Niydmdzs sffrilsse o ®BOltedyj § zOdzedtctso Odzed W .

stsi WWdydjdals L dzOyddz, JjMmdzd jcets OB fsdzs IsdzOW
dzse s ddzlsj tco OdzO.

vsOC, 9o dOhMjd dMmMmdzj Hise Odzad d € tsibvfy, Wsdyd j dzls o
L Odzinw  dzj L dz2Oyd 3" df3. ddzj HsS9 Ols j dz' dzts, s¢ tsdzyOlsj dz
ftesyd M, Gteddw dzs o dH:

y =62 +7,75%, +6,75X, + X, - 3,5%,X, + 0,25%,X, + 0,25 X,X, . (6)
LIGOo dzj dzd § (df ) tfeddizi 5 LU0 yYd Bsisd sYdpmil Oy s M
odzdwdedj yYydmdzO L kB! jo cdff jteBtsdzsdHdzsdass € tsdzj M
desh jdedw f jtejHOYd dzO o j dzd yd dzke MEz 3BOtedescts ff W Is

fer{lvréCc Youu?

q‘if']l;fJ dqi3j dels Odz' dz' § dfMmdzj Hise OdzadV s S toj H
¢ s dzO oz dedd phdmasd H dzs? L 2B YOls2 §jtej HOY]
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10 fijtcotsds L IsOf ] ftsdL otsHddzOMm! sBj&-OC O L |
ML OatsHdZ = c6df jteBtsdzsdHdzr = L EkBYyOlsr 7 CBdzj M
LB Yyolr &isd < tsdzj MO .

t OmMmdissistedds L Oy §dzj dzg Misdf @g 8B tetizB d v tzB Y Ols ' -
HJOW®B] stesd3 HJ dzd Is j dzd, dg" =5 75 Stellz yoges M iIsq £, 618 ¢ d3d3; 7
ZOC dztsdzO L kB! jo Ctlstt’ m=8HBE B fit gk O dzdz® tc Is o dgt
CoMmML kB &3 L B yYyOlr i3d S tdzj MORd. ) totsasj-H J d3 BB ¢
Lz d3d LB Yyolsr ozd Ctsdzy MO , 74 Ctslstster n H J
i, =102 BB, O Arfd5he&®7.L B! j o

1 jtoj HOIsydets] wSlsdetsh jdzdd o ftej HMIs@odzj dede” ~
zwm= 10, 8¥tfhdzl . sBC OIS d LEB! jo t©OMMBQAlstcdo OJ d3r
tcjHOY B dzs tSftejHjdzjdes fwisdes CBdElsOQXHE jds L Oy
B dzlsOdz! detsj fwilsdegs CtsdzZlsOCIsO o ttOMMdzOIsted o O A3 -
z0 tdm. 2.

E\&&\%&

¢ il

E

tdfm. 2. 1wilsdets S BdlsOCISO dzO L kB CtMiL 2B tS
fir § Misd L OB  dzlizta el d3| @ lds'dzff iy s o3

Fig. 2. A contact pattern on thedth of a bevel wheel mated to a-svay helical gear
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10 olststesdy 1 IsO0fj + M jtedd3dd dzlsOdz? dzn = dMmMmdzd
Yd srtejn twOLddyde » s ciJdBilstedd HiMWIsdL OR 5H
cOL tcOBSlIsOdzdzr » o ddzstsor n L kB YOl = GtEjUPIsd ~¢ s
Cdzj M.

t OmMmdisslstedds L Oyjfdzjdedd SdjteBtsdzsdHdz n HJ
HdJOM®] steOBBd HJ dzdIsj dzd, d&f - 3 55,C7c z W3dgts M IHj42, 4 2 d3d3;
75, 1TZcdadzeap® L kB! jo 1Ilsdh LEkeByOlr m=6dzj M Mt
74,76 78 1o jHjdB3 SBCOSE LikB! jo fdfg@desde 7 o
B' d&3d LIZBlLOISrCBCf Ctsdzd MOA], HJ O] Ister Hj dzd Is § dz
d, =102 OILLGFMGGE?BJJS

%

a

\

9%

0

\

&\&\\

tdm. 3. 1wilsdts CtsdglsOCISO dzO L EZBj L EBYOlsc
fr] tcOL tcOBtSISOdzdzr d3 HjMWIsdL OrtsHdzr d3 9 ddzlstso r
Fig. 3. A cantact pattern on the tooth of the gear wheel mated to the developed
ternrway screwgear
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) joj HOLBYdtsy Gldsh jdkd] o ©OMNMdslge, ddz A
6j HOYOS fushBQo2dEedt)] BSOS LEZB! jo cdifjkes
fjtejmrods dzO2H,jdts fwisds CtdsOCkO o L @yj§ djdd
sOdz dzsj Gwilsdes SdzsOCkO o §jtejHOUOR ftoj HiplsOo
10 btjls' j& {sO0fj fusotsHdkOm GBCOLCO Lk
tc
q

YUjls" tdzOHYyOlsdL ORsHdr & ¢df | tcs skHasddgdz Gdf dzddery® s '
WihSddsd LkeuOk: dd Ctsdzj MOdd. |
t Ofdsslstedds L OY) §djded) cqyfjatsdsdnd 5 ujl

Ctsdzjfny M HJOM) sSteOdsd H jogz 54 Gz 2" Gds;s § b 2oy 4izts @3tz 2 7
dzr &ZzOC dzsdzO@ L zB! j o fpst6Re7g s b t BalzisH jied® o s § Ols €
Lke! jo fdMmOdede = o' hj LEBYyOl' 7 Ctdidin M ¢ st
sjdz dz §j HJdOMBjlster ©CkydbhR | BB sOEE(FHEEBOa dzB -
9 J Is e, F GiciH4; 66.

&%\%\\ i

9%

7

%

0k

=
if

A§\

tdfm. 4. 1wilsdt C(tdklsOCIsO &0 Lkej f§Ottdtscts L |
fMud Is" 6 dzOH Yy O lodjLdés-aoE sigy @lds'dofg M s d3
Fig. 4. A contact pattern on the tooth of a paired geapled to a fourteeway
helicalgear
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1] jtoj HOIBYydetsjy Bilsdzsh jdzdj o ftej HMIsQo-dzj dede’ n
tcd HOYOR MushIsAQo3dBvéAMigd7j. sSBC OIS d L kB! joac-tcOMMdzOLI
BsdzsdHdzr = LEBYOIlr s fJjtedHOYOB L @y J dz@) ez dzgts Y |
sdud MSésd d + MY jtedd3d delsOdz! dzsj G Wisdets CtsdzlsOC IsC

b dzOdzdL LOyYyjfdzjded?2 oMfmjrn toc@hfftfdptclstdsjdasdd Hdz" § (
LeBYyOlkra fjtjHOYy fB8C0L0O0d, vyt fted dz¢ B f Jt
nOttOCIsjw CRBHOGgsd BEZHJjIs dzddgj 2z d3. o 1Be j dzd yJj dz
sdHdsets L B yOlstsets Ctsdzi MO f dzsh OH! W isdzO € s5d
HJOR] BEOWCOMBIO]Is [ 4

19sfOY[1RI

1.t OL OB BlsOdr d MSsdhbsttkzdtess Oder fOsd deydf d
Isr j 4t yd,i dzddzj2dzr 2 ROLOCIsjte ¢ OOdedw Ltk
stsydetsd3s tslsdztsh j dzd d .

2.1 O2Hj 2O L OadMmd dstsls BiHE fdshPH 8 (Wi
Meddkd § OtcOdj IstcOdRd L kB! jo L EByOlr a Cusdzj fy, or
ok LEBYyOoObkzy fjtojHOYk.

3.1 tcso j HJ dz ff cadder 22 AWCCYlside d d3j dzls H dzvils -5y j dz§ d
tduyud MSdm § OtcOd3j Stetse dzO o j dzd yddzz f§ W IsdzO € tsdzls C

4. {ftejHjdzjdes odzdwdedd uyudmdzO L kB! jo acdijtes
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Original article
NO formation analysis ina dual fuel two stroke engine

Larisa Yu. Volkova?!, Kirill S.Dorosh?

L 2Kaliningrad State Technical University, Kaliningrdrljssia
Yolkova0969@mail.ru

%irill.dorosh@klgtu.ru

Abstract. This article shows basic features of the gas supply system i two
stroke duafuel engines with a higpressure gas injection system from MAN B&W.
The main methods of using gas as the main fuel for LNG tankers have been considered.
Distribution of boitoff gas to ship consumers through the use of -pigtssure mulki
stage reciprocating compressors is described. The main differences betweencgas inje
tion engine systems and conventional electronic engines of th€ BHfies are indita
ed. The article presents the analysis of the mechanisms of nitrogen oxides formation; a
calculation method is presented using an integral equation. An extended thermal model
for the formation of nitrogen oxides (the Zeldovich mechnism) has been considered,
formulas for calculating the reaction rate constants for the Zeldovich mechanism have
been developed. According to the equation, when refining the ratio of the nitrogen oxide
concentration to its equilibrium value and the reaction rates, an integralceghas
been obtained for calculating the amount of nitrogen oxides. The paper shows the r
sults of the multzone calculation of nitrogen oxides at various loads of the MAN 6S70
ME-GI engine (25%, 50%, 75%, 100%) in ddia¢l and singlduel modes. It istsown
that the largest emissions are produced at the moment of pilot fuel ignition.

Keywords:duatfuel engine, nitrogen oxides, twairoke engine, LNG tanker

For citation: Volkova L. Yu., Dorosh K. S. NO formation analysis in a dual fuel
two stroke engindzvestiyaKGTU = KSTUNews 2022;(66)153 162 (in Russ).

IlprruRre
[HdE2 dL d&Odetsdh CEGpktR? MEOaddso] shv i

tcOMmdz: fiyjocdyvHjdevinw Mt dzt Hj dzdJ oMy BBAdzZj'i- Mistetse d
BictsmOid, toj Odzd L 2§ d3'j & H sEOEEARE ) SO dzd L Oy d W
(FH(ketse jdz2 3 ujtejuyHed@eppdas) 6tsdgejdzydd
otcOh jded®¥ L OcG towd dijlst@dzH Gjcldijz HesBO O T 4 ¢ @4 dzlsmis e O
Ehj2 Mejhr wz0

ANAOS dud MEd, 1 dd detssicdedjdzdoydel®j Is tshdatse dz" |
olHER O, MHjtey O djiMmw o or cdzsfdzgr = GOLOR MmkH
sCMmMdHr MmMjter (SOx), O OS] LOYftjh OPk {ftoj H
shdn ojhjMmlse o LisdzOn Codzstcsdzv o " Btotsmise ECA.

l 2019 [dsHisjHMmMlsOoddzO f Jjtcj Mdislstej dedetsy 1 tod ¢
oC Blsstesdz tcOLI whdaw jIsfqw, Ykt cdztsB Odz dif -2 ftoj HJ
Isj dz! dets Mmdadts j%z ) B, 6dzo Ot 2020 GEBHO,J-9¢Cdz yow
dzdj or Btosftse NOX LO Mydl Btsdzj | Mbirjieg-tets  to]
zijflzHse o fMlsWideEg®&RZz A4 §sMdzy 1 WwWdzo Otew 2016 G
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Isr 9 Ov MtejHEZ GcOLBotSLHEMNMS?2 M3 Md. wCtttsflis!
sls M ttotsfij lozf el dztmies s Issf dzd 9 © (s s Isfy D ddzOMe. dzts

]l tBttOL B Odzdd SWhHoy &z Bicfls @3] IstsHD- Is j tc d3c
dzdL &3 1 Jd&z HBOdYO), © dOYOdzy L d tj &E-ydd ( d3d
ssmtsH j oy Oh dr MMisQoadzwes h df st PF®©ts | BPR j to diak
MetstOdd™w dMmf sdz’dy g jjley sl dA@ded 5 Ctsbisctsdiz ¢
Elsfqw o or MsCdrn Isj B jtcOlskzteOr tslistc @F.ts IsOdizdz’ G
HylsOdz desets teOMMdstsiste] dzedvw f toj HMIsOo d d3 BIste d d3
tc@lo Odzd j ds o5 W dsHs O :

m

m
m
]

O+N,=NO + N, (1)
N+O,= NO + O, (2)
N+OH= NO+ H. 3)

#CstetsMmis!  dL d3j dzj dzpL O dgy p @I tsDYJ Ay Hiz® M d o3
ded § o3 ( BE / 3
— 00 QO U QOO0 QOO QU0
QO 00 Q U0, 4)
cHkdkei S sdzllsOdalsT MCstesmisd t©j OC yd di-Hdv dj -
hdtoj degdesets adHO, ftojHMISOs dzj dadz" j dad y J :

ke = 1.8C10" exp (38370 /) (5)
ky = 3.8C10" exp 425/ T) (6)
ko= 1.8C10'"°T exp ¢4680/ T) 7)
kor = 3.8C10° T exp ¢20820/ T) (8)
ks = 7.1C10" exp €450/ T) (9)
kar = 1.7C10" exp (-24560 /T). (10)

s 5 dzfyls O dasy O¥els gl d3tslligh d3d daHGiLSAEP Y Oj Is, Ests M st
tcOlsdets?2 tj OCydd  tsiifls s ed@dz@ ,dz0ls p B JotO@ ZnO@ s j dz’ ¢

[ dzv  §tod dsd dzj ded v  Ertasthedddgtsdzcli e j (H4M)Is OCdgjj@iiss 2 Is sy dz
MdMlsj BO dwOSsHdlMY o ©Os dtse j BPNg P &j©OdzaRQ teHsMcO |
ydw OLBlO dqLdijdvjlsmw CoOLdMsOYydsdOted &3 1 totsn
ysts s sjkfjtOlkztcj, HOodzjdd®  Si¥dydy dzls
s O+ ¢ tsdzyNedils @O0 GH, H. | sstetsj klstsydzj dedig- f sC OL T
tsfls! ©OBEOH B0 dZ0 dkkd® . v OSB3 BBtOL a3, I dzt

e E/ . E ./ . E . / E ./ [/
E./( B ./ ( T8 (11)
ustf sMisOode HO O klstsydzj dedv, dzO2Hj &5

s (12)
7 h
GHal Blsdgsh jdzgdj SCBdzyj dzlstcOydd sSMHdHP- OL S5O
dzede, ftod Ctltetsds dzgj f tedsdf{fn sHdls L OB Isdzr = (L d
a=[NO]/[NQ]e, (13)
O lsO&EEL23) i M stesmisd tj OSydd, YjtjL Sclser j
5 tOodetso jMdd MmdMmisj di3" :

Ri = ki[OJe [N2]e, (14)
Re = kar[NOJe [O]e, (15)
Rs = kar[NOJe [H]e (16)
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Modernization of universal assembly and welding fittings for
making ship hull sections
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Abstract. The paper shows the urgency of creating a new methodologjgal su
port for solving one of the urgent problems of optimizing the hull 8&iracat the stages
of its design and creation, which provides for finding a vector of optimized variables at
which the efficiency criterion reacehes an
quirements for the structures of ships are fulfilled, spetifig the correspondinge+
strictions' , and determining the requirements of the technical specifications for the
structures being created and their manufacturing technology. To solve the problem of
optimizing the structure, a 3Model of the structure and3D-model of assembly and
welding equipment have been created. Taking into account the requirements of the
technology to improve the accuracy of manufacturing the hull structures of ships and
improve the quality of welded structures, as well as the regeinés to reduce the
stressstrain state in the created structures, the article makes proposals for theisnodern
zation of the universal raekount assembly and welding equipment and analyzes the
stresses and strains arising in the structures, which hasinp$sible to assess feas
bility of such modernization in order to increase accuracy and manufacturability of
making hull structures and reduce their stresain state. Sketch and design models of
this equipment have been built. Conclusions have beele t@sed on the calculations
results.

Keywords:shipbuilding, vessel design, assembly and welding equipmertt; mat
ematical model, vessel characteristics;r8Ddel, 3Dmodeling
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Fig. 1. Coke on a threaded shaft with a servo drivecbrrection head of coke;i2
threaded shaft of the coke head; @ovable coke; 4 mainthreaded shatft;
571 servo drive
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Fig. 2. Sketch of a patterned surface based on cokes on servo drives
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Fig. 3. 3D-model of equipment based on cokes on servo drives (general view)

t dMm.D-dAtsH j3dz2 bkdzdoe j tMOdz! dzes?2 Mmistsy ydzs?2 tsmdzOMml
dz® J tco S to(d B & BOER
Fig. 4. 3D-model of universal rack equipment based on cokes on servo drives
(sideview)
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ftcdotsHOR (ftedBdzdy jdzder 2 odH dzO S B¢
Fig. 5. 3Dmodel of universal rack fittings based on cokes on servo drives (close
view of cokes)
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Fig. 6. 3Dmodel of servo cokbased universal rack rigging in Autodesk
Inventor software (gendraiew with load shown)
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