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It is noted that under 800 kg by loading the roller with the right location of the chopping knives, the

lowest value of mathematical expectations of the distribution of crushed stem M\X :p = 84,583 particles is

set at 18.6 km / h. This value is 14%, 30%, 40% and 20% less than the speed , respectively, 7.45 km/h, 10.08,
13.6, 22 km/h.

Exceedance of values of mathematical expectations of distributions of particles of stalks at a roller-
shredder with the left scheme of an arrangement of knives over the right, for loading of 800 kg, at all speeds

investigated is established. The lowest M [X o ]= 84,583 value of mathematical expectation for the right
layout of the knives was set at a speed of 18.6 km / h, and for the left - M[X;]= 101,841 at a speed of 13.6

km / h. The highest value M [X ;]z 150,929 of the mathematical expectation of the distribution of parts of
sunflower stalks at the left location of the knives is set at a speed of 10.08 km/h, and for the right
scheme M [X 37 ]: 118,916 - at a speed of 13.6 km/h. Exceeding the lowest value of mathematical expectation

over the highest within one scheme of placement of knives was - on the left 48%, on the right 41%.

In the roller with the left location of the cutting edge of the knives, with a load of 600 kg in the range of
51-100 mm, the percentage of crushed particles of sunflower stalks exceeded the corresponding values with a
load of 800 kg. At speeds of 10.08 km/h, 13.6, 18.6 and 22 km/h, this excess was 1.9 times, 1.44, 1.96 and 1.99
times, respectively.
shredding of sunflower stalks, plant remains, roller-shredder, indicators of grinding quality
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OHeHKa BJIMSITHUSI HCCUMMCTPHUYHBIX PC)KMUMOB Ha
IMOKa3aTC/IN HAACKHOCTH PACIIPCACIUTCIbHBIX CUCTCM

PacnipenenurenbHble CHCTEMBI AJIEKTPUUECKON SHEPruM 00JafatoT OOJIBIION JWHAMHUKOW Pa3BHTHSL.
bnaromapst 3TOMy ABIEHMIO B CHUCTEMax paclOpeleNeHHs JJIEKTPOIHEPTUU BEPOSITHOCTh  YCTAHOBKU
ACHMMETPHUYHBIX PEKMMOB MOHOTOHHO BO3pacTaeT. B pesynbTare 3TOro MEHSETCS HAAEKHOCTh pPabOTHI
CHJIOBOTO 3JIEKTPOOOOPYI0BAaHHS, YCTAHOBIEHHOTO B 3JIEKTPHYECKUX y3JIax.

AcHMMETpUYHBIE  PEXHMMBI B  pACHpElCIAUTENBbHBIX  CHCTEMaX  JIIEKTPHUYECKOM  BHEPrud,
COIIPOBOXKIAIOTCSI OYEHb YACTO C TOKAMU KOPOTKOTO 3aMBIKAaHHS, KOTOpPbIE SBISAIOTCA (QyHKIMEH psAna, Kak
OIIPEJICTICHHBIX, TAK U HEONPEIEICHHBIX ()aKTOPOB, KOTOPHIE HOCST BEPOATHOCTHBIN XapakTep.

W3 sTOro cnemyer, 4To UCCIEIO0BAHNE BIUAHUS aCHMMETPHYHBIX PEKUMOB, COIPOBOXKIAEMBIX TOKAMU
KOPOTKOI'O 3aMbIKaHHS, Ha HAJECKHOCTb PACHPENEIUTEIbHBIX CUCTEMAaX 3JIEKTPUYECKOM 3HEPIUM, SBISETCS
OJIHOY U3 BaXKHEUINUX 3a/1a4 UX Pa3BUTUL

Tokn KOpPOTKOTO 3aMbIKaHUsl BIHMSIOT Ha CTPYKTYPHYIO W (YHKIHOHAIBHYIO HaJIe)KHOCTb

YCTaHOBJICHHOTO 3JIEKTPOOOOPYI0BaHHS PACTIPEIEITUTEIBEHBIX CHCTEM.
HEeCHMMeETPHYHBIE PeKUMBI, nepexoaHble NPOLECChI, 3J1eKTPOdHePreTHYeCKue CHCTEMBblI,
(pyHKIHOHAIILHAS HAEKHOCTH 3J1eKTP000OPYI0BAHUS W BBIKJIOYATeJel, YypaBHeHHe HeNpepbIBHOCTH
JIEKTPHUYECKOIl TyTu, ypaBHeHHe COXPAHEHUS aKCHAJIbLHOM NMPOeKIUHM UMITY/IbCa, YPABHEHHe COXPAHEHHUS
JHEPIruU UMIYJIbCA
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IlocranoBka mpoGJiembl. HecummeTpuyHble  peXHMBl  BO3HHKAIONIME B
pacmpeeNUTENbHBIX CHCTEMaX COMPOBOXKAAIOTCS MEPEXOTHBIMU MPOIIECCAMHU, BO3HUKAIOIINE
B 2JICKTPOIHEPTETHUECKUX CUCTEMaX, HMMEIOT CYIIECTBEHHOE BIUSHUE HAa (DYHKIMOHAIBHYIO
HAJISKHOCTh ~ OONIBIIMHCTBA AJIEMEHTOB CHUCTEMbl UM OCOOEHHO Ha pacHpeeIUTeIbHbIC
YCTPOMCTBA U BBIKIIIOUATENEH.

AHaIU3 MOC/IeTHUX UCCJIeI0BaHUI U myOaukanuid. /1 aHanm3a HECUMMETPUYHbBIX
PSKMMOB U TEPEXOJHBIX TMPOIECCOB B PACHPENEIUTEIbHBIX CETSIX HCCIeI0BaHUS
MPOBOAMIIUCH Ha COOPHBIX IIMHAX HAMPSKEHUEM

Uy = 10xB tpanchopmaToproit noacrannuu Hanpsokernuem Uy - 110/35/10xB. (HoBbie
AHEHBI) MPHUHIMIHMATIBHAS OJHOJIMHENWHAs JJIEKTpUYecKash cXeMa, KOTOpOoWl IMpHuBeIeHa Ha
puc.1.

Bo3Hukaronme HeCUMMETPUYHBIE PEXKUMBI U MEPEXOJHbIE Mpolecchl B y3imax 29C
ABIAIOTCA  (PYHKIIMEH HECKOJbKUX COCTaBISIONIUX, TaKUX KaK OTKJIIOYaeMble TOKH,
MEPEXO/IHOE OCTaHABJIMBAIOIIECECS HaIpsHKEHHE, MapaMeTpbl BO3HUKAIOMIEH 3JEKTPUYECKOM
JIYyTU M CKOPOCTH MX U3MEHEHHUS BO BPEMEHHU.

[Tepeunciennble COCTABISAIONINE, IEPEXOTHBIX TIPOIIECCOB COMIACHO [1-3] MOTYT OBITH
OIMCAaHBI CIeAYIOMUMHU TudPepeHnanbHBIMU YpaBHEHUSIMU:

a) CKOpPOCTh M3MEHEHHUs TOKa B AJICKTPHUYECKOW JIyre BO BPEMEHH coryiacHo [1]
MOKET OBITh TIPEJICTABIIEHO COTJIaCHO ypaBHEHHUIO (1).

‘% =d(I,e7)/dr, (1)
rne dip /dt — cKopocTb N3MEHEHHS TOKA JIEKTPHUECKON AYTH;

Iy — aMITUTY THOE 3HAYEHUE OTKII0YAeMOr0O TOKA .

0) CKOPOCTh U3MEHEHUSI HAMIPSIKEHUS AJIEKTPUYECKOM Jyre BO BpEMEHHU COrjacHo [3]
MO3KET OBITh MPECTABICHO COTJIACHO YPaBHEHUIO (2).

iy _ 7, " dip
dt n—1dt’
rne dup /dt — CKOpOCTh M3MEHEHUS HANIPSDKEHUS AJIEKTPHUECKON AYTH.

2)

330kB 110kB

10kB

Pucynok 1 — IpuHuunuansaas cxema uccnenyemoit TI1-110/35/10 kB
Hemounuk: paspabomaro asmopom
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SHGKTpI/I‘IeCKaSI ayra COIpOBOXAACTCA BBIACIICHHUEM OIIPCACIICHHOIO0 KOJIUYCCTBA
TCIJIa, 3HAYCHUC KOTOPOr0 aHAJIUTUYCCKH MOXKECT OBITE omnpeaciicHa COrjlaCHO YpaBHCHHIO

).
-1
du, (du, Y |1

E Wit dt U, drt T UZZ E’

. 3)
Ln
rae dQ /dt — ckopocTh U3MEHEHHSI BBIICISIEMOTO TEIJIa B DJICKTPHUUECKOM JIyTe.

[IpuBenennsie nuddepeHIuaTbHbIe YPAaBHEHHUS ONMCHIBAIOIIAE COOTBETCTBEIOIINE
(duznyecKue MpOLECCH SABIAIOTCS HEITMHEHHBIMU, aHAIUTUYECKUE PELICHHS], KOTOPBIX BECbMa
3aTpyIHUTENBHBL. J{ns pemieHus ypaBHeHuWE THma (1-3) MOXXeT ObITh MCIOJIB30BAaH METOT
l'onynoBa, kotopblil cornmacHo [4] MO3BOJISET MEPEXOAUTH OT HEJIMHEHWHBIX (QYHKIUU U
COOTBETCTBYIOIUX Au(PepeHINaTbHBIX YpPaBHEHHUAX, KOTOPHIE OMHUCHIBAIOT IIEPEXOIHBIC
IPOIECCHl, K AKBUBAJICHTHBIM JIMHEHHBIM (YHKIUSAM H TOJYYUTh KOHKPETHBIC 3HAYCHUS
[apaMeTpPOB, XapaKTEPHU3YIOIIHUX IEPEXOAHBIE IPOLECChl M JAJIEKTPUYECKHE JyTH B
pacnpenenuTeNbHbIX YCTPONCTBAX U BBIKJIFOYATEISX.

Ilepexon Takoro THma oOJerdaer MpPOBEIEHHUS PACUYETOB IEPEXOTHBIX IPOLIECCOB,
BO3HUKAIOIIKX B PAaCIpPEIEIUTEIbHBIX CETSIX.

[lonmyuyeHHble pe3yJbTaThl PACYETOB TAaKUM OOpa3oM MEPEXOJHBIX MPOIECCOB U
ONMCAHUE BJIEKTPUUECKON yTH B BBICOKOBOJBTHBIX BBIKIIOYATENSAX Pa3IMYHOIO THUIIA, NPU
UCIIOJB30BaHUU MeTo/la [ '0lyHOBa, MOKa3bIBAET MX BBICOKYK) CTENEHb TOYHOCTH U
COOTBETCTBUE OINBITY OHKCIUTyaTallMk. IJTO CHOCOOCTBYET YIPOIICHUIO MaTeMaTHYeCKOU
MOJIETIM U COOTBETCTBYIOLLETO OMMCAHUS 3JIEKTPUUECKON Qyru mo cpaBHeHuto c [1-3]. Bcece
9TO JaeT OCHOBAaHWE CYMTATh, YTO HCIIOJNb30BaHMEe MeTona l'omyHoBa [5-8], obOmeruaer
MPOBEJICHUS COOTBETCTBYIOIUX PAcUeTOB U CHOCOOCTBYET MOBBHIIICHUIO TOUHOCTH pacuera
napaMeTpoB TMEPEXOJHBIX MPOLECCOB B O3JIEKTPOIHEPreTHUECKUX CHCTeMax u Oolee
JIeTallbHOE W TOYHOE oOmpefeneHrne (QYHKIHMOHAIBHON HAJEKHOCTH YCTaHOBJICHHOTO
3MEKTPOOOOpYyAOBaHUS (B YACTHOCTH BBICOKOBOJIbTHBIX BBIKJIIOYATECH pa3HOro TUIA) MpU
pacuere epexoHBIX MPOIIECCOB B ANEKTPOIHEpreTuueckux cucremax. [Ipouecc namMenenus
COCTAaBHBIX YacTell SKBUBAJICHTHOTO 3HAUEHHUS BOCCTAHABJIMBAIOIIETOCS MEPEXOIHOTO
HaANpPsDKEHUS. B TOUKEe BOZHUKHOBEHUS TIEPEXOTHOTO Mpoliecca MpuBeieHa Ha puc.2.

Pucynok 2 — CocTaBHbIE YaCcTH BOCCTaHABIMBAIOIIETOCS [IEPEXOTHOT0 HAPSHKEHUS
B TOYKE BOSHUKHOBCHUS IIEPEXOTHOTO MPOIIecca U UX U3MEHEHUE BO BPEMEHHI
HUcemounux: [3]
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1. BoccTaHaBNUBAIOLIUICS TMEPEXOJHOE HANPSHKEHHE B TOYKE BO3IHUKHOBEHHS
MEPEXOJIHOTO MPOIIecca CO CTOPOHBI ANEKTPUIECKON CETH;

2. BoccranaBnuBammuics TEPEXOJHOE HAMpPsHDKEHHE B TOYKE BO3HUKHOBEHUS
MEPEXO0JIHOTO MPOIlecca CO CTOPOHBI UCTOYHUKA TUTAHMUS,

3. CymmapHOe BOCCTaHABJIMBAIOIIMICS TMEPEXOJHOE HAMpPsDKEHHE B TOYKE
BO3HUKHOBEHUS IEPEXOTHOTO MpoIIecca.

[lepexonHble mpolecchl, KOTOpPbIE BO3HHKAIOT B peE3yJbTaTe HECHUMMETPHUYHBIX
PEKUMOB, MOTYT HMeTb pas3inyHble (OPMBI U MPOAOKUTENbHOCTH [9-12]. Onu
COIMPOBOXKAAIOTCS DJIEKTPUUECKUMH TyraMu, KOTOpble BO3HUKAIOT IMPH Pa3IUYHBIX BHJIOB
KOPOTKMX 3aMBIKaHUAX. 3aJa4eil HACTOSUIMX HCCIECAOBAaHUWA  ABJISETCS  CO3/aHUE
MaTeMaTHYECKUX MOJIEeNeN i1 MTHOBEHHBIX 3HaYEHHI MapaMeTpoB 2JIEKTPUUECKON AyTH.

HN3noxxeHne ocHoBHOro marepmuasna. OCHOBOM sl pa3paOOTKHM MaTeMaTHYECKOU
MOJIETIM JUIsi MTHOBEHHBIX 3HAUEHHUH MapaMeTpoB JJIEKTPUUECKOW JYyrM B JIaHHOM Cy4yae
ABIIIOTCS ypaBHEHUS HEMPEPBHIBHOCTH, COXPAaHEHUS UMITyJIbCa U SHEPTUH U 3aK0oH OMa.

Bollie mepeuncieHHble ypaBHEHHMsT MOTYT OBbIThb MPEICTaBICHBI CIEAYIOIIUM
AQHATUTUYECKUMU BBIPAKCHUSIMHU:

a) YpaBHCHHE HETIPEPBIBHOCTH DJIEKTPUUIECKON AyTH umeeT hopmy(4):

0 p/ 0t +(pv,) O v,/ Oz+(rpvy) O vy/rOr=0; 4)

0) ypaBHEHHE COXpAaHEHHUS aKCHAITBHOM MPOESKIIUU UMITYJIbca uMeeT dhopmy (5):

pOv,/0t+pv,0v,/0z+pv;0v,/Or=-0p/0z+0[(m+n)ro v,/ Or)/rOr.(5)

C yd4eToM BBIIETIPUBEACHHBIX YCIOBHH, YPABHEHHE COXPAHEHUS YHEPTUU UMITYJIbCa
umeeT Gopmy (6):

pOhy/0t+pv,0hy/0z+ pv,0 hy/0r=cE*~U+0 [(ktkp)rd T/0r)/rOr. (6)

Ecmu coGmromarorcst ycioBusi, onmuchiBaeMmble ypaBHeHUsiMH (4-6) , To 3akoH Oma
MOKET ObITh TIpesicTaBiieH B Buje (7):

rl rl
I=E .[27zardr =2 7E .[ardr, (7)
0 0

/i€ p — IVIOTHOCTh CPEJIBL;

V, — oceBad;

V., — paguanbHas KOMIIOHEHTBI CKOPOCTH CPEJIbI;

1 — BSI3KOCTH CPEJIBI;

Nt — TypOyJEeHTHasI BA3KOCTh;

E — Hanps>keHHOCTB;

G — DJIEKTPONPOBOIHOCTb;

U — 3¢ pexTrBHbIN KOAPOUIMEHT U3ITyUeHHS;

hy — monHas SHTANBINUS,

k — MonekynspHast TEIIONPOBOAHOCTb;

kr— TypOyneHTHas TeTIONPOBOIHOCTS;

I — paJyc IyTu.

Ecmu ypaBHenus (4-6) WHTErpupoBaTh MO pPAgUYCy » C YYETOM COOJIOACHUS
COOTBETCTBYIOIIUX MPECIIOB @ <7 < b TO OHU mony4ar Gpopmy ypaBHeHus (8).

a) ypaBHEHHE HENPEPLIBHOCTH COCTOSIHUS

b b
0 I 2npv,rdr/Ot+ O I 2mpv,rdr / O z +q (b) —q(a)- A(b) +A(a) = 0; (8)
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0) ypaBHEHHE COXPAaHEHHUS aKCUATBHOW MPOEKIIMKA UMITYJIbca TpuMeT dhopmy (9)

0 .[ 2nphyrdr/Ot+ O J. 2npv*rdr/ O z -@(b) + O(a) +q(b)v,(b) —q(a)vA(a) =
= 0pn*(b*—a’) /0 z-2n[bS (b) —a S(a)]. 9)

[Tpu >THX yCIOBUSAX ypaBHEHHE COXPAHEHUS SHEPTUHU MMITyJIbca OyIeT uMeeTs hopmy
ypaBHenus (10).

b b
0 j 2npv,rdr /0t + O j 2npv; hordr/ O z -¥(b) + ¥ (a) +q(b)ho(b) —q(a)ho(a) =

= [ 2mr [oF2 - Uldr 22 W(a) - W(b) 1 (10)

B npuBeieHHBIX yPAaBHEHUSAX UCIIONB3YIOTCS CIEAYIONINE 0003HAUYCHUS:

q(a), q(b) — mOTOKM Macchl B paJMalbHOM HANpPABICHWU Yepe3 IpaHUIly pasferna
cpensl a u b;

A, @, ¥ — pyHkuu nepemMeH BpeMeHu, d, p,v,, hy Ha 3TUX ke TpaHHIax;

S(a), S(b) — GpyHKIIMK XapaKTEpU3YIOIIUE PaTUATBHBIA MMOTOK MUMITYJIbCa W IHEPTUHU
yepe3 TpaHUIly pasfgena cpensl ¢ = D, koropoe ompenensercs aHAIMTHYCCKUMHU
cootHomeHusimMu (11-14):

S(@=[(n ) Ov,/0r] r=a; (11)

S(b) =[(M *Ny) OV/Or]r=1; (12)
W(a) =[ (k +k;) 0T/ Or]=a; (13)
W(b) =[ (k+k;) OT / Or];=p. (14)

[IpuBenennsle nHTErpasibHbIe ypaBHEHHS (8-10) MOTYT XapaKkTepu30BaTh MEPEX0IHON
MPOLECC, COMPOBOXKIAAEMBIA  AJIEKTPUYECKOM Jyrod, BO3HUKAIOIIEH HA KOHTAKTax
3IIEKTPOOOOPYIOBAHUS B 3aBUCUMOCTH OT CKOPOCTH IMPOTEKaHMs MEPEXOJHOro mpolecca U
MECTE €r0 HaX0XKJICHHUsI OTHOCUTEIBHO PaCCMaTPUBAEMOTO AJIEKTPOOOOPYIOBAHUSI.

IIpuBeneHHBIE HENMHEWHBIE YPABHEHUsS, UCHOJB3Ys MeTox [oayHOBa, MOXHO
JMHEApU3UpOBaTh M B TaKOM CIy4yae IEPEXOJHOM INpOLECC M IPOLECC TIalleHus
JIEKTPUUYECKOW JYTM Ha KOHTAKTax 3JIEKTPOOOOPYAOBAaHMS MOXHO paccMaTpuBaTh IpH
IIOMOUIY JIMHEWHBIX SKBUBAJICHTHBIX YPaBHEHMI, B PE3YyJIbTATE YETO IOJyYEHHBIE PELICHUS
JIOCTATOYHO 0OOCHOBAHHO OIMCBIBAIOT COOTBETCTBYIOLIHUE SBICHMUS.

BeiBoasl. lcnonszoBanue meton I'ogyHoBa A1 aHaNM3a HECUMMETPUYHBIX PEKUMOB
U TIEPEXOAHBIX IPOLECCOB, CONPOBOXKAAEMBIX BO3HUKHOBEHHEM DJIEKTPUUECKON Iyrd Ha
KOHTaKTax 3JIEKTPOOOOPY/IOBAHUS TO3BOJIAET HEJIMHEHHBbIE KPUBBIE M COOTBETCTBYIOIIME
muddepeHMaIbHble  YpaBHEHUS, KOTOpble MOTYT H300pakaTh JaHHbIE MPOLECCHI
JMHEApU30BaTh IO OIpPEICIICHHBIM YydYacTKaM M MepexoAuTh 0T AuddepeHunanbHo-
UHTETPAJIBHBIX YPAaBHEHMM, KOTOpBIE ONMCBHIBAIOT JAHHBIM IPOLIECC K DSKBUBAJICHTHBIM
JVHENHHBIM alre0pandeckuM YpaBHEHUSIM.

W3 aHanu3a QMHAMMKY BO3HUKHOBEHHUS HECUMMETPUYHBIX PEXHMMOB CIEAYET, YTO
HauOoJbIllee BIUSAHUA HAa (PYHKUMOHAIBHYI HAJEKHOCTb 3JIEKTPOOOOPYIOBAaHUS HMEET
JMHAMHMKa U3MEHEHUS! YPOBHEW TOKOB KOPOTKOT'O 3aMBIKaHMsI B 2JICKTPUUECKUX CETAX.

JlnHaMKKa N3MEHEHUS yPOBHEH TOKOB KOPOTKOT'O 3aMBIKaHUS B JJIEKTPUYECKUX CETAX
3aBUCHUT OTpsa (HaKTOPOB:
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- CKOPOCTH H3MCHCHHUSA IMIOBTOPHO BOCCTAHABJIMBAIOIICIOCA HAIIPAXKCHHUA B TOYKE

KOPOTKOI'O 3aMbIKaHUA CO CTOPOHBI UCTOYHHUKA ITUTAHUA;

- CKOPOCTH H3MCHCHHS IMIOBTOPHO BOCCTAHABJIMBAIOIICTOCA HAIIPAXKCHHA B TOYKE

KOPOTKOI'O 3aMbIKaHUs CO CTOPOHBI HAI'PY3KH,

-BCJIMYUMHBI 1 CKOPOCTHU HM3MCHCHHA MOIIHOCTH B TOYKEC KOPOTKOI'O 3aMbIKaHUA CO

CTOPOHBI HCTOYHHUKA ITUTAHUA,

- BCJIIMYUHBI U CKOPOCTH HU3MCHCHHSA MOIIHOCTH B TOYKE KOPOTKOI'0 3aMbIKaAHUA CO

CTOPOHBI Harpy3KH;

- BHAYCHHUEC DKBUBAJICHTHOT'O COITPOTUBIICHHA B TOUKE KOPOTKOI'O 3aMbIKaHU .
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Assessing the Influence of Asymmetric Modes on the Reliability Indicators of

Distribution Systems

The power electric distribution systems (PEDS) possess a great dynamics of development. Thanks to
this phenomenon in the power electric distribution systems (PEDS) the probability of apparatus of asymmetrical
regimes increase monotonously. As a result of this reliability of the functioning of the power electric equipment
installed in the electric knots changes. The asymmetrical regimes in the power electric distribution systems
(PEDS) accompanied by the short circuit current are a function of a row determinate is a vague factor of
probabilistic nature.

Coming from it follows that the investigation of the influence of the asymmetrical regimes
accompanied by the current of the short circuit on the reliability of the Power Electric Distribution Systems
(PEDS) is one of the most important problems of the development the Power Electric Distribution Systems.

The short circuit currents influence the structural and functional reliability of distribution networks and
at the reliability of electrical equipment installation. The dynamics of changes in the levels of short circuit
currents in electrical networks depends on the rate of change of the re-recovering voltage at the short circuit
point on the power supply side and on the load side, as well as on the magnitude and rate of power change at the
short circuit point on the power source side and on the load side.
current of the short circuit, Asymmetrical regimen, Power electric distribution systems, Reliability of
electrotehnical equipment
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