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PAIR COMPARISON METHOD FOR EVALUATING THE PONDERABILITY OF AUDITING
CERTIFICATES
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METO/I MAPHBIX CPABHEHUM ITPH OIIEHKH BECOMOCTH AYJIUTPCKHAX
CBUJAETEJBCTB

Summary. The article proves the relevance of the distribution of managerial resources between information
security audit processes and gives a description of the expert method of pairwise comparisons, the analysis of its
advantages and disadvantages. In the article the necessity of using the method of pairwise comparisons in assessing
the ponderability of audit evidence is proved and the direction for further research is determined, which consists
in taking into account the order of preferences of audit evidence not only in terms of their importance, but also in
cost and time costs.

AHHOTa].[l/Iﬂ. B crarbe 000CHOBEBIBaeTCS AKTYAJIbHOCTb pacHpeACJICHUA YIIPABJICHUYCCKOI'0 peCypca MCKAY
nporeccamu ayaura wH(popMarmonHoi Oe3omacHoctd (AUB). IlpuBomuTcs OmMcaHWe 3KCIIEPTHOTO METOHa
MapHbIX CpaBHeHHﬁ, aHaJIn3 €ro NnpeuMyunieCTB U HCEIAOCTATKOB. Z[0K33aHa H606XOI[I/IMOCTL HUCIIOJIb30BaHUA
METOAa IMapHbIX CpaBHeHI/Iﬁ IpU OLCHKE BECOMOCTHU ay IMTOPCKUX CBUACTCIILCTB. Onpeueneﬂo HallpaBJICHUEC JId
H&HLHGIZHICFO HCCIICIOBAaHUA, 3aKTIOYAIOMICCC B YUCTC MOPAIKaA npennhoeHHﬁ CBUICTCIILCTB ayIUTa HE TOJIBKO
10 UX 3HAYUMOCTH, HO U I10 CC6ECTOI/IMOCTI/I 1 BpECMCHHBIM 3aTpaTaM.

Key words: Information security, information security audit, the method of pairwise comparisons, audit
evidence.

Kniouesvie cnosa: Hnpopmayuonnas 6eszonacnocms, ayoum uH@OpMayuoHHOU 6E30nACHOCMU, Memoo
NAPHBIX CPABHEHULL, C8UOemenbCmed ayoumd.

Jluny, npuHUMaroEeMy peleHre B TOW WK UHOU
o0J1acTh IS TENbHOCTH, HE00X0ANMa yIpaBIeHYecKast
nHdopmanusa, KoTopas JOCTOBEPHO OTOOpaxaeT
COCTOSIHHE OOBEKTa YIpaBICHHUS M OKpYKaloIieH
cpensl. OgHAK0, HA MOMEHT IIPUHSTHS PEIICHHS, JIUIIO,
MPUHUMAIONIEe PEIICHUs,, HaXOMUTCA B COCTOSHUHU
MHPOPMALMOHHOW HEOIPEEeIEHHOCTH, TaKk Kak OH
TakoW WHOpManMeil He pacmoysaraeT HW MOXKET
CTPOWTH CBOIO CTPATErWI0 TOJBKO Ha J[OTajJKax M
WHTYUIMH, 4YTO TIPUBOAWT K HEOOOCHOBAaHHOMY
pEeLIeHUIO U, Jalle, HeappekTuBHOMY. J[y1st TOro 4To0n!
000CHOBaTh CBOE pELIEHHE JAaHHOE JIMILO BBIHYXKJICHO
NPUHAMATh Mepbl 10 JOOBIBAaHMIO HEJOCTalomIei

nHopManuy, Ha YTO PacXoAyeTcCsl yNpaBIeHYECKHIH

pecypc.
[lpoGmema — B KAakKOM  COOTHOIICHHUH
pacIpesenuTh  YNpPaBJICHYECKHH  pecypc  MEexXIy

mporieccaMu 100bIBaHMS TpeOyeMoil nHpOpManuu U
peanuzanueil mpuHATOro pemeHus. Ha  naHHbIH
MOMEHT 3Ta MpoOJieMa He pelieHa M KIET CBOEro
HCCIIeI0BATEIISL. Takum obpazom, JIMLIO,
[IPUHUMAIOIIEe PEIISHHUs], B CUIIy UHTYUIMU U OIIbITA,
OCO3HaeT MPOOJeMy M TOTOBO BBIJEIHTh PECYpC JJIs
Jno0bIBaHMsT  HejpocTaromed — mHpopmanmm s
NpUHTUS pemeHnst 00 3(deKTHBHOM NpUMEHEHHH

pecypca.
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Oco0y10 akTyaJabHOCTH 3Ta 33aj1a4a pHoOpeTaeT B
BBICOKOTEXHOJIOTHYHBIX 00JIaCTsIX, KOTAa MOJArOTOBKY
ayJIMTOPCKHUX TPYIII BO3MOXKHO IPOBECTH TOJBKO Ha
MoJienu COOTBETCTBYIOLIEH nH}popManoHHOMH
CUCTEMBI.

Takum oOpazoMm, A TPUHATHA pEIIeHUS II0
NPUMEHEHHI0 CHJI ¥ CpPeAcTB HH(GOPMAIMOHHOM
0e30MacHOCTH  OpraHaM  YIpPaBICHUS  3allUTOM
nHpoOpManuu TpeOyIOTCS IOCTOBEPHBIC H ITOJHBIE
CBEJICHUSI O CJIOXKHMBIICHCS 0OCTAHOBKE W O MPOTHO3€
e€ pasButms. Jlns 1OOBIBaHUS TAaKUX CBEICHUH
OpTaHHU3yeTCs ayJuT nH(pOpMaLMOHHOH
6e30macHOCTH, PEKOMEHJAallMU II0 €ro OpraHu3aluu
conepxarcs B [1]. B cootBeTcTBUM ¢ [1] BaKHBIM U

CaMOCTOSATENIbHBIM ~ JTAallOM ~ OpraHU3allid  ayJuTa
MHPOPMAMOHHON Oe3omacHOCTH SIBIISICTCS
pa3paboTka, COIIPOBOKACHUE (ynpaBnenue)

nporpaMMsl ayauTta [1, cr. 3.4] 1 KaneHIapHOTo IIaHa
[1, m. 6.3.2] nmpuMeHEeHHsT CHWJI U CpPEICTBA ayAuTa
nH(pOopManMOHHOH 6e3omacHOCTH. Lensro
WCCIIEIOBaHMS SIBIISACTCS ONMCAHNUE OLICHKH BECOMOCTH
ayIUTOPCKUX CBUAETENBCTB HA OCHOBE MapHBIX
CpaBHEHHI.

MeTton mapHOTO CpaBHEHHs 00JiafjaeT Ba)KHBIMU
npeuMyiecTBaMu. Bo-nepBbiX, BbIOpaTh Hauboiee
MPENOYTUTEIBHBIN BapUaHT U3 IBYX HAMHOT'O MIPOIIE,
YeM M3 HECKOJBKHX. BO-BTOPBIX, METOX MapHOTO
CpaBHEHUSI [TO3BOJISICT BHUMATEIBHO COCPEAOTOUUTHCS
Ha CXOJCTBaxX M pPa3JIMUMsIX TOJBKO MEXIY IBYMS
Bapuantamu [2, 3]. K HemoctaTkaM MOXHO OTHECTH

BBIIIOJIHCHHEC 0OJIBILIOTO KOJIM4YECCTBa HapHbIX
CpaBHeHHﬁ, HO OpHU OLCHKE BECOMOCTU ayJUTOPCKUX
CBUICTCIILCTB YHUCJIO CpaBHeHI/Iﬁ OTHOCHUTCIIBHO

HeBenuKo. [Ipu MCMONb30BaHMM JTAHHOTO METOJa HET
BO3MOXKHOCTH IIPOBEPHUTH JOCTOBEPHOCTH JaHHBIX,
MOKHO TOJIAraThCsl TOJBKO Ha MHEHHE JKCIICPTOB.
JlaHHBIE ~ HEZOCTAaTOK  pelIaeTcss IMPUBJIEUYCHUEM
0O0JIBLIIET0 YHCIIA IKCIIEPTOB. MeTo | MapHbIX ITOIXOIUT
UL PAHXKHPOBAHHS ayJUTOPCKUX CBHIETEIHCTB B
3aBHCHMOCTH OT UX HH()OPMATHBHOCTH.

Cuenapuii TapHBIX CpPaBHCHHH TMpemoaract
CpaBHEeHHE 3KcrepTaMu N o0bekToB (cBoiicTBa OA,
yIPO3bI, YA3BUMOCTH, KOMIIBIOTEPHBIC aTaKH, YPOBCHb
KoMIleTeHIuu ayautopoB, OA u np.). Ilo cuenapuro
Ka)XJIOMY H3 9KCTIEPTOB, HOMep Kotoporo i, i=1,2, ...,
M, TPexbsIBISIOT TMapaMd OOBEKTHI, OOIIee YHCIIO
kotopeix N(n - 1)/2. DkcmepT HOMKEH W3 IBYX
00BEKTOB ¢ HOMepamH | 1 K BBIOpaTh 6oJiee 3HAUNMBII
(MpeANOYTHTENBHBI) C MO3UIMH ONIPEICICHHON TOUKH
3peHHs, KOTOpOH OH mpuaepxuBaercsa, (Ooiee
WHPOPMATUBHBINA, OoJle IOporoii, Oojee ysA3BUMBIH,
Oojilee MOATrOTOBJIEHHLIN, Oo0jee oOmacHblA, Oolee
NoJIe3HbIH, Oonee 3¢ QekTuBHbIA 1 ap.). CpaBHEeHHE
ocymiecTisiercst it Beex j < k, kK =1, ..., n. B
pe3yibTare B3aUMHOTO CpaBHEHHS N OOBEKTOB
KaXJbIH JKCIEPT 3aI0JHACT AUArOHAJIbHYIO MATPUILY

i
A ik

. i
NapHbIX CPaBHEHUI A =

1, eciu j — 1 0OBEKT MPEAOYUTACTCS K-MY;

A ik

— CCJIN 3KCTIEPT HE MOXKET YCTAHOBUTH NPCAITIOYTCHUC.

OB IMPOTUBHOM CJIY4ac,

@

j=kj=1,2,...,nk=1,2,...,n,8=0, s i —ro skcnepra, i = 1,2, ..., m

Matpua A" MoOxeT ObITh HE MOJHOCTBHIO
3aMOJIHEHHOW OJKCIIEPTOM, HAMpUMEp, €CIM OH He
MOKET TPHHATH PEIICHHE [0  yCTAHOBJICHHIO
OPEANOYTEeHUs], BBHIOpaTh M3 Mapbl CPaBHUBAEMBIX
00BEKTOB MMPEIIOYTUTEIbHBIN. B 3TOM Ccitydae skcrepT
CTaBUT MPOYEPK B COOTBETCTBYIOLICH SUEHKe MATPHUIIBI
Ali=1,2,...,m.

JUtst OueHKH CTaOMIBHOCTH MAPHBIX OLECHOK
9KCIEpTa CHaYana MPOBOMATCS OLEHKH OOBEKTOB C
uHgekcaMu K u j, 3ateM j u K MeHSAIOT MecTamu,
TPOBEPSIFOT COBIMA/ICHUE 3ePKATIBHO PACIOTIOKECHHBIX
AIIEMEHTOB JAUATOHATBHOI MATPHIBI, €CITH 3ePKaTbHBIC

QJIEMEHTHI  COBMAJAIOT, TO OIEHKAa CYUTAETCS
crabuibHOM. Ecnm UMEHTCS HECOBMAJCHHS, TO
OLICHMBAIOT MPOLEHT OSTUX HECOBNAJECHHUH, 1O

KOTOPOMY OLICHHBAETCS HECTaOWIILHOCTh IapHOM
OIICHKH TOTO HJIM WHOTO 3KCIIePTA.

I[omx  cOTIacoBaHHOCTHIO  ITAPHBIX  OICHOK
[MOHUMAIOT MO ITBEPKICHUEC AIbTEPHATUBHOMN
runotesbl Ho k Ha, rie runoresa Hy cocrout B ToM, 4TO

18 1 .
—Zajk = E Jutst Beex | = 1, 2, ..., N, 3TO 03HAYAaeT,
n\=

YTO  MHEHHS  JKCIIEPTOB MO  YCTAHOBJIEHHUIO
IPEIMOYTEHHUS PA3ACITUIICH TOPOBHY, 8jk— HHIUKATOP
npeanouTeHus j — ro oobexra K — My, j, k=1,2,...,n.

I'umore3a Ha cOCTOMT B TOM, 4YTO CYIIECTBYET
X0Tst Ob1 0/1uH 00BekT j, j € {1, 2, ..., N}, U1 KOTOPOTO

1 1
—Za_k?&—, YTO O3HAYAET, YTO XOTSA ObI IS
ne % 2

OJTHOTO 00BEKTa MHEHHUS SKCIIEPTOB MPE0OIaaI0T B Ty
WM UHYIO CTOPOHY.
O603HaueHHUS:

k=1 i=1 (2)

CTpOYHasi CyMMa MaTpuibl A, paBHas CymMMme
CTPOYHBIX CyMM MaTpuIl Ay, ..., An (3Ta cymMa paBHa
001IeMy 4HCITy CIydaeB MPEINOYTeHHS | — r0 00BEKTa
BCEM OCTAITLHBIM).
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: = 13
j=1,2,...,n,a :Hzaj — cpenHee ai., az,
j=1
..., an (Touka o03HAYaET CyMMHpPOBaHHE MO UHICKCY,
KOTOPBIN OHA 3aMEHSIET).
n 2 n
_ 4 — _ 2 —\2
Dm——m,nZl(aj -a) = leaj,—n(a)
1= 1= (3)
IMIpu m = 1 (3kcmept oauH) U N > 4 cienyer  «O HECOITACOBAHHOCTH», €CJIM MEHBIIE — TO «O

BBIYUCIISATH YHCIIO KPYTOBBIX TpUa] 1o Gopmyie 4:
=lamz—1="
d= 24n(n 1) 5 D, (4)
rae Dy = Dnmpu m = 1.
Ecmu d, BblUMCICHHOE O MAaTPUIE MApPHBIX

cpaBHEHHI U 0603HaYaeMOH U467, PABHO MK GOJIBIIIE

COTJIACOBAHHOCTHY. 3HAUCHUA Upmass (N, @) TIpUBEIECHBI
B Tabnmme 1, Te TPHBENCHBI BEPXHHE MPOLECHTHBIC
TouKM Uit d (YKCia KPyroBBIX TPHAI) U 3HAUCHHUS P =
P {d > x}, 6muskux x 0,10; 0,05; 0,01 mpu umcie
00BekTOB OT N 110 10 ¢ marowm 1.

9eM  Owasn(N, @), TO TPUHEMAIOT THIIOTE3Y
Tab6muma 1
TouHble BepxHUe KpuTHYecKHe (IPOLeHTHbIE) TOUKHU
n=4 n=5 n=6 n=7 n=38 n=9 n=10
xP{d > x} | xP{d>x} | xP{d > x} xP{d > x} xP{d > x} xP{d > x} xP{d > x}
2 0375 ] 4 0297 | 7 [o0227] 12 [0147 [ 18 [ 0141 ] 26 0,118 36 | 0111
5 [0023| 8 | 0081 | 13 | 0,036 | 19 | 0,051 | 27 0,055 37 0,059
14 10001 | 20 | 0,012 | 28 0,020 38 | 0,028
29 | 0,0024 | 39 | 0,0079
IIpoBepka cOrIacoBaHHOCTH TP M = 1 €CTh  MPOIEHTHBIC TOYKH UL S = Yi<jcn ajz,a = 0,05, 0,01
NpOBepKa  TPAH3UTUBHOCTH  CYXKICHHH — ONHOTO  (toumee, GuinKaifie K HUM).
OKCIICpTA. [Ipu n, m 3a npenenamu [4, npuin.13] noas3yrorcs

Tlox TPaH3UTUBHOCTBIO, B JTaHHOM CJIydac,
TMMOHUMAEM BBINIOJIHCHUEC CIICAYIOUICTO YCIIOBUA:

Opu  MpeAnouTeHnd j — ro obObekta K —My
(ajy = 1) uk —ro obwekra | —my (aj; = 1) s Beex
He paBHBIX MKy coboit j, k, 1 =1,2, ..., n.

IMpum=3 no20 cmarom I;n=4mum=2n07c
maroM I;n=5um=2,3;n=6um=06, 7, 8 ciexyer

CJICTyOLIMM TIPaBWIOM. Ecin BeIYMCIICHHOE 3HAYCHHUE
cTaTUCTUKH Dygsr, HE MeHee y2(n — 1), rae y2(n — 1)
BEpXHAsA KpHUTHUYECKas (@ - MpPOLEHTHas) TOYKa Ha
YPOBHE 3HAYUMOCTH « y’-pacmpesenenus ¢ N — 1
CTETeHbI0 CcBOOONBI [4, mpmia. 8], TO NPHHUMAIOT
THIIOTE3Y «O COTJIACOBAHHOCTI.

Ilpn HamWMUUM AOCTATOYHON COTJIACOBAHHOCTH

BBIUHCIIATH 1O hopmyre 5: 0000111eHHOE CcyXXJleHue TPYIIIBI JKCTIEPTOB
BBIYHCIIAIOT 110 opmyiie 6 (j, k=1, ..., n):
m -
51-13611. = Z;’lzl ajz- =n [:Dm + az] (5) n n
a; = k=1, A = X1 Ajge (6)
Ecnut Suan > Smasn(N, @), mpuBenenuoe B [3,
ctp.107], TO MIPUHUMAIOT TUIIOTE3Y «o Ipumep '
COIJIACOBAHHOCTH», €CIU Sumn < Smaer(N, @), TO choflm’le faHHbIe:  MatpumBl  HapHBIX
MPUHAMAIOT THIIOTE3y «O HecornacoBaHHocTmy, B~ CPABHCHUM HCTBIPEX SKCHCPTOB, CPaBHUBAIOLIMX TPH
00BeKTa (pUCYHOK 1).
tabmune [4, mpwil3] TpuBemeHBl — BepXHHE
A; A; A3 Aq
1 2 3 1 2 3 1 2 3 1 2 3
1 0 1 1 1 0 1 1 1 0 1 0 1 0 1 1
2 0 0 1 2 0 0 0 2 0 0 1 2 0 0 1
3 0 0 0 3 0 1 0 3 1 0 0 3 0 0 0
Pucynok 1 — Mampuyul napuvix cpasHeruti yemoipex IKCnepmos
Tpebyertcs: CoriacoBaHHOCTb MapHbBIX Pemenne: PaccuuteiBaeTcss o0mias marpuia

cpaBHenwuii npu « = 0,05.

TIApHBIX cpaBHEHUH (Tabimma 2).
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Tabuma 2
MaTpuua napHbIX CpaBHEHHI

1 2 3 a; a;?

1 0 4 3 7 49

2 0 0 3 3 9

3 1 1 0 2 4

ay 1 5 6

Swaor. =49 + 9 + 4 = 62. Tlo Tabn. [4, mpun.13] Metox ~ mapHBIX ~ CpaBHEHHUH  MO3BOJSET
Simacr(3; 4; 0,05) = 72. TIoCKONBKY Susen < Smaon, TO ~ PAHKHPOBATH  ayJIWTOPCKHE  CBHJECTENLCTBA IO
THIIOTE3Y «O HECOTJIACOBAaHHOCTH» HE OTBEPraloT. 3HAYUMOCTH, HO HE YYMTHIBAET CEOECTOMMOCTH

IpoBepka COTJIACOBAHHOCTH pe3yabTaToB  JOOBIBaHUA ~ COOTBETCTBYIOLIEIO  CBHMIETENILCTBA
TapHBIX CPaBHEHUI ayaWTa U BpEMEHHBIC 3aTPATHI.

OOoOmeHHast ~ paH)XHUPOBKA, IOIydaemas B Takum obpasoM, UL JaTbHEHIIETOo
pe3ynbTaTe PaHXHPOBAHMA @,...,dy, BBIYMCIACTCS  HMCCICJOBAHMS BEIIBHIACTCS IMIIOTE3d, YTO NPH ydeTe
o popmyne 7 (j =1, ..., n): Beca CBHUJCTENLCTB ayauTa IPH  HOCTPOCHHHU

porpaMMbl W KaJIEHJApPHOTO  IUIaHa  ayJuTa
a = 7 ‘i}a ) ©) UH(POPMAIUOHHOM 0e30MacHOCTH MIPSIMO
jtak NPONOPIMOHANIEH ~ €ro0  paHry v 0o0paTHO

OO0001IeHHBIE KOJIMYECTBEHHbIE XapaKTEPHUCTHKH

00BEKTOB BHIUUCIAIOTCA 10 popmyie 8 (j =1, ..., n):
a
M = (8)
I ERaiak
Ipumep
Hcxonuele  maHHble:  Marpumpl  TMapHBIX

CPaBHEHMH 4YETHIPEX JKCIIEPTOB, CPABHUBAIOIIMX TPU
00BeKTa (pUCYHOK 1).

Tpedyercst: Brruncnuth K03 ULINEHTHI
Becomoctu My, ..., M.
Pemrenue: PaccuuthiBaeTcs 0o0Immias Matpuiia

MapHbIX cpaBHEHMH (Tabuuna 2).

PaccuunThiBaeTCs 00001IICHHAS PAHKUPOBKA: 4] =
4 _ 7. Q2 3

a1+a1_§’ 2_a2+a2_§’
ajs 2
ay =—L-—==2,
asz+as 8
n . 12
Cymma Dhe1 Al = Y TOT/Ia
7,12 7 3,12 3 2,12 2
M, =l/2_7T. .y =3/2_3.y _2,12_2
1 8/8 127 2 8/8 12’73 8/8 12

Ha nanHOM 5sTame Obula BBICUMTaHA BECOMOCTH
00BEKTOB, HA OCHOBE KOTOPOH 0OBEKTHI PAHKUPYIOTCS
IO MPEANOYTUTEIEHOCTH.

MIPOTIOPIIMOHANEH Ce0ECTOMMOCTH W BPEMEHH €ro
Jno0bIBaHust. sl 4ero IIaHUpPYeTCs SKCIEPUMEHT C
UCTIONIB30BAHMEM CTATHCTHYECKOH MoJenn oO0BeKTa
ayaura.
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CPABHUTEJIbHBIN AHAJIN3 3AMKHYThIX CUCTEM YIIPABJIEHUSI HA OCHOBE I
METO/JIA PEI'YJINPOBAHUSA 1 HEUETKOMU JIOT'UKH JJIA LLC IPEOBPA3OBATEJIA

Summary. In this article the principles of operation of closed-type control systems based on PID controller
and fuzzy logic for control of LLC converters are considered. These control methods provide stability and good

control. Simulation is performed on MATLAB.

AHHoTanus. B 1anHoii pabote paccMaTpUBarOTCS IPUHIUITEI paOOTHI CHCTEM YIIPABICHHUS 3aMKHYTOTO THIIA
Ha ocHoBe [I1]] perynsTopa u HedeTko# yoruku s ynpasneHus LLC mpeoOpaszoBarenem. JlaHHbIE METOIBI
yIpaBIeHUs] 00ECIeUYNBAIOT CTAaOMIBHOCTE M XOPOIIMH KOHTPOJb. MOJENMpOBaHHE IMPOBOAWTCS HAa OCHOBE

MATLAB.

1. Beegenue

C poctoM  DIEKTpPONMOTpeOsieHus,  pacTyT
TpeOOBaHUs K Ka4eCTBY IIOCTABKH U MPeoOpa3oBaHuUs
ANIEKTPUUYECKOM SHEPTUH, YTO TOOYKAAET MOCTOSIHHOE
COBEPIICHCTBOBAHMS COOTBETCTBYIOIINX 3JICKTPOHHBIX
cucrteM. Cpenu OJOKOB NMHUTAHUS KOMMYTAIIMOHHOTO
THIIAa PE30HAHCHBIE TMPeoOpa3oBaTeNn  IMOIy4aroT
OosipIION WHTEpec 3a cueT paboThl Ha [HAaIa3oHe
BBICOKHX 4YacTOT C HU3KAMH KOMMYTAIlHOHHBIMHU
norepsmMu  [1], cpeam  KOTOpPBIX  pE30HAHCHBIN
npeodpazoBatens LLC  (SPRC), o6Gnagaromuii
NperMyIIecTBAMU Ccpa3y JABYX NpeoOpasoBareneii:
nociaenosarensHoro (SRC) u mapamnensnoro (PRC)
[2].

ITocnenoBarenpbHO-NIapaJIICNIbHbBI  PE30HAHCHBIN
npeobpazosateins (SPRC) MoxeTr paboTaTh B IIUPOKOM
JMana3oHe Harpy3KH, COXpaHss NPHU 3TOM BBICOKHH

KIIZ, mno cpaBHeHMIO C  IOCJIEJOBATEIbHBIM
pe3oHaHCHBIM  mpeobOpasoBareneM  (SRC)  [3],
mapajielbHBIM ~ PE30HAHCHBIM — TipeoOpas3oBaTeneM

(PRC). Tomonormss LLC mo3BonsieT o0OeCeunuTh
paboty mnpeoOpa3oBaTedst € BBICOKOH TOYHOCTBIO
BBIXOIHOT'O HaIpsHKEHUsI/ TOKa u BBICOKOI
3 HeKTHBHOCTBIO TIPH HeGOMBIIHX pa3mepax [4-7].
LLC PE30HaHCHBIN npeoOpaszoBareib
MPUMEHSIETCS JJIsl PA3JIMYHbIX MIPUIIOKEHUH, TAKUX KaK
SMPS [8], TtenexkommyHukamuun [9] w s
PETyIMpyeMOro NCTOYHHKA TOKA ITHPOKOTO TNaIla30Ha
[8].
2. Cucrema ynpasienus Ha ocHose 1T
peryasitopa (PID)
PID-koHTposIepsl - 3TO, moXalyl, HamOoiee
YacTO MHCIOJIb3yEeMbIE CTPYKTYPHl KOHTPOJUICPOB B

IpoMBIIIIeHHOCTH. OJHAKO OHH  IMPEACTaBISAIOT
ompeneNeHHble  NpOOJIEeMBI  Teper  HHKEeHepaMu
NpUOOPOCTPOCHUSI C TOYKHM 3PEHUS HACTPONKHU

HEOOXOAUMBIX IS
MEPEXOTHBIX

K03()(HUIMEHTOB  YCHJICHUS,
CTa0WIBHOCTH paboThl  yCTpPOWCTBa
IIPOLIECCOB.

CranpapTHBIN PID-xonTposmiep, byHKIMS
repeiaui KOTOPOTo IPECTaBIIET COO0H CyMMy Tpex
COCTaBIIIOIINX MPONOPLUOHANBHYIO,
HHTETpUPYIOIIYI0 ¥ AndQepeHINaIbHy0, Kak
TIPaBUJIO, 3AIMCHIBACTCS B MapayiedbHONH (opMe MITH
uaeansHoi hopme:

K

=K,
G(s) P+S

+KpS

1

[ponopuronansHas COCTAaBJISIFOLIAsI B
KOHTpOJUIEpEe, Kak MNpaBHJIO, TOMOTaeT YCTaHOBUTH
CHCTEMY M YJIYYLIUTh PEAKIHIO 3aMKHYTOI'O KOHTYpa.
Ota obmree yIpaBIsIONIas JIeHCTBHE,
NpONOpLHOHAIbHA ~ CHTHala  OmMMOKH  4Yepe3
kodpdunment  ycunenws.  JuddepeHmppyromas
COCTaBISIFOIIAS ~ 4YacTO  HCIIONb3YeTcs,  Korzaa
HeoOXoqUMO emie  OOJbLIE  YCOBEPIICHCTBOBATh
CKOPOCTH OTKJIMKA B 3aKPbITOM LHKJe. VIHTerpanbHast
COCTaBISIFOIIAS - YMEHBLIACT KOHCYHOE OTKJIOHCHHUE
CHCTEMBI (CTAl[MOHAPHYIO IMOrPENIHOCTh) OT 3apaHee
3aJ]|aHHOTO JTAJIOHHOTO 3HAYEHHs, Yepe3 HH3KO-
YaCTOTHYIO KOMITEHCAIHIO UHTETPATOPOM.
Teopernueckn auddepeHnanTsHas COCTaBIAIOMAs
CBHJIETEIILCTBYET O CKOPOCTU M3MEHEHUS U3MepseMOit
niepeMeHHO KoHTposiepoM. Ee 3Hauenue yiydrmaer
MIEPEXOHYIO XapaKTEPUCTHKY Yepe3 KOMIICHCAIUIO
midpepennnaropoM. Cxemaruueckoe H300pakeHHE
JIAaHHOTO PETYJIsITOpa MpUBEJICHbI Ha pHC. 1.
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e output
E(s) U (s)
Ki
» =
Puc. 1
CrpykTypHas cxema MIPONOPIMOHATBHO-  IIpeoOpa3oBaTels MpeACTaBIeHBl Ha puc. 2 U puc. 3

uHTerpupytome-audhepeHInanTbHoro  KOHTPOJIepa  COOTBETCTBEHHO.
JUI1 MTHBEPTOPUPYIOIIETO M BBINIPSAMHUTEILHOIO 3BEHA

:

Out1

PID  |—» Uref Pulses

Outz
Discrete pwm

FID Controller

100

Ref v1

Puc. 2

PID =i

Out1

Rela
Discrete L

PID Controllen:

Puc 3
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[MonHas cxema pe30HaHCHOTO IpeodpazoBaTels ¢
nmanoit CY u3o0paxkeHa Ha puc. 8.

3. Cucrema ynpaBjieHHsI HA OCHOBe He4eTKOi

aoruku (Fuzzy)

CucrteMa HEYETKOH JIOTHKH - 3TO OJWH W3 THIIOB
WHTEJUIEKTYyadbHON  CHCTEMBI, paboTa  KOTOpPOit
OCHOBaHAa Ha JHWHTBHCTHYECKOM S3BIKE W OyieBOi
noruke. HedeTkas mormdgeckasi CTpyKTypa yIpaBiIeHHUS
3aBHCHUT OT YETHIPEX CIEAYIONINX OJIOKOB:

* brok ¢dasudukanus npeBpaniaeT YeTKUE
BCIMYHMHBI, W3MCPCHHBIC HA BBIXOJE OO0BEKTa
YOpaBlieHUS, B HEUYETKUE BEJIUYUHBI, C IOMOIIBIO
(hyHKIM YJICHCTBA, ONIMCAHHBIX B 0a3¢ 3HAHUIA

* biok pemieHui! UCTONB3yeT HEYETKUE MpaBuiia

npeoOpa3oBaHMsi HEYETKMX BXOJHBIX JaHHBIX B
HEOOXOAMMBIE YNPABISIOLINE BO3JCHCTBHS, HOCST
TaK)Ke HEUETKHH XapakTep.

* brox nedaszndpukanmm npeBpaiiacT HedeTKHE
IaHHBIE C BbIXO#a OJIOKa pENIeHHH B YETKYIO
BEJIMYMHY, UCTIONB3YEMHX I YIPaBICHHS 0OBEKTOM.

* ba3a 3HaHmii - HaOOp mpaBmI OOpaMIICHHBIE
JIOTUYECKUMH ~ OIIepalllsIMH, KOTOPBIC CB3SIBIBAIOT
BXOJIHbIE MHaHHBIE C HMX (QYHKOMAIMH YICHCTBA.
UneHctBo  (QyHKUMOHMpPYeT ©3 0as3bl  JIaHHBIX,
UCTIONBb3Ysl HEUETKUE MPaBHiIa B HEYETKUX Ha0Opax.

TunuuHeI BUJ KOHTpOJUIepa Ha 0a3e HEYeTKOM
JIOTHKH TIPUBEZEH Ha puc.4.

(if - then), 3amoxenuoie B 06a3e 3HAHUH, I

BxoHoii BrixomgHon

CHTHAT CHTHAI

Qazndpuxanus [—p| Bremuciaenms p—9 Hedazudnxanmsa J
ba3a 3nanuii
Puc. 4
B oar1oit mpemmaraemoii pabote mATh (QYHKIHMHA  KIIOUYEel MOBHOMOCTOBOTO  HWHBEpTOpa. bazoBas

TPEyrOJILHOTO  YJEHCTBA  MCHOJb3yeTcs ¢ 25  Tabmuija HEYeTKUX MNpaBHI IOKa3aHa B Tabmuue 1,

[IpaBWIaMU IIpH Jioruueckux omnepauuii 1. B koHue
nedysudukanum onpenensercss YETKUH BBIXOJ, a
TaK)K€ I€HEPUPYETCsl UMILYJIbCHBII CUTHAII K CUJIOBBIX

KOTOpasi MpocTa B HCIOJb30BAHUM M IOHUMAaHUU
HEYETKOM JIOTHKH.

Tabmuna 1
NB NS z PS PB
NB NB NB NB NM z
NS NB NM NS z PM
z NB NS z PS PB
PS NM 4 PS PM PB
PB z PM PB PB PB

Ha puc. 5 npencrasiieHa NoBepXHOCTh HEYETKOT'O
perymstopa. [ToBepXHOCTh MOKa3bIBAET COOTHOIICHUE
MEXJy BXOJaMH M BBIXOJAaMH B JII000H TOUYKE C

HCIIOJIb30BAHUEM METO1a ,ue(bamq)pncaum/l 10 OEHTPY
obJactu ZCOA.
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Puc. 5

Heuerkuit  koHTpoiulep-1  MeHseT  MHAEKC
Moyt (MI) B COOTBETCTBHMM C 3Hade€HHEM
HaNpsDKEHUS Ha Harpys3ke U OIOPHOTO HampsKeHUus,

D

Fuzzy Logic
Controller

100

Ref vl

I}

MEHS YaCTOTy KOMYTAaIlMU KIIOYeH MHBEPTHUPYIOIIETO
nepoOpa3oBaTessi Ha BOXOJE PE30HAHCOTO KOCHTYpA.
Cxema FLC xoHTpoJIsIepa npecTaBiIeHa Ha puc 6:

Pulses

| —»(2)
m
p

Puc. 6

Heuerkuii koHTpomep-2 u3MeHseT pabounit
LUK ~ BBIXOJHOIO  YIPaBSIEMOrO  KJIKOYa B
COOTBETCTBUU C BBIXOJHOI'O HAINPSIKEHUSI U OLIOPHOTO
HaIpsKEHUS. TEM CaMbIM  PETYJIHPY BBIXOJHOE

Hanpsokenne. Crtpoenne FLC  konTpomepa - 2
BBIXOZHOTO 3BEHA NpeoOpa3oBaress MOKa3aHa Ha
pucyHke 34.
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1

[
Ll -
r4 +

Unit Delay

::I_' Jﬂ& 4 R:ii Out

Fuzzy Logic

L Controller

Puc. 7
Cxema pabOTHI pe30HAHCHBIH peoOpa3oBaTels ¢ 4. U'toru Moae/ IMPOBAHUS
CK Ha OCHOBE HEYETKOW JIOTMKM IPEACTABIECH B MopnenmupoBanue pabotel pe3zonaHcHoro LLC
npwioxkeHnn.  llomHass ~ cxemMa  pE30HAHCHOTO  IpeoOpas3oBatens C IABYMs METOJAaMM YalpaBJCHUS,

npeobpaszoBatens ¢ aaHoi CY nzobpaxena ua puc. 10.  0bu10 npoBeneHo B cpeae MATLAB/Simulink.
e [IN/-perynsatop
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FFTanalysis  OC component =963, THO=8.69% FFT analysis DC component =953, THD=7.1%
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p] ar
"0 m @ 40 a0 @0 0 &0 9 "0 m am m &0 S0 B0 0 80 A
Frequency (Hz) Frequency (Hz)
Puc. 11
Ha ocHOBe MONyYeHHBIX MOJCTHUPOBAHMSA NPH  COCTaBICHHI Tabmumel 2 ® 3, oToOpakarourue
JIBYX pa3HBIX 3HAYCHHUAX BBIXOIHOTO COTNPOTHBIICHHS  OCHOBHBIC ITAPaMETPHI YIPaBICHUS.
(50% wm 100% OT HOMHHAIBHOTO) IAHHBIX OBLIH
Tabmuma 2
Bpewms napacranus, ¢ Bpewms ycranoBkw, ¢ [epeperynuposanue, %
Tun
yTIpaBIIEHHs RL RL RL RL RL RL
(50%) (100%) (50%) (100%) (50%) (100%)
PID 0.053 0.062 0.07 0.12 0.46 0.58
Fuzzy 0.03 0.064 0.05 0.1 0.5 0.47
Tabmuma 3
OmnOKa OTKIIOHEHUS THD, %
Tun xepyBaHHs
Re RL R Re
(50%) (100%) (50%) (100%)
PID 0.057 0.04 9.1 8.3
Fuzzy 0.016 0.015 8.69 7.1
5. BeiBOBI CMOJICTIMPOBAHBl Il o0ecreueHus BBIOPAHHOTO
B atoii paboTe OBLIO pacCMOTpPEHO, pa3paboTaHsl  IpeoOpa3oBaTeNlsi ¢ PEryJUPYyeMBIM  BBIXOIHBIM
Y BHEJIPCHEI JBE PA3IMYHBIC CTPYKTYPHI KOHTPOJUICPOB ~ HANPSOKCHHEM B YCIOBHSIX — Pa3HOTO  3HAYCHUS

(IIMA wu HeuyeTkue

KOHTPOJUIEPHI)

migs LLC

PE30HAHCHBIX NpeoOpazoBaresieif. ITH KOHTPOJLIEPHI

COIIPATUBJICHUSA HAIrpy3KU OT HOMHUHAJIBHOI'O.



East European Scientific Journal #5(57), 2020 17

B x0/1e MO/IETUPOBAHUSI YCTAHOBIICHO, YTO CXEMa
yIpaBICHUSI HA OCHOBE HEYETKOW JIOTHKH B OSTOHN
pabote paboTaer nyuie, yem ynpasnerue [T/, uro u

oxuganocs. I[IpuBeneHHbIE  BBINIE  PE3yJILTATHI
CBUJICTEIECTBYIOT 00 000CHOBAaHHOCTH 3¢
IeTIECO00PA3HOCTH MPEATIATaEMBIX CXEM YIPaBICHUS
Ul Pa3NUYHBIX ~ HArpy304YHBIX  PE30HAHCHBIX
npeoOpaszoBaTeneil.
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DESIGN OF A CONTROL SYSTEM BASED ON FUZZY LOGIC FOR LLC RESONANT
CONVERTER

Mapuu 10.B.
cmyodenm |1-kypca macucmpamypoi
KIII um. U.Cuxopcrozco

PA3PABOTKA CUCTEMBI YIIPABJEHUSI HA OCHOBE HEYETKOM JIOTUKHA JIJIS
PE3OHAHCHOI'O LLC NIPEOBPA3OBATEJISA

Summary. In this article the principles of operation of closed-type control systems based on Mamdani and
Sugeni fuzzy logic models for control of LLC converters are considered. These control methods provide stability
and good control. Simulation is performed on MATLAB.

AnHoTanus. B naHHO# paboTe paccMaTpUBarOTCs MPUHITUIIBI PA0OTHI CHCTEM YIIPABJICHUS 3aMKHYTOTO THITA
Ha OCHOBE HEYETKOM JOrmkKm AByX pa3HbeIx wmogenedd (Mammannm u Cyreno) mis ympasineHus LLC
npeoOpazoBareneM. [laHHBIE METONBI YIpaBJeHUS O00ECMeYnBAIOT CTAOWIBHOCTh W XOPOUIMA KOHTPOJIb.

MonenupoBanue npoBoautcs Ha ocHoBe MATLAB.

1. BBenenue

Pactymuii cipoc Ha 60jiee BBICOKYIO TUIOTHOCTH
MOITHOCTH W HH3KHHA TPOPHIF B KOHCTPYKIIHIX
npeoOpa3oBaTeneit MUTAHUS 3aCTaBIsET
pa3pabOTYNKOB YBEJINYHBATh YACTOTHI KOMMYTAIIHH.
Pabota Ha  BBICOKMX 4YacTOTax 3HAYUTEIHHO
YMEHBIIIAET pa3Mep MaCCUBHBIX KOMIIOHEHTOB, TaKUX
Kak TpaHchopMaTopsl U GIbTpel. OJHAKO MOTEPU HA
TMEPEKITIOYCHUE ABJIACTCA IMPEIATCTBUEM JIsSA pa6OTBI
Ha BbICOKOHU yacToTe. C MeNbio uX YMEHbBIIECHUS ObLITH
paszpaboTaHbl METOBI PE30HAHCHOW KOMMYyTaluu [1-

7]. Otm meromsl  0OpabaTHIBAIOT  MOITHOCTH
CUHYCOUAATHHBIM crioco6oMm u MTO3BOJISFOT
peann3oBaTh «MATKYI» KOMMYTAIMIO  CHJIOBBIX

TpaH3ucTOpoB. [l03TOMY MOTepH HAa KOMMYTAIMIO U
IIyM 3HaYUTEITHLHO HUXKE.

BosHukaer 3amada 3(Q(eKTHBHOTO yIIpaBICHHS
paboTBel TpUBENEHHBIX BHINIE IpeodpazoBarenei
HanpsbkeHus. Ha cerogHsiiHui J€Hb CYIIECTBYET
HECKOJIbKO OCHOBHBIX METOAOB YyrpaBienus: [1MJ]
PETyJSATOp, PEryyiiarop Ha OCHOBE HEUETKOM JIOTMKU
(FLC) n mneiiponnsii perynstop. IIpenmyruecTBom

FLC SIBJISIETCS HCIIOJIb30BaHHE MPOCTOTO
MaTeMaTHYecKoro  ammapara mias  paboTel  co
CJIIOKHBIMU HEJIMHEHHBIMU CHCTEMaMMU, BBICOKAsA

TOYHOCTb U CKOPOCTh JITOPUTMA.
2. OCHOBBI HEYETKOM JJOTMKH
Heuértkas mormka - 310 Habop OOIIEIPUHATHIX
(OyneBbIX) JIOTHK, pPACIIMPEHHBIX U1 00pabOTKH
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KOHLICMIUY YaCTUYHBIX 3HAYEHUIH MCTHHBI MEXIy
"[MOIHOCTBIO MpaBIUBBIMU" u "MOJIHOCTBIO
ommbounsiMU". Kak crienyer w3 Ha3BaHUS, MMEHHO
JIOTHKA, JIeXKalasi B OCHOBE CIIOCOOOB PacCyXKAEHHs,
SBIISICTCS MPUONM3NTENBFHON, a HE TOYHOU. BakHOCTH
HEYETKOH JIOTMKHU BBITEKAET M3 TOTO, YTO OOIBIINHCTBO
CIOCOOOB PACCY)XKICHUS 4YEJIOBEKa HOCST CXOXKHH
xapakrep [8-11].

08f---

0df==~
0.2

_—— - - - -

Fuzzy logic 13

Heuérkas noruka Obia pazpaborana Jlorhu A.
3ame B 1961 romy ans TOoro, 4toObl OOECIIEYHUTH
MaTeMaTHyeckue TIpaBwia | (YHKIHH, KOTOpBIE
paboTaroT Ha €CTECTBEHHOM (MHTYUTHUBHOMH) SI3BIKE.
Heuérkas noruka obecrieunBaeT crnoco0 BBIYUCICHUS
MPOMEXYTOUHBIX 3HAYCHHH MeXIy aOCOIOTHOM
UCTHUHOH u abcomoTHON OIINOKOH c
Pe3yIBTHPYIONINMHA 3HadYeHUAMH B auana3one ot 0,0
1o 1,0, puc 1.
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Boolean logic

15

Puc. 1.
OCHOBHBIE YaCTH Ka)KIOTO HEUETKOT0 peryJiiTopa  3HaHWI, MeXaHHW3Ma MCYUCICHHS U HHTepdelica
nmokaszanbel Ha puc. 2. KoHTpomiep HEYETKOH JOTHKH  JedasuuKalvu.
(FLC) cocrout u3 unrepdeiica dazudukaunu, 6a3pl
Bxo1Hoi Brixoxnoii
Qazndpukanus ——p| Bemuciaenns | dedasuduxamnms J

baza 3panuii

Puc. 2

Ha mepBoM 3Tame o0pabOTKM HEUETKOW JOTHKH
YEeTKUE BXOJHBIC JAaHHBIC MPE0OPa3yIoTCs B HEUETKHE
BXOJIHBIC JIaHHBIE, Kak TOKa3zaHO Ha puc. 2. ITO
npeoOpa3oBaHue Ha3bIBACTCs (asudpukanuen.
Cucrema JOJDKHA MPEBPATUTH YUCIOBBIC 3HAYCHUSA B
COOTBETCTBYIOIIME  S3BIKOBBIE  00JacTH,  YTOOBI
MO3BOJIMTh MEXaHHU3MaM HEYETKOrO BBLIYMCICHUS
CeaTh BBIBOJ, YTOOBI IIPEBPATUTHh YETKUC BXOIHEIC
JNAHHbIC B HEUYETKHE BXOJHBIC MJaHHBIC, (YHKIUU
MPHUHA/IJIC)KHOCTH JOJDKHBI OBITh CHaYalla ONpeIeIICHBI
JUTSL K&KJI0TO BXOJTHOTO cUrHaa. Kak Toibko GyHKImMn
MPUHAJIEKHOCTH OIIPEICIICHBI, ¢dasudpukanus
MPUHUMAET BXOJHOE 3HAUYEHUE B pealbHOM BPEMEHH,
TaKO€ KaK HAIpPsAXCHUE, HAIIPUMEDP, U CPABHUBACT €TO

C COoXpaHeHHOW wHpopMmamuedi o0  (QYHKIHIX
MPUHAMJICKHOCTH, YTOOBI  IOMYYUTh  HEYETKHE
BXO/AHbIe 3HaueHws. Dasudukanus HUrpaeT BAKHYIO
poiib B paboTe ¢ HEOMpeIeIeHHOW HH(pOpMaIe,
KOTOpast MOKET ObITh 0OBEKTUBHOH 10 CBOEH MTPHUPOJIC
[12,13].
3. Pazpa0oTka pery/jsiTopa Ha OCHOBe
He4Y€TKOM JJornKku s pezoHancHoro LL.C

npeodpazoBare.is.
Kontpomnep HE4ETKOU JIOTUKH (FLC)
obecrieynBaeT  aJaNTHBHOE  yIpaBIeHHE IS
MOBBIIIEHUS MIPOU3BOIUTEIBHOCTH CUCTEMBI.

Heuérkas normka mpuspana oOecmeunts pabory CK
JUISL YIPaBIEHUS HEJIMHEWHBIMH TpoIeccaMyd U IS
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00pabOTKM HEOJHO3HAYHBIX W  HEONPEACICHHBIX
curyanuid. Hed€tkoe ympaBieHue Ui BBIOPAHHOTO
npeoOpa3oBaTens IIOCTOSTHHOTO HATIPSKCHUS
pa3paboTaH ¢ WCMOJL30BAaHHEM BXOJHBIX (DYHKI[HIA
TIPUHA/IJIC)KHOCTH OMIMOKY € 1 u3MeHeHus ommoku Ce
U wucxomHoW ¢(yHKmMM mpuHamnexHocTH D -
CKBOXHOCTh.  PesynpraToM  paboThl  anroputMma
HE4YETKOTrO YIPaBICHUS ABISETCS H3MEHEHHE pabouero
mukiaa [d (k)]. PaGoumit nmuxn d (k) B k-if MomeHT
BPEMEHU BBIOOPKU ONPEACISICTCSA MyTeM JO0aBICHUS

d(k) = d(k — 1) + d(k)

Ha puc. 3. mokazaHo HEUYETKOE JIOTHUECKOE
yIpaBJeHUE pe30HaHCHBIM npeodpazoBateneM LLC u3
JBYX BXOJOB M OJHOH BBIXOJHOH IEPEMEHHOM,
omMOKa ¥ M3MEHEHUE OMIMOKH SIBISIIOTCS BXOJHBIMHU
NIepeMEHHBIMH, TOT/Ia KaK H3MEHEHHEe pabouero IuKia
SBIS€TCd MCXOAHOM mepeMeHHOHM. A Ha puc. 4
NIpeACTaBICHbl  HEeYETKne  (QyHKIMH  YICHCTBA,

npensiymero  pa6ouero mukma [d  (k-1)] k  HMCTOIB3YEMbIX Ul PE3OHAHCHOTO npeo6pa3013?Teni1
PACCYMTAHHOMY H3MEHEHHUIO PAGOUEro LKA, LLC. IlpaBmna ympaBieHHS, CBSI3BIBAIOT HEUETKUH
BBIXOZl C HEYETKUMH BXOAAMH, HCXOIAT M3 OOLIHMX
3HAHWH O MOBEJCHUW, BOCHPUSITHE U OMNBIT CHCTEMBI.
baza mpaBun g pa3pabOTaHHOIO — HEYETKOTO
KOHTpOJUIepa NpuBe/ieHa B Tabnuie 1.
siabilty
} -’/”-" ramasni
culputl
Cw
FIES Name: stabdty FIES Type: PR
A methiod - - Current Varabls
Or method —, w || | -
Type input
Implication —- ”
Range [40.1 0.1]
Aggregation et W
Detuzzification certron v Help Ciose |
Opening Membership Funcion Edifor
Puc. 3

NI NS

ZE

PS P PB

NS

ZE

PS5 PR PB

Puc. 4
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Tabuuma 1

NB NM NS VA PB PM PS

NB NB NB NM NM NS NS Z

NM NB NM NM NS NS A PB

NS NM NM NS NS Z PB PB

Z NM NS NS VA PB PB PM

PB NS NS VA PB PB PM PM

PM NS VA PB PB PM PM PS

PS Z PB PB PM PM PS PS

IToBepXHOCTB HEUETKOIO PEryJIATOPA IOKA3bIBAET
COOTHOIIEHHE MEX/y BXOAaMH M BBIXOJIAMH B JIIO00I

output

Heuérkoe normueckoe ymnpasieHHE 32 MOJEIBIO
Sugeno mms LLC pe3oHaHCHOTO IIpeoOpa3oBaTelns
BBIIIOJIHEH M3 JBYX BXOJIHBIX M OJHOW BBIXOJHOH
MIPEACTABISIIOT
MOTPENIHOCTh ¥ M3MEHEHHUE MOIPELIHOCTH B KayecTBe 8.

[IEPEMEHHBIX,

KOTOpBIE

coboii

Puc. 5

BXOJTHBIX
KoHTpoJutepa (puc. 6). BerxogHeie HeUETKHE PYHKIINU
NPUHAUICKHOCTH (PHC. 7) CBS3BIBAIOTCS C BXOIHBIMU
COTJIACHO BCTPOCHHBIX MPaBMII U300paKEHHBIX HA PHUC.

NIEPEMECHHBIX

tuma FLC

touke uHTepBana [-0.1 0.1] ¢ ucnonp3zoBaHMEM METOIA
nedasudukanuu 1o meHTpy ooaactu Zcoa, puc. S.

(Mamdani)
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File Edit

XX

inputt

XX

View

sugenu

flu}

Puc. 6

File Edit Wiew

FIS Variables Membership function plotz  Plot points: 131
ZE
- NS
inputi outputl °B
input? i PM
NB Ps
output variable "output1”

Puc. 7
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File Edit View Options
input1 = 0.1 input2 = 0.00238 output! = 0.873
1 [ ] L ]
2 | [ ] C ]
g =
- L
5 E -
6
T
8 — C
190 S — — L
==
11 = = C—
12 L
13 —
14 —
15 = L
16 = — [
17 = 'k [
18 - el i
19 = .
20 ==
b I — —
55 L
23 —_ -
24 —
25 #%
25
27
28 E— ]
25 — [
30 =
Input: [0.1;0.002377] Plot points: 104 Mowve: left | right | dnwn| up |
Opened system sugenu, 49 rules Help | Cloze |
Puc. 8

Ha xaxxnom mHTEepBane BEIOOPKH 3HaueHne RMS

CHHYCOHHaHBHOﬁ
HaPSI?KCHU A

BBIYUCJICHUSA MOTPCITHOCTHU (e) N UBMCHCHUA CUTHAJIOB

OIIOPHOI'0 HaPsSI’KCH
Harpys3kKku HCHOJIB3YIOTCA

ommbok (Ce), KOTOpble BBHIMONHSIOT POJh BXOAa B

us u  FLC. Dransl pa3zupukarim, He4ETKOTO HCUNUCICHUS U
s aedasuuKaiyE - BBIIOJNHSAETCS IPOTPaMMO, Kak

OIHCaHO Ha OJIOK-CXeMe puc. 9.
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Havano

v

CynTbIBaEM 3HAYEHUE
HaMPAXXEeHUA Harpy3Ku
(V)

|

YcTaHaBamBaem
3Ta/IOHHOE 3HaYeHne
BbIXOZ,HOTO HaNpsAXKeHuA
(VR)

v

Bbluncnsem Ans Kaskaoro
BXO/,a 3HaYeHme
HEeYeTKOM NIOTUKK

[ KoHel,

VL=VR

it

v
A

He

[a
Haxoaum 3HaveHne Haxoanm 3HayeHue
OoWKnbKM owmnbKn
e=VR-VL e=VR-VL

v

v

HaxoamMm nsmeHeHue B
ownbKe
Ce=e-Pe

MpoBepsiem BCce NpaBuia

v

v

lNpoBepaem Bce npasuna

PaccunTtbiBaem 3HayeHue
MOAY NA LMK

v

v

PaccunTbiBaem 3HaueHue
MOZY 1A LK

dopmupyem curHan
LLUWNM ana pe3oHaHCHoro
MHBEpTOpa

v

dopmupyem curHan
LLUWM gna BbixogHOro
BbINpAMUTENA

Puc. 9
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4. Pe3yJbTaTu MO/AETIOBAHHSA

MogaenupoBaHue  3aMKHYTOTO  KOHTypa ¢
ucnons3oBanneM FLC xontpomnepa ans LLC
OCYILECTBJIICTCS. C  MOMOIIBI0  NPOrpPaMMHOIO
obecnieuernss MATLAB / Simulink. B 3aBucumocts ot
MOTPEIHOCTH u HM3MEHEHHS HMOTPEHIHOCTH
HCUHCIIETCS BEIMYMHA M3MEHEHUS Pabdodvero IMUKIa.
WHcTpykumn o Habopy apaMeTpoOB u

Discrete,
Ts = 5e-08 s.

powergui Sincdd

To Warkspace|

Scopel2

Voltage Messurements gy

fohgge Messurement3

Scope3,

Curent Messurement

F

u

0= Measuremerté

simouté

To Workspace4

—

)

c

UrefPulses
Sine Wave

;

¢dyHKIMOHaNbHBIE ONOKH, noctynHbie B MATLAB,
UCIIONB3YIOTCSL AJIsl OOHOBJIEHHS HOBOTO pabodero
nukna reaeparopos VM.

Cxema MOJAENIMPOBaHUs 3aMKHYTOIO KOHTYpa
LLC PE30HAHCHOTO npeoOpa3oBaTes c
ncnone3oBanueM FLC mokasama wHa puc. 10.
[Ipeobpa3zoBarens paboTaeT ¢ grcToi kKommyTanuu 50
kl'm.

X ] e E‘meh
o —/ T § -84 Votage Messurement Scope
Mo _’

Curent Measufement1
Series RLC

]

To Warkspsce

Diode1

-

simout2

To Workspace2

Series RLC Branché

Diode2 Diode3

|
E
|
.

| |

Discrete g %
PWM Generator 2
C( Linear Transformer1
fuzzysystem 100 o In10utt
Constantt
fizzysystemt
Puc. 10

[MomyueHHbIe  pe3yibTaThl  MOICIUPOBAHMSA  JIOTHKA O ABYM MeromaM Mammanu (puc. 11) u

paboThI PE30HAHCHOTO mpeobpaszoBarersi, CyreHo (puc 12) cpaBHUBAIOTCS ¢ pe3yibTaTaMH IUIS

YIPaBISIEMOTO PETYJSITOPOM Ha OCHOBE HEUETKOH

obsraroro FLC perynaropa u3 ucrounuka [ 14].
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x10
Puc. 12
Pe3ynbTaThl MOICTHPOBAHUS IIPEACTABICHBI B
Tabnuue 2:
Tabmuma 2
Bpewms HapocTaHHs Yac BCTaHOBJICHHS BigxuieHHsS BUX1IHOL
Tun ynpasneHus
(mc) (mc) HATIpyTH
FLC 0.057 0.07 1.6%
FLC (Mamnaasi) 0.0027 0.005 0.4%
FLC (Cyreno) 0.0024 0.0046 0.2%
5. BLIBOJBI Series Resonant Converters,” Proc. IEEE PESC ’87,
B nmanHoit pabore Heu€Tkmit jormyeckumii  1987.

KOHTpOoJuIep ObLI pa3paboTaH AT yIy4IIeH!s OTKIINKA
CHCTEMBI, HalpHMep, BPEMEHU YCTaHOBJIEHHUS, INPHU
peanu3anMu  HEYETKOTO  KOHTPOJUIEPAa  CHCTEMBI
yIpaBJIeHUs] HA OCHOBE MeToja MaMaHu IMOJTydniIn
BBIXOAHOE  HampsbkeHue 99.6 oT  3agaHHOTO
HanpspokeHust 100B, ycranoske cocraBun 0.005 mc,
Bpemsi HapactaHus - 0.027 mc. dusa merona CyreHo
BBIXOJTHOE HaIpsDKeHHe Obuto 99,8, BpeMsi YCTaHOBKH
0.0046 mc, Bpems Hapactanus - 0.0024 mc. Ucxons u3
MOJYYECHHBIX JTaHHBIX, METOJ YIPABJIECHUS Ha OCHOBE
CyreHo SBISI€TCS ONTHUMAJIBHBIM JUIS PETYIHPOBKH
BBIXOJHOTO HAMpPSDKEHUS PE30HAHCHOI'O HMCTOYHHUKA
MUTaHUSL.

JlutepaTtypa

1. Robert L. Steigerwald, “A Comparison of
Half-bridge resonant converter topologies,” IEEE
Transactions on Power Electronics, Vol. 3, No. 2, April
1988.

2. A. F. Witulski and R. W. Erickson, “Design
of the series resonant converter for minimum stress,”
IEEE Transactions on Aerosp. Electron. Syst., Vol.
AES-22, pp. 356-363, July 1986.

3. R. Oruganti, J. Yang, and F.C. Lee,
“Implementation of Optimal Trajectory Control of

4. V. Vorperian and S. Cuk, “A Complete DC
Analysis of the Series Resonant Converter,” Proc.
IEEE PESC’82, 1982.

5. Y.G. Kang, A. K. Upadhyay, D. L. Stephens,
“Analysis and design of a half-bridge parallel resonant
converter operating above resonance,” IEEE
Transactions on Industry Applications Vol. 27, March-
April 1991 pp. 386 - 395

6. R. Oruganti, J. Yang, and F.C. Lee, “State
Plane Analysis of Parallel Resonant Converters,” Proc.
IEEE PESC 85, 1985.

7. M. Emsermann, “An Approximate Steady
State and Small Signal Analysis of the Parallel
Resonant Converter Running Above Resonance,” Proc.
Power Electronics and Variable Speed Drives 91,
1991, pp. 9-14.

8. http://home.agh.edu.pl/~vIsi/Al/rozmyta_en/

9. Robert Fuller, “Fuzzy Reasoning and Fuzzy
Optimization,” TUCS General Publications, No. 9,
Turku Centre for Computer Science, Abo, 1998.

10. M. lbrahim, Fuzzy Logic for Embedded
Systems and applications, Elsevier Science, MA, USA,
2004.

11. Funk,P., Online fuzzy case-based individual
stress diagnosing system, Master Thesis, Mélardalen
University, 2005.



26 East European Scientific Journal #5(57), 2020 =

12. Oscar Castillo and Patricia Melin, “Type-2  Systems Using Fuzzy Controllers via FPGA, Master
Fuzzy Logic: Theory and Applications,” Springer-  Thesis, Islamic University-Gaza, 2011.
Verlag Berlin Heidelberg, 2008, ISBN: 978-3-540- 14. S. Selvaperumal, C. Christober Asir Rajan,
76283-6. and S. Muralidharan “Stability and Performance
13. Mohammed S. EL-Moghany, Sun and Investigation of a Fuzzy-Controlled LCL Resonant
Maximum Power Point Tracking in Solar Array  Converter in an RTOS Environment” IEEE Trans. Ind.
Electron., vol. 28, No. 4, pp. 1820-1821, AP. 2013.

YK 621.314.26: 539.16.04
I'PHTH 45.37.31: 58.35.06

Chermalykh A.V.

candidate of engineering sciences,

associate professor

Igor Sikorsky Kyiv Polytechnic Institute

Muhenov D.D.

postgraduate at the department of automation control
of electrotechnical systems

Igor Sikorsky Kyiv Polytechnic Institute

IONIZING RADIATION INFLUENCE ON THE FREQUENCY CONVERTER OUTPUT VOLTAGE

Yepmanvix Anexcandp Banenmunoguy

K.M.H., O0Y.

Kueescxuti nonumexnuueckuil uncmumym

umenu Ueopsa Cukopckoeo

Mpyzenoe danuun [Incanunvesuu

acnupanm Kageopsl agmomamuzayuu ynpasienus
2NeKMPOMEXHUUECKUMU KOMNIAEKCAMU

Kueeckuii nonumexnuueckuii uncmumym

umenu Hzopsa Cukopckozo

BJIMSHUE HOHU3UPYIOIIEI'O U3JIYYEHUSA HA BBIXOJIHOE HAIIPA)KEHUE
INPEOBPA3OBATEJISA YACTOTHI

Summary. The influence of radiation on the operation of a bridge crane of a nuclear waste storage facility is
considered. It was found that the most sensitive to ionizing radiation are semiconductor devices in the electric
drive system. We studied the change in the parameters of each of the power semiconductor device of the frequency
converter with a direct current link from the absorbed dose of ionizing radiation. To do this, an analysis of the
literature on theoretical and experimental studies has done. The equations of electrical equilibrium based on the
frequency converter power channel diagram are written taking into account radiation sensitive parameters. A
mathematical model of the dependence of the electrical energy semiconductor converter output voltage parameters
on the absorbed dose of ionizing radiation is obtained to quantify the radiation effects. Plots of the dependence of
the radiation-sensitive parameters of semiconductor devices on the absorbed dose are built. The concept of
radiation dynamic resistance is introduced to evaluate the behavior of an insulated gate bipolar transistor collector-
emitter channel. Elements which radiation-caused changes affects the most critically on operation of the system
were discovered. The dependence of the output voltage of the frequency converter on the absorbed dose of ionizing
radiation is obtained.

AHHoOTanus. PaccMOTpeHO BIMSHHE PaIUAIlMIOHHOTO M3yYeHHUs] Ha paboTy MOCTOBOT'O KpaHa XpaHWIHIIA
AACPHBIX OTXOHAO0B. O6Hapy>i(GHO, Y10 HanboJee YYBCTBUTCJIbHBIMU K MOHU3ZUPYIOLICMY H3JIYUYCHUIO SBJIAIOTCA
MOJYTIPOBOAHUKOBBIC HpI/I60pBI B COCTaBC CUCTEMBI DJICKTPOIIPUBO/JA. I/IsyquO HN3MCHCHUC MapaMETPOB KAXKJIO0TO
N3 CHUJIOBBIX IMOJYIPOBOAHUKOBBIX HpI/I60pOB npeo6pa303aTeJm Y4aCTOTbl CO 3BE€HOM IIOCTOAHHOI'O TOKa OT
HOFJ‘IOIIIéHHOﬁ J03bl HOHU3UPYIOIIETO MU3JIYy4YCHUA. I[J'ISI 9TOTr0 MPOBEJCH aHAJIU3 JIMTCPATYPHBIX UCTOUYHUKOB I10
TCOPETUYCCKMM W OKCHCPHUMCHTAJIbHBIM  HCCJIICJOBAHUAM. Ha ocHoBanum cXeMBl CHJIOBOTO KaHaja
npeo6pa3OBaTen${ YaCTOTbI 3allMCaHbl YpPaBHCHUSA IJICKTPUUCCKOI'O paBHOBECHA C y‘{éTOM YYBCTBUTCJIbHBIX K
paananuu nmapaMmeTpoB. I[J'ISI KOJINYECTBEHHOU OIICHKHU BJIMAHUA paavalny IMOJIyYC€HA MAaTEMAaTHYCCKass MOICIIb
3aBHCHMOCTH MapaMeTPOB BBIXOJHOTO HANPSDIKCHHS IOJYIPOBOAHUKOBOIO MPEOOpa3oBaTeNsl 3JIEKTPUIECKOM
SHEPTrUM OT TIOTJIONIEHHOW J103bI HOHHU3HPYIOIIEro u3dydeHus. IlocTpoeHbl Tpaduku 3aBHCHMOCTEH
paznaoOHHO-YyBCTBUTEIBHBIX MTAPaMETPOB MOIYIPOBOJHUKOBEIX MPHOOPOB OT MOTIIOMEHHOHN 036I. BBeneHO
IMOHATHUE PaJUAIIMOHHOIO0 AMHAMHUYCCKOTO CONPOTUBJIICHUA MJId OLUCHKU IMOBCJIACHUA KaHaJa KOJIJICKTOP-OMUTTEP
6I/IHOH$[pHOFO TpaH3UCTOpa C U30JIUPOBAHHBIM 3aTBOPOM. Onpeaenemﬂ 3JIEMECHTHI, paauallMOHHOC N3MEHCHUEC
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napamMeTpoB KOTOPBIX HauboJiee KPUTHUYHO CKa3bIBACTCA HA pa60Te CHUCTCMBI. Honyqua 3aBUCUMOCTbD BBIXOJHOI'O
Halps>KCHUL Hp€06pa3OBaTen51 Y4aCTOThI OT BCJIMYHUHBI 10T J'IOHIéHHOﬁ JA03bl HOHU3UPYIOLICTO U3JTYUYCHUA.
Key words: radiation, ionizing radiation, electric drive, frequency converter, diode, transistor, optocoupler.
Kouesvie crosa: paduayus, uonusupyiowee usiyuerue, 31eKmMpPoOnpusood, npeodopazoeamenb 4acmomol,

O0U00, MPAaH3UCMOop, ONMPOH.

HocTranoBka mpo6Jjemsl. J1g 3axopoHEHHS
SOEPHBIX ~ OTXOHOB B  YepHOOBUIBCKOH  30HE
OTIY>KICHUSI COOPY>KEHBI IPOMBIIITICHHBIE KOMIUICKCHI
it npuéMma, nepepabOTKM M 3aXOPOHEHUS
pamnoaktuBHbIX oTxomoB (PAO). K wux wumeny
OTHOCSITCS 3aBOJI IO TIepepabdOTKe KUAKUX OTXOMOB U
NPOMBIIUICHHBIT  KOMIUIEKC 10  OOpamieHHIo ¢
TBEPJbIMU PaJIMOAKTUBHBIMU oTXoAamu. IIpoxykTamu
9THX yupexaeHuil sBisitorcs 200 nuTpoBEIe OOYKU C
OTBEPJEBIINMH B IEMEHTHOW MaTpuie kuakumu PAO
U 3aJUThlE LEMEHTOM OCTOHHBIC KOHTEHHEPHI C
tBepasiMu PAO. Bec Takmx KOHTEHHEPOB MOXKET
JOCTUTaTh HECKOJBbKHX MAECATKOB TOHH M I HX
CKJIQINPOBAHUS HEOOX0ANMO HCTIONIB30BAaTh
MOABEMHO-TPAHCIIOPTHOE obopynoBaHHe. Ha
00BEKTax crHenuaibHO 000pyI0OBaHHBIX
MIPUIIOBEPXHOCTHBIX XPaHUIHUI TBEPBIX
PaZMOAaKTUBHBIX OTXOJOB HCIOJB3YIOTCS MOCTOBBIE
KpaHbl. MexaHu3Mbl MOCTOBOTO KpaHa MPHUBOJISATCA B
JIBIDKEHHE CPEACTBAMHU INEKTPHUYECKUX NPHBOIOB IO
cxeme mpeobOpazoBarens dactoTel (ITY) co 3BeHOM
MOCTOSTHHOTO TOKa - ACHHXPOHHBIN
KOPOTKO3aMKHYTBIN aBHrarenb. I[lockonbKy KpaH
HaXOJWTCSI B arpeccUBHOI cpele paanannuoHHOTO
W3JIY4CHUs, BEI3BAaHHOTO 00mIel akTuBHOCTEI0O PAO 1
MOBBIIICHHBIM paJnaliOHHBIM (OHOM MECTHOCTH,
YMECTHO OLICHUTh CTCIICHb BIUSHUS paHallid Ha ero
paboune XapakTepUCTHKW. BiusHHe paavanuu Ha

MOCTOBOM  KpaH  pacCMOTpUM  Ha  IIpUMepe
NIEKTPONPUBOJA TIOABEMA, B CBA3M C TEM, UYTO
NPUBOABl  TEPENBMKEHHS  MOCTa W TENEKKH
pearn30BaHBbI [0 TaKOH e CXeMe.

AHaJau3 MOCJeAHUX HCCJIeI0BAHMI "
nyoauKanus. Hnst W3y4EHUs BIIUSTHUS

noHmupytomero wnydenust (M) ©Ha syemMeHTHI

BrImpavMHATETE

3IEKTPONPUBOJIA MPOAHATU3UPOBAHBI HAYYHBIE TPY b
B BHIe MoHorpaduii u crareil, 11 u3 KOTOpHIX OBLTH
HETNOCPEICTBEHHO  HCIIONB30BaHBI B JTAHHOM
HCCleloBaHNM. B pesynbraTe  NPOBENEHHBIX
U3bICKaHUHN BBIJICJICHBI U3Jenus, HaunOoee
noasepxkeHuble  BiusHuo HWMHW. HMmu  okasaiuck
W3JeNus,, W3TOTOBJCHHBIE W3 TOIYIPOBOIHHUKOBBIX
MaTepHaoB.

BrinesieHne HepenleHHBIX paHee YyacTeil o0mei
npod.semsl. MccrenoBanust, MOCBSIIEHHBIEC H3YIECHHUIO
BmustHAss VUM Ha TONyHpOBOIHHKOBBIE IIPHOOPHL,
OXBATBIBAIOT ~ HWHTETPAJIbHBIE  MHUKPOCXEMBI U
JIOTHYECKUE yCTPOHCTBAa. PaccMoTpeHHMe CHIIOBBIX
YCTPOWCTB MUTAHUS OTPAHUYMBAETCS MAJIOMOIIHBIMU
30 Br [1] mpeoOpa3oBaTensiMi TOCTOSHHOTO TOKa.
Takoe mnosokeHUe Bellel CBSA3aHO C MOTPEOHOCTIMHU
pa3BuBarolieiicas kocmuueckod orpaciu. Iloatomy B
JAaHHOM HCCJICAOBAHWH HC 6y;[eT YACTATHCA BHUMAaHUEC
CI1ab0TOYHBIM cUcTeMaM. HUcxons u3
BBIIICCKa3aHHOTO, HEPEIIeHHOH YacThio MpPOOIeMbI
BousHUS MM Ha TONyNpOBOJHMKOBBIE HPHOOPHI
SIBIIIETCA HUCCIENOBAHME PaJWAlIOHHON CTOHMKOCTH
npoMbinieHHBIX [TH co 3B€HOM MOCTOSHHOTO TOKa
cpenneit mormHOCTH (1.5 + 500 KBT).

Heasn JTaHHOM cTaThbH — [OJIy4EeHUE
MaTeMaTHIeCKOH 3aBUCHMOCTH apaMeTpoB
BBIXOIHOTO HAINPSHKEHUS IIPeoOpa3oBatelis 4aCTOThI OT
BEJIMYMHBI TOIJIOUIEHHON 10361 HMOHU3HUPYIOIIETO
HU3Ty4EeHUs.

OcHoBHoOI1 MaTepual. CTpyKTypHO
KJIACCUYECKUH CUJIOBOHM KaHaJl NOJYNPOBOJHUKOBOIO
npeoOpa3oBaTens MIPEICTAaBISACT coOoit
HeyHpaBJIsieMbIH BBITIPSIMUTEITb, ABTOHOMHBIN

MHBEPTOP HANPSDKEHUS U JIpaiiBepsl yIpaBieHus (puc.
1).

ARTOHOMHEIH HHBEPTOP

HAallpaRCcHAA

‘:jlr?l%r_ —

|
L

—

CurHaisl

—={ JIpaliBephl

VIpaBIieHHA

Puc.1. Cmpykmypa cunogoz2o Kanana npeoopazogamens 4acmomul

Bempsmurens peanusoBas no cxeme Jlapuonosa,
MHBEPTOp — TpexdasHeli MOCTOBOH. B kauecte
CHJIOBOTO KJIIOYa B IIPeoOpa3oBaTelsiX CpeaHei
MOIIHOCTH HCIOJIB3YIOT OWITIOJISIPHBIE TPAH3UCTOPHI C

H30JINPOBAHHBIM 3aTBOPOM (BTU3). Takue
TPaH3UCTOPHI MOJKHO MpPEeICTaBUTh CXEeMOM
3aMeIleHusl, B KOTOPOH N-KaHAIbHBIA IOJEBOU

TPpaH3UCTOPp € HUHAYUUPOBAHHBIM KaHaJIOM CTOKOM
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coelMHeH ¢ 0a3oil OumossipHOrO PNP TpaH3WcTOopa, a
ncToKoM — ¢ ero koyutekropoM (VT2 u VT3 Ha puc. 2).

Jdnst  janpHedniero TNOHMMaHMS — IIPOLIECCOB,
NPOTEKAOMNX NpU OOJIyYEHUH B DIIEKTPUUECKOM
npeoOpa3oBaTene, pacCMOTPUM CTPYKTYpPY CHIJIOBOTO
kaHana IIY ans omHOTO TPaH3UCTOPA KOJUIEKTOPHOM

+Uynp

31

DAl

rpymmnsl B MOMeHT mnuka ¢asel A. Ha ocHoBanum
KJIaCCHYECKOM CXeMBI CHIIOBOTO MOJIYIIPOBOJHUKOBOTO
KaHama  mpeoOpa3zoBarensi  4acTOTHI  [OCTPOEHA
JieTalIbHAasl CXeMa 3aMeIIeHHs ISl OJTHOTO TPaH3UCTOpa
KOJIICKTOPHOM TpyMITEI HHBEpTOpa (pHC. 2).

Ua

i VDI

—

M1
VTl
3

—_—
-

—
=
=
L
=
<
Noruka

L

-
;"] VT4

-Uymp N

Puc.2. Ilonynposoonuxosas cmpykmypa cunog8o2o Kanaia npeoopasosamens 0is 00H020 MPAaAH3UCmopa.

Ha puc. 2 o6o3nauensr: VD1 — BEIIpSMHUTEIHHBIH
mion; VTl — p-xaHampHBIH METaUI-AUAIICKTPHK-
nonynpoBoaHukoBbit (MIII) TpansucTop npaiiBepa;
VT2 — Gunossipublii pnp tpausuctop B cocraBe BTU3;
VT3 — n-kanansubiit MJIIT B cocrase BTU3; VT4 — n-
kananeHeId M/IIT ppaiisepa; DAL — ontpon; Usxn —
cuTHan ynpasieHus apaiisepa; +Uynp m —Uymp —
HarnpsDKeHue, KoMMyTupyemoe Ha 3atBop BTU3; Ua —
Hanpspkenue ¢assl A; IK — Tok komtektopa; ZH —
MOJIHOE comnpoTuBiieHue Harpy3ku; 31, U1 — 3atBop u
uctok Tpansucropa VT1; 3, K, D — 3aTBOp, KOJIIEKTOP
u smutrep BTU3; N — Heifrpans.

JpaiiBepsl ISl yIpaBiIeHHs KIF0YaMHy, HapuUMep
TLP5751, coctoar w3 onrtpona DAl s
raJbBaHMYECKOH pa3Bsa3ky, Onoka “Jlormka” s

(hopMHpOBaHUS TAOIUIEI HCTUHHOCTH ¥ TPAH3UCTOPOB
JUIsL HEMOCPEACTBEHHON KoMMyTauuu 3aTBopa BTU3.

BeixogHas  nenb  gpaiiBepa  BBIIOJIHEHA IO
KOMIUIEMEHTapHOW  cxeme: pP-kaHanbHbli ~ MJII
TPaH3UCTOP KOMMYTHPYET 10JIOKUTEILHOE

HampsbkeHne Ha 3atBop bTU3, n-xaHanmpHBIT —
oTpuuarenbHoe. Takoil MOAX0/ MO3BOJISIET YIPABIATh
00OMMH TPAH3UCTOPAMH €TUHBIM CHI'HAJIOM.

PaccmoTpum BIIMSTHUE umn Ha
MOJTyITPOBOHUKOBBIE SIIEMEHTHI CXEMBI.

1. Iuon VDI. Cornacuo [2, c. 12] BcieactBue
00JTydeHUs Ha TMO/IE TIOBBIMIAETCS BEJIMYUHA TIPSIMOTO
MaJeHUs] HaNpsDKEHUs, paBHAas CyMMe TaJeHHH
HampsDKEHUH Ha P-N epexoje u B 6ase auoja:

AUnpsnv[ ((D) = AUpn(cD) + AU633I:I((D) =

['WG

B q:unNG (O)Spn
kT

rae | — npsiMoii TOK yepe3 JTHOMA; Wy — TOJIIUHA
6a3sl (N obmacTy) Auonaa; ( — 3apsia ICKTPOHA; U, —
npeiidoBas moABIKHOCTE 3yeKTpoHOB; Ng(0) —
KOHIICHTPAIH JISTHPYIOMICH mpuMecH B 0a3e quoja 10
oOiyuenust; S,, — mWomans P-n mepexoma; Ky —
KO3 puIueHT panaIIOHHOTO HM3MEHEHHUS
KOHIIGHTpAllUM OCHOBHBIX HOcHUTeNed 3apsina;, @ —
MHTETPAJbHBIA MOTOK 00JydeHus; K — MOCTOSHHASA

[exp(— Ky®) — 1] -

€]

1
_ ?{KNCD +>in[1+ K,rp(O)cb]},

Bompimana; 7 — abcomroTHast Temmeparypa, K, —
KO3 (HUIIMEHT paauallMOHHOTO HM3MEHEHHS BpPEMEHU
KM3HN HEOCHOBHBIX HOCHTENEH 3apsana; T, (0) — Bpems
KM3HM HEOCHOBHBIX HOCHTeNlel 3apsna B 0ase 10
o0y4eHus.

2. IMonessie M/III tpansucropst VT1, VT3, VT4.
Teoperuueckue [2, c. 32; 3; 4] wucciaepoBaHus
MMOKA3BIBAIOT, YTO  PaJWAMOHHO  3aBHCHMBIMHU
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napamerpamu  MJII  TpaH3UCTOPOB  SIBIISIOTCS:
MOPOTOBOE  HANpPSDKEHHE (HANPSDKEHHE —OTCEYKH),
KPYTU3Ha  CTOKO3aTBOPHBIX  XapaKTepUCTUK U

BOJIbT(hapaJiHbIC XapaKTepUCTHKH. VcXoas w3 TOro,
4YTO OBICTpOJEHCTBHE KiTIoUeH Koebercs B mpeaenax
OT HAHOCEKYH/I JI0 IECATHIX J0JIeil MUKPOCEKYH/I, a 110
nprarHe oOiydeHue OapbepHOe W TU(PY3HOHHEBIC
EMKOCTH YMEHBINAIOTCS, 4YTO HE MPUBOJAUT K

YMEHbBIICHUIO OblcTpoeHCTBHSA, N3MEHEHHEM
BOJILT(ApaHBIX XapaKTEPUCTHK MOXKHO NpeHeOpeys.
CHmKeHue KPYTH3HBI CTOKO3aTBOPHBIX
XapaKTEepPUCTUK HECYIIECTBEHHO U, B JajbHeHIIeM,
9TOT  IapaMeTp He  paccMarpuBaercs.  Jns
KOJIMYECTBEHHON OLECHKH W3MEHEHUs IIOpOrOBOTO
HaTPSDKCHUS BOCIIONB3yeMcs popmynoit us [3]:

AUpgpor(D) = —=3.4-1078 - 2, -

-F(E,&)-F.-D +

+2.4-1078 - t2, - D?/3,

rae  t,, —TONIIMHA TIOA3aTBOPHOIO OKHCIIA
(mmanexrpuka); F(E,&)— BBIXOX IBIPOK Kak (DyHKIUS
OT UIEKTPUUYECKOTO MOl £ M 3HEPrun OOIydJaroNInx
gactull §; F;— texHonormyeckuit ko3dduiment; D —
TMIOTJIOIIEHHAS 1032 HOHU3NPYIOMIETO M3ITyICHUS.

Hcxons u3 TEOPETUYECKUX [2] u
SKCHEPUMEHTAIBHBIX [4] HCCNeIOBaHUM BBIABICHO,
YTO Yy P-KaHAIbHBIX TPAaH3UCTOPOB HAIPSDKEHUE

O]

OTCEYKH yBEIMYMBACTCS IO MOAYJIIO HA BEIHMUYHHY (2),
a 'y N-KaHAJIbHBIX — YMEHBILACTCS.

3. bunonspueiii Tpansucrop VT2. Hcxons us
HccleoBaHus [6] y OWIONAPHOTO TpPaH3UCTOPA,
paboTaromero B KIIFOYEBOM PEXHUME, BBHIY 00IydeHUS
YBEIMUYUBACTCA KOJUIEKTOPHOE CONPOTHBIECHHE, UYTO
NPUBOJAUT K YBEIMUCHUIO TAACHHUA HAIPSKCHUS
HaCBIICHU U BBIACICHUIO MOIITHOCTHU Ha KpUCTAJLJIEC.

@)

g

exp(Ky - @)
ARK.Hac(cD) = ’
q * Nko * Uk.ons * Sk.ed
WK.en -
2. D .(IB(LC)_;_K .t.q)>
K.oms I h31£(0) o "4
Toro
Tn
rne Ky - xo3dbdumueHt pagualmoHHOTO

W3MEHEHUs1 KOHLEHTpAlUU JIETUPYIOUIEH NpUMecH B
BBICOKOOMHOM  4YacTH  KOJUIEKTOPA; Ngo -
KOHIIEHTpalIUsl JISTUPYIOUIEH MPUMECH B BHICOKOOMHOM
YaCTH KOJJIEKTOPA; Uk ous — HOJBUKHOCTH OCHOBHBIX

HOCHTENIeHl 3apsja B OIHTAKCHAILHOH 00JacTH
KOJUIEKTOPa;  Skep — ObdexTuBHas  momans
KOJUIEKTOpa, 10  KOTOPOi  MNpOTeKaeT  Bech
KOJUIEKTOPHBIN TOK; Wk en TOJIIMHA
AMUTAKCHAIBHOTO  CJOSl  KOJuiekTopa; Dy ous

kodpduuueHT aupQPy3uH OCHOBHBIX  HOCHTENEH
3apsza B 00J1aCTH KOJIIEKTOPA; [p(yac) — TOK 023kl pu
KOTOPOM  TPAH3MCTOp  MNEPEXOJUT B  PEXKUM
HachlmeHus; Iy — TOK Koiuiekropa; h,1p(0) -

K0O()QUIMEHT yculieHuss TOKa TpaH3ucTopa; Koy —
3¢ G EeKTUBHBIH KO3 puIHEHT pagualMOHHBIX
MOBPEXJCHUNH B TpaH3HUCTOpe; t4 — BpeMs Mpojéra

KOP(D) =1- KpaA.I/BM.

e CTRy — koadduIMeHT nepeaadn onTpoHa a0
o0nyuenuss; K,y 5y, — KOOQOUIMERT pairamOHHOTO
M3MEHEHHs KO PHIIMEeHTa IIepeslaudl [0 TOKY.

Hns  nanpHeMied — HArJIsSAHOCTH — IPUBEIEM
¢opmysner (1) - (4) X eouHOMY aprymeHry —
nornomenHoi nose D. IMockonbky (1) u (3) aBustrorcst
¢byHKIMAMEI oT MHTETPaJbHOTO MIOTOKA,

HEOCHOBHBIX HOCHTEIIEH 3apsijia yepe3 aKTUBHYIO 0azy
TPaH3UCTOPA; T,y — BPEMs >KU3HH HEPABHOBECHBIX
HOCHUTENeH 3apsa.

4. Ontpon DAI1. BcnenctBue paguaniiOHHOTO
OOJIydeHUs] Yy ONTPOHA MPOUCXOAUT Jierpafaius
ko3¢ ¢uIMeHTa NepeAayn MO TOKY, 4YTO BbI3BAHO
YMEHBIIIEHHEM HMHTCHCHUBHOCTH CBETa, H3JydaeMOro
CBETOJMO/OM, M CHIDKEHHEM YYyBCTBUTEIHHOCTH
(doronpueMHIKa [7]. DKcrepuMeHTalbHbIE
uccienoBanus [8, 9] IEMOHCTPHUPYIOT CHHKEHUE
OTHOIIEHHs Ko3((uIMeHTa Tmeperadyd 10 TOKY
00JTy9eHHOTO ONTpOHA K KOX(pPHUIHIEHTY
HEOOMy4yeHHOT0 10 HyiIs mpu pgoze B 1 Mpan.
O603HauMM  3TO  OTHOUICHHE  paJUallMOHHBIM
U3MeHeHneM koddduuueHTa nepenayd ONTPOHA IO
toky Kpp(D) = CTR(D)/CTR,, Torna

- D?/3, (4)

BOCIIOJIb30BaBIIUCH BhlpaxkenueMm u3 [10, c. 4] mns
HAaXOXKJCHHs JIO3bI TaMMa W3IydeHHs B pajax
omnpeenuM, 4YTO NorionieHHod no3e B 1 [Mpan]
cooTBeTcTBYeT ToTok 2.17 - 10*°[1/cm?]. Ha puc. 3
MIPECTaBIICHBI rpaduku 3aBHCHUMOCTEH oT
MTOTJIOIEHHOH J103BI, IIOCTPOSHBIE TI0 BRIpaykeHIsIM (1)
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- (4) Anst NOTYNPOBOJHUKOBBIX YCTPOMCTB B COCTaBe
ITY mounocThiO 18.5 KBT.

U. B; Kop, o.e.

2 j T T T T "r

D,
pal

5 &
810" 1=10

6x10°

0 210" 4x10°

a

R, Om

LM
j=]

40

= [
1x10° pa

{| | | |
0 2100 4x10° 6x10° 8x10°

0

Puc.3. I'paghuxu 3a6ucumocmeil paouayuoHHoO Yy8CmMeUmMeLbHbIX RAPAMEMPO8 0N NO2LOWEHHOU 003bl. A:
1 —nopoeosoe nanpscenue mpansucmopa VT3; 2 — npsamoe nadenue nanpsizicenus na ouooe VD1;
3 — nopoeosoe nanpsocenue mpansucmopos VT1 uNT4; 4 — kospuyuenm nepedauu no moxy DAL.
0 — KoeKmopHoe conpomueienue obunonapro2o mpausucmopa V2.

Jns xonuuecTBeHHOM orleHku BiusHusg MU Ha
napaMmeTpsl BBIXOJHOTO HaNpsDKEHUS
npeoOpa3oBaTens 3aMuiIeM ypaBHEHUS
AIEKTPUYECKOTO PABHOBECHS UIS YYaCTKOB IETH (CM.
puc. 2).

U13I/I(D) = UBX,CL : CTRO '

rae  Ugy, BXOJHOE HamNpshKeHUe ApaiiBepa;
Kop(D) — QyHKIOUS paaualioHHOTO W3MCHEHUS
ko3(pdunneHTa mepegayd  ONTPOHA 10  TOKY,

OTIpeNieNnseTcs BRIpaxeHueM (4).
1-—

1. Hanpsxenue wexay toukamu 31-M1 —
HalpsDKEHHUE 3aTBOP-UCTOK TpaH3uctopa VTl kak
(YHKIHS BBIXOIHOTO HAIPsDKEHHS ApaiiBepa:

Kop(D), (®)

2. Hampspkenue Mexay ToukamMu 3-D, WK
BxoaHoe Hanpspkenue BTU3. U3 ucrounuka [11] B3sTO
MaTeMaTHYeCKOe BBIPAKEHHE MJIsI CTOKO3aTBOPHOU
XapaKkTepUCTHKH TpaH3UCTOpa M Ha €€ OCHOBE
3anMcaHa 3aBUCUMOCTh BBIXOAHOTO HampspkeHus V11,
KOTOpOE SBJISIETCSA BXOAHBIM HampsikeHueMm VT13:

2

—Uzu(D)

Rig - Liso -
Us3(D) =

U10 - AUnopor(D)
—Uizu(D) < Uyo —

) (6)
AUsopor(D)

0, _U13I/I(D) = U10 - AUnopor(D)

rae R,y — conporusnenue Harpy3ku V11 paBHoe
BxonHoMYy comnpoTuBiennto bBTU3; [, — TOK cTOoKa
Haceimenus VTL1;, U;y — HampsykeHHE OTCEUKH
(noporosoe) VT1; AU,,,,,.(D) — u3MeHEHUE BETUINHBI

MOPOrOBOr0 HampsiKeHus: Bciencteue aeiictsus MU,
BbIpaxkeHue (2).

3aBUCUMOCTh HaNpsKEHUN 3aTBOP-UCTOK
tpausucropa VT1 wu 3arBop-smurrep BTU3 or
MOTJIOIEHHOM 103bl IPUBEACHA Ha PUC. 4.
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5 5
0 2=1070 =107

£
6=107

D,
5 [:
810 1=10 pan

Puc. 4. 3asucumocmu nanpsscenuii 3ameop-ucmox mpansucmopa V11 (kpusaa 1) u 3ameop-smummep 5TU3
(kpusas 2) om noenougenHol 003bl

Tak kak HampsbkeHHME Ha BBIXOJE JpaiiBepa
OTpPaHUYMBACTCd  JOMYCTUMON  BENUYMHOH  (JUId
paccMaTpUBaeMOro ciydas BBIXOJHOE HaIpsKeHHE
npaiisepa TLP5751 — ne 6onee 30 B), a mpenensHOe
HanpspkeHue Ha 3aTBope bTU3 He 10mKHO NpeBbIaTh
20 B (IGBT moayns BSM50GB120DN2), BeIxomHOE
HanpsDKEHUE paiiBepa orpaHuyuM BennuuHou B 20 B.
W3 rpaduka puc. 4, kpuBas 2, BUIHO, UTO IO
nornoménHoit 10361 2 - 10° pan o6i1yueHue He BIUAET

1-—

IKO ’
Ix(D) =

Ha paboTy apaiiBepa, a mocie 5 - 10° pag HacTymaet
ero ()yHKIIMOHAJIBbHBINA OTKa3.

3. Tok xomrnekropa bTU3. [Jdma BTU3
CIpPaBEAJIMBO  ypaBHEHME Ui  CTOKO3aTBOPHBIX
XapaKTEPUCTHK IOJEBBIX TpaH3UCTOpoB [11], 0 uém
CBHUJICTEIIECTBYET COBIIaJICHHE TIOJTYYCHHBIX
MIPOXOJHBIX XaPaKTEPUCTUK C 3aBOACKHMH TaHHBIMU.
Cucrema ypaBHCHHH [N OIpENENCHUS  TOKa
kosuiekropa BTU3 umeer Bun:

2

Uss(D)
UO + AUnopor (D)

: ()

U33 (D) 2 UO + AUnopor (D)
\0, Uss (D) < Ug + AUpgpor(D)

rae Ixo — TOK KoJUlekTopa Hackimenus; Uy —
HanpsokeHue otceuku (moporosoe); AU,,p,.(D) -
HalpsDKEHHE  OTCEUKH,
BIUSTHUEM (2).

BbI3BAHHOC paJuallMOHHbBIM

Al A

> D,
4x10° pan

'} | | |

0 8x10° 16x10° 24x10° 32x10°

da

3aBUCHMOCTb TOKa KOJUIEKTOpPa OT MOTJIOLIEHHOM
O3Bl M TepenaTouyHble XxapakTepuctuku bTU3
n300pakeHs!l Ha puc. 5.

100,

80
70

30

A
-

30
20
10

gLLEED
16 B
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Ha rpaduxe 3aBHCUMOCTH TOKa KOJUIEKTOpa OT
MOTJIONIEHHON 03BI (PHUC. 5, a) pOCT TOKA 110 A03HI 2 -
105 paj BEI3BaH CHUKEHHMEM MOPOTOBOTO HAMPSKEHHS
BTU3 (puc. 5, 6). Bripaxenne (7) u ero rpaduyaeckas
uHTEepnperanus (puc. 5, a) mokaseBaeT, yro BTU3
TEOPETHUYECKH CMOXET IIPOIYCKaTh OONBIIMH TOK,
TI0TOMY, MOKHO YTBEPIaTh, 4TO /10 103b1 2 - 10° pan
padotra BTU3 He OyneT usmMeHsThes. C pOCTOM JI03BI OT
2-10° 1o 3.2 - 10° pax NPOMCXOAUT CHHKEHHE TOKA

KOJICKTOPA, YTO BHI3BAHO PaAMAIIMOHHBIM H3MEHEHHEM
BBIXOJHOTO  HampsbkeHus  JpaiiBepa (6). Ilpu
MOTJIOMEHHOM 03¢ Gomee 3.2 - 10° paza B KOJIJIEKTOpE
BTU3 mpekparmaeT mpoTeKaTh TOK.

4. Boxomnoe Hampsokenme aumoma VD1 —
HampspkeHne Mexnay Toukamu  K-N.  3ammmem
YpaBHEHHE BBIXOJHOTO HANpsKCHUS AHModa Kak
(YHKIHMIO OT ITOTJIOMEHHOH JT03bI:

U — (Unp + >
a AUHpHM(D) ’
Uy(D) = Uy = Upp + AUHPHM(D) ' ?

0,U, < Upp + AUppsn (D)

rae U, — MIHOBEHHOE 3HAUCHUE HANPSKCHUS
¢daszer A; Upp — mpsiMoe TaneHHe HampsDKeHHs Ha
neoOnyuennom jguone; AU,,,,(D) —  QyHkuus
M3MEHEHHS NPSMOTO MaACHUs HANpsDKCHHS Ha IHOJE
or mornoménnoit a03bl (1). Ilockonbky maneHue
HAaIpsHKEHUS Ha TMOZE OT PaJMallMOHHOTO M3JIy4YEeHUS
Bo3pactaeT Ha 0.8 B x no3e 1 Mpan, uto cocraBiseT
0.31% oT BenWYHMHBI BBIIPAMIEHHOI'O HaNpsDKEHUS,
9TOT MapaMeTp MPaKTUYECKH He BIMSAET Ha padory
CHCTEMBI.

5. HampspxeHne Ha Harpy3Ke — MeKAy Toukamu E-
N. Tak kak mon BiausaueM WU TOk KoJutekTopa
cHIXKaetcs 10 Hyss1, To BTH3 u3 kimodeBoro pexxuma
paboThl MEepexOAUT B AaKTHBHBIM, YTO BBI3BAHO
U3MEHEHHUEM CONPOTUBJIICHUS KaHala KOJUIEKTOp-
3MUTTED. BBeneM — moHsATME — pangMallMOHHOIO
JUHAMH4YECKOIO CONPOTUBIICHUS ISl KOJIMYECTBEHHOM
OLICHKM IOBEJECHMs KaHalla KOJUIEKTOP-ODMHUTITED B
YCIIOBHSIX 00ITydeHHs, NCTionb3ys QyHKmn (7) u (8):

UL (D)

RP,&(D) = RK.HOM + ARK.Hac(D) +—= (9)

e Ry uom HOMHHAQJILHOE  COIIPOTHBIICHHE
KOJIWIEKTOPa; Rp,u.(D) — OYHKUHS CONPOTHBICHUS
HACBHIIEHUs KOJJIEKTOPa, ONpeesieTCsl BhIpaXKeHUEM

3).
A Rpa, Om

Ix(D)’

3aBUCUMOCTh JUHAMHYECKOTO PaJAMAlMOHHOTO
COIIPOTHUBIICHUS oT MOTJIOIIEHHOU JI03BI
WIUTIOCTPUPYET pHC. 6.

100 | T

20

l:l I 5
1] 1=107

z
2107

! = [},

£ 5
=107 2107 pan

Puc. 6. 3asucumocms OuHaMU4ECK020 pa()uauummoeo conpomueieHusl om }’lOZJZOM/;éHHOﬁ 0030l

Taxum obpazom, Ha4MHAas c JI03bl
npubmmutensHEo B 2.5 -10° pax compoTuBneHME
KaHaJla KOJUIEKTOP-DMHUTTEP PEe3KO BO3pACTaeT, UTO
TOBOPUT O 3aKPBITHH TPAH3UCTOPA MPU JOCTHKCHUH
KPUTUYECKOHU NOTVIOMIEHHOM 103bI.

Paccmorpum BTHU3  u
KJIACCUYECKUH JIeJMTEeNb HaNpsHKEHUs.

Harpysky KaK
BxoaHpIM

nanpspkeanm  Oymer U;(D) wmexmy toukamu K-N,
BBIXOJIHBIM HANPSKEHUEM — HAMPSUKEHUE HA HAIPY3Ke
Uy(D) wexmy  toukamum E-N  (pumc.  2).
Comporupnenusamu  nocmyxar  Rpg(D)  (9) n
COIIPOTHBIICHUE HArpy3KU Zy. Toraa HampsDKeHHe Ha
Harpy3ke BBIPa)aeTcs Kak
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Uy(D) = Uy (D Zn 10
3aBUCUMOCTD AMIUIUTY bl BBIXOJHOI'O
HalpsKEHUA NOJYIIPOBOJAHHUKOBOI'O HpeO6pa30BaTeﬂfI
OT HOTJIOIIEHHOM 03Bl MPEJACTaBICHA Ha pUC. 7.
LUn. B
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Puc. 7. 3asucumocmo amniumyovt 8bIXOOHO20 HANPSNCEHUSL NOTYNPOBOOHUKOBO20
npeobpazoeamens Om NO2LOUJEHHOU 003bl
J% K rpa(bI/IKa BHJHO, qTo Ha4dYuHasA OHpeneneHo, qTo paananinoOHHO
npubmm3uTensHo ¢ 1.8 - 10° pan HauMHAaeTCS MIABHOE — YYBCTBHTEIbHBIMU TIOJTYTIPOBOTHUKOBEIMH

CIIJIaHAE AMIUTUTY/ABl BBIXOJHOTO HAINpPSDKEHHS, €ro
BenuurHa JnocturHeT 90% OT HOMUHAIA MpU J03€
2.65 - 105 pan, pu fanbHelinem o61ydeHHH GyHKIIS
OKCIIOHEHIIMANIBHO crajiaeT U jgocturaer 0 mpu mose
3.3-10% pan. ®opmymst (1) — (10) mpexncrapisroT
co0Ol MaTeMaTHyYecKyr MOJenb i pacydera
BBIXOJJHOI'O HANpsDKEHUS NpeoOpa3oBaTeNs 4acTOTHI
CpenHeil MOLTHOCTH OT BeJIMYUHBI MTOTJIOMEHHOH 103BI.

HccnenoBanusi MPOBOJWIMCH C UCIIONB30BaHHEM
nporpammHuo# cpenst Mathcad 15.

BoiBoabl M mpenJIOKeHHs.
TEOPETUUECKOE uccie0BaHue BIIMSTHUS
paaMalioHHOTO HM3JIy4eHHs Ha CHJIOBOM KaHal
MOJIYIIPOBOJJHUKOBOIO Mpeo0OpaszoBarelisi B COCTaBe
ANIEKTPONPUBOAA  IMOJbEMa  MOCTOBOTO  KpaHa.
VYCTaHOBJEHO, YTO TOJ  BIUSHUEM  pajvalliiu
YMEHBIIACTCS aMIUIMTYAA BBIXOJHOTO HAMpPsKECHHS
npeoOpa3oBaTens, a YacToTa OCTaeTcsl 3aJaHHOM.
[TockosbKy ¢ pOCTOM MOTJIOIIEHHOH /10351 BHYTPEHHHE
€MKOCTH TPaH3UCTOPOB YMEHBIIAIOTCS, a TaK KaK MX
3HaueHus umeroT nopsnok 107° + 10712 ¢apan, To
MO>KHO CUHTATh, YTO pagHallys He BIUICT Ha CKOPOCTh
KOMMYTallHH.

IMogydyeHa u WcclefoBaHa MaTeMaTHYecKas
mojenp BiausHus MM Ha aMIuiMTyay BBIXOJHOTO
HaINpsDKeHUsl Tpeo0pa3oBarenss 4acTOThl B COCTaBe
CHCTEMBI JJIEKTPONPUBO/A.

Brimonneno

YCTPOMCTBAMH B COCTaBe IpeoOpa3oBaTeNs YacTOTHI,
OKa3bIBAIOIINMU HanOosbIIee BIMSHUE Ha
paboTOCIIOCOOHOCTh CHCTEMBI, SBISIOTCSA: ONTPOH,
nojeBple P u N-xaHanbHble MJIII TpaH3ucTOphl B
cocTaBe JpaiiBepa, MOJIEBOW N-KaHaJIbHBIM CHUIIOBOM
MII, 6unonspHeIiA PNP TpaH3uCcTOPHI B coctaBe BTU3
U BBIIIPSIMUTEIIBHBIN TUOL.

Ha ocHOBaHMM NOIY4YEHHOIO 3aKOHA U3MEHEHUS
BBIXOZHOI'O HaIPSKEHUs 3JIEKTPUYECKOTO
npeoOpa3oBaTesst HOSIBIISETCA BO3MOXHOCTb
pa3paboTKK MPOTrpPaMMHOTO CpEJCTBa KOMIICHCAIIUU
PaAnaiOHHOTO BO3AECHCTBHS Ha Oy IPOBOJHUKOBBIE
YCTPOICTBA B CUCTEME 3JIEKTPOIPUBOJA.
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EXPERIMENTAL INVESTIGATION NOISE FIELD AND AIR DUST POLLUTION
ACOUMPLISHED RAIL CUTTING
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Jaoowa Eezenuii Huxonaesuu

KAHOUOam mexHu4yecKux HayK, O0YeHm Kagpeopbl NPUKIAOHOU MAMEMAMUKLU,
Honckoui I'ocyoapcmeennuiii Texnuueckui Ynusepcumem
Kynuyoea Hpuna Cepzeesna

acnupanm xagedpwl « XK u 30C»,

Honckoii I'ocyoapcmeennuiii Texuuueckuii Yuusepcumem
Xonooosa Ceemnana Hukonaeena
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Yyxkapuna Hamanva Anexcanoposna
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Honckoui 'ocyoapcmeennuiii Texnuueckui Yuusepcumem

3KCIEPUMEHTAJIbHBIE UCCJIEJJOBAHUS IIIYMA U 3ATIBIIEHHOCTHU B PABOYE 30HE
PEJIbBCOPE3HOI'O CTAHKA

Summary. Noise field and dust concentration in a working zone of rail cutting setup are investigated
experimentally. Based on the study of aerodynamically characteristics of cyclones its’ parametric optimization is
performed. The efficiency of noise reduction by protective cover designed is tested. Results obtained are
compressed by means of respective mathematical models.

AHHOTa].ll/lH. 3KCHepI/IMeHTaHLHO HUCCIICAOBAHbI IMIYMOBOC IIOJIC W 3allblJICHHOCTH B pa6oqel71 30HC
PCIbCOPE3HOI0 CTaHKa. I/ISy‘IeHLI AOPOAMHAMUYCCKUEC XapaKTCPUCTUKU HHUKIOHOB M OCYIIECTBJICHA HX
napaMeTpuueckas ontumuzanus. IlpoBepeHa S(GQEKTUBHOCTH IIYMOIIOTJIONIEHHUS 3alIUTHBIM KOXYXOM
PEeNbCOPE3HOr0 CTaHKA. Pe3ynbTaThl OOOOIIEHBI MOCPEACTBOM MATEMaTHUYECKHUX MOJENeH SMIUPUUECKOTO
Xapaxrepa.

Key words: metal cutting, dust, noise, dust content, experimental measurements.

Knroueswie cnosa: pe3anue memailios, nvlib, UWYM, 3AdNbLIEHHOCMb, IKCNEPUMEHMAIbHbIE USMEPEHUSL.

BBegenne 1. Illym B paboueii 30He pe3yuKa: U3MepeHHU U

Jns  BbIOOpa  KOHKPETHBIX  WHXKCHEPHBIX
MEpONpPHATHIl 10 CHIKCHUIO YPOBHEH oIymMa H
3alBUICHHOCTH [0 JOMYCTHMBIX BeldnuuH [1-4]
UCTIONIb3YIOTCS  COOTBETCTBYIOIIME XapPaKTEPUCTUKU
TEXHOJIOTHYECKOTO o0opyoBaHusl. BaxxHoit
uHdopMmanmei s aKyCTHYEeCKOro pacyera, a TaKKe
ISl pacueTa IIyMOBOM HAarpy3kd Ha IEepCOHAl
SBJSIETCS  Pa3HUIA MEXKAY YPOBHAMH LIymMa U
3aIbUIEHHOCTH, OOYCJIOBIEHHBIMU PabOTOil CHCTEMBI
(penbcope3HbIif  CTAaHOK — peNbC), W MpelesbHO-
JOIMyCTUMBIMA ~ 3HAQYCHHSIMH  COOTBETCTBYOLINX
(husnueckux mapaMeTpoB cpelisl B paboueii 3oue [1-4].
[omyuynTh KaHHYI WHOOPMALMIO MOXKHO TOJBKO MPH
NPOBENICHUH SKCIIEPUMEHTAIBHBIX UCCIICIOBAHUIA.

aHAJIM3 JAHHBIX

HccnenoBaHnsi CHEKTPOB IIymMa W BHOpanuu
PENbCOPE3HBIX CTAaHKOB BBIMONHSAINCH Ha XOJIOCTOM
Xoaoy, a TakKXkXe B THIHNYHBIX pa60q1/1x peXKUMax.
IlepBuuHOl MPUYMHON NOSIBJICHUS ILlIymMa B IIpoliecce
pe3aHuss  SABJIACTCS  B3aUMOJEHCTBUE  PEXKYILErO
WHCTPYMEHTa C 3aroTOBKOH, T.e. BUOpAIlMOHHBIE
IPOILIECCHI B y3Iie «abpa3suBHBIA Kpyr — pense» [5-6].
Wsmepennst ypoBHe#l Imiyma Ha pabouem Mecrte
MIPOBOJWINCH Ha BbICOTE 1.5 M Hajx ypoBHEM MoJa.
Pe3ynbraTel n3MepeHuil yma npefcTaBIeHbl Ha PUC.
1.
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Puc. 1. Usmenenue ypogneil wiyma no mepe ygeiudeHus 21younvl pe3anus 6e3 ucnonb308anus noiie- u
UWYMO3AUUMHO20 KONCYXA HA PelbCOPE3IHOM CHIAHKe

Ha MakcumanbHBIX 4YacTOTaX BpAlICHHS YPOBHU
3BYKOBOT'O JIaBJICHHUs, 00YCIOBIICHHbIE pa00TOM CTaHKa,
MPEBBILIAIOT MPEACITbHO-IOMYCTUMbIE 3HAYCHHUS. XOTS
B TIPOIIECCE PE3KH CIIEKTPHI IIIyMa TpaHCHOPMUPYIOTCS,
B HHUX Mpeo0JafaloT CpelHe- M BBICOKOYACTOTHBIC
KOMIIOHCHTBI. CyHleCTBeHHO, qTO pu qacToTe
BpamieHust  pexymero  kpyra 3000  o0/muH
3a(MKCUPOBAHO TIPEBBINICHHE YPOBHEH 3BYKOBOTO
naBienust 10 S5 nb B uHTepBasie yactor 1000-8000 I'ry
[2].

Pacuer 1ryMo3aiuTsl JUisi peIbCOPE3HOTO CTaHKa
TpebyeT  TOCTPOMTh  MAaTEeMaTHYECKYyH)  MOJEIb
JUHAMHKHA IIyMOBOTO IIOJSI B COOTBETCTBYIOIIEM
TEXHOJIOTHYECKOM Mpoliecce. B ee 0CHOBY MOJI0XKUM
JKCIEPUMEHTAIIbHbIC JJaHHbIE puUC. 1.

ITocKoIBKY 3BYKOBBIE CIIEKTPBI B HaYase M KOHIIE
pe3aHust MoI00HBI (COOTBETCTBYIOMINN KOI(DPHUIUESHT

koppenmsimu paBeH  0,89), wux 1menecooOpasHO
OIIMChIBATh MOCPEACTBOM OIHOTHUITHBIX
(hyHKIIMOHATIBHBIX 3aBUCUMOCTEH, Hanpumep,
IIOJIMHOMHAJIbHBIX. y‘II/ITLIBaﬂ, 4qTo YHUCJIO

BBIDOKCHHBIX MAaKCHMyMOB paBHO TpeM, a ooriee
YHCIIO JKCIIEPUMEHTAIBHBIX TOUYEK JIecATH, 0a30BOi
aNMpoOKCUMHUPYIOLIeH CTPYKTYpPOH cleqyeT BBIOpaTh
MOJMHOM TpeThel cremeHu. Ilpm 3TOM momobue

HAualbHOTO M KOHEYHOTO CIIEKTpa MO3BOJSIOT
IIPEIIOJIOKHUTD, 4YTO K03 PHUIIHEHTHI JUISL
COOTBETCTBYIOIINX  ITOJMHOMOB JOJDKHBI ~ HMETh

OnM3KHE 3HAYEHUS, a B PEaTbHOM IIPOLECCE PE3aHUS
HETIPEPhIBHO TPAaHC(OPMHUPOBATECS OT HCXOIHBIX
3HaUYE€HUH — K KOHEe4HbIM. [IpocTedmmum 3akoHOM

TaKo# TpaHCHOPMAIUH CITY>KUT JIMHEHHBIHN 10 CTENICHH
BpE3aHUst X/Xmax 3aKOH.

Jns  vHAUNUWaNU3anuMd  ONHUCAHHOU
TpeOyeTcsi MOCTPOUTh MOJENW HAdajdbHOTO U
KOHEYHOTO  CIEKTpOoB  pe3aHus.  [Ipaktuyecku
TpeOyeTcst  JBaAbl PEUIUTh ONTUMHU3AIMOHHYIO
3anaqy [7] Buga

MOJIENTA

T (L(lg f)) - L)% — min,, 1)

rne L(lg fi) = A + B-Ig fi + C-(Ig fi)? + D-(Ig fi)® -
MOJENIbHBIM ~ YacTOTHBIM  cmekTp myma; Li -
OKCIIEPUMEHTANBHBI ~ YaCTOTHBIAH  CHeKTp;, 1 —
0003HAUEHNE OMBITHOW TOYKH TPH IPAKTHYECKHUX
usMmepenustx myma (imax = 10) ; fi — gactora nryma,
cooTBeTCTByIOmas i-my m3mepenuio; A, B, C u D —
HUCKOMBIE  SMIIUPHUYECKHE  IapaMeTpbl  MOJIEINH.
Munumusupyemass  BenmuuHa (1) wu3BecTHa B
BBIYMCITUTEIFHON MaTeMaTHKe [8] Kak HeBs3Ka.

MosxHO CTpOro JI0Ka3ath, 4TO
copMyIMpoBaHHas 3[€Ch ONTUMM3ALMOHHAS 3a7ada
Ha MHUHMMYM HEBSA3KM OJKBUBAJICHTHA 3aJad€ Ha
MaKCUMYM MapHOH KOPPENALUHU JaHHbBIX:

Corr ({L(Ig )}, {Li}) > max. 2

B nanHoit pabote 06e 3a1a4uM pereHsl METoIaMu
MaTeMaTUYeCKOro  mnporpammupoBaHus  [7], a
pe3ysbTaThl pelIeHus MpeJCTaBIeHbl Ha pHUC. 2 U B
Buze Gopmyn (3) u (4).
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Puc. 2. Pesynomamul uoenmugurayuu mooenei (1) u (2) memooamu mamemamuyecko2o npocpammupo8anus.
cnesa — IKCNePUMEHMATbHBIU U MOOETbHbLIL CHeKMPbL ULyMA 6 Haydie 6pe3anusl, Cnpasa — 6 KOHYe 8Pe3anus

OTMmeTHMm,
mozenei (1) u (2) oboumu criocobamMu COBIIANAIOT 10
YeTBHIPEX-TISITH 3HAYaIIUX HU(p MEXIy coOOH, a TaKxke

YTO pPe3ynbTaThl HACHTH(UKAINU

C pe3ynbTaTaMH HACHTH(PUKAINK, MOJyIEHHBIMH
cpenctBamu Excel:
Luas(lg f) = 293.9 — 274.7-1g f + 109.1-(Ig f)? — 13.64-(Ig f)°, 1B, 3)
Liou(lg f) = 262.5 — 242.3-1g f + 94.28-(Ig f)2 — 11.47-(Ig f)®, 1B . 4

Mogenu (3) wu (4)  xapakTepusylTCs
CpelHeKBaApaTHUHOW morpemHocTeio 3.8 u 2.7 1b
COOTBETCTBCHHO u KOppEeNIUpyIoT c

Lipy(lg f) = 123.4 (Ig f) 044 [nB] ,

KOTOPOE XapaKTepU3yeTcst IIOTPELIHOCTHIO B 10U
1b 1 xoppemuued ¢ HOPMATUBHOM 3aBUCHMOCTBIO
0.98.

O6beaunss Moaenu (3)-(5) ¢ MoJenbio Bpe3aHus,
nojgy4aeM OOOOINCHHYIO MOJEIb  CHEKTPalIbHOM

SKCIEpUMEHTANbHBIMU clIeKTpamMu Ha ypoBHe 0.79 u
0.88.

Baxxubiit s
periaaMeHTHpOoBaHHBIN [1-2]
OITHCHIBAETCS COOTHOIICHHEM

HallluX neneu u
crnexrpanpHelii  ITY

(®)

JUHAMHUKU 3BYKOBOTO MOJsI. DTa MOJETh BBIpakaeT
npesbllieHUe cnekrpanbHoro I1JIY myma B Kakabli
MOMEHT PE€3aHMs U BBIPaXKaeTCs YpaBHEHUEM:

AL(lg f, X/Xmax) = (293.9 — 31.4 X/Xmax) — (274.7 — 32.4 X/Xmax)-1g f +

+(109.1 — 14.82 X/Xma)-(Ig )2 — (13.64 — 2.17 X/Xmax)-(Ig )%

(6)

~123.4 (Ig f) 043

HMeromee cpeHeKBapaTHYHY O HOTPEIIHOCTh B
npenesax 3 ab u XapaKTepu3yleecs
K03 PHUIMEHTOM KOppesanuu Ha yposHe Oonee 0.85,
MOJIETbHOE COOTHOIIeHHe (6) TO3BOJSET HAJEKHO
paccuuThIBaTh  3BYKOBOE  IIOJIE  MCCIIEIyEeMOro
MHCTPYMEHTa B TEYEHHE BCero Lukia pesanus. Jlius

MpeBblenne 20
nmyv, nb

0
Og-20
m-30-0 20
O-40--20

L= B (v 1
mybwha © @ Yactora, My
BpE3AHHA

HarJSITHOCTH BHJ 3aBHCHMMOCTH (6) NPHBEICH Ha pUC.
3 (cmeBa); Ha 3TOM JK€ PHUCYHKE CIpaBa IIOKa3aH
QHAJIOTMYHBIH pe3ynbTar, OTBEYAIOIIUH
UCIIOJIb30BAaHMIO HAa CTaHKE IbUICHIYMO3AIHUTHOTO
KoXyxa ¢ 3¢ (eKTUBHOCTBIO IIyMonoasnenus 19 ab.

MNpesblweHWe
noy, a6

O-20-0
W -40-20
O-£0-40

YactoTa, Ny

Bpe3aHHA =

Puc. 3. Cnexmpanvhas Ounamuxa 36YK08020 NoJsi NPU pe3anuu peibea 6 OMHOUEHUY NPEGbIULEHUS]
cnexmpanvuvix T[]V 6e3 npumenenus wymosauwumaul (ceea) u ¢ npuMeHeHueM Wymo3awumsl (cnpasa)
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C YUYCTOM 3allUTHOI'O KOXKyXa MaTeéMaTudceckas
MoA€CJb JAWMHAMHUKU LIYMOBOI'O IMOJs M[pHU pa60Te
PCIbCOPE3HOI0 CTaHKa MPUHUMACT BUMI:

ALgox(1g f, X/Xmax) = (293.9 — 31.4 X/Xmax) — (274.7 — 32.4 X/Xmax)-1g f +

+(109.1 — 14.82 X/Xmax)-(Ig )2 — (13.64 — 2.17 X/Xmax)-(Ig 1) — ©)

123.4 (Ig f) 943 _ 18.80 — 0.00995-(Ig )>?’ [1B]

Taxke SKCIEpPUMEHTAIbHO YCTAHOBJICHO, YTO
YBEIMYCHHE  YacTOTBl  BpAICHHS  PEXKYIIEro
MHCTPYMEHTa COIPOBOXKIAECTCS HHTEHCH(UKAIMEH
3BYKOBOTO m3NydeHHs [9] ¢  OJHOBpEMEHHBIM
pacimpeHreM 3ByKO-BUOPOaKTUBHOTO AMANa3oHa (10
rpanul; 500-8000 I'm), B KOTOPOM YPOBHHU 3BYKOBOT'O
JIaBJICHUS MPEBBIIAIOT MPEebHO-A0IYCTUMbIE Ha §-
11 nb.

IlomyueHHble B ONHUCAHHBIX OSKCIEPUMEHTaX
JaHHBIE  CIy)aT  OCHOBOW  mpu  pa3paboTke
TEXHUYECKUX pemeHnit ULt obecrieueHus
JEWCTBYIOIINX CAHUTAapHBIX HOPM IIIyMa M BUOpaluu B
paboueii 30He peIbCOPE3HBIX CTAHKOB [1-2].

2. 3anbuleHHOCTH B paloyeid  30He
Pe/IbCOPE3HOr0 CTAHKA

HccnenoBanus 3ambUICHHOCTH B pabodeil 30HE
pe3uuKa, UCIIOJIB3YIOLIEro PeIbCcope3Hble cTaHKu PA-2
u PA-2M c 31eKTponpHBOAOM, BBINOJIHAINCH B
TeIuTbli nepuoa roga. OGIIHOCTD SKCIIEPUMEHTATIBHBIX
JaHHBIX ~ o0ecrieyeHa  TeM, 4YTO  W3MEpEHUs
3aMbUICHHOCTH OCYIIECTBIIUIUCH B IPOU3BOICTBEHHBIX

MOMEIICHUAX HECKOJBKHX  MAIIMHOCTPOUTEIBHBIX
npeanpusTuii r. Pocrosa-na-Jlony.

[TpoOr1 aHamM3MpyeMoil cpeapl OTOMpaNNCh NpU
Pa3NUYHBIX CHOCO0aX MOJaYu MPUTOYHOTO BO3IyXa,
HCTIONb3YEMBIX B MeTaIo00pabarsiBatoIeM
npousBojacTBe. IloNBMKHOCTE BO3OyXa, a Takke
TeMmreparypa U BIQXKHOCTb H3MEpPSIINCh MPUOOpPOM
«Meteockom», pekomeHgoBaHHbIM Canllun 2.2.4.548-
96. Jna otOopa mpoO 3ambUICHHOTO BO3AyXa
UCIIONIL30BAIMCh  adpo3oiibHble  GUIbTPEl  (ADA),
pa3sMEIIEHHbIE B OTKPBHITOM auloHke. IlepedeHn
mpubOpoB M MaTepualioB, HCIHONB30BAHHBIX B
SKCIEPUMEHTAX, IPUBEICH B Ta0II. 1.

ConepxxaHue BPEIHOTO BEIIIECTBA B
N3MEPUTENBHON TOUKE ONPEAEIISIIOCH OCPEAHEHHO, T.€.
cpenHee 3HaueHue 3a 30 wmuH. Yepe3 paBHble
npoMexyTku BpemeHu (10 MuH.) oTOMpanuch Tpu
npoOBbl, a 3aTeM PaCCUUTHIBAIOCH CpE/IHEE 3HAUCHHE
HU3MEPEHHOTO MOKa3aTes. Cy1ecTBEHHO,
MIOCTIEIOBATENbHOCTh TEXHOJIOTHUECKUX — OIepalui,
CTENEHb 3arpy3KH U3y4aeMoro 000pyI0BaHus U MapKa
paspeszaemoro penbca (P65) He H3MeHITHCE.

Ta6muma 1

CpencTBa H3MepeHHii, HCIOJIL30BAHHbIE MPH H3MePEHHsIX 3aNblJIEHHOCTH BO3/1yXa

HammenoBanune mpubopa, yCTpOHCTBa, ASTaIH

Hasnauenne

Acnmpatop MuryHoBa aeKkTpudeckuii (Mog. 822)

OT100p poO MBUIEBO3AYIIHON CMECH

Pe3nHOBBIC MUTAHTH (KOMIUICKT)

COGZ[I/IHGHI/IG AJIJIOH?KA € aClIMpaTopoOM

OusTp ADA-BII-20

Haxomrenne neum

Onexrponnbie Bechl ALC-80d4

BricokoTouHOE B3BEIIMBaHUE

[Ipubop Aspokon-I1

Onpez[eneHHe 3allbIJICHHOCTHU BO3yXa

W3mepenust 3anbICHHOCTH TIPOU3BO/IMIINCH KaK B
30HE JIbIXaHUS PE3YHKa, TAK U HA YAAICHUU OT CTAHKA
(0,5wm, 1 M, 2 M u 3 M) pu BeicoTe 1,5 M OT mona.
[onyueHtbie IKCIIEPUMEHTATIEHO 3HAYCHUS
KOHIICHTpAIlMKA  aOpa3sWBHO-META/UIMYCCKOW MBUTM B
BO3/IyXe NPUBE/ICHHBI B Ta0I. 2.

Ha ocHOBaHHMM TPHBEICHHBIX BBIIIE JaHHBIX
MOJKHO YTBEP)KIaTh, YTO KOHIICHTpAIUs aOpa3sUBHO-

METAJUIMIECKON TBUTH B 30HE IBIXaHUS PabOTaOMINX
CYIICCTBEHHO MPEBHIMIACT IPENSIFHO TOIMyCTUMYIO
(puc. 4). B gactHOCTH, TIpeBHIICHHE KOHIICHTPAIIUH
netn Hag T1JIK HabmiomaeTcst make Ha PaccTOSTHUM
OKOJIO IBYX METPOB OT OIepaTopa, 4To He JOMyCTUMO
U TpeOyeT HEOTJIOXHBIX Mep JJISi  CHIDKEHHS
3amnbUIeHHOCTH [3-4].

Tabmumua 2
3anblIeHHOCTh BO3yXa Ha pabdoueM MecTe (a0pa3suBHasi pe3Ka peJsibca)
KoHuenTpanuu npui, Mr/m>
Mapxka cTanka VY 1aneHHOCTh 30HBI JbIXAHUS PE3UUKa, M
0 0,5 1 2 3
PA-2M 13,9 10,8 8,4 50 3,1
PA-2 10,2 7,9 6,2 3,7 1,9
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Puc. 4. 3anvirennocmo 6 30ne Obixanusi pabomMHUKA U HA YOAIEHUU OM PEelbCOPE3HO20 CINAHKA NpU
OMCYMCmMeuU noliie- U UWyMo3aujumHo20 Koxcyxa

3. JKcIepUMeHTAIbHbIe HCCJIeT0BAHUSA
AUMHAMUKHU Aa0pa3MBHO-MeTALUINYECKOH NbLIM B
LMKJIOHE ¢ 00PATHBIM KOHYCOM

Hnst SKCIIEPUMEHTAILHOTO onpeeNeHus
AOPOJMHAMUYECKUX XApPAKTEPUCTUK IEHTPOOEIKHBIX

[bUICYJIOBUTENIEH  PAa3IMYHOM  KOHCTPYKLIMH  Ha
kapenpe "BX wu  30C" JAI'TY  BbINOJIHEHBI
cpaBHUTENbHBIE  ucmelTaHus  [10].  IIpm  wux
OpraHu3aIiu chopMyITHPOBAHbI CIeyIoNe
TpeOOBaHUS:

— cooterctBoBath 'OCT 12.3.018-79 — «CCBT.
Cucrembl BEHTWISLIOHHBIE. Mertost

A3pOANHAMUNYCCKUX HCHLITaHHﬁ));

— BBIABHUTH IIOJIA JaBJICHHS, CKOPOCTHU ABUKCHUSA
BO3AyXa MU €ro pacxoJia B PA3HBIX TOYKAX BO BCEX
3JIEMEHTaX CPaAaBHUBACMbBIX [IMKJIOHHBIX alrapaToB IIpy

pa3m/mH01‘/’1 MMPOU3BOAUTCIIBHOCTH BBITSAXKHOI'O
BCHTUJIATOPA,
- U3MECPUTH OKCIICPUMCHTAJIBHO IIOJIHOC,

CTaTHYCCKOC M AMHAMHYCCKOC JaBJICHUC, a TaKXKC
CKOPOCTh ABUIKCHHA BO3AYIIHOT'O IMOTOKAa B pPa3HbIX
TOYKax MOTOKa MpU U3MECHCHHUU ITPOU3BOAUTCIIBHOCTU
BBITS)KHOT'O BEHTUJIATOPA,

— CpaBHUTb pAacCUUTaHHble KOI(DDULIHUEHTHI
THJIPaBIMYECKOTO  CONPOTUBIICHHUS  HCCIEAYEMBIX
anmaparoB  «IIH-15y-300» u «JOK-200-300» ¢
H3MEPEHHBIMH 3KCIIEPUMEHTAIBHO.

Hnst 9KCIIEPHUMEHTAIIBHBIX HCCIIeIOBaHUI
CKOHCTPYHpOBaHa " peanu3oBaHa
MONYNPOMBILUICHHAS ~ YCTAHOBKA,  I[TO3BOJISFOLIAS

n3y4arh B JAETaNSX IUKIOHBI Pa3IMIHON GopMBbI (pHC.
5).
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Puc. 5. Dxecnepumenmanvhas ycmanoska: 1 — «Luxnon L{H15y-300» , 2 — « [JOK-200-300», 3 — 6xoonoi
nampyb6ox «L{uxnon [[H-15y-300», 4 — 6xoonoii nampybox «[JOK-200-300», 5 — peeynupyemas nepecopooka, 6
— nampyoOox 6bIx00HOU, 7 — 6EHMUNSMOP PAOUAIbHbIL, 8 — ONOK YNPAGLEHUSL 6EHMUNSMOPOM (INEKMPOHHDBLIL)

[emeynoButenmn  ukmorn  «IH-15y-300» wu
«I1OK-200-300» ycraHaBIMBAIOTCSA NapajuleIbHO M
WMEIOT  paBHBIe  paboume  0oO0beMBL.  YTOOHBI
MHTEHCH(HUINPOBATh 3KCIEPUMEHTHl C IIMKIOHAMH
pa3nuaHON KOHCTPYKIINHU oe3 HapyLICHUS
TepMETUYHOCTH BO3AYyXOBOJa (BCIICACTBHE 3aMEHbI
IUKJIOHHBIX  amnapaToB) B  9KCHEPHUMEHTAILHOMN
YCTQHOBKE HCIOJIBb30BAaHO II00YEPEHOE 3aKPhITHE
neperopogok. CHayajga W3MEPEHUs NPOBOIWIIUCH C
IUKJIOHaMH 0e3 OyHKepa, @pUYEM  OTBEPCTHUS
TEPMETUYHO 3aKpPBIBAIUCH. I/I3MepeHI/I$[ JaBJICHUA H
CKOPOCTH BO3AYIIHOTO MOTOKA OCYIIECTBISUINCH TPH
IIOMOLIU IBYX TpyOOK Into u 2-x
muddepeHnInanTbHbIX MaHOMETPOB Testo-521,
YCTaHOBJICHHBIX Ha BXO/€ M BbIX0ze armnaparos [10].

Mogens  Testo 521-1 XapaKTepU3yeTcs
norpemrHocThio 0,2 % OTHOCHTENBHO MOJTHOW IIKAJIBI.
[Ipu ckopocTy motoka 5 M/c MpuOOPHast MOTPELIHOCTh
cocrarsiet 0,32 m/c, mpu 20 m/c — 0.09 m/c u ipu 50
m/c okono 0,05 wm/c. 3aBHCHMOCTb Ppe3yJIbTATOB
M3MEpEHHUH OT PaCIOJIOKEHHs 30HJUPYIOIIETO AIEMEeHTa
yCTpaHeHa  TIOCPEICTBOM  JBOMHOH  MeMOpaHbI.
Pa3memnieHre 30H/1a HE BIIMSIET HAa PE3yJIbTaT M3MEPEHHUIL:
TIPH CKOPOCTH TTOTOKa 1 M/C MOTPEIIHOCTh COCTaBIISIET
0,09 m/c, a pu 5-8 m/c okodo 0,03 m/c.

IIpoBenenue  u3MepeHH  MPOTOKOJIHPYETCS
IyTeM aBTOMATHYECKOTO COXPaHEHHs JAaHHBIX: BO
BHYTPEHHEHl  mamsaTté  mpubopa  COXPaHSIOTCS
pesymeTatel 25000 wm3mepenmii. [IporpamMmHEIA
KOMILIEKC npubopa ComfortSoftware-3.4
obecrie4nBaeT ero B3aHUMOACHCTBUE ¢ Pa3HOPOAHBIMU
nHdopmannoHHbIMH cucteMaMu. CyIIeCTBEHHO, YTO
anmnapaTHbIE M IPOrpaMMHbIe cpecTBa pubopa Testo
521-1 NO3BOJSIIOT BBINOJHATH M3MEPEHHS B PEXHUME
pEanbHOro BpEeMEeHN.

HccnenoBaHue a’poAMHAMHYECKHX [apaMeTpoB
LUKJIOHHBIX aIlapaToB BBIMOJIHEHO ITyTeM Ooiiee 4emM
1260 HemocpeACTBEHHBIX H3MEPEHUH, B pE3yibTaTe
KOTOPBIX Noy4eHo okono 4000 kiIr04eBbIX 3HaYEHUI.
Jnst w3MepeHusl NaBJICHHS W CKOPOCTH IBYIKCHUS
BO3/lyXa B BO3JIYyXOBOJax BBIOpaHBl YYacTKH C
PpAacIoI0KEHHEM MEPHBIX CEUCHNH Ha pacCTOSHUAX HE
MeHee uIiecTH JjauaMeTpoB Dh, M 3a  MecToM
BO3MYILIEHHUS TOTOKA (OTBOJIBI, IMOEPHI, TuadparmMbl U
T. II.) ¥ HE MEHee JIByX AWaMeTpoB nepeq HuM. Yucio
1 TIOJIOXKCHUE TOYEK U3MEPEHHUs AaBJICHHUS U CKOPOCTH
OIIpe/IeNIUTNCh TeOMETPUEeH CedeHHs BO3AyXOBOJa B
cootBerctBun ¢ 'OCT 12.3.018-79 (puc. 6).
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Puc. 6. Cxema pacnonosicenuss mouex usmepeHusi 0agieHull U CKOpocmeti 6X00OH020 (Cle6a) u GbIXOOHO20
(cnpasa) nampyoxa YUKIoHO8

IMockonpKy MmaTpyOKH HCCIIETyEMBIX ammapaToB
umeroT quaMeTrp 200 MM, OCHOBHBIE TOUKH U3MEPEHUS
BEIOpaHEl Ha paccrosauu 0,12D (1) u Ha paccTosHUN
0,5D (4) ot crenku natpyOka. IloBbllieHHE TOYHOCTH
B 9KCIIEPUMEHTaX JIOCTUT'HYTO Onarogapst
UCIIONIb30BAaHUIO  4-X  JIOTIOJHUTENBbHBIX  TOYEK,
pacronokeHHbIX Ha pacctosiauu 0, 25 D (2-51 u 6-51) u
0,38 D (3-s1 u 7-51) oT cTeHKH. BXOMHON M BBIXOJHOM
narpyOKd SKCIEPUMEHTAIbHON YCTaHOBKU HMMENU
otrBepctusl Doy = 20 MM. B oTBepcTHAX ¢ mOMOUIbIO
CHIINKOHOBBIX MPOOOK (pUKCUpOBATUCH TpyOku I1uTo,

COeNMHEHHbIe ¢  OByMa auddepeHnuansHpIMA
MaHoMeTpamu Testo 521-1.
JBrxeHue BO3IyXa MHUIAHPOBAJIOCH

pamnaneHeIM  BeHTHIIAITOpoM POBEH  VCZpl-250,
MOAKIIIOYEHHBIM B PEXHUME Ha BBITSDKKY. Pexnm
paboTBl  BEHTWJIATOpPAa  33/1aBaliCsl  MOCPEACTBOM
9NEKTPOHHOTO OJioka ympasienus. [lo ucreyennn 15
MUHYT, HEOO0XOAUMBIX JUISL (hopmMupoBaHUs
JAMUHApPHOTO TEYeHMs BO3/yXa, BO BXOJHOM U
BBIXOJIHOM  MAaTpyOKax  YCTaHOBKM  HM3MEpSUINCh
CJIE/TyTOIIIHE MTapaMeTpPhl CPeJIbl: MOJTHOE, CTATHIECKOe
¥ JUHAMHUYECKOE JaBJEeHHE, pacxol U CKOpPOCTh
BO3JLyILITHOTO MIOTOKA. YroOst obecrieunTh
JIOCTOBEPHOCTh 9KCIIEPUMEHTAILHBIX JaHHBIX

n3MepeHus BblONHAIMCH 30 pa3 B 3-X pexumax
BeHTIIIATOpPa (N1= 1710 06/MuH, N2= 2250 0O6/MuH,
N3 = 2850 06/mMuH). BeiOpaHHbBIC peKUMBI BEHTIIIATOPA
COOTBETCTBYIOT CJIEIYIOLIMM OOBEMHBIM Pacxo/iaM: Ha
Bxojge B ammapar «I[H-15y-300» (ni1=424 Mm%/,
N2 =558 M4, N3 = 685 M%/u); na Bxoae B «IJOK-200-
300» (N1 =516 M3/4, Ny = 660 M3/, n3= 814 M%/u).

[TonyueHHble pe3yabTaThl B OKCIEPUMEHTAX
00paboTaHbl U MpEACTaBICHBI B BU/E rpaKoB (puc.
7-11). Ha puc. 4 moka3aHo CKOPOCTHOE TI0JIC IIOTOKA BO
BXOOHOM martpyOke wukioHOB «[[H-15y-300» m
«IIOK-200-300» mpu pa3HOW MPOU3BOIUTCIHHOCTH
BEHTWJIATODA.

CrpykTypa TypOYJIEHTHOTO IOTOKa BO BXOJHOM
matpyOke  mukinoHoB  «IIH-15y-300»  xopomro
omuchiBaeTcs creneHHoit mozenvio [11]. CormacHo
9TOi Mozienu, B TpyOe KPYIJIoro CEYeHUs OCPEAHEHHAS
CKOPOCTBH TYPOYJIEHTHOTI'O IOTOKA B TOUKE, YAaJICHHOM
Ha PacCTOSIHUE ' OT OCH paBHa:

V(r) = Vimax (1 = r/R)™, (8)

7€ Vmax — MaKCHUMaJbHas CKOPOCTh Te4eHus; R —
paanyc TpyObl; M — SMIUPUYECKUHA TapaMeTP MOJAEIH.
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—— 424 m3/y —e— 558, m3/y 685, M3/4

Puc. 7. Ckopocme 8030yuinozo nomoxa 6o 6xooHom nampyoxe yuxiona «L{H15y-300» (cresa) u yuxiona
«[JOK-200-300» (cnpasa) npu pasnuunsix pexcumax pabomsl eHMUIsmopa

U3 (8) cnemyer, uTo CpenHssi CKOPOCTh MOTOKA B
Takoi TpyOe paBHa

<V> = [Vimae (L= FR)" r dr / [ r dr = 2-Vmad (2 + 3:m + m?) . )

VHunmanu3upoBaHHast METOaMH
MaTeMaTHYecKOoro MPOrpaMMHUPOBAHHS 110 JaHHBIM
puc. 4-a Mmozenb (8) UMeeT BUJT

V(r) = Vmax'(l - I’/R)O'1037 f 39 < Vmax < 6.5 M/C . (10)

BenuunHa MOrpemHOCTH 3TOH Monenu (puc. 8,  yCTAHOBUBIIMMCS  BBICOKO CHMMETPUYHBIM, T.C.
ClIeBa) CBHJICTEIBCTBYET, YTO BO BXOAHOM MatpyOke  coorBercTByeT Moaeiu (8)-(9).
UUKIOHA  JIAHHOTO  THMA  TEYCHHUE  SIBISICTCS
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Benv4nHa

norpe WwHoCT |

HJHEFI‘H'I'E]'I EHaA ToOMKa

817 miluac

503 mIiuac

B2 m3luac

T
Pe® M BE HTUNATORAE

3 B0 wliuac

Pexum BEHTUIRATORR

Puc. 8. [loepewnocmo onucanust meuenusi 60 6xo0Hom nampybre yuxionos « [[H15y-300» (cresa) u « [JOK-200-
300» (cnpasa) nocpedcmeom Kiaccuieckol CmenenHou Mooenu 0jisk CKOPOCIMHO20 NOJis

AHANOTHYHBIA aHaJdW3 BXOJAHOTO TEUEHHUS B
anmapare «IIOK-200-300» moka3siBaeT, 4TO TECUCHUE
BO BXOJHOM TmarpyOke He SBIseTCS  CTOJb
CUMMETPHYHBIM KaK B MPSIMOH MMJIMHIPUICCKOMN
TpyOe (puc. 4, cripasa). B To sxe BpeMst aMnupudeckuit
napameTp Mozenu (8) M 1y 3Toi KOHCTPYKIUH PaBeH
0.145, a orHoOmEeHHE Vma/<V> = 1.227, uem
TIOJITBEPIKAACTCS CXOJICTBO TypOyJIeHTHOH
MHUKPOCTPYKTYPBI TEUEHHUS B IUKIOHAX 00OUX THIIOB.

Kak BuHO U3 JaHHBIX pPHUC. 7, CKOPOCTH TEUCHHUS
BO BXOJIHOM TparneiueBuanoM narpyoke «L[OK-200-

300» HECKOJILKO BBIIIIE, qeM Ha  BXOJIE
HUIMHAPUYECKOTO IMKIOHA. JTO 00yCIOBIMBAET
OOJIBIIYI0 TEHTPOOEKHYIO CHIIy HAa IEPBBIX BHTKaX
JBIDKCHUST BO3IyXa BHYyTpW ammapara. Ha puc. 9-10
MMOKAa3aHbl AKCIEPUMEHTAIBHBIC SIIOPHl  MOJTHOTO
JABIICHUSI BO3AYIIHOTO IIOTOKAa BO BXOJHOM U
BBEIXOJHOM TMaTpyOKaX YCTAaHOBKM TpH pa3HOH
MPOU3BOIUTEIHLHOCTH BEHTHWIIATOPa. OTMETHM, 4YTO
NPUBEJICHHbIC  BBIIIE  ANMPOKCHMALUU  MPOQGHISL
ckopocT (8) TO3BOJSIOT, HCIONB3YSl W3BECTHHIE
a’poAMHaMUYecKue cooTHomeHus: [11], BwImucaTh
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sBHBbIE (DOPMyJBI A1 COOTBETCTBYIOMIMX Hpoduieit
JaBJICHUS.
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Puc. 9. [lonnoe oasnenue 6030yuiho2o nOMoKa 60 6X00HbIx nampyoxax yukionos «L[H15y-300» (cresa) u
«[JOK-200-300» (cnpasa) npu pasnuunou npouzso0umeibHOCmu 6eHMUISMopa

XapakTep W3MCHEHHS  IIOJHOTO  JaBJICHUS ITockonmbKy B LHMKIOHaX IMOTOK HMMEET CIOXKHYIO
CBHUJIETENBCTBYET O TOM, YTO B BBIXOAHOM MATPyOKe  CTPYKTYpPY, A1 OIPEACICHHS CperHeil CKOpPOCTH MOTOKA
UKJIOHA co3maercs paspsbkeHue. [Ipuunaa apdexta B ucmonb3yercs Gopmyna [12]:

TOM, 4YTO HCCIEAyeMble IEHTPOOCKHBIE ammapaThl

paboTafoT HEe Ha HarHeTaHWe, a Ha BBHITSDKKY. B 1% =m, (11)
pe3ynbTaTe MOTOK CHIIBHO 3aBHXPCH HE TOJIBKO B TEJe

anmapatoB «L[H-15y-300» u «I1OK-200-300», HO
TaKkXKe Ha BBIXOJIE YCTaHOBKH, IOITOMY JaBJICHUE
BBILIE HA NTepU(epUr BUXPAL.

rae Q—o00beM BO3/MyXa, IPOXOIAIICTO Yepe3 UKIIOH,
M%/4; D — nuameTp HUKIIOHA, M.

1000 1000

-800) C -800
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1 2 3 4 5 6 7 ' 5 ; 4 5 5 7
WIMERDHMTENEBHEIE TOYKIK
WEMEQWUTENbHBIE TOYHI
—m— 424 M3y —e— 558, M3/ 685, M3Y —B— 516, M3y —e— 680, M3y 214, M3y

Puc. 10. Ilonnoe dasrenue 6030yuiH020 NOMOKA 8 8bIXOOHLIX nampyokax yuxionos «L{H15y-300» (cresa) u
«I[{OK-200-300» (cnpasa) npu paznuunou npousso0umenbHOCu 6eHMUIAMOPA

PesympraTel pacyeTa CKOpPOCTH TIIOTOKa B Tele
LMKJIOHOB MOKa3aHbl Ha puc. 11.
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Puc. 11. Cxopocms nomoxa 6 mene yuknonog «L[HI15y-300» (cresa) u « [JOK-200-300» (cnpasa) npu pasnuunot
nPoU3800UMENbHOCTU BEHMUTAMOPA

PaccuntaHHas CKOpOCTh IOTOKAa B LHUKJIOHAaX
XOpOILO coryiacyercs co 3HAaYCHUSAIMH,
MPEeJCTaBICHHBIMU B INTEPATyPHBIX UCTOYHHKAX [13].
B gactHOCTH, CpenHssA CKOPOCTH B Tene nukioHa «1H-
15y-300» paBHa 3.5 m/c, a ckopocTtb mukiaoHa « [ JOK»
paBHa 4.5 m/c.

[pu OTIpeNIeIICHU T KO3 uIreHTa
runpasnugeckoro compotusieHuss (KI'C) BaxHBIM

1000
=300
'::rBDD
g?ﬂﬂ
w

ER00 o o e :

o
Hs00
o)

1 2 3 4 ] a] 7
HM3NMepPHT efbHBIE T OUKH

—— 424 maN —e— 558, maiM BEa, M3

MoKas3aTeleM CIy>KUT [epenaj JAaBICHUS MEXAy
BXOJIOM M BBIXOJOM LUMKIJIOHA. /g anmapatoB «L{H-
15y-300» u «I1JOK-200-300» moteps naBieHHus B
anmnapare nokasasa Ha puc. 12. Kak BUAHO U3 TaHHBIX
puc. 12, B uccnenyeMbix annaparax nepenaj JaBicHUs
«BXOJ — BBIXO» IPAKTUYECKU HE oTaudaeTcss. OqHaKo
¢ BemmunHONH KI'C meHTpOOEKHBIX IMBUICYIOBUTEINCH
CUTYyalusl uHasl.
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Puc. 12. Ilomepu oaenenus ons yuxnonoe «L{HI5y-300» (cresa) u «[JOK-200-300» (cnpasa) npu pasiuunot
nPoOU3800UMENLHOCTNU BEHMUNSMOPA

CTOMMOCTh Ta300YUCTKH SIBJISICTCS Ba)KHCHIIIMM
MoKasaTeJieM, TaK Kak XapaKTepu3yeT ee
9KOHOMHYHOCTh. OHa 3aBUCHT, TJIABHBIM 00pa3oM, OT
IBYX  (aKTOpOB —  KamWTaJdbHBIX 3aTpaT H
9KCIUTYyaTallMOHHBIX pacxooB. KanuranbHble 3aTpaThl
OTIPENIEIIAIOTCS. KOHCTPYKTHBHBIME OCOOCHHOCTSIMHA H
YCTaHOBJIEHHOM MIPOU3BOJUTENbHOCTBIO
000pynoBaHUS. DKCIUIyaTallHOHHBIE PAacXOIbl B
HalleM CIy4yae CBOJATCS K PacXoAy AJIEKTPOIHEPTHUHU.
Ilocnennuit 3aBUCHUT oT TUIPABINYECKOTO
COTIPOTHBJICHUS ITUKJIOHA WJIH TTOTEPH B HEM JIaBIICHUS
AP.

KoadduineHT rugpaBIndecKoro ConpoTHBICHHUS
it anmapatoB «IIH-15y-300» u «IJOK-200-300»
BBIUUCIISICTCS Ha OCHOBAaHHHM 3aKOHA COXPAaHCHHUS

OHEPrun
__ 24P,

gsx - p~V8§' (12)

rae: &y~  KOBGOUIMEHT  THIPaBIMYSCKOrO

CONPOTHUBJICHUSI LIUKIIOHA; V,— CKOpOCTb HOTOKa BO

BXOJHOM maTtpyOke, m/c; AP, — mageHme momHOTO

napnenusi, [la; p — MUIOTHOCTH BO3/AYLIHOTO IMOTOKA.

3asucumocth (12) mis nmkimoHoB «IIH-15y-300» u
«ITOK-200-300» moka3ana Ha rpadukax puc. 13.
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Puc. 13. Kospguyuenm esudpasnuueckozo conpomugnerus oas yuxkinonoe «L{H15y-300» (cresa) u «[JOK-200-
300» (cnpasa) npu pasnuunol npou3800UMenrbHOCY 8eHMUIAMOPA

Koappunnent a3pOAMHAMUYECKOTO  A3POJMHAMUYECKOTO COIPOTHUBIICHHS IUKJIOHA
COIPOTHUBIICHUS IIUKJIOHA Kos¢ppunuenr  ommceiBaeTcst sMnupudeckoi Gpopmynoi
&, (N, Q) =1,0246-(466,33 — 734,33-N + 640,87-N? — 258,45-N° +
+53,086-N* — 5,3819-N°+ 0,2134-N°¢)-[1 — e Q1383], (13)

AHanoruuselii pesynptar ans uumkioHa «LJOK-

rae N — Homep usmepuTensHO# Toukn; Q — pacxon
200-300» umeeT QyHKIIMOHATBHBIIN BH]

m%/u. Tlorpemnocts (13) He npepbimaet 4 % (puc. 14,
JIEBBIN (parMeHT).

£, (N, Q) = 1,589:(318,67 — 614,98-N + 545,85-N2 — 229,1-N? +

+49,266:N* — 5,2458-N° + 0,219-N6).[1 — e Q/6735], (14)

MOKa3aHHOM Ha npaBoOM

C  MOTPELIHOCTHIO,
(parmenre puc. 14.
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Puc. 14. Omnocumenvuas noepewnocms gopmyn (13) u (14), onucvigarowux pe3yromamoi usmepeHui
aspoounamuyecko2o conpomusienus yurkionos «L{H-15y-300» (caesa) u «[JOK-200-300» (cnpasa)
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Taxum o0pazom, pe3yibTaThl  ONWHAKOBBIA  JHAMETP BXOJHBIX M  BBIXOJHBIX
IKCICPUMCHTATBHBIX uccienoBaHnii  marpyO6koB — 47 MM.
cBunerenscTByoT, 4To KI'C nuknona «[IOK-200-300» AspoanHaMHUYeCcKOe COIPOTHUBJICHUE
B 2 + 2,2 pasa Menblie, ueM KI'C uuknona «[[H-15y-  meineynoBuTens (I[MKIOHA) ONpEENseTCsl MOTOKOM
300». Pazmumume oObacHsercs Oojee BBLICOKOM ~— OYHIAEMOro rasa, T.€. IPOU3BOAUTEIBHOCTBIO.
CKOPOCTBIO MOTOKA BO3ayxa B Teine ammapata («[[OK-  IIo3ToMy KOpPpPEKTHOCTh CPaBHHTENLHOTO aHAIM3a
200-300»). HCCIEOyeMbIX KOHCTPYKLHH obecrmedynBanach WX
4. AdpoauHaMuYecKue HCNBITAHUS  PaBHOU IPOM3BOAUTEIBHOCTHIO. Pabouas gacTs 00omx
HHUKJIOHHBIX anmapaToB WHIMBUAYAJIbHOM  [MKJIOHOB — LUIMHIPHIECKOTO ¥ KOHMYECKOro MMesa
CHCTEMBI YAAJIeHUA MBI oobem 0.027 m3. Ilpu 3ToM paamyc pabodeii dacTu
CpaBHHBATh pe3yNbTaThl OKCIIEPUMEHTOB,  UMIMHIPMYECKOro LMKIOHa cocrasiger 0.131 M, a
BBINIOJTHEHHBIX € KOHHYECKHM M LWIMHApudeckuM  BbicoTa — 0.5 M. KoHuueckuii IMKIIOH B HMYKHEH YacTH
LMKJIOHAMHM, IIO3BOJIIOT ~ MX  KOHCTPYKTHBHBIE  KOHyca mmeeT paauyc 0.164 m, a B BepxHeit — 0.09 m.

ocobennoctu [12]. KimoueBbiMH QakTopaMu 371ech
ABJsIIOTCS: 1) paBHBIE 00BEMBI paboueil yactu, T.e.
WJIMHAPOB MEXIY BEPXHUM M HI)KHUM KOHycamu; 2)
paBHBIE pa3Mepbl NaTpyOKOB — KaK BXOIHOIO, TaK U
BBIXOAHOTO;  3)  KOHTPOIb  HaJg  PacxoloMm
MPOITyCKAaeMOT0 Yepe3 LUKIOHHBIA ammapaT BO3LyXa
IpH  BO3MOXHOCTH  PETYJIMPOBKH  pacxoja B
HaJuIexXameM anamnazone. O0e KOHCTPYKIMH HMEIOT

—— ¥

CooTBeTcTBYIOIAs BBICOTA KOHYyca cocTaBisieT 0.5 M.

OmnpeneneHHbli HA OCHOBAHUM OJKCIEPHMEHTOB
KOX(QQHUIUEHT THUAPABIMICCKOTO  COIPOTUBICHUSL
CPaBHMBAEMBbIX LMKJIOHOB IPEACTaBICH Ha puc. 15.
Kak BHIHO W3 TPEACTaBICHHBIX MJAHHBIX, HPH
HeOompmoM pacxome (13-27 wm3/4) xo3ddument
rugpasiudeckoro compotusieHuss (KI'C) wa 15%
OoutbIlIe 171t KOHMYECKOTO INKIIOHA, a TPH YBEITHICHUH
pacxoma no 28-40 M3/4 cuTyanMs MeHseTCS Ha
MIPOTUBOIIOJI0XKHYIO.

—e— ¥TC wun

N __
]

Krc

-
il

25

28 31 M T 40

Pacxon, kd wmwac

Puc. 15. 3asucumocmsv xo3gppuyuenma udpasnuiecko2o conpomueieHus om pacxooa
015 YUKTIOHO8 PA3IUYHOU (hopMbl

5. Dd¢dekTHBHOCTL NbLIEYJIABJIUBAHUA B
HOK: 3xcnepuMeHTAILHOE HCCIEA0BAHME

Konycnocts mpoduns B IIOK obGecneunBaer
YBEIUYEHNE JIeUCTBYIOIIEH Ha YaCTHUIbI
HEHTPOOESKHONH CHIIBI, a PEeryJupoBKa MOTPYKEHHS
BBIXOJTHOTO MaTpyOKka B KOPITyC ammapara COKpaliaeT
BBIHOC ITBITM BTOPHYHBIMHU BUXPMH [12-13]. ITosTomy
palroHaIbHOE YIPaBJIEHHE COOTHOLICHUEM O0BEMOB
¢yakmmonampHOlt  wactm [IOK  m  Oyskepa
obecrieunBaeT rapaHTUPOBAHHOE YIIABINBAHME IIBUTH
Pa3IMYHOTO COCTAaBA.

HOJ'Iy‘lCHHLIe paHee aBTOpaMHu
OKCIICPUMCHTAJIbHBIC JaHHBIC CBUJACTCILCTBYIOT O
MOJINAUCTIEPCHOCTHU n MaTepHaJII;HOﬁ

HEOJHOPOAHOCTH (MeTai1, abpas3uB) H3y4aeMON MBLTH.

[Ipu nmomomm Majlopa3MepHOM HKCIEPUMEHTATbHON
yctaHOBKH (puc. 16) (UKCHUpOBAIUCH MOMEHTHI, B
KOTOpBIE HPOUCXOJMI BBIOPOC MBUIM M3 BBIXOJHOTO
narpyOka IIMKJIOHA U (UKCUPOBaHHOM pacxoje Q =
25 M3/4 (COOTBETCTBYIOIAs CKOPOCTH TI0TOKA V = 4.5
M/c). Macca yJIOBJICHHBIX, T.e. OCEBIIHX B OyHKEpe,
yacTull abpa3uBa U MeTa/lla U3MEpPsIach ¢ IIOMOIIBIO
TOYHBIX JJIEKTPOHHBIX BECOB. 3aTE€M PaCCUMTBHIBAJICS
KOX(PHUIHIEHT MBIICOYHCTKH:

_melX.
n - m

BX

100%, (15)

A€ Mg,x — Macca MbIJIM MTOCJIE OYUCTKH; Myx — Macca
TIBJIM B 103aTOPE 10 OYUCTKH, T.
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OKcriepuMeHTaldbHass  ycTaHOBKa  (puc.  16)
BKITIOYACT: UCIIBITHIBAEMBIH IUKIOHHBIH anmapar (1), B
KOpIIyCE€ KOTOPOTO0 MMEIOTCS IIECTh TEXHOJIOTUUECKHX
OTBEPCTHH € 3ariylikamu (OTBEPCTHS PACHOJIOKEHBI
9KBUJIMCTAHTHO MO BBICOTE paboYeil YacTH LUKIIOHA; B
HUX YCTAQHaBIMBAIOTCS HW3MEPHUTENbHbIE JATYUKH);
nojaBojsImero Tpyobomposoga (2), moszatopa (3),
HUCTOYHMKA TIOTOKa (4), a Takke KOMIUICKTa
KUJKOCTHBIX MaHoMeTpoB (5,6) wimm mpubopa Testo
521 (7).

Taxoxe HCCIIeI0BaHA 9KCTIEPUMEHTAIBHO
3¢ PEeKTUBHOCTD yJaBIMBaHUS abpa3uBHO-
METUIMYECKOW TBUTM IUKJIOHAMH Pa3HBIX THIIOB B
3aBHCUMOCTH OT oObema OyHkepa [10]. JImamazon
BapbupoBaHus mocieanero cocrasumn 5 — 30 . Ilpu
3TOM HCIIOJIb30BAJINCH TIbLIEBbIE YaCTHIIBI,
XapakTepHble AJIsl YCJIOBHI pe3aHMsi pejbca (cocraB
cTamb — abpasus, pazmep 40 — 315 mxwm). Pacxon
BO3/lyxa BbIOMpaliCs Takke NpPUOIMKEHHBIM K
YCIOBHSAM PabOThl PENbCOPE3HOr0 CTaHKa — 27 M%/4.
WsmepenHass B 3KcnepuMeHTax 3(QQeKTHBHOCTh
KOHMYECKOTO IMKJIOHA mpeBbickiIa 3¢dexkTHBHOCT

|
EESY| |

0)
Puc. 16. Dxcnepumenmanvhas yCmanosKa: a — ¢ HCUOKOCHMHLIMU MAHOMEMpPamu, 6 — ¢ MaHoOMempamu
Testo 521 (I'epmanus)

LUKJIOHA LUIMHApHYecKoro. Okas3ajoch TaKxke, YTO
3¢ (EeKTHBHOCTh KOHMYECKOTO IHUKIOHA BO3PACTaeT C
YBEIIMYCHUEM OTHOIICHHS 00béMa OyHKepa K 00beMy
¢bynkuuonansHomy. Ha  puc. 17  npencrasieHa
9KCIIEPUMEHTAIILHO OIpeAeieHHas 33()EeKTHUBHOCTh
yJaBIUBaHUs ~ aOpa3sMBHO-METAJUIMUECKOH  TBUIN
KOHMYECKUM ¥ UWIMHIPHYECKHM LUKJIOHAMH B
3aBUCHMOCTH ~ OT  JHMCHEPCHOTO  cocTaBa |
TeOMETPHUIECKHX napaMeTpoB KOHCTPYKIINH
(oTHOmIEHUsT 0OBEMa OyHKepa K 00BEMY pabouemy).
[puBeneHHbI Ha puc. 17 pe3ynpTaT COOTBETCTBYET
ONTHUMAJIEHOMY COOTHOIIEHHIO BBICOT BBIITYCKHOTO
narpyoka u nukioHa H./H, = 0,6. CooTHomeHue
oObema OyHKepa K pabodeMy OOBEMY IHKIOHA
BapbUPOBAJIOCh B IPaKTHYECKH  HMHTEPECHOM
nvanaszone. J{is Gyakepa oobemom 5 t: Vo/Vig = 0.18;
it 19 11: Vo/Vi = 0.7; mnst 30 1m: Vo/Vi = 1.11. Ananus
9KCIIEPUMEHTANIBHBIX JIaHHBIX CBHIETEILCTBYET, YTO B
paMKax M3y4eHHBIX yCI0BHI 3((HEKTUBHOCTD LIMKIOHA
MakcuMmansHa Tpu  obseme Oymkepa 30m wm
cootromennn VeV, = 1.11.
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Puc. 17. Cpasnenue s¢ppexmusnocmu nvineyiasnueanus adpa3usHo-Memaiiudeckol noliu KOHUYeCKUM U
YUTUHOPUYECKUM YUKTOHAMU NPU PA3TUYHOM OUCHEPCHOM COCHABe U 8APbUPYeMOM OMHOUeHUs 00bema
byHKepa K pabouemy 00bEMY YUKIOHA (Paciem cOOmeemcmayem onmuMaIbHOMy COOMHOWEHUIO NapamMempos
H,/H,=0,6)

[IpuBenennple Ha puc. 17 naHHBIE OTBEYAIOT
TpexmnapamMeTpuiaeckoi MOJIEH Mpolecca

N(VelVy, d) = 100-{1 — exp[—(Vs/Vo)* (d/<d>)P T} , (16)

B KOTOPOM 3MIIMPHYECKHI IapaMeTp o, OTBEYaeT  SMIMPHYECKHE TapaMeTpel Mojenn (16)  ams
CTCNEHH BIHSAHUS KOHCTPYKTHBHOTO IapameTrpa  KOHUYECKOIrO M NUIIMHAPHYECKOTO [IUKIOHOB HAUICHBI
IIUKJIOHA VG/V n Ha €ero 3(1)(1)6KTI/IBHOCTL, a mapaMeTphI B METOAaMHU MaATEMATHUYCCKOT'O nporpaMMupOBaHUs.
u <d> — obmemy Bumy ces3u KIIJI mmkimoma n ¢ Pe3ymbTaT — MHHLHMATH3ALMKA  MOJEIH (16) mo

pa3mepom ynaBnuBaembix dacTuil d. [lepeuncnennpie  OKCIEPUMCHTAIbHBIM JaHHBIM BBRIpa)KacTCA
dbopmynamu
N(Ve/Vy, d) = 100-{1 — exp[-(Vs/V,)07%8.(d/4.78)04168 ]} @an

JJI1 KOHUYECKOT'O ITUKJIOHA U
N(Va/Vy, d) = 100-{1 — exp[—(Ve/V.) %8 (d/6.23)°% ]} (18)

s uwmHapudeckoro. O HOTrpeniHoCTH
MaTeMaTtideckoid moaen (17)-(18) mo3BoIAIOT CyAUTH
JIAHHbBIE, PE/ICTABIICHHbIC HA puc. 18.

MorpewHocTe 0004005
m0,030,04
s oo
I 0,02-0,04 003 L
00,02 3312 -5 5E-18-0,01
040,024 0 @-0,01-5,3E-18
0-0,04-0,02 291 |m-0.02-0,01
m 0, 06-0,04 -H:Hﬁ O-0,03-0,02
O -0,08-0,08 Hgg 00-0,04—0,03
8 - W-0,05-0,04
di20, mkm 82 T 0-0,06-0,05
S VBV y

VBV
Puc. 18. loepewnocms mamemamuueckoti modenu (17)-(18) ons konuueckoeo (cresa) u yuruHOpu1ecKo2o
(cnpasa) yukioHnos

OKCIIepUMEHTaJIbHO HCCIIEOBaHa CBA3b IIyOMHBI  ycimoBui pe3anms pensca (30 1 40 — 250 MM
MOTPY)KEHUSI BBIXOAHOTO MarpyOka IMKJIOHA C  COOTBETCTBEHHO). JlanHble COOTBETCTBYIOLIUX
3¢ GeKTHBHOCTHIO ITbUIeyNaBauBanna. O0beM OyHKepa  HM3MEpeHHi MoKa3zaHsl Ha puc. 19.

U pasMEpPbl YaCTHIL BLI6I/IpaJ'II/ICI) AKTYaJIbHBIMU JISA
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S KOMEECRENT (RGN 2/T00E 50

bz
20 47 L7, 57 77 K, mw wo o 250 O et
Puc. 19. Dgpdpexmusnocms nviieyrasrueanus adpazu6HO-Memaiiuieckoll nbliy KOHUYEeCKUM YUKIOHOM 8

3asucumocmu om 2]1y6qul nOCPYIAHCEHUS BbIXTIONHOCO nampyﬁka

[lokazanuele Ha puc. 16 ngaHHBIE YIOOHO
NPE/ICTaBUTh B CIIENYIOLIeH MaTeMaTHYeCKOH opme:
(7, d) = 100-{1 — exp[—(d/(<d> + A-(I" - Tom)?)? 1}, (19)
INyOMHY ¥ CTENEeHb BBIPAXKEHHOCTH ONTHMAJIBHOTO
MoJIOKeHUs B cMbicie BiustHust Ha KIT/I.
WHunyanu3upoBaHHas M0 SKCHEPHUMEHTAIbHBIM
JaHHBIM puc. 19 Mozens (19) npuHUMaeT ABHBIN BUA:

rne 7 — TayOuMHAa mMOTPY>KEHUS BBIXJIOITHOTO
narpyOka B TeJIO0 LUKIIOHA, a MapaMeTPhl MOAEIH Xonr U
A XapakTepu3ylT COOTBETCTBEHHO ONTHMAJIbHYIO

n(, d) = 100-{1 — exp[-(d/(12.18 + 0.00028-( I"— 304.2)?)*574]} . (20)
O mnorpemHoctn Mozaenu (19)-(20) mo3BosstroT
CYIUTh JaHHBIE puc. 17.
MNorpewHocTe
0,06
004 @0 M-0,06
0.0z W0,02-0,04
00-0,02
[ gy 00024
T B0,04-0,02
0.04 '3.0.06-0.04
-0.06
d/25, MM o o= (= Y
[
Puc. 20. Omnocumenvnas noepewnocms mooeau (19)-(20)
IIpennoxxennas monxenb (19)-(20) mo3BossieT HAa  3HAYEHWH  KITIOYEBBIX IMapaMETPOB)  CIEAYIOIINE

OCHOBaHUHN OKCIICPUMEHTOB YTBEPXKIATh, 4qTo
OIITUMAJIBHBIM 3HAYCHUCM FJ'ly6I/IHI:.I TMOTPYKECHUA

mapaMeTphl NIOTOKAa B KOHUYCCKOM U IMUJIMHAPUICCKOM
IUKIIOHAX TIIpU HU3MEHCHUM TIPOU3BOAUTCIIBHOCTU

BBIXJIOITHOTO IMaTpyOKa B TEJIO KOHMYECKOTO IMKJIOHA
ciryxut I = 304 mm.

BriBoabl

1. DOxkcnepuMeHTaIBEHO
(BemostHeno 1500  m3MepeHwmi,

OnpeesIeHbl
nonyueno 5000

BEHTWIATOpPA B IIMPOKOM JAWanaszoHe: 1) naBiieHHE
(craTnyeckoe, AMHAMHYECKOE, IIOJHOE); 2) BIIIOPHI
CKOPOCTH BO BXOJIHOM U BBIXOJHOM cedeHusx. [Tocie
CTaTHUCTHYECKOH 00pabOTKM MOy4YEHHBIE PEe3YIIbTaThl
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NPE/ICTaBJICHBI B rpaduyeckoil opme, a TaKKe B BHIE
SIBHBIX QHAJMTHYECKHX 3aBUCHMOCTEH.

2. YCTaHOBJICHO  OJKCIIEPUMEHTAIBHO,  4YTO
MOBBIIIEHHUE MIPOU3BOIUTEIBHOCTH LUKJIOHA
CONPOBOXKIAETCS pocToM KTC. Pesynbrar

OOBSICHAETCS YCHJICHHEM TYypOyJIH3allii IIOTOKa C
POCTOM CpeaHel CKOPOCTH.

3. DKcmepuMeHTalbHO JgoKa3aHo, 4Tto KI'C
anmapara «L[[OK-200-300» B 2-2,2 pa3a MeHbIIIE, YeM
KI'C muknona «1{H-15y-300». Pe3ynbrat 00BscHIETCS
6onee BBICOKOM CKOpOCThIO MOTOKA B «L{[H-15y-300».

4. CpaBHHUTEIbHBIH aHaJM3 CBHUICTEILCTBYET,
YTO LUKJIOH C OOpaTHBIM KOHYCOM HMEET Jy4llIne
a’pOJIMHAMUYECKHE XapaKTEPUCTHKU U KaK CIIEJICTBUE
MOBBIIIEHHYIO 3(Q()EKTUBHOCTh MbUICYJIABIMBAHUS I10
CPaBHEHHIO C IIUTHHIPHICCKIM ITUKIOHOM. Pe3ynbraT
oOBsicHsIeTCST OoJiee pa3BUTOW TYpOYJIIEHTHOCTBIO B
MOTOKE OYHMIAeMOTO Tra3a MpPH HCHOJIH30BaHUHU
mukioHa («LJOK-200-300»).

5. YcTaHOBIIEHO, YTO CYIIECTBYET ONTHMAbHAS
rTyOWHA TOTPY>KEHHUS BBIXJIIOMHOTO MaTpyOKa B TEJIO
KOHHUYECKOTO IUKJIOHA.
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Honckoii I'ocyoapcmeennuiii Texnuueckuii Yuusepcumem

Awuxmun /lenuc Banepvesuu

bakanasp kagedpvl NPUKIAOHOU MAMEMAMUKU,

Honckoii 'ocyoapcmeennuiii Texnuueckui Ynusepcumem

Jaoowma Eezenuii Hukonaesuu

KAHOUOam mexHu4ecKux HayxK, O0yeHm Kageopsl NPUKIAOHOU MAMEeMAMUKU,
Honckoii 'ocyoapcmeennuiii Texuuueckuii Yuusepcumem

Lvimobanoea Bukmopus Muxaiinogna

0aKanasp npomvluLieHHOU Oe30NaACHOCU U OXPAHbl Mpyod,

OAO «Pocmcenvmaiuy

Lvimbanoe enuc Cepzeesuy

cmapuwiuii npenooasamens Kageopsi INEKMPOMEXHUKU U DNEKMPOHUKU,
acnupanm Kageopvl NPUKIAOHOU MAMEMAMUKLU,

Honckoii 'ocyoapcmeennuiii Texnuueckui Yuusepcumem

HAuenko Onez Baoumosuu

KaHOuoam u3uKo-mamemamuideckux HayKx,

Odoyenm Kagheopvl NPUKIAOHOU MAMEMAMUKY,

Honckoii I'ocyoapcmeennutii Texuuueckuii Yuusepcumem

AHAJIM3 PA3SMEPA ITBJIEBBIX YACTHII, OFPA3YIOIINXCS ITPU ABPASUBHOM
PE3KE CTAJIN

Summary. A mathematical analysis of dust size distribution with respect to metal cutting residual is
performed. It is found that dust investigated obeys the uniparametric exponential distribution. Regarding that in
cyclone projecting the logarithmically normal distributional is used related numerical parameters are estimated as
well. The main error source in size distribution determination is shown. It consists in an inadequate fashion of
measurements representation by soft associated with experimental setup. Most perspective directions for further
subjective studies are marked. Theese are partial size analysis for metal and abrasive as well as detailed studies of
particles geometry.

AHHOTa].ll/lH. BrImmostHeH MaTeMaTHYeCKHH aHaIu3 pa3sM€pa NbUICBBIX YaCTHIL, 06pa3ymH.[I/IXC$[ npu
a6pa3HBHOI>'I PE3KE peiibCa. YCTaHOBHeHO, YTO HMCCJICOOBAHHAA TCXHOJOIMYCCKas IbLJIb XOPOMIO OIMMCBIBACTCA
OJHOMMApaMETPUICCKUM OKCIIOHCHIUAJIBHBIM pPAaCIpCaACICHUEM. HOCKOJ‘IBKy B pacydcTtax MNOUKIOHOB 00BIYHO
HCHOJIB3YCTCSA MOJCIIb JIOTHOPMAJIBHOTO PACHPCACIICHUA YacTUIl IO pasMepaM, COOTBCTCTBYIOIIHUC YHCIIOBBLIC
rnapaMeTpbl OINpEJENICHbl Ha OCHOBE pEILIEHUS ONTHMU3AUMOHHOW 3a1auu. BBISBIEH OCHOBHOM HCTOYHUK
MOTPCIIHOCTU MPU ONPCACICHUU JUCIICPCHOTO COCTaBa IbUIM — HEOOAXOAAIIas q)opMa MpCaACTaBJICHUSA
NEPBUYHBIX MAAaHHBIX B IMPOTpaMMHOM o6ecnequm/I U3MEPUTCIILHOTO KOMIIJICKCA. Ykazansl TMEPCIECKTUBHBIC
HalpaBJICHUA pPa3BUTHUA NPECAMETHBIX I/ICCJ'IeJZ[OBaHI/Iﬁ — pa3)leJ'II>HI>II71 aHaJin3 JUCHECPCHOCTH OCHOBHBIX
KOMIIOHCHTOB IIBbIJIH, o6pa3y10me1710$[ npu pe3aHuMr IMpu OJHOBPEMCHHOM JA€TAJIBHOM H3YUYCHUHN T'€OMETPUU
MUKPOYACTHLL.

Key words: metal cutting, dust, particle size distribution, mathematical statistic, mathematical programming.

Knrouesvie Ccloea: pesanue memaiilos, nalib, pacnpedeﬂeHue no pasmepam, cmamucmuka, mamemamudeckoe
npo2pammuposanue.

BBenenne U adPOJUHAMHUYECKHX  CHJ, COOTBETCTBYIOIIHE
Ileuth, OOpasyromascss Mpd MEXaHHYECKOW  (U3MYECKUE KPUTEPHH COCTABISIIOT OCHOBY pacueTa
00paboTke TBEPABIX METAJUIOB M CIJIABOB (pE3aHUU,  ITUKIOHOB [2]. Pa3mepHbie u MaccoBbI€

CBEpJICHNH, IUIN(OBAHNH, TOJUPOBKE U IIp.), HAHOCUT
yepO 3J0POBBIO YEIIOBEKA, 3arPSI3HIET OKPYIKAIOIIYI0
Cpely, a YacTo HEraTHMBHO BIIMSIET Ha KadecTBO
nocienyromei 00padoTku. YTOOB! UCKIFOYUTH TaKUe
HeraTHBHBIE  d((eKkTsl  00BIYHO  HCIIONB3YIOTCS
IUKJIOHBl — YCTPOMCTBa, MpeJHA3HAuYCHHBIC IS
3axBaTa IBUIM BO3/LyIIHEIM IIOTOKOM H ITOCJIEIYIOIIET0
yIQJICHHUsI €€ U3 CTPYH B HAKONMUTEIb 3a CYET CHII
uHepiwH [1]. DdheKTHBHOCTD IIMKIOHOB JIOCTHUTACTCS
Npe/BapUTEIbHBIM  a3POJMHAMUYECKHM  PacdyeroM,
Lelb KOTOPOTO OMNpEACIUTh TaKhe IapamMeTpbl
yCTpO#CTBa,  HPU  KOTOPBIX  TapaHTUPOBAHHO
YIIQBIIUBAIOTCSI  COJIEpIKAIMECS B MOTOKE TBEPIbIE
YacTHIbl (33aHHOM KaTeropuu) Mpu MUHUMAIIbHBIX
OKOHOMHYECKHX H3JepKKax. Tak Kak yllaBIMBaHUE
4acTUI[ 00eCIIeYNBACTCS KOHKYPCHIIUCH HHEPIIMOHHBIX

XapaKTepUCTHKH YJIaBIMBAEMBIX YaCTHII CIIY’KaT 3/1€Ch
OCHOBOH  pacueTHBIX  KpuTepueB.  Bcenencreue
HEOJHOPOJHOCTH  INPOU3BOJICTBEHHOM TBUIM €€
TEOMETPUYECKUE M COOTBETCTBYIOIINE pPa3MEPHBIE
XapaKTEepPUCTUKH HMMEIOT CTAaTHCTUYECKYIO IPHPOLY,
YTO BBIABUTACT JKECTKUE TPEOOBAaHUS K KOPPEKTHOCTH
UX  OCpEeJHEHHs MpH  pacyerax  IMKJIOHOB.
CrnenoBarenbHO, JOCTOBEPHBIE HAyYHBIE CBEIECHHUS O
pa3MEpHBIX M MAacCOBBIX MapaMeTpax MbLIM HOpU
pa3IMYHBIX ~ BHJAX  MEXaHWYECKOH  00paboTku
METAJUIOB  KpailHe aKTyaJbHBI, IIOCKOJIBKY WX
NIPaKTU4ECKOE MPUMEHEHUE I03BOJISIET PAllMOHATIbHO
OpPraHM30BaTh TBUICYJABIWBAaHUE IIPH  IOMOIIHA
LUKIOHOB.

Lenb0  1aHHOTO  WCCIIEOBAaHMA  SBIISETCA
pa3paboTka MaTeMaTHYECKMX METOJOB KOPPEKTHOTO
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OCpEIHEHUS pa3MepHO-MacCOBBIX apaMeTpoB
MPOU3BOJCTBEHHOM MbLIH, oOpasyrorercs B
Ppa3InYHBIX TEXHOJIOTHUYECKUX rpoiieccax.
IIpakTnuecku MI0JTyYEHHbIE pe3yJIbTaThl
IpelHa3HayeHbl Ul HCIIOJIb30BAHHUSA B  aHaJIU3e
MENIKOANUCTIEPCHBIX TBEPAO(A3HBIX TEXHOIOTHICCKUX
OTXO0/I0B IIUPOKOTO KJIacca MPOU3BOJACTB.

TeopeTnyeckune 0CHOBBI MCCJIEI0BAHUS

Ha Bcsikyro NbpuIeBYyIO YacTULy C XapaKTE€PHBIM
pazMepoM X [MKM| IEHCTBYET CHJIa 36MHOT'O TATOTEHUS
WIM WHAas  WHEPUUMOHHOM  MHpUpPOIbI, KOTOpas
IPONOPIHOHANLHA MACCE YAaCTHIEL, T.e. P-XS, TIe P
[kr/M®] — mImoTHOCTH 0Opa3ylONmIEro MaTepHaia.
CrnenoBareiabHO, 3HAHUE UHEPLIMOHHBIX CBOWCTB MBLIN
CBOJUTCSA K 3HAHUIO €€ M XapaKTEepHOro pas3Mmepa.
BennurHa a’poavHaAMUYECKON CHIIBI, JEHCTBYIOIIEH

Ha Takyld YacTHIy CO CTOPOHBI  MOTOKa,
NpPONOpIMOHANbHA ~ KBaJpaTy €€  XapaKTepHOIro
pasmMepa X2 W HEe 3aBHCHT OT IUIOTHOCTH.

Ourypupyroiiee B KpuTepun 3pPEKTUBHOCTH [UKIOHA
OTHOIIICHHE ITHX CHIT COOTBETCTBEHHO
MPOMOPIMOHANBHO P-X. OHAKO 3/1€Ch CIEYeT y4ecTh
JIBA BaXHBIX OOCTOSTEIBCTBA: BO-IEPBBIX, IBUICBBIC
YACTHIIbI CYIIECTBEHHO OTIIMYAIOTCS [0 pa3Mepam H,
BO-BTOPBIX, (popMa KakIoW NBUIMHKHA YHUKAJTbHA U
JlaJieKa OT UCIOJIb3yEMBIX ITAIOHOB (cdepa, KyO u ap.).
OTH O0COOCHHOCTH BBIJIBUTAIOT BECbMa JKECTKHUE
TpeOOBaHUS K MPOIEAYpPE JABOHHOIO OCPEIHCHUS
BEJIMYHMHBI, HA3BAHHOMW BBIIIC XAPAKMEPHbIM PA3MEPOM
MBUICBOM YaCTHIIBI — 1O pa3Mepy u Gopme. OUYeBHIIHO,

MCETOJAMKA YyCpeaHsdromas pasMep MNbUIMHOK, HOCHUT

LEJICBOI  XapakTep: B HAIleM Clydae pacyer
3¢ (EKTUBHOCTH ITUKIOHOB,
BriepBrie nmpobiemy MapaMeTPUICCKOro

OCpeIHEHHs MOJUIUCIIEPCHBIX CPEeJl CHCTEMAaTHYECKH
uccienoBan 3aymep [3-4]. OCHOBHBIC Pe3yIbTATHI €TO
pabot [3-4] comsTCs K crenyromiemMy. st pasinIHBIX
NPWIOKEHNH BaKHBI CICIU(PUISCKH OCPEIHEHHBIC

CpemHHE pa3Mepbl YacTHI W3 HEOJHOPOIHOM
coBokynHoctu.  Ilockombky — cpemHMii  pa3mep
npeacTaBisieT  co0O  HEKOTOPYIO — BEJIMYHHY,

BBIP2KACMYIO JOJISIMH METPa, OYEBHUIHBIM CIOCOOOM
pa3sMepHOr0  OCpemHEHHs aHCcaMOns dYacTHll ¢
byukuuenn pacnpeneneHus F(X) # COOTBETCTBEHHO
IOTHOCTBIO BepositHocTd P(X) = dF(X)/dx sBisietcs
CIIE Ty FOIIIMI:

<xij> =Dy =[] PX) X dx /[ P(x) xi dx J¥0-D . (1)

®opmyna (1) moapazymeBaer, 4ToO BCE NbUICBBIC
YaCTHILIBI XapaKTEPU3YIOTCS €INHCTBEHHBIM Pa3MEPOM,
T.e. UMEIT (GopMy mapa. BenmuuuHy Xjj Ha3bIBalOT
3ayTEPOBCKAM  AHMAMETPOM  (4ame BCero  Iox
3ayTEPOBCKAM IHaMETPOM IIOHUMAeTCsl BEIMYMHA
Ds). Ecmm xe ¢opma dYacTHm CyIIECTBEHHO He
NpaBWIbHA W XapakTepu3yeTcss MABYMS WIH TeMs
mapaMeTpamMH, B PAacCMOTPEHHE BBOIAT — TaKKe
kodpdumreHT ¢Gopmbl. DuMUECKHH CMBICT U
MPaKTHYECKOE ITPUMEHEHHE Pa3IMYHBIX 32y TEPOBCKHX
JMaMeTpOB TNPHUBEJCHBI B Ta0JI. 1, a BayKHbIE CBEJCHUS

o ko3¢ punuente hopmel B padoTax [5,6].
Tabmuna 1

O0o03Ha4YeHHe, IPUIOKEHHE U MeTO/AbI ONpeeseHIs 3ayTePOBCKHUX THAMETPOB

CumBon Haumenosanue [Ipunoxxenue Meron onpezaeneHus
N Muxkpockonusi, J1a3epHas
D1o JIMHEHHEIA Hn Hcnapenne xxunaxocreit mudpaknus, akycTHdeckas
apupmernyecknit — CMD ’
Judpaknus
DJIEKTPOHHBIE CHCTEMBI
D2o [NoBepxHOCTHBIH AbcopOrus 00paboTKH M300paKeHUS B
MHKPOCKOIINHI
DNEeKTPO30HHOMN
YYBCTBUTEIHLHOCTH
D30 OOBbeMHBIT T'uaponorust (Electrozone sensing by
Coulter gauge —
Ref. US Patent 3557352)
DNIEeKTPOHHBIE CUCTEMBI
D2 YV 1enbHO-TI0OBEPXHOCTHBII AncopOrus 00paboTKN M300paXkeHus B
MHKPOCKOIUH
D31 V 1e11bH0-00bEMHBII Hcnapenne sxuakoctei, JrHamMuueckass MUKPOCKOIIHS
MoJteKyJisipHast iudy3us
OCHOBHOW 3ayTepOBCKUi Orenka 3¢ HEeKTHBHOCTH
Dz, (cpenHuil Mo NOBEPXHOCTHU) — IIPOLIECCOB, MACCOIIEPEHOC, CennmenTanus (ocaxaeHue)
SMD peaxkiuu
M . JlazepHoii nudpakiu
Dss JleOpyxopexuii (cpearnii 1o PaBHOBecHOE TOpeHne (LALLpS - Iow(grﬁ)gle laser
o0Bemy/Macce) .
scattering)

Cpenn MHOXKECTBaA ITapaMeTPOB (POPMBI BBIJIEITHM
JIBa HauOoiee BaXHBIX JUIS HAIMX Lened —
chepuIHOCTD U CKPYTIIeHHOCTH [5]. IlepBEIii BBEICH B
ynotpebnenue X. Yooeriom [6] v CBUAETEIBCTBYET O

O6mm3octn  obmedt  ¢opmbl  o0bekTa K - cdepe.
CoepuuHoCTb omnpeaensieTcs Kak OTHOIIECHHE
MTOBEPXHOCTH PaBHOOOBEMHOI! cepbl K MTOBEPXHOCTH
obobekta. Ha oOCHOBaHMM H30IEPUMETPHYECKOTO


http://www.google.com/patents/US3557352
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D0%BF%D0%B5%D1%80%D0%B8%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0
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HEpaBeHCTBAa MOXKHO II0Ka3aTh, 4YTO C(epUYHOCTH
moboro Tenma MeHblle chepudHOCTH cdepbl, T.e.
MEHBIIIe €/IMHHLIBL. Yucnossie MOKa3aTelH
cepruyHOCTH JUIi OCHOBHBIX MOJIENICH  4YacTHIy
mpuBeIeHHl B paborax [5-6]. CKpyrieHHOCTh
XapaKTepHU3yeT INIaJKOCTh IIOBEPXHOCTH O0BEKTa: YeM
MpOIIle MUKpPOpeNbed, TeM BBIIIE 3TOT MOKa3aTeib [5].

Brmonnennsie pa3HbBIMU aBTOpaMu
HCCIIEIOBAaHMs JUCIEPCHOCTU PAa3IMUHBIX Cpel U
MaTepuajioB  IO3BOJSAIOT  YTBEpXkAaTh [7], dTO
TIOJTy4EHHBIE B pe3yJIbTaTe OJHOKPATHOTO JPOOJIECHHUS
TBEpZbIE UYACTUIBI PACHPENENEHBl MO pa3Mepam
COTJIACHO ABYXHapaMeTpUUECKOMYy 3aKoHy Poszuna —
Pammnepa:

F(x,D,n)=1—e®®" p(x, D,n)=1/D - (x/D)"1.e D" )

rJie BEeJIMYMHA XapaKTEepPU3yeT CpPeIHHil paszmep
gactur <x> =D - I'(1 + 1/n), a n — cTernens pasmepHOH
HEOJHOPOJHOCTH aHcaMOnsd (4eM MeHbIe N, TeM
TOJIMTUCTICPCHBIH MOPOIIOK).

_ lge
P(X, D, G) —W

B pacnpenenennn (3) mapamerp Ig D orewaer

cpenHeMy pa3Mepy 4YacTuupl, a mnapamerp lgoc —

pazbpocy peambHBIX
CpeaHero.

pa3MepoB  YaCTHIl BOKPYT

IIpy MHOTOKPAaTHOM H3MENBYEHHH MOPOIIKH
COCTOSAT U3 YaCTHUII, pa3Mepbl KOTOPHIX YAOBIETBOPSIOT
JBYXIIapaMeTpUIECKOMY JIOTHOPMAJbHOMY
pacmpeaenenuto [ aycca — Konmozoposa:

_l_(lgx—lg D)2
e 2 lgo (3)
HpI/IHHI/IHI/IaHBHLIM JOCTOMHCTBOM MOICIn

Taycca — Konmozoposa siBnsieTcst yaioOCTBO mepecueTa
BenuyuH Dpm 10 THHEHHBIM COOTHOIICHUIM Xomua —
Lloyma [8], cBA3BIBAIOIINM UX C BennunHamu D u G:

lgDss =g D + 1.151-(go )2, lg Dsz = 21g D, lg D1 = 3-lg D - 3.454-(lgo )?,

lgDaw=41gD - 9.212-(Igo )2, Ig D32 = Ig D - 1.151-(Igo )2, Ig D31 = 2-lg D - 4.606-(Igo )?,

lgDso=31gD-10.363(lgo )?, Ig D21 = lg D - 3.454-(Igo )?,lg D20 = 2-lg D - 9.212-(Igo )?,

Ig D10 = Ig D —5.757-(Igo)?. (4)

dopma cooTHomIeHHH (4) TakoBa, 4TO, 3Has JBE
1r00b1e BeTUYUHBI Dpm 1 Dy, MOXKHO BBIYHCIHTH BCE
npoure. CylecTBEHHBIH MNPaKTUYECKUH HUHTepec
MPEICTaBISIET OOIIUI BUT 3aBUCHMOCTH (4), KOTOPBIH
M3BECTCH Kak mpeobpasoBanue Xomua — [lloyma [8],
HO B SBHOM BHJIC HE NPUBEACH B JIOCTYITHBIX
JMUTEPATyPHBIX HCTOYHHUKAX.

B nanHO# pa®oTe yka3aHHBIA MPOOEN yCTpaHEH
IyTeM BBIYMCIICHHS HHTETPAJIOB, ONPEICIISIONNX BH
Djj. ®ynkumeil pacrpeaenaeHust YacTUI] O pa3Mepam
BbIOpaHa JIOTHOpManbHas tuna Koamozoposa —
Taycca. CoOTBETCTBYIOIIMN PE3YIbTAT UMEET BU:

Djj = (i—j)-Inx+1/2:(i +j)-(i- j) -(In 0)?, ©)

€CII MHTETPUPOBAHUE BEJIETCS B Mpejenax oT (—
o0; + o0) U

Dij= (i —j)Inx+1/2:(i +j—6)-(i—]) -(In 5)?, (6)

€CIIM TpeJesibl MHTErPUPOBAHUSl CMEIIEHBI Ha  MHOTOKpaTHO). Bo-Bropbeix, ¢opma oTxoasimmx
senmunny 3-(In 6)2, a0pa3suBHBIX M METANIMYECKUX 4YacCTUI 3aMETHO
®opma cootHomeHHu (4)-(6) TakoBa, 4TO, 3HAS ~ OTJIMYACTCS oT chepuIecKoi. Haxorer,

JBe MoOble BeMHIUHEL Dym ¥ Dy, MOXKHO BBIYMCINTE ~ KOJIMYECTBEHHOE  COOTHOIIEHHE  a0pa3sMBHOH U
BCe NpoYre. BhiBeIeHHbIE aBTOPAMH, ECTECTBEHHO, He ~ METaJuIM4eckoi  ¢pakuuii B mbUIEBOH  cMecH
BIEpPBBIE HOM  siBHBIe  cooTHomreHus  (5)-(6) BapbupyeTcs — B 3aBHCHMMOCTH  OT  MAapKH
HPHMBOAUTCA 31€Ch MO INPUYMHE WX BAXKHOCTM Ipd  OOpabaThiBaeMoro Marepuaga Hu  0COOEHHOCTEH
KOJIMYECTBEHHOM aHaJIn3e 9KCIIEPUMEHTAJIbHBIX  PEKYIIECTO HMHCTPYMCHTA. Taxum o0pazom,
JIAHHBIX. HCCIIEJOBAaHNUE PEAbHOTO PACIIPECICHUSI OTXOISIIINX

BaxxHO OTMETUTH, 4YTO AaHAIU3UPYEMBI HaMu
MOPOIIOK (OTXOJBI PE3aHMsl pEeNbca) MO HPUPOJE
00pa30BaHMs HE COOTBETCTBYET NPHUBEICHHBIM BBIIIE
KJIACCUYECKUM MOJEIISIMHU. Bo-nepsbix,
TEXHOJIOTHUECKUI NPOLECC COAEPHKHUT IIEMEHTHI Kak
YHUKAJIBHOCTH (KaXKAbI KOHTAKT aOpa3MBHOTO KpyTa ¢
MaTepuajoM  peibca  HEMOBTOPUM), Tak |
MHOIOKpPaTHOM  TIOBTOPSIEMOCTH  (dJIEMEHTapHbIE
B3aUMOJICHCTBUSL abpa3uB — MeETaul IOBTOPSIOTCS

MBUICBBIX ~YACTHI[ [0 pa3Mepy MpeaCcTaBIsIeTCs
NIPaKTUYECKH Ba)KHOM Hay4yHOH 3a7aueil.

DKcnepuMeHTATbHbIE JaHHbIE

Ouznveckuii aHanu3 abpa3uBHO-METAJUINYECKON
OBUTH  OCYLIECTBISUICS MPU MOMOLIM J1ab0paTOpHO-
u3MepuTenpHoro komiuiekca Fritsch Analysette 22
Compact, ucnons3yrouiero merox LALLS — low angle
laser light scattering [9]. IIporpamMHOe obecnieueHue
npubopa obecreyuBaeT BbIIa4Yy pE3yJNbTATOB B


https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D0%BF%D0%B5%D1%80%D0%B8%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0
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rpaduyeckoil (puc. 1) u obOpabortaHHOH IM(DPOBOI
dhopme (puc. 2).

Measurement  Values Chart >
B saveandclose < | & O t’
Measurement User defined SOP
D 33 Mes. No. 83 SOP Name F500 Wet Measurement
User MNKTB-110-ANALYS \user Namel FS00 wet dispersed SOP Revision 0
Date/Time 19.07.2019 15:41 Name2 internal Fritsch Standard SOPID 14
Info | Values Chart DVaIues&Statislics] Measurement & Dispersion Unit] Origin I
Curves  dQ Distribution, Q Distributi... [v] | 500 wet (%)
F500 wet dispersed internal Fritsch Standard
100% - = w - 20%
90% 18%
80% 16%
70% 14%
60% 12%
Q3(x) 50% 10% d@3(x)
40% 8%
30% 6%
20% - 4%
10% _l——-'_| 2%
0% - I - . 0%
Opm S0pm 100pm 150pm 200pm
[bm]
(V O da3(x) v @ Q3(x) v B F 500 ..asurement @ |v| @ F 500 ._asurement @ )

Puc. 1. Humepgeiicnoe oxno nabopamopno-usmepumensrozo komniexca Fritsch Analysette 22 Compact ¢
pe3yavmamamu PpakyuoHHO20 AHATUZA MEXHOIOUYECKOU NbLIU 8 NePEUdHOl epaguieckoli popme

Measurement  Values Chart
[ save and Close < | Q¢ 2 H’H
Measurement User defined SOP
D 33 Mes. No. a8 SOP Name FS00 Wet Measurement
User MKTB-110-AMALYS|user Namel FS00 wet dispersed SOP Revision 0
Date/Time 19.07.2019 15:41 Name2 internal Fritsch Standard SOPID 14
Info I Values I Chart Measurement & Dispersion Unit ] Origin I
DV alues —Statistics [1] —Statistics [2]
d[4.3] 43,551 Arithmetic Mean Diameter [pm] 43,551 Skewness 1,249
d[4.2] 20,903 Geometric Mean Diameter [pm] 27,536 Curtosis 1,658
d[4.1] 8,181 Quadr. Sq. Mean Diameter [um] 56,208 Span 2,483
d[4.0] 4,235 Harmonic Mean Diameter [um] 10,033 Uniformity 0,756
d[3.2] 10,033 tMode [pm] 43,429 Spec.Surface Area [crmé/en?] 5 930,307
dis1l ke Median [pm] 35,255 Density [a/cnr] 1
d[3.0] 1,948 Mean/Median Ratio 1,235 Spec.Surface Area [cré/a] 5 980,307
di21] 123 Wariance [uré] 1 275,400 Form Factor 1
di2.0 0;856 Mean Square Deviation [um] 35,713 2PRECSUMAcC e F oL ACKOL co:ﬁf:;[eﬂc]u 5 980,307
d[1.0] 0,588 Average Deviation [um] 27,483
Coefficiant of Yariation [%] 82,002

Puc. 2. Humepeiicnoe oxno nabopamopno-usmepumensrozo komniexca Fritsch Analysette 22 Compact ¢
pesyrvmamamus hpaKyuoHHO20 AHATU3A MEXHOA0LUECKOU NbLIU (0CPeOHEeHHbIE YUCTOBbLE XAPAKIMEPUCTIUKIL)

Heobxomumo OTMETHUTH clemyronee:
CYIIECTBEHHBIMH HEJIOCTATKAMH MPOTPaMMHON 4acTH
W3MEPUTEIILHOTO KOMITIEKCA SBISIIOTCS OTCYTCTBHE

JeTaIbHBIX CBEJICHUI 00 alropuTMax npeodpa3oBaHus
M3MEPSIeMBIX BEIMYMH W XapaKTepe BBIBOAUMBIX
JaHHBIX, a TaKkKe OTCYTCTBHE JIOKYMEHTAIlUH
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KacaTeJIb-HO JIaHHBIX, OTOOpakaeMbIX B  (opme
rpaduKoB u Hen30eKHbIE COITyTCTBYIOIUE
norpemHoctd. Ha  mepBBId  B3misAn,  mIKana
muddepeHnmansHOR (yHKIMM ~ pacrpeeneHus

(puc. 1) mpuBeneHa C HOTPENIHOCTHIO B HECKOJIBKO pas.
OnHako neTaibHBII aHAJIN3 O3BOJIACT 3aKIIOUYUTD, YTO
(hakTHdeckn Ha TpaduKe IPHBEICHA 3aBUCHMOCTD
BenmmuauHBI P(Xk) dXk OT X, MpHYeM pa3OHeHue YacTHI
Ha pa3MEpHbBIC IPYNIbl MHUPHHON OXk — HE SIBIeTCS
paBHOMepHBIM. Kpome TOro, BHIBOIUMBIE Ha SKpaH
(puc. 2) MHTETpaJIbHbIE XapaKTEePUCTUKU
pacnpesieneHuss yacTul, 1o pasmepy Dij He
JIOKyMEHTHPOBAHBI, YTO TPEOYET CTPOUTH U IPOBEPSTH

TUIOTE3bl OTHOCHUTEIBHO CYTH JTHX YHCJIOBBIX
MOKa3aTeeH.
CrenoBarenbHO, aJeKBaTHAsT HHTEPIPETALHS

OKCHEPUMECHTAJIBHBIX JaHHBIX BO3MOYKHA JIMIOb Ha

OCHOBE COIJIACOBAHHOTO aHalIW3a HMHTETPAIbHBIX
YHCIIOBBIX IOKAa3aTeNiel, KOTOpBIE ONPEeIIIoTCs
¢byukumeit  P(x)  (puc. 2), wu  rpaduyueckux

MPE/ICTaBICHUH B 00OMX HOCTYNMHBIX (popmarax — c

=

Data

le Show Help
| | || 58| £ koL

JMHEHHOW ¥ Jorapu()MHYECKOW  pa3MEepHBIMHU
mkajgamu. B mpouecce conocraienus rpadMueckux 1
YUCIOBBIX 00pa3oB P(X) Tpedyercs He TOIBKO
HCIONb30BaTh CIELUATN3UPOBAHHOE MPOTPaMMHOE
obecreuenne [10-11], HO Takke pa3paboraTh
HaJUIeXKaIINE alTOPUTMBI COTJIACOBAHUS JAHHBIX.

Texnuka ouudpoBku u  Bepupurauuu
3KCHePHMEHTAJbHBIX TaHHBIX
Hdns  omudpoBkm  rpaduUecKkHx  JTaHHBIX

JIUCTIEPCHOHHOTO aHAIM3a, MOJIYYEHHBIX PU TIOMOIIH
npubopa  Fritsch  Analysette 22 Compact,
MCIONb30BANACH  CHELHATM3UPOBAHHAS —[POrpaMma
Grafula [12]. Ortor uHGOPMAIMOHHBIA MPOLYKT
ABTOMATU3HUPYET otu(ppoBKy rpaduiecku
[PEJICTABICHHBIX 3aBUCHMOCTEH, T.€. UX MEPEBOJ B
TabmuaHbIi BuA. [Ipomeaypa CBOAUTCS K CUMTHIBAHUIO
rpaduka, pa3MELICHAIO HA HEM ICKapTOBOW CHCTEMBI
KOOPOMHAT W HAHECCHHIO [OCTATOYHOTO YHCIa
MapKepoB Ha JMHHIO rpaduka. [IpUMEHUTENBHO K
HaIllel 3a1aue OMHCAHHBIIM IPOLECC UILTFOCTPUPYETCSI
puc. 3.

L4 i 23NN b rEm)e @)X

100% _ ey
s o J'Iyna—‘ 18%
80% 7_.____,,.-"" Beog sHaueHwil ocel 165
70% ..,..»0" % v 1a%
60% o Magimum | 200 20 . .
50% P L Minimurn I 0 m (0%
40% ’9' oot
0% .” e v StayOnTop -
20% A -
b ﬁnﬂﬂﬂ T =

0% =m = . 0%
oum S0pm 100pm 150pm 200pm

Puc. 3. Ilpoyedypa oyudposxu dannwvix OUCHepPCUOHHO20 AHANUZA MEMAI0ADPAZUSHOU NbLIU NPU NOMOUU
npubopa Fritsch Analysette 22 Compact 6 nakeme Grafula [12] (npumenumenvbho Kk nOCMpoeHuIo ¢ TUHeHbIM
PAazMepoM Yacmuy Nuliu X no ocu abcyucc)

Pesynbrar aBTOMAaTHYECKOM ouudpoBKU
OTHOCHTCS K TOJIOKEHHIO BBEJICHHBIX MOJIb30BATENIEM
Touek u popmupyercst B Excel-coBmectumyro tabnuiry
(puc. 4). OTMeTHM, 9TO MOTPENTHOCTH O (POBAHHBIX
JaHHBIX ~ HMMEET  HECKOJIBKO  COCTaBIIIONIMX:
1) morpemHocTh (dopMupoBaHUL rpaduka,
00ycCJIOBJICHHAsT anmapaTHBIMH W MIPOTPaMMHBIMHU
0COOCHHOCTSIMH ~ M3MEPHUTEIIFHOTO  KOMIUIeKca, 2)
nedeKkThl  cucTeM — TIpadHuyecKkoro  OTOOpakeHHus

JIaHHBIX, 3) MUCKpeTu3alus npu ouudposke rpaduka
nporpammoit Grafula, a Taxke 4) HEBO3MOXHOCTH
TOYHO MapKHpOBaTh KpPHUBYIO Ha Tpaduke H3-3a
OTPaHWYEHHBIX  IICHXOMOTOPHBIX  BO3MOKHOCTEH
yenoBeka. OTMEUEHHBIE OOCTOSATENHCTBA TPEOYIOT
JIOTIOJTHUTENEHONH TPOBEPKH PE3yJIbTaTOB C LENbIO
UCKJIIOYNTh  KPUTHYHbIE OMMOKM W OLEHWTh
Pe3yIbTUPYIOLIYIO NOIPEIIHOCTb.
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I, Table of Data

X Y1

38408330,27272727
2 7681660 0,4545454F
48442906 0,63636367
5.5363321 0,63636367
£,9204152 0,81818181
8:30449821.0909090¢
10,380622.1,2227272:
12802768 1,7272727¢
14,532871 1,9090909(
16,262975 2.1818181¢

=10] x|

X2

npu nomowu npubopa Fritsch Analysette 22 Compact 6 naxeme Grafula [12]

Puc. 4. Pezynomam oyudposku 0anubix OUCHEPCUOHHO20 AHAUZA MEMALI0AOPAZUSHOU NbLIU

B nemsx Bepudukaiuu pesynbraTta onu(poBKa  OJHOTHUITHBIC MOJIEJIbHbBIE pacnpeneeHus,
OCYILIECTBIISIIACH ABAX/Ibl — IPUMEHUTEIIBHO K JaHHBIM ~ AMIIMPUYECKUE MapaMeTpbl KOTOPBIX OIpPEAeIIsINChH
B HOpPMaJbHOM IO pa3Mepy 4YacTUI] HPEACTAaBICHUM  METOAaMU MaTEeMaTUYECKOro  MpPOTrpaMMHPOBaHUS

(puc. 1) M TNPUMEHHUTEIBHO K OTOOpaXEHHBIM B
norapupmmyeckoM Macmrabe (puc. 5). 3arem
pe3ynbTaThl IEPBHYHOTO aHANIN3a COMNOCTABISINCH

[13], a 3arem comoctaBusnuck. [lociegHum sTanom
COTJIACOBAHUSI  CIYXWJIa TPOBEPKAa COOTBETCTBUS
OCPEIHEHHBIX BEJIUYUH, paccUYnTaHHBIX o

rpajpuaeckn  (puc. 6). ig  KOMIIGHCAIlMM  IIOCTPOCHHBIM MOJCIBHBIM pPACHpeleNCHus M, Kak
MNEPEUUCICHHBIX BBIIIC HOI’”pCH.[HOCTeﬁ 063 B3aMHOI'0, TaK U UHTCIPAJIbHBIM XAPAKTCPUCTUKAM,
OI_II/I(I)I)OBaHHBIX psaa NoABEPrajruch ICPECHOPMUPOBKE. BBIBOJUMBIM IporpaMMHBIM 06CCHe‘IeHI/IeM
B PpE3yIbTaTC yAAJI0Ch UCKIIOUYUThL CUCTECMATUYCCKYIO HU3MCPUTCIIBHOTO r[pI/I60pa.
HOI‘peIlIHOCTI) u O6eCHe‘II/ITb BBIIIOJIHCHUEC BaXHOT'O
st yskiuu pacnpenenenus F(X) yeraosus F(o0) = 1.
3areM Ha OCHOBE KaXKI0TO U3 Pe3yIbTaTOB CTPOMIIUCH

K3 Graf

File Show Data Help

|3 m(@|8] 2| bl |4 [l G[5][N ] || ]| B
= = Table of Data
00%
e il v X [v1 [z
_ f ' 1,0128205 1,1818181¢
80% Blhcn aeiisenes ceh 1,0641025 1,4545454¢
70% f’ 1,10897431,7272727¢

X Y.
60% Maximum |3 20

1,1538461 1,81818181
'} 111,2051282 2,2727272%

50% Minimum l1— |E_ I/ I | m&?ﬂ”zn

40% & 1,3012820 3

. [ StayOnTop ¢ 1,3461538 3,3636363¢
-y 1,4038461 4

o5 i a 1,4551282 445454548

i - m‘?m 15 46363636

0% as ‘ | ; 1,5384615 4,81818181

01 1 10 100

Fomt

11111,5897435 5

Puc. 5. Ilpoyedypa oyughposku oannvlx OUCHEPCUOHHO20 AHANUIA MEMALIOAOPA3UBHOU NBLIU NPU NOMOUU
npubopa Fritsch Analysette 22 Compact 6 nakeme Grafula [12]
(NMpUMEHUMENbHO K HOCIPOEHUIO C JIO2APUDMOM JTUHEHHO20 PA3Mepa Hacmuy Nl X N0 0CU abcyucc)

Hannele puc. 1 yaanocs onudposaTh Juib B 35
TOYKax (BCIICIICTBHE MX CTYLICHUS W CIUSHHS C OCBIO
abcnuce mpu x — 0), a U1t JaHHBIX PUC. 5 onU(ppOBKa
BBINIOJIHEHa st Bcex 50-TM  M3MEpUTEIbHBIX
JIana3oHoB Iproopa.

Oxkazanocs, 4TO HCKaXKEHUE byHKIMH
pacnpenenenuss F(X) B pesynpTaTe HEBO3MOXKHOCTH
U3BJIEYb €€ M3 M3MEpUTEIbHOro mnpubopa B mudpe
cocraBiser 15 % npu onudpoBke rpaduka puc. 1
(F(0) ~ 0.85) u 8 % npu oundposke rpaduxa puc. 5
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(F(e) = 0.92). KommeHcHpoOBaTh BBISBICHHBIC
MacuTabHble HCKaKCHHUS MI03BOJIMIIA
MepEeHOPMHPOBKA: TIOCIIE HEe YHUCIOBBIC 3HAYCHUS,
noirydeHHele ¢ rpajukoB puc. 1 u puc. 5
YIOBJICTBOPHUTENILHO ~ COTJIACYIOTCS  MEXIYy Cco00i
(puc. 6). 3 3TOTO pHCYHKA CIEAYET, 9TO MOTyICHHEIC
oOpatHO! omHM(POBKOH pacrpeneneHus IPaKTHISCKH
COBMAIAOT, HaunHas ¢ nuamerpa 10 Mxm. OTMeTnM,
YTO HONTOPA JIECATKA JIEBBIX TOUEK, JOCTYITHBIE JIUIIh
OpH  CYMTBIBAHMM ¢ Tpaduka,  HMEIOIIETO
JOTapU(PMHUUYECKYI0 MIKaly pasMepoB (puc. 6),
CBHUJICTENBCTBYIOT O 3HAUHUTEIHLHOM YHCIE MEJIKHX
(pa3mepom MeHee 10 MKM) YacTHIl, KOTOpbIE 0CO00
OmacHel sl 4elioBeKka. JlaHHOE 0OCTOATENBCTBO
CJIe/lyeT UMETh B BUJLY TIPH IPOSKTHPOBAHHUH LIUKIIOHA,
MOCKOJIBKY ~WHEPLUOHHOMY OTCEBY IOJBEPIKEHEI

OYKCTKA
Tpebyer

IIOTOKa oT
HaJICKalie

KPYNHBIE  YacTHIBl, a
MEJIKOJIUCIIEPCHON  TbUIN
MIPOU3BOUTEIBHBIX (DUIIBTPOB.

Hame 3akmouenue, uto nmpu x = 10 MkM
BBIBOJIMMBIE NMPHOOPOM rpaduyecKue pacrpeeieHus
puc. 1 wm puc. 6 COBHAgArOT, IOATBEPKAACTCS
cienyromed npoBepkoi. Eciau  anmpokcuMmupoBaTh
3aBHCUMOCTBIO Po3una — Pammiepa o0a psna
onn(ppoBaHHBIX JTaHHBIX (st psina c
Jorapru(pMIUECKUM pa3MEpPHBIM MacIITab0M IIPH 3TOM
B3ATHI TOCIENHUE 35 TOYEK), MOKHO KOJIMICCTBCHHO
OLCHUTb  OTJIMYWS ~ CPAaBHHBAaEMBIX  BapHAHTOB
oOpaTHOH ondpOBKH.

0,04
§ g 0,03 C NMHEAHOA WKankl pasMmepa
E E 00z .“. B C norapid MMYeCKOR LWIKANEl pazMepa
o
g T 001 mm, _
m - .
I:I T lll -_J_q_ a _m
0 a0 10a 180 200

Auamerp YacTvl, MKM

Puc. 6. Conocmagienue pe3yiomamos oyu@dposku OaHHbIX OUCHEPCUOHHO20 AHAU3A MEMANI0a0pa3UeHOU
NbLIU: CPABHUBAIONCSL OAHHbIE, NOLYYEHHbLE HA OCHO8E TUHEUHOU (JHcermble MOYKU) U T02apUpmMuiecKol
(po308ble MOYKU) pASMEPHBIX WIKATL

Hus aTTPOKCUMAITHH dyHKIIEH 2)
CPaBHHMBAaeMbIX IAaHHBIX PHC. 6 YHCIEHHO pelIanach
3ajladya MaTeMaTU4ecKoro mnporpamMmmupoBanus [13]:
MHHUMH3HPOBaIach HEBsI3Ka MEXKITy

D(x, D, n) =Y, [P(xy, @

B kKoTtopoM K — HOMep TabnuuHo# Toukm; Py —
COOTBETCTBYIOIIEH 3HAUEHHE OSKCIEPHUMEHTAIBHOM
IUIOTHOCTH BepositHocTH; D m N — mapamerpsl
MOJEIIBHOTO pacnpenenenus Posuna — Pammaepa (2).

Cpencreamu Excel momydensl —cnenyromue
pemenns 3amgauu (2), (7) mia maHHBIX puc. 6. s
JTAHHBIX, OJIyYCHHBIX C IMHEHHOTO 110 X rpaduka (puc.
1), Bemmumab D 1 N paBHEI COOTBETCTBEHHO 48.37 MKM
u 1.588. Ilpu stom ammpokcumupyromas P(x, D, n)
KpHBass XapakTepu3yeTcs CpegHed HEeBSA3KOH ¢
9KCIEPUMEHTAIbHBIMU TOYKaMHU 0.00274 u
koappurmenTom koppemnsaiun 0.894. Pemenue 3agauun
g 35 mpaBeIX  Touek (puc. 5) BBIpakaercs

9KCIEPUMCHTAIEHBIM " MOJICIBHBIM
pacnpeneneHusIME JacTuil. Eciii HeBsA3Ky ompenensiTh
Mo ymoOHOH JUIS BBIYHCICHHN JIEKapTOBOW HOpPME,
TpeOyeTcsi MUHIMH3HPOBATh (PYHKITHOHAI

D,2 n) — P¢]?> - min, @)

3gayenussmuy D = 48.61 wmxM, n=1.346,
obecnieunBaronumu HeBA3Ky 0.00187 u xoadpdurmeHt
koppemsiun 0.934. Brmzocte mapamerpoB D u n s
obonx cmoco0OB OLUPPOBKKA HapsITy C Maloi
HEBSI3KOH M BBICOKOH KOppEISIHEH CBUICTEIbCTBYIOT
O paBHOICHHOCTH aHAJIM3UPYEMBIX Tpa(UUECcKUX
o0pa3oB mckoMoi 3aBucuMoctd. OO0 oTIIMUMH
(OpMYJIBHOTO TIPEICTABICHHS IaHHBIX, TIOJTyYEHHBIX C
rpau4ecKux UCTOYHUKOB pHC. | U pHc. 5 HO3BOMIAET
cymauts Koppemsimus  Qyukimmidi  P(x, D, n) ¢
BBIUMCIICHHBIMH BBIIIE 3HAYCHWSIMHU IMapameTpoB. Ee
BenmuuHa (puc. 7) pasHa 0.99.
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Puc. 7. I'paguueckoe u xonuuecmaennoe conocmasieie pe3yibmamos oyugposku OaHHblX OUCHEPCUOHHO2O0
AHANU3a MeMAN0a0PA3UBHOU NBLIU: CPAGHUBAIOMCS OAHHbLE, NOTYYEHHbIE HA OCHOBE TUHEUHOU
(kpacuas kpusas) u 102apumuyeckou (CuHss Kpuedas) pasmepHsix WKa

IMockonbKy HaM Ba)KHBI pasMepHbIe
XapaKTEePUCTUKHU IIBUIM, OCPETHEHHbIC HA OCHOBaHWH
HEKOTOpOT0 pEaTUCTUIHOTO pacnpeneneHus,
BBIYMCINM  Habop mokasateneid Djj cormacHo
WHULMAIA3UPOBAaHHON BBINIE Mojaenu Po3una —
Pammaepa mipu TOJNYYEHHBIX Pa3HBIMH CIOCOOAMHU
3HaueHHsAX D u N. 3areM cpaBHUM pe3yNbTaThl MEXIY
co00i1 ¥ ¢ HHTErpaJIbHBIMU NOKa3aressiMu Dij, koTopbie
BbIBOIsITCs prbopom Fritsch Analysette 22 Compact.

ITpu 3TOM BaXXHO TOHUMATb, YTO L€ CPABHEHUS
NpPEe/ACTaBICHHBIX Ha puc. 1| m 5 rTpaduueckux

d F(Xk) =

YTO OTJIMYACTCSH OT MPHUHATOM B MareMaThKe
BenmurHbl P(Xy). JlaHHOE O0OCTOSTENBCTBO SBIIIETCS
KIOYEBBIM ~ [PU  HMHTEPIPETAlMd  Pe3yJIbTaTOB
pa3sMEpHOro aHaiM3a TMBUICBBIX YaCTHI[ HAa OCHOBE
paccMarpuBaeMbIX THCTOIPAMM.

pacupeneieHHii ¢ BBIBOOMMBIMH  IPUOOpOM
HHTErpalbHBIMU TOKa3atelsiMu Djj — pasoOpatbes ¢
TeM, Kakoe MMEHHO paclpeiiejieHue OTOOpa)keHO Ha
9THX pHUCyHKax. To 0OCTOATENbCTBO, YTO Ha PHUC. 2
BennunHa D43 coBmazaer co cpeqHeapupmMeTHIecKuM
JMaMETPOM B IISITU AECSATHYHBIX 3HAKaX, a BEJIMYMHA
D3> cromp ke Onu3ka K CpeIHEreOMETPUYECKOMY
pasmepy, MO3BOJISIET IPENNONI0KUTh, OCH OPIUHAT Ha
9TUX COOTBETCTBYIOT AH((PepeHInaTy B3BEICHHOH Ha
X3 QyHKIMY pacTpeesenus

P(Xk) Xk3 dx , (8)

[TpoBepuM Hallly TUIOTE3Y, PACCUUTAB MOMEHTBI
Dj. CpaBHeHHe pe3yJbTaTOB pacyera, OTBEYUAIOIIUX
NPUHATUIO U OTBCPIKCHUIO THUIIOTE3bI, C YHUCIOBBIMU

JaHHBIMH,  BbIAaBaeMbiMH  mpubopom  Fritsch
Analysette 22 Compact (pwuc. 2), npuBeeHbl B Ta0I. 2.
Tabmuma 2

ComnocraBjieHue 3aYTCPOBCKUX TUAMETPOB NbIJIX B NPEANMOJ0KCHUHA U OTBEPKCHUU I'HIIOTE3BI O
B3BCIIMBAHUH (l)yHKlIl/Il/I pacnpeacjJceHuss HaAa MacCy YacTHUll Ha OCHOBE annpoxchauuﬁ puc. 6

Tnamerp I'unotesa (8) He BepHa I'unotesa (8) BepHa UHCIIOBbIC AaHHbIC

MKM ’ D =48.4 mkmM, D = 48.6 mxmM, D = 48.4 mxm, D = 48.6 mkmM, pHGOpa, MKM
n=1.588 n=1.346 n =1.588 n=1.346 '

Da3 90.2 107.1 43.4 44 .4 43.5

Da2 83.2 97.9 30.4 27.5 20.9

D4 75.2 87.1 15.6 12.5 8.18

Dao 65.5 73.6 7.61 6.11 4.23

D3, 76.7 89.5 21.3 17.0 10.0

Da 68.6 78.5 9.38 6.62 3.55

D30 58.9 64.9 4.26 3.15 1.95

D2 61.4 68.8 413 2.57 1.25

D2o 51.6 55.2 1.90 1.35 0.66

Do 43.4 44.4 0.88 0.71 0.59
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Kaxk BuiHO 13 npezicTaBlICHHBIX B Ta0JI. 2 TaHHBIX,
BBICKAa3aHHOE 3/I€Ch MPEANOJIOXKEHUE O CyTH JaHHBIX,
BBIBOJIMMBIX CEPBUCHOM NporpamMMoii nprubopa, BepHa,
YTO NPUHLUIIHAIBHO IPH Pa3MEPHOM aHAJIN3€ MbLIH.

Pe3yabTaTsl CTATHCTHYECKOT0  aHaJM3a
rpagpuyeckux JaHHbIX

UroObl aKKypaTHO Y4YECTh MEJIKOIUCIICPCHYIO
¢dpakuo BoCHoJIb3yeMcsl TpaduuecKMMU JaHHBIMHU
puc. 5 (orapudmuyecknii MaciTad pasmepa Mo ocu
apryMeHTa) u ANIpPOKCUMUPYEM ux
MATHIIAPAMETPUYECKIM pacipesneneHneM -
B3BELICHHON CYMMOH IByX JIOTHOPMAJIbHBIX:

P(x, D1, D2, 61, 62, o) =

1 (lgx-lgDq 2 1 (lgx—-lgD; 2
1 — —o (=g o (E2tg T2
= fnex[ail 10-_2‘1 a-e 2( lgoq ) +(1_a)e 2( lgoy ) , (9)

rae D1 u D, — monoxkenuwe MoJI, G1, O2 — HX
HIMPHHA, O — JOJISI YaCTUL], IPUXOISIIIXCS Ha IEPBYIO
Moay. Perienre cooTBETCTBYIOLIEH ONTUMU3ALUOHHON
3amaun [13] cpemctBamm Excel maer cnemyrommit
pesymbrar: D; = 452 wmxm, D; = 7.0 wMxwM,
01 =0.97 Mmxm, 62 = 2.1 MrM, a = 0.858. Cpennsis
HEBs3Ka MEXIY aIlllIpoKcUMUpylomeil ¢(yHKnued u
HCXOAHBIMH  JaHHBIMH  cocTaBiuster 31 %, a
koapPumuent xoppemsmuu 0.977. D10 Hemoxoe
COOTBETCTBHE, YUHTHIBas BBICOKYIO IIOTPEIIHOCTD
SKCIICPUMCHTANBHBIX 3HadeHui (puc. 6). OTMeTnM,
YTO 3TOT PE3yJIbTaT OTHOCUTCSA K B3BEIICHHOW Ha x°
UCTUHHOW (YHKUMHM paclpeleieHus IbUIM 110
pasmepam. TpaxkToBaTh €ro MOXHO CICAYIOIIUM

OBoliHOoe norHopmanbHoe

o0pa3oM: OCHOBHYIO Maccy mbUtH (0Kono 85 %)
COCTaBIISIFOT 4YacTHIbl pa3mepoM Ooiee 10 MKm,
MOATOMY ISl LieJIei MPaKTUUECKOH OYMCTKH BO3/IyXa
€ro  MOXHO 3aMEHHTh  JIByXIapaMeTPHUECKUM
smorHopMaibHEIM (3) ¢ D = 45.2 MM 1 6 =1.97 MKM.
Taxoe ympormieHue, 0qHaKo, He MTO3BOJIUT Ka9eCTBEHHO
anmpokcumMupoBath Djjc j < 3, B To Bpemst Kak y4eT
MEJKOH ()paKIHUX BaXKCH IS HEKOTOPHIX MPIIOKCHHH,
HampuMmep, Uil aKKypaTHOTO BBIYKMCICHHS BCEX
UCTIONB3YeMbIX AuamerpoB Dij 1 MOMEHTOB (QyHKIMH
pacripenenenus P(X). Pesynbrarel cOmoCTaBICHUS
JBOMHOM  JIOTHOPMAJIBHOM U JIOTHOPMAaJbHOMU
armmpokcumManuu P(X) npuBeneHs! Ha puc. 8 U B TabI.

3.

nDFHopMaanDeHEHOPMMPOBaHHOE

HEHOPMWpPOBAHHOE
140
*
=u P 1m ,x'
126 - 168 )‘ 4
. A - R
< T .’ . < 86 A -
x —88 D Y * Oxcnepument | X og [* °4 ¢ OKCTIEpUMEHT
T —68 j { —— AnnpokcuMauua| X . ) ‘\ —— ANnNpoKcMmaLa
o —4p - ‘k o . * '&
FaTul m ¥, * &
28 ¥ Y ”“‘/. | 3
0 1 2 21 1 2
Lg X, Mkm Lg X, MKM
Puc. 8. Annpoxcumayus IKCnepuUmMeHmanbHbiX OAHHBIX OBOUHBIM JTOSHOPMATLHBIM
1 (lgx-165\2 m A (xD)"
pacipenenennem P(X) = 0.176.¢72 (—0_416 ) + /] (/D)™ e dx). COHOCTa]iI/ITL COOTBETCTBYIOIINE
1 (lgx—0.898)2 pe3yibTaThl  MEXAy Cco00 M ¢ JaHHBIMHU
0.563-¢ 2\ 0791 (neBbIit (dparmMeHT, anIpOKCHMMAallMd  JOTHOPMAalbHOM M JIBOMHOH

CpeAHCKBaJpaTUdHass OTHOCHUTCJIbHAS TOTPCIIHOCTD

cocraBmsier 0.31, KOAOUIMEHT KOPPENSAINH C

IKCIIEPUMEHTANBHEIMHA TOUKaMu cocTtaBisieT 0.977) u

JIOTHOPMaJIbHBIM pacnpezaeneHieM P(x) =
1 (g x—1.63\?

0.563-6_;( S ) (paBsrit ¢bparmenr,

CpeIHEeKBaIpaTHYHasi OTHOCHUTEJbHAsl IOTPELIHOCTh
cocraBmaer 1.23, KOIPOUIMEHT KOPPENSAUH C
HKCHEPUMEHTAIBHBIMU TOUKaMHu cocTasisieT 0.970)
Takke wm3y4amach BO3MOXHOCTH TPHOIM3HUTH
SKCHEPUMEHTAIIBHBIE  JaHHBIE  pacIpeAeiICHUsIMHI
Posuna — Pammaepa (KnaccudeckuM U 0000IIEHHBIM

tpexnapamerpudeckum P(x, D, n, m) = (x/D)" - g-0)"

JIOTHOPMAaJIbHOW (DYHKIIMSIMU TIO3BOJISIIOT JJaHHBIE PHC.
9 u Tabn. 3. DTH pe3ynbTaThl CBUACTEIHCTBYIOT O
OI3KOM KauyecTBe anMpoKCUMAIN pu
UCTIOJIB30BAaHUM  IIATUIIAPAMETPUUECKOTO  JIBOMHOTO
JIOTHOPMAJBHOTO,  TpeXmapaMeTpU4ecKoro  THIa
Posuna — Pammnepa W JByXIapaMeTPpUUECKOIO
Kiaccudeckoro Posuna — Pammnepa MOIENBHBIX
pacripenenenuii P(X). B To jxe BpeMs JIOrHOpMaibHOe
pacmpeseneHue He COMNIaCyeTcsi C  ONBITHBIMU
JAHHBIMM, TIOCKOJIBKY HE OTpa)kaeT Halu4uus
3HAYUTENBHOTO 4YHCId OYEHb MENKHX YacTHUI[ B
paccMaTpUBaeMO TEXHOJIOTMYECKOH MBLITH.
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Po3uHa - Pammnepa HeHOpMUPOBaHHOe
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Puc. 9. Annpoxcumayus sxcnepumeHmanbublx 0annblx pacnpeoerenuem Posuna — Pammaepa P(X) = 7.73-10-
3x0.322 exp[—(x/48.89)1.322] (neswlit hpacmenm, cpeoneksadpamuunas OMHOCUMENbHASL RO2PEUHOCHIb
cocmaensiem 0.47, koagpgpuyuenm xoppensyuu ¢ skcnepumenmanroHoimu mouxkamu 0.972) u
mpexnapamempuyeckum pacnpeoenenuem P(X) = 6.66-10-3 x0.4 exp[—(x/66.18)1.235] (npaswiii hpazmenm,
CPeOHEeK8AOPAMUYHASL OMHOCUMENbHASL hoepeutHocmy cocmagnsiem 0.51, kospguyuenm koppersiyuu ¢
aKcnepumerHmanvrvimu moukamu 0.972)

U3 MMPOBCACHHOT'O
I_[eJ'IeCOO6p33HOCTB
OKCIICPUMCHTAJIbHBIX

aHaM3a ciemyer

ANMpOKCUMAIN
JaHHBIX MOHOTOHHO
yObBaromeit  pyHKIMEH P(x).  Ipocreiimum
BapUAHTOM  3JIECh  CIIY)KHT  OKCIIOHEHIIMAILHOE
pacmpezeneHyue, KOTOpoe MOXKHO paccMaTpuBaTh Kak
YacTHBIN Cilydail pacupenenenus Posuna — Pammaepa
npu N = 1. Pe3ynbrarel  CONOCTaBICHUS
OKCIIEPUMEHTAJIbHBIX JIAHHBIX C O3TOH  MOJEIbIO

nokazanel Ha puc. 10. JlaHHasg annmpokcuManus
JEMOHCTPHPYET XOPOIIIee COTJIACHE C IKCIIEPUMEHTOM
UL MaJopa3MepHBIX (pakuuid MBI, KOTOPBIE
BCICACTBHE  IPEICTABHTEIIEHOCTH  CYIIECTBECHHO
BIUSIOT Ha CpPEJHEKBAIPAaTUYHYIO OTHOCHTEIbHYIO
MOTPENIHOCTh almpoKcuManuu. PaccuuTaHHble Ha
OCHOBE 9KCITOHEHITHAJILHOTO pacnpeeneHus
UHTETpalbHbIE TIOKAa3aTeNd JTUCTIIEPCHOCTH TakKke
CBEIEHEI B Ta0I. 3.

PosuHa - PammMmnepanpun=1 -
IKCMNOHeHUMAaNbHOE HEHOPMHUPOEAHHOE
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Puc. 10. Annpoxcumayus 3KcnepumMeHmanrbHbIX OGHHBIX IKCHOHEHYUATbHbIM pacnpedeneruem P(x) = 1/47.13 -
e—x/47.13. Cpeonexsadpamuunas omuocumenvras nozpeuwinocms cocmasisem 0.42,
K03 uyuenm xoppensyuu ¢ sxcnepumenmanvHoimu moukamu 0.948
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Tabmuua 3
HNHTerpanpHbie MOKa3aTe U JUCIEPCHOCTH NMBLIH, PACCYNTAHHBIE HA OCHOBE MO/IEIbHBIX paclpeneeHnii
B COMOCTABJICHUH C OIleHEHHBIMH NMPOTPAaMMHBIMH CPeICTBAMH H3MEPUTEILHOTO Ipudopa. MoaeabHbIe

pacupeaeJeHusi HHUIUAJTU3UPOBAHLI 11O rpaqmqecng JAHHBIM

MareMaTryecKas MOJIENb, HCIIOJIL30BAHHAS IS OLCHKH
2 .
= S O 3
2 5 3 ) :
2 Z == 3 5
Tapametp 5 S 3 & S : ®dakTHyecKoe
z £ °|~ 2 QT = 3HaUYCHHE
2 = s & S =
E <2 < &
=
Da3, MKM 51.7 44.8 44.7 45.2 43.6 43.5
D4z, MKM 41.2 23.0 27.3 28.1 21.4 20.9
D41, MKM 32.0 9.45 12.2 12.9 8.61 8.18
Do, MKM 25.0 4.87 5.99 6.32 4.40 4.24
D32, MKM 32.8 11.8 16.6 17.5 10.3 10.0
D31, MKM 25.2 4.34 6.4 6.92 3.79 3.55
D30, MKM 19.6 2.32 3.07 3.28 2.03 1.95
Dy1, MKM 19.4 1.59 2.46 2.74 1.39 1.25
D2, MKM 15.1 1.03 1.32 1.42 0.904 0.858
D10, MKM 11.8 0.666 0.704 0.738 0.586 0.588
Moga, MKM 52.1 45.2 48.9 48.4 43.9 43.4
Menuana, MKM 42.1 36.2 37.0 37.3 32.3 35.3
Cpennee/ 121 1.24 121 121 1.35 1.24
Menaunana
CKO &, MkM 35.0 37.2 33.6 33.8 39.9 35.7
CMO |o], MkM 26.3 29.4 26.2 26.5 30.6 27.5
QSMD, Mxm 62.1 58.9 55.9 56.5 54.4 56.2
GMD, Mkm 39.3 33.1 31.4 32.2 24.8 27.5
Acummerpus 1.49 1.17 1.19 1.20 1.41 1.25
Dkcrecc 2.28 1.49 1.46 1.50 1.66 1.66

qDI/IprI/IpyIOH.[I/Ie B Tabm. 3 HWHTCTPAJIbHBIC MTOKA3aTC/IN paCHpCeACICHUSA PACCUUTBIBAIOTCA MO CICAYIOMINM

hopmymam:
[TokazaTesb Casi3b ¢ auddepeHnmanbHoi GyHKIMEH pacipeaeneHus
Mopa, MKM Mode: d/dx P(x = Mode) =0
Meauaria, Med: F(Med) = 1/2
MKM
Cpennee/
Mesmata [ P(x)-x dx / Med
CKO o, MKM [JPX)-(x—=<x>)2dx ]2 rae <x > =] P(X)-x dx
Chfdghlcl’ [ P(X)-x — < x >| dx, rae < x > = [ P(x)-x dx
QSMD, Mkm [ P(x)-x? dx ]2
GMD, mkm exp[] P(x)-In x dx ]
HMD, Mk [ P(x)/x dx ]
AcHMMeTpHs [JPX)-(x—<x>)3dx]/[]PX)-(x—<x>)?dx]*?
Dkciece [JPX)-(x=<x>)*dx]/[]PX)-(x—<x>)2dx]?

Kak CJICAYCT U3 JaHHBIX TabJ1. 3, HUHTETpaJIbHbIC
pacnpeaciieHusa

nmokasarejim

BOCIIPOMU3BOJAATCA

XOpo1o 3KCHOHCHL[I/IaJ'ILHOI71 MOACIBIO

P(x) = 1/47.13 & ¥4713,

oaﬂonapaMeTpnqecxoi/i
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Kpome TOTO, MPECTaBISCTCS BITOJTHE
OIpaBJaHHBIM HCIIOJIF30BaTh BBIBOJUMBIC HTPUOOPOM
UHTETpajJbHBIe  TOKasarenn  (cM.  Tabm.  3)
HETOCPEACTBEHHO IS PEIICHUs O0O0paTHOM 3amayu —
mogoopa  TOAXONAIMIEH MOAENH  paclpenesIeHUs
MBUICBBIX YacTHI TO pa3Mmepy. EctecTBeHHO 3mech
TpeOyeTcsl peryispu3anus, BapuaHTaMH KOTOPOH
MpeJIaraeTcsl MCIOJIb30BaTh PACCMOTPEHHEIC BHIIIE
MOJICITbHBIC pacripenieneHusl. PesynbraTs
COOTBETCTBYIOIIECH AHATUTUYECKOM u
BBIYUCITUTEIHFHON pabOThl MPHUBEICHBI B CICIYIOLICM
paznerne.

BoccranoBieHune GyHKIHH pacnpeneaeHus M0
HHTETPAJbHBIM MOKA3aTEJsIM

Paccmorpum  nuddepeHnnanbayo  QyHKIUIO
pactipenienieHusl Kak MPUHAAJICKAIIYI0 HEKOTOPOMY
ceMelcTBy K-TrapaMeTpHYecKUX HHTETPHPYEMBIX Ha
TIOJIOXKUTENBbHOM Tonyocu (yrkimil Buga P(X, o), rae
o = (o, o, , Ok) — BEKTOp OMPEAEISAIOIINX
KOHKPETHBIH BapHaHT mapaMeTpoB. [Ipu 3ToM KaskapIit

rapamMeTpoB 3TOH (QYHKIMM TPEICTaBIsIeT COOOM

(YHKIMOHAN,  KOTOpBIH  siBisieTcss  (pyHKUMEH
nmapaMeTpu4eckoro  BekTopa  a.  EcrtecTBeHHO
copMynupoBaTh 3ajady BbIOOpa  ONTHMAaJILHOMN

obyukuun P(X, o) kak QyHKIH0, 06eCeYnBaOLIYO
MUHAMAJbHYIO HEBSI3KY MEXKIY pPAacuYeTHBIMH U
NPAaKTHYECKH  M3BECTHBIMH  3HAUCHMSIMH  BCEX
(YHKIIMOHAIOB 110 TOAXOASAIICH HOPME.

B Hamewm ciy4ae parioHaIbHO BEIOPATh 32 HOPMY
CYMMapHYIO KBaIpaTHIHYIO OTHOCHTEIILHYIO
MOTPEITHOCT (PYHKIIMOHAIOB W3 IIEPBOTO CTOJIOIA
Tabn. 3 WM HEKOTOPOrOo WX MOIAMHOXeCTBa. Ecmm
3HAYEHMs ITUX (PYHKIMOHAJIOB JJOCTATOYHO HAJ/IC)KHHBI,
TO 4eM Oonpiie ux uncio N, TeM HajexXHel pe3yabTaT
nojadopa ONTUMAaJbHOW TEOPETHYECKOH (QYHKIMU

pacopenenenuss P(X, ) 3amamHoro Buma. s
WUIIOCTPAllMM ~ TAakoro  IOAXOJa  OTPaHUYMMCS
3HAYCHUSAMHI 3ayTEPOBCKUX  IUAMETPOB D;j;.

MateMaTryeckas (HOpMYTHPOBKA ONTUMHU3AIHOHHON
3a7]a4y IPUHUMAET BUJ:

U3 TIPAKTUYECKH  ONpPENEISIEMBIX  HMHTETPajbHBIX
S{[IPx o) xidx /[ P(x, a) ¥ dx J¥0-) /D — 132 — min,

i=1,...,4,j=0,..,i—-1. (11)

Mo>XHO 10Ka3aTk, uTo 331a4a (11) sKBHBaNeHTHA  HepeonpeneNeHHON CHCTEMBI anredpandecKux
3ajade HaXOXK/ICHHS JyIIero peuieHust  ypaBHEHHH

[TP(x, &) xidx /] P(x, o) X dx ]¥0-D = Dy,
i=1,...,4,j=0,...,i-1. (12)
Hns  pemwenuss 3amaun (12) ¢ nOpoOHBIME — TPUBEJCHBI aJITOPUTM U PE3yJbTAThl PEIICHHS 3aJauu

(GYHKIMSAMU pacrpeeneHus 13 Tadi. 3 BOCIOJIb3yeMcst
cpeactBamu  makera MathCAD.  IlorpemHocts
armpoKCUMaIun 6y/:[eM OICHUBATh II0 BCIUYHHC
HEBS3KM U KOI(D(DUIMEHTY KOPPEJSLUH JIEBBIX |
npaBbiX uacteil B ypaBHenusx (12). Ha puc. 11-12

UL OJHONApaMeTPUYECKON  AKCINOHEHIMAaTbHOU
GbyHKUMM pacnpeneneHus, a B Tabll. 5 pe3yJbTarhl
1moj0opa ONTUMANBHBIX MapaMeTpPOB JUI BCEX MATH
MOZEeJIEN U COOTBETCTBYIOLIME ITOTPEILIHOCTH.

£ Mathcad PLUS - [Azimova_44.mcd] (=N N
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given

(log(Dia(1,0,-3,8,D)) - log(o.sss))z-o (log(Dia(2,0,-3,8,D)) - log(o.sss))z-o

(log(Dia(3,1,-3,5,D)) - 103(3,546))2-0 (log(Dia(3,2,-3,p,D)) - Iog(m,os:))z.o

2
(log(Dia(4,2,-3,p,D)) - log(20.903)) =0  (log(Dia(4,
D = minern(D) ONTUMENLHOE SHEYEH

D =

| 3 ES 3 3 B S EX A BN A T

41.797

-

MathC

3,-3,5,1)) - log(ujsl))z-o

03

(log(Dia(3,0.-3,5,D)) - 103(1.948))2-0 (log(Dia(2,1,-3,8,D)) - ]og(l.n:))z-o

(log(Dia(4,0,-3,8,D)) - 103(4.:'_;5))2-0 (log(Din(4,1.-3,8,D)) - 103(8,181))2-0
1-p

a=-3

ME NBPENETPE IKCNOHEHUNRNLHON MOGENH

¥
Puc. 11. Ancopumm pewrenus 3adauu (11)/(12) onsa sxcnonenyuanvoi hyHkyuu pacnpeoenenus cpeocmseamu

AD
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Puc. 12. Onpedenenue pasmepuvix Xapaxmepucmux noliu Ha OCHOBAHUU HAOOPA UHMESPANbHBIX NOKA3ameNel
Dij: cnesa — conocmagnenue pacuemuuix u IKCHEPUMEHMANLHBIX 3HAYEHUL,
cnpasa — eenudUHA OMHOCUMENbHOU NO2PEUHOCTIU

ANBTepHATUBHBIM crocobom OIIpPENIENIUTh
MacmTabHy0 BenmmunHy D B ASKCIOHEHIMATEHOM
pacrpeeneHIn P(x) SIBIISIETCSI peteHne
ONTHMU3AIIMOHHOW  3amadd M0  OOECHEeYCHHUIO
HAMOOJIBIIETO COTTIACHS HHTETPAJbHBIX XapaKTePUCTHK
MOJCTBPHOTO W (PAaKTHUECKOTO  pacIpemeieHUH,
MPUBEICHHBIX B IOCICAHUX IEBATH CTPOKax Tabim. 3.
Pe3ynbTaThl TAKMX PacyeToOB, BHIIOJHEHHBIE aBTOPaMH,
OueHb ONMM3KM K  pe3yibTaTaMm, MOJY4YEeHHBIM
OTHCAaHHBIMH BBIIIIE CIIOCOOAMH.

C TeopeTHYeCcKOM TOUKHM 3pEHHS HHTEpeceH
CIeNyIOUMI pe3yNbTaT, MOJy4eHHbI aBTopamu. Jlns
HKCIIOHEHIIMAIIBHOTO  paclpefeneHust YacTHIl 0
pa3MepaM HMHTETPHUPOBAHUE C HAIJICKAININMU BECAMH

MO3BOJISICT TIOJNYYUTH SIBHBIE BBIPOKCHUS JUII BCEX
JECATH 3ayTEPOBCKUX JOHAMETPOB. 31IeCh, OIHAKO,
BaXHO y4YecTb, 4YTO B CWIy PacXOAUMOCTH
COOTBETCTBYIOIIMX  HECOOCTBEHHBIX  HHTETPAIOB
TIpeeIbl MHTETPUPOBAHUS CIIeAyeT OpaTh He OT HyJIA 10
OCCKOHEYHOCTH, a COOTBETCTBYIOUINMH TpaHUIIaM
pa3sMepHOTO pa3pelIcHUs] M3MEPHUTEIBHOTO Ipruoopa.
Kpome Toro, sTi rpaHuIBl yI0OHO MacIITaOUpOBaTh,
BBIpa@XKaTh B JIONIAX MaciiTaOHOM BenmuuuHbl D. Ecnm
HIDKHUI [pesieNl HHTerpUpoBaHusi 0003Ha4YnTh Kak € D,
a Bepxuuii kak ND (0< & < 1, N > 1), 3ayrepoBckue
JIMAMETPBI BEIYHUCIISFOTCS KaK:

Dw=2¢D,

D20 = [2In(N/e)]/? e D, D21 =In(N/¢) e D,

D3o=(2¢?)"*D,Da1=¢" D, D32 =In(N/e)* D,

(13)

Dao = (282)V* D, D41 = €13 D, Daz = In(N/e)-1/2 D, Dg3 = D.

Pemmass  mepeompenenennyto  cucremy  (13)
otHocutesibHO €, N m D, momywyaem criemyromme
3HaueHust N D ~43.34 mxm, e D~ 0.29 Mmkmu N D ~ 186
MKM, KOTOpPBIE XOpPOIIO COIJIaCyIOTCSl KaK C paHee
BBIYMCIICHHBIM Pa3MEPHBIM MTapaMeTPOM MBUIH, TaK U C
MAacIOPTHBIMH JJAHHBIMU Ipubopa-ananmuzatopa. Ocobo

OTMETHM, YTO IIOTPEIIHOCTh TAaKoro  crocoba
WHUIUAJIN3a1u1 3KCHOHGHHHaﬂLHOﬁ MOOCIIN
XapakTepu3yeTcsi  KOppeysiiMeld  pacueTHbIX U

¢daxTryecknx 3HaueHuit Dj Ha ypoHe 0.999997 u
CPETHEKBaIpaTUIHON OTHOCHTENILHON MOTPEIIHOCTHIO
okoio 0.7 %.

OueHHThH COTJIACOBAHHOCTh Ppe3yJibTaToB
UICHTU(OUKALUKY MOJIEIM B paMKaxX THIOTE3bl 00
OKCIIOHEHIMAIBHOM ~ PACIpEeNeHnd  YacTHL[ IO
pasmepam P(X, a) = P(x, D) = 1/D-¢P nossossior
JlaHHBIE Ta0IL. 5.
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Tabmuua 5

Pe3yabTaThl HIeHTH(PUKANNA MOJIEJU HA OCHOBE PA3IMYHbIX JaHHBIX, BbIIaBaeMbIX mpuéopom Fritsch
py1onieii MoJaeau U HCXOJHBIX Ta0JINYHBIX 3HAYEHHIT

Analysette 22 Compact, u creneHn corjiacus pe3yJjabTH

Ilo naHHBEIM I1o manHBIM Ha ocHose
onudposku P(X, | omudposku P(X, Ha ocHoBe MPOYUX Ha ocHose
IMapamerp o)-x%dx B a)Cd(lg x) B BenuuuH Djj | HHTerpambHbIX BenuunH Djj
3aBHCHUMOCTH OT | 3aBHCHMOCTH OT YHCIIEHHO napameTpoB AHATTUTHYECKU
X Ig x YHCIIEHHO
D, MKkM 71.8 47.13 41.8 39.9 43.3
Omnocu. 0.645 0.28 0.78 0.093 0.0069
TOTPEITHOCTh
Koppenstiust 0.626 0.842 0.996 0.992 0.999997

Kak BuzHO U3 TIpencTaBIeHHBIX B Ta0MI. 5 TaHHBIX,
Hambolee HANS)KHBIM  CIOCOOOM  HACHTH(UKAIMN
momenn  P(X, o) 1O  BBIBOOMMONW  MPHUOOPOM-
aHaJIM3aTOPOM MH(OPMALNH SBIIETCS aHATUTHIECKOE
w/wnn uucieHHoe pemenue 3axauu (11)-(12), koropas
I7sl OKCTIOHEHIManbHOW Mozemu P(X, D) = 1/D-e*P

CBOJIUTCS K IIepeonpeIeeHHOM cucTeMme
anrebpanyeckux ypasHeHHi (13).

BroiBoabl

Amnanuz OKCIICPUMEHTAJIbHBIX JUCIICPCHOTO

COCTaBa 4acTull, 00pa3yoMUXCcs IPH PE3aHUU PebCa,
TI0 pa3MepaM CBOAMTCA K CIIEYIOLIEMY.

1. TIpubop Fritsch Analysette 22 Compact we
ABISIETCS ~ ONTUMAJBHBIM U1 HCCIIEAOBAHUS
(hpakKIOHHOTO COCTaBa MBUIN, TOCKOJIBKY HE BHIBOAUT
JAaHHBIC M3MEPCHUH B MEPBUYHOW YHCIOBOI (opme.
ObparHas onm(poBKa pacledaTsBAEMBIX HTPHOOPOM

rpadhuKoB u HOCIEYIOIIHE YHCIICHHBIC
npeobpasoBanus  BemuuuHel  P(X)-x3dX  BHOCAT
KPUTHYHBI BKJIaJ B MOTPEIIHOCTh OICHUBAHUS
sapucumoctt  P(X, a). Ilotomy panuoHanIbHbIM

Croco0OM H3BJICYEHHUS JOCTOBEPHBIX CBEACHHH H3
JAHHOTO Tpubopa MpPeACTaBIETCS WHHUIHATH3ALUSA
BEPOSATHBIX MOJENBHBIX pPACHpeleNieHuid Ha OCHOBE
BBIBOAMMBIX (PHC. 2) HHTETPAIBHBIX MTOKa3aTeIeH.

2. Jlnd [eTanpHOrO  aHalM3a pPa3MEpPHOTO
pacrpesieneHuss TBIIEBBIX YaCTHI[ MO HMEFOLIHMCS
9KCIIEPUMEHTAIBHBIM JIAaHHBIM JIydIlle BCEX 37eCh

PACCMOTPEHHBIX ~ MOJXOAMT  JKCIIOHEHIMANBLHOE
pacnpejienenue 4aCTHIL o pasmepam
P(x) = 1/43.33.¢ %433, Ha OCHOBE 3TOTO

pacmpeeneHnsi MOXKHO BEpHO BOCIIPOHM3BECTH BCE
UHTETpajbHBlE  [OKa3aTeNd,  NPEeNOCTaBIIsIEMbIC
M3MEPHUTENLHBIM KOMITJIEKCOM.

3. 3amaun  TbUICYJIABIMBAHUA
UCIIONIB30BaTh KJIACCUYECKOe

TpeOyroT
JIOTHOPMAJIbHOE

_l_(lgx—1.63)2
pacnpeneneane P(X) = 0.563-e 2\ o435 / . Ero

mapamMeTphl BBIYUCIICHBI METOJAMH MaTEeMaTHYECKOTO
NPOrPAaMMHUPOBAHKS, 4YTO [O3BOJSICT PACCUMTATh
BaXHYIO JJISI MPOCKTUPOBAHMS I[UKIOHOB BEITHYUHY
D32 = 32,8 MKM.

4. TIOCKONBKY COICpKaHHE META/UTHUSCKONH |
aOpa3uBHOU IBUTH B 00pa3iie OTHOCHTCS MPUMEPHO KaK
3:2 (mo Macce) HEOOXOAMMO BBIMOJIHUTH OTACITBHBIN
aHaJ W3 Pa3MEPHOIO PACIPENCNICHUS YacTUIl UL
YKa3aHHBIX MaTePUAITBHBIX (paKIHi.

5. BBuny CYILIECTBEHHOM 3aBUCUMOCTH
AIPOIMHAMUYECKHX CBOWCTB IIBUTM OT TCOMETPUU

YaCTHI] IPEICTABIICTCS HEOOXOIUMBIM OCYIIECTBISAT
OMHOBPEMEHHO aHAJM3 TaKMX I[OKa3aTeled Kak
C(EpUIHOCTH U CKPYTIICHHOCTD.
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Summary. The authors prove and substantiate that sliding encryption primitives are a partial case of matrix
operations based on recurrent sequences. It is carried out the research of matrix operations of cryptographic
transformation synthesized on the basis of sum modulo. It is shown how the properties of cryptographic



East European Scientific Journal #5(57), 2020 67

transformation results change depending on the module value. Methods and recommendations are offered for
applying matrix operations based on sum modulo to encrypt information.

AHHOTalIl/ISI. B HpeL[CTaBJleHHOﬁ pa60Te JOKa3aHO U O6OCHOBaHO, YTO HPUMUTHUBBI CKOJIB3ALICTO
IHI/I(l)pOBaHI/ISI SABJIAKOTCA YaCTHBIM ClIydaeM MaTpUYHBIX onepaum‘/i, IMOCTPOCHHBIX HAa OCHOBE PCKYPPCHTHBIX
nmocienoBarenpHocTel.  [IpoBemeHO — MCCiieioBaHWE ~ MATPHYHBIX — OMEpaniii  KPHUIITOrpaduIecKoro
npeoOpa3oBaHusl, KOTOPBIE CHHTE3NPOBAHEI HA OCHOBE OIIEPAlli CYMMBI IO MOIyITi0. [lokazaHo, Kak MEHSIOTCS
CBOWMCTBa Pe3yNBTATOB KPHUITOTPaUIecKoro mpeodpa3oBaHMs B 3aBUCHMOCTH OT BEIOOpa 3HAYEHHS OCHOBBI
Moxyinsi. CorllacHO TONYyYeHHBIM pe3yJbTaTaM, HpPeIOKEHBI CHOCOOBI W PEKOMEHAAUN 10 IMPUMEHEHHIO
MaTPUYHBIX OTIEPalNii KpUIITOTPahUIecKOro Mpeodpa3oBaHus Ha OCHOBE CyMMEI TI0 MOIYJIIO JUIsl IIH(POBaHUSL

nHbopMaLuH.

Keywords: information security, automated systems, cryptographic security methods, group communications,
matrix operations, cryptographic primitives, sliding encryption, round key, linear modular equations, logical

functions.

Kniouesvie crnosa: sawuma ungpopmayuu, asmomamusuposanuvle cucmemsl, Kpunmozpaguueckie memoosl
3quumul, epynnosvle KOMMYHUKAYUY, MAmpuuHble Onepayuy, Kpunmozpaguueckuti npuUMumus, cKobssaujee
wugposanus, Koy paynoa, IuHelHvle MoOYIbHble YPAGHEHUs, TI02U4ecKue QYHKYUU.

Introduction. The latest information technologies
and communications are increasingly being
implemented in critical applications. In particular, they
are used to ensure the functioning of information
processes of government institutions, military and
industrial complexes, management structures of
energy, transport, financial, banking, business, and
other activities. Therefore, the vast majority of world
countries, including Ukraine, recognize the protection
of information resources from unauthorized use as an
important component for realizing national interests.
The transition to the digital economy has raised new
challenges to ensure the security of financial
intermediation [1]. The need to improve the
effectiveness of information security measures for
financial information is primarily due to the rapid
growth of successful cyber-attacks on banking and
financial institutions over the past few years, both in
Ukraine and in other countries.

The proliferation of information networks and
distributed automated systems has contributed to the
emergence of a new, multilateral or group, form of
communication. In the digital economy, financial
intermediation in today's infocommunication space can
be attributed to this form of communication. Therefore,
the implementation of cryptographic data protection is
one of the most important theoretical and practical
problems of today.

The development of computer science and
computer technology combined with information and
telecommunication systems has led to a significant
increase of information value. It determines the level of
information security. Modern information technologies
require high-level security for large amounts of data.

The processes for transmitting, disseminating,
storing, processing, and using information must be as
fast as possible, least costly, as useful as possible,
convenient, automated, and secure at the same time.
Thus, increasing the efficiency of cryptographic data
protection today is one of the pressing problems of
information security.

Literature review.  “Symmetric  Block
Cryptographic Data Conversion Algorithm with
Dynamically Controlled Encryption Parameters” and
“Block Symmetric Cryptographic Data Conversion

Algorithm with Dynamically Controlled Cryptographic
Primitives Stochastic Replacement Process” were
presented at the open competition of symmetric block
cryptographic algorithms [1]. They first used variable
encryption primitives [2]. The main advantage of the
proposed solutions is the increase of algorithm
cryptographic strength. It is achieved by providing
dynamic change in both encryption parameters and
cryptographic primitives. However, providing flexible
control of encryption process and increasing the
number of parameters, including crypto primitives,
cause a slowdown in encryption speed. Although this
performance loss is negligible, because it is
compensated using high-speed hardware.

It is advisable to use this principle of encryption
improving for SEP. This can increase the conversion
crypto strength. In addition, the basic ways to increase
the crypto primitives speed should be considered to
ensure their effectiveness.

The papers [3, 4] describe the use of SEPs for
symmetric  block cryptographic algorithms. In
particular, it was proved in [5] that the process of
implementing SEP can be paralleled by the use of
matrix operations of cryptographic information
transformation. In [6, 7] it is proved that matrix
operations of cryptographic transformation based on
addition modulo can be used to increase crypto
strength. The works [8-10] discuss the construction of
a mathematical model for performing group matrix
cryptographic transformation. The main advantage of
its implementation is to increase the speed of
cryptographic algorithms.

Therefore, a promising task is to develop methods
and recommendations for implementing sliding
encryption for a given number of primitive elements
based on the use of recursive dependencies.

Formal problem statement. As we know,
information security can be done in two ways: restrict
access to information by organizational measures, or
convert information by the way known only to
legitimate users. In today's globalization and
digitalization context, information must be transmitted
through  unsecured  communication  channels.
Therefore, the second method has a clear advantage.
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The main characteristics of cryptographic systems
are the strength and speed of conversion. Both
characteristics need to be permanently increased. This
increase should be not less than the increase in
productivity of computer facilities.

Considering the success of implementing
cryptographic methods of two-way communication
security, today the attention of specialists is focused on
applying existing and creating new cryptographic
algorithms for group communication security. Both
theoretical aspects of mathematical improvement of
traditional algorithms and practical aspects of
development of such software systems are being
investigated. At the same time, there are objective
obstacles to the widespread practical implementation of
software for protecting group information processes. In
particular, the problem of resolving the contradiction
between providing algorithm cryptographic strength

and its speed remains open. There are also significant
difficulties in software implementation of already
existing cryptographic algorithms and its related
services in a group communication environment.

Therefore, the main task of this work is to improve
the efficiency of data cryptographic protection by
increasing the speed of information transformation
through implementing sliding encryption primitives
(SEPs) based on matrix operations of cryptographic
transformation.

The use of matrix operations of cryptographic
transformation in sliding encryption primitives. The
process of implementing the logical SEP can be
represented by the structural scheme of information
transformation (Fig. 1), where key: is a round key
element, input; and output; is i-th elements of input and
output data resp. [5, 11].

inputs input, input, inputy
= . " )
& & L X
key, outputs output, output, outputy

Figure 1. Structural scheme of implementing the direct left-sided SEP

The transformation scheme shown in Figure 1
corresponds to a system of linear modular equations [5,
11]:

output; = inputs; @ key;;

output, = input, @ outputs;
output,; = input, @ output,;
output, = input, @ output;.

In the shown sequence of information
transforming implemented by SEP, operations are
performed bit by bit over each pair of adjacent
operands.

The study of sliding encryption multiple primitive
made it possible to state the following. The functions
for converting sliding encryption elements are
represented by recurrent sequences and are special
cases from the whole variety of recurrent sequences
that can be applied for synthesizing matrix operations
of cryptographic transformation [12].

Thus, the function of converting one element of
six-fold simplified sliding encryption can be described
in a recurrent sequence ¢, = qn,_g @ input,_, B
input, where q; is element of sequence of six-fold
encryption. The six-fold SEP based on this recurrent
sequence can be represented as a matrix model [11, 13]:
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Output =

input,

input,

input; @ input,
input, @ input,
input; @ inputs
input, @ input,
inputs @ input,
inputg @ inputg

input, @ input, @ input,

input, @ inputg @ input,,

input, @ input; @ inputy P inputy,
input, @ input, @ input,, @ input,,
input; @ inputs @ input,; @ input;
input, @ input, @ input,, @ input,,

key, @® key, ® key; ® key, ® keys @ keyg

key, @ key; @ keys

key, ® key;
key, @ keys @ keyg
keys

keyg
Do

key, @ key; @ keys
key, ® key;

key, @ keys @ keys
keys

where key; is a round key elements.

The recurrent sequence that describes the round
key processing unit is represented as keyn=keyn.g since
key, @ key, ®...® key, = key, and round key
random elements are formed on the basis of the same
algorithm. Consider Shannon's theorem, which proves
that reusing the same algorithm does not increase
transformation strength. It can then be argued that

key, @ key, @ key; D key,

key, @ key, @ key; @ key, ® keys @ key;

key, @ key, @ key; @ keys

reusing round key elements does not increase
cryptographic strength.

On this basis, it became possible to optimize the
operation of cryptographic transformation of round key
processing unit without crypto strength reducing by the
following model [11]:

key,
input, key,
input, @ input, keys
input, @ input, @ input; key,
Output = | input, @ input, @ input; @ input, @D | keys ,

input, @ input, @ input; @ input, @ inputs keye
e keys

input; @ input, @ input; H . . . . . @ input,/ | .........
key,

where L is a number of rounds.

Thus, the optimized operation compared to the
implementation of matrix operation allows increasing:
the round key processing speed for the SEP model up
to 5 times; the speed of cryptographic conversion
operations up to 2 times.

This optimization allows reducing the hardware
complexity of SEP implementing by reducing the
number of sum modulo 2 operations.

A generalized expression of the recurrent
sequence is obtained to describe the multiple direct SEP
[14]: outputf = outputf , @ outputf~* where
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outputf = outputk=t,i € {1,...,d}, kis anumber of
rounds of sliding transformation, and d is the bitness of
transformation, and output! is i-th element of output
data for j-th round resp.

An effective way to increase the crypto algorithm
security is to use multioperational matrix cryptographic
primitives. A computational experiment was conducted
to simulate two-operand matrix operations suitable for
cryptographic transformation. The essence of the
experiment was to search operands combinations for
synthesizing the matrix operation, which will provide
an avalanche effect in information cryptographic
transformation. The result is a set of cryptographic
transformation operation models.

The analysis of the experimental results made it
possible to generalize them with grouping by the type
of transformation (Table 1) [15]. The symbol z denotes
the presence of permutation, x; are the input operands.

Analysis of the results of operation simulations
showed that these operation sets are mathematical
groups up to permutation. These operations can be
used, for example, in multiple SEP implementing.
Thus, the synthesis of direct SEP may use other
synthesized operations instead of sum modulo 2.

Then a generalized recurrent sequence model can
be written as outputf = outputf ,(V)outputF?
where outputk = outputk=t, i€{1,...,d}, , and
(7)is a two-operand cryptographic operation.

A multiple SEP operation can be changed for any
encryption round. Moreover, it can be changed several
times in the encryption round.

The number of SEP elements determines the
maximum number of round variable operations.
Therefore, a generalized recurrent sequence model of
multiple SEP with round variable operations can be
represented as output! = outputk , (Vk;)outputf=?
where output(’;" = outputf;i_l, i€e{1,...,d}, , and
(Vk;) is a two-operand cryptographic operation to
convert the i-th element for the k-th round.

The use of matrix operations of cryptographic
transformation makes it possible to parallel the process
of implementing SEP.

The use of matrix operations for multiple
simplified sliding encryption reduces the number of
operations compared to one-time simplified sliding
encryption. This gives benefits both in time and in the
complexity of implementing primitives.

Table 1

Generalized models of operation groups

Group number 011213 Operation model
Ola|bj|d]|c I
xl] ifz, = 0,2, = 0;
X2
1|/bla|c|d ileBl]ifleo'zzzl;
1 0171319 =3 14
L3, x; P 1].
2(d|clalb % ]lle =1,2,=0;
k= D 1]. _ _
slcldlnla x, @ 1 ifz, =1,z, = 1.
0Ola|c|d]|b
[xl & xz] ifz, = 0,2z, = 0;
X3
1|c|d|b|a [2 gi ifz, = 0,2, = 1;
2 02,19,14,7 = x, @ x, D 1], B o
2 d b a Cc X, lle - 1'22 =0;
Xy o _
3 b a c |4 x, @ 1] ifzy =1,z, = 1.
Ola|b]|c|d [, )
x, ® xz] ifzy =0,z, = 0;
l1|bjlaj|d]|c [*1 ifz, =0,z, = 1;
1 1 — 142 = ’
3 0391913 = A :x1®x2®
219 X @©1],
2 c | d b a x, @1 ifz, =1,z, = 0;
X @ 1] lle = 1,22 = 1.
3|d|cl|alb [ X2
4 Ola|d|b]|c
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Xz .
I:xj:l lle = 0, Zp = 0;

[xl & 1] ifz, = 0,2, = 1;
X2

04,13,7,22 = X, _
[Xz ® 1 ifzy =1,z, = 0;
xn®1].. _ _
[X1 o1 ifzy =1,z, = 1.

Conclusion. On the example of SEP, methods for
constructing cryptographic primitives have been
improved by applying cryptographic transformation
matrix operations. This made it possible to build
generalized operation models that implement multiple
sliding encryption. Generalized recurrent sequences
describing the information conversion functions during
multiple sliding encryption are obtained. This made it
possible to build algorithms for parallel implementing
crypto primitives of multiple sliding encryption of a
given number of iterations. These results provided an
increase in encryption speed of up to 2 times and
strength to linear cryptanalysis when implementing
multi-round SEP.

The technology of operations synthesis for
multioperational matrix cryptographic primitives is
proposed. It uses the table model of crypto conversion
operation. The technology is based on the new groups
of operations up to permutation of both the input
operands and the results of the operation.

The application of the results ensured the
operation variability in improving multioperational
crypto primitives and increased the strength of crypto
algorithms built on their basis.

Thus, in this work a method for protecting
information from unauthorized use is proposed. It
consists in implementing cryptographic primitives of
sliding encryption with optimized structure. These
primitives were synthesized using cryptographic
transformation matrix operations. Multiple SEP or
multioperational matrix cryptographic primitives
should be used to increase information security.
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Epotcanoex Acvinbex

Ma2ucmp mexHuKyu u mexHoro2uu Kageopvl
npogeccuonanvrou yugdposusayuu 0opazo8aHusl,
Kazaxckuii ynugepcumem mesncoynapoOHbix OmHOUEeHU

U MUPOBYIX A3bIK0G UMeHU Abbliall Xana

Epkan Tawkoitn

PhD xagheopor npogheccuonanvnoit yugposusayuu obpazosanust,
Kaszaxckuii ynusepcumem mesncoyHapoOHbIx OmHOUWEeHU

U MUPOBYIX 5A3b1K08 UMeHU AbbLiall Xana

Bepovicynosa Aiinazyne /icymabaesna

Ma2ucmp NPUKIAOHOU MAMEMAMUKY U UHPDOPMAMUKU
Kageopul npogeccuonanvrol yu@dposusayuu 00pa308aHuUsl,
Kazaxckuii ynugepcumem mesncoynapooHbix OmHOUEeHUN

U MUPOBbIX 53bIK08 UMeHU Abbliail Xana

Eneycuszoea I'ynycan Cabumoena

Mazucmp nedazo2uyeckux HayKk

Kagedpuvl npogheccuonanvholl yudposuzayuu 06pa3oeanus.,
Kasaxcxuil ynueepcumem mexncoyHapoOHbIX OMHOULEHUT

U MUPOBBIX A3bIKOS UMeHU Abvlnall xana

93BOJIIOIUA HHHOBAIIMOHHOT O PA3BBUTHUSA U I''IOBAJIBHOE BYIYIIEE OBPA3OBAHUSA
B 31IOXY HUPPOBU3AIINN

EVOLUTION OF INNOVATIVE DEVELOPMENT AND GLOBAL THE FUTURE OF EDUCATION
IN THE ERA OF DIGITIZATION

Summary. The article is devoted to urgent problems of introducing digital technologies into the education
system.

AnHotanusi. CTaTbs TOCBSIIICHA aKTyalbHBIM ITpo0eMaM BHEApeHHs TU(POBBIX TEXHOJIOTHH B CUCTEMY
obpazoBanus. Pa3Butre 1upoBbIX TEXHONIOTHI B chepe 00pa3oBaHusl, aKTYaIbHOCTBIO M OAJICPKUBACTCS Ha
rOCyapCTBEHHOM yPOBHE M UTUPOKOH 0OIIECTBEHHOCTHIO.

IIporpamma, kotopast 6yaet peanuzobana B nepuoj 2018-2022 rosl, 06ecnednT AOMOJIHUTENBHBIN UMITYJIBLC
paszBurue uudposuzaimu B Kazaxcrane. L{udpoBuzaims 310 HOBas colMalibHas CUTyanus HuppoBOro paspeia,
I_[I/I(I)pOBOFO rpaxJaaHcTBa, HH(I)pOBOfI couaan3alnuu. OCHOBHBIE HU3MEHEHHUSA B O6paSOBaHI/II/I CBA3aHBI C
mudpoBU3amei 00pa3oBaHUs.

Key words: digital technologies, digitalization, digital education, digitalization and automation,
digitalization of educational institutions.

Kurouesvie cnosa: yugposvie mexnonocuu, yugposuzayus, yugposoe obpazosanue, yupposusayus
u agmomamuszayusi, yughposuzayusi 00pa308amMenbHbIX YUPEHCOCHUU.

Hensamu roCyAapCTBEHHOU IIPOrPaMMbL «Coznanne 1MppOBON MHAYCTPUH OYAYILETro» -

«Iudposoit Kazaxcram» ABISIOTCS YyCKOPEHUE TEMITOB
pa3BuTHi OSKOHOMHKM Pecnybmukm Kasaxctran u
yIIydIIeHHe KadecTBa JKU3HM HaceleHHs 3a CYeT
UCTIONIb30BaHMs IU(POBBIX TEXHOJIOTUH B
CPEIHECPOYHOH TIEPCIEKTHBE, a TaKXKE CO3JaHue
YCIIOBUH Ui Tepexosia 3KoHoMHMKH KaszaxcraHa Ha
NPUHIOUIHAIGHO HOBYIO  TPAGKTOPHIO  Pa3BUTHA,
o0ecreuynBaoNIyl0 co3aanue LU(pPOBOH ISKOHOMHUKH
OyymIero B JONTOCPOYHOM NEPCIIEKTHBE.

JocTrmxenue JaHHOHM LieM  NOAPa3yMEBaeT
JBMIKCHUE 110 IBYM BEKTOpPaM pasBUTHUA:
«Iudposuzanus  cymectByromeid  UKT» -

o0ecreuyeHne MparMaTHYHOr0 CTapTa, COCTOAIIETO U3
KOHKPETHBIX IPOEKTOB B pPEabHOM CEKTOpE, 3aIlyCcK
MPOEKTOB 10 HU(PPOBHU3AMUA U TEXHOJIOTHYECKOMY
MIEPEBOOPYKEHHIO CYIIECTBYIOIINX oTtpacei
9KOHOMUKH, TOCYJapCTBEHHBIX CTPYKTYP M Pa3BUTHE
dpoBoit HHPPACTPYKTYPBHI.

o0ecriedeHre TOJITOCPOYHON YCTONUMBOCTH, 3aIycK
mudpoBoi  TpanchopManMM  CTpaHbl 32 CUeT
NOBBIMICHUS ~ YPOBHS  Pa3BUTHS  UYEIOBEUECKOTO
KaliTana, MOCTPOCHUsI HHCTUTYTOB MHHOBAIIMOHHOTO
pasBUTHSL W, B IIEJIOM, IPOIPECCHBHOTO Pa3BUTHUS
1 (pOoBOH IKOCHCTEMBI.

[MunoTHBIH npoekT nHuppoBOro oOpazoBaHUS -
HannonansHast miaardopMa OTKPBITOro 00pa3oBaHMS.
OH mpexcraBnser co0OH ammapaTHO-NPOTrPAMMHBIN
KOMIUIEKC, COCTOSIIMNA W3 CHUCTEM IUCTAHI[MOHHOTO
oOydeHusi,  TenekoHpepeHIUH ©w  BeOMHAPOB,
00pa3oBaTEeNBHBIX KypCOB, KOMIUIEKCA IPOBEICHUS
OHJIAIIH-YPOKOB, 00BEKTHO-OPHEHTHPOBAHHOTO
NIPOrpaMMUPOBaHMUS, POOOTOTEXHUKH, 3D-
MOJICTMPOBAHUS M I€YaTH, yJAJICHHOH CIa4H U TpHeMa
JK3aMEHOB.

Wurerpamust  0oOpazoBaTesIbHBIX
yueOHBIX IporpaMm MOMOXKET

KypcoB U
3aMEHUTH
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IpernojaBarens B Cllydae ero OTCYTCTBHUS JIMOO CTaTh
JIOTIOJTHEHUEM K  MaTepuany, MOATOTOBJIEHHBIM
yuuTeNneM, a CHCTeMa IUCTAaHIMOHHOTO OOydYeHus
3aUKCHPYeT aKTHMBHOCTh BUPTYAJILHOTO ayJUTOPHU:
CKOJIBKO YHCTOTO BPEMEHH OBLIIO ITOTPAYECHO Ha II0AATYy
y4eOHOTro MaTepuaia, KakoBa aKkTHBHOCTD ayJUTOPHH,

CKOJIBKO BpEMEHU CTYAE€HTBI OTBCYHAIN Ha
IMOCTABJICHHBIE  BOIIPOCBI, KTO  ABJIAJICA  CaMbIM
AKTUBHBIM W KAaKOBO KOJHYECTBO IPABUIIBHBIX

OTBETOB. AHAJINTUKA SABJISIETCS HACTPAaUBaEMOIl.
Ludpossie 00pazoBaTeIbHBIE PECYPCHI K UX BUBI
MO TIpEACTaBJICHUIO U conepkanuto. [lox mmudpoBsIM

00pa30BaTEeILHBIM pecypcom MOHUMAETCS
UH(POPMAIUOHHBIN HUCTOYHUK, COJIepKATITHIA
rpa)M4ecKyro, TEKCTOBYIO, ITU(PPOBYIO, pPEUYCBYIO,

MY3BIKaJIbHYI0, BUIEO, (POTO U OpyTyro HHPOpPMAITHIO,
HaIpaBJICHHBI Ha pealu3alyio Lejaed U 3agad
coBpeMeHHOTo oOpa3oBaHmi. B omHOM 1HIppoBOM
00pa3oBaTeIbHOM pecypce MOTYT OBITh BBIIEICHBI
nH(pOpMaIMOHHbIE WIN HH(POPMAIIOHHO-CIIPABOYHBIE
WCTOYHHMKH, WHCTPYMEHTHI CO3JaHHSI H 00pabOTKH
nH(OpMaLUK, YIPABIISIOIINE HIEMEHTHI.

Takue xe  mpeumylmecTsa €CcTbh H Y
npenojaBarens. B uyacTHOCTH, OJMH IpenojaBaTelb
Ternepb MOXeT 00y4aTh MHOTO JIFOJIeH OJTHOBPEMEHHO.

KpOMe TOrO, METOBbI OTCJIC)KUBAHUA
CaMOCTOSITCIIEHOM pa6OTLI CTYACHTa B COBPCMCHHBIX
CUCTEMaAxX CMCIIAaHHOTO O6y‘ICHI/I$1 IO3BOJIAKOT

IpernoiaBaTeIsiM IPHHAMATh BOIIPOCHI TOJIBKO y TeX,
KTO Z0OpPOCOBECTHO paboTan caMoCTOsTeNbHO. Benp
Hepenko OBIBACT TaK, YTO C BONPOCAMH OOpalIalOTCS
CTYZI€HTBI, KOTOpBIE HE MBITAINCh PEIIHUTh HX
camoctosaTenpHO. Crola e MOXHO OTHECTH W
MPOBEPKY KOHTPOJIbHBIX 3aJlaHMii B CMELIAHHOM
0o0y4eHHH NpOBEpKa MOXET OBITh aBTOMATHYECKH
BBITIOJIHEHA CHCTEMaMHM TECTHPOBAHMSI.

HecMoTps Ha Hemajble IUIIOCHI, Y CMELIaHHOTO
o0y4eHuss ecTb M HEJOCTaTKH, C KOTOPHIMH
CTAJIKHMBAIOTCA BCE 3BCHbS CHCTEMBI 00pa30BaHMS,
3aMHTEPECOBaHHBIC BO BHEAPEHWH W HCIIOIb30BaHUHU
COBPEMEHHBIX TE€XHOJOIHi. DTO HepaBHOMepHast U T-
TPaMOTHOCTb, 3aBUCHMOCTb oT TEXHHKH,
MIMpOKONoNocHoro VIHTepHeTa, yCTOHYUBOCTH OHIAHH
pexxuMa 1 Oe3MUMHUTHBIX Tapu(OB.

Ceiiuac Kazaxcran HaxoauTes Ha 50-M MecTe B
MHpe no nu¢poBoMy pa3BUTHIO, IPH ITOM Ga3oBas
nudpoBass rpaMoTHOCcTHL HacejdeHuss Ka3zaxcrana
coctaBiasger 77%. W urod6sl k 2021 roay ona
BbIpocia 10 80%, kak mpeaycMOTPEHO MPOrpamMMoin
«udposoit Kazaxcran», HEOOXOOMMO y¥KEe CETOIHS
BCEM, B TOM 4YHCJIE€ M YaCTHOMY CEKTOpY, HPHHATH
AKTHBHOE YYacTHE B TEXIIOJIEPKKE BCEX 3BEHBEB
cHCTeMbI 00pa30BaHUsL.

Takoe oObequHeHne mo3BoaMT Kazaxcrany
JOCTHYb OOMmMX LeJNell — MPUCOSTUHUTBCS K
MepeloBbIM CTpaHaM MHUpa, rie Hudposas smoxa yxe
HACTYIHJIA, & 3HAYUT BBIIOJHUTh 3324y BXOXKICHUS
KazaxcTana B uncino 30 KOHKYpPEHTOCHOCOOHBIX CTpaH
mupa. Ilo wmuenmio Hypcynrana HaszapOaesa,
KazaxcTaHIIBI JIeTKO afanTHpyeMBbl, U HaJ0 CO3JaBaTh
YCIOBUsI, YTOObl KOMIAHWU HWHBECTHPOBAIH B
o0pa3zoBaHNe W TOATOTOBKY CBOMX HBIHEIIHUX U

OyIymMx COTPYIOHUKOB. A cucreMa 00pa3oBaHUs
CTpaHBbI, B CBOIO O4Yepe]lb, Oy/IET CTPEMUTHCS K TOMY,
4yT0oOBI LU(POBAs SM0Xa Y HAC HACTYNHJIA KaK MOYKHO
CKOpee, YTOObI TOOMTHCS MPEUMYILECTBA B YCIOBHAX
r100aNbHONM KOHKYPEHIINH.

[Iporpamma, xkorTopas Oyner peann3oBaHa B
TIePUOT 2018-2022 TOJIBI, obecrieunT
JOTIOTHUTENBHBI HWMITYJIbC U TEXHOJIOTHIECKOM
MOJEpHU3aiK (prarMaHCKUX OTpacied CTpaHBl M
chopMupyer  ycioBus JUI1  MacmitabHOrO U
JIOJTOCPOYHOT0 pOCTa MPOU3BOAUTENLHOCTH TPYAA.

IIaTp OCHOBHBIX HampaBICHUN peanu3aluu
IIporpammer:

1. «lludpoBuzanus oTpacieil SKOHOMUKH» -
HampaBJIeHUe npeoOpa3oBaHuss  TPAAUIMOHHBIX
oTpacneid SkoHOMHKH PecmyOmmku Kazaxcran c
WCTONB30BaHUEM  TIPOPBIBHBIX  TEXHOJNIOTHH U
BO3MOKHOCTEH, KOTOpBIE TIOBBICST
MPOU3BOIUTECIHFHOCTh TPYAa W TPHUBEAYT K POCTY
KaITUTaTN3alIHH.

2. «Ilepexom Ha mH(POBOE TOCYIAPCTBO» -
HaITpaBJeHUe MpeoOpa3oBaHus (YHKIMNA rocyaapcTBa
Kak  HMHQPACTPYKTYphl — INPENOCTABICHHUS  YCIYyT
HaceleHUI0 W Ou3Hecy, MpEeABOCXMIIAs  €ro
MOTPEOHOCTH.

3. «Peanuzanus nudposoro IllenkoBoro mytu» -
HApaBJICHHE  Pa3BUTHA  BBICOKOCKOPDOCTHOW U
3aUIICHHON WHPPACTPYKTYpPHI Mepenad, XpaHCHUs
1 00pabOTKH TaHHBIX.

4. «Pa3BuTHE UEIIOBEUECKOTO KAIMTala» -
HampaBJICHHE  TPeoOpa3oBaHMi,  OXBATHIBAIOIICE
CO3JIaHHME TaK HA3bIBAEMOTO KPEaTHBHOTO OOIIECTBA
Juid obeclieyeHusl Iepexofa K HOBBIM pealusiM -
SKOHOMHUKE 3HAHUI.

5. «Co3nanue MHHOBAIIMOHHOW SKOCUCTEMBD» -
HalpaBJIeHHE CO3JaHUS YCJIOBUI IS  pa3BUTHSA
TEXHOJIOTHYECKOTO MIpeIIPUHIMATEIECTBA u
WHHOBALlUM C  YCTOMYUBBIMM TOPHU30HTaJIbHBIMU
CBA3IMH MeEXIy OW3HEeCOM, Hay4YHOW cdepoid u

rocyaapctBoM. [ocymapcTBO BBICTYNIUT B POJIK
KaTajan3aTopa 9KOCHCTEMBI, CII0COOHOTO
TeHepUpOBaTh,  aJalTUPOBATh W  BHEAPSATH B

MIPOU3BO/ICTBO MHHOBAIIHH.

B pamkax yKka3zaHHBIX MSTH HalpaBJICHUH
chopmupoBanbl 17 wHHImMatuB U Oomee 100
MEpONPHUATHH, BO3BpPAT OT peaTH3alUUd KOTOPBIX
MOXKHO YBUAETh Y€ B Omipkaifide rofsl B SBHOU
(bopme, a TaKke MEPONPHUATHH, KOTOpbIE (HOPMHUPYIOT
OCHOBBI ()OPMHPOBAHUSI LU(PPOBOTO CEKTOpa Kak
HOBOW OTpaciyd HKOHOMHKH OYIyIIero, OCHOBHOM
pe3yibTaT OT KOTOPBIX MpUAETCS Ha CIeXyIoNne
JECATHIICTHSL.

LudpoBuzanus u aBromMaTn3anys pabodux MecT
TIOCTOSTHHO TpeOYIOT HOBBIX, 0o0Jiee COBEpIIEHHBIX
HaBbIKOB. [loTomMy paGoTomatenu TpeOyrOT, YTOOBI
BY3bl TIPEIOCTABILIN OOJNBIIE BO3MOXKHOCTEH WX
COTPYAHUKAM B JIOCTYyIIE K 00pa3oBaTeNTbHBIM
IporpaMMaM. YHHUBEPCHUTETAM CIeLyeT HPUHATH PSJI
Mep 10 Pa3BUTHIO II(PPOBHIX TEXHOJIOTHI, @ HE TOIBKO
3alycKkaTb  OHJalH-Kypcel. K HUM  OTHOcATCS:
nrudpoBoe MPEIoJAaBaHue U MOJAECPKKa O0yUJaIONIuX
1 MOHUTOPUHIOBBIX CHCTEM; MacurabHoe
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1 IIOBCEMCCTHOC OHHaﬁH-OGPaSOBaHHG,

oXBaThIBalollee OOJBLIYIO AyJUTOPHIO IO BCEMY
MHpY; (yHKIOHATbHBIE aKKpeIuTalus
U 3K3aMEHAI[OHHbIE HPOLETYPHI; IIpOBEICHUE

WCCIICIOBAaHUN C TIOMOIIBIO ITU(PPOBBIX TEXHOJOTHH,
MOWCK U aHANW3 JAHHBIX TOCPEICTBOM HH(POBBIX
HHCTPYMEHTOB, HIH(POBBIE KOMMYHHKAIIWH, ITOTHAS
TPaHCIAPEHTHOCTb.

Hudpouzammst AomKHa OBITH HEOTHEMIEMON
4acThl0 HMH(QPACTPYKTYPHl YHUBEpcHTETa. BaxHO
UMETh ynoOHy0 TEXHOJIOTHUHYIO cpeny
JUISL HCCIIEIOBATENILCKOM  IESITENbHOCTH, 1(pOBBIE
nabopaTopuu, TOBCEMECTHBIA JIETKUH ¥ OBICTPBIH
nmoctyn kK Wi Fi, OecripoBoHBIC 3apsTHBIC CTAHIIWH,
LHEHTPbl 0O0paOOTKH JNAHHBIX, «YMHBIE» U «3EJICHBIE»
3IaHUS.

HudpoBuzariist 1eATeIFHOCTH TOCYIapCTBEHHBIX
opraHoB.  JlaHHOM  mporpamMmoil  IOCTaBJIEHBI
aMOHWITHO3HEIE TENTN 10 MU(PPOBU3AINH ACATEIHHOCTH
rocopranoB. Jms peammzanmmm >THX Ienedl Oyzper
co3maHa UWHOPPACTPYKTypa TOINEPKKA B  BHIC
aJalITHPOBAHHOTO 3aKOHOAATENbCTBA, MEP MOAICPKKHI
Ou3Heca, 00pa30BaHKs M HAyKH, YIPOLICHUS IPOLETYD
BeJICHUS OH3Heca, COKpAIIEHUS TPaH3aKIMOHHBIX
U3ZepKEK TPH B3aUMOJCHCTBUU C TOCYIapCTBOM.
bonee Toro, rocymapctBo OyaeT NpeNBOCXHINATH
MOTPEOHOCTH CBOUX TPaKIAH B MOJIYYCHUH YCIYT,
MaKCUMaJIbHO BBICBOOOXK TSt BpeMs TUTS
MPOM3BOIUTEIHHOTO TPyAa W  CTUMYJIHPOBAHUAL
SKOHOMHYECKH aKTHBHOTO TTOBEICHHUS.

DJNEeKTPOHHOE MPaBUTENBCTBO. Ha mpenpimymem
otame  MHQOpMATH3aIlMd  TOCYAApCTBO  CO3AAJI0
«DJEKTpOHHOE [IpaButenbcTBOY PecryGnuku
Kazaxcran B Buune 0a30Boil WH]paAcCTpyKTypsl U
nH(OpPMaLMOHHBIX CHUCTEM rOCYJapCTBEHHBIX
OpraHoOB, MPSIMO WMJIM KOCBEHHO 3a/IefiCTBOBaHHBIX B
OKa3aHUM TOCYIapCTBEHHBIX YCIIYT.

OnHOBpEMEHHO c pa3BUTHEM cereit
IIIPOKOTIONIOCHOTO JIOCTYTIa, IpeoOpa3oBaHUSIMH B
HHPOPMAINOHHO-KOMMYHHUKAITHOHHOH
HHPPACTPYKTYype, TEPeBOAOM  OW3HEC-TIPOIECCOB
XO3SIMCTBYIOIMX CYOBEKTOB B «OHJAWH» Cpeay H
aBTOMAaTH3alyell TEXHOJOTMYECKHX TIPOIECCOB B
MPOMBIIIIICHHOCTH, JHEpreTHKE, 0aHKOBCKOM
nesrensHoctd M chepe UKT-ycnmyr HeoOxomumo
OTHOBPEMEHHO  IPOBOJUTH  MNPOAYMAHHYI U
MOCJIEIOBATENbHYIO HOJUTUKY obecrieueHus
0e3omacHOCTH HMH(pOPMAIIMOHHOTO TPOCTPAHCTBA U
UHPPACTPYKTYPHI CBA3H.

OCHOBHBIE TIPOOIIEMBI M YTPO3bI OE30MIaCHOCTH B
chpepe wucmompzoBanms UWKT, Bimsromme Ha
3(h(HeKTHBHOCTD MIPOLIECCOB IU(ppPOBU3AIIH
skoHoMHUKHM Kaszaxcrana, Mephl 10 HX NPEOIONECHUIO
Hanuti oTpakenrne B KoHuenuun kubepoe3onacHoCTH
«Kubepmur  Kazaxcrana» W mpemycMaTpHBarOT
WCTIONIb30BaHUE JIOBEPEHHBIX TEXHOJIOTHI
obecrieyeHns IEJIOCTHOCTH, KOH(PHICHINATBHOCTH,
JOCTYITHOCTH  HMH(OpMarmum #  ayTeHTH()HUKAIUN
MoJIb30BaTesel mpu ee 0opadboTke.

OddexTuBHas peanMzanysg MEPONPHUATANH IO
mudpoBm3anuy dKoHOMUKH Pecmyb6mmkn Kazaxcran
Oymer oOecrieueHa TOJNBKO TIIpH  0OOecHeYeHUH

€/IMHCTBA, YCTOHYMBOCTU u Oe3omacHoOCTH
nH(OPMaLMOHHO-KOMMYHHKALMOHHOM

nH(PACTPYKTYphl, COXPAaHHOCTH JIAaHHBIX M JIOBEPHUHU
rpaxJaH K IpoleccaM, B OCHOBE KOTOPBIX JIEXKaT
peuieHus, ocHoBaHHble Ha ucnosb3oBanun HWKT.
OCHOBHOE [IBWKCHHE MpEAINoiaraeTcs IO ABYM
HampaBICHUSM: JIBIKCHHE [0 JABYM BEKTOpaMm
pasBuTust  —  OUQPOBU3AIMSA  CYIIECTBYIOUICH
9KOHOMHKH, TO €CThb OOECIeUueHHEe IpParMaTUIHOTO
CTapTa, COCTOSIIEr0 M3 KOHKPETHBIX IPOEKTOB B

pcaJlbHOM CCKTOpC, 3allyCK IIPOCKTOB o
IlI/I(l)p OBU3allUN u TCXHOJIOTUICCKOMY
NIEPEBOOPYIKCHUIO CYHECTBYIOIHUX 0Tpacne171

9KOHOMHKH, TOCYJapCTBEHHBIX CTPYKTYP M Pa3BUTHE
uudpoBoi HHPPACTPYKTYPBHI.

Bropoe HampaBieHue — 3TO co3gaHue MU(POBOI
HHAYCTpHUH Oymymiero — obecrnedeHne I0ITOCpOIHON
YCTOHYMBOCTH, 3amycKk Im(poBoii TpaHchopMarmn
CTpaHbl 3a CYET TOBBIMICHUS YPOBHSI Pa3BUTHUAL
YEJIOBEUECKOTO KaluTaja, IOCTPOSHHS WHCTUTYTOB
MHHOBALIMOHHOTO pas3BUTHSA u B LIEJIOM
MIPOTPECCUBHOTO Pa3BUTHUS LUPPOBOI IKOCHCTEMBI.

[Is1TH KJII0OUEBBIX HATIPABJIEHUH: B OCHOBE ATOH
KOHICIIIHUU ITATH OCHOBHBIX HaHpaBJ’IeHHﬁ, a UMCHHO

uudpoBuzanms oTpaciuei 9KOHOMHUKHU -
npeobpa3oBaHue TpaIUIIMOHHBIX oTpacieit
SKOHOMHKH  C  HCIOJB30BAHHEM  IPOPBIBHBIX

TEXHOJIOTHA W BO3MOXKHOCTEH, KOTOpBIC TIOBBICST
MPOU3BOMUTECIHLHOCTh TPYAa W TPHUBEAYT K POCTY
KaITuTaTN3alHH.

PasButne 31€KTPOHHBIX YCITYT.

Ilepexonq Ha wmppoBOE TrOCYyAapCTBO  —
HaITpaBJeHUE MpeoOpa3oBaHus QYHKIMNA roCcyaapcTBa
Kak  HMHQPACTPYKTYphl  INPENOCTABICHHUS  YCIYyT
HaceleHUI0 W Ou3Hecy, MpEeABOCXMIIAs  €ro
HOTPEOHOCTH.

Peanuzanus mudposoro IllenkoBoro mytd — TO
€CTh pa3BUTHE BBICOKOCKOPOCTHOW W 3allMIIEHHOU
HHPPACTPYKTYPHI Tepenavn, XpaHeHHsS U 00padOTKH
JMaHHBIX. Pa3BHTHE dYeNOBEYECKOTO KamuTama —
HampaBJICHHE  TpeoOpa3oBaHMi,  OXBaTHIBAIOIICE
CO3JIaHHME TaK HA3bIBAEMOTO KPEaTHBHOTO OOIIECTBA
U1 oOecmedeHns Iepexoja K HOBBIM pealHsiM —
SKOHOMHUKE 3HAHUH.

Co3gaHne HMHHOBAIMOHHON 3KOCHCTEMBI — 3TO
CO3/IaHHME YCJIOBHUH AJISI Pa3BUTHS TEXHOJIOTHYECKOTO
NpeANPUHUMATENBCTBA 1 HHHOBAIMH C YCTOWYNBBIMH
TOPU30OHTABHBIMU  CBS3IMH  MEXIy OH3HEcoM,
HAYYHOH cQepoil W ToCyaapcTBOM. [ ocymapcTBoO
BEICTYIIUT B POJH KaTalH3aTopa 3KOCUCTEMBI,
CIOCOOHOTO TeHEPUPOBATh, AMANTUPOBATH U BHEAPSTH
B IIPOU3BOJICTBO HHHOBALIHU.

LudpoBuzanmus neaTeN-HOCTH FOCYAAPCTBEHHBIX
opraHoB.  [lanHOW  mporpaMMoil  NOCTaBIEHEI
aMOHMIMO3HBIE LIENH 110 H(POBU3ALUH AEATEIHHOCTH
rocopranoB. Jlns peammszanuu STUX Tenend Oyxaer
co3nana WHQPACTpyKTypa TONACPKKA B  BHUIE
aIalITHPOBAHHOTO 3aKOHO/IATEIbCTBA, MEP MOICPKKHI
Ou3Heca, 00pa30oBaHMS M HAYKH, YIIPOIIEHUS MPOLIEAYD
BeJeHNs OW3HECa, COKpAIICHHS TPaH3aKIIMOHHBIX
M3JEPKEK TPU B3aWMOJICHCTBUH C TOCYIapCTBOM.
Bonee Toro, rocymapctBo Oyner NpeiBOCXHIIATH
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MOTPEOHOCTH CBOMX TpaXKIaH B IOJyYEHHUH YCIYT,
MaKCHMaJIbHO BBICBOOOXK1ast BpeMsi JUIst
NPOM3BOIUTENBEHOTO  TpylJa UM CTUMYJIUPOBAaHUS
9KOHOMHUYECKH aKTHBHOTO TTIOBEJICHUSI.

ObecneueHre HHPOPMATHOHHONW OE30MTACHOCTH B
cpepe UKT. Bxmrouenme Kaszaxcrama B MHPOBYIO
cucteMy HH(OPMATHKH M TEICKOMMYHUKAIHWH yKe
MOBJIEKJIO MHOTOKPAaTHOE YBEIMUYCHHE OOBEKTOB
MH()OpPMAIMOHHO-KOMMYHAKAIIHOHHON
MHQPAaCTPYKTYypsl B TOCYNapCTBEHHOM YIIPaBJICHHH,
Ou3Hece, cucTeMax YIPaBJCHUS IPOMBIIUICHHBIMU
o0bekTamu, paciupuiio chepsl okazanus ycryr UKT
orepaTopamu, 00paOaTHIBAIOLIMMHU  TEPCOHANBHBIC
JIaHHBIE TPaKAaH.

Yeunust o nupoBHU3aIMN IPUBOJIST K CO3IaHHIO
HOBOrO OOINecTBa, TAE€ AKTUBHO  Pa3BUBACTCS
YeJIOBEUECKUH KaIUTall - 3HAHUS M HaBBIKU OyIyIIero
BOCIIUTBIBAIOTCA C CaMbIX IOHBIX JIET, IOBBIMIAIOTCS
3((eKTUBHOCTh M CKOPOCTH pabOTHI OM3HECa 3a CYET
AaBTOMATH3alMM M JPYyTUX HOBBIX TEXHOJOTHH, a
OUajor TpaXkJaH CO CBOMMH TOCYAapCTBaMH
CTaHOBUTCS MPOCTBIM M OTKpBITHIM. Lludposas
PEBOIIONMSA IPOUCXOINUT y HAC HA I1a3ax.

Ceronnst IHTepHET 5KOHOMHKA pacTeT ¢ TeMITaMH
710 25% B TOA B Pa3BUBAIOIIUXCS CTPaHaX, IPU 3TOM HU
OIMH CEKTOp OKOHOMMKM HE MOXeT Jaxe
npubam3nThess K TakuM  Temmam.  90%  Bcex
TII00aNbHBIX JTaHHBIX OBUIM CO3JaHBI BCEro 3a 2
nocjaeaHux rojga. Yxe 35 MIpA.  YCTpOHCTB
MOAKIIIOYEHB! K MHTEPHETY M OCYIIECTBISIOT OOMEH
JaHHBIMH - 3Ta IU}pa B IATh pPa3 MPEBBIIIAET OOLIYI0
YHCIEHHOCTh HaceleHus mupa. Ho, BMecTe ¢ 3TuM
[lpaBuTenscTBa W KOPIOpALUH  TPATAT  IOYTH
nontpwimoHa gomnapos  CIIHA  exerogHo Ha
NPOTUBOACHCTBUE HOBOMY, IOJYYHBIIEMY MINPOKOE
pacnpocTpaHeHHe SBICHHIO - KnOepaTakam.

OTH W3MEHEHUs BBI3BaHbl BHEJPEHHEM 32
MOCTETHNE TOABl MHOXECTBA TEXHOJIOTHYECKHUX
WHHOBAIIMH, TPUMEHAEMBIX B pasHbIX OTpacisiX.
KapnunaneHeIM ~ 00pa3oM  MEHSIOTCS  CHOCOOBI
MPOM3BOJICTBA M MOIYyUSHHS 100aBICHHON CTONMOCTH,
MOSIBIIIIOTCS. HOBBIE TpeOOoBaHMS K OOPa3OBAHUIO M

TPYIOBBIM  HaBblkaM  Jrofeil.  [IpombliuieHHbIN
HMHTEPHET Belei ¢dopmupyer Oynymiee
MIPOM3BOJICTBEHHBIX oTpacie, UCTIONB3Ys
BO3MOXXHOCTH THOKOTO ¥ YMHOTO TIPOM3BOJICTBA,
obecrieunBaeT PEBOTIOIIMOHHBII poct
MPOU3BOIUTEIHLHOCTH.

HckyccTBEeHHBI UHTEIUIEKT BHEAPSAETCS, B TOM
4ucie, B KOHCEPBATHBHBIX OTPACiAX, TaKMX Kak
¢uHaHCOBBIE ycnyru W menaunuHa. Texnonorust 3D-
NeyaT y)e CErofHsl CIocoOCTBYET TpaHC(OpMAIUU
TaKUX  OTpacieid, Kak aBHalUs, JIOTHCTHKA,
OnoMenuIMHA W aBTOMOOMIIBHAS NPOMBIIUICHHOCTb.
IMpomecc  mmdpoBmzammm  CETOAHSA  3aTparuBacT
MPaKTHYECKH BCE CTpaHsl Mupa. B To ke Bpewms,
Kaxgas CTpaHa caMa OINpENeNsieT INPHOPUTETHI
mudpoBoro passurus. bonee 15 crpaH wmwupa
peanu3yloT Ha TEKyIIMH MOMEHT Hal[MOHAJIbHBIE
MIpOrpamMMbl HUPPOBU3ALIHH.

Bxurouenne KazaxcraHa B MHPOBYHO CHCTEMY
nH(pOPMATUKU M TEIEKOMMYHHUKALUI YK€ MOBJIEKIO
MHOTOKpaTHOE yBeJIUYEHHUE 00BEKTOB
nH(pOPMaINOHHO-KOMMYHHKAIHOHHOH
nH(PACTPYKTypsl B TOCYJapCTBEHHOM YIIPaBICHHH,
Ou3Hece, CHUCTEMax YIMPaBICHUS IPOMBIIUICHHBIMU
o0BeKTaMu, pacmupmiio chepsl okazanus ycryr UKT
orepatopamu, 00paOaTHIBAIOIIMMHI  IIEPCOHAIBHBIC
JIaHHBIE TPaK/AaH.

B mnocnegHue roapl MpOUCXOAUT PE3KUM pPOCT
yrpos HHPOPMAITUOHHOM 0e30MmacHOCTH,
HaIpaBJIeHHBIX KaK Ha roCy/1apCTBEHHBIE
nH(pOpPMaIMOHHBIE CUCTEMBI, TaK ¥ Ha OAHKOBCKHH U
NIPOMBIIIIEHHBIN CEKTOPA.

«HbDOpMATTHOHHEIIH Kazaxcran-2020», B
KadecTBe (hyHIaMeHTa At U poBOi TpaHchopMannu
9KOHOMUKH CTpaHBI JaHHAs mporpamma
CIIOCOOCTBOBANIA PA3BUTHIO CIEAYIONNX (HaKTOPOB:
mepexogqa K HMHGOPMAIMOHHOMY  OOIIECTBY,
COBEPIICHCTBOBAHHIO TOCYIAPCTBEHHOTO YIIPaBIICHHS,
CO3JJAHUI0 WHCTUTYTOB «OTKPBITOTO W MOOWIIBHOTO
IIPaBUTEJIECTBAY, pocty JOCTYITHOCTH
nHpopManmoHHONH WH(PACTPYKTYypHl HE TOJBKO ISt
KOPIIOPaTUBHBIX CTPYKTYP, HO U JUIS TPaKJaH CTPAHHI.

Opnako cTpemurenbHoe passutue WT B
r100aNbHBIX MacImTabax IUKTyeT CBOHM MpaBWIa W
TpeOyeT aJeKBaTHON U CBOEBPEMEHHOW PeaKIvy.

Crnmcok auTepaTyphbl:

1. Nocnanwue [pe3unenta Pecyomuku Kazaxcran
H. Ha3apbaesa wHapomy Kazaxcrana «HoBsle
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NpOMBILNUICHHON peBomouun» //  KazaxcraHckas
npasza. 10 ssaBaps 2018 1.

2. IOmames @. Iludposuzanus - KIHOYCBOU
¢axrop pazeutus AIIK // Kazaxcranckas npasna. 13
¢bespasst 2018 1.



#5(57), 2020 yacTtb 3
BocTouHO EBpONEMCKMA HayUHbI XypHan
(Mocksa, Poccus)
YypHan 3apeructpupoBaH 1 usgaerca 8 Poccum
B KypHane nyb6auKyloTCA CTaTbu NO Bcem
Hay4YHbIM HanpaBAEHUAM.
ypHan u3paetcas Ha PYCCKOM, aHIIUIACKOM,
NONIbCKOM M HEMELLKOM A3bIKaX.

Cratbu npuHumatotca ao 30 uncna Kaxxgoro
mecsau,.

MeproanYHOCTb: 12 HOMEPOB B roa,.

®Popmar - A4, uBeTHasA NnevyaTtb

Bce cratbu peueH3npyoTca

Ka)kablii _aBTOp nosnyyaer  ogHy 6ecnaatHyio

Nne4yaTHY KOoNuio XXypHaaa
becnnaTtHbIi __[JOCTYN K 3/IEKTPOHHOI _Bepcumn

XYpPHana.

PepaKunoHHasa Konnerus

Redaktor naczelny - Adam Barczuk
Mikotaj Wisniewski

Szymon Andrzejewski

Dominik Makowski

Pawet Lewandowski

Rada naukowa

Adam Nowicki (Uniwersytet Warszawski)

Michat Adamczyk (Instytut Stosunkéw
Miedzynarodowych)

Peter Cohan (Princeton University)

Mateusz Jabtonski (Politechnika Krakowska
im. Tadeusza Kosciuszki)

Piotr Michalak (Uniwersytet Warszawski)
Jerzy Czarnecki (Uniwersytet Jagiellonski)
Kolub Frennen (University of Tilibingen)

Bartosz Wysocki (Instytut Stosunkéow
Miedzynarodowych)

Patrick O’Connell (Paris IV Sorbonne)

Maciej Kaczmarczyk (Uniwersytet
Warszawski)

#5(57), 2020 part 3
Eastern European Scientific Journal
(Moscow, Russia)
The journal is registered and published in Russia
The journal publishes articles on all scientific areas.
The journal is published in Russian, English,
Polish and German.

Articles are accepted till the 30th day of each
month.

Periodicity: 12 issues per year.

Format - A4, color printing

All articles are reviewed

Each author receives one free printed copy of the

journal
Free access to the electronic version of journal

Editorial

Editor in chief - Adam Barczuk

Mikotaj Wisniewski

Szymon Andrzejewski

Dominik Makowski

Pawet Lewandowski

The scientific council

Adam Nowicki (Uniwersytet Warszawski)

Michat Adamczyk (Instytut Stosunkow
Miedzynarodowych)

Peter Cohan (Princeton University)

Mateusz Jabtonski (Politechnika Krakowska
im. Tadeusza Kosciuszki)

Piotr Michalak (Uniwersytet Warszawski)
Jerzy Czarnecki (Uniwersytet Jagiellonski)
Kolub Frennen (University of Tiibingen)

Bartosz Wysocki (Instytut Stosunkow
Miedzynarodowych)

Patrick O’Connell (Paris IV Sorbonne)

Maciej Kaczmarczyk (Uniwersytet
Warszawski)



Dawid Kowalik (Politechnika Krakowska

im. Tadeusza Kosciuszki)

Peter Clarkwood(University College London)
Igor Dziedzic (Polska Akademia Nauk)
Alexander Klimek (Polska Akademia Nauk)

Alexander Rogowski (Uniwersytet
Jagiellonski)

Kehan Schreiner(Hebrew University)

Bartosz Mazurkiewicz (Politechnika
Krakowska im. Tadeusza Kosciuszki)

Anthony Maverick(Bar-llan University)

Mikotaj Zukowski (Uniwersytet Warszawski)

Mateusz Marszatek (Uniwersytet Jagiellonski)

Szymon Matysiak (Polska Akademia Nauk)

Michat Niewiadomski (Instytut Stosunkow
Miedzynarodowych)

Redaktor naczelny - Adam Barczuk

1000 ak3emnnsapos.
OtnevataHo B OO0 «Jloruka+»
125040, r. MockBa, Poccus
npocnekT JleHnHrpagckmm, gom 1,
nomeyeHve 8H, KOM. 1
«BocTouHo EBponerickuin HayuHbin XKypHan»
OnekTpoHHas nouTta: info@eesa-journal.com,

https://eesa-journal.com/

Dawid Kowalik (Politechnika Krakowska
im. Tadeusza Kosciuszki)

Peter Clarkwood(University College London)
Igor Dziedzic (Polska Akademia Nauk)
Alexander Klimek (Polska Akademia Nauk)

Alexander Rogowski (Uniwersytet
Jagiellonski)

Kehan Schreiner(Hebrew University)

Bartosz Mazurkiewicz (Politechnika
Krakowska im. Tadeusza Kosciuszki)

Anthony Maverick(Bar-llan University)

Mikotaj Zukowski (Uniwersytet Warszawski)
Mateusz Marszatek (Uniwersytet Jagiellonski)
Szymon Matysiak (Polska Akademia Nauk)

Michat Niewiadomski (Instytut Stosunkow
Miedzynarodowych)

Editor in chief - Adam Barczuk

1000 copies.

Printed by Logika + LLC
125040, Moscow, Russia
Leningradsky prospect, building 1,
8N, flat. 1
"East European Scientific Journal"
Email: info@eesa-journal.com,

https://eesa-journal.com/



https://eesa-journal.com/
https://eesa-journal.com/

