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e X H ¥ 0B0HANAIOT BEICCTRCHIYIO H MHMMYIO 'aCTH QHATHTHYECKOTO
‘uipakern (29) kpBoi Muxailnoa, a WHACKE «p» O3HAUaET NOACTaHOBKY A = An
= on B HAVICHHbIE HACTHEIC POH3BOHBE.

Bunommerte Hepasercrsa (30) AOCTATONHO JUIA CHTEM TPETEETO W YETBep-
1010 NOPAAKOB, Cc Bee KoXpGHINCHTE TApMOHHMCCKI IMHCAPHIOBIHHOTO Xa-
pakTepHcTIeckoro ypasens CAP nonoAwrensisl. JUix cHeTem e Golee Bbico-
KOTO NIOpAIka TpeGyeTes AOTIOTHHTENbHO NPOBCPHTS oGl X0 kpBoii Muxali-
0B,

5.6 Tpaduneckuit 4aCTOTHIH METOX HECACIOBANNS ABTOKOETANMI

Pacematpusaewsit e Metox npeioen JLC. TombapapGon 5 1940 r. u
HasBACTCR €10 MheHM. T1YCTh OJHOKORTYpHAS HETMHEIHAL CHCTEMa COTCPAHT
npoctylo HemmHeiiHoCT 2= Flx:) ¢ nepeatounoi dymkuseit Ii(A) n mukeiinyio
uacTs ¢ uactoTHofi nepexaTouoli dymkuneli Wijo). B Aamoli cucteme woryr
'BOSHHKHYTS TaPMOHHYCCKHE KOEGAHHA, CCIH ¢ XapAKTEPHCTHICCKOS YPABHCHHE
HMECT HHCTO MHHAHIE KOPHI HIH, 'O To K€ CaMOE, CCIIH AMILIHTY tHo-asoBas ta-
ctorHas xapaktepucTika (ADUX) pasoMKHyToli CHCTEMS IPOXOMWT Hepes TOtKY
(-1,0), 7. ¢. BBImOMACTCR pancHCTBO

il Witjo)

an

JlalHoe. COOTHOUICHHE SWISCTCS YPABHHHEN OTHOCHTENBHO HEHIBECTHEX
I9PAMETPOB — HACTOTH wry W AMIIMTYIN Ay KoneGanwii i OUpEIEISET ocroanoe
yeroue omuxnosenus nepuoduuecxx npoyeccos b CAP. ABToKoneGanus B0
MOAHEL CCIlH 5T0 YPABHEHHE HMECT ACHCTBHTENBHAE NOAOKNTENbHIC Kopii. He-
nossys opyny (20), yesosie (31) MosHo sammcas b Bivte:

Waljo) =~ 1/ Wih) =~ 1/ g+ (A)- &)

B cayuae oteyreTaus ructepemcHoil netan g'(4) = 0 u npasas wacts (32)
Gyzer semecrsentoi. Jlepas uacts (32) ~ ADUX muneiinoli wacru, a npasas — o6~
pathas AQUX emieiinoro sbena (1% Nepsoil rapMOHMKH), BITas ¢ OGPATHEM
3HaKow. PlICHHE IT0TO YDABHEHIS MOAHO IOy SHTS rpaipiieek Kak TOUKY Nepe-
CeNCHHS ABYX YKISQHHbIX XapAKTEPHCTHK.

B Touke nepeceucHis s kpupoli If(je) Gepéu saueHve HacTOTH O, 4 W
KpuBoil - IV () Gepén mavcHHE aMIIHTYIN Ay HCKOMOTO EPHOTMMECKOO.
pemerns. Bueeto (31) MOAHO OTSI0BATHES TakKE BHPACHHEM

Wil d) = - 1/ Wjo). @3
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T €. HeKaTh pellieiie Kak Touky Niepececnis AGUX HenmHeiinoro sbexa ¢ oBpat-
Holi AGUX. kol Sacri cHeTeNs, 53810l ¢ OGpATHbNM 3HaKoM.

‘VeToitunBocTs RaliIeHHOTO NEPHOIMECKOTO pelichis ouckmBacTes Tak. Jla-
M Marioe npHpametme aminTyae: A = Ay + A A. Torsa na kpusoii - W 'y(4)
O1YNM TO'IKY, HAIPHMEP. TOUKY A; TP NOMOKUTENHOM A A 1 TouKy A - npit
orpiaTensHOM A A. JLis yCTO/4HBOCTH HEpHOTHIECKORO PELlICHHS HEOGXOTHMO,
wT06it AGUX. ¥;(jo) He OXBATHBAIA ToNKY A, @ OXBATHIBLIA TOUKY A

MoHO HCTIOB30BATS 1 APYTYIO (JOPMYTHPOBKY: /U1 YCTOI4HBOCTH TIEpHO-
Jaecioro pemernst HeoBxonMo, oGk AGUX  Wi(jo) oxbatsiBata wacth roo-
rpada - IV y(4) ¢ yMeHBIaOIIMES aMTUHTYAONH.

Ecin ronorpads Wilj) u - W ™'y(4) He nepecexatotes, To cocrosnue pas-
HOBecHs YCTONHBO, ABTOKOICOAHHS OTCYTCTBYIOT.

Jlonosmrebiyio HripopMaio MOAHO HouepmiyTs 5 [1 -6, 8~ 10, 12].




image1.png
5 Jlexuns Ne 5. Hcereropamne yeroiumbocTu W aBTOKOESAMML
METOA0M rapMoUECKoil AMHEApHIAIH

Conepaanne e

17

ananHTICCKHE 1 rpapHeckHe criocols onpeere-

Hi% aBTOKOTCGaNN ¢ HCTIONESOBAMICM TAPMOHKYCCKONL THEapH3aLMH Hemeii-

Teth exumm: wayaHTS CTIOCOBH HCCTIAOBAHAS TICPHOTACEKHX pelICHAH,
T N T ——
SBCHIGH ¢ OAHOWAOI CTATIVGGKOi XapSKTSPICTIKOll NPH CINNETPHTILIX
sonctumax

% Hanciomme [ T T
—
Tycomo mmchnas <
1| wecumemen | gld)=2faresin (b4) + (AL B49) b, 4> b
(orpamucnmen)
Hacanos perc
2| (uamenm cyrozo )= de/ @ty
mpenis)
Penc ¢ sonoi
3 | nesyseraurensoo
(rpexnosmuonoc, ) =4 V- [ A), A>a
nossprsosamoe)
Rycouno mmnchnas o
4 sonol g4) = 2612 —arcsin (@A) - @AYN(1- LA
newysersumensocms 4>a
ycomo amnchinas ¢
sonoi 04) = 2farcsin (b4) - arsin (@/4) + (AY(1- BA%) -
5 | nesyseraumenssoom
Wnscsmenen —@ANG- ) G-, b>a, A>b
) = 2o+ warssin (evA) e/ AN(1- e
Kycouno mnchinas a<d<es
6 | aucrpuamamornias

(nexencayuonnas)

q(A) = 2{(x1 + w2)[arcsin (c/4) + (v AN(1- e1/47)] [ =~

- alarcsin (e/4) + (e/AN(1- 1A 7, e <A

Me1on rapuoHtcekoli JHHEApHIALI NPHNCHSCTCS IS npUGTLNENH020
onpeieeHMS NepHOMICCKHX petieHnii (anToKoneGaMH) H yToliHBoCTH HEH-
HelHBIX cHeTeN 10G0ro opsika.

Pac

(ATPUBACMSIi MEMO0 2QPMONUUECKOR TUNEAPUSAYUY — MOIIHOE P

€180 HeceAOBaRM HeeinBIX CAP 3-3a IpOCTOTE H Gonbuoli YHHBEpCaTsHOC-
TH €0 aNNApATA B IPUMCHEHIN K CaMBIM PasHoOGpasHBIN HemHeiHocTaM. Hneior-
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5 ONpE/ICCHHEIC OTPAHINCHIS €TO IPHMEHHMOCTH, KOTOpHE OGHIHO X0pollo o6~
monaiores 5 TAY. TIpakTiccKie PacteTs! i KCTIEPHMEHT MOKISHBAIOT MPHEMIE-
MOCTE STOO METOa /LI MHOTHX Bi10B HemHelinbix CAP.

TaGmma 3 - KoopdHumentsi rapwomicekoli mmscaphsatin  HemmeiHsX
3BeHbCB ¢ HCOTHOIHATHON CTATHYCCKOI XapAKTCPHCTHKOH MDH CHMMCTPHIHX
KoneGanmsx

Yo | Hamvenosanmc Koo ppHIHCHTS rapMORIICCKoR HHeapisaLIi
XapakrepueTikn
Peite ¢ ructepesicon 4(A) = e N(1- LA [ (),

1| (asyxnosmumonsioc)
G =-deb A, 4> b

Peac ¢ 300

[ —— ) = 26[N(1- B -N(1- @A (),
2| wruerepesncon
(1pexnosuimonsoe, qA)=-2(6-a)/ (xd), 6>a
nowspusosannoe)

4(4) = k{2 + aresin(l — 2al4) + 2(1 - 2a/4) N[a(1 -
3| JhogmGasop) | -ald) /Ali/ .

4(A)=-dra(l ~ald) [ @A), A>a

) = xfarcsin(by/A) + arcsin(by/A) + (by/A) N[1 ~

Kycouno mmmciinas ¢

4 | rucrepencon n - (b + (A1 - (Bo) ]}/ 7,
wactces

G =x(b’~b7)/ (@A), A>bi bi>bs

5.0 AareGpamieckue cnocobhi ompereiemus  aBTOKOAEOAMMH W
YCTORYMBOCTH B HEAMHEIHBIX CHETEMAY

Coctasi capwonuecku muneapusosanoe xapaxmepucmiriecxoe ypasnente
savkyToli HemHeiinoli cHCTeM, cocTosuiel 3 HemHHeiHOTo sheHa W HHHOM
uacT. Vpastiexne HemMeiHOTO 38esa x> = Flxi, px) B KoNEBATEILHOM Hpoliecee
HOCIIE TapMOHHtECKO AMHEAPHIALIN SAMMIIEN B BHIC:

x=[g4. 0) + (4 0)p/ 0] xi = Wi x1. @)
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‘Vpastienne (22) samucao Ge3 yieTa BHCUINX TAPMOHIHK, YIOMMHABIINXCS B
ekt No 4 w durypuposasuunx b dopuyie (16). o CIenAHO He ToTbKO HOTOMY,
w0 omi watst B psie Gypse (13). B HeAMHEHHOM 3bere IpH 10AAUE Ha BXOX Faphio-
HHECKOTO (CHHYCOTATBHOT0) BoYICHCTBIS B OBIIIEM CIIyHac Ha BEIXOE o0R3aTEIMh-
HO TIOABATER BHCUIHE TapMOHHKH. OIHAKO B 3aMKHYTOl HEAMHEHHOT cHETEM Bbic-
LUME TAPMOMMKH, MMEIOUIHECS B icpeMeHHOF X, TacaTes (1enupyioTes) micii-
Holl wacTso, sm1soMIClics cBoero poa duIsTpoM iskol wactors. TloaTowy epe-
MeHHas ¥, CTaHOBHTCR GU3KOlE K CHHYCOWIE. B TAKOM BILIE W GYAEM HCKATS IpH-
GnikerHoE MepHOMIICCKOE peticHie s Hemkeiinoli CAP. Choficrso el
HACTH ACMIpHPOBATS BHCLIIC FAPMOHHKH HASHBACTCA Coiicmson duurompa.

Tlyers, wsbecra nepetaTouHas GyKLHS MHciHOl HacTH B B OTHOWICHI
nommHoNoB  R(p)/O(p). Oa MOKET GHITh M0G0l CIOAHOCTH 1 M10GOTO NOPAIKa.
Tepeatousas i sawkHyToil HeMHeHHOH CHCTEMH GYACT HMETS BIL:

Wp)= W RPYIO(p) + Wu R(p)]- @3

‘Torza na ocoBanii hoparyt (22, 23) HeKOMOE FapMOHIECKH THHEAPH3OBIH-
HOE XapaKTepHCTIECKoE YpaBHeHHE sawKkHyToli Hemmelinoli CAP MOAHO Hamncats
BBwe:

O(p) + Wi R(p) = 0p) + [a(4, ) +¢"(4, @)p /0] R(p) = 0. @4

Korza 5 samiiyToli CAP BOSHHKAIOT He3aTyXalolie Ko/eGanis oCTosHHol
anmnry st A = Ay nocTosHOM HacTOTH © = o, KoxHuCHTE ypastienis (22),
@ 3HAYHT, W KO>pOULMEHTH XapaKTEpHCTHYCCKOrO ypasicHis (24) CTaHOBSTCS Hoc-
Tosms. A 13 mmeiinoli wacti TAY u kypea Jlneitusic CAP» HisectHo, 4to
OSBICHME YKA3AHHBIX KONCGAHNH B CHETEME IPH NOCTORHHBIX KoXpHIHCHTAX co-
OTBCTCTBYET Hape WHCTO MHHMIX KOpHe/i B XapaKTCPHCTHICCKOM YaBHEHHH.

‘Tau o6pasom, ceih 5 (24) NOACTABTS p = jo, TO MOKHO OGHAPYANTS B
savkiyToli CAP astokoncGaris. ECit 272 N0ACTaHOBKS p = jor COOTBTCTBYCT Be-
CCTBCHHIN NOTOAMTETSHbM SHAUCHHAM A = An, To TaKie aBTOKoNCOaHHS Bo3-
soist. Ho TIOCK Ap H oy SKBHBAICHTEH OTHCKAHHIO IPAHMIS! YCTONMMBOCTH -
nelifoli CAP. Caeiopatetsio, asTokoneGanus  Henuneiinoli CAP MokHo oGHapy-
KT, TDHMCHHS K YpastieHiio (24) 11000 METOX ONpCIIeH IS IPAHIIE! YeTo -
BocTi muHeliHoli cHCTEMS.

5.2 OcuoBHOl cOCOS ONpEIE:IEHNS TEPHOTIECKNX petmennii

Henomsayen nozcrarosky p = jo b ypasserme (24):

QGje) + [g(4, ©) +/ ¢'(4, ©)] Rjw) 25

B supaskern (25) Bauieni eutecteryio X(w) 1 Mimyio ¥(o) sacti:
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Xo)+ j¥(w)=0. @)

Jlis HeKoMOTO epHoeeKoro peteis A = Auw © = on w3 dopwyst (26)
[ prpv——
XA, on [ @n

0. ¥y, oy

13 KOTOPHIX W ONpeieOTCR HeMsBecTHME An H on. Ecau (27) He myeer nonoxi-
TEILHAIX BEUCCTBCHHbX petiesii An H O, T0 aBTOKONCGaHMA B CAP HEBOIMOKHH.
C nowoutsio ypasHeruli (27) MOKHO HE TOTBKO ONPEIEIATS Ay n TP 3A1AHHEX
‘napavetpax CAP, KO H IOCTPONTS rpapWKH 3aBHCHMOCTH Ary o1 0T KaKoro-HHOYb
‘napavetpa CAP, Hanpivep, kopuunenta yewrenns K. Jlis 31070 b ypasenusx
(27) HyAHo napaveTp K CHNTTS TlepeMCHHBIM H 5AITHCATh 9TH YPABHEHIS B BIC:

X, 00, K) =0, YAy, on, K) = 0. 8)

Orciona MoskHo Haliti sasucioctn Ay = fu(K), on = fu(K) u noctpouts nx
B Bine rpaukos. Ha ocosaii 5T rpadukos Moo, Hanpep, sopath K Ta-
KM, WTOGH awIHTYta Ap Gbia Matoff, 4TOGH! HACTOTa wy He Ghuia onacKOl UK
nannoit CAP waw 'rosi asTokoneGati He Ghuo Boce.

5.3 VeroiiunBocrs nepuoneckux pemennii

He Beskoe NepHOTIIECKoE pelliekie ypaseHili coGCTBCHHOTO ABIACHN He-
riHOH CHETEMS! GYICT COOTBETCTBOBATS QBTOKONEGAHHSN, @ TOTSKO YCTOHIHBOE.
B KOHKPCTHBIX 5Q/13%2X HaCTO IPOCTO M3 HIMIECKIX COOOPAKCHHH GHIBACT BHAHO,
BOSHMKAIOT aBTOKONEGANMS HIH HeT. OJIHAKO B PAIC CIYHach BeE e NPHXOTTS
10T Bonpoc HeeeAOBATE.

Jlaiias 30134 HCCEOBAHIS YCTOHIHBOCTH CBOTHTCA K aHATIsy MMHeliHoro
YPABHEHI ¢ TIEPHONHICCKHMH TIepeNeHHSM KoxuterTann. Jlamyossint AM.
paspaGorati cooTsereTByiouHe MeTosi. Ho OHM BO MHOTHX CIYUAsX OUeHS TpyI-
b1, TIOSTOMY PACCMOTpHM NPHGIACHHHE CTIOCODH HECIEAOBANMS YCTONMMBOCTH
TICPHOTIHECKOTO pemHis,  WACHHO: HETIoTs3oaHe KpHBoil Mixaliiosa u anan-
ek KpHTepHii

54 Henoavsovawme kpusod  Muxaiiiosa aas  Heeacrovaums
ETORIBOCTH HEPHOTIIECKOFO pemenst

5.4.1 B 1936 1. AB. Muxaiiion chopuyIMpoBa1 O1uH i SaCTOTHSIX KpHTE-
pues yetoltunocti. Kpumepuic Muxaiitosa nossotser cymTs o6 yeroliumsocr
‘CAP 1a ocHosasu pacewotpenis pusoii Muxaiiiosa.

‘Eca B XapaKTepHCTICeKii IOTHHOM (0 €CTh B I€BYI0 HACTh XPAKTEPHCTH-
HECKOrO YpaBHEHI) HOTCTABHTS p = o, TO IOIYHM aPaKMEPUCTIIECK i GemOp:

D(je) = X(w) + jHo). 9
21
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e X() 1 ¥(0) - coorsereTaeHHO eusecmaennan w wuman g Mu-

Tlpu usveHeHIH HaCTOT! @ 0T 0 10 2 BexTop D(jn) SYACT omlchisath caoiy
KOHLIOM B KOMILIEKCHOI ILI0CKOCTH KpHBYI0, HasbiBacMylo 2odozpachon Mucxaicrosa.

Onia 3 opMyaHpoBOK KpHTepHs Mirxaiisiosa: 014 yemoitusocmu CAP n-z0
nopadKa neotooumo u docmamosno, umoGet sexmop Do), onucwsarouui kpusyo
Muxaiziosa, npu uswenenu wacmomsi & om 0 00 % uven yz01 nosopoma n?.

Kpusas Mixaliziosa 41s yeToffumssix CAP Bera HMeeT iasiylo cimpare-
BITHYI0 opMY, IPHYEM KOHELI G YXOIHT B GECKOHEMHOCTS B TOM KBAPAHTE KOMIl-
ekcHol ILIOGKOCTH, HOMEP KOTOPOTO PABCH CTETICH XapaKTEPUCTHYECKORO YpaBHie-
HiS 7 aBTOMATHYCCKON CHTEMBI.

Movencrmas dopwyiuposka kputepis Muxalinosa: 1 yemoiruusoir CAP
Kpusas Muxaitiosa npaxooum nociedosamesno n xsadpanmos. Tlph koneSaren-
Hoil rpanue yeToifunpocT kpibas MixaliioBa IIpH 4aCTOTE ® = Ky NPOXOMT He-
e’ HAUAIO KoOPAMHAT KOMILICKCHOH ILIOCKOCTH.

5.4.2 KoMy KoHKpETHOMY SHateHMio aMIUIHTY st KoeGarii A Gyet co-
oTBeTeTBOBATS OMpeteEHHas kpubas Muxaiinosa. TIpi A = Ay oHa IPOXOINT te-
pe3 HataIo KoopAHaT.

Jazunn Manoe npwpaieie awmumryze A A. Toraa npw A = Ay + A A kpusas
Muxafizosa safiwet noosense 6o 1, G0 2. Tlpu >Ton kpusas 1, oxsatsisaio-
12 HAUATO KOODMHAT, COOTBCTCTBYET SATYXAIOUIMN KONCOAHIAM NEPEXOTHOTO
npoticcca, a KpHBas 2, He OXBATHIBAIONIAS HATATO KOOPIHHAT, - PACKOIAIIINGS Ko~
eGam.

Ecam npn A 4 > 0 kpusas saiiver nonosenne 1, a npi A A <0 - nonokerme
2, 1o nepexonBiit npotieee B CAP GyIeT TakiM, 410 KoleGaHMs ¢ aMmIHTY ol
Gombine Ay 3aTyXaior, a KoneGanis ¢ aMnTYA0H MeRbE Ay — pacxonsTes. Crie-
JioBaTe IsHO, NepexoBli Tpotiece ¢ OBEHX CTOPOH CXOMHTCH K YCTOHTHBOMY Mie-
PHOICCKOMY TpOtieccy ¢ aMIINTYOH A, T0 ecth b CAP et anTokoeBanis.

Ecam ke npw A A > 0 nonyres kpisas 2, a npit A A < 0 — kpisas 1, 70 ne-
PeXonHBIH TpOlLCcC B 0GE CTOPOHH PACXOAHTEA, TO €CTS IIEPHONHIECKOE PEUICHHE -
HeycTofiuiso.

5.5 Auanurnsieckuii KpUTEpHii YCTORUNBOCTH HEPUOTIECKOTO Pemienits

Passubas npeAYIINH CrI0COS, BIIHO, UTO HET HEOGXOMNMOCTH CTPOWT Ca-
»ot Kbl Mirxaiiziosa. Beg MOAHO caearh ananuTiecks. JLis Toro, 41o6s yi-
Hath, npveT 1 Kpibas Mirxaiinosa npi A A > 0 nooenHe 1, JocTaTouso s
OnpEeNTS, Kyia GYIT nepemeimaThes ¢ yBemcHte A Ta Touka kpuBoil Mu-
Xafinoa (o = 0n), KoTopas Mpi A = Ay HaXoAMTCs B Hatane koopuHar. Eci okia
GyICT epeMEImaThes B CTOpOHY NOOKEHIS |, TO TIEpHOAMIECKoE petmetHe YeToli-
U0, D10 TCONCTPINICEKOE YCIOBHE YCTONMHBOCTI MOAHO JAIICATS B AHATINTI-
ueckoM Bite:




