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AHU30TPOIINA TOHHKOINIEHOYHBIX BOJIHOBOJIOB
N3 OITHMYECKUX CTEKOJ

B. H. Mozeunesun, B. II. Pedvro, A. A. Pomanenro, A. B. Xomuenro

JKCOePEMEHTA/IFHO E TEODPETHYECKE KCCIETOBAHK TOHKOIIGHOTHHE AHU3OTPOIHEE BOJHO-
BOfbl, HONyUeHHbe HAKJIORHEIM HANLLICHEEM aMOPOHHX MATEPHATOB Ha HM30TPONHHE TOJIOMKKH.
IToxasaHo, 4TO IOCPEACTBOM DETYIMPOBAHUS HATPSIKEHNS CMCMEHAA HA MUMEHX W YIJA HAIH-
JMeHUS MOHO IONY9aTh BOJHOBONH C 3apaHee 3aJAHRHME TaPaMeTPAME aHE3OTPONEE. YCTAHOB-
JNeHo, 970 DOIAPH3ALNA THOPATHEX MON, BO30Y:KEAMEXCH B OPTOTOHAJLEOM ONTHYECKOIl OCH
HAOPABIEHHUH, SBIAETCA KBA3WONHOPONHON W CYMECTBEHRO 3aBACUT OT AJIMHEL BOIHEL.

Bgepenue

HccnemoBadna MeXaHI3MA POCTA TOHKUX IVIEHOK IPH HAKIOEHOM OCAKCHHN
ORCHMHHX MAaTepHaloB Ha MHIIEKTPHIECKHS NOMIOMKKE MOKA3aJIl, YTO BEAMEH-
HEle IJIEHKM AMEIOT CTON6JIATYI0 CTPYKTYPY, OPHEHTANHA 37eMEeHTOB KOTODPOR 3aKO-
HOMEPHO CBA3AHA ¢ YIIOM OCAKIEHIIA PACHEIASMOr0 MaTePHAIa Ha HONIOKKY [1+ 2].
OnTHueckme CBOACTBA TAKHMX INIENOK OKA3AIMCH MOTOOHHIMII CBOMCTBAM IIEHOK II3
AHH30TPOTHOTO MaTepmasa, TeH30p AUIIeKTPUICCKOH IIPOHIIAEGMOCTI KOTOPOTO
OPHEHTUPOBAH TaK, UTO OJHA M3 €T0 INIABHBIX OCeil COBIANAET ¢ ITAIPABICHIIEM POCTA
¢T0169aTHIX DTEMEHTOB, APYras KOMIJIAHADHA ILIEHKE, TPeThs, OYEBINIHO, OPTO-
TORATBHA TEpPBEIM ABYM. TaKum 06pasoM, MeTOMOM HAKIOHHOTO OCAZKJIEHIIA OKa-
33/I0Cb BO3MOKHBIM BHIPAMIMNBATH ONTHIECKN AHWIOTPOIHLIE WIENKI C ITPOTHO3I-
pyeMo# opmeHTailel Tem30pa MIDASKTPHYCCKON IpoumuaemocTu. llpm yaaamom
monbope MaTepwaTa HONIOKKI M PACHHIIAGMON MIINEHI TAHHHM METOIOM MOMKHO
M3rOTABIMBATE ONTHYCCKHE BONHOBOMH C AHW30TPONHON BOJNHOBETYme# MISHKOMH.
TaxrEe BOJHOBOME!, BHIPAINEHELIE HAKIOHHHIM OCAKICHMEM OKCHIHEIX MATepHAJOB
Ha CTeKIAHHEIE MOMNJIOMKH, ABIAIOTCA TPEAMeToM O0CYyMIeHEuA HACTOAMmMER CTAaThHE.

1. NsroroBaenne m IKCHEepPUMEHTANbHOE HCCISCNOBaHHE BOJIHOBOJOB

Jas marorosmenus BOJNHORONOB OPHMMEHANAch miIanapHad BY pacusuinrensmas
cmcreMa. B xagecTse Mmmiemeid 6L BHOPAHE TONUPOBAHHEE NHCKM N3 ONTHYE-
cknx crexos KB u JIK3, a Taxme HU3roTOBICHHBE TODSYNM IIPECCOBAHHEM THCKE
m3 ALO,. ITognomraMn CIYMKIUAN TONAPOBAHELE IIOCKOTAPAJIeIbHbe INTACTARKA
13 omTmueckux cTekon KB m K8. Ilogmomxn m sHOpanHas MUIIEHEb OPHENTHPOBA-
IHCH WOX YrioM o APYr R Kpyry (pmc. 1) B paGoueit kamepe cmcreMel. Hambuienme
OCYMeECTBIAJIOCH B aTMoc(epe aproEa M KHCJIOPOJA B coorHomeHmm 3 : 1, Tem-
mepatypa mopioxser mpm srom He mpessimaxa 200 °C.

IKCHepUMEHTANIBHEOES HCCJIENOBAHNE HM3COTOBIEHHBIX BOJHOBOJOB IIPOBONIIOCH
0 TPAgMIEIOEHOM cxeMe. VI3mydenme nasepa ¢ guuHo# BoxHE A ==0.6328 MxM mociae
OPOXORIEHEA Yepes HOMAPE3ATOP BBOAUIOCH B BOJHOBOJ UDPH3MEHHEIM 3IEMEHTOM
tBA3E ¢ mMORasarelZeM mpexomienus n=1.65708. Amairormumas TpH3Ma BHIBOMAIA
W3Iy4YeHHme W3 BOJIHOBONA, KOTOPOE IOCTe IPOXOMKICHHA depe3 aHaIm3aTOD IOMa-
fano Ha (OTONpWEMHHK. B mpolecce SKCIePEMEHTa H3MePAIUCH BONHOBOLHBI®
TOKa3aTe W IPEeJOMICHEA 7, MOJ, YACPKEBAEMBIX BOJIIOBOIAME OPHE BO30Y:HIeHAN
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B - U z-HamnpasieHusAX (puc. 1), a Tarske mccaenosatach M0NAPI3ANUA BHX01Amery.
T3 BONHOBOHOB W3JIYYEHHS.

XapaKTepHBM A BCEX IIBrOTOBJEGHHBIX BOMHOBOLOB MBIANOCH TO, YTO mpy
BO3OYKIEHNN B y-HANPABIEHUI OHM YAEPRUBAJII MOAH ABYX THIOB, Y KOTOpHX
OTCYTCTBOBAMI COOTBETCTBENNO Z- M Z-KOMIOHCHTH BEKTOPA HAUPAKEHHOCTH diex-
rpraeckoro monsg. OG DToM CBIIETENBCTBOBAJ TOT (QAKT, UYTO AHAIMBATOP racmy
H3Ty9eHIe Rammgoi MOMBl, KOT/a ero ILTOCKOCTH MPOliVCRAINIA COCTABIATA C 0Chl

oz yrox ¢, pasueii 0 6o 90°. Ipu Bo3Gyspenun
BOJIHOBOJOB B 2z-HAIpPABIEilll HabTIOZATUCH Mo,
KOTOpHE IOCJIEe BLIBOA 113 BOMHOBOTOB TaCHIHChH
aHaJIH3aTOPOM, OPIEHTIPOBAHHEIM K OCH 0y LOR yi-
'f }: 7 nama ¢, OTJAMIEBIMII OT () u 90°. Peay.teTats oi-
z CIIepEMEHTANBHBIX I113MepPeHMHA JJIA BOJTAOBOOB, W3-
p? f TOTOBIEHHBIX OCAajKJeHIIeM MaTepiala MImeHH n3
? crekia KB Ha DOMIOMKII 113 aHAJOrMIHOTO CTEKIa
IpH TpeX 3HAYCHHAX YrIa OCAKIEHIA ¢ Il TPEX 3Ha-
&

2 YeHUAX BpeMeHH OCaX[eHIIA t, NpeaCcTaBJIeHsl B Tab.. 1.
—’i J Honyqenﬁme JKCIIePIIMEHTAJNbHBIE JAITHBIE YICTO0J -
\

m

y S0BAINCh JJIA Pacdera HapaMeTpoB BOTHOBOLOB —
" 2 e TOJIIUH 1 3JIeMEHTOB TeH30Pa TUAIEKTPIIECKOR mpo-

o’

2 Pmc. 1. I'eomeTpEss BOJHOBOZA W B3aHMHOE PACIONOMEHHe
| — nopnokka (2) ¥ Mumerd (1) B ITpoliecce HaHOCCHUA IUICHKH (3).

HHUOAEMOCTH BONHOBOAHEX IIEHOK. J[JIA 3TOTO TpeaBapITeNBHO IPOBONUICH Teope-
THYeCKWH aHANHM3 AHM30TPONHOTO BONHOBOLA, COCTOSIIET0 M3 OOHODOTHOM aHH30-
TPOIHOM IIEHKE W M30TPOHHOM momnoxkm. PaccMaTpiBajiack 3afaza BOCCTAHOBIE-

Tabauma 1

. z-Hanpasaenne
Yron BpeMa
HambIIeH!Iq HanbLUIeH A
¢, rpaa i, q 7y Ny Ns Ny 4, $2 s by
0 6 1.4568 1.4565 — - 90 0| — —
18 1.4680 1.4677 1.4582 1.4581 90 0| 90 1]
20 6 1.4582 1.4580 — — 85 —5| — —
11 1.4606 1.4604 — — 82 —9 | — —
18 1.4679 1.4674 | 1.4603 1.4601 10 | —78 | 16 | —75
40 6 1.4570 1.4568 — — 82 10
11 1.4589 1.4587 — - 80 | —12
18 1.4656 1.4652 | 1.4569 1.4568 18 | —=70 | 20 | —72
TaGauwa 1 (npodosacenue)
vron Bpens y-Hanpannenne
HANBIIEHNA HaIbIeH A
¢, rpan t, 4 n, n, ng n,
0 6 1.4568 1.4566 —_ —
18 1.4681 1.4678 1.4582 1.4581
20 6 1.4583 1.4581 — —
11 1.4606 1.4605 — —
18 1.4678 1.4675 1.46047 1.6403
40 6 1.4570 1.4568 — —
1 1.4587 1.4586 — —
18 1.4656 1.4653 1.4570 1.4569

HWA OapaMeTpOB IOJEeHKH IO H3BECTHBEIM 3HAYEHUAM BOJHOBONHHEX BOKaSaTeHeﬁ

OpeJOMIeHHA 1 nonﬂpnaan;nﬁ MOJI, yIep/KHBaeMHX BOJIHOBOJAOM B Y- W z-Hampas-
JICHHAX.
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2. Oupenenenme napameTpoB BOZHOBOXOB

PaccMoTpMM TOHKOILIEHOUHEH BONHOBON, MOKa3ammsifi ma pue. 1. O6osmaum
gepe3 &' M & JHBJEKTPIYeCKIe IPOHANAEMOCTH COOTBETCTBERHO TPANIINOM Cpeisl
(z >d) T DONIOKKT (z < 0), 5epes & — TeHs0p AMITEKTPIUECKOH ITPOHTAEMOCTIT
BOMAOBENYMIeH mIeHK (0<<xz<d). Bsemem B paccMoTpeHme ODTH €, €s, €,
cofCTBEHHOM CLCTeMBI KOOPAWHAT (WM TJIaBRHX ocell) Temsopa €, a Tarme e€ro
glaanme 3HAYEHHA €;, €5, €5, HO3BOJIAKIINE 3aMICATH TEH30D & B MIBAPIAHTHOI

opMe

e= 2 €e,; -e, (Ly

rpe e, -e; — muage [3].

Ter30p [IHWINIEKTPHYECKOA NPOHHNAEMOCTH BCel BONHOBENYMeH CTPYKTYPHT
MOJKHO TeIephb TPENCTABUTH B BUJIE

3
IO EENTCS IS FUE IS NP

roe 0 (.. .) — dymrnua Xesncaiina.

IlycTe B y-HAaDpaBIeHMII BOJHOBOX YAED/KMBAET NBA THOA MOM, Y KOTOPHIX
OTCYTCTBYIOT COOTBETCTBEHHO Z- I 2-KOMIOHEHTH BEKTOpA BileKTpHIeckoro mons E.
[auHOE TpeboBaEme, COrlIacypoueecd C 3KCICPHMEHTAJIBHEIME HAa0II0IeHHAMII,
HakJaNHBAeT OrpaHWIeHHe HA OPHEHTANHI0 TeH30pa &. Mopsl ¢ moxapusaiiei

=0 m H, = 0 coOTBETCTBEHHO MOTYT PaCHPOCTPAHATECA MUIIb B TOM CIydae,
KOTZA Of[HA W3 TJIABHEIX OCell TeH30Da AMIIEKTPUISCKON HPOHMIAEMOCTH BOTHOBONA
cOBIAJaeT MO HANpPaBJIeHHI ¢ ockio 0z [*]. B sroif cBaA3m, He mapymas obmHoCTI
[aIpHEeHero paccMOTpeHus, GyneM CIETaTh, UTO €; ABIAETCHA OPTOM OCH 0z, & OPT
e, obpasyer yrox a (0 < a < 90°) ¢ roopmmmarHO# ockno oz. Ilocrasmm samady
OmpeneNeHnA €y, €, €5, ¢ W d IO CHEKTPAM BOJIEOBONHIX MOKA3aTellell mpesoM-
JeEWA n, MO, YHAEPKHBAeMHX BOJHOBOXOM B y- U 2Z-HAODABJIEHUSAX.

OGosmagum wepes &,,, &,,, &, dIEMEHTH TeH30PAa & B CHCTeMe KOODIUHAT BOT-
HOBOJa, CBSA3AHHBIE C €r0 IJNABHHMHA 3HAYEHHAME &), &,, & IOCPEICTBOM COOT-
HOMEHHH

s a 2 s qin? A A 2\ i
¢, =8 cos’a 4 & sin*a, &, = (3 —&)sin2u,

¢, = & sin’a & cos?o, (3)

1. JIna Moj, PACHPOCTPARHAOIIUXCA B y-BAODABJIEHWH CHCTEMA yDaBHEHIIT
Maxcpesia CBOAETCA K YPABHEHMAM BTOPOrO MOPAAKA

V248 (& —np)]E, =0, (4)
[0 ) o ) (s im0

OTHOCHTeNHHO Z-KOMIOHEHT BEKTODOB HANDSKEHHOCTH sITeKrTpmdeckoro E 1 aar-
mEurEoro H momefr cooTmercTBemno. IIpm aT0M 2- H Y-KOMIOHEHTH BBIDAKAIoOTCT
wepes £, u H, mo doprryram

(knpdu, — 182,92 H N

Ex — m=uy kélézxﬂ x z , 1_[x= _]ZI,LEg) (‘ ))
(—knpl e, itz 2) H, 1 -
R o

B smpamenuax (4)—(7) i — MAEMadg eUANINA, A — BOJHOBOE WICIO BAKYYMA;
V., — omepatop auddepeHNUPOBAHUA IO Z, IeMCTBYIOMIA Ta BCe CTOSIIe CIpana
OT HETr0 (YHKIII.

Vpasuerua (4), (5) HesaBmCHMBl, 9TO YKA3HIBACT 1ia 1e3ABICIMOCTE THIOB MO,
ONECHBAKIMIXCH TAHHEME ypaBHEHUAMH. Ypasuemmes (4) OIIMCHBAIOTCA TE-
MOJH aHH30TPOMHOTO BOJHOBOAA ¢ PABHBIMI HYII0 KOMIOHEHTAMII noneir H,, E,
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n E,. CoOTBeTCIBEHHO ypaBHEHIEM (5) ommcwmBaroTca TM-MOAB, ¥ KOTOPHX or-
cchTBymT KoMmonenTH moxeit E,, H, u H,. Boxnosogrsie pemennsa ypasunenni (4),
(5) EMEIOT COOTBETCTBOHHO BHJ

E, = exp (x"z) cos 1,0 <—— %) + cos (¢gT — 1) 0 (—2—)0 (1 ---j-) +

+ exp [/ d— w)_] €08 (1tg@ — 1) 0 (% — ) ®)
7qd = arctg -f;— 4 arctg —:% + m=n o)
" I, = exp (<"z) cos 7,0 <—— %—) -+ exp l:——ikxnm ;le—l——:i sin 2a] %

Xcos(zex—n,)')(-g->0<i——%)—{—exp [« (d — )] cos (,d —n,) (—_-1) 10)

7d=arctg ———— —[— arelg ——— —l—m.», (11)
rie ro=k\e,— 12, x,=k\E (. —0)
x':/i\/ll;'n——e/, '/.”:k\//l") ——=",

"

b

— areto t
Mo = aretg-—, 1, = arclg m—-

G ==1235, €,p,=¢ c0s%a e sina, m=0,1, 2,.... (12)

Xapagrrepucrngeckue ypasuenns (9) m (11) cBA35IBAIOT BOJTHOBOJHBIE NOKa3a-
te1n npemomienns n, TE- u TAl-Mon ¢ mapaMeTpaMu BOJIHOBeAyImeH IIeHKD e,
d it e,,, &, d cooTBeTcTBeRNO. EcTecTBEHHO, YTO HMeHIi0 HAPaMETPHL &, €., &
n d MoryT GuiTs paccumranst 13 (9) u (11) mo 13BECTHBIM 3HAYEHIIAM BOIHOBOIHEIX
morasareneil mpesomaerns nu6o asyx TE- u asyx TM-mon, 1mbo ogmoir TE-
u rpex TM-von. Onmaro HeTpymnHO yOemuThCs, 4TO NMOJNYYEHHONX TarmM 00pasoM
wHGOPMATIY 0 MAPAMETPAX BOTHOBENYIIEH NIeNKH UeXOCTATOYHO NI OHO3HAYHOLO
VCTAHOBIEHNA BHAA TEH30pA AUDIERTPHUIECKOM IIPOHMI[AEMOCTI €. ITO CBA3AHO
¢ HEBOBMOMKHOCTHI OJHO3HATHOrO OUPENeNeHHs IIaBHHX 3HaYeHWI &,, €, U OpHEH-
TAMUOHHOr0 yr.a o, HCXOXA I3 CHCTEMSL JINIb ABYX ypasmenuil (12) oTmocmTeNBHO
3THX IapameTpoB. [lOmOJHMTETBIIYI0 HHOOPMANMHIO MOKHO MOJNYYHTH, HALPHMEp,
aHaJE3EDYs MOAB], BO3OY:KIAIONIECS B z-HANPABIEHNH.

2. na Mopm, PpacmpocTpaEAIAXCA B 2-HANPAaBIeHWI, cleTeMa ypaBHeHH it
MakcBenna CBOUTCA K CBA3AHHBIM YPaBHEH(IAM BTOPOTO mOPAIKA

EV —V —]—k°< °xx>:‘ H, = —kn, E:: £, (13)
(Vb (3 )| B, = —ien, i, (14

OTHOCUTeNBHO y-roMmOoHent sBerropos E u H, IIpi1 sToM 2- ¢ z-ROMIOOHEHTHI BHIpa-
maired depes E, a H, no (})opMynaM

E = (an éxyEy), A, =—n K (19)

m— y?

(fu

E,=Vll, H=—1VE, (16)

Bonuosonute pemenua ypaseeHumii (13), (1%) moryr GsiTo mpepCcTaslIeHb

—E,= \/l— (021 — %20) (Por + 19e1) — (o1 - Y1) (P00 — 2.2) s (17)
H =y &3 [(%o11 4 1%,11) (P02 + TPg2) — Y (%21 — %,21) (Po1 — .15 (19)
( foun F Yohrr) (Yeza 4= T%020) — 7 (g1 — %g21) (12 — %,12) = 0, (19)
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rae

1. : ” ”n
Ph0 = Sy cos T, {Sm oy €50 (') 0 (— 5-) + sin (5,2 +17,) X
z . " !
X 0(1—F)0(F) +sin (ad + i yexp b @— 5 (5—1)), (200

sin (g d =4 Mg, + 1M,) (7 \oe
kpg = ol "li‘é)‘—:arctg[ = (iﬁ‘)l 1], 21y

o

cos My, sin My, 2P\ ey
- -
— Vo +1—q o= Es — £3545 + 1Y (€25 — £a) (22\
, L& .
Va2 L { 4o 2Ny Ves ’ !
2y = kV YEs - €385z — NG (Yegz — E3)
exz (Y—1) ’

x, =k ]/ 1e3tzz — Es — Ny (Y23 — Sgp)
txz (1 — 1) !

L(P) 2 ) e e ()
% __k\/n,;-——e“’ y k=0;¢e, ¢g=1;2, p=1; 2. (23)
Coorromerme (19) ABIsAeTCA XapaKTEPUCTHYECKEM ypAaBHEHIEM, CBA3BIBAIOIIIN

BONHOBOJHEIE IOKA3aTeN: INPeTOMICHUA n, TUOPHIHEIX MOJ TOHKOMLIEHOYHOT O
aHI30TPOIHOTO BOJNHOBOAA, AIUHY BOJHEL A ¥ IapPaMeTPH BOJHOBELYINEH TIIeNKI.

TaGunuma 2
Tommuaa
Vron HamBUIeHAA — - — « .
¢, rpai nn:g&" d Ve, Ves Ves ¢ rpai nénl;igra&l [(’n](;
0 0.887 1.4678 1.4671 1.4671 0 0
2.501 1.4722 1.4713 1.4712 0
20 0.975 1.4705 1.4693 1.4698 9 11
1.447 1.4686 1.4680 1.4680 12
3.071 1.4706 1.4700 1.4699 10
40 0.859 1.4693 1.4679 1.4678 21 23
1.142 1.4682 1.4678 1.4679 18
2.562 1.4694 1.4687 1.4685 20

TIpz W3BECTHHIX 3HAUEHUAX €5, €,,, & I d w3 ypasmenns (19) moxer Outh pacctwi-
TaHA BeIHYHHA €, TO W3BECTHOMY 3HAUCHMIO BONHOBOJHOTO NOKA3ATENS HPeIOM-
TeHHs ONEON m3 rmbpmmmmx Mon. Ilocie aTOro pacuer 3HadeHHE &, € M o MOJKET
OBTH BHIOONHEH IO POpPMYyIaM

o=

N]»
o
=
Q
b

0Q

m

1)

g ==,y e,y 188, =g, —e,,0lg0, (2%)

B Tabn. 2 mpencTaBleEE PeaylIbTaTH PAcdeToB TO MAmEBM Tabm. 1, memon-
HeHHbIE 110 U3JI0KEHHOH BHIIIC METONUKE.

3. O6cyxpenne pesyIbTaToB

IlposenenEnie pacuerst (c. Tabil. 2) IOKasbIBAIOT, 9TO BHPANIEHHBIC HARION-
HHM 0CasKIeHIIeM aMOp(HEIX MaTePWAI0B IIEHKI 06IafanT OXEOOCHOM ONTIdecKof
aEmsoTponmet (e==go+(e,—¢€o) €, €;), IHE &=E = €5, &, =E;. JT0 KOCBEHHO YKa-
3HBAET Ha HAJNHIME CTOI6YATON CTPYKTYDH IIEHOK, OPHERTHPOBAHHOHM B HANPAB-
deEmu e;. J[OmONHUTENBHYHO YBEPERROCTh B 9TOM NPUNAET YHOBJETBOPLTENBHOE
COTIacTIe COOTHOMENHA MeyKIy yraamu a U ¢ ¢ dopymyro# 2tg a=tg ¢, XaparTep-
HOH s cTONGYATEX HEOQHOPOREHX mremox [°].

B coorseTcTEME ¢ Teopmed pocTa cTOIGIATOR HEOXHOPOAHOM INIEHKY C BO3PACTa-
HEeM yria OCaKieHNA ¢ MaTepuara PacHbUIAeMO# MWMEHN Ha IOTOMKY NOJKHO
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abI0MaTECA YOHBAHIE CRODOCTII POCTA v=d/f, BE.THIMHB AHM3OTPOMIH Anx=
=n,—n, (ni=e,, nj=g;) U MOKA3ATE/TA MPETOMIEHIA N, [¢ 7]. B mammx mccie-
OBAHHAX YOHBAHIE U, An I n, C BO3PACTaHHEM ¢ IIPOCJERIIBAETCA JOCTATOYHQ
orgeranso (puc. 2). OgEaxo, Kar H3BECTHO [¢], co m:mﬁqamﬁ CTPYKTYPO# CBg-
3HIBAIOT BO3HWKHOBEHHE DACTACIBAIONIMX HAOPAMEHHA B IJIENKe, MPIIBOAAMuY
K OTPHLATEIBHON BelmuuAe aHH30TPonun An. Ml ke NOTYIHIM MICHKI KaK C 01-
pIIaTeNbHO, TAK I ¢ MONOARITENbHON annsorponned. [Tocrennue GBLTI IOy Temy
I[P OTHOCITENBHO MalblX BeIMIMHAX HAUPSIKEHHA CMemeHMs Upu Ha pacmeLige-
Mol mmmernu (pic. 3).

100K TITeIPHYIO ANM30TPONHIO CBA3HBAIOT OORUHO € CHKMMAIOMIIMII HAIIPAme-
musivu B mreskax [¢]. OHI BO3HHKAKIOT, HO-BIAUMOMY, IPYM 3aMYPOBAHINII JacTHR
paBogero rasa B TIeHKY B Ipomecce ee pocra. VITOroM (KOHKYDEHII» Haupse-
Il pACTSIKEHIA I CKATIHA ABIACTCA Pe3yNbTHPYOMee HampsKeHie, o6yciopmy-
paiouee HabI0IaeMylo BeauIuEy asusoTponmi. 13 rpadika sapuenmoctit An (Upy)
Ifa puc. 3 BUAHO. 9TO ITEHKH, BEIpamenHse npi Uy g<l U,, 06121210T TOTORATEIE-

m, _]
7, T | r4sE
R ;
7.#70F 4 1400 4
220 ; 8
1465 1485 3 Z
- 6 A4~
10 7 4 Y
| L L 1 8 p =
- —> R
r T 0w
ms L : )
e 2r |
N 3 J 1 { 1 1 Il II UOI | 1 -4
L ! L 270 Ugy,8
2 70 30 @, epad 230 g9

Prc. 2. Cropocts pocTa v, A/yun (1), mokaszaTenb TpeNOMIEHHA 17, (2) M BENHYHEA AHE0-
TpomEM An (3) B 3aBECEMOCTH OT yIWa HAOSUIEHHA ¢ (MHMeEHb W IOANOMKKA H3 crexaa KB)

Pmc. 3. 3aBmcEMOCTh MOKasaTelds LpeiomieHus n, (I—4) z aEm3orpommm An (5—8) BOIHO-
BeIYMUX INICHOK, NOJYYeHHHX Upu yraax maoumesms 0, 20, 30, 40° cooTBeTCTBeHHO, 0T
HaODPS/KeHHA CMeIIEHEs HA MEAMEHA (MHMEHb W DONJIOMKKa m3 cTekia KB).

Hoil ONTHYECKON aHum30TpOnMelt, IT0 yKasslBAET HA IIpeod/IagaHile B HIIX HaUpme-
miii cmatma. COOTBETCTBEHHO B ILIEHKAX, BHpaumedusix npu Upy > U,, mpeobia-
MA0T HAUPMeHIA pacTsmeHus. [Ipm TOMHON KoMmenmcamun HAUpsReHNH pacTa-
sweaua w oratua (caysalt Upy=U,) omTigecKas aiHM30TPONHS He HPOABIACICH

Hanmaue agusorpomnm mawoliee TPOCTO PETHCTPUPYETCS MO XaparTepy mois-
pusaqmit Mo, BosGy:mpmamomuxcs B z-gampasierun (puc. 1). Ecam Habxogaorcd
MOJBI, DOJAPI3OBAHHEIE KONJIHHEAPHO N ODPTOFOHATIBHO OCH Oy, TO AaHI30TPOLEA
orcyrcrByer. Ecin ske monspmsaunusa BHBEIEHAOr0 U3 BOJHOBOMA L3IyIeHHA MOAH
OT.1I{98eTCA 0T YKA3aHHBIX BHIIE, TO BOJIHOBOJHAA CTPYRTypa ammaoTporHa. B arTom
cTydae KaykIas MOJa MOMKeT OBITh OXapaKTepu3oBaHa BEKTOPOM e,=(C0s Uy,
sin ¢,,, 0) ycpenmenso# moaspusamui. Ecmir asumyT ¢, yepeiHeHHOHE IIONAPH3a-
N MOAB OMPEJeJuTh KAR A3UMMYyT HOJAPISANIN TAPHHAAbHON cocTaBIgomed,
mepeHocsAme# MAKCHMAIBHYI AONI0 7, TOTHOW MOMHOCTE MOMBL, TO HETPYKEO
moKasaTh, 4T0 ¢, X 7, YHOBIETBOPANT (opMyIaMm

: £ 1 ST
tg (2'4)'”) = .g—:- ) nm= 5 (1' + \/;]-, + §§ )’ (25)
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Ha pmc. 4 mpencraBieEs paccumrammbe 1o dopmynam (25) muemepcmommEIe
xpusee ¢, (d/}), ImOXa3HBaoMme 3aBECHMOCTH OONAPHW3aNWH TAODHIERX —MOJ
OT HPHEBEIEHAON TONMURE d/) BoxmOBenyme# mrenkm. CoOTBETCTBYMMITE pacweTE
BONEYHEHH 1), HOKA3alH, 9YTO X OTIWIHEE OT

enuHANH He npeswmaer 1 %, a caegosarenswo, on | a 7
refpANHEEe MOINEL ¥MMEIT KBa3HOKHODPOXHYIO 1470 5
aHEAHYIO HONAPH3ANMIO ¢ a3uMyToM ¢,.. B aroit
CBSSH 3ABHCHMOCTh NONAPH3ANKM TIHOPHIHEIX
MOJX OT TONIUHE BOJNHOBONA HEOOXOmEMO yam- 7465 J
THBATHP TPH Ppas3paboTKe NOIAPH3AMEOEHHIX %

ycTPOHCTB HA OCHOBE AHH30TPONHHX BOIHO-

BOHOB. 1467 L
V3 mpoBeeHHEOro MCCIENOBAHAA Clexyer,

9T0 METON HAKJIOHHOTO OCaKICHMA HO3BOJISET

¥BroTaBIEBATH AHW30TPONEHE TOHRKOIIEHOIHES

BOTHOBOOH M3 aMOPHEX Marepmaios. [lpm ¢l

9TOM IONYYeHHE HYKHOH OPHOHTANNH ONTHIe-

Prc. 4. PacueTHHE SaBHCHMOCTE BOJHOBOKHOTO IIOKa-

8aTeNA IPEIOMIIeBMA N, H aBEMYTA IOJAPHSATMA

¢,, TEODEXHHX MOJ OT IPHBEREHHOH TONIEHH d/\
BOXHOBOJA.

n,=1.4704, mn,=1.4718, n"=1.4567, a=16° Gm=

=(—1)" |¢m|. TouxamM¥ O0GO3HAYEHH pEe3YILTATH IKCIEPH~

wenra. a: m=0 (1), I (2)4, (2)(3()),(3) (4); 6: m=1 (1), 3 (2),
3), 0 (4).

CKOH ocH €; H BEJHYHHHE aHA30TPOIHH An OCyImeCTBJAAETCA IOCPENCTBOM H3MEHe-
HAA TeXHOJOTHYECKHX IapaMeTpPOB IPOIEeCCa HAIBJICHHS IVIEHOK. ].-IOSTOM}7 MEeTOx
HaKJOHHOTO OCaKIeHHSA MOMHET IPHMEHATHCA [AA HI3TOTOBJICHHAA AHHA3OTPOIHEIX
BOJHOBONOB C HYKHBIMA JJEKTPOJHHAMHYECCKEMA XAPAKTCPHCTHAKAMH, TAKHMH
KaK pacupejelieHEe MIONeHX BOIHOBONHEIX MOM, WX (asoBHE CKOPOCTH ¥ UONAPH-
3a0uH.
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