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BBIUNCJIEHUE JU®PAKILIMOHHOUN COCTABJISIOLIEN
[JIYBUHBI PE3KO M30BPAYKAEMOI'O ITPOCTPAHCTBA
B OIITUYECKOM MUKPOCKOIIE

IIpeonooicen mamemamuyeckuii annapam
0151 8bIUUCTIeHUS OUPPAKYUOHHOU COCMABIIA-
rouell 21yOUHbL pe3Ko U300paxdcaemozo npo-
CMpancmea 8 OnMmu4eckoM MUKpockone no
Kpumepuam Panes u Mapewans.

B HacTosmee Bpemsi OnTHYECKHE MHUKPOCKOITBI MC-
MTONTB3YIOTCS] TIPH TIPOU3BOACTBE M KOHTPOJIC M3ACIUN
MHUKpodnekTponuku [1—5]. s obecrieuennus mMakcu-
MaJIbHOM MPOCTPaHCTBEHHOW pa3peliaroniel cnocoOHo-
CTH COBPEMEHHBIE MHUKPOCKOITBI OCHAIIIAIOTCS BBICOKO-
arnepTypHbIMU MUKPOOOBEKTUBAMH, BCIICICTBHE YETO Y
MHUKPOCKOTIOB CYIIIECTBEHHO YMEHBIIIAETCsI IITyOHHA pe3-
KO m300pakaeMoro mpoctpancTsa [6, 7]. [mybuna pes-
KO M300pakaeMOoro MpoCTPAHCTBA 3a/1a€TC MAaKCUMaJlb-
HOW BeJTMYUHON CMEIICHHUS BIOJb ONITUYECKON OCH MUK-
pOCKOIIa OT TTOBEPXHOCTH HAOI0HaeMoro oopasima 1o
TIOJIOXKEHUS TNIOCKOCTH MPEAMETA, IIPU KOTOPOM BHOCHU-
MbIe B M300paXCHNE MCKAXKECHUS SBIIIOTCS TpeHeOpe-
JKUMO MaibiMu [6—9]. CoryiacHO MOJOXKEHUAM Kilac-
CHYECKOW TEOpUHM MHUKpPOCKOMa IIyOnHa pe3ko u3o0pa-
skaemoro npoctpanctsa (I'PHII) comepskUT TpH COCTaB-
Jsrommx [6—38]:

1. AxxomonarronHas coctapistromast [ PUIT oOycmos-
JIeHa CIIOCOOHOCTHIO YEIIOBEYECKOTO TV1a3a U3MEHSATH CBOIO
OIITHYECKYIO CHITy B OIPE/IEeNIeHHOM Auarna3one [6, 7].

2. 'eomerpuueckas cocrapmstomnias [ PUIL srsiercst
CJIEZICTBUEM OTPAHMYCHHOTO IIPOCTPAHCTBEHHOTO pa3pe-
IIeHUs IPUEMHHKa 1300pakenus [6, 7]. Ecmu nckaxe-
HUS U300pakeHHs1, 00yCIOBIEHHBIE CMEIIeHeM Halmo-
JaeMoro o0pasiia, He MPEBBICAT MpeeTa MPOCTPAHCTBEH-
HOTO pa3pelIeHus, TO TAKoe CMEIIeHne 1 Oy/ieT onpere-
JIATh BEJIMUMHY reoMeTpuueckoil cocrasiistromend ['PUIT
[7]. B cirydae onTHYeCKOro MUKPOCKOTIA /I BU3yaJIbHO-
T0 HaOMIONEHUS TeoMeTpuIeckas cocTapisttorast ['PUILT
OyZIeT OTpeNeNAThCS MPEAEIIOM MMPOCTPAHCTBEHHOTO Pa3-
perieHus YenaoBedeckoro masa [7, 9].

3. Jdudpakmuonnas cocrasistomias ['PUIT moxer
OBITH OOBSICHEHA TEM, UTO IPH MAIIBIX CMEIICHUSIX Me-
IOT MECTO NpeHeOpe Mo Majble abeppannu aedoxy-
cupoBkH [6, 7, 10, 11]. imenHO 3Ta cocTapisromas oyaet
UTPaTh CYNIECTBEHHYIO POJb B BBICOKOATIEPTYPHOM OII-
TUYECKOW CUCTEME MHKPOCKOTIA HE3aBUCUMO OT CIIOCO-
0a HaOIIOICHHUS — BHU3YaJIbHOTO WITK IIPY TOMOIITH TTH(]-
poBBIX Kamep [7].

W3BecTHbIe GOpMYIIBI ISl BEIYUCICHHS AU(PaKIH-
oHHOI1 cocraisromedt ['PUIT Obumn noydensr 6oee

50—S80 ner Hazan [6, 11]. B To Bpemst He 6bUT0 HEOOXO-
JMMOCTH B 00€CIIE4eHUH BHICOKOW TOYHOCTH BBIYHCIIC-
Hus audpaxnuonHoi cocrasmomeit I'PULL T. x. Ha-
OirozieHre B MUKPOCKON OBUIO MPEUMYILECTBEHHO BH-
3yanbHbIM [6, 10]. B Hacrosiiee BpeMsi B MUKPO3JICK-
TPOHHOU TPOMBIIIUIEHHOCTH BCE OOJIBITIEE PacIpoCTpa-
HEHHUE TOJTY4Yal0T MHUKPOCKOIIBI, CIOCOOHBIC B aBTOMAa-
THYECKOM PEeXHME IPOM3BOJUTH ChEMKY 00pa3IoB ¢
nocueayroomei muppoBoit 00paboTKON M300paKeHUH
MIpU MTOMOIIM KoMIbioTepoB [1—5, 12]. B atom cityuae
HCHOJB3YIOTCSl TPOTPaMMBbl YHUCIOBOTO YBEIUYCHUS
I'PUII, u, xak cliecTBUE, CYIIECTBEHHO MOBBIIIAIOTCS
TpeOOBaHMS K TOUHOCTH OINIPEACICHUs TNPPAKIHOHHOMI
cocrapisroniedt ['PUII [13]. TloaToMy 3aa4a TOYHOTO
BBIYUCIICHUS MudpakuoHHON cocrapisromeit ['PUILT
CTAHOBUTCS aKTyaJbHOM KaK B ONTHYECKON MUKPOCKO-
IIWU, TaK U B ONTHYECKO# yiutorpaduu [1, 3].

Lenpio manHO¥ pabOTHI SBISETCS CO3MAHIE MaTeMa-
TUYECKOTO ariapara JJisi TOYHOTO BEIUUCIICHUS U paK-
unoHHou cocrasisomeit I'PUILL, kotopslit Hemocpen-
CTBEHHO OCHOBBIBACTCSI Ha KPUTEPHUSIX KaueCTBA OITH-
YECKOr0 M300paKeHUs. DTO MO3BOIUT 00ECTICUUTh MaK-
CUMAITbHYTO 3(PPEKTHBHOCTh NU(POBBIX METOIOB yBe-
JTUYCHUS TTyOUHBI PE3KO H300pakaeMoro MPOCTPaHCTBA
B ONITHYECKON MHUKpockommu [13].

CpaBHHUTEJbLHBIN aHAJIHU3 METO0B OIpeaeIeHus!
AauppakunonHoi cocrapisiromein 'PUIIL

HawubGonee pacnpocrpanennas ¢popmyia Ui pacde-
Ta qudpaknnorHoil cocrasmsoneit 'PUIT nmeer cre-
nyromuid Bung [6—117:

AN
2NA?’

TIe AZ] — BenuunHa AudpakuoHHo# coctapmsronieit [ PUIL,
A — JUINHA BOJIHBI;
1 — TI0Ka3arelb MPEIOMICHHS CPEIbl MEXy IPEAMETOM M
HEepBOil IOBEPXHOCTHIO ONTUYECKOI cucTeMsl (puc. 1);
NA — uncnoBas anepTypa ONTHYECKOH CHCTEMBI MUKPOCKOTIa,
NA=n-sin(G);
O — anepTypHbIHA yroa B IpocTpaHcTBe mpeamera (puc. 1).

AZ = (1)

®opmyna (1) momydeHa mo JaHHBIM O TPEXMEPHOM
pacmpeeneHi YHEPruu B M300paKeHUH TOYEYHOTO
WCTOYHUKA, CO3[aBaeMOM JU(PAKIIMOHHO-OTPAHNYCH-
HOH omTudeckoit cucreMoit [6, 7, 11]. [Ipu ee BrBOIE
MMeEJI MECTO AMIUPUYCCKUH moadop kodhduIeHTa,
9TOOBI MONTyYeHHas (OopMyIia HAWITYYIINM 00pa3oM co-
OTBETCTBOBAJA YKCIIEPUMEHTAIBHBIM TaHHBIM [0, C. 88].

38

TexHONOrUs U KOHCTPYHPOBAHUE B AIEKTPOHHOI annaparype, 2007, Ne 4




TEXHOJIOI'MYECKHE ITPOIECCBHI 1 OBOPY/IOBAHHUE

BonnoBas

R abepparus

4, AW=AW(AZ, o),
00yCIoBIIeHHAS

Ne(pOKyCHPOB-

S Kot AZ

Ocp Y

AnepTrypHbIit
yTOJI MUKPOOOB-
€KTHBa G

OnTuueckas
ock Z

B

Cepraeckuit
AZ REAZ BOJIHOBOM
> | ¢bpoHT
R // h pazuycom R
N

BxonHoii 3pauok
MHKPOOOBEKTHBA

Cdepuueckuii BOTHOBOM
(bpoHT npu nepoKycu-
poBke £AZ paguycom
REAZ

Puc. 1. BonHoBas abepparius pu 1epOKyCHPOBKE

[MozaHee mpeAnpUHUMAIOCh HECKOIIBKO MOITBITOK T1e-
pecmorpa popmyinsl (1). [Ipennoxennsie Torna Gopmy-
JIbI UMEJTH CJIeTY 0L BUJL:

; (2)
2
AZSZ}\, 1 =
. [ NA
tg| arcsin| —
n
2
, - . [ NA
cos| arcsin 1-sin“| arcsin| —
n n
. . - . [ NA
sin| arcsin| — sin“| arcsin| —
NAY
1-| — o2
n
=A =A -1], 3
NA Y NA? )
n

e AZ,, AZ, — Benn4nHbI TUPPaKIMOHHOM COCTABIIA-
romeit ['PUII cornmacuo [14, 15], cooTBeTCTBEHHO.
®opmyna (2) aBruseTcs OTHOU U3 CaMbIX HOBBIX, OHA
BBIBEJICHA C HCIIOJIb30BaHUEM KpuTepus Panes s Mak-
CUMAaJIBHO YIIPOIIEHHOTO CIIy4as OTMFCAHUS BOIHOBOM
abepparmu nedokycuposku [14]. @opmyna (3) mpuBo-

mutes B [15] co ccpuikoit Ha Gornee paHHUE paOOTHI.
Brimonuus psaa npeodpaszoBanHuii, 3Ty GopMyay MOKHO
npuBecTH K Oonee mpoctomy Buay. OTMETHM, 9TO pe-
3yJIbTAaThl PACYETOB BEIUYUHBI AU(PPAKIMOHHON CO-
CTaBJISFOILEH, IoTy4eHHbIe 110 hopmynam (1)—(3), ume-
IOT OTJIMYHS, KOTOPBIE 3aBUCST OT YHCIOBOW anepTypsl
onTuyeckoi cucreMsl. CleoBaTeNbHO, B HACTOAIIEE
BpEMsI UMEET MECTO HEOJHO3HAYHOCTh B ONPENEICHUN
BEJMYUHBI TU(PaKIHOHHOMN coctapisromeii ['PUIL.

Tounbie popMyJibl AJisi pacueTa M (PPaKIMOHHOI
cocrapiasomeii I'PUTI

Kax 65110 TOKa3aHO BBIIIE, TU(DPAKIIMOHHAS COCTAB-
msromas ['PUIT onpenensercs MakCUMaJIbHON BEIUYU-
HOW CMEIIeHHs, IPH KOTOPOM BIIMSHUE abepparuii ae-
(OKYCHPOBKH SIBIISICTCS MTPEHEOPEKUMO MaibiM [6, 7,
11]. Abeppanuu nedoxycrpoBKH HauboIee 4acTo O1le-
HUBAIOTCS TIOKa3aTeNsIMH, XapaKTepPHU3YIOIINMHU BOJTHO-
Bble abeppannu, — MaKCUMaJIbHBIM WM CPEeTHEKBa/I-
paTUYecKUM OTKIOHEHHEM BOJIIHOBOTO ()pPOHTA B TIOC-
KOCTH BbIXOIHOTO 3payka [ 11]. Tak, cortacHo KpuTeputo
Ponest, nias monydeHUs] KadeCTBEHHOTO OMTHYECKOTO
M300paXkeHUsI JIOJDKHO BBITIOHATHCS YCIOBHE — MaK-
CHUMalIbHOE OTKJIOHEHHE BOJTHOBOTO ()pOHTA B 00IaCTH
HE JIOJDKHO TPEBBIIIATh YeTBEPTH JJTUHBI BOTHBI U3ITY-
yenus [5, 11]. Kpurepuii Mapemians TpeOyeT BBIIOIN-
HEHUS [PyTOT0 YCIOBUS — CPEeTHEKBAIPATHIECKOE OT-
KJIOHEHHE BOJHOBOTO ()pOHTA HE JIOJDKHO TPEBBIIIATH
MIPOM3BEICHUS IJTMHBI BOJHBI M3Ty4YeHUs Ha K0d(PPu-
nuent 14 [11]. Kpome moka3zareneii OTKIOHEHHS BOJI-
HOBOTO (ppoHTa, abeppaiuu 1e(HOKYCUPOBKH MOT'YT OI1e-
HUBAaThCs MapaMerpaMu (pyHKIIMH pacCestHUS TOYKH,
(hyHKIIMY TIepenaun MOTy i u ap. [8]. OmxHako wc-
[0JIb30BaHUE MOKa3aTenel OTKJIOHEHHUS BOJHOBOTO
(poHTa SABISETCS MPEINOYTUTEIBHBIM, TOCKOIBKY HX
CBSI3b C BEIMYMHON CMETIEHHsI MOXKET OBITh YCTaHOBIIE-
Ha B aHAJIUTHYECKOM BHUjJE 0€3 CIOKHBIX BBIYMCICHUHN
[6, 7].

Tak Kak TIOCKOCTH BXOJHOTO W BBIXOTHOTO 3padka
SIBJIAIOTCS] ONITHYECKH COTNPSKEHHBIMHU, TO BOJIHOBBIE
abeppalliy B INIOCKOCTH BEIXOAHOTO 3padyka MOTYT OBITh
MepeCcYnTaHbl ¥ MPUBEACHBI K DKBUBAJICHTHBIM BOJTHO-
BBIM a0eppanysM B IUIOCKOCTH BXOJHOTO 3pavyKa ONTH-
4eCcKoM cucteMbl MUKpockomna [7]. [lanee Bce Bb4mcIie-
HUS OyAyT IPOBOANUTHCS IS TUTOCKOCTH BXOIHOTO 3pad-
Ka OINTHYECKOH CHCTEMBI, YTO CYIIECTBEHHO YIPOCTHUT
MaTeMaTHYSCKUH ammnapar.

ITon BomHOBOM abepparueit 1eoKyCHPOBKH TTOHU-
MaeTcs QYHKLUS, ONHMCHIBAIONIAsl OTKJIOHEHHWE BOJHO-
BOTO ()POHTA OT TOYEYHOTO UCTOUHUKA, CMEIIEHHOTO OT
IJIOCKOCTH TIPEIMETOB, 710 BOTHOBOTO (PpOHTA OT TOUEH-
HOTO MICTOYHHMKA M3TY4YEHHS B MJIOCKOCTH MPEIMETOB
(puc. 1). O0Ga BONHOBBIX (PPOHTA MIPH ITOM SBISTFOTCS
chepuyecKuMu, HO UX Pagnychl OTINYAIOTCS, a UX 00-
el 0ChI0 CUMMETPHH SBIISIETCS ONTUYECKAs OCh.

YcnoBust OMy4YeHUsT KAY€CTBEHHOTO M300pakeHus,
KOTOPOE 33aJ1aeTcs MOKa3aTesIMU BOTHOBBIX abeppariuid,
MOTYT OBITh 3allMCaHbl B CICAYIOIIEM 0000INEHHOM
BH/IE:

AW, = AW, (AZ,,0) = max (AW (AZg, 1)) < kA,
ae[0,0]; 4
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W, =W, (AZ,,,0)=

T(AW(AZM 0)-W)’-sin(or)- dor
_ o — kA,
[sin(0))- do

0

(5)

rae

W(AZ, o), W — BonHOBas abeppalius Kak 0CeCUMMETpHYHAs (yHK-
LSl HAKJIOHA JIy4a II0J YIJIOM O U 1ehOKyCHPOB-
ki AZ 1 ee cpesHee 3HaYCHHE B Mpesesax amep-
TYPHOTO yIJIa, COOTBETCTBEHHO;

AWy, Wy — MakcuMalbHOE U CPE/IHEKBA/[PATUIECKOE OTKIIO-

HEHMSI BOJTHOBOTO (PpOHTA, XapaKTepU3yIOIIHe BOI-
HOBYIO abeppaluio, COOTBETCTBEHHO;

AZy, AZ,, — nudpakuuonnsie cocrapisomue I'PUIT no kpu-
TepusaM Panest 1 Mapemais, COOTBETCTBEHHO;
ko3dduuuentsl Pones, k,=1/4, u Mapemans,
ky=1/14, cooTBETCTBEHHO.

kg» kyy —

Ompenenum CBSI3b apaMeTPOB BOIHOBOM abeppartui
AWy, Wy (em. (4), (5)) ¢ BETMIMHON CMENIEHHUS TO-
YEYHOr0 M3ydaresisi BIOJIb onTH4Yeckor ocu AZ. Jlns
3TOTrO TPeOyeTCst pacCYUTaTh JIMHY OTpe3ka A4, Ko-
TOPBIA JICKUT Ha JMHHUHU, MIPOXOJIIEH Yepe3 OCEBYIO
104Ky mockoctu npeamera O (puc. 1). Touka A npu-
Ha/UIeKHT cepe ¢ IeHTpoM B Touke O U pagnycoM R,
TOYKa A, IPUHALIEKUT chepe ¢ paauycoM R+AZ. U3
HPSIMOYTOIILHOTO TPEYTOJIbHUKA A (A | B BENMYMHA OTKIIO-
HEHHUs BOJIHOBOTO ()POHTA MOKET OBITH paccuyMTaHa
CIICIYIOLM 00pa3oM:

_ _ Z,-Z

AW(AZ,0)=|AA| c0s(0) n,

(6)

Ijie 0L — yroJ HakyioHa jyda O4,.

OGo3naunm yepes Z,, Z, KOOpIAMHATBI TOYEK TIEpe-
ceuenus yda OA, ¢ BOMHOBBIMH (DPOHTAMH, KOTOPBIE
COOTBETCTBYIOT HECMEILIEHHOMY U CMELIEHHOMY Ha Be-
TUYUHY AZ TTOI0KEHUSM TOYEYHOTO H3ITydaTessi, COOT-
BETCTBEHHO:

Z,=R-cos(a). (7)
O4eBuaHO, 4TO BENMYMHY Z, MOKHO BBIYHMCIIHTE 10
KOOpJIMHATaM TOYKH nepecedenus jgyda OA4, u chepu-
9eCKOTO BOJTHOBOTO (poHTA ¢ pannycoM R+AZ. To ecTsb
BEJIMYMHA Z, MOKET OBbITh HAKMIE€HA KaK KOPEHb CIIEy-
IOIIEeH cucTeMbl ypaBHeHuH (cM. puc. 1):
2 2
Y’ +(Z+(R-AZ)) =(R-AZ);
y=(Z+R)-tg(a).
Pemtenne 5Toit cucTeMbl ypaBHEHUN MPUBEIECHO B
IIpunaoxkennn 1, NCKOMBIN KOPEHb UMEET BUJT

~(R(tg () -1)+AZ)
- tg? () +1

(&)

2

\/(R(tgz(oc) -1)+ AZ)Z— (9 (o) + 1) R% tg? ()
tg® (o) +1

.®)

+

[Tocne moxcTaHOBKY MOTYYEHHBIX BhIpaykeHHUH (7),
(9) B popmyiy (6) dyHKIHMS, KOTOpas OMUCHIBAET B3aH-
MOCBSI3b M@y BOIHOBOH abeppaiueil m BeIHnIMHON
CMEILEHHs], IPUMET BUJ

AW(AZ,0)= 22" A=

cos(a)

= n(R—(R-tgz(oc)— R+AZ)-cos(a) -

(R (@)-Reaz) o5’ (0)~(a(e) Y | 10)

Bripaxxenue 115 pacuera BeTHuuH TU(PAKIIHOHHBIX
cocrapisitonux ['PUIT nmo kputepusim Panest u Mape-
1asist MOXKeT OBITh 3alFCaHO CIIEAYIOMNM 00pa3oM:

AZq, : AW, (AZq,0) = kah; (11)

AZ,, W, (AZM,G):kM)». (12)

Bripaxenne (10) ciemyer moacTaBUTh B (POPMYITBI
(4), (5) n pemmuts ypasaenwus (11), (12) s onpexnerne-
HUSI TOYHBIX 3HAYCHUH TUPPAKIIHOHHOMN COCTABISIOIICH.
(CrnemyeT mom4epKHYTh, YTO MPEIJIOKEHHBIE BBIpaxke-
HUSl CIIPABEUIMBEI TOJIBKO JIJIsl TUPPAKIIMOHHO-OT PaHH-
YeHHBIX onTuyeckux cucteM [11, c. 402]). KauecTBeH-
HbIE MHUKPOOOBEKTHBBI, TAKHE KaK allOXPOMAThI, IIJIaH-
axpoMaThl, 001a1al0T MaJIBIMU abeppanusamu [ 7, 8]. i
MaJble abepparui MOTYT OBITh BHECEHBI KaK JOMOIHU-
TeJbHBIE CJaraeMble P BHIYUCICHUN BOJTHOBOW abep-
paruu W(AZ, o), 9TO MO3BOJUT CAENATh aHAIH3 BO3-
MOKHBIX OTKJIOHEHMH MCKOMBIX BennuuH AZy, AZ,  (4),
(5). K coxkanenuro, pacyeTs 1o TouHbIM popmyaam (11),
(12) ABASAIOTCS TPYAOSMKUMH U CIIOKHBIMH, OHH TPEOy-
IOT BBIYUCIICHUI HHTETPAJIOB, HAXOXKICHUS KOPHEH He-
JIMHEWHBIX YpaBHEHUS U T. 1. DTO CYIIECTBEHHO OTpa-
HUYHMBAET BO3MOXXHOCTH MPUMEHEHUS MPEIJIOKESHHBIX
¢dopmyn (11), (12) B nrkeHepHo# npaktuke. [loatomy
nenecooOpa3Ho HaWTH Oonee mpocThie (GOPMYIbI IS
BBIUMCIIEHUS TU(pakinoHHoN cocrasmsromeii ['PUIL

Mpubéau:kennnie popmyabl AJs1 pacyeTa
auppakuuonHoii cocrapiasiromeid I'PUIIT

Hns ynpomenust popmyan (11), (12) npumem norry-
IIEHHE O TOM, YTO BOJIHOBAsI abeppariyst psMo Mporiop-
[MOHAJbHA BEIMYMHE yIia HAKJIOHA JIyda Of U TPSIMO
MIPOTIOpIIHOHANTBHA BennmunHe nedokycupoBku AZ. Ta-
KOE JIOIYLIEHUE MOKET OBITh OTIpaBIaHO Ha OCHOBAaHUH
JIBYX TOJX0J0B. Bo-mepBbixX, HenmuHeHHas QyHKIHS
W(AZ, ot) moxxeT OBITH paziokeHa B psig Teitnopa [16].
[Ipu manbix BeaumunHax AZ ciaraemsle psiga co cTe-
TICHBIO BBILIE EPBOH MOTYT OBITH OTOPOILEHBI, T. €. (PyHK-
st W(AZ, o) OyneT mpuBeaeHa K JIMHEHHOW (QyHKIINN.
Bo-BTOpBIX, U3 T€OMETPUYECKUX COOTHOLIEHUH MOKHO
MIPEIONOKUTh, YTO MPH MAbBIX AePOKycHpOBKax AZ,
KOT/Ia paiiyc BOJIHOBOTO ()pOHTa R CyIIECTBEHHO OO0JIb-
e AZ, BoiHOBas abeppariysi OyJieT UMeTh BU, ONU3KUAN
K JIMHEHHON (yHKIIMHM OT BEJIMYMHBI yriia o (puc. 2).
JlaHHOE NTOTTyIIEHUE SIBISIETCSI CIIPABEUINBBIM: B ONITH-
YEeCKOM MUKPOCKOTIMH PaInyC BOIHOBOTO (hpOHTA OTIpe-
JessgeTcs BeJIMYMHAMH MOpPSAKa MIJITUMETPa, a J0-
MyCTUMAsl BeIMYMHA J1e()OKYCHPOBKHA — 3TO BEJTMYHHBI
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Ocp Y 1

ATepTypHbIii yroin
MHKPOOOBEKTHBA O

Cdepraeckuit
BOJTHOBOW (ppOHT
paguycoM R

O B

Ve, B
P>

Cdepraeckuit
BOJTHOBOH ()POHT
npu aedoxycu-
poBke £AZ
paauycoM R+AZ

Ontu-
yeckast
och Z

o

+2AZ
2(R£2A7)

Bxognoi
3pauoK MHKPOOOBEKTHBA

I

v

2R

Puc. 2. JluneitHas anmpokcHMaIusl BOJHOBOI abeppaiuu
nipu 1e(hOKyCHPOBKE

nopsiaka Mukpometpa [7, c¢. 202; 8, c. 112]. U3 reomer-
PHYECKHX COOTHOIICHHWU CIIEAyeT, YTO U3MEHEHHE pa-
JMyca BOJTHOBOTO ()pOHTA Ha BeNIMYHHY AZ IPUBEICT K
BOJIHOBO# abepparuu AZ ipu 0=m/2 (cM. puc. 2).

B cuity aT0r0 BBIpa)keHHE JJIs pacueTa BOJIHOBOM
abepparuu (10) MOXKeT OBITH YIPOIICHHO 3alTUCaHO B
CIIEIYIONIeM BHUJIE:

AW(AZ,oc)zAWA(AZ,a)z(%n-AZJa, (13)

e AW, (AZ, o) — nuneiinas annpokcumanus pyukiun AW(AZ, o)
(10), cocraBneHHass Ha OCHOBE MPUHITOIO
JIOMTYIICHUS! O JIMHEWHOCTH BEeNW4YuH AZ 1 O
(puc. 3);
ky,— k05 UIMEHT yueTa HENMHEHHOCTH BOIHOBOH
abeppaiuu, KOTOPbI MOXET ObITh pacCUUTaH
TakK, YT00bI IPUOMKCHHAS THHEIHAS (DYHKIINS
AW ,(AZ, o) mpubnmkanach K HENMHEHHON QyHK-
wn AW(AZ, 0.) 1o KpUTEPUIO MHHIMYyMa Cpef-
HEKBa/IPaTU4eCKOro OTKJIOHEHUs (puc. 3).

C y4eTroM MONy4eHHBIX pe3yiabTaTOB YIpPOIIEHHAs
dbopMmyna mis pacuera TG PaKIIHOHHON COCTABIIMIONIEH
I'PUII cormacho kputepuro Panes moxer ObITh 3ammca-
Ha ¢ ucnois3oBanueM (13) B cienyromem Buae:

AW, = AW, = max (AW, (AZ,,a))-sin(c) =

:max(k‘“’ocn-AZRA ]sin(cs):
n/2

2 .
= (n kyon-AZ., jsm(c) =

= i Ky ~arcsin['\:f‘JAZRA -NA= KA.

(14)

AVV, T T T T T
MKM
0’15_ .‘..'-'v‘, —
3 o
0,1 2 \,// |
\ R
=
o =
0,05 | P ! :
1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 o,°

Puc. 3. I'padux 3aBUCUMOCTH BOJTHOBOH abeppariu OT BeIH-
YHHBI yIJIa HAKJIOHA JTy4a JUist MEKpooObsekTrBa 100x/0,95 npu
nedokycuposke AZ=AZ =0,31 Mxm:

1 — BonHOBas abeppauust AW (AZ, 0.); 2 — nuHeliHas annpokcuma-
1us BOJHOBOM abeppauuu npu k,~1; 3 — nuHelHas anmpokcuma-
s BONMHOBOU abeppaunn AW, (AZ, o) npu ky, paccCYMTaHHOM TI0
KPUTEPHIO MUHUMYMa CPEIHEKBAAPATHUECKOTO OTKIIOHEHHUS

U3 popmymnsl (14) crenyer:
_ kA 1

A =5 NA
2 KNNAarcsin( ]

_[ 7k A (15)

2k NA~arcsin(NA)’

n

e Wy, — MakCUMalbHOe 3Ha4YeHHe JIMHEHHOH annpoKCHMaluu
BOJIHOBOH abeppaiuu (B JaHHOM Cllydae 3TO BOJIHOBAs
abeppanus Ha Kparo 3payka MUKpooObekTuBa (puc. 1),
KOTOpas Mo KpuTepuio Pames orpanndeHa 3HaueHHeM
kgA);
AZy , — TpUOIMIKEHHOE 3HaYEHHE TU(DPAKIIMOHHON COCTABIIAIO-
et ['PUII o kpureputo Pasnes.

OO0paruM BHMUMaHUE Ha IMOSBICHHE MHOXHUTEISL
sin(o) B popmyie (14). DTOT MHOKUTENH OTpaXKaeT BaXK-
HBIHA (axT: mpoeknus nedoKyCcUpoBKH AZ B Hampasie-
HUH Jy4a TIO/T YIJIOM G, TIPOXO/IAIIETo Yepes Kpai amep-
TYpHOH nuadparMel, ONpeAeseTcs BEINIMHON Sin(C).
OTa MpoeKIus ONpeeNsIeT PacCTOSHIE MEKIY JTydaMHu,
KOTOpbI€ BoIILIK U3 TodeK O n O, ¥ npouuin yepe3 Kpau
arnepTypHoi tuadparmsl (puc. 1).

AHAJIOTHYHO MOXKET OBITH 3allMCaHa yIpOIICHHAs
dopmyia uist pacueTa TPPaKIHOHHOH COCTaBISIONIeH
I'PUIT no xputepuro Mapemais. B 3tom cirydae orpa-
HUYEHUE HaKJIa/bIBAETCS HA BEIMYMHY CPEIHEKBaIpa-
THYECKOTO OTKJIOHEHHUS! BOJTHOBOTO (PpOHTA:

Wy =Wya =

[ (AW, (AZ,,,.,0) - W, Y’ -sin (o)) do
_ [0 i —k, A (16)
J.sin(oc)'doc
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e Wiy — CPEIHEKBAIPATHYECKAs BENMUMHA BOJIHOBOH abeppaliuu
(KoTOpask COMIAacHO KpUTepuio Maperansd orpaHuYeHa
3HAYCHHEM kpA), B YHCIHUTENE — MHTEIrPAIl I pacye-
Ta KBaJIPaTHUECKOTO 3HAYEHUs, B 3HAMEHATele — HH-
TerpaJ Iy pacyeTa IUIONa i BOITHOBOTO (PpoHTa B ITpe-
JieNiax TeJIECHOTO alepTypHOro yria (puc. 1);

VVA — CpeAHee 3HaueHUe BOJHOBOW abeppauuu B Ipezenax
arnepTypHOro yria (y4uThiBas CBOHCTBO OCEBOW CUMMET-
p¥H, TaHHOE 3HAYCHUE MOXKET ObITh Hal{IEHO KaK OTHO-
LIEHUE CIEIYIOUHUX HHTETPAJIOB — B UUCIIUTEIIE UHTET-
paJI UL BEIYHMCIICHUS CyMMapHOH BOJTHOBOI abeppanum,
B 3HAMEHaTeJle — WHTErpas Jyis pacyeTa IJI0IIaau BOJI-
HOBOTO ()pOHTa B IpeAeiax TEICCHOrO alepTypHOro
ymia.

[aw, (42,0)-sin(0)) - da
V- ,
_([sin(oc)-doc

(17)

e AZ,,, — NpUOIMKEHHOE 3HAYEHUE JUPPAKIIMOH-
Hol cocrassitomied I'PUIT o kpureputo Mapermans,
MOJIYYEHHOE C MCIIOJIb30BAaHUEM JIMHEWHOW arpOKCHU-
Maluu BOJTHOBOH abepparuu (13).

W3 Bepaskenuii (16), (17) MoxxeT OBITH MOJydeHA
(hopmyna s pacueTa IpUOIKEHHOTO 3HAYCHUS (-
pakunoHHOM cocrasustomeil I'PUIT no kpurepuro Ma-
pemans B aHATUTHYECKOM BHJE. BBUIY rpoMo3aKoCTH
BBIBO/I IpuBesieH B Ilpuioxkenuun 2, a okoHYaTEIbHOE
BBIpa)KEHUE UMEET CJICAYIOIINI BU/I:

X

(18)

[Tonmyuennsie Boipaxenus (14)—(17) ompexnensior
pHOJIMKEHHBIC 3HAUCHUs TU(PAKIIMOHHON COCTABIIS-
fomert 'PUIT o xputepusM KadecTBa U300paKeHUS,
KOTOpBIE OCHOBaHBI Ha aHAJIW3€ BOJHOBOH abeppamun
pu nedoxycupoBke. OOpaTuM BHHMaHHE, YTO IMOJY-
YEeHHbIE BBIPAKEHUS CYIIECTBEHHO OTIIMYAIOTCS OT W3-
BecTHBIX Gopmyr (1)—(3).

CpaBHHUTEJBLHBIN aHAIN3
HU3BECTHBIX M NPeJI0KeHHBIX (pOPMYJI /ISl pacyeTa
audpakuuonHoi cocrasiasiomeii 'PUIIL

JI1st cpaBHEHHS U3BECTHBIX U MPEIJIOKCHHBIX (HOp-
MyJ OBLTH BBIMIOJHEHBI PacyeThl TU(PAKIIUOHHON CO-
crapisromed ['PUIT g THIOBBIX MHUKPOOOBEKTHBOB

ONTHYECKOTO MUKPOCKOTIA, a TakKe /Ui yasTpaduone-
TOBBIX MUKPOOOBEKTHBOB, KOTOPBIE HCIIONB3YIOTCS TSI
KOHTPOJISA U3EJTNH MUKPOAIEKTPOHHUKH C TEXHOJIOTHYe-
ckumu HOpMamu 0,090—0,15 mxm [1—5].

[lpu pacyere nuppakiMOHHON COCTaBISIOUICH
I'PUII no xputeputo Pases monmyueHHbIe 3HAYEHUS OT-
JIMYAIOTCSl OT Pe3yNbTaToB pacuera mo dopmynam (1),
(2) (Ta6a. 1). [Ipu MasbIX YUCIIOBBIX ariepTypax (MeHee
0,65) ato pazmmume mocrarogno mano — 0,5—4%, a
MIPY YUCIIOBBIX anepTypax 6osee 0,65 — ormnuyne Bo3-
pacraer 1o 34% (tabin. 1, puc. 4). XapakrepHoi oco-
OEHHOCTBIO PE3yIbTATOB, TOTYUEHHBIX IO KPUTEPHIO
Poanes, siBnsiercst TO, 4TO paccuUTaHHasi TUPPAKIHOH-
Hasl COCTABIISIONIAs OKa3allaCh MEHBIIIE, YeM PACCUUTaH-
Has 1o popmyie (1). DTo MOKeT OBITH 00YCITOBICHO TEM,
4YTO KpuTepuil Pases Hakna bIBaeT )KECTKUE OrpaHuye-
HUS Ha JIOMYCTHUMOE MaKCHMaJbHOE OTKJIOHEHHE BOJI-
HOBOTO (PpOHTA 1O CPAaBHEHWIO C TEMH OTPAHWYCHHS-
MU, 9TO 3a70keHbI B popmynax (1), (2). Taxxke cieqyer
OTMETHTb, YTO JIJISl MUKPOOOBEKTHBOB C MAJIBIMH YHC-
JIOBBIMH arepTypamu ¢popmyitsl (1), (2) y1oBIeTBOPSIOT
KpUTEpHUIO KauecTBa m3oOpaxeHus Pames. Cxonctso
¢dopmyi (11), (12) u dpopmyinsr (2) MOXKHO OOBSICHUTH
TeM, uTo dopmyna (2) Takke IMoTydeHa ¢ HCIOIb30Ba-
HUEM Kputepus Pases, Ho 1pyroro Bujaa CHCTEMBI ypaB-
Henuit (8) [14]. Ucnons3oBanue mpuOIMKEHHON (Bop-
Myl (12) TI03BONIAET TPOU3BOUTH BEIYUCICHHS C OT-
HOCHUTEIIbHON OIMOKOH He 6onee 6% (Tadi. 1).

[lpu pacyere nudpakIiMOHHON COCTaBISIOLICH
['PUII no xputepuro Maperias norydyeHHbIe 3HAYEHUs
TaKXe OTIMYAIOTCS OT PE3y/IBTaTOB pacyera 1o Gopmy-
nam (1), (2) (Tada. 2). [Ipy 4uciIoBBIX aneprypax me-
Hee 0,65 3710 paznuuue cocranisieT 2—>5%, a Npu vuc-
TOBBIX amepTtypax Oomnee 0,65 — 14—36%. Crnenyer
MOYEPKHYTh, YTO UCKOMBIE BETMIUHBI, PACCUNTAHHBIE
10 KpUTEpHIO Paest, mouT COBMagaroT CO 3HAYCHUAMHU
1o kputepuro Mapemrais. Tak, OTHOCHTENIbHAsT OLIHO-
Ka IIPH MCITOJIb30BAHUN TOYHBIX (DOPMYIT JIJIsl KPUTEPH-
eB Panest u Mapemaus (11), (12) cocrasmser 2%, a nmpu
MCIIONIBb30BaHUK NPUOIKeHHBIX Gopmyn (15), (18) He
npeBbIaeT 6,5% g BceX MUKPOOBEKTHBOB, KOTOPBIE
MIPUBENCHEI B Ta0I. 1, 2. DTOT (hakT oTpaskaeT ABE BaXK-
HbIE 3aKOHOMEPHOCTH TOJTy4YeHHBIX (hopmyi. Bo-mep-
BBIX, JIIS BOJTHOBBIX abeppaliuii 1e()OKYCUPOBKU KPH-
TepUU KadecTBa n300paxkeHus Panes m Mapermast siB-
JIIOTCS] TIOJTHOCTBIO AKBUBAJIEHTHBIMU M B3aHMO3aMe-
HSEMBIMHU C TOYKH 3pEHUS pacdera AUPpPaKIMOHHON
coctaitromeit [ PUILI (puc. 4). [l nHXEHEPHOH Mpak-
TUKH UCTIOJIb30BaHKE KpuTepust Pasest, B ToM uncie Tod-
HOU u mpuoOmmwkenHo Gopmyn (11), (15), aBusercs
MPEANOYTUTENFHBIM C TOUYKH 3PEHHUS MPOCTOTHI MOJY-
YeHHs pe3ynbrara. Bo-BTOphIX, B ciiyyae HCIOIB30Ba-
HUS BBICOKOANIEPTYPHBIX ONTHYECKHUX cucteM ¢ NA>0,65
M300pakeHMsI ¢ BBICOKUM KauyeCTBOM, KOTOPOE OTpeie-
nseTcst kputepusamu Panes u Mapermans, MOryT ObITh
MOJYYEHBI TIPU CMEIEeHHUIX AZ, 3HAYUTEITHPHO MEHBIITIX
Benaunbl AZ, (1).

O06macTp TPpUMEHEHUS MPEII0KEHHON METOIUKHU
CJIelyeT OTPaHUYHUTh ONTHYECKUMHU CHUCTEMaMH C BbI-
COKO# 4mcioBoil ameptypoii (NA>0,65). Ilpn mamsix
YHCIIOBBIX allepTypax MIMPOKO pacipocTpaHeHHas (hop-
Mmy:na (1) obecnieunBaet TpeOyeMytO TOYHOCTh — OIITUO-
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Tabauma 1

Pesynbmamul pacuema ougppaxyuonnou cocmagasioujei I' PUII no uzeecmmubim hpopmynam u no npeonrodjiceHHvim Gopmynam
Ha ocHoge kpumepus Panes

Mssectisie hop l\vdymﬂ AP acquva Hudpaxumonnas cocrasisromas I'PULT
IapameTpsi IUGPAKIMOHHON COCTaBIISIONICH 0 kpaTepmo Panes
MHUKPOOOBEKTHBA [PUIT
(B/NA) AZy, | AZ, AZs, AZy, AZwas | A% D2 10006 | 2428 L 100%
MKM MKM MKM MKM MKM AZ, AZ,
TuIOBBIE CyXHe MUKPOOOBEKTHBBI (n=1), A=0,55 MKM
5%/0,1 27,50 27,43 54,45 27,41 27,71 -1,1 0,3
10x/0,2 6,88 6,81 13,2 6,80 6,81 0,14 1,0
20x /0,4 1,72 1,65 2,89 1,65 1,63 1,2 4,2
40% /0,65 0,65 0,57 0,752 0,57 0,57 0 12,0
50x/0,8 0,43 0,34 0,31 0,34 0,35 -29 20,0
63x%/0,85 0,38 0,29 0,21 0,29 0,30 -3,5 23,7
100% /0,95 0,31 0,20 0,059 0,2 0,21 -5,0 34,4
TUIOBBIE MHKPOOOBEKTHBBI C MACIITHOM BMMepcuel, A=0,55 MKM
25% /0,65 0,99 0,94 2,45 0,94 0,91 3,2 -4.9
50%/1,0 0,42 0,37 0,72 0,37 0,36 2,7 -12,4
100x/1,3 0,25 0,19 0,20 0,19 0,19 0 —242
VabTpadroneToBbie MUKPOOOBEKTUBEI (CYXHE U ¢ BOISHON uMMepcuei), A=0,365 Mkm
100% /0,95 0,202 0,133 0,039 0,133 0,14 -5,8 -343
100x /1,25 0,269 0,229 0,23 0,229 0,221 3,2 -15,0
VibrpaduoneToBble MUKPOOOBEKTHBBI (CyXUe U ¢ BOASHON uMMepcueit), A=0,248 Mkm
100x /0,90 0,137 0,09 0,027 0,09 0,095 -5,8 -34,4
200% /1,20 0,106 0,071 0,033 0,071 0,072 -1,7 -32,9
Tabmuma 2

Pesynomamul pacuema ougparxyuonnou cocmasnsower I'PUILI no kpumepuro Mapewans

TTapameTpsI Judpakuuonnas cocrasisttoniast [ PUII mo kputepuio Mapemans
MHUKPOOOBEKTUBA AZy AZyn AZ,, —AZ,, AZ, - AZ, Koaddumment
’ o | M _—MAXI00% | —2——%x100% ke
(B/NA) MKM MKM AZ,, )
TunoBeie cyxue MUKpOOOBEKTHBHI (7=1)
5%/0,1 26,87 27,43 -2,1 2,4 0,778
10x/0,2 6,67 6,75 -1,1 3,1 0,788
20x /0,4 1,64 1,61 1,8 4,7 0,806
40% /0,65 0,56 0,57 -1,8 13,8 0,830
50x/0,8 0,34 0,35 -29 20,9 0,844
63% /0,85 0,29 0,30 34 23,7 0,858
100x /0,95 0,20 0,215 -7,5 35,5 0,858
TunoBble MUKPOOOBEKTHBEI C MACIITHOH NIMMepCcHeit
25% /0,65 0,91 0,90 1,1 8,1 0,824
50%/1,0 0,36 0,35 2,8 14,3 0,843
100x /1,3 0,18 0,18 0 28,0 0,859
VibpTpadroneToBsie MUKPOOOBEKTUBHI (CYXHE U C BOASHON nMMepcueit), A=0,365 MkM
100x /0,95 0,123 0,125 -1,6 39,1 0,858
100x /1,25 0,211 0,202 4,5 21,6 0,863
VabrpaduoneToBbie MUKpOOOBEKTUBBI (CYXHeE U C BOASHOU uMMmepcueit), A=0,248 Mkm

100x /0,90 0,084 0,085 -1,6 38,7 0,858
200% /1,20 0,066 0,64 2,1 38,8 0,886
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Puc. 4. 3aBucumocTn mudpaknuorHoi cocrasistomeii [ PUIT
OT BEJIMYUHBI YHCIOBOH alepTyphl CyXOTr0 MUKPOOOBEKTHBA
(n=1,0), paccuuTaHHBIC 10 CICAYOUIM (HOPMYIIaM:

1 — AZ=AZ,(NA) (1); 2 — AZ,=AZ,(NA) (2); 3 — AZ,=AZ,(NA)
(3); 4 — Zy ,=AZy ,(NA) (15); 5 — AZ,, ,=AZ,,,(NA) (18)

|
09 NA

Ka BBIYHCIICHUS HE mpeBbinaeT 5% (tadmn. 1, 2). B BeI-
COKOANEeTypHBIX ONTHYECKUX CHCTEMaX HCITOJIh30BaHUE
(hopmymsl (1) 3HAYNTENFHO CHIYKAET TOYHOCTH BBIYHIC-
neHunii — ommbka Bo3pactaet no BexwmuuH 20—40%
(tabm. 1, 2). [TosTOMy ITpH IPOEKTHPOBAHUH yCTPOHCTB
ABTOMATHUYECKOW (POKYCHPOBKH, MPOrpaMM IUPPOBOTO
YBEIUYCHUS TITyOUHBI PE3KO H300pakaeMoro IpoCTpaH-
CTBA U CHCTEM ONTHUYSCKOM JTUTOrpaduu it MUKPOIJICK-
TPOHHOH NMPOMBINIJIEHHOCTH CJEAYET HCI0JIb30BaTh
MIpeUIOKeHHbBIE (POPMYIIBI, KOTOPbIE TapaHTHPYIOT TMO-
Jy4eHHEe BHICOKOKAYECTBEHHBIX N300pa’keHMH.

BroiBoamnl

1. IIpenmokeH MaTeMaTHIECKUH armapar JJist OTpe-
JeneHns AU paKIMOHHON COCTaBIIAIONIEeH IITyONHBI pe3-
KO M300pa)kaeMoro POCTPAHCTBA MO0 KPUTEPHUSIM Kade-
cTBa M300paxkeHus Paes u Mapemrans. udpakiuon-
Hasl COCTABJIAIONIAs PACCUUTHIBACTCA UCXOJs U3 Ipe-
JIENbHO TOIYCTUMBIX MAaKCUMAJIbHOTO U CPEIHEKBAIpa-
TUYECKOTO OTKJIOHEHUH BOJIIHOBOTO ()poHTA TpH Jedo-
KycupoBke. {15 MHKeHEepHOU MPaKTUKU MPEATIOKCHBI
YIPOIICHHBIE (POPMYIIBI, TOTYYCHHBIC METOAOM JIMHEA-
pHU3aIy TOYHBIX (hopMyIt Ut pacueTa TupPaKIInOHHON
cocrasisitomei I'PUIL.

2. ITpu ucnoap30BaHUM ONTHYECKIX CHCTEM MUKPO-
CKOIIOB MJIM YCTaHOBOK JUIsl POTONUTOrpaduu ¢ YUCIIO0-
BOH amepTypoii, 6ombiiei 0,65, 11T TOYHOTO BBIYUCIIC-
Hus mudpaknnoHHon coctaistomnieit I PUIT areobxonn-
MO HCIIONB30BaTh NpeaiokeHHbsie hopmymnbl. OHU TO-
3BOJISIFOT PACCUUTATh AOMYCTUMOE CMEILIECHHE BIIOJb

ONTHYECKON OCH, KOTOpOE rapaHTUPYET, YTO MOTyUEH-
HbIe W300pakeHust OylyT YJIOBJIETBOPATH 1O KAueCTBY
kputepusim Panes u Mapemans. [Ipu stom nudpakiu-
onnas cocrapisttomas ['PUIT 6ynet vHa 12—40% MeHb-
1€ BEJTMYMHBI, PACCUMTAHHOM MO IIUPOKO paciupocTpa-
HeHHOH popmyre (1).

Hpunnoxenne 1. Pemenue cucremMsl ypaBHEHUI U TOITY-
YEHHE TOYHOTO BBIPAKCHHS YIS pacdeTa BOJHOBOW adeppa-
IIUH TIpH Ae()OKYCHPOBKE.

Y2+(z+(R-AZ)) = (R-AZ);
Y =(Z+R)-tg(a);
Y?=(R-AZ) - (Z+(R-AZ));

Y?=(Z+R)-tg?(at).

HonyqaeM KBaApaTHOC YpaBHCHUEC, OAHUM U3 KOpHeﬁ KO-
TOPOT'O ABJIACTCA HCKOMOC 3HAUCHUC A

(R-AZ) ~(Z+(R-AZ)) =(Z+R) -tg*(a.);

(R-AZ) -Z*+2(R-AZ)Z-(R-AZ) =
=Z%-tg® (o) + 2ZR-tg’ (o) + R - tg” (at);

~72+2(R-AZ)Z = 22 -tg* () + 2ZR- tg? (o) +
+R?-tg” (a0);

Z*tg’ (o) + 2ZR-tg” (o) + RP - tg? () + Z° -
—2(R-AZ)Z =0,

(197 () +1) 2%+ 2(R- 197 () ~R+AZ) Z+R% 197 (o) = O

(tg?(cr) +1)Z%+ 2(R(tg?(cr) - 1) +AZ ) Z+ R tg?(ct)=0;
_2(R(1g°(@)-1)+AZ)

2(tg” (o) +1)

A(R(9*(@)-1) +42) - a{1g* (o) + )R 167 ().
2(tg? (o) +1) ;
~(R(tg? () ~1) + AZ)

Z= x
tg® (o) +1

+\/(R(tgz(oc)—l)+AZ)2—(tgz(a)+1) R -tg? (o)
- tg’ (o) +1 '

W3 1ByXx KOpHe# BbIOMpaeM OObIIHH, KOTOPBIH COOTBET-
cTByeT Touke A, Hanbozee Onmskoit k ocu OV (puc. 1):

) —(R(tgz(oc)—l)+AZ)+
- tg® (o) +1

+\/(R(tgz(oc)—l)+AZ)2—(tgz(oc)+1)R2.tg2(oc)
tg” (o) +1
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:tg%ft)ﬂ(—(R(tgz(oc)—l)+Az)+

\/( R(tg (ct) - )+AZ) (tgz(oc)+1)R2-tg2(a)]:
:cosz(oc)( ( (tg® (o) - )+AZ)

+\/(R(tgz(0c)—l)+ az) —[Ct(i((z)) RT

Bocnonbe3yemcst crienyromiei n3BeCTHOM (hopMyInoit:

tg? (o) +1= fonszz((z)) +1=

sin*(o)+cos’(a) 1
cos’(e)  cos?(a)’

[Mony4nm BeIpa)KEHUE JIJIsl TOYHOTO pacyera BOTHOBOMN
abeppanuu 1pu AePOKYCHPOBKE MPHU BBHITOTHEHUH yCIOBHS
cos(0)#0:

AW (AZ,ct) = Z_Zln—n(R'COS(O‘)—

cos(at) cos(at)

cos” (a1) (~(R(tg(e)-1)+ AZ)
- cos(ot) *

J( R(1g" (o) 1)+ AZ) (JSS(QRT

" cos(at) -

= n(R— cos(oc)(—(R(tgz(oc)—l)+ AZ)+
+J(R(th(a)_l)Mz)z_[g&RT _

(R-tg® (o) - R+AZ )cos(at) -

=n(R—
—\/(R~ tg’ (o) - R+ AZ)2 -cos* (o) - (tg(ct)R)” )

Hpunoxenne 2. BeiBo GopMyIbl It pacyeTa MprOIIH-
YKEHHOTO 3HaYCeHUS TUPpaKkIInoHHOH cocTasistonieii [ PUIT mo
KpHuTeputo Maperanis ¢ HCIOIb30BaHUEM JIMHEHHON anmpoK-
CHMaI¥ BOJHOBOW abepparuy.

CHagaJa BBITTOJTHUM PacueT CPEIHET0 3HAUCHHS BOTHOBOH
abeppauuu:

[aw, (4z,,,,0)-sin(:)- o
W, =0 -
_[sin((x)-doc

0

'T(:/’Vzn AZMA) -sin(o)- dot

1-cos(o)

]{oc-sin(on)-doc

2k, _
( nAZMAj 1-cos(c)

(2? n- AZMA}Sn(l)C:S'(CO)S(G) (ZEN n- AZMAj f (o).

Jlns ynpoleHus BeIBOfIa ObIIO BBEICHO 0003HAUCHHUE:!

(o )_ in(c)-o-cos(c)

1-cos(c)

OO6patuM BHHMaHHE, YTO IPU BBIYUCICHUN CPEIHEKBAI-
PaTHYIECKOTO 3HaYEHHs BOJTHOBOH abeppanny Mbl HCTIONb3yeM
HE JIMTHEHHYIO aImTpoKCHMAIINIO TI0 MUHUMYMY CpeTHEKBaapa-
TUYECKOTO OTKJIOHEHHS OT BOJIHOBOI abepparui, a ee oruda-
romryio (puc. 3). DTUM 00BSICHSICTCS OTCYTCTBHE B (popMyIax
k03 punmrenTa £, KOTOPBIH B JAHHOM CJTy4ae CIATAJICS PaB-
HbIM eunnne (k,=1):

= const.

.T(AWA (AZMA ,OC)—VVA )2 'Sin((x)~ dou

_Isin(oc)-d(x

——

1-cos(c)

\/j o2 -sin(t) - 20+  (6)-Sn(@)+ T (o) -sin(a))-do

kyn- AZMA)

o -sin(o)-da-2t (o )_Ioc-sin(oc)-dowfZ(G)Isin(oc)-doc

1-cos(o)

WHTerpasbl B IOJKOPEHHOM BBIPOKEHHU MOTYT OBITh B3sI-
T aHaiuTrdecku [11, c. 59]:

J.oc2 -sin(a)-do. = —0% - cos(0)+ 20 -sin(o) +
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+2c0s(0)-2;

2f (G)}a-sn(a)'daz z(gn(c)_c‘cos(c)]x

1-cos(o)

__(sin(0)-o- cos(cs))2 _
=2 1-cos(c)

x(sin(o)-o-cos(c))

fZ(G)jsin(oc)-doc=(gn(6)_0'cos(c)}2x

1-cos(o)

(1-oos() - B )

3anumiem GopMmyIy IJis pacueTa CpeTHEKBaAPATHIECKOTO
3HAUCHHS BOJIHOBOI abeppalnuu B aHATUTUIECKOM BHJIC:

Wia :(ZKNn' AZ,,, JX
Y

x{(l-]{ocz-sin(oc)-doc—

1-cos(0)) ¢
—2f (G)Ioc‘sin(oc)~doc+ fZ(G)~ISin((X)~d06:| | =

= (Zn-AZMAJx
Yo

><{(—02 -c0s(6) + 26-sin(o) + 2- cos(0) - 2)

1-cos(o)

0,5

_Z[Sin(cs)—cs'cos(cs)jzJ{sin(cs)—crcos(cs)]2 _

1-cos(o) 1-cos(o)

= (ikwn “AZy A )X
_(_02 -c0s(0)+20-sin(o)+2-cos(c) - 2)
1-cos(o)

sin(c)—-o-cos(o) i 05_
| 1-cos(o) ] =kl

W3 mpuBeICHHOTO BEINIE PABEHCTBA MOXKET OBITH IOTyde-
Ha GopMmyra U MpUOIMKEHHOTO pacdeTa BeTMIHHEI THU(paK-
unoHHoi coctasistoweit ['PUIT o kpureputo Mapermains:

AZ,, =

_ kgt X{(—62~COS(G)+20~sin(c)+2€os(c)—2)
(anw] 1-cos(o)

L

_[ sin(cs)—c-cos(c)]z o

1-cos(o)

_ mk, | (-0°-cos(c)+26-sin(c)+2c0s(0) - 2)
~2nk,, 1-cos(o)

_{sin(c)—ocos(o)]z Y _

1-cos(o)

_ 7k, ((2—02)-cos(cs)+20~sin(c)—2)

RN
2] |
2]
{2
) S e
-

2
2
NA . NA NA
——arcsin| — |, [1-| —
n n n
2
NA
1-.1-| —
n
Jist Toro 4To0BI 3amucaTh OKOHYATEIBHOE BBIPAKCHHE,
MIPHUBEICHHOE BHIIIIE, alICPTYPHBIN YTOI M €T0 TPUTOHOMETPH-

YyecKue (PyHKINHU BRIPAKEHBI Yepe3 YUCIIOBYIO allepTypy U M0-
Kas3areJib MPEeJIOMIICHUS:

o:arcgn(NnAj; in(0) =" cos(o)- 1-(“’*)2.

n

NA

-0.5
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