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CTaTHCTHYECKHIl aHAJIN3 IKCIIEPUMEHTATbHBIX IEKTPOMATHUTHBIX
XapaKTePUCTHK MAKETOB POTOPOB MOTPYKHOTO JIEKTPOABUTATEJISI

B.3. Kosanes, 3.1. Xycaunos, O.B. Apxunosa
FOz2o0pckuti cocyoapcmeennviil ynusepcumem, Xaumol-Mancutick

AnHoTanus: B paGote uccienoBaHa oHa U3 NPUYMH BOSHUKHOBEHHUS JIOKAJIBHBIX IIEPErPEBOB
MOTPYXKHOTO  JJIEKTPOABUTATEeNsl,  BbI3BAHHAas  HaluyhMeM B  cOOpKe  MOTPYKHOTO
AIIEKTPOABHUTraTENs CYIIECTBEHHOTO pa3dpoca 3JMEKTPOMAarHUTHBIX MapaMeTpOB MAKETOB pPOTOpa
(ITP). M3-3a Hamuuus B cOopke [P ¢ akTHBHBIM CONPOTHBIICHUEM, 3HAYUTEIIBHO MEHBIITUM, YEM
cpeaHee compoTuBiIeHHE MO cOopke, B I[P ¢ compoTuBieHHEM BBIILIE CPEIHETO BO3PACTArOT
ANIEKTPUYECKUE TOTEPU, COOTBETCTBEHHO, BO3pacTaeT M UX TemoBblaeneHne. C MOMOIIBI0
METOJIOB ~ CTaTHMCTUYECKOTO  aHalIM3a  IPOBEACHO  HCCIENOBAHUE  paclpeaeicHUs
3JIEKTPOMArHUTHBIX MapaMeTPoB, KaK ABYMEPHOW CIIy4aiiHON BENWYHHBI, IIOCTPOEHA «CBEPTKA»
JBYMEPHOT'O 3aKOHa paclpesieieHusl. AHaIN3 «CBEPTKW» JIBYMEPHOI'O 3aKOHA paclpeiesieHus
AJIEKTPOMArHuTHEIX napameTpoB [IP mokaszan, 4ro mMmeercs BbICOKAs BEPOSTHOCTh HAIU4YUS B
cOOpKe cyliecTBeHHOro pazopoca nmapamerpos [1P.

KiioueBble cjioBa: MOTpyXHOW 3JIEKTPOJBUTATElNb, MAKET POTOPA, CTATUCTUYECKUN aHAJM3,
JIOKaJIbHBIN IEpErpeB, MEKPEMOHTHBIN IIEPUOL.

Coopka mnorpyxknoro anekrponsuratens (II19) mnpeacraBisier coOoit
yepeloBaHue Ha Bajldy OTHAENbHBIX MakeToB potopoB (IIP) u pasmenstomux ux
IOJIIIMITHUKOBBIX Y3JI0B (pHc.1.a), cTaTop u craropHas oomotka [19]] — obmas [1,
2]. Tlpm »>TOM OCYIIECTBISCTCS OSJCKTPOMAarHUTHOEC B3aUMOJCHCTBHE U
B3auMoBiusiHue I[P mexnay coOoit dyepe3 B3auMOJEHCTBUE CO CTaTOPHOMU
OOMOTKOM W COOTBETCTBYIOIIEH YacThiO OOIero MarHutomnpoBoaa (puc.l1.0), B
COOTBETCTBUH C TPEJICTABICHUAMH OO0 AIJIEMEHTAPHBIX JJICKTPUUECKHX MAIlWHAX
(OOM), pa3BuThIx B padboTax [2-4].

Uccnenoanune maptum [P u3 271 sk3emmuisipa, rabaputa 117 (maHHBIC
npuBeneHbl B [5]) mokaszano, 4to akTtuBHBIC comnportuBieHus I[P (Rm) mmetror
CYILIECTBEHHBI TEXHOJIOTMUECKUI pa30dpoc cBoux 3HaueHuil. B nmanHO#l maptum
MaKETOB OTKJIOHEHUS! 3HAYEHUM aKTUBHBIX COMPOTUBICHUN COCTABWIIM BEJIUYUHY
oT +34% 10 -25% OT cpeHero 3HaYeHUsI pAaBHOTO B OTHOCUTEIBHBIX €IUHUIAX |
o.¢. [IpubnMu3uTENHHO TaKOM KE TEXHOJOTUYECKUMA pa30dpOC B 3TON MapTUU UMEIOT

Y MHJYKTUBHBIE CONPOTUBJIEHUS poTopa (XII).
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Puc. 1. a — pa3pe3 TUIIOBOr0O MHOTOIIAKETHOTO MOTPYKHOTO
ANIeKTpoABHTATENS;, O — (Da3Hast cxema 3aMeIICHUS TOTPYKHOTO
afeKTpoaBurarens, rae IM-1, OM-2, ..., OM-n — 3OM cocrasmistoniue 1191, n —
YHUCJIO AIIEMEHTAPHBIX JIEKTPUUYECKUX MAIIMH, B HallleM ciy4dae N paBHo yuciy [1P
cocrapsironux [19]]

®parMeHT HCCIeayeMO COBOKYIMHOCTH TMpuBeneH B TaOmmie Ne 1.
OtmetuMm, uto wucciaenyembim I[P HOMmepa mpucBaMBamuch B  MHOPSAKE,
UMUTHPYIOIIEM CYIIECTBYIOUIMI TEXHOJOTHYECKUI Mpoliecc COOPKH MaKeTOB

pOTOpa B YCIOBUSAX PEMOHTHBIX MPEANPUSITHIM.
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Tabmuma Ne 1

®parmenT uccnenopanus naptuu [1P, mo nanubM [5]

[Iprnmeuanue
N | Xm | Rm
IT1aKkerTa 0.C. 0.C.
1 09300868
2 0,962 0,978
3 1,013 0,933
46 | 1,065 | 1,349 R -
MAKCUMAJIBHOC
223 | 0618 0,742 R -
MHUHHUMAJIBHOC
260 |0.898 | 0.894
270 10,966 | 0,953
271 0998 | 1,071

BoluuciauTenbHb  9KCIEPUMEHT, MPOBEACHHBIM Ha LU(PPOBON MOJEIH
[19]1, mokazan, uro cObopka poropa IID/], ocymiecTBieHHass BBHIOpaAaHHBIMU U3
nanHoi maptuu [1P ¢ «MUHUMAaJIbHBIMU AKTUBHBIMU COTIPOTUBIICHUSIMU, IPUBOJIAT
k yBermuenuto KIIJ] Ha 4% npu HoMuHanbHOU Harpy3ke. Kommiekranus [19]]
MaKeTaMu, BHIOpAaHHBIMU W3 TOW kK€ MapTHUU, HO C MAKCUMaJbHBIMU aKTHUBHBIMU
conpotuBiieHusAMH, npuBoaut KITJ[ 113/ k cHmxenuto Ha 3% mpu HOMUHAIBLHOM
Harpy3ke» [2, 5]. Bmecte ¢ TeM, MO0 MHEHHIO, BBICKA3aHHOMY B HEKOTOPBIX
paborax [2], Hambojee MOTeHIMAILHO omacHbIMH it [1D]] okas3wIBaroTCS Te
cOOpKHU, B KOTOPBIX POTOP COJIEPKHUT IMAKET C COMPOTUBICHUEM RII, CyIlecTBeHHO
MOHM)KEHHBIM TI0 OTHOIIEHHWIO K CpEIHEMY aKTHUBHOMY COINPOTHBIICHUIO
ocTalbHBIX TakeToB. [IpuMepom Takoro ciydas sBisercs cOopka u3 8-mu [P,
npuBefeHHass Ha puc.2. JlamHas cOopka OCYIIECTBICHAa B COOTBETCTBHUH C
CYILIECTBYIOIIMM PETJIaMEHTOM M3 aHau3upyemoul naptuu B 271 maker (Tabiauna

Ne 1). B nanHol cOOpke cpeaHee aKTHBHOE COINPOTHBIICHHE (B OTHOCHTEIIBHBIX
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eNHMIIaX) BceX 8-Mu makeToB cOopku paBHO 1,00 o.e., cpefHee CONMPOTUBICHHUE
7-mMu makeToB (0e3 anomaiapHOTO Ne4) paBHO 1,03 0.e., aKTUBHOE COMPOTHBIICHHE
aHoMmajpHOrO makera paBHo 0,76 o.e., uTo Oosiee yemM Ha 26% MeEHBIIIE CPETHETO
CONPOTHUBIICHUSI OCTABIIMXCA MAaKeTOB. Torja, Mpyu MpOYMX PaBHBIX YCIOBUAX, B
OOM ¢ HauOOJBIIUM AaKTHUBHBIM compoTHBIIcHHEM (maker Ne6), m B
COOTBETCTBYIOIIEH YacTU OOMOTKU M «XkKeje3a» craropa (puc.2), sJIeKTpUUYECKUe

noTepu OyIyT CYIIIECTBEHHO OOJIBITIE, YEM CPETHHE MMOTEPH B OCTATLHBIX MaKeTax.
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Homep nakeTa poTtopa B cbopKe

Puc. 2. — Coopka I13]] u3 8-mu makeToB poTopoB Rim.cp — cpeaHee
aKTUBHOE COTIPOTHUBJICHUE TI0 IMAKETaM B COOpPKE, HOMEp MaKeTa COOTBETCTBYET
HOMEPY DJIEMEHTAPHOMN AJIEKTPUUECKONU MAITUHBI

CrnenoBaTeNnbHO, BO3pacTacT TEIUIOBOM MOTOK OT ATOro maketa. [lpu sTom
BO3HUKAIOT YCIIOBUSA JUIA TIeperpeBa M yCKOpeHHOW jerpamanuu  [6-8]
COOTBETCTBYIOIIEH yacTu ctatopHoit oOMoTku 13/, coorBercTBYyt0MmIEH DOM Neb
(puc.2) u, KaK CIIeACTBUE, MPESKICBPEMEHHBIN BBIXO U3 cTpos Bcero [1D/1.

Otkaz IIDJ] mnpuBoaur k OonpmiuM SkoHomuueckuM [9, 10] wu
DKOJOTUYECKUM  HM3JEpKKaM, CBS3aHHBIMH C  TMOABEMOM  TOTPYXKHOTO
000py/IOBaHUs Ha TMOBEPXHOCTh CONPOBOXIAIOIMIMMCS BPEMEHHON MoTepei
TEPMETHYHOCTH CKBaXXMHBI, €r0 PEMOHTOM M HaJaJKOM, a TaKXKe MPOCTOEM
ckBakunsl [1, 11]. TTonsartue mexpemonTHbid epuo (MPIT) I19/1 xapakTepusyer
MPOJIOJDKATEIILHOCTh PA0O0ThI CKBAaXUHBI MEXKIY JaTOW BBIBOJA CKBAXHHBI HA

PECKUM U HaTOﬁ €C OCTAHOBKH, 110 IIPUYHUHEC OTKAa3a.
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OnnoBpemenno MPII II9]/] ompenenseT CylIeCTBEHHYIHO 4acTb 3aTpar B
cebecronmoct n00bam  HeGTH. CooTBeTcTBeHHO, TOBBImIeHHe MPII TID]]
MO3BOJISIET PEHIMTh OCHOBHBIE YKOHOMUYECKHE M SKOJOTHYECKHUE MpoOJIeMbl B
nporiecce HepTeno0bun [12, 13] u cTaHOBUTCS aKTyallbHOM 3a/1a4ei.

CymectByromiasi npaktuka coopku poropa II9][ (puc.2), nmpu koTopoi
AIEKTPOMArHUTHHIE CBOMCTBA OTHEIBHBIX ITAKETOB HE YYUTHIBAIOTCA, MO CYTHU
HOCHUT CTOXaCTHMUYECKHUU XapakTep, a pa3dpoc cBOMCTB KomruiekTyrommx [IP
HUBEJUPYETCS UX OOJBIIUM KOJMYECTBOM M COOTBETCTBYIOIIMM YCPEIHEHUEM,
YTO I[I0OKA3aHO Ha TMPUMEPE aKTUBHBIX COIMNPOTUBICHHN KOPOTKO3aMKHYTBIX
oomotok IIP (puc.2). [Ipu 3TOM MOCTOSHHO COXpaHSETCS BBICOKAs BEPOSTHOCTH
BO3HMKHOBEHUS JIOKAIBHOTO TEperpeBa OOMOTKH CTaTOpa U MPEKIEBPEMEHHOTO
BbIX0J1a U3 cTpos Bcero Y OITH.

Bo3nukaer 3amaya ontUMalibHOM BbIOOpKHM Komiuiekta [IP s cOopku
onHoro II3]] wim omHOBpeMEHHO Mg Heckoubkux [1D]], Bxomsmmx B COOpKHU
COC 119/ [14]. B manHoit pabdore mox COC ITID/ moHMMaercs — CIIOKHAs
sHepreTudeckas cucrema B3aumopeincTByrommx 119/, Takas COC 113/ moxer
BO3HHUKHYTh, HAIPUMEP, NPU HOPMUPOBAHUH KYCTa CKBAXKHUH.

Pemenne naHHoM 3aaui BO3MOXKHO MyTeM yrnpasiaeHus: coopkoil [19/] nnu
COC II9]] Ha 6a3e METOIOB ONTUMHM3ALIUH.

JI71s1 KOHCTPYUPOBAHUS IBPUCTUYECKOTO AJITOPUTMa ONTUMAIILHOTO BhIOOpA
[IP mpu c6opke IIDJ[ HeoOXOOMMO TPOBECTH MPEIBAPUTEIIBHBIA aHAIU3
CTaTUCTUYECKUX  XapaKTEPUCTUK JBYMEPHOW TE€HEPAJIbHOM COBOKYIHOCTH
AKTUBHBIX U MHIYKTHBHBIX conpoTuBieHuit [1P (tabmuima Ne 1).

[Ipy npoBeneHHMH OHKCOEPUMEHTa, B KaXIOM OIBITE OINpECsan JBa
napametpa [P — MHIyKTMBHOe M akTHBHOe compoTusienus, (X,,R,) [1, 5]
OTmeTuM,  YTO  CYIIECTBYET  MHOXKECTBO  METOAWK  WIASCHTU(UKAIIUU
AIIEKTPOMArHuTHBIX MapameTpoB I[1D]I, kak 1O TMACMOPTHBIM, Tak U MO

SKCTIepUMEHTATBHBIM faHHbM 119]1 [15,16]. [apa cryuaifaeix 3Hauenuit (X, F_zn)
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00pasyloT JBYMEPHYIO COBOKYIIHOCTH C OKCIIEPHUMEHTAIBHBIX JAHHBIX HIIH
JABYMEPHYIO CilydaiiHyro Benuuuny (X,,R ). Cnydvaiinele Bemwuuusl X, u R,
HAa3bIBAIOTCS COCTABIIAIOIIMMU JBYMEPHOU CIy4aiiHOW BEJIUYUHBI.

Bocrnonb3yemest janHbiME u3 Tabimunsl Ne 1. MccremnyeM IByMEpHBIN psi
(X,,R,). IToctpoum K rpynn naunsix [a,;a,}[a;a,][a,;a])...[a, ;4] mo X, u | rpymm
mauubIX [by;b ] [o;0,}[by;0;]....[b;b ] mo R, [16].

BBezieM B paccMOTPEHHUE JIBYMEPHBIH WHTEPBAIbLHBINA BAPUALMOHHBIA s —

KOTOPBIA UMeeT BT TaOIUIhI [17].

Taomura Ne 2
OOmuii BU TBYMEPHOTO MHTEPBAILHOTO BAPUAIIMOHHOTO psija
lo ;b ] | bk ] | ... | [osb]
[ak—l;ak] M1 M1o My
[ak—l;ak] M2y M2z e | My
[ak—l;ak] My Mo e | My
B tabmune Ne 2 cumBomamu m;, i =1, 2, ..., I, j=1, 2, ..., K 0603Ha4eHbI

YacTOThI, IMOKA3bIBAIONINE, CKOJIBKO Tap JaHHBIX W3 TE€HEPAJbHOW JIBYMEpPHOMN
coBokynmHoctd (X,, R,) Tmpu TrpynmupoBKe TOMaJIA, COOTBETCTBEHHO, B
IPSIMOYTOJILHUKH [a, ,;a, |x [b i17b; J .

NurtepBansl popmupyrotcs ciaeayronmm oopaszoM . [l coctapusonux X, u

R, ciaydaifHOW BeIWYWHBI, BBIYMCIISIEM pa3sMax R BappMpoBaHMS 3HAYCHHH Kak

Pa3sHOCTb MCKIY HauOOJBIIMM ¥ HANMEHBIITUM 3HAUYEHUSIMH:

R(X,) =X, 1 = X, mn =1317-0594=0,724 o.e. (1)

n.min

RR)=R _—R _ =1349-0,742=0,607 o.e. (2)

7. max n.min
Pasmax R BappupoBaHHs BeIWYMH ACIAT Ha K paBHBIX YacTeH M TaKUM

00pa3oM OMpEAESIOT YHUCI0 HWHTepBaOB. Uncino K YacTHYHBIX HMHTEPBAJIOB
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Haiiziem 1o opmyne: k ~+/n, rie N — 06beM reHepanbHOi coBOKymHOCTH. Torma
k ~271~16 [17, 18].
OtMeTnM, 49TO yHMcno wHTepBanoB K um | mis cocraBmsromux X, u R,

cityvaiinoit Benmuunsl (X,,R,) oguHakoBo, T.€. K = I.

JUIMHY 4aCTUYHOTO UHTEpBaia OMpeaeIuM o Gopmyre:

heR )
k
JIns Haiero cityyasi iMeeM:
h(X,) :%=0,045 0.€. (4)
h(R,) :%20’038 0.c. (%)

B nacrosmeit pabote, B LENSIX CUMMETPUPOBAHUS, LIEI€CO00Pa3HO NPUHSTh

JIMHBI nHTEpBaioB paBHbiMU 0,05 o.e.: h(X,)=h(R,) =0,050.€.

Takum 00pa3om, MpUHUMAaEeM UHTEPBaJIbI COCTaBISIIOMUX X, U R, paBHBIMH:
[ai—l;ai]: I.bj—l;ij'

COOTBETCTBEHHO, TMpH BBIOOpPE TpaHUIl HWHTEPBAIOB, HEOOXOIUMO
o0ecrnieunTh BXOXKJECHHE B JaHHbIE HMHTEPBaAJbl BCEX JABYMEPHBIX CIIy4alHBIX

BeauunH  (X,,R,). Jlisg dTOro HaiigeM KpalHHE 3HAUEHUs CONPOTHBIICHUH,
coctaBistrorux X, u R, ciyvaiinoit Benmunnbi (X,,R)).

Haunmenbmum 3HaueHHEM COIMIPOTHUBJICHUA B ABYX COCTABJIANOIINX Xn u R,,

cay4aiiHol Bemuduubl (X ,,R ) sBusgercs — X, . =0,594 o.e. Torma, 3a Hayano a,u

n.min

b, MEPBBIX MHTCPBAJIOB, MHTEPBAJILHOIO BapHAIlMOHHOIO psia, IpuMem X, .,
OKpPYTJICHHOE 10 ONMKaMIllero MEHbIIEro 3HAYeHUs KPaTHOTO JJIMHE WMHTEpBaja
h(X,): a, =b, =0,550 o.e.

MakcuManbHBIM 3HaUY€HUEM COIIPOTHUBJICHUS B ABYX COCTABJIATOIIUX Xn u Rn

citydaiiHON Benmunusl(X,,R,) sBisiercss — R, . =1349 o.e. Torua, KOHel a, u by,
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NOCICAHUX MHTCpPBAJIOB, IMpPHUHUMaeM R OKPYIJICHHOC 10 OMKamIero

n.max ?

MaKCHMAaJILHOT'O 3HAYCHHS KpaTHOro JUIMHE HHTEepBallah(R,) . a, =b,, =13500.¢.

[TosrydeHHBIN BYMEPHBIM WHTEPBAJIBHBIM BAPUALMOHHBIA DAl CIyYaWHOMU

n?

BeanuuHbl (X,,R, ) npeacrasien B Tabmuie Ne 3.

Tabmauma Ne 3

JIByMEpHBIi MHTEPBAIbHBIA BAPUAIMOHHBIN PsiJl CIIyYaiHO#i BeanuuHsl (X, R, )
X,, 0.¢. o

Sl8|ls|B 383 |8 |2 |g |Z |93 3|8] 58

20222228 |35 |8 5 & |Z|3|2|8|5|2:

Sl|lo|los|s|s|ls|os | o b S T N B B - 2
R,, o.c. =
05506 [0[o0|0o]o[Oo|O0] O 0 0 0 o JoJofoJolo 1
06065 [0[o0|o0o]o0of[O|O0] O 0 0 0 o [olofofo]oO 2
06507 [o[ofo]lof[o|O] O 0 0 0 o [o[o]ofo]oO 3
07075 [o[1o]ofofo0o] O 0 0 0 o Jolofofolo 4
07508 [o[o|[1]ofofo] 0 0 0 0 o [o[o]ofo]oO 5
0808 [1][o0|o0o]of[1]0o] 0 0 0 0 o [o[o]ofo]oO 6
08509 [1[o|ofofo|2] 4 7 4 2 o [o[o]ofo]oO 7
0909 [o]ofofof2]2]10] 2211 9 2 [3]o]ofo]o 8
0,95-1 olofofolo]1] 2 8 [ 32|14 5 [1]0o]lo0ofo0]o0 9
1-1,05 olofofolo]o] 1 2 [ 23191023000 10
105-1,1 [o[1]ofofofo] o 1 3 (19 4 3[2]1]of1] 12
11115 [o[oJofofofo] o 0 1 9 3 12300 12
11512 [o[oJofofofo] o 0 0 5 o lo[fofoflof1] 13
12125 [oloJofo|lo]o] o 0 0 0 1 [1]1]lo]ofo]| 14
12513 [olofofo|lo]o] o 0 0 0 o lo[ofo|lofo]| 15
1313 [o0[o0o|[o[o0ofo0o]0] O 0 0 0 1 [ojo|lof[ofo]| 16
Howmep
uHTEpBaNa | — | N | o | ¢+ | w | o |~ o o | | D Y3383
X

JIisi  MHTETPUPOBAHHOTO TPEJCTABICHUS JBYMEPHOTO WHTEPBAIHHOTO
BAPHMALIMOHHOIO psja ciaydaiHol Bemuuunbl (X,,R,) (Tabmuua Ne 3) paspabGorana
tabnuna Ne 4, spisromascs «CBepTKOW» Tadbmuiibl No 3 OTHOCHUTEIBLHO PUHSATOTO

nentpa B 1 o.e., unu 100%, mo o6enm ocsm.
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Taomura Ne 4
«CBepTKa» ABYMEPHOTO MHTEPBAIILHOTO BAPUALIMOHHOTO p;ma(xn, Rn) B IITYKax
Jnanazon nmo X Howmep
>+15% | £10-15% | +5-10% +5% Auarasona
o Ru
o | 5% 6 1 2 5 1
=
z _ +10-15% 8 5 10 16 2
o
% & 15-10% 8 16 29 42 3
=
= +5% 4 6 25 88 4
Howmep
Jyara3oHa I1o 1 2 3 4
X

JUIsi mpeaBapuTENbHOTO aHAIW3a «CBEPTKW» JBYMEPHOIO HHTEPBAIBHOIO
BapuaIMoOHHOTo psina (Tabmuua Ne 4) cTpouM rucrorpammy, MpenCcTaBICHHYIO Ha

puc.3.

90
80
70
60
50

40

Konnyectso
NakeToB POTOPOB, WT

30

20

10

4

8 ‘_’ 15?2

$5-10% O
Q,,b\\ /\be‘

110—15%(\@« &

> +15% \“QS\O ol

5% 1+5-10% +10-15% >+15%
NHTepBan no Xn ot ueHTpa, %

Puc. 3. — I'ucrorpamMmma «CBEpTKW» IByMEPHOI'O UHTEPBAIBLHOIO BAPHUALIMOHHOTO

pslla 4acToT
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OTHOCHTENbHAS YaCTOTa CIIy4alHOW BEJTMYMHBI, ONPEIEIsieTcsl 0 (opMyIie:

m; (6)

Tabnuua Ne 5
JIByMEpHBIN MHTEPBAJIbHBIM BapUALMOHHBIN PsiJi OTHOCUTENIBHBIX 4acTOT,

BBIPA’KCHHBIX B ITPOLICHTAX

X,, 0.€. -
sle|g|IB|3|8|2|8| 2 |8|d|2|3|8|3|3 |58
o o o o o o o o i — — — — — E
R,, o.c. =
0,55-06 |00(00]00|00|0000/00}00]| 00 }00|00|00|00|00]00/]00]| 1
0,6-065 [00(00]00|00|0000/00}00]| 00 }00|00|00|00|00]00/]00]| 2
0,65-07 [00(00]00{00|0000f00}00]| 00 00]00|{00|00|00(00(00]| 3
0,7-0,75 [04(00]00{00|0000f00}00]| 00 00]00|{00|00|00f00]00]| 4
0,75-08 |[00(04100{00|0000f00}00]| 00 00]00|{00|00|00(00(00]| 5
08-08 |[04(00]00{04]0000f00}00]| 00 00]00|{00|00|00(00]00]| ¢
08509 (04(00]00(00|04|11/15|18]| 15 |07|00|00|00|00]00/]00]| 7
0,9-095 [00(00]00{00|07|153785| 30 (30(11|{07|04|00(00(00]| g
0,95-1 60|00|00}00(0007|07{33|111/48|18|0,7{00(00]00(|0,0]| g
1-1,05 6o0|00|00}00(00|00|04|11| 85 |59(41|11|07]04]00/|0,0]| 10
1,05-11 |04(00|00}00 00000004} 11 |7015|211/04]|04]00|04]| 11
1,1-1,15 |00(00|00}00 00|00f00|00| 04 |3011|07(07]|04]07|00]| 12
1,15-12 |00(00|00|00 00|00f00|00| 00 |18|00|00(00|00]00|04]| 13
1,2-1,25 |00(00|00}00|00|0000]|00f 00|00 04|0007|00]00|00]| 14
1,25-1,3 |00(00|00}00 00|00f00|00] 00 |00|00|00f00]|00]00|00]| 15
1,3-1,3s |00(00|00|00 00|00f00|00| 00 |00|04|00/00]|00]00|00]| 16
Howmep
HHTEepBaja | N ™ < [Te) © N~ [ee) o g :: ‘Q{ 0‘3 ‘<_r| ﬂ Si
X,

[IpeacTaBUM  «CBEPTKY»  JBYMEPHOTO  HMHTEPBAJILHOTO  YaCTOTHOTO
BapUAIMOHHOTO PsAJia OTHOCUTEIBHBIX YacToT (Tabnuia Ne 5) B Tabmmie No 6.
['mcTorpaMma OTHOCHTENBHBIX YacTOT SBISICTCS AHAJIOTOM  3aKOHA

pacnpelelenns Ciay4ailHOW BeIUMYMHBL (X,,R,), UrpaeT poyib SMIMPUYECKOTO

3aKoHa pacnpezenenus [17]: p; =w,.
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Tabmuma Ne 6

«CBCpTKa» ABYMCPHOI'O BApUallMOHHOTIO psJia OTHOCHUTCIIBHBIX YaCTOT, B

MPOIICHTAX
Juama3zon mo X Homep
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['uctorpamma, otpaxaroniasi JaHable Taduibl Ne 6, mpuBeeHa Ha puc.4.
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Puc. 4. — I'ucrorpamma «CBEPTKU» IBYMEPHOI'O MHTEPBAIIBHOIO BAPUALIOHHOTO

psaaa OTHOCUTCIIbHBIX 4aCTOT
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Torma, uMes 3aKOH pacHpeAcsiCHUs JABYMEPHOW CIIy4YaliHOM BEJIUYUHBI
nocTpouM (YHKITUIO pacripenecHust BeposTHocTH F(X, Y) nBymMepHO# ciaydaitHoM
BeauunHbl (X,,R ), KOTOpas Ompemenser s Kaxaod mapsl umcen (X,,R,)
COBMECTHYIO BEPOATHOCTH TOro, 4TO X, K IIPUMET 3HA4YCHHE, MCEHbIIC X, U R,

NpUMET 3HaueHue, MeHbiee y [17]:

F(xy)=P(X, <xR,<y) (7)

PyHKUMA pacnpeaeneHna 4ByMepHOM CIy4anHOM BEIUYMHDI
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N w E~ (9] [e)] ~ [ole] Vo]
BepoaTtHocTb

o
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WUHTepBan no Xn

Puc. 5. — JIBymepHast pyHKITUSI pacipeielieHus] BEPOATHOCTEHN CITydaitHOM
BEJINYHHBI
3uas F(X, y) mpeacTaBieHHYIO Ha pHC.5, MOXXHO HaWTH BEPOSTHOCTb

nonajganus ciaydailHod touku (X,,R,)B mpenensl npsmoyroiasauka ABCD (puc.

6).
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Puc. 6. — BeposiTHOCTD MonajjaHus CIy4ailHOM BEIMYUHBI B 33JIaHHBIE TPEJIEIIbI
P[(Xl < Xn < Xz)(yl = Rn < yz)]: F(X21 yz)_ F(X:u yz)_ F(X21 yl)+ F(Xl’ Y1) (8)
BriBogbl

1. Ha nmpumepe npuMeHEHHUs CyIIECTBYIOMIETO periaMenTa koMmruiekranuu 1P s
coopku IID]], mokazaHa BeposiTHas MPUYHMHA JIOKAIBHOTO TMeperpeBa OOMOTKH
cratopa. A HMMEHHO: HallMYUe B KOMIUIEKTE IAKETOB C OOIIMM CpeIHUM
CONPOTUBJICHUEM, ONMM3KMM K | 0.e. OJHOTO TMakeTa ¢ aHOMAJIbHO HHU3KUM
CONPOTHUBJICHUEM.

2. V3 aHanu3a AByMEPHOTO MHTEPBAIBLHOIO BAPUAIIMOHHOTO PsiJla OTHOCUTEIBHBIX
JacTOT U €ro CBEPTKH CIIEyeT, YTO C BepOsATHOCTHIO 35,2 % B cOopke Oyaer
npucyrctBoBarh [IP, y koToporo ogHo wiu o0a (MHIYKTUBHOE /WM aKTUBHOE)
CONPOTUBIICHUE OKaxeTcss B pAuanazoHe 10 +10% OTHOCHUTENBHO CpEeIHEro
paBHoro 1 o.e. [Ipu 3TOM, BEpOSITHOCTH TOTO, YTO B COOpKE OyAeT MpUCYTCTBOBATH
MakeT poTopa, Yy KOTOporo o0a COMPOTUBICHUS HE TmpeBblimaT +5%
OTHOCHUTEJIBHO cpeaHero, coctasisieT 32,5%. CoorBeTcTBeHHO, mpu cOopke [19]]
M0 CYLIECTBYIOIIEMY «CTOXaCTUYECKOMY» PpErJaMEHTY, TMOSBISETCS BBICOKAs
BEPOSTHOCTh YKOMILUIEKTOBATh POTOP TaKUM 00pa3oM, 4TO OYIyT MPUCYTCTBOBATH
MPEANOCHUIKH JJIsl JIOKAJIbHBIX NIEPErPEBOB.

3. VI3 aHanu3a IByMEPHOTO UHTEPBAIBLHOTO BAPUALIMOHHOIO PSiJla OTHOCUTEIIbHBIX
4acTOT U €T0 CBEPTKU cieayer uto 12,6% IIP ogHOBpeEMEHHO U IO UHAYKTUBHOMY,
U 10 aKTUBHOMY CONPOTHUBJIEHUSIM BBIXOMAT 3a £15% OTHOCHUTENBHO CPEIHETO

paBHoro 1 o.e. Ilpu cymiecTBymIeM «CTOXaCTHUYECKOM)» pErJIaMeHTe COOpPKH
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19/, u mpu OOJNBIIOM YHUCIIE MAKETOB B COOpKE, MOSABISETCS MPaKTUYECKU
Hen30eKHass BEPOSTHOCTh BO3HUKHOBEHHS JIOKAJIBHBIX IIEPETPEBOB OOMOTKH
craropa [I3/], Benymux k cHrxenuro MPIL.
4. CraHoBUTCA aKTyaJlbHOM 3ajada pa3paboTku MeToauku cOopku [19]]
MUHAMH3UPYIOMIEH BEPOATHOCTH JIOKAJIBHOTO TIEperpeBa OOMOTKH CTaTopa, II0
MPUYUHE aHOMAJIBHOTO COYETAHUS MapaMeTPOB MCIIOJIb3yEMbIX B COOpPKE MAaKETOB
pPOTOPOB.
Bbaarogxapuocru

HUccneoosanue  8blnoiHeHo 6  pamKkax — 20CyO0apCmMEeHHO20  3A0AHUS
Munucmepcmea nayku u gvicuieeo oopazosanus Poccutickoti @edepayuu (mema
Ne  FENG-2023-0001  «llpeoukmusnoe  ynpasieHue NOMOKAMU  IHEPeUU
anekmpozenepupyrowux Komniekcoe Apxmuku u Kpaiineco Cegepa, npu
CMOXACMUYECKUX Xapakmepax nompeoOneHuss U 2eHepayuu 2J1eKmpudecKol
SHepeUuu: meopus, CUHme3, IKCNePUMEHmM ).
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