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PACUET HOPMAIJIbHBIX JOITYCKOB

C YUETOM OTKJIOHEHHNUA

KODOOUITMEHTOB BHEIITHIX BO3JEUCTBUN

Paszpaboman memoo nasmauenus Homu-
HAILHBIX OONYCKO8 NPU HOPMATbHOM 3AKO-
He pacnpeodenenus napamempos djiemen-
MO8 U 3A0AHHBIX BHEUIHUX B030€lCNBUSIX.

JlomyckoBO€ MPOEKTHPOBAHKE SBISIETCS OTHUM H3
B)KHEUIIINX ATAIOB MPOSKTHPOBAHMUS PaIOICKTPOHHOM
anmaparypsl, T. K. HA HEM OIPE/eIsiIOTCS HOMUHAJIbHBIE
3HAYEHUS IOy CTUMbIX OTKIIOHEHHI OCHOBHBIX IapaMeT-
POB 2JIEMEHTOB, KOTOPBIE HEOOXOMUMO 00ECICUUTh B
mporiecce Mpou3BoACTBA. [IpH MPOeKTHPOBAaHUH YIHUTHI-
BafOTCSl M3MEHEHHUS, IPOUCXOISAIINE B (PU3HMICCKON
CTPYKTYpE MaTepUaoB MOJ BO3ACHCTBHEM BHEIIHUX
(haxTOPOB U CTAPEHUS, BCIEACTBHE UYET0 (hOPMUPYIOTCS
OTKJIOHEHUSI, ONpeICTISIOIINE TPAHUYHbIE SKCILTyaTalt-
OHHBIC 3HAYCHUS BBIXOJHOH pyHKIHH [1].

JormyckoBoe MpOeKTUPOBaHKUE BKIIOYAET B ceOs 3a-
Jlady aHaJi3a, IIPU KOTOPOM OTIPEAEIISIIOT OTKIIOHEHHS BbI-
XOIHOM (YHKIMHM, U 3a/1auy CHHTe3a, B KOTOPOH ycTa-
HABJIMBAIOT JOITYCKH HA TTAPAMETPHI DJIECMEHTOB YCTPOHi-
ctBa [2—4]. JIns cuHTe3a J0NMYCKOB C BHICOKOW TOYHO-
CThIO IPUMEHSIOTCA T€OMETPUUYECKUE TTOIXO/IbI, TT03BO-
JSONIKE TPOBOJNTH HA3HAYEHUE HHTEPBAIBbHBIX JIOIYC-
KOB U JOIYCKOB IIPH HOPMaJIbHOM 3aKOHE pacipererie-
HUS TapaMeTPOB AJIEMEHTOB [5, 6]. B aTnx Meromax or-
KJIOHEHMS TAPAMETPOB 3IEMEHTOB OMNPE/IEIISIFOTCSI IO HO-
JIOXKEHHUIO TOYEK KacaHWs JIOMYCKOBBIX 00jacTei U ru-
MIEPIIOBEPXHOCTEH TpaHuI] 00acTu paboTocrnocoOHO-
CTH, HICTIOIB3YIOTCS UTEPAIOHHBIC AITOPUTMBI pacueTa
JIOITYCKOB, IMTO3BOJISIOIINE YIECTh HEIMHEHHOCTD BBIXO-
HBIX (DYHKITHH.

BrusHue BHEIHUX BO3AEHCTBUIN yUUTBIBAETCA IIPU Ha-
3HAUCHUN WHTEPBAJIBHBIX N HOPMATBHBIX JTOITYCKOB JIJISI
JCHCTBUTEBHBIX KO (PUIMEHTOB BHEIITHUX BO3ICHCTBUI
[7—9]. K coxanenuro, npeajoxKeHHbIE METOJIbI HE TIO-
3BOJISIIOT YYECTh OTKJIOHEHNUS KO3()(DHUIIMEHTOB BHEIITHUX
BO3JICHCTBUI, YTO CYIIECTBEHHO OTPaHUYMBACT 00JIACTh
UX IIpUMeHeHus. B nepByio ouepesb, 3T0 OTHOCUTCS K
anmnapaType ¢ pe3UCTOPHBIMU 3JIEMEHTAaMH, KOTOpHIC B
OOJBIIIHCTBE CIIyYacB IMEIOT HyJIEBOE MaTEMAaTHIECKOE
oxuanre kod3(QOUIIMEHTOB BHENIHUX BO3JICHCTBUH, a
TaKKe TIPH yUeTe CTApEHUS IIPAKTHICCKA BCEX DIIEMEH-
toB [10, 11].

Lenbro paboTHI sIBIIsIIACH pa3padOTKa METOIOB pac-
YeTa HOMHHAJIBHBIX JIOIYCKOB JUTS 3aJaHHBIX DKCILTya-
TaIIMOHHBIX OTPAaHUICHHU BBIXOAHON (DYHKIIUH IIPU HOP-
MaJIbHOM 3aKOHE pacrpezencHus Ko3h UIMEHTOB BHE-

ITHUX BO3JICHCTBUN M OCHOBHBIX MAapamMeTpPOB dJIEMEH-
TOB. JI71s1 pemieHus 3TOH 3a1a41 HEOOXOIHMO:

— ONPE/ICITUTh 0OCOOEHHOCTH (POPMHUPOBAHHUS JIOITYC-
KOBBIX 00JIaCTe MPU HOPMaJIbHOM 3aKOHE pacipeere-
HUS KOO(PPUIIMEHTOB BHEIIHUX BO3/ICHCTBHIA;

— pa3paboTarh alrOpUTMbl HA3HAYCHUS! HOMUHAb-
HBIX JIOMYCKOB C YYETOM 3a/IaHHBIX OTKJIOHEHHH BBIXO/I-
HBIX XapaKTEPUCTUK U 0COOEHHOCTEH N3MEHEeHHS TIapa-
METPOB B IPOIIECCE IKCILTyaTaI[K IPH HOPMaTbHOM 3a-
KOHE UX pacrpeieICHuUs.

Ocobennoctu GopMupoOBaHUS J0IMYCKOBBIX
obJ1acTeil MPU BHEIIHUX BO3/eiiCTBUAX

3aBHCHMOCTh MTAPAMETPOB 3JIEMEHTOB OT BHEIIHUX
(aKTOPOB HAIlle BCETO SBISACTCS HENMHEHHOU (DYHKITU-
eil. [Ipyn npOoeKTUPOBAHUMU YCTPOMCTBA HCIOJIB3YETCS
JIMHeapu3alus 3TOM 3aBUCUMOCTH, U U3MEHEHHUE Napa-
METPOB JIEMEHTOB IIPEJCTABIAETCS COOTHOLIEHUEM

x=x (1+d),
TJIE X, X, — 3HAUEHME MapaMeTpa NpH BHEIHEM BO3/ICHCTBYH U €10
HOMHHAJIFHOC 3HAYCHNE;
d — OTHOCHUTEIIbHOE OTKJIIOHCHHE 3HAUCHUs MapaMerpa die-
MeHTa, d=cz;
¢ — KO3 QUIMEHT BHEITHUX BO3ACHCTBHN;
Z — IIMPUHA HHTEPBAJIa H3MEHEHNS 3HAYCHHS BHEIITHETO BO3-
JIENCTBUS.
B CJIy4ac Korjia 3a1aHbl ﬂeﬁCTBHTeHBHLIe 3HA4YCHMUsI C,
HX BJIMSHHUC HA TapaMETPhI 3J'IJ'IPIHCOPIZ[HOI>1 HOHYCKOBOﬁ
00JTaCTH TIPH HOPMAJIBHOM 3aKOHE paclpelieIeHUs BbI-
paxkaetcs 3aBUCUMOCTSIMH [ 12]

m=m (1+d); 0=0(1+d), (1)
rnem,m u 0, 0, — MaTEMaTHYECKHUE OXKUAHUA ¥ CPEI-
HEKBaIpaTHYHBIC OTKIOHEHUS TapaMeTpa 3JIEMEeHTa CO-
OTBETCTBEHHO NMPH BO3ACHCTBUU BHEIIHETO (PaKTOpa M
HOPMAJIBHBIX YCIIOBUSIX OKPYKAIOIICH CPEIbl.

Bripaxenue (1) MOXKeET HCTIOIB30BATLCS U B CITyUYasx
WHTEPBAJIBLHOTO OLCHUBAHMS MapaMeTPOB JIOITYCKOBOM
obnacTu, koryia Ko3(pGUIMEHThI ¢ CTaHOBATCS HHTEPBAIb-
HBIMH BETMYNHAMHU.

[ HOpMaJIbHOTO 3aKOHA pachpeneseHus kodhpu-
IIEHTOB ¢ (HOPMAJTBHBIX KO (PHUIIEHTOB )(YHKIIUS pac-
TpeeICHUS TapaMeTPOB 3JIEMEHTOB, H3MEHCHHAS IO
BJIMSIHUEM BHEIITHHX (PakTOpoB, OyleT COOTBETCTBOBATh
HOPMaJIbHOMY 3aKOHY. DTO CJIeyeT U3 CBOUCTB HOpMaJlb-
HO pacnpeneneHHbix BennuuH [13]. Torma nmon Bo3nei-
CTBHEM BHEIIHHX (PaKTOPOB 00pazyeTcst HITUICOUTHAS
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JIOITyCKOBast 00J1aCTh, pacHpeelIeHIe HapaMeTPOB B KO-
TOPOM XapaKTEePU3YyEeTCsI MATEMATHIECKIM OKUIAHUEM /1
u gucnepeuei D:

m=m (1+m z);
_ 2 2,2 2,2
D—Dr+DrDcz +Drz m, +Dcz m,’,

(2)

e D,— nucnepcus mapaMmeTpa 3JE€MEHTa NMPU HOPMAaIbHBIX
YCIIOBHSIX OKpYKAIOLEeH cpeibl;
m, u DL, — MareMaTHYeCcKoe OKHIaHNe U Tucrepcns koddduipenta
BHCIIHEI'O BO3ACUCTBHUA.
®dopMupoBaHUE JOITYCKOBBIX 00TIaCTeH IPH pa3innd-
HBIX 3aKOHaX pacnpeaencHus kKod(h(OUITMeHTa BHEIITHUX
BO3JICHCTBHI ¢ moKaszaHo Ha puc. 1. 3xecs Q — mo-
MyCcKOBast 00JacTh MPHU OTCYTCTBHH BHEUTHHX BO3JCH-
creuii. O6nactu Q, u Qb (hopMHPYIOTCS TIPH HIDKHEM
Y BepXHEM I'PaHUYHBIX 3HAUCHUSX ¢, UX TTApaMeTPhI Oll-
PENENSIOTCS ¢ TOMOIIBIO cooTHONIEHUH (1). Obmacts Q_
YYUTBHIBAET HOPMAJIbHBIN 3aKOH paclpeieeHus ¢, a na-
paMeTpBI 3TOH 0OJIACTHU ONPENEISIOTCS C TOMOIIBIO CO-
oTHomeHus (2). I'uneprnoBepxHocTd Y,, Yy, Y, H ¥,

Yo+ Y, COOTBETCTBYIOT HH)KHEMY U BEPXHEMY 3HAUYECHHU-
SIM BBIXOJIHOM (DYHKIIMH [IPU OTCYTCTBHH BHEIIHUX BO3-
JCHCTBUI (HOMUHAIBHOE 3HAUCHIE), HHTEPBAJIbHOM U
HOPMAJIEHOM 3aKOHAX pacIpeaeieHus ko3¢ GUIMECHTOB
BHEIITHUX BO3JIECHCTBHUH.

Kax BuaHO U3 puc. 1, n3MeHeHne mapaMeTpoB MpHu
HOPMaJIbHOM 3aKOHE pactpeieeHus KOAPPHUITHEHTOB ¢
MIPUBOANT K YMEHBIIICHUIO OTKIOHCHUH BRIXOAHOU (hyH-
KIMH TT0 CPABHEHHIO C OTKJIOHCHHSIMH, TTOTyYCHHBIMH JJIST
HMHTEPBAIBHBIX K03 dummeHToB. Kpome Toro, oopaso-
BaHHas CyMMapHas OGHaCTI) MOJKECT HC IICPCKPLIBATH J10-
ITyCKOBYIO 00/1aCTh, (HOPMHUPYEMYIO IPH OTCYTCTBUU BHE-
IIIHUX BO3JEHCTBUH.

®dopMupoBaHHe JOMYCKOBBIX O0JiacTeil Ipu HOp-
MaJIbHOM 3aKOHE pacIpeieeHus Ko GUIHESHTOB BHE-
IIHUX BO3JCHCTBUH U ITapaMeTPOB dJICMEHTOB ITOKa3a-

X

Puc. 1. ®opmupoBaHue AONMYCKOBBIX 00NaCTel MPH pa3iiny-
HBIX 3aKOHaX pacnpenenacHust Ko3(duuuenra BHEIHUX BO3-
JefcTBUI

X

Puc. 2. ®opmupoBaHue TOMYCKOBBIX 00IaCTEH MPH BHEITHUX
BO3/IEHCTBUAX

HO Ha puc. 2, rie obmactn Q  u Q 00pa3oBaHbl IIpH
HUJKHEM (2, ) ¥ BEPXHEM (Z p) JMana3oHaxX BHENTHUX BO3-

AeiictBuil. [ MIIeprioBepxHOCTH Yy, Y, U Yy, Yy OTpa-

HUYMBAIOT JIOIyCKOBYIO 0OJIACTh NMPH BEPXHEM M HIXK-
HEM Jlhana3oHax BHEIIHUX BO3AeNCcTBUH. ' unepnosepx-

HOCTH Y, U Ye OMpPEACTIAIOT HUKHECE U BEPXHECC I'PaHU Y-

HBIE SKCIUTyaTallMOHHBIC 3HAYSHNS BBIXOTHON (PyHKITH
TIPY BHEIITHUX BO3/ICHCTBHSIX.

Puc. 2 oToOpaxaeT BO3MOKHOCTh (POPMUPOBAHUS
00enx rpaHuI] 001acTH PadOTOCIIOCOOHOCTH OJHUM U3
IpaHUYHBIX 3HAYCHUH BHEIITHETO BO3/IeicTBU. B o01em
ciydae GopMHUPOBAaHUE ITUX TPAHHI] MOYKET MPOBOINTH-
Cs1 pa3IMYHBIMH THANIA30HAMU U3MEHEHHUS BHEIITHUX (hakK-
TOPOB, TOTOMY JIJIs OTIPEICTICHNST BHEIITHUX BO3ICHCTBHM,
TIPH KOTOPBIX JIOCTUTAIOTCS TPAHIUYHBIC SKCIUTyaTalnoH-
HBIC 3HAUCHUSI BBIXOJTHON (DYHKIIUH, HCTIONB3YIOT CIIE/TY-
FOII[FE COOTHOIIECHHS

s it Y( X)) < Y X,):

Z=[]
- EZP' HHaue;
2= cem Y(Xm) > Y X

%, uHaue, 3)

rne X, Xm " lp, X p — KOOpAMHATHI TOYEK Kaca-

HHUSI TOTTYCKOBBIX 00JIaCTEH IPU HIKHEM U BEPXHEM JH-
arra30HaX BHEIIHUX BO3/ICHCTBHI M THIICPIIOBEPXHOCTEH,
COOTBETCTBYIOIIIX MPAaHUYHBIM YKCILTYaTAIIMOHHBIM 3Ha-
YEHUSM BBIXOIHON QyHKIMHU. I UX OmpeneneHus ue-
MOJIL3YIOTCSI BBIpXKEHHS (2) U aJlTOPUTM aHaU3a JIo-
myckoB [6].

Ecmu HeoOX0MMO y4ecTh JISHCTBIE HECKOIBKIX BHE-
HIHUX (PAaKTOPOB, UCTIONIL3YIOTCS PEKYPEHTHBIE COOTHO-
IICHUSI IJTSI BBIPaXKEHHUI (2), KOTOPBIC YUUTHIBAIOT CBO-
CTBa TUCIIEPCHH U MAaTEMaTHUECKOTO OJKUIAHHS CYMMBI
Y POU3BECHHUS CITydaHbIX BennuuH [ 13]:
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m, =m, @+ _2);

— 2 .
Dy =Di4+D,4D;Z + D 7 nf + D Z iy, (4)
m, =M, 1+ m7);
N — P S P Ss24 0 S2hR
Dib - Di—l + I—lDCIZ + D—lz fﬁ + Q |Z’Z rﬁl’
e My, m,
u Dy, D, — maremaTHyeckue OKHIAHWS U AUCTICPCHHU TTapaMeT-
PoB obnactei, 715t KOTOPHIX (HOPMHUPYIOTCS HUKHEE
1 BEepXHEC TPAHUUYHBIC 3HAYCHHS BBIXOTHON (DYHK-
LMK, P BO3JACHCTBUH i-r0 BHELIHETO (hakTopa;
m;, My
n D;, D, — maremarudeckue OKUAAHUS U AUCTIEPCHH KOd(hdH-

IUCHTOB BHCITHUX BOSHeﬁCTBHﬁ, COOTBETCTBYIOLINE
JMara30HaM BHEIIHUX BO3JEHCTBUN Z U Z.
Bripaxenus (4) NO3BOJISIFOT ONIPEACITUTD TapaMeTPhl
JIOITYCKOBBIX O0JIaCTeH, KOTOPHIM COOTBETCTBYIOT Tpa-
HIYHBIC 3HAYCHIS BRIXOTHOH (D)YHKIIUH ITPU HOPMATEHOM
3aKOHE pacrpe/eeHus Kod()OUIIMESHTOB ¢. DTH COOTHO-
IICHUS] MOTYT HCIIOJIE30BAThCS B aJTOPUTMAX Ha3Hade-
HUSI JIOMYCKOB.

Ha3navyeHue 10NycKOB NPH HOPMAJbLHOM 3aKOHe
pacnpenejieHus: KO3(p(PUIHMEHTOB BHEIITHUX
BO3JeCTBUI

VcxomHBIMU TAaHHBIMH JUTS Ha3HAUCHHS JTOITYCKOB
SIBJISTIOTCSI: OTKJIOHEHHUS! BBIXOTHBIX XapaKTEPUCTUK OT X
HOMHWHAJIBHBIX 3Ha‘l€HHﬁ, HOMHWHAJIbHBIC ITapaMETPhI 3J1€-
MEHTOB, KOA((QUIMEHTH BHEITHUX BO3ACHCTBIN U HX OT-
KIIOHCHUA JIsI HUKHEIO U BEPXHETO JUAIIa30HOB BHE-
mrHUX GakTopoB. OTKIOHEHHS BRIXOAHOU (DYHKIIUH MO-
T'yT OBITH 33]1aHBI JJIsl OJTHOM M3 €€ IPAHUIL WU IUPUHOM
WHTepBaJia ee u3MeHeHn!. [[0CKonbKy MCXOIHBIE JaH-
HBIC HE TI03BOJISIIOT MIPSIMO ONPEICITUTD MOJI0KEHHIE TO-
YeK KacaHWsl IOMYCKOBBIX 00JIacTei W rpaHuI] 00JIaCTH
paboTOCIOCOOHOCTH TP TPAHNYHBIX BHEIITHUX BO3ICH-
CTBUSIX, UCIIOJIB3YCTCA HTCpaHHOHHBIﬁ AJITOPUTM, OCHO-
BaHHBIA Ha OTOOpPAXKECHUH HOMHHAITHHOM JIOMTYyCKOBOM
o0ractu B 00s1acTh pabOTOCIIOCOOHOCTH.

B kavecTBe HavaIbHOTO NPUOIKEHISI BBIOMpacTCs
JIOITYCKOBast 00JIaCTh, COOTBETCTBYOIIAast HOMHHATBHBIM
napamMeTpam 3JIEMEHTOB U I'PaHUYHBIM OKCILTyaTalluOH-
HBIM 3HaUCHHSIM BBIXOmHOU (pyHKImu. Jlanee mpuHmMa-
eTCsI, 4TO 3Ta 00JacTh CPOPMUPOBAHA C YIETOM BHE-
ITHUX BO3JICHCTBHA. 3aTeM IOIydeHHas 00IacTh Mpeoo-
pasyercss B HOMHHAIBHYIO JOIYCKOBYIO 00JIaCTh C TO-
MOIIBI0 COOTHOIIIEHUH (4), 3alMCaHHBIX JIJISI OJTHOBpPE-
MEHHOTO JICHCTBHS BCEX BHEITHUX (pakTOpPOB. DTH Impe-
00pa30BaHws TO3BOJIIIOT OIPEACTUTH HAYaIbHOE TPAHNY-
HOE 3HAYEHHE BEIXOAHOW (D)YHKIIHH IIPH OTCYTCTBUU BHE-
IIIHUX BO3/ICHCTBUIT U IIEPBOE MPUOTMIKCHUES HOMUHAITb-
HBIX OTKJIOHEHWH mapameTpoB. [IpegycmarpuBaercs yTou-
HEHUE MOJI0KEHUS TPAHUL] HOMHHAJIBHOI 001acTH pado-
TOCIIOCOOHOCTH METOJIOM OToOpakeHuid. TakuM oOpa-
30M, aJTOPUTM HA3HAYCHHs JOITYCKOB IMPH 3aJaHHBIX
OTKJIOHEHHSX K03()(DUIINEHTOB BHEITHUX BO3ACUCTBHH
BEPXHEM OTKJIOHCHUH BBIXOJHOH (yHKIMH Y, MPHHU-
MAaeT CIEAYIOIIUI BUA:

Ilaz 1. OnpenensiroTcst 3HaYSHUST BHEIITHUX BO3JIEH-

CTBUH Z, NpU KOTOPBIX JOCTUTAIOTCS TPAHUYHbIE 3HAYE-
HUSI BRIXOIHON (yHKIMH. [IprHIMAaeTCs, 9T0 OTKIIOHE-

HUSI OCHOBHBIX MTApaMETPOB OTCYTCTBYIOT. MCIIonmb3yroT-
cs BeIpaxenus (2)—(4).

Llae 2. TIpoBepsieTcs ycIoBHE BOZMOKHOCTH peajiu-
3aIiy AJITOPHTMA

yo < ye’
rae yo — OTKJIOHCHHEC BI:IXOZ[HOfI (I)YHKLII/II/I B YCIIOBUAX

BO3JICHCTBHS BHEIIHHUX (DAaKTOPOB M OTCYTCTBHUS HOMH-
HAJIbHBIX OTKJIOHEHUH MapaMeTPOB SIIEMEHTOB.

Ecmu ycitoBue He BBITIOIHSIETCS — padoTa aaropuT-
Ma 3aBepIIAeTCs, U BBIBOAUTCS COOOIICHHE O HEaJeK-
BAaTHOCTH UCXOJAHBIX JaHHBIX.

Llae 3. Ha3zHavyaroTcsa OTKIOHEHHS TapaMeTPOB dJie-
MEHTOB ITPH 331aHHBIX OTPAHUYCHUSX BBIXOIHOH (ByHK-
mn. Mcronp3yercst MeTo1 KacaTeNnbHbIX [6].

Lllae 4. TTapameTpsl JOITyCKOBOW 00JIACTH TEpPECUH-
ThIBAKOTCA B HOMHWHAJIBHBIC HapaMeTpI)I. HCHOJ’IB?)yeTCH
cooTHolieHue (4). OnpexaensieTcsa rpaHUYHOE 3HAYCHUE
BBIXOTHOM (DyHKIHH y(k) JUUTSL TAHHOM 00JIaCTH METOOM
KacarejabHbIX.

[llaz 5. HaznayaroTcsi HOMMHAIBHBIE IOy CKH METO-
JOM KacCaTCJIbHBIX AJIsI HOMUHAJIBHOTO FpaHPI‘{HOFO 3HaA-
YEHUS BBIXOAHON (DYHKITUH y(")

Lllaz 6. Onpenensrorcs 3HAYCHUS BBIXOTHON (DyHK-

TN yék) JUTs 00J1aCTH, ITapamMeTpbl KOTOPOH GopMHpY-

FOTCS IIPY COBMECTHOM JICHCTBUU BCEX BHEIIHUX (PaKTO-
pos. Mcnosb3yercs BeipaskeHue (4).
Llaz 7. IIpoBepseTcs yCIOBUE 3aBEPIICHUS AITOPUTMA

‘ (k)_y
e

7€ € — TOYHOCTb BBIYMCICHUH.

[Tpu BEIOSTHEHHH YCIIOBHS paboTa anropuT™Ma 3aBep-
IraeTcs.

Llae 8. KoppekrtupyeTrcss HOMUHAJIbHOE TPaHUYHOE
3HAYCHHE BBIXOTHOHN (yHKITHH:

Y =YD -8 - )1 4P,

e d® = y§ /Y,
Llaz 9. Tlepexon x mary 5.

JL1st 3a1aHHOM HMYKHEH 3KCIUTYyaTallMOHHOM IPaHMIIbI
o0acTi paboTOCIIOCOOHOCTH AITOPUTM UMEET aHATIOTHY-
HBIA BUII.

Ecnu 3amana mmpuHa n3MeHeHus! 3Ha4eHUs BBIXOI-
HOW pyHKITIH W,,,» YCIIOBHE 3aBEPIICHUS aJITOPUTMA OI1-
penaensieTcsi HEpaBEHCTBOM

w4 (k)—w MW, <€,

rae W(k) =

BLIXOI[HOI/I (1)yHKHI/II/I.
KOppeKTI/IpOBKa HOMMHAJIbHOTO 3HAYCHU IIUPUHBI U3~
MCHCHUA BBIXO,Z[HOf/i (1)}7HKIII/II/I OCYIIECTBIIACTCs C ITIOMO-
IO COOTHOLLICHU S
()= (=1)_ (14 (k)_ (k)
Wyr W)"’ (Wyd W,V )/d

wy 2

ly,<ke,

- )fdk) — LIMPUHA U3MEHEHUs 3HAUEeHUH

e w‘ff*') — LIMPUHA OTKJIOHCHUsI BHIXOAHOW (DYHKLHUH, ISl KOTO-
i poii HA3HAYAIOT HOMUHAIBHBIC OTKIIOHCHIIS;
(k) =y, (K) /3y (k=1)
dwy Wy /wyr .
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Bo3MmoxHOCTB peanu3anuy Takoro ajaropuTMa omnpe-
JIeNSIeTCs yCIOBUEM
W Wy
IJIe W, — LIMPHHA OTKJIOHCHHS BBIXOJHOM (byHKIUH, TI0-
JTy9eHHOT0 MPH BO3ACHCTBUHU BHEITHUX (PAKTOPOB U OT-
CYTCTBUM HOMMHAJIBHBIX OTKJIOHEHUH ITapaMeTpoB 3Jie-
MEHTOB.

[TpuBeneHHbIe aNTTOPUTMBI TO3BOJISIOT HA3HAYATh HO-
MUHaJIbHBIE JOYCKOBbIE OTKJIIOHEHUS IIPU OJJHOCTOPOH-
HUX 1 IByXCTOPOHHUX OTPaHIYCHISIX Ha BEIXOMHYTO (pyH-
KITHIO, €CITH U3BECTHBI KOA(P(UIMEHTHI BHEITHUX BO3ICH-
CTBHH. YUUTHIBAIOTCS OTKJIIOHEHHUS 3THX KO3(D(DUIIMEHTOB,
pacipeneIeHHbIX 0 HOPMAIbHOMY 3aKOHY.

IIpumenenune merona

Pa3paboTaHHbIe alTOPUTMBI HCIIOJIB30BATHCH IS
pacdera JOMYCKOB Ha IapaMeTphl aKTUBHOTO (QHIIBTpa
HI)KHUX 4acTOT, CXeMa KOTOPOTO TIpUBE/ICHA Ha pHc. 3.
Jnst uneaau3upoBaHHOTO ONEPAIMOHHOTO YCHUIIMTENS
KOA(PHUIUCHT 3aTyXaHUs (PHIBTPA BEIYHUCISLIICS C TIOMO-
1610 COOTHOIIEHUS [ 14]

a(W)=R /Ry ((1-b,w?)>+b 26?)12,

tie b, = CyR,(1+Ry/R +Ry/R,);
b,= C,C,R,R;;

W— yNIOBas 4acToTa, W=2TTf;

C,, R,— miapamMeTpbl 3IEMEHTOB (PUILTPA.

HomuHanbHbIe mapaMeTphl 2IEMEHTOB (QHUIIBTPa ObLITH
TPUBEICHBI K HOPMUPOBAHHBIM 3HAYEHMUAM 11 5 =11 5, =4
mp,=2;m=0,173; m ,=0,519. Pacuer npoBoawIICs IpH
CIICTYIOIINX UCXOMHBIX JAHHBIX: YIIIOBas YacTOTa W=1;
TouHOoCTh Bbruucienuit 0,0001; muprHa OTKJIIOHEHUS BbI-
xonHoW GyHKIMU 5%); BepXHee JOMYCTUMOE 3HaueHHUe
temmnepatypsl 70°C, HixkHee — Munyc 60°C; Temmepa-
TypHBIH KO3((UIIMEHT CONPOTUBICHUS PE3UCTOPOB
+£50-107° 1/K 1711 BepXHEro auanasoHa TeMIeparyp,
£150-107° 1/K — 1151 HUXKHET0; TeMIepaTypHbIii Kod-
unuent emxocth (—150+40)-10°° 1/K Bo Bcem guana-
30HE TeMIIeparyp. Y YUThIBAJIOCh N3MEHEHUE 3HAYCHHUS T1a-
pameTpoB *1% Ha MPOTSHKEHUH CPOKa HapaOOTKHU Ha OT-
ka3 10 000 4. PacueT nmpoBouIICs AJ11 HOPMAIBHBIX KO-
3¢ PUIMEHTOB BHEITHUX BO3/ICHCTBHM. Pe3ysbraThl pac-
YEeTOB MPECTABICHBI B TadJIHILe.

Kax BustHO 13 TaOJHIIBI, yIeT BHEIIHNX (paKTOPOB MPH-
BOJIUT K Y’KECTOUCHHUIO TPEOOBAHUI K OTKIIOHEHHSIM Mapa-
METPOB AJIEMEHTOB. YUET CTapeHUs] IPUBOJUT K YMEHb-
LIEHUIO JonycKoB Ha 14%, a temneparypsl — Ha 38%.
HaunbosbIree yMeHBIIICHIE COOTBETCTBYET yIETY COBMEC-
THOTO BO3JICHCTBHSI TEMIIEPATYPBI U cTapeHust — 64%.

Puc. 3. Cxema pmiIbTpa HIDKHHAX 9acTOT

Homunanvuvie donycku nHa napamempuvl akmuHo2o
Qurbmpa npu yueme pasiuuHbIX GHEUWHUX 8030€lCTNBUIL

OTKJIOHEHHS TTapaMeTPOB
Bun BHemHero Bo3aelicTBUs 3JIEMEHTOB, %

Rl | R | R | C | G
OteyTeTsHe Brenmmx 1,47 | 2,97 | 2,92 [10,86] 1,31
BO3JICHCTBHIH
Crapenue 1,27 12,551 2,52 19,39 | 1,13
Temmepatypa 091 1,84 1,82 |6,81]0,81
Temnepatypa u ctapeHue:
— pacuer 0,521 1,05]1,04|3,90]0,46
— CTaHIapTU3HPOBAHHbIC

JIOIYCKH 05 1,0 | 1,0 | 50 |0,25
BrIiBOabI

HccnenoBanue cBOMCTB JIOMYCKOBBIX oOacTeit mo-
Ka3aJio, YTO y4eT HOPMAJILHOTO 3aKOHA pactpe/eIeHus
K03(h(UIINMEHTOB BHEITHUX BO3CHCTBHIH O3BOJISET 3HA-
YUTEITHHO YMEHBIINTH Pa3Mephl JOITyCKOBBIX 00JIacTeH.
CdopmupoBaHHbIE TAKUM 00pa30M JIOIYCKOBBIE o0ac-
TH JUIsl HIDKHUX U BEPXHHX JJHalla30HOB BHEIITHHX BO3-
JeHCTBUH (POPMHUPYIOT COOTBETCTBYIOIINE IPAHULIBI 00-
JTacTH PaboTOCTIOCOOHOCTH. BO3MOXKHEI BapHaHTHI, KOT-
Jla OJTHA M3 JIOITYyCKOBBIX 00JIACTEH OJHOBPEMEHHO (op-
MHpYeT 00€ TpaHuIIBL.

VYuer 3Tux CBOMCTB [103BOJIIII pa3paboTaTh ajJropuT-
MBI Ha3HAQYEHUS] HOMHHAIBHBIX JIOIYCKOB, B KOTOPBIX
YUYHUTBIBACTCS BIMSHAEC HECKOIBKUX BHEITHNX (haKTOPOB.
AJITOPUTM YYHUTHIBACT HETMHEHHBIE CBOMCTBA BEIXOTHBIX
(yHKIWMI 11 00eCTICUNBACT BEICOKYIO TOUHOCTh PACUETOB.
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