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THE DEFINITION OF EFFECTIVE DOSE OF “SUMAKH FRUIT
EXTRACT” IN THE PROCESS OF SPONTANEOUS MUTAGENESIS

Abstract. During studying the genome-protecting properties of sumakh fruit extract in the pro-
cess of spontaneous mutagenesis in experiments on wild-type E. coli K-12 and onion seeds, when
comparing relative indicators of antimutagenic efhiciency, it was found that the dose of the extract
equal to 0.01 mcg/ml in the case of bacteria in the highest rating (AEF =0,64), and in the case of
onion seeds (AEF=0.52) reduces spontaneous mutagenesis.

Keywords: spontaneous mutagenesis, antimutagens, sumakh fruit extract.
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Section 1. Biology

Tacoimos Savdap Kouapu ozny,

npogeccop kadedpo:

Tucmonozuu, yumoirozuu u IMbpuor02UL,
A3epbaiidncanckuii meOuyuHcKuil yHusepcumem

OMPEAEJIEHUE 3D DEKTUBHON AO03bl “OKCTPAKTA U3
nnoaoB CYMAXA” NP CMOHTAHHOM MYTATEHE3E

AHHOTaIII/ISI. HPI/I H3Y4YCHUH 3alUINAI0MEr0o reHOM CBOMCTBa 9KCTPaKTa M3 ITAOAOB CyMaXxa IIpH

Ipoljecce CIIOHTAHHOTO MyTareHe3a B onbiTax Ha E.coli K-12 AMKOro THIIa M ceMeHaX permyaToro AyKa,

IIpu CpaBHEHNH OTHOCHUTEADBHDBIX moKa3aTeAer HpOTHBOMyTaFeHHOﬁ QCI)CI)QKTI/IBHOCTI/I BBLICHHUAOCD,

4TO A03a 3KCcTpakTa paHast 0,01 MKI/MA B cAydae GakTepHil B camoii Bhicokoit onenke (OII1=0,64),

¥ B cAy4ae ceMstH permdatoro ayka (@II1=0,52) noHmKaeT CIOHTAHHbII MyTareHes.

KaroueBbie CAOBa: CIIOHTAHHbIN MyTareHes, IpOTHBOMYTAr€Hbl, 9KCTPAaKT M3 IIAOAOB CyMaxa.

C Havyaaa XXI Beka HabAIOAQEeTCS 3HAUUTEABHOE
yBeAndeHue 3a00AeBaHUI FeHeTHYEeCKOTO XapaKTepa,
OHKOAOTHUYECKHX, CePACYHO-COCYAHCTBIX, a TAKKe 3a-
6oAeBaHMIT HEPBHOI CHCTEMBI. Y4eHbIe CBS3BIBAIOT
3TO C YBeAI/I‘IeHI/IeM MYTaI'eHHbIX nu KaHHepOI‘eHHbIX
BeIjeCTB B OKPY’KAIOLIEH Cpee, a TAK XKe C BBIOpOcoM
uxBHee [ 1, 112]. Tak ke OAHUM 13 OCHOBHBIX $aKTO-
POB, BAUSIIOIUX Ha IOSIBACHUE AQHHBIX 3400AeBaHHUIT
siBasteTcst papraryss. C pocTOM pa3BUTHS TEXHOAO-
TUH, TaK )K€ YBEAMYUBAETCS X HETAaTHUBHOE BAMSIHUE
HA COCTOSIHUE 3A0POBbsSI AIOAeH. ATOMHBIE 9AEKTPO-
CTaHIJUH, HCIIOAb3YeMO€ Ha 3aBOAAX P OM3BOASIIIUX
OeH3UH 1 AM3eABHOE TOIIAUBO 000PyAOBaHMe B 3Ha-
YUTEABHOM CTEIIeHHU 3ar PA3HSAIOT OKPY’KAIOIIYIO Cpe-
Ay. B Hacrosimee Bpems Bce 6oabine cTpan EBporst
HPEATOYUTAIOT OTKA3bIBATHCS OT HCIIOAb3OBAHMS
ABTOMOOHAEN C AU3€ABHBIM TOIIAUBOM.

OAHOM M3 OCHOBHBIX npo6AeM COBpEMEHHOM
OMOAOTHUN ¥ MEAULIMHBI SBASIETCS IIOBBILIEHUE BbI-
HOCAMBOCTU OPTaHU3MA K YXYALIEHHBIM 9KOAOIH-
YeCKUM YCAOBUAM cpeabl [2, 104]. Aas pemenus
AQHHO¥ ITPOOAEMbI HapSIAY € 3AKOHOAATEABHBIMU Me-
PaMH, BOXKHBIM SIBASIETCSI [IOMCK KOPPEKTOPOB MyTa-
IIOHHBIX IPOIIeCCOB UCKYCCTBEHHOTO M HATYpPaAb-
HOTO IPOHCXOXAEHUS, CIIOCOOHBIX IIPOTUBOCTOSIT
MyTareHHBIM U KaHIIepOTeHHbIM BellleCTBaM, 3arpsi3-
HSIOIIUM OKpyKaromyo cpeay [ 3,450]. Haannas co

BTOPO1 IOAOBUHBI [IPOLIAOTO BeKa B AAHHOM HAIIPaB-
A€HUH BEAYTCsI IOMCKH. BbIAM BBISIBAEHBI MHOTOYHC-
A€HHbIe IIPeIapaThl UCKYCCTBEHHOTO U IIPUPOAHOTO
IIPOUCXOXKAEHMSI, UCIIOAb3yeMble IIPOTUB MyTareH-
HBIX U KaHI|ePOTeHHbIX BemecTs (MpOTUBOMyTare-
uel) [4,220-221].

ITpoBeaeHHBIE HAMU MCCAGAOBAHISI IIPEAIIOAA-
TaloT M3yYeHre 3aLUIAOIIe TeHOM CBOMCTBA 9KC-
TpaKTa U3 IAOAOB cymaxa [ S, 297].

B mccAeAOBaHMSIX MCIIOAB30BAACS “OKCTPAKT U3
maoaoB cymaxa’ (OIIC) B mMpPOKOro AMamasoHa
AO3e, AAST OTIpeAeAeH s 9 GEKTHBHOIM AO3BI €T0, KaK
MOAU(HUKATOPA CIIOHTAHHOTO MyTareHesa.

MccaepoBanus 6b1au mposepenst Ha E.coli K-12
AMKOTO THMA (C HOPMAABHBIM T€HOTHIIOM), 2 TaK JKe
Ha CeMeHaX PeIdaToro AyKa, OKOAO ABYX A€T XPaHHB-
LIIMXCSI B YCAOBHSIX MCKAIOYQIOIIUX BO3AEHCTBHE Ka-
KUX-AH00 GaKTOpOB.

AASL OIIBITOB, IPOBEAECHHBIX HA MUKPOOPTaHH3-
Max kaeTku E.coli momemaancey B cpepy ¢ MAOTHO-
crbio 2-5%10706/ma ipu 37° C (c poo6aBaeHMEM
cpeast M-9, MgSO ,, ratoxossl, CaCl, u HeobxopnMbIx
AMMHOKHCAOT). \aAee, MOCA€ BBIPAIMBAHMS, K UH-
KyOHpyeMOil cpeae AOOABASIAM 9KCTPAKT U3 [IAOAOB
cymaxa B po3e ot 0,01mxr/ma A0 100 Mxr/MA ¥ 110-
MeIlaAY B BUOPATOP C adparjyeil Py TeMIlepaType
37° Cna 30 munyT. Ha mocaeayromem aTamne KAeTKU
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uentpudyruposasu (10 mun.; S000 06/mun), pe-
cycnenaupoBaan Ha pocdarnom 6ydepe (ph 7,0).
ITocae, AAS TOACUETA JKU3HECTIOCOOHDIX KAETOK OCY-
I[eCTBASIAU TIOCEB Ha MSICO — IIEITOHHOM arape, AAS
MIOACYETA K€ BAAMHYYCTBUTEABHON MYTAI[UU OCY-
I[eCTBASIAU ITOCEB HAa MMHUMAABHOM arape.

B ombITax, MpOBEAEHHBIX HA PACTUTEABHBIX 00'b-
eKTaX CyxHe CeMeHa peITdaToro AyKa, epBble 3 Jaca
MHKy06aIuu GbIAM BHIMOYEHBI B PaCTBOpPE 9KCTPAKT
U3 IIAOAOB CyMaxa B BBIIIEYKa3aHHOM AHAITa30He AO3bI
(OT 0,001 mMxr/ma a0 100 Mxr/ MA), AaAee AO MOMEHTA
duxcarmu (A0 65-ro Yaca POCTKOB) MHKYOUPOBAAUCH
B TepMmocTaTe mpu Temmeparype 25+1,00° C. boia
IPOBeAEH aHAAU3 YACTOTBI XPOMOCOMHO¥ abeppariu
KAETOK aITMKaAbHOM MEPHUCTEeMbI POCTKOB CEMSH.

IIpu ompepeseHMH AO3BI IPOTHUBOMYTAareHHOM
aKTMBHOCTH 9KCTPAKTa U3 TAOAOB CyMaxXa ITPH CIIOH-
TAaHHOM MYyTareHe3e, Pe3yAbTaThl OIIBITOB IIPOBEACH-
HBIX Ha KAeTKaX GaKTepHil II0KA3aAH, YTO IKCTPAKT
U3 MMAOAOB cyMaxa B puamnasoHe Ao3bl oT 0,001 u A0
100 MKT/MA He OKa3bIBaeT BAUSHHUE HA ITOKA3aTEAR
sxusHecriocobHocTH E.coli K-12 puxoro tuma. Heko-
TOpble OTKAOHEHHS B IIPOIlecce KOHTPOAS He BAUSIOT
Ha IOKa3aTeAU TOYHOCTH U MOTPeIIHOCTH aHAAM3A
U HaXOASITCSL B AOITYCTUMBIX mpepesax. Coorser-
CTBEHHO, AQHHbI€ Pe3yAbTAThI IIO3BOASIIOT ITPEATIO-
AOXHUTB, YTO IIPY AOOABACHUH K KyABTUBUPOBAHHbBIM
GaKTepHsIM HCCAEAYEMOTO HAMHU 9KCTPAKTA, OyAeT Ha-
OAIOAATHCST MOAUHUKALINS CIIOHTAHHOTO My TareHesa.

B panHO# paboTe HamMu 6bIAA IIPOAEMOHCTPUPO-
BaHa HanboAee 3 PeKTHBHAS A03a IKCTPAKTA, pac-
CMOTpeHHasl B yCAOBUSX ombITa. IloAyyeHHass Hamu
MHPOPMAIIHs YeTKO IIOKA3bIBAeT, YTO IKCTPAKT U3
IIAOAOB CyMaxa B IIMPOKOro Auamna3oHa aoo3e ot 0,001
A0 10 MKr/MA yMeHbIIaeT CIIOHTAHHbI MyTareHe3
B KaeTkax E.coli. Opnako BbisBAeHHasT 9ddeKTHB-
HOCTh HEOAHO3HAYHA ¥ [IOAHOCTHIO 3aBUCHUT OT MHTEH-
CHBHOCTH A03bL. EcAM cpaBHUTD IOKa3aTeA IIPOTUBO-
MyTareHHOM 3pPeKTUBHOCTH, A03a IKCTPAKTA paBHAsI
0,01MKr/MA siBAsIeTCSt HanO0Aee 9P PEKTHBHOIM AO30MT
OIITHMAABHO ITOHIDKAIOIIel CIOHTAHHBIN MyTareHes.
MHble AO3bI 9KCTpaKTa CyMaxa -A03a 0,001 MKr/MA

(®3I1 =0,61); ao3a 0,1 po3a (PIII =0,51); ao3a
1,0 mxr/ma (BII1 =0,12), a Tak xe po3a 10 Mxr/ma
(®3I1 =0,10) MOHMKAIOT CIIOHTAHHBIH MyTareHe3
B CPaBHUTEABHO MeHbIIIel CTeTIeHH.

3aBUCHUMOCTD IPOTUBOMYTAareHHOM 3P PeKTHB-
HOCTHU 9KCTPAKTA U3 IIAOAOB CYMaxa OT AO3bI OBIAO
IIPOAEMOHCTPHPOBAHO Ha CeMEeHAX PeIyaToro AyKa,
XpaHMBIIErocs B TedeHue 2 X AeT. B caydae poaHHOTO
00beKTa, TAK Ke KaK 1 B CAy4ae ¢ bakTepusMu, Opaa
AOKa3aHa CII0COOHOCTD IKCTPAKTA IOHIDKATD CIIOH-
TaHHBIN MyTareHe3 npu aAuano3one Ao3pl ot 0,001
u A0 0,1, a B caygae HM3KOM 3P PEKTUBHOCTU MPH
poze 1,0 u 10 Mxr/Ma.

Taxum 06pasoM, B cepHHU ITPOBEACHHDIX OIBITOB
OBIAO AOKA3aHO, YTO IKCTPAKT U3 IIAOAOB CyMaxa
B IIUPOKOM AHanaszoHe pAo3b1 0,001-10 MKT/MA He
06AaAQeT TeHOTOKCHYHOCTBIO U 3PPEKTUBHO II0-
HIDKAeT CIIOHTAHHBIN MyTareHe3. Tak, aKCTPaKT U3
ITAOAOB CyMaxa B 3aBUCHUMOCTH OT UHT€HCHBHOCTHU
AO3bI MOAUQUITUPYET CIIOHTAaHHBIN MyTareHe3 ce-
MSH PeIT4aToro AyKa B CPaBHEHUH C KOHTPOAbHBIM
BapHAHTOM (KOAMYECTBO U3YIEHHBIX KACTOK 853;
XPOMOCOMHasI abepparys n = 7, TOTAQ KaK 4acToTa
XpOMOCOMHbIX abeppanuit M = m = 8,32 + 0,94),
A03a ke aKcTpakTa paBHas 0,01 Mkr/Ma (KoAMYeCTBO
H3y4eHHBIX KAeTOK 869; XpoMOcOMHasl abepparius
n = 35, yacToTa XpOMOCOMHBIX a6eppaunﬁ M+m-=
=4,03+0,67;td = 3,70; P = < 0,001) poeMoHCTpUpY-
eT MaKkcuMaAbHyto adpdekrusrocTs (OIIT = 0,52).

IToxasaTeAr akTUBHOCTHU APYTHX AO3 CAEAYIOIIHE:

Ao3a 0,001 Mxr/mMa (KOAMYECTBO M3y4YEeHHbIX KA€e-
ToK 881; XpoMOCcOoMHas a6eppau1/151 n = 38; yacroTa
XpOMOCOMHbIX abeppanuit M+ m =4,31+0,68; td =
=3,43; P=<0,001) (O3I1=10,48);

Ao3za 0,1 mMxr/ma (KoaudecTBo M3y4eHHBIX KAe-
TOK 883; xpoMocoMHast abepparus n =42; yacToTa
XpOMOCOMHbIX abeppanuit M+ m =4,76+0,72; td =
=3,02; P=<0,01) (PII1=0,43);

Aosa 1,0 mkl/ml (koAruecTBO H3yYeHHBIX KAe-
ToK 817; XxpoMOCcOoMHas a6eppaunﬂ n = 45; vacrora
XpoMOCOMHbIX abeppanuit M+ m = 5,51+ 0,80; td =
=2,27; P=<0,05) (OII1=0,34);
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Aosa 10 mkl/ml (koAndecTBo U3yYeHHBIX KAe-
TOK 834; XpOoMOCOMHas a6eppau1/m n = 48; yacroTa
XpOMOCOMHbIX abeppanuit M+ m=5,76+0,81; td =
=2,06; P=<0,05) (POI1=0,31);

®OIT - cremeHp aKTUBHOCTH MOAUQUKATOPA
MyTareHHOro mporiecca, N- Bce U3ydeHHbIE KACTKH,
1N-KOANYECTBO XPOMOCOMHBIX abepparuii, M- gacTo-
Ta XpPOMOCOMHO¥ abepparuy, m — omubka, td — mo-
rpemHocTs, P — ypoBeHb 3HAYMMOCTHL

Cnioco6 BbIMCAEHUS:

* — —
M:n*100%)M: /M (100 M)}td: M,-M,
N N Jm +m

M —ugacroTa MyTanum; M2 —4aCTOTa My TaIlMH OTIbIT-
HOTO BapuaHTa; M| — 4acToTa MyTalui KOHTPOAD-
HOTO BapHAHTA; M12 — omubKa BApHAHTa KOHTPOAS;

M_? - ommbka BapuanTa ombiTa; GPIIT - . o2
1

— ®axTop 3P PeKTUBHOCTH MPOTHUBOMYTAreHa, i —
MepBUYHbIA (IMPEABIAYIIHIL), ¢ — TOCACAYIOLIHIT
(ompepeAsieTcst Ipu MOMOIH A€AEHHS Pa3HOCTH
HepBUYHOTO U MOAUQUITMPOBAHHOTO YPOBHEMH My-
TaIUU Ha TIePBUYHbII [OKA3aTeAD ).
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INVESTIGATION OF THE INFLUENCE OF THE DELIVERY SPEED
OF CARDING ON THE QUALITY PROPERTIES OF YARN

Abstract. The carding process has a great influence on the quality of the sliver and also on the
results of the quality properties of the yarn. Changes in the parameters of the carding process directly
affect the quality and productivity of the yarn for further processing during the formation of the fabric.
This study is conducted to substantiate the quality of yarn by changing the card delivery speed. The
effect of changes in the quality characteristics of yarn produced at different the card delivery speed is
analyzed by testing on laboratory equipment of the Uster® system. The main objective of this study is
to determine the card delivery speed for yarn with a low linear density (tex) using cotton fiber with
good quality. A Zinser®72 ring spinning machine is used to obtain Ne 40/1 yarn (14.5 tex). The yarn
produced by spinning from a card sliver assembled with a different the card delivery speed shows the
variable properties of the yarn with a change in the card delivery speed.

Keywords: carding, release rate, yarn, carding tape, unevenness, strength, elongation, defects,
hairiness, spinning.
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Iapnues Xabubysia,
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NCCJIEAOBAHUE BJINAHUA CKOPOCTHU BbIlNMYCKA
YECAHUSA HA KAYHECTBEHHBIE CBOMCTBA NPSIXU

Annoranus. ITporecc yecaHus okaspiBaeT OOABIIOE BAMSHIE HA KAaUeCTBO AGHTHI U TaK XKe Ha
Ppe3yAbTaThl Ka4eCTBEHHBIX CBOMCTB NpsDKH. IlepemMeHa B mapameTpax mpoljecca YecaHusl, Hero-
CPEACTBEHHO BAUSIOT Ha KaueCTBO U IIPOU3BOAUTEABHOCTD IIPSDKHU AASI AAABHeIIIe N 00paboTKU IpH
GopMUpOBaHUH TKAHH. DTO UCCACAOBAHUE IIPOBOAUTCS AASL 0OOCHOBAHMSI KaueCTBa IIPSDKU ITyTeM
M3MEeHEHUs CKOPOCTH BBITyCKa YecaHHs. DPPeKT u3MeHeHUH KaueCTBEHHBIX XapaKTePUCTHK IPSDKH
IIPOU3BEAEHHBIX C PAa3AMYHOM CKOPOCTBIO BBITYCKA Y€CaHMsl, aHAAUBUPYETCs ITyTeM UCIIbITaHMI Ha
AabopaTopHbIx 000pypoBaHmsx cucTeMsl Uster®.OCHOBHASI LjeAb 9TOTO HCCAEAOBAHISI COCTOUT B TOM,
YTO6BI OMPEAEANTH CKOPOCTB BBIITYCKA 9€CAHMS AAS IPSDKH C HU3KOM AMHENHOI TAOTHOCTBIO (TeKc)
C CTIIOAB30BaHUEM CPEAHEBOAOKHHCTOTO XAOTIKOBOTO BOAOKHA C XOPOIIMM KadyeCTBOM. AASI IIOAyYe-
uus npsoku Homepa Ne 40/ 1 (14,Stekc) ucnoAb3yeTcs KoAblienpsiAMAbHas MamuHa Zinser®72. [Tpsxa
IIPOU3BOAMMASI METOAOM IIPSIA€HUS M3 AEHTbI, COOPAHHOM C Pa3HON CKOPOCTBIO BBIITYCKA YeCAHUS,

ITOKa3bIBAE€T IIEPEMEHHDIE CBOMCTBA ITPsDKU C UBMEHEHHEM CKOPOCTH BBIITYCKa.

KAroueBbie cAoBa: JeCaHMe, CKOPOCTbD BbIITYCKa, IIPsDKA, Y4€CAAbHASA A€HTA, HEPOBHOTA, IIPOYHOCTD,

YAAHMHEHHE, Ae(l)eKTbI, BOPCHCTOCTD, IIPSIACHHUE.

1. BBepenue

«Yr0 mpoYemIems TO U BBIIPSIAEIIb> — ITO U3BECT-
Has [IOTOBOPKA, IMUPOKO HUCIIOAB3YeMAst CPEAV TEXHO-
AOTOB npsipeHus Bo Beem mupe | 1]. TTponecc npsiaerust
cunTaeTcs PyHAAMEHTOM BCell TeKCTHABHOM IIPOMBIIII-
AEHHOCTH a IIPOLIECC YECAHFIS CEPALIEM IIPSAABHOTO
IPOM3BOACTBa [2]. AT060i1 BpaArOMIMICs MEXaHU3M
VA ACTAAM YECAABHOM MAIIMHbI BAUSIOT Ha KaueCTBO
IIOAYYaeMOTO IIPOAYKTA; AeHTBI, Ipspku. [Tapamerpsr
CKOPOCTHBIX PEXXUMOB 4€CAABHOM MAIIMHbI H3MEHs-
€T II0BeAeHNEe BOAOKHA B IIOCAEAYIOIIHX IIPOLIECCAX;
BBITSTHBAHUI, IPEATIPSIACHUN U TaK JKe B IIPSIACHHU.
C 1965 ropa mpou3BOAUTEABHOCTD YeCAHHS YBEAUYH-
Aach ipumepHO ¢ S kr/4 Ao 180 xr/4 [3]. Cxopocr-
HbIe PEKVMBI Y€CAABHbIX MAIIIH HOBOTO IIOKOAEHHIS
yBEAMYHAUCH B Tpoe. CKOpocTh IpuéMHOro 6apabdana
ot 700 Mus™" A0 2700 MuH " CKOPOCTB TAQBHOTO Hapa-
6axa ot 350 MuH ' A0 900 MUH "' B CKOPOCTD ABIDKE-
Hus masok ot 100 mm/muH A0 400 MM/ muH. Tak xe

C yBeAHYEeHHeM paboyer! IMUPUHBI YeCAABHOIN MAIIIMHbI
(Rieter®C70) or 1,0 M A0 1,5 M [4] AQéT BO3MOMKHOCTB
YBEAUYUTb MMAOTHOCTb BBIPAOATHIBAEMOI AEHTHI OT
3 xrekc A0 7 krekc. C yBeAndeHHeM CKOPOCTH YeCaHuUsI
U pabouyedt MUPHHbI YeCAABHOM MAIIMHBI ObIAA AOCTHI-
HyTa U IPOU3BOAUTEABHOCTD. C yBeAUdeHHeM IIPOu3-
BOAUTEABHOCTH Y€CAABHBIX MAIIMH TAK XK€ HaOAIOAQeT-
Cs1 U3MEHEHUS B CTPYKTYPe FOTOBOM IIPOAYKIJHHL.

CeroAHsI AASL AOCTIDKEHHSI HAWAY4IIEro IIpo-
H3BOACTBA U KaueCTBAa IIOCTABASIEMOTO MaTepHaAa
HEOOXOAMMO ONTUMHU3HPOBATh CKOPOCTHbIE IIapa-
MeTpPbI YeCAABHON MAIIHHBI, TaKHe KaK CKOPOCTb
IpHEMHOro 6apabaHa, CKOPOCTb FAABHOTO bapabaHa,
CKOPOCTb IIASIIIOK M CKOPOCTS BhIIycKa. k3MeHeHue
Ka4eCTBEHHbIX [IAPAMETPOB YeCAABHON AEHTHI IIPUBO-
AHT K COOSIM B IIOCAEAYIOLIUX IIPOLjeCCax MPSASHUSL
OnruMusanust 0O3HaYaeT OpeAeAeHIe HOPMAaTUBOB
AASL MaTepHaAa, IIPOU3BOAUMOTO C OIIPEAEACHHBIM
KOAMYECTBOM H CKOPOCTBHIO.
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CxopocTb IpUEMHOTO 6apabaHa BAUSET Ha YAQ-
AeHHUe COPHBIX TIPUMecel, a TaKkXkKe MOXeT MPHBe-
CTU K TIOBPEXAEHHIO BOAOKHR; 4aCTOTA Bpal]eHHUs
rAaBHOTO 6apabaHa BAMSIET HA MHAMBUAYAAU3ALUIO
BOAOKOH; CKOPOCTD IIAATIOK OTBEYAET 33 OYUCTKY
¥ yAQA€HHe KOPOTKHX BOAOKOH U HE BAUSIET Ha PaB-
HOMEPHOCTb IPOAYKTa [S].

AASL KaueCTBEHHOTO AHCTBUS YeCAaHHUS 4aCTOTA
BpalleHHs FAaBHOTO 6apabaHa peKOMEeHAYEeTCS B Ipe-
Aenax 540 munr' [6].

DKCIIEPUMEHT IPOBOAUACS C 9€THIPHMSI PA3AUTHbI-
MM CKOPOCTSIMH BBIITYCKa IPOM3BOACTBA Ha 4€CAABHBIX

mammaax ¢upmsl Trutzschler [7] mopean TC-15, Ha-
ynHas ot 70 Ao 80 xr/4ac. OAMHAKOBAsI CMeCh XAOTIKA
BoAOKHa 1-2 copra IV trma kaacca xopommii [ 8] mepe-
PabaTbIBAACS OT TPEMAABHOTO OTAEAA AO IPSIACHHUSL.

I1. MeTOA 1 MaTepHaAABI

OToOpaHbl 06pasibl BOAOKHA, II0 MEPEX0OAAM
mpoliecca MpsSAeHUs C TeKyYUMU MaTepHaAaMU Me-
TOAOM CAy4aitHO BbIOOpKIL. O6pasiibl TOABEPTaAKCh
HCIIBITAHMSIM Ha AabopaTopHOM obopysoBaruu AFIS
[9]. Viccaeayempie cBoricTBa 06pasiia XAOIIKa BOAOK-
Ha II0 IIepeXoAaM IIPHBeAeHSI B Tabaure 1.

Tabnuua 1.-NMNapameTpbl Ka4ecTBa XJIONKOBOIrO BOJIOKHA
B Npouecce no nepexogam (AaHHble no cucteme AFIS)

IC: o
= e ¢ i
5 . g g 5 — 2
~, - g C =] » )
o Sg £22|w33 #Z|83/2 |8 g |E
= = R O ud|l38 v 0| S & s B8 | g 8 é Q
3 3 RE | a8zl =g | 2 ¢ |2 2 a | =
9 < &2 a9 AE RE | el 2| pPE| =S¢
) 7 o o Z | s E| BB = E S5 ¢ F =9 ex
= Q < | o N = o) g E | & ¥
3 R IR Sl 58| ="25| o E| B 2 S
25 |EE32EI16G5F 28| 28|23 EE 8L Q¢
= B HF o NEZL aZLou|l v » 4 hR|IEF| =& B R
1 2 3 4 S 6 7 8 9 10
5% 103 97 4,7 2.8 13,2 33/34| 177 0,96 3,7
Uster Statis-
JSEESTAUST h506| 160 | 151 | 8,7 4,3 16,4 [33/34| 170 | 0,92 | 4,7
tics-2018
50%| 237 224 13 5,7 19,7 33/34| 162 0,89 5,8
BDT 019/2300 237 218 19 6,4 19,3 33,2 172 0,9 5,7
CL-P
IpeABapUTEAbHbIH | 249 231 19 6,3 19,3 33,3 167 0,9 5,4
OYKCTUTEAD
CLEANOMAT
CL-U 5 289 | 261 28 6,8 204 | 335 | 169 | 092 | 49
YHHBEpPCaAbHbII
OYUCTUTEAD
CARDSHUT-
FEED niurarean 344 325 19 6,5 20 33 165 1 6
OyHKep AO YeCaHUsI
CARDING,
TC-1S5 aenTa 57 54 3 7 19 34 172 1 S
C 4YecaHHs
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1 2 3 4 N 6 7 8 ? 10
CLEANING
o)
EFFICIENTY,% 83 83 84 _ _ _ - - 83
3¢ PeKTUBHOCTD
OYHCTKH
TD- 1-i
D-9 aenTac 1-11 4 38 4 6,6 18,2 34,6 180 0,94 4,8
IIEPEXOA,. ACHT.
TD-8 2-11
AeHTA CODH | 64 6 6,7 18,4 34,6 181 0,95 4,5
IIEPEXOA. ACHT.

Ha (Tabamrie 1), mokasaHbl M3MEHEHHs Kade-
CTBEHHBIX [I0Ka3aTeAeil BOAOKOH, KOTOPbIE ObIAY HC-
[IOAB30BAHBI AASL AAHHOT'O HCCAeAOBaHMs. 13 TabAu-
I1bI BUAHO, 9TO B IIPOLIeCCe Pa3PhIXAEHHS U OYUCTKH
B BOAOKHAX YBEAUYHMBAIOTCS Y3€AKH — NEPS U YKO-
PaYMBAIOTCSI BOAOKHA. JTO MOKHO OOBSICHUTD TeM,
9TO B IPOL]eCCe PA3PBIXACHUS M OYUCTKH, BOAOKHA
IIOABEPTAIOTCSL BO3AEHMCTBUIO YAAPaM KOAKOBBIX
U UTOABYATHIX 6apabaHOB YTO B ACHICTBUU ITO IPH-
BOAWT K M3MEABYEHHIO OOABIINX COPHBIX IPUMeceit
U TAKOKe 3QKI'yIUBAHUIO MEPTBBIX BOAOKOH B Y3€AKH
M TAKMM 00Pa3OM IIPOSIBASIFOTCS IOPOKHU. DTH Y3EAKH
MOT'YT CO3AATHh OCHOBHYIO IIPOOAEMY B FOTOBOY IIPSi-
e, 9TO MOBAMSET Ha yBeandeHue 3Hadenus [P1[10].
U 210 ciocobcTByer eé 60AbIIeMy BHUMAHUIO HC-
CAEAOBATEAEN K 9TOMY Pa3A€Ay IIPOLIeCCa IPSIACHHUSL.

YécaAabHyIO A€HTY OTOOpaAM IPH 4 PasHbIX CKO-
POCTSIX BBITYCKa COXPAHUB BCE OCTAABHbIE ITOCTOSH-

Hble IapaMeTpsl YecaHus. OToOpaHHbIe AGHTbI OBIAU
IiepepabOTaHbI C IOMOIIBI0 ACHTOYHBIX MAIIINH IIep-
BOTO U BTOpOro nepexoaa Moaeau Trutzschler®TD-9
uTD-8.

ITocAe BBITATMBAHUS U CAOXKEHHS AEHTOYHAS
A€HTA IepepabaTbiBaAaCh HA POBHUYHON MAIIVHE
Zinser®SM, a 3aTeM Ha KOABIIETTPSIAMABHOM MaIlIHe
Zinser®72 [11]; paboraromas BpaienneM BepeTeHa
co cpepHelt ckopoctsio 17000 mus ™.

AAst IpsiAeHUS Bce 00Pa3Iibl: CKOPOCTBIO BBIITY-
cka yecanus 180 m/mun, 190 m/Mun, 200 M/MuH,
210 m/mun/ /4Yac, TPSAMCH HOMHHAABHBIM HO-
mepom Ne 40/1 (14,5 Tekc) mpu MOCTOSHHBIX
26,56 TPI (kpyTka/atoiim).

I1I1. ITapameTppI mpomecca.

Hirpke nnpuBepeHbI OCHOBHBIE [TapaMeTPbI TEXHO-
AOTHMYECKUX IIPOLIECCOB II0 IIEPEX0AAM:

Tabnvua 2.
Tun nponecca | ITapameTpsl Tun nponecca | ITapameTpsl
Yecanne TC-15§ Posunynas Zinser SM
1 3 4
Howmep aenrs (Ne) 0,092 11{2001\662 posinup (Ne) 0,80
KOPOCTb POI'YABKH,

Ckopocrb nmpuémuoro bapabana, Mua ™' 1200 MuH "'
Cxkopocrtb rA. 6apabana, MuH " 540 KpyTka B proriMax 0,96/1,16
CKOpPOCTb WASTIOK, MM/ MUH 320 YIAOTHHUTEAD Black
Ckopoctb chémHoro 6apabana, M/mMun | 180/190/200/210 | Obmiast BEITSKKA 7,08
TTAOTHOCTB CHA6XKAIOIIEr0 HACTHAR, g/ m 500-600 3aAHSIS BBITSDKKA 1,14

1-nepexoa AenTouyHasi TD-9 YIAOTHUTEAD 12 mm
Howmep Berxopsmeit aerTs! (Ne) 0,110 IIpsinenne Zinser 72
3aAHAS BBITSDKKA 1,57 O6mas BeITSDKKA | 37,5
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1 2 3 4
O61m1as BBITSDKKA 9,56 3aAHSS BBITSDKKA 1,19
CKOpOCTb BBIIyCKa, M/MUH 650 YIIAOTHHUTEAD White
P -
Caoxere 8x8 ASBOART MEXAY THATH 44/54
ApaMu
6/07Zh/Sh
PazBopky MeXAY IIMAMHAPaMHA A-49: B-42 Tumn 6erymxa Li/on brii d
2 —nepexop AenTounass TD-8 CxopocTb BepeTeHa, MUH ' 17000

Howmep Boixopsmeit aentst (Ne) 0,115 Kpyrka 1045
3aAHSIS BRITSDKKA 1,24

O611as BRITSDKKA 6,26

CKOpOCTb BBIITYCKa, M/MUH 550

CaoxeHune 6x6

Pa3dBOAKH MEXAY ITMAUHADPAMU A-49: B-42

IV. PesyabTar 1 06CcyxpeHHE

B aTu mpousBopuTeAn 060OPYAOBAHUI U TEXHO-
AOTHU IPSIAGHUS CTAAKMBAIOTCS C TPYAHOCTSIMH IIPU
IIPOM3BOACTBE NPSDKU HU3KOM AUHENHOM IIAOTHOCTH
BBICOKOTO KaueCTBa C BbICOKOM CKOPOCTDIO YeCaHHs
¥ HU3KMM yPOBHEM IOTepH BOAOKHA [ 12]. JTo 60-
Aee BOXHO AAS pellleHHs ITUX IPOOAEM AAS CIIeIiH-
AAMICTOB B XAOTIKOIIPSIAGHHH, TaK KaK OHU AOAKHBI
HOAYYHUTD MOTEHIIUAA CO 3HAYUTEABHO IIPUOBIABIO.

B AaHHOM HCCA€AOBAHMH, IPOAHAAU3SHPOBAHO
BAUSIHUE CKOPOCTH BBIITyCKA Y€CAABHBIX MAIIMH Ha
KayeCTBO MPsDKU. BripaboTaHHBbIe IPSDKU B IIpsiAe-
HHUU IIOAy4YeHHBIe U3 MOAyPaOPHUKATOB C YeTHIPEX
Pa3HBIX CKOPOCTEH BBITYyCKa YeCaHUsI OBIAU IPO-
TeCTUPOBAHBI Ha AA0OPaTOPHOM 06OPYAOBAaHUU
UsterTester-S [13], AaHHbBIE pe3yABTAaTOB TeCTHPO-
BaHH ITPUBEACHbI HIDKE:

Tabnmua 3.— CpaBHUTENBHOE NCCNE0BAHNE PA3NNYMIA KAYECTBEHHbIX MapaMeTpoB
Nps>Km pa3paboTaHHOM Ha 4-X Pa3INYHbIX CKOPOCTSX BbINMyCKa YecaHus

HanmeHoBaHNe 3HaUeHHI | IIpsi>ka KoAbIIeBasi KapAHasi, TKaKasi
Ne 40 S' (14,5 Tekc)

Tun nporeccos 180 m/mus | 190 M/Mun | 200 M/Mus | 210 M/MuH
OTtkaoHeHue o Homepy CV,% 1,18 1,22 1,23 1,26
U% / neposHOTa 10,92 11,56 11,83 12,25
CVu%/ k03¢ . Bapuaiuu 1o ycrepy 13,73 14,55 14,87 15,40
Thin: (-)50/ Toukue Mecra S 9 11 16
Thick: (+)50/ ToacTbIe MecTa 62 96 105 121
Neps: (+)200/ yseaxu 127 188 220 236
IPI / obume mopoku 194 293 334 373
Hairiness/ BopcucuTocTs 42 4,5 4,8 4.8
RKM / oTHOCHTeAbHAsI pas3pbIBHASI IPOYHOCTS, 16,82 16,68 16,34 16,18
cN/tex
Elongation / DaacTuanOCTS, £ % 5,41 5,35 5,29 5,26

1) BausiHHe CKOPOCTH BBIITYCKA 9€CAHHUS HA
paBHOMepHOCTH npspkH, (U%). Bausanue ckopo-
CTHU BBITYCKA YECAHMSI U CKOPOCTH MPOU3BOACTBA

He OKa3bpIBaeT CyNIeCTBEHHOTO HM3MeHEeHUs B He-
pasHOMepHOCTH ipsiku [ 14]. U3 (puc. 10 o rpa-
UKy MOXKHO CACAATD BHIBOA, YTO HEPABHOMEPHOCTD
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IPSDKU HEMHOTO YBEAUYHMBAETCS CO CKOPOCTBIO BbI-
IIyCKa YeCaHMs. YBeAndeHre CKOPOCTHU ChbeMHOTO 6a-
pabaHa MPUBOAUT K YXYAILIEHHIO CTETIeHH CAYYaHOM
OpHEeHTAIIMU BOAOKHA B [IPOYece 1 YeCAAbHOM ACHTBL

2) BAHsIHHE CKOPOCTH BBIITYCKA YeCaHHUs Ha
aedexrnr mpsixu (IPI)

AedexTsl BKAIOYaeT B CebsI TOACTbIE U TOHKHE
Mecra u neps. Ha puc. 2 rpaduk nokaspiBaet, 4To
yBeAUYeHHe CKOpOoCTH BbiTycka ¢ 180 o0 210 MeTp/
MUHYT, Ha IIpsDKe HAOAIOAQeTCsl HeIlpepbIBHOE
yBeAUdeHHUe IIOPOKOB. 3aMeTHO, YTO IIPOLIeHT HeIICOB
TOACTBIX-TOHKHX MECT B IIpsDKe YBEAUYHBAETCS, YTO
IIPHBOAUT K YBEAUYEHUIO HHAEKCA OOIIIX IIOPOKOB
(IPI) mpsiku. 3arpy3odHblil CAOH BOAOKHA Ha TIOBEPX-
HOCTH TAQBHOTO 6apabaHa YecaAbHON MAIIKHBI
YBEAUYHBAETCS 32 CYeT YBEAMYEHHS CKOPOCTH
BBIITYCKa 4ecaHus. 11 BOAOKHA A€TKO IIePeAA0TCS
CrAaBHOrO 6apabaHa Ha cbeMHbIi 6apaban. [Tpu 6oaee
BBICOKUX CKOPOCTSIX TAQBHOTO OapabaHa yAydIaeTcs
AEVICTBHe YeCaHWUs, YTO U IPHUBOAUT K CHIDKEHHUIO
o6mero koAmdecTBa AedpexToB mpsoxu [ 15].

20,0

X

S 15,0 ﬁ
£ 10,0 '

2

] 5,0

S 00

m >

180 190 200 210
CkopocThb BbINYCKA, M/MHH
=B=Ne 40 (CV%)  =#=Ne 40 (U%)

PucyHok 1. BnusiHne ckopocTu
BbIMyCKa Ha PaBHOMEPHOCTb
npsxu, U% n CV% no yctepy

400,0
300,0
200,0
100,0
0,0

>

Mopoxu npsixu (IPT)

180 190 200 210

CkopocTh BblNycka, M/MUH
=¢=Ne 40 (IP1%)

PucyHok 2. BausHne ckopocTtun
BbINycka Ha gedexTsl, [Pl npsxn

3) BAnsiHHE CKOPOCTH BBIITYCKA YeCaHHs Ha
npounocrs npsiku (Rkm)

Ha paHHOM HCcAeAOBaHHH, KaK IIEpBOHAYAAD-
HO C yBeAUYEHHEM CKOPOCTH CheMHOro b6apabaHa,
IPOYHOCTD MPSDKU CHIDKaeTcs. boaee HuU3KasI cKo-
POCTb BBIITYCKa IPHBOAUT K TAOXOMY IIPOYeCHIBAHHUIO
¥ IAOXOMY IIPOXOAY BOAOKOH U3 TAQBHOTO bapabaHa
K cbeMHOMY. boAee BbICOKasi CKOPOCTb BBIITyCKa I10-
BbIIIaeT 9¢pPeKTUBHOCTD ITePeAAYr BOAOKHA B IIPO-
necce yecanus [ 8]. Boapmas adpdexTuBHOCTD IIEpe-
AQ4M BOAOKHA IIPUBOAUT K MeHbIIEMy KOAUYECTBY
OTKPBITHUS U TAPAAAEAN3AIIUH BOAOKOH HA YeCAABHOM
A€HTe, KOTOpble AOTIOAHUTEABHO BAMSIOT Ha ITPOY-
HOCTbD IPSDKU.

W3 puc. 3 mo rpa¢uky MOKHO CAEAATb BBIBOA,
KOTAQ CKOPOCTb BBIITyCKa yBeArmdraach, Rkm npspxu
YMEHBIIHACS.

4) BAusiHHe CKOPOCTH BBIIyCKAa YeCAHUS HA
Bopcucrocts npsixu (H %)

Ha puc. 4 mo rpa¢uky MOXXHO YBUAETb BAUSHHE
CKOPOCTH BBIITYCKA YeCaHMsI HA MHAEKC BOPCHCTO-
CTHU MPSDKU. 3aMETHO, YTO OYeHb MAAO H3MEHEHHI
B HMHAEKCe BOPCHUCTOCTH IPSDKH C yBEeAHYeHHEeM
ckopocTH BblTycka. Heboabimoe n3aMeHeHne MOXeT
HaOAIOAATHCS U3-3a TAOXO€ AericTBHe yecaHus. Cae-
AOBATEABHO, TaK K€ MOXXHO CKa3aTb, YTO BAUSHUE
CKOPOCTH BBIITYCKA HAa HHAEKC BOPCUCTOCTH TIPSDKH
HEeCYIIleCTBEHHBIM.

17.0

16,5

2

IIpouHocTs NpsKU
(Rkm)
o
o

15,5
180 190 200 210
CkopocTb BBINYCKa, M/MHH
«t=Ne 40 (Rkm)

PucyHok 3. BnnsiHme ckopocTu Bbinycka
Ha Npo4HoCTbL Npsxxun (CN/tex), Rkm
Ha puc. S rpaduk nokaspiaeT BAMSHHE CKOPO-
CTHU BbIHYCKa YeCaHII Ha YAAI/IHeHI/Ie HPSDKI/I. Mosxuo
OTMETHUTD, YTO OYC€HDb MAaAO H3MEeHEeHHH B YAAI/IHEHHQ
MPSDKY TP YBEAMYEHHE CKOPOCTH BBIITYCKA YECAHM.
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CAeAOBaTeAbHO, MOJXHO CKa3aTh, BAMSITHNE CKOPOCTH
BBIITyCKa Ha YAAMHEHHE ITPSDKU HE UMEET CYIIECTBEH-
HOI'O 3HAQYCHU .

. 50
g 4.8 v
E 46
5 44
E =X 4.2
(5
S FE 40
= 38
§ 180 190 200 210
[==]

CxopocTb Bbiycka, M/MUH
=¢p=Ne 40 (H, %)

PucyHo 4. BnuaHmne ckopocCTun Bbinycka
yecaHunsi Ha BOPCTUTOCTb Npsixu, H%

5,45
5,40
5,35
5,30

X525
5,20
5,15

180 190 200 210

YaimmHaaenue npsiku, E

CkopocTh BbINYCKa, M/MHH
=t=Ne 40 (E, %)

PucyHok 5. BnnsHue ckopocTu Bbinycka
yecaHus Ha yoJnHHeHune npsxu, E%
5) BanstHHe CKOPOCTH BBINMYCKa YeCaHHs HA
yasunenne npsoxu (E %)
V. 3akarouenne
BrrpanjeHHOE XAOIIKOBOE BOAOKHO B Pecrrybanke
Y36eKuCcTaH MMeeT 3aBbIIIeHHBII HHAEKC MUKPOHepa

oT 4,6 A0 5,0 BeAHYHHBI, YTO 3aTPYAHSET KadeCTBeH-
HbII IIPOXOA IPSIAMABHOTO IIPOM3BOACTBA, HO HCTIOAD-
30BaHHUe BBICOKOTEXHOAOTUYHOTO COBPEMEHHOr0 000-
PYAOBaHUS B IIPOMBIIIACHHOCTH AQET BO3MOXKHOCTD
IPOM3BOAUTD IIPOAYKITHIO BBICOKOTO KadecTBa.

AAs MAQHMPOBaHUS KayeCTBEHHBIX XapaKTepH-
CTHK IIPSDKH HAAO y4eCTb ABa $paKTOpa KOTOpbIe He-
IIOCPEACTBEHHO BAMSIOT Ha KaUeCTBO IPsDKU: IiepBoe
3TO CBOMCTBA BOAOKHA M UX U3MeHEHHe I10 Iepexo-
AaM U BTOpO€ 3TO 3alpaBOYHble TEXHOAOIMYECKHe
mapaMeTpsl 060pyAoBaHUS. B3auMOCBSI3b MeXAY
9TUMH $AKTOPAMU UIPAIOT OOABIIYIO POAb HA IIPO-
M3BOACTBE IIPU BHITyCKe Ka4eCTBEeHHOM IPOAYKITHH.
MHOro4YrCAEHHbIE HCCAEAOBAHHUI OBIAO IIPOBEAEHO
AASI I3YYeHHS IIPOU3BOAUTEABHOCTH KapAOYECaAb-
HOM MaIIMHbI IO YAyYIIEHHIO CBOMCTBA IIPSDKH.
B mccaepoBaHMM BAMSHUS CKOPOCTH BBIITyCKa Ha
Ka4eCTBO IIPSDKU HAOAIOAQ€TCS, YTO U3MEHEHHUE CKO-
POCTH BBIITyCKa YeCaHUs He [TOKa3bIBaeT CylleCTBeH-
HOe BAMSHME Ha U3MeHeHue KoaPuIjueHTa BapHa-
IIUM [0 HOMepy IpPsDKU, HePAaBHOMEPHOCTD MPSDKY,
YAAMHEHHe TIPsDKU U MTHAEKC BOPCUCTOCTH IPSDKH.
B ro Bpems kak, Aepexrnl npsoxu IPI yBeanunsaeTcs,
a IPOYHOCTb OAMHOYHOM IPSDKU YMEHbIIAeTCsI KOTAQ
CKOPOCTb BbIITycKa Beipoc. IIpakTudecku Taxke Ha-
OAIOAAETCS, UTO AASI YAOBAETBOPEHUS CIIPOCA BBICO-
KOTO ITPOM3BOACTBA C XOPOIIUM KaueCTBOM IIPSDKH,
IPSIAMABITUKY BCETAQ IIBITAIOTCS ONTHUMU3HPOBATh
KaK CKOPOCTb YeCaHHs, TaK XKe M Ka4eCTBO MPSDKU.
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Introduction

Nowadays, there are 30 Turbogenerators type
TGV-200, 4 Turbogenerators type TGV-200D, 11
Turbogenerators rated 200 MW type TGV-200M
and 41 Turbogenerators rated 300 MW type
TGV-300 in operation at TPP of Ukraine. The ser-
vice life of these Turbogenerators in accordance with
the regulations is 25-30 years. Until now, 26 Turbo-
generators type TGV-200 are in operation for 35-50
years, i.e. worked out their resource, 8 Turbogene-
rators are operated for 20-29 years, 38 Turbogen-
erators type TGV-300 from 42 are in operation for
35-48 years and 4 Turbogenerators are operated for
22-29 years. Designing, calculation and assembly of
existing Turbogenerator design elements were car-
ried out at the basis of scientific developments based

on analytical methods of substitution schemes in the
ventilation part. However, a significant disadvantage
of the above works is the conduct of only general
calculations of electric machines [1].

At modernizing of all Turbogenerators types
TGV-200, TGV -200M ta TGV -300, which are
installed at TPP of Ukraine with power increasing
of each per 25-30 MW with minimum expenses,
summary increasing of generating power will be ap-
proximately 1.5-2 millions kW, which corresponds
to power of new TPP.

Therefore, power increasing will require more ac-
curate calculation of the ventilation system of Tur-
bogenerators.

Let’s consider in details the cooling system of
Turbogenerator with hydrogen cooling [2].

o

Direction
ofhot gas flow Low pressure zone
Direction of cold gas flow “tous” “from us”
pr—s p—s ——
SR Hich-pressure zone
olo| |o|o P
Axial fan .
JQ e S Y / ! ij\ Centrifugal compressor
b di s
1 r [+%s] (L) 1] N
j t D= = = =3 fl
= [
A | I i I i *
xgx“ s

Gas cooler

Figure 1. Diagram of Ventilation of Turbogenerator Rated 220 MW

In Turbogenerators with hydrogen-water and
air cooling, two pressure elements are used (Fig. 1)
namely an axial fan and a centrifugal compressor. The
axial fan determines the movement of the cooling gas
through the gas cooler and further to the stator core.

The stator iron is cooled with the radial channels sys-
tem. In order to provide more uniform cooling of the
stator, along its length 8 compartments are organized,
in 7 of which the gas is directed by the axial fan, and
the 8-th, located on the drive end, the cooling gas is
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directed by the compressor. The rotor winding has
gas cooling, the necessary expense is provided by the
compressor. All gas comes in through the gap between
the stator and rotor and goes out through the gap in
the gas cooler from the slip rings end.

It should be noted that the heat extraction from
the active parts is provided by the gas cooler.

Statement of the Problem of Non-Stationary
Thermal Conductivity

In order to solve the problem of determining the
thermal state of parts and units of the generator, it is
necessary to determine the temperature fields that
occur in the design elements during their operation.
At that, as per the requirements of GOST 533-2000
“Turbogenerators and Hydrogenerators” the solution
of the problem shall be carried out for the steady state.

sxm=s| 11 1 (?)(Z—f][i—f

where T=T (x, , z, t) — temperature;

p — density;

¢ —heat capacity of the material;

Q(x, y, z, t) — specific power of the internal heat
source;

I —time.

Substituting a linear or quadratic dependence for
the temperature field in a finite element, expressed
through the temperatures in the units, and varying
with all undetermined parameters, a system of solv-
ing MCE equations is obtained.

The vector-column of unit temperatures of i-th
element with four units has the form:

{T}i _ {Ti(l)’ 7@ 70 T-(4)}.

The law of temperature change within the region
of the element is taken in the form of linear coordi-
nate functions, i.e.:

T=a,+al +ay +an

As a result, the relationship of temperature u

inside the finite element through the temperatures

The problem of thermal conductivity for parts
and units of the generator is solved in three-dimen-
sional formulation [3].

In most problems related to generators, either
the surface temperature, the maximum value of
which is limited by the relevant requirements for
electric machines, or the ratio of heat transfer be-
tween the body and the environment are known, as
a result of solving the ventilation problem. There-
fore, two types of boundary conditions are then
applied to the temperature problem: the first and
third kind.

The problem is solved by MCE using the varia-
tion equation of heat balance. A finite element in the
form of a tetrahedron with linear or quadratic ap-
proximation inside the element is used [4].

The system of thermal conductivity equations is
based on the variational equation of heat balance:

oT 1
—2QT+2chE dV+E-! a[T—TM]dS}zo

{T,, T,, T;, T,} of its unit points can be represented

as:
T
1 4 4 4 4 T‘z
T,

4
Substituting the obtained dependence for the

temperature field in a finite element into the varia-
tional principle and varying all undetermined pa-
rameters, a system of solving MCE equations for the
thermal conductivity problem is obtained:
[B]{TV} - {bi}’

where {T;} - is vector-column of temperatures in
units and right parts respectively.

Simulation of hydrogen flow in the gas cooler.

According to the selected diagram of the ventila-
tion system of Turbogenerator, shown in Fig. 1, the
calculation of gas coolers in three-dimensional set-
ting was carried out taking into account the influ-
ence of the thermal state of the entire structure.
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Environmental
pressure

401325 Pa

Volumetric flow Y
at inlet —
0.054 m’/sec Speed atinlet —3 m/c Total pressure (P)

Speed at outlet— 10m/c

601325 Pa
Figure 2. Three-Dimensional Model of Heat-Exchanger
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Figure 3. Temperatures field in the heat-exchanger
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Long term operation of Turbogenerator is provid-
ed at the following parameters of hydrogen and water:

a) hydrogen parameters: gauge pressure in the
shielding — 3.5 - 10° Pa; purity by volume — not less
than 97%; temperature at the outlet from gas coolers
is 50°C;

b) water parameters, which comes in to the gas
coolers: flow rate is 111.1 1/sec; temperature at in-
let is 42 °C;

c) water parameters, which comes in to the first
contour of the heat-exchanger: flow rate is approxi-
mately 56 1/sec; temperature at inlet is 42 °C.

3973

346,65

BELRRRLRRLY
QAo hD

88
2

Temperature [K]

In (Figure 2) three-dimensional model, initial
and boundary conditions used in the calculation
are shown.

The following parameters were chosen as the
condition for the convergence of the solution: mini-
mum, average and maximum values of solid body
and fluid medium temperatures; minimum, average
and maximum speed, as well as the average volume
of temperature and speed. The calculation was per-
formed as long as these parameters in subsequent
iterations differed by more than 5% (when perform-
ing at least three purges of the calculation area).

Figure 4. Temperatures field in the heat-exchanger at clogging of the tubes by 10%

35033

336.23
33561
335.00
Temperaturs [K]

Figure 5. Temperatures field in the heat-exchanger at clogging of the tubes by 15%
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In (Figure 3) the results of three-dimensional
calculation of the thermal state of the gas cooler are
shown.

In (Figure 4) presents a analogous temperature
field at clogging of the tubes per 10%, and in (Figure
S) at clogging of the tubes per 15%.

Analysis of the Obtained Results

Analyzing the obtained results, we can make a
conclusion that the values of the obtained tempera-
tures are at the acceptable level for the cooling me-
dium of Turbogenerators.

Analysis of the thermal state of the main elements
was performed in a three-dimensional setting. In (fig-
ure 6) the general view of the Turbogenerator is sub-
mitted.

1 4 ;,L i 8
O
o L 6/ i lo
: @)
Z0 -
e .
_ L
~Ud
Figure 6. Design of Turbogenerator TGV-200: 1 — stator; 2 — external shield;
3 —internal fairing; 4 — rotor; 5 — rotor shaft sealing; 6 — bearing; 7 — brush-
holders device; 8 — gas cooler; 9 — end terminal; 10 — oil trap
Table 1.- During the thermal calculation, the temperature of
the active parts of the Turbogenerator comprised:
No. Unit Temperature Calculated T, °C Admissible T, °C
1. | Stator winding copper 75 145
2. | Stator active steel 105 140
3. | Copper rotor bars 105 135

Conclusion

1. Taking into consideration the detailed analysis
of emergencies of Turbogenerators series TGV-200,
TGV-300, it is possible to make a conclusion that
when upgrading existing power units, maximum at-
tention should be paid to new designs of the bars and
improvement of the stator design.

2. In the future, when calculating the thermal
state of the Turbogenerator, it is necessary to per-

form a general ventilation calculation in a three-di-
mensional setting.

3. The results of the thermal state of the main de-
sign elements of the Turbogenerator under different
technical conditions of clogging of the cooler are ob-
tained. It is significant that the temperature does not
exceed the allowable values.
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CONTUSION INJURY: ANALYSIS AND CLINIC
IN SPECIALIZED HOSPITAL PATIENTS

Abstract. Currently, the structure of eye injuries has increased the proportion of contusion in-
jury, which is characterized by a special severity and can lead to the death of the eye. A detailed study
of the functional state of the eye in its contusion is necessary to determine the extent of damage to
intraocular structures in order to assess the severity and level of damage, predict the course of the
pathological process and possible outcomes of eye injury, determine the tactics and optimal methods
of conservative and surgical treatment.

The share of contusion trauma, which is characterized by extreme severity and may cause fatal
damage to the eye, has expanded in the eye trauma structure. A detailed examination of the functional
condition of the contusion-affected eye is needed to determine the extent to which the internal eye
structures have been damaged for the purpose of evaluating the scale of the damage, predicting the
course of the pathological process and possible outcome of the injury and selecting the adequate
tactics and methods of conservative and surgical treatment. The problem of diagnosing contusion
trauma remains unsolved owing to many factors, such as the severity of the pathological process, the
patient’s late call for medical attention and the inadequate quality of the clinical and instrumental
examination. These factors make it increasingly difficult to perform pathogenically-oriented surgery
with the objective of restoring correct anatomical interrelations in the injured eye. Despite these
problems, the study of the etiology of the trauma helps find new approaches to both therapeutic and
surgical treatment of eye trauma and create the best possible conditions for treatment.
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Keywords: eye trauma, contusion trauma, severity of pathological process, diagnosis and
treatment problem.

Yenyosa Examepuna Barepvanosna,
npodeccop, HA4AALHUK 0MOeAd MPABMAINOAOUL
U PEKOHCMPYKMUBHOI XUPYp2UuU 2AA34d,

Aunexceesa Hpuna bopucosna,
Kanoudam meduyuHcKux Hayx,
3asedyroujuii omdereHuem mpasmamorozul,

Hesanos Andpeii Hukoraesuu,

dokmop MeOUYUHCKUX HAYK, CMAPUWIUTL HAYHHBIT COMPYOHUK

0mModeAa Mpasm u PeKOHCMPYKIMUBHON XUpypeuu 2Aa3a.

OI'BY «HMHUI] I'G um. Ieavmzorvya> Munucmepcmea 3dpasooxparerus PO

KOHTY3UOHHAA TPABMA: AHAJIN3 U KIIMHUKA
Y NIAUUEHTOB CNELUUNATTIUSUPOBAHHOIO CTALLMOHAPA

AnnoTanus. B HacTosmee BpeMs B CTPYKType TAQ3HOTO TPAaBMaTH3Ma YBEAMYHAACh AOASI KOH-
TY3UOHHOM TPaBMbl, KOTOPas XapaKTePU3YeTCs 0COOOM TAKECThIO K MOXKET MPUBOAUTD K THOeAr
raasa. AeTaAbHOE HCCAeAOBaHUE GYHKIIMOHAABHOTO COCTOSIHUS TAA3a IIPH er0 KOHTY3UH HEOOXOANMO
AASL OTIPEAEAEHUSI CTENIEHU MOPAKEeHHUsI BHY TPUTAA3HbBIX CTPYKTYP C IIEAbIO OIIeHKH BHIPRYKEHHOCTH
¥ YPOBHS IOBPEXAEHHS], IPOTHO3UPOBAHKS TeUeHHUs TATOAOTUIECKOTO MPOIIeCcca U BO3ZMOYKHBIX HC-
XOAOB TPaBMbl TA3a, OTIPEAEACHHUS] TAKTHKH M OTITHMAABHbBIX METOAOB KOHCEPBATUBHOTO U XUPYPIU-
yeckoro aevenus [ 1; 3; 8].

[Tpo6AaeMa AUATHOCTHKU KOHTY3MOHHOM TPAaBMBI ABASIETCS aKTYaAbHOM U HepeIleHHOM 1 B Ha-
cTosimee BpeMms. B cBsi3u co MHOTUMH $aKTOPaMu: TSHKECTBIO TATOAOTHH, TO3AHUM ObpaIeHneM
6OABHOTO B CTAl[MOHAP, HEAOCTATOYHO BHICOKUM KaueCTBOM KAMHUYECKOTO U HHCTPYMEHTAABHOTO
06CAEAOBaHUSI, 3HAYUTEABHO CYKAETCSl BO3BMOKHOCTD MPOBEACHHUS TATOTeHETHYECKH HAMPABAEH-
HBIX OTIEPATUBHbIX BMENIATEAbCTB, AA€KBATHO PEIIANIUX BOMPOChI BOCCTAHOBAEHHS TPABHAbHBIX
aHaTOMHMYECKUX B3AUMOOTHONIEHHH B TPaBMUPOBAHHOM raasy. HecMOTps Ha 9TO, M3y4eHHe 3THOAO-
TMU TPaBMbI TPUBOAUT K TOMCKY HOBBIX TIOAXOAOB A€UEHHs TPaBMaTHIeCKUX MOBPEXAEHUI OpraHa
3peHuUs, KaK MEAUKAMEHTO3HOTO, TaK M XMPYPIUIECKOTO, M CO3AAHHS POHA HAUAYYNIETO GAArOMpPH-
ATCTBOBaHMS AAS TIOAXOAQ K A€U€HHIO TocTpaaasmero [2; S; 7].

KAroueBbie CAOBA: TAA3HOM TPAaBMATU3M, KOHTY3UOHHAS TPABMA, TSDKECTh TATOAOTHH, PObAeMa
AMATHOCTHKH U A€UEHHS.

Ileavto: Haeft pabOTHI CTAAO U3YYeHHE OCOOEH- Mamepuaa u memodse: Havmu mposepaeH petpo-
HOCTeTl COBpeMEHHO KOHTY3HOHHOM TPAaBMbI Opra-  CIIEKTHUBHBIN aHAAU3 UCTOPHUI 6OAE3HU MALINEeHTOB
Ha 3peHMs Ha OCHOBE apXMBHOT'O MaTepHaAd OTA€AA  C 3aKPHITOM TPAaBMOM OpraHa 3PEHUS U ee IOCACA-
tpaBMaTororun PI'BY «HMUIITE um. I'eabMroab-  CTBHSIMH, HAXOAMBIIHXCS HA CTAIJHOHAPHOM A€UeHHU
ma>» M3 PO. B oTAeAe TpaBMaTrororun OPI'BY «HMMUI] I'b nm.
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I'eapmroasma>» M3 P® B mepuop ¢ 2015 mo 2017 r.r.
Bcero usyueno 235 ucropuit 60ae3Hu.

KanHnveckuMu KpUTEPHAMHE OIIeHKHU XapaKTepa
MIOCTKOHTY3UOHHOM! MAaTOAOTHUH SIBASIAUCH: TSDKECTb
U AABHOCTb TPaBMbl, OCTPOTA 3peHMs IIOPAXKEHHOTO
rAa3a IpY HOCTYIACHHUH U BBIIIKCKE, BHYTPHUTAA3HOE
AaBA€HHE IOPaXXeHHOT'O rAasa IPH IOCTYIAeHHH
u BhImHCKe [ 4; 7; 8].

Bce mareHTsI ObIAU pa3AeA€HbI HA 3 OCHOBHbIE
TPYIIIBI IO CTETIeHSM KOHTY3HU (coraacno xaaccu-
duxanuu I A. ITerponasaosckoit ot 1975 .). B nep-
BYIO TPYIITy BOIIAM IAIUEHTHI C KOHTY3HAMH, He
BBI3bIBAIOIIMMHU 3HAYUTEABHOTO CHIDKEHUS 3PEeHHUs
M XapaKTePU3YIOMUMICSI BpEMEHHbIMU 0OPaTHMBIMU
u3MeHeHUSIMH (OTeK I 3pO3UHU POTOBUIIbI, OTEK CeT-
JaTKH, KoAbLio Qoccuyca, cria3mM akKOMOAALIUH 1 Ap.).
Bo BTOpY?IO IpyIIITy BOMAY MAIJUEHTHI C KOHTY3HAMH,
BBI3bIBAIOIMMH CTOMKOE CHIDKEHHE 3PeHHS BCACA-
CTBHE TAyOOKHX 9pO3HUIil pOTOBHIIbL, AOKAABHBIX KOH-
TY3HOHHBIX KaTapaKT, Pa3pbIBOB CUHKTEpa 3pauKa,
PeTPOAEHTAABHBIX KPOBOUBAMSHUI U Ap. B TpeTbio
TPYIITY BOIIAY IAIJUEHTHI C 3aKPBITOH TPABMOH, AAST
KOTOPOM XapaKTepHbI KpaliHe TsDKeAble H3MeHeHNs],
BAEKyIIHe 32 COOOI pe3kue IMAPOAUHAMUYECKHEe
CABUTHU: CTOFIKYIO THIIEPTEH3HIO IAa3d; TAYOOKYIO
CTOMKYIO TUITOTOHHUIO I'Aa3a; MAaCCUBHbIE KPOBOM3-
AVSTHUSI, OTCAOFIKM 000AOYEK, IPyOble HApyIIeHsI
CTPYKTYp IIepeAHero oTpeska.

Ilpu nocTynaeHuun B CTaljMOHAp BCeM Ialju-
€HTaM IIPOBOAUAOCH KOMIIAEKCHOE 00CAeAOBaHYE,
BKAIOYaBIllee BU30METPHIO, TOHOMETPHIO, Iepu-
MeTpHUI0, OMOMHKPOCKOINHUIO, OPTAABMOCKOIIHUIO,
9AeKTPOPU3NOAOTHYECKHE U YABTPa3BYKOBbIE HC-
caepoBanus [1; 2].

OcTpoTa 3peHus onpepeAsiAach C MOMOMIBIO ITPO-
€KTOpa OITOTHIIOB U CTAHAAPTHOT'O HA0Opa OYKOBBIX
AuH3. B AomoAHeHMe K 0OBIYHBIM METOAAM IIPOBO-
AMAAch Bu3oMeTpus 1o meroauke C. . ABeTHcoBa
C MCIIOAB30BaHUEM AHapparMel 1,5 MM AAs ompepe-
AEHHSI BO3MOYXKHON OCTPOTHI 3peHus [ 3.

ToHOMETpPHIO IPOBOAMAH C IIOMOIIBIO TOHOMe-
Tpa MakaakoBa MAY 6€CKOHTAKTHBIM CIIOCOOOM.

bromukpockonuyeckoe nccaeAOBaHHE ITepPeAHero
OTpe3Ka FAa3HOTO sI6AOKA BceM MaljeHTaM IIPOBOAY-
AOCb Ha ImeAeBoit Aamte. [ Tpu aTom 0coboe BHIMaHMe
06palllaAu Ha COCTOSIHUE POTOBOI 000AOUKY, TAYOHHY
IIepeAHell KaMepbl, COCTOSTHUE PaAy>KHOM 000A0UKH,
XPYCTAaAMKA, €ro TepeAHel KarlCyAbl, ITMHHOBBIX CBSI-
30K, HAAMYHE [IEPEeAHUX U 3aAHUX cuHexuil [2; 4; S].

OcMOTp rAa3HOTrO AHA Ha PAaHHUX CTAAMAX, €CAU
IIO3BOASIAQ CTeIeHb IOMyTHEeHUS XPYCTAAUKa, OCY-
IECTBASIAU B YCAOBHUSX MEAMKAMEHTO3HOTO MUAPH-
a3a C IOMOIIBIO IPSMOTO IAEKTPHUIECKOTO OPTAAD-
MOCKOTIa, a TAKXKe C IIOMOIbI0 PpyHAyC-KaMephl BCceM
OOABHBIM C [JEABIO UCKAKOUYEHHSI TATOAOTHIECKHX U3-
MeHEeHHI Ha TAA3HOM AHe.

Oxorpaduyeckue HCCAEAOBAHHS ITPOBOAMAKCDH
B AADOPATOPHHU YABTPA3BYKa C LIEABIO OIIPEAEAEHHS
pasMepa IepepHe-3apAHell OCH TPaBMHPOBAaHHOTO
rAa3a, COCTOSIHHS XPYCTAaAMKA, CTEKAOBUAHOTO TeAd
U BHYTPEHHHUX 000AOYEeK IAa3HOro sibaoxa. Ilpu
B-cxaHMpOBaHMU IPUMEHSIAACH TPAHCIIAABIIEOPAAD-
Hasi MeToaMKa. IlocaepoBaTeAbHO IPOM3BOAMAM
CKAaHMPOBaHMe Hapy>KHOTO, BHYTPEHHEero, BepXHero
U HIDKHETO CerMeHTOB 3aAHUX OTAEAOB raasa. [Ipu
M3MEHEHHSX B [IePeAHeM OTpe3Ke IPOBOAUAKCH HC-
cAepoBaHHMA ¢ Tomompio Y3B-meropux [2; 3; S; 8].

B psiae cAyyaeB BO3HMKaAa HeOOXOAUMOCTD
B IIPOBEAECHHH PEHTT€HOAOTHYECKOTO UCCAGAOBAHMS
U KOMITBIOT€PHOM TOMOTpaduH.

PesyabraThl. B 3aBHCHMOCTH OT CTelleHH KOHTY-
3HH BCe TAL[IeHTbI ObIAM PACIIPEACAEHDI CACAYIOLINM
o6pasom. [1epByto rpymiry cocraBuan 17 marjueHTOB —
7,23% ot obmero unucaa 60abHbIX (15 My>kauH 1 2
>XeHIMHbL). Bropyto rpymimy cocraBuan 90 60AbHbIX —
38,3% oT 0611€ero YrcAa MaruesToB (73 MY KIHHbI
u 17 sxxeHmun). B TpeTbio, caMmyto MHOTOYHCACHHYIO
rpymury Bouau 128 60abHbIX — 54,47 % oT 0b1Iero urc-
Aa 60AbHBIX (105 My>4uH 1 23 >KeHIIUHDL).

B mopaBasifoieM OOABLIIMHCTBE CAy4aeB AHIIA
C 3aKpBITOM TPaBMOM rAa3a MMeAH Bo3pacT oT 20 A0
50 Aer, TO eCTh HaNOOAEE TPYAOCIIOCOOHBII BO3PACT
(63,83% cayuaes). MakcuMaAbHOE KOAHYECTBO 06-
pallleHUH B CTaljMOHAP C 3aKPbITOM TPaBMOM rAa3a
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IIPUXOAMTCS Ha BO3pacT oT 21 oo 30 aeT (25,1 1% ot
obmero 4mcaa CquaeB). OrTMeueH 3HAYUTEABHBIN
IIPOIIeHT IOHOIIECKOTO TPaBMaTHU3Ma, AOCTHTAIOIUH
16,17% caydaes.

B 3aBuCcHMOCTH OT AABHOCTH KOHTY3HH BCe Ia-
LIeHTBI OBIAM pa3AeAeHbI Ha 3 rpymibl. B mepsyio
IPYyTITy BOIIAM MAIIMEHTDI, TOCIIUTAAU3HPOBAHHbIE
Cpasy IOCAe TPaBMbI AU B ITePBbIe TPU AHS. DTH I1a-
IJUeHTBI paCCMaTPHUBAAMCh HAMHU KaK I'PYTINa CO CBe-
JKeH TPAaBMOM I'Aa3a, KOTOpas ABUAACh CAMOM MHOI'O-
YUCACHHOM — 169 yeAoBek (71,9% OT 0611ero ynucaa
ITAI[eHTOB).

Bropas rpymma Bkarodasa 23,8% marjueHTOB
C AABHOCTDBIO KOHTY3uHU A0 1 Mecsmna. M, HakoHer,
B TPETbIO TPYIITY BOUIAM IMAIIMEHTBI C AABHOCTDIO
KOHTY3HHU OOAee MecsIla, KOTOpble ObIAU TOCIIHTA-
AM3UPOBAHBI IOBTOPHO C IIOCACACTBHSIMHU ITepeHe-
CEHHOM TPaBMbl AASl IIPOBEACHHUS ONTHKO-PEKOH-
CTPYKTHBHOTI'O U OPTAaHOCOXPAHHOTO A€YeHMUs, ALOO
II0 KAaKUM-AHOO [IPUYMHAM paHee K Bpady He oOpa-
maAUCh. HCAGHHOCTD 3TOM IpymIibl cocTaBuaa 10
YeAOBEK (4,3% OT 001ero 4ucaa nauHeHTOB).

B 06meit cTpyKType rAa3HOrO TPaBMAaTH3Ma, 110
AQHHBIM apXMBHOTO Marepuaaa 3a 2005-2007 r.r.,
SIBHO IPEBAAMPYeT O6BITOBOM (3 1,06% ot obmero
YHCAQ CquaeB). ITpon3BOACTBEHHBIN TPaBMaTH3M,
AMAMPOBABIIUMI AO KOHITA 90-X I.T., 3aHUMaeT BTOpOe
mecto (27,24%), u kpumuHaAbHbIii (24,26%), cOOT-
BeTCTBEHHO TpeThe MecTo. Kpome Toro, ormevaercs
BBICOKHI YAEABHBIN BeC CIIOPTUBHOI'O TPaBMaTH3Ma
(11,06%). B 6bITOBBIX yCAOBHAX HAUbOAEE YACTHIMH
IPUYMHAMU 3aKPbITOM TPaBMBbI SBUAUCDH CACAYIOIIHE
¢pakTOphI: IpH MapeHUH — 9,36% OT BCeX ITOCTPaAAB-
KX, TPH B3pbIBe IeTapAbl —4,25%, Mpu MonasaHum
B rAa3 IPOOKH OT MAMITAHCKOTO — 4,25%, mpu AOMar-
HHX paboTax u B caay — 12,62%.

OcHOBHBIMY IPUYMHAMU TPAaBMaTH3AI[H Ha ITPO-
H3BOACTBE OBIAH: [IOBPEXAEHHE ACKOM OT OOATapKU —
7,67%, mpu pabote c MeTaaroM — 5,96%, ipu pabore
c AepeBoM — 6,8%, ¢ pe3HHOBBIME IIpeaMeTaMu — 6,8%.

KpumunaabHasi TpaBMa 6bIAa TOAYYEHA BO BpeMs
Apaku B 15,32% oT Bcex MOCTpaAaBIINX, IIPU BBICTpe-

Ae U3 MHeBMonHcroAeTa — 5,1%, pu yaape pasamd-
HbIMU nTpeaMeTamu — 3,4%.

B cAy4ae ciopTUBHOI TPaBMbI UT'pa B IEHHTOOA
CTaAa NMPUYMHOM KOHTY3uHU B 3,83% Bcex caydaes,
urpa B ¢pyTOOA MAM XOKKeil IpUBeAd K 3aKPBITOM
TpasMe B 5,1%.

Y moapaBAsioniero OOABIIMHCTBA OOABHBIX B pe-
3yAbTaTe TSDKEAOH CTeIIeHH 3aKpPBITOM TPAaBMBI 'Aa3a
IIPU TOCTYIIACHUH B CTAIJMOHAP OTMEYAAOCh pe3Koe
CHIDKEHHE OCTPOTHI 3peHHsl. Y OCHOBHOM MacChl I1a-
uuentos (59,15%) spenue ymano mmxe 0,1; u3 HuX
13,62% manueHTOB MMeAU HEIIPAaBUABHYIO CBETO-
npoekIuio, B 5,1% TpaBMHpOBaHHBIX rAa3 3peHHe
orcyrcrsoBaso (VIS = 0(1oab)).

CpasnureabHo Bbicokoe 3penue (0,1-0,8) mpu
IIOCTYIIACHUH COXPaHAAOCH Y 34,89% 60abHBIX co 11
CTeIeHbI0 KOHTY3HH.

Aasi] cTerneHH KOHTY3HH XapaKTepPHO He3HAYHU-
TeAbHOE 00paTHMOe YXyALIIeHHe 3peHIs B IIPeAeAaX
0,9-1,0 (14% mareHTOB).

Ilpu nmocTynaeHny Ha paHHUX CpoKax 29 manu-
enroB (12,34%) c TsKeAOH CTeNeHbIO 3aKpBITOM
TPaBMbI 'Aa3a IMEAHU BBIPAKEHHYIO THITIOTOHHIO TAA3-
HOrO s16A0K2 (HIKe 11 MM PT.CT., B HEKOTOPDIX CAyYa-
AX HeAMarHocTupyemyto). 60 manuentos (25,53%)
TIOCTYTIMAY C TUIepTeH3ueil (Bbime 28 MM.PT.CT.).

Ha nosaHux cpokax obpamenus (6oaee 1 mecs-
11a) ¥ PU MOBTOPHOM TOCTUTAAM3ALUU THIIOTOHHU-
YeCKuil CHHAPOM pa3BuAcs y 14 maruentos (5,96%),
BTOpHYHAsI TUIIEPTEH3HsI ObIAa OOHApy>KeHa y 22 Ima-
nuenTos (9,36%).

OaHUM 13 HanbOAee YaCTHIX MIPOSIBACHUI KOH-
TY3MOHHOM TPaBMbI IAa3a OBIAO KPOBOH3AMSHUE
B mepeAHIol0 Kamepy (dactmunas rudema y 14,04%
60ABHBIX, TOTaAbHAs THdeMa ¥ 40,42% 6OABHBIX)
¥ CTEKAOBHAHOE TeAO (TPaBMaTHYeCKUIl reMOPTaAbM
y 92 60abHBIX — 39,15%). AUCAOKALHS XPYCTAAMKA
(MOA - AMH3a NIMIIAQHTHPOBAHA AO TPABMbI) HAGAIO-
Aaaach y 70 manueHToB (B IePeAHIOI0 Kamepy — 24
CAy4as, B CTEKAOBUAHOE TeAo — 46 cayuaes). Kpome
TOro, y 114 manueHTOB (48,51% Bcex 60ABHBIX) Ha-
OAIOAQAVICD PAa3AUYHbIE MTOBPEXKAEHUS PaAYyKHOM
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o60A0ukH: upupopuasusy 33 nauuentos (14,04%),
TpaBMaTUYECKMII MUAPHA3, Pa3pbiBbl cunKTEpay 81
manuenta (34,47%).

Y 70 60oabHbIX (29,79% BCex CAyYaeB) BBIBASIA-
Cs1 LIEAbIN KOMITA€KC U3MEHEHHU M, XapaKTe PU3Y IO
TSDKEAYIO CTeIleHb TPaBMbl: ridpeMa, HPHUAOAUAAUS,
IIOABBIBUX XPYCTaAMKa, TeMOPTaAbM, OTCAOMKA LIU-
AMAPHOTO TeAd U COCYAHCTON 0OOAOUKHL.

Ipu 06cAeAOBAaHHH TAA3HOTO AHA OBIAU BbIIBACHBI
cAepytoue u3MeHeHus: otek ceryarku (13,19%), or-
caotika ceryarki (16,59%, B TOM 4KCA€ C Pa3phIBOM —
6,38%), CyOpeTHHAABHOE KPOBOUBAMSHIE (5,11%),
PaspbIB COCYAUCTOI 060A0uKH (2,98%).

AaHHbBIE PEHTIeHOAOTHYECKOTO MCCAEAOBAHUS
Y KOMIIbIOTEPHOM TOMOTpadpuu IIO3BOAMAU BBIIBUTD
IIepeAOM CTeHOK OpOuTHI B 12,76% cAydaeB, MOBpex-
AeHIe 3puTeAbHOro HepBa B 2,55% cayyaes. Y opHO-
ro IaIjeHTa ObIA OOHAPYIKEH OTPHIB 3PUTEABHOTO
HepBa U BbIBUX FAA3HOTO SI0AOKA U3 OpOUTHL

B pesyavrare Y3b-uccaepoBaHuA raas mocae
3aKpBITOM TPaBMbl Ha Pa3HbIX CPOKAX IIUAMOXOPH-
OMAQABHASI OTCAOMKA Obira BbisiBAeHa y 30 manu-
entos (12,77% Bcex cAydaes), B TO BpeMsl Kak KAU-
Huvecku ITXO 6b1aa o6HapysKeHa y 27 MAI[eHTOB
(11,49%) u oTcaoiika IMAMAPHOTO TeAa y S Maiu-
entoB (2,13%). OTcAoiKa CeT4aTKH C TIOMOIIBIO
B-ckaHupoBaHUs OblAa BbIIBAEHA Y 4S5 MAIlMeHTOB
(19,15%); mpu odprasbmMocKonuu 3Ta HUPpPa COCTa-
BuAa 39 cayyaes (16,59%).

Ha nmospHHMX cpokax pas3BUTHS IOCTKOHTY3H-
OHHBIX OCAOXXHEHUH IAa3 110 AAHHBIM KAMHHYECKO-
IO U UHCTPYMEHTaABHOTO HccaepoBanus (1 mecsry
1 6oAee) TIPeobAAAAAA CAEAYIOTAS TOCTTPABMATH-
JecKas IIATOAOTHS: TpaBMaTH4YecKas Karapakra — 40
maruenTos (17,02%), BTOpUYHAs TUIIEPTEH3HUS — 22
nanuenra (9,36%), MOCTTpaBMATHYECKHIl YBEHT —
13 nanuenTos (5,53%), rTHIOTOHUYECKUIT CHHAPOM
B pe3yAbTaTe OTCAOMKHU IIUAMAPHOTO TeAQ HAH COCY-
AMCTO# 060A04KH — 14 manmenTos (5,96% ), oTCAO#-
Ka CeTYaTKU — 23 MaljeHTOB (9,79%). VY 13 mauuen-
10B (5,53%) Ha $pOHe IMIOTOHMYECKOTO CHHAPOMA
pa3BHAACH CyOaTpOPUS TAA3HOTO SIOAOKA.

Bcem manjueHTaM C TSDKEAOH CTEIIeHbIO KOHTY3HU
rAa3a Ha pasHbIX CPOKAX ITIOCA€ TPaBMbI OBIAU IIPO-
BeAEHbI Pa3AMYHbIE XUPYPTUYECKUe BMENIaTeAbCTBA
(peKOHCTPYKTHBHbIE OTEpalii Ha TIEPeAHeM OT-
pesKe, yAAA€HHe TPaBMaTHIeCKOM KaTapaKThI M ATOK-
CHPOBaHHBIX XPyCTaAHKOB ¢ uMmaaHTanuert MIOA,
BUTPEOPEeTHHAABHASI XUPYPIHUs, OIIePAI[UH Ha I[[UAH-
apHOM TeAe M CeTYaTKH, AA3ePHBIe OIlepaIlHH.

IIpu BbIITMCKE MAITEHTOB U3 CTAIIMOHAPA Y IIO-
AABASIIONIErO OOABIIMHCTBA MTAIIMEHTOB HAOAKOAAAOCH
3HAYUTEAbHOE yAydIIeHHe 3peHus. CpaBHUTEABHO
BBICOKOE 3peHue (0,4-0,8 ¢ Kopp.) HabAI0AQAOCH Y 72
narmenTos (30,64% ), nocrynusmux ¢ II-111 cremne-
HBIO KOHTY3HU. [TouTH MOAHOCTBIO 3peHHe BOCCTa-
HOBUAOCH y 21 matmenra (8,94%) c I-11 crenensio
KoHTy3uu. Y nanueHTos c III crenensio koHTY3UM
6oaee Huskoe spenne (0,01-0,3) Habar0pA2A0CH y 90
NanueHToB, a 52 60abHbM (22,11%) 3penue BoccTa-
HOBHUTbD He YAQAOCh.

O6cyxaenne. C TOUKY 3peHMs SITHAEMHOAOTHH,
XapaKTepHO! 0COOEHHOCTbIO COBPEMEHHOM CTaIlU-
OHAPHO¥ TPABMBI SIBASIETCS ITPe00AAAAHIE TSDKEABIX
HIOBPEXXAEHHUI1 OpraHa 3peHMs], B IOAABASIOIEM OOAB-
IIMHCTBE CAY4YaeB Y AUL] TPYAOCIIOCOOHOTO BO3pacTa.
BrIcok yaeAbHBIN BeC IOHOIIECKOTO TPaBMATH3Ma.
B ob6meft cTpyKType rAa3HOrO TPaBMaTH3Ma SIBHO
npeBaAupyeT 6bITOBOM. ITpOM3BOACTBEHHBII TPaB-
MAaTHU3M, AMAMPOBAaBIIMI AO KOHIIA 90-X I.T., 3aHMMaeT
BTOpO€ MeCTO, a KPUMUHAABHbIH, COOTBETCTBEHHO,
Tperbe. [1o AQHHBPIM KAMHHYECKOTO MCCAEAOBAHHSA
Ha pa3HbIX CPOKAX 0OpallleH s [TAIHeHTa C 3aKPBITOM
TPaBMOI I'Aa3a B CTAIIMOHAP BBISIBASIETCS CACAYIOIIAST
IIATOAOTHSA: TPAaBMAaTHYeCKasi KaTapaKTa, BTOPUYHAS
TUIIePTeH3Us, IOCTTPaBMaTHYECKUH YBEHT, TUIIOTO-
HHYeCKHI CHHAPOM B Pe3yABbTaTe OTCAOMKH I[UAHAP-
HOT'O TeAA M XOPHOHACH, OTCAOMKA CeTYATKH.

HecMoTpst Ha KOMITA@KCHBIH IIOAXOA K XUPYPTH-
4eCKOMY BOCCTAaHOBHUTEAPHOMY A€YEHHIO OOABHBIX
C 3aKPBITOH TPABMOH, HICXOABI 9TOTO A€UEHHUS OCTaB-
ASIFOT XKEAQTb AYYIIEeT0, TAK KaK AOBOABHO BHICOKOMY
IPOLIEHTY OIePHUPOBAHHBIX OOABHBIX 3peHHe BOC-
CTAaHOBUTH HE YAAETCS, YTO CBSI3aHO C U3HAYAABHOM
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SEED PRODUCTIVITY OF POTATO VARIETIES OF DIFFERENT
RIPENESS GROUPS IN SPRING PLANTING IN THE
CONDITIONS OF THE SOUTHERN STEPPE OF UKRAINE

Abstract. The article presents the results of studies of seed productivity of potato varieties of
different ripeness groups in spring planting under irrigated conditions of the Southern Steppe of
Ukraine. The following varieties were studied: early ripe Tiras (St), Duma, Slauta and Factor; mid-
early — Levada (St), Zlagoda; mid-season — Slavyanka (St), Miroslava, Knyaginya and Anika. The
regularities of the formation of the seed crop of the studied varieties of potatoes are established,
among which the ones with high seed productivity are identified. As a result of the correlation and
regression analysis, a high density of the linear relationship between the yield of conditioned seeds
and the yield level of the varieties was determined — the correlation coefficient was 0.849 + 0.187.

Keywords: potato, variety, irrigation, seed productivity, second-crop potatoes, breeding coef-
ficient.

1. Introduction gal diseases harm the culture, and the harsh weather
In the hard climatic conditions of the south of  conditions of the steppe zone (high air and soil
Ukraine, the traditional seed production of pota-  temperatures, low humidity, frequent dry winds)
toes (Solanum tuberosum L.) is ineffective [1]. Due  accelerate the process of degeneration, therefore,
to vegetative reproduction, viral, bacterial and fun-  to solve this problem, potato seed production in
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southern Ukraine is based on virus-free tissue cul-
ture [2; 3].

Along with biotechnological methods of im-
proving the original seed material of potatoes, the
method of double-crop culture is also used, which
consists in growing potatoes from freshly harvested
tubers from spring planting [4]. Its effectiveness has
been proven according to the results of numerous
studies in the natural and climatic conditions of the
south of Ukraine: high yield and reproductive rate,
less exposure to viral diseases and, as a result, long-
term preservation of seed qualities, reduced costs for
storing seed for the next season, etc. [S, 6].

Therefore, the study of seed productivity of po-
tato varieties obtained from spring planting is an
urgent direction in increasing the efficiency of the
double-crop method.

2. Materials and methods

Field experiments, laboratory and analytical
studies during 2016-2018 were carried out at the
Institute of Irrigated Agriculture of the NAAS of
Ukraine (Kherson region, Naddniprians’ke) located
on the right bank of the river Dnieper in the zone
of the Ingulets irrigation system. The soil of the re-
search plot is a dark chestnut medium-loamy. There
was used the method of split plots with four repeats
and two-row plots.

The following varieties were studied: early ripe
Tiras (St), Duma, Slauta and Factor; mid-early —
Levada (St), Zlagoda; mid-season — Slavyanka (St),
Miroslava, Knyaginya and Anika.

The agrotechnics used in the experiment were
applied according to the guidelines for potato culti-
vation on irrigated land, developed by the Institute
of Irrigated NAAS [7] and taking into account all
the requirements of the method of research with
potato [8].

To assess the proportions of the influence of fac-
tors, analysis of variance (three-way ANOVA) was
carried out by using the Agrostat® [9] software and
information complex based on Microsoft Office®
Excel®, posterior multiple comparisons were carried

out using the Tukey’s HSD test [10] at probability
level (P <0,05). The results obtained are presented
as means with standard error of means (m + SEM).
Latin letters indicate statistically significant or insig-
nificant difference. Correlation analysis was carried
out using the correlation coefficient (Pearson’s cor-
relation coefficient, PCC).

The agrotechnics in the experiment correspond-
ed to the recommendations developed by the Insti-
tute of Irrigated Agriculture of the NAAS [11] for
growing potatoes on irrigated lands.

3. Results and discussion

Varieties characterized by high seed productivity
after spring planting with early collection of tubers
are of great value for double-crop of potato [12].
Of particular importance among the structure of
the yield is the yield of conditioned seed potatoes,
the mass of seed tubers and the number of tubers
under the bush, as well as the breeding coefhicient
of varieties, as the most important indicator in seed
production.

The results of our studies showed that, on aver-
age, over three years, the yield of conditioned seed
potatoes in the context of the experiment ranged
from 9.94 t/ha in the early-ripening variety Duma
to 14.90 t/ha in the early-ripening variety Slauta
and depended on 78.1% of varietal characteristics.

When analyzing seed productivity, it was found
that over three years of research among the early
ripening group, the Slauta variety formed almost
the same level of yield of conditioned seed potatoes
compared to the standard variant — 14.90 versus
13.73 t/ha, with the lesser significant difference of
1.31 t/ha. A significant decrease in this indicator
by 27.6 and 10.9% was noted in the varieties Duma
and Factor, respectively. When cultivating the stan-
dard variety of the early maturing Tiras group, a high
breeding coefficient was obtained — 10.8, while the
compared varieties Duma, Slauta and Factor dem-
onstrated a significant decrease in this indicator by
1.0-3.4 (Picture 1).
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Picture 1. Breeding coefficient of potato varieties of different groups of ripeness
in spring planting and early harvesting, 2016-2018. Columns followed by the
same letter are not statistically different according to Tukey test (P < 0.05%).

Vertical bars indicate to standard error of means (m = SEM)

In our studies, the cultivars of the middle early
group — cultivar Levada and cultivar Zlagoda prac-
tically did not differ, both in terms of the yield of
conditioned seed potatoes and in the value of the
breeding coefficient — 13.36 versus 12.48 t/ha and
7.6 versus 8.4, respectively.

On average, over three years of research among
the mid-season group, the Knyaginya variety showed
the highest value — 13.08 t/ha and exceeded the stan-
dard variant by 1.79 t/ha, or 15.9%. The varieties
Miroslava and Anika formed the same level of seed

productivity in comparison with the standard variety
Slavyanka - 12.40 and 11.47 t/ha versus 11.29 t/ha,
respectively. The breeding coeflicient of varieties
in the mid-season group varied slightly within the
range — from 9.3 to 10.0.

We found that the formation of the number of
seed tubers in most varieties varied insignificantly —
from 45.5% in the standard variety of the mid-season
Slavyanka group to 56.4% in the standard variety of
the mid-early group Levada (Table 2).

Table 2.— The structure of seed productivity of potato varieties of different
groups of ripeness in spring planting and early harvesting of tubers, 2016-2018.
Columns followed by the same letter are not statistically different according to
Tukey test (P < 0.05%). # — indicate to standard error of means (m £ SEM)

Variety Ripeness Seed tubers Seed tuber Number of tubers
group yield,% (In count) weight, g under the bush, pcs.
1 2 3 4 S
St. Tiras 47.0+1.8#* 62.8+£2.8 11.2+0.9°
Duma 48.9+2.4* 67.7+2.6" 8.2+1.2°
Slauta early 47.942.3° 75.142.0" 10.1+1.0°
Factor 47.2+1.9* 77.4+2.8® 10.3£1.3°
St. Levada di | 56.4+2.1° 79.7£1.7° 9.3+0.9°
Zlagoda medium earty 52.5£3.2° 71.423.9%¢ 9.7£1.2°
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1 2 3 4 S
St. Slavyanka 45.5+1.2° 72.443.6%¢ 9.9+1.0°
Miroslava d 47.9+2.5 68.8+1.5%¢ 10.7+1.1°
Knyaginya mid-season S2.1+1.9° 63.822.4¢ 10.8£1.1°
Anika 45.8+4.3* 67.5%3.1b 11.1+£1.22
LSD. 46 3.9 12

The level of the yield of tubers of the seed fraction
of the varieties of the early ripeness group, on aver-
age for three years, practically did not differ. varieties
Duma, Slauta and Factor insignificantly exceeded the
standard variety Tiras by 1.9; 0.9 and 0.2%, respec-
tively. However, in terms of the mass of seed tubers,
all compared varieties of the early ripeness group
showed a significant increase in comparison with the
standard variant. The highest indicator was obtained
for cultivation of the Factor variety — 77.4 g. The
Duma and Slauta varieties surpassed the standard
Tiras variety by 4.9 and 12.3 g, respectively. It should

16

be noted that the Duma variety formed the smallest
number of tubers under the bush, both among other
compared varieties in the early ripeness group, and
in the context of all experimental variants — 8.2 pcs..

Medium-early varieties Levada and Zlagoda
formed almost the same number of tubers under
the bush - 9.3 and 9.7 pieces, while the quantitative
yield of tubers of the seed fraction also did not dif-
fer significantly — 56.4 against 52.5%, respectively.
However, the Levada standard variety produced seed
tubers with a heavier weight of 79.7 g and exceeded
the Zlagoda variety by 8.3 g, or 10.4%.

r=0849 +0.187
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21 23 25
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Picture 2. Model of dependence of seed productivity of potato varieties on the general
yield level at spring planting and early harvesting of tubers, 2016-2018, t/ha

The analysis of the structure of seed productiv-
ity of varieties in the middle-ripening group showed
that the variety Knyaginya formed the largest per-
centage of seed tubers yield — 52.1%, while exceed-
ing the standard version by 6.6%. The value of this
indicator of varieties Slavyanka, Miroslava and Anika
varied insignificantly within 45.5-47.9%. Tubers of
the seed fraction formed by the Miroslava variety

were light 63.8 g. The Knyaginya variety also showed
a significant decrease in the mass of the seed tuber,
compared to the standard variety — 67.5 g versus 72.4
g, but it should be noted that this variety formed the
largest amount tubers under the bush — 11.1 pcs,,
which is 12.1% more than the standard vatiety.
Correlation-regression analysis made it possible
to determine a high density of a positive linear rela-
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tionship between the yield of conditioned seed pota-
toes and the yield level of varieties of different ripe-
ness groups — the correlation coefficient was 0.849 +
0.187 (Picture 2).

Conclusion

On average, over three years of research, varieties
with high seed productivity have been identified. The
highest indicator of the mass of the seed tuber was
obtained for cultivation of the Factor variety—77.4 g.
Varieties Duma and Slauta surpassed the standard
variety Tiras by 4.9 and 12.3 g, respectively. The mid-
season variety Knyaginya formed the highest seed
productivity — 13.08 t / ha and exceeded the standard
variant by 1.79 t / ha, or 15.9%. At the same time, this
variety formed the highest percentage of seed tubers
yield — 52.1%, while exceeding the standard version

by 6.6%. The mid-early varieties Levada and Zlagoda
formed almost the same level of seed productivity.
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Abstract. In a fire in residential buildings, the death of people as a result of the collapse of struc-
tures is unlikely, since conditions dangerous to human life in a fire appear much earlier than the fire
resistance of building structures. Contact of a person with an open flame, even for a very short period
of time, leads to the death of a person.
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AHAJIN3 TOKCUYHOCTU NPOAYKUWUN TOPEHUA
APEBECHOBOJIOKHUCTbIX MJIUT CPEOHEN NJIOTHOCTU
(MAD) B XKUJIbIX SAAHUAX BBETHAMA

AnnoTtanust. [Tpu moxape B XKUABIX 3AQHHSX THOEAD AIOAEH B pe3yAbTaTe 0OPyLIeHNS KOHCTPYKIIHI
MAAOBEpOSITHA, TAK KaK YCAOBHSI, OIIACHBIE AASI )KU3HH AIOAEH ITPU TI0XKAPE, MOSBASIOTCS 3HAYMTEABHO
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PpaHblIE, 9eM IIPEAEA OT HEeCTONKOCTU CTPOUTEADBHDBIX KOHCTPYKHHfl. KonTakT yeaoBeka ¢ OTKPBITBIM

IMAAMEHEM, AQKE ITPU OY€HDb MAAOM IIPOMEXYTKE BpEMEHH, IIPUBOAUT K I'I/I6eAI/I YECAOBECKa.

KaroueBbie CAOBa: )XHAbIE 3AQHHS, II0XKAP, IBAKYaIIHs AFOAEH, TOKCHYHbIe IPOAYKThI ropenusi, MDF.

B ycaoBusx noskapa B KHMABIX 3AQHUSX OCHOBHBIMU
PakTOpamH, NPUBOASAIIUMY K IIOAHOM ITOTEpe CO3Ha-
HYISL AFOACH M MX TH6eAH, SBASIOTCS caeayromue [1]:

— OTKPBITBIF OTOHD M UCKPDI;- IIOBbINIEHHAS TEM-
nepaTypa OKpy>Kalomjer CPeAbI;

— TOKCHYHbIE IIPOAYKTBI TOPEHMS; - TOHIKeHHAs
KOHIIEHTPAIM KUCAOPOAQ;

— KOMOHMHHPOBAHHOE BO3AEIICTBUE PA3AMYHBIX
¢$akTOpOB ImoXKapa Ha YeAOBEKa.

B nepBoii yacTu cTaTbu KPaTKO PacCMOTPHMM Ha
OCHOBE U3BECTHBIX AAHHBIX BO3AEHCTBHE BEAYIIUX
OTacHBIX GpaKTOPOB IOXKapa.

Iosviwennas memnepamypa okpysxsawouyeti cpedv

M3 AuTepaTypHbIX AQHHBIX M3BECTHO, YTO TeMIIepa-
Typa B 3AaHIAX ITpuU noxkapax pocturaer 1100 C, uto
IpeBbIIIAeT MAKCUMAABHO AOITYCTHMbIM YPOBEHD AAS
BbDKHBAHIS B TedeHHe He 60Aee opHO# MuH. [Topaske-
HH€ BEPXHHX AbIXaTeAbHBIX ITyTeH BhI3bIBAET C IIpeKpa-
IeHMeM AOCTYTIA BO3AYXa, YAYIIbe U CMepTb [ 2 ]. Aaske
Bo3pelicTBHe TemmepaTypsl cabime 100 C mpuBopuT
K IIOTepe CO3HAHHS y YeAOBeKa U THOeAU uepes He-
CKOABKO MUHYT. YCTaHOBAEHO, YTO BPeMsI B HECKOABKO
MUHYT SIBASIETCS AOITYCTHMBbIM IIPEAEAOM AAS Y€AOBEKa.

ITo parubiM pa6oTst [3], Ipu MAOTHOCTH TemAo-
BOro moroka usAydenus 4,18 KBr/m* omymenue
60Au Bo3HuKaeT yepes 10-20 cek, a mpu 7,28 KBr/M*
gyepe3 10-12 cex. Ha KOXXe OOPA3YIOTCS ITy3BIPHL.
Boabmas pasuuila B NpuBeACHHBIX AQHHBIX O BEAU-
YMHE ONACHOM TeMIIepPaTyPhl ABASETCS CAEACTBHEM
TOTO, YTO IIEPEHOCUMOCTD YEAOBEKOM BbHICOKOM TEM-
HepaTypbl OKPY>KaIOIeH CPEADI OTIPEACASeTCS B 3Ha-
YUTEABHOM Mepe €€ BAAXKHOCTDIO.

Toxcuunvle npodykmut 20peHus

ITpoBeaeHHBIMHI

HCCACAOBAaHMSAMHN ycCTa-

HOBAEHO, YTO B IPOAYKTaX TOPEHHS], BBIAECAS-
IOIMUXCA Ha IOXKapax, copepxurca Ao 100 Bu-
AOB XVMHYECKHUX COEAMHEHWI, KOTOpble MOIYT
OKa3bIBaTh TOKCHYECKOE AEVCTBHE Ha YeAOBEKa
ITpoAyKTBI CropaHus, BbIAEASIEMBIE IIPU ITOXKAPAX,
MO>KHO Pa3A€AUTH Ha TPH OCHOBHBIE IPYIIIIBI: Iasbl,
PacTBOpPHMBIE B BOAE; TBEPABIE YACTHUIIBI; HEPACTBO-
puMble raspi [4].

B Tabawnre 2 mpuBeAeHbI pe3yAbTaThI 00001IeHIs
AUTEPATYPHBIX AAHHBIX IT0 BO3AEHICTBUIO OKUCH yTA€-

POAa Ha 9E€AOBEKa.

Tabnuua 2.— Bo3aoencTeme okMcK yrnepoaa Ha 4yenoBeka B 3aBUCUMOCTHN
OT KOHUEHTPaLUUM 1 NPOA0SIKNTENBHOCTUN OENCTBUS

KonnenTpanusa Bpewms pericTBus, ppexr Coaeprxanne (COHB)
CO,% MHH. B KpoBH, %
1 2 3 4
0,005 480 bes adpdekra 10
0,01 480 AeTaAbHBIN UCXOA 60-70
0,02 120 Caabmrit 20
0,08 60-120 AeTaAbHBIN UCXOA 60-70
0,10 60 CuAbHBII 40
0,16 30 AeTaAbHBIN UCXOA 60-70
0,3 HECKOABKO MUH. /\eTaAbHBIN UCXOA 60-70
0,5 20 AeTaAbHBIN UCXOA 60-70
1 1 AeTaAbHBIN HCXOA 80

B mabauye 3 noxasan a¢pexm sosdeticmeus CO, na werosexa

35



Section 6. Technical sciences

Tabnvua 3.— BepoaTtHbiii Gpr3nonornieckunin apdexT npu nosbileHnmn koHueHTpaumm CO,

KonnenTpannua CO  Bo BAbIXae- Bpems BosaericTBHS,
2 Idpdexr
MoM Bo3ayxe, (%) (Mun.)
Yyamenue AbIXaHHUA
0,5 480 Ae TAb ”A cX0,
TAABHBIN UCX
32 60-120 1 HEROA
AeTaAbHBIN UCXOA
4,0 30 .
50 5 AeTaAbHBIN UCXOA
’ A\ eTaAbHBII UCXOA
8-10 HECKOAbKO MUHYT .
/AeTaABHBIN HCXOA OT IApaAUYa
10-12 HECKOAbKO MUHYT
ABIXaTEABHOTO I[€HTPA

B >xuAbIX 3AaHHSAX y HAcC eCTb MHOTO u3aeanii 3 1o u3 MDE. B aToi1 craTbe AAsl onipeaeAeHUs KOH-
AepeBa: MapKeT, CTOABI, CTYAbsI, AGPEBSHHBIN II0A,  L@HTPALUH TOKCMIHOCTH MPOAYKTOB ropernss MDF
KYXOHHBIE TAPHUTYPHI U TA. B cratuctrke 80% >ku- MBI MCIIOAB30BaAH ycTanoBky SDC [§].

ABIX 3AQHUI BO BbeTHaMe HCIIOAB3YIOT AepeBsSHHBIN

PucyHok 1. O6wwmin Bua yctaHoskn SDC: 1 — KomnbloTep; 2 — komepa
YCTaHOBKW; 3 — KOMepa aHanm3a TOKCUYHOCTU NMPOAYKTOB FrOPEHMUS

A\aHble AAS HCIIBITaHUSA: KYCOK AepeBa (coCHblI) IToAyunanpe3yAbTaTbl MI3MEHEHHAKOHIIeHT Ity
pasmepamu: 10 X 10 X 0,9 Mm. TOKCUYHOCTH IMPOAYKTOB TOPEHUS IIPU UCIIBITAHHUH:
ppm (parts per million).
Pr—
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p
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P|/|cyH0|< 2. N3meHeHne KOHUEHTPaunn C02 B TOKCUYHOCTU NMPOAYKTOB ropeHna aepesa
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TakuM 06pa3oM, pacyeTs! TOKA3AAH, YTO KOHI|eH-
TPpallMi TOKCUYHOCTH IPOAYKTOB TOPEeHHs AepeBa
YBEAUYHBAET IO BpEMeHH:

— KonnenTtparnmsa CO2 B TOKCHYHOCTH IIPOAYK-
TOB ropeHHs AepeBa pocturaer Ao 20,50% 3a 600 c;

— Konnentpanusa SO2 B TOKCMYHOCTH IIPOAYK-
TOB FOpeHHs AepeBa pocturaer A0 898% 3a 600 c;

— Konnenrpanusa CO B TOKCHYHOCTH IPOAYK-
TOB TOPEHHS AepeBa AocTuraeT Ao 162043 ppm 3a
600 c;

— KonnenTpanus HCHO B TOKCHYHOCTH ITPO-
AYKTOB TOpeHHs AepeBa pAocTuraer Ao 19151 ppm
3a 600 c.

BpIBOA: HEAOITyCTUMOCTD TaKUX KOHIIEHTpalluU
TOKCUYHOCTHU IPOAYKTOB ropenuss MDF B sxnabpix
3AQHISIX TpebyeT pa3pabOTKH HOBBIX, 9 PpeKTUBHBIX
Mep, HaIlpaBAEHHbIX Ha 00ecIieyeHne 6e30I1acHOCTH
AXOAEH IIPH ITOXKape.

Cnucox AuTeparypbl:

1. ®epepaabubiit 3akoH N 123 ot 22 utoast 2008 r. TexHuueckuil peraaMeHT O TPeOOBaHHAIX IOXKAPHOM

6e30IMacHOCTH.

2. Aannaenxo A., Aprembes H., Tepe6ues B., Yupxo B. Aast pacuera morpebHOro Hamopa. “ IToxxapHoe

AeA0”, 1985.-N29.- 23 c.

3. PexomeHAAnMu IO yCTPOMCTBY CHCTEM OIOBENIeHUs U YIIPABACHHS 9BaKyal[ueH AIOAeH IPHU IoXKapax
B 3AaHISIX U coopykeHmsx.— M.: BHMMIIO. 1985.- 19 c.
4. Ypronr Aunb XoHr. Auccepranus « CoBeplIeHCTBOBaHHUE YIIPaBA€HHE TyIIeHHeM IT03KapOB U CTIACAHUEM

AIOAEH B 3AQHHAX MOBBIIEHHOM 9TAXHOCTU FOPOAOB BheTHaMa>. 2008.— C. 16-25.
S. Huéng dan st dung thiét bi SDC xac dinh mutic d¢ sinh khoi ctia vat liéu.

38



SIMPLE BLOCKY DIGITAL POLYPARAMETRIC FRACTAL CODE

https://doi.org/10.29013/EJTNS-20-4-39-42

Milova Yulia Alekseevna,

PhD Student of educational-scientific institute

of telecommunications State University of Telecommunications
E-mail: milova_j@ukr.net

SIMPLE BLOCKY DIGITAL POLYPARAMETRIC FRACTAL CODE

Abstract. The paper offers a simple blocky digital polyparametric fractal code block combinations
of which are quasi-simple whole numbers. It is shown that in this case, the verification combination
that corrects channel errors can be a serial number of quasisimple numbers, and the detection of er-
rors is based on the structure of the code word itself.

Keywords: polyparametric code, quasisimple number, correcting combination, natural sequence,
fractal.

Muanrosa FOrus Axrexceesta,
Tocydapcmeenmuiii yHuBepcumenm mesexoMmyHUKayull
acnupanm, y4eOHo-HayuHolil UHCIMUIMYM MeAeKOMMYHUK AUl

NMPOCTOM BJIOYHbIA LLUDPOBOM
NMOJIMNAPAMETPUYECKUI ®PAKTAJIbHbIN KOJ,

AnHoTanms. B pabore npeaaaraercst IpocToil GAOYHBIN ITUPPOBOIL MTOAUIIAPAMETPHIECKHI
(paKTaAbHBII KOA OAOUHBIE KOMOHHALIMK KOTOPBIX SBASIIOTCST KBAa3HIIPOCTHIMH LIEABIMH YHCAAMU.
IToxasaHo, YTO B 9TOM CAy4ae IPOBEPOYHON KOMOHMHAIIMEH, HCIIPABASION|el KaHAAbHbIE OMIHOKH
MOYKET CAY>KHTb ITOPSAKOBBII HOMeP KBa3UIIPOCTOTO YHCAQ, 2 OOHAPY KeHHe OIIOOK IPOH3BOAUTCS
Ha OCHOBAaHUHM CAMOJ CTPYKTYPBI KOAOBOTO CAOBA.

KaroueBbie caoBa: HOAI/IHaPaMETpI/I‘IECKI/Iﬁ KOA, KBa3HIIPOCTO€ YHCAO, MCITPABASIOII A KOMOuHa-

11sl, HATYPAABHBIN PsIA, PaKTaA.

B coBpeMenHO npakTHKe IepeAaYy AAHHBIX HC-
IIOAB3YeTCsI OOABIIOE PA3HOOOpa3ue Kak ABOUYHBIX,
TaK 1 [UPPOBBIX OAOUHBIX U HEIIPEPHIBHBIX KOAOB,
ITO3BOASIOIIMX OAHOBPEMEHHO C IepeAAder TIOAE3-
HOM MHPOPMALMU OCYIECTBASTh OOHAPY>KeHHe
U MCITPaBAeHMe KaHAaAbHbIX AucToprmit. K Takum ko-
AaM MOXXHO OTHECTH IIPeAAaraeMblil B paboTe mpo-
CTOM OAOYHBIN IUPPOBOI MOAUNIAPAMETPHIECKHIT
¢pakTarbHblit K0p. OOBMHO GAOUHBIE KOABI COCTO-
AT, KaK IIPaBUAO, U3 ABYX YaCTel — *HPOPMALUOHHON
U mpoBepouHOil. PaHee 6b1A0 [TOKA3aHO [1; 2], uTo
IPOBepOYHAsT KOMOUHALUS GAOYHBIX KOAOB MOXKET

CO3AABATHCSI HA OCHOBAHUY COOCTBEHHO CTPYKTYPHI
MHPOPMALIMOHHOMN JaCTH OAHOTO KOAOBOI'O CAOBA,
AH60 3TOrO 5Ke KOAOBOT'O CAOBA U HEKOTOPOTO YHCAQ
€ro cocepeH, 3aBUCAIUX QYHKIIMOHAABHO OT CTPYK-
TYpPbI IPUHATOTO KOAA. APYIHMHU CAOBaMH, Cyllje-
CTBYIOT OAHO- M IIOAMIIAPAMETPHUYECKIE KOAOBBIE
KoMOuHaIM. MOXKHO AQTh CAEAYIOLIee OIpeAeAe-
HYe 9TUM IOHATHSIM:

— Odnonapamempuseckumu 6A0K08bLMU K00AMU
SIBASIFOTCSI KOABL, IIPOBEPOYHAsT KOMOMHALINS KKAO-
ro 6AOKa KOTOPBIX POPMUPYETCSI TOABKO HA OCHOBA-
HUY €T0 BHYTPEHHeH CTPYKTYPBL
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— Ioaunapamempuneckumu 6A0K08bIMU K0OAMU
SIBASIFOTCSI TaKHe KOABL, IIPOBEPOYHAsT KOMOMHALVS
KOTOPBIX pOPMUPYETCSI 10 AAHHOMY OAOKY U MHO-
>KECTBOM COCEAHUX KOAOBBIX CAOB QYHKIIMOHAABHO
3aBUCSIIUM OT AAHHOTI'O KOAOBOTO CAOBA.

Briro mokasano [1], uTo PyHKIMOHAAPHAS 3a-
BHCHMOCTb MEXAY IPHHSITHIM KOAOBBIM CAOBOM
U €r0 COCEASIMU CYLIECTBYET AASL ABOUYHBIX KOAOB,
KOTOpbIe OBIAM IIOCTPOEHDI Ha 6a3e IOAET, KOAEL,
TPYIII U MA€aAOB [aAya, a AAST KOAOB, SIBASIIOLIUXCSI
L[EABIMU A€CATUYHBIMU YUCAAMH, TAKASI 3ABUCUMOCTb
CYIL|eCTBY€T, ECAU OHU SIBASIFOTCSI YA€HAMU HOPMHPO-
BAHHOTO HATYPAABHOTO Psiad AUOO PPaKTAABHBIMU
MPPOBBIMU OOPA30BAHMSIMY, [TOAYIAEMBIMH IIPU
9aCTUYHOM IPOPEXXUBAHUI HATYPAABHOTIO psiAd He-
OOABIIMMU [JEABIMH YHCAAMIL. 3AECh HOPMUPOBAHHDLL
HAMYPAALHBLLL PS0 — 9TO YUCAOBOU PSIA, IIOAY I€HHDII
AeAeHHEeM KaXKAOTO €r0 9AeMEeHTa Ha HOPMY — H3-
OpaHHOe 0e33HAKOBOE LIeAOe AECATHYHOE UHCAO.
B mamem cayvae aro uncaa 2 u 3. Ecau B opHOMapa-
MEeTPUYECKHIX KOAAX AASI IOAYYEHHUS IPOBEPOYHbIX
KOMOMHAIINI UCIIOAB3YeTCSI BHYTPEHHSISI CTPYKTypa
TOABKO OAHOTO KOAOBOTO CAOBQ, TO B ITOAHIIAPAMe-
TPUYECKUX KOAAX HCIIOAB3YeTCSI THPOPMALIHS IPYII-
IIBI €70 COCEAHHX KOAOB U PE3YABTATHI PYHKIHOHAAD-
HBIX IPe0OPA30BAHUIT 3aBUCUMOCTE! MEXAY HUMU.
ITpu aToMm mpouecc GOpMUPOBAHUS IIPOBEPOIHDIX
KOMOHHANUP HAMHOTO YIPOLIAeTCsl, 0bAerdaercs
U IIprobOpeTaeT pa3HOOOpa3Hble GpOPMBI UX IIOAYYe-
Hust. OpHOmapamMeTpudeckue GAOKOBbIE KOABI TAKHX
IpenMyIIecTB He UMeIoT. Tak mpocToit kop XaMMUH-
ra, 0OHAPY KUBAOILINIL AByKPATHO U UCIIPABASIIOLIUI
OAHOKPATHO OIIHOKY, COCTOUT U3 TPEX ITAIOB I10-
CTpOEHHUS IPOBEpPOYHOIT KoMbuHarmu [ 3].

B pabote paccMarpuBaeTcst BAPUAHT IOCTPOEHUS
[OAUIIAPAMETPUYECKOTO HAOIHOTO KOAQ, IIPEACTAB-
ASIIOIIETO COOOM 9AEMEHTbI KBA3UIIPOCTHIX LIEABIX
qHCeA, TOAYYAIOIINXCS B PE3YAbTaTe IPOPEKUBAHI
HATyPAABHOTO PSIAQ HAM OTAEABHBIX €T0 OTPE3KOB Iie-
ABIMH YHCAQMU KPATHBIMU HEOOABIINM 110 3HAYEHHIO
YHCAAM (B HallleM CAy4ae 2 U 3). I'ae ksasunpocmoie
YUCAA — IUCAQ YKOPOYEHHOTO HATYPAABHOTO PSIAQ,

OCTaBIIEroCs MOCAE TPOPEXUBAHMS (BBIKAABIBAHHSA )
FICXOAHOTO HaTyPaAbHOTO PSIAQ.

B Hamewm cAy4ae mocae MpOpPeXXMBAHMS MIOAYYa-
OTCS YMCAOBBIE (PAKTAABI — 3TO CACAYIOIIHE OAUH
32 APYTHM CaMOIIOAOGHbIE YHCAOBbIE OOPa3OBaHHs
PasMepoOM, PaBHbIM IIPOU3BEACHHIO YHCEA, KOTOPbIE
ABASIIOTCS HOpMOii (B HameMm cay4ae 2 u 3). [Tpumep
TIOAYYEeHHs KBa3UIIPOCTHIX YMCEA HOPMHPOBAHUEM
OTpesKa HaTypaAbHOrO psiaa {1, ..., 36} HopMmoii 2
u 3 pemoncrpupyer (Tabauna 1).

Tabauna 1. — Mpumep nonyveHns
KBa3UMPOCTbIX YACEN

KBazu-

YncAa HaTypaAbHOTO psiaa NpOCThIe

YHCAQ
1 2 3 4 S 6 1 S
7 8 9 10 | 11 | 12 7 11
13 14 | 1S | 16 | 17 | 18 | 13 | 17
19 20 | 21 | 22 | 23 | 24 | 19 | 23
25 26 | 27 | 28 | 29 | 30 | 25 | 29
31 32 | 33 |34 | 35| 36| 31| 35

PaccMoTpeHne HaTypaAbHOIO pspa AAeT BO3-
MOXXHOCTb yOEAUTDbCS], 4TO, HAYMHAsI C IIePBOTO
9AEMEHTa, KaXXAO€e MPOu3BeAeHHe 2 X 3 mpeACTaB-
AsieT co60#1 4ncA0Boe $ppaKTaAbHOE 0Opa3oBaHUe.
B pesyabrate mpopexuBaHHs 00pa3yeTcsl HOBbIH
YaCTUYHO MPOPEKEHHBINA HATYPAABHBIN PSIA, COCTO-
SITUH U3 KBa3UITPOCTHIX YKceA. B aToi TabAUILIe yeT-
KO IIPOCA@XHBAETCSI IOAODHE CTPOK, KOTOPOe AdeT
BO3MOXXHOCTD BBIAGAUTD QPaKTaAbHbIE 3aBUCUMOCTH
KBa3UIIPOCTBIX YUCEA CKATOIO OTPE3KA HATYPAAbHO-
ro psipd. 3AeCh YHCAOBBIE pPAKTAABHDIE 0Opa30BaHHs
TIOCTPOEHDI [10 EAMHOMY IPHHLKITY: PasHOCTS (Bcer-
A2 ABYX) KBa3HIIPOCTBIX YUCEA IOCTOSIHHA U PaBHA
yeTbipeM (Hampumep, S—1 = 4 B epBoil CTpPOKe U
35-31 = 4 - B 6-i1 cTpoke). PasHOCTD MeKAY COCeA-
HUMU YUCAOBBIMU PPAKTAAAMU IIOCTOSHHA U PaBHA
IIPOM3BEACHHUIO YHCEA HOPMBI — 6.

YcaoBUMCS cAeAyIOIIHE TIOAPSIA KBa3HIIPOCTbIE
YHCAQ CIUTATh AAPABUTOM OAOUHBIX ACCSTUIHBIX KO-
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AOB Ha OIIpeAeAeHHOM BBIOPAaHHOM 3apaHee OTpe3Ke
IIPOPEKeHHOI0 HaTypaAbHOTO psiaa. Ha ocHoBanuu
$paKTaAbHBIX 3aKOHOMEPHOCTEH IIPOPEXEHHOIO
HATYPaABHOTO Psiad OBIAQ CO3AAHA YHUBEPCAAbHAS,
IIPOCTasl U MOHATHAS MaTpPHIA, KOTOPYIO IO TPaAU-
ITUH, KCTIOAb3yEeMOM IPU MIPOPEKUBAHUU HATYPAAD-
HOTO PsIAQ (HaanMep, penero DpaTocdeHa, KOBep
CeprmHCKoro) B paboTe IIPEAAOXKEHO Ha3BaTh <KPy-
»eBo MuaoBoii>». Marpuria npepcTaBA€Ha IPsSMOY-
TOABHOI TabAuUIe pasMepom 4 X n, TA€ N — CKATBIN
9KBHBAAEHT HCXOAHOTO KBa3UIIPOCTOTO YHCAQ (B Ha-
IIeM CAydYae 4HCAa 35). 3aech B 1-M cToAbIIE TIpO-
HyMepOBaHbI CTPOKU CAMOI MaTPHUIbl, 2—4 CTOAOLIBI
ITOCAEAOBATEABHO 3AIIOAHSIOTCSI 9AeMEHTAaMU HaTy-
PAABHOTO PsIAA TTO KOAUYECTBY PAaBHOMY HCXOAHOMY
oxumaemomy uucay ({1, ..., 36}) (tabamma2).

Tabnuua 2. — MaTtpuua «kpy>xeso MunoBow»

Ne HarypaAbHbIiI psa

1. 1 2 3
2. 4 S 6
3. 7 8 9
4. 10 11 12
S. 13 14 15
6. 16 17 18
7. 19 20 21
8. 22 23 24
0. 25 26 27
10. 28 29 30
11. 31 32 33
12. 34 35 36

IlepBblit cTOAGEL] MATPHIIBI OIIPEAEAIET HOMEP
OYEepEeAHOI0 KBAa3UIIPOCTOTO YHCAQ, 3aIIMCAHHOIO
B AQHHOMH cTpoKe. Bo BTOpoM, TpeTbeM 1 YeTBEpPTOM
CTOAOLIaX IPUBEAEHDI 3AIIMCAHHbIE 10 IOPSIAKY JA€-
MEHTbI COTTPOBOXAAIOIEr0 HATYPAAbHOI'O PSIAQ CXKHU-
MaeMOTO I[eAOTO YHCAQ. Suelky ¢ KBa3UIIPOCTHIMU
YHCAAMU 3aT€MHEHBI.

Mesxay AByMs KBa3UITPOCTBIMHM YHCAAMH PacCIIo-
AararpTcs oT 1 A0 3 COCTaBHBIX YHMCeA HATYPAABHOIO
psiaa, 9TO obecreunBaeT 6OAee BHICOKYIO IOMEX03a-
IUIEHHOCTb PacCMAaTPHUBAEMOTIO KOAQ.

M3 marpuIipl caepyer, 4TO KaXXAOMY HOMepY
CTPOKH — KOAMYECTBY KBa3UITPOCTHIX YHCEA, OAHO-

BPEMEHHO 9KBMBAACHTHO COOTBETCTBYIOT HOMepa
HCXOAHDIX IIEABIX YHCEA, He SIBASIFOIIMXCS KBa3UIIPO-
creiMi. YHcAQ, pacrioAOXKeHHBIE B IIEPBOM CTOADIIE
YAOOHO HCIIOAB30BaTh KK HCIIPABASIIOIINE KOMOH-
HaIJUU KOAOBOTO CAOBA, PaCIIOAO>KEHHOI'O B AAHHOM
crpoxke. Hapo ckasarp, 4TO B KauecTBe OOHapy»KH-
BAIOIIero MpU3HAKa B IIPHAAraeMOM KOAE SIBASIETCS
IMIPUHAAASKHOCTD MHPOPMALMOHHOM YacTH KOAQ
KBa3HIIPOCTOMY YHCAYy B MaTpulie <KpyxeBo Mu-
AoBo#>. [TockoAbKy KBa3UIIPOCTbIE YHCAQ B YETHBIX
U HEYeTHBIX CTPOKAX MaTpPHIbl «Kpy>keBo Muao-
BOM>» HAXOAATCS Ha Pa3HbIX MECTaX, CyleCTByeT
ABe GOPMyYADI, KOTOpbIE OIMCHIBAIOT QPYHKIMOHAAD-
Hble 3aBHCHMOCTHU MeXAY HHPOPMAITMOHHOM U HC-
IpaBASIIONIel YaCTSAMH ITPeAAaraeMoro koaa. Tak pas
OIIpeAeAeHHSI HOMEPOB CTPOK MaTpPHIIbI (xoAmdecTBa
KBa3HITPOCTbIX qHCeA) $opmyra 3aBUCUMOCTH HH-
$OpMaLMOHHON U MPOBEPOYHOM YaCTeN KOAOBOIO
CAOBA OTIMCHIBACTCS BhIpasKeHHEM:

HH=|KI_[/H(D|+1; (1)
rae: HH — nopsiAxoBbIit HOMep CTPOKM MaTpPHIIbI;
KIT - xBasunpocroe njeaoe yncao, I1d — «moayppax-
Taa», I1O = @ /2, rae O — ppakTas, Kak BUAHO U3
MaTpurpl O = 6.

O6parHoe BeIpaKeHIe 3aBUCHMOCTH MEXAY IIPO-
BEPOYHOM YacCThIO M MHPOPMAITUOHHOM 3aBUCHUT OT
4eTHOCTH IIOPSIAKOBOTO HOMepa CTPOKH U OTIHMChIBA-
eTCsl BbIpaskeHHeM 2.

KIl=(HH-1)*3+K (2)
rae K=1 aagnevernoro HH, K =2 poagyernoro HH.

Cpasy 6pocaercst B raaza MpOCTOTa U AETKOCTb,
C KOTOPOI1 [IOAY4AeTCsI OOHAPY KEeHIe U UCIIPABACHIE
OIIMOOK B AAHHOM CAyYae I10 CPaBHEHHUIO AQXKe C IIPO-
CTBIM OAHOIIapaMeTpHdeckuM KopoMm XammuHra. Kpo-
Me TOT'0, MeXXAY ABYMSI COCEAHHMH KOAOBBIMU CAOBAMHU
MMeeTCs 3alUTHBIN HHTePBaA, KOTOPbIH AeMOHCTPHU-
PYyeTcsi AByMs IIOAMATPHULIAMH < Kpy>kKeBa MUAOBOIT>,
KOTOpBbIe IIOKA3bIBAIOT TPHUAABI KOAOBBIX PACCTOSHUM
MEXAY ABYMsI CMEXHbIMH KBa3HUIIPOCTHIMHU YHCAAMH.
AAs ATOOBIX HOMEpPOB CTPOK ITOAMATPUILIA BEIOUpaeT-
Csl, HAYMHAS CO CTPOKH — CXKATOTO 9KBHUBAAEHTA KBa-
3UIPOCTOTrO HCXOAHOT'O YHCAQ Ha ABe CTPOKH BBepX.
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OHu NMO3BOASIIOT ONPEAGAUTD YBeAUYeHHEe KOAOBOTO
PaCCTOSTHHS MEXAY AByMs CMEXHBIMH KOAAMH, YTO
YBEAMYHMBAET IIOMEXO3aLIMIIEHHOCTb KOAOBBIX CAOB.

I'lo BeAnunHe NPUHATOrO U3 KAHAAA YHCAQ TIO Ma-
TpULle «KpyXeBO MHAOBOI>» BBIOHPAETCS U3 TPex
BO3MOJXXHBIX YHMCEA KBAa3UIIPOCTOE YMCAO, KOTOpOe
U IBASIETCSI KOAOBBIM CAOBOM. ECAM 9TO 4rCAO He SB-
ASIeTCSI KBa3UIIPOCTBIM, TO OHO SIBASIETCSI OIIN60Y-
HbIM U C IIOMOIIBIO ITPOBEPOYHOM KOMOUHAIINI MOXK-
HO 6yAeT ero BOCCTAaHOBHUTD B UCXOAHOM COCTOSIHHUML.

OrMeTnM, 4TO C IOMOIIBIO MATPHUIIBI «KPYXKEBO
MuaoBo#i>» C TaKUM ke YCIIeXOM MOXXHO KOHCTPYH-
poBaTh 10 TAKOMY >Ke IIPMHIIUAITY COCTaBHbIE HE KBa-
3UIIPOCTBIMU KOAOBBIMU KOMOHMHAITHSIMH.

BriBop: McmpaBasiromuye omm6xu koMOUHaImu
IUPPOBBIX KOAOB MOXXHO IIOAYYMTb, HMCIIOAD3YS
BHYTPEHHIOIO CTPYKTYPY TOABKO CaMOI'O KOAOBOTO
CAOBa (TpaAnuHOHHmﬁ MeTOA) WA AOTIOAHHUTEAD-
HO HCIIOAb30BaTh QpYHKIMOHAABHBIE CBSI3U C COCEA-

HMMHU TaKHMH K€ KOAQMH, TIPUMEHsIs1 0COOeHHOCTH
noAe# ['aAya, HOpMHPOBaHHOTO HATYPAABHOTO PSIAQ,
YHCAOBBIX $PAKTAABHBIX 0OpasoBanuil. OTpe3ok Ha-
TYPaAbHOTO PSIAQ, IPOPEKeHHbIH IIOCPEACTBOM BbI-
OpaHHBIX KPUTEPHEB CXKATHS U UCIIOAb3YEMBIH AAS
YMeHbIIEHHS] BEAUYUHBI HCXOAHOT'O 1[€AOTO YHCAQ,
06AapaeT YMCAOBBIMU QPAKTAABHBIMU CBOMCTBAMIL.
Ha ocHoBanumm ¢ppakTasbHbIX 3aKOHOMEpPHOCTEMH
IIPOPEXEHHOTO HATYPAABHOIO Psiad OblAa cO3AaHA
MaTpHlja «Kpy>keBo MHAOBOIT>, TO3BOASIIOIAS KO-
AUPOBaTh, AeKOAUPOBATb U ITOAYYaTh IPOBEPOYHYIO
KOMOUHAIIUIO AASI KBa3UITPOCTBIX YHCEA, KOTOPbIE HC-
IIOAB3YIOTCS B KA4eCTBe OAOUHBIX KOAOBBIX CAOB IIPU
nepepade 1udposoit uHPopmManuu. IIpeararaemprit
IIOAMIIAPAMEeTPUYECKUIN KOA AdXKe IO CpaBHEHMIO
C IIPOCTHIM OAHOIIAPAMETPHIECKIM KOAOM 00Aap2€eT
IIPEeUMYIeCTBOM B IIPOCTOTE MIOAyYeHHs IIPOBepOY-
HbIX KOMOUHAIINI B OOHAPY>KEHUU 1 UCIIPABACHUN
KaHAAbHBIX OIIHOOK.
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COMPARING DIFFERENT MATERIALS OF I-JOIST: WOODEN
COMPOSITE AND POLYLACTIC ACID 3D PRINTER PLASTIC

Abstract. This study aimed to evaluate the bending properties and compressive resistance of
I-joist made with birch plywood, medium density fiber (MDF) panel web, and polylactic acid
(PLA) plastic 3D printed using the FDM method of printing (lattice printed and full printed).
The join between flange and web was provided by polyvinyl acetate adhesive (PVA) and epoxy
resin, which were applied to contact surfaces with a standard flow rate of 140-160 g/m?. The tests
comprised 90 beams, being 10 for each group. The beams were tested to determine the modulus of
compression resistance (MPa), peak force (kIN), and maximum capacity in static bending (kN).
Webs of the I-joists printed by PLA plastic have a higher compressive strength and resistance com-
pared to I-joists whose walls were made of plywood and MDF (ANOVA: F, os0=4.68,P= 0.009).
I-joists made from plywood, MDF, and wood have greater bending strength compared to I-joists
printed on a 3D printer made of PLA plastic (ANOVA: F ,,=11348,P = 0.000). In our case,
3D printing did not have any production waste and took less time compared to the manufacture
of wooden composite I-joists using specialized equipment, 24hr per beam, and 10-11 hours per

beam, respectively.

Keywords: I-joist, web, PLA, bending, compression, 3D printer, plywood, MDE.

Introduction. Bearing building structures
made of wood together with glued wood structures
is one of the many dynamically developing areas
in engineering woodworking [1, 5-7]. The main
feature of wooden glued structures is their lightness
and high enough strength with a low material den-
sity compared to metal structures. This advantage
allows them to be used in complex architectural
designs and large structures [2-3].

The main task of the engineers in the design of
glued wooden structures is to find solutions to re-
duce material consumption and reduce the weight
of the structure without significant damage to the

strength and reliability of the structure. One such
solution is a wooden I-joist [4, 213].

Wooden I-joist refers to building structures
used as load-bearing elements of floors or coatings
of buildings for various purposes, as well as floors,
elements of wooden roofs, such as rafters, girders,
racks, struts, frame elements for industrial and civil
buildings [1, 49, 65]. Therefore, a wooden I-joist is
widely used in construction. Different experimental
and analytical studies of I-joist has been studied ex-
tensively in North America [5-8], South America
[9], Europe [10-13] and Asia [14-17]. The main
research concept was a comparative characteris-
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tic of various materials [9; 18; 19], a comparative
characteristic of different sizes and shapes, studies
associated with changes in the physic mechanical
characteristics when adding various materials in the
production process [12; 14; 20; 21]. However, we
have not seen any studies related to comparing of
wooden and 3D printed I-joist. Additive technolo-
gies are actively studied and are an alternative to
traditional production methods [22-24].
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In this study, we compared various I-joist mate-
rials: wood and plastic for 3D printer. The purpose
of this study is to find alternative sources of wood
resources, and new possibilities of using 3D printing
in engineering tasks.

Materials and methods. The samples of I-joists
have a section size of 24 x 50 mm and a length of 300
mm for the bending test and 24 mm for the compres-
sion test, were made in laboratory conditions (Fig. 1).
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Figure 1. Scheme of I-joists. a) — wood and wooden composite I-joist; b) — plastic |-joist

The samples from wood a horizontal details of
shelves are milled groove depth of S mm, for insert-
ing wed. Shelves of I-joists were made with pine
wood, the webs of I-joists were made with medium
density fiber (MDF) and birch plywood.

For bonding samples, we used polyvinyl acetate
adhesive (PVA) brandmark Kleiberit 302.2 accord-
ing to DIN EN204 and epoxy resin brand mark
PHOENIX E44 according to ISO 9001:2008. Which
were applied to contact surfaces with a standard flow
rate of 140-160 g/m*. Glued samples cured at room
temperature in a mechanical press for 24 hours.

The samples of I-joist were printed using poly-
lactic acid (PLA). PLA is a biodegradable and ther-
moplastic material. To manufacture PLA is used
an agricultural renewable raw material [25, 334].
The samples from PLA were designed on Solid-

Works2018 software and then were exported to the
3D printer on ideaMaker software.

The PLA samples were printed on Rise3DPro-
2Plus printer, the printer provides fused deposition
modeling (FDM) 3D printing method. The print-
ing temperature was 205 °C, optimum-scale loading
speed was 60 mm/min, the jet size was 0.4 mm, the
layer thickness was 0.2 mm.

In this study, we used several methods of print-
ing. The first printing method was printing samples
without voids, i.e. full printed I-joists (Fig. 2b). For
the second printing method, we used the lattice op-
timization method, i.e. lattice I-joists (Fig. 2a). We
used the lattice optimization method to explore op-
portunities and possibilities of saving material. The
lattice optimization samples were designed on Creo
4.0 software. The main reasons for choose this lattice
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I-joists design (Fig. 2a) were to equate the weight
of the printed I-joists to the weight of the wooden

e

I-joists and preserve printing time as compared with
full printed I-joists.
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Figure 2. The scheme of lattice printed and full printed I-joist.
a) — lattice printed I-joist; b) — full printed I-joist

We placed samples on the rib of I-joist and diag-
onally on the 3D printer platform in the process of
printing because the size of the platform of the 3D
printer was smaller than I-joist length. We divide all
of the I-joist samples into groups according to mate-
rials (9 groups) and selected 10 samples from each
group. Selected samples were tested of strength in
static bending (kN) and the compression strength of
the Ijoists webs (compression resistance (MPa), peak
force (kN)). The tests for Ijoist were executed on an
universal mechanical testing machine according to
ASTM C36S. The ASTM D695-2010 standard was
chosen as a base for the compression test. The load-
ing speed was 2 mm/min. The GOST 16483.3-84

standard was chosen as a base for the bending test.
The loading speed was 4 mm/min. The I-joists were
tested in an accredited laboratory of Northeast Forest-
ry University. We used a one-way analysis of variance
(ANOVA) to examine differences in compression and
bending capacity among determined I-joist types.

Results and discussion. The webs made of PLA
plastic has the greatest rigidity relative to the webs
made of MDF and plywood (ANOVA: F, . =4.68,
P =0.009; Table 1; Fig. 3). The webs made of MDF
also has sufficiently high rigidity. During the applied
force, the webs from PLA were practically not de-
stroyed but only bent. While the webs of plywood
and MDF was broken (Fig. 4).

Table 1.— The summary results of the I-joist webs compression
test: average peak force and compression resistance.

Material of | Thickness | Width | Height | Density | Peakforce | Compression resis-
web (mm) (mm) (mm) | (kg/m?) (kN) tance (MPa)
Plywood 3 24 26 680 7.43 414
MDF 3 24 26 750 8.93 49.4
PLA 3 24 26 1240 9.26 SS

The breaking force and the duration of its im-
pact are maximum for beams made of plywood
(ANOVA: F, . = 11.348, P = 0.000; Table 2, Fig.
5). We assumed that this is because plywood con-

sists of solid sheets of veneer glued together and
arranged in mutually perpendicular directions.
Under the action of abending force on the sample,
destruction occurred due to dominant normal stress-
es. Adhesive bonds inside the profile remain undis-
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turbed in the sample in the manufacture of which the  destroyed in the sample in the manufacture of which
epoxy resin was used (Fig. 6a), the adhesivebondsare  the PVA adhesive was used (Fig. 6b).

10

e PlA = MDF e Plywood

Force, kN
] = fed LA =Y noon = 00 Lo

0 1 2 3 4
Displacement, mm

Figure 3. The average compression capacity of the I-joists
webs of different types during displacement

Figure 4. The nature of the destruction of the samples under compression.
a) —web from PLA; b) —web from plywood; ¢) — wed from MDF

Table 2.— The summary results of the bending test of I-joists: average weight and peak force

. . Thickness | Height | Width . Manut.'acfurm.g Weight Peak
Kind of I-joist (mm) (mm) | (mm) time/Printing time (gramme) force
(hours) (kN)

Plywood + PVA 24 S0 300 24 102.84 2.61
Plywood + Epoxy 24 50 300 24 96.1 2.69
MDF + PVA 24 S0 300 24 96.88 2.06
MDF + Epoxy 24 50 300 24 93.82 2.54
PLA Full 24 50 300 10 247.6 1.90
PLA Lattice 24 S0 300 11 94.2 1.12
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Figure 5. The average bending capacity of |-joists different types during bending in time

Figure 6. The nature of the destruction of
samples from plywood during bending: a) — I-joist
of wooden shelves, plywood webs and epoxy
resin; b) — I-joist of wooden shelves, plywood
webs and PVA adhesive; ¢) — I-joist of wooden
shelves, MDF webs and epoxy resin; d) — I-joist of
wooden shelves, MDF webs and PVA adhesive

The destruction of MDF samples took less time
and less force. We assume that this is because MDF
consists of a finely dispersed fraction, as evidenced by
a wall rupture at the site of greatest pressure. Under
the action of a bending force on the sample, destruc-
tion occurred due to dominant normal stresses. Ad-
hesive bonds inside the profile remain undisturbed

in the sample in the manufacture of which the epoxy
resin was used (Fig. 6 ¢), the adhesive bonds are de-
stroyed in the sample in the manufacture of which
the PVA adhesive was used (Fig. 6d).

The destruction of samples printed on a 3D
printer, it took even less time and less force. How-
ever, unlike previous samples, these samples were
not fractured. During the experiment, the bending
of the I-joist webs was bent, while the shelves practi-
cally did not undergo bending. Besides, after stop-
ping the force, the samples returned to their original
form (Fig. 7a).

Figure 7. The nature of the destruction of
samples from PLA during bending: a) —full
printing and b) - lattice-printing method

Besides, the I-joists printed on the 3D printer us-
ing the lattice method (Fig. 7b) showed the lowest
result compared to other I-joists. During the experi-
ment, the mesh cells in the upper shelf of the I-joist
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were destroyed. In this case, we consider that this
type of mesh does not provide the necessary rigid-
ity. However, when stopping the force, the beam also
returned to its original shape.

Conclusion. After series of experiments, we con-
cluded that the I-joists, printed on the 3D printer made
of PLA plastic, had a higher compressive strength
compared to the I-joists made of plywood and MDF,
but at the same time had a lower bending strength. We

should emphasize that the strength of a part printed
on a 3D printer directly depends on the print speed,
print temperature, and print direction [26,3-10]. Itis
worth to mention, that these I-joists were printed by
reference to the size of the 3D printer, on the diagonal
of the printing table. Also, when designing any I-joist,
itis necessary to calculate its cross-section concerning
specific operating conditions and taking into account
the actually existing loads [27, 109-112].
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Abstract. The article research the effect of joint work of an internal combustion engine and an
electric motor during acceleration on oscillation processes in a transmission.
Keywords: car drive, combined powertrain, oscillatory processes, dynamic loads, transmission.

Kundpayxuii bozdan Mavuu,
0.M.H., NPOPECCop, UHCHUMYIM UHHEHEPHOT MEXAHUKU U MPAHCNOpMa
Hayuonarvhuiii ynusepcumem «/Av808ckas noAUmexHuka>
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ACNUPARM, UHCMUMYM UHICEHEPHOLL MEXAHUKU U MpPaHcnopma
Hayuonarvhoi yHusepcumem «Av806ckas noAumexHuKa>

ANHAMUKA NPUBOJA ABTOMOBUIA C KOMBMHUPOBAHHOM
CUJ1I0BOU YCTAHOBKOMW B MEPUOJ, PA3IOHA

AnnoTtanus. B cTaTbe ccAepAOBaHO BAMSIHUE COBMECTHOM pOOOTHI ABUIaTeAS] BHYTPEHHEIO Cro-
PAHIS M 9AEKTPOABUTATEAS] B IIEPUOA PA3rOHA Ha KOAeOaTeAbHbIE ITPOLIeCChI B TPAHCMUCCHUHL

KaroueBbie cAOBa: IIPHUBOA ABBTOMOOUASL, KOMOMHUPOBAHHASI CUAOBASI yCTAHOBKA, KOAeOATeAbHbIE
IIPOLIeCCHI, AUHAMUYECKUe HATPY3KH, TPAHCMUCCHSL

ITpuBOAHbIE CHCTEMbI THOPUAHBIX AaBTOMOOUAEHT  CO3AABaThCS KAK OTAEABHO ABUTATEAEM BHYTPEHHETO
MIMEIOT PasAMMHYIO0 CTPYKTYpPY U Xapakrepuctuku.  cropanus (ABC) mau aaekTpudeckum ABUraTesem
B 3aBucuMoOCTH OT pexkuma ABKeHHs, KpyTsamuit  (DA), Tak 1 ux coBmecTHoM paboroii [1; 2].
MOMEHT Ha KOA€CaX TaKOTO AaBTOMOOHAS MOXKeT
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O6a BHA2 ABUTraTeAell IIPHU 3aITyCKe CO3AAIOT I1O-
BBILIEHHbIE AMHAMAYECKUe Harpysku [3-5) Ha 3Be-
HbS TPAaHCMHUCCHH, IIO9TOMY IIOMCK KOHCTPYKTHBHBIX
pelleHuit U CIOCOOO0B YMeHBIIEHsI BAUSHUS [Iepe-
XOAHBIX pexxuMoB paborsr ABC u DA Ha HarpysxeH-
HOCTbH 3BeHbeB TPAHCMHUCCHH SIBASIETCS AKTYaABHBIM.

MoaeAun MpUBOAQ ABTOMOOHASI C KOMOHHH-
POBaHHOM CHAOBOI1 ycTaHOBKO#. Hanboaee Ha-
TPY>KeHHBIM PeXUMOM pabOThbI IPUBOAA SIBASIETCS
MHTEHCHUBHBIN pasroH aBToMobOuAs ¢ mecra. ITo-
9TOMY PacCMOTPHUM PEXHUM COBMECTHOM PaboThI
ABC u DA npu pe3koM 3aMbIKaHHH CLIETIACHHS,
IIOCKOABKY IIPH ITAQBHOM 3aMbIKAaHHH CIeTIACHHS
AVHaMHYeCKHe Harpy3KH B 3BEHbSIX TPAHCMHCCUH
BCerAa OYAYT MEHBIINMHL.

AAsL nccAepAOBaHUS KOAeOaTeABHBIX IIPOLIECCOB
B IIPHBOAE ABTOMOOHUASI C KOMOMHUPOBAHHOI CHAO-
BOM YCTAHOBKOW IIPEACTABUM €r0 AMHAMHUYECKYIO
MOAEAD B BHA€ IIECTUMACCOBOM KOAEOATEABHON CHU-
crems! (puc. 1).

Ha pucytke 0603Ha4eHO: IpHBeAeHHbIE MOMEH-
ThI UHepIuu: | — moABrkHbIX 3BeHbeB ABC, ], —macc

IR0 :T,ZI_CI

—C .(’;3._4)5 _ﬁ3 P,

xn"0 xkn 0

xn"0

.(.;3._(:05

xn 0 xn 0

js(ﬁs =0

TAe ¢;, ¢;, ¢, — COOTBETCTBEHHO YTOA IIOBOPOTA,
YTAOBasi CKOPOCTb U YTAOBOE YCKOPEHHME i-TOM MaCChl
AMHAaMHYECKOM MOAEAH.

MoMeHT cOnpOTHBAEHHS ABH)KEHUIO aBTOMO-
OHASI, IPUBEAEHHBIH K KOA€CAM, IPEACTABUM 3aBH-
CHUMOCTBIO:

]3(53 :C2(¢2_§03)+ﬂ2(¢2_¢3)+c4 (04_#

T_(p's >

CIleNAeHUS; |, — 3BeHbeB KOPOOKH TTepeKAIOYeHH s
nepepaa (KIIIT); | , — POTOpa 9AEKTPOABHIATEAS],
] — XoAec; ], — Macchl aBTOMOGHASL; TIPHBEACHHbIE
XKECTKOCTH: C, — YIIPYTUX 3BEHbEB ABYXMaCCOBOTO
maxoBuka (AMM), C, — BAAOB U 3y0beB 3y6YaThIx
xoaec KIIIJ, ¢, —moayocef, ¢, — 3BeHbEB 9AEKTpOMe-
XaHUYECKOM YaCTH NPUBOAQ, C, — KOAEC; KOapduriu-
eHTHI paccessHus onepruu: f, —8 AMM, B, -8 KIIIT;
B, — B moAyocsx; 8, — B 3BEHbAX IAEKTPOMEXaHHYe-
CKOH YaCTH IPHBOAR; f3, — B KOAECAX; TIePEAATOYHbIE
ancaa: i — KIIIT; i —raaBHOM nepeaaun; i — OT dA€K-
TPOABUTATeAs] K TAQBHOM Iepepaue; TA — KpyTSAIIMIA
momeHT ABC; T, — kpyTsimuit MOMeHT DA B TAr0-
BOM peXXMMe 1 MOMEHT I'eHepaTopa IpH 3apsDKaHUM;
T .~ NpMBEAEHHBII K KOAECAM MOMEHT CONIPOTHBAE-
HUSI ABIDKEHHIO aBTOMOOHUASL.

Koaebanus Macc AMVHAaMUYECKOM MOAEAH TTOA AEH-
cTBHeM ABIDKymUX MoMeHTOB ABC u DA, c yuetom
MOMEHTa CONPOTUBACHHUS ABIDKEHHIO aBTOMOOHAS,
OIMIIEM CAeAYIOLIeN CUCTeMOM A depeHIInaAbHbIX
YPaBHEHMI:

),

(q)l _g02)_ﬂ1 (§D1 -0
1,0, :C1((P1_(Pz)_ﬁ1(¢1 —sz)—Cz((Dz _q)s)_ﬂz (¢2_¢3);

@i . Qi
|t ﬁ4 Oy = .e
Knlo xn"0

(1)

q)3le

. 1 )
]4¢4:TE_C4 (p4_§.03.e _ﬁ4 O, =

1

xn"0

+ﬂ3 .g';%—(ps _55(905 —(06)—ﬁ5(¢5—¢6);

]6(i56 =65(<p5—<p6)+ﬁ5(¢5—¢6)—Tc,

T. =G, -r[(fo +k, (o, ~r)z)cosy +sin7/}, (2)

rae G — Bec aBTOMOOHAS, 1 — AMHAMUYECKHE PAAIyC
KOAECR, f, — KO3 GHIIMEHT CONPOTHBACHHUS KAYeHHIO
IIPU MAAOY CKOPOCTH ABIDKEHUSI aBTOMOOHAS, k - — KO-
3P PUIIMEHT, YIUTHIBAIOMINI YBEAMdEHHEe COIIPOTHUB-
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AEHHSI Ka1€HHI0 C BO3paCTaHNEM CKOPOCTH ABYDKEHU
Y p—

¢6 —YTAOBAs1 CKOPOCTD Bpalll€eHHI KOAEC ABTOMOOHASL.

aBTOMO 6I/IAH, YTOA HaKAOHa AOpOTH,

Ypasuenus (1) — (2) obpasyror maremarude-
CKYI0 MOAEAB, OTTHCHIBAIONIYIO KOAeOaTeAbHbIE PO-

I1€CCBI B IIPHBOAE ABTOMOOHAS C KOMOMHHIPOBAHHOM
CHAOBOH ycTaHOBKOM. MIMuTalmoHnHass Moaeas, pe-
AAM3YIONIasl MaTeMAaTHYECKYI0 MOAEAb ITPUBOAA HA
kommbioTepe B Simulink, mpeacraBaeHa Ha ( puc. 2),
a MopeAb DA, B Hee BXOASINAS,— Ha (pI/IC. 3).
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PucyHok 2. UmutaumoHHasa Mmogenbs NpmMBoaa aBToMmoomns
C KOMOVHNPOBAHHOW CUTOBOM ycTaHoBKOW B Simulink
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PucyHok 3. Moaenb aCMHXPOHHOIO af1iekTpruyeckoro asurarens B Simulink

Pe3yAbTaThI MOACAMPOBAHHS KOAEOATEABHbIX

npomeccos B IIPpHUBOAE aBTOMOOMASL.

MopeanpoBaHyue — KOAeOaTEABHBIX  IPOLIECCOB
B IIPUBOAE AaBTOMOOMAS C KOMOWHHPOBAaHHOM
CHAOBOM YCTaHOBKOM IIPOBOAMAOCH Ha IpuUMepe
ABTOMOOHMASL CO  CACAYIOIIUMH  MOAEABHBIMU

T = 2.7 = 2.7 = 2,
napamerpamu: J =1,2 xr-m%; J,=0,1 xr-m*; ] ,=0,1 kr-M;

J,=0,4 xr-m?% ] =0,18 xr-m*; ] =173,8 xr-m’; ¢ =330

H-m/paa; ¢,=120000 H-Mm/paa; ¢,=20000 H-m/
paa; ¢,=20000 H-m/paa; ¢ =27000 H-m/paa; f,=4,5
Hom-c/paa; ,=0,02 H-m-c/paa; f,=2,0 H-m-c/paa;
B,=0,02 H-m-c/paa; B.=800 H-m-c/pap; i =3,47; i,
=3,95; i =2,4; G =20660 H; r=0,336 v; f=0,01;
kf:7-10’6 c*/M%; v = 0. Pe3yAbTaTsl MOAEAMIPOBAHIS
IIPeACTaBAEHbI Ha pHC. 4.
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PucyHok 4. IameHeHne KpyTALLLEero MOMeHTa BO BpemeHu: T, — B ynpyrmx 3seHbax MM,
T, — B 3BeHbax K[, T_— B 3BEHbSAX 3/1EKTPOMEXaHNYECKOIN HacT! TPaHCMUCCUM

M3 rpa¢ukoB BUAHO, YTO B HaYaAe Pa3roHa aBToO-
MOOHAS KPY TSI MOMEHT B 3BeHbSIX MEXaHIIeCKOM
9aCTH TPAHCMHUCCUU Pe3KO BO3pacTaeT U B AAAbHEM-
IIeM IIAABHO YMeHbIIAeTCsI, IPUOAMIKASICh K MOMEHTY

COIIPOTHBAEHHS ABYDKEHUIO aBTOMOOHAS Ha HepBOﬁ
Inepeaa4e. B 3Benbsx C—)AEKTPOMGX&HH‘-IGCKOIZ YacCTHu
TPpaHCMHCCHU KPYTHI.U;PII:I MOMEHT UMEET SIPKO BbI-
pa)KeHHbII;i BBICOKOYACTOTHBIN KOA€OATeAbHBIN Xa-
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pakTep c HeOOABIIUM AeKPEMEHTOM 3aTyXaHHL. JHa-
KOIlepeMeHHasl Harpy3Ka 3BeHbeB B HadaAe pasroHa
OTPUIJATEABHO CKa3bIBAETCS HA UX AOATOBEYHOCTH
U YKa3bIBaeT Ha HEOOXOAMMOCTb COTAACOBAHUS Be-
AUYHHBI KPYTSIIUX MOMEHTOB ¥ CKOPOCTH BpaIjeHUs
ABC u OA. OAHMM 13 BO3MOKHBIX KOHCTPYKTHBHbBIX
pelleHH i, yMEeHbIIAIOMUX AUHAMHYECKIe HarPy3KU
B 3BEHDBSIX 9AeKTPOMEXaHUYEeCKOH YaCTH TPAHCMUC-
CHU B TIEPUOA PA3TOHA, MOXKET OBITh OCHAIlleHUE ee

yOpyrou My$TOM ¢ BHICOKUM KO3 PUIIMEHTOM pac-
CeHBAHMS 9HEPIUH KOAeOAHMUIL.

Ha (puc. S) npepcTaBaeHbl rpadUKy U3MeHEHUS
KPYTAIIUX MOMEHTOB B MEXaHUYECKOH U dAEKTpPO-
MeXaHHYeCKOM YacTSIX TPAaHCMHMCCHUU IIPU aHAAO-
TMYHBIX TTapaMeTpax INPHUBOAA, HO H3MeHEeHHBIX
3HAYEHHUAX >KECTKOCTH C 4=10000 H-m/ paA # Ko-
adduIleHTa paccerBaHUs IHEPTHHM KOAeOAHUIT
ﬂ4= 20 H-m-c/paa.

250 . .

200

150

1.5 2 2.5 3
t, c

PucyHok 5. IamMeHeHune KpyTaLLero MoMmeHTa Bo BpemeHu: T, — B ynpyrux 3seHbax MM,
T, — B 3BeHbax KIl1, T, — B 3BEHbAX 3/IEKTPOMEXAHNYECKOM HYaCTV TPAaHCMUCCUM

CpaBHuBas rpa¢uKy, BAAUM, YTO XapaKTep KOAe-
GaHUI KPYTSIIIEro MOMEHTA B 3BEHbSIX MEXaHUYeCKOM
9aCTH IIPUBOAQA ITPAKTUYECKH HE U3MEHHUACH, a B 9AEK-
TPOMEXaHUYECKOM YaCTH CYI}eCTBEHHO YMEHbIIUACS
U MMeeT 3HAKOIIOCTOSIHHBII XapaKTep, YTO OAATOIpHU-
SITHO CKa3bIBAeTCs Ha AOATOBEYHOCTHU IpHuBoAa. M3
CKa3aHHOI'O CAEAYET, 9TO AASl CHIDKEHHS AMHAMUYe-
CKHMX Harpy30K B 3BE€HbSX IACKTPOMEXaHUYECKOH Ja-
CTH TPAaHCMUCCHH, AOCTaTOYHO YCTAHOBMTD B €€ LieTlb
YIPYT'YIO MypTY C yBEAUYEHHON CIIOCOOHOCTBIO pac-
CeVBaHUSI 9HEPTHU KOAeOAHUIT KPYTSIIIEro MOMEHTA.

BriBoABI.

1. IIpy MHTeHCHBHOM pa3roHe aBTOMOOHAS C Me-
cra u mapaaseabHoit pabore ABC u OA B ynpyrux
3BeHbSIX TPAHCMHUCCHU BO3HHMKAIOT 3HAUYHTEAbHbIE
KOA€0AHUsI YIIPYTHX MOMEHTOB, BEAUYMHA KOTOPBIX
CO BpeMeHeM CTaOHAU3HPYeTCsL.

2. AAs yMeHbIIeHHS AMHAMUYECKUX Harpy3oK
B 3BEHDBSIX 9AeKTPOMEXaHHNYECKON YaCTH TPAHCMUC-
CHH ee I1eAeCOO0OPa3HO OCHACTHUTB YIIPYTO-AUCCHIIA-
TUBHOU My TOIL.
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