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30HBI ®A30BBIX HEPEXOI[OB :
B HEJIMHEIHO-VIIPYTHX M30TPOITHBIX MATEPHAJIAX. :
4.2. HECXWMAEMBIE MATEPHAJIBI C ITOTEHIIUAJIOM, 3ABUCSILIUM
TO.TIBKO OT OHOro U3 MHBAPMAHTOB TEH3O0PA ,IIE‘DOPMAI.II/II/I

Ha‘ OCHOBAHMH OOIMMX COOTHOLIEHMIA, no.nyqenuux 8 [1], paccMaTpMBaeTcs COCYIUECTBOBAHUE msyx
d)éls uénuueﬁuo-ynpymm M30TPOITHONO HECKMMAEMOro Marepua.ua .C MOTEHUMAJIOM, 3ABUCAIIMM TOJIBKO OT.
OJYHOTO M3 unnapuamon Tensopa Aedopmanuit. PasHosecHas rpauua (a3 SBNAETCH MOBEPXHOCTHIO Pasphisa
nedopMalMii, HA KOTOPOit MOMMMO KHMHEMAaTHYECKOrO (HENpepLIBHOCTL TOJS TEPEMELIEHMH) M CHJIOBOTO
(HEMPEpPBIBHOCTL YCHIIMA) YCIOBHMIt BLITIOIHAETCS SHEPrETUUECKOE YCIIOBHE [2], .(cM. Takxe 6u6nuorpa(bmo
8 [1]) KaK JOMONHMTENLHOE OTPAHMUEHME HA BO3MOXHbIE PA3phiBHbie pemieHus. ITu YCI0BHMS paccMar-
PMBAIOTCA KaK CHCTEMA YPABHEHMii JUIA OMPEAENEHUS HOPMANM K MOBEPXHOCTH. paspuiBa aedopMaumit u
ned)opMaunu B 0nHOM M3 a3 B 3aBuCcMMOCTH OT AedopMaumit B apyroi daze. ,[led)opmauuu. npy xo-ropmx
-9Ta CMCTeMa MMeeT pemenue, obpasyroT 3oy dasossix nepexonos (PDII).

Buytpu 30ub1 DII pemenne MMeeT BHA ORHOTIAPAMETPHUECKOIO ceMeficTBa 3a NCKITIOUEHMEM CITYUaeB,
KOTAA OJHONAPAMETPUMHOCTE MCUE3aeT BCIEJCTBHE KWHEMATHUECKMX OrPaHMuEHH Kak, Hampumep, B
chy)xnaeMou B [3] cnyuae rnocko# ned)opuauun. PaciemnieHue CUCTeMbl ypaBHEHUit T03BOSISET BBIJEJMTD

pasne:me, CBA3bIBAIOIEE MHBAPHAHTLI TEH3OPA ne(bopuauuu Ha CKauke M, 3aTeM, NOCTPOMTH OFHOMAapa-
METPHYECKOE CEeMEICTBO HopManei K TOBEPXHOCTH Pa3phiBa M BBLIYMCIIMTD - COOTBETCTBYIOLIFE CKAYUKH
peakuMH CBH3M. (I)opuyuupylo'rcu TIPaBWIA «pbIYAra» "M «3HEPrEeTHUUECKOrO  PABHOYAAJICHUSY.

Onnonapauerpmuocn peienmns ucuesaer Ha rpaxuue 3ount OII, ssnsomerics MOBEPXHOCTBIO ORHO-
MepHbIX NEPexonoB no napamerpy casura. Ilpu aToM HOpMaJh K MexdasHoit rpaHuLe onpeneasercs
BEIMUMHAMM HAWGOJBIIENO M HAMMEHBUIETO YIUIMHEHMI, a4 rpamma pa3pena (bas JIOKAJIHO 'COBMANAET C
COOTBETCTBYIOUIEH TUIOCKOCTBIO CABHTA.

Paccuarpmzaema crpyxtypa 3omel OIL: cootHeceHue C OGNACTBIO HELTMITHYHOCTH,. NOBEPXHOCTH
HYJIEBOTO CKaukKa, KPUTHYECKME TOYKM. B KauecTse npuMepa PacCMOTPeH noteHuuat Tpesnoapa ¢ M3JoMOoM.
OrMmeuaercs CymecTBoBaHHe (YHAAMEHTANIbHBIX MOTEHUWAIOB, TOXAECTBCHHO YIOBJIETBOPSIOMWMX YpaBHe-
 HHUIO, CBSI3bIBAIOLIEMY ned)opmauuouume unnapuamu Ha MOBEPXHOCTH CKAYKa. :

1. McxonHble COOTHOLIEHMSA. BCrieacTBHe HENPEPHBHOCTH _nons'{ nepeMemeHni
rpajueHTH redopmanun F* (F, = 9x,/0X;, X u x (X) — BEKTOPHl IOJIOXEHHS TOUKH
B OTCUETHOM H ax'ryanbnou Kondmrypanmlx) Ha rpaHmMUe ‘ha3 CBA3aHBL ycnomeM
Anamapa (1.4% "

. ‘ . (1 ‘1)
Ckauok Aedopmaumii onpenensxe'rcsl IUanoi an, IX€ 4 ¥ N — BEKTOPH ammm'rynm
CKauka u nopmamx K IIOBEPXHOCTH Pa3pLiBa AeOPMALMM B aKTyaIbHOM KOH(Urypaumm;

‘B — equMHAYHHIN TeH30p. 3HakaMu (*) 0003HAUCHH BE/IMYMHH [0 PA3HHE CTOPOHH
rpanuus ¢as. Y3 (1.1) cxemyer, uro

= (E + an) - F~

B, =B_+an-B_+B_-na + Naa S o LA

1 Bgesnouxa oawauaer cchuiky Ha dopmyast u. 1. [1].



rae B=F-F7 — Mepa ned)opmannn Ounrepa (JIEBHIE TEH30p ned:opmaunu Komn —
- I'puna), N, = n-B%-n (k # 0 — nenoe) — opMeHTALMOHHKE HMHBApMAHTH (MHAEKC (—)
npu N, He numeM: Ny = N,‘) N OAHO3HAYHO ONMPENEIAETCS BEIMUMHAMH JIIOOHX ABYX
N, (k=k, k), ecnu B_ 3agano. OrMeTnM, UTO B CJiyyae HECKHMAEMOIO Ma'repnaJIa
B cry (2.11%) N} =N, (cp. ¢ [3D.

~ Tak xak B cmyvae HECXMMAEeMOTO MaTepuana det F=1, To cornacHo (1 1)

an—O o (13)

.a ams ckaukoB mepsoro I, =N + A + N m Broporo I, = )\,’7\2 + BN + N (A—
IVIABHHE PACTSIXKCHUAS) mmapnamon B cornaceo (1.2) m (2.10°) cnpanewmnu co-
OTHOIIEHHUS ‘

[£,]1=2a-B_-n + N,a-a, [12] = a-B:'-a —2a:BZ''n. - (1.4

(XBaApaTHHMH  CKOOKaMu oﬁosnaqeﬂ CKQuOK BEJIMYMHH Ha , -rpadmne ¢as

lol=9, —¢_).
Tak xak B ciryuae He.nnnenno-ynpymro HECKMMAEMOTO Ma'repﬂa.na [4]:

T=-pE+G C . N )

rae G = G(F), To cuiosoe (ycnome ITyaccona) u anepremqecxoe yc.nonns: panuonecm o
Ha IpaHuue ¢a3 npurnMaOT B [1]

- [pI=-n-[G]'n ‘ S 1 ‘ - -(1’.6)‘- '
MGrn=0 - - oan
(Wl=a-G*n . S SRR

3necs T— TEH30p nanpsmcennn Kommu, p — peakuus cmasn, W—-'norennnan,
II = E — nn — npoexTop Ha NMOBEPXHOCTH pa3pHBa.

chomm (1.7), (1.8) npm yuere (1.1), (1.3) 06pa3y10'r cucremy 'rpex yPaBHEH™MiA
AN ONpEHENCHHsS YeTHpex Hensnecmux, ONpENe/SIOmAX. BEKTOPH N M aLln B
- 3aBECHMOCTH OT Aedopmaunii B oxHOM M3 ¢as (manee — dasu (-)). CrenoBaTenbHO,
'PemieHne MMeEeT BUA OXHOMIApaMeTpuuecKkoro cemeicrsa. Cxauxu 1, I, # p BHUHCISIOTCS
no dopmynam (1.4),, (1.6). I'paguentn medopmanmu F, npu KOTOPHX CHCTEMAa HMeEeT
pemieHue, 00pa3yior 30Hy (a3oBHIX nepexoz(on ((I)H) B CTy4ae W3O0TPOIHOIO MaTepuana

G=pB+p_B™' . ' - (19

e W=2W, p., = —2W2, W, (a =1,2) —nponsnomme no'remma.na W, I,) no I,.
U3 ycnosus ITyaccoma mis HOPMATBHONA cocralmmomen yewmas (1.6) m (1.5),

(1.9) caenyer .3aBucumocts (3.14 ) CKauka peakuuu oT AeOPMALMOHHHIX H OpHeH-.

TalWOHHHX HHBAPHAHTOB _
[p]—2[W.]N.—2[Wz]N.—2W*[Iz] . o - (10

. chonne I'Iyaccona 1.7 mm TaHI‘eHIIHaJIbHOH COCTaBJISIOMEH ycmmsx npnnmvxae'r
g (3.15°): . . '

W{Na+ W;II-BZ'-a = -[W,]t. + [WL]t, » ‘ : K gl.,lI)
(t,c =1II-B*-n), a aﬂepre'mqecxoe ycaosue (1. 8) umeer Bux (4.3 °): ‘
[W1=2Wra-B_-n - 2W;a-B"n A (112
Paccmo'rpnM Jajee HEeCXKHUMAEMEBI MaTepHas C NOTEHIHAIOM ) -
W=w{0) (=1 wm 1,) SR ‘ o (1.13)
Torma = | o

T=_—pE:p-B='_' | SRR o (1.14)
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rme }L 2W — MOI.[yJIb CoBWra, IITPHX O3HAYACT TPOM3BONHYIO IO /, BerHPIH H
HIOKHUI W3 3HAKOB (+) cooTBeTcTBYOT Ciyvasm I=I n I=1,
s (1. 13) (1.10) — (1.12) caenyior Bmpax(emm IS CKAayKa peaKkumu’

2'[W'IN, ecmun I=1, -
i= { 2(AWIN-+ W u)), ecmal=1 (1.15)
AMILTATY B ‘ | |
a=w1;1HB ‘n (©=wWIW) | (L.16)
as l | |
(cp ¢ (3.157); monaraem W # 0) u anepremuecxoro ycioBus o
[W]= =pa-BZ'n | - | AL

Bameuanue. Ecm W,' = 0, 1o (1.11) BeHmOMHEMMO n‘bn W=W({ ToIbKO, ecm
(W1=0 wm t., = 0, . ee W(,)=W({.)=0 wm n=e. IIpn sTOM coriacso
(1. 12) W) = W(.). Takum obpasoM cocymeCTBOBaHne ¢ nedopmanuei, B KOTOPOH

W, = 0, BO3MOXHO TONHPKO NPH HEMOHOTOHHON 3aBucHMOCTH W([), mpuuem obe
pemauuasl [ m I, ONpeRensioTcs . CBOMCTBaMM mOTeHmmana. B - cayuae

W, = W_' =0 nmeem T,=T_=-pE, HOopMasp Heompeneauma. Bo BTopoMm ciyuae

T, = —p,E, [p] = F2W_'AL. - s :
Us (1.16) caenmyer : §

N,aa——-aB n[W’]/W+, aB“a—aB“n[W’]/W’ _ (1.18)

Tloncrasus (1.18) B (1.4), moayumm '
W+ W ' W, + W' ' ,.

[1,]=%v7,—— a-B_-n, [12]=,—_—W,—_ a-B-''n * » (1.19)

- Otkyna mocie noncmnonxn (1.16) npu yuere onpenenenus N, CJIC/“.(yIOT ypanﬂemm :

(NT'Ny = N), I=1, . )

KOTOPHIE sannmeM B BHJIC ) : . i e
L(N) = V(1+, 1), V(I,,,I)—((u =11 . (1.2
N : ’ !
T'Np—= N, I=1
L) = l ~N7, I=1 a2

) O'memm, yro e W,' = W_' # 0, 108 cuny (1.11), (1. 4) a=0, [I]-
TlonuepkueM, uto (ynkuus L(N) He 3aBHCHT OT KOHKDETHOIO BHAA NOTEHUMANA .
(1.13) ¥ B 3TOM CMBICJIC YHHBEPCAIbHA.
Teopema. 3oma @Il B HECXMMAEMOM MaTepHajie C INOTEHIMAJIOM, 3aBUCSUIAM
TOJIBKO OT OJHOTO M3 MHBAPHUAHTOB, TEH30pa AeOpMAIUii, ONPEAETIETCS COBMECTHHIM
pelesueM ypaBHEHUS

PR S . o ‘
W]l=—"T—1I]" ’ ' 1.23
(W] u;+u+[]_ | | | .23

CBSI3I>IBaIOIIICI‘0 I_ul,n HepaBeHCTBa . , .
0<V(1+,1)<k2' - - : | 1.24)
k2 = ( max mn)2 ‘ ’ ’ o : ' oL ’ ' (1 25)

TAE Ayay M Ay, — HAMOOJBIIEE M HAMMEHBIIEE IIaBHEE " pacmx(ennsx B OQHOM M3 Q)aa,
panee — B (base (—)
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a7 a7 Az N,
Qur. 1

, Hokaszamenvcmeo. Ypasaenue (1.23) caenyer u3 SHEPreTHUECKOro 'ycnonnsx a1.17
u coorHomeHumit (1.19). '

Hamnbosnpmmee ¥ HaMMEHbIIEE 3HAYCHAS JMHEHHOHW IO omHOMY W3 N, dyHKUEA
'L(N) pmocTuraercs Ha rpaBMIE OOJAcTH HOMyCTHMBIX 3HAYEHW D OpHEHTAMOHHBIX
MHBApHaHTOB N,.*Ha i—j-cropose rpeyromsuuka D cormacHo (4.8%), (4.9%) u (1.22):

L= N2+ N2 — N2AINF — NE, 0<L=<1I ’
L,/é LN = (N = A% N =NA, n=0 | . (1.26)

Hanmenbimee (uyieBoe) sHaueHue L NPHHAMAET B BEPIIMHAX TPEYTOJIbHAKA, KOrza
n=e, a maubonbmee 3sauenne L; = (A — A*)? mpm - '

N=heo =k m=0 (b, <h <)) (1.27)

KOTla HOpPMaJb JIEXHT B TJIABHOM ILIOCKOCTH B., cooTBercTByomeit HaunbosblueMy o
HauMeHbIeMy pacrsxenusM. Creposarenvro, ypasuenue (1.21) umeer pemennme Ha
D, ecoim u TonpKO ecnm BemonHsercs (1.24).

OrMernM, uto B cayuae (1.27), xorna (1.24) BHIIONHSIETCS KAK PaBEHCTBO
m=hI0+K), M=/ +%) ' o (1.28)

U3 nesoit yactu (1.24) npu P+ > 0 cenyer HeOOXOMMMOCTD HEBBIYKIOCTH (xHH3Y)
norenumana W() na orpeske [L, I,]— MeHblIEMy 3HAUEHHMIO MHBAPHAHTA HA TIO-
BEPXHOCTH paspbiBa COOTBETCTBYET OoJibLIce 3HAYEHHE MOMYJS CHBHTA.

Ecnmu pemenne ypasrenus (1.23) mmeer meckoapko seTsei, 3oma OIT CTPOHTCS
VIS KaXXAOH BETBU.

Tak xax mpu J=1 (J = A\,\,):

I=N2+ N2+ A2 : (1.29)

1o 302 QII mna cmyyas =1, Moxer OwiTh mocTpoeHa mo 3ome OIT mia cayyast
I=1 (mpu Toi1 Xe 3asucmmoctu W(I)) B pesyapTaTe mHBEpCHH A, > A7,

B caysae miockmx CcKaukoB, Hanmpumep, B IUIOCKOCTH €,, €;, BEJUYHHHI
Min M A, B (1.25) 3amensiorcs HA A M A; A, = A — mapaMerp Iutocko# medopma-
MM — He 06S3aTENbHO MPOMEXYTOUHOE 10 BEJTMYMHE IMIABHOE DACTSXKEHHE.

Iloncrasus pemenue ypasnenna (1.23) I, = I,(I) B (1.21), TPUXOOUM K YPAaBHEHHIO

LW =v®, vO2va, WD | (1.30)

ONpEREJIIOmEMY NPH yueTe D OXHONAapaMEeTPUYECKOE CEMEHCTBO HOpMAJIEit, KOTOPOMY
COOTBETCTBYET MNOCTOSHHOE I,, onmpemensemoe u3 (1.23) u opHOmapaMerpuuyeckue
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cemeiicrsa [p] u a, ompexensemsie cornacHo (1.15) u (1.16). Yopasnaomas dysxous
v(I) onpeneaseTcs BUAOM IOTEHIMANA M pemeHnem ypasHeHus (1.23).

Ilpu I=1, (1.30) 3amaer Ha miaockoctd N,, N, mapabony N, = N? + uN,, a nipu
I=1, — runepbony N_, = N;' + v Ha miockoctr N, N, KOTODHIE SBJISIOTCS CMEIIEH-
HBIMH CKEJICTHHIMH KpuBHIMH [l ] M TpM M3MEHEHMM v IEPECEKAlOT TPW, IBE, OTHY
CTOPOHBI TPEYTOMBHUKA D, KACAloTCs W3BHE CTOPOHBI 1—3 (IpM BHIIOJHEHHUH 1.27))
W, HAaKOHENl, OKA3hBawTCA BHE D (dur. 1).

IIepeceuenne ¢ i—j-cTOpOHON! (IJIOCKHHA CKAYOK) IIPOMCXOXMT E€CJIX M TOJBKO €CJIH
0 < o) < L,, npnyem obsg3arepHO B ABYX Toukax. Ilpm () =L, masma (1.30)
Kacaercsa i—j-ctopossl. CymiecTBOBaHHE B IVIABHOM IUIOCKOCTHM B OByX pas/HuHBIX
OpPHEHTALMI II0BEPXHOCTH pa3sphiBa (B OTJMYME, HANIpUMEpP, OT Marepuayia AmaMapa
[1]) cBasano c moBeneHueM yHuBepcaabHOM PyHKUMYU L. DTOT hakT OCTaeTCA B CHIIE
M Oad cayuas IUTOCKOM medopMamuy IpOHU3BOJBHOIO H3OTPOITHOIO HECXKMMaeMOIo
marepuana (cp. ¢ [3], mockombky mas ILIOCKOM AedopMamuy BMECTO HMOTEHIUAJIA
W, I,) Bcerza MOXHO pPAacCMATPUBATH SKBUBAJECHTHHH 3¢hdexTUBHEI NOTEHIMAI
w). [4].

DuepreTnyeckoe yCJIOBHE HMEET IPOCTYI0 TeOMETPUUECKYI0 HMHTepnperamuio. Ka-
careJabHBIe K XKpuBOoi W(I) B Toukax [_ m I, IEpECEKaOTCS B TOUKE

Iy Wo: Wo = W, = W, (I, — 1) (Wo =W (I)) (1.31)

W3 (1.23), (1.31) cnemyer npthJIo peiuara:

w_' (I_‘ —-L)y=W, (- 1,) L (1.32)
(orcrosirue Beswuus I- wm [, or I, o0paTHO IPONOPIMOHANBHO MOLYJISIM COBHIA),
PaBHOCHJIBHOE NpaBUIY SHEPreTHUECKOro pasBHOypmajnenus: W,— W,=W,— W_
(dur. 2).

2. IToctpoenue 30Hbl OII. 3omHa (DH ABJIAETCA ABYMEPHOM 00/1aCTHIO HA TOBEPX-

'HOCTH HECKHMMAaeMocTH AMA; = 1. Bc/eAcTBHME M30TPONME JOCTATOYHO MPOBECTH IMO-
CTPOEHME TPH '

Mshsh : | Q2.1

BribepeM koopauHATH, B KbTopmx sona OIT crpourcs ocobenuo npocro. U3z (1.235),
(1.29) caemyet, uTO

R=I-Y, Y=M+223 ‘ o QY
Torma (1.24) npuHMMAaeT BUX '
Osv()sI-Y ' , 2.3)

Henuseitnoe no / paBeHcTBO (2.3) B 4BHOM BHIE paspeliuMO OTHOCHTENLHO Y,
YTO IO3BOJIIET CHOPMYJIMPOBATH
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ME I-1, ’ _ // 1;[, f |
9 9r P fl”_
7 : 7 :

1w | / . / ff ()
5 5

3 . 3 R
¢ 7 7z a4z D 7/
o3

Ymeepxoenue 1. 3ona ®II Ha miockoctu /, Y ONpeReNseTcss COOTHOLICHUSMY

3=Y<srQ) ‘ : o , - (2.4)
r(D<I : - , : @
r(,, I a,_ V()= pl=r{,1,) o - (2.6)

rO& U, W D=1-v@)

N3 (2.6) cneixyeT, YTOo

r(,) =r() SR v )\
Onpenenam obmacre uamenenns mepemenswix I, Y (dpur. 3). Us (2.2) ciaenyer
3=sY=1J ' C 2.8)

rme Y=3 mpu M, =1; Y=Inpu A, =M =X =1 B IpOCTPaHCTBEHHOM cIyyae win
mpu A =N =A""% ecmn A, = A — mapaMeTp IUIOCKOH medopmarmui. B To Bpemsa kak
MEXAY TOUKAMM MOBEPXHOCTH HECKMMAEMOCTH ¥ KOODAMHATAMH I, A, umeercs
B3aMMHOOAHO3HAUHOE cooTBETCTBHE (MM = X', A + N2 =1 — Af?), xaxmoit TOUKE
I, Y coorsercryior ' mBe ToukM I, A, co 3HaueHmsMH A, < 1wumA,> 1 (¢ur. 3, @.
B cmyuae mmockoit nedopmanmn A, = A, cremoBarensEo Y — 3amansl. B IIPOCTPaHCT-
BCHHOM CJIyyae HeoOxomuMo A, € [A, A, ], uTo NPUBOAMT K CYXEHWIO 00JacTH H3Me-
HEeHuq Y- :

3sy=sywm Q9

TA€ 3aBUCHMMOCTB y(I) COOTBETCTBYET rpaHmiaM cekropa (2.1) m 3apaercs mapaMer-
puueckn (pur.’ 3, @): ' ‘

y= A2 4+ 0T [ = 2A%2 4 AF ' ©((2.10)

e A=X mm M, ecmm N, <1 mim A, > 1 COOTBETCTBEHHO (HAIpUMeEp, €C/IH
M =M\, 10M'= A2, oTkyma cremyer BTOpoe M3 cooTHomeHmit (2.10)). .

Taxum oOpasom, s mocrpoerns 30H6I OI1 B KOOPAMHATAX HOCTATOYHO OTPEAETHTD
omay ¢yskumio r(J) u yuecrb obnacte nsMmenenus I, Y. SOHHI HPOCTPAHCTBEHHBIX
CKaukoB MOryT OHITH mocTpoeHs! mo 3akomaM OIT mpu IUIOCKOMN nedopmanun myTem
COOTBETCTBYIOMIETO CyXeHud obnactu m3meHnennd I, Y.

3amenanue. T'panuust obnactu usMenenus I, Y nump orpanaumBaoT rpadux r(l).
Ha ymamsax (2.10) IPOHMCXONMT CTHIKOBKA CEKTOPOB C. Pas3aMUHBIM yIopsiioueHUEM
Mo Jyu Y=3, I =23 — cnencrsue onpenenenuss ¥ u I. Ecia obnacts (2.4) jgexur
BHYTpH (2.8), 10 (2.5) BHINOJHSIETCS ABTOMATHUECKH. ! '

3. ITapel nonszon @IL. IlpaBuio Maxcseina. Xors mpouenypa, TPENJIOKEHHAS B
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M. 2, TOJHOCTHIO PEIIZET 3anaqy noc'rpoenml 30HH (DI'I MPEACTABJISIET HMHTEPEC
paccmorpenue 30HH DI, OCHOBaHHOE HAa MCIIONB3OBAHWH TPANMIMOHHO o6cy>xnaeM0n
[3, 5] 3aBHCMMOCTH HANpSXKCHMS CABHMra OT IapaMeTpa CABHUIaA.

Hockonsky B cryuae ned)opman;nn 0600ImEHHOTO TIPOCTOTO. CABMIa B ILIOCKOCTH
X,, X; C opTaMH i, is: , .

X = A2 (XI }'A*' qus), xs =N\ Xs, Xy = uz ’
B = A" {(1 + ) i, + ko (i + i) + igig} + Wiy @G
CL=NBANE DT =R+ RN ‘
~ TO C yyeToM ycrosus HECXKUMAEMOCTH } S :
TN =M N =ROW - - G
Uz (1.25) u (3.1) crenyer, yro napamerp k= X*V‘ko MOXET 6511‘5 Ha3BaH Ko3(-
duuentom casura. EMy coorBeTcTBYET . _
Aw, = Wk (W= oW (@ + 0/ok) - (3.3)

‘TIPHYEM B cmly (1.14), @3.1) B cayyae mIockoi z(e(bopmau,nn T = k U ecm
A=1, 10 T— HaIpSKEHIE caBura. -

Honoxxm o A » .
I, = min (I_, I+), Iy =max (I_, I,) . - o 3.4
Toma _comacno (1.24) u (2.4) B moxsoHax (D“H‘A={IA, Yah, B={l,, Yz} B
E R I a8
Yosr Ypsr(r=r()= r(I,,)) e . - (3.6)

Hepaneﬂc'ma 3.5, (3 6) paBHOCWJIBHH ycnonmo . _
palda—N=p3-Y) o P _ Q.7

e Y=Y, wm Y - :
- HeiicturensHo, cornacko (3.6), (2.6) u (3.5) pil, — pily > Y (5 — pﬁ), OTKyAa -

*.cneuye'r 3.7).
Ecim Y=Y,, TO, IMOCKOJBKY. COLJIACHO 28 I, > YA, i3 (3.7 c.nenye'r 3.5):
RS AV AR AT U | » 6y
Ec.rm Y=Y, TO, aHAJOTMYHO, - o : . : :
Wa/pE = Ly - YB)/(IB - Y)<1l - . (39).

-B- cBO1O oqepenb, ns 3.7 — (3.9, 2.6) crenyer (3 6). o
Ycnosue (3. 7) MMEET SICHHI MEXaHMYECKHMA CMBIC/I, 03HAYasi COIMIacHO (2 2), (3. 3) s
yTo _

¢ (IA, Y) 2T Y), ecm I,<I, ' . G100
‘WM, B MEPEMEHHBIX kY , : o )
Pk V) 2 P (ks V), e KA<KG | o @3aD
. B cayude oGoGmeHHO# IUIOCKO# AedopMaLmm YA»='Y,,'= Y; T TMpOHOPHMOBAIBHO
HanpsxcHuio capura. [Ipu nponssosbHOM AePOPMUPOBAHHOM COCTOSTHMH t'd)opmam:Ho
onpeneneso paseHcrBoM (3.3). WUrak, moxasaso.

Ymeepxoenue 2. 3ona OII ompepensercs COBMECTHEM pemeHneM HepaBEeHCTBA
(3. 11) n ypaeHenus (1.23) npu yuere (2.9).: ’
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- Ot™ersM, yTO B 1. 2 pacCMAaTPMBATHCH ‘ceuenws 30HH OIT JTHEEIMI I=const,
B II. 3 — nuausIME Y = const. ,

- Hepasencrsa (1.24) & {(315), (3.6)} ¢ (3.7) « (3.11) Ge30THOCHTENBHO SHepre-
THUECKOro ycnosust (1.23) SBASIOTCS pasAMYHEIMM NPEACTABACHUSMY - HEOGXOXMMBIX
M JOCTaTOYHBIX YCJIOBHi CYMECTBOBAHMS B MaTEpHae (1.13) moBepxHOCTH pa3priBa
aAedopManmii, Ha KOTOPOi BBIOMHSIOTCS ycnosus Ilyaccoma m Amamapa; (3.11)
O3HaYacT HEMOHOTOHHOCTH 3aBHMcuMocTH T(k) (ecim t(k) > 0 umeer yuacTok BO3pa-
CTaHus) W OBLIO HOJMYYEHO VIS CAYYasi IUIOCKOM Aedopmanmi A = 1 HecXMMaeMoro
Marepuana B [3, 5]. o ' S T

Ha rpanmne sonm OI1 Y=r() BEKTOPHL N H A L n JexaT B 1—3 — riasHoi
naiockoctn - B_. Herpymmo mokasars, uro B Gasmce n, T, e, (rme n ompeneneHo €OOT-
HowcHusma  (1.28), v 1L n— egunmunsni BeKTOp B 1—3 — muasnoit IJIOCKOCTH:
T = =n3, T, = n,) TeH3op B_ mmeer Bug (3.1): - o

B_=A! {nn + (1 + kﬁ_) T ko (nT + )} + A _ese, g _ - G1

e ko = A,;’f(zg —X), 3HaKH (k) COOTBETCTBYIOT CAydasiM nn; %0. Torma B cwxy
(1.16), (1.27):

a=x(@-1)k.t - ' ' : | . L (3.13)
' HoncTaBnB (3.12), (3.13) B (1.2), nmonyunm -
B, =&l {nn+ (1 + &) 1t * ky, (nT + )} + X_ese, : (3.14)
ko... =. (l)ko_ ) . ) . ‘ (3.15)

OTKyAa CJIEAyeT, YTo TeH3opH B_ um B, Ha rpammne 30mm OIT OTAHYAIOTCS TOMBKO
BEIMYMHOA NapaMeTpa CHBUra; a = * [ky|t, MexdasHas IpaHALA SBISETCS ILIOCKO-
CTBIO CiBMTa (TaKM€ CKAYKM HasBaHbl B [3] HopMambHEME). DTO TIO3BOJIIET CTPOMUTDH
rpanuny 30un QII, ncnons3ys npasmno Makcsemna fms OXHOMEPHHIX IIEPEXONOB IO
napamerpy k. ) . ' .

- Hedcreurenvuo, Tak xak Wi = p.k,, 10 u3 (3.15) cleayer ypasHEHHE

We =W stk Y)=1(k,Y) / (3.16)

O3Hayajomee PaBCHCTBO KACaTENbHHIX YCIINI HA OBEPXHOCTH Pa3pHEa IIDH TIEpexonax.
Ha TPaHHIE 30HHL S :
Iloncrasnss (3.16) B (1.23) m yumThBas, uto AN MEPEXOKOB HA TPAHHUIE 30HHI
[Y]=0, [I]1= [£’], momyurm T A 1 _
(W1=Ww; [£] ' A : G.17)
Ypasrenus (3.16), (3.17) ONPENESIOT BEIMYMHL k. M Kk, M MOTYT OHITh 3aMMCAHDI
B CTAHAAPTHOM BHAE COOTHOIEHMIT Maxcsesia :
WV k] = W = W} | |
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03HAYAIOIIHX NMPABIJIO PAaBHEIX IUIomaned Ha rpadmuke sasucumoctd ©(k) (dur. 4)
Onpenenus k. w k, m3 coorHomenmit Makcsesia Kak (pyHKOMH Y, MOXHO Hajee
cornacHo" (2.2) cTpouth 30Hy B xoopauuarax I, Y. Takag mpomenypa ajbTepHATHBHA
MOCTPOCHUIO C IIOMOMBI0 HEpaBeHCTB {(2.4)

4. JIMHMM HYJEBOTO CKAYKA U JNJIUNTHYHOCTD. I/I-HBapnaHTm I_ u I, BXOOAT B .
(1.23) CHMMETPHYHO, MO3TOMY J1100as BeTBb pemeHns ypasueHus (1.23) cummerpuuna
Ha mwiockoctu I_, I, orHocureabHO mpamoi [, =I_. Jluamm HyJaeBOro ckauxka Ha
TOBEPXHOCTH HECXHMMAEMOCTH COOTBETCTBYET IIEPECEUCHHUE ITOM BETBH C NpsMoit [, = I_
npu I_= [, Bennuuna I, ONpENEICTCS U3 TpeOOBaHHAS CYyIMECTBOBAHMUS HETPUBHAJILHOTO
myneporo pemenus ypasuenmid (1.23), (1.21). Cumras W(I) mpencraBuMoii B BHHE
paga Teiutopa, - noxyuum u3 (1.23), (2 6):

' 2 A
(%p—{L‘H—) [1]3+_(%p"'—1‘-}lf——+*2‘732) UP+...=0 @.1)
r(11+)_1r+§&+4 Z(p'Z—%W“)UH... 4.2

W3 (4.1), (4.2) caemyer, u4TO PACCMOTPEHHME MAJBIX CKAYKOB TpeOyeTr yuera B
pasnoxennn W(l) ciaaraeMbix He HMXE YETBEPTOro mopsaka, a pemenue I, =1 =1,
MMEET MECTO, ECHH

pe - %Mi’ =0 ‘ . | 4.3)

Y=<r (Ic) =1 + }LC/Z}LC’, p,r/p,c' <0 ’ ‘ (4:4)
(9. = @ (1.)). Tlpm p./ =0 (4.3) paBHOCHIBHO 4
Wpy,=-2 = : ' 4.5)

Coornomenus (4.3), (4.4) onmpemenstoT BHYTPEHHIO I'PAHUILY MEXIY MON30HAMYU
OI1.

ITockombky cornacHo (2. 7) BeaMunHa r He MeHsiercs npu OII, I, aBageTcs TOukoi
JIOKAJIGHOTO MaKCHMYMa MJId MHUHHUMYMA HenpepsBHOU r([) 6eaomocmenbno pasJio-
xumocte W({I) B pap Teiropa.

WUcnonesys coorHomerus [4 ], HETpyAHO HOKAa3aTh, UTO JOKAIHHEIE YCIOBUS CHIIBHON
SJUTAITHYHOCTH (BHIIOJIHUMOCTY HEPABEHCTBA AjamMapa, mMOJIOXXHTEJIbHOCTH KBaApaToB
CKOpPOCTEH IJIOCKUX BOJIH) B KoopmuHarax I, Y MMEOT BHJ

p>0, p+2(@I - ' >0 | @6
WK '

x>0, a2, Y)/aI> 0} & {n>0, a1t (k, Y)/0k > 0} “4.n
TaKk xéx cornacao (3.3), (2.2):

O (I, Y)/oI = p (u + 20K, 9t (k, Y)/ok = p + 20K 4.8)

Ycnosue STHIITHYHOCTA B BuAE dT (k)/dk > 0 6vu10 cpopmymmposaro B [S5] i
cryuas maockoit mecdopmamum. M3 (3.10), (4.6) cmemyer, uro orpesok {[l,, I;],
Y = const € [3, r(Z,) ]} HeobxoauMO mepecekaeT 00IACTh HEUIANITHYHOCTH (HEYCTOM-
UNBOCTH).

Touky (Ix, Yy) rpannmmt 00J1aCTH HEDJUIANTHYHOCTH

Y,=I+p/Qu), p>0 (4.9)
B KoTopo#t Y,'(I) = 0, Ha30BEM KPHTHUECKOL. J:[ndxbepenunpyx (4.8), moayuum
W/W)h = =2, Y=Y, () (4.10)
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B xpuTHueckoit TOukKe _ .
at (k; Y*)/Ok— 0, 621: (k, Y*)/ak2 0 ' . _ 4.11)

ITepBoe ycioBME CAENYET HEMOCPEACTBEHHO 13 (4. 8) (4.9). Bropoe — u3 (4.8) —
(4.10). Coorromenus (4.11) aHaJOTM4HB 3aBMCHMOCTH NaBJeHHS ¥ o0beMa B KpH-
THYECKO#l Touke I (Pa30OBHIX HEPEXOAOB «ra3 — XUAKOCTH»; HPH STOM Yx MIrpaer
POJib «KPHUTHYECKOH TEMIIEPATYDEI».

U3z (4.5) u (4.10), (4.4) u (4.9) u ycnosuir (4.6) ciemyer COOTBETCTBEHHO, YTO:
TOYKA BETBJICHMS HYJEBOTO pemenus ypasHeHus (1.23) cosmamaer ¢ abcmmccoit
KPUTHYECKOH TOUKH

Li=1 : . . (4.12)

omeHeiTa- KPUTHYECKOH TOUKH
Ye =r(Y) _ ‘ C 4.13)

JIMHUS HYJIEBOIO CKAuka ecTh oTpesok {[=17,3 <Y < Y«}, nexamnﬁ BHyTpn'06JxaCTn
HEIJITMITHYHOCTH ‘M OTPAHMUCHHEINA KPUTHUECKOM TOYKOM: '
Hoz(qepKHeM, yTO pa3spHBE AedopManuu OECKOHEYHO MAasoi aMHJIPITy}:lH npu
YCIOBHM COXPaHEHUS SJUIMNTHYHOCTH IO obe CTOpOHEI pa3peiBa BO3MOXHE! B MaTe-
pHanax ¢ HeIpephBHHM AudbepeHTupyeMbM IOTEHIIMAJOM TOJBKO B OKPECTHOCTH
. KpPUTHYECKON TOUKH.
PaccMmoTpumM masiee xapakTepHbie oco6eHHocm sousl @I1, xorga B COCYLIECTBYIOMIUX
nedopManMax MOXET COXPaHATHC SyummnTuyHoCTh. duddepenuupys ypaBHEHME
(1.23), MOXHO TOKa3aTh, UTO : )

dI/dI_ =~/ L=p+ 20V (L, 1) ' - ', (4.14)

M3z (1.24) n (4.6) ciaemyer, uTo, €CAM HA noserHocrn paspeiBa BHIIOJIHCHBI
ycnoBus Ilyaccona m Anamapa, a medopmanms B_ yROBIETBOPSET YCIOBHSM OJLIMI-
tiuHocTd, 10 (_>0 (ecom {_ <0, To yciaosust (4.6) B B_. He yHOBIETBOPSIOTCS).
3pak {, ¥ 3/UIMOTHYHOCT, B B, CBA3aHH aHAJOrHYHO, o'rxyna caexyer

Ymeepxoenue 3. Ecmn cocymecTByiomue RedopManuu YHOBJIETBOPSIIOT ycnonmm
anmantaurocty, o dIL/dI_ < 0.

‘Tak kak cormacHo (2.6) or (I,,I.)/ol, = *p.L./[W*], 10 c yuerom (4.14)
dr/dI_ = —{_/[p). CrenoBarenpHO, €CIM HA TOBEPXHOCTH paspeiBa nedopMauns B_
YIOBJIETBOPSET YCJIOBUSAM JUIMITHYHOCTH, TO dr/dI_20,ecma I_$ 1 COOTBETCTBEHHO,
OTKYHA CJIEAYET
. Ymeepxdenue 4. Ecmu Ha rpanuue 3oubt OII Y=r() ne(bopmaunsl YIOBJIETBOPSAET
YCJIOBMISIM 3JUIMIITHYHOCTH, TO

dY/dI_ 20, ecmn IS I, } - 4.15)
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Kauecrsennsiii Bux 30HK OII, mp1 KOTOPHX BO3MOXHO COXPaHEHHE S/UIMITHUHOCTH '
no obe CTOpOHH TOBEPXHOCTHM paspeiBa Acdopmanmii BILIOTh [0 CKAUKOB HYJEBOH
aMIUTHTY/(BI, TIpEACTaBIeH Ha ¢ur. 5. 3amTpuxosasa 06JacTh HESLIMOTHYHOCTH.

5. IIpumep. Paccmorpnm norennuan Tpenoapa ¢ HEBHIMYKJIBIM #W3710MoM (ur. 6)

W= {}(Lplxz(l(lf—g}(,/)zl p{(eIO[E)L’;I)O)]/Z L€ (Lo, ®) G.D
W, >0, £>0 -

SaBncnmbm L) ompeniesmM, nc‘no.'n‘bsyﬂ npangmb' pmqa}'a (1.32)
Ay =L+ o y—1) (I-<I &= p/py) ' © (5.2

OTKY/a CHEAYET, YTO KpuTHueckas Touka I.=Io. : ‘

OpHOnmapaMeTpuyecKoe, cemeificTBo Hopmasei cormacao (1.30), (5.2) onpenensercs
~ ypasuenmem L(N) = (I,— L) /(w — 1). , ’ ‘

Cornaceo (3.3) T= pk, e p =, WIH |1, KOorAa kK € {0, k.] mnu k > k. coox-
BercTBenHO; k2 = I, — Y. Vcnons3ys mpasmio paBHBIX Iwiomanei Makcsenia (dur. 7),
noiiyuuM, uto Ha rpammue 3ose QI k, = 0™ k., ks = 0%k, (I, < I;), oTKyna
c(by!;e'rgm (2.2) caexylor ypaBHCHHS TPAaHMI| MOA3OH AunBB .Koopnnga'rak I, Y
(dur. 8): . - - , o

L=(-0) Y+ oL, L=(1-0)Y+oL

Ilpu momoronnom wusmeHenmu T OII craHoBHTCS BHEPBHIE BO3MOXHBIM npu
T= () (e = N2 o : |

~ 30Ha HEYCTOMUYHMBOCTH BHPOXAAETCS B oTpe3ok {/ =1, Y € {3, I.]} — BHYTPEHHIOK
rpaHMIy MEXNy TonsoHamu A u B.. :

OTMerHM, YTO KpHTHYECKas Touka (I, Y =1) HEJOCTHXHMMA B Cayyae IPOCTPaH-
CTBEHHBIX CKAUKOB ¥3-3a CyXeHus o0nacri usmeHeHns I, Y BCIEACTBUE YIOPSIOUEHAS
A (M. . 2). ‘

6. O dyHnamentambHbix noreHumanax. Ioremmmanst W(J), yHAOBAETBOPSIOMME
npu o6rx I u I, ypasaermo (1.23), cBassBaromeMy AedOpMALMOHHEIC HHBAPUAHTDI
0o o6e CTOPOHH pPaBHOBECHOIO pa3phiBa, HAa30BeM (DyHAAMEHTAJIBHBIMM M Gyzem
CTpouTh UX, paccmarpusas (1.23) Kak (GyHKIHMOHATBHOE yPaBHEHHE HJIS OnpeaeaeHns
W(% . Boma OII B oTOM Ciyyae ompefensercss Toabko HepasencrsoM (1.24) (wm
- (3.100): : . ‘

’ ITockonbky (4.1) ROMIXHO BHIMOJHATHCH IS moObix J ¥ CKOJIb YTOIHO MaJIbIX 1,
W) Heo6XOmMMO yHOBJIETBOPSET ypasHeHmO (4.3) npu VI. O4yeBHIHO, UTO HOTECHIMAI,
s xoroporo W' = const, T. e. W= AI + B, ynosnersopsier yciosusm (1.23) u (4.3),
Ho B cuiy (1.20) momyckaer TOJBKO HYyJIEBBIE CKauky I. - o

B cnyuae p # const, maTerpupys (4.5), TOJTY YM

w=dgII—ql™ S , o o . - '(6.1)‘
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Our. 11
orxyna mpu p >0 cremyer, uro - , )
1. ar=1"c (. =D%+¢, eom I< c ' , 6.2)
=g wdl= al—c)?+c, ecm I>c o (6.3)

rae ¢, ¢; > 0, c; — KOHCTaHTH nnrérpnponanna (mapaMeTpH MOTEHIHANA).
Herpyauo nposepurs, uto (6.2), (6.3) ynosnersopsior ypasuernuo (1.23), mpuuem
o0e Toukw I_, I, nexar cJieBa win cripasa ot To4kd I = ¢,. C1enosaTeapHo, OCTPOCHHHBIIH
norenuuan (dur. 9) ssaserca GyHIaMEHTANBHEIM. Ilpu srom V(I,, ) =I-c, — He
sapucut  or I, a 3oma @I, onpexensemas HepaBeHcTBamm  (1.24)
0<I-c¢ <I-Y ects moaymnosoca . -

I>¢, 3=<Y=g i ‘ 6.4)
(PIT Bo3MOXHH TOMBLKO HA BerBu (6.3)).

U3 (3.3), (2.2) u (2.6) cnenyer, uro S :

CALY)=EU-V/T-¢l o . (6:5)

3asucumocTs T o J I Pa3HHIX céomomexmﬁ Y ¥ ¢, npejctannena ua dur. 10.
OuesnaHo, yto HepaseHcTBo (3.10) Takxe ompenenser nonynosaocy (6.4), xoropas

B cury (4.7) sBISETCS ONHOBPEMEHHO 30HOM HE3/UIMITHYHOCTH.
ITonoxum ¢, = 3. Torma

W=c,(I-3)%+c, t=pk=c,(+Y—3) "k | 6.6
3ona QII CXAMAETCA B JIMHMIO S ,
L Y=3,1>3 ' | : 6.7

Ha KOTOPOHX Marepman . BemeT cebs Kak MAEanbHO miacTuuecKmi (dur. 11):
tT=c,sgnk. Jlmaum - (6.7) coorBercTByIOT mECTH KDMBOJIMHEHHBIX  JIyuel
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A =1, A\ = 1 Ha TIOBEPXHOCTH HEC)KMMACMOCTH. Commacuo (1. 28) moGble ABE TOUKH
Ha TAKOM JIiyd€ MOryT OBITH COCAMHEHH IUIOCKMM CKaukoM C HOPMaJblo
P=(1+N)", n=0. :
BxienBass TeM WIM MHBIM o0pasoM ¢parMeHTH (yHIAMEHTAIPHOTO TOTECHITHAJIA
B BBIIYKJBIE 3aBUCHMOCTH W(J/) MOXHO IOJYy4YaTh pasyHEe YIPYTOILIACTHYECKHE
3asucuMocta (k).
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