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becconoe Buxkmop I'ennaoueeuu

Mazucmp xaghedpvr Bunooenus u HeopearuyecKkoll aHATUMUYECKOU XUMUL,

MI'Y TV I[IKY um. K.I'. Pazymosckozo
Jlockymoe Hukonait Banepvesuu

Mazucmp xaghedpvr Bunooenus u HeopeanHuyecKkoll aHATUMUYeCKol XumMuu,

MUY TY I[IKY um. K.I'. Pazymosckozo
Makxkapoe Cepzeit FOpvesuu
Kanouoam mexnonocuueckux nayx,

Hoyenm xagedpvl Bunodenus u neopeanuieckou anaiumuyecko Xumuu,

MUY TY I[IKY um. K.I'. Pazymosckozo

PA3PABOTKA PEHEIITYPbI U TEXHOJIOI'MU HAIIMTKA HA TUCTHJIVINPOBAHHOM
3EPHOBOM CIIUPTE C HCITOJIB3OBAHUEM 2®UPHOI'O MACJIA

AunHoranusi: CTabHIbHOCT BOCTPEOOBAHHOCTH HA HAMUTKH TPYMIbI AUCTUILUIATHI, 00YCIOBIUBAET POCT
00BEMOB X MPOHU3BOJICTBA, HEPEIKO B ymiepO 06e30MacHOCTH JaHHON crUpTocoaepskamieil npoaykuun. [1om106-
Hasg OCATCIIBHOCTL CITYXKUT HpH‘-IHHOﬁ IIOABJICHUS Ha HOTpe6I/ITeJ'H)CKOM PBIHKE HCKAUYCCTBCHHBLIX HAIIUTKOB H
OTKPOBCHHBIX (ba.]'H)CI/I(bI/IKaTOB, 4TO ABJIACTCA CICACTBUEM HUCIIOJL30BAHUA HCHAAJICKAIICTO CBIPbSA WJIM HECO-
OJIFOICHIS TEXHOJIOTHH €ro TepepaboTKH Ha ONpe/IeTIeHHBIX dTAlaX MPOM3BOICTBA.

Knrouesvie cnosa: pacmumenvroe coipve, napogas OUCMULIAYUS, TUKEPOBOOOYHbIE U30eNUsL, OUCMUILIAMDbL,

MEXHOJIOCUA, ad)upﬂoe maciuio, kavecmeo 6000bL.

Llens ctaTby - pa3paboTaTh MPEIOKEHUS 110 TIe-
pepaboTKe CHIPbsI, HPUMEHSIEMOI0 B IIPOU3BOJCTBE
HaNuTKOB Tpynmsl «J{uctmiste». ITo ntoram 06006-
MIeHUsT TpeOOBaHWU CYIIECTBYIOUMIECH HOPMATHBHOM
JOKyMEHTAINH, JIUTEPATYPHBIX U COOCTBEHHBIX JlaH-
HBIX B 00JIaCTH TE€XHOJIOTUH M3TOTOBJICHUS CIIHPTOCO-
JIepXKalliX HAIIUTKOB, aBTOPOM MH3JIOKEHBI 0a30BBIE
TpeOOBaHUS K PACTHUTEIBHOMY CHIPBIO, ITHIOBOMY
CIHMPTY W BOJE, KaK OCHOBHBIM KOMIIOHEHTaM, IpH-
MEHSIEMBIM TIPH TPOU3BOACTBE HAIUTKOB TPYIIIIBI
«AuCTUIIATBY.

Krnaccuueckum criocoOoM BbIzieneHnst 3GpUPHBIX
Macen SIBISIeTCS METoJl HUCTHuIIMKA. Ero ocHoBO#
SBJISIETCS CIIOCOOHOCTH BOJASHOTO Mapa K M3BJICYCHUIO
a¢upHOTO Macina u3 pacrteHus. [laHHBI MeTox He-
CJIOKEH, HO COO0pPa3HO KaXIOMY CHIPBIO HYXKIAaeTCs B
TOHKOM JKCHEpHUMEHTAIbHOM TNOoA0Ope YCIOBHH -
TEeMIIepaTyphl, AABICHUS, MPOJOJIKUTEIBHOCTH TIPO-
ecca.

Ha coBpemeHHOM Ipon3BOACTBE 3(UPHBIE Macia
M3BJICKAIOT M3 DPACTUTEIBHBIX MaTEpPHAJIOB ITaPOBOM
JUCTUIUISIUEN, TUAPOJAUCTUIIISILMENH U SKCTpPaKIUEil.
CylIlIecTBYIOT TaKK€ COYETaHHsl ITUX METOAOB, OpHU-
CHTUPOBAHHbIE Ha U3BJICYCHHE JIOMOJIHUTEIBHBIX
MPOAYKTOB U3 OTXOJ0B OCHOBHOTI'O ITPOU3BOJICTBA.

[leperonka ¢ BOJSHBIM HapOM IIPEJCTaBISIET CO-
6011 HanOoIee MOySAPHBII penent A00bIYH FPUPHBIX
Macel, OCHOBaHHBIN Ha JieTyuyecTH 3(UPHBIX Macel C
mapamMy BOJIBI, TOJ JAaBJICHHWEM, NPH TEMIIEpaType
okosio 100°C. MIMmeHHO HM3Kas TeMIlepatrypa OTelie-
HUSL Macell, 3JIEMEHTHl KOTOPBIX 00JIaJaloT TeMIiepa-
Typod kuneHus B mHTepBaie 150—250 °C, sBuser
c000¥# 0HO M3 OCHOBHBIX 0COOEHHOCTEN METOIA.

Ilenoe umu U3MENBYEHHOE CHIPhE MOMEIIAIT B
MIepEeroHHbIH anmnapaT, K KOTOPOMY I0JIBE/ICH BOJISTHOM
nap. [Ipu KoHTakTe Mapa ¢ chlpbeM, BBIBOJUTCS d(DUp-
Hoe Mmacno. Co3jaBiueecs COSAMHEHUE MapoB d(up-

HOTO Macja M BOXBI, W3 IICPETOHHOTO armapara
HATIPABJSIETCS B OXJIATUTEIh, T/I¢ TIPOU3BOAUTCS KOH-
JCHCAINS TApOB U OXJIAXKICHUE AUCTIIUIATA IO OIpe-
JEeNCHHBIX IOKa3aTelei TemmepaTypel. [amee mm-
CTHJUTAT TIEPEBOJUTCS B MPUEMHHUK-MACIOOTACITUTEIh
(pnopenTrHy), Ul OTCTaMBaHMs W pPa3JeNieHUs] Ha
HNEepBUYHOE 3(PHUPHOE MACIO-CHIPEI] ¥ JAUCTHIUISAIIAOH-
HYIO BOJY.

JlocTonHCTBaMU METOa MOYKHO Ha3BaTh MPOCTO-
Ty, OTHOCHTEJIBHO HH3KYI0 TEMIIEpaTypy IpoIiecca,
BBICOKYIO 3())eKTUBHOCTh, 0€30MaCHOCTb.

K HemocraTkaM MOKHO TPHUYHCIUTH YMCHBIIIC-
HUE KadecTBa A(UPHBIX Macell, IPUIHHON KOTOPHIX
SIBITIOTCS. XUMHYECKIE W3MEHEHHsS KOMIIOHCHTOB, B
0COOCHHOCTH TEPIICHOBBIX CHHPTOB M HMX CIIOKHBIX
A(QUpPOB, a TaKXKe YTPaThl IEHHBIX AYIIACTBHIX CYO-
CTaHIMH, HE JIETYYHX C BOASHBIM mapoM. [2, €.206]

DdupHoe Macio mandes MycKaTHOTO MOIYYar0T
Ha afrmaparax MepHOIMYECKOr0 U HEIPEPHIBHOTO JCH-
CTBUS. DPUPHOE MACTIO AYIIMIIBI MOIYYaOT ¢ TpUMe-
HEHHEM METOJa IUCTHULALUK C BOISHBIM ITapOM.
Brixoa macia cocrasiser okoso 0,2-0,5%.

WuauBuayalbHOCT, HANMKUTKOB Tpymnbl  «Jlu-
CTHJUIATBD» — KOHBSIKOB, OPECH/IH, BUCKH, POMa, BOJKH,
JUKWHA, KallbBaJoca, a0CEHTOB, TOPHKUX HACTOCK U
JIpYTUX — 00YCIOBIMBACTCS HE TOJIBKO OPUTHHAIBHO-
CTBIO TEXHOJIOTHHU, HO ¥ KOMIIETCHTHBIM OTHOIICHUEM
K BBIOOPY OCHOBHOTO W KOMIUIEMEHTAPHOTO CHIPBSI.
NMeHHO WHAMBUAYaNbHBIH mMoAOOp oOecmeunBaeT
Ka4yeCTBO M AETYCTAIIMOHHYIO Y3HABAEMOCTh JAHHBIX
HamuTKoB [1, c. 5].

PBIHOK HANMUTKOB-IUCTUILISTOB YCTOWYHMBO MPH-
3HAaeTCd KaK BECbMa IE€PCHEKTUBHBIN. EMKOCTH naH-
HOTO CEKTOpa MOTPEOHTENBCKOrO pBIHKA 00pa3yer
okojo 150-170 mun. qm3/rox [3, €.161]. CraOuibHO
BBICOKUH CIIPOC POCCHICKOTO HACEJCHUS HA KPEIKHE
HAIIUTKHA CTUMYJIHPYET MPOU3BOIUTEICH HA POCT 00b-
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€MOB WX MpPOM3BOJCTBA, HEPEOKO B yIIepO OpHUTrH-
HAJILHOCTH, a WHOTAa — W B ymepd Oe3omacHOCTH
HANMTKOB. JlaHHAs MpaKTHKa JaeT MOBOJ K IOSBIIE-
HUIO Ha TOTPEOWTENHCKOM DPHIHKE HEKadeCTBEHHBIX
HaIIUTKOB H (anbCcH(UKATOB, YTO TOBOPHUT O HECO-
OJIIOZIEHNH TEXHOJIOTUYECKOro Mpoliecca Ha 3Tamax
NPUEMKH, IIOJTOTOBKM M IepepabOTKU ChIpbs Ha
OIpeIeNIeHHBIX JTanax MpPOU3BOJICTBA.

PacturensHoe celppe. OCHOBHBIM TEXHOJIOIMYE-
CKUM HHTEPECOM IPH TPOU3BOACTBE aJIKOTOJIBHBIX
HAaIlUTKOB SIBJISIOTCA BOJO- U CHMPTOPACTBOPUMEIE
SKCTPAaKTUBHBIC BEIIECTBA pPACTHTEIBHOTO CHIPBS.
[IpenmytecTBEHHBIM MIPU3HACTCS TIPSTHO-
apoMaTH4IecKoe CHIPhEe U ONpeIeTICHHBIC BUABI JeKap-
CTBEHHO-TEXHHYECKOTO CHIPbs, Ba)XXHOCTH KOTOPOTO
00ycIIOBJICHa YBENMYEHHBIM COJCpXKaHUEeM Toimpe-
HOJIOB U »(UPHBIX Macen. VIMeHHO pazHOOOpasueMm B
COCTaBe PACCUUTAHHOTO PELENTYpOil PacTUTEIbHOTO
CBIPBSI U COOTHOIIEHHEM €ro MHIPEJUECHTOB BBISBIIA-
IOTCS pa3iIM4usl BO BKycCe, LIBETE U apoMaTe HAIIUTKOB-
JUCTUIIISATOB.

PacturenbHoe chIppe NMPHUMEHSAETCS KaK HCTOY-
HUK WHTPEIUCHTOB, 00OYCIIOBIUBAIOIINX, TIPEXKIIE BCe-
ro, BKYyCO-apOMaTHYeCKHE CBOICTBa HAITUTKOB-
TUCTHUIATOB. B 4acTHOCTH, COBOKYITHOCTb JIETYIHX U
HEJIETYINX KOMIOHEHTOB IMPEICTABISAIOT cO0O0M TOKa-
3aTelbh AyTCHTUYHOCTH HANUTKOB 3TOW TPYHIHI [2,
€.142]. OmpeneneHHo, OT Ka4eCTBa ChIPbsl, ETO CBEXE-
CTH M TEXHOJOTMYECKHX ITOoKa3aTelel, 3aBUCAT U CKO-
POCTh TOJIyYEHHUS >KelIaeMoro pesyibTara (TOJIHOTa
W3BJICUCHHUS U MPeoOpa3oBaHUs IENEBbIX KOMIIOHEH-
TOB), U YCTOWYHMBOCTH JETYCTAaIlMOHHBIX XapaKTepH-
CTUK HANHUTKOB W3 Pa3MYHBIX NapTHl OJHOPOIHOM
MPOAYKITHH.

[NomynsspHBIM METOJOM 3arOTOBKH CHIPBSI B ITH-
MIEBOI TPOMBINUICHHOCTH SIBIIICTCST BBICYIIMBAHUE.
Magsmiie METOABI CYINIKH 00eCIeuuBaIOT cOepexe-
HHUE TOMH()EHOIBHBIX COCTUHCHNHN, IPUPHBIX Macel ’
MPOYMX IIEHHBIX HHTPEAUCHTOB PACTHUTEIHHOTO CHI-
pesi. IIpu 3TOM BBICYIIEHHOE CBIPbE WHOIZIAa MMEET
pa3nuuMs MO OCTATOYHON BIAXHOCTH U, KaK CIeA-
CTBHE, IIEJICBBIM XapaKTEPUCTUKAM NPHUTOTOBIIEMBIX
W3 HEeTO HKCTPAKTOB.

HeobxonmuMo OTMETHUTh, YTO B TEXHOJIOTUU
HAIIUTKOB-IUCTHJUIATOB PACTUTEIBHOE CBHIPhE YacToO
UrpaeT poib HE TOJBKO apomarusaropa. bosbmas
4acTh HEPACTBOPUMBIX MUIIEBBIX BOJIOKOH HEKOTOPBIX
pacTeHuil (KeIpoBBIA OpeX, ceMeHa MpPSHOCTEH, BbI-
CYIICHHBIE IIIOABI M IIBETKH, U T. II.), Ja€T BO3MOX-
HOCTh Ha 3Talle SKCTPaKIMU WM Mauepanun odjaro-
POIUTH NMPOU3BOAMMBIM HANUTOK: KJIE€TYAaTKa M JIUT-
HUH COpPOMpYIOT W3 BOJHO-CIIHPTOBOM  CMECH
TOKCHYHBIC HHTPEIUCHTHI CHBYIIIHBIX Maceyl, KOTOpPbIe
HE)KeJIaTeNbHBI ke B CIIEJOBBIX KOJMYecTBax [4, C.
40-42]. Te e muIIEBbIe BOJOKHA MOTYT aJcopOHpPO-
BaTh W COCTAaBISIONINE, HEOOXOAUMBIE ISl (OPMHUPO-
BaHUs OyKeTa HaIMUTKa.

CrnenoBaresnibHO, NpU IMOJA00OpPE PACTHTEIBHOTO
CBIPbsl Ul W3BJEYCHUS] AUCTHIUISATOB, HEOOXOIMMO
UMETb B BHUJY €ro COCTaB U COAEp)KaHHE BIaru, mo-
CKOJIbKY 3TO 00ycJIoBIHMBaeT 3pPEeKTHBHOCTH NEepexo-
Jla SKCTParupyeMbIX COCTABIISIOIUX B AUCTHILIAT.

Heobxomnmo Takke BO3IEpKHUBATHCS OT He-
OTIPaBIAaHHOH MHOTOKOMITOHEHTHOCTH PELEenTyp, IO
MIPUYHHE BO3MOXKHOTO CHHEPTETHYECKOTO, aJJUTHB-
HOTO WJIM aHTarOHHCTHYECKOTO B3aMMOJIEHCTBHE OT-
JEeTBHBIX BHIIOB CHIPBS MEXITy c000ii. 3aBhIICHHBIE
HOPMBI pacxojlia ChIPbsl MPU CO3JaHUU PELEHTYPHI,
MOTYT UMETh CIICJICTBUCM HETaTUBHBIC M3MEHCHHS BO
BKyCC M apOMaTe HAMUTKOB a TaK K¢ yXYIIICHUE HX
CTaOMJIBHOCTH B XPaHEHUH.

Hns  dopmupoBaHHMs  KadecTBa  HAIMTKOB-
JUCTHIUISITOB, OOJIBIIOE 3HAYCHUE OTBOJMTCS BOJE U
cnupty. JlaHHbIE KOMIIOHEHTHI SBIISIIOTCS OCHOBOM
oty padprKaToB, a TOTOBAs MPOAYKIHS COAEPIKUT 10
95-99 % BOgHO-CITUPTOBOI CMECH.

OTHUIIOBBIN CIIUPT WUTPAET POJb TJIABHOTO y4YacT-
HHKAa B TMPOU3BOJICTBE KIACCHYECKUX HAMUTKOB-
TUCTIIUIATOB. XapaKTEPUCTHKa WCXOTHOTO CBHIPBS
IIPU TPOU3BOJICTBE CIHPTA M MapaMeTpbl TUCTUILISA-
WU TaKKe SBISAIOTCA BEAYIIUMHU (hakTOpamu, 00y-
CJIOBJIMBAIOIIMMH KauecTBO CIIUPTa W OPraHOJIEHTH-
YEeCKHe CBOWCTBA OYAYIIMX HAMHMTKOB MPH MOMOIIU
oOpaszoBanus crenupuIHOro Habopa apomaroOpasy-
IOIINX KOMITOHEHTOB B OpakKe W CIHPTE Ha dTamax
cOpaxxuBaHus 1 quctwumu [5, €.11]. Kak mpasmio,
HCTIONB3YIOTCS. BUHOTPATHBIHN, caXapo-TPOCTHHKOBEIH,
3epHOBOM WM (PPYKTOBBIA JUCTHIUIAT, JHOO CIIHAPT-
peKTH(UKAT TUTHEBOTO KadecTBa. J[ons crmpTta B TO-
TOBOM HAIUTKE MOXKET JOCTHUrath 52—60 % (mxuH,
KOHBSIK, BUCKH) U naxe 75-86 % (abceHTsl), BChed-
CTBHE JTOrO, OT KauecTBa JITHJIOBOrO crnupra o0y-
CJIOBJIMBAETCS U JAETYCTAlIMOHHASI HHAMBU1YaJIbHOCTb,
U 0e30MacHOCTh Ul IOTPEOJICHUS! MPOU3BOAMMBIX
HAIHUTKOB.

OCHOBHBIE XapaKTEPUCTUKU ITUIIOBOTO CIIHPTa,
TpeOyeMble TMpH TIONYYCHHUH PaCcCMaTPHBAEMBIX
HAIIUTKOB B YCIIOBHSIX MPOHM3BOJICTBA — COJICPYKAHHE
METaHOJIa, OCTATOYHOE COJepKaHWue d(HUpoabICTH I~
HOW (pakIWU W KOMIIOHEHTOB CHBYIIHBIX Macell,
MaccoBasi KOHIIEHTpAIIMs CyXOro OcTaTka M mpoba Ha
okucisieMocTh [6, C.5]. MccrnenoBanus BBISBUIIN, YTO
YeM BBIILIE COJICPIKaHUE CYXOr0 OCTaTKa B MPHUMEHsIe-
MOM CIHUpTE, T€M HWKE JAEryCTallMOHHAs OILEHKa
CIMPTa U W3TOTOBJICHHBIX HAa €r0 OCHOBE HAIMTKOB.
Cojneprkaluecss B CIIUPTE CIOXKHBIE d(PHUPBI BBHICIIMX
JKHPHBIX KHCJIOT HO0ABJSIOT €My JIETKHIA (DPYKTOBBII
apomar.

Bopma, kak 1 BOIHBIE PACTBOPHI TUIIOBOTO CIIHP-
Ta, IPEACTABISIFOT COOOH OCHOBHBIC KOMIIOHCHTHI Ha
JTane W3TOTOBJICHUS BOJHO-CIHPTOBBIX HACTOCB U
9KCTPAKTOB PACTUTEIHLHOTO CHIPhS.

Oco0yr0 Ba)KHOCTH IIPEACTABISET COOOH MHHE-
palbHBIA COCTaB IPUMEHSAEMON B IPOU3BOICTBE
HAIIMTKOB BOJbI, MMCIOIIUN 3HAYUTEIHLHOE BIIMSHHC
Ha WX JIEryCTallMOHHbIE Ka4eCTBa.

COOTBETCTBEHHO, HOHBI KaJIbIMsI U MarHusi B He-
BBICOKHX KOHIECHTPAIMAX MOJYCPKUBAIOT IOJHOTY
BKyCa, THIpPOKapOOHAT KaJbLUsl ClIerka CMsrdaer
BKYC M YMEHBIIIACT «OKTYYECTh)» TAHOJIA B HAMTUTKAX;
OukapOoOHAaThI, 00JaJaIONINEe BBICOKOW Oy()epHOCTHIO
U OTYACTU OCHAOJSIOIINE KUCIOTHOCTh, MOTYT MpPH-
BHECTH B HAIWTOK IpyOble M TOPHKHAE OTTCHKH, 3a-
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TIIyIIaomye OCTAlTbHBIE TOHAa BO BKyCe HamWTKa
[7,c.145].

0000111251 BBIIIEU3IOKEHHOE, MOYKHO BBIZEIUTH
psx peKoMeHOauWi, KOTOPBIX CIEIyeT MPHIACPKH-
BaThCS MIPHU MOA0OpE CHIPBA, KaK IpH pa3padoTKe HO-
BBIX PEUENnTyp, TaK U JUIsI COBEPIICHCTBOBAHUS TeX-
HOJIOTUH YK€ UMEIOIINXCS B TPOU3BOJICTBE HAMUTKOB-
JUCTUIUISTOB!

* TUIATENFHO MCCIEAO0BAaTh CBEJIEHUS O XHUMU-
YECKOM COCTaBE PACTUTEIHHOTO CBHIPbS, B IENAX KOM-
METEHTHOTO KOMOWHUPOBAHUS W HEIOMYIICHUSA 3-
(heKTOB aHTAaroHM3Ma W YCHJICHHS B3aMMOACHUCTBUS
€ro KOMIOHEHTOB MEXIy COOOH yke Ha 3Tame paspa-
OOTKHM HAITUTKA-TUCTIILIATA;

* IS KOXIOH MapTHH OCYIIECTBISATh KOHTPOIh
BIQKHOCTH PACTHTENBHOTO CHIPBS Ui MPaBHIHHOTO
pacdeTa IKCTPaKIIHH;

*  BapbUPOBATH bpakusMu criupTa-
JUCTWIIIATA AT pa3paboTKH ONTHMAJIBHOTO COEIUHE-
HUS ¥ COOTHOIICHHUS JIETYYHX KOMIIOHEHTOB;

*  TIPUACPKUBATHCS  ONTHMAIbHBIX
OKCTPArupoOBaHUs PACTUTEIBHOTO CHIPHSI;

*  OTCIEXWBATHh KadeCTBO BOIOIMOJTOTOBKH W
YUCTOTY TEXHOJIOTHYECKOTO O0OpYIOBaHUS, KOHTAK-
TUPYIOIIETO C BOJIOW, CITUPTOM, MoiyhadpuKaTaMu u
TOTOBOH NMPOIyKUUEH.

Heobxomumo 0003HaYNTE HEOPIWHAPHYIO DPOJIH
HHTYUIHA Pa3padOTINKOB TMPH HAXOXKICHHH HAHOO-
Jie€ BBIUTPBIIIHOTO COOTHOIIEHUS PACTUTEIHHOTO ChI-
pbsl B PELENTYPHOM KOMIIO3ULMU HAaNMUTKA. Tem He
MeHee, s 3(Q(HEKTUBHOW KOHKYPEHIIMM HAMHUTKOB-
JUCTWIIISITOB HAa TMOTPEOUTENIbCKOM PBIHKE HE00XO-
JTUM, TIPEXKJIC BCETO, HAyYHO-000CHOBAHHBIN MOIXO0/ B
MPOU3BOJICTBEHHO-TEXHOJIOTHUECKUX PEIICHHUSIX.
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Summary The simplest design models of a DC power line and a three-phase circuit are proposed. The de-
pendences of the main characteristics of the DC electric circuit on the parameters of the load are obtained. Mod-
els can be used to diagnose and predict energy performance.

AnHoTtanus: ITpennoxeHsl NpoCcTeiIne pacyeTHBIE MOJENIN JIMHUU 3JIEKTPONEpEaaun MMOCTOSHHOTO TOKa
u TpexdazHoi menu. [lomydeHpl 3aBHCHMOCTH OCHOBHBIX XapaKTEPHUCTHK JIJIEKTPHUECKON IEMH ITOCTOSHHOTO
TOKa OT mapaME€TpOB HArpys3Ku. MOL[eJlI/I MOT'YT UCHIOJIB30BATHCA AJIA AUATHOCTUKH U MTPOTrHO3UPOBAHUS SHEPIre-

TUYCCKUX XapaKTCPUCTUK.

Key words: power line model, electric dc circuit, three phase circuit, qualitative analysis, direct current, si-

nusoidal current.

Knrouesvie cnosa: modens nunuu 3ﬂekmp0nepe()alm, IJIeKmpudeckas yenb noCmMos;HHO20 mokKa, mpexd7a3—
Has yenv, KauecmeeHHblll ananus, NOCMOSIHHbILL MoK, CtuCOMC)LUZbeluV MOK.

IHocranoBka npo0Jemsl. B HacTosee Bpems, B
CBSI3H C YJaCTHBIIMMHUCS aBapMsIMU B IHEPTOCHUCTEMAX
CYIIECTBYET HEOOXOJMMOCTh B CBOCBPEMEHHOM IHa-
THOCTUPOBAHHUHM JIEKTPHUECKUX LETeH, OJOKOB U CH-
CTEM, BBIXOJ KOTOPBIX M3 CTPOSI MOXKET MPUBECTH K
TSOKETBIM TOCHeACTBUAM [1], B IPOTHO3UPOBAHUU
SHEPreTHUECKUX XapakTepHCTUK. VccienoBaHue Bo-
MIPOCOB JUArHOCTUKH M MPOTHO3UPOBAHUS JIEKTpUYIe-
CKUX Llemei ocTaeTcs aKTyalbHBIM, TaK Kak Cylle-
CTBYeT HEOOXOAMMOCTh B NPO(QHUIAKTHKE OTKa30B
3NEKTPUYECKOTO 00OpYZOBaHMS, BEAYIIUX K 3HAUH-
TENBHBIM MaTEepPUAIbHBIM YOBITKAM WM YTPO3€ Yelo-
BEYECKOM KU3HU.

AHaJIM3 NOCJEeAHUX HCCJIeJOBAHMNA M mMyO/u-
kauuii. [IpoGiemMamMy AMarHOCTHKHM WM KadeCTBEH-
HOTO aHajHM3a »>JEKTPHYECKUX IeNed Ha pa3HOM
YpOBHE 3aHMMAINCh HCCIEAOBATEIH C CEPEIUHBI
npomuioro Beka. [lox MUAarHOCTHKON 3JIEKTPUYECKHX
Herned MOHMMAIOT OMNpeselicHNe HEU3BECTHBIX Mapa-
METPOB 3JEKTPHUUECKON LEMH MPU U3BECTHBIX TOMOJO-
TH{ LENH, YaCTH NapaMeTpPoB LIENH M €€ PeaKkIHuu Ha
pa3nuuHble Bo3aewcTus [1, 2].

[Honyuennsie pe3ynapTaTsl B [3] MO3BONSIOT 3HA-
YUTEJIHO COKPAaTHTh BBIYMCIMTENIBHBIE 3aTpaThl MpH
MapaMeTpUUECKOM CHHTE3€ OJJICKTPHUYECKHUX LeTeH,
TpeOyromeM BBIITOTHEHHUS MOBTOPHBIX AHAIU30B IS
Pa3IMYHBIX COUYETAaHUH MTapaMeTPOB SJIEMEHTOB.

[ToapoOHBIA aHaNM3 MOCHETHUX IOCTHIKCHHUHA B
00J1aCTH Ka4eCTBEHHOTO aHAJIN3a AJIEKTPHUYECKUX Iie-
neil ¥ TMarHOCTUKY ObLI poBeieH B [4].

BbinesieHne HepellleHHBLIX paHee 4YacTeil 00-
meii mpodyembl. OObIYHO TOAO00HBIE 33a]a4Kl pelia-
FOTCSI C MCTIOJIb30BaHMEM M3BECTHBIX METOAOB aHAJIM3a
SNEKTPUUECKUX LEeNeH, Iie MpU HU3BECTHBIX M HEW3-
MEHHBIX 3HAYEHUSAX MapaMeTPOB 3JIEKTPUYECKOHl Iie-
MU, U TONOJIOTUU ONPEAEISAIOTCS UCKOMBIE 3HAUEHUS
TOKOB, HAalpsSDKEHUH W APYTHX BEIMYHMH. B TO ke Bpe-
M, Ha TIPAaKTUKE MPU SKCIUTYaTAMH Pa3InIHBIX 00b-
€KTOB DJICKTPOIHEPTeTUKH BO3MOXHO BO3HHKHOBEHHE
CUTyalMid, Korjia HE0OXOIUMO CIPOTHO3HPOBATEH pe-
akiuio oObekTa (070Ka) Ha H3MEHEHHE KaKOoTo-TO
mapameTpa. OTO MOXET OBITh M3MEHEHHE BEITHIMHBI
mapameTpa KOro-au0o 3JeMEHTa, KOPOTKOE 3aMBIKa-
HHUE WIN OOPBIB y4acTKa 3JEKTPUIECKOH LenH, n3Me-
HEHHE BBIXOJHBIX XapaKTePUCTHK UCTOYHHUKA H.T.II. B
TaKoW CUTyallun HEOoOXOIUMBIMU OYyIyT HE TOYHBIE
KOJIMYECTBEHHBIC PAcyeThl, a BHIBOJ OOIIMX 3aKOHO-
MEpHOCTEH, KOTOpbIE MO3BOJIAT HE TOJBKO IJIS ITOH,
HO M AJISl aHAJIOTUYHBIX MIEKTPUUECKUX Lieneil oTBe-
TUTH HA BOIIPOCHIL:

— B KaKuX Ipefenax M 1Mo KaKoMy 3aKoHYy OyayT
U3MEHATBbCS. TOKH U HANpsDKEHHUS B HCCIENYEMOM
3JIEKTPUYECKOM LIETH;

— HE IPUBEJET JIM UX U3MEHEHHUE K aBapUiHOMY
pexumy;

— TIpY KaKUX COOTHOIIEHUSX MapaMeTpoB IEMH B
Harpy3ke WM Ha MHOM y4dacTke OyayT AOCTUTHYTHI
TpeOyeMble YPOBHH MOIIHOCTH WIH Ko3(dduimenra
TOJIE3HOT0 JEHUCTBHUS.

Ecnu 3TH Bompockl He KacaroTCsl BCEX Y4aCTKOB
HCCIIEAYeMOro 00BbeKTa, TO HET HeOOXOAUMOCTH TIPO-
BOJUTH MOJHBIM pacyeT LUEMH, a MOXKHO OIPaHUYUTHCS
TaK Ha3blBAEMbIM €€ «JACTHUYHBIM MM Ka4ECTBEHHBIM
AHAJIU30M.

JlocToBepHOCTh pelieHus 3aJad paccMaTpHBac-
MOTO THITa 3aBUCHT OT 00BbeMa M KadecTBa IPHUBIICKA-
€MOH JIOMOJHUTEILHOM HH(pOPMAIIUH, KOTOpasi BCeraa

€CTh Yy HCCIENOBaTeNs, TJaBHOC — MPABHIBHO €e
(hopMan30BaTh.
Bompoc nmepemaun  SNEKTPUYECKOH  DHEPTUH

OOBIYHO ONHCHIBAETCA B KJIACCHYECKOW y4ueOHOW u
HCCIIIOBATEIbCKON JIUTEpaType IO TEOPETHYECKOI
JJIEKTPOTEXHUKE, OJTHAKO BE3JIE OH paccMaTpUBacTCs
C TOYKH 3pEHHUS Nepenadyll MaKCUMaIbHOW MOITHOCTH.
MpI Xe uccieayeM 3aBUCHMOCTH B LEIISAX Iepeadn
JIEKTPUYECKOI SHEPTUH B IIMPOKOM JHANa30HE W3-
MEHEHHS IapaMeTPOB HArPy3KH.

Heas craTtbu. Pazpaborats 0000IIEHHYIO MO-
JleNIb JIMHEHHOU 3JIEKTPUYECKOM LIeNH ¢ NEPEMEHHBIM
apaMeTpoM Ha OCHOBE OCHOBHBIX 3aKOHOB TEOPHH
AJIEKTPUYECKUX LETEeH.

N3n0:xxenue ocHOBHOro martepmaja. [Ipu npo-
eKTUPOBAHMUH M IKCIUIyaTallud 0OBEKTOB AIIEKTPOTEX-
HUKU U DJIEKTPOIHEPreTUKU MHOTAA BaXKHO 3HATh HE
KOHKPETHBIE€ 3HA4E€HUS TOKOB M HAIpPSHKEHWH, a BU-
JIeTh 3aKOHOMEPHOCTH B MX PEaKIUH MPU U3MEHEHUU
Kakux-JIn0o mapaMeTpoB. BEISBIEHHE TakMX 3aKOHO-
MEpHOCTEHN TO3BOJIAET YCTAHOBUTH JOIyCTUMBIE AHa-
Ma30HbI U3MEHEHUS MapaMeTpPOB JJIEKTPUUECKUX Iie-
meii, KOTopele HE MPHUBEAYT K BO3HUKHOBEHHIO aBa-
PpUHHBIX CUTyalUil.

Takoll Tak Ha3bIBa€MbIl «KaueCTBEHHBbIH aHa-
JIU3» HEKOTOPBIX 3JEKTPUUECKUX IeTIed MOXHO Clie-
JaTh, WCHOJB3Yysd IPOCTEHIINE pPaCUeTHBIE MOJIENH.
Ilon «xayecTBEHHBIM aHATNM30M» OyJeM IOHMMAaTh
rpyniy NpUEeMOB aHalIM3a NMEKTPUUECKUX Leneil, oc-
HOBAHHBIX HAa JKCHEPUMEHTAIbHOM WM AaHAIUTUYE-
CKOM OIpEJENICHUH TOJbKO HECKOJIBKUX XapaKTEPHBIX
napameTpoB uenu. OmpeneneHue HX IMO3BOJIAET Cy-
JIUTh O PEeXKHUME M paboTe IJIEeKTpUUecKoi uenu 0e3
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JIETAJIbHOTO pacyeTa TOKOB M HAIPSDKEHMM BCeX ee
BeTBe#l [5]. PesynmpraroM Takoro aHamm3a TOJDKHBI
CTaTh INOJYYEHUE HHEPreTHUUECKUX XAPAKTEPUCTUK U
3aBUCUMOCTEHN, KOTOPbIE MOXHO MPUMEHSAThH MPU HC-
CJIeI0BaHUH AHAJIOTUYHBIX IIEKTPUYECKUX LICTIEH.

IMocTraHOBKA 33a71a9U MOXKET OBITH IPSIMOIA, B 3TOM
clydyae yKa3blBaeTCsl AMAla30H W3MEHEHHUs Mapamer-
POB KOHKPETHOTO 3JIEMEHTa U YYacTKH LIEIH, Ha KO-
TOpPBIX TPeOYeTCs OMPEACIUTh H3MCHEHHE TOKOB,
HANPSOKCHUH WM MOIIHOCTEH, Wiy oOpaTHOW, Korma
MO OTBETHOM pEaKIuu LEemH TpeOyeTcs OIMpeeiUuTh
3JIEMEHT WIM JUana3oH U3MEHEHUS [TapaMeTPOB.

B kaudecTBe peanuzauuu OpsIMOM 3agadd pac-
CMOTpHUM MpoliecC NepeJaul SHEPTUH 10 JIMHUAM 10-
CTOSIHHOTO Y CHHYCOHUJAJIbHOTO TOKOB.

Mopaenb 3neMEeHTapHON JTUHUH 3JIEKTPONEepeEaaun
MOCTOSIHHOTO TOKa MPEICTaBIsieT COOOW Hepa3BETB-
JIEHHYIO DJIEKTPUUECKYIO IIeTlh, PUCYHOK 1, coaepika-
Y0 HCTOYHHUK C IOCTOAHHBIM HAIPSKECHUEM ng,
MOCTOAHHOEC CONPOTHUBJIICHUC JIMHUU R;,, n COIIPOTUB-
JieHWe Harpy3ku R,, KOTOpoe TeopeTHYEeCKd MOXKET
U3MEHIThCS OT 0 10 OECKOHEUHO OOJIBIIOTO 3HAUYCHUS

[6].

Uex

U, /R,

[

I

lex

Ubx

Pucynok 1. Cxema snexkmpuueckoti yenu npocmetiuieni
JUHUY DNEKMPONepeoay NOCMOAHHO20 MOKA

TokaMH yTeukd, BBI3BAaHHBIMH HECOBEpPIICH-
CTBOM H30JIALIUU TIPOBONOB, TpeHeOperaem. UToOBI
HCCIIEI0BAaTh 3aBUCHMOCTh OCHOBHBIX XapaKTEPHCTHK
LeNy OT COOTHOLICHUS MapaMeTPOB JMHUKM U Harpys-
KM, BBeJEeM TNOHATHE KOd(h(HUIMEHTa Harpy3Ku

k = RH / Rﬂ , PaBHOT'O OTHOILIEHHUIO COIIPOTUBJICHUS

Harpy3KH K COIPOTUBIICHHIO JIMHHH.

Tak kak Lenb Hepa3BEeTBJICHHAs, TO BEIHMYHHY
TOKa MOKHO OIpeNenuTh Mo 3akoHy Oma. O4eBHIHO,
YTO MaKCHMallbHOE 3HauYeHHE TOKa OYyIeT B pexHMe
KOPOTKOTO 3aMbIKanus, pu R,=0. O6o3HaunM Bemw-
YHHY TOKa KOPOTKOTO 3aMbIKaHHsA |, 1 MaTemaTnye-
CKH YIPOCTUM BBIP@KCHHE, B PE3yJIbTAaTe HOJIYYUM
AQHATUTUYECKOE BBIPAXKCHHE JUTS TOKa!

K3 K3

(k) =

R,+R, 1+R,/R, 1+R,/R, 1+k

M

AHaJOTUYHO, UCIIOJIb3Ysl W3BECTHBIE B DJIEKTPOTEXHHMKE 3aKOHBI, MOJTYYHUM AHATUTHUYECKHE 3aBUCHMOCTHU
JUTSL pacyeta SHEPTETHIECKUX XaPAKTEPUCTHK JaHHOMN DJIEKTPUUECKOM Henu KaK GyHKuu oT K:

- [IaJICHNUC HAIIPSPKCHUA B HAIPY3KE:

UH(k) = I(k) RH =

7 _ >~ 6x @)

- MOIIHOCTb, OT/IaBa€Mast B [IEMb UCTOYHUKOM, Pepm:
u.-I P
P K\=U -1(k)= 6x_ 'xk3 _ _"k3 3
wem(K) =U g - 1(K) I+R /R 1+K ®)
- moTpedJIsieMast MOIIHOCTh B Harpy3ke P,
U, k-l k-P
P.(k)=U, (k) I (k) = —=8——0- = ——%& (4)
A+K)A+k)  (1+k)
- ko3 unmeHT mone3noro aevicTeust auauK (KITA) (1]
PGk) kK
=8 ©

(k) 1+k

Pucm

UToOBI MOTYyYUTh 3aBUCUMOCTH, KOTOPBIC MOXXHO MPUMCHHTH JIJIsl aHAIK3a JIFOOBIX MOAOOHBIX 3JICKTpUYC-
ckux 1emnel, popmynsl (1) — (4) mpeobpazyeM B OTHOCHTEIBHBIX CAMHUIAX (B OJSX) OT COOTBETCTBYIOIIMX



[ |
ESY| |

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #6 (46), 2019 9
BeMIHH (OT lis, Ugy, Pxs). BBeIeHHE OTHOCUTENBHBIX €IUHUI] TIO3BOJUT M30€KaTh MPUBSA3KU K YHCIOBBIM 3HA-
YCHUSIM [IAPAMETPOB HIIEKTPUICCKON IICTIH:

1
(k) =—— 6
(k) ik (6)

k
U, (k) 1ok ™

1
Pucm(k) = ﬁ

+
K
Fuk) = (1+k)?

®)

©)

ITo pesympTaTaM pac4eToB [7], BBINOJHEHHBIX C MOMOLIBIO HNPOrPAMMHOTO MAaTEMAaTHYECKOTO IMaKeTa
Mathcad, Beimyckaemoro ¢upmoit Math-Soft, Inc (CILIA), o ¢popmynam (5) — (9) ObuTH paccUUTAHBI U TOCTPO-
eHbl TpaduKy, pUCYHOK 2, HAa KOTOPBIX ITOKa3aHbl 3aKOHBI U3MEHEHHSI U BEJIMYMHBI TOKa, HAIIPSHKEHUSI, MOIIHO-
CTH UCTOYHHKA U IOTPEOUTEIS, IPU PA3IHIHBIX KO3 dHUIHeHTaX Harpy3Ku K.

1 0.3 1
\ so e qe” 1 \
Lol o’ *
0. W 0.8
JN 0.2 Pi(k)
I(k 0.6 . hd 0.6
S 'R Pk |\
i -~y Pﬂ(k) L ] \
Uk) g ~ | -
.+ e oO.qlo \ 'h~‘ n(k) 0.4 \
l: “~:0-1 » * e
0. 0.2:' ML —
0 0 % 2 4 6 8 10
0 2 4 6 8 10

k
Pucynox 2. 3asucumocmu moka, Hanpaxjcenust, MOWHOCMeU UCHOYHUKA U NOMpeOumens
om koappuyuenma nazpysxu K.

KoadduumenT K npu pacyere TaHHBIX XapaKTEPUCTHK BapbUpOBaJICA B HeOobIuX npeaenax: ot 0 xo 10.

PacueTsl TOATBEPKIAIOT U3BECTHBIM BBIBOA O TOM, YTO MAaKCHMYM MOIIHOCTH B Harpy3Ke BBIICIUTCS MpPHU
R. = Ry, T0 ects mpu k =1. Ho KIIJI nuHMY pH 3TOM OY€Hb HU3KHIA U paBeH 0,5, YTO IpHEeMIIeMO JIHIIb B THHH-
X CBSI3H, Iie TpeOyeTcss MaKCHMalIbHasl MOIIHOCTh B MPHEMHHKE U He mMeeT 3HaueHus BenmumHa KIIJI. Jlns
BBICOKOBOJIBTHBIX JIMHUH 3JIEKTpoIiepeaay 3HadeHus Kod((uIinenTa nojae3Horo AeicTBrs JOJDKHBI JIeKaTh HE
mmxke 0,8 —0,9.

Wcnone3ys BelpaxkeHue (5), ompenenuM Mpyu KaKoM COOTHOIIEHUH COTPOTHUBIICHUN JTMHUU U HarPy3KH BO3-
MOXHO JIOCTH)KEHHE TPeOyeMOro 3HaUeHHSI:

k=_"1_
1-n

W3 moctpoeHHo# uist Goliee MMPOKOTO JUana3oHa n3MeHeHus kodddunnenta K 3aBucumocTr, pucyHOK 3
BUHO, YTO JUTs mojrydenus Beicokoro KITJT (6onee 0,9) momwkHo 0b1Th R, > 10R,.

(10)
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Pucynoxk 3. 3asucumocmo 3nauenus KIIJ[ om coomHnouenus conpomusienus JuHuL i Hazpy3Ku

ITpn nepenade 371eKTPUUECKON HEPTHH Ha OOJBIIME PACCTOSHUS MHTEPEC MPEACTABISIOT MOIIHOCTH I10-
Teps B IMHUH [7]. PeanbHble NTUHUN 3IIEKTpOIIEpeladd MMEIOT CONPOTHBIICHNE JIMHAM BO MHOTO Pa3 MEHbIIE
COIPOTHUBJICHHSI HAarpy3KH, MO3TOMY HCCIEJOBaHHUE SHEPTeTHUECKUX XapaKTEPHCTHK JIMHUHU IPOBOIMIOCH TPH
u3MeHeHnu ko3 duireHTa Harpy3ku K B Goree MHUPOKUX mpeaenax.

JlomycTuMble TOTEpH B JIMHHUH, KOTOPBIE HE JOJDKHBI MpeBhIATh 2-10%, BBIpa3uM B AOJAX OT IOJIE3HOU
moiHoctd P,

P (k)= Puen®) =Pk 19006 = L .100% 1)
P, (k) K
H
U3 Beipaxkenus (11) crenyer, 4To BEpXHUIA npees JomycTUMBIX noTepb 10% Oyner nocturHyT npu k= R,/
R, = 10, amwxuwuii npegen 2% - npu k= R,/ R, = 50. OTcioaa cienyet BbIBOJ, YTO ISl MUHUMH3AIUH OTEPh B
JIMHUY COOTHOIICHHUE CONPOTHBIICHNI JTMHUY U HATrPy3KH CIIEAyeT BBIONPATh KaK MOYKHO OOJIBIINM, PHCYHOK 4.

10

10 9.1\
8.2

73 \\

6.4
Ppk)55
4.6 \

3.7
2.8

1 1.9

1
10 19 28 37 46 55 64 73 82 91 100
10 k 100

Pucynox 4 — 3asucumocms mownocmu nomeps 6 aunuu om Kodppuyuenma nacpy3xu k

JUis aHanu3a pa3BETBIICHHBIX 2JEKTPUUECKUX LENel ¢ HECKONBKUMU HCTOYHHUKAaMU IIPU U3MEHEHUH OJHOTO
U3 TapaMeTpoB, MEpexo]] K MOJAEIN HEePa3BETBIECHHOM LENH MOXKHO IMPOBECTH B COOTBETCTBHU C TEOPEMOH 00
aKTHBHOM JBYyXIIoytocHHKe. Popmyia (1) mpu 3ToM nmpumeT B

U
[(K) = —x
(k) 5 R (12)

6x H

[Tono6HBIE MOAETH MOXKHO pa3padboTaTh U JJs Tpex(a3HbIX MeNel CHHYCOUJAIBHOTO TOKA CO CTATUIECKON
Harpy3koi. Jlanee mpesicTaBieH KayecTBEHHBIH aHaIM3 pexxuma oOpbiBa (asbl A NpU COCAMHEHUH HArpy3KH
3BE3JI0H, PUCYHOK 5,a.

OOb1uHO B yueOHOU suTeparype [8] aToT pexxuMm paccMarpuBaeTCsl MPH CHMMETPHYHOIN HArpyske, TaKUM
o0pa3oM, npu J1I000M XapakTepe Harpy3KH IpH oOpbiBe, Hanpumep, Gas3bl A, Ha Harpy3ke ¢a3 B u C Oyner mo
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MOJIOBMHE JIMHEHHOro Hanpspkenus U, / 2 , HanpsbkeHHe MeXIy KOHIAMH OOOpBaHHOM (as3bl OyaeT paBHO

1,5-Uy (pucynoxk 5, 0).

_ E'.'r.{ A
L'.r JT Zp '
o 3@ B 1, 0
Uy ¢ %

+1
Ul
i
,J: nl‘.
it [ | .l—
‘r':‘ .1 ‘-‘LI a
/ ! 0." 1'\\
. R I| "
] L N
» Uoo Lo
Uc E;.-'C 0" Ub U,
6)

Pucynox 5. Obpwis pazer A npu cummempuunoll Hazpyske

Hcnonp3ys mpocTeInyto MOIeIh, TOIYIUM OOIIHe BRIPAXCHUS ISl HECHMMETPUIHOW Harpy3ku. O603Ha-
YUM KOMIUICKCHBIE COTIPOTHBIICHUS Harpy3ku B dazax B u C - Zg, Zc, compoTuBieHne Zc NIEPEMEHHOE, €TO Be-
JIMYUHA MOKET MEHAThCS 0T 0 710 oc. OTHOIIICHHE MOTYJICH COMPOTUBIICHUI U Pa3HOCTh (a3 0003HAYMM:

k

@

Torua, C YUC€TOM TOr'0, YTO TOK B LICIIN

Z./Z,

Do — Tp

i (k)= t&c E‘zﬁ' + g«:)

[Monyunm crnepyromyie BHIpaKEHHS ISl HAPSDKEHUST CMEILCHNsT HEUTpak U (Da3HBIX HAIIPSHKSHUI:

. . U...7 ;
U,o(k)=U, _ﬁ -
U =0ss + e
U,k =2

.el®
0,00 =Upel )

CnpaBeUIMBOCTD IOJYYEHHBIX aHAIUTHYECKUX
BBIDOKCHUH MOKHO NPOBEPUTH HamOoOJee MPOCTHIM
CrocoOoM, eciu MpHHSATh, 4To0 B (asax B u C pacno-
JIO)KEHa YMCTO aKTHBHas Harpyska Rs m Rc m paccum-
tatb 1o dopmynam (13) — (16) 3HaYeHUsT HANPSHKEHUH
JUTSA IPEAETHHBIX CITyJaes:

— mpu K = 0 (KOpOTKOE 3aMBIKaHHe HArPY3KH Pa-
3BbI C), Uoo= Uc, U= ,UCA;

— npu k = oc (06psiB dasel C), Ugo= Ug, U=
Uns ;

— IIpu k=1 (RC= RB), Uo'o= U,];/Z, Ub= Uc.

[Ipu amamm3e NaHHBIX BBIpaXXEHHWH OBLIO ycTa-
HOBJICHO, 4YTO JAuarpamMma HalpsDKeHUH, MoJo0Has
MOKa3aHHOW Ha pHCyHKe 5,0 npu oOpsIBe (a3bl MoJy-
yaeTcs MpH cIeIyroLell Harpys3ke:

— CUMMETpHUYHAs HJIM HECUMMETPUYHAS YHCTO
AKTHBHAsI, MJIM MHAYKTHBHAS, WM €MKOCTHAs Harpys-
Ka;

2~

. o
Uge-Zy-e'™* o
ie jo
LZy-e'F+Z, e

(13)

(14)
(15)
(16)

— CHMMETpPUYHasl WJIM HECUMMETPHUYHAs Harpy3ka
Zs=Zpe 178 u Zc=Zce 1%° B daszax B u C npu ycrnosuw,
41O @B = @C .

Bo Bcex aTux cinyvasx HyneBas Touka O’ Ha Bek-
TOpPHOW amarpaMme OyJIeT HepeMeIlaThbesi MO JIMHUU
nHeitHoro Hanpspkenus Upc (pucyHok 5, 0), Hampsi-
xenust Up m Uc MoryT m3MeHsThCs B nipenenax ot 0 1o
U,, HO X cymma Bcerna Oyzaet paBHa Upc. Hanpsoke-
HHUe B Mecte 00pbiBa U, MoxeT usmensaThes ot 1,5-Uy
1o U, , BapuaHThl U3MeHeHus HanpspkeHust U, Ha pu-
CyHKe 5, 6 TOKa3aHBI TyHKTHPOM.

IIpyn HecUMMETPUYHON HAarpy3Ke KapTHHA HU3Me-
HsIETCsl, €CIIU @B # (C.

PaccmoTpumMm ciydaid, korna B (paze B ocranercs
aKkTUBHAsA Harpys3ka Rg, a B ¢a3zy C BKIOYeHO mepe-
MEHHOE MHAYKTHBHOE MM EMKOCTHOE COIPOTHUBIICHHE
X.

Komrnekcusiid ko3dduunenT K s sToro ciayyast
Oynet paBen k= ke* i%0°,
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Ha ocHOBaHMEU pe3ysIbTaThl PacdeToB IO BBIMIE-
npHuBecHHBIM (Gopmynam B Mathcad Geutk craenmanbt
CJICYIOIIHE BHIBOIBI:

— HyJieBas Touyka O’ Ha BEKTOPHOW IHarpamme
OyzeT mepeMemnIaTsCs 1Mo OKpY>KHOCTH ¢ paxuycom U,
/2, ueHTp KOTOpPO# pacroyiaraeTcsi B LICHTPE OTPe3Ka
BC;

— IIpHU IEpEeMEHHOI HHIyKTUBHOI Harpyske B da-
3e C HyneBas Touka O’ mepemelnaercs 1o BepxHeH
TIOJIOBHHE OKPYXHOCTH, (hazHble HanpsikeHust Uy n U
B 3aBHCHMOCTH OT COOTHOLICHUS COIPOTHUBICHUI MO-
TyT u3MeHAThes B npeaenax ot 0 o U, mpu R=XL Up

+1
Uy
‘-l
oo 0.366U8
R [
+_] r:'r”‘l - o~ \\\ ~‘
pes “"-..1_ S
Uc Ug

= U:=1,225 U, , HanpshKkeHHe B MecTe 00pbIBa MUHH-
ManbHO Tipu R=X_ u pasro 0, 634 Uy, MakcumMyM ero
npubmmxaercs k U, (pucyHoxk 6, a);

— IpY TIEPEMEHHOW €MKOCTHOH Harpyske B dase
C myneBas Touka O’ mepemerniaercs Mo HIHKHEH ToJIo-
BUHE OKpPY)XHOCTH, (pa3Hbie HanpspkeHus Up u Uc B
3aBUCHMOCTH OT COOTHOILEHHUSI CONIPOTHBIICHUI MOTYT
u3MeHsAThes B npenenax ot 0 mo U, , mpu R=Xc¢ Up =
Uc=1,225 U, , HanpspKeHHE B MecTe O0pbIBa MaKCH-
MansHO pu R=Xc¢ u paBHO 2,366 Uy, MUHUMYM €ro
npubmmxaercs k U, (pucyHok 6, 0).

+1
Us
.\
\
\
\
1]
1]
\
0\
\
- :
+_] \
\
\
P B I
Uit~ Vo Us
o - l’,.“
1 ~. ‘“gh,'n.l;_'
~ . . " 0
IR A
6-1,3660};

Pucynok 6. BexmopHule ouazpammpl npu akmuHou u UHOYKMUBHOU
(a) u akmusHou u emkocmuou Hazpyske (0) 6 gpazax Bu C

BeiBoasl u npeniio:xkennsi. Pazpaborannas 0000IIeHHAs MOJENTh THHEHHON 3JIEKTPUIECKON IeTH ¢ Tepe-
MEHHBIM MapaMeTPOM IO3BOJISIET MONYYUTh aHAIUTUYECKUE 3aBUCUMOCTH Ui IPOBEACHMSI KaUECTBEHHOI'O aHa-
JIN3a SHEPTEeTUUECKUX XapaKTEPUCTHUK LIENeH ¢ MPOU3BOJIBHBIMU apaMeTpaMH, a TAKXKE CIENaTh BHIBOABI O Tpe-
OyeMBIX COOTHOIICHUIX TTAPaMETPOB IIEKTPUICCKO LS.

Hcnonbp3yst MpeioKeHHY0 BBIIIE MPOCTCUIIYI0 PACUCTHYIO MOJIENb TPEeX(Pa3HOW HEMH MOXKHO YCIICIITHO
MPOBOANTH KaYECTBEHHBIA aHAIIN3 W MPOTHO3UPOBAHHUE YHEPTETHUECKUX XaPAKTEPUCTUK MPHU W3MEHEHUU Tapa-

METPOB CXEMBbI B aBAPUHUHBIX PEKUMAX.
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ORGANIC-MINERAL FERTILIZERS BASED ON PROCESSING OF THE NITRIC-SULFURIC ACID
BROWN COAL AND PHOSPHORITES

Abstract: The results of the study process of producing complex fertilizers by oxidation of the Angren
brown coal with a mixture of nitric and sulfuric acids, and subsequent decomposition of oxidation products with
mineralized mass and slime phosphorite of Central Kyzylkum. The result highly organic-mineral fertilizers were
obtained. The commaodity properties of the resulting product of fertilizers were defined. They are not com-
pressed, even with a high moisture content will remain full their friability.

Keywords: organic-mineral fertilizers, Angren brown coal, the oxidation of a mixture of nitric and sulfuric

acids, mineralized mass, slime phosphorite.

At present it is worsen more that world food
problems determined with high rate of population
growth reduction such resources as arable land suita-
ble, fresh water reserve. One of main tasks of agricul-
ture food industry is in securing country population
with food. In this connection, fertilizer industry makes
important attention.

During there are performed the wide fields activi-
ties on ensuring population by quality food. In this
area special attention is given, incluiding quality ni-
trogen, phosphoprus and potash fertilizer productivity,
growth of efficiency of mineral fertilizer and increas-
ing humus in soil is base of its fertility. Moreover,
organic fertilizer application in agriculture has singu-
lar importance, increases productivity and improve-
ment of physico-chemical and land reclamation condi-
tion of soil [1, p. 15-16].

The soils of Uzbekistan on the content of this im-
portant element related to low income. The meter lay-
er of black soil, for example, on one hectare 350-700
tons of humus contains, while the best cotton soil zone
- gray soils contain only 65-85 tons [2, p.137-150].
The soils are in the process dehumification. It was
found that the decrease of humus content in the soil by
1% leads to lower crop yields by about 5 quintals of
grain units per hectare [3, p. 117-127].

Scientific research directed on processing coal
and development of technology based on it organic-
mineral fertilizers (OMF) and plant growth stimulant
is performed in the leading research centers and high
education of the world including «Concho Petroleum
Co», «Scientific and Applied Processes Pty., Ltd»
(USA), Oesterreichisch-Alpine Montangesellschaft,
«Simmering-Graz-Panker AG fur Maschinen-, Kessel
und Waggonbany (Austria), «Rheinische Brau-
kohlenwerke AG» (Germany), «Kamishimo Kagaku
Kogyo Kabushiki Kaisha», «Nihon kase Kogyo Ka-
bushiki Kaisha», Kogyo gidzyutsu intyo (Japan), Indi-
an Institute of Technology (India), Iran University of
Science and Technology (lIran), Scientific and research
institute of fertilizer and insectofungicide SRIFI (Rus-
sia), Institute of General and Inorganic Chemistry
(Uzbekistan).

As a research result conducted in the world on
production both the organic, organic-mineral fertilizer
and plant growth stimulant based on oxidized coal
with high content of humic acid and improvement
there were obtained the number of findings, including:
stimulator — ammonium humate has been produced
based on when interuction ammonium hudroxidied
with lignite («Concho Petroleum Co.», USA and
«Kogyo gidzyutsu intyoy», Japan), humic fertilizer has
been synthesized by brown coal treated with nitrci
acid and subscuient neutralization of the slurry by
ammonia in optimal variant («Scientific and Applied
Processes Pty., Ltd», USA and «Oesterreichisch-
Alpine Montangesellschaft», Austria), coal is oxidized
preliminarily by nitric acid and nitrohumic acid then
calcium cyanamide or superphosphate, melt phosphate
is added into it, and the result solid organic fertilizer
has been generated («Kamishimo Kagaku Kogyo
Kabushiki Kaisha», «Nihon kase Kogyo Kabushiki
Kaisha», Japan), there are developed the organic-
mineral fertilizer by processing mixture coal and
phosphorite in the disintegrator («Simmering-Graz-
Panker AG fur Maschinen-, Kessel und Waggonbany,
Austria), there has been produced the organic-mineral
fertilizer by processing mixture coal with phosphorite
in presence of different mineral salt («Rheinische
Braukohlenwerke AG», Germany) [2-7].

In the world scientific research for obtaining hu-
mates and development of humic containing fertilizer
technology production were conducted by scientists
such as W.Klempt, O.Grosskinsky, A.Amberger,
F.Kortmann, E.Petzold, F.Petermeise (Germany),
M.Shizunori, N.Kinsaku, H.Kodzo, N.Yutaka,
S.Motohisa (Japan) D.Felix, M.Antoine, P.Echivard,
G.lsambert (®panus), C.J.Karcher, L.C.Canfield,
M.A.Cooley, R.C.Snively (USA), K.Entzmann (Aus-
tria), G.Zoltan, K.Laszlo, S.Agnes, S.Janos
(Benrpus), S.Heng, G.J.Perry (Australia).

The soils of Uzbekistan on the content of this im-
portant element related to low income. The meter lay-
er of black soil, for example, on one hectare 350-700
tons of humus contains, while the best cotton soil zone
- gray soils contain only 65-85 tons [8, p. 137-150].
The soils are in the process dehumification. It was
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found that the decrease of humus content in the soil by
1% leads to lower crop yields by about 5 quintals of
grain units per hectare [9, p. 117-127].

The aim of research work is to develop a tech-
nology of organic-mineral fertilizer on the basis of
oxidized brown coal from the Angren deposit using
Kyzylkum phosphate.

In this study, a representative sample of fine coal
grade BOMSSH (brown, walnut, small, seed, rubble)
has been used, which has, after drying, to air dryness
and grinding in a ball mill to a particle size of 0.25
mm, the following composition (wt.%): moisture 14.1,
the ash 13.7, organics 72.2, humic acid 4.1% on or-
ganic matter. To carry out laboratory experiments the
following CK phosphorites were used mineralized
mass (MM) containing (wt.%): P2Ostora. 14.68; CaO
40.80; Al,0; 1.17; Fe,031.37; MgO 0.53; F 1.85;
C0O212.84; and slime phosphorite (SP) containing
(Wt.9%): P2Ostota. 11.57; P2Osaccep. 1.29; CaO 41.08;

en
=]
o

A|203 1.84; Fe203 1.42; MgO 0,61; F 1.52; COz
2091, PZOSaccep. . onstotal. = 901%

X-ray diffraction analysis has established (fig.1)
diffraction bands 2,77; 2,74; 2,69; 2,62; 2,28; 2,24,
1,93; 1,83; 1,72; 1,72A° belongs fluorine carbonatap-
atite. The presence of calcite confirms the interplanar
distances 3,86; 3,03; 2,49; 2,28; 2,09; 1,92; 1,91; 1,87;
1,62; 1,60 A°, dolomite — 1,54A°, gypsum -3,07; 3,17;
2,77; 2,24; 1,42 A°, three calcium hosphate - 3,45 A°.
Bands 3.81; 3.35; 2.49; 1.93; 1.87 A° indicate insolu-
ble residue — quartz. X-ray diffraction analysis has
established. In the SF (fig. 2) there are also diffraction
bands with values of 2.77; 2.70; 2.62; 2.28; 1.93; 1.83
A°, which include fluorine carbonate apatite. There are
calcite interplanar distances - 3,86; 3,03; 2,49; 2,28;
2,09; 1,91; 1,87; 1,62; 1,60 A°, gypsum -2,84; 2,77;
1,42 A°, three calcium hosphate -3,45; 2,49 A° and
quartz-3,35; 2,49; 1,93; 1,87; 1,42A°.

b 3
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Fig. 1. X-ray structural analysis MM
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Fig. 2. X-ray structural analysis SF

Oxidation process of coal was carried out by 30%
nitric acid in which sulfuric acid had been entered in
an amount to its concentration in the nitric acid solu-
tion was 5 %. The weight ratio of the organic portion
of coal to nitric acid monohydrate was taken 1: 1.6
and 1: 2.0. Coal oxidation process was conducted at a
temperature of 40°C for 2 h. The obtained samples of
the oxidation products were treated by different types
of Kyzylkum phosphorites. The amount of phosphate
raw material (PR) was calculated based on the amount
originally taken on the coal oxidation in the mixture of
the nitric and the sulfuric acids. Norm of these acids

on decomposition of the phosphate raw materials were
taken in the range from 40 to 80% of the stoichiome-
try on calcium oxide in the raw material. The decom-
position was carried out at 40°C for one hour. Then
the resulting acid mass was ammoniated to pH = 3.9-
4.3, dried at 70-75°C to 4-6% of the moisture content
in the product.

Experimental results have shown that it is inde-
pendent on the ratio of the organic portion of coal:
HNOs: H2SO4 increase of acids norm by decomposi-
tion PR from 40 to 80% of stoichiometry leads to a
decrease in content of the total form of P,Os in the



Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #6 (46), 2019 15

products and increasing the relative content of ac-
ceptable P,Os, nitrogen, organic substances and humic
acids in the fertilizers.

In the case of using MM, highest content of hu-
mic acids (14.03%) contains fertilizer obtained at a
weight ratio to the organic portion of coal to nitric
acid monohydrate 1: 1.6, concentration of sulfuric acid
in the nitric acid solution is 5% and acid norm on the
decomposition of the phosphorite flour is 80% from
stoichiometry. The result is shown in the Table 1.

This fertilizer also contains 7.37% of P2Osttal,
6.71% of nitrogen, 24.86% of organic matter, and the
relative content of acceptable form in it is 85.62%. It
also contains 8.04% of CaO in water-soluble form is
also very important as calcium is the six most essen-
tial plant nutrients.

There have been found the optimal conditions for
obtaining OMF based on use of other types of SP. For
SP acid norm is 80%, the composition of fertilizers
(Wt.%): P2Osioral. 5.74; 5.03% of nitrogen, 20.62% of
organic matter and humic acids 11.05%.

Table 1
Composition of compound fertilizer, obtained by nitric-sulfuric acid processing Angren coal
and mineralized mass (MM) from phosphorite of Central Kyzylkum
The weight ratio of the Norm of Chemical composition, %
CO&'. HNMOIS/.l HZSO‘L ézeca;(;(j();) P205total PZOSaccep CaOtotaI Caow.s. N Sl.%;gt:rr:é(;s H;Cl'iT:le
1 2 3 4 5 6 7 8 9
10:20:3,33:66,1 40 10,65 5,36 29,69 8,75 | 5,01 13,53 7,46
10:20:3,33:52,9 50 9,72 5,45 27,15 9,07 | 542 14,74 8,95
10:20:3,33:44,1 60 9,04 6,00 25,02 9,61 | 5,83 16,08 9,80
10:20:3,33:37,8 70 8,31 6,92 23,31 9,82 |6,11 16,79 10,22
10:20:3,33:33,1 80 7,76 6,90 21,65 9,34 | 6,93 17,40 10,57
10:16:2,67:52,9 40 10,20 4,91 28,80 7,43 | 6,58 16,65 9,34
10:16:2,67:42,3 50 9,32 5,05 26,36 8,27 | 5,35 19,81 11,23
10:16:2,67:35,3 60 8,75 6,19 24,18 8,67 | 5,66 21,02 11,92
10:16:2,67:30,2 70 8,03 6,46 22,35 8,45 | 597 22,94 12,90
10:16:2,67:26,5 80 7,37 6,31 20,83 8,04 |6,71 24,86 14,03
There have been found the optimal conditions for References

obtaining OMF based on use of other types of phos-
phorite. Commodity properties of fertilizers were de-
fined. They are not become compressed. Even with
high moisture content the fertilizer retain complete
friability. The strength of the granules exceeds the
requirements of GOST. Increased hygroscopicity re-
quires packing of the product in bags.

Based on the results of laboratory experiments
and experimental work in the model laboratory plant it
was installed that basic technological parameters of
the process of obtaining OMF. The basic technologi-
cal scheme has been proposed, the material balance
has been compiled and the economic indexes for pro-
duction of one ton of OMF have been calculated.

Thus, the resulting organic-mineral fertilizers
possess considerable advantages. In the first they are
concentrated and they can be transported in the long
distance and export. The second the economic effect
will be not only of benefit when production organic-
mineral fertilizers, and form application them in the
agriculture.

When application humic containing fertilizers
unconditionally will increase humic in soil, as well as
the structure, physico-chemical properties of soil will
improve significantly, using coefficient nutrients of
applied fertilizers will increase, the crop of the agri-
culture plants will raise.

Thus, nitric-sulfuric acid processing of brown
coal of Angren deposits and phosphorite of Central
Kyzylkum allows to obtain highly effective organic-
mineral fertilizers.
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Manozynxo FOnus Bnaoumuposna,

Kanouoam mexnuueckux HA)K, 00ueHm, d)akyﬂbmem INEKMPOIHEPEMUKU U INEKMPOMEXAHUKU

Bunnuyxuil nayuonanbHvll mexHudecKuli yHugepcumem

HCCJIENJOBAHHUE (DYHKHI/!'OHAJII)HOIZ YCTO?I‘IHBOCTH MNOJACUCTEMBI OBMEHA
NHO®OPMANMEU JTOKAJIIBHOU JIEKTPUYECKOU CUCTEMBI C PACCPEJOTOYEHHBIMHA
NCTOYHUKAMMU SGHEPI'UHN

Annoranusi: OGecrieueHne npouecca ONTUMU3aKuy QYHKIMOHUPOBAHUS PACCPEIOTOYCHHBIX HCTOYHUKOB
sHeprun (PMD) B noKanbHBIX AJIEKTPUUECKHX CUCTEMax B COBPEMEHHBIX YCIOBHUSX, NMPEIyCMaTpUBAET IpHMe-
HEHME aBTOMAaTU3UPOBAHHBIX CHCTEM YIpaBJIEHUS B KOHTEKCTE MOBBIIIEHHUS KadecTBa MPOU3BOACTBA U pacipe-
JISIICHISI SJIEKTPOIHEPTHH C HCIIOIB30BAHNEM TEXHOJIOTHH 1 cTaHgapToB Smart Grid [1]. OTo He TombKO ycKOps-
€T W YNPOINAET 3TOT MPOLECC, HO ¥ CO3AAET YCIOBHS JUI HOCTPOCHHSI COBPEMEHHBIX HHTETPHPOBAHHBIX CHCTEM
ynpasneHus. Takum TpeOoBaHUsIM HauOOJIEE COOTBETCTBYIOT aJalTUBHBIE ABTOMATH3WPOBAHHBIC CHCTEMBI
ynpasierust (ACY), KOTopsle TO3BOJISIIOT OAAEP)KUBATH HAUIC)KAIEe KAUeCTBO TEXHOJIOTMIECKOT0 TIPoIiecca B
YCIIOBHAX HETIOJHOW WJIM HECOBEPIICHHOH MCXOTHON MH(POPMALWH 10 €ro ImapaMeTpaM M BO3ICHCTBUN OKpy-
JKaromel cpenbl. B COBpeMEHHBIX YCIIOBHSAX aKTyalbHBIM SIBIAETCS oOeclieueHWe B aBTOMAaTH3MPOBAHHOM CH-
cteme ympasnenus PUD coiicTBa QyHKIIMOHATHHON YCTOHYUBOCTH MOACUCTEMbI 0OMeHa HHpOpMaIUeH.

Kniouesvie crosa: noxkanvnas snepeocucmema, paccpedomoyentvle UCTHOUHUKY dIHePeUL, QYHKYUOHATLHAA

YCMOUYU8OCMD.

[IpennosxenHas B [2] cTpyKTypa anmapaTHOH pe-
IM3allii ABTOMAaTU3UPOBAHHOM CHCTEMBI YIIpaBiIe-
HUA cXxeMe Bblaun MomHoctd PHD B nokambHBIX
JNEKTPUUECKUX CHUCTEMaxX COCTOMT M3 COBOKYITHOCTH
B3aMMOCBSI3aHHBIX W COIJIACOBAHHO JEHCTBYIOLIUX
annapaTHO-MPOTPaMMHBIX CPEJICTB Mepeaadr, XpaHe-
HUS ¥ 00paboTKH HUQPPOBOH HHPOPMAILIUH, COCIHU-
HEHHBIX KOMMYHHUKAI[IOHHBIMH CBSI3SIMH M IIpe/Ha-
3HAYEHHBIX JUI1 pEIICHUS ILIMPOKOro KJiacca 3amady
KOHTPOJISL U yIIpaBlIeHUs pexxumaMu padbotsl PUD [3].

OyHKIMOHAIbHASL YCTOMUUBOCTb - 3TO CBOMCTBO
CJIOKHOW TEXHUYECKOM CUCTEMBI, XapaKTEPU3YIOLUI
BO3MOXKHOCTh IPOJIOJDKATh BBIMONHATE OIpe/eIeH-
HBIII 00beM (DyHKIMH, BO3MOXXHO C yXyALIEHHEM Ka-
YecTBa, NMPU BO3JACHCTBUM BHYTPEHHHX M BHEIIHHX
JIECTaOMITN3UPYIOMUX (PaKTOPOB.

Jnst perenus 3Toi 3a1aun HeoOxoauMo obectie-
9uTh cOOp, 00pabOTKYy M aHamM3 WHOOPMAIMH C aB-
TOMAaTHYECKUM DPACIO3HABAHUEM HEIITATHOW CHTya-
UK 1 HOPMHUPOBAHKUEM PEKOMECHIAINHN 10 ICHCTBUSIM
B YCJIOBHUSAX TAKUX CUTyalHi.

ObecnicueHre (QYHKIUOHAIBHOW YCTOHYHBOCTH
Jr000M CII0KHOM TEXHUUECKOH CHCTEMBI OCYIIECTBIIS-
eTcs 3a c4yeT W30BITOYHOCTH Pa3INYHBIX BHJIOB:
CTPYKTYPHOM, ammapaTHOH, BpeMeHHOH, nHdpopMmanu-
OHHOHM 1 TOMy nozo0Hoe. MeponpusTHs, HarpaBJeH-
Hble Ha oOecrieueHne WM MOBBIIICHHE YPOBHS (YyHK-
LOUOHAJIBHOW YCTOMYMBOCTH, B HEPBYID O4YEpE.b,
o0ecreunBaloT YIIydlIeHHE XapaKTepUCTHK OTKa30-
YCTOWYMBOCTH U KUBYYECTH, HO HE 00s3aTEIBbHO I10-
Kasareyieil Ha/IeXKHOCTH OT/IENBHBIX KOMITICKTYIOIINX
AIIEMEHTOB M M3/IEJINH, a TAK)KEe TAKTUKO-TEXHUIECKUX
XapaKTepUCTHK CUCTEMEI [4].

OpHoli W3 mprUYMH (YHKINOHATIHHON HEyCTOW-
YUBOCTH CIIOKHBIX TE€XHHYECKHX CHCTEM B HeEIITaT-
HBIX CHUTYaIMsiX SBISETCA HEJOCTaTOYHAS TOTOBHOCTH

BBIUHCIIUTENIFHON CHCTEMBI K PACIO3HABAHUIO U AEH-
CTBHH B HEMPEIBUACHHBIX YCIOBUSAX. DTO MPOSBIACT-
Csl B TOM, YTO B BBIYUCIUTEIBHON CUCTEME HE yUUTHI-
BaeTcsl Bech Habop curyanuid. OAHUM M3 NPU3HAKOB
MOJET OBITh TEPBBIH BOCHPUHSATHIA CHTHAI O Hapy-
LOIEHHU PEeKHMMa JIOKAJIbHON YHEPrOCUCTEMBI MM Pa-
6ots1 PUD, nnm npocTpaHCTBEHHO-BPEMEHHOU CTPYK-
TYpbl KOHKPETHBIX OCOOBIX CIIy4aeB, HJIM OTCYTCTBUS
AITOPUTMOB paclo3HaBaHMA OTKa3a, a TakXkKe B Orpa-
HUYEHUU AEUCTBUN MPU HEIITATHOW CUTYallUHU.

OynkiuonupoBanne ACY  cxemoi  BbIIauu
MouHocTH PUD ¢ mnensio uaeHTHUKAIMM HEIITAT-
HOH CHUTyallMM IpeIyCMaTpUBAET BEHINIOJTHEHHE Clie-
JQYIOLIUX OHEpaIii.

1. BersBneHHe HECOOTBETCTBHS (PAKTHUECKHX T1a-
paMeTpoB (YHKIIMOHUPOBAHUS 33/IaHHBIM I1apameT-
pam;

2. OmpeneneHrie HanboIee BEPOSTHOM TPYIIIHI, K
KOTOPOU OTHOCUTCS OTKa3;

3. Bocnipousseaenue noaHoro obpasa mnpeamnosia-
raeMoro OTKa3a;

4. OcymecTBiIieHHEe aKTHUBHOTO BOCIPHUATHS WH-
(dbopmaiy Ha OCHOBE CIOCO0a-3TaJIOHa JJIsl TOYHOTO
pacro3HaBaHMS CUTYaIHH.

Jns BBIABIEHUST HM30BITOYHOCTH HPEIIOKEHO
BBINOJIHEHNE OOpaTHOM 3ajauM, a MMEHHO CHHTE3a
Ype3MEpHOHl CTPYKTYpbl C 3aJlaHHBIMU CBOICTBaMU
(YHKIIMOHAIBHONW YCTOHYMBOCTH U CTOUMOCTH CTPOU-
TEJICTBA U AKCILTyaTallui CUCTEMBI.

[Mpennaraercs BBIYUCIATH YpPOBEHb (DYHKIHO-
HaJbHOM YCTOMYMBOCTH Il CUCTEM Iepeadyd AaH-
Heix ACY cxemoil Beimaun MomHocTH PHUD 006006-
IICHHBIM BEPOSTHOCTHBIM IIOKa3zareneM Facy, KoTo-
pBIi  paccUMTBIBaeTCS KaK CBEpPTKa  MAaTPHUILBI
BEPOSITHOCTEH CBSI3HOCTHU:
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0 PR, B

Py = |

L I:)nl

Ficy =F(Pep) = Z Z w; - P, (1)
i=1j=1, j=i

P, Ps ... O

rJic N — KOJIMYECTBO Y3JIOB KOMMYTAIUH B MofcucTeMe ooMeHa uHdopmarmeir ACY cxeMoi BbIIa4K MOIII-
noctu PUD;

Pij — BEpOSTHOCTb CBS3HOCTH MEXKAY y3JIaMH Vi U Vj;

Wij — BECOBBIE KOA(D(PUIIUCHTBI JIMHUN CBSI3U, KOTOPbIC 3aBUCST OT 33JaHHON MHTCHCUBHOCTH Tepeaadn HH-

(hopmari pij MeXIy y31aMu Vi 1 Vj:

2, npu py=M[p];
1, npu 0IM[p]< p; <M[p];
1/2, npu p;<01M[p].

MaremaTHuecKoe OXHIaHUEe 3aJaHHOW HHTEHCUBHOCTHU mepenaun uadopmanuu M[p] B cucteme nepenauu
naHHbIx ACY cxemoii Beijaun Momuoctu PUD onpenensercs Ha OCHOBE CIIEAYIOIEeH 3aBUCUMOCTH:

M[p]=

Z Zpu @

( I—lj—l j#i

BeposTHOCTB cBA3HOCTH Pijj OTIpeieisieTCss Ha OCHOBE CIICIYIOUIIX HCXOIHBIX JaHHBIX:
1) ctpyktypsl cuctemsl nepenaun aaHabix ACY cxemoii Bbyiaun Momiaoctd PUD, 3amanHoll MaTpuieit

cBsi3er Acg;

2) xoadduireHTa roToBHOCTH nepeaaun uapopmanyu Krij mo nuuuu cBsizu lij.
Takum oOpa3om, 3amada cuHTE3a (YHKIHOHAIBHO YCTOHYMBOM IMOJCUCTeMBI oOMeHa uHpopmanueir ACY
CXeMOW BbIjauu MOIIHOCTH PYD MOXHO chOpMYTHPOBATE CIICAYIOIIUM 00pa3oM:

Omnpenenuts: onTuMaibHyo cTpykTypy rpada Ge(V,E), §=1,2,

IIpHU OTPaHUYCHUSX !

..,N, 94TO yJOBJIETBOPSAET TPEOOBAHUAM:

Pyyo= ¢ U1y —> pok, ®)

ng ZZ Xl(/)(ll(p’ pl@ ﬂlw) < X®€E§9 L Q= 1,2,7,N; (4)

i

(0)>2; L(M)e2; To(g,E) = T(SE).

B mpemmaraemMoMm TmomXoie K ONTUMHU3AIUN
CTPYKTYPHI MoJIcucTeMbl oOMeHa nHpopmarmeir ACY
cxeMo# BbIgaun MoltHocTd PUD mpemaraercs ontu-
MHU3UPOBATh MO KPHUTEPHI0O MAKCUMyMa IOKa3aTems
(hYHKIIMOHATPHON YCTOWYHBOCTH TPH OTPAHHYCHHSIX
Ha CTOMMOCTH CHUCTEMBL. Takas IOCTaHOBKA 3aJa4ydl B
MPaKTUYECKOM CMBICIIC HHTEPIPETUPYETCS KakK I0-
MBITKA TIONYYUATh CTPYKTYPY CHCTEMBI, KOTOpas 3a
CYeT 3aJI0KCHHOW W30BITOYHOCTH MOTJia OBl MaKCH-
MaJIbHO CONIPOTUBIATHECA BHEIIHUM W BHYTPEHHUM
JECTAOMITN3UPYIONUM (haKTOpaM.

WHuneke & B (4) mpeamonaraeT HaXxOXIeHUE He-
CKOJIBKAX CTPYKTYp Ui 3amaHHOM ctomMocTH Cron

JUIA ONITUMU3AallU U HapallluBaHUA CTPYKTYPbI CUCTEC-
MBI.

21.]'[5[ BO3MOXHOCTH JIOCTHXCHHA pPE3yJIbTaTa B
paboTe TPUHATO pEIICHHUE OTHOCHUTEIEHO PEUICHUS
HECKOJIbKUX OJJHOKPUTEPHAIBHBIX ONTHMH3AIUHOHHBIX
3amad ¢ 3aJaHHBIMH 3HadYeHUsAMH Crom, TaK Kak BbI-
YHCIICHUST MHOTOKPUTEPHANBFHON 3amadd Ha Tpadax
ITOYTH HETOCTHKHIMEI.

[Ipennonoxenus:

1. Uckomsre crpyktypsl Ge (V, E), &= 1,2,
HE JTOJDKHBI IMETh KPaTHBIX pedep.

2. VickoMble CTPYKTYpHI HE HMEIOT 3alperieHHbBIX
JIMHUH CBs3U. byneM cuuTaTh, 4TO € JH000TO y371a Vi B

e 5,
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10001 y3€71 Vj MOXKHO TIPOTSHYTh JIUHUIO CBs3H €5 (Vi,
vj), umerormuit mmuny lij u crommocts 3arpar Cjj Ha
KaIlNTaJIbHBIC BIOXKEHHSI M SKCIITyaTaIHio JTHHUH CBS-
3H.

3. [IpomyckHasi CIOCOOHOCTh OJUHOYHOTO KaHa-
7a mepeaavyd WHbOpMAUUK MpUHUMAaeTcs pi> hij, Tae
hij - ”HTeHCMBHOCTH HH(MOPMALIMOHHOTO OOMEHA MEX-
Ay y3JiaMu Viu Vj.

4. CTOMMOCTb KaITUTAIbHBIX BJIOKCHHH M JKC-
ryatauuu Jgroooi crpyktypsl Ge (V, E) Beruuncnsercs
Ha OCHOBE M3BECTHBIX SMIUPUYECKUX 3aBUCUMOCTEH.

5. Becosrle k03¢ ¢umieHTs Wij B BeIpaskeHHH (1)
TP UCYUCIICHUH 0OOOIICHHOTO MOKa3aTels (yHKIHU-
OHAJBHOH ycToitunBocTH F4cy HOCAT CYyOBEKTUBHBIN
XapakTep 1 JOJDKHBI ONPEIEIATHECS HA OCHOBE METO/A
9KCIIEPTHBIX OLEHOK IIOCIE PAHXHPOBAHUS Ppa3ind-
HBIX HaIlpaBJICHUH Tepeady JaHHBIX 10 BAXHOCTH.

AHanu3 3HaueHMH O0O0OOLIEHHOro TIOKa3aTens
(yHKIMOHAJIBHOW YCTOHYMBOCTH MO3BOJISIET CPaBHH-
BaTh Pa3jIM4HbIE CTPYKTYpHI cucteM. Yem Bbie Fycy
(Pij), Tem Goutbllle «3AIUIICHHONY OYyAET CHUCTEMa OT
pa3IMYHbIX cOOEB, OTKA30B W MOBPEKACHHUH 3a CUET
CTPYKTYPHOH M30BITOYHOCTH.

CHmxenue 3HaueHui Kr npuBoAUT K CMSTYEHUIO
TpeOoBaHMI K (U3WYECKUM KaHalaM Iepenadd WH-
(dhopmarmu, HO TpeOyeT HeoOXoarMOocTH OoJiee BHICO-
KHX 3aTpaT Ha MOCTPOCHHUE JOIOJHHUTEIBHBIX JTHHUH
CBsI3M Ui obecnieyeHns! (pyHKIMOHAIBHON yCTOWYH-
BOCTH paclipe/ieIeHHONH aBTOMAaTHU3MPOBAaHHOH cucTte-
MBI YIPaBIJICHHUSI.

B cBoto ouepenp, mokaszarens Kr cam mo cebe
OTpaxkaeT Kak (U3MYECKYIO IMPUPOJY KaHaja CBS3H
(kabenbHasi, paauo, ONTOBOJOKOHHAS), TaK M KOM-
IUIEKC MEPOIPUATHI MO 00ECHeUeHUI0 HEOOX0UMOI
JKUBY4YeCTH (HAJIEeKHOCTH) 3TOro kaxana. I[losTomy
JpYrMM HallpaBJIeHHEM IIOBBIICHNS (YHKIIMOHAIb-
HOH YCTOIYMBOCTH SBJISICTCS TOBBIIMICHHE YPOBHS
Ka)XJOr0 OTAeJBHOTO mokaszaresst Kr juit kaxnoi
OTAEIbHONH JMHUM CBs3u. OYEBHAHO, YTO KOMINIEKC
MEpOIIPUSTHI O MOBBIIICHUIO )KUBYYECTH (HaIEKHO-
CTH) Takke OyJeT BIMATh Ha CTOMMOCTh KaHaJla, 4To,
B KOHEYHOM HUTOTe, NPUBEIET K HEOOXOJUMOCTH pe-
IeHus HOBOM TpoOJieMbl BBIOOpA PAIMOHAILHOTO
BapHaHTa COBEPIICHCTBOBAHMS IOACHCTEMBI OOMeHa
napopmanueit ACY cxemoit Bigauu MommHocTa PMD.

UDK 638.264:681.18

BoiBoa: IlpeniokeH MOIXoa K OIPEACIICHUIO
moKa3aresiei M KPUTEpHeB OLEHKH (HYHKIIMOHAIBHON
YCTOHYMBOCTH TIOACUCTEMBl OOMEHa WH(OpMaIuei
ACY cxemoii Bemaun Momuoct PUD. VkasaHHBIN
MOJX0J] KOMIIEKCHO HCIIONB3YeT NMPHUHIMII 1EKOMIIO-
3UIMM TIpOLENypbl oOecriedueHHs (QYHKIMOHAIBHON
YCTOWYMBOCTH Ha 00Jiee MPOCTHIE 3TAlbl U UCTIONb3Y-
€T METOAMKY pacyera OOOOIIEHHOTO MOKa3aTews
(YHKIIMOHAIBHONW YCTOWYHMBOCTH KaK CBEPTKH MaTpH-
LBl CBS3HOCTH CTPYKTYpHL. [10 MCIOJIB30BaHHBIM MMO-
KazaTeJsIM U KPUTEPHUIM MOXKHO OLIEHHBATh U CPAaBHH-

BaTh pPA3IMYHBIC CTPYKTYPhl IOJACHCTEMBI OOMEHa
nHpOopManuei ABTOMaTU3UPOBAHHOU CUCTEMBI
YIpaBICHHUS.
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NEW TECHNOLOGIES OF SELECTION OF SILKWORM COCOONS FOR THE TRIBE WITH
APPROPRIATE TECHNICAL MEANS

Abstract: The article presents three variants of advanced technologies for the selection of cocoons for the
tribe, for the preparation of non-clogged hybrid Eggs of silkworm with adapted and unified to each technology
appropriate technical means, as well as comparative technical and economic indicators of each technology op-

tion.

Summary.With the introduction of these technologies, the level of manual labor in the preparation of hy-
brid eggs of silkworm at eggs enterprises is reduced by 4-5 times. Labor productivity increases 7-8 times. The
quality of the prepared eggs is increased by 25%, and the number of necessary tribal cocoons for the preparation
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of one kg of eggs is reduced by 30%. Resulting feeding silkworm of the tracks from it get 15% more of high-
quality cocoons, while unwinding output of raw silk increased by 5%. And the quality of the resulting raw silk

meets the standards from A to 3A.

Keywords: tribal cocoons, eggs of silkworm, sorting, calibration, division by sex, cutting, technology, tech-

nical means.

Introduction

The quality of the cocoon raw material obtained
from the domestic hybrid eggs of silkworm does not
meet the requirements of the silk industry and its reli-
ability is quite high [1, 2].

In Uzbekistan, the production of silkworm hy-
brids started in the 40 years of the last century, but to
date, has not developed the optimal technology for
producing hybrid eggs of silkworm. In the preparation
of hybrid eggs of the silkworm use the basic rules for
the preparation of industrial eggs of the silkworm, in
factories for the preparation eggs of the silkworm, as
well as various educational techniques [3, 4]. These
sources do not provide specific parameters of the pro-
cessed materials for which the selection is carried out.
At present, a method of obtaining hybrid eggs of the
silkworm consisting of sorting breeding cocoons, di-
viding them by sex on devices of the type ADK based
on dividing cocoons by sex by weight method is used.
However, currently used methods and techniques of
production of eggs of the silkworm based on manual
labor are not very perfect and are characterized by the
following disadvantages:

- the subjectivity of manual (visual) sorting of
cocoons on indirect grounds, depending on the experi-
ence and qualifications of the employee;

- decrease in productive qualities of breeding
breeds and increased consumption of breeding co-
coons for obtaining 1 kg. eggs of silkworm.

This can be explained by the fact that the sorting
of cocoons in factories for the preparation eggs of the
silkworm is carried out by an organoleptic method,
where the selection of cocoons according to the most
qualitative characteristics - caliber and weight is not
carried out.

Materials and methods

To solve the above problem, taking into account
the experience of domestic and foreign science, as
well as the equipment of domestic enterprises for pre-
paring eggs of silkworm with technical equipment,
three options of technology with appropriate equip-
ment and equipment have been developed, the scheme
of which is shown in Figure 1.

| option. Breeding cocoons are divided by cali-
ber with a Cocoon calibration device [5], into three
fractions: small, medium and large. A medium frac-
tion within 60-70% is selected for a tribe, which, us-
ing the dividing the cocoons by sex (ADK) machine,
is divided by sex (mass) into three groups, so that the
division error of heavy (females) cocoons is not more
than 5%, and the minimum number of cocoons (up to
22%) fell into the light -males group, with any divi-
sion error. At the in middle, the average - undefined
group may reach 46-54%.

The tribe selected an undefined group of cocoons
and a group of females and a group of males in the
tribe do not use.

The cocoons of the female are placed on the bed
and papilionage is carried out using a known technol-
ogy [6]

The cocoons of an indefinite group are loaded in-
to special cassettes [7], where, after leaving the co-
coons, they enter the cells of the cassette one at a time
and are isolated from each other. Then the workers
visually divide them into females and males with 95%
accuracy and with high productivity.

This option will significantly increase productivi-
ty and produce high-quality non-clogged hybrid eggs.

In the absence of a cassette for dividing butter-
flies by sex, papilionage of cocoons of an indefinite
group can be carried out using the usual technology in
the following sequence:

- since the group of males is not used, therefore,
all workers are sent to collect male butterflies from an
indefinite group. This will make it possible to effec-
tively use workers, to eliminate as much as possible
the mating of butterflies and the clogging of the hy-
brid eggs purebred;

- male butterflies from the group of females can
be collected after the completion of work with an in-
definite group, as randomly mated males in this group
are insignificant, no more than 5%, which can be di-
vided and re-used.

Il option. The party of cocoons by the Cocoon
calibration device is calibrated by caliber into three
fractions, and its average fraction is selected for the
tribe, which is divided by mass (sex) into three groups
by the ADK machine.

The selected cocoons of the female are placed on
the bed and papilionage is carried out according to the
usual technology, and the cocoons of an indefinite
group are cut off using the device for cutting off the
shell of cocoons [8], remove the pupae, divide them
visually by the sex and store them in special beds
providing conditions for normal life of the pupae be-
fore turning them into butterflies.

It will require a significant number of trained
workers, because their qualifications will largely de-
termine the accuracy of the separation of pupae by
Sex.

11 option. The party of cocoons are divided by
the Cocoon calibration device into three fractions and
its middle fraction is selected for the tribe, from which
the pupae are removed from the cocoons using cutting
the shell of cocoons device. Next, the pupae are visu-
ally selected by the sex and stored in beds as in the
second option.

To perform this technology option, you will need
a large number of qualified, temporary workers and
special beds for the storage of pupae, as well as a sys-
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tem for maintaining the temperature and humidity in
the room.

To date, drawings have been developed and pro-
totypes of devices have been manufactured that are
included in the corresponding technology options:

- the cocoon calibration device, which allows to
select the average fraction of cocoons from the batch
with high performance, within the required limits;

- the ADK machine that is used to divide the co-
coons by sex (mass) with high precision and perfor-
mance;

- a cassette for dividing butterflies by sex, which
allows dividing butterflies by sex with 95% accuracy
and high productivity;

- a devise for cutting the shell of cocoons with a
productivity of 10-15 kg / hour;

- a bed for the storage of pupae, creating condi-
tions for the pupae close to those in the cocoon shell.

These developments were tested in laboratory
and production conditions where positive results were
obtained. Technical and operational parameters of the
options are given in the table. These tables show that
the first option is the most effective. It allows you to
produce high-quality hybrid silkworm eggs with min-
imal labor costs.

TECHNOLOGY SORTING OF COCOONS AND THEIR DIVISION BY SEX

Device for removing lint

SMALL COCOONS—15-20%
LARGE COCOONS—15-20%

THE COCOONS MEDIUM-CALIBER—60-70%)

MALES =
18-22%

Cocoon calibration device

Papilionage beds for the cocoons of the females
and indefinite groups

Division error 2-3%
Papilionage cassettes for division
butterflies by sex

FEMALES®
28-32%

Division error 3-5%

Device for cutting the shell of cocoons

Visual separation of pupae

Papilionage bed for pupae

| opinion

—_—

111 opinion

Division error 2-3%

Table

Comparative technical and economic indicators of options of the technology of sorting cocoons and divid-
ing them by sex from calculation the production 25 thousand boxes (1 box = 299) of silkworm eggs.

Ne Perform work Method of work Capacity, Number of Labor
execution kg/h technical means | costs, p/h
I opinion technology
1 Sorting of cocoons (33t.) Cocoon calibration de- 70 3pcs 1000
vice
2 Separation of cocoons of the Machine for dividing the 10 20pcs 2000
middle fraction by sex (20t.) cocoons by sex (ADK)
3 Separation of butterflies of an Papilionage cassettes for 10 1000pcs 1000
indefinite group of cocoons by division
sex (10t.) butterflies by sex
11 opinion technology
1 Sorting of cocoons (33t.) Cocoon calibration de- 70 3pcs 1000
vice
2 Separation of cocoons of the Machine for dividing the 10 20pcs 2000
middle fraction by sex (20t.) cocoons by sex (ADK)
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3 | Cutting the cocoon shell and di- 1. Device for cutting the 3,0 3pcs 2000
viding the pupae by sex (10t.) shell of cocoons
2. Visually by sex 1,0 83 person. 10000
4 Storage of pupae (10t.) Papilionage bed for pu- 5,0 1000pcs 2000
pae
111 opinion technology
1 Sorting of cocoons (33t.) Cocoon calibration de- 70 3pcs 1000
vice
2 | Cutting the cocoon shell and di- 1. Device for cutting the 3,0 3pcs 2000
viding the pupae by sex (20t.) shell of cocoons
2. Visually by sex 1,0 166 person. 20000
3 Storage of pupae (20t.) Papilionage bed for pu- 5,0 2000pcs 4000
pae
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THIRD MAIN PROBLEM OF THE THEORY OF ELASTICITY FOR THE LAYER WITH A
LONGITUDINAL THICK-WALLED TUBE

This paper proposes an approach to solving the substantially spatial problem of the theory of elasticity for
the layer with a longitudinal circular cylindrical tube located therein. The layer and tube are rigidly fixed togeth-
er. It is necessary to study the stress-strain state of the elastic bodies of both the layer and tube.

On the lower boundary of the layer, displacements are given; on the upper boundary of the layer and the in-
ner surface of the tube, stresses; on the boundary of the layer and tube, conjugation conditions. The solution to
the spatial problem of the theory of elasticity is obtained using the generalized Fourier method in relation to the
system of Lamé's equations in the cylindrical coordinates associated with the tube, and the Cartesian coordinates
associated with the boundaries of the layer. By satisfying both the boundary and conjugation conditions, we ob-
tain infinite systems of linear algebraic equations that are solved by the truncation method. As a result, we obtain
displacements and stresses at different points of both the elastic layer and elastic tube.

A numerical analysis of the stress-strain state of the elastic body of the layer and tube is carried out. Graphs
of the normal stresses on the inner and outer surfaces of the tube are presented. The indicated stress-strain graphs
show that the greatest stress in the tube arises on its internal surface. In addition, in comparison with the given
function, there is a very slow decrease in the stresses along the z axis. The proposed method can be used to cal-
culate tunnels in rocks and other structures and parts whose calculation schemes coincide with the statement of
the problem in this paper.

The given stress-strain analysis can be used to select geometric design parameters at the initial design stage.

Keywords: thick-walled tube in the layer, Lame's equation, generalized Fourier method.

Introduction

When designing tunnels, underground facilities
and protective screens, there is a need to determine the
stress-strain state in such structures. To achieve this, it
is necessary to have a calculation method that matches

the calculation scheme and allows getting the result
with the required accuracy.

There are papers for the layer with a transverse
circular cavity or inclusion [1 - 3]. However, the
methods used in them can not be applied to the layer
with a longitudinal cavity or inclusion.
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Papers [4-5] consider the stationary problems of
wave diffraction for the layer with a longitudinal cy-
lindrical cavity or inclusion, with the problems based
both on the Fourier decomposition method and the
image method.

This paper uses an analytical-numerical ap-
proach, and is based on the generalized Fourier meth-
od [6]. On the basis of this method, also solved are the
problems for a half-space with a cylindrical cavity or
inclusion [9-11], as well as the one for a cylinder with
cylindrical inclusions [12].

Formulation of the Problem

In an elastic homogeneous layer, parallel to its
boundaries, an infinite circular cylindrical thick-
walled tube with an external radius Ry and an interior
one R is located.

The tube will be considered in the cylindrical co-
ordinate system (p, ¢, z), and the layer, in the Carte-
sian coordinate system (X, y, z), which is equally ori-
ented and associated with the system of coordinates of
the tube. The upper boundary of the layer is located at
the distance y = h, the lower one, at the distance

y=— h . itis necessary to find a solution to the Lamé
equation

AUJ +(1—261)71levoj =0

where o;j is Poisson's coefficient for the layer (j = 1) or the tube (j = 2).

On the lower boundary of the layer, the displacements Ul(X, Z)y h = UE(X, Z) are given; on the

upper boundary of the layer, the stresses FUl (X, Z)‘ y=h = FUE (X, Z); on the inner surface of the tube,

the stresses FU , (o, _p. = =9((,2); on the boundary of the tube and layer, the conjugation condi-
h FU(9,2),-r, = FR(®,2); on the boundary of the tube and layer, th d

tions
Ul((P’Z)‘p:Rl :UZ((P’Z)‘szl’ @)
FUl((P1 Z)‘p:Rl = FUZ ((P, Z)‘szl : )
- O; = - =
where FUj =2-Gj J—1 § dIVUj +—Uj +—(ﬁ>< I‘OtUj) is the stress op-
1-2. Gj on

—

erator; oj, G;j, U j are the elastic constants and displacements of the layer (j = 1) or the tube (j = 2);

U2(x,z)= r(yhx)*l(l) + cs(yh)*él) + r(yhz)éél) ,
Uhq (x,2)=U @*1(1) +U yﬁ)*z(l) +U 97)@?@, @3
FQ(0.2)=oPe®) 1+ <(P)al?) 4+ (Pl (?)

are known functions; éj(k), (j = 1,2,3) are the unit vectors of the Cartesian (k = 1) and cylindrical (k

= 2) coordinate systems.
All known vectors and functions will be considered as fast falling to zero at great distances from the origin
of the coordinate z for the tube and the coordinates x and z for the boundaries of the layer.

Solving the Problem
Choose the basic solutions to the Lamé equation for the specified coordinate systems in form [6]

U%(X, V. ZIA, H) _ ngd )ei(xz+ux)iyy;
Iik,m(p’(P’ 2;7‘)2 ngp)lm(Xp)ei(ka(p); (4)
Sim(P0.Z1)= ngp)[(sign MK, (]Mp)- e‘(“+m¢)} k=123
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1 4 _ 1
N = Ly g 4 -0+ Lol ) g = Lroled).) P -

1 0 _(2) O -
WP =21 2 Jrdlo-af v - 2 ) g :xrot(ega .);

A Z

y=+2% + 12, —0<A,p<o0,

where |m(X), Km(X) are the modified Bessel functions; Rk m? Sk m - k=1, 2, 3 are, respectively,

. . . . T\ T\t .
the internal and external solutions to the Lamé equation for the cylinder; Ulg ) ) U|£ ) are the solutions to the

Lamé equation for the layer.
The solution to the problem will be presented in the form

“3 ] 3 Bl Senlpo, )+
k=1—-0o m=—o0
3 w © (5)
+k§1] T Oup)- 8%y, 220 w) + Ay (o) B0 (%, y, 2320 ) i,
- 3 © o _ ~ -
U :Elf 2 Acn®) Rem(p,0.z:2)+ A (1) Sim(p, 0222 )d2, - @

where, §k7m(p,(p,2;7u), ﬁk’m(p,(p,Z;K) ( )(X Y, Z, K,p) UIE )(X Y, Z, 7» M) are the
basic solutions given by formulas (4), and the unknown functions H ( ) ( ) Bk,m(l)’

Ak m (K) and Ak m (X) must be found from boundary conditions (3) and conjugation conditions (1) and (2).
To switch between the coordinate systems, we use the formulas derived from [14]:

— for the transition from the solutions Sk m for the cylindrical coordinate system to the solutions for the

layer U( ) (for y>0) and |£+) (for y <0)

S (p 0, Z; X)z( i)m Too@*@)d—“ k=1 3;

2 Tk
S m(P’(P’Z,K)=(_I)m TCO? .[[im “_72]@1(1)%20& )+ o
i4u(1—6)*§$))d—;l,
Y
wnere ¥ =22 +12 0 u)—“T_V, m=0,+142,

— for the transition from the solutions U|£+) UIS ) for the layer to the solutions Rk m for the cylindri-

cal coordinate system
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0 y.2)= 3(i-0¢)"Rem, (k=1 3}

M=—o0

a5)(x,y,2)=

Mm=—c0

where ﬁk,m = bk’m(p,%.)ﬁi(m(p%z);

by (0,1) =€, -1, (1p)+

b2 (p2) =, -[(45-3)- 13 (1p)+ Apy 17 (p))+
4o-1)
Ap

=

—

p 1

Sl s )" 22 ) R 21+ Ry + 410—0)Rs )]

®)

: n
|-|n(Xp)-£e(Pk—+eZ];

p

ln(%p)j+ézikplr’1(7»p):

_ n _ .,
Bin(p1)=| 8 1000001 8,113 49)|

p

e é@’ éz are the unit vectors in the cylindrical coordinate system.

—

To fulfill the boundary conditions at the boundaries of the layer, we rewrite the basic solutions Sk m in

(5), using transition formulas (7), in the Cartesian coordinate system through the basic solutions Ulg_) (fory =

h) and UI£+) (for y=— h ). We equate the resulting vectors, for y=— h, to the given UE(X, Z), and for

y=— h | we find the stresses and equate them to |th (X, Z) . We give the vectors Ug (X, Z) and |th (X, Z)

in advance through the double Fourier integrals.
The resulting system of 6 equations has a determinant

32.G3.y°.ch )_(.[)_(2 +(3-40)-ch? >—<+(1—2c)2]
KA'

where X = y(h +h ) G is the shear modulus. The square brackets of this determinant coincide with

known results [15].

From the obtained equations, we find the func-

Hk(K,j,L) and HK(X,M) through
Bk,m(}“)'

To take into account conjugation conditions (1),

(+)

_(+
we decompose, in (5), the basic solutions Uk_

tions

by
means of (8), turning them into the solutions Rk m-

We then equate p=R; therein. This will fulfill condi-
tion ().
To take into account conjugation conditions (2),

we find the vectors FUl and FU2 from solutions

(+)

(5) and (6), decompose the basic solutions Uk
therein by means of (8), turning them into the solu-

tions Rk m - and equate p = R1. This will fulfill con-

dition (2).

These two conditions give 6 equations, conjugat-
ing all the unknowns in equations (5) and (6).

To take into account the boundary conditions on
the inner surface of the tube, we apply the stress oper-
ator to the right-hand side of (6), and equate (for p=R,)

to the specified FF? ((p, Z) given by the integral and
Fourier series.
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From the resulting system of equations, we ex-
clude the previously found functions H K (7», ].,l) and

ﬁk(l,u) through Bk,m(}“)' Having gotten rid

of the series m and integrals A, we obtain a collection
of nine infinite systems of linear algebraic equations

for identifying the unknowns Ak,m(x)' Kk,m(k)
and Bk,m(x)'

For the obtained infinite systems of equations, we
will apply the truncation method. The numerical stud-
ies show that the determinant of the truncated system
does not turn into zero for any m, for 0<m<10, and,
consequently, this system of equations has a unique
solution.

Having solved this system of equations, we will

find the unknowns, Ak,m(k)v 'Zk,m(x)
and Bk,m(}‘)'

We substitute the functions Bk,m (X) obtained

from the infinite system of equations into the expres-

sions for Hk(k,u) and ﬁk(k,p). This will

determine all unknown problems.

Numerical Studies of the Stressed State

A B30 grade concrete tube is located in a homo-
geneous isotropic clay layer in parallel with its surfac-
es. Layer: Poisson's coefficient o1 = 0.3, the elastic
modulus E;=10 kN / cm?. Tube: Poisson's coefficient
o2 = 0.16, the elastic modulus E,= 3250 kN / cm?. The
outer tube radius R; = 70 cm, the internal one R, = 60

cm. The layer thickness h+h = 340 cm. The dis-

25 50

z

e
.....
.....

tance from the upper boundary of the layer to the tube
center h =170 cm.

With the weight of the processing equipment taken
into account, on the upper boundary of the layer, the

stresses

2 2
o{V(x,2)= 108 (22 +10?] *- (2 +102)”
’C(yr;() = g,hz) =0 are given; on the lower boundary
of the layer, the displacements

U)((h) =U£,h) =U£h) =0 are given. On the in-
ner surface of the tube,
(p) — () — (p) _

Gp ' =Tpy =Tz =0.

A finite system of equations of order m = 8 was
solved. The accuracy of the fulfillment of the bounda-
ry conditions for the indicated values of geometric
parameters was equal to 10,

Fig. 1 shows the normal stresses along the z axis

at the upper point of the tube on the outer and inner
surfaces.

The greatest stresses are G(p (Fig. 1, line 2),

there are no stresses

which reach the maximum values at z = 0: on the out-

er surface of the tube, the compression G(p =-0.5kN

/ cm?; on the inner surface of the tube, the tension

G(p: +0.564 kN / cm?. It should be noted that the

stresses on the tube surface, along the z axis, fall very
slowly (compared to the specified function at the
boundary of the layer).

-50

0.6
05 2N .
0.4 =
0.3
0.2
01 | o
b

\
\
\
LJ
]
]
]
!
N v

Fig. 1. Stresses on the surfaces of the tube along the z axis, at x =0 (in kN / cm?):

a — on the outer surface (y = + Ry); b — on the inner surface (y = + R2); 1 = O

0i2-043-0y

Fig. 2 shows the stresses on the tube surface (along the radii Ry and Ry) in the plane z = 0.
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Fig. 2. Stresses on the surface of the tube along the radii Ry and Rz, at z =0 (in kN / cm,):

a — on the outer surface; B — on the inner surface; 1 — Gp ;2 - G(P; 3-G,

Along the radii, the stresses vary from compres-
sion to tension and vice versa. Thus, on the outer sur-
face of the tube (Fig. 2a) at the upper and lower
points, there is compression, to the right and left, ten-
sion. At the inner surface of the tube (Fig. 2b), in the
upper and lower points, there is tension, on the left
and right, compression. In addition, the stresses in
absolute value on the inner surface of the tube are
higher than on the outer one.

Along the radius R; in the elastic body of the lay-
er, the stresses are very small (in comparison with
those in the elastic body of the tube), which is the re-
sult of the difference in the layer and tube materials.

Conclusions

On the basis of the generalized Fourier method,
the problem for the layer with a longitudinal cylindri-
cal thick-walled tube and different boundary condi-
tions at the boundaries of the layer and tube is calcu-
lated.

The proposed analytical-numerical calculation
method allows us, with the given accuracy, to deter-
mine the stress-strain state of the elastic body, taking
into account its infinite boundaries and conjugation
conditions for the layer and tube.

The numerical study of the stress-strain state of
the concrete tube, which is in a layer of clay under the
action of loading on the surface of the layer, proves
that the greatest stresses arise on its inner surface. In
addition, in comparison with the given function, there
is a very slow decrease in the stresses along the z axis.

The numerical studies of the algebraic system
make it possible to state that its solution can be found
with any degree of accuracy by the method of reduc-
tion. This is confirmed by the high accuracy of the
implementation of boundary conditions.

The resulting graphs can be used to select geo-
metric characteristics during the design of tunnels and
assess the stress-strain state in other constructions
with similar conditions.

A further development of this direction is possi-
ble for the layer with a longitudinal cylindrical cavity
or a thick-walled tube that rests on an elastic basis.
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THE INITIAL PRACTICAL MATTERS OF CREATION FORMAL GRAMMAR OF UZBEK
LANGUAGE

Abstract: Formal grammar of natural language is one of the important factors in “man-machine” formation
of communication for intellectual systems. This formal grammar based on linguistic modells in a specific natural
language area. This article outlines the initial problems in formulating the formal grammar of the Uzbek
language. Lingvo-mathematical models relations and linguistic of the Uzbek language are investigated. There are

also comments on some of the solutions as well.

Keywords: artificial intelligence, intelligent system, linguistic model, lingo-mathematical model, virtual ex-

pand of alphabet, formal grammar.

Formulating (modeling) long-term experiences
and knowledge which accumulated by the humanity,
in formal type and creating different methods of pre-
senting this knowledge in computer have become one
of the most current issues which today’s scientists
have been facing. Numerous scientific research and
practical works have been made by scientists over the
years in order to solve these problems. As a result,
new scientific concepts such as “artificial intelli-
gence”, “intelligent system” or “expert syStem” have
come into our society at the level of modern science in
recent years [1, p. 5].

The issues of artificial intelligence in the sphere
of research are various in terms of their essence and
complexity; individual, specific methods are used in
order to solve them. When we say about the research

model and methods of artificial intelligence, natural
language processing (NLP) or machine translation
is at one of the first places [2, p. 130].

In particular, issues such as understanding the
text in natural language, analyzing them, reproducing
and generating, also, machine translation, creating
information search methods with perfection are con-
sidered as the urgent problems in recent years. In addi-
tion, issues such as differentiating various symbols,
manuscript texts and even oral speech with program
are included to the research list of artificial intelli-
gence.

With one word, the ling ware needs for any intel-
ligence machine which was created on the basis of
artificial intelligence methods. For doing this, we
should formulate models which are suitable to intelli-
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gence systems, with step-by-step, with particular one-
by-one, in particular:

Firstly, it is necessary to create linguistic soft-
ware for ling ware;

Secondly, lingo-mathematical model should be
created for linguistic software;

Thirdly, linguistic model is necessary for lingo-
mathematical model.

According to its essence, any model is the scien-
tific theory which is directed to show internal and ex-
ternal characters of objects or real event which are
faced in the nature.

Because of being complicated and multilateral of
the events of nature, it is impossible to describe fully
its whole properties by single model. For this reason
mathematic model of any real object has the formal
appearance (without having to go beyond certain re-
search).

For example, the alphabet is the formal model of
sounds in certain language in writing form. In another
word, alphabet is one of the formal linguistic models
which are directed to illustrate the sounds in writing
form.

In general, there are enough the concepts of lin-
guistics which are correspond with mathematical con-
cepts and practical issues which can be solved by ap-
plying directly to mathematical methods.

It is understood that building mathematical model
of the language is to express systematically relation-
ship between the various aspects of this language on
the basis of mathematic legality.

Linguistic events which are researched in linguis-
tics, include so much complicated aspects, thus it is
worked with complicated mathematical models in the
non-existent, dynamic and discrete forms in mathe-
matical modeling of them.

Uzbek linguist A.Pulatov (2011) describes creat-
ing criteria of information method of Uzbek language,
in which he emphasizes that each word must be clear-
ly and one meaningful [3, p. 366].

The concept of “information method” forwarded
by A.Pulatov can regarded as equivalent to the con-
cept of “linguistic model”.

Indeed, linguistic model should have characters
such as accuracy and uniqueness in order to base for
the lingo-mathematical model.

Let’s analyze another example, namely, whole
set of symbols (or letters) which are necessary to cre-
ate text in computer in Uzbek language based on Latin
graphics, in order to better understand accuracy and
uniqueness. In this case, we can use set concept in the
meaning mathematic.

Thus, we take alphabet in Latin language as the

set, we mark it such as QLat- The special code is

separated in computer for each letter of this set, name-
ly, it is encrypted from “A” to “Z” and from “a@” to “z”.

If we write QLat set on the basis of mathematic

rules conforming growth order of these codes, then the
following expression is appropriate:

Qua =IA Z]Vla; 2] @

write indications such as

Q}_at =[A; Z] and Qiat =[a; z] corre-
sponding to [A; Z] set which contains 26 Latin capital
letters and [a; z] set which contains 26 Latin small

letters, in the (1) expression, then we can write (1)
expression in the following:

Qg = Q}_at o QEat @

If we

Then we try to illustrate the Uzbek language al-
phabet in Latin letters on the basis of (2) as separate
set. For doing this, we use “difference two set” con-
cept in the mathematics.

According to this, we have the followings:

Oy = U WIOQL WU LU}

It can be seen from (3) expression, “W” and “w”
letters are divided from alphabet in Latin language and
two symbols are added in order to create national al-
phabet. If we write expressions such as

1 1 2 2
Qg \ W} =, and Qg \{W}=Qf,
for simplicity, then (3) expression will be in the
following:

1 2 (4 bl
Qu; =, QG V{tu{} @

It should be noted that, (4) set can be considered
the union of two subsets: set of letters and set of sym-
bols. But according to the point of Uzbek language, it

cannot be considered QllJZ U QEJZ set as the set of
letters in full meaning, because corresponding to “C”
and “c” symbols exist in them, but they do not exist as
the letter in our alphabet, and they are auxiliary
symbols which participate to illustrate “CH” and “ch”
letters in computer.

Doing thus, (4) expression (namely QUz set) is

considered lingo-mathematical model of Uzbek na-
tional alphabet.

In order to be clear of our opinions, (in order to
clear and understandable of our opinions) let’s com-
pare each of two models specific to alphabet, namely

*
linguistic (£2);) and lingo-mathematical (€j,)
models:

*

According to the linguistic model: QUZ ={A,
Bi Dl Ei Fi G! Hi Il ‘]i Ki L! Ml Nl Oi Pl Ql Ri Si Ti Ui
V,X,Y,Z 0°G* SH,CH, NG, a,b, d, e, f, g, h, 1, j,
k,, m,n,0,p,q, 1,8t u,V,X,Y, z 0°, g°, sh, ch, ng,
>} — total 29+29+1=59 symbols.

According to the lingo-mathematical model:
QUZ ={A,B,C,D,E,F,G H, I,J, K L M, N,O,
Pi Qi Ri Sl Ti Ul Vl XY Y! Zi ai bi Ci dl el fl gl hi i! j! ki
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L m, n, 0, p, q, I, S, ts u v, X,y Z ‘9 ,} - tOta’I
25+25+2=52 symbols.
As we can see that, according to the lingo-

mathematical model there are 52 symbols in €,
alphabet, it is less 7 symbols than the linguistic model

*
in QUZ alphabet. We can explain that with the

following two reasons:

First of all, there is a statement as “every element
of a set must be unique; no two members may be iden-
tical” in mathematics. According to that, if we add “s”
and “sh” letters to (4), then “s” element will repeat
twice, it is contrast to the mathematic rule which is
accepted against to the set.

Secondly, it can be creating any words related to
pure lexicology of Uzbek language with aid of combi-
nation of letters existed in (4) expression. Doing thus,
the elements of set (4) are enough to insert optional
text in Uzbek national alphabet into computer.

It should be noted that, reflecting scientific opin-
ions on the basis of phonograms specific to national
alphabet, taking part in international scientific circles,
activating intellectually specific to information society
are difficult issue in recent years which the technical
progress has been developing. It should be required to
be widened again its research sphere in order to add
Uzbek language to automated information system
which is the central syllable of today’s modern devel-
opment. The methods directed to solve this problem
are various, one of them is the method of virtual ex-
pand of alphabet.

What does virtual expand of alphabet mean?

It is known necessity of additional alphabet
which is used as the auxiliary program to create lin-
guistic software specific to modern equipments for
programmers. Additional alphabet may consist of set
of letters, symbols and different phonetic marks exist-
ed in another language.

Thus, if existed orthographic opportunities of be-
ing researched language are not enough for new re-
search works, main alphabet will be filled on account
of elements of additional alphabet. This alphabet is
only alphabet for scientific purposes; it serves as the
base for settling some shortcomings belonging to lexi-
cology, phonetics, morphology and syntax fields of
language and creating new models in terms of science.

Then we give attention to necessary aspects and
practical importance to virtual expanding the alphabet.

1. The practical importance of virtual
alphabet of Uzbek language in the lexicology.

In the recent years we can see that the lexica of
Uzbek language have been expanding by volume be-
cause of technical progress. For instance, the assimi-
lated words (they are not divided) such as “Daewoo”,
“Windows”, “Word” and “PowerPoint” as the proper
noun to our lexica have already become publicly terms
for recent years. It is required to add “W” and “w”
letters, also, if there is necessity, “alien” letters partic-
ipated in another words like that to our alphabet.

2. The practical importance of virtual
alphabet of Uzbek language in phonetics.

The great share of necessity to virtual expands of
alphabet fits to its phonetics of Uzbek language.

It is known that concepts such as letter, number,
and punctuation marks are unknown for the computer,
with one word all of them are recognized as the
symbol. The special code for each of these symbols
are separated only one, these codes are expressed with
decimal or sixteen counting system numbers. For
instance, number 51 in the sixteen counting system is
separated for writing number 3, number 65 for writing
capital letter “A” in Latin language, number 97 for
writing small letter “a” in Latin language, number 32
for remove the space and so on.

According to that, each of them should be ex-
pressed with unrepeated symbols on the basis of tran-
scription principles in order to be pronounced clearly
all phonemes in “clear” manner in computer.

In order to clear of our opinion, we give 3-4
problems with exact examples related to that:

1) it is not expedient to use only one letter “x” in
our alphabet for “xxypHax” and “xwuiina” words, but it
is expedient to use symbols existed correspondingly in
computer such as “x” and “x” (if it is in Latin
language, it will be “j” and “}”) for this;

2) if we are going to create software which can
read with right pronunciation the text or separate syl-
lable, it is difficult to use two letter combination
(grapheme) which means one sound;

3) if symbols such as “§” which has one code, use
instead of “sh” phoneme which is expressed with two
codes, or “¢” instead of “ch” phoneme, “8” instead of
“g¢’phoneme in order to not appear excessive problem
in computer-modelling of meaning and pattern
relations of words (in particular, such as omograph or
omophon), the programming process will be easy (it
does not have to be exactly these characters, this is
the issue to be solved on the basis of mutual agree-
ment, instead of them it may be received any other
symbols which are represented by one code);

4) Vowel “0” is pronounced according to its
place in the structure of words, sometimes as “um”
(oupexmop — oupexmup), sometimes as “a” (oxean —
axean), and sometimes as Y’ (snexkmp moxu —
onexmp myxu) in words assimilated from Russian
language. Thus, it is useful to create modification of
fonts (or accepting existed transcription symbols)
which are suitable for them, for various
pronounciations of one letter in order to avoid speech
rudeness.

In this case, we consider giving some opinions
belonging to vowel and consonant sounds which have
been causing many debates among the linguists.

In particular, M.Mirtojiev emphasized that the
number of speech sounds in Uzbek language are 48
(the number of unlabeled vowel sounds — 10, the
number of labial vowel sounds — 6, the number of
sonant — 6, and the number of consonants — 26) and
noted each of them with transcription symbols, gave
their characters [5, p. 128].

Uzbek linguist H.Jamalkhanov (2009) pauses to
issue of expanding alphabet with expense of vowel
sounds and pointed following ideas [6, p. 106]:
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“There are two opinions by issues about the
amount of vowel sounds of current Uzbek literature
language in Uzbek linguistics. According to the first
opinion, the number of vowel sounds of literature lan-
guage is 6: u, 3, a, y, ¥, o. (The supporters of this
opinion are the followings: E.D. Polivanov,
AK.Borovkov, V.V.Reshetov, A.G.Gulamov,
Sh. Shoabdurakhmonov, F. Kamalov, A. Makhmudov,
S. Otamirzaeva,  A. Abduazizov,  A. Nurmonov,
Sh. Rakhmatullaev and others). According to the
affirmation of supports of the second opinion
(X. Doniyorov, B. Tuychiboev, M. Valiev), there is
contrast pairs specific to old Uzbek literature language
and current kipchak dialects in current Uzbek
literature language vocalism, out of it, vocalism of
literature language and alphabet issues should be
review and should be added additional letters into
alphabet”.

3. The practical importance of virtual
alphabet of Uzbek language in Morphology.

It is known that when the indicator of the third
person of possession affixes add to words which the
last sound are consonant, any phonetic variant will not
create, namely

Kumo6 + u = kumoou.

Let’s analyze this by using the words which Hr
phoneme participates. For instance, the word “orcaneu”
of the Il rd form of word “scane” is separated
syllable such as “aca-neu” according to the criterions
of literature language. When it is read by syllable, it
will give formal pronunciation which is not exact.
Doing thus, it may be separated syllable in formal
form such as “acan-eu! We are going to give opinion
that if it should be necessary to pronounce clearly, it
should be written as the form “orcane-neu”. In this
case, if we adjust e phoneme with » symbol (letter)
which has one code, then this word will become the
form such as “orcan-nu” in terms of orthographic and it
is suitable for the pattern “CVC-CV” in the separating
syllable algorithm.

In this meaning, writing words such as word
“kyneun” in the form “xpmeneun” or “xymnun”, the
word “moneu” in the form “moneneu’ or “monnu”, the
word “unea” in the form “unenea” or “unna”, the word
“Oyneanax” in the form “Oymneneanax” or “oywnyanax”
and others, is not rude error for formal grammatics.
For this purpose, it may be add “#” instead of “ne”, if
it is in Latin language, for example, it will be “7i”
instead of “ng” in contradistinction to “#” and “2”.

The above mentioned opinions are the only
points belonging to virtual expand of alphabet, we can
say that punctuation mark is not enough only in one
place in syntax. For instance, let’s take a sample such
as “men Oyeyn xam xuzmamoa, xam uzzamoa’ which is
participated conjuction “xan” used in the meaning to
emphasize parts of sentence we consider that there
necessary to be only one punctuation mark which
expresses the intonation, after word “6yeyn”. Because
it is required attentiveness, effectiveness, grammatical

knowledgeable from the reader who is unaware of
text, in order to pronounce intonation with accuracy in
this sentence.

In general, the alphabet which we refer, it serves
for the task as the “product” for creating new formal
grammar by that and lingo-mathematical modeling
which is embodied sounds, punctuation marks, num-
bers, ligature and diacritic signs which are necessary
for speech, therefore, it is considered as the necessary
event.

The base essence of “man-machine” communica-
tive system is dependent on machine translation sys-
tem in the end. There is reproducing and generating
issue of natural language on the basis of machine
translation. In related to this case, the level of quality
of machine translation is marked, from one point, with
unerring of syntactic structure of the sentence, by us-
ing it in its place.

Affirmation 1: According to the formal model
the lexical, phonetic, semantic characters and charac-
ters in whole spectrum of the sentence join syntactic
structure.

Affirmation 2: Because this formal model is on-
ly intended for artificial intelligence systems.

Affirmation 3: The natural intelligence invents
the world with the chain of sounds, images, and over-
all, events which have been happened in reality, in
first time, the artificial intelligence is only based on
the symbolism which is expressed in the mnemonic
codes in that case.

Affirmation 4: The syntactic structure of the
sentence is the chain of symbols which are concate-
nated with known legalities in formal model.

Every specific linguistic model which will be
created by applied and structural linguistics will be
reformed as the lingo-mathematical model on the ba-
sis of such rules by mathematical linguistics.

In conclusion, we can say that the formal gram-
mar of Uzbek language based on virtual alphabet
above proposed, will serve as the base for creating
“man-machine” intelligent communicative system in
the future.
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ANALYSIS OF CERTAIN ELECTRIC CONSUMPTION OF CEMENT PRODUCTION

0Ooamoe Ymapoait Omanoeuy

Kanouoam mexnuueckux nayx, cmapuiuti Hayunulii CompyOHUK
Hayuno-mexnuueckuil yenmp, Axyuoneproe obwecmso "Y3bexanepzo"
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AHAJIN3 YAEJBHOI'O 3JEKTPOIIOTPEBJIEHUA MTPOU3BOJCTBA HEMEHTA

Annotation: The article discusses the issue of specific electricity consumption of cement production at the
enterprise Akhangarancement JSC. The energy characteristics of the units, the group energy characteristics of
the workshops and production as a whole, which are the basis for the calculation of specific power consumption,
are obtained. An electric power assessment of the effect of the scheme for grinding raw materials, a quiet run,
changes in the amount of raw materials processed per ton of finished products and the specific energy consump-
tion is given, and appropriate corrections are developed for analyzing and calculating these indicators. Structural
formulas of specific energy consumption for the production of clinker and cement are obtained, which enable a
more complete analysis and detailed calculation of this indicator and the determination of its minimum value.

Key words: fuel and energy resources, energy saving, energy characteristics, specific energy consumption,

pipe mills, rotary kilns, grinding bodies, clinker, pamol, cement.

AHHOTAIUA

B cratee paccmaTpuBaeTCs BOIPOC YIEIBHOTO
pacxoza 3JEKTPOIHEPTUH MPOU3BOJCTBA LIEMEHTA Ha
npeanpusitun AO  "AxanrapaniemenT". IlomydeHsr
SHEepPTreTHYECKUE XapaKTEePUCTHKH arperaTos, IPyIIo-
BbIE YHEPreTHUECKUE XapaKTEPUCTHKH LEXOB M IPO-
U3BOJICTBA B IIEJIOM, SIBIIIIONIMECS OCHOBHOM JUIsl pac-
yeTa yAEIbHOTO 3JIeKTponoTpednenus. JlaHna aexTpo-
SHEpreTudeckass OLEHKa BIMSHHUS CXEMbl IOMOJIA
CBIPbsI, THXOI'O X0J1a, U3MEHEHUSI KOJMYECTBA Tepepa-
6aThIBa€MOTO CBHIPbSI HA TOHHY TOTOBOW HPOJIYKIMH H
Ha YZAEIbHBIN Pacxo]l MEKTPOIHEPrUH U pa3paboTaH
COOTBETCTBYIOIIUE MONPABKU ISl aHAJIN3a U pacdeTa
9THX Tokaszareneil. [lonydyeHbl cTpyKTypHBIE (Bopmy-
JbI YZEJIBHOTO Pacxoja 3JIEKTPOSHEPTUH Ha MpPOU3-
BOJICTBO KJIMHKEpa M ILIEMEHTa, KOTOpBIE TAl0T BO3-
MOXHOCTh 0oJiee IIOJHOTO aHaju3a M JIeTAIbHOTO
pacueTa 3TOro nokasareis, U ONpEeAEICHUs €ro Mu-
HUMAaJIbHOTO 3HAYCHHUS.

KuroueBble cjI0Ba: TOIIMBHO-YHEPI€TUUECKUX
pecypcoB, 3HeprocOepeXeHHs, PHEPreTHUECKHX Xa-
PaKTEPUCTUK, YAEIbHBIX PACXOAOB 3JIEKTPOIHEPIHH,
TpyOHBIE MENBHUIIBI, BPAIIAOIINECs TIeYH, METFOIINX
TeJ, KIIMHKEP, TaMOJI, IIEMEHT.

Jns perynmpoBaHUs SHEProcOepexeHns W Io-
BBIIICHHUS 3()(HEKTUBHOCTH MCIIOIB30BaHUS TOILIMBHO-
SHEPTETHUECKUX PECYpPCOB B IIEMEHTHOM MPOHM3BOJ-
CTBE HEOOXOANMO YIOPSIOYUTH PACX0]] SHEpropecyp-
COB ¥ MEPEBECTH DHEProNoTpediIeHre Ha HOpMaTHB-
Hyto 0a3y. [IpaBuibHast opraHu3alys HOPMHUPOBAHUS
pacxozia SHEPropecypcoB UMEET pellaoliee 3HaUCHUE
JUIl OCYLIECTBJIECHUS PEXKUMa HX AKOHOMHU. OmHUM

U3 BaXHBIX q)aKTOpOB ABJICTCA HAJIMYKWE HOPM pac-
X04a TOIUIMBHO-OHEPTCTUYCCKUX PECYPCOB Ha BBIITYC-
Ka€MyI0 MPOMBIIIIICHHBIMU TPEANPUATHAMU TMIPOAYK-
J1150100

B naHHON cTaTbe paccMaTpUBACTCS aHaIu3
YIIEJIBHOTO 3JICKTPONOTPEOICHUsI MPOMU3BOJICTBA 1Ie-
MeHTa Ha npeanpusatun AO "AxaHrapaHueMeHT".

Jlnist aHanm3a 3TOro 1MoKasarelis 0 IPeIIpHITHIO
B IIEJIOM HaMH NPOBeAEHO andQepeHIpoBaHue Hc-
CJICIOBAHMSI IO OTAEJNBHBIM arperaram, IiexaM M mpe-
JeaM.

AHanu3 TMpOBOJIWICS METOIOM pacueTa U ToO-
CTPOCHHUSI DJHEPreTHYECKHX XapaKTEepUCTHK, Ipe.-
CTaBISIOMNX COOOH 3aBHCHMOCTH YJIENBHBIX PacXo-
JIOB 3JIEKTPOIHEPTUH OT mpou3BoauTeabHocTd d=f(A)
1 MO3BOJIAIOMINX SHEPTECTUYCCKU OIICHUTH OKOHOMMHY-
HOCTb pabOTHI 000PYAOBaHUS MPH PA3TUYHON IPOU3-
BOJIUTEIIEHOCTH.

1. AHanu3 3HepreTHYeCKUX XapPaKTePHCTHK
OCHOBHBIX JHEPIrOeMKHX arperaToB

a) TpyOHbIe MeJIbHHIBI

B HacTosmiee BpeMsl B LIEMEHTHON MPOMBIIIIEH-
HOCTH JJISl ONpEeNeseHUs] MOTpeOIIeMoil MOIIHOCTH
TPYOHBIX MENLHUI] TOJB3YIOTCS cheayromeil Gopmy-
JIOH

K-R- 1[G, — (G —AG)]
P=P+&e ™+ 7? )

AG=Yuz At 2
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rae, A — 9acoBas IPOU3BOAUTEIHLHOCTh TPYOHOI
MEJIbHUIIBI, T/49ac

Yus - YACJIBHBIN pacxoj] MENIIUX Ted Ha 1 ToH-
Hy nponykmuu (s AO «AXaHTapaHIEMEHT») Yus =
0,008 1/T;

t — KoNM4ecTBO YacoB pabOTHI MENBHUIIBI OT MO-
cIeaHel 10rpy3KH, vac;

AG — cHU)XEHHE Beca MENIOUINX TeJl B Pe3ylbTa-
Te U3HOCA, T;

G, Gm — HOMUHAJBHBIA BEC MEJIOIINX TeJl 3a-
TPYXCHHBIX B MEJIFHHILy ¥ BEC MaTepHalla eJMHOBpe-
MEHHO HaXOJAIIErocs B MEIbHUIIE, T;

K — xoaddumment, 3aBucAmmii OT CKOPOCTH
BpAIIEHUs MENBHUIBI, OT yIJIa OTPhIBAa IIAPOB W T...
(mnst mempHE AO «AxaHrapasiemMeHT» K mpuHAT
pasabM 0,4);

Ps — MomHOCTh, HEOOXOOMMas AT BpALICHUS
mycToro 0apabaHa MEJbHUIIBI, (U1 MEJIBHHL pa3Me-
pamu 3,0 x14m u 3,2 x15m coctaBuna 75 — 100 kBT);

& —IOmOJHUTEIbHAS MOIIHOCTh, MOTpedisieMast
TpyOHOH MeJbHUIIEH B NEpPHOJA PadOTHI HAa XOJIOCTOM
xony, kBT;

a —
(hyHKIHN.

Jnst 1oCTpOEHMs SHEPreTHYecKON XapaKTepH-
ctuku d=f(A) TpyOHBIX MENBHHUI MOXET OBITH MOTY-
YeHa C UCTIONb30BaHueM Gopmyisl (1), m MOTYT OBITH
OTIMCaHbI CIeNyIoIeH mpeparaeMoi GopMymoi:

KO3((UINEHT CTENEeHH I0Ka3aTeIbHON

P.f — P + KRTL [Gm+(Gm_'ﬂG)]
6 @)
1
a yJIEIbHBIA pacXoj 3JIEKTPOIHEPTUH IPH Cpell-
HEM Bece mapoB Mexay fgorpyskamu AG = 0,5 yI1,
d = P
y (4)
31eck, I, - HOpMUPOBAaHHBIN BBITYCK NPOAYKLIUU
MEXIy JOTpy3KaMH, (T).

151 MENbHUYHBIX arperatoB ¢ SHEPreTU4eCKOon
TOYKH 3PEHHS HAWTYyUIINM PEKUMOM PaOOTHI SIBIISIET-
Csl PEXUM C MaKCHMaJbHO-BO3MOXKHOM IPOM3BOIM-
TENbHOCTBIO,  COOTBETCTBYIOIIMH  MHHUMaJIbHOMY
yIeIbHOMY PacXony JIEeKTPOIHEPTUH.

U3 dopmyinsl (3) BUIHO, YTO MOIIHOCTH 3aBUCHT
0T T€OMETPHUYECKUX Pa3MEpPOB MEIbHHYHOIO arpera-
Ta: 4eM OoJbIne ero rabaputel, TeM OOIBIIE ero Mpo-
N3BOJUTENBFHOCTE M BENMYMHA IOTPEOJIIEMOM MOII-
HocTH. OIHAKO, HYXKHO 3aMETHTh, YTO POCT IPOUCXO-
JUT HE B IpsMoH  mpomopuuu  Omaromaps
KOHCTPYKTUBHBIM OCOOCHHOCTSIM arperara. [losTomy
YPOBHH YIEINBHOTO pacxoia JJICKTPOIHEPTHU IS
Pa3IMYHBIX THIIOPa3MEPOB JIOBOJIBHO Pa3HOOOPA3HBI
Ha pucynke 1-2 mpencraBiieHbl 3HEpreTHYECKHE Xa-
paktepuctuku (=f(A) ChIpbEBBIX MENBHHI[ pa3Mepa-
mu: 1) 2,6x13,0m 2) 3,0x14,0m 3) 3,2x15m
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MponssogUTenbHOCTL, A (T/uac)

Pucynox 1. Dnepeemuueckue xapaxmepucmuxu d=f(A) coipvesvix menvnuy pazmepamu:
1) 2,6x13,0m 2) 3,0x14,0m 3) 3,2x15m.

Tak, mpy MakCUMaJlbHO BO3MOKHOI NPOU3BOAU-
TEJIbHOCTU YJIENbHBIA PACXOJl DJIEKTPOIHEPTUU MJis
LHEMEHTHBIX MenbHUIl pasmepamu  2,0x10,5M u
3,2x15M u BHIIIE, COOTBETCTBEHHO, Ha 9 U 12%, uem
Ju1st MenbHUL pazmepamu 3,0x14,0m u 2,6x13m, xoTO-
pBI€ MPH Pa3HBIX pazMepax UMEIOT OJUHAKOBBIA ypo-
BEHb yJIETHHOTO AJIEKTPONOTPEOICHUS.

Takum 00pa3oM, eciu I UCCIICyEeMOHN TPYIIIbI
MEJIBHUYHBIX arperaToB, BEJIMYMHA MOIHOCTH MMEET
OTIpEJICICHHYI0 TEHIEHIIMIO POCTa C YBEIHMUYCHUEM
rabapuTOB IEMEHTHBIX MEJBHUIl, TO 3TOTO HEIb3s
CKa3aTh O BEJIMYMHE YICIBHOTO 3JCKTPOIIOTPEOICHuS,
M3MEHEHHE KOTOPOro MPaKTUYECKU HE CBS3aHO C Ta-
OaputamMu, a 3aBHCHUT OT COOTHOILICHUS MTOTPEOIsIeMOit
MOIIIHOCTH ¥ MPOU3BOAUTENbHOCTU. [IJIsl yKazaHHBIX
BBIIII€ TUIIOPA3MEPOB LIEMEHTHBIX MEJIbHUL BEJIHMYHNHA

YIEIBHOTO 3JICKTPONOTPEOICHHs KOIEeOIeTCs B Ipe-
nenax ot 0,9 no 1,13% Ha Kaxabplid IPOLEHT U3MEHE-
HUS UX IPOU3BOJIUTENBHOCTH.

He cronb omytuma pasHulia B ypoBHE yAEIbHBIX
PacxoZ0OB 3JIEKTPOIHEPTUHU JUISl CHIPHEBBIX MEJIbHHII.
Tak, mig cbIpbeBbIX MenbHHIl pasMepamu 3,0x14 u
3,2x15M BenmM4HMHA YAETHLHOTO PacXoia dJIEKTPOIHEP-
THUH TIPU MaKCHUMAaJbHOW MPOWU3BOJUTEILHOCTH BBIIIIE
Ha 2,5-3% dem [u1st MeBHUIT pazmMepamu 2,6x13 m.

CrnenoBatenbHO, MPU MapallieIbHON paboTe ChI-
PBEBBIX MENBHUI] Pa3INIHBIX THIIOPA3MEPOB OTKITIO-
YeHHE U BKJIIOYEHHE MEJIbHUYHBIX arperartoB MOXET
OCYUIECTBIISITHCS IPOU3BOJIBHO.

CHIDKEHUE  MPOU3BOAMUTEIBHOCTH  CHIPHEBBIX
MenbHUI pazmepamu 2,6x13m; 3,0x14m; 3,2x15M Ha
1,0% cBs3aHO C yBEJIMYEHUEM HX YJCJIBHOTO DJIEK-



Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #6 (46), 2019 33

TporoTpeOyieHns, cooTBeTcTBeHHO Ha 1, 14:1,17 u
1,22%.

W3 comocTaBieHNs YHEPTETHUSCKUX XapaKTepH-
cruk d=Ff(A) (pucyHok 1) BHIHO, YTO DHEPTOEMKOCTH
mpoliecca moMoiia KIHHKepa ¢ jmobaBkamu (y arpera-
TOB C OJMHAKOBBIMH pa3MepaMH) B pe3yjbTaTe pas-
JIMYHOH UX MPOU3BOJUTEIHLHOCTH.

0) Bpamarouiuecst neun

BbIOOp MOIIHOCTH TIJIaBHOTO TIPMBOJA MEYH
00b14HO [1,2] ocymiecTBisoT 0 popmysie

Pon =~ (055LR%, - - sin'a + 1,19f 1,6 - 2) (5)
i Dp
rae, n - KO3(pPUIMEHT YYIUTHIBAIOIINH MOII-
HOCTB, KOTOpasi PaCXOAYeTCs Ha NPEOJO0JICHUE TPEHHUS
B IPUBOJHOM MEXaHU3ME;
L — qiuHa neuw, M;
Re— panuyc B cBety, M;
N — 9rcI0 000POTOB TeuH, 00/MUH;
f — ko3 duIeHT CKOTBKEHHS MEXTY HanbaMu
POJIMKOB M BKJIaJAbIIaMU U TIOJUINITHUKOB,
ry— pamuyc namnd moAIUITHUKOB, M;
G — o0muii Bec BpamaroIeiics 4acTu 1evy, T;
Dg - Anametp OGaHgaxei, M;
D,, - MameTp ONOPHLIX POJHKOB, M;
Kak Bugno u3 ¢opmyinsl (5) uzmenenue o0opo-
TOB Bpama}omeﬁCﬂ IICYHU BBI3bIBACT U3MCHCHHUEC BCJIU-

YUHBI NOTPeOIsIeMOM MOITHOCTH arperara. Tak, mpu
NEPEBOJIE €YU Ha TUXUH XOM, IIPU KOTOPOM IIPUKPBI-

BaeTcst mmoOep apMococa. CHIDKEHHE MOIIHOCTH
rIaBHOTO TpuBoaa cocrasisier 21% (40 xBr), a mpI-
Mococa — 35% (260 kBr).

Pacuernyio ¢opmyry yaenpHOTO pacxona 3JeK-
tposHeprun d=f(A) arperara Bpamaromeiics meun
MOYKHO IOJY4UTh U3 PopMyIsl (5)

P,(1—g)+P,(1-£" )+P
d{): 1( £) i( 5) 3 ©)

W3 pucyHka 2 BHIHO, YTO YPOBEHb YJCIHHOTO
pacxopa 3JIEKTPO3HEPTHU 3aBHCHUT OT THIIOPa3MEpOB
MeyHoro arperara. st MEYHBIX arperaTtoB OTKIOHE-
HUSL yIENBHBIX IIOKa3aTesedl AJIEKTPONoTpedIeHus
OoJyiee 3HAYMTENBHBI, Y€M MIJISl MEJIbHUYHBIX arpera-
TOB. DTU OTKJIOHEHHs NIPH MOJHONW MPOU3BOIUTENBHO-
ctu neveit nocturatot 50% (pucyHok 2).

Tak kak MOILIHOCTB, MOTpeOssieMasi IeYHbIM ar-
peraToM, Kak y>ke 0TMe4ajoCh, HE 3aBUCUT OT MPOU3-
BoautensHOCTH (6=0), TO umcnuTens ypaBHeHUs (6)
SBIAETCSA MOCTOSAHHOM Bemmunnoii (Po) u pexoMeny-
emasi pacueTHas (opMyiia yIeIBHOTO pacxoja dJIeK-
TPO3HEPTHH NPHOOPETAET CIEAYIOIUN yIPOICHHBIN
BUJ:

r

dy =22 ™
0™ a4

W3 pucyHka 2 BUIHO, YTO HAUMEHBUIUHN ylElb-

HBII pacxop 3JIEKTPOIHEPTUH HaOM0gaeTcs y MeYHo-
ro arperata 4,0x150m.
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MNpounssogurenbHocTb, A (T/vac)

Pucynok 2. Duepeemuueckue xapaxmepucmuxu d=f(A) epawarowuxcsa neueii paznuunvix munopasmepos:
1) 3,6x150m; 2) 4,0x150m; 3) 4,5x170m; 4) 4,5x170m; 5) 5,0x185m.

OueBUHO, €r0 TEOMETPUIECKHE Pa3MEPHI, IIEK-
TPUYECKHE MOIIHOCTH, a TaK)Ke IMPOU3BOAUTEIHHOCTH
ATHX TIeYeil HaXOAATCS B ONTHMAIBHBIX COOTHOIICHHU-
AX. DTOro HEb3sl CKa3aTb C JAPYIHMMH THIIOpa3Mepa-
MH: TIEYHBIE arperartsl, UMEIOIMKEe pasMepsl HIXKE U
Boie 4,0x150M npu MakCHManbHO-BO3MOKHOW TIPO-
U3BOJUTENILHOCTH HMEKT MOBBIIIEHUE YAEIBHOIO
pacxojia 31eKTpOIHEPTUH.

Takum 00pa3oM, ypoBEHb YJAEIBHOTO pacxona
9JIEKTPOIHEPTUH I OOJBLIIMHCTBA SHEPrOEMKHUX ar-
peraToB LIEMEHTHOIO IPOU3BOJCTBA 3aBUCHUT, KpOME
MPOU3BOJUTENLHOCTH, OT HMX THUIOPa3MEpoB. 31eCh

HaJI0 3aMETHUTh, UTO B PsJE CIy4aeB arperatbl OJHOTO
U TOTO K€ TUIIOPa3MEpPOB MOTYT HMETh pPa3lInIHbBIE
yAENbHBIE PacXobl BCIEACTBHE HEKAYECTBEHHOTO
MOHTa)Ka, COOPKH, TETIOBEIX JAedopMaIuii u T.1.

B) AHAJIU3 JHEPreTHYECKUX XaPaKTEePUCTHK
CBIPbEBOIO 1€Xa

KommdectBo padoTaroniux B CBIPHEBOM IIEXY ar-
peraroB onpeaensieTcs: HPOU3BOAUTEILHOCTHIO LEXa.

Ha psne mpennpusiTuii ycTaHOBJIEHBI METbHUY-
HbI€ arperathl, Pa3JU4HbIX THUIIOPAa3MEPOB WIH OJHO-
THUIIHBIC, HO C PA3JIMYHON MOTPEOIIEMON MOIHOCTHIO,
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a COOTBETCTBCHHO, U C Pa3JIMYHBIMH YAEIBHBIM pac-
XOZOM 3JIEKTPOIHEPTHH.

B sTOM ciydyae panuoOHanmbHBIA pEXUM Mapai-
JETbHONW pabOTHl TEXHOJIOTHYECKUX arperaroB MOXKET
OBITH TPENCTAaBICH B BHUAE TPYNIIOBOH SHEpPreTHUE-
ckoit xapaktepuctuku d=f(A).

o 3T0if rpynmnoBoi XapakTepUCTHKE BUAHO, UTO
yAEIbHBIE PACXOAbI IEKTPOIHEPTUH, COOTBETCTBYIO-
M€ MaKCHUMaJIbHO BO3MOXKHOH NMPOU3BOAUTENEHOCTH

arperaToB, MPAKTUYCCKU TOCTOSHHBI (TOukm &', 0', B,

120

Ha rpaduke pucyHOK 3). Pa3Hnia Mexmy yaeabHBIM
pacxooM 3JIEKTPOIHEPTUU CaMOM SKOHOMUYHOMU ChI-
preBoii MenpHALEH Nel 1 MeHee YKOHOMHYHON Meb-
auneit Ne6 cocrasmster 2,7%.

Pexxm paboThl ¢ MOHIKEHHOH TPOM3BOIUTENH-
HOCTBIO JTI00OTO M3 MEIbHUYHBIX arperaTtoB IPHUBOAUT
K YBEJIMYEHHUIO YJEIBHOTO 3JIEKTPONOTPEOSICHUS 110
runepOosIMuecKoii KpuBoii (aa', 60',BB', u T.1) B 3aBHU-
CHMOCTH OT KOJINYECTBa PadOTAIOLIET0 MPU 3TOM TeX-
HOJIOTUYECKOT0 000pyI0BaHuUSI.
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Mpoun3ssoguTenbHocTb, A (T/4ac)

Pucynox 3 I'pynnoswie snepeemuueckue xapakmepucmuxu d=f(A) acpecamos cvipbesvix yexos.
1,2,3,4,5,6 - Homepa cvipbegbix menbHUY.

[pu pesxxume pabOTHI BCEX CHIPHEBBIX METBHHUII C
MTOHIKEHHOW MPOU3BOIUTEILHOCTHIO YENBbHBIN pac-
XOJl DJIGKTPOIHEPTHH HW3MEHSETCS 10 MyHKTUPHOU
KpuBoii e'eE.

IIpu pexxnme paboThl MEIBHUYHBIX arperaToB C
MOHUKEHHON M MaKCUMaJbHO BO3MOXHOW MPOU3BO-
JIUTEILHOCTHIO 3HAYEHUS YAEINBHOTO pacxoja dJIeK-
TPO’HEPTUU PACIONATalOTCA BBHIIIE MIII000pa3HON
KPHUBOH U 3aKIIOYECHO B 00JIACTH, OTPAaHHYCHHYIO ITOM
U IIyHKTUPHOM KPUBOIL.

30Ha SHEPreTUYEeCKO XapaKTepUCTUKH, OTPAHU-
YeHHa M nuiI000pa3Hoil KpuBoii (aa’, 66°, cc',dd’, ee')
JJaeT HaM MHUHHMYM YAEJIBHOTO pPacxolia 3JIEKTPO-
SHEPTUU TPU W3MEHEHUHW TPOU3BOAUTEIHLHOCTH. DTOT
MUHIMYM CaM MOXET OTKJIOHATHCS 10 KPHBBIM aa’,
00', BB' ¥ T.1. B 3aBUCHMOCTH OT H3MEHEHHS TIPOU3BO-

JUTEIBHOCTH arperaToB, CBSI3aHHOI ¢ MPUHATON cXe-
MO TIOMOJIa, TUTPOM M3BECTHSIKA M APYTUMH Pa3iInd-
HBIMHU IPUYUHAMH.

B ycioBusx skcmryaTanuy M3MEHEHHE yIIeNbHO-
ro pacxojia 3JIEKTPOIHEPTHUM HOCUT CIydyalHBIA Xa-
pakTep, CBSI3aHHBIHM C TEXHOIOTHIECKUMH IPOLIECCAMU
U CIIy4alHbIMH BO3JEHCTBUSMHU.

BenenctBre  3TOr0  (paKTHUECKOTO  3HAYCHUS
YIENBHOTO  JJIEKTPOIOTPEOICHUSI  pacIojaratoTcst
BBIIIIE THII000pa3HOil KPUBOIA.

Hamu npesiosxeHo BIMsSHUE Ha yAelbHbBIE MOKaA-
3aTeNy [IeXO0B XUMUYECKOro (TUTP) U TPaHyJOMETPH-
YECKOro COCTaBa ChHIPbsl, CTAOWJIN3AIMU €TI0 I0/auHu,
KOHCTPYKTUBHBIX OTIMYUI CHIPBEBBIX MEJIBHUIL] U3HO-
ca OpOHETIINT, CXEMbl KOPPEKTHPOBKH, TOHKOCTH IIO-
MOJIA CBIPBS U T.J.
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PaccmoTpuM BiMSIHME HEKOTOPBIX U3 TEpEUHrC-
JICHHBIX (aKTOPOB Ha YAENBHBIA PacXoi >JEKTPO-
SHEPruu.

TI'panynomempuueckuit cocmae u cmadunuza-
YuA noOauu Cvipba, KOHCMPYKMUGHbBIE OMIUYUSA
METbHUYHBIX A2Pezamoe.

IIpon3BOAUTENBHOCTE  CBIPHEBOM
3aBHUCHUT oT IPaHyJIOMETPUYECKOTO cocTaBa
(KkpymHOCTH)  pa3MaiblBa€MOr0  MaTepuana, YeMm
MeJbue pa3MalbiBaeMbIil MaTepHUal U OAHOPOIHBIE 110
KPYIHOCTH, TE€M BbIIIE MPOU3BOJUTEILHOCTh U
COOTBETCTBCHHO MEHBIIIE YAEIbHBIN pacxon
3JIEKTPOIHEPTUH HA €AUHULLY IPOAYKLHH.

[ToBBITIIEHUIO MTPON3BOIUTENFHOCTH CIIOCOOCTYET
crabmmm3anus moxadu ceipbs. OXHUM W3 coco0oB
CTaOMIN3aIUK TIOAAa4YHM CHIPbS SABISETCS TPMCHEHHE

MCJIBbHUIBI

YHUBEPCAIbHOM CHCTEMBI aBTOMATHYECKOIO
pEryJIUpPOBAaHUS MOKPOTO IIOMOJIA, ITO3BOJISIOIICH
MOBBICUTh TMPOU3BOAUTENHHOCT, MENbHUIl Ha 4%.

YcraHOBKa THAPOKIACCU(UKATOPOB Ha CHIPHEBBIX
MENIBHHUIIAX  TaKK€ TMPUBOJUT U YBEIHUCHHIO
npousBogutenbHocT Ha 40%. Hamu ycraHOBIEHO,
YTO TNpPH 3TOM YJEIHbHBIH PacXoj] 3JIEKTPOIHEPTUH
CHW)KaeTCs, COOTBETCTBeHHO, Ha 0,7 kBt.4/T (3,8%) n
5,6 kBt.9/1 (30%).

Coomnowenue pasiuuHbIX 6UO06 MENIOULUX
men 6 MensHuYe

B nponecce skcmyaranuy HaOMOAANNCH CITydan
paboThI CHIPHEBBIX MENBHHUII, C 3arPY3KOi B KauecTBE
MENIoUIMX TeJ Toiabko Imapamu. Ilo manHeIM AO
"AxaHrapaHleMeHT" 3TO  BBI3BIBACT  CHIDKEHHE
MPOM3BOJUTENBEHOCTH Ha 26,8 T/4ac 1Mo CpaBHEHHIO C
MPOM3BOIUTEIHHOCTRIO  MEJIBHUIIBI,  3arpy’KeHHOM
mapamMd W 1wibniedbcom. K ToMy ke, mpu 3TOM
COTJIACHO BBITIOJHEHHOMY aHaJM3y yIEIbHBIH pacxon
JJIEKTPO’HEPTUH yBeanmduBaercs Ha 9,7 kBr.u/t mmm
54%.

¢) Cxema nomoJia chIpbsi

Jnst mosydeHus TOTOBOTO INIaMa C 3aJaHHBIM
XUMHYECKHIM COCTaBOM IIPOU3BOAAT KOPPEKTHPOBKY
[IaMa B OCHOBHOM ITyTeM THTHpOBaHUs. CyIIecTByeT

IIBE CXEMBl KOPPEKTHPOBKH, B COOTBETCTBHH C
KOTOPBIM PaboTa CBHIPHEBBIX MEJIBHHI[ MOXET OBITh
paszeneHa Ha ABa pexuma:

a) pexuM paboTBl 1O CXeMe COBMECTHOTO
TIOMOJIa U3BECTHSIKA U TJIMHBI (TJIMHSIHOTO IIJIaMa);

0) pexuMm paboOTBI MO CXEeMe Pa3[elbHOrO
TIOMOJIa M3BECTHSKA C IMOCIEAYIOIIUM J00aBICHHEM
TJIMHBI B BEPTHKAIBHBIX IIJIaMbacceliHax.

ITo cxeme COBMECTHOrO IOMOJIA MPEIYCMOTPEHO
OIIPE/IeJIEHHOE COOTHOLIEHHE HW3BECTKOBO TIIMHSHBIX
KOMITOHEHTOB, YTO NPHUBOJUT K MOJIYYEHHIO TOTOBOTO
mmaMa ¢ HopMmanmbHBIM THTpoM, (Tw=75 *1%), ¢
HE3aYUTENbHONH Na00BKON TJIHMHBI B BEPTHKAIBHBIX
nutambacceiHax (JOKOppeKTHpoBKa). OYeBHIHO, UTO
IIPU 3TOM TPAKTHYECKH HE YBEIWYHUTCS KOJINYECTBO
TOTOBOT'O IIUIAMA.

B Tex caydasx, korna 1o0aBKa JeCCOBOTO IIIaMa
UL KOPPEKTHPOBKU OCYLIECTBIISETCS
HETMOCPEJCTBEHHON Mojaueii ero B IIamMOacceiHsbl,
MHHYS CBIPBCBBIC MEJIbHUIIBI, yHeHLHLIfI pacxonq
JJIEKTPO’HEPTHMH Ha TOJIyYeHHe TOTOBOrO Iliama
COKpaIaercs.

2) AHau3 JHEpPreTHYeCKHX XAPaKTepUCTHK
1mexa 00Kura

OCHOBHBIMH TEXHOJIOTHYECKUMHU
00OpYOBaHMSAMH  II€XOB  OOXWra  SIBISIOTCS
Bpamjalomyecs  HeYd  OJHOTO  WIM  Pa3HBIX
THIIOPa3MEPOB.

Kak mnoka3zaHO Ha pHUCYHKEe 2 Kaxa0M mneuu
COOTBETCTBYET CBOSI IHEproeMKocTh. Kpome Toro xak
ObUTO yKa3aHO BBIIIE, B 3aBUCHMOCTH OT KauecTBa

MOHTa)xa, COOpPKHM, a B IpOLECCe OSKCILUTyaTalluH
TEIJIOBBIX Jieopmanuii, HEpPaBHOMEPHOIrO H3HOCA
HNOJIIMIHOKOBBIX ~ ONMOp W T.J, THOTpedisemas

MOIITHOCTh OJHOTHITHBIX MEYHBIX arperaroB MOXKET
OBITh PA3INIHOM.

VYdauTEIBas BBIMIEU3IOKEHHOE IEIeco00pa3Ho
coOuoIcHIe COOTBETCTBYIOIIEH OUYEPETHOCTH
OTKITIOYCHHUS] TEYHBIX arperaTtoB IPH H3MCHEHUH
NPOM3BOJUTEIBHOCTH I[€Xa COMNIACHO TIPYIIOBOM
SHEPTETUUECKON XapaKTEPUCTUKE (PUCYHOK 4).
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Pucynox 4. I'pynnogule snepeemuueckue xapakmepucmuxu d=f(4) azpecamos yexa obicuea
(1,2,3,4,5,6 - Homepa spawarowguxcs neueil).

Pexxum paboThl 11000T0 M3 MEYHBIX arperaToB C
MOHIDKEHHOH ITPOM3BOJIUTEIBHOCTBIO MPUBOJHUT K
YBEJIMYEHUIO YACTHHOTO 3JIEKTPONOTPEeOICHUs IO
runepOoiueckoi kpuBoi (aa', 60', U T.x), KOTOpas
SIBJIICTCS. HWDKHEW TIpaHULEd 3HAYE€HUU YJIENbHOIO
JIEKTPOMOTPEOICHUS.

MuHHMaNbHEIE 3HAYCHHS VACTBHBIX PacXOIOB
aeKTposHepruu (Touku a',0',c',d"), cooTBeTCTBYIOMIHE
MaKCUMaJIbHO-BO3MOYKHOM MIPOU3BOIUTEITHHOCTH
MEYHBIX arperatoB, B OTJIMYHE OT arperaros
CBIPBEBBIX MEJbHUI] Y BPALIAIOUIMXCS Te4el 1Mo Mepe
BKIIIOYCHHUST Bo3pacTator oT 15 10 24 «Br.u/t
KJIMHKepa, T.e. Ha 60%.

[Tpu pexume paboThl BCeX MEYHBIX arperaTtoB C
MOHUKEHHON  MPOU3BOJUTEIBHOCTBIO  YJEJIbHBIN
pacxoj 3JIEKTPOIHEPTHH H3MEHSeTcd 1o rumepbose
dd'D (myHKTHpHAs JMHHS HA PUCYHOK 4).

[lpu orpaHWYEHUM TOIUIMBA, JJICKTPOIHEPTHH,
OTCYTCTBUM LIJaMa M Jp. PEKOMEHIYETCs, COTJIACHO
TPYIINOBON XapaKTEPUCTHKH, B IEPBYIO OYEpEnb,
OTKITIOYHTh HAUMEHEE YKOHOMHYHBIIN NEYHBIN arperat

Nel, pu JlaNbHEeHIIEM CHIKEHUH
MPOU3BOJUTENHLHOCTH - TIeub Ne3 u T.11.
B MIPUO3BOJICTBEHHBIX YCIIOBHUAX

MPOU3BOIUTENBHOCTD, MOIHOCTD,  CIEJOBAaTEIbHO U
YACTBHBIM PAacXoA JIEKTPOIHEPTHUH  ITOJIBEPKEHBI
BO3ACHUCTBHIO MHOTOOOPA3HBIX CIyYaifHBIX (aKTOPOB,
KOTOpbIe, B KOHEYHOM CYETe, MPUBOAAT M BapHAILUU

yIeNpHOro  anekTpororpedbnenus. [lostomy  mx
(akTHYeCcKHe  3HAYCHUS]  paclajararoTcsi  BBIIIE
OHI000pa3HON KPUBOM M 3aK/IIOYCHBI B 00JIACTb,
OTPaHUUYEHHYIO0 YKa3aHHOU U IIyHKTUPHOU KPUBOM.

3. AHaau3 3HepreTM4YecKUX XapaKTepHCTHK
exa noMoJia

OCHOBHBIE ~ TEXHOJIOTHYECKHE  00OPYIOBAHUS
LIEXOB TOMOJA-LIEMEHTHBIE MENBHUILBI OJHOIO WIN
Pa3HOTO THUIOPA3MEPOB, BBIIYCKAIOIINE TOTOBBIN
LEMEHT Pa3IH4YHbIX BUIOB U MapoK.

C b»HepreTMuecKod TOYKM 3PEHHUS IIEMEHTHas

MEJIbHUILIA ~ aHAJIOTMYHA  CBhIPbEBOM, T.€., OHa
XapaKTepU3yeTcss  IOCTOSHCTBOM  MOTpedisieMoit
MOITHOCTH (B pabodell 30HE XapaKTEPHCTUKN),

HE3aBUCHMO OT mpousBoauTespHoctH (6=0) mnpu
HEU3MEHHOM KOJHMYECTBE MEJIOIIUX Tel.

Hawmmyymmm pexxumMoM paboThI ieXa sBISETCS
peXuM  pabOTBl  MENBHHYHBIX  arperatoB ¢
MaKCHMaJIbHO BO3MOXKHOH NPOW3BOJUTEIBLHOCTHIO,
YTO COOTBETCTBYET MHHUMAJIbHOMY  yJEIbHOMY
pacxoay 3JIEKTPOIHEPTHH.

I'pymmoBass  3HepreTHyecKas XapaKTepPUCTHKA
d=f(A) ompexmenser parMOHAIBHBIA DPEXUM PaOOTHI
METPHUYHBIX arperatoB Iiexa Mmomoja (PUCYHOK 5),
CIy)KUT PYKOBOJICTBOM JUIsi MEpCOHaja  lexa,
[IOMOTaeT ONPENeNIUTh OYEPEIHOCTh OTKIIOUYCHUS
LEMEHTHBIX MEJIbHHUII U T.]I.
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Pucynox 5. I'pynnogule snepeemuueckue xapakmepucmuxu d=f(4) aepecamos yexa nomoina.
1,2,3,4,5,6 nomepa yemenmHuIX MeTbHUY.

[umooOpa3nas kpuBas aa', 00',...ee' sBusgeTcs
HIDKHAM TIPEAETIOM 3HAueHHWH YIEJBFHOTO pacxoja
9NIEKTPOSHEPTUM  TPH  JIAHHOH  KOHCTPYKLIHH
MEJIbHUYHBIX arperaros.

VYBenu4yeHne MpOoeKTHON (MMM MaKCHMalbHOM,
BBIIIIE IPOEKTHON) IPOU3BOAUTEIHHOCTH, CBSI3aHHOE C
W3MEHEHHEM TEXHOJOTMH IIOMOJa, KOHCTPYKIUHU
LIEMEHTHBIX MEJBHHUI M Jp., BBI3BIBACT CHIDKCHUE
3TUX MUHHAMAIIbHBIX 3Ha4YEeHHUN YIEIBHOTO
3JIEKTPOIIOTPEOIICHUSL.

Ilpy  wW3MEHEeHMM  TPOW3BOJUTEIHFHOCTH B
npesienax HIKE NPOEKTHOM WM MaKCHMAaJIBHOH, II0
BBIIIEYKAa3aHHBIM  TIPUYMHAM  YACNBHBIH  pacxof
JJIEKTPOIHEPTHUH W3MEHSETCS COTJIACHO TPYHIIOBOM
DHEPTeTUYECKOM XapaKTEepUCTHKE (PUCYHOK 5).

Bnusanue MmexHOoN02uYecKux u
KOHCMPYKMUGHBIX 0COOeHHOCm el

HHTEHCUBHOCTD acrupanuu pabouero
MIPOCTPaHCTBA LIEMEHTHBIX MEJIBHUII. Ha
JIEACTBYIOIIMNX LIEMEHTHBIX MeJIbHULIaX AO

"AxaHrapaHeMeHT" CKOpOCTb BO3JyXa B IOJOCTH
GapabaHa MeJBHUIBI, 110 JAHHBIM aKTOB HCIIBITAaHWH,
cocrasiseT 0,3-,5 m/cek.

Jannas CKOpOCTh HOJIEPKUBAET
OPOU3BOJUTENLHOCTh ~ MENBHUI  IpU  IOMOJE
nopmiananeMenta Mapku M-400 Ha yposae 39 1/4ac.

ITo manubM [3,4] cKOpOCTH BO3AYyXa B TOJOCTH
OapabaHa MeNBHHIIBI MOXET ObITh MoBbImeHa 10 0,7
Mm/cex. Ilpm 3TOM dHacoBas IPOU3BOAUTEIHEHOCTH
MENBHUI] BO3pACTaeT Ha BEMUUHY 10 25%.

ITpupamenne YZEIBHOTO pacxona
3JIEKTPOIHEPTUH OT M3MEHEHHUs] CKOPOCTH BO3AyXa B
nosocty 6apabaHa MeJIbHUIIEI BhIpaXkaeTcs GopMyIon

P 1
+Ad=—(—-1)
o ‘Ko

rae, Ao - TPOU3BOIUTEIHHOCTh IIEMEHTHOM
MEJBHUIIBI TIPU TIOMOJIe OPTIAHALIEMEHTa Mapku M-
400 ¢ 10% octatkom Ha cute Nel008 1 cKOpOCTh BO3-
nyxa B mojoctu 6apabana 0,3 m/cek, (1/4ac);

Ko - k03 durment acnmparuu [2].

Hnmencughuxayus nomona

[Ipu ogHOI M TOM K€ KOHCTPYKIMHU LIEMEHTHBIX
METBHUI]  BO3MOXHBI ~ W3MEHEHUS  YJEIbHOTO
AIEKTPONOTPEOJIEHU 32 CUET BBOAAa B HEOONBIINX
KOJIMYEeCTBAX WHTCHCHHUIHpYONMX m06aBok I1AB
(TIOBEpXHOCTHO-aKTUBHBIX BEIECTB)

[TAB yctpansieT HanunaHue Ha MeJbHUIIE Tela,
Ha OpOHEIUTUTHI MEJbUANININX YacTHI] LIEMEHTa |
arperupoBaHre WX, T.€ MOBBIIAIOT 3(PPEKTUBHOCT
nporecca U3MENbYCHUS c MTOCIIEAYIOTIIAM
YBEIMUEHUEM  TPOU3BOJAMTEIHLHOCTH  MEIbHUYHBIX
arparatoB. OJIHaKO, HY)KHO OTMETUTh, YTO, HECMOTPS
Ha Oompmiodt 3ddexkr ot gobaBok I[IAB, Ha
MPEANPUATAN  OHU TPUMEHSIOTCS OT chydas K
ClIy4aro, 4TO BENIET K CHUKEHHIO
MPOU3BOJUTENIILHOCTH arparaToB M K YBEJIMYEHUIO
SHEpro3aTpar.

4. DHepreTnyecKue XapaKTePHCTHKH MPOYHX
YYACTKOB LIEeMEHTHOI'0 NPOU3BOACTBA

Ha kax1oM IIeMEHTHOM HpPEINPUSITHA UMEETCS
LEJTBIH pan BCIIOMOTATEIBHBIX YYacTKOB
MPOU3BOJICTBA, COCTaB KOTOPHIX OTpPakaeT WX
crierudpuIecKrie 0COOSHHOCTH.

Hamu paccmoTpeHbl, B 4acCTHOCTH, TOPHBIA U
TJIMHSHBIHN [1eXa, a TaK)Ke KOMIIPECCOPHBIC YCTAaHOBKH.
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O0beM TOTPeOIIAEMON IIEKTPOIHEPTHH TOPHBIM
U TIIMHSHBIM [eXaMu HeHauuTeleH (2-3%), moaTomy
oM WX B OOIIE3aBOJACKON BEMHYWHE YACITHHOTO
pacxoja IeKTPOIHEPTUH TAKXKe MaJa.

Ha xaxmoM mpenupusaTHd TMpoYne YyYacTKH
LIEMEHTHOTO TIPOMU3BOICTBA UMaeIoT cBOHU
ocobenHoctn. Ha  pucyHox 6  mpuBoguTCs
SHepreTudeckas XapaeTepucTHKa ropHoro nexa AO
"AxaHrapaHIleMeHT" ¢ JIEHTOYHBIM TPAHCIOPTEPOM
Ooutbion MPOTSKEHHOCTH, o0ecreunBaoIM
HENPEPHIBHYIO MOJa4dy ChIPbS HEMOCPEACTBEHHO B
celpbeBOl Liex. IlomyueHHas MareMaTudeckasi MOAEIb
YAETBHOTO pacxoja MIEKTPOIHEPTUH, IMEET BU

350

d= + 0,003A,, ©

H3

Kondurypanus xapakrepucThuku (puUCYHOK 6)
MIOKa3bIBACT, YTO PALIOHAIBHBIA PeXKUM paboTHI HaH-
HOTO LIeXa, ¢ TOYKH 3PSHUS pacxolia JIEKTPOIHEPTHH,
COOTBETCTBYET SKOHOMHYECKOH MPOU3BOAUTEIEHOCTH
(Asx) menbmerd MmakcuMaiabHOU (0,8 Ayae=360 T/9ac).
Ecnu nomyckaeT npon3BOACTBEHHAs IPOrpaMma, TO €
JHEPreTUYECKOl TOUKU 3peHHsd, LienecooO0pa3Ho Ie-
peiiTi Ha paboTy ¢ MPOU3BOIUTEIEHOCTBIO HIKE MaK-
CUMAQJIBHOHM, T.e. TNPH 3TOM PEKHM pabOTHI MOXET
OBbITh, KaK HEMTPEPHIBHBIM, TaK M IPEPHIBUCTHIM.

8,0
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Pucynok 6.9nepeemuueckas xapaxmepucmuxa d=f(A) copnozo yexa

OJeKTpOIHEepreTHUECKUe TO0Ka3aTeNn KOMIIpec-
COPHBIX YCTAaHOBOK IIMPOKO OCBEIIEHBI B JIMTEPATYPE,
MO3TOMY 37IECh OHM He NpHUBOAATCS. B o0mem npouns-
BOJICTBE LIEMEHTA J0JIs1 YAEIBHOIO Pacxoja 3IEKTPo-
SHEPTHUH, MTPUXOIAIIASACS Ha BHIPAOOTKY CIKAaTOTO BO3-
nyxa, coctaBisieT 15-18%.

5. AHagun3 o00me3aBOACKHX MOKa3arejel
YAeJbHOT0 PACXO0/a JIEKTPONOTpedaeHns

IIpon3BoACTBO KIMHKEpPA

[Torpebnsemas MONIIHOCTH Ha MPOU3BOJCTBO
KJIMHKepa CKJIaJbIBACTCS U3 MOTPEOIIsieMOi MOIIIHOCTH
[[EXOB- TOPHBIH, TTIUHIHBIA, CBIPHEBOM, 00KHUTa U CO-
OTBETCTBYIOIIEH JONM OOIIE3aBOJCKUX BCIIOMOTA-
TEJIbHBIX HYXI.

MommHOCTh 00IIe3aBOACKAX BCIOMOIaTEIbHBIX
HYXJ, NPUXOJAIIAACS Ha INPOU3BOACTBO KIHMHKEPA,
OIIpeIeTIeTCsI, UCXOS U3 BEJIMYMHBI IOTPEOIIEMOro
C)KaTOTO BO3/1yXa, MOCTYMAIOMIEro B IJIaMOacCeHbI 1
nex o0xwura, o0beMa BOJIBI T10/1aBAEMOTO B CHIPHEBBIC
MEJIbHMIIBI U BpALIAIOIIMECS IIEUH, & TaKKE COOTBET-
CTBYIOIIEH JJOJIM pacxo/ia SHEPTUU Ha IPYrUe HYXbL.

CxaTblif BO3AYX PACXOAyeTCs MOCTOSIHHO Ha TIe-
peMelleHre IjaMa BEPTUKAJIbHBIX U TOPU30HTaJIb-
HBIX IUTaM0acceiiHax, a TakkKe ITHEeBMOHACOCaMHU
BpAILAIOIIUXCS MEYEl [UIsl HENPEPBIBHOW TpPaHCIOp-
THUPOBKH YJIOBJIICHHOW 3JIEKTPOQHUIBTPAMH ITBUIH.

DJeKTpruYecKast JHEprHsl Ul Hy>KJ BoJocHa0xXe-
HHUS Pacxolyercs TJIaBHBIM 00pa3oM Ha IepeKaydky
BOJIbI BHYTPH CHCTEMbI 00OPOTHOTO BOJOCHAOKECHUS

3aBoja. DTa JHEPrHs TAKkKe, KaK M DHEPrus, 3arpa-
YeHHasl Ha BHIPabOTKY CXKATOr0 BO3IyXa, PacHpeaess-
eTCsl COTNacHO 00beMy BOIBI M BO3/yXa, MOTpedIsie-
MBIX EXaMH W arperaraMmi. Pacxoi 3JIeKTpo3HEepruu
Ha [POYHE BCIIOMOTATENIbHBIC HYXIBI - CKJIAIbI, XKe-
JIE3HOJOPOXKHBIN, MEXaHUYECKHH [eXa U T.I. MOXET
OBITh OTHECEH Ha IPOHM3BOJACTBO KIMHKEpPa MPOIIOpP-
[UOHAJIBHO HOTPEGIICHHUIO AICKTPOIHEPTHH.

Ha ocHOBaHMM BBIIICH3IOKEHHOTO YpPaBHEHHE
sHepreTrueckoit xapakrepuctukn 0=f(A) mpoussoj-
CTBa KJIIMHKEPa MOXET OBITh MPEACTABICHO B CIEMY-
FOIL[EM BHIE:

PPt D PP 4T (Poi PPy 4 Paan

g

d (10)

Kl

rae, Pr, P - COOTBETCTBEHHO, CpeHsA MOII-
HOCTb TOPHOTO U TIMHSHOTO LEX0B, (KBT);

P.i , Poi - MOIIHOCTS i- TOTO arperara ChIPEEBOTO
1exa M 1exa 00Kura, COOTBETCTBEHHO, (KBT);

Pcsi - MOIITHOCTH KOMIIpEccopa Ha BBHIPAOOTKY Ta-
KOTO KOJMYECTBa CIKAaTOTO BO3[yXa, KOTOPOE HEOOXO-
JUMO Ui TPAaHCIOPTUPOBKH IbUIM B OJHY Bpalllaro-
ryrocs mneds, (kBT);

Psi, P'si - 9acTh MOIIIHOCTH HACOCHOW 00OpPOTHOM
BOJIBI TIPUXOAIIASICS COOTBETCTBEHHO, HA OJHY CHIPh-
€BYI0O MENBHHUIly W Ha OJHY BpAIIAIOUIYIOCS II€Yb,
(xB1);
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Pien - MOIIHOCTH OOIIE3aBOACKHX, IIEXOBBIX
BCIIOMAraTeNbHBIX HYXXJ, HE 3aBHCSIIAs OT KOJWYe-
cTBa paboTaromux arperaros, (kBT);

A - 4acoBas IPOU3BOANTEILHOCTD BpalAtOIIEH-
s mevd, (T/4ac);

N, M - 4ucno paboTAIOMNX BpalalOIUXCs neyei
U CBIPBEBBIX MEJIBHUII, COOTBETCTBEHHO.

Dueprerudeckas xapakrepuctuka d=f(A), mo-
cTpoerHas o gopmyne (10) mpuBeneHa Ha PHUCYHKE
7.

400
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Pucynox 7. 3asucumocms yoenbHoz2o pacxooa d1eKkmpodIHepuu om npousgooumenbHocmu

ITonyuennoe ypaBuenue (10) u pucyHox 7. mos-
BOJISIFOT OTNPEAEINTh HWKHUW Npelea yAeJIbHBIX pac-
XOJIOB DJIGKTPOIHEPTUU Ha MPOU3BOJICTBO KIMHKEPA,
KOTOPBII MOXKET OBITh TOCTUTHYT IPH MAaKCUMaJILHOM
HCIOJIb30BAHUHN BKIIIOUCHHBIX arperaTos.

IIpou3BoacCTBO LHEeMEHTA

[Ipu onpeneneHUN yASIBHBIX PACXOI0B AIIEKTPO-
SHEPrHX Ha MPOU3BOJICTBO I[EMEHTA IO CYIIECTBYIO-
niel mpakTUKe B OCHOBY pacdera Oepercsi CyMMapHBIT
pacxo[l AIEKTPOIHEPTHH U CYMMApPHEIA BBITYCK IPO-
JYKIIUU.

BCHEHCTBI/IC TOTO, 4YTO NLIECMCHTHBIC 3aBOJbI
OOBIYHO BBIMYCKAIOT OJHOPOJHYIO TPOAYKIHIO C
6OJ'II)IHI/IM ACCOPTUMEHTOM BHUAOB U MApPOK HEMECHTa
VAENBHBIA  pacxoj] JJEKTPOIHEPTHH  TOJBEPKEH
OoNbIIMM KOJIEOaHUSM.

[lpu aHamm3e pEXUMOB DICKTPOIIOTPEOICHHUS
MPWYMHA JAHHOTO SIBIICHHS, OLIEHKA €ro (SKOHOMUS
WIK Tepepacxoi), ONpeesieHne MUCTUHHOW KapTHHBI
MPOUCXOJIAINETO MPEICTABIAIOTCS HaM KpaiHe HeoO-
XOJIUMBIM.

Hamu ycraHoBieHO, YTO BO3MOXXHasg MAaKCH-
MaJIbHasg TPOU3BOAUTECIIBHOCTDH HeMeHTHOﬁ MBIJIBHHU-
IIbI pa3jIniyHa MpU IMMOMOJIC pa3JIMYHbIX BUIOB U MApPOK
OEeMCEHTA. y‘II/ITBIBaSI, qTO HOTpC6H${CMaH MOIIHOCTH
[IEMEHTHOW MENBLHUIIBI B paboueii 30He He 3aBHCHT OT
e€ MPOM3BOJUTEILHOCTH, YPOBEHD YNIEIBHOTO Pacxo-
Jla DJIEKTPOIHEPTUU OYIeT pa3iUYHBIM IIPH MOMOJIE
Pa3IUYHBIX BUIOB U MAapOK LIEMEHTA.

B pesynbrare aHanuza yAeabHOTO 3JIEKTPOIO-
TpeOJICHUS NP MPOU3BOJCTBE IIEMEHTa MOXHO CJie-
JIaTh CIAEAYIOLIUE BHIBOADIL:

1. TlomydeHbl SHEPreTUYECKHE XapaKTEPUCTHKU
arperaToB, TPYNIOBBIE IHEPTETHYECKHE XapaKTepu-
CTHKH IIEXOB M IPOU3BOJACTBA B IIEJIOM, SBIIFOIIHECS
OCHOBHOH TSI pacyeTa yNIeNbHOTO AIIEKTPOnoTpedie-

Hus. [lokaszaHo, YTO HaMBBIFOJHEWIIMM PEXUMOM
paboTHI arperaTos, LIEXOB U 3aBOJA B LIEJIOM SBISIETCS
PEXUM pabOThl C MaKCHMMaJIbHO- BO3MOXKHOM ITPOM3-
BOJIUTEJIEHOCTBIO.

B paboueii 30He cpelHss BEJMYMHA YJIEIBHOTO
JIEKTPOIIOTPEOIICHUS] MaIO MEHSIETCSI, T.K. ONpeaess-
IOIIMM, B JIJaHHOM CIIydae, SIBISIIOTCS yJeJbHBIE pac-
XO/IbI OCHOBHBIX arperaToB -CHIPHEBBIX, LIEMEHTHBIX
MENIBHHI] ¥ BpalaloUIuXcs Meded - 3arpy’KeHHBIX
MIPAaKTHYECKH PaBHOMEPHO.

2. JlaHa 3JIEKTPOIHEpPreTHUEcKass OICHKA BIHS-
HHS CXEMBI TIOMOJIA CHIPbS, TUXOI'O X0/1a, M3MEHEHHUsI
KOJINYECTBa IepepadaThIBAEMOr0 CHIpbS Ha TOHHY
FOTOBOM NPOAYKIMH M T.A. HA YACIBHBIM pPacxon
ANEKTPO’HEPTUH M pa3paboTaH COOTBETCTBYIOIIHE
HOIIPABKH IS aHAJIHM3a U pacdeTa 3THX IOKa3aTeseH.

3. Ilomy4eHs! CTPYKTYpHBIE (OPMYIIBI yIEITHHOTO
pacxosa 3JIEKTPOIHEPTUH Ha ITPOU3BOICTBO KIMHKEpPa
U IIEMEHTa, KOTOphIE JAl0T BO3MOXHOCTH Oojiee mou-
HOTO aHaJlM3a M AETalbHOTO pacueTa 3TOro MoKasaTe-
JIs1, ¥ OTIPEJIENICHUS €0 MUHUMAJIBHOTO 3HAUCHMSI.
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VY]IK 358.23; 502.25

Tapaobanos B.H.

PACK MPEJABICTOPUHN Queeauct, OCHOBHOT'O PUCKA Q TEXHUYECKOW CUCTEMBI,
OMNPEJIEJJEHHOI'O METOJIOM NATTEPHBI, BO BPEMEHHOUN IMPOMEXYTKE, HAUMHAS C
INEPUOJA 0,5 - MUIPA. JIET 1O H.3. U JAJIEE J1O 21 CTOJIETHUSA H. 2. B TPU DTAIIA.

Annoranusi: Llens paGoThl M3y4UTh B3aMMOCBSI3U U B3aMMO3aBUCHMOCTHU PHCKa HPEIBICTOPUH Jnpenvcr.
OCHOBHOTO PHCKa (] TEXHHYECKOW CHCTEMBI, OTPEIeIEHHOW METOJI0M TEOPHUH MATTEPH, COOTBETCTBYIOIIETO 3a-
KOHY XpOHOLEJIBHOCTH NMPHUPOABL. PUCK qpeaucT., OCHOBHOTO pHCKA IPOEKTHPYETCSl pacCCMaTpPHBaTh, HAUYMHAS C
BpeMeHHoro nepuoja ot 0,5 - MiIpJ. J1eT 10 H.9. U Janee a0 21 cTojeTus H. 3. B TPH dTana :

Yacts 1. O6muii puck npeasicTopun pucka 6uocdepsr qomocd.l - 1 B ucropmdaeckuii meprox spemenn 0,5
- MJIpJ. OT IIOSIBJICHHS XOPIOBBIX IO HOSBICHUS «IIPUMATOB» U IIEPBOOBITHOTO YeJOBEKa; pUcKa OHochepsl u
texHoc(eps! qupennctl - 11, HaYMHAsA ¢ UCTOPUYECKOTO MEPHOa BPEMEHH HOSBICHHUS «IIPUMATOB» U IIEPBO-
OBITHOTO YeNlOBEeKa IMO3IHET0 HeonmuTa A0 mosBieHuss Homo Sapiens, u pucka TexHocdepsl qupeanctl - 111 B

Iepuo OT paHHero Heonuta u 1o 19,5 B H. 5.

Kniouegvie cnosa: puck, buocepa, nammepn, « Texnocghepnas 6ezonacnocmoy, npedblcmopus pucka, nep-

800bIMHBLIL Yenosek, «npumamoly, Homo Sapiens.

OO0mue nosoxKeHus

Kuzup Ha 3emiie BO3HMKIA Onaromaps yJUBH-
TENBHOIM CIOCOOHOCTH yriiepoga 0Opa30BBIBATH T'H-
TaHTCKHE MOJICKYJBI C BOZOPOAOM, KHCIOPOJIOM, a30-
TOM W JPYrHMH aToMaMH. B m3MeHstomeiics Tepmo-
JUHAMHYECKOH  OOCTAaHOBKE  COXPaHSINCh  Te
MOJIEKYJIBI, KOTOpPBIE  YCKOPSIIM  OKHCIIHTEIBHO-
BOCCTAaHOBUTEIbHBIE PEAKIUH M MOOYAWIN OIHO W3
XUMHUYECKUX COCIUHEHHH, YUCHbIE BBIICIIIOT 0C000
3HA4YMMBbIe COOBITHS B (DOPMHUPOBAHUH KU3HH Ha 3eM-
Jie B OTJENbHBIE OTPE3KH BPEMEHH — 3PbI, KOTOpBIE
JACTIATCA Ha IMCPUOIBI. MHuorue YUYC€HBIC, Ha4YWHad C
JpeBHUX (UIOCO(OB, CTABUIM CBOEH IENBIO BEHISBIIC-
HHE O0IIMX 3aKOHOMEPHOCTEH UCTOPHYECKOTO Pa3BH-
THA 06IJ_[eCTBa, CKPBITBIX 3a CJIOXKHBIM CINUIETCHUEM
HCTOPHYECKUX COOBITHIA.

[Mapagurma yHUBEpPCaIbHOTO 3BOJIIOIHMOHH3MA
BKJIIOYAET TNPEJCTaBICHHE O II03HABAEMOCTH HAIIETO
MHpa, KOTOPBIH CyIIECTBYET HE3aBUCHMO OT YeJIOBE-
Ka, HO OTPa)XKaeT ero NMPUCYTCTBUE B MHUPE M KpeaTHB-
Hble BO3MOXKHOCTH €ro CO3HaHusl. MHp HO3HaBaeM,
MOCKOJIbKY 4YEJIOBEK CaM SBJISETCS JBOJIOIHUOHHBIM
MPOYKTOM 3TOTO MHpa - OOJbIINE ATAMBI YBOJIOLNNN
3aKaHYMBAIOTCSI KPUTHYECKUMHM TOYKAMH — TOYKAMH
CHHTYJISIDHOCTH, TIPOHIs 4Yepe3 KOTOpble cucrema
BCTYIaeT B KAUE€CTBEHHO HOBYIO (ha3y.

AHaiun3 3BOIIONUH 00IIIeCTBA C TIO3HUIIUN TEOPUHI
pUCKa ABJIACTCA OYCHBb IOJIE3HBIM W IMO3BOJIACT JaTh
OOBEKTHBHYIO OIEHKY YCTOHYMBOCTH IOBOPOTHOTO
MOMEHTa HCTOPHM M PHCKa, B KOTOPOM MBI ceildac
HaxoAMMCsl, a TaKKe HaMeTUTh Hanbojee BEpOSTHHIE
MyTH JaJbHeWIIero pasButus. Yesosedeckoe oore-
CTBO MOXXHO paccMaTpHMBaTh Kak MH(OPMALMOHHYIO
CUCTEMY M HA OTOM NIYTU BBIABUTH MHOI'O 3aKOHOMED-
HOCTEHN pa3BUTHSL.

Haubonee n3BeCTHBIMU SIBISIOTCS BEKOBBIE OUK-
JeI, mponoipkaronuecs: npumepHo 200-300 ner, u
JUIMHHBIC THUBHIIN3Aa1IUOHHBIC BOJIHBI, JJIHUTCIBHOCTH
KOTOPBIX COCTaBJISIET HECKOJBbKO ThicsY JieT. [locnen-
HHE CBSI3aHBl C BO3HHMKHOBEHHEM OOJBLIMX KYJIbTYp-
HO-MCTOPUYECKUX (popManuii, TaKNX Kak JpeBHEEIrH-
MeTcKasi KyJbTypa, LIYMEpOBaBHIIOHCKasl KYJIbTYpa,
rpeko-puMcKasi  (aHTH4YHAas) KyJbTypa, 3allajHo-

XPUCTHAHCKasi LUBUIM3AaLUS U Ap. Tpu riioOGanbHBIX
UCTOPUYECKHX [WKJIA, HMMEIOIUX TIiyOouaiimue u
BCEOOBEMIIIOIINE TIOCIEACTBUS Ul Pa3BUTUA OOIIe-
CTBa, 3aIlyCTWJIM TaK Ha3bIBAEMBIC «IIPOHW3BOJICTBEH-
HBIC PEBOJTIOLIII»:

1) arpapHasi, ©JIM HEOJIUTHYECKAS;

2) IpOMBIIIICHHAS;

3) Hay4HO - HH(POPMAIIMOHHAS.

Bce oHm ObuTH CBSI3aHBI C MEPEXOAOM K HOBOMY
MIPUHLIUIY XO3SHCTBOBAHUS HE TOJIBKO B TEXHOJOTH-
SIX, HO ¥ BO B3aMMOOTHOIICHUSX NPHUPOJABI U 00LIe-
crBa. [Ipy 3TOM 3aMETHO MOBBIIIANACH MPOHU3BOJIH-
TENBHOCTh Tpy/a (3€MIIH), YBEIHMYHBAJICS 00BEM MPO-
OYKUMH, @, CJIeJIOBAaTelIbHO, M  YHCJIEHHOCTh
HaceJieHHsl. Tpu NMPOM3BOACTBEHHBIE PEBOJIIOIMU pa3-
JETSIIOT YeThIpe KpYINHBIE CTYNEHW pa3BuTHs. Bcee
CIIOXXHBIE CTPYKTYpBI 10 Me€pe NMpPUOIMKEHUs K MO-
MEHTY 000CTpEHHs HauWHAIOT pacajarbes. ITO Ipo-
UCXOJWUT TOTOMY, YTO B JIIO0OI CIOXHOH cHCTeMe
CIly4aifHO BO3HMKAIOT T€ WM MHBbIE Bo3MymieHus. Ho,
Ha PaHHUX CTaUSX Pa3BUTHS BPEMs TEUET MEIUICHHO,
U npeobnanaroT Tu(QPy3HOHHBIC MPOLECCH, BO3MY-
IICHUS HE Pa3BUBAIOTCS WM pasriiaxuBarorcs [1].

Heab padoTbl

JlaTh KauecTBEHHYIO OLEHKY PHCKaM IPEebICTO-
PHUH BpEMEHHBIX ATaroB OMoc(ephl U TeXHOCheps! BO
B3aMMOCBSI3H M B3aUMO3aBHCUMOCTH PHUCKa OHOChepbl
Qnpemner., @ Jajiee TeXHOC(EpHl, Ha OCHOBE pHcka [2],
OIPEAEIEHHOTO METOJIOM IMAaTTepH COOTBETCTBYIOIIIE-
IO 3aKOHY XPOHOIEJIBHOCTH NPUPOJBI M COCTOSIIEro
13 pUCKa MPEIbICTOPHH PUCKa qIPEANCT, . HAYMHASL C
BpeMeHHoro nepuozaa ot 0,5 - Mipa. jer 1o H.O. U
nanee 10 21 crometus H. 3. OOmUN PHUCK MPEIBICTO-
puu pucka Yacte 1 cocTtout u3 Tpéx yvacTel pucka:
pucka 6uocheps! qupeauctl- 1 B mcropmueckuii me-
PHO/I BPEMEHU MOSIBICHHUS XOPIOBBIX «IIPUMATOB» U
nepBoOBITHOTO UesoBeka [3]; prucka 6uocdepsr u Tex-
Hocteps! qupenuctl - 11, HaunHAsT ¢ UCTOPUIECKOTO
TIepro/ia BPEMEHH TIOSIBJICHHS TIEPBOOBITHOTO YeJIOBE-
Ka, MO3JHEro HeojuTa a0 nosieieHus Homo Sapiens
[3]u pucka texHocheps! qupeauct 1-111 B nepuon ot
pantero Heonuta U 10 19,5 B H. 3. [7].
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Jnst Toro 94To0BI MMETh TOJIHBIE 3HAHHSA, OCMBIC-
JUTH TPOOIeMy JOCTOBEPHOCTH 3HAHUI, HEOOXOIMMO
M3y4aTh WX BO B3aWMOCBS3H, B3aHMO3aBHCHMOCTH,
KOTJa OINMOKH OIHOM IOICHUCTEMBI OOIIENH CHCTEMBI
3HaHUI TPeoOpa3yroTCs, BHIOM3MEHSIOTCS APYTOH.
YHUUTOXKEHHUE OJHOU U3 MOACHUCTEM CO3JACT YCIOBUS
JUIsl ycuiieHus: omuOok apyroi. I[Ipu sTom Bo3pacta-
I0T TOTEpU HE TOJBKO OTHACNIBHBIX MOACUCTEM, HO U
CHUCTEMBI B IIEJIOM. 3a/lada COCTOUT B OIIEHKE MMEIo-
IIMXCSI WIM BHOBb HAKOIUICHHBIX 3HAHUH, UX JOCTO-
BEPHOCTH, B pa3paboOTKe KPUTEPHUEB, C TIOMOIIBIO KO-
TOPBIX MOXKHO KOJHMYECTBEHHO OLEHHUTH IOTEPH, CO-
IyTCTBYIOIINE MIPUMEHEHHIO MOJTY9EHHBIX
HEZOCTOBEPHBIX 3HAHUN NPU CO3AAHUU NPU JAJIbHEH-
IIeM pacCMOTPEHHH pucKa Omocdepsl U TexHOChEepHI.
Benymast pons Ipu 3TOM NPUHAUICKUT TTOHAMAHUIO
IyXa, CO3HaHHIO, MBILUICHUs U HHGopManu [6].

N.I1. ITaBnoB otMeyan: «YenoBek ecTh, KOHEUHO,
cucTeMa, Kak M BCSKas Apyras B NpUpPOAE, MOTUUHS-
I0IIasiCsl HeM30€XKHBIM M €IMHBIM ISl BCEH TPHPOIBI
3akoHaM... C 3TOH TOYKHM 3pEHHs MEeTOJ| M3Y4eHHUsS
CUCTEMBI YEJIOBEKA TAKOM K€, KAK U BCIKOW Apyrou
CHCTEMBI: pa3JIOKCHHWE HA YacTH, M3YUCHHE KaKIOH
YacTH, U3Y4YEHHE CBS3HM YacTeH, N3yUYCHNE COOTHOIIE-
HHS C OKpYXXaloIlel cpelod M, B KOHIIE KOHIOB, MO-
HUMaHHE Ha OCHOBAHUH BCETO 3TOro eé odmieil pado-
THI ¥ YIIPABJICHUS €10, €CJIM 3TO B CPEJCTBAX YEJIOBE-
Ka» [5].

1. HccnenoBanusi pucka omochepbl B HCTO-
puYecKuii mepuoa BpeMeHH ¢ MOMEHTA MOsIBJICHUS
«IPUMATOB» U NePBOOBITHOIO YeJ0BeKAa

PaccMmarpuBaeMblii B CTaTb€ OTPE30K BPEMEHHU
OTHOCUTCS K KallHO30MCKOH 3pe u HuxHerpeTuuHOMYy
neproay wiu maneoreny (65 — 24 muH. Jer Hazan),
KOT/1a TOSIBISIFOTCSL «IIPUMAaThl» — OJWH U3 Hanbosee
MPOTPECCUBHBIX OTPSJOB MIIEKONHUTAIOIINX, MO3THEE
[NapamuTék — poJ IpeBHEHIINX BBIMEPIINX 00E3bsH
U JIpHOMUTEKN — POJI BHIMEPIINX YEeJIOBEKOOOPa3HbBIX
00e3bsH, 1, HakoHel, Homo Sapiens [3].

VY4eHble BBIICNIAIOT 0000 3HAYMMEBIE COOBITHS B
(hopMUpPOBaHMY KHU3HHU Ha 3eMile B OTJEIbHBIC OTPE3-
KH BPEMEHH — 3PBI, KOTOPHIE IEJIATCS Ha IEPUOIBI.

UroObl BBDKHTH U COXPAaHHUTH pa3BuTHe Yenose-
YEeCTBO BBIHYXJEHO OyIeT MpOHTH 4epe3 «KpUTHue-
CKHEe TOYKH». TakuMmM oO0Opa3oMm, NPOPHIB HAyIHOI
MBICJIH TIOATOTOBJIEH BCEM MpPOLUIBIM OHOchepsl U
UMEeT SBOJIIONUOHHBIE KOpHU. MIMEHHO 3aKOHBI Ipu-
POJBL U €CTh TO, UTO HE 3aBUCUT OT TOUKU 3PEHUS TO-
ro WIN UHOTO YeNIOBEKa, ABISSACH, 0 BhIpaXKEHUIO B.
W. Bepnanckoro, o0meo0s3aTeIbHON YacThIO Hay4-
HOTO MHPOBO33peHHUs [7].

B naHHOW cTaThe paccMOTPEHBI BONPOCHI INIO-
OanbHBIE W JIOKATBHBIE, TPEIIISCTBYIONINE HEOINUTY C
MOMeHTa TmosiBIeHus: Buma Homo Sapiens, korna
CBEpIIMJIACH MIEPBasi TEXHIMYECKAs PEBOJIOIHS.

JlokanabHbIi npouece (IPOCTPAHCTBO YCIOBHOI
TOYKH OTCUETa 3apOKICHHS BCEro KHUBOro). Jlrobas
JKHUBasi cucreMa (KJIETKa, pacTeHHUe, KHBOTHOE, Yello-
BEK, TOCYAapPCTBO) B MPOLIECCE CBOETO CYIECTBOBAHUS
MPOXOIUT ONpPENEICHHBIN "KU3HEHHBIH LUKI": POXK-
JICHHe, pOCT, pa3BUTHE, CTarHauus, Jerpajanus,
cmepTh. Ha aTamax poxaeHue, pocT U pa3BUTHE JIIO-

0ol )KMBOH OOBEKT BeleT cels KaKk HepaBHOBECHAs
CHCTeMa, YHAJIIOMAsACS OT COCTOSHHS PaBHOBECHS.
Ha »ramax mro0o0ii xknBOW OO0BEKT BemeT ceds Kak
HEpaBHOBECHAs CHCTeM (rerpamamus M cMepth). U,
TeM HE MeHee, JKU3Hb CYIIECTBYET BCIO T'€OJOTHdYe-
CKYIO HCTOPHIO 3€MJIH, HaCUMTHIBAIOIIYIO 4 MUILIHAp-
na nert [4].

[Tone3nast MoIHOCTE P cuctemsl - 3TO aKTHBHBII
MoTOK 3Hepruu. KamopuitHocTh MOTpeOseMbIX Hpo-
JYKTOB IIMUTaHMs, B 3aBUCUMOCTH OT BO3pacTa u (pu3u-
4yecKol Harpys3ku 4eyloBeka, kojebnercs ot 2500 mo
6000 xKam B CYTKH, YTO COOTBETCTBYET MOITHOCTH
npumepro 125 Br. Ilpu sTtoM commansHOE Bpems: 1
MWJUIHOH 9ell. B TOX; 3a | Tox B pacuéT mpUHUMAETCS
8760 MuTH. YeoBeKo-4acoB B rof [5].

I's06auabHbI ponece (IPOCTPAHCTBO, HAUKMHAS
€ YCIIOBHOHM TOYKH OTCYETa 3apOKICHUS BCETO KHUBO-
ro okosio 4-x mip. aeT). Okono 4-X MIpAI. JET TOMY
Ha3aJ] Ha 3eMiie CIIOKHWINCh TaKHe MaTepHabHO-
9HEPreTUYecKhe YCIOBHs, KOTJa BO3HUKIIO HEYCTOM-
YMBOE€ JMHAMHYECKOE paBHOBECHE MEPBOIO  PO-
Ja: JOMUHUPOBAHUC Ha IMOBEPXHOCTU IUIAHCTHI IIPO-
[IECCOB pAacCesHUs SHEPrHH CMEHHWIOCH Bce Ooiee
BO3pACTAIOIIAM BO BPEMEHH U MIPOCTPAHCTBE BIUSIHH-
€M TPOIIECCOB KOHIICHTPAIIMH CBOOOIHOI »HEPruu.
[powusonura mepBas ITaHETapHAs MEPECTPOHKa - Ka-
YECTBEHHBIN CKa4OK OT HEYCTOWYMBOTO PaBHOBECHS K
YCTOHYHMBOMY HEPaBHOBECHIO, - BO3HUKJIA ILIAHETAp-
Hasl CCTeMa )KUBOTO BELIECTBA.

B navane BepxHero maneonuta, okosio 40 TeICS4
JIeT Ha3aJl YeJOBEK B IIOKOE B YCJIOBHSX (PM3HOJIOTH-
YEeCKH HOPMAaJIIbHOM CpPEeabl, pacXoAyeT Ha OOMEH Be-
niecTB (paboTa cepara, JISTKUX, TIeYeH! U T.J.) OKOJIO
90 BT B cyTKH, («0OOMEH BEIIECTBY»), MAaKCUMAaJbHbIN
pacxoll MOUIHOCTH Ha OJHY Mapy NPHMATOB IPHXO-
qutcst 250 Br. OnpenenuM rofgoByro MOJiIe3HY0 MOII-
HOCTH COBPEMEHHOTO YeJIOBEKa B IIOKOE:

- IS IOKaJBbHOTO TpoIlecca Maphl MePBOOBITHRIX
YeNoBeK JI0 Mepexo/ia MX U3 TOPU30HTAIBHOTO B BEp-
THUKaJIbHOE TIOJIOKEHUE, MPUIEM MOTPEOHOCTh ocobei
B 3TO BPEMs TOJIBKO B ITUTAHUU :

P11=8760" Tyox. - 2:P1, kB1-TOx; (D)

- | TIOCJIEe TIepexo/a Maphl MEePBOOBITHBIX JIIOIEH
B BEPTUKAJIBHOE IMOJOXKEHHE; COOTBETCTBYIOLIUE IO-
TpeOHOCTH 0cOoOel B MUTAHUH JUIS JIOKAJIBHOTO IIPO-
mecca, KOTJa BO3HHUKAeT NOTPEOHOCTH 4YEIIOBeKa K
TPYAY, TMYHON ¥ OOIIECTBEHHOH 3aIUTe:

Nsox = P1,2 =8760- TperuoH. * [(2'”2 2P2) +A ], KBT-FO}I; (2)

rae Pi, P2, P11, P12 — cooTBeTCTBEHHO T0JIe3HAS
MOIITHOCTh TOJIOBOTO TOTPEOJCHHUS TMapOil «IIpHUMaT»
JI0 TIEpEX0/ia B BepTUKabHOE mojioxenue: (P1) - mo-
JIe3Hass MOIIHOCTh TOJOBOTO TOTpeOJIeHUs Mmapoi
MepBOOBITHBIX JIIOJIEH IO Tepexoia B BEPTHUKAIHHOE
nojioxkenue; (P2) - BpeMsi BO3IEHCTBUS «IIPUMATAMI
Ha Guochepy B Teuenwme roma T, (P11) - mosjesHas
MOIIHOCTh TOJOBOTO MOTPEOJICHUS Mapoi MepBOOKIT-
HBIX JIIOZICH MOciie mepexo/ia B BEpTHUKAIbHOE MOJIO-
>keHue. JlonoMHUTenbHbIE SHEPTrO3aTPAThl HA €IUHUILY


https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B4_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D0%BB%D0%BE%D0%B2%D0%B5%D0%BA%D0%BE%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BD%D1%8B%D0%B5_%D0%BE%D0%B1%D0%B5%D0%B7%D1%8C%D1%8F%D0%BD%D1%8B
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D0%BB%D0%BE%D0%B2%D0%B5%D0%BA%D0%BE%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BD%D1%8B%D0%B5_%D0%BE%D0%B1%D0%B5%D0%B7%D1%8C%D1%8F%D0%BD%D1%8B
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BB%D0%B5%D0%BE%D0%BB%D0%B8%D1%82
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HOHy‘IaeMOﬁ MOITHOCTH OJId OHHOﬁ Tmapbl COCTABIAIOT CMmena OQHUX BUIOB APYIUMHU B XOA€ €CTECTBECH-
A=0,36 [5]: HO-HCTOPHIECKOTO MPOIIECCa BCETIa COMPOBOKIATNCEH

IloacraBum umciioBsie 3HaYeHuS miid P11 1 P12 B
BeIpakeHUs (1) u (2): mocne mepexoaa B BEpTHKAIb-
HOE TTOJIOKCHHE:

P11 =8760- 5,65 - 105 250 = 1,24 - 1011 kBt - rox; (3)

Nuox = P12 = 8760 5,65 - 10 - 340 = 1,68 - 10'? kBt - rox . (4)

MEPEeXOAHBIMH TIepruoIamMu (IIUKJIAMH), KOTOpBIe (UK-
CHpPOBAJIl  NPOCTPAHCTBEHHO-BPEMEHHYIO TpaHHILY
JOMUHHUPOBAHUS ONHUX BHIOB Haj ApyruMu. Ha stmx
rpaHULIaX MPOUCXOJUT KaueCTBEHHBIN CKAuOK - YCKO-
peHue pa3BUTHS: 3aKaHYMBAECTCS OJAMH LUKI U HACTY-
MaeT HOBBIA: 3aKaH4YMBAeTCd '>KU3HEHHBIH" LMK
(BOJTHOBOW 3JIEMEHT) OJTHOTO BUIA M HA CMCHY IPUXO-
JUT "KU3HECHHBIN" UK HOBOTO BUJA (IPYroi BOJIHO-
BOH DJIEMEHT).

[lpmuaTer (65 wnm. meT 30 B.3.)

PervoHanbHLA Npouece _____}*

TMeprobuTani gencsex B |
(600 Teec. meT Jo H.S) r.
N, KBT
Iy NokansHLIA Npouecc
P, kBT
W
TpaekTopua !
FENOBETECKOTO MBIILTEHHA ~——— 4
i o
--""'"-
s
s 35 -10 TeIC. NET
A H3,
| i L i i i i r.
4 mnpn ner 2 Mnpg ner 1 mnpg ner 0,5 mnpa ner 0t
(51

© T I o 8

il al E 4 @

= = 3 2 ﬁ-

s 2 2 g ¢ 33
ag 3 2 g 2 3
2 s - o x SsE0
. g2 g g2z
33 g5 3 25348
- = 15285
_a=zZ0T
Puc. 1. Luxkauunocme 8 360a0yuU HCUB020 001aA0Aem YemblPbMsL 860THOBLIMU OUHAMUYECKUMU CEOUCMBAMU

Ha puc.l mpezncraBieHa cxema HUKIMYHOCTH B
ABOJIIOLUH JKUBOT'0, 00JIaJarolero YeTbIpbMsI BOJIHO-
BBIMH JTMHAMUYECKUMH CBOHcCTBaMHu [5]. ABTOpOM
MOKa3aHa TPACKTOPHs YEJIOBEYECKOTO MBIIIICHUS
(myskTHpHas nuHHS). VIckoMyro (yHKIHIO Tpacchl
MOYKHO ONPE/IENUTh HE CI0XHBIM METOJIOM PerpecuB-
Horo aHanusa. [8].

[TpuauMaeM 3a OCHOBY HanOOJbIINE 3HAYECHHUS B
JIOKJILHOM IIPOLIECCE YUCICHHOCTH XOPJIOBBIX, IIPH-
MaTOB» W TepBOOBITHBIX Toaei -100000000, u s
pernoHaJbHOrO mpolecca - yeaoBeka Homo Sapiens —
50000000, 4TO TO3BONUT ONPEAEIHUTh HAUXYALIHE
BapuaHTH Aedopmarim 6uocdeps [3], mpu 3TOM pac-
CMaTpuBaeMoe BpeMsl MOSBJICHUS U MPOKUBAHUS JIO-
Jiel PSIMOXO/ISIIINX COCTABIISIET COOTBETCTBEHHO: IS
JIOKaNBEHOTO Tnox, = 5,65 - 10* ner m permoHambHOTO
Toox, = 6,5 + 107 mpoweccos:

oK —

N noc = 8760 - 6,5 - 107 -10% 340 = 9 - 10*° Br-roz; (5)

Nper = 8760-5 - 107-5, 65 -10* - 340 = 3, 0 - 108 Br-rox. (6)

B paccMarpuBaeMblil IepuOJ, BpEMEHU MECTHBIE
yIpo3sl Ui Ouocdepbl OBUIM CO CTOPOHBI TOSBUB-
IIUXCS] TPAMOXOSIINX Map MPHUMAaTOB B OCHOBHOM B
MTOWCKaX MHIIHN BO BpeMs IIPUPOIHBIX HEYpO)KaeB pac-
TUTEIHFHOCTH, & B PETHOHAIILHOM IIpoIiecce MoTpeOHO-
CTH MNpSIMOXOAALIMX Hap mroAed Bo3pocnd. Cramu
00pa3oBHIBAaThCS IUIEMEHA, MOSBHIIACH MTOTPEOHOCTH B
3amuTe JIIOAEH, JIIOAW CTadM H300peraTth CpeacTBa
3alIMTHI, MCHOJB3Ys KaMHH, XyOuHBl M mnp. Takum
00pa3oM, B JIOKQILHOM Ipoliecce pUcK Jedopmanuu
6rocdepsl co CTOPOHBI MPSIMOXOASAIINX HNPUMATOB U
MEPBOOBITHRIX JFOAEH MPAaKTUYECKH OTCYTCTBOBAJL

Puck nedopmanun OGuocheps 1_1 MO>KHO

qnpez)ucm.
BbIpa3suThb B BUJC:

_ ql ‘Pl,l . 1079 ‘9'1019
P,, 3.10°

=3.10"% (7)

N qnpe@ucm. —1
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rae 1 ~ 10° - puck Guocdepsl mMpH MECTHBIX
yrpo3ax IpUMaToB U NPSIMOXOIAIIMX nap monei; P11
- TOJIE3Hasi MOIIHOCTH T'OJOBOTO MOTPEOICHNS Hapoi
MEPBOOBITHBIX JIFOZEH 10 Mepexoja B BEPTHUKAJIBLHOE
nonoxenne; (P11) - MoJe3Has MOIMHOCTh TOMOBOTO
MOTpeOIeHNs apol EepBOOBITHBIX JIIOJEH TOCIIe Tie-
pexojia B BepTUKAJIBHOE MOJI0KEHHe. [5]:

[MoncraBuM yucnoBble 3HayeHUs st i, P11 m
P1> B BeIpakenue (7).

TTonyueHHbIid pesyabTar puck (i = 3 - 1078 moxa-
3BIBAET, YTO MPSMOXOJISIINUE JIIOM NPAKTHYECKH Cpa-
3y C MOMEHTa IEpPEX0a B BEPTHKAIBHOE MOJIOKCHHE
CTaIM WCHOJB30BaTh NPHUPOAY B MpOIEcce CBOEH
JKU3HEHHOU JesTeIbHOCTH, nedopmupys bruocdepy.

3akJloueHue

IlocTtaBnennas uens 11t otana B Yactu 1 pucka
Oupenerl — 1 (OZTHA M3 HECKOJIBKMX ILIEJEH, MPEenCTaB-
JICHHBIX aBTOPOM 110 U3YUYCHHIO B3aMMOCBI3U U B3au-
MO3aBHCHMOCTH O0IIEro pucKa 6uochepsl Qupemer., [2]
Ha OCHOBE METOJa MaTTepH, COOTBETCTBYIOLICH 3aK0-
HY XpOHOLICJIBbHOCTHU MPUPOALI BBIITOJIHCHA.

B ocHoBe uccienoBaHus pucka B paccMaTpHBae-
MBI  TmepHox  OBIIM  TPHUHATHL  MaTEpPHAIbHO-
9HEPreTHYECKUE YCJIOBHS, KOTJAa BO3HHUKIIO HEYCTOW-
YMBOE€ JMHAMUYECKOE pABHOBECHE MIEPBOTO  PO-
Jla: JOMMHUPOBAaHNE Ha MOBEPXHOCTH IUIAHETHI IPO-
IIECCOB PacCEesTHUSI YHEPTHH, KOTOPOE CMEHMIIOCH BCE
GoJiee BO3pacTaroIM BO BPEMEHH U B IPOCTPAHCTBE
(o BIMSIHMEM IPOLIECCOB KOHIIGHTPALMU CBOOOIHOM
sHepruu). [Ipowsorna mepBas IuUlaHeTapHas Iepe-
CTPOMKa - Ka4eCTBEHHBI CKAa4OK OT HEYCTOMYMUBOIO
paBHOBeCHsI K YCTOWYHMBOMY HEpPaBHOBECHIO, - BO3-
HHKJIA [UIaHETapHasl CUCTEMa )KUBOTO BEIIECTBA.

PaccMoTpeHble mporecchl IBOIIOIMN O00IIECTBA C
MO3UIIMM TEOPHH PHUCKa B NEPUOJ HEONHTa 1O H. 3.
TIO3BOJIMIIM TIOCTPOUTH TPacCy MBIIUICHHUS Pa3BUTHUS
IPSMOXOJIIETO  TIEPBOOBITHOTO — YeJIOBEKa BHJA
Homo Sapien u 1aTh 00BEKTHBHYIO OIIEHKY YCTONYH-
BOCTH TIOBOPOTHOTO MOMEHTA HCTOPHH B HOBOW 3pe€ B

YpaBHEHUU YHUBEPCAIHLHOTO PHCKAa HA OCHOBE METOJIa
TaTTePHEL.

[epcniekTHBHBIME 3a/1a4aMu OyIYIIEro B pere-
HUW TIOCTaBICHHON IeNH SBIIOTCS TMOKa3aTh IIpe-
CTaBJICHHYIO Ha pHUC. | Tpaccy MBIIUICHUS, KOTOpas
BIIUCBIBACTCS B OOIIYI0 3aKOHOMEPHOCTH OCTaJbHOU
YacTH MPEIUCTOPUH YHUBEPCAILHOIO YPaBHEHUS
pHUCKa (UPEAUCT,, . HAYMHAs C BPEMCHHOTO MEpHOja
ot 0,5 - MIp. JIET 10 H.3. U JIaJiee B H. 3.

Puck qmpenucrl — 11 a7 UCTOPUYECKOTO TMEPH-
0lla BPCMCHHU TIOSBJICHUS IMEPBOOBITHOIO YEIIOBCKA,
Mo3/IHeT0 HeoswmTa 10 mosiBiieHns Homo Sapiens Oy-
JIeT TIOKa3aH B CIEIyIomeil cTaTbe B OnrpkaieM Ho-
Mepe.
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https://www.hse.ru/data/2014/08/29/1313619461/%D0%BB%D0%B5%D0%BA%D1%86%D0%B8%D1%8F%205.pdf
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A SIZE QUANTIZATION OF ATOMIC SPACE IN METALS UNDER HIGH TEMPERATURE.

Abstract: It is considered proofs of a size quantization (linear and bulk) in processes of phase transfor-
mations from polymorphic to a boiling at high temperature.

It is shown that atomic space between atomic and ionic radii is divided into the ready KA cells (where K -
nearest neighbors, A = h/mc), that is - the atomic coordination space is discrete for the placing KA. It is shown
also, that cell- KA is the result of exchange interaction photon + electron —A between emitter and absorber of
photons. The model + KA may be employed both the nontransition metals and transition and also its has been
employed into the analysis of the formed of the amorphous structure by the freezing of the liquid metals. It is
shown also particularity of the model KA for noble metals and the formation of the hexagonal structure and also
phase transformations: ordinary crystallization and bcc - fcc and also bce — hep. It is considered processes the

melting, the boiling and the formed of clusters.

Keywords: ionic and atomic radii, electronic density, fluctuation density, volume of melting and boiling,

cluster heat transfer, amorphous structure , photon.

Introduction and problem formulation.

It is considered new nontraditional approach into
analysis of processes at high temperature from the
recrystallization for solid state to the boiling for liquid
state. The reason - it is not possible to use the band
theory . Because nontraditional approach was chosen:
We go around this theoretical difficulty by consider-
ing the probability distribution of the electron density
in the coordinate space. It is allowed to determine rea-
sons of the formation different structures ( bcc, fcc
and hcp ) at the crystallization and the polymorphic
transformations and processes of a melting and a boil-
ing and also it has been employed into the analysis
heat transfer [1,2]. Two theoretical problems are ana-
lyzed by using a review of research works [1,2]: a
structure of liquid metals and principle of a size quan-
tization both continual approximation (factor 0,65)
and solid spheres (factor 4/37), connecting with aver-
age-statistical number shorts neighbors (6,5) in chaot-
ic packing by using simplest ratio: 4/371/6,5 = 0,65.
These geometrical factors have been correlated with
the wave space Ar/2w and atomic-ionic space, which is
divided into the ready KA cells (where A = h/mc, K —
nearest neighbors)[1,2].Thus it is the essence of given
article: the combination of all relationships rations by
means of analysis of all phases transformations from
polymorphic (fcc-bce, bee-hep) to a boiling.

Initial data.

A pseudo — potential approximation of the elec-
tron — ion interaction has been by the initial premise
for model - theoretical studies. This is allowed to re-
search the electron density fluctuations in the coordi-
nate space between radii atom (rs) and ionic (r;).

We took advantage of the results presented in
[1,2], where the calculation ( in limits of the model
free electrons) parameter R ( the half-with on the
probability distribution over the coordinate of intera-
tomic distance), corresponding to the maximum of the
electron density fluctuation, was revealed based on the
assumption on the electron density fluctuation.

The parameter R is determined in interatomic
space from combinations and shapes caused by the
uncertainty principle and the best use of the interatom-

ic space, that is predetermined by values r ri and
M/2m [1,2]. This conclusively may write as R =
f(Ar/2m):

2mr = 27r; + nAf/2n 1)

Where atn=1r=Rcand n=2r =R ( ri — is crystal
— chemical radius).

Here values R and R are determined by the
standing wave arising during the formation of the self-
closing orbital 2zr = nA ( a circle of radius r comprises
an integer number of wave lengths).

Main assumption is a follows: the value R is a
coordinate per r of maximum probability at the elec-
tron density distribution between r, and R. in pseudo-
potential approximation, that is:

R=[(ra+R)/2] @

Here we have on the one hand geometrical values
(R,R¢) and with other - the function of wave length
(Af). Besides we have empirical simplest correlations:

where n = 0,1,2. and where K — nearest neigh-
bors, A = h/mc, Z is number of valence electrons.

This relation is associated with the electron —
photon interaction in the coordinate atomic space in
the interaction mode photon + electron —A. If values
R, R¢ and KX are considered as main dimensional fea-
tures, then (according to [1,2]) a chain of interactions
can be obtained for coordinate space:

A volume of a sphere in pseudo- potential field:
4/3w (ra° - 1®)) K = R® (4) (and also 4/3nR® = 4/3xr® +
rZ, where rs = 1,92 A/2m); A surface of sphere in
pseudo- potential field:

4AnRY(KA) = (ra® - ri¥)Z*A, (5)

Here we must note adiabatic approximation:
atomic sphere can have not the ideal form but the
atomic volume is remained constant.
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Thus coordinate space between ions can be rep-
resented by values r,, ri, R, Rc and A, Ag, Z by using all
variants: as an orbital, as spheres, as a surface. Besides
we have grounded assumption - the discrete of atomic
space per KA, although in empirical form. Hence there
are grounds to the analysis of the high temperature
processes, a name — to heat transfer.

Modeling of the heat transfer.

1. Linear relations.

High temperature is associated with contact of
atomic spheres in vibration mode: its maximal number
is K- neighbors; minimal distance of an interaction is
A (smaller then A can’t be). The heat energy is associ-
ated with electron + photon interaction in atomic
space has an excess (+KA) or a deficit (-KA) in the
mode: photon + electron —)\ between emitter and ab-
sorber photons.

Since the parameter R has been determined by
bond energy (according to [1] we have: U(r) = e%/4meo
(Z/IKR)), then the value R should to establish the equi-
librium between an emitter and an absorber in vibra-
tion mode (R - KA) < (R + KA):

R+KA=r.—KWNZ; (6)
R-K\L=R.+KMZ; (7
Re-ri=KVNZ . (8)

Were the value 1/Z is the restriction of the ab-
sorber of photons.

Here the accurate to (1,2) A has been for 14 of
metals ( alkali and alkaline earth, Pb, Al, In, Cd and
Zn).

These data allow us to conclude that the value of
K\ corresponds to the maximum level of probability
for the exchange interaction of conduction electrons of
K atoms according to the scheme: electron + photon
—) . Combining Egs.(2-8) and using the relation for
determined R, we get:

R-R:=KM1/Z+1);R-1ri=KM2/Z+1);ra—Rc=
2KM1/Z + 1); ra— R=KA(1 + 1/2);
Re—ri=KWMNZ.

Th ese data are confirmed by line correlation be-
tween rq, ri and KA:

fa= i+ KAM1/Z + 1) + KA(1/Z + 1) + KWZ % nh, (9)

where n = 0,1,2 for 14 metals ( alkali, alkali-
earth, Pb,Al,In, Cd and Zn).

Thus, it can be assumed that the atomic space be-
tween r, and r; is divided into the ready K cells. Its
number must be discrete for KA. Therefore, the heat
energy transfer (the change in the intensity of the
atomic-vibrational mode) in this space is represented
in the model of two fluxes exchanging by fluctuations
of the electron density in the +K\ mode .

Here R is determined by the bond energy U(r) =
(€2 / 4meo)(ZIK)LIR.

Liquid State.

A liquid states fits precisely into model of heat
transfer of solid state.

Here two values are determined the model of the
heat transfer: /2 — semi-diameter of hard sphere (Per-
cus-Yevic) and K = Kgsp, where Ksp = 6,5 =
1/12(1+2+...4+12) (the average statistical number of
nearest neighbors [1,2]).

According to [1,2] we have:

6/2—ri=ra-Re¢

and according to Eqgs.(2-8): ra - Rc = 2 KM1/Z +
1). Hence we have: ¢/2 - ri =2 K\(1/Z + 1) and for the
value o/2 we are obtained:

6/2=KXL+R (10)
where clusters have K = 12,8 for not overheated
liquid nearly Tmelt;
0/2 =1 K2+ Rsp (11)
where R3sp / 0,65 = (10,6513 - %) and AKi2 = 12X
is maximal number ready cells (K)\) for placing theirs
in atomic continuum (not neighboring) superheating
liquid at T boil with an accuracy less than 3% for 14
research metals.

Here, factor 0,65 = 0,643 = 4/3n / 6,5 is the tran-
sition from atomic spheres 4/3xr.® to atomic continu-
um 0,65 rs®, where 0,65r:° = (c/2)%. Consequently,
factor 0,65 is a constant similar to 4/3x and 6,5 =
1/12(1+2+...+12) = Ksp statistical average number of
nearest neighbors.

Hence, it follows: 6/2 =R + AK ;

6/2 = Rsp + AK1o,

These data allow to make conclusion about ade-
quate approach to modeling of heat transfer via the
exchange — fluctuation interaction between atomic
spheres per KA ready cells.

Bulk

The volume of the liquid metal at the melting
temperature can be calculated in two variants: for ab-
solutely chaotic packing ( or SP-statistical packing):

Vmelt = 4/3nr,* / 0,65 (12)

and with allowance for maximum possible fluc-

tuations (clusters) of the atomic density Vo (at OK)
and Vboil (at Thoil)

Vmelt = 0,65 Vo + 0,35 Vboil. (13)

Here all three reference points (Vo, Vmelt and
Vboil) lie on one strait line with Vmelt in the center.
From here it follows that there are grounds to accept
the value 0,65/0,35 for the ratio cluster / SP.

According to experimental data [1,2] we have
Vboil / Vo = 1,23 + 0,03 and Vo = Va + 0,35Va and
Vboil = 1,23Vo = 1,23(Va + 0,35 Va) =1,67 Va =
1,70 Va, where 0,35 Va is a void volume at K = 12
and other part 0,35Va is the result of the thermal wide.
Thus atomic system have two volume of a void.
Hence it follows: Vboil = 1,70Va.

As a whole, the model cluster / SP is represented
by 0,65 ~ 0,643 part of clusters and 0,35 part SP can
be write as: 0,643 (0,74) = 0,47, where 0,74 is the fac-
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tor of maximal packing into a cluster and 0,643 = 4/3x
/ 6,5 is the probability of random cluster packing.
Here the calculated value 0,47 coincides with = 0,44
- 0,47 obtained by numerical solution of the Percus —
Yevic equation [1,2].

Electronic subsystem.

The approximation of the liquid metal structure
by atomic density fluctuations allow us to consider the
balance of interatomic voids in the model cluster / SP
in according to parts 0,65/ 0,35. For cluster 0,65(0,35)
at K=12. For SP 0,35(0,65) at 0,65r:° = (c/2)%. Here
we obtain in fact the equality of volumes interatomic
voids:

0,65(0,35)r:° = 0,35(0,65)r, = (e / 21)° z, (14)

Where z — a valence.

It is the equality of densely packed clusters and
of absolutely disorderly packing (SP) in the continual
approximation Eq.( 13) is satisfied for the solid
spheres (c/2) approximation:

0,35 (4/3nrs°) | Ksp= (A\e2m)® 2 (15)

Where 4/3n / Ksp = 0,65 and it corresponding
0,65r:% = (6/2)°.

Hence it follows the dynamic equilibrium ry <
o/2 which is confirmed by fluctuation SP as an emitter
of the excessive energy and cluster as the energy re-
ceiver. This energy (E) can be transferred by radiation
from SP is attained under condition hvmax / KThoil =
2,82 ( the emission law):

E = (e¥4neo) (1/6/2-111) 2% (16)

Where 0,35 E = 2,82 kThoil.

Further, electronic subsystem of the boiling is
connected with the value Vboil = 1,70 Va = (1,70
4/3m) 18 = 7,1 ra®, where the value 7,1 is (1,92)° =
(27‘51‘3 / 7\4:)3.

Consequently the value Vboil is determined by
the values of atomic radius and Ar.

Modeling of processes the melting and the boil-
ing.

The grown the value of thermal expansion AVt
from OK to Tmelt should have a limit. Its yields the
following relationship: AV{® = r, - r; at Tmelt [1,2].
On the other hand ( liquid phase) we have :

For metals with bcc structure: AVt = (Vmelt -
V0)s = R12%,

where Vo (at OK) is determined at K=8 and Ry, at
K=12 from Eq. (2).

For metals with fcc structure: AVt = (Vmelt -
Vo)12 = Ri2?,

where both Vo and Ry, are determined at K = 12
from Eqgs.(2,4).

Thus, for metals with bcc structure we have:

Rg® = Rq2® + AVi. (17)
For hexagonal layer-by-layer packed (6+6) Cd
and Zn:

AVt = (Vmelt - Vo)s =Rg®

where Vo is determined at K=6 and Rg® at K= 8.

Analogous process is also reproduced in poly-
morphic fce(hcp) — bee transformations in the solid
phase:

AVt + R2® = Rg? (19)

The process of the boiling is determined by the
value Ry, as well as, the melting with fcc structure:

AVt + R2® = 2R12° , (OI' AVt = R123) (20)
where the value AVt is corresponded by the value
interatomic void 0,35 Va at K=12. The general ten-
dency is toward an increase in the number of the near-
est neighbors during thermal expansion [1,2], or cells
for a placing AK1 (as for the boiling). Thus all points
of phase transformations are connected with grand
value R.

Volume correlations for heat transfer.

Here we have the ground for the examination of
the model of high temperature heat transfer in two
forms: both fixed orbital (R,Rc,r.) and a sphere, having
variable radius but in limits from ra to ;.

Using assumption of ready cells- KA into the co-
ordinate space, we may write a chain of correlations in
according to the principle uncertainty:

4TCR2 K)\, = ( ras - RCS) 21/3; (21)

4nRZ KL = R3 Z# (22)

4a[12(ta + P KL (V/Z+ ) =13/ kp =12 + R3= V3 ; (23)
4n[1/2(ra + 1) - KMZ]? KNZ = R®; (24)

An[12R + )P KL (1/Z+ 1) =18 = V3 ; (25)
4n[12R + )P KA (1/Z + 1) = 2r = V1 ; (26)

4nr? KA (1/Z+ 1) = R¥ k, = R® + R (27)

Eqgs.(21-27) are established per 14 metals with an
accuracy +5% in average.

Where: 4n[1/2(ra + 1i)]> KA = AVenitter ; 47[1/2(1a
+17)]> KAMZ = AV apsorvent . Hence we obtain:

YAV = AVemiter + AVabsorbent = 47n[1/2(ra + ri)]2
KX (1/Z + 1) and also for other relations (24-27).

Here the value 1/Z (it is into relations as K\/Z) is
the limitation in an absorption of photons by conduc-
tion electrons (a valence).

Further we have: r:® / kp and Rc® / k, , where k; is
the coefficient of the packing (0,68-0,74);

Ko =Va/! (Va+ Vuoigs) =13/ (r3 + R%) = R3/ (R% +
R:%), where V, is atomic volume.

Here we have the value Vyigs is coincided with
values R® and R¢.

Hence: R%/ r® = (1 - kp) / ko = R®/ R® and we
obtained: R = r,(0,78-0,705) and R. = R(0,78-0,705).
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Hence it follows that a placing of K\-cells into
coordinate space from r, to r; must be connected with
relation:

R= [Avvoids]Rll3 (28)
R = [Avvoids]cll3

On the basis of Eq.(21-27) where R -R; = KM(1/Z
+ 1), we may write:

[AVvoigs]r® - [AVoias]c3 = KM(1/Z +1).  (29)

Hence we can assume that elementary distance of
thermal vibration has been corresponded to the fluctu-
ation - exchange cell = KA.

Here the geometrical volume (r% ky) has been
corresponded to the physical ( R and R¢ ~ f(As/2w) and
to the electron- photons interaction in any point of the
atomic space between r;%kp and R3/k, simultaneously.
Thus we may assume that geometrical interatomic
space is a continual, having different forms in accord-
ing to the principle uncertainty. We may conclude also
that heat transfer is connected with the transition and
the exchange voids volumes into the interval from r,
to ri and ves in the mode heating — cooling.

Besides, we should be noted relationships in
Eq.(23,25,26) between values V1, V2, V3 and the pack-
ing factor k = 0,74(0,68), which is corresponded to
normal values of the lattice (bcc and fcc) - V2 and the
reciprocal lattice in relationships ( in wave aspect)
between Vi/V, and V3/V: (i.e. for alkali, alkali-earth
metals it is 0,74 and Mg,Al,Pb...it is 0,68):

ViV =k ; ViV = k (30)

The following relations between 2r,®, r.3/k and
1r,% correspond to the value of k of the reciprocal lat-
tice (in geometric aspect) :

2/1,35= 1,47 ; 1/1,35 =074 ;

2/1,47~1,35; 1/1,47 = 0,68.

Thus two forms of the atomic- ion interaction
(the geometric and wave) are corresponded to the
model of heat transfer, which is represented by the
model of two fluxes exchanging by fluctuations of the
electron density in the + KA mode [2]. Heating mode
is the fluctuation flux from the atomic periphery (rz) to
the ionic core (r;). Cooling mode - vise versa. The
equilibrium state is the compensation of electron den-
sity fluctuation (£KA) and it is corresponded to the
compensate values packing factor k (wave and geo-
metric) by reciprocal and normal lattice accordingly.

Consequences from the model of heat transfer.

1. Principle uncertainty.

Seven relations in Egs.(21-27) have been by main
idea of all comibnations: emitter KA + absorber K\/Z
of electron - phonon interaction must exist in frames
of values Ar/2n and in frames principle uncertainty
only. The latter is cleared up in follows moments: in
Eq.(22) values R and R are const. by the spread of
electronic charge Z to Z*® per atomic sphere and con-
trary if Z is const. then value of the radius is var. that
is average value between R, R¢ , ra and r; as it shown
in Egs. (21,22).

Thus principle uncertainty may present in the fol-
lowing scheme: If atomic radius is const, then Z'*® and
if atomic radius is var. then Z is const.

2. Peculiarity of heat transfer for Cu, Ag and Au.

Here we get the degradation of values R and R,
as we have: )

For Cuand Ag: ra—ri = 0,32 -:- 0,28 A, then it is
corresponded to AK = 0,29 A ;

For Au: r; — i = 0,045 A, then it is corresponded
to 21 = 0,048A.

Consequently we have the distance r, - ri = ni
from n=2 for Au to 12 for Ag and Cu, escaping of R¢
and R. This is a justification of superior heat transfer
of these metals, as

ra — ri = n A directly and n is minimal possible
value.

3. Peculiarity of hexagonal structure (6+6) Cd
and Zn. )

For Cd : r™ - r™" = 0,152 A = K},

For Zn @ ry™* - 1M = 0,140 A = KA,

where KA =61 = 0,145 A and r,™ and r,™" are
determined from the lattice parameters [a] and [c] and
where average value 1/2 (0,152 +0,140) = 0,146 Ais
very near value to KA = 0,145 A.

4. Transition metals.

Here we have limits in the determining and the
calculating of values R and R so s-d zone and d- zone
of electronic system have the influence on kg. For ex-
ample for Ni it is ke ~ 0,55a.u.(s-d zone) and kr =
0,81a.u.(d-zone), that is kr # const.

However it can be assumed that R; — ri. This as-
sumption allow us to determine both R = (ra + ;) /2
and the equality of fluxes fluctuations (an excess +Ki
with a deficit - KA ) as:

R -ri=nKA+ ), and also ra - R = nKA (31)

where n = 1,2 . For example Ni (A/atom): R =
(1.26 +0,72)/2 = 0,99;

R-ri=0,99-0,72=0,27;

KA =12.0,024 = 0,29,

where 0,27 ~0,29 atn = 1.

For example Y: R = (1,64 + 0,88)/2 = 1,26;

R-ri=1,26-0,88=0,38;

2KX\ =2.8.0,024 = 0,38,

where n = 2.

Eq. (31) is fulfilled accurate in limits +4% for:
Ni,Cu,Mo,Nb,Y,Ti ...similarly Eq.(6-9) for nontransi-
tion metals.

5. Amorphous state.

According to data [ 3 ] the value (ra — ri)/K is the
dimensional criterion for the analysis of the formation
of amorphous intermetallic combinations at diffusion
heating of films (dusty materials) pure metals AxByC,,
where Xx,y,z are combination parts.

Main approximation: it is the freezing of atomic
exchange between fluctuation states of clusters
(K=12,8) and statistical packing atomic (Ksp = 6,5 =
1/12(1+2+3 +...12)) . This state may to determine as
frozen crystallization, where cannot carry out the de-
velopment neither crystallization from SP state (fluc-
tuation) nor from cluster state (fluctuation). This mo-
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mentary a freezing can be realized in ideal conditions

of heat transfer only. According to Eq.(9) these condi-

tions may create on a distance r, — ri, where a cell KA

has been comprised by integer number n, namely:

(ra—ri) =nAK (32)

where K = 12,8 for a cluster and Ksp = 6,5 for SP

; integer number n = 1,2,3. However integer number n
has the limit (n=3,0) so according to Eq.(9):

ra—ri =2KM1/Z + 1) + KMZ,

where we have ra—ri=3,5K i at Zmn=2and r, —
ri= 2,6 K)\,, |f Zmax = 5

Therefore conditions of a freezing for atomic ex-
change may write in the following way: Nejuster = Nsp <
3,0.

Hence ideal condition - this is the equality of
cells (n)) of cluster state with absolute chaotic pack-
ing. This equality of cells (nA) may carry out by using
coefficients x,y,z ( composite parts) in dusty films at
an joint of their layers of pure metals AxBy and Ax
B,Cz . For example it is for pair metals AxBy:

X [(ra - ri)/AK128]a + Y[(ra - 1i)/AK128]g =
(X Y)[(ra - ri)/AKsp)]a (33)

Hence we have: Zncister As = Nspag = N (integer:
1,0-3,0).

Adequacy of the Equality (33) may demonstrate
by using experimental data taken from a review article
of Johnson W.L.[4].

1) Nio31Yoe9 (0,69AI‘Y(8) + 0,3 lAl‘Ni(lz)) / A =
(0,69Ary®9) /132~ 3,1

Where Ary® = (ra —1)/8 ; Ary®® = (r - 17)/6,5 and ets.
Tnelustersy,Ni = Nspy * N 3,2~ 3,1~ 3,0.

2) Ti31Nb22CU47.

First variant: (0,31Arri*?) / & = (0,22Arne®) / A
(0,47Arc ) / L.

0,91=0,92~0,96~1,0

Neluster Ti = Neluster Nb = Nsp cu = N

Second variant:(0,31Arri® + 0,22Arne?) /A
(0,47Arcu® + 0,22 ArnpE) / 4

2,0=2,07=2,0
ZNclusters Ti,;Nb = 2Nspcu,Nb ~ N
3) AlssNbys

(0, 45ArN, 12 + 0, 55Ara 1) / X = (0, 55ArA %) /A
3,0=3,2=3,0
ZNclustersNb, Al = Nsp Al = N
4) Ni4oNbeo
(0, 40Aryi @2 + 0, 60ArN, @) / & = (0, 60ArN, © ) /2
3,2=3,15=3,0
ZNclusters Ni,Nb = Nsp Np = N

Thus the equality Neisters = Nsp = 1, 0 — 3, 0 is the
ground to take into consideration as ideal condition for
momentary freezing of atomic exchange between clus-
ters and chaotic SP. Here we have successful combi-
nation of metals at minimal and maximum values (ra —
r)). For instance: Cu,Ni —(ra— i) = 0,32 — 0,54 A (it is
min.) and ALTi —(ts — r}) = 0,94 — 0,86 A (it is max.).
In this case a probably is increased for equalize Nciyster
to ngp , using coefficients x,y,z.

Usual crystallization.

Analysis of the crystal nuclei appear is founded
to model of the liquid state: clusters, having ordered
packing of atoms and a completely chaotic packing or
statistical packing (SP) in the correlation 0,65/0,35
[2]. Main calculation parameter R (corresponds to the
maximum level of the electron density fluctuation in
pseudo - potential approximation) is determined by a
model of the thermo-vibration atomic spheres, leading
to the separating on cluster and SP in the fluctuation
mode:

For cluster R® = 4/3x (ra® - r;®)/K and for SP Rgp® =
4/3a[(5/2)? - 1¥])/Ksp (34)

Where K=12, 8,6 and Ksp = 1/12(1+2+...+12) =
6,5 is an average statistical number of nearest neigh-
bors at equation -probably occurrences of all of the
dispositions from 1 to 12 [1-3]. The value ¢ (diameter
hard sphere) is defined both using the experimental
diffraction data ( Perqus-Yevic) and in theoretical
models of liquid state as (o/2)%r.®* = 0,65 or o/2 =
0,867 ra [1-3].

Here we make main assumption: at the phase
transition point, the same level of the maximum elec-
tron density fluctuation is reached. This means the
same level of values of R calculating in Egs.(1,2,4).
Hence one may write the basic equation of crystalliza-
tion or a condition of equilibrium of two phases - the
solid and liquid:

Ri286 = Rsp = Rr (35)

An analysis of these values R indicates that
Eq.(34) is fulfilled for metals with bcc — structure (al-
kaline and alkaline-earth metals) at Rsp/ 0,65Y° (or
Rsp/0,867), i.e. at K=8 in Eqg.(23) and it fulfilled at
K=12:

Rsp/0,867 = Rg = RF X Rsp = R12 = RF (36)

The transition from SP to crystal nuclei (6/2 —
r,) is connected with coefficient 0,653 [1-3]. These
data give reason to assume that the crystal lattice ,
having K=8, is formed from SP at 6/2 —r, and on the
contrary: the crystal lattice with K=12 is formed from
clusters with K=12 without the preliminary transition
0/2 — ra.

This choice of a mechanism for a process of the
crystallization is determined by the value Rr in Eq.(1)
and only probably.

Metals having a structure bce (alkaline and alka-
line- earth) have clusters K=12 at the melting [2].
Hence we may write:

1. For the dynamic equilibrium of crystal nuclei
(bCC) - SP: Rsa = R5p3/0,65.

2. For the dynamic equilibrium of cluster (K=12)
- SP:

R12® = Rep®.

3. For the dynamic equilibrium of crystal nuclei
(bce, K=8) - cluster (K=12): Rg® = R1,%/0,65.
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Here it should be noted the balance of volumes
between crystal nuclei (and cluster) and SP at theirs
the dynamic equilibrium:

431 1.3 = Kep(c/2)? (37)

Hence may write: 4/31/Ksp = (6/2)%ra® = 0,643 = 0,65. (38)

Therefore a factor 0,65 is the grounded physical
value perfectly. Values = and Ksp = 6,5 are const.
Therefore 0,65 and the ratio 0,65/0,35 is const., de-
termining the ratio cluster/SP [1,2].

For Cd and Zn having a hexagonal layered struc-
ture (6+6) Eq.(35) fulfilled with the correction of the
Rsp values by a factor 0,867,i.e.: Rg = Rsp/0,867, ac-
cording to [1].

Here we may to conclude that a structure of the
liquid state of any metals is the dinamic equilibrium
state clusters with K=12 and SP at their ratio 0,65/0,35
[1-3].

Probably clusters with K=8 and K=6 can’t exist
in equilibrium conditions for the liquid metals.

Polymorphic transformation bec < fec.

The process of polymorphic transformation can
be represented as a result of a change of r; for R; and
the volume of spheres 4/3x(rs® - ri®)/K for the continu-
um (ra® - R8)/K caused by a decrease in the fluctuation
processes and an increase in the tendency to restora-
tion of the band structure. Hence, taking into account
Egs.(1,4,5,11) we can write the phase equilibrium
condition:

Rs =R12=Rf (39)
Where Rg = [4/3m(ra® - r¥)/8]*° and Ry =
[ZY3(r® - R3)/4nA12]¥2 and R from Eq.(1).

Polymorphic transformation bec < hep.

A large number of metals is crystallized in the
bcc lattice with a subsequent transition to the hcp with
a very small compression along the [c] axis at [c]/[a] <
1,633 ( where 1,633 corresponds to the close sphere
packing). The magnitude of compression should be in
limits nA according to Eq.(9) ( where n =0,1,2).

The deformation of a lattice along [c] axis in nA
is leaded to same value of the deformation along [a]
axis in according to the uncertainty principle.

Compressing an atomic sphere by A from above
and below along the [c] axis, we obtain [c] - 2\ (flat-
tening along the [c] axis). The elongation [a] + 2A
along the [a] axis by A from both sides corresponds to
this value [c] -2 in accordance with the principle of
uncertainty (total volume has not changed for 12
neighbors). Here we obtain inverse ratio ([c] + 2A)/([a]
- 22) = 1,633 (an ideal ratio [c]/[a] = 1,633 of a cubic
close sphere packing). It is fulfilled for 12 metals from
Re, Os.... to Hf ,Gd... , using the model 2 A and ex-
perimental data [c] and [a] for these metals.

It is supposed that the appearance of the structure
hcp and the transformation bece — hep at a very small
changes in nA (where n = 1,2) is connected with rela-
tions Rc < i and r, < rj in EQs.(3,9) where the impre-
cision of the calculation R. and r, is corresponded to a
same small value nX (where n = 1,2).

Thus, based on the analysis of the electron -ion
interaction within the consideration of the probability
distribution of electron density in the coordinate space
can be concluded that there is a size quantization over
n\ and a bulk quantization over 4nR?\ under high-
temperature for any phase transformations and heat
transfer.
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MPUMEHEHUE 3JIEKTPOHHOM OBPA30OBATEJBHON UHTEPHET-ILJIAT®OPMbI
«JIEKTPOHHAS UTPOBAS IIIKOJIA» B IPOLIECCE OBYYEHUSI MATEMATHKHA
B CPEJTHEM IIKOJIE

Annotation: this article discusses the place of distance learning in the subject of mathematics, distance
learning opportunities, shows a thematic plan for a distance course in the subject of mathematics by modules. It
also describes in detail the possibilities of the electronic educational Internet platform "Electronic Game School"
for both teacher and learner and planning to use this online platform for distance education on the subject of al-
gebra in the 7th grade.

AHHOTalIl/Iﬁ: B JIaHHOﬁ CTaTb€ paccMaTpuBaACTCA MECTO AUCTAHIIMOHHOI'O o6yqu1/151 B IIpeaAMETC MaTeMa-
THKa. Bo3MoxxHOCTH JUCTAHIIMOHHOI'O 06yqu1/1;1. Iloka3aH TeMaTW4yecKuil ILIaH JAUCTAaHOUOHHOTO KypcCa 1o
npeaMEeTy MaTeMaTHKa MO0 MOJIYJsM. Takke MOAPOOHO M3JI0KEHBI BOBMOXKHOCTH 3JIEKTPOHHOW 00pa3oBaTeib-
HOM MHTepHeT-aT(GopMbl «DJIEKTPOHHASI UTPOBasl LIKOJIA» KaK AJIS yYUTENsl U 00ydarolerocs, U IaHUupoBa-
HHUE MPUMEHCHWS TaHHOW WHTEPHET-TUIAT(GOPMBI IS TUCTAHIIMOHHOTO OOYYeHHs MO mpeamery anredpa B 7

KJacce.

Keywords: distance learning, opportunities, student, “Electronic game school”, mathematics.
Knrwouesvle cnosa: oucmanyuonnoe o6yueHue, 803MONCHOCMU, 00VUArOWUICA, «DNeKMPOHHAS USPO8As

wKoaa», mamemamuka.

OOpazoBarenbHasi CUCTEMa, KaKk U HOBBIE TEXHO-
JIOTHH, Pa3BHUBAeTCs roj 3a rogom. B Hee, yxe He
HEPBBIN I'0J|, BHEAPSIOT KOMIIBIOTEPHBIE TEXHOJOTUU
u HoBble (hopMbl oOpazoBanus. M3 TpagunnOHHOTO
00y4eHUsl BBIIUIO MHOXECTBO BETBEH HOBBIX (hopma-
TOB 00pa30BaHUs, HAaNpUMEp, JIEKTPOHHBIM. OIek-
TPOHHOE 00pa30BaHME [aeT BO3MOXHOCTh B JI000€
BpeMs U B JIOOOM MECTE IOJIy4aTh 3HaHHS, KOHCYJIb-
Talll¥, COBETHl y YAAJIEHHOTO 3Kcrepra (TperojaBa-
TeJsl), T.e. JaeT BO3MOXKHOCTH JHUCTAHIIMOHHOTO 00Yy-
yeHus. Jta Gopma oOydeHHs Ha JaHHBI MOMEHT He
OYeHb MIHMPOKO HCIOJB3YeTCs B 00LIe00pa3oBaTelb-
HBIX ILIKOJAaX.

MaremaTyka Kak AMCLUIIIMHA UMEET CBOIO CIIe-
muduky. MaTeMaTuka u3y4aeT MaTeMaTH4YeCKHe MO-
JIeNd — JIOTUYECKUE CTPYKTYpPbI, y KOTOPBIX ONMCaH
P OTHOLIEHMM MEXIy MX djeMeHTaMu. [loHsaTus
MaTeMaTHUKU OTBIEUECHBI OT KOHKPETHBIX SIBICHUN U
IPEZIMETOB; OHM TOJYYeHBI B pe3yibTaTe abcTparu-
POBaHMSI OT Ka4eCTBEHHBIX OCOOEHHOCTEM, crenudu-
YECKHX JUIsl JAHHOTO Kpyra SIBJIEHUH U IpeIMETOB.
OOyyeHne ydwaluxcsi MaTeMaTHKEe HalpaBleHO: Ha
OBJIQJICHUE MMU CHCTEMON MaTeMaTH4YeCKHX 3HAHUH,
YMEHHH 1 HaBBIKOB, HEOOXOAMMBIX JUIS TaJbHEHIIIEro
M3yYCHHSI MATEMaTHKH M CMEXHBIX YIeOHBIX IpenMe-
TOB pELICHUs NPAKTHUYECKUX 3a]a4; Ha Pa3BUTHUE JIO-
THYECKOTO MBIIIJICHNS MPOCTPAHCTBEHHOI'O BOOOpa-
KEHUsI, YCTHOM M IUCbMEHHOW MaTeMaTHYECKOH pe-
4y, Ha (OPMHUPOBAHHWE HABBIKOB BBIYHCICHHM,
anredpandeckux NpeoOpa3oBaHU, pelIeHUs] ypaBHe-
HUM M HEpaBEHCTB, a TAKXKE HHCTPYMEHTAIbHBIX U
rpau4ecKuX HaBHIKOB.

IIponecc nocTpoeHust CUCTEMBI AUCTAHIIUOHHOTO
o0y4yeHUss MaTeMaTHKE CTPOUTCS TaK, YTO WJAET

TpaHcopMalusi METOANYECKOW CHCTEMBI TpaaWIH-
OHHOT'O OOYUYeHHMs MaTeMaTHKe C YU4eTOM CIEeUHU(PUKH
ycnosuit J10, Tak jxe TpaHcopMalus AUIaKTUIECKOH
cuctemsbl JIO ¢ yuetoMm crienudukd yueOHOTO Mpen-
MeTa «MaTeMaTukay. [[mg mpeacraBieHus ydeOHOI
uH(OpMALMK B OCHOBHOM IIOJOWAYT JIBE TIPYIIIIBI
Cpe/CTB: 3pHUTENbHBIE, ayauoBu3yanbHble. K cpen-
CTBaM 3pHUTEJIFHOTO MpPEACTAaBICHUS HHPOpMaNnU
OTHOCSIT PUCYHKH, TaOJMIbI, MPE3EHTAINH, YEPTEXKH,
MoJenH. B kauecTBe ayAnOBH3YyaJbHBIX CPEACTB, KaK
MIPaBUJIO, HCHOJNB3YIOT OOYYaIOINe BHICOPOIIHKH,
MYJBTUIUIMKAIUY, Buaeonekuuu. Ilpu paszpabotke
BU/ICOJICKIIUIT HEOOXOAMMO YETKO CTAaBUTh €U |
(dbopmynupoBaTh 3a1aun, 005S3aTENBHO HAJI0 YYHTHI-
BaTh NPHHLIUI «OT IPOCTOTO K CIOXHOMY» [1, 76
ctp.].

Kpome mpencrapnenns uHbOpMAI HEOOXOIH-
MO TpaMOTHO MHPOAYMATh 3aKPEMJICHHE U KOHTPOIb
3HaHMH 1o Maremaruke. HanGonee yacto B nucras-
LUOHHBIX Kypcax NPUMEHSIOT: INPOEKTHBIE 3aJaHus,
TECTOBBIE 3aJaHMs, J1abOpaTOpHBIC, MPAKTHYECKHE
pabotsl. Bonbinoe 3HaueHwe B mporecce 0OydeHHUs
MMEET OLEHMBAHUE NOIY4YEeHHBIX 3HaHWH. [Ipu au-
CTaHIIMOHHOM OOYYEeHHHU OUYEHBb YacTO B Ka4eCTBE Me-
TOJIOB KOHTPOJISI MCIIONB3YIOT TecTupoBanue [4, 104-
105 ctp.].

DopMHUPOBAHUE U PA3BUTHE CHCTEMBI TUCTAHIIH-
OHHOTO 00y4YeHHS MaTEMaTHKE B IIKOJIE MIPEICTABISACT
CJIOKHBIH MHOIOCTOPOHHMM ITPOLIECC, CBSI3aHHBIA C
pelIeHneM KOMIUIEKca Mpo0JIeM COLMaIbHOTo, (PyHK-
LUOHAJIBHOTO M OpraHU3allMOHHOro Xapakrepa. Ee
CO3JJaHUE BO3MOXKHO IIPU YCIOBUM HEOOXOAMMOro
pecypcHOro obecriedeHus: HOpMaTUBHOTO, UH(OpMa-
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[[MOHHOTO, KaIPOBOIr0, METOJNYECKOr0 U MaTepHallb-
HO-TexHI4YecKoro [2, 71 cTp.].

B cOOTBETCTBHU € PaCCMOTPEHHBIMH TPEOOBAHU-
MU K IUIaHHPOBAHHIO, pa3paboTKe W OpraHu3aluu
JIICTaHIHOHHOTO Kypca OOy4YeHHUs MIKOIBHOMY KypCy
MaTEeMAaTHKH MOXKHO BBIZCIUTH CICAYIOIIME €ro Oc-
HOBHBIC CTPYKTYPHBIC JIEMCHTBI:

1. oOmue cBeAcHUS O AUCTAHIIMOHHOM KYpCE;

2. Couep)kaTenbHbIE MOLYJIH Kypca (MoAynb 1,
MOIyJb 2 ¥ T.1.);

3. WTOTrOBBIE 3aJaHUS IO KypCy;

4. WTOTOBBIH TECT MO KypCY;

5. rmoccapwuii.

Paznen «OOmme cBepeHHs O AUCTAaHIMOHHOM
Kypce» SIBJISETCS MOTUBALIMOHHBIM M BKJIIOYAET aHHO-
Tanuio (mpobjeMaTHKa Kypca, Ha Kakyl ayIUTOpPHIO
OH paccuuTaH), TeMaTHUYECKUH TUIaH.

Tabmuma 1.

TemaTnuecknii mian AUCTAHIHMOHHOI0 KypcCa o MaTeMaTUKE

KonuuectBo y‘Ie6HLIX qaCoB

B TOM YHCJIC:

. [KommuectBo YacoB Ha
IHazBanwne |O0mmii

Y BBITIOJTHCHUIC koH-[KoamaecTtBo yacoB HaKoamdecTBo 9acoB HaKommdecTBO 4acoB Ha
wacop  |[POVPHBIX,  MPAKTHUC-WHIMBHIYAbHYIO  (CAMOCTOSTENBHYIO  [KOHTPOTBHBIE — MEpO-

CkHX,  J1abOpaTOPHBIX|padOTy padoTy mpuATHS  (TECT, TPO-

a00T exTHas paboTa ¥ T.1.)

Hoapaznensr «Moaynes 1», «Moayne 2» u T.A.
MOTYT HUMETh CJENYIONIYI0 CTPYKTYpy: TeopeThde-
ckuit matepuan «Tema Ne 1 ...», «Bomnpocs! ais camo-
mpoBepku 3HaHM», «Tect», «3amaHue HIU KOH-
TpoJibHAs padboTay, «CIHCOK JIUTEPATYPhI».

Paspen «MroroBoe 3amaHue IO KypCy» MOMKET
coliepKaTh METOAMYECKHUE YKa3aHHs IO €ro BBIMNOJI-
HCHHUIO U TEMaTHKy (WTOroBas KOHTPOJbHAs padora,
MIPOEKT, UCcIieoBaTeIbckas paboTa u T.1I.)

Pazpen «MtoroBelii Tect 1o Kypcy» npeacTaBiieH
B BUJIE€ KOMIUIEKCHOTO TECTA, BKIIOYAIOIIETO BOMPOCHI
0 BCEM MOAYJISIM Kypca.

Pazpen «['noccapuit» BKiIIOYaeT nepeyeHb NOHS-
THH, KOTOPBIE UCTIONB3YIOTCS B AUCTAHIIMOHHOM Kyp-
ce 10 MaTeMaTHKeE.

JlaHHast CTpyKTypa SBISETCSI YHUBEPCAIBHOU AJIs
JIUCTAHIIMOHHBIX KypCOB O0yUYEHUSsI, UTO CIIOCOOCTBYET
ObicTpOl afanTanMyd K OBIAJACHHUIO MaTepuajoM U
HaBUTalMK 110 cogepxanuto [3, 133 ctp.].

Peanmzamus maHHOTO Kypca IUTAaHHPYETCS OCY-
miecTBIsIThCs Ha 2019 — 2020 y4yeOHbIN romq Ha Oase
MBOY COHI Ne 19 r. MummmM6ait Pecniy6iuxu bam-
KOPTOCTaH, Ha 3JIEKTPOHHOW 00pa3zoBaTeNbHOM MJaT-
dbopme «DNIEeKTpOHHAS UTPOBast IIKOJIA» I yJal[uX-
¢ 7 kjacca mo mpenMery anrebpa, ans yueOHO-
METOJMYECKOI0 KOMILIEKCa MOJ PYKOBOJICTBOM aBTO-
poB A.T'. Mep3nsx, B.b. Ilononckuit, M.C. Skup.

«DIeKTPOHHAS WrpOBas IOKOJIA» MPEACTABISICT
COOOH AJIEKTPOHHYIO 00pa3oBaTENbHYI0 HWHTEPHET-
mwiathopMy IS yUUTEICH M yJaIlluXcs IIKOJI, TaK JKe
SIBIISICTCS HOBOM TeHMU(HUIMPOBAHHONH MOJEIHIO 00-
pa3oBaHUsI.

Jis Hadana paboThl C HMHTEPHET-IUIATGOPMON
HEOOXOIMMO BBECTH B aJpPECHOM cTpoke MHTepHeT:
https://eplayschool.ru, mocne monb30BaTeNiO Mpea-
CTaBJISICTCA TJIaBHAs CTpaHHMIA «DJIEKTPOHHOH HIrpo-
BOM MIKOJIBI» Jlanee He0OX0JMMO UMETh CBOM JTUUHBIN
JIOTHH W Tapoib IS paboTel. [maBHas cTpaHuma
MIpeJCTaBIIcHA Ha PUCYHKE 1.

Puc.1. Cmapmosas cmpanuya s1eKmpoHHOU 00pa308amenbHOU naampopmol
«ONeKMPOHHAS USPO6AS UKONA)

Jlnst «QIEeKTpOHHON WTPOBOM IMKOJBDY OBLI CO-
3/1aH UTPOBOM repcoHax — InHC, conmpoBOKAAFOIIETO

yyaluxcsi BO BpeMsi 00pa3oBaTeNbHOTO IpoIecca.
Pa3pabotaHHbIil IEpcOHAX 007aMaeT CIIOCOOHOCTAMU


https://eplayschool.ru/

52

[ |

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #6 (46), 2019 =228

KOMMEHTUPOBATh CJIAWbl, OaBaTh IOJACKAa3KH yd4a-
IIUMCS U OTMEYaTh, BEPHO JIU BHIIIOIHEHO 3aJaHue.

KoHcTpyKTOp pa3pabOTKH ypOKOB OYEHb HaIo-
MHHAET KOHCTPYKTOp mpesentamuu Microsoft Power-
Point, moaToMy GOJBIIMX TPYIHOCTEH ¢ HUM HE BO3-
HHUKaeT. Ha rmaBHOM MeHIO miaTopMbl pacrojioxe-
HBl KJIaBUINW CO3/aHMs, yJalleHus cliaija, KOTopble
HaxoJsTCsl BO BKJIAJKe INIaBHOE, BCTaBKa Cllaija, Je-
MOHCTpAIHsI yPOKa, CIpaBKa.

YoOHBI  KOHCTPYKTOP HMHTEPHET-IUIOLIAIKU
TIO3BOJISIET CO3/1aBaTh pa3Hble MHTEPIpPeTaluu HOpMbI
ypOKa, YTO MO3BOJISIET BHECTH YTO-TO HOBOE B TPAJH-

Bcraska

Cnpasxa CAOXEHNE H BLIUHTEHWE MH

LIMOHHBIN YpOK. B BO3MOKHOCTH KOHCTPYKTOpa BXO-
JUT BHECEHHE HEOOXOANMOTO HATIISTHOTO MaTepHaa,
HMMH MOTYT OBITH TAOJHUIIBI, N300paKEHNS, aHUMAIINH,
BHICOPOIIHKH.

TeopeTuueckuil ciaili AOCTATOYHO MPOCT B CBO-
et paspabotke. [laHHBIC CHAIbI TOIXOMAT IS Tepe-
Jlauu TEOPETHYCCKON MH(GOPMAIIMU COOTBETCTBYIOIIIEC-
o0 ypoKa, KOTOpasi MOXKET COMPOBOXKAATHCSA Pa3iuy-
HBIMH WJUTFOCTPATUBHBIMU 3JIeMCHTaMH. Pa3paboTky
claiiia, CoJIepPIKAIIEero TCOPETHICCKYIO (hOPMY MOKHO
MIOCMOTPETh Ha PUCYHKE 2.

CrnoxeHue =
B 7 Y S EE B - zaonosokar X Oy B L Ao ©
n EvEr = C — L x X () wuobpaxenwe Mopckaska Buaeo
DLIUMTAUIA o a B
5 C107keHHe H BbIYHTAHHE
CiomeHn( A1ns Toro wmobu croaT,
MHOTOYJIEHOB MHOTOUNEHbI, Mbl AOMKHBI
Nl Ho] PacKpbITh CKOOKM, ecnu TaKoBbie
" _ | Wmerorcs, onpenenuth nopobHbie
) Cyay wu pa3HOCT MOGBIX | unemsi u npMBeCTH K CTanAapTHOMY
) Bmny.
Cynry HIH MHOTOY.ICHOB MOKHO eipasuts |
. . ECAm e nepen ckoGKamm cront
= MHOTOUJICHOM CTAHIAPTHOTO BILIA esiedpilia oo a9
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Puc.2. Paspabomka meopemuueckoeo caaida 0Jisi 31eKmpoHHOU 00pa308ameibHol niamgpopmol

Jnst cnaiiga, copepxamuid GopMy BOIIpOCa, yIUTENb 3a0MBAaeT COOTBETCTBYIOUIMH BOIIPOC YISl CaMOIIPO-
BEPKH, TJIe y4Jalluicsi MOXET BBIOpaTh NPaBMIbHBIA OTBET. BapnaHTBI OTBETOB MOTYT 3a/1aBaThCsl CIEAYIONIIM

o0pazom:
1. BBIOHWpATH U3 IPEAIOKECHHOTO CITUCKA,
2. Ha pacCcTaHOBKY;
3. Ha COOTBETCTBHS,
4. caMOCTOSITEIbHBIN BBOJI.

Craiin, KOTOpBII PeACTaBIAeT BOIPOC MOXKHO YBUIETh Ha PUCYHKE 3.
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Puc.3. Cnaiio, cooepacawuii 6onpoc 0151 CaMONPOBEPKU YH4AUUXCS

Ilocie pa3pa60TKH BCEX CﬂaﬁHOB YUYUTECJIb MOXKCT PCAJIN30BaTh ACMOHCTPALIUIO YPOKA, KOTOpAs IMMPOAECMOH-

CTpUpPOBaHA Ha PUCYHKE 4.
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Puc.4. Jlemoncmpayus ypoka @ unmepnem-niamgopme « INeKmpoHHAs UePOBast UKOIA»

Jnst yueHNKa HadaubHasi CTPaHHUIA IPEICTABICHA B BUJIE IUIAHET, KaX/asi M3 KOTOPBIX MPEACTABISET KO-
1y Pecniybnmkn bamkoprocran. CraproBas cTpaHuIa peOeHKa H300paskeHa Ha PUCYHKE 5.

Ha CTpaTOBOfI CTpaHUIEC MPCACTABJICHBI BCC IKOJIbI, KOTOPBIC 3aPCTUCTPHUPOBAHBI HA HHTCPHCT-IJIOIIAAKE,

Ha JAaHHBIA MOMEHT 3aperucTpupoBano 48 mxon PecmyOmmkm bamkoprocran. Kaxmas mkona mMeeT cBOWM
PEHUTHHT, KOTOPBIA PacroyiaraeTcsi Ha CaMuX IUTaHeTax.

Rms o RoFo QB
Pecnybnuka bawkopToctaH

Thatieit Ne 1 . Crepnuramax
WKOAb! JMIEPHI
Tiwueii N° 1 1. GrepanTamax Iwpexrop: Araega Jl. H Timpazms N2 3 e
COLLI Ne35 . Crepmmanak - DxKuexGaesa r. (TepauTamak

Y TEJ TIYULIMAA YUEHUK
Tuma3us N2 1 1. Creputamak Tecrogas uona N2

Tuniazus NE 2 r. CrepnuTamax Timeiazus N° 1 1. Musmbait

Tiviazis N2 3 v ! Tz NE3 1. OKIOPLCIA
bxKuexGaesa r. Crepnuramak 4

- COILI Ne1. e MAGAYIIMHG C.
UM N2 uMB. M. Nlersia . Kupris-Musion

CrepnuTamak Nuugeit N° 1 1. Crepnuramax

Puc.5. Cmapmosas cmpanuya o6yuarowe2ocs 8 31eKmpoHHOl 00pa306amenbhol niamapopme
«DNeKmpOoHHAS USPOBAsL WIKOLAY

B BepxHeM 1eBOM yriy NpencTaBlIeHbl MKOHBI «JIokanus» - MO3BOJIAET MEPEUTH Ha CTaPTOBYIO CTPAHUILY
oOyuatomierocs, npu Haxarnu Ha «lllkoma» miuardopma nepemeriaer OOydaromerocsi Ha €ro IUIaHeTy, T.e.
IIKOJTy, B KOTOPOH OH oOydaeTcs, u pazaen «OO0ydeHue», npeAcTaBisieT o0ydaromemy, IpeaAMeTHbIE 001acTH,
M0 KOTOPBIM OH MOJET TNPOXOAWTh YPOKH B «OJIEKTPOHHOW HWIPOBOH mIkone». B HmkHel dWacTm sKkpaHa
MPEICTaBICH CIMCOK BCEX INKOJ, 3apETHCTPUPOBAHHBIX Ha MHTEPHET-TUIOMIAJIKE, TakXe JaHHas miardopma
ompenensaer «Jlydmero yuurens» u «JIydmero ydeHuka», CIeIyIOIIUMH IPEACTABIEHBI T ILIKOJBI, KOTOPHIE

ABIAIOTCS «JlnmepaMu», T.e. MIKOJbI, HaOpaBIIMe HAUOOJbIIEe KOJIMYECTBO OYKOB, 32 PabOTy € IJIEKTPOHHOMH
o0Opa3oBaTenbHOHN MIaT(HOPMOA.
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Puc.6. Pacnonooicenue ypoxog 8 31eKmpoHHOU 06pazoeamenvrou niamepopme
«Onekmponas uzposas wKonay»

[Mocne npoxXoXACHHUS ONPEIETHHIO KOJUTHYEeCTBA
YPOKOB, peOCHOK 3aCTpanBaeT CBOIO TEPPUTOPHIO U Ha
MecTe OONBIINX BOIIPOCOB MOSABISAETCA (GYyHIAMEHT, U
3aTeM W Leible 3JaHus. Takke B IPaBOM BEpXHEM
yIily pUCYHKa 6 MOXXHO YBUJETH JOINOJHUTEIbHBIC
Harpa/ibl, KOTOpble 0OYYArOLIHICS MMOIyYaeT BO BpeMs
MPOX0XKJCHUS YPOKOB.

OnexTpoHHas  oOpas3oBaTelbHas  IIIaTdopma
«DNEeKTpOHHAs! UTPOBasi LIKOJIa» pa3padaThIBaeTCs 110
BceM TpeboBaHusaM PI'OC Bceobuiero oOpasoBaHus.
OnHaKo BO3HHMKAET TPYIHOCTH TOJIBKO B OJHOM —
OOJIBIIMHCTBO y4HTeNed ONM3KH K TpaIulHOHHON
MoJIen 00pa3oBaTeNILHOTO IIPOIiecca, MO3TOMY JlaH-
HBIE MOJIEJIM 00y4YeHNsT BOCTIPUHUMAIOT ¢ TpyJoM. Bee
JIeJI0 B CTEpeOTHIIaX, M30aBUTHCS OT KOTOPBIX JI0-
BOJILHO TPYIHO, HO HAaIll COBPEMEHHBIN MHUP MEHSET C
KaXaIbIM OTHEM, U 6y;[y1uee HNMCHHO 3a 3JICKTPOHHBLIM
obpazoBaHueM.

Takum o6pa3om, IpoaHAIU3UPOBaHHAS HA OCHO-
BC€ HMMCHOIMUXCA HAYYHO-TICAArOrM4€CKUX TPYIAOB, U
MpEeICTaBICHHAsT yHUBEpPCaAIbHas CTPYKTypa IUCTaH-
IIAOHHBIX KYpCOB 06y‘IeHI/I$[ MaTeMaTuKe Ha MOIAYJib-

HOW OCHOBE OyIeT SBIATHCA 3(PPEKTHUBHBIM HHCTPY-
MEHTOM IIPU OBJIAICHUM MaTeMaTHYCCKUMH 3HAHUS-
MH, YMECHHSAMH U HaBBIKaAMH.
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THE ELECTRICAL PROPERTIES OF CLINOPTILOLITE

Jlankun Cepezeii Bukmoposuu

Hoxmop ¢uszurxo-mamemamuueckux nayk, npogheccop kagheopvt pusuxu,
brazosewenckuii 2ocyoapcmeennulil nedazoeuyeckuli yHugepcumen

JEKTPUUYECKHUE CBOMCTBA KJIMHONTHJIOJIUTA

Summary: Clinoptilolite is a natural zeolite. The relevance of the study is due to the following: this mi-
croporous material is an excellent adsorbent, has low electrical and thermal conductivity, is used in all spheres of
industry. Zeolites — dielectric matrix are currently being explored with the aim of creating nanocomposite mate-
rials. In this article, the electrical and dielectric properties of natural clinoptilolite of the Amur region are exper-
imentally studied. The temperature dependence of the permittivity, conductivity and tangent of the dielectric loss
angle is shown. Features dependencies related to the nature of the release of water molecules from the matrix of
zeolites. The decrease in the grain size of clinoptilolite on the studied properties is not reflected.
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AnHoTanusi: KIIMHONTHIONUT — MPUPOIHBINA MEOTUT. AKTYyalbHOCTh MCCIIETOBAaHUS OOYCIIOBICHA CIIEIy-
FOIIAM: 3TO MHUKPOMOPHCTBIA MaTepuall OTIMYHBIN aJIcOpPOCHT, 00JIaaeT HU3KOHW IJIEKTPO- U TETUIONPOBOIHO-
CTBIO, UCTIOJIB3YETCS BO BCEX chepax MPOMBINUICHHOCTH. L[e0MUThI — TU3IeKTpUYecKre MaTPUIHl B HACTOSIIEE
BpEMs HUCCIEAYIOTCA C LEIBI0 CO3JaHUA HaAHOKOMITIO3UIIMOHHBIX MaTE€pPHUAJIOB. B I[aHHOI\/'I CTaTb€ DKCIEPUMEH-
TaJbHO HU3YYAIOTCA JJIEKTPUUYECKUE U HUAIEKTPUUYECKUE CBONCTBA MPUPOAHOIO KIMHONTMIIONUTA AMYPCKOM
oOnactu. [Toxasana TeMIIEpaTypHas 3aBUCUMOCTb [[HBHGKT‘pH‘IeCKOﬁ MPpOHUIIAEMOCTH, IPOBOAUMOCTH U TAHT'CH-
ca yrjia IUBJICKTPUYCCKUX MOTEPh. Oco0EHHOCTH 3aBUCUMOCTEN CBA3aHbI C XapaKTEepoOM BbIXOJda MOJICKYJI BOABI
H3 MaTpulbl HCOJIUTOB. YMeHbleHue PpasMepa 3€pHa KIIMHONTHUIIONNUTA Ha U3Yy1acMbIC CBOICTBaA HE OTpaXKaCTCA.

Key words: zeolites, clinoptilolite, dielectric properties, mechanical treatment, ionic conductivity.

Knioueswvie cnosa: yeojaumsvl, KiuHonmujioaum, OueﬂekmputteCKue ceoﬁcmea, MexaHuveckas 06[)(160"’!1(‘61,

UOHHAA npoeodwwocmb.

eonuTel — KpUCTAUINYECKUE BOAHBIE aTIOMOCH-
JIMKAaThl, CTPYKTypa KOTOPBIX UMEET OAHOPOIHBIE IO-
PBI MOJIEKYIIPHBIX pa3MEpoB, BMEIIAIONINE CJIa00
CBS3aHHbBIE C KApKacOM pa3jMyHble KATHOHBI U MOJIE-
KyJIBI BOIBL. Boma MokeT OBITH yAajieHa TIpH HarpeBe
WIM BaKyyMHPOBAHHUH IE€OJUTA, YTO MaJO BIHUSET Ha
aJTIOMOCUIIMKATHBIN JKeCTKU Kapkac [2, 3, 9, 13, 15].
[Nepenprkenue ciado CBSI3aHHBIX KATHOHOB METAJIJIOB
YW MOJIEKYJ BOJbI B MOPAaX MPUBOJAUT K M3MEHEHUSIM
ANEKTPUYECKUX CBOMCTB IEOJUTA, KOTOPBIC TOJIHO-
CTBIO ONpPEAEIAI0TCS OHAMH METasuIoB [2, 11].

[Ipupoanble LEOINUTHI BEIXOAST Ha NIEPBOE MECTO
0 BOCTPEOOBAHHOCTH CPEIH TOJIE3HBIX HCKOTIAEMBIX.
70-e TOIOBI MPOILIOTO CTOJICTHS YEIIOBEYECTBO BCTY-
MIIJIO B «IICOJUTOBBIN» BEK B CBSI3U C OOJNBIION aKTy-
ANBHOCTHIO0 TIPOOJIEMBI BCEMHUPHOTO O37I0POBJICHUS U
oXpaHbl OKpyarwowei cpensl. IIpuponnelie mecTo-
POXIEHUS IIEOJUTOB HE OBUIM XOPOIIO HW3BECTHBI.
ITosToMy MHUpOBasi MPOMBIIUICHHOCTh Oa3upoBaiach
Ha WX CHHTETHMYECKHMX aHajorax. B mpomuiom crose-
THHU BBICOKAsi CTOMMOCTh, HEOOJIBIIINE 00BEMBI TIPOU3-
BOJICTBA LIEOJIUTOB OMNPEACISIM y3KHE O00JacTH HX
UCTIONB30BaHUs  (He(pTEXUMHUUYECKasi IPOMBIILICH-
HocTh). 1o memomy psimy cBodicTs [1, 5, 15] mpupon-
HBIC [EOJHUTH (KIMHONTHIONUT, MOPICHUT) HE YCTY-
MAIOT U MPEBOCXOJST CUHTETUUYECKHUE, IIPU CTOMMOCTH
B 20-100 pa3 menspiieil. MccnenoBaHusi mociegHUX
JIECSATWIETUH TIOKa3aliM, 4YTO TMPUPOJHBIC IEOTUTHI
obnamaroT xopoiei aacopOiuel, n30NPaTETbHOCTHIO,
MPOYHOCTRIO TpaHyl, (uIbTpalueii, perecHepaluei,
KaTaJIUTUYECKOM aKTHBHOCTHIO, HU3KOM 3JIEKTPOIpO-
BOJIHOCTBIO U TEIUIONPOBOIHOCTBIO, OONBIION yIelb-
HOM MOBEpPXHOCThIO W T.A. LleonuThl W 1EONHUTOIO-
JIOOHBIC PErYJSIPHBIC JUAJICKTPUICCKUEC MATPHIIBI IIIH-
poKo HCIOJIb3YIOTCS B XUMUH, TEXHUKE
(razoaHanuzaTop C W3MEHSIOILIEHCS 3JIEKTPONPOBOJI-
HOCTBIO), B COBPEMEHHOH (h)M3MKE HAHOCTPYKTYp LIS
CO3/IaHUSI HAHOKOMIIO3UIIMOHHBIX MaTepuaios [1-5].

Lenbto naHHOW PabOTHI SBISUIOCH UCCIICIOBAHHE
AIEKTPUIECKUX CBOUCTB (IUAJIEKTpUUECKas MPOHHUIIA-
€MOCTh, JIEKTPOIIPOBOIHOCTh, TAHT€HC yTiIa TUAJICK-
TPUYECKUX TIOTEPh) MPHUPOJTHOTO KIMHOITHIIOINTA
Banruackoro mectopoxaeHus AMypcKod obiacTu.
OTO WCCiegoBaHUE MPOAUKTOBAHO HEOOXOIMMOCTHIO
OOHapyXeHUsI KOPpeNSAIUH MEXAYy YKa3aHHBIMHU
CBOHCTBAMM U CTPYKTYPHBIMM HU3MEHEHUSIMU [pHU
HArPEBaHUU TOJIMKPUCTATUINIECKAX 00pa3IoB, a TakK-
JKe sl yriTyOJIeHUsT TEOPETUYCCKUX M MPAKTHYCCKIX
MPEJCTAaBICHUN (PU3MYECKUX TPOILIECCOB.

B kauecTBe HMCXOIHOTO MHUHEpaTa MPUMEHSIICS
NPUPOAHBINA KIMHONTWIOJNUT BaHIMHCKOro MecTo-
poxnenuss Amypckoit obmactu [9-13]. Ilerporpadu-
YECKUE MCCIICOBAHNS MTOKA3alH, YTO OCHOBHAS Macca
LIEOJIUTA TPEACTABICHA KIMHONTIIOIUTOM C IpUMeE-
cpio redmangura. CocTaB 3J€MEHTapHOH S4YeHKH
(Nao sK1,5Mg1,0Caz0Als0Sis7,0090,0)21H20. VYepen-
HEHHBIH XUMHWYECKHH COCTaB KJIMHONTWJIONUTA II0
ATOMHO-aJICOPOIIMOHHOMY aHaJIM3y MpUBENEH B pado-
tax [8, 11, 12]. IleonuToBy!0 MOPOAY H3MEIbUYAIU B
IapOBOIM MEIBHULIE A0 yJEIbHONU MOBEPXHOCTH 5 103
M%/KT. 3aTeM OTMBIBAIM OT TJIMHHCTBIX MHHEPAJIOB
THIPOCIO], BRICYIIUBaNK, MomuduuupoBamua 0,5 M
pactBopamu NaCl B teuenue cyrok. Ilopormok kim-
HomrTmutosmTa (Tpanyinsl kiacca 0,15-0,05 mm) mpoka-
JIMBAJIMCH B II€YM B TEUCHHE Yaca MPH TEMIIEpaType OT
100 mo 300 °C u momMemanuch B dKCUKATOP JJIs Jie-
TUIpaTayy. s u3MepeHuss MUKPOKPHCTAJUIBI KIIH-
HOIITHJIONHUTA TPECCOBAIUCH C MOMOIIBIO THAPABIHU-
yeckoro npecca npu gasiexnnu 20 Mlla B Bune Tabie-
ToK quamerpoM 10 MM u TomumHOM 2 MM. Vi3Mepenus
NMEKTPODYUNUECKUX XaPAKTEPUCTHK 00pasloB ¢ Tpa-
(UTOBBIMU 3JIEKTPOIAMH Ha MEPEeMEHHOM TOKE Ipo-
Boawiuchk ¢ omombio RLC — mmepurens E7-14 na
yactore 1 k[l ¢ HCHONB30BaHHMEM NapaiedbHON
CXeMbl 3aMelleHHsa. TemmneparypHble 3aBHCHMOCTH
HMOHHOHM TPOBOJUMOCTH M €MKOCTH HCCIIEOBAINCH B
JTUHAMHYECKOM PEXHME CO CKOPOCTBIO OT 2 /10 3 Trpa-
JIyCOB B MHHYTY. MeTOIMKa 3MEKTPUUYECKUX H3Mepe-
HUH npuBeneHa B padorax [11-13]. Obmas skcnepu-
MEHTaJIbHas MOTPeIHOCTh He npeBbimana 10 %.

I'panynomerpudeckuil aHanu3 nokasan, 4To IO-
POIIOK [IEOJINTa MMEN IHUPOKUH JHAma30H pachpese-
neHusa vactul no pasmepam ot 3,0 mo 100 mxm. C
YBEJIMYEHHUEM BPEMEHH MEXaHMYEeCKOH 0OpadOTKH B
MENBHUIE MPOUCXOIAT U3MEHEHHUS CPEIHETO pa3Mepa
YacTHIl NOpOIIKa neoinuTta. Ha pucynke 1 npueneHsl
C3OM — u300paskeHns1 MMOBEPXHOCTEH N3MENbUCHHBIX
rpaHyJl KIMHONTHIONUTA: & — TIOPOLIOK IOCe MeXa-
HUYECKOM 00paboTku B TedeHHWe 15 MHUHYT (CpemHuit
pasmep 3epHa 50 MkM); b — MOPOMIOK IieoHTa MOCIe
MexaHndecko o0pabotkm B TedeHue 30 MHUHYT
(cpennwmii pazmep 3epHa 30 MkM). B pe3ynbTaTe Mexa-
HUYECKOW 00pabOTKM aHaIu3 MOKa3al, YTO OOJBIITHH-
CTBO YaCTHUI] HOTEPSIH IEPBOHAYAIBLHYIO (hopMy H
peoOpa3oBanch B 4acTHIBl ¢ (HOPMOMH, OIM3KOI K
cepuyeckoil. Hekoropble TpaHyNbl «CIMILUIUCHY.
JanpHeiimas MexaHudeckas oOpabotka (uepe3 60
MHHYT) NpHUBEa K HEOOJIBIIOMY YBEJIMUYECHUIO pa3Me-
pa 3epHa, K POCTy yzeibHOM mosepxuoctu 20-10%
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M?/KT, K M3MEHEHHUIO (ha30BOTO COCTAaBa, MHKPOHCKA-

JKEHUSM KPUCTAJUTMIECKON pereTKu [6].

Puc. 1. COM — uzobpasicenus a — nopouwlok yeoruma nocie Mmexanuieckoi oopabomxu 15 munym,
b — nopowox yeonuma nocne mexanuuecxoii o6padomru 30 munym

TemmeparypHas 3aBUCHIMOCTh HOHHOM HPOBOJIH-
MOCTH THJIPAaTUPOBAHHOIO IOJUKPUCTAIIIMNYECKOTO
kuHONTHIONKTA (0, MKCM/M) TIpUBE/ICHA HAa PHUCYHKE
2 (xpuBas 2). M3MepeHus: ObUIM BBINOJIHEHB! B aTMO-
chepHbIx ycnoBusix. Kak BHAHO W3 pHUCYHKa TIpH
HarpeBaHUH JIEKTPONPOBOJAHOCT B Hayaje BO3pacTa-
eT, JocTurasg MakcuMmyma mnpu temmepatype 340 K,
3aTeM 3aMETHO YMEHbBIIAeTCS W TPH TeMIIeparype
oonee 400 K — BHOBb yBemmumBaeTca. Takoi xof
3JEKTPOMPOBOTHOCTH MOKHO OOBSICHUATH TEM, YTO JIJIS
THUIPATHPOBAHHOTO KJIWHONTIIIONUTa (MOpPICHUTA)
cnenu(UIHO «IBYX(Pa3HOE COCTOSHHE)» IICONUTHOMH
Boabl. OHA YacTh MOJIEKYJI BOJBI MOKET CBOOOHO
MepeMemaTbcs B ILEOJUTOBBIX TPEXMEPHBIX MOpax
(xaHamax), Ipyras ke — JKECTKO CBf3aHa C KapKacoMm

neosuta [7, 11, 13]. CBsizaHHBIE MOJIEKYJIBI BOABI MO-
TyT 3aKyHOpPUTh KaHaldbl U TEM CaMbIM TMEPEKPHITH
MyTh K MEPEMENICHUIO KaTHOHOB. B KiuHONTHIIONNUTE
naxke npu Temmeparype 380 K ocraercsa oxono 10 %
J)KECTKO CBSI3aHHOM C KapkacoM Bojwl. [lonHas neruna-
patanus Ans KIUHONTUIIONHUTA TMOSIBISETCS B MHTEP-
Baje temneparyp 650-720 K. ITosTomy MOXHO mpen-
MTOJIOKUTH, YTO 3aBHCUMOCTH HPOBOIAMMOCTH OT TE€M-
mepaTtypsl ~ OOyCIIOBIICHa  YCTpaHEHHEM  TaKOH
OJIOKMPOBKH.

3aBUCUMOCTb JEHCTBUTENBLHOM YacTH IUAJIEK-
TPUYECKOH MPOHHUIAeMOCTH (€) OT TeMIepaTyphl
MIPECCOBAHHOTO 00pa3ia KIMHONTWIONNATA Ha 9acTOTe
1 x['1;, mpuBeieHa Takke Ha pucyHke 2 (kpusas 1).
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Puc. 2. Temnepamypras 3asucumocms ousnekmpuyeckou nponuyaemocmu (1)
U YOenbHou npogooUMOCcmi (2) ROTUKPUCMATIUYECKO20 KIuHonmuroauma na vacmome 1 kly

O0e KpuBBIC MOKA3hIBAIOT AHAJOTHYHBIE Xapak-
TEepHBIE OCOOCHHOCTH. APpPEHUYCOBBIC TEMIIEPATyp-
HbIE 3aBUCHMOCTH KPHUBBIX TT03BOJIMJIM OLCHUTH dHEP-
ruto aktuBaiuu (E < 0,4 3B). [TonydyeHHble 3HaUYSHUS
SHEPTUU OJU3KH K JINTEPATYpHBIM naHHbM [7, 10, 13].

3aBI/ICI/IMOCTB TaHr€HCa yrja JUIJICKTPUYCCKUX
noteph (tgd) OT TeMreparypsl IS UCCIeAyEeMbIX 00-
Pa3IoB KIMHONTHJIONHWTA MPHU YacTOTE MEPEMEHHOTO
Toka 1 k[T mpeacTaBIeHoO Ha PUCYHKE 3.
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Puc. 3. Temnepamyphas 3a8ucumocnms maHeeHca yena OUdIeKmpU4eckux nomepsb
0/ NOAUKPUCATIUYECKUX 00PA3YO08:
1 — kaunonmunorum de3 npumecell;
2 — kniuHonmuaoIUm ¢ cooepicanuem numpama sucmyma (1 eec. %)

Ha sTom pucynke kpuBasi 1 oTpakaeT U3MEHEHHE
tgd B uaTepBane remmneparyp 50-300 °C myis ucxomHO-
ro (6ecmpumecHoro) obpasna. OyHKIHOHAIBHAS 3a-
BUCUMOCTb [TOUTH JIMHEWHAs, 3HaYeHUe tJ0 HaXoauTCs
B untepBaiie 0,1-0,15. Kpusas 2 orpaxkaer uaMeHnenue
TaHTEHCAa YTila AWAIIEKTPHYCCKHX MOTEPh C POCTOM
TEeMIepaTyphl IS MPUMECHBIX 00pa3IoB (KIMHOITH-
nomut + 1 Bec. % HuTpara BHUcMyTa). BBeneHune mo-
JIEKYJI COJIM BUCMYTa B TIOPHI MAaTPHUITBHI IIEOTUTA MOXK-
HO paccMaTpuBaTh KaKk HaHOYACTHIEL. DyHKIIOHAIB-
Hasi 3aBUCUMOCTb BTOpPOM KpUBOM HEJIMHEHHAs.
Bo6nu3u tremnepatyp 250 ° HabmomaeTCs pe3kuii pocT
tgd. Takyro 3aBHCUMOCTH MOXKHO Ka4e€CTBEHHO 00BSIC-
HHUTH BBIXOJIOM MOJIEKYJ BOABI M3 KapKaca LIEOIUTa U
pa3nokeHHEM COJIM BHUCMYTa, BHEAPEHHBIX B IIOPHI
MaTPHIIB! KIMHONTHIIONUTA.

B 3axiroueHnn MOXHO OTMETHTh. OCOOCHHOCTH
TEMIEPATYPHBIX 3aBHCUMOCTEH JIHUAJICKTPHUYCCKON
MPOHHUIIAEMOCTH, MOHHOH MPOBOJANMOCTH W TaHTEHCa
yriaa IUANIEKTPUYECKHX TIOTeph MOJHKPUCTAIUIAYC-
CKOTO KJIMHONTHIIOJNUTA CBS3aHBI C XapaKTepOM BBI-
X0JIa MOJIEKYJT BOJBI M3 KaHAJIOB MaTPHUIIBI IEOTUTOB.
YMeHbIIeHHE pa3Mepa 3€pHa U yBEJINYEeHHE yAeTbHON
MTOBEPXHOCTH OCOOCHHO Ha AJIEKTPHYECKHE CBOHCTBA
KIMHONTWIONNTA HE OTpakaloTcs. TaHTeHC yria Iu-
AIIEKTPUYECKUX MOTEPh IOKA3bIBACT, YTO KIMHOITH-
JIOJWT SBJIAETCS TIOXUM H30JIATOpOM. [ momy4yeHuns
KEepaMHUYECKHX M3IEIUH U3 TOr0 Kiacca MPUPOIHBIX
[IEOJIUTOB TPEOYIOTCS JOMOJHUTEIbHBIE XUMHYECKUE
u usnyeckue ucciae0BaHus.
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LONGITUDINAL SHIFT OF CONNECTING AND INCLUSION IN COMPOSITES,
DECOMPOSED BY TWO-PERIODIC RECTANGULAR CRACKS

Summary: The crack problem is an important problem in the theory of strength. The formulation of the
problem of crack formation significantly expands the original concept of A. Griffiths. As the intensity of the
external load increases in the fiber, a pre-failure zone arises, which is modeled by a region with weakened inter-
partial bonds in the material. The interaction of the coasts of this zone is modeled by introducing between the
coasts of the pre-breaking zone of bonds with a given deformation diagram. The physical nature of such bonds
and the size of the pre-fracture zones depend on the type of material. Since this zone is small compared to the
rest of the fiber section, it can be mentally removed by replacing it with a slit, the surfaces of which interact with
each other according to some law corresponding to the effect of the material removed.

The relevance of such research is due to the widespread use in engineering of structures and products made
of composite materials. Studies on the development of mathematical models of the theoretically described stress-
strain state of the reinforced composite near shear inclusion and cracks are practically absent.

Abstract: A doubly periodic lattice with circular apertures of a plane filled with washers without tension
from an isotropic elastic material whose surface is uniformly covered with a uniform film is considered. Each
fiber and medium (binder) is weakened by straight-line cracks. Each washer has a centrally located crack, the
length of which is less than the diameter of the washer. The presented stresses and their displacements are
expressed in terms of the analytical function.

The solution is based on the well-known proposition that the displacement in the case of anti-plane shear is
a harmonic function. The well-known representation of the solution in each area is applied through the
corresponding complex analytic function. Three analytic functions are represented by Laurent series. Satisfying
the boundary condition on the contours of the holes and the cracks, the problem reduces to two infinite algebraic
systems with respect to the desired coefficients and two singular integral equations with a Cauchy — type kernel.
Then the singular integral equation by the Multhopp —Qalandia method is reduced to a finite algebraic system of
equations. The procedure for calculating the stress intensity factors is given. For the numerical implementation
of the described method, we took the cases of the location of the holes at the vertices of the triangular and square
grids. The numerical implementation of the above method is given at IBM. The results of calculations of the
critical load depending on the crack length and elastic geometric parameters of the perforated medium are
presented.

Keywords: isotropically elastic material, doubly periodic lattice, rectilinear cracks, stress intensity factor,
average stress, critical load, circular hole, longitudinal shift:

Formulation of the problem. Let a doubly whose surface is uniformly covered with a uniform
periodic lattice with circular holes, has a radius cylindrical film.
A (4 = 1) and centers at points: The banks of the cracks are free from external
forces (fig. 1). In the lattice, the average stresses
Ppp =muy +nwy; mun=04+142,....% T, =17, Te =0 (shift at infinity) take place. By
w; = 2; w; =w, -he'™; h > 0; Imw, > 0 virtue of the symmetry of the boundary conditions and
the geometry of the domain S occupied by the
The circular holes of the lattice are filled with  coupling medium, the stresses are doubly periodic
washers (fibers) from an isotropic elastic material  functions with the main periods w; and w.
Representing the voltage and displacement through unknown analytic function (=), the boundary
conditions will be written [1] in the form:

oy (1,) + oy () | oy = @ele) + e (ry) | e
updlepy () — e ()] o, = medepeCr) — @ e 0] |
- _ (1)
e (T + o () |ﬂmn = ¢, (T} + o, () |ﬂmn’
wd[p () — . 0] o, = wdle. @ — 0. @] |4
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(m,n=104+142.., +oo);
pr(®) — @' =0 () — g, (0 = 0.
@)

Fig. 1. Lattice scheme of a weakened doubly periodic system of rectilinear cracks.

The functions entered must satisfy the boundary conditions at the fiber — coating borders w;, and the
coating—binder iy,. where the indices m.n = 0,+1.+2. ...+ determine the conditions on the contour
m,n —th fiber, whose coordinates are equal to F,, =muw,; +nw,. In the case of an ideal contact, the
displacements and voltages on the mating sites are equal to each other.

Since the problem of fracture mechanics about cracks in a fiber is reduced to solving a homogeneous
harmonic equation, the problem is reduced to finding three analytical functions @ (z. @, (z). @, (z) of a complex
variable in the region occupied by the composite section [1].

(1 +L:lt—th}h{T1_] + (1 —:—b]m = 2¢, (1, );

®)
He Hey ———
(1+2) e + (1 -2) @ = 20,
Mzt Hg -
Pl — @' =0: g} () — (0 = 0.
(4)
The coordinates of points on the outer surface of the coating are hereinafter referred to as
=2 + me; +nw;,mn=0+1,£2,..; and on the inside,
7 =0 —h)e® + mw, +nw, mn=
0,+1,+2, ......

u:. uy and w — elastic permanent coating material, fibers and binder, respectively, t— is the affix of points of
cracks on the abscissa axes, h™ — is the coating thickness, the value related to the coating, the fiber and the bind-
er, are subsequently marked with the subscripts t.b and s, respectively.

The solution of the boundary value problem is written in the form

p(2) = 0, 2) + . (2): @y (2) = gy, (@) + oy, (2
(%)

z:kﬂ.

_ . _ h+1,
mM—;miT?mﬂ_zmﬂ .

k===
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_ (6)
l:k”‘f"m{ﬂ
(2= + 1)

p1(z) = T + Z Czk+2
k=0

1
oy = Ef SO — 2Ddt + A;
L

(7
1 lg® dt

wlz == ;
Pan mJi_jt—z

where the integrals in (7) are taken along the line L = {[—I —al + [a, 1} y(z) and & (z} —Weierstrass
functions [2], 4 —is a constant, g (£} —is the function

g6 =2 S W OW- G 0)] mal,

To the relations (5)—(7), an additional condition should be added, which follows from the physical meaning
of the problem

[FgWat =0; [g®@de=0: [[g@dc=o. ®)

The condition of constancy of the principal vector of all forces acting on an arc connecting two congruent
points in S, taking into account (8) and the properties of the functions y (z) and & (z) at congruent points, leads to
the relation

Im[Aw, +i8b— a,3%5] = 0: G = 1.2);

1
b= = Lf g (.
The solution of the boundary problem. The unknown function g(t} and the constants as. by, ez must be
determined from the boundary conditions (3) - (4).
To compose equations for the coefficients @z, the function @} (z) will represent the boundary condition (3)
in the form
w1 (z) npencraum rpannunoe ycnopue (3) B Buje

(1 +2) o) + (1~ 2) gl = 20 +

iy (6): )
where
193(8) = — (1 +2) e (7] — (1 = £2) 25 (1) (10)
(1 +ﬁ) o (D) + (1 —ﬁ)m =2, (1) +
i, (8)], (11)
where

i, (8) = . (). (12)

With respect to the function ie=(8) and i, (8). we assume that it decomposes
[A| = A into a Fourier series. Due to symmetry, this series has the form:

=—z

i3 (8) = Ei- By e : ReBy = 0: i, (8) =
Ef::_x Cop e i8, ReCy = 0; (13)

Im
1 L
By = EJ‘ ip; (B)e~*HP 4.
T
In
1 L
Coie ZEJ‘ i (8)e™%de: (k =0, +1,+2,......).
o

Substituting the hostilities here (10) and (12) with regard to (7) and changing the order of integration, after
calculating the integrals using the residue theory, we find
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1
By = —E:{g(ﬂnp;k{ﬂdt:

(14)
) B i ) B m l:'k m lﬂl:
pplt) = _E: Lp:k':t;] = (1 _IJW-'- (1 + +IJ{2[{]—t“
1t JL:k 1
o-a®=—(1 _IBJW Ca = Lj Pz g dt
JL:R (15)
ox® = s ™0 k= 0.11.42...),

Substituting in the boundary conditions (3) instead of @y (), @, (z). ¢} (z) expansions into Laurent’s series,
and instead of w;(z), p.y (2} — the Fourier series is Itl =2 and comparing the coefficients with the same
powers of exp (i0), we obtain an infinite system of linear algebraic controls:

I-'l-'h 3-: B:k
bg, = (1 — _ - :
* +u.t]2{2k+1]: 200 — )t

b O — h)#2 B_zk-2
Pozk-z = (1 - IJ TRk +1D) 200 —h)ET

%0 z = Zh+1 By
T Bt Pl = A+ G+ ) aned ™ A+ o
k=1 ey

(16)
Em
B ?D[h:l’: +g%] = —ay;
Az

4

32K [E: ¥ F‘ﬂ”:h:] S
dg) - - . Cy B,
i [El + F;ﬂ‘hhl] = Aotz Ay p + Z Oppe AP+ —

+
232k+1
P=1 J'-:k 2h

om (o)) o= () (-3)

(2= = (4 12

P+ 2+l .,
Aok = p) 1 2k + 1)1 22

. 1 1 A—h"
Bp+kst =ZW: T =EP|:n|:|: f= L

mn

Here

; A[_\_[_\: 0; ., =4-h"

Requiring that functions (5) satisfy the boundary condition on the bank of the cut L, we obtain a singular
integral equation for g

iJﬂL gWElt —zldt — Im[A + /()] = Oma L; (17)

1 elt)
L L EEE  tmlr, GO = . (18)

The system (16) together with the singular equation (17) and (18) are the basic equations of the problem
allowing to determine g(x) and the coefficients a;.by. ttzy. Recall that system (16) contains the coefficients
Ca. By and depending on the desired function gix). The system (16) and the equation (17) and (18) turned out
to be related should be solved together.

Knowing the functions @, (z). @y (z). ¢.(z). one can find the stress—strain state of the plate. By changing
the ratio of the stiffness of the fiber to the stiffness of the bonding medium, you can get all the options, starting
from the free from the forces of the circular opening and ending with the absolutely rigid fibers.

Taking advantage of the expansion of the function & (z), taking into account

g(x) = —g(—x) and applying the change of variables, control (17) and (18) holds to the standard form
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1 J"l Plm)dt i +1 [, P(B vt - imla+ ¢, ()] =
U. (19)
1 plid .
ol 19} : T im @) =0, (20)
Here
1-— .1.1:_ = Zj+2 _
PG =g(®; By, v =— Z ge(3) Vs
(2 + 1 - 1] Uy
=4 (2 - .
A {Ly+ﬂ T3 (m]+ +(MJ}
1—3 i
U= ?hﬁHJJ+M Uy = -
x=1nglit=nl:ni =1 'r] =0 {1—1,7,....].
Imagine the solution (19) and (20) in the form:
PGy =L 1)

TI‘

the function F; (1) is replaced by the Lagrange interpolation polynomial constructed from Chebyshev nodes.

Using quadrature formulas
n—-1

1

JICLIETS S
211_' t‘_I_SI_ﬂE Cos mu,, * 51N mo;

-1

w=1 m=0

(22)

i

1 1

= [P(ﬂam,ﬂ :E—Z OB, ,); T, = 1y
_j_ _-=

1-2%1 Z
— _ — 0w .
C:k - 2 2[1 E F:'k {T'[.:]I
v=1

(23)

B:k = - v F:-k{T‘.-:]'

Here

foe () = £ (B2 265, (£7) = M (8 £ () = £ (82 £5 (520 =165, (6).

The furmules (22), (23) allow replacing the basic equations (19) and (20) with an infinite system of linear
algebraic equations for the approximate values gt} of the unknown function at the nodal points, as well as the
coefficients oy =y, + . In this case, by successively excluding the constants a; in relations (16) and
determining the real parts of the imaginary, we obtain two systems of equations for oz, and a3,

Ty B =S (A4 9G] = 0:20 by BY -

%Im ['P;.'tl (ij =0 (24)

Here

+ B{nm,’r._.:l]: T = Y

1[ 1 B + (—1)m-vig,
2n

Ay = s C
T sinfy, & 2

Bay =

1] 1 B, + (—1)™vg,
2n |sinf, - 2 '

To system (24) it is necessary to add an additional condition, which in the discrete form has the form

E,?:l_% =1, (25)

T ETY ")
\:':I:l—.ﬂ.; Hery+10 +A3

System (23) - (25) is connected (closed) by infinite systems (16), in which instead of C;; and E;. relation
(23) is substituted. The three systems noted completely determine the solution to the problem. After finding the
values of BY. the stress intensity factor Ky is determined on the basis of relations (15), (18), (19), (21):
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1 - 1
Kﬁ[ _ Tl": )'-1_:] Z{ 1:]1+|:| Pntg—

ﬁl

S e
K[[['\\Iﬂl 1-—- zﬂz -1 R Ctg?:

v=1
(26)
1 n
Kyt = x-'qHZ(—ljk”P}Etg -
k=1

'_1 Ek
K}E[ = ﬁ-'ﬂlHZ{—ljkP]E ctg =

k=1

Analysis of the decision. For numerlcal calculations, we took the case of the location of the hole at the

vertices of the triangular w; = 2w, = ?es i and square wy; = 2, w,; = 2i lattices. The calculations were
performed on the IBM computer using the MATLAB program. It was assumed that n=10 and n=20, which
corresponds to dividing the interval into 10 and 20 Chebyshev nodes, respectively. The resulting systems were
solved by the Gauss method with the choice of the main element.

It is believed that the law of deformation between partial bonds in the pre-failure zone is linear for
{(W* —W~) = 8" The nonlinear part of the bond deformation curve was approximated by a bilinear
dependence [9], the ascending part of which corresponded to the deformation with the maximum bond force.
When (W* — W =) = &%, the law of deformation was described by a nonlinear dependence determined by points
(8°,7") and (8..7t.) and with T, =" there was an increasing linear dependence ( linear hardening
corresponding to elastoplastic deformation of bonds).

To determine the limiting state at which the crack growth occurs, the deformation fracture criterion was
used [16].

Using the solution obtained, the conditions determining the limiting external load at which a crack forms at
the point = = x; are the following:

C{x,:,, q_z{xtl:l}q:c{xtl:] = 5:‘* (27)

where &, — is the characteristic of the material resistance to cracking.

Prefracture zones are in a binder; therefore, the dimensions of the holes are taken. The quantity 4 is related
to the radius A, of the isotropic inclusion X = A, + h".

Based on the results obtained in fig. 2, 3 and 4 graphs of the critical (maximum) load are plotted
T = fr;.‘a,.-'m_l,.fK[[[n for both crack tips from the crack length 1. =1 —a for some values of the hole radius
A=0.2; 0.3;0.4; 0.5: 0.6 (curves 1-5).

A

4
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5 i T —
\ \
1 \Q\ \\ [
\\ \\ S
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 >

Fig. 2. Dependences of the critical load T° = T;-‘*\-"m_,_l.-’K[[[ ¢ on the crack length I, = (I — A)/I for some values of
the hole radius & = 0,2; 0.3; 0.4: 0,5; 0.6 (curves 1-5)
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Fig. 3. Dependences of the critical load T° = 7 +/w /K . on the crack length I, = (I — A)/1 for some values of
the hole radius * = 0,2; 0,3; 0,4; 0,5; 0.6 (curves 1-5)
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Fig. 4. Dependences of the critical load T° = T;f*\-"m_j_l.HK[[[ . on the crack length I, = (I — 1J/1 for some values of
the hole radius & = 0.2; 0,3; 0,4; 0,5; 0.6 (curves 1-5)
Infig. 5, 6 and 7, a similar dependence is shown for a square lattice.
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Fig. 5. Dependences of the critical load T° = T;-‘*\-"m_,_l.-’K[[[ ¢ on the crack length I, = (I — A)/I for some values of
the hole radius & = 0,2; 0.3; 0.4: 0,5; 0.6 (curves 1-5)
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Fig. 6. Dependencies of the critical load T° = fr;.‘a-"m_l,.fK[[[ . on the crack length I, = (I — AJ/1 for some values
of the hole radius & = 0.2; 0,3; 0.4; 0.5; 0,6 (curves 1-5)
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Fig. 7. Dependences of the critical load T° = T;-‘*\-"m_,_l.-’K[[[ ¢ on the crack length I, = (I — A)/I for some values of
the hole radius & = 0.2; 0,3; 0.4 0.5: 0.6 (curves 1-5)

The case when the cracks are only in the inclusion is considered.
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Fig. 9. Dependencies of critical load T = 15 +/wy /Ky - on the crack length [. = (I — A)/I for some values of
the hole radius & = 0,2; 0,3; 0,4; 0,5; 0.6 (curves 1-5)

In fig. 8 for a square lattice, the results of calculations of the critical (maximum) load T = T;H.-'m_LfK[[[ c
(-1

| = ——

depending on the crack length are presented for some values of the hole radius

A=02; 0.3;0,4;0,5; 0,6 (curves 1-5). In fig.-9 a similar relationship is shown for a triangular lattice.

Calculations were carried out for fiberglass EDC — B with parameters :—b = 25,E2 = 5p,

Findings

The problem of longitudinal fracture cracks in
composites with a doubly periodic structure was
solved for the first time.

Analysis of the critical equilibrium state in a
composite with a doubly periodic structure, at which
cracks appear, reduces to a parametric study of the
combined algebraic system (16), (24) - (26) and the
crack appearance criterion (27) with different laws of
deformation of bonds, elastic constant materials and
geometric characteristics of the composite. Directly
from the solution of the obtained algebraic systems,
the tangential stresses in the connections and the
displacement of the banks of the pre-failure zones are
determined. The relations obtained allow us to
investigate the cracking in the composite composite
under longitudinal shear.
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