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BBEJENHE

[IpnMenenne acgepHueckix NoBepXHocTeil B acTpo-
HOMIT9eCKoli OUTHKe HMeeT BeroBy0 mcropiio. 1lsmectiio,
gro eme [lexapr B XVII B., IBITasgch ycoOBepUIEHCTRO-
BaTh TEJeCKOI-ped)parTop, MPEeANOKIA B KadecTBe 00TOK-
THBOB JINH3bI C acepAIECKEMN IIOBCPXHOCTAMH, CTPOrO
HeIpaBIeHHLIe B OTHOWeEHWH cfepwdeckoit  abGeppamnuin
maa Oeckomewno ymaimenuoil rTogku. lloutm B 10 ke Bpe-
MA OBIIH NPEeRIOMensl U 3CPRANBILIE TCACCHKONLI ¢ ace-
pudeckumu seprasamu cucteM I'peropu, Kaccerpema i
Hrlootoma, mosygusmime MIMPOKOE PACHPOCTPAHEHTE Iia-
ynHaa ¢ Kouia XVII B.

Byproe passBmTHe acTpOHOMHYECKON ONTHKH Hada-
Tock ¢ woumta XIX B, worma Jefipenem u IllBapummris-
JoM 6bu1a paspaboTaHa TeopmA abeppamuil TpeTLEro 110-
pAgKa, a ycIleXM CTeRJIOBAPEeHHA, TEXHOJOTHHM o0paboTRI
ONTHKH ¥ CO3/@HHE COBEPIIEHHBIX METON0B  KOHTDOSI
(Dyro, I'aprman, Ponkm, a 3atem m Makcyros) moznpo-
AN W3TOTOBAATH acepudecknc 3epraia  JEAMCTPOAM
7o Heckoapkux MerpoB. Ulpapmummiang rawske Bmepsuic
paspaboTas TEOPHI) AILIAHATHYECKUX IPeQPOKATRIBIX Te-
MECKOIOB mM3 JBYX 3eDKaJ U  paccIaTaml KOHKPETHYIO
YKOPauHBalOMIYK CHCTEMY W3 [BYX 3CDRAT, Tpeamasita-
wennmyto fns acrporpada. Pemermuwe Mlpapmumnpza Gerio
MofuduOupoBaHo KperbeHoM INpUMEHHTETBHO K cxenc
KacCeTPeHOBCKOTO TEJNECKONa; MePBBEIA TaKoil  Telecrornt
Oput moctpoes Pmam B 20-x rogax XX B. Dra cmerena
IIFPOKO H3BeCTHa KaK tedeckon Puwam — Kperwena; sa-
goranbHble alIaHATHYECKHE CHCTEMEBI GBLIM W3YYEHH B
obmacrm aGeppamuii Tpersero mnopajka MakCyTOBHIM T
30-x rogax XX B.

B 310 ke BpeMmsA MoABMINC W CTANH IIMPORO  IIC-
TOJB30BATHCS 3CPKATBHO-THH3OBEIE CHCTEMBI: CHCTEMA
MImuara, cmerena Paiita, a sateM u cmereMb Beiirepa,
Maxcyrosa m Bayopea. B 1931 r. Pocc momecrmt epe;l
doxrycom mapaGonmgeckorTo sepxama cHCTEeMy NHH3, IIC-



6 BBEJEHHE

NPABIAOMIYI0 KOMY, W10 BHAUHNTCILIIO YBOJAHTIIO I0JI03-
Hoe moJsie TMapaGollgecKoro 3epKaga. AKTHBHOE Pas3BUTHE
aCTPOHOMITECKOH ONTHKHE HAYAl0oChk B TOCIAEBOEHHEIE TO-
[bl, KOTHA OBLIO IOCTPOEHO MHOTO KPYIHBIX TEJECKOIOB
C JUAMETPOM OTBEPCTHA 70 6 M BRIIOYHTCABHO; HAYANOCH
paspute OGamIouuHoil II KocMMueckoil actpomomum. Iilu-
]OKOe pacIpocTpaHenHe NOXyunna cucrema Pwun — Hperr-
fIa, ¥ KOTOPOH yOaloch MCHpABITH KPUBH3ILY 1IOJA U ac-
THIMaTH3M BBCJleHIEM KOPPERIIOMHBIX DJICMCHTOB, pac-
noaoskensplx mepen orycom cucremsr. Jlus gororpadu-
poBanng caabex Mereopos 1 11C3  Gnuwim  paspaGorannt
CBETOCIIBbHBIE 3CPHRATBHO-JIH30BEE cuCTeMbl ¢ acdepuge-
cxumMn mopepxmocraMu: «Cynep-Ismmars, cncrema Beit-
repa — Hama, cnerema BonocoBa — BaGnmnesa «Anrtapec»,
«Acrponap» Maxcyrosa — Cocumeoit u mp. Jas xocmuue-
cKHX TMpEOOPOB CTANH TAKIKE NCITONh30BATHCSA 3ePRAIBHbIE
cucremsl Mvupra w MIsapummisga — Burra. Hagadoch
IIPEMEeHeHNe TelleCKOLOB M JUIA pelIremoBCKOW ACTpOHO-
MHH — B OCHOBHOM 93TO 3ePRAJBHEIE CACTEMBI C GOILIIIIMIL
yriama OafeHus Jydedl Ha 3eprasa.

Oppakro 70 BacToANIero BPEMEHN MATepHaibl 110 Pac-
dery cHCTeM ¢ ac(epHIECKUMM IOBEPXHOCTAMII, KOTOPHIE
HCTIONB3YIOTCA B ACTPOHOMUYECKOH ONTHKe, OhIim  mpej-
CTaBJeHBI TIABHEIM 00pa3oM CTATHAMH B  CIHENIaifbHBIX
JKypHaJIax M He Bcerfa pocrynusl. IlosTomy mpepcraBia-
eTca Teneco00PAa3HBIM CHCTEMATH3HPOBATL HMEIOIINecs Ma-
TePHAJEI,— STOH TEIN W TOCBAN(CHA HACTOAIMAS KHHUIA.

Meropmsr, mamaraemble B KIHTC, MO3BOJAT, KAK IIpa-
BUNO, CPABHUTENRHO NPOCTO PACCUNTATH ONTHYECKYIO CH-
cTeMy, 1I¢ TIONL3YAChH CAOMRHON BBITHCIMTCIBHON TeXHHKOW
(2BM); reopna aGeppanuil TpeTsero mopsaKa, TO3BONAIO-
masg HaliTH TONBKO 1IPeABAPUTENHIIOE peIueHHe, HAMHU 1104~
TH He ucrnoapsyerca. Caejyer, oHaKo, IMeTh B BHALY, 4TO
npumencnne 9BM obprano rossonser roppoGuee usyanTh
ONTUYECKYIO CIICTEMY, a HEROTODPBIE CJIOKHBIC BBIPAYKEHHS
Tpe6yIOT oba3areasHoro npuMedenns DBM,

Lagea 1

ACPEPNIYECKHE ITOBEPXHOCTH

§ 1. CmocoGs1 3aganms acepnuecknx moBepxHocTeii

B panemefimen Gyfgem paccMaTpUBATh TOABKO [EHTPI-
POBAaHHBIE CHCTEMBI IOBepXHocTeil Bpamenms. ITpmsemen
OCHOBHBIE BHJBI BRIDaJREHHI, OIpefeNAomux Hecepu-
YeCKHUe II0BeDXHOCTH. B GompmmECTBO CiIygaen B acTpo-
HOMHYECKOI ONTHKE HCHONB3YIOTCA acepuiecKHe mOBepx-
HOCTH, TONyIaeMble BpAIIEHIIOM KOHWYECKHX COUEHMIT
BOKDYI' OCH CHMMETDPHH,— NapaGodoMIEl, 2/UIUIICOMIEI, TH-
1epGOIOMIBI, cIIOCHYTHe cpeponusl. Cepa MosKeT pac-
CMaTPHBATHCA KAK YaCTHBII cayuail smimmconpa.

ITomMecTrM Ha9aNo HEeKapTOBOH CHCTeMBI ROODIHHAT B
BEpIINHe IIOBEPXHOCTH M COBMECTHM OCh CHMMETDHH C
OCBI0 I, OChb J IIOMECTHM B ILIOCKOCTH 4epTesa,— TaKk Ha-
SBIBaEMOHl MepHAMOHANBHOH mIockocru. Ilycrs x, y, z —
KOOp/IMHATEL TOUKE HA IOBEPXHOCTH: TOTAA ypaBHEHUe
TOBEPXHOCTH, 00padoBamHOf BpalleHHeM KOHMUYeCKOI'O CEo-
YeHHsA, MOKHO BammcaTh B BHjI@

2
e

122

Fu, ) =z + 271:62—7:0, (1.1)

rae 2u=y?+ 2% e — owcumenrpucurer, r— paguayc KpH-
BIBHEI NPY BepmuHe HosepxuoctH. OueBmpno, ro BHpa-
menme (1.1) comepsRuT oguE HesaBHCHMBIN mapamerp e2,
I3MEHEHIe KOTOPOro He BIHAeT HA NAapaKCHAJNbHEE BeIH-
THHBL B KOTOPHIE y00HO HCIONB30BATD A MCIPABICHNS
abeppanumit. OgeBuno TaKKE, WTO C© TIOMOIILI0 OMHOT0 Ia-
baMeTpa Mo:RHO BOB/IEHCTBOBATD TONBKO HA XOJ OJ{HOTO
JAyTa, B TO BpeMA KaK OCTANbHBIG JYIH 3aiiMyT ompepe-
JCHHEIE TO0NOKeHHdA, He IO[BIACTHEIE ONTHRY-BLIYNCIHTE-
ato. Iloaromy nemecooGpasmo momommmts BEIpaeHme (1.1)
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gIeHAMH, COJePKRAIIUMU CTENeHH 1:
) | u o ]
Fu,2)=2a -\ —~__,T«:c“ — Put — sut—gut.. . =0,
(1.2)
Jro pBIpaienne GAarofapsa ero OOIIHOCTH ya06HO WC-
HOZB30BATL 1IPI COCTABAEINIl YHHBEPCAILHBIX HpPOTPaMM
misg OBM. Jlciicrsureanuyo, B YacTHOM  CILydac, Korza
e? — 1 =0, pepamenmne (1.2) npeppamaerca B ypaBHEHUE
mapaGooua BBICOKOIO TOPSAKA, KOTOPOe HpM 1 == o0 Ol
cprpaer INIANOMAHYIO ITOBEPXHOCTh, T. €. TOBEPXHOCTE,
y KoTOpoil KPHBM3HA IIOBEPXFOCTH TPH BepIIMHE paBHA
uymo. tacro menonbayerca H BHIPAKEHHE A nedopMu-

POBAHHOIO KOTIYCCKOIO CeMeHUA

y2=2rrt+ (e2— D+ oa® +pat+... (1.3)
OGBITI0 ITOBEPXHOCTD 3aJlaloT cedeHHeM ee MepEIHIonalb-

Hoii maockoctbio; Toraa z =0 1 NpUBeJeHHbIE BBIIE BbI-
pasKeHHA TPHIIIMAIOT BUJ

y? = 2rz -+ (e? = 1)a?, (1.2a)
Flz,y) =+ e — ayt —by* — e —dy*—...=0,
(1.26)
1 K4 & F
rae @ = 5o be=", €= g d = 75 — TWOCTOAHHEIE. B pane

clyuaes, Kak, HANPHMED, [UIA TOUHONO DEIIeHU:A IIsapm-
[NAbAR, ONPEfesIonero GopmMy sepKrall amIaHaTHYeCKOI
cmeTeMbl, BHIpayKeHnd A nosepxuocreit mmelor Gomee
CIlO;KHBIN BUJ, HO M B HTOM Cilyd9ae ero, Kaxk MPaBHIo,
MOJKHO ¢ ROCTATOYHOL TOUHOCTHIO ATTPORCHMUDPOBATH (8
orpaEMueHHOH 001acTH, HE copepaameil ocofBIX TOUeK)
[pUBeJECHHBIMI BBIPARCHUAMML.

CpaBHATCJLHO DPEKO HCHONL3YIOT 3a/IANHE npodmri
HOBEPXHOCTH ¥ TMONAPHBIX XOOPAUHATAX P, ¢

p=opy+ A+ B+,

Ijie Qo — PAAIIYC-BEKTOD BEpPIIHHDL kpuBoil. JameruM, 4TO
4acTO BMECTO (¢ ICIONb3YHTeA (QYHKIUE OT (), HAMPUMCD,

. Lo @
sin o, sm:,—é T L

§ 2] X0 NIYIEA YEPE3 IECOEPHUYECKYIO ITOBEPXHOCTD 9

§ 2. Pacuer xopa ayqeit
uepes HecepHUECKYI0 TOBCPXHOCTD
1 cnereMy HecepHIECKUX TeBEPXNOCTEH

Tlycth ypaBHeRme MOBEPXIOCTH 3370 B Jopae (1.2).
OGosnaumM HATPABIAOMEE KOCAHYCH Tydd, YMIIOHeT-
HLie Ha TIORA3aTeib HPETOMICHMAS CDeJsl 11, 1epes £, 1, L.
JIyu yro6HO 3afaBaTh KOOP/WHATAMI TOUEK TIePeCcCUeils
ero ¢ IBYMA BHIGPAITHBIME IIOCKOCTAMIL, TIepIeH ARy IAP-
IBIMHE K ONTHYECKO ocH 2. OpgHy M3 IMIOCKOCTCI COBMC-
CTHM ¢ BepIINHO JIOBEPXHOCTH I 0003HAYAM KOOPUHATHI
TOYKH MEepecedennsa ee ¢ JYIOoM (z1, y1, 1), BTOPYIO ILIO-
CIOCTH TOMECTHM Ha IPOWABOJBHOM DACCTOANNW Iy It 000-
gHaguM KOOPIAHATHL TOUKA TICPCCETCHUA C Hel sy
(29, Yo, 50). G MOMOIIBIO 06IIen3BecTHBIX (POPMYJT AHATIITIT-
yeCKoll TEOMOTPHH MOMKHO HafiTi paccTOAHme I Momuy
TOUKAME TIePECceUeHHs AyHa ¢ IIOCKOCTAMH, & TaRke Har-
PABIAIONIIe KOCHHYCHL JIyTa:

1=/ (g — @)% F (o — Y1) - (2 — 20%

4 2 v.o— ro—x
z . L N TP S 0
gy = nyy My 7 Mo T 7 e

3aMerHM, 4T0 WHOTAA TpefuodYTiTesbHee 3a/aBath Ay
HATIpaBIAOMUMA KOCHHYCAMA 1 ToUKOIl TepecedeHHA 1y~
ga ¢ TUIOCKOCTBY, HATNPHMEp, ¢ IIIOCKOCTHIO ~ BXOMMOTO
spaura. BBegem 00o3WaueHUA pr =281, 1=t Hzmo-
JKUM Jlalee B KpaTroll opme MeTOj Tepudeprepa (11,
MOJE(UIIPOBAHEEI HAMA U gemonpayemsiit B Hprvcroit
actpothuamaeckoit o6cepBaTOPHL AH CCCP mpm pacyerax
omrkn ma 9BM B rtedemme muormx rer, Ilpempe rcero
HAXOMAT abcmuccy @ TOUKH Tepecevenus Jyda G MOBEP-
HOCTHI0, /JIA Uero DEmialoT COBMECTHO yPaBHele MmoBepX-
HOCTII II YpaBHeHUE Jyda, 3aMHCANA0e B BIJIC

u=u, +viz+wz? (1.4)

2 2 — 1 1 2
rae 2u; = yi + %, Uy = 21—(74151—*‘!/1‘]1)-, “’1’:‘7,75(&4‘711)-

—oq

Mopcranosra (1.4) B (1.1) maer

2 - I
o2 — 1 2-___ul Fox-we

g4t - =0




10 ACOEPMYECKUE IIOBEPXHOCTH ITJI. §

Pemnp 5To uBajfiparHoc ypaBHeHME OTHOCHTEILHO z,
MOKHO IIONYTHUTH, BOOOLIE ToBOpA, mBA NeHCTBHTENLHBIX
KODHSA, M3 KOTOPHIX BHIOMPAKT HAHMEHBIIE 110 aGCONIOT-
Holl BeamTmae. Taxnm ofpazo, ecan npomin moBepxHo-
CTH ABJACTCA KOHHUCCKHM CedernieM, To MOMKHO TIONYUUTh
TOIHO® 3HAYEHHE KOOP/IMHAT TOYKH TepeceueHns, He
npuberas 1 CIOKHBIM MaTCMATHYCCKUM MerogaMm. Ecian
TOBEPXHOCTE 3af(ana Gojlec CAORHLIM BEIPAKEHHEM, (1.2),
T0 mpw cosMectrom pemenun (1.2) u (1.4) nomywaercs
anre6panveckoe YpPaBIEHHC BHICOKOIL cTellellN, MeiiCTBH-~
TEJILHEIE ROPHIL KOTOPOIO MOMKHO HailTH, mampmmep, mero-
oy JloBagercroro. Opumaro oferauo mer HEO6X01MMOCTH
3HAaTh BCe AeHCTBUTENBHEIC KOPIH YPaBHEHWUs1, T. €. BCe
TOURI IIEPeceTenus JyJa C IIOBEPXHOCTLIO, & OCTATOMHO
HMEeTh HAIMEHBIIUA 10 abCOMIOTHON BeJmTmmHe KOpeHsb.
B sroM ciywae mommo NCII0JNB30BaTh, HATTPUMED, METON

’ u
Hsrorona, B3aB B KagecTse Bynesoro npadIWwKeRna Ty ==
Hlocxrenyromue npuGrmmenns BeamcamoTcs o dopmye

TG
Tip1 = T — ——7,
Fx(zi)
rie
’ oF ¢
szﬁzl—x-—r—m, c=¢e*—1.

Haiinenuslii Ropens ofosmaumy z”. Hamee maxomum
’ oF 1

w=gm = = — 29U — 3Fu? — SAFud — 5%yt — . ..
3arem ucmonnsyeM dopmyust Ieprbeprepa [1]
FI
t= x, - —:f'y
F

F.\?
u
/e [ — PaccToAHNe OT BepUIMHBI NOBEPXHOCTH [0 CATHT-
TAIBHOI0 TEHTPA RPUBHAHH, 7, — CATMITATLHBIE pajTHyC
KPHBHZHEL IOBEDXHOCTH B TOUKe MafeHusA Jyda HA [OBEpX-
noctb, [lamee T'epnfeprep poiumcaser BCIOMOTATEILHEIe

§ 2l XOI JIYYEX YEPE3 HECQEPHYECKVIO IIOBEPXHOCTBH 11

BeNMYUHHL p1, q1, R, ¢, ¢', P, & u Pt
PL=20; g — by R=10rs
g=15 —2'n® + pE + g
()= (n"? — n® R + ¢ (upenomienne),
_ 4 —aq.

¢ = —q (otpamenne); | =7

! ’
o= (p, —z'E), P =P(g,— 2y
3aMeTuM, 9TO JIf NPeNOMICHUA 3HAKM q H ¢ [OMIRHBL
COBHAMATH; MOKA3aTeNH TPEIOMICHUS 0TeUCCTBEIIHBIX CTC-
Kox unrarens naiiger B [2], a npasumo amawos — B [3).
Ha 3aKTo9nTeNbHOM 9Tale BBIYHCIAKTCA HANDPABIA-

omue KOCUHYChl Eo, 12, Co JIyUa, TpeIoMICHHOTO TIO-
BEPXHOCTHIO:

Ez=§1+a; Ny ="1, + P,
L=l =+Vn?—g

Aasa mepexoga n creaywomeir moBepYHOCTI HCIONL3YIOTCS
BBIPASKCHUA
Py=prt+ta—d&y;  g=gq +1p—dn,
Py, e
Zy = 'g_oy 3= —2'1
TAe d; — paccTosime MeMRIy IepBoil u BTOPOH TIOBEPXHO-
CTAMH, Z9, Y2 — ROOPAMHATHI TOUKH Te]lecedeHHA JTyda C
IIIOCKOCTEIO, KACaTeJLHOM K BepUIMAE BTOPOHl MOBepXHO-
CTH. AHATOTMYHO HAXOMAT II KOOPHUHATEL TOUKH nepece-
9CHHA JYTa € INIOCLOCTLIO YCTAHOBRII, HAllpIMepP, IIOCKO-

creio T'ayeca [41. Bameruny, wro npm seruuciacnmn &y mpir
HEYeTHOM YHCJAe OTPaKeHIl CjefyerT B3aThL 3lak  «—»
mepej| KOPHeM, Tar KAR JydT B 3TOM Ciydae HATpaBIeH
o6patHo B cmcreMy. IIpaBuio 3makos mus paguycos I
Tommus oberaHoe [3], Ho mokasarenm mpemoienma Bcer-
fa ODONQEATENbHE; 3HAKYE ¢ U ¢ A TIPEJIOMIAIOIEH 110-
BEePXHOCTH JOMRHBI coBnafarek. lpm Gomsmux r (moBepx-
HOCTh OJM3KA K INTAHOMAHON) BOSMOMHA TOTEPA TOTHO-
CTH, HOITOMY B OTHX CIYYasAX CIENYeT HCIOMb30BATH Y-
BOGHHO® 4HCJIO 3HAYALMX OUEpP TIPH BRYNCICNHAX. STH
PopMyant yROGHBI piA BLIUMCHCHUE Ha 9BM, Tak Kax
OHH He COMepsRaT TPHTOHOMETPHUeCKHX (YHKIUIT H co-



12 ACDOEPNYECKNE IIOBEPXHOCTHI {IVI. {

Jiep;RaT MHHMMAMbIOe THCIO KBaj[paTHHIX KopHeil. Ilpuse-
lewHele BHIMTe (GOPMYIHI AIA pacdera Xofa Ayua ¢ yclle-
XOM HUCUONBIYIOTCS B IIPOIECCE PACUeTa CAMBIX PABIHYHBIX
onTideckux cieresm B HpeiMeroil acrpodusugecroit obcep-
Batopun Hadumag ¢ 1960 r.; pacger mywell u aGeppaymil
o0Br4no mpoussoinres na DBM; yeiemino paforaer Tax-
We NporpaMMa JUIg aBTOMaTH3MpPOBAHIIOTO PacdeTa OLTH-
RI, ¥ KoTopoll pacuer abeppanuii TPOU3BOJUTCA ¢ HCITOND-
B0BANIEM OTHX dopayr.

B saraiowenme samerws, uto Bhiudciende  (ORYCOB
fecrOHeYHO TOHKNX IIyYKOB W aCTHTMATH3MA TOHKHX Iyd-
KOB B HIACTOAINEE BpeMA NMOTEPANO CMEICH, TAK KaK pacder
Oomnuioro wucia ITyyeit Ha IBM mosponser moxyauts Go-
jJee NoNHylo WHPOPMAIMID O KAavecTBe W300pAReHHS;
BIPOYEM, Py HeoOXOMNMOCTH quTaTenh Haiifer mymHEBIC
Jopmymer B [31.

§ 3. Pacuer xoma nyueii
4yepes HeHTPHPOBAHHYIO CHCTEMY
o dopmyaam Penepa

Opnais 13 1epsbix icnoabiosal IBM mas ontuuecrux
pacueroB amepuramcruil yuemsiit . IT: @emep [5], npen-
JouBmnil rarme ymobuble (OPMYIBL I pacdera Xoja
ayuell wepes menrpuposauunyio cucremy. @opmymrnr QDepe-
Pa HECKOAbLo chao;kHee dgopmyn lepnbeprepa, Ho TeM
e MeHee IoIy4qyuiau INUpoKoe paclupoCTpaHeHe Ralk B
naimrcd crpade, rak 1 3a pydesom. IlodroMy KpaTKO pac-
CMOTPHM 91T QOpPMYJIBE, SaIMCTRYS MaTcpHam i3 palorsl
MOegepa [5].

Cnavaja paccMoTPHEM pacuer Xofa Jydcit aepes cucre-
My chepuuecknx nosepxuocreil. Jusg mpocToTH paceMoT-
PUM CHCTCMy I3 ABYX I10BEpXHOCTEIl; 0603HAYHM KpHUBU3-
ity 11epBoil moBepxuoeTit B, KPUBEBHY BTOPOIl MOBEPXIOCTIL
1), orHOmIcmye mokaszaTenell TpeNoOMICHUA u:Z_” rze
7 -~ HOKa3aTeJL TPCIOMICHHA CpPejbl cIpaBa OT MepBoit
lepepxiocti, 1’ — [orazaredb NPeNOMICHUA cPefpl crpa-
Ba OT BTOPOIT TIOBEPXIIOCTIL.

tlo-upesnesy GymeM HC07B30BaTh ACKAPTOBY CUCTe-
My KOOpAuuaTr, c4ntag ochk & ourudeckoil ocrw. BBegem
e unmuneii sesrop Q(N, Y, Z),  manpasmennbii  BRoNb

§ 3] Xon JVYE#Z YEPE3 HEHTPIPOBAHHYIO CUCTEMY 13

Jyda BOpPaBO 0T IepBoit mosepxuocr: (pue. 1), a Tawrike
eInHMYHEBIE BexTop Q'(X’, Y', Z’), mampapiemnmslii BAONE
HpeToMIEHHOr0 Jdyda BUPABO OT BTOPOHl IMOBEPXHOCTIL
Pacemorpmy ramike sexrop Tz, y, z), maupasieuusiii ot

y 4
7 4

/ d

Pue, f.

RCPINNIBL HepBoil MOBECPXHOCTH 1 TOYKC Mepecedellns Iy-
ua ¢ 9Toll MOBEPXHOCTBIO, I  AHAJOTHUMLI BeKTOp
I"(2', y', 2') nas Bropoit mosepxmoctn. Haxoma cHawaTa
.y, 2, ewwrasg mawectimivn X, Y, Z u x, y, 3 omye-
LasT 1IPOMCRYTOUNBIC BBIRAAIKI, 1I0JYTIIM

e=Xd— (2X—yY +27), (1.5)
M., =r+eX —d, (Lo
M? =2+ y?+ 22— e2 4 d2 — 224, (.7
o~y XT B (BAE =231, (1.8)
B'M®—2M
[J=e+Tﬁ7 A (1.9)
¥ =a 4 LX —d, )
y =y LY, | (1.10)
2 — 2z L7, ‘

Jatee naxomin
0o =31~ 13(1 —o0?%; g =0 — uo;
X/ . “X . gl ))/x/ J‘f gl, )7/ — H}" . g/B/y/; (1 ll)
7=z —g'B
il 1.‘(.mrpn:m Benep nenonvsyet Gopay.in
B'la2+y'?+322) — 22" =0,
X2+Ye4+72=1,
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3aMeTHM, UTo 0 B ¢’ CYTh KOCHHYCH YIIOB IAJeHUsS H
NPCIOMICHUA coOTBeTcTBeHHO. Benmunna L ecrs pmauna
ayua MEAY UOBEepXHOCTAMH., AHAJOTHYHO IPOH3BORUTCHA
pac4er Jyda 4epes TPETLIO, UeTBEPTYIO W T, J. MHOBEpX-
HHOCTH.

Dopmymer Depepa Jerno o006IAT, M Ha acepuue-
exne mnosepxmoct. Ilyers acdepmdeckan 1oBepxHOGTH
BpallleHHUA 3aflala ypaBHeHneM

x =y, 2).

ITockonpky 910 TIOBePXHOCTL BpaIleHHA, Z ABIACTCHA
ToMbRo yrKnme# u=y?+ 22, [{na cdepuuecroit mosepx-
HOCTH, OYeBHIHO, HMeeM

r=r—1rr—u

B ofimem caywae Bhipaskenme mis acepmaeckoil mo-
BEPXHOCTH MOKeT OBITH 3AIlMCAHO B BHJE

T p2
x:L—ng;ﬂ+Azu+A4u2+...=f,
rue Ao, A3 — nocroauHHIe.

Ilepsriit m HanGosee TpyduEIl sTam npH pacdere dydelt
depes acepHIECKYIO0 ITOBEPXHOCTD BAKNIOUAETCH B HAXOMK-
AeHUH TOYKH IIePeceeHHsA Jyda ¢ ToBepxHOCcThIO. Demep
CHadala HAXOAUT DTY TOYKY MiA cepuieckoil moBepxHo-
Cru ¢ KpHBM3HOH B, KoTtopas O6nmsaka k acdepuueckoi
noBepxHoctu. llycTs TOYKAa mepeceweHms iyda ¢ 9Toi
cpepol umeer KUOpAMHATLI Zo, Y., Z,; OHA HAXOMHUTCSH Ha
Jyde, HO He ma acdepuuecKoii MOBEPXHOCTH. 3aTerM BHI-

wuciasem x. = f(y,, z.). Tlpm srom momesno mnpeoGpazosats
BBIPQIKEHHE

1——1/1—B21L . Bu
B 14V 1— B

Beipaskeniie, crosmee cupasa, 1e1ecoobpasiio  HCIoin3o-
BATL A MalBIX RPIBHUII, HOCKOILKY BBHIPAsKENNe B Je-
1oL YacTH dTOro BMpaskenda npm B — 0 crpemurea k Goeco-
roneurnioct. Touka ¢ xoopaumaTaMu T, Yo, 2, HAXOTHTCS
na acepuyeckoit nmoBepxHoCTH, 1O He mWAa ayue. Beramc-
‘M KacaTebHYI0 IUIOCKROCTL K acepmdeckoii mosepx-
OCTI B ATOR TOWKe I HalifieM, T/e OIA Iepeceder myw,

§ 3] X0 JIVUE#XT 9EPE3 HEHTPUPOBAHHVIO CHCTEMY 15

JdTa Touka OymeT HaxoXETHCHA OUEHL GAH3KO K acdepude-
croit mosepxmocTH. HopMans x acdepudecroil moBEPXHO-

CTH MMeeT HAIPaBIAIMIAE KOCHHYCH, TPOTOPHAOHANLHELE

t, — %’ - g- Mnddepennupys f, moryanm

— j—;- = —yB(l — B)~12 4 24, + 4Au .. ],

“% = — z2[B(1 — B2)~1/% 1 24, + 4Au + .. .].

Hanpapagomie KOCHHYCHl HOpPMAJIHM K IIOBEPXHOCTI
ITPOTIOPIAOHATLEE BesmumuaM [, m, n, Kotopsle Mefep
3a7a6T BHIpasKeHUAMHE

l=v1— B,
m=—yIB 4+ 1(24; + 44 +...)],
n=—z[B41(24, + 44,u }...)].

O003HaYAM 3HAYEHUA DTHX BeJHIHH B TOYKE ¢ KOOPHHIIA-

TaMH %, Yo, 2. 4€pe3 L., M., n.. Torma ypaBHeHHe Kaca-
TENBIION INIOCKOCTH B 9TOH TOYKE MOJKHO 3alHMcaTh B BHUIC

lc(x—Ec)—f—mc(y-yc)““’%(z—“zc)=0‘

C mpyroit cTopoHBI, ypaBHeHUE Jyda IIMEET BHJ

T—Z, Y—Yy, z—1

C

X Y Z

Pemas cosMmecTHO mBa ToCHeHMX YPABHEHUs, HAXOMHM
4
HOBYI TOURY ¢ Roopawaaramm x’, y’, 7t

' == G X 4 xg,
¥y =GY 4y,
2 = G Z + 2,

rae
X, — I
Ge=1lp 77— |
Xl,+Ym,+ Zn,
Hocue wsToro moBrOpseM ommcamEyIO mpouenypy, upi-
UAB TOURY ¢ KoopgmHaramu z', y’, 2z’ B Kadecrse ma-
UanbloOd TOUKH BAAMCH TOUKH, HMeoIIeii KOOPAHHATHI
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Tey Yoo Ze. Bplamcienma mpomomimaem mo Tex mop, Ioxa
TOYKU C ROOPAUNATAME Xoy Yoo 2. U 2, y', 2° me coBma-
AYT € ydeToM sajammoil  Toumocrd. Jlamee 1axomuM

B+m2tn?= @it

o' =Xl--Ym+Zn, o, =1 i1 —u?) 4 pne’2,
- a; - po’
g = —,
i
X ==X -} gl
JENT gm,

Znt | ogn.

dmecs I, m, n Gepyres na IocJIe/tuell nrepaiii.
Honpoturiii BriBon (Popmya Demepa numeercs B [3].

§ 4. AmaGeppaiuonnsie noBepxXHOCTH
H HCKOTOPBIEe X cBOMicTBA

PaccyorpuM BasKEBIE uyacTHBIT cayuaii  OUTHYCCKON
CIICTEMEL: necepUIecKe [OBEPXHOCTU BPAIICHHA, PE3KO
U3006pasKkaloIue TOYKY MpejiMeTa Ha ONTHIECKO 0CH. DT
moBepxXHOCTH Brepsbie Opuim oTKPHITHL B XVII B. [lenap-
ToM. Haiimem yparmenus nosepxuocreii Texapra. ITome-
CTIM TO4KY S HpefiMeTa Ha OoNTHYEcKoll OCH HA PACCTOsN-

HHH § OT BCPIIHHHL TO-
BEDXHOCTH; W3 OPHHI[IIA

7 ¥ a
1 A @epma nmaxopum (pme. 2)
r e e , ey 7’
S _ i ) nl+n'l'=—ns+n’s,

[N = (1.12)
- S R —

e [ — paccTosHHe oOT

Paue. 2, npepMera o TOYKH IIe-

peceYeHnsa JIyda ¢ II0-
BePXHOCTBIO, [” — paccTosmue H300paKeHHS 0T TOYKI
TIepeceYerus Nyda ¢ DOBCPXHOCTBIO; # U R’ — Tokasarem
IIPENOMICTEA CPeJi IPOCTPAanCTBA TPEAMETOB M IIPOCTPAH-
cTBa M300pasKennil cOOTBETCTBOMIO, §' — PACCTOSHEE ma-

221181

§ 4] AHABEPPAIMOHHLIE HOBEPXHOCTH 17

DaRCIAILHOr0 T300PAKeHHSI OT BEPIIMHB HOBePXHOCTH.
IT3 rcomerpuuccrnx coobpamcennit sico, 910

I=VFTE—F =y FFE—7T

Hopxcrasus ot snavenma » (1.12), nomyumsm nocie wpe-
oOpasosani

ny P (@ —s2n 1y F (x—8-Fns —n's" =0.

Kpusas werscproro mnopsmKa, onmchHBacMag  OTHM
YpaBHCLIICM, HazplBacTesa oBasom Jlekapra; nmpaxkTmue-
CKOC TPWMEHeHHe DTI
TIOBEPXHOCTH MOTYT ITaM-
TH B JUH3AX, NMOJ0OIBIX
ymuze JlwGomena, paro- 5 t 5
X CTHATMATHIECI:0C
n3o06pakenne I MOHO-
XpPOMATHYECKOTO  ITYIKa
(puc. 3): ayum, mexossu-
uue u3 TOUKHM S, MPeJOMIAIOTCA depe3 JoBepxHOCTH [le-
KapTa M 3aTeM NANAI0T HOPMAJIPHO Ha CepHIecKyo Io-
BCPXHOCTH, IIHTD KPHBH3HBI KOTOPOH COBMEIICH C TOU-
roif §’. U3 reomerpmuecknx coobpakeHuil 09eBHIHO, UTO
Ipu yAaJeHHH Tpefimera S B OeCKOHEUHOCTH YCIOBHC
Pepmd mpurEMaeT Bux

nzt+n'y P+ @@ —sx=n's, (1.13)

OTRY/A HaXOLIM

¥ =2 (1 — Z—) z+ [(:{—)2 — 1]12.

OueBHIHO, 9TO 310 ypaBHEHNe KOHHYECKOTO COYCHI,
SKCIEHTPUCHTET KOTOPOTO BHIpazRaeTca GopMyIoi

Pie. 3.

n
e=—

n'’!
4 pajinyc KPUBLU3HEL IIPI BCPIDWAC PABEH

7‘:8,(1——-—-?’—,).
n

Jlerapt nmpemmosxit spa THma AMO3 B KaTecTBe 00LOK-
THBOB TeJIeCKOTa; IcpBad JUIH3A HABIAETCA IIOCKO-BBITYK-
Toit, oOpamenHoll ITOCKO{t CTOPOHOR K TpeMeTy, ee BHI-

2 T. M. Ionos
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TIyRIAA MOBEPXHOCT — I'HNepGoiIony ¢ YKCHEHTPHCHTETOM
e=n>1, Bropasg ammza Hmeer Uepsyi0  HOBePXHOCTE

B gopMe ditmmcomna ¢ e =5 1 OeHTP KPUBH3HHL BTOPOii 110~

BEDXIIOCTH COBMeINEH ¢ M306pasKeHmeN. HogoGutie mumass
WCIONL3YIOTCA B OCHOBHOM B KavecTpe KOILTAMAaTOpOB
(manpmmep, B cmexTporpadax); csoiicrea Jmmg Herapra
MOKHO ¢ Ycmexom HCIIOIB30BATL T JJI KOHTpOIA BBIDYK-
JBIX TIOBEPXHOCTEIH, aMenmux gopmy runepbomonna mam
sitmnconna. Ilokasarens mpemomrernns CTERKIA  JIMH3BI

n
TIPH DTOM NOIKEH OTBEYATH YCIOBHIO ¢ = . J10T MeTOR

0BT TpEMeHeH mamu JIPH KOHTpOJle BHIIYKIOr0 BTOpmY-
HOro sepraima, mMeromero dopMy rumepGosnonna u npeos-
pasymomero cucremy [4] IMvupra » cucremy HImmprg —
Raccerpena. JKCHeHTpHCHTET BTOTO 3epraia 1,6126, mos-
TOMY WCIBITYeMoe 3epxaio
BLIIOXIHANOCT B BHOE ILjioc-
HO-BRIYKIOH  mumswr  [le-
kapra us crexna TK16; moc-
e TOBOJKM TII0CK Ol ToBepx-
HOCTH JaH3H (10 Ipo6HOMY
CTEKTy) mpousBogmmacs pe-
TYIIb BRINYRIOH mOBepXHOC-
TH JNHAH3HI B aBTOKO.TI-TIHMa-
TUOHHOE cxeMme (pue.4) p
MOHOXPOMATHYIECKOM CBETE, s KOHTDOJNIA HCHOMB30BATHCE
0o0BIYHEIe MeTONBI KOHTpOJNA ONTHRE — Merognl Dyko u
Ponxu.

Hlna orpaskenus CIenyeT mpuHATE R = —p’; MOy YHM
YpaBHenne napaGoss:

y?=4s"z.
Hy4or Tydeil, HapAIeTLHBIX OCH Tapaboionga, CXOONTCH
B TOUKY B ero gokyce; seprama B dopme Bormyrore ira-
paGorompa mmpoxo HCIIONB3YIOTCA B Tedeckonax i
CHERTpanhbHBIX TpuGopax [4].
Ecra npemver HAXOMUTCA HA KOHOYHOM pacceroauny,
TO 0Pl n = —n' maxomum

22— (s )],
[W] "]“;?—*7 1- (114)

Ouesmno, aro 9T0 — KOHHYecKoe ceuelilie, ocH KOTOpOTO

§ 41 AHABEPPALIMOHHBIE IOBEPXHOCTI 19

2a" 1 2b" onpejensoTCA BLIpAKEHTAME .
!
20" =(s+s"), 2D =2Vss,

d DRCUENTPHCHTCT € paBeH

1//11/2—1),2 __s—=g
e = Py _S+S,‘

Ecnu i>O, 1o (1.14) ectp ypaBHemme »s.uHIICA; TPIL
N

r
s
= — : = BRIpAKe-
s =s' 910 — ypaBHeHHe OKpYKHOCTH. J|IA +<<0sm1p

Hue (1.14) sBrserca ypaBReHmEM Ennepﬁo.nm. Co BpeMc(;If
Esrunnna mssecrmo onTmdeckoe cBOHCTBO KOHquCIi)mizeqe—
uenmii: Iy4m, HcXopAmue H3 (PoKyca Kommecrcoi cete-
HIA, TOCJE OTPa’keHHs OT NMOBEPXHOCTH 0fPagylo ngnonn—
nzo0pasieEne B ApyroM (OKyce. OT0 CBOMCTBO oo
3yeTcsi B KIACCHYECKHX TEIECKONAX — CHCTEMAX [Haccer-
pera i I'peropm, a taxme B HEROTODHIX peHIre ;

telleckomax [6].



Tuasa 2

CHCTEMDBI u3 ABYX 3EPRAJ ¢ HEHCITPABJIEHHON
RoMon n UCHPABJIIEHHOIT

COEPHYECKOWN ABE PPATIHEIL

§ 1. Meroguka pacyera npenokaabRBIX creren

Bosbmen CHCTeMy m3 JARYX 3eprai, mpu srom paccmor-
UM TONLEO HauGomee BasRELL JUISL ACTPOONITHRY ¢y 4ai,
KOorfa mpeamer maxonures na BecrkoneunocTir. Jlyuu cse-
T4 MAPALICABNBIME 1Ty qRAMIL )
IMeHyeMoe Taasmemy, OTPAMAACH 3aTeM Ha BTopoe 3epLa-
10, ROTOPoe O6BIYHO nasniBaior BYODHYNBIM 3epragoy [7].
Pasnugaior npendoranLuese 1 32QORATLHBIC CHETEMBL 113
/ABYX 8eprai: y npexdoraanmoii CNCTeMBI  JIy4i  cpera,
OTPayRCHHBIE 0T TWaBIOTO 3CPLATa W mAymme K Bropmv-
1My 3epraiy, ne uepecexamor ONTIYECKYI0 0Ch cueTeMpl,
a y s3adorampuoii CHCTeMBI —— mepeceraor ce. ey BTO-
PuiHOe Beprano ymennmaer CXOANMOCTH  nyuka,

orpa-
REHIOT0 OT TiaBmore 8€DRaja, TO cHCTeMa mwasbiBacres
YVIHHAOme R, B mporupmoy CIy4Yac cucreMa  siBmmercs

ynopauugatomeit. Boamosrig Tarske 1 agoxamninie cp .
CTEMDBI, Tak HaseBaeMble cierenips Mepcenna, usewomne
nzobpasienue na Oecroneunocri,

Brepssie npegoramnusre CHCTEMBI HRYUIUI [3BECTN biif
neMenKuil yuemmiz K. Msapymmasy [8], a sateM (pan-
nyscrmit onrmx Kpersen [9). Kax sadorainne, Tap 1t
lpendokanbuple cuereMe gerTanbmo H3YYCUB B padore
TI3BECTHOI'G COBETCKOIO ONTHKA Maxcyrosa [10). Amamo-
MITHOC HUCCHefoBaHme GBIT0 3HATIITCILIIO HO3RE BHUIOMe-
1o Jlungyrom [11]. Ormernm, uro UCPEUICACHNBIC 1ic-
CACHOBAMIA LENB3st CHirTaTh UCICPUBIBAIOILINMIT, Tak pan
OHH OCLOBBIBAIOTCA I1a aleppaimsx TPETLEro  1opaaNa.

3epRaiLHble omTHYeCKIe CHCTEMBL IMIPORO HCHOMB3Y-
10TCA KAK B HAZeMHEIY TeIeCKOmax, TaR M B mpufopay,
PUMEHACMBIX Ha Gammomax, parerax u HC3, nmoarony my

§2] CHCTEMDLI C OTCTYHJIEHUEM OT VCJIOBHS CHHYCOB 21

usydenue npejcrasiager Gompmoir mutepec. Ceiiwac If)on;
CTPOEHO HECKOMBKO 3ePKAJBHBIX TEJeCKONOB C ;maMeTp%_
orBepcTHst 0koji0 2+ 5 M; B CCCP 3aKoHYeHO CTpOHTE: -
CTBO KPYNHELIIero B MUPE TeNeCKONA ¢ JHAMETPOM IV1aB-
moro sepraia 6 m. B CIIIA mpoextupyercs kocMudecKuii
TEJIECKON ¢ JIUIaMeTpPOM TIABIOTO 3eDPKala OKOI0 2,4 M.
Ofurmio k yHoMAmyTBIM WHCTpYMEITaM IpeAbABIAIOTCH
BECbMa BBICOKNE TPeGOBAHMA B OTHOIUGHNM RAYECTBA H30-
Opa:KeHHA IPH MHHEMAJbHBIX ra6apnzax, a I KocMmue-
CKUX TPUGOPOR — U TP MUHEMAIBHO{ MacCe; 9T0 IPHBO-
AUT K HeoOXOJHMOCTH MCIOIH30BATEH CBETOCHIbHOE IMAB-
II0¢ 3epKao. PenrtreHOBCKIE TeXecKoNs Tpefyior CHCTGI\f
¢ BONLIIIME yraamu mafeHus iayueii ma 3epKaia (cnsmu(j
80°); mertogml pacuera MOAOGHBIX CHCTEM OTIAHYAIOTCS OT
TPAJIUTMOHHBIX. '
3nech me Oyjger maararnes TPAREOUAONNAA MeTONILA
baciera OUTUYECKUX CHCTCM, OCIIOBAHHASL Ha TCODHH aﬁe‘p—
panuit Tpersero mopsajgka c HOCTAeYIONUM  yTOTHENICM
PCIIENST Na OCHOBE aHAMH3a Yojla Jydeil, Tax Kax ona
Ocellena Bo mHorux pa6orax [15], [19], [21]. Pacewmor-
pn oee copepmennyo Meromiry, TO3BOIAIONLYIO pac-
CIHTATL CICTCMY H3 [ABYX 3e€pKal ¢ JI06Goil TOYHOCTLIO i
ne Tpefyomyo, Kak IpaBINIO, CAOMRION BHYHCINTENbIOIN
rexnurm. lpm ooy Boamosken pacder cmcrem c Trpeyies-
HO BBICOKOIL CBETOCIIION, cHCTeM ¢ HCIpaBAentuoil 1o-
MOl WA TpeSyeMBIM 3HAUETLIEM ROMBI, ANACTHTMATOR

L cHeTeM ¢ DOmBITNMU YIVIAMII IaJlenns aydecii ma sepra-
na [12],

§ 2. Cucremst u3 nByx sepran

) - ¢ HHY(COB
€ 3aJAlHBIM OTCTYILIEHHEM OT YCAOBISA CIHY
(mpendroransHbie cHeTEMBI)

Hasecrno, uro B ABYX3EPRANBIIBIX CHCTEMAX C n;;[ﬁ:‘;g:
Hnenmnoil ceprueckoit a69ppzumneu nojie 3peHus orpBTO e
1I0 B NePBYIO odepedb KOMOH; acTHrMaTH3M I/II‘paEfT . Ic
crenemryio poxas [11]. 1ooroamy xospdunument roa 0(0;
MOMKIUO CUNITATL OANIOII N3 XaparTepuctuRr cicreMmul. 00 -
HAaYAM DRRHBajJeHTioe (OKYCHOE pacCTOAHHE CHCTeMD
f,'), paccrosnme Me;RAY BepPHIMHAMH 3epraja d rr; BBLLI;(;(‘:
(oryca 3a BepUINHY IITaBHOTO 3epkala q (pue.d).Bg ‘no
HellloeM TIIaBHBIM 3ePRAJIONM Oy/ei IaselBaTh nepeoe
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XOony Jyda 3epralio, BTOpO€ Has3oBeM BTOPHYIHBIM 3epra-
JIOM. PﬂCCMOTpI/IM cirydau, ROrja IpeIMeT HAXOMUATCI B

Gecronednoctu. Orerymienne or YCITOBWA CHEYCOB 3alili-
LIeM B BHJE

Yy
sin u

’ -
. — fo=rcysin%u/, (2.1)

rae ¢ — koapunment KOMBI, u’ — IMOCHeAHUI yrox cic-
TeMbl, J — BEICOTA TIQJeHHA JydYa Iia IJIABIHOE 3EPRAJO.

G« Acz,y) q

. / )
f b (Zy4,)
4 Al

> |,
j F
- 4 7
=

Pue. o,

IomecTnm Havao geraprToBoil cuereymsr woopguumar (x, y)

H Tmosioe moaapHoit cucremst (0, ©') B donye F emervembr
. 14

(pue. 5). Tpusen fo = 1; rorma na (2. nosrywny

y=sinn +epsintu’, (2.2)

dayernm, uro ¢ >0, ccim doryc ' nmaxoqures cupa-

Ba OT IIaBHOTO sepraja n ¢ <0, ecanm om pacmoaoen

caeBa, d << scerma. lpumuum depra uoszsonser mamm-

caTh yCIOBHE MOJYUeHUA Oezabeppaigionnoro nzobpare-
HHA 1a ocH

c=p 1424, (2.3)
rje *r — aﬁcuncca TOUYRH IIOI)C(JO‘{BIH/IH A nyqa C TJIaBHBIM

3epKajioM, p — paccrodnle OT TOYKI IepecevyeHlls Jyda
€0 BTOPUINBIM sepragom jo ¢oryca [ cucrems. a3
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pHc. O ciefyer, uTo

' =2i" —2i, (2.4)
r=pcosu —lcos2i, (2.5
y=psinu’ + Isin2i, (2.6
r=pcosu, (2.7
Yy =psina’, (2.8)

e §u i — YIAB Hajienil lyya "a TIaBHoe H BTOPUYHOC
BepKania; Ty, Yi — KOOPAMHATHl TOYKHM MEpecedeHusI B ny-
4a co BIOPHUHBIM 3epraiom. 13 nmuddepeHnuansnoil reo-
METPHI H3BECTHO, YTO YOI [ MY KacaTeIbHOH H Kph-
BOif, 3ajamHoll B MOJAAPHBIX KOOPAMHATAX, W HAMpaBIe-
TIIeM pajHyca-BeKTopa ompeflelifeTcs BHIPArKCHAEM

dp\~?t

tgp=p (37) .

[losToMy nif TOYKH IepecedeHHA Jyda CO BTOPHIHBIM
3epKalloM MOJKHO HAIHCATh

| iip

Buipaswerna (2.3)—(2.9) oGpasyror cucreMy ypaBHe-
HHii, OOPeIeIA0NNX KOLCTPYKTHBHBIE 3NeMEHTHl CHCTeMBI.
Nz (2.2)—(2.8) moHO UCKIOIATH BEIMIHHH Z, Y, I, I, §

d
M HOAy4UTH ONHO YpaBHeHue, CBA3LIBAIOMEe P, (7571/. s
(2.2) m (2.3) maxomgun
sinu ey sindu’ =psinu’ + Isin 2i. (2.10)

-

Meraouas © us (2.3) n (2.5), nonydnm
—2d = p(1 — cosu’) + {1+ cos 2i). 2.48
Beipasum [ u3 (2.10), wojcraBum cro B (2.11) u 3ameHNM

2i ma (2i" —u’) (ycmosme (2.4)); moixyveHHOe ypaBHEHNC
pemaem orHocuTenbHo i 1 yunthBaem (2.9):

u’ u’ v

R 2 e «in® —cos
(o i d-l p—cos 5 be, sin® cos” 10‘”, 1 dp
s Lot N
d | sin T e, sin 5 C0s
(2.11a)
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. . ot
Hocae saveunt nepesenmoii v sin — momy i

tdp dHd-p-tv—y__ ey (1 —v)®

p r]V N (l_“\’)’(l-«}—v ‘]]—401‘\)2(1"\')" (212)

YpasHenue (2.12) UPUBOJIHTCA K THciinomy nojicTanos-
KOIT 2 = b—:
EEPM =0, (2.13)
e
p_ d ] (1-—v) "wlv (f — \')2
=0 [dt v+ de v (1 — v

1
—_— 1
(V=D {d+ v+ ge v ([ - V)|

(2.13a)

-—_V
Ouesusnio, gro 21 = —— HBIACTCA vactHpry peltcuu-
CM ypaBuenms (2.13); TOITOMY MOKHO * HafiTy 1r obmec

bemtenne ero o Popmye, H3BECTHOH 113 Teopun audde-
PeRUMaNLuEIY YparHenmit,

=g taedre L, (2.14)

T1€ a — nocrosHmad, e = 27182, — nHeno Jittepa. Hu-
Terpait —SPdv Momer Gnirh BLITUCIICH B djIeMEHTapPHbIY

YHRIWAX, HO BHpajrelne MOXyYaeTcs BECOMa CIORHBIM,
Bripouen, nenoiasays 9BM, MomHO BRraucamrs TOYHEIE
SHAYCHUA HWHTETDala IA 3amaHmbIx d, ¢1, a. 310 mmeer
CMBICT A 0060 CBETOCHIBHBIX CHCTEM, ¥ KOTOpHIX
v~ 0,5, a ramme mra cmerey ¢ OoNBIMUMHU yriamu nage-
1 Ha sepxama. Ilpn MambIx smavemmax V JIYYIle HCHoib-
S0BATL DABNOMKEHMe z B pajy mo CTeTIEHAM Vv — 9ToT psy
OBICTPO cxommTCs:

2= 0 Biv v SvE L % (2.15)
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Hoperanus (2.15) B (2.13), HONYyYHM, YYMTHIBAA HA-
TAIBHOE yelloBHe

1 1
Z(D):m~-p,
1 1—gq _4c1—1
Y=g Pr= sd V1T oo (2.16)
1—d~4cl(1~l—3d)
b, = 6s’d?

re s’ — mapaxcmanpmoe paccroguue or goryea F 10 BTO-
pmiHoro 3epraya (pwme. 5). Bmag P, MOKHO HaWTH u Rme-
LapTOBE KOODHUHATHL BTOPHIHOIQ 3epraia 10 PopmyraM
(2.7) u (2.8), 3anmcamnpi uepe3 mapamerp v:

Y1=20Vv(1 —). (2.17)

Hoxyuus tarske prpasmenme u LIS TIABHOTO 3ePKAIA;
n3 (2.2) maxonum ‘
Yy=2Yvl — )1+ 4ev(1 — )], (2.18)
Uz (2.10) m (2.41) noayuny
(@4 o9 v (L= ) [(1—p) + de v (1 — v)]?
! = i :

Zy=p(1 —2vy),

IloacranmoBra I B (2.3) naer

V(L =) [1—pthe v (1—v))? /

=d4p(l—w) — [d—,val . (2.19)

Berpamenua (2.18) n (2.19) OMpeJeNAIOT UCpe3 Mapa-
METD v MepHAHOHAILHOE cedellle ITABIOrO sepraia.
Ecnw p nomyweno ms rowmoro Belpasrenna (2.14), 1o
(2.17)—(2.19) ramke RAnyT TOYHBIE (DOPMYAH KIA mpo-
durelr zeprax cmcrenm, CIIPAB/UINBEIE IPH JIOGBIX 3HA-
demnax v. B ro e mpems (2.15) mmeer cabicy TOJBKO
B obmactu (0<v<|dl), rar xax mpn d+v =0 (wrenonm
4cvi(1 —v) 1pm Mambx v MosHO npencOpedn) nponsBoj-

z
Has ‘a—v —> 00 W, C.TIGI[OB&TGJILIIO, PAL HCIIOAL30BATH HEJAL-

351, 3AMETHM, 9TO HPH MATHX v MOMHO Tal}Ke pa3TOMUTE
(2.47)—(2.19) B crencmmie PAABL IO CTeIeNsM V; 3aTeM,
HCKIIYaa v, NOTYyIHM A 3epRAT BbIpasKenusa suga (1.1a),
OTKYAQ NAXOAMM BEIPaKEHUS A Dajiiycos KPHBH3H 3ep-
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i
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Kal NPHM BePmIMHAX U YKCLEHTPHCHTETOB 3epKax (B mep-
BOM TPHOIHKEHMA 36pKaa MOKHO CUATATL KOHHIECKEMI
CeueHMAMHE)

2d 25'd

n=gr—_g = T—;:——_’(ﬁi’ (2.20)
2d%s'(1 — 4

ef = -(%()—361) +1, (2.21)

. r_ 2d® (1 —4

A=) 20T g 99

U—s 4 (11— -d)°

3uech r; I ry — pajuychl KPUBU3HBL IPH BepPIIMHAX IJAB-
II0To H BTOPHYHOIO 3€DPKal, €] U €3 — DKCHEHTPHCHTETH
[VIABHOTO M BTODHYIONO 3epPKaJ. B dacrHoM ciyuae, wor-
Aa ¢, =0, noxyuaem cucremy, cBOGOZHYI0 0T KOMEI, T. €.

annararwieckyo. Ilpn ¢, = - rmasnoe 3eprano mmeer

Popmy napabomonpa, a seipakenua (2.21) m (2.22) omu-
CBIBAIOT KAaK RiIaccHyecKylw cuctemy Haccerpema, Tark m
MeHee HU3BECTHBIe CHCTeMbI IS DPEHITEHOBCKAX  Tejle-
CKOTIOB,

Wsnomenman MeTOpMKA mO3BOIAET PACCYMTHLIBATH Ca-
MBIC Da3NMYHBIE CACTEMBI H3 J[BYX 3€DKaJ, BRIOYAS CH-
CTeMbI BECHMAa BBICOKOW CBETOCHJIBI M CHCTEMB! ¢ KOCHIMII
najenusAMu Jydeil Ha 3eprama (peipamwenua (2.14),
(247)—(2.19)); upuémmsxennsie gopmyuasr (2.20)—(2.22)
HPHrOAHBL A pacdera CHCTeM, HMEWINAX HeGoxbmme yr-
7Bl MafleHds Tydeil Ha sepkana. OTMeTHM, 4To M3BECTHHIHA
coserckuit yuensrii JI. JI. Maxcyros [4] morasan, wro mus
KOHHYECKOTO CeyeHUs HAUGOILIIee OTKIOHEHHE ero O or
Onmsxafinneil OKpYRHOCTE PaBHO

8~ L5 (2.23)

rme Y —— OpAMHATA TOUYKH KOHHYECKOTO CEYEHUA, € — eTo
9KCHeHTPHUCHUTOT, I — pajyC KPUBH3HBI KOHHYECKOIO Co-
9eHUA IPHA BepPIIHHe, JTO BHIpA;KEHHe GyneTr HaMH mc-
OOMb30BAHO HUUKE,
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§ 3. 3adoxansHple CTUIMATHYECKHE CHCTEMbI

PaccMorpum Kparko 3adoKalbHEIE CHCTEME C HCIIpaB-
nenHoil cpepuaeckoil aGeppanteis U 3aJaAHHBIM 3lla9eHIEM
rosunmenta KOMBI cf. Bymem wucnonszoBarh IIpesREHE
0003HAYeHNA W CHCTEMBI KoOpmmHAT. AWaTorm4HO IIpejbl-
nyimeMy nomydaeM pAfx gopmyn (MPHHAB IO-TIPEKHEMY
fo=1). M3 nprunuma OepMd HAXOAM yCIOBHE MCIPAB-
senns cdepiraecroit adeppanuu

r+i+p=—2d (2.24)
Orerynienne oT YCHOBHS M30WTANABII 3alilllies B BUJE

u
sinu’

— 1 — ¢ sin®u’,
1

ITaees Talsike PEA OYEBHAIBIX I'COMETPHYCCKHUN COOTHO-
NnIeHuii:

leos2i—pcosu’ —x=0, Isin2i—psinu’ —y=0,
. . 1 dp
: 14 & ’ /
2L:ZL—~2L, lgL:EW'
- Y .
ITo-peniHeMy, HCRIOYAs U3 STHX BHpaskemmit I, i, i', @,
y, noayunyM pmddepeHnualpioe ypaBHeHHE, pemas KoTo-
poe (Ipu MaJBIX 3HAYeHHAX '), MaiifleM BHIpAKEHUT s
PajuycoB KPUBHSHE U HKCICITPHCHTETOB 3epKa’d (B 1mep-
BOM NpPHOJH/KCHHA 3€PKalia CHCTeMbl MO/KHO AalNpPOKCH-
MHPOBATh KOHMYECKUMHA CeTCHUAMM):

2d — 25'd
- — - " —- 2'27
’1*14—5” T 1+ —d (2:29)
o _‘_’dg.\" P .
ei -1 — TG ‘\.,)3(1 — 4cy), (2.26)

g e ) o
Ty —a (b —a)?

§ 4. Yacrusie cnyuyan
(BapHAHTHI /[BYX3E€PKAIbHBIX CHCTEM)

a. CiucreMsl co c¢(popHUIeCKHM TJHABULM
sepratToM

HaI/IGOHI)H_II«IG TPYAHOCTH MNPM H3TOTOBJICHHH  OUOTHUKA
IBYX3€pPKAJABHOrO TeJeCKOlla oOBIYII0 BBI3BIBAET H3TOTOBIE-
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nne acepHIECKOTO TIABHOTO 3ePKAN, MOITOMY MOHATHO
CTpeMJIeHIe HCHONb3OBATh CHOTEMY €O ChePHICCKAM Tiap-
HBIM 3epKaJIOM, MeTOOMKA H3TOTOBIEHUST N I{OHTPOJIH KO-
Topore xopomo paspaforama. [lomaras B (2.21) n (2.26)
e; =0, naxonnm

_— 3
1 1F s
=+ LED (2.28)
4 8d®s’
31[8(’,1) BerHHﬁ 3Hall OTHOCHUTCH K Hpeﬂ(bOKaJIBHLIM CIicTe-
MaM, HIRHHI — R 3adoransbubn. 3nan kods@@uument 1o

MBI Cp, HaXouM €} m3 (2.22) umm (2.27). Beenmes ofoa-
HA9eHIA

s N
B = :y—r7 A = 2;7
"y
rae s = —d 3 — baccroaune goryca raarmoro sepra-

J1d 0T BOPIIMHB BTOPHYHOIO 3epRajia, o — RodpQHument
PNPaHIPOBAHNA BTOPHYNLIM 3epranom, TloctponM rpagmn

3aBHCHMOCTH €; OT 8 ma puc. 6, npuEss o =4 g npej-
POKATBHBIX CcHCTEM U o = — 4 JTA cucTeM 3adloKalbHEBIX.
U3 pmc. 6 caegyer, uro npefdoraibEbe YATHHARIAC CH-
CTeMBI TPeOYIT BTOPHIHOTO BBIIYRIOTO, 3epKana B (oprc
CITIOCHYTOr0 Cepousia, B OCTANDHBIX CAYTasmX BTOPHTHOC
ICPRATI0 ABIAETCA DIIHIICOHIOM MWIH THIEPGOIongom [4].
Ha puc. 6 ofmacrs 0 < p << oo mpmmamme:xnt mpendonas,.-
HBIM - cHCTCMaM, mpugem 3madenns 0<<B <1 coorsercr-
BYIOT TPeA(ORANBHBIM  y T HH AWM cucteMay, 1 <p <<
< %0 — YROpauUBAWINUM; o0gacTh 0 > p>—oo npuman-
JC/RAT 3aORATHHBIM CHCTeMAM, IPHYeM npu 0>p>—1
TTONY4aloTcs  3a)OKANBHEIE  YATHHAINIIHE CHCTeMBI, IIpI
—1>p>— o zadoransune YHKOPAYHBANOIIIE CHCTEMBL.

Acdepuanocts BropmunbIX 3epKall B MBYX3€PKaJNbHEIN
CHCTeMAX YA00HO OIEHMBATH Kodddummenton k, KoTOpEIi
ABILIETCA OTHOIIEHHEM ACePATHOCTH BTOPHIHONO 3epKa-
M2 K ACQePIIHOCTH IIABHOTO 3epKANa, eCim Obr nocyen-
nee Obio TapaGoyounoM; kpusas k n3obpaxena na puc. (
IIPePEIBUCTOH JUHMer — oHA Xapaxrepusyer actepuanoct,
BIODHYHEIX 3€pKAl B CHCTeMaX €O CPePHYECKIM riIaBHBIM
sepraiom. Us pme. 6 ouesmano, aro B YIIBHAKIAK CII-
cTeMax achepHIHOCTL BTOPHIHOTO 3epRaIa TOTO 3Ke To-
PARKA, 9TO W acePHYHOCTL [IABROTO 3epKaia, ecaum Gl
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0HO OLLTO napadonoupom, T. ¢. kA 1. HKnaccmueckme sep-
ATLHO-THHBOBIE CHCTEMBI TEJECKOTIOB — CHCTEMA Mmup-
ta [13], memnckomas cucrema Maxcyrosa [4] m gpyrme
[14], [15], mmewor, wax HpaBuilo, cepmyecroe rIaaBHOE

2
£;

Pue. 6.

SEPLATO, a TIOTOMY MOIYT GOBITH J1erko 1peofpazoBantl
B ONICAHNYI0 AByX3epradbuyio cieTeMy ¢ acepmaecring
BTopmans seprarom. Tpusepon mosmor CHY:KBThL MCHI-
CROBBIT Temeckon MTM-500, yeranopieHnslii 8 Kpeimeroii
actpodusgeckoi obcepBaropmir, ROTOPBIN MOJKET HCIIOM -
SOBATLCH U RaK [BYXN3ePRANBHLIH TeIcCHOI nocye yane-
HUST MCHICKA 1 yCTaHOBKE BHITYKIOro acprama (pme, 5),
uMewonery  gurypy CIocHyTOTO  cheponya. Hapozmnoce
npeanpuarue K. Heite (I'J[P) paspaGoramo yumsepcass-
Ublil Texeckom, KOTODPBIH MOskeT HCIIOJL30OBATLCA M KAk
ramepa Ilmunra c orBepcrimenm 1,3 M m rakr ABYX3epKaIb-
Hasg yanuHmomas cucrema (pme, 5), nmeromas chepuye-
CKOC TIABHOE 3epRaiio ¢ oTBepcTHEM 2 1, dror Texeckon
yeranosnen s TayrenGyprexroi o0cepsaropum (I'JIP),

Crerema co cdepuecin TIIABHBIM 3ePRANOM ABIfCT-
G AlranaTHaceRoil, ecan ¢y = (), OTKYHa caemyer

2 5T
27

Han upeAdORATbIEIX AMNANATAIECKUN cHeTeM  d — freit-
CTBATEJNIBHOE YHCHO, ecin $'—1>0, 1 o 5> 1; npnm
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5TOM PA3MEpPHl BTOPUUHOrO 3¢pKajia oGHYHO Goibule pas-
MepOB TJABHOIO BEPKANA; A 3a(DOKANBHHX CUCTEM d
Bcerja elicTBUTeNbHOE, PasMephl BTOPHYHOIO BepKala MOo-
FyT GBiTh MEHRITE DA3MEPOB FIABHOTO 3epkana, a (ORYe
cHCTeMBl HAXOMATCA BUYTpH TPYOH. 3aoraiabHBIE CHCTE-
MBL cO cepHYCCKMM IIABHBIM 3eDRAJOM HE IOJNY9YHIIN
pacrmpocrpaHeHnsa; HamOonblllee NPAMEHEHHE MMEIOT He-
AIanaTHYeckHe CHCTEMBI BIJla, IPEACTABIGHHOTO Ha
puc. 5, T. e. CHCTEMBI KacCerpeHOBCKOro THIA — OHII HC-
LIOAB3YIOTCA NPH H3yYeHWH acTpoxauMara, miamer, Qoro-
METPHH 3Be3ajl, Kak MHUTAKONIaf ONTHKA cHekTporpagos i
JUIA KONATMAMATOPOB cIleRTporpadoB; UX OCHOBHOI HelocTa-
TOK — MaJIoe 110JIe3II0e IoNte 3PeHHA BCAEJCTBHC 3HAYII-
redploil KOMHE (Karg mpasmno, He 6ojlee HECKOJBKIX MI-
nyr fyrn). 11z seipaskenws (2.23) caexyer, 4ro achepud-
HOCTh 3epKala BecbMa CHJLIIO 3aBUCHT OT 30HBL Y, T. C.
B KOHEUIOM cYUeTe 0T HCIOAb3YEeMOro AMaMeTrpa 3epKana;
109TOMY, YMeHNLINag OTHOCUTENIbHOE OTBEPCTHE CHCTEMH,
MOKHO TIOJYYHTH cHcTeMy co c(lepriecKodl OlTHKOl, 10-
CKOJBKY ac(epHYHOCTH 8€PKAJ OKa/KyTCA MeHblie Jio-
nycKa. 9TOT MpHeM JacTO MCIOIb3YeTcA R COMHEYHBIX Te-
Teckonax, B WacrHoctH, B Kpynueijmem B CCCP Bamen-
HOM CONHEeYHOM TejJeckolle ¢ oTBepcTHeM okoio 1 M, mo-
crpoenHoM B KpniMcro#t actpodusmdeckoit obcepsaTopuu
{16]; onTura sTOro Tejeckoma paccYMTaHA M M3TOTOBIENA
o7l PYKOBOJACTBOM aBTOpa jlaHHON KHWTH.

N3 npepdokalbHbx CHCTEM UIHPOROE PACIPOCTPaHC-
nme Toayumia cuereMa DoysHa — aHacTHrMaTr M3  [BYX
cepIrdecKuX 3CPKAd: BHIOYKIOTO IIABHOTO II BOTHYTOrO
BTOPWYHOTO, TPHYEM JHAMETD BTOPHYHOIO 3epKaja Goiee
weM B UYCTHIpe pada TPCBOCXOJHUT JHAMETP TIABIIOro 3ep-
kama [17, ¢. 122]. Dra cmcreMa NPHMEHAETCA KAk Kamepa
ciexrporpada B OOJBIIMX TeTECKOIAX.

B camoe mocaepmee BpeMS IPeIOKOHBl TPOCKTHL TH-
FAUTCKEX TEJNOCKOMOB € AHAMETPOM INIABHOTO  3epralna
20—25 M, mpmueM BBHAY HEBO3MOMKHOCTH  N3COTOBHTD
MOHONHETHYI0 3ar0TOBKY TaKOTO 3epkana, oHo Gymer co-
CTABICHO M3 MHO;EeCTBA 3epKal pasmepom orono 1 mM; pa-
3yMeeTcs, ¢ TOUKH 3PEHHs TeXHONOIMH H3rOTOBICHUS Bhl-
rOMHO NMCIIONh30BaTh MAJibe 3epraia chepuaeckoin GopMsr,
ofipasymonme o0y cdepruecKyl0 MOBEPXHOCTE INIABHOTO
seprana [18]. B mocnesinem ciiydae BTOPHYHOE BBIIYKIOO
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seprano (ecim HCIONB3OBATL CXEMYy, M300DAKEHHYI0 HA
puc. 5) Gyner mMeTh (opmy, GIHSKYI K BEIDYKIOMY cge-
pouny. ONBITHE 9K3eMILIAD TeleCKoIa ¢ COCTABHBIM cde-
PUYeCKEM 3€PRAIOM, COCTABICHHBIM W3 CEMH IIECTHYIOb-
HBIX c(PCPHUECKUX 36DPKAT, BINIOTHYIO MPUMBEIKAIOINUX APYT
K Apyry, ycrapmopled B HprIMckoit acTpodhmsmiecKoil 00-
cepsaropun [19], [20].

6. Cucrema Jara—Hupxema

Cucremoit [Jana — Kupxema mHaspIBaloT ABYX3epKalb-
HYI0 ONTHYECKYI0 CHCTeMY KacCerpeHoBCKOro THma (pmc.
D), EMeHINYy BTOPHTHOE 3epKano cdepmueckoir QopMsl,
CTeOBATEIbHO, yao6HOoe A M3rOTORBJEHHS M KOHTPONA,

[Momaras s (2.22) u (2.27) e7 = 0, HaxomuMm

(Y —=DUTS ), (Lt )P
Cl~——4—+ T 2d 2 + ;d2 7(229)

rae s’ = ¢ —d. 3gech IHO-Ipe/RHEMY BePXHHH 3HAK COOT-
BeTCTBYeT IpeadOKANBHON cmCTeMe, HEJKHHI — 3a(o-
KaibHoil.

HapbGonpminii mnpaxkTuyeckmil wWHTEpeC NpPencTaBiIAlT
anamorn cucrem Haccerpera (cM. pue. 5); OHH HMeIOT 2J-
IUNCOMAaNbHOE IJABHOE 3ePHAJo, KOTOpOe JErKo0 KOHTPO-
AAPOBATH B IPOIECCE H3TOTOBJEHHA. JTa CHCTEMA BIEp-
BHI¢ ObIa ommcaHa MaxcyToBBIM U 3arem mayuena Ja-
amom u Hupxemom [10]. Ecam orpammumrnea paccmorpe-
HHeM KacCerpeHoOBCKold cxembl, To m3 Qopmyrsr (2.29)
crefyer, 910 Koma cucreMnl [lama — Humpxema smaumrean-
HO MeHbIIe KOMBI HpefbAyIneil cucTeMsl co cepuiecKuM
TTIABHBIM 3€PKaJOM IpPY ONMHAKOBEIX 3HAYCHWAX IApaMeT-
pos d m ¢. B To ;xe Bpemsa Koodgumuent KOMBL ¢y cuCTe-
MEI ,I[a.ng—Hprema 3HAYATENLHO IpeBHIIIaer kodPdu-
NEeHT KOMBI Kiaaccudeckoit cmcreMbl Haccerpena ¢ mapa-
O0AAYeCKIM IVIABHBIM 3€PKAJIOM, A  KOTOPOro ¢y = %
JIerKoCTh MBTOTOBIEHMA H KOHTPONA 3epKAd  CHCTEMBI
Haxa — Rupxema sBasercs mpuuuHEOi DONYIAPHOCTH 3TOH
CHCTeMEBI Cpefu NO0uTeNei, U3TOTOBIAIIIAX TeJecKOLbI
co6CTBEHHODYYHO.,

Cmcremnr [Hana -- KupxeMa mMeeT CMEBICH HCIIOAB30-
BaTh B TeX CIy4asx, KOrja TpebyeTcA HeOONbLIOe IIOIe

S P g R
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3PeHHA, HAIpHMep, Iia Ha6II01e it mnaHeT, ¢orosiek-
TPHYECKHX U CIIEKTPATbHBIX Halloxenuit sBea,

B. Cucremm ¢ HapaboNOUmadbEBIM Tap.
HBIM 3epKajyonM.

Crcrems: n3 ABYX 3€PRAT ¢ [apaGolongaNbeHEIM riap-
HEIM 3€pKajioM OsLim m3obperenst B XVII B.— 3T0 Kxac-
Cuueckme cmctemsr  Mepcenma, I'peropu u Kaccerpena
(pre. 7). B arux CHCTEMAX KaK IMaBHOE, TAK H BTODPHTHOG
SEPKalla CAMOCTOATENBHO HCIIPaBIeHbl 32 cepageckyo
abeppammio. U3 Beipassenns (2.21) caepyer, 910 rasmoe

N 1
3eprano — napaGosony, BO-IIEPBBIX, KOTHa ¢y = 3 m, Bo-

4
BTODHIX, IIpH S’ = oo, PacemotpoM crawana LepBBIi cary-
gait; w3 (2.21) g (2.29)

—_—— ,,,‘7 HyMeenM
’t\\ 6% =1,
f"

. 4d (s’ — 1)
=14 —""""7 (2.30
o / e g %0

damMernm, 9ro aTm BEIDAsKeE-
HUS  OOUCHIBAIOT  IIpepdho-
KajdpHble cucTeMBl. Hau6o-
/ Jlee H3BeCTHOM CHCTeMO ra-
F KOro THOA ABIAeTCA CICTe-

sa Raccerpera (pme. 7, q).
7) Ana  saoradbmerx  ciu-
CTEM MOJKHO IONYIHTH aHa-

\ JMOrUYHLIC BHIpAMeRuma (car.
(2.27)):

el =1,
e =t p ALty
1+ —a)
H3BECTHOH 3a-
(oranpHOit cHeremoii  sup-
agerca cumcreMa I'peropm
(pue. 7, 6).
Cucrenmor Raceerpena o 1acToALIero BpeMeud UMEeIoT
nanfonslee pacmpocTpanenue: H3BECTHO, YTO LOYTH BCe
KPYyMIble TCIECKONB B mamteii crpase, Briaogas 3TII

(2.51)
&) HanGouce

Pue, 7,

|
|
‘»

§ 4 . JACTHBIE CIIYTATL 33

(zmameTp raasmoro seprana 2,6 m), BTA (gmamerp rias-
Horo sepranma 6 M) IocTpoeHsr mo cxeme Kaccerpena u
HMe1oT napaboloufanbHoe TIaBEOe 3epkano. Cuetema Kac-
CerpeHa HCIOJb3YeTCH TAKKe M B KaTeCTBe KOLIIMATOPA
B CleKTporpage, rae oma paGoraer B ofpaTHOM Xoge Iy-
seit. Cucrema I'peropm mamo meumoxmsayercs » HacToAIIee
BPEMA, TaK KAK AMEET 3HAUMTENbHO OONbINMe rafapuTsi,
HeKen oKBUBaTeHTHaA cmcreMa Haccerpema,

B cnysae s'=oco u3 (2.30) m (2.31) maxomum el=1,

es=1,1.e. Rax ITaBHOEe, TAK H BTOPHIHOE 3epKAMa ABIA-
0TCsl napaomongaMu — cHCTEMA CTPOMT MB0OPAKEHHme Ha
OEeCKOHEUHOCTH, T.€, H3 CHCTeMBI BEIXOIUT mapalIeJbHBIII
nydok gydeii. Qokyc riaBHOro aeprada coBMemIeH c do-
RyCOM BTOpPMYHOrO 3epraia. CmcreMa HoCHT HABBATME CHC-
TeMbl MepceHHA M0 uMeHH ee maofperaTerns (puc. 7, ).
B oramame or pacemorpemmmix prime CHCTEM, CHCTEMA
Mepcenra ne nveer kOMEL

HeoGrprannte cucremst, cocrosmue ms rraBmoro 3epRajga
napadommaeckoii OPME u BTOpWIHOTO BOTHYTOIO THIIEp-
6OITIIeCcKOrO 3epKaNa HCHOIB3YIOTCH B DEHTTE€HOBCKAX Te-
Jeckonax (puc. 8); sTu cmereMbr HCIOJB3YIOTCA HPH 0OTH-
X yriaax nageansa JIyqefI Ha 3epRaya. -

2
Honaras o = = 4, nocrpomm rpauK 3aBHCAMOCTHE €5
or B (puc. 9) mam cuerem ¢ mapaBommueckm TIIABHBIM

L 1

7 3 47

Pue. 8.

2
aeprasom [4]. U3 pue. 9 CICAYeT, 9T0 €2 BCEr7A MOMOIKI-
TEJILHO, T. €. BTOPHYHOE 3€PRAT0 MOMKET GBITEH ruaepdomo-
HAOM, napaloaoHToM HJIH QIIIIICOUMOM, HO He MOKOT

3 I, M, Oomos
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HHl BONHBI cBeTa (mM3BeCTHEIT fomycwk Pames), nomxywmy

16384 |u/5
A<\ 2.60
(-1 (2.60)

Hanpumep, gua & =1000 my, A= 0,00056 a, e3=0,5,
RIA A, HAXOHUM HepaBeHCTBO

A, <1:222.

Tarxmy o6pasoM, rIaBHOE 3epKaNo0 MOMAKHO HMETh OTHO-
carenbHoe oreepcrie Mmemee 1: 2,22, Ormerum, uro mag
napabormdecroro riaasuoro seprama N =0, moatomy am-
NPOKCHMANHUA BO3MOJKHA IIPH JHO0BIX OTHOCHTEILHBIX OT-
Bepctuax A,. Bupaskenus (2.59) u (2.60) menpurogns
LA CHCTeM, COfepsRalllNX [IJIAHOUTHBIE 3epRAJA, MOCKROIL-
Ky HX HEBO3MOGIO AIIPOKCHMIPOBATL KOHHYECKUMIH Ce-
TeHHAMII.

laasa 3

AIINTAHATHYECKHE NPE®OKAJIbHDLIE CHCTEMBI
n3 NBYX 3EPRAJ

§ 1. BriBog MareMaTH4eCcKHX BhIpasKeHuil

Aaa npodieii 3epran

Haunbonmpminii murepec IIA TPARTHRI HOpefcTaBIAIOT
annanaTHdeckue, T. e. CBoGomHBIEe or ceprueckoit adep-
pamui 1 KOMBI CHCTeMBI,

Bmepsoie Teopus  npefOKATBEBIX  AILTANATHICCKIIX
cHCTeM M3 JBYX 3epkan Obuta paspaborana K. IIsapr-
misgom B 1905 r. [8] m zatem passmsanac, Kpersenod
[9], . 1. Makcyroser [10] m mpyrnmu asropasm [11],
[12]. Manoxmym cnavaia MeTOANMKY pacdera, I03BOJIAIO-
iy Halitm Bupaskemmsa s npoduurenr seprar, (Doryc-
HO€ PACCTOAHHE CHCTEMBl MO-NIPeKHeMy NPHHEMAaeM 3a
eqanuny. Hoxaraa ¢ = 0 o (2.13), moayann

1—d—w
P:m. (3-1)

Ilast sropuunoro nepraza ua (2.14), yunrsisan (3.1), ma-
XOZHM TOYHOE BBIpAKEHHE

d 1

1 — v 1 dr1 v \ar1

Lo La—wF (1+T) . (3.2

3Hag p, MOKHO MAWTH [EKAPTOBBI KOOPRMHATHL Zi, Y1

BTOpHwHOre seprama mus (2.7), (2.8). Iaa rmasmore 3ep-

Kanma maxomnm n3 (2.18) m (2.19) nocie upeoGpasoBaHmii
1+2d 1

mairiz (o Pt
y=2yv{1 =v).
Bripakenua (3.2), (3.3) mamor Toummlit mpodmib IO-
BEDXHOCTEN 3epKajd, I0ITOMY OHW IIPUIOfHLI JIA pacue-
drm Tonos

"1(3.3)
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TOB JIOGBIX CHCTEM, BRIIYAS CBETOCHIBHLIC CHCTEMBI I
cHeTeMBl ¢ GOJNBIIMMH YrIaMl TafleHHsA JTyued Ha 3ep-
Kajla, WCIOJb3yeMEle B PEHTITOHOBCKUX TedecKomax. [lus
CHCTEM, HMEIOIUX CBETOCHNIbLIOE BOTHYTOE TJIARHOE 3ep-
Kalo, yRo0Hee MCTOTAL30BATH PAMBI, TOIYIaeMEIe U3 TPH-
BEJIEHHBIX BHIIe BBIPAREHUil; A TJIABEOTO 3epRanma
mMeeM

s" — 1 s’ .
T=q+ 7y gyt

(4d — 1) s’ (2 — t1d - 30d%) &' .,
+ 6 8 1 0-4
i Y + 6144d° o (3-4)
I BTODHYHOTO 3€pHala MOMKHO HOMYUUT
2
o s —1 vy
xl*‘gl'{'(T_l)zx_l’T'
- 1
(s"— 12 1 Jd oo o
Al—_— = — | = ... 3.9
I { d 2 16534 ( )

Tlpu yMepeHHBIX OTHOCHTEABHEIX OTBEPCTIIAN BOTHYTOTO
THABIOTO 3ePRATA OOBIYIO JOCTATOUNIO ATHPORCHMIPO-
BaTh 3EPRAZa KOHHUYCCKIMH CedenHAMI; TP HTOM HC-
moabayoTea Beipaskenna (2.20)—(2.22) upu ¢, =0 (cm.

(2.60)).

ActurmMatiuaM o LKpHUBH3HA 1H04A B amrafgaTHIec Ko

ciicTemMe, BOoOMme ToBOps, me mcnpapiennl. Kar morasarn -

Misapmuasg [8], B mepBoM NPHOMKEHHH MOKIO CUH-
Tarh, 9TO MEPHAHONATBIBE (POKYCH TOHKIX JIy4KOB Ia-
XoJaATCA 11a llUBe})XHOCTII C pamlycon I\'})IIBHF}IIBI [lp‘Il B(‘pf
urnne R.,.:
—1 V.
= e—————— 3.6
Rn =3 VTR (5.6)
rae
7
24 d —d 2 |
C'=———57v D = — | 5= |
2d d 2 4
4 (I — —) == 1 ;
Ty 1

Carmrra;sneie OKYChI PACMONOMCIBI Ha 110BEPNIIOCTH ¢
paauycom R.:

R, — = (3.7)

§ 21 CUCTEMA PHYNM — KPETHEHA 51

IloBepxnocTL HAILTYMHINY H300paskeHHil  HMeeT paJuyc

— o
Ry = N;)—————(D, marsat (.».8)

Fesr  aernrMarnss  ycupasiaed, 1o R, = R, = Ru=R,
1 usobpassenue naxogntesa ua nosepxmoctu llernsass,
paiTyc WIBMAHBEL KOTOpoil coBiagaer ¢ K. Naw monasan
I'. I. Cawocapes (23], noayocur 8g’ u 8G’ smmmicos pac-
cempamis, 8¢° — B aepupnonainuoi, §G° — B caruTTannL-
HOIL TVIOCKOCTH, OMPEIeSI0TCSA BBIpaKeHIaAMy

1
o,

WWE 8 e W W (3.9)

8

Og’ ~

dri dopMynsl cnpaBefImBsl Lpn OTCyTCTBHH cepu-
qecroif adeppaumu 11 kOMBI, 30ech W — yroa moiada spe-
ung, w’ — nocaeanuii yroa cueremsl (e, pme, ). Pac-
CMOTPHUM YACTHBIE CJHyYaH AlLTaHATHYeCRUX CHCTeM.

§ 2. Cucrema Puan — Hperbena

Cueremoit Puunm — RpeTnena masplBalOT amjiaHaTiue-
cknii amagor cueremsl Haccerpema (em. puc. 5). Teopus
resecrona Pusun — Kpervena 6uima paspadorana B 1922 .
Rpervenoym [9], a oubTusiil sxseMiurap tejeckola ¢ OT-
BepetueM 0,5 M GBI H3TOTOBJIEGH JI3BECTHRIM oNTHKROM Poi-
4, aKTUBLO LpONAraliupoBaBmuM nosyw cucremy. Oa-
Haro cucremMa Puogn — Kpersena rmosyuiia IDHPOKOe
pacmpocTpameniie TONbKO B IfOCHeMHIie TOMBI, KOrAa OBLIIL
NOCTpPOEeHBI 4eThbipe OOMBIINX TeJecKONa ¢ JHaMeTpoM
[JIaBHOTO 3€phajia OKOJO 4 M I HECKOMLKO MCHBINIIX Te-
mTeckomoB ¢ orBeperuamn 2+ 25 M [7]. B CIIA npoen-
TUpyerca OOJLINOIT ROCMHYECKHE TeNeCROM € JHaMeTpOM
[JIaBHOTO 3epRANa OKOIO 2,4 M, KOTODPBIH Tarske Oyjer
uMeTh cxemy Puunm — Kpetvena. IlosTomy »sTa cuerema
HnpefAcTasiAeT (OABLION ITPaKTHYECKHH WHTEpeC; PaccMoT-
pum ce nompobGiree. IIpaxtura pacyeror cucrem Pudm —
Kpernena nokasama, uro npu OTHOCHTEALHOM OTBEpPCTHH
rIagHoro sepkaia o 1:3,50 m ero guasmerpe TOPSAKA
HECKONIBKUX METPOB BIIOJIC JIOIYCTHMO HCHOJAL3OBATHE
36PpRAJN, umeoilux Hpoduib KOHAYECKUX Ccedeuuil, IKC-
HOHTPHUCUTETH ROTOPHIX ompepensiores ns (2.21), (2.22)
4w
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npu ¢; = 0:
2 2d%s’
=1+ (3.10)
14 2
P D A . (u
. +(1—s’+d)z (A —s +a)° (.41

B oTBeTCTBeHHBIX CIy4aax, Hampmaep, I[pH pacuere
rocyumeckoro Teneckoma (mpoenr CIIA) ¢ orsepcTHeM
riaBHoro 3eprama 1:2,3 npu ero auaMeTpe 2,4 M u Qo-

" . A °
IyCTHMON BoMHOBOI abeppanum Ha OCH £ (A =5890 A)

[24], nyuure mWCHONL3OBATH TOYHEIE BBHIPAKEIHS (3.1)—
(3.3) maa moBepxmocreil cucTembl. MeciegoBanue m0Ra3bI-
BaeT, 4I0 TONe3HOEe 1Ojie 3PeUus CHCTeMbl He HpeBOCXO-
anr 30°—40" mo juameTpy HpH pasMepax NATHA pacceil-
Bammsg ~ 1”7 ma kpawo monxs. IIpm MoBBIMICHHLIX TpeGoBa-
Hugx K KauecrBy H300pasKeHHs, Kaxk Hanpmmep, B
YHOMAHYTOM BEue GOMBIIOM KOCMITIECKOM Tejecrone,
\loeanoe ToJe YMeHbINAETCA B MECKOJbKo pas. Ormocn-
TeIbHOe OTBEPCTHE IJABHOLO 3EPRANA TaKHAe BIUAET Ha
yIJIoBEHIE pAa3MepHl IIATHR DAacCenBaHWA, 00y CIAOBICHHOTO
ACTHTMATHSMOM, [pH 3afanHoM oTBepeTmH 11 PorycHOM
paccrostmnu cueremsl. Ha pue. 15 300 paKeNbl KPNBEE,
Py

17"

Y A =115 705 TGS

—_—
i 20 W’ 0w
Puc. 15.

TpeiCTABIALIAE 3aBHCHMOCTE MY JHAMETPOM Kpyd:-
’

ra paccemBanms 20gw M YriaoM IIONA 3IpeHUA JUIA Tede-

cromos Puum — KperheHa, HMeROMUX pas3jiHiibie OTHO-

CHTENBHEIE OTBEPCTHA IJABHOTO 3epRaJA M OTIOCHTENH-

HOE oTBEpCTHE Beeil cmeTeMbl 1 : 7,5 m Gomee (xar TIOKa-

§ 2] CHCTEMA PHYN — KPETBHEHA 53

3RIBAET HCCIEOBAaHMe, 9Ta 3APACUMOCTL HMEET Mecro U
1A MeHCe CBETOCHIRHEIX cucrem) [25].

BaMeTHM, 94TO B TEIECKOTIAX, TpUMengeMBIX Ha Oai-
ntomax um VIC3, 9acTo okaspiBaeTcs HEOOXOAHMBIM IIPOI3-
ROLUTH TMANPOBAHUE, IIOBOPAYHBAA BTOPUUHOE 3EPHATO
na mHeGompmoil yroa. Eciam moBopor mpomssoputcs 0es
cMel{eHiA TEHTPa BTOPHYHOTO B3EPKATa € OCH IVABHOTO,
1o cuctema Pmam — Ipernena okasniBaeTcA MAaJNONpPUTOA-
moit (cm. puc. 11) u mamrydimnme pe3yaLTaThl JaeT CHCTE-
ma Dorrema — Bynpydda, omucammas ssume. Opnaxo,
Rax ToKazaHo B [26], B ammamaTmgeckux TeXeCKOIdX CY-
eCTBYeT «IefiTpanibHagy Touka M Ha OCH TIABHOTO 3€p-
Kaja, BOKPYr KOTOPOH MOMKHO MOBOPAYMBATEL BTOPHYHOE
3epKajo, NMPAKTHYECKH He yXy[mas L3o0pajKeBHe Ha OCH
CHCTEeMBI, W 'PACCTOSHIe DTOl TOUKI OT BepIIMHBL BTODIT-

IIOT'0 3eprajJa OnpeﬂeHHeTCH BI:Ipa}KeHHeM’. [261 é
—= —'——'——ro 3 '12
Iar = = .
M R 5 s\’ (‘) )
1 ‘IL 2, 7 )
218" — 8

Ifle Iy — PACCTOAHIE (IEHTPAILHOHY TOUKH 0T BEPImil-
Hbl BTOPMYHOTO 3epLana, s — paccrosHue (oryca Tias-
HOTO 36pKaja OT BEPIIMHE BTOPHUHOre 3epkaima. OGBIHO
touka M HaxomuTcsA cleBa OT BEPIUIIHEL BTOPUYHOrO 3€p-
Kazma (c. pme, D) ma 3HATATENHHOM DPACCTOAHHH OT He-
TO, 9T0 YCIOMKHACT KOHCTPYKIJHIO MeXapusMa Kadamisd
N0 CpaBHeHWI0 ¢ CHCTEMOM Borresma —— Byapydda, mo
UPHBOAUT K YBEJHYEHUIO TOJNE3HOro IIONA 3DEHHA M A0~
HYCTUMBIX YIVIOB THUHPOBAHHA.

ODpumep. Ilpusemem pacuer Terecroma & =24 1,
npoexTupyeMoro miA yerasosk:m ma WC3 B CIIA [24].
Jro cucrema Pmam — KpeTheHa ¢ pacCTOSTHHeM MEHAY
sepraamu d = — 4,9 M npum BeiEoce goxyca g =15 M
#  $oKyCHOM PACCTOSHUOA CHCTEMBI fo = 57,5 M. Ipesxne
BCETO HAXOAUM NpPHBEJEHNBIC 3HadeHHA d W g A fo=1,
A vero memam — 4,9 mm 1,59 M Ha ]‘;: 57,5M. Ionyuum

d=—0,085217, ¢q=20,026086,
s’ =—d+q=0,111303.
Honcrapnna sru wuciaa B (2.20), momyumsM pagmychl Kpu-
BHSHBI gepkaji LipH BepmmHAX g fo = 1; ymmomas HX

3




54 ANTAHATAYECKUE IPEA®OKAIBHLIE CHCTEMBI [TVI. 3

Ha tpeGyemoe (orycroe paccrognue cucremsr (57,5 ),
HAXOMMIM

r = — ]1,“..).7’1 M, ry == - 1,2‘3758 M.

Dorycroe pacerosmue  raasmoro 3eprana  paBIo
—9,50137 w, CIC/I0BATELII0, €70 OTHOCHTEIbHOE OTBEp-
crue A, =1:2,3; nax YRA3BIBANOCH BBIIIE, NP yMepel-
) IBIX OTHOCHTEJLHEIX OTBEp-
Zfﬁ CTHAX TVIABHOTO  3epKaia

(em. (2.60)) mocratoumymo
TOYHOCTH Maer alNpoRCHMa-
HHA 3CPHAT KOHHYeCKHMH
7" CCICHUAMH, & OKCIEHTpPH-

CHTETHl ONIpPeleISIOTCA M3
| (3.10) u (3.11):

7 v 7 er = 1,0023, e2=1,49723.

?

Pae. 16, Pacuer ayweit na 3BM mo-
Kasad, 4T0 [MaMEeTP TATHA
Ha OCH CHCTEeMBI MopAAka 2,7 MKM, T. e. okoio (7 ,01, or-
CTYIUTEHHE OF yCJAOBHA M30ILIAHA3HH Talidke npexebpeskuMo
Mand. Paguyce kpuBmsubr mons R,, maiigennpii us pac-
TeToB xoja xyuweii, pasen — 0,63 . Basmenmocth amaMer-
pa IATHA HAWITYYLWIHN R300pasKenmi 0T yriaa arons 3pe-
HHA TIpeacTaBieHa na puc. 16; oma raiuke noJdyuena s
pacueros gydeil; gns vong 2W = 24° AUaMeTp TATHA He
lipesbimaer 0°,5; npu 2W =45" ou pasen ~1”. Bran
i, MOMHO HADTI I paccTommie s (OKyCa IIaBHOro 3ep-
Nala o7 BePUINILL BTOPHYHOIO 3epPRajsa 110 OYEBHIHOIL
Poprymre

7 -
s=-L__d——0,6137 v,

azareM 11 xy u3 (3.12): '

ry = —{,613839 .

Tamm 061)330)1, TOURa Kavganig BTOPIIMHOro 3epralia
HAXOOQUTCA Ha SHATHTCIABITOM PACCTOAHUH OT ero Bepu-
HEBI. }{ﬁ‘lﬁﬂnﬂ BTOpHIIIONrO Jepraja NPUBOTAT R TIIOABIIe-

§ 3] CHUCTEMA PUYI — KPETBEHA C KOPPEKTOPOM 55

HHIO adeppamuil, VXY AR uzofipasenue. HBOLJII:;?;IIgs
roje, B NpefeNax KOTOPOTO abeppamum ne Tpe a0t
monyew, B cumcteMe Pram — Kperbeua Goawure, H

B cacreMe Lorrema — Byapydda. :

§ 3. Cmerema Puun — Hpernena
¢ mpeadokaTbHBIM acepHIecKHM KOPPEeKTOpoM

Moskito HMCIIpaBHTH ACTHTMAaTH3M B CHCTeME ~Pnrm—n—_
HKperbena, BBefsa achepHIecKyl0 IOUTH nﬂozmoga}ﬁ !
TeAbHYI0 ILIACTHHY Imepen QOKYCOM CHCTeMbI pn]_llhmu;
Jra mnacTUHA HANOMEHACT KOPPERTOop-IacTHHY L
ta 113]. Ilnactura BHOCHT cEePUILCKYIO a6eppanlzprll(?mlf
KoMy, 10 911 aleppanmit 00BITHO Mabl M pacer Cc;m/T a\B
MBL He TpejCcTaBiaseT 3aTpyaHenHil. I/IMGI{HO, pac na
cucremy Pumau — KperbeHa mo ONMCAHHOM BBINIC reto-
AuKe, NOMEI[aeM INIACTUHY HA 3aJaHHOM paCCT’()fil}lllécmﬁ
(oryca crucTeMB H BEIOHpaeM Hpodmnvb ac(bep;wCTH‘HBI
[OBEPXHOCTH IIACTHHBl (BTOpas IOBEPXHOCTH 1T 1!
NIocKad) Tak, YToObl OHAa ICIIPaBIAIA ACTHIMATH3M Ha—
3aJaHHOTO YIJIA I0JA 3peHHA TPH MAHAMAILHOM ngl‘\?)[M
TH3Me, 9Ta mpoHeaypa o©ObIYIO anommeTcaﬂnaH o
¢ TOMOITBIO onTmmanpyomeil nporpasysl (271, Iy

////,/
e 1
e T — 1 l
, —= 4
R A2 — L?—l
Pie. 17.

e ~
uieMy pesyfaLTaty NpUuBOJHT ApYyroi ono?o?: ncgg{gr;;ﬁ[
gedopyamu o0OHX 3CPRAI M TIIACTIIHBL, KaAR Ha-pi’1 TP )1
HAXOAMM CHCTEMY ¢ ICTIpaBaeHHbiMu cepuaecko LHO{\I
pamgeir, KOMOIi T ACTHTMaTH3MOM, LpH mfmnmaInBo N
xpomMaTH3Me., JTa clcTeMa Hayualacs IacKoiiHOM I y
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snoM [281, [29], B rawecrse o

PUMEepa mpHBeHeM CcHere-
MY € INIOCKNM momen,

pbaccyuranayw BoysmoM m Boro-

HOM:
rr=— 8236 au
dy = — 23838 mu
rg = — 8230
dy = 2484.5
ry == oo

dy =10 wu (KBapL 17aBIenbil)

ry=— 32938 am
§ =500 My; ¥ = 1000 MMy fy == T2 M

Home 2W = 3°;

M=—-—m=m=n=1, pn= 1,46667.

Cucrema menpasmena Ama A=
MCPBL W300pa/KeHNs He Npesbimra
0. YpaBHemms PIaBHOTO, BTOpHUY
9ecKoil moBepxmocTH KOPpeRuHoOH
CTBEHIIO UMEIOT BA

[e]
4020 A, mpmaem pas-
or 0.2 mo Beemy mo-
HOTO 36pKax u acdepu-
HOMl IJIacTumsl coormser-

z = —6,0700.10 5 -

+LA1T-107 Y1 50181072y + ..,
T = —6,0709.10732

+ 7510711 — 3,95.107 10 1 .
Ty = —1,518-107%2 +

1 3,927-407%3 4 1,82.107 108 1

onnocToio NCHPABHTL  XPOMaTIHYeCRIe
CUCTEMEI He ypHaercs, moaToM
CHEKTPANBLHONR ofmacTH K Apyroit CICHyeT cMemarh Kop-
PEKIHONAYI0 TIACTHHY BOAR ONTHYECKOIl ocw, no6mpa-
ACh HAWIYYMICT0 HCOpaRIeHms abeppammii. Tpyroit Teue-
CROIl 3TOH KOHCTPYRUHH ¢ AUAMETPOM IJABHOTO 3epraja
2,54 M mMeer moxe 2W=2°1 npun OTHOCHTENIBEHOM OT-

adeppamu
Y TPH nepexofie 0T ogHoii

.§4 CHCTEMA C INTAHONAHLIM BTOPHYHBIM 3EPHAJIOM 57

M U
peperma 1:7,5 [29]; om raxme paccauTan GBO}::;IT?(;pnﬁ
Boremom u mpejmasmaten s opHoii ma_oScep anoput
10:mmoit Amepurum. Rourpons acdepuaeckoit n;)f{g?mrnmno

HHOI HBL TPOH3BOJUTCA
KOPPEeROUOHHOH mixacTu : 10T
I{OHEPOJIIO roppexropa cucremsl IlMmpyra; amanorad
TexHoJorUA ee warotosiemas [13].

§ 4. Cucrema ¢ INIAHOMTHBIM BTOPHIHBIM 3€PKAIOM

— : a
IlpegensusiM  ciaygaeM cucreMsl Puun IﬁgiglinM
‘ 3EPKAIOM,
: HOUAHBIM BTOPHYHBIM
ABIAETCSA CHCTEMA C ILTA k pradon,
pACIIONOKEHHEIM — 1epes; OKycoM /I‘JI&BHOI‘O mol.:x aa
(pme. 18). 1y cucremy MaxcyToB [}] }iiaajaﬁ (Ha A
BEIM» Teseckornoym, Ouwerupno, uto s —d=1; .
HAXORHEM )

1 4
- B (R Sl (B LRt
P —1

ae-
TnaBHOe 3epkago JIO-TIPERHEMY ONpeAeNaeTcss BbIpa

mrem (3.3). B BamioM 4yacTHOM CIy-
yae, Korga ¢ =0, 1. e. ecau doryc

—
CHCTEeMbLI COBIIajaeT C BepPIINOi [JIaB-
Horo 3epraJjga, 11axoauM
p= =V . (3.14) B
6v* — 6v -2 F
JIJI}I TJIAaBHOro 3J3Cprajda lodydacMm u3g
(3.3)
3 v 29/ v (1 —v)
=N -———" y = '\7( -— .
’ : , : Puc. 18.

(3.15)

Taxum 00pasoM, ToUHBIe BLIPAKCHHA AN 38;;1:131 H}Ee;(l);
BecbMa IpocTOfl BUJ, ypnoOmbri s BLI‘IIIII(i.IIg L. Jiein
aNIPOKCUMEPOBATH TIIABIOE 3EPKAIIO 1({01;M

e, 1o u3 (3.10) npu s” — d = 1 momyua

q 2t 16
=1 =12 (340

3T
Nz (3.16) creayer, uTo TaaBHOE 3epKaN0 BCCTAA ner(g‘
dopmy runepbogonpa. 3aMeTHM, UTO IJIAHONJHOE 3ep
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A0 ¢ROIBIEBOIO» TeTecKoma Mo;KHo 3aMEHUTh TOHKOI
IpesIoMIAIIeiT IIacTunod, BHOCAIeH Te sme MOHOX]PO-
Maruyeckne adeppamms, uto g INIAHOI IO 3ePRAIO, T, €.
€0371aTh 3€ PRAIBHO-JIHH30BY 10 CIICTEMY, HKBUBANEHTHYIO
«ROILIEBOMY» TesecKoly. '

§ 5. Cncrema IBapmumnsaa

Cucreyra Wsapumuasra cocronr us OBYX BOTHYTBIX
seprax (pue. 19); oma mossmmachk s 1905 r. n usager-
CA ONHON M3 NepBEIX amTamATHYECKIY 3ePKATLHBIX CH-
cTeM.

Mparrura TIORa3ana, 470 NPOQUID 3eplal Temeckoma
XOPOIIO ANNPOKCHMAPYeTCHA BHpamennayu (3.4) n (3.5),
IQOTOPLIE‘ AT y,’_IOBJIeT‘BOpHTEJH)HyIO TOUIHOCTL TAKe pn
BLICOKHX OTHOCHTEJBHEBIX orBeperiaAx (Mo 1:3). B pe-
OTBETCTBEHULIX CAYYaAN MOKIO HCTOTHL3OBATL It alLIPOoK-
CHMAUMIO 3EPRAT KOHMMCCKHAMI ceYeumsuMmy. Xots s 00-
IMeM CIydYae acTHYMATH3M 1iI meucnpasien, Bapumniasy
[IORA3aJ,  MTO 10BepXHOCTH mAMIYYImIHY H300paReHHIT
MO:ReT OBITh ILIOCKOI, T, e. R, = oo, JIpyrum HHTEPeCcHbIM
BapuanroM cucremel IllBapnumnsga seasercs cucreMa
Kynepa. Kynepy ynmanocs HCTIPABUTD ACTUTMATHZM Cli-
CTOMBI L(€HOM 3HAYNTENLIOro YBCIHYEHIs JJIAHBL CIICTE-
MBI DaceTosHME MeMy sepralaMll y oroit CHCTeMLI
BaBoe npeshiaer ee gonycnoe
paccrosnme, a Kpuslisma mods 3ma-

- unrenasua. Ilosesmoe mnoje 3peuns
o cucreM IIBapumnapia o6srano co-
/<\ craBmier 1°,5—3°) a ormocure,-
\ F Hoe orsepcrue mopsara 1:3. He-
AOCTATKAMU CHCTEM SBIAIOTCH 3Ha-

TUTENLHAA  JUINHA, IIPeBHINAONA S

gorycHoe pPaccrosaHue, 1 Goxburie

1OT€p  cBeTa Ha aKpammpoBanme

Pice. 19, BTODHYHBIM 3epKanoM. O6brmo srip
CUCTEMBI HCHOIB3YIOTCA B acrpo-

rpadax,  kak kaMepsr  coeKrporpagos ;. o
OHI  IPUMEHAIOTCH B HaCTOAMIEE BpeEMA H B goc-

Mitiecrkux mpuopax (CIHA) — ga MC3 OAO-2A, Iese-

T ——

i e e e

-
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§ 6. Hosuie diliagaTndecKne CHCTEeMbl

Rar ykaspiBamioch BHIme, TIpu GONBITNX BHUaIIezHiL;I;
mapamerpa v(0,5 < v <1) ug rouubx seipamenuit (2.14),
(247)—(2.19) mas sepran momywaoTCs CHCTEMBl HEOOHIM-
HOTO BHJa, HeN3BeCTHBIe paHee. Ml HAZ0BEM HX «cnyTJ—
HIRAMNY, TOCKOMBRY Kakgoll Kiaaccmweckoit cmereme [10

Ze )
-

1
N lTowE
-

<

)

A
N -
N e
N
.
\\
S
~
4
4
~
~
~
M
~—e

&)

Puc. 20,

COIMYTCTBYET HOBasg cucTeMa. ((CHyTHIII{H» MO.l"yT OBITH
KaK aliaHaTi4ecKuMu, TaKk U Heanﬂanamqechmm: -

CyurecTByi0T ABa OCHOBHBIX TiIia HpeAORATBHEIX a;O
JAHATHMECKHUX «CNMYTHHKOB», OHW naolpasjkeHsl Ha pHC. 2
npepelBHCTON  anaueil. 3eprana «cnymnﬂ@} ﬁ;{lf;gr
CIOMHYI0  QUTYPY, UTO SATPYHIACT HX I«~I3[0T(T(B e o-i
HpI/IMeI-IOII'HU 9THX CHCTEM B acTPOHOMHMYECKOM I'I})IIGHIII).I‘l
CTPOCHHM OrPaHHYEHo, HAMPHME), X MOMHO npum IHIeI)'
RaKk KOHIIEHTPATOPBL cBeTa AdA 1a0JIOJeHHA BCIIH Z{Ti
UepenKOBa, BBI3LIBAEMBIN KOCMHITECKIMH JyYaMH Bc[‘m
Mochepe 3eMumu, B anTeHHAN IS paguoacTpoHOMHYE }HA_
HAOTIONEeHHIl; IHTATENDb MOMRET TONYYHTH OoJlee AeTalb
Hyo mHpopMaunio 06 oTux cmetemax 8 [30].
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AHACTUTMATEI 13 IBYX 3EPKAJT

§ 1. Meroanxa pacuera anacrurmaton
M3 ABYX BepKau

B macroamee BPeMs B CBABH ¢ passuTmei HAbMWOme-
Huit B yasrpagmonerosok n HHQpaKpacmoi obmacTsy
ClleKTpa, B ocobeumocTi HAOMOACHUE ¢ Gamonos u HUC3,

JEM 3Penms — mopAmKa HecKoMbKmy rpagycoB, a n o1-
AGTBHLIX ClIyTasx m go 15°—20° PR BBICOKOIl CBeTOCH-
Je. ITHM TpeGoBammaM MOTYT  y/[OBIAETBOPHTH TONbKo
AIVIANAaTHYeCKAE CHUCTOMEL HCIPABIEHHBIM ACTHIMATHI-
MOM, T. e. amaCTHrMaTsL Boupoc 06 amacrmrmarax u3
ABYX BeDRAN Mal0 H3ydeH; WM3BECTHL TOIEKO  PaGoTHI,
baccMarpuBawmue a1 cHCTOMBI ¢ TOYKW 3pemus abeppa-
LA TPEThEero mopska (311, [32], 1. o. 8 HePBOM TpH-
Ommxenun, Omimeny METOJMRY, NO3BOIAIOMYIO paccun-
TaTh JBYX3epKANBHLIA aEacTHIMar 11060t cBeTocHIBr Co
SHATHTENTLHBIM IIoieM 3pemrms. Orpammanyes paceMorpe-
Hmey manGonee wnutepecmoro JUIA AcTPOROMIH ciywas,
ROria npejmer maxommres ma GeckomegnocTi. Yenonne
IICIPABICHIIA aCTHIMATHAMA MO0 noxyuure u3 (3.6) g
(3.7) mpm R, = R, Haxopum d=-—-2 r ¢. ACTHTMAaTH3M
ABYXBEDRANBHOIl ammamartmueckoit CHCTeMBL HCIpaBsexw,
OCIU PACCTOAHHME MemIy aeprazanm PaBHO ymBoemHOMY
dorycrOMY pacerosrmo CHCTeMBbL (HO—ITpe}RHeMy IpuAL-
Maem f(;=1). Iopcrasun [OJMy9enmoe 3Hagenme o p
TOUHEI® Bhipamenms (2.7), (2.8), (3.2), momywmy IIPoCTHIe
dopyynsr s npoduis BTOpHYHOrO 3eprama:
25" (2 —w)

S e T N gL (4.1)

2" (1 —2v) (2 —v) L AT (2—w) VVU—V)
4-f—v('_’~v)(s’—~4)’ 1‘4+v(2-v)(s'_4)'

(4.2)

xl =
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Has upoduin rnasmoro seprama na (3.3) mpn d=—2
HAXOMUM

1— s (2—wv)?8 3
x=_2+\’(2v>—8(v—1)’ (4.9)

y =29/ 5T =), (4.4)

Bripaskennsa (4.1)—(4.4) onpepensior ntxgigIc{i;;
HYIO CI/ICTeMy, CTpOFO ‘HCHpaBHeHHyIO Ha ‘C(b p n 06.713—
afeppanuio m KoMy; aomrme:);p:{a;;aee I?;;I}I()flflfgnpacquOB

anuil TpeTrhero 1 .
EIT)?{&;?&?J?S? ‘-IIITO HOE.)TIBBLIE afeppanun B I[ByXBBpHaJIBI?L]Ia}f
aHACTHIMATAaX MAJBl, M CHCTEMA, PACCYHTAHHAL I’:‘OGG}II)ET
BeJleHHHIM BHIme QOpMyTaM, KAk IpaBwio, He TP

gopaborkn. Panmyc KpmBUBHEL , HoXA BBHIYUCIAETCH II0
2
dopmyne Ilernpana R = — — =,

L Ty

B nmepsoy nprbamxenun, kax 061:1'111(3, MomH(:I :;;;g\(;:j
CHMHPOBATH IPOQHIH 3epKax I{OHH‘{BGI‘\HMPI cee o pr}
IPH JTOM MOMKHO HAHTH PagUyCH prmman 36 pHM iy
BEepPINVHAX M HKCUEHTPHOUTETHI 3epKaa Io olug

MymaM, noiarag d = —2; [IA IIABHOLO 3€PRAJTA IIOTY-
B H
yaeM
—_4 4 (4.5)
n= T+¢ &—1
2 8(‘]""2)*1_ 8s’ . (46)
ep=1——"—5= Y
1+ (s
A Bropuunioro seprana naxome
Alg+2) 4 (4.7
T BTy TR

8 1 K —
ez——-l""—<3—_{:71+q 1—1)

B+ 1 ,
8 o )
:1—Xr+m45??+s Q'( )

r,, e, ex or q
Tabauna 2 nokaseiaer 3apHcuMOCTL Ty, Ty, €1 o or 4
(ex. pre. 5). M3 rabanusl ciaeayer, uto TpiIr Soabum s
SHAYOHHAX ¢, UOpsARa 2—DH, MOXYYalTes aHA “A ar
C MAJBbIM TJABHBIM 3€DPKATOM I 60m)111"1m BorgyTLiA g
PHIHBIM 3€DKAJIOM, MMelomue BHeMHMI Qoryc;
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CTATOR — 6oXbIIHe PAa3MepEl  RTopuyHOra zeprana, upe-
BRIMAIOMHE  [uaMeTp oTBepeTHs CHCTeMBL B 3—5 paa.

TO #e BpeMs oTcTymrennsa or edepsr ans seprax sroif
CHICTeMBI MaNLI, yTo o6geruaer l3rotoBaerue, OcobBIi k-
Tepec IpeJCTaBIg0T CHCTEMBI, mMelompe cdepiaeciie

Tatauga 2

q ! c% ’ T, I t’g I Ty Tpivevans
5 0,74 0,667 0.234 | 3,5
4 0,616 0.8 0,461 | 3,43
3 0,375 1,0 0,073 | 3,34 CrictenMpr ¢ BHemI-
2 —0,185 1,333 | —0.,025 3,2 HoM Qorycoy
1 —2.0 2,0 —0,125 | 3.0
0,414 5,85 2,83 —0,178 | 2.83 Cnetema Brnma
-+0,0 —15,0 4,0 —0,187 | 2.67
—01 —19,85 4,444 | —0.184 2,621
—0.2 —27,125 5,0 —0,181 | 2,571
—0,3 —38,65 3,714 | —0,176 | 2.518 Cucrensi ¢ BayT-
—0,4 —58,26 6,667 | —0,165 2,461 ( | pemenn doxycom
-05 | —950 8,0 —0.152 | 2400/
—0.7 —3851 13,333 | —0.111 2,261
—1 00 0 2,0 Cucrena Iusra
—1,5 33 —8,0 0,407 | 1,333 | Cuctena Kvae
—2 1 —4,0 +1,0 0
—3 0 —2,0 oo o0 «Jdeprasipyplji
My ¢ ymn-
MBM oryeon
d=—=2; fo=-1.

SEPRATA, TAK Kak UX WBTOTOBJenme i1 KOHTPONL MOTyT
OBITH OCymIeCTBION] fipocro m nemreso. Ilomaras B (4.6)

2
€1 = 0, noaygaey ry0nuecroe YPaBHEHUE, KOPHU KoTO-
poro

G1=15, q=-17, g3 = —3.

Awnanoruymo HaxenmyM u chcreMy co BTOPIIBIM chepn-
2 .
HECRIM 3epramnon, nouaras es = ():

= ’

w=15, g=—F g=_1

’ e
Kopmn ¢, n §1 COOTBETCTBYIOT  CHCTOMe Loyama  [3:3)
(pie. 21, a), IMemomeii RoBieHTPIYHEe cdeprucckie 3ep-

N
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4 v
KaJia; Bropas I1apa KOpHEH §,, g, Aaer KonneHTpuq:i}\gé(i
cucreMy ¢ MHUMBIM doxrycom. Kopens g3 ompegens T ne
NPARTHYHYIO CUCTEMY © MHHMBIM 11306pa;»1{eHHeMP, -
ell, ROpeHb (3 JAeT W3BECTHYIO CHCTEMY «3ep1\f{;1?ﬂ;.; t
Miyuprs. Cucrema Boyona mupono ncmoabsyercs kak "
Mepa crertporpada, a Tark ke Kar IepelpachIBAOL]

%m

[
V6o F 4 FA
\ 0 \ » \ o
- L -
: @ %
2 7 ”
Pue. 21,

ClICTEMA, BBIIOMHAIONIAA POJIL JuE3bl Bapmoy. Pacuer (C);II—
creMpt  [0yoma J}ytnne NPON3BOINTE APYTHM  MeTOMOM,
B [34].

mmf]a[ﬁ?b]algé< 1 nomyyaeM cucTeMBl THIA IHBZ{E:]I-
minbia — Bunna (pue. 21, 6); cpeanm mnx nMeeIrﬁHaf -
¢TeMa ¢ TILIOCKHM II0JIeM, BIIepBEIe OTKPHITas B[SQ)I}
miisaoM 8 1905 r. [8] u pacemorpennas Bumma .,)<
JTI cHCTeMbl HMEIOT MEeHbIILil anamMerp BTopIIWFoyo de}{
Kala 1o cpaBHeHHIO ¢ cucreMoli Boyvsma, mo OTCIYII;IIEI:{I;;
3epralT ot cdepbl B NTIX CHCTEMAX 3Haanenbnn,lme_
3aTpyander ux umarorosienme. Cucrema ycuemno Hg(bllw
HATACk JIUIsT acTponoMuyecknx nabmwoenuii B yianTp brio-
JETOBOI O0MAcTH ¢ HOMON[LbIO paneT (IIporpaMma «
yem) 135]. 3axerny, uro cuerema ¢ nfocruM toley Hie-
eT  3HAMUTEeABHBIC IIOTEPH CBeTA HAa JKPAHHPOBAHHE,
I GONBIIOTO MOAA HPAKTUYECKII He CYILecTBYeT; noarmg
IeIeCO00pasu0 1eCKOABKO yMeNbIINTh ¢, BBEJs TeM. GH
MBIM HEOONLUIYI0 KPHBUBHY UOJNS, M YyMEHBHIUTH IIOTEp
csera. Ms (3.8) caenyer, uto n cuereMe ¢ nmocknM iolieM
: HIE;/I —1<g<0 uoaynaem uunTepccHble HOBbBLE ?11~
CTEMBI, 3aHHMAOINUe HPOMERYTOYHOE HOJOKeHHe MERAY
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cuctemamun  Illsapummnpga — Buama 1 «3epRANBHBIM
Immarom» (pue. 21, ¢). YeroBHo masoBeM HX cHCTeMa-
ME ¢ BHYTpeHEEM (orycoM. Hak mowasamo mcclefoBaHHe,
3TH CHCTeMBI HMEIOT BECHMa XOpollee HMCHpaBlIeHme II0-
neBbix aleppalluil OpH yMepenHO#l KPUBM3He IIOJA.

Cucrema tuna «sepraipasiit HIMmary monyuaerces mpu

=—1 (pme. 21, 2); ouUeBHAHO, OHA MOJKET HMCIIOIBIO-
BATLCA TONBKO B HAKJIOHHBIX IIyTKAX.

Ilpp —1>¢>—2 wnmeem cucremy HKymepa (cM.
puc. 21, ). Cucrema Kypepa manemmmaer cumcremy
IBapnmumisga, paccMOTPEHHYIO BBILIE, HO MMeeT O00Jb-
mMyo MIAHY npH ToM Ke (oKycHoM paccrosnmu., Haxo-
Hell, Ipu ¢ = —3 moAydaeM aHIOr «3epKaabHoro Illmmp-
Ta» ¢ MEEMBIM orycoMm (pmc. 21, e).

WNnorga ymobmo mmerh BRIpayKeHHA ANA 3eDKaji B BH-
e PAAOB 0 CTEIEHAM ¥; TOT/[A JIA TIABHOTO 3eprajga
u3 (3.4) maxomum

1—s’

s’ 3s’ 3s’
rm g+ Sy S B B )

a I BTOPHYNOro 3epRajJla uMeed

4
¥

xlzs’—%-(%+l)'y§—m— e (4.10)

rge s’ =¢+2. OmubKy, BO3HHKAKONIYIo NpA 3aMeHe TOU-
npix Bupaennit (4.2)—(4.4) pagaMmm, MOMKHO OLEHHTE,
cpabuuBag abcOmechl I, %), BBIYHCIGHOBIE II0 TOYHBIM
¢opMyaaM m NoCPeACcTBOM PAROB JUTA BHENIHHX 30H 3€p-
rau (cum. rarme (2.60)).

§ 2. PesyiasraThl pacueToB
JBYX3ePKAIbHHIX AHACTHIMATOB

Jlaa omeHKm KavecTBa H300pPayKeHHA 110 MHOJI0 TAMIL
fbul0 mpoBefeHO M3ydYeHHe Xofa iydeii mHa IBM nmua ne-
CKOJTBKHX BADMAHTOB CHCTEMbI IIPU PASHBIX 3HAYEHUAX S .
Ilpu sToM mpuMensaiach YHUBEPCATbHAS NporpaMma i
pacuera Jy4ei, UCIONb3YIOIAA BLIPAKEHUA A NOBEPX-
nocreit B suge crenenubix psgos (ra. 1). Tloatomy Tou-
mple BhIpaenusg (4.2)—(4.4) OBy aNIPOKCHAMEPOBAMEL
PAJAMEA, ITO BHI3BAI0 I0ABIXeHnE afeppauunii Beaejcrsme
HEy9eTa 4lIeHoB BBICIINIX CTemeHeil; BUpodeM, B OOJLIIMH-
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CTBE CJTyw: o abeppaim

o Cryaacs ori abeppamuu manst, Hpucrynum 1 pac-
MOTPEHUIO MBYUGHHBIX CUCTEM; BCE CHCTEMDI HMEIOT do-
Ryenoc paccrosuue, panroe 1 gy (100 ).

N 1. Cocrenma IHBapuanILna~BHHHa

dra cucTeMa u OAm3Kme K meii cmeremps HpecTaBiIa-
10T GONbLIOH TpaKTmuecKmit HHTepec. AHaJOTHYHAS METo-
AURA MOKeT IICHONL3OBATLCS 11 NPIL pacuere ap THX CH-
CTCM, LPOMEe «CHYTHHKOB), W CicTey c 6onbmm§17ﬁ ‘yma—
MII TIAJleHIs aydeli ma seprana; ee HeOCTATOR — meofxo-
AUMOCTL mMeTh focryn k 9BM. Kax TTOKa3LIBACT MCCITe-
AOBaHNE, CHCTeMAa MBapumrnpga — Brumia mseer Goine-
[IAE loTepn cpera BememcTEHE 3MAWNTENLIbIX pasmepos
OTBEPCTHA B INABUOM aepraine; pror HEI0CTATOR MOJKIO
YMENLUNITE, TPIOAN3NB GORYC crmeTeybr TaaBIOMYy 3ep-
Ramy, HO TC OTRA3BIBAsCH oOT MPeHMYIiecTs :CI/IC:I‘e\ILI pc
Aoctynnoit goransHoll MoBepX mocThIO, Sayasas q¥02
d=—2 1uonyanm ITPHEMJICMBIE  pa3MepEl OTBepC’I‘I/I}I’B’
gIaBHOM Séplale TP CPABHUTENLIIO O§0JBIION pagmyce

RPUBA3HBL HoJIA: R = 7,85719, A
e Tfelgz?.cneM fonee perambmoe uccnenoBanAe nmomoGHOIT
bl TIOICHITaeM 1o TounbiM opyyaam (4.2)— (4.4)
ROOPAMHATEL HECKROALRIX ToqeR npomis raBmoOro m Bro-
PHYHOTO 3epRaX 1§ maiigenm HHTCPTOAANHONIEIE MHOIO-
uiensl ([Ig aToro Moskmo HCNOIE30BATS, manpumep, ¢op-

Myay Jlarpammza ANIpoxr
- , RCUMHDYWIIYIO cevemn
¢ 60IbIIO ToYnOCTRIO) d 1o feprana

2= 0,2 —0,15y* — 0,0343755¢ _
— 0,0128906y% — 0,0064453y* — 0,005y
71 = 2,2 — 0181818y} — 0,0071024¢ —

— 0,00057y7 — 0,000047y? — 0,000013y°.

3aMeTnm, uTo mpemcTabrcie npodueii seprax B Bi-
élTe MIIOTOWICIOR TPOUSBONUTCS maMu TOMbKO st y700-
Ba pacuera ayueit ¢ nemvio onpefeneris moensx abep-
Panull; pasymeercs, Moo Gbuio Gp paccunThBaTh ITy-
;ﬁ)l :fg)engG@Beernoch“’ 3ajanusie B Buge (4.1)—(4.4),
T e, WOT COCTABICHIA CUETHANBHOH IIPOTPAMMBI,
p NIL - abeppaimmii — oroil  cucrest NPHBEJeHbl I
Z)HC. 22; ouesigno, uro CHCTEMY MOKINO  HCMONLROBATL
Y T. M. Honon
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UPH - OTHOCHTEALIONM oTBepeTair o A =1:1 npuy mnome
spenus 2W = 20°. Ocessie adcppawry HCHpaBIeusl (e3-
yupedno. [lozeseie afeppannm IPeHeOpeRUMO MaJbl 1pH
none 2W = 10° 1 cTamOBATCA 3aMeTHHIME JmOIL Ha Kpaio

VN M ogs
N
R
20 e J
4 gy i
AR :
! 24 20 |
o !
i ' f
7 i
II
047 007 £yl HETT L ~07 0 47 34
72;/%’7/»//1, §=ILA L mre, W=7 Dy
Pue. 22.

nons. IlogoGnaa cucrema yenemmro wcnomnzosamacs [35]
po Ppamiun npn madmopenmnax ¢ paxer B yibrpadiuo-
“IeTOBOIT 00JaCTH cHekTpa.

Ne 2. Cucresa e BuyrpeuunuM Qdoryconm
(puc. 21, 6) 5" =1,8, d = —2

Ceuennst  sepraa AUIPOKCHMUPYIOTCS  BBIPA;KEIIAMIT
z=—0,2 —0,1y* — 0,028125y% —
— 0,010547y° — 0,0052735y48,
7 = 1,8 — 0,19444yF — 0,0086787y# — 0,000875y5.
I'paurn aGeppamuit npeacraniensr ma puc. 23; orcryn-
JOIINE 0T YCJIOBHA 130INTALABIH IPENefpeskinno  Maso.
Huamerp narma paccemsammas ua ocu e IIpeBBIIIAeT

6 nmuyM, momessie aGeppayum pas 2W = 4° ye I1PeBOCX0-
it 10 MM rar m MEPUANONANLUOH, Tak N B carut-

...
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TAJNLHOI 1m0CKOCTAX. Dra CHCTCMA 1PEJCTABIHCT (OTb-
[HON MHTCDeC KaK maiaa Ipamoro dororpaduposauna »
OIAPOKO# obmacTh CIIEKTPa, Tak @ B KayecTBe RAMEPE
crexrporpaa. Meerenosamms MOKA3aN, 4YTO0 CHCTEMBI ¢
BHYTPEHHIM (hoKkyCOM, mHOmoGiibIe paccemorpenmoin  (3ma-

m,mm M mm
]
( s
20+ ar
MM :
W A ar i
20 =20F 20 |

[

S B
8834037 & mm =47 047 26 e
=101, 5180w, IW=3°2"

407 1407 87} mm.

Pue, 23,

YCHIIA IapaMeTpa s’ 3arJIOUCHLI B npegenax 2,4 > s’ >
> 1), oGmamar secnya COBEPIICHIBIM  I[CHPABACIIICAM
abepparuit, yMepennoil KpuBH3moit ITOJIA; UX OTHOCH TR~
o6 orsepeTue nocruraer 1:1 u Goaee, a uouesnoc mome
3peuns — mo 25°,

Ne 3. Cmcrenma «3eprKadJbIBii
(M. pue. 21, 2); 8" =1; d— — 2

- B orou cayuae, nax HOKABBIBALT pacyer nyueir u oc-
TATOYHBIX abeppauuii, MO0 3aMeniTl, BTOpNYHOE 3ep-
KaJo cdepoil; riaaBuoe 3€PRAT0 UMEET HYJIeBYH KpHBII3-
Hy Tpi BepmINEE, W ero (Urypa ¢ BICOKOI TOUHOCTHIO
olpefensercs Beipamennem (4.9). Maeear

r=—1-0,0156254% — 0,00585937y¢ — 0,00292968y8,
Ac =1:3.

I ar o1 g1o

2 2
U = —4x; — xy,

AGeppamin  cucreast Manmel na puce, 24; uempasiermie
abeppamuii recpya Xopouiee, 1to KpHUBu3Ma TOAH 31AYIN-
reabna (Hy=1). Ormerny, wTo Towmme BEIDAYKEHUA JIA

5
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3ePIAN TAKME IMeI0T IPOCTOl Buy:
2(2—vw)

3 —6v+4

_2(v—2%—3"° —

= w, Y= 2 V'V (1‘— 'V).

SIIa‘I'HTeJII)HBIM HEOCTATROM CUCTEMBI gBJIAETCA IIC-
BO3MOMRIOCTS UICIOJB30BAHHUS €e B OCEBOM IIy4YKe, TaK

p:

X

mmm " M mr
- .
|
I
20+ wr |
1
- I
I} oF
m, MM :
P [
[‘0 "Zﬂ" —Zﬂ . :
]
!
20 , I ,
N 293037 1 47 7 47 8Gmr-
—— o

007 407 3y 1o =100 mm, §'=10nm, 2W=5°20

Pnc. 24.

Rakr BT()pII‘IHOB 3CPRAJO 1IOJNHOCTLIO Jipagupyer IIYyYOR.
OBprumo sra clicTeMa HCHOILAYOTCH KAK KaMePa CHEKT-
porpacda, npugem ZufpPARITHOHHAA pelICIHA MUKET OLITD
COBMeHmIeHA ¢ raaBueIM 3epuamoMm. B. H. Uypnrosckuit
[36] npenmomumn momudmranio srofi cicreMs, y ROTOPOII
r1aBHoe IIaHOUJAHOE 3ePRAJ0 HAKIOUEHO Ha yrold To-
pamgka 45° nm wme umeer Quryps Bpatlens; TPYIHOCTI
H3TOTOBMEHAS 3TOI CHCTEMBI OY€HDL BENNKN. JTa CHCTO-
Ma JeTannpHO H3yuema B [37].

Ne 4. Cmcrema Hypepa (pme. 21, 9); s =0,5;
d=-2

Beipasenwns s sepkall HMeOT BHJ
= —-1,0 4+ 0,06254% — 0,0078125y* —

— 0,002929068y% — 0,00146484y2,

zy = 0,5 — 0,375yf — 0,03125y1 -+ 0,0145y8, A, = 1:1.
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Alepparmmy cucreMpl HPUBCACILI IIa PliC. 20; OCHOB-
#foll  HEJOCTATOK CHCTEMBL —— 0O0IbIIAg KPWBU3HA TIOIA
(R =0,57143). B oramume or cmerem NeNe 1—3, BropHu-
HOE 3epRAJ0 dToil cucTeMmsl MeHbIne, gem ruasaoe. Or-
METHM TaKie, 9T0 BhIYHCIeHEue abeppaliMil HAKIOHHBIX

m MM M rr
L I !
]
!
i
20t 20+ !
I
I
1
a, MM st st |
7 f
20} 20r |
]
7 ',‘
, !
— . S I R . _J__.l_.L.__L._l .
Q07 497 Ig. mr 283037 Lmm -47 4 47, rnr
15 =Wmr, s'=50ms, IW =320
Pnc. 25.

nyaxoB B cucremax Ne 1—4 IIpom3BoguNOCh B IIPERIO-
TOMEHHH, YTO BXONHON 3Pauolk COBMEIIeN ¢ TJABHBIM
3ePKAIOM.

3aMeruM, YTO UpPH MAJIRIX yrdax Hojas o0bTHO HeT
Heo0XOQUMOCTH ICKAThL ANIPOKCHMUPYIONINN IOIUEOM U
BBITACIATL OCTATOYHLIC IIOsMeBbIe abeppauum, a caegyeT
ompefienars ¢gopMy 3ePRaT 113  TOYHHX BBIPAJKEHHI
(4.2)—(4.4). Pacuer myueii NpoH3BOAHTCA B OTBETCTBEH-
OBIX CHYYafAX M CAYIKIT JUIA OIEHKH I10JeBHIX abeppaumi
BHICITUX HOPHAAKOR.

Ms1 mccamefosann pspg BapnamToB cucTeMsl Hynepa ¢
PA3NUYHBIMA 3HAYCHHAMH § ¥ HAILIW, 9T0 I0Je 3PeHHS
9TOH cucTeMbl OTpaHHYeHo0 B oCHOBHOM aleppanuamm
BBICIONX IIOPAIKOB, He CuYMTaAa Henm30e)KHOH KPHBH3HEI
nosia. Oxazanocr Ttam:ke, 4rto cucTeMa Hymepa Mosker
HMeTh 3HAYMTenbHOe I0Te3Hoe moje spenms. s muro-
CTPamuU JIagHM  3AaBICTMOCTL MAKCHMAlLHLIX pa3Mepos
OATHA MAaMMEHLMIEr0 paccedBauna p or yria moas W
Auag cacteMbl N 4, MOCTPOEHHYI0 II0 TOYEUHEIM JHAIpPaM-
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aayr (puc. 26). Ms pme. 26 caegyer, 4ro sra cucreMa
MOMET FMCTL JOBOJBHO OOMBIIOE O 3perus — TOpAN-
ra 2W =20 mpm fo=100 My A,=1:12, no mpu
DTOM pasMepsl Iarma paccemsanms gocrmraiot 0,07 M.
Ipu = MeHBImeM OTHOCHTCILHOM — OTBepCTHH,  ITIODAARA

P fp=100mr1
b fr W00me Ae=172

4905

Puc. 26.

1: 2,5, nf(’) — 1000MM cucTersa gaet YIOBICTBOPHTEILIIBIC
1300 pasRCIIS — PasMepbl IATHa ' 1€ 1PeBOCXOAAT
0,03 wa ma mpapo mons — gia 2W =5° (upepusncrasn
rpusas na pic. 26). [ooGubie cHeTeMbr MOTIM OB aiiTH
npmiIctele B acTporpagax ¥ QMATOTIIHBIX npubopax,
yetanrosrenmeix 1a MC3 10 padoraiomux B ngporoit of-
JACTIL CileRTpa: or uH@paxpacuoil Jio faIeRoil yavrpadiro-
AOTOBOIL, UCOCTYLILON A8 HalXoACHMs € JCMIIOIL  10-
sepxnoctu [38].

Laasa 5

3AQORAIBHBIE ATUTAIIATHUECKHAE CHICTEMBI
113 JIBYX 3EPKRAJ

JadoranLHoll crcTeMoil masbiBaeTcsA Takad CICTeMa,
y KOTOpOIl Jyull, OTPajKkelibie OT 11eDBOro 1o Xojy Jayua
aeprana, IepecekaloT ofiTIueckylo och. Heworopble Ba-
PHAHTHI DTHX cueTeMm Oblrn B olixacTh aleppanuii TpeThb-
cro mopafma paccaoTpensr MancyTtoBriy [4] sanenn,
uro pemenms, mogydennbie Isapriunuiegom 1 Iiperbe-
uox [8], [9], npuroguer Tompko Ans mpexpdorannmoil ci-
cremsl. Mosker ObITL Toryweno waw Toumoe [39] pemrenme
DTOM sajawur, TaR I IPHOMILRENIHOe, B BLAC [BLI0B, 4TO
HO3BOIHT JICCKO pACCUNTHIBATL OTH CHCTCMBI i NH00OIL

7 e

%

%
A
&l

Puc. 27.

CBETOCIVIBL 11 JHAMETDA BXGJUOTO OTBePCTHS, Me lpude-
rag . TpyJOeMKOMY pacuery Xxoda Jayueil. Dyaenm 1rc-
HONL30BAaTH 1LIPE/RHIC 0003iHauenia JI CICTeMBI ROOPAI-
mar (ca. ra. 2). IIpegser mo-tipesrimemy OyJed cdlTarh
HAXOIANIIMCA Ha OCCROLEUNOCTI, ¥ CA0Blle HCUpaBICHHs
cepruccroii adeppaunu ua ocut (a OCIOBAILIL IfPIL-
muia Depaa) mareer suy (pue. 27)

r+l+p=—2d (.
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Ycuosie cumycoB A669(f(’) =1) umeer sux

y=sinu’ (5.2)
M3 reosterpiuecrux cooGpasnsenuii maxomma (e, puc. 27)
leos2i—pcosu’ —x =0, (5.3)
Isin2i —psinu —y=0, (5.4)
2 =u' — 2, tgi —L2

-4 5.5
S T (5.9)
Wewanrouan I, i, x, y, maxomus mocie mpeoGpasoBammii

— tg%’ [2¢ +p (1 —cosu')] — (1 + p) sin v’
tg i =

(1 —[—p)sinu'tglf_)l—2d—p(1—cosu’)

. u
Oboznauas v = sin® 5 1 yanrtowag (5.5), 1oayTmy ypan-

uenne Bepuymmm:
fig_) v—d—1 — p
dv—(v—d)(l—\’)' BRI

JTO ypaBHeHie NPHBOJUTCS K JUIIEIIOMY IIOACTAlOBKOIL
1
2 =—:

Y
dz
o + Pz = Q,
e
—d—1 1
p—- v—¢ -1 _=—
(v—2a) (1——V)’ ¢ v—d){t -v)
Ouesupio, w0 2, =— 7 SIBJIACTCST TACTIBIM pellieHneM

9TOTO ypaBICHHs, a IJI0TOMY o0IIee peINele ero MO0
HAUTH ogmoll KBaApaTypoIi:

d

+C(v—d) d(l—v) = p~t.

(5.6)

ITocrosanyo € onpeeaseM n3 ycaosng, uro s’ = pl() =
=-—-d+q:

ZT:Z1 (Zlejdvf

~1

C-:-(s)y" (—d)r-d, (5.6a)

TJL 5] SAOOKAJIBHBIE AIIJTAHATHYECKNE CHCTEMBL 73

Taxmym o0pasoM, Ioxydemo Townoe pelneHnme, BEIPa-
;apliee MEepUAMONANbIoe cedeHile BTOPHYIOIG 3epKaaa
AIJIAHATHYECKOH CHCTeMbl M3 JIBYX 3€pKal depe3 Iapa-
METP V; OHO HMECT IpPOCTOH BHA W Y/06HO NIA BHITHCIE-
wnil. 3HAS TOUHOE peImlenue, MOMHO IpPeJCTABETh O B
BIjIe pAJA II0 CTEIeHAM V:

—s S q+1v+-fmm+-)—ﬂvhh.q(5ﬂ

rge s'=¢q—d. Kak o0bramO, MOKHO IpeJCTABUTH BTO-
PUYHOE BOPRAT0 TAKMKE B B JCKADPTOBHIX KOOpAMHATAX
L1, Yie

zr=—p(2v—1); yi=-—2pVv(1 —w). (5.8)
Ilas raasmoro zeprana ua (5.1) mmeem z=—2d—1—p
Na (5.4)—(5.5) Haxonvm mocie IpeobpasoBanuil, qu-
THEIBAA, ITO V = sin? % 7

(w—®+%
t=—d+ (1 —V)—s—. (5.9)
+( i,
p

Tloncrapae smauenne p m3 (5.6) B (5.9), moxydum

2
P IR TCES R IR A EE S R
cqd? (v—d)l—d (1_v)d—l

Togerasus suavenne € s (5.06a), momywim oxomdaTeNn-
HO

12 )
1—d —_
—d + v (1 Y (,1 o %) (1 o 'V)l—d, (5.10?‘)
u 13 (5.2) uMeem
y=2Vv(1 —wv). (5.11)

Bupaennss (5.10a) u (5.11) ompepensor mnapamer-
pinuecku (gepes mapaMerp v) TOHHYI (opmy LIABROTO
seprana saokampuoii cucremtt. Ilpencrasmy (5.10a) B
Bupe psga Maxmopena (1o ereucuny v):

z(v) = 2 (0) + va' (0) fl Y; 2 (0) +..., (512)
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o
e 2T, a7 0), » BURUCHUSL  HPOUIBOUIBIX

2
dx ]
S = 0. Bonromuan juddepenyposaiue Bu-
pameruigr (5.10a) u nojgerasmsta v=10, HoIyaiM pasio-
swernre (5.12) B asmom wirte
L4 245" 4
(V) = — v — LI S
V) q+— T t
Obpaugast HTOT psig, 1OTYUHM
d 2+ sy d? .
v Ly B e (5.13)
Lo 2(1++7)

rac v = ¢, DBoaseaey B ksastpat soipanemne (0.4
oneaetansmy B mero (5.3); OKOHUATCNLIIO  TOIYUIM
2 .
; 4d 2d%s
2 — voem L (5.14)

1 Jr ' (1 _.‘\_ .s")3

Otcoa cxenyer, urto B NEPBOM IPUGMILREUNs IIpoduin
IJIaBIOrG sepraja ABAACTCS KOHHTecKiM ccueuneMm. Tou-
FIBIe BBIDAJKENAS CJIeyeT UPUMEIATH A PAcueTa CHCeTe
¢ BechMa BHIcOroil crerocwioii (A mopamgra 1:1 n Go-
;ee) 11 RCCTRHMIT TPeJOoBANmAMI K RAuCCTBY I11300paskc-
HHA; B OCTATLUIBIN CIYYasAN MOMKHO ITOJL30BATLCS paga-
s (5.7), (5.14). Kar nsBecTno s amamnTHuecrkoii reo-
METPUIL, BblpaKelie JLIA KOMITYCCROIO CeMCHIIA  MOJKIIO
3aTIcaT) B BIIC

g =2rz+ (e — Da?, (3.15)

I7e r— PINYC KRPUBH3ULL 3CPRAda UPIH BCpLILHe, e? —

KBAIPaT HKCHEITPICHUTCTA depraJdla; & I Yy — ACRAPTOBBL
ROOPIITHATHI (anHHO ROOPIUHAT COBMEILENIO ¢ BepION-~
noii seprama). Cpammmsas (5.14) 1 (5.15), MBI nHaxonmu
PAOyCcsl RPITBLI3UbI ML Bepoiiige ry H o H I)I(C]LeHTpH-
CHTCTLL 1.4 TIJaBHOTO U BTOPHYHOLO 3CPRAL COOTBETCI-
BEHITO (:IJUI BTOPHYHOrO 3¢pLaa TIPOACIBIBACM AHaAMTOrIIY-
1B BBIKFAIKN):

— 2d . —25'd 1

S D gy '

. ’ 243" .

€1 = 1——“ e C(5.16)
2d d

ey — 1 - = 2(1 - 8 d ,

e R R ol
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Ha pue. 28 mpefctakizenma sapmculMocTh € I €5 oT q
3aA 3aORANBHBIY [BYX3EPRAJALUbIX AlFAHATOB; OYEBHJ-
HO, YTO BTOPMHYIIOC 3CPKAJO BO BCEX CAYIadX — HJIANI-
COmA, THABHOC 3epKaxo B OOJLUINHCTBE CJIYYaeB Takike
ABIAETCA OMTHIICOMAOM, 10 MoeT ObiTh u cdiepoil

g el
L /=7
-7
]
4
-7
-7
iy

Puc. 28.

cumocythiv  cepongor. CucteMbl co  cepmuecrIM
PIABILIM  3EPRAJIOM UMCIOT GONLITOC B3lIatuellile  BBUAY
JErKOCTH TIBTOTOBJENIST I KOHTPOJS 3CPKAT, IOCKOIBRY
BTOPITYIIOE 3eDRANO0 B DTOM cJydyae Talske OJH3K0 K ce-
pe (eizo,i). Ha puc. 29 mumsofpaskennl oCHOBULIE Bapu-
anrtel 3aOKATLIBIN ATLIANATHYECKHX CUCTEM AJIA Dasiud-
usIx d u q(fb = 1). Hexoropele crcrempl HMEIOT BHEIINHHIL
dorye, 9T0 yROOIO 1IPH HCMOALZOBAINH TPOMO3AKUX CBEC-
ronpuemunros (JOIlb, Temesusmomnas TexHika). Bupo-
qeM, B OoAbIHmIICTBC ciayuaes (oryc F MOEKIO CheaaTh
MOCTYIIHBIM, a 1O0Tepl la 3JKPALIPOBAHNE YMEIbUIUTD,
BBEIS AOIOJIIITeALIOE WAOCKOC 3eprasao BOansu oryca
MIABHOrO seprajia. B rtaGa. 3 npusefeunl cucTembl, [o-
Jyuenuble HelocpefAcTBeNIBIM pacderoM Xoa Jiyueil na
JOBM g neroropuix mapuanTon; 1odessie abepparina BbI-
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THCAeHH A yriaa nods W =1°40"; ¢ouycmnoe paccros-
HE® BO BCex cayyasx pasmo 100 mum. Pammyc xpysmika
paccesnnA Ha ocH ofosHadten 8¢’ (Haauyue o0CTATOTHON
chepuueckoil aGeppauun oOLACHASTCA TeM, WUTO 3€pRaja
EMEI0T (hOpMY DIIHICOHMAOB, B TO BPEMi Kai COLIACIIO

d=-7 /=7
g=12 / g=025
T A A
e
) 4)
/=2 4=
[ 7 497 / g=-7
B =)
\///F/ (/,r ]
6) 2
4= I=-45
g="7 7-005
(o \ ;)
@ &
Pue. 29.

tTounblM BeIpusremaM  (5.6), (5.10a) onm  pomxELL  me-
CKOABKO OTMIYAThCA OT WIMHICOMZOB). Pasmepnr marna
paccemsanus na kpawo mona (W = 1°40") ofosmauenn p’.
Bxopmo#t spawox coBMelmen ¢ BePHINHOH INIABHOTO 3Cp-
kana. B mocnemmeil crpore TalAimImBl Janbl 3HAYEHHA OT-
HOOHTEJILHOTO OTBepeTHA A. CHCTEMB. 3aMeTHM, 49To oc-
HOBHOH aldeppanmmeil Ha KpAO NOJA ABAAETCA ACTHIMA-
THN3M; 3TO HE ABIACTCA HpeHHTCTBIIeM IIpHA 11CN0Jb3BAHIIL
CHCTeMHl B KadecTBC Kamepnsl crexrporpada. AGeppamnm

- -

e e
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BBICIUHX NOPAAKOB, KAK 1IPABUIO, MAIBl W B GONBIIMHCT-
Be CIyuaes pacueT MOKeT NPOM3ROMTLCA 1O IIPHOIH-
senmei opmyaam (5.16). HamGonnimmit mparTuyecKIt
nmrepec  mpepcramisorT cweremsr N 1—3 m3  Tabd 3

Tabunuma 3

Ne q, MM e% 7y, MM e% Ty, MM
1 0,0 0,407 —133,3 0,104 160,0
2 —20,0 0,346 —143,0 0,1 150,0
3 —50,0 0,23 —160,0 0,097 133,3
74 —100,0 0,0 —200,0 0,125 10Q,O
5 —160,0 —0,3067 —-279,5 0,213 58,5
Ne d, MM * 28g’, MM p’, MM A
1 --200,0 0,005 0,04 1:1,25
2 —200,0 0,006 0,035 11,14
3 —200,0 0,008 0,035 1: 1’7.—
4 —200,0 0,005 0,05 1:1,25
5 —210,0 0,008 — 1:1,67

(pme. 29, 6) 1391, a Tawme cucrema co CgepEIeCKuM

(e =0) raasnpmv aepramom (Ne 4 ma Talm. 3). CuereMa
Ne 5 NpuUmAGIERNT K WHCTy YKOPAuHBARIINX 3a(OKANb-
meix cuereM, onmcauusix s [4] ]I JI. Marcyrosbim (em.
puc. 29, d).
# *
%

OmBITIBIL DR3EMILTSD CHCTEMBI ¢O cepHYeCKIM IIaR-
IBIM 3eDKAJOM ObUT YCHeINHO HM3TOTOBJEH B ONTIUECKHX
macrepekx  Kpprveroil acrpodusuaecroir  obCEPBATOPIA
(cum. puc. 29, 6). Haunbomec ecTecTBeHHOL obnacTb0 IpH-
MEIeIIIA OLICALIBIX CICTeM ABJISIOTCA  CRETOCHIIBIIBIC
ererTporpadsl, padoTalompre B KOPOTKOBOINOBOIL yIbLTpa-
rroeToBOIl  J1 JUINIIIOBOMIIOBOIT WMU@PaRpacuod TacTAX
CLEKTpa, IJe AIIIB30BBIE I 3ePRAJILIIO-TUI30BLIE CHCTEMBI
HEILPHIOAIUBL 113-32 OTCYTCTBHA IIPO3PATHBIX MAaTEPUaIon
B oTIX  OOMACTAN CcllekTpa. VY ATHLAIONTIe aahoKaJIbIbIC
CHCTEMBI, ¥ KOTOPBLX PA3MEPHI BTOPIYIIOIO 3EPRANIA MAJIHI
Mo CpaBuenine ¢ pasMepaMp IIaBHOTO 3eprana (cn.
pic. 20, e), MoTyT € YCHeXO0M ICTOIL30BATLCT 1 LA
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nadawoenuit Coxnna, Upeadoransiie YIAUUAIONITE CH-
ereMer (M. puc. 5) B n10M CTYy9ac HEempHrofibl BCIEHCT-
BUE  3HATHTEIBIONO  arpeBamms BTOPUIHOTO  3epKa;a
Comnriexr, B 3aoranbHOIl e cucTeme B $oryce raaBmo-
TO BepraiNa MO0 yeramoBiTL anadparmy ¢ Manby o1-
BEpCTHEM, BRIAEAANIYIO 13 13o0pamenns Cosuna me-
DonbIoil nay9yaenprii Y9aCTtOR W TeM CcaMBIM 3HAYHTEN-
U0 YMCHBIIUTL 10TOK COdIHETHOro H3TYYeHHs, [OIIAal0-
Ol 118 BTopuumoe 3eprayo. AHanornumblii IpmeM Mosker
OBTE HClOMB30BAE 1 B HpaKpacHerx TENeCKONIAX, mC-
HOALSYIONIX 3a(DORATBHLIC CLHCTEMBI; B HTOA clIydae -
aparsy caenyer oxaamars. Hpusegem mannne 3ao-
RAALIOH yanuusoureit CHCTEMDI, PACCYMTANHON HaMut no
dopuyaam (5.16) A Hadmosenms Comuna e 1IC3 n
TpoBEpENUYIO NyTeM pacdera xoja ayueil:

ry = —3,00265 w; er =0,98292;

ny=1
d=—1,9x
re==0,77021 ; e3=0,46959; Ry =—1
fo= 7,859 w; §' =24 ny =1

& =10,8 .
Ha puc. 30 npencrasicna 3asirenyoers JuaMerpa IIstr-
Ha 28g, manmeinnmero PacceuMBamnA oT yraa mous ape-
Mg st 97oil cuereMsl (cIuzorm-
Had LpUBas) © pIs  Kiaccuye-
CKOII CHCTEMEBI I'peropu (npepri-
BUCTAST Muums), nmeiowefi napa-
OouIrTecKoe TaaBmoe 3epraJe I
TARIC 7R J1apakCUAbIIbIe XapaK-
TepuCTIRM  (PAagUYCHl KPHBU3IEL
DIl BEPIIIIHAX 3€PKa, paceros-
Llie MeAUIy sepranamin u oxye-
1Ioe  paccrosune cucrteMmui). MWz
puc. 30 ouesmpuo HpenMyIecT-
; BO AUTANATIVECKOIl cuCTeMbI B
o— OTUOLIEINI KkavecTBa 1306pasie-
1A BHE OCH CUCTEMBL

3adoraiLupie anganartuvecme CHCTeMBI Obumi Bitep-
BLIC ormcaurt Makeyrossye (4], 110], U3TOTOBILBINL M
ralse rejgeckon ¢ & =40 ¢y min Epepanckoi obceppa-
TOPHIL ¢ OTHOCHTEILHBIM orsepcriem 1:3,2 IIPIHA[JIe-

AN T 3aoRAILUBIM  aITa Ta T4 eeT g CICTCMA A,

S — 7¢
V1 51 3AGOKANBHBIE AILTAHATIYECKIIE CUCTEMLI 9

Oco0Blit miTepec 710 acTPOMOMUTT TPCACTABIAIOT ?(01;:
CTCMBI ¢ MANBIM DRPANIPOBATIHCM cBeTa ‘Bmpnqvngmcy.meﬂ
KaJ0M, TOCKOIBRY 3TAUNTENBIOC SKPHHHDOI??“Igc‘ncre\!m
CTBeHuUO yyumact paspeurziomyio ciury 1 I cnerens
(7], [14]. Hpmyes o = = 4 naw Ben]l\ll]H‘%’I{?(dlC‘HCTE\IH
BIAOLYI0 Ta paspemaiomyio cirty ar HKX “ ;u:—
[71, 1w woerpony (pue. 31) RpUBLIE LT €1 P(I;qfﬁr’,m{mﬁm{e
Tepusyonue Rkan sadoraapibie, Tak 1 npeadonas

Pue. 51

CHCTCMBI — [BYX3ePRATBIBIC AlIATIRTLI [fn]. Ia 1}:1:5!4)21_
HONORITENALIBIM BUAYCHHAM 5 COOTRCTCTRYIOT ‘Iklré“m
KAULHBIE, OTPHUATCALUB § — 3aQORATLirBIe o cre.
Crcremsr HIBaprmmnbpa 1 IKynepa 3anmmMalor (())Gu;acﬂ)
1 <p<<oo, CHCTEMEI Piun — K{pernena -1{1,1:3 "
1>3>0; npu 0> >—1 noxyvaeMm 3a(b0'14a£(1;1am)]§w
TUIAOIUC CUCTeMbI, npir — 1> p > —100 - Jz{eHb; T
yropaunsatonfue cucremsr. Ha pire. 3 ’(31‘1)(?;;1”) enere:
MBI, ¥ KOTOPBIX rJABHOE JH(0 mopu(qnobﬂ 3 ,}”\(H; e
ceprueckyo dopymy mosepximocti (TOTKH Mou N
puc. 31 acno, 1To Bee 1TpeadoRANLIBIC (;HCT(; 0 i
11epOoNTONIANLII0e TIABIOC 3ep1:a£om(;[1 i“,mn,oracz(;m}n_
ske 3ahoRANBIIRIE UMEIOT BBIIOLY 3 -
C()IIII,H(.EBIIYIO (hopMy HOBEPXIIOCTI. Bono[(z]no[TfOn]LH]c: a[n1ﬂﬁ.
HATIYCCRIE CHCTOMBL PACCMOTPCIBI B »/[,/(” R

Yiovsneanr taike 0 MATOUIBOCTHTIN 0 i ”.m‘.'[.,u‘l
HBIX CHOTOMAN ¢ OOJLITHNMIT YRIAMIT IRV A Hyueit 1

e, st : 90”7 (pric. 32), kotoprie MoryT OBITH
JePLAIR, IIBLHMI K ¢ i
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HCIIOMB30BALEL B penTrenopcrny TEIECKOUAX II B ¢reTe-
Max mmg asrekoii VILTPADHONCTOROH ofTacTir CIIeRTpa;
OHI MOTYT GBITL paccunrans mo ToTuEr opmyaan (5.6)
1 (5.10) mpm mambix v i ldl. Ipyroit meoGoiambmii BRI
3AQOKATBHBIX crrcTey MOIKET ObiTh Tomywen (pue. 33,
WITpHX0Badg ampua) uz (5.6) g (5.10) mpu 05<v < 1;
OTO TaL HA3BIBAEMEIC «CIyTHKITy [40]. Beprasa «CryT-
HAROB) MMEIOT Cciromiryio drurypy, 3ATPYIIAOMYIO UX 113-
TOTOBNCHIE, M UX TpuMmerne-

Hie B HCTPOOHTHKG, no-BII- y

AHEMOATY, Heresnecoobpasno, =-45,
HOdTOMY 110/1p0Guo pacesrar- J,ff'j
PUBATE BX MBI ;e Gypew. |

Puc. 32. Pue, 33

B sawmouenne 3aMETHM, YTO OCHOBHOH HeocTaToOR
3adioranuprx allIaHATHYeCKRIY CHCTeM, acTnrmaTtusm, B
PAlle cayuacs mosker Grirh HCTIPABICN CUCUNaN b pac-
CYNTAaHHBIM KOPPeRTOpoM, moMCInerpy nepex gorycoar
CHCTEMEI; 5TOT Tipmen AHATOr e g pacexorpenmrony srime
Iipeobpazonamio cucreMsl Puun — Kperpena s cHCTCMY
190 — Kpetbena ¢ KOpperTopoar, HOppBKTOpOM MOJKeT
CIYMUTE JIHII3a, ogma 13 HoBepxmocreil koropoii — Ia-
HONT, ypasmenme noroporo g — ay*, rme ¢ — nocTog A,
ApPYTast 10BepXHOCTS ROPpERTOpA MOKeT Obirr, cpepirge-
CKOl ¢ Gombmmrmg PanycoM KpPuUBH3mL; HOCHCTMINT M ojg-
HO BEIGpaTh Tar, wTofiy XPOMATISM yBeOye s cueteyg
AR 3aMAHNOTO yroa mons Gpox ncnpasierr.

B nauecrse HCXOAMOM cHCTeMB Tpi pacuere cicxyer
B3ATL 00bITHy10 AIMIATATINCCRYI0 crerenry ¢ Theby e
uapaserpayu f,, d, q (mmr ). Buunemy sHauetng ry, r,,
ef, € no boparyaan (5.16), nonorusior cucremy  Rop-

PeRuHoHMIOIT 30T, cunTas 0Ty I3 ee noBepxmocToej;

-t
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II0CROH, Tpyryio - ILmanongoy. Tlocrosruyio @ B ypan-
HEHINT  TaHOHTA  1oA0HpaioT TaK, 9TO0B HCIPABHATH
aCTHrMaTIaM cucteMul. Pacerogmue KHOppenTopa or Qoky-
€8 CHCTeMBI TOMKIO0 OBITh MAKCIMATLHO MOIyCTAMEIM, Tai
[aR OTCTYINIEHUC ITANOIA OT MIOCKOCTI pacrer npméumn-
SUTeILIo 00paruo mpomopumonasbio KBaJpaTy pacceros-
MIA roppexTopa ot doryca cucremsr. Ofbramo KOPPEKRTOp
BIIOCHT He{ONBIIy0 koMy, KOTOPYI0 JETKO yCTPAHWTD,

Bapeupysie; ® eX (110 COXpaNsAA 1IpH BTOM HCIpaBIeHHOI
chepuaecryno abepparmimo cucreirs).

Haromen, ma mnoctemmem nrame JICTIPABIAIOT  XPOMA-
TH3M  YBCINYEHIA CHCTeMBI, BapLUpYsT KPUBIBHY BTOPOIL
NOBEPXTOCTH KopperTopa. Takuw IyTey B cHCTeMAX Tia
Tperopn ypaercs mouywirs Xopomo uCpaBiennoe Tone
nomepevnmkom 2W = 1° 5-2°, Hencnpasaennoit ocraer-
i RpuBH3HA oA, pagmyc R, KoTopoit yoKImo OpueHTH-
POBOTHO BRITmCIATH IO opmyae Ilermpass

Onucanmsii bacder mommo nposognt, ¥ ma IBM, me-
TIONFB3YA  ONTHMUBMPYIOILYIO nporpammy [271; HcIpasie-
MO ToAsiesrar: cdepruecraa abeppamis ua ocu, KOMa,
ACTHTMATHAM II XPOoMaTII3M YBIUIYEIINA, a ROPPCKIIHOH-
TIBLMIT IApAMETAMIT ABIAIOTCH €, ey, a, T3, TAE r3 — pani-
¥C KpUBI3UBL cdhepliuecnoii IIOBePXHOCTII KOPPEKTOpA.

B rawecrse HpHMepa BO3LMEM pacCMOTPEHIYIO BBITIC
AITAHATHICCKYIO ClICTeMy Iperopm — Mawcyrosa, momos-
KB ce achepuveckirm KOPPEKRTOPOM, TOMEINeHHBIM HA pac-
croanun 1,3 a or BTopmaioro seprana. IomoGpas lapa-
MCTPBI CHCTCMBI KaK OIICATIO BEILIE, IIOAYTHM CHEYIO-
MNe  KOHCTPYKTHBHBIC DJICMETITE I'peropu-anacruraara
(pasmepot B Merpax):

ri=-3,00265; e7=0,940839: n;=1
dy = —1,96;

6 M. ITonos
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ry==1000; ex=0; ng=1
dy=0,01;
r,=00; x,=0,45002Ty5; n,=1,4781
(JIK5)
n,=A1

fo=1,859; s =1,0042; A,=1:10, @& =0,8.

JaBUCHMOCTL IIATIA HAIIMEIHIICro paccenBanysa oT yI-
aa moaa W pas ayucit or C mo F jama ma puc. 30
(nTpux-myurTopnas wpuBas). XPOMAru3M yBEIHUEHIs
CHCTEMBI HEONUyTiMO Mad. OWCBIIANO 3UAULTEINLUOS 1Pel-
MYIIECTBO TIOIYYeHUOIl ¢cHCTCMBl B OTHOMICHII HOJC3TOro
HOJST 3Pl 10 CPABLCUIY € IICXO/I0A alaalaTHyeCRoil
CUCTEMOII.

lzasa 6

CHCTEMA U3 JABYX 3EPKA,

PABOTAIOINAA TP ITOJIOJREHIT IIPEIMETA
ITA KOHEYHOM PACCTOAHIU

11 CTPOT'O IICTIPAB/IEHHAA

3A COEPITYECKYIO ABEPPAIIIO

Crerentl, m3o0pasKaimiie IPEIMETH] HA KOHEYHOM
PacCTOAHHI, YacTO HCHOALIYIOTCA B ACTPOHOMHYECKIX
IIPHGOPHX, II‘deHMep, I H3MCHENUA HKBHBAJIGHTHOLIO
dorycmoro paccrosung TeJecKona, IS ororpadupoba-
ma okpana JOTMa 1. o meaeit. Ocolwiit nnrepec mpep-

A
{
[ v
VIO )
S i 17 Vi P, S
oy
Pue. 34.

CTABIAIOT CIICTCMBL  BEICOROIE CBOTOCHABI II CHCTOMBI C
GonpUruMIr yriaMi Tajenns aydeil ma 3epkania, TpegHA-
JIavenusle YIA pentTrenoBcrux mccaegosanuii. OObrumas
METOLHKA pacdera, OCHOBAHHAR 11 HCUOIB30BAHHHE abep-
Paumii TpeTbero HOPATRA, H3JI0JKella BO MIOTHX KHHOTAX
(141, [15], [41] u Me1 paccmarpusate ee He GyneM, a or-
PAHIYUMCA N3JI0MKEHHCM YHIBEPCAThIOR METONTKH, TIPH-
POJIION I pacdeTa MIOOBIX JBYX36PKANLHLIX CHCTEM.
Pacemorpmy crcreMy u3 IBYX 3epral, pe3xko usolpa-
maoiyw roury S wma ocw (pue. 34) u obaaganilyo 3a-
naimioft wkémoit. Beegem oGosnauennsg SO =s; O'S' =5,
d — paccrodmme  MeHLy BepUINHAMI  3epPral; NPABUIO
suanon st otux peanunu obntunoe [411. Bymes ne-

0%
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HOMH30BATE IONAPIEIE CHCTEMBl KOOPAIHAT P, U C IIOJIO-
coM B S um p’, u’ ¢ momocom B S’. Yeromne orcyrernus
cepudecroit abeppanmm B Toure S’ cormacio TPITIHTY
Mepya mveer Big

ptlt+p =s" —s—d. (6.1)
Orevymuernite ot yeoBis cnnrycor 3a[a7iNM B BIJE
sinu+e¢;sindu=p"sinu’, (6.2)

e B — mHeffioc yBeImueHHC B HapaKCHANBHON 00IACTH,
¢1 — xoohunment wémp. Kar o6brumo, misn yroa i MOM-
HO 3allIICaTh BRIpaRelne, ananxormamoe (2.9):

(6.3)

ITpoeruuu otpeana AB =1 ma ocir z o I/ PABIILI
leos(2itu)=pcosudp cosu’ — (s —s+d), (6.4)
Isin (2i+u) =psinu —p’ sinu’. (6.5)

Hama sajava — nexmownrn mwz (6.1)—(6.5) o', I, u',

HOMyYIR  ypaplielille, CBABHBAONICE P I @, YMIOMITM
(6.4) ma sinu’ w (6.5) ma cosu’ 1 cymMupyeM Tx:

Isin Qi+ u+u’) =
=psin(ut+u)—("—s+dsina’. (6.6)
Anagormanoe 13 (6.4) 1 (6.5) moxyamm
leos(2i+utu)=
=pcos(ut+u)+p — (" —s+dcosu’. (6.7)

Wenonnsys (6.1) 1 (6.7), maxomun
[4lcos2itutu)=pcos(utu’)—
~(s"—=st+dcosu —p+ (s —s—d). (6.8)

Yazmeans (6.6) wa (6.8), woayuun

sin (20 - w-f-u’)

1o cos(Ze—u- u)
psin(u-|-u')— (s —s-4-d)sinu’ 6.0
poeosu l-a) - (T —s-dycosu’ - p (8 v-od) (6.9)
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Hs (6.9) maxomum
=p(f11+ﬂ1)~|—(l//1—(s’~s)ﬂ1 —1 dp ((,).'10)

tg i : =-—=
e (s__s’)ulal—d p du
rae
sin u +4- ¢, sin® u)?
cos =]/ 1 - LAt gy,
B

_Aeosu e A—cosw 6.12
4= e BT Tomw (6.12)

3aMeTuM, 410 BHJ CHCTeMbl 3aBHCHT OT 3HAKa Iepef
RopmeMm B Brpakennn (6.11). Ecou Baarp sepxuuil 3HAK,
1o npu uw="0 yrom u’ =0. ITpu >r0oM B OCHOBHOM IIONY-
YAIOTCSA cHCTeMBI, OXOKAC Ha Laaccmuccerume [32]; mImx-
il 3maR HPUBOJANT K HOBREIM cHcTeMaM (aHATOTHYHBIM
PACCMOTPCITIBIM  BBIG  «CHYTHHERAM»), Jlag NPaKTHKI
uangodee BOSRCT TEPBHE Cayuall, a HOTOMY OTPaHHYUM-
¢ ero pacemorperare. Bsejien oboamaugenis

s'— s ;—d

kh=—p Z=-

m upejierasns ypasucuune (6.10) B nuge
=P )7 Q) (), (6.13)

e
a, - ka a, + a;
P (u)=-1—21 1) =——=. (6.14)
1) | — ka,a;’ Q) 1 — ha,a,

Odwee penrentne Jnmeiinoro Amgdepemman,iioro ypas-
nentst (6.13) mozrno maiirin nmo o0meit gopmy.re

R [ o™ au 1 c]. (6.15)

Hurerpanor 5 (6.15) maiitn B asuoM pupe B 0o0LeM
cayuae BarpyALTTENLI0; O, KAk (pPaBMIO, HE MOLYT
OBITL  BLIpAGKENTLD B oJdeMenrapuniy  Qyurnuax. Userel-
LUBI¢ METOAbLL JCI'KO 1IPHBOMMT K IedH, N0 CIeflyeT HMCTh
B BUjly, qTO Hpu ln'alai =1 nepramo mwsieer ocofelnoCTh:
TANCHELE YRJOB eI Aydcil B 010 TOIRE CTATIOBATCSI
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Beckoweunro Goqwmmuain, Haiimsn z', a caemosartenbho, o p,
MOFKHO TOXY4nTh 1t Tpodiuis BTOPOro seprata. s oToro
po3ne/leM B KBagpaT ypasmenus (6.4) i (6.5) 1 cmosrum

1y,
P=lpcosutpcosu —(s"—s+d)?*+
+(psinu —p’sinu’)?  (6.16)
3 (6.1) nmeenm
P=(s"—s+d—p—p- (6.17)

[Tpupasunsasa (6.16) u (6.17) u moncrasisaa szavenue u’
s (6.2), momywum ypamncime, eBaspBalomee p° I u; pe-
WHB cTo, HoryanoM p’ Kak (YHROUI0 TTapaMeTrpa u; 9Ta
dyHrun copyectiio ¢ (6.2) oupegeasier p’ kank QyHRiNIo
6oxce yaobmoro napaverpa . OmIcamisie BHIPAMKCIINA
UMET BIY

, N7y
P =35y +- 27 cosu’ — 2V sinu”’

rae
N=s—s—d—p, T=pcosu—s +s—d,

V = psinu.

HanGonee pasken mid LIParTHRI caydvaii, Korga cucre-
Ma He IeeT KOMBI, T. €. ¢ = 0 — creTeMa ABIACTCA arl-
aJauaTtnaccroii. Pacesorpua aror eaydait moppobuee. Bwi-

’ e
paszenie Juig @y UpI DTOM IPUHIMACT TPOCTOH BII:
‘ prx Y (ﬁ’)z—_sin"’ u
al _ - .

sin w

[{ar u upesrae, BuoiOnpaen BEPXINH 31aKk 1ICpe KOPHEM.
’

Yactnoe pememtie 2; auueiiioro ypasenist (6.13) mye-
eT BUJ

RN R L S el B
L7 T T 2k 2k T
3nag 9acTHOC PCIICINe, MOKIO MAilTH I ofuiee peurerme
opmoit weagparypoit [40], woropas mMomer GBITL BRIpas:ze-
TA B OJACMEHTAPHLIY  (YILRIUIAN; Tocae  1peoOpa3oBaiLil
TTOJTY UITM 'I‘()‘IIILH”I HI)(N[)H.TH, HeprRoro R(‘pl:ﬂ"[ﬂ iR 1[().{[?][)”[)1\'
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HOOPJTHITATAN

n/*—d_l—}—/f; i /f)‘ . 7 1 1»'(7[3’ )
ST T T Tuk Tk (’““”’V'<T_ /)( 5 )*

X [6 LB — 1}‘1 [6 + 1~B’“’1[ kit s 1= ch?***r“l

207 2

L -

rae

— 1 (B2 2 . Pk U
6_COSLLT ] (F)) -— SN~ U, [11 iz m, Bl = }j'—k‘
TTocrosnitaa murerpupoBaiiig orpegenserca H3 Yeio-
Bust, wTo p = —s upn 1 =10; obuice pemremme MMECT BILL

(6.18).
TTepexon 1 AeRAPTOBBIM  KoopiImataM  Momer (BITh
: 0 man (2.7), (2.8) TO-
BBtNoTUen 110 oOpunkiyM Gopymynanm (2.7), (2.8). [laa BTo
poro 3epraia MOKHO Iltenionnzonati puipasennc (6.18),
e ! ro_ / L ’ r_ =1
nodosup u—=u', p=1/p, s=——s", §=-—s, =k.
JaMeTing, 9TO B OTOIl IMaBe @ BCCTAA IIOJOJKUTCALIIO,
B OTIMIIC 0T OGIGENPHIATOTO NpaBnaa siaxos. Pamguycst
KpPHBH3N 3CPKAT NP BCPUINHAX ONPCJCIAITCA BhIpaske-

HLITSTMIT

o 2p"sd roo— 25'd
Py G +ap” Pod- =B

Fean upepser uanm ugoSpazsenne Iaxojarcs ua oee-
roneunocrn, to ny (6.14) n (6.18) nosyuaorest serpasie-
mwin (3.1), (3.2); mampumep, ccau s’ =00 10 k= oo,
r

B
pr== o0, - = —-d.

Bengy Oomumioil npaptmgecioil BajKIOCTIN MMIIAHATI-
YECKIIX  CIHCTCM  OBLTO  TIPOBE;ICTIO  MICACITOC 1CC/e/IoBa-
e (10AyYeHnoro rTounoro peurenns ma IBM; Ov1mo pac-
CYUTATO  IIECKOMDLIO  ACCATHOB  CICTCM € Pas3JlIMIBIMIT
xapanrepuctiwayi.  Hanfomee  xapawrepusie  cueTeMms
MpeacTasIciisl Ha prc. 30, 3a emnrany MacliTafa NPHIA-
TO paccTose MeRIY sepramayu, T, e, d= —1; ynemu-

uetie L‘}), TPHUNMacT 3Haaeinst I '1, a4 3HMAYCHM

1 1
008
$ 1 &7 MCIGIIOTCS B THPORIIX NPEICIAS.

Pacestorperine pue, 3o norassisaer, ato upu pC=0, 1
(0 — 3) mabaofaeresi DBOTOWI 0T CITCTeMBI, TATIOMITTIA-
ommeii cnereny JHpapiymuinia, g0 cIereMsl, OXOKET na
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cucreMy Boysma, mpmuem cmerema pre. 35, 6 BechMa ma-
. 4

TOMUHAET 3epransnylo cneremy Paiira [43]. IIpm §’ = 1/3

HMOJydaeM aHAMOIHYHBIE CHCTEMBI (32 moHAOYeHHEM ama-
Jora cueremer Ilsapmurmasga, woroporo smecs mer). Ipu

'?\ 5

B=07, 5s=10,5<65 d=~1 [=47,5=-, 545, d=7

Q) J)
—— T ——
s’ _ s
B=01,5=-5 51, d=-7 A=047,5=-5,5'=2,d=~1
/) 2)
i s 5
A=41,5=-2,5=2,d=7 fB=ls= 1, =13, d=7
V] &
=
. N
S s ' s 5
f=t,5=-1,5=7,d=-7 A=ls=Ts=15,d=71
) 3)
Pne. 35,

p’ =1 monyuaercsr amamor cmeremsi Haccerpema (puc.
39, e), a Tawmke HHTCPECHAA CHCTEMA, COCTOSMIAs M3 JIBYX
BOoruyThIX 3eprax (puc. 3D, ae, 3). Ouesujmo, 4T0 TIpH
s=—s5" ofa zeprajza HMEIOT CTPOLO HApaBOIUTCCKYIO

TJ1. 6] CHCTEMA IJIs1 KOHEYHOTO IOJIOMEHNA NIPETMETA 89

¢opMy ¢ LapaANCHABLHEIM X0T0M Tydedl Meay HEMH. 3a-
METHM, UTO CHCTeMa BHJA, IPCACTABIEHHOT0 Ha PHC. 39, €,
TAK/KE MOGKET HMCTh DNIHOCOMIANLIOE INIABHOE 3ePKAJIO0
I Bropuunoe B (hopMe BBIIYKTOTO THMepBGoTOMAa, 9TO yii-
POImaeT MX NBFOTOBAEHIE I KOHTPONL; OTMETHM TAaKMKe,
uTo amamorm cucreM bBoysHa Moryr mmers oba sepraia,
MPAKTHYECKH L€ OTIAUYAINIHecS oT cdepHiecRux.

Hagmi mpariue yrasanns K pacuery jgByX3epRabHBIX
CHCTEM, yRoBlerBopawomux yeaosmio [, Tepmmens, s
OpCIMeTa I1a KONEYHOM DacCTOAHHI, B oTOM Ciyuae MOK-
N0 ICIOJAB30BATL METOJUKY, AHAJOTHYIIYIO ONUCaHHOIM,
no eaecro (6.2) caepyer Baats ycmosme JI. Tepmens

.ou ; .oou

sin —— = f' sin -5
Hanozuniy,  wio  cmerems, YIOBAETBOPAIOIING YCIOBHIO
I, Tepmens, cnocodusr pesno n300paskaTh OTPE3OK OIl-
TIYECHol OCH 1, CJICJOBATENDIO, IIO3BOJAAOT HAGMIONATDH
IPCIMCTBI, DACIONOMEIHBIE 114 PAa3HbBIX DPAcCTOAHHAX OT
cucremut. Hpir orom ociosmoe puddepenuamsuoe ypas-
meune sagawn (6.10) mayeer npemnuii Bup, mo BeIHYMHA

ay ppyras:
, T 1/([5’)2—ngirlz%l([i.’)2—~sixl2 —z-}

a; = - ~
U
2 sin—g- ]/ (B)? — sin® -

MogoGio crazamnony pamee MO0 NMPHBECTH ypas-
peiure (6.10) x muneiimoyy sy u penruTs ero B kBagpa-
TYypax. JTIL CHCTEMBL MOTYT OLITI HCTIOJH30BAIBL, HANDPU-
MCp, I m3MeHemst (DORYCHOTO PACCTOAHNA TelXecKolla
B TICKOTODPHIX TIPeCTAX, II03BOASAA ILIABHO MEHATH MAac-
mtad nsofpaskenida. B sawmowernme 3aMeTHM, 4To, KOM-
HOIYST PACCMOTPCIILBIC CHCTEMBL ¢ TNapaGoImIecKHM 3ep-
KIOM 11 JIPYT ¢ JIDYTOM, MOMKIO IOAYYHTL M CHOIKHYIO
sepradbiyo  cucreny.  Hampnaep, Moskmo paccumraths
KOMICHCATOD ROMOT U3 JIBYX 3CPRaI A TapaboImdeckoro
3eprana, uoadbmpas rosgpdmmment wémMp ¢; B (6.2); wo-
TYYUTL CUCTCMY 113 TpeX 3epKajd ¢ UCIOPABIEHHBIM aCTHI-
MATI2MOM 11 7. . Owicannas MeTORURA pacuera HpPHrof-
Ha ¥ g pacuera CHCTEM € IHpPefesiLI0 BBICOKOH CBETO-
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CHJ[OH, A4 TALGRe CluCTeM ¢ GO-HbLHIII\Il[ erIi:ll\IlI agenma
dyueil na deprasia, UPUMEIHCMBIMI B DeIrTreloBeKol oll-
rue, [Mpudnimkenmas MeToika pacyera TpPeX3ePRATLUBIX
CHCTCM, OCHOBAUHAH It TCOPUL alepparmiil TPeThero no-
paaxa, vumcaira 5 [i5] u [44].

HpusegeM  KOHCTPYKTHBHbie

/\ . DICMENTHI CLUCTEMBL M3 TpPeX 3ep-

ral ¢ orpeperneM 2,4 M, pac-

BECLMA  XOpollee  HcHpaBiene
adeppammi TP DIOCKOM  LOJe
speunst (puc. 36); upodunn szep-
LT — KOUMUCCKHe Ceuells, nplii-
Pic. 36. UeM TJABHOE 3ePRAI0  IMe3HaIl-
TCIALLIO OTCTYIIAeT OT uapadoJsolr-
7a; TIPC;IMET PACIIONORE 1o GCCROMCYIIOCTI:

i /‘{)_ CUIITALIOI aBTOPOM H uMeloLleil
} F

r, = — 15,3720; e = 0,999651
dy = — 5,6280

ry — — 4,1190; ex = 0,608200
d, = 5,6400

ry = — 5,6400; © €2 =0,001546

Ry==—n,=hg=—n,=1
@=24w f,=10542; s =—28172;

A, =1:44

Ilone 2W =1°,2.

Pacuernl xopa syueil mowasaiu, 4TO pasMepsl ILETIA
paccenpanna ma ocm cocrapiaior 07,03 1 He npeBocxo-
sar 07,15 mna W= 30". 9ra cuerema smorda Owvl, HAmpI-
Mep, HMAliTI HPHMCICIC JI74 KOCMEYCCLKOro TeIeCROIa-acT-
porpada; uegocraTor ee — IeypobHoe HoxosReure ¢o-
KyCa CUCTeMBL: IOUTI HOCEPERINE MCIRIY 3ePHAIAMIL

* *

*

B sawmiouenme paccMoTpHM 33jauy OUpPCAcHelNdA Tou-
Horo Ipodiuisa OFIOr0 M3 3eprald CTUTMATHYeCKOH CHCTe-
MBI M3 JIBYX 3€pKaJ lpiu mepectioii ¢gurype gpyroro sep-
Livta (IT[N‘;L\I{‘]‘ HAaNOANTCH  Ha ROOCHIIOAN Pi}(‘(‘T(}ﬂlI[Hl).

TJ. 6] CIICTEMA AJ17I KOHEYHOTO IIOJOKEHIISI IIPEXMETA  9f

Jexo B ToM, UTO B CLCTEME TACTO HCIIONb3YIOTCA CMEHHBIC
3€prajna, IpHYeM Yale BCero 3aMCHAETCA OMHO H3 3ep-
Kadl, @ CHCTCMa JOJRHA 0CTABATBCA CTUrMaTHYeCcKoil; Ha-
npuMep, Taroll cueTemoil Moyker ObITI, TIpCOfpazoBaTenn

A

Bz4) V] '
s ik - ‘ §
Uy g 4 43 y z
4
4
s
Prire. 37,

dorycnoro pacerosuns TELCCKOIA, B TOM WHCAC I PEHT-
renoseroro. (Peurrenosenne reaccronn Gyuyr paceMoT-
PCHBL nRe.)

Hraw, pacexorpinn eneremy ns quyx sepuar (pie. 37).

OO 13 RKOTOPBIX, 751 OnpeIeHneHnocTic — Hepsoe Ho X0y

¥, HMeeT n3Bectiyio (urypy, safaliyio B ferapro-
BRIX roopannatrax (z, y). Ilanpapacune mopyany B kask-
AOIL TOTHE TIOBEPXHOCTH TAKRE OY/ICT CHHTATLCS H3BOCT-
HenL OB03IAWIN. Yrod HopMamy ¢ onTiaeckoii ocnio
wepes @, Hawamo newaprosoit eneresrn KOODAHUIAT COB-
MECTIM ¢ Touroii S npeayverta. Bynesm culrraTh u3BeCTHbi-
MU TALE PACCTOAULEC d MEMy BEeDUITHAMI 3CPKAT, BBI-
Hoc (oryca ¢ sa Bepmimy tepscro (IIaBHoOTo) 3eprasa u
PACCTOANNIC § Hpe/MeTa OT BEPIINHEL IJIABHOTO 3epKaia.
I3 pne. 37 mmeen:

R2 = 2% | 42 (6.19)
uy . — arctg (—Z-), (6.20)

i==u; — @, (6.21)
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Uy = 29 — U, — 2 4 arctg (%) (6.22)
R+lyp=qg—s—2d, (6.23)
Yy1=y+ lsinu,, (6.24)
Zy =1z — lcosu,, _ (6.25)
PP =yi+(g—s— )% (6.26)

Bripamenue (6.23) noxywemo ms npummuma Depma —
KaK yCJIOBHE pPaBEHCTBA ONTHYGCKHX IyTell IIA Maparch-
QJIBHOTO Jyda, OAYIEro BROAL ONTHYECKOH OcH, W peaib-
noro ayua SABS’. Vemosua (6.19)—(6.22) smpamamor
BCIIOMOTATeNbHEE BEJUUMHEL UCPes UIBCCTIILIS IIapAMETPHI
z, Y, ¢. Ypasuenns (6.23)—(6.26) comepsar wersipe He-
U3BeCTHHIX I, p, 1, yi, mpuwuem (6.23)—(6.25) munefimsr
OTHOCUTCALHO HUX. DBBIpasuM HMCKOMBIC BeIMYMOH X1, I
Tepes H3BECTHBIE ITapaMeTPhl; IIOAYYUM I1I0CHe Hpeobpaso-
Baumit

Y=—> xy =2 — (y; — y) ctg u,, (6.27)

rae
— 2 __ 2 — ___4,___&2
c=k n(q s—F ﬂ)’
b=2n0<q—-s— «—-";]‘1)+ 2,

N=sinuy k=y-(g—s—2d— Ryn, [ (:28)
0=cosu,; F=zx—(g—s—2d—R)o,

u, = 2¢ - arctg (%)

Bepaskerusa (6.27), (6.28) oupemeasiior rtounsii mpo-
dnabp BTOPHYHOTO 3epKANa Wepe3 H3BECTHBIE BETMINHLI
z, ¥y, @, d, q, s’. Eciu N3BecTHO aHATATHYECKOe BHIPA’Ke-
HHue I OpoWis DIaBHOTO 3epkaia, HAUDAMED, B BHe
nuddepenuupyemoii pynruyn

z=ply), (6.29)

TO, 0YEBWIIHO, Yroll ¢ MOMeT OBITH OIpeesen U3 HpOm3-

ROTON
t . dzx
gP = ay”
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Haree meraodaes ¢ u z ma (6.27), (6.28) m momywmy
BRIDAKEHUA A IpOmax (GUrypsl BTOPHYHOIO 3ePHAJIA,
3aBICAILNE TOALKO OT ¥, d, ¢, $'; ;A BAasKIIOr0 YAcTHOIO
clydad, ROrAa TIABIOE BePRAN0 ABIAETCH KOHMIOCHKEM
cevenuem, smecro (6.29) mveem BpIpamenne

y?=2rz+ (e —1)a2, (6.30)

rjie e? — YKCUEHTPUCUTET KOHHYECKOTO ceueHnsa, r — pa-
AMyC KPABU3HBI INMABHOTO 3epKaja IpH ero sepiumue. [Ipn
OTOM JUIA yria @ TaKKe NONYINM SBHOEG BEIPAsKCHHC:

tgo=20 - ¥ (6.31)
¥oor4(f—1)e

Werouun ¢ nomompw (6.30) u (6.31) z (mam y) u @
13 (6.27) u (6.28), momyunm upodmrs BropmIROro 3epra-
“Ia, BBHIPAJKENHBIH depe3 MapaMeTp «y» — 30HY I[NABHOLO
3epraa.

B sawmioucuue samernm, wro I0gpOGHEL 0630p 3ep-
KAJIBLIIBIX CHCTEM YMTATelh MOJKET naiitm B JHeceprammn
H. K. Kynpunoii [45], rpe rakace Beimommensr pacderst
OPHIMHANLHBIX CHCTCM I3 YeTBIpEX 3CPKAd, KOTOphIe MO-
TyT Haiitm npaserncnme B acTpodU3HYECKHX I KOCMHYE-
crux mpudopax.



Taasa 7

SEPRAJIBHO-THH30BBIE CUCTEMBI LIMHJATA 1 PAIITA
I X MOHDITKAIHI

B nacrosamee Bpems momywmim mupoxoe pacupocrpa-
HEIHe 3€PRATBUO-MIII30BbIC CICTEMBI, KOTOPHIE IIPUMEHS-
I0TCA B ACTPOUOMUI B IIA3eMIBIX TCAECKOUAX, B KOCMII-
UECRUX almapartax, a Tawie B DasHOOOPA3HBIX Jadopa-
TOPHBIX npu6opax (cmexrporpadot 1 T. 1.).

§ 1. Ciucrema Paiita

B cepeanne 30-x rr. Paiitr n Baiicena [43], [46] me-
JABHCUMO HPEJTOKWIN  3ePRAILHO-IUH3ORYIO ATLIAHAT -
UECRYI0 CHCTeMY, COCTOAIIYI0 H3 ac(hepHuCCKOro BOTHYTO-
PO 3eprRasa N DaCIOIOKENHOH IHMepex HuM acdepudeckoil
ROpperuuoniioii miacTunel, padorawineil B mapamiean-
oM 1ryune aydelt (pue. 38). O8piumo KopperiHomuad
I1acTHHA HMeeT ILIOCKYIO IICPRYIO TIOBEPXLIOCTL 1f BOChH-
Ma Mamo OTIMYAKMYICS 0T IIOCKOCTI BTODPYIO, acdepi-
HECKYIO, [0BePXHOCTB, 1IODTOMY €€ - XpoMAaTHYeCKHEe

7 — N W
3/" — \ ‘ F U
&

Puc. 38. Pue. 39.

abeppamun  HesHaUHTENbHBL. Koppekmmonnas mmacTuna
cucremsr Paiita Momer GbITH Tawime samenena acdepmucc-
RIM IUIAHOINGIM seprazox (prie. 39); emerena upn atom
BLIDOR/ACTC B RINIAIATHYECRYIO CHCTEMY M3 JBYX 3ep-
Kax, ofmas MeTOJMKA pacdera KOTOPOil GbLia paccMot-

§ 11 CHCTEMA PAMTA 95

pena poiute. ocroinnky Rpuplilia IWIAHOWALOTO sepﬁan:
DABIa LYyJQI0 B llapakcHaibHOIl O0JACTH, OHO 1€ BJI’.I/‘IHB_
qa ONTHIeCKyo cuIy cucteMbl. OQueBHIHO, 4TO «3ep}:anh
neiil Paiity mosker OBLITL HCIHOTLIOBAN TONLKO B HaRIOH-
HBIX UYYLRAX, HOCKOILKY OCEBOM quox){ nydeit nonnoc;éﬂ(i
DRPAITHPYETCs BOTHYTHIM BEPRATIOM. Pacuer ¢oprsl 111)0
KaJl CHCTEMDI «3¢pPHANBHBIA Plam» MOHHO BbIIIOJIH‘I/I6Tb 0
dopmysam T, 3, nomaras s =1; chepuvecKasd a [?}pﬁ;-
A u Koma cuerembl afita crporo ucnpafmemﬂ.1 ;)0 -
TIIM, 9TO B Ba;RIOM TacTHOM cjydae, Korja d'= —1, Bé)ﬂ
myrza (3.2) mpuBOAMT K IEONpejieleHHOCTH; DPaCKpPRI

ce, MojydaeM IIPocToe TOYHOe BbhIpaKeHue f0=1)

—é—:v—{—ﬂ—v)em, (7.1)

rae e=2,7183...— 0c110BaIHC 114TyPAJLIBIX gorapud-
mos. pm Majpix v yxoOHO HCHOIL3OBATL PABJIOIKEHIE

L 5 crenennéit PAN, UPUroAmBIi Npm Mo0bX paccTosAnd-
Y
AX INIACTHIEL OT 3cpKaja:

1—gq 1 1—d

7.2
%:1+T""EEV2+ Ve | )

Buas p, MOMHAO HAMTH JeKapTOBBL I{OOpI[[/IH‘aTBIz Iét))rmg;)};
ro seprama 1o obmumeiM  opmyaam (2.7), (2.8). o
rrapmoro  (1MauomjIoro) 3epkaia HCHOAL3YeM BHPAIE-
st

v
d+2'\7—_ Y
g=d+(———, y=—7 (3
T

Ipir Mamoil CBCTOCIUIE BMECTO CTPOLHX BLIDAACHHI (7.1),
(7.3) ynoGuo HCHONL3OBATEL PJIBI

22
y§:_4w+_§__..., (7.4)
4 — P _d+2
yto d—1) g 302 5 (7.5)
sttt VT e VT

e o=z — 1.
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B mepsom npu6mikernn BTOPUYLOE 3EePRAIO MOMHO
CHINTATE KOHMIECKUM CedeHMeM, DKCIEeHTPHCUTET KOTOpO-

9
TO IMECT B €5 = 1 -+ - Hpn d—=—2, =0 (aep-

RadpEpril  Wamar) s |d) > 2 nomyuaen 1>ei>0
(smnamconn), ecanm sme |d <2, 10 <0 (cmmocuyrmit
cdepoup). 3asucumocts ¢ or d IIpeAcTaBsiena B TaGumm-
Ie 4. ActurMartusy TPeTLEro HOPALKA <«3ePRAJLEHOTO Paii-
Ta» MORIO BBIYHCIATH 10 hopmyman (3.6)—(3.8), roro-
Prie IPHHHMAIOT B 3TOM ClIydae NpOCTOIl BI:

—2 —2 —1
Rm:m, RSZT, Rﬂl‘m- (7.6)

Pacemorpnm Tanske cucremy Paifita ¢ mperoaasomeii
ROPPeRUNOHIOI INacTunol. SHasg BbIpajKeHUe JuTa mja-
HOUALOTO 3epKATA CHCTEMBI «3€pPKAJLIDIL Paiir», mosmuo
HaiiTH W BeIpaRenme A acdepudeckoil TmoBepxHOCTH
TPeTOMIAIOIel KBA3UIIOCKOM ILIacTHIEr (cu. puc. 38),
BHOCAINEL Ty jKe cepuueckyio abeppanmio u ké6My, uro
I nmamomnpgnoe sepramo. s storo gocraroumo YMHORHUTE

Tabuunga 4

d —0,25 —05 | —075 —1,0
e2 —17,0 —3,0 —1,66667 —1,0
d —1,5 20 | —30 —4,0
e2 —0,33333 0,0 0,33333 0,5

BeIpaskenue (7.5) ma 1 TAC I — NOKA3aTeAL mpeson-
JICHUA CTEKIA IIACTHIIBL:

1 — (1 — 4d) e -

Ax—n_1(16d + T + ... (7.7

3nmecs Az — aBenueca HPOU3RONLHON TOYKM acdepnye-
CROM TIOBepXmoctir naactunel. 1Tosepxiocts meer nyJne-
BYI0 KpUBHBIY 1pi seprunue. Mosgiio YMeRLUINTL XpoMa-

§ 2] CHCTEMA IDMIIOT\ a7

TIYECKYI0  adePpaliin, BLOCIMY 0 KOPPERIUOLLOI  1ia-
crunoif, nas wero B (7.7) caemyer BBectm uten B
ey?, HoCTOAHHAA & O00BITHO BEIOMpaeTcs Tak, 4ToOBL M-
Hunaablas TOAMUHA WIACTHHLI Okaszaiach ma azoue 0,87
OT pajHyca OTBEPCTHA; HPM 9TOM XpOMATHUECKAs adep-
DAL ORAMeTCss MIHUMAAbHOH. Bormyroe seprano ito-
MpeikieMy  onpemesnserca  Bbipaskenusmu  (7.2)—(7.4).
Oc1oBibIAL abeppaniaMy, OrpaHMYNBARIIHMI ITOXe 3pe-
LU DTOI CUCTeMBI, SABJAITCA ACTHTMATHIM II KPUBI3LA
1075, Buiuncagesmple 1Mo gopmynay (7.6), Dafit IOKAa3aJ,
UTo upn d=—1 mnosepxuocts HAWIydImuxX  usobpaixe-
HUIL — IJI0CKOCTD, MO aCTUIMATHBM  3HAYATENCH: npi
A =1:4% yraosoii AuaMeTp liaTHa paccemBamma 17 mas
yraa nonss W= 0°5.

§ 2. Cucrema Imugra

Cucrema Hlamupra, mao6perenmasz s 1930 ., IOAYUH-
T3 HaubOMbIIEe PACTIPOCTPAHEHHE B CBETOCHIHHBIX npu-
Gopax — acrporpadax, CLeKTporpadax, KOCMUYeCKUX IIpH-
Gopax m 1. 1. CHcrema Muuara Mosxer paccMaTpUBaTLCS
kak 9ACTHBIA caydaft cumerempr Paiita mpun d = — 2 (¢o-
RYCHO® paccToAnMe CHCTeMBI LO-IIPEKIeMy DABHO eTHHHE-
ne). Us rabmunm 4 BURHO, 9T0 NpU d = — 2 BOTHYTOC
3Cpraso  spagerca cgepoii. Ilmugry snepesie ymamocn
CO3MATL CHCTeMY, O0NAafAIOIIyI0 BBHICOKON cBETOCILION upu
6OTBUIOM HONe 3DeHHA W OTIAMTHOM KATECTBE uzobpaske-
mnn. Ilepeunit sksemmiap cmeremsr, nocrpoennsrit IMImun-
TOM  COOCTBEHHOPYYHO, HMen LUuaMeTp KOPPeKIHOHHOI
IlacTHHBL MopAfKa 36 cM 1 Bormyroe cdiepuuecroe zep-
RAI0 AHAMETpOM 0KO0M0 44 cM. OTHOcHTenBHOE OTBepCTIC
cucremst 1:1,7 npu none spemma 2W =15°. B cucrene
Dlvupra menpapirenst ciepugeckas abeppanusa, KoMa I
ACTITMATH3M; HaudoJee cyHIECTBEHHOH ABIACTCH KPUBH3-
f1a MOJA, a TaksKe I0JNeBble abeppamudl BHICIIMX IIOPANKOB,
BHOCHMBIE KOPPERIUOHHOH minactnuoll, Ilpu paGore B min-
POKOH  00;acTil CHEKTPA cllefyeT YIHTHIBATD TaKe 1
XpomMaTuyeckue abeppalul, BHOCHMBIE KOPPEKIHOHHOIL
NTACTUHOM; BHPOYEM, NOCIeJHHE OOHYHO JHATUTENILIO
MEHLIIe, HemeaH XpoMaTHaM cuerempr Paiitra. Qrmocu-
TeabHoe orsepcrue cucreMs! Ilmupra orpanmdeno rtomsno
TPYALOCTAMNI H3TOTOBICHHUA H MOMKeT NpPUGImKATLCA K

7 I. M. onos
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TEOPETHYECROMY TIpeflelly — HallpuMep, H3BECTHBL CHCTe-
mel Hlymugra ¢ ormocurensueiM orseperuenm 1:0,6. KHo-
porrodorycusie cuerempl [mmpra mpm A=1:1 moryr
upetn mose onoixo 20°. ITomoGHEIE cHCTEMBI MCHOXB3YIOT-
CH, T OCHORIIOM, KO KAMEDBI CBETOCHILHBIX CLEBKTPOIpa-
(OB, UpEAHABHAUEHHBIX /A H3yUeHH:A TYyMaHHOCTEIl I
JAPYrux clIafbix 00bEKTOB, & TAKMKe JIf DPEermcTpallim Me-
TEOPOB M UX CIIEKTPOB.

HApyras o6macte mpumenenus cuctem HImmara — me-
1ocpefcTBeHHOe  hoTorpaupoBanue OONBINNX YIACTKOB
ueba; ¢ DTOH IeNbI0 HCIOAb3YIOTCA CHCTEMBI OONBILOrO
BxogHOro orpeperusa (Mo 1,37 M), HO ¢ yMepeHHBIM OTHO-
CUTEIbHBIM OTBepcTHeM — mopAnxa 1:2,0—1:3,9, 1o0-
CKOIBKY TpH GOABINMX OTHOCHTEJIbHBIX OTBEPCTHAX IPO-
uexopur OplcTpoe ByadnmpoBaHHe QoToMaTepzaia HoHOM
neba. Muorowmcnemnsie mMopuduranuy cueremnl UImummra
i npuMenenns npuununa Ilmuara onmecamet B [47]; Teo-
pust cacremsl Wmupra manosena B [48], [49] u [7]. Pac-
ueT PopMbl npeoMiIAloieil miacTHHsl cueTeMmbl mmpara
Mo:KeT OBITE BHIDOAHeH mo gopmyre (7.7), eciu 1oIO-
JKUTh B Heli d = — 2, OMHAKO IOJydeHHAsd IOBEPXHOCTh
He fABIAeTCA HAWIydIeil B OTHOMIEHHNW XPOMAaTHYECKHX
abeppanuii ¥ MOHOXPOMATHAECKHX abeppanuil BBICOKHX
nopankos, llostomy ommmem Gollee yHHBepCANBHBIE Me-
TO, pacyera, IO3BOJNAMIKEA Haxoauts cucrembr lmmpra
¢ pasnumgHoil dopmoit Koppexuuonnoil miacrumsl. llpesxne
BCETO 3aMETHM, uTO NPOPUIs acepuiecKoil IMOBEPXHOCTH
KOPPCRIAONHOM IIIACTHHEI H ee CcBOCTBA B OTHOMEHHAL
0CTAaTOYHBIX abeppauuil CyUIeCTBEHHO B3AaBUCAT OT OITH-
gyeckoll cuisl IaIacTuHbl B oGmactm I'aycca, T. e. B mapak-
cHanpHOl ofnacTH. Bapbupys DnapakCHaIbHYI0 oONTHYE-
CKYI0 CHIy IUIACTUHBI B HEOONBINMX Ipefenax, MOKHO
OJIYYUTL CHCTEMBI ¢ MUHHMAJLHBIM XPOMATH3MOM MM
MUHUMAJbHBIME a0eppaldaMil BHICIIHX IOPANKOB U .T. JI.
Yame Bcero HCIOAB3YWT INIACTHEY, 00Jafaiollyic MHHU-
MauxbublM xpoMarusMoMm. Kawr mowasano B [48], ara mua-
CTHHA BHI3BIBAET cMellleHue JoKyca CHCTEMBI IO OTHOIIE-
IHI0 1k IapaKcuajibmoMy ¢oxycy cdepmdeckoro seprana
Ha BeIHYHHY . '

-_ 2 \
A= (7.8)
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TA€ I'— pajuyc RPUBMBHBL cepHnyeckoro zepraga, m —
PAIYC  OTBEpCTHA  CHeteMB. B ofmem cayyac MOMGHO
Gparh W Npyrre snaucming Af, 4To upuBeseT K uzMeHe-
LI110 DOPMBI HaCTUITL, Hanpusep, ama wactuns, merw-
THeIl mranonjnyo acepugecrylo nosepxioctn (T.7 e. To-
BEPXIOCTH C HYJIeBOH KpPHUBH3NOI B nentpe), ciemyer
npuHsith Af= (. 7

i IMomecTuM  Toweumnslii meTownn: CBCTA B UIOCKOCTH
Payeca ma onrmueckofi ocn 1 oupenenmy yroa u’ nryga,
OTpaienHoro or cdepuueckoro seprana. M3 reoMeTpuIe-

CRIIX coo0paKkeHuit ACHO, UTO
b H . H
u = arcsin — — 2 arcsin =, (1.9)

P =4 14 -

rie H — pacerostame yua or eHTpa KPABU3HH cepuue-
CKOTO 3epKana, P — paccroAnme TOMEYHOTO MCTOYHMKA OT
IeHTPa KPUBUBHLL YTOX %’ 06BI9HO Mag U He HpEeBOCXO-
AUT HECKOABKEX rpafiycoB. Pasmaras u’ B crememudii pan
no crenenam H, momyamym

u'=A0H+A1H3+A2H5+A3H7+..., (7.10)
rae
12 11 2\ -
dy=—5——, A1=-5—(P—3—r—3>7 (7.11)

3/ 1 2 5
A, =2 (_.. _ = A, =2 (1 2
2 40 P5 7‘5 ! 37 11p P7 - _,.T ’ (712)
Sameram, uto 1’ MOKHO paccMarpusarh Kak YIVIOBYIO
cdepudeckyio afeppanmio seprana; coraacuo . JI. Maxk-
cy10BY [4, ¢. 95], 3man yraosyio afeppanuio, Mosxuo Haii-

']:II " BOHHOBonUaGeppaumo N 1o upndamxennoii, 1o fo-
CTATOMHO TOYHOI JUTA NAIIUX Texeil dopmyie

N 5u’dH=
A A 4 4
=T“H2+-4LH4+ —(31116+T3118+ oo (743)

31as BOIHOBYIO abeppaluio CHCTEMBI, MOMKHO HAIlTH It
BAPHALAI0 TOMIIMHE MIACTUHBI A2, BHOCHINel TpebyeMyo
BOJIHOBYIO abeppanuio,

o —1[4 A A A,
Ame<T0flz+—zlf14"!“?2H6+ﬁ—’[“;*[* ...),

. (7.14)
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rae i~ TMORAZATEIL FAPCIOMIETINT CTCIIR TIIACTINLL. BBi-
ny Magoern yraa u’ mossno savennts B (7.14) /1 Ha y.
T. €. Ha PajIIyCc 30HBI KOPPEKIUIONHOI 1LACTHHEL, e BBO-
na zaamermoir omnOwrr, Ornmcannsii MeTO[ pacyera HOP-
perugontoi mmacrune  cuerems Iyoara  amawnresansiio
HPOILe, TEMRENH TPAZIHUONILIC MOTO/(Ll, OCTIORAMNBIC T1a
TPHTOHOMETPIITECKOM PACYLTe X MBOFNX Tydeil 1w or-
JTYAROINICCH 3MAYITCNLHO DOMbUICd CTOUHOCTLIO,
YraoByo xpoMarmaeckyio adepparniio, BHOCTIMYIO Kop-
perimonnoil 1IacTHNON, JErKo OLCHHTL, PACCMATPHBAS
NIACTINY Rak W ¢ Maisiy yraod. 113 dopayn Boyoua
[49, ¢. B7] ememyer, yTo OTHOUTEHNe BeJUYHHEL JIHIeii0-
ro cmemenna Jysa B Goryce, ITPOU3BOIAMOTO KepPperii-
ONHON IWJIACTHIOI, B MOIOXPOMATIHUCCKUM CBETE, K COOT-

BeTCTBYIOIIEeMY XpOMaTII‘{eC‘\'OMy CMeIICHRIO, ])ﬁBHO
e — 1A
C

i o riae Ne, Rp— 110oRa3aTeJif  lpejloyMaeninsa JIgies
¥ G
OBYX JUJIITH BOJIH. ECJIII JractTuaa I310ToBlIeHa N3 CTelk'fa
ne — 14
C

THIIA KPOR, TO ~ 60. Mpr BuguM, 9TO XpoMAaTi-

”F"”C
weckag abeppammsa cucreMsr LImmara smaunTenplia U
NPEeNATCTBYeT HCTOIb30BAHMIO CHCTEMBI B MINporoil ofira-
etn emexrpa. s muEporoil cliertpashuoii obmactir oG-
1160 TPHMEHAT jABe W 0oJec CMCLHBLIX KOPPERIITONHBIX
TITACTHHBL, KAKTAS 13 KWOTOPBLIX PadoracT B CpaBilHTEABIO
y3Koil cIexTpaibuoii odmacrn. [pyroit nyr, — Gopuda c
XPOMATH3MOM 1lyTeM COCTaBICHIS TULACTIHLI 113 JABYX
CTEROJ € PA3NMYHBIMU NITCIICPCUAMHU: 1ono0iaa TFACTIHA
ATOJRET PAcCCMATPHBATLCA KAk JIIH3A, COCTABIeHHAA U3
fecROTeTHO MATBHIX aXpPOMATHIECKHX RIKHLEB,

Ocnosmoii  MolloxpoMaTHuecKoil afepparueil cHCTEMb!
lMuara seaseTed KpUBH3HA HOJA. DPAgUyc KPHBHIHDBI
woast pasen P, T. e. B MepBOM INPUONIDKENHH O paBer
POKyCIOMY DACCTOAHHUIO CHCTEMBI, HPHBHSHY TONA MOMK-
HO HCIIPABHTL 1I0CPENCTBOM JHH3BI Inaguu-Cmura, 910,
kak nokazamo B [49], mpuBOAMT K yMEHLINCHHIO TTONE3HO-
ro moms, a motomy B Goapmux ramepax HImmnra mpmie-
raior K usrmbammo (POTOMATepHaNoB MO BHIIYKION cde-
pieckoil TTOBAPYTIOCTH B crienuannHoit Kaccere. Bropo-
CTCUCHIYI) pOThL Urpaior nHonepsle aleppaimim BBICIINX
HOPAKOB,—- B OCHOBHOM, TO ACTUIMATH3M IATOIO I10-
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panra. Kar mokazamo B [7] u [49], yraosoii makcmiamn-

um"; auaMerp 2nw NATHA PACCeMBANMA, O0YCIOBICHIIBIT
oToil abeppauiell, pasen

sin? W
161

2']w= AP,

rie A — OTHOCHTCNDLIIOE OTBepCTWe cHeteMHL lIpmBeaeMm
1ab/iny, LOTopasg IMOKa3plBaeT BILSHEe 2TOH abepparin

Tabaouwna b

Ac
2w
1:3 t:1,5 1:1 | 1:0,65
9° 0 0 0 0
5 06 5 17" 1
10 275 20" 16"’ 4’
20 — 120" 474077 1y
30 - 3 10’ | 40’

B CBETOCINIBHBIX cucteMax (rafmx. 5) maa n=1,3. Ouec-
BIIHO, 9TO moyesHoe fone cucremsl ¢ A =1:0,65 ne npe-
BOCXOIHT IecKoJAbKEMX Tpafgycos. CyInectByerT MHOTO Ba-
puanrop cuctemsr [7] Hsmpra, a tawme pasmugnsie sa-
puantel  ncrnoapsosanua mueilr Ismmara B omrmuec)iux
npudopax [47], [7].

CymecTByeT I 3eprambHbii amaaor cunerexsr HIzuara,
«sepranpabiii WMpomry — 1o wacTnelt caygail cmeteMns
«3eprajyivubli Paiit» npn d = — 2. Berpamenne mas 1aa-
HOHAHOro 3epraja «3epradpuoro [Mlungra» merwko moday-
with  n3 o ofumnx  seipaskermit - (4.3)—(44),  momaran
s’ =-+1:

2(2—w)

b= v —Bv -4

(7.15)

I, B feRaPTOBBIX KOOPAHIATAX,
ri=pl—=2v), y =2Vv1—wv). (7.16)

I[.Y[H BOTHYTOTO 3epraita Taike HaxoguM TOYHBIC BbIpa-
SROITIST

2(v—2)"— 3 v -
T T8 —n YT (7.47)
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ITnTepecno, 4To TOYHBE BHIpAKEHHS LA Hpoduieil
nopepxmocteit  «3epransHoro  lllmugray mueor BecnMa
ypocroil mi. Ha upaxkTHKe OGHYIO 3aMEHAIOT CTOIRKHYIO
kprsyio (7.15) oRpy/KHOCTRIO C PajIyCcoM KPUBH3HEL +2,
Yro e TPIBOAHT K SHAYMTENBHEIM aGeppaumusm. s cii-
CTEM YMepeIIoil CBeTOCHIBI I MaJoro OTBEPCTHSA BO3MOIK-
o I NCHOIb30BAHMe TPHOTM/KeHHBIX BBRIPDAKCHUN VA
sepKal B BHfle PANOB, JETKO HOMYIaeMBIX M3 (7.4), (7.5)
mpu d=—2:

y%:—-!{(ﬂ——(ﬂ?—‘--'» (718)
a
_ y 3 63 8
m___1__6_4___512y — 53 Y (7.19)

BaMernv, 4To B CHeKTporpade MTPEXH AuDpARMHOH-
HOIl PeImeTRH MOTYT OBIThL IAHECEHBI HA IIAHOUHOM 3Cp-
Raue, YTO yIPOINaeT KOHCT-
P PyKIIO cleKkTporpada. Ho-
; RO Jee MeTAJBHOE UCCIENoBa-
| - ' nue «3epraxbuoro IImi-
e —— #T’ \ Ta», & TAK/KE BOIIPOCHI, CBA-
‘ 3aHOBle ¢ TPUMEHeHHCM
7  IUIAHOMIHBIX TIOBEPXHOCTEIl
, » omTHueckux Tpufopax,
/ pacecMOTpeHBl B ICCepTa-
/ jurn T, T1. CMunbTHEK [373.
Cneqgyer MMeTh B BIY, UTO
TOYNBIC BBIpasKeHHA OHpPeC-
TMeIaA0T «3CPHANBHBLL
Hlunty TOXRKO TPH BHAYEHIAX TapaMerpa v B npene-
wax 0<<v=005; mpn 0,5<<v<1 moaysaeMm ppyryio cil-
CTOMY — CCOYTIHKY  «3€PKANBHOTO MMupra»  (pue.
I'Masmoe 3epraso CIyTHUEA» He HMeeT BEpPIIMHBL I Ha-
TTOMIITLACT BO])OHKy.

Pre. 40,

§ 3. Cucrema IImupara — Kaccerpena

Dva cnerema Opuia mpemiomena B 1940 r. Beitkepom
[50]. Owra cocvont ma AByxsepkaibHoii cumeremsr Haccer-
peli 1t Kopperimorioit acePUYCCKOl IIACTAHEL, pabo-
catomedi no apadnenLIod nyuke aygeit (pue. 41). B cu-
eroaie WIamugra — l{accerpena  Moryt OBITH  HOIHOCTLIO

§ 3] CHCTEMA IIMWATA - KACCEIPEHA 10

HCIpaBieHsl cdepuuecKas abeppaums, KOMa 1 acTHCMa-
TI/IBI!I, a B HEKOTODBIX CIy4YaAX H KpHBH3HA IosA. Ilporme
BC3ro paccuurtath cucremy Illmmpra — Kaccerpema, co-
C‘TOHHLYIO H3 JBYX KOHLEHTPHYECHUX CPepPHUCCKHOX 3ep-
Rall U KOPPeRIUOHHOI IJACTHHBL B 0GIIeM IEeHTpe Kpii-
BH3HH 3THX B8epraX., Ommmem oty merommry. llpesie

: \
) e

1 U /C'

!

Puc. 41.

Ef";r}?’ ngmax U3BECTHBIMH DPafHychl KpUBU3HKL cdepmde-
IX 3PRAN, HAXOMMM NAPAKCHANLEHOe (OKRycHOC pac-
croguue cucreMmsl fo o gopmyme

’ 1
h=3"7
51 —-Z

(J;IT?;[e; HaxofuM yrioBywo cepuaeckyo abeppanumio ci-
Ne IOpH IONOMEHWH OpPC/IMETR B GeCKOHCYHOCTID

[17];

e H .
N == arcsin — — 2 arcsin —r}{- -+ 2arcsin L )
0 1 "2

2

3aTEM  OLIPENielIICM  LIONOMKeNHe KpyXika IaHMelLUIeTo
PacCeMBAHUA A 3aJaHHOTO OTBEPCTHSL CICTEMBI 1O 0(-
Wenpunasroil Metoguke [51, c. 42]. OGosmaunn uwepes P
pacc?O;{Hne KPYKKa HauMEHBNIero pacceuBamug OT I[CHT-
ggleT];pI;BHBHm cacremsl. lloMecTmm TodedusIil WMeroTmmi

a paccrogumu P 0T nentpa KPHUBUSIBL CIICTEMb

u e ! :
HaH}IeuM yFOH u qua, BRIINEAIOEr0 13 CHCTEeMbLI, ¢ OTl-
TIeckoit ocpio [17]: ’

, . H .
w = aresin 4 — 2 arcsm—rfi -+ 2 arcsin kL
1 r

nn
B OgT}zﬂlaﬂ ..BaTeM AQHAJIOTHYHO TOMY, Kawk MBI DTO JCIIAULI
9TOU TIAaBBl, LONYYUM BBIPAKEHIC LTS TTPOQIna
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HOBEPXHOCTH I{OppeKLIHOHHOfI WIaCTUHLL

1 n* ut H® it -
Ax%l_l—l(AUhT +A1hl—’i‘ —‘FA'ZI%F - 113;‘?), (1.20)
Te
1 2 2 1 1 2 2
Ay —= — — = | = —_ e _ 2 g2
0k P rl % r2 ? Alk 6 (pﬁ r;lg + rg )7

_ 31 2 2 5 (1 2 2
= (55 %) wom(poath)

Breipaskenue (7.20) onpegeaser ¢opMy IOBepPXHOCTIH
ROPPEKIUOHNIOI macTiubl U B 001UeM cilygae, KOrga cBe-
THIGAACA TOYRA 1IC COBIMAAAEeT ¢ KPYKKOM HauMeHLIIero
pacceupanusa, Hanpnmep. ecmir P — fo T. e, ecam TouKA
HAXOLHTCA B 1ockocTH l'laycea, 110BEPXHOCTH KOPpPERTOpa
sBifieTca IamongoM. Mcedenopanue TtonasniBaer, 4GTO
OCHOBHOH 10JIeBOll albeppalueil ABIAETCHA MEPHIHOHANL-
Hasg COCTABIAKMIAA £, abeppanyu BBICIIEro IOPAARA; 00-
mas gopmyaa aas ovoil afepparunn BeiBegena B [17,
c. :

wEeo ; . -
Em = o 11]3 SIS P I (2 \/“]3 - ‘“]5 n 81]7)]7 (121)

rme
1]3 = ’11.‘( ],‘%, ]]5 _ /12111{57 1]7 == A;}k [{7- (7.22)

XpoMaruuecraa aleppanist  KOPPERUMOHHOI  ILIACTHIILL
MoxeT OblTb onelella TAK jKe, Kak I B clIydae CHCTEMBI
IMMupgra [49). IKpusisna moia paccMOTPEHHOM CHCTEMb

pasua —P, T. ¢. B nepBOM NPHONMREHUH — for

Kax u ana cumerem Paiita w IImupgra, Bosmomen n
sepradbHBi  amajor cucremsl  UImmara — Kaccerpena,
IOJIy9eHHBIH 113 HCXOMHOI CICTEMBI 3aMEHOW IperoMIIAIo-
niell KOPPeRUIOHHOIL [TACTIHHEL 3ePRAJLHBIM KOPPERTO-
pom. Har mokasan JJundyr [11], xpususny mnoas cucre-
smel Imunra — Kaceerpera Mojkno Henpasntn IeHOM Ha-
PYIEHHA RKOUUEHTPHUHOCTI 3€PRAI; I[PU STOM B CHCTEMe
HosiBIgeTcd IeGOIBLUIOI ACTHTMATHAM H I0JAe3Hoe IIoJie
cHETeMEl I NMPeBOCXOUT HEeCKONBKUX TPAafycoB; 3epraja
vertaotes cdeputecnuni, JlanpHeliniee yiaydilerne wawe-

§ 4] IPO®UIb NOCAENHEN ACDEPUUECKOf IIOBEPXHOCTH 105

cTBa M300paskeHNA CHCTeMBI, KaK MOKAa3al Beflkep, MoKIO
HONydNThL, 3AMCISIA OfHO W3 j3eprali acepHIecKmnM, HO
Mamo otaudanumyes ot cdepsr [50]. Bosmomen w mapu-
AHT CHCTCMEL ¢ YROPOUYeHNol juiuwoil, mo ¢ acdepmaecki-
ME 3eprazaMu. B HacTosmee Bpems paspaboTana JIHIOD
UpUOIIRONHAA TEORHs DTHX CHCTeM. OCHOBBIBAIOINAACH
Ha Teopnu abeppaummit Tperhero Hopaara [48]. Koadum-
eITH adeppanuii TpeThero NOPSAKA IJIA ITHX CHCTEM IIPIL-
semens B [11]. Ilpoute pacuer cuerem Jlundyra m Beiixe-
pa TPOH3BOAMTE ¢ NMOMOIbI0 ABTOMATHUECKHX IIPOIPaMM,
nojo0nex onucanmbiM B [25]; B magecTBe mepBOTO LpH-
OMIKEHNs MOJKHO HCMOTH30BATH ONHCAHHYIO BHIIIE KOH-
nearpugeckyio cucremy HImupra — Haccerpena.

Henpocratroy cucrenm Ilamnra — Haccerpema sasiasger-
€A AHAUNTEILIOC LEHTPalNbHoe JHKPAHHPOBAaHMe, KOTOPOC
BO3PACTAeT C pOCTOM BbIHocA ¢ (POKAMLROM TOBEPXHOCTH
3a BePIIMHY TVIABHOro 3epKaia. 3aMerTHM, Wro OPHCHTU-
POBOUHOE OlpefielleHne NOTEPh CBETa TIa HRPAUHPOBAHUE,
a TaKe NMPUOIIKeHHBIT pacuer nojo:kenms GIeHjy u oT-
coraTeneii mapazuTHOTrO CBeTa YAOGHO TPOU3BOJMTH TpA-
QUICCKUN MeTOIOM, BHITIOANAA 1I0CTRoeHe Yofma Jydeit
B OONLINOM MacliTafe H Npefmotarasg NOBEPXHOCTI cH-
creMbl cPepuuaeckuMH. Y ROOHEIT MeTO; TOCTPOCHIA X013
ayueit ommean B [171.

Cucremsr IlImmara — Kaccerpena Oinmpoxo HCIolhay-
0TCST KAaR UIA  HABeMHBIX IIcTpyMenToB (acTporpadbl.
KaMeps! cuextporpados), Tak U MUA KOCMHYCCKAX amna-
paTOB; M3BECTHO, HATIPEMe], YTO Tofofible CHCTCMbBI Mpli-
MeHANHCHh HA ammaparax thHua «Mapmmep» A moxyde-
wist uao0pakenmit mosepxuocTm Mapea ¢ BLICOLON pas
pematomeii crocoGHOCTLIO.

§ 4. Toayuenne npoduasn nociemneii
acdepraeckoll MOBEPXHOCTH IPON3BOJILHOM
cTHrMaTHYecKoii cucTeMbi (TouHbBIH MeToN)

B aroit riaBe paccMaTpUBAIUChL B OCHOBHOM npudnn-
JRCHEBIe BBIpaskeHHA A acePHIECKWY TOBePXHOCTei
ROPPEKIHOHHEIX DIICMEHTOB CHCTCM Paitra, llMuara m cn-
crempt Illmmra — accerpena, 9to e Bcerfa obecmedn-
BaeT Tpefyemyio TOUYHOCTH, B 0co0eHHOCTH TpPH pacgerax
0c000 CBETOCHIBHBIX CHCTEM ¢ BBICOKHMI TpeOOBaHUAME
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& 1roppernyiu afleppanuit. Met ommmeM moBbIi npocToit u
TOULBIT MeTox momyuenmsa pouliA mocaenHeit IOBEPXHO-
CTII IPOU3BOMBIION CICTEMEI; IPefIoNaaraeTca, 9T0 CHCTE-
Ma 0e3 mocregmeit noBepxuoctn (BooGme romops, achepn-
TeCnoit)  ofxajaer chepuaeckoir abeppanumeit ma ocm;

¥
4(27.5/7)1 biz,y
”m [' o
s | .
Puc. 42,

locie nofaBleHns mocaegmeit TIOBEPXHOCTH cdepuuecKan
adeppaumist cHereMs! Ha ocm OKa3bIBAETCA TOYHO MCIIPAB-
nermoil. 3rech Ml PacCMOTPHM TOJBKO Haubolee BayKHDBIN
LT acTPOIOMHIT cXydYall, Korma OY4OK Jydeil Iocie Ipo-
XOIREHI  1epe3 IOCTeHIO IOBePXHOCTH CTPOT0 ma-
DALICICH OCH CHCTEMHI; cucTema paboraeT B obparHoM
Xoje ayueil,

Hrax, pacemorpun CHUCTeMY, COCTOAIYI0O n3 m — 1
MPOUSBONLEBIX  ToBepxHOCTEH Bpamenus (pue. 42); mx
lapaserpr nasecrnnr. Hadamo mexaproBoit cueremsr Koop-
remar (z, y) momecrnM B ToIKY O — mepmimny mpexmoc-
learell moBepxHOCTH CHCTEMBI, OCh & COBMECTHM ¢ ONTH-
TCCROIl 0CLIO CHCTEMHI, a 0ch Y IpoBeHeM B MepUAHOHANL-
noit 1wrockocrn. Hafigem omtuweckmii IyTh Ay1a, UAYIIEro
BROIL OCI CHCTEMBI 0T ToYkH S 70 Bepmumm O npep-
IOCICANCIT  I[0BEPXIIOCTH  CHCTEMBI: Lo—»910 mapax-
CHRIBUBIT onTmieckuii myts. Haitmenm ONTHICCKUH nyTs L
TPOHZBOILIOTO HEOCEBOTO JIyda OT TOYKH S M0 TOTHU ne-
pecevenma Az, yy) ¢ npegmocaenmeit MOBEPXHOCTRIO CH-
CTEMBI — 910 MORIIO c/leffarb, 8HAA TOYKH nmepecedeus
via co meemn m — 1 mopepxmoctamu cueremn (B . 1
B dopayrax Pepufieprepa ccrr, nymmte BRIpasKeHnA) —
I maiiiesm oTpeskm aywa [ MERAY COCeNHHMH TOBEPXHO-
CTAMILIU ONTHMeCKH Ty Th Tyda Rdi, THe n; — mokasatenms,

§ 41 TPODHIbL TOCIENHEY ACPEPHYECKON IIOBEPXHOCTI! 107

IpeJIOMICHUA CpelBl MemAy HoBepxHocTaMi. Meen
L= 2 nil,. (7.28)

\

BaMeTHM, YTO eCcaIl Todka S PAacIioosKeII 1 GCCI\"OIIG‘E{:
HocTH, T0 Ly 1 L cieayer oTcunrHBaTL OT HPONBBOILHOIT
HJOCKOCTH, HeplenfilkyaIspuoli 1 ontiuecnoil ocir, Mar
OrpaHlTIIBAEMCA PACCMOTPENIEM JyuYeil, Jesran(iix B Me-
PUAMOHANLION IIOCKOCTI, 970 B HaIleM CTydae HLOCTATOU-
0. YTON Un NyYa, NPOXOMAMETO dYepe3 MPOI3BOILIIYED
TouKy A IpepliocieHeil MOBEPXHOCTH CHCTEMBI, OyIeM
CINTATh UM3BECTHBHIM (cM. pue. 42); mpu HCIOIB30BAMILIL
popmyar T'epuGeprepa on ompegenen Gopmynoii

.M
U, = arcsin nﬂ, (

m

-1
Lo
[

T/Ie¢ Nm — ONTHYECKHII HalpaBIAWIHI KOCIHIYC Jyda.

PaccMoTpum  Tamme IOCKOCTh, HmepHeHANRYIAPHYIO
K OUTHYECKOH oCH H DACHONOMKCHNYIO 114 IPOL3BOIBION
NOJIOJKHTENLHOM PACCTOSHMH d,, OT BCPIIHHLI nocnennexi
HOBEPXHOCTH CHUCTEMBI; PACCTOSHIIC TOWKII ]27 Iyda o
oroit maockoeTn obosmagum l” (em. pme. 42). Vemosne nc-
npasiaenusa cepuueckoii abeppammi na ocl MO;KITO 3allii-
carh Hexona ua mpuamuna Pepna:

I
L —l"‘ lnm + l/nm+1 e LO —*i— dm,_INm, l‘ dm”m 1- (/'“’”
Iie
m-z
Rl
V=dn+dny —x, Ly=—ns, | > o0 ads
i
U, BBOOS 0603Havenie S:
S = Ly +dn_y (R — np 1) — 1o,
HMeeM

lnmhznm*,lfs- (72(‘))

ObpatuM Buumanume ma 10, w9ro S COAepHiaT TOALKO 13-
BECTHBIE BeJIWUYMHLI. 1/13 Feone’rpn‘lem\‘nx COOUPAJKCHULL
(em. pue. 42) ouesmano, ato

. -
z=ux;-F1lcosu,, y=y, - Isinu,. (7.27)
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s (7.25) — (7.27) umeenm '

rn -~ 8cosy -
€T = _u’ (1.28)
Moy = Ty 1 COS 1,
sinu,_, _
Y=y — (S + 2nmy) P (7.29)
m

Boipamenna (7.28) u (7.29) ONpPeNeNIA0T mapaMeTpH-
deCRI TOYHBLT nNpodminr uociemneit IIOBEPXHOCTH cHCTe-
MBI H€De3 H3BeCTHbIe KOHCTPYKTHBHBIC 3JIEMEHTHI CHOTE-
MBI I napaverp u; (6o BBIcOTY mamenmm k JAyua Ha
JNIEPBYIO IIOBCPNIIOCTL CLICTEMBI; M. pHe. 42), HOCKOIbRY
S, 21, yi, w,, Bxomamme B (7.28) i (7.29), aBasmorcs
PynrnmaMu u; wnr b, B rou CAydac, HOTAA HCXOJHAH ¢il-
CTeMa cocront u3 m — 1 cepmueckux mopepxuocrefi, mis

(r mnst w,) soryr GwiTh [OJlyYeHbl 1 ABHBIC BRIPAKE-

uug (X Jerro BmBecTHn 13 puc. 42). Torma amsg m =2
HAreen

L =ny(ry — s;)cos u; — nr, cos i,. (7.30)
B ofmear caygae (m > 2)
L =n,(r; —s))cosu, +

m—2
4= 2 (nyaricos i) — RiT;COS Ty 4 ainiy, COS Uy ) —
i=1
m—1
. Y S .
T Am1me1 COS ey, U = uy + X (i —i;), (7.31)
=1

rae a;=r. —r;+ dy — pacerognun MEMy TOCHeRoBa-
TCALHBIMIT IIeTITDAMIL KDUBH3H TOBCDXHOCTEH CLCTEMEL,

-' .
gy = Ui+ 0 — iy,
k.

N . 1
i; == arcsin

oy (1= aresin ”i:i 1 (7.32)
ky = ny(ry — s;,)sinu,, l
hi=1kiy -+ a_in;sinu;. J

Jas cnomubix cnerem 1,671€CO00PA3HO  HCIIOIB30BATE
9BM, cocrasus CTIENHANBHYI0 TIPOIPaMMY, KaK CAedaHo

8 HpsiMexoit actpodusmuecroit o6eepsatopur AH CCCP;
110 aroit nporpanme IBM Briumcaser xoopgmmaTit z, U

{
l
’
|
l

§ 4] TIPO®IINL MOCHERHEM ACOTPIYECKOIT IOBEPXIOCTII 109

JAJAHIION0 YHCHAA TOUYCK UPOQUIH Hocieueit 1lonepxuocwf.
OTcTymieRrne OT YCJA0BIA M30IAaHA3MII CHCTEMbI, Xapak-
TepH3YIOliee RKOMy, Jerko HaiiTw, BBIMHCINB (oRycIoe
paceroante [ ma safanioii some y nmo gopmyac

o 7.33)
= sin ul' (7.5

C apyroit cropomsl, HapakcHanbHoe (QORYCHOE 1fa5§c]:TqﬂH11(i
fo merro mafitu mo QopmyliaM ONTHRU I‘;aycca , & OT
CTYILUIEHUE OT yCJIOBUA H30ILNIaHA3WW [’ BBIYUCIHTH IO
dopmyne

B =1~ fo. (7.34)

B HamieM caywae oTeTylLieHWe OT yCIOBHA W30INIaHA3HH
COBUATAET ¢ OTCTYIIeHHeM OT YCJIOBHA CHHYCOB.

Onncannpiii METOT MOMKET NMPHMEHATHCA B OTBETCTBEH-
BBHIX CJIyuasx Aas pacdera cumcreM Paiira, HImugra m X
sMogunduRanuil, a TakKe I00BIX CHCTEM, Y KOTOPBIX HCRO-
vmag acepirdeckad ImoBepxHOCThH paboTaeT B HAapaNIeNb-
oM myuke ayueil {cy. puc. 42).

NMpusmep. [loa mmmocTpamum paccMOTPUM ORHY 13
moandgrnannit - ecmneremnl  Iangra — rak  masplBaeMbIi

Puc. 43.

«engoumnoii Ulsuars (pue. 43). 3ra cuerema o0bl9HO He-
HOALAYeTCS UpH BCCbMA OOJBLINOM OTHOCHTEIBHOM OTBep-
CTUM, ONU3ROM K UpPCAENbHO [OIyCTHMOMY, a acgepid-
HOCTH  KOPPeLIYIONIToll 1HOBEPXIOCTH  BechMa  3HAYHTENDh-
na. llomectum Toury S nmpemvera B oryce cHcTeMbl Ha
PACCTOARNN §; OT 3ePRaNLHOI cdepryecroil HOBePNHOCTH;
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B TOM Clydac m — 2, nooromy uz (7.30) — (7.32) mmeen
(n=n,)

L -—=n(r,—s)cosu, —nrycosi,,
ky=n(r, — 8;)sinuy,
kl k

. .1 . < Lo
ij = —i; = aresin—-, u, == u; — 2aresin—, (7.
]lrl - I'l

-1
o
wt
=

S = d1(1 — n) — nsy _f_

4+ nr cosi, — n{r; — $;)costiy.

3 reometprmucerux coodpaskennii scno, uro (pue. 43)
Ly= —nsy,
Py =1y — iy, (7.36)
ry=r(L—cosqy), ¥ =rsme.

Borpaswenusa (7.28) m (7.29) B mamem caydae IpHHHOMA-
10T BHf

Scosu, —axn sin u,

g=——"tl, y=y+ -2

—n
cos u2

n

llogcrasus (7.35) u (7.36) B aTH BBIPAKEHHA, MOMYTHM
r 1 Y Kak QyHEKIU0 OJHOTO IIapaMerpa i) — 3TO TOYHBIN
11poIITh KOPPEKIMOHHOI IOBEPXHOCTH.

O0B9H0 $; BHIOMPAIOT PABHBIM PAacCTOAHHIO TATHA HAa-
IMENLIIero PACCeHBAIMA OT BePIIMHBL 3epKajda, a pac-
CTOARNC KOPPEKLHOHHON HOBEPXHOCTH OT 3¢prara d, —
OJIUBKHM K pagiycy KPHBHUSHBEL 3eprana; IIpH HTOM IIone-
Bhie abeppamuil CcUCTEMBI OKa3BIBAIOTCA MUHHMAJILIBIMIIL,
Haxk 1 oObrunas cumcrema WUImupra, «cmrommoit Hlmumr»
o0aazaeT KPHBH3NOI MNONA — pajiMyc KPHBU3HBL IOJS
HpHOAU3UTENIbHO paBell (POKYCHOMY PACCTOSHHIO CHCTEMBI;
OTA CHCTEMA CTpajaer TaKske XPOMAaTH3MOM YBelIWYeHUH,
[0ITOMY MOMKeT HCIIOIL30BATHCA TONBKO B Y3KOM CIEKT-
passHOM fuamaszone mau00 Kax KaMepa creKrporpada.
B «comomuom IImmare» ¢oromiacTHIKa NpHMKAMAaeTCH
112 IMMepCHH K GJ0Ky cTernia; IPH 3TOM BOBMOMKHO OTHO-
curenbHoe orBeperue mo 1: 0,30,

B sawmiouenme oIieM IpOCTOf METOR pacdeTa allla-
HATHIECKOII cucTeMbl TuOO CTUTMATHIECKO CHCTEMBI € 3a-

§ 4] ITPOOUIL MOCJETHENR ACOEPHYECKON IMOBEPXHOCTH 111

MANEON KOMOIT; PACCMOTPUM TO-TIpe)KHEMY IPOHM3BOJLHYIO
cuctemy (cm. puc. 42), mocnenmas MOBEPXHOCTH KOTOPOM
fel3BeCTHA, WO, B OTIHINE 0T DPaccMOTPeHHOro ciydard,
pacctosmne dn-1 Takme OysieM CIUTATH HEH3BECTHBIM.
B ornmume oT IpemmAymero ¢iydas, paccMOTPUM TOJIBKO
cayuai, Korga MCKOMAA TOCTeNH:AsA MOBEPXHOCTH ABIACT-
¢f TAAHOWAOM, T. €. WMeeT HyJIeBylo nubo BecbMa Mauaylo
KpUBHSHY B TEHTPe; €CHH TOBEPXHOCTb He SABIAETCH
IJAHOWTOM, TO BHIKIAAKHA CTAHOBATCA UPE3MEPHO TPO-
MOBJ{KUMA. y

OrcryIuieREe OT YCIOBHA CHHYCOB HA 30HE &', § TIOC
JeHell TOBePXHOCTH BaJaiM B BHJE

’

Yy - o9 -
T, fo=cysin?u,, (7.37)
rme ¢; — KoaPuIment KOMLI CHCTEMBI; fo I uy cuHTaCM
mapectEHMA. B wacTHoM cayuae mpm c¢; =0 moxyTaeMm
ammamaTHIecKyl0 chcreMy. llomecraBms KOOPAMHATHL JOHLI
2,y B (7.25) m (7.27), maxonauM

lnm - .’I,',]’lm_*_l + dm—l (nm+1 —_ nm_) == LO — L, (7.38)
' =z -} 1 COS Um, (1.39)
y =y — Isinum. (7.40)

Bupaenua (7.37) — (7.40) mpepcranisior coboit cu-
creMy 9eTHIpeX JIMHeMHBIX ypaBHemuii ¢ HeHm3BECTHBLIMI
I, duw_1, ', y'. TIpesKje BCETO HAXOMWUM ¥ M3 (7.37) u mon-
craBisem ero B (7.40); u3 monmydeHHOro ypaBIeHHsi Ha-
NOXHM [ M TIOfiCTaBjisgeM ero =B (7.39) n (7.38). Pemasn
JToCTeqIee YPARHEHHE OTMOCHTEILHO (m-1 ¥ YIHTHBAA
(7.35), nony4nm

I —L-}an +
0 m ¥ m41 N

dm—l - —
™

T LY —‘j — . - S { ? O -7 mn v
! (Jl 0 s ll] cl sin ul C‘ S 1 1)(1 m41 cos um 1 )/S m
- .

Ppmy1 — Mm

B (7.28) —(7.40) sumagennst L 11 4, BLIYWCAAIOTCA TONBRO
JUIAL OQHONO 3NA9eNHA iy, IPH KOTOPOM JOIKHO BLIMOI-
narbesg (7.37). MBl malian KOOPAMHATH £, § 30HBL TLIA-
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HOMJIA, NIA KOTOPOK OTCTYILIEHHE OT YCIOBHA CHHYCOB
nMeer Tpebyemerit Bum (7.37), a ramike monywmim pac-
CTOAHNE -1 BEPIIMIBL INIAHOUAA OT 7 — 1 IOBEPXHOCTH
cucTeMbl. 3uas dyn-1, MOJRHO onpemesuth npodmwip naa-
HOMMA, ofecneunpaommi rounoe Henpasienne cepude-
cRoil aleppamin ma oerr cueTeMsl 1o 0OM[UM dopmyaam
(7.28) u (7.29). Bamermy, 4to B momyuemHoit cmerene Ha
30HaX, He COBHAJAKIIMX C 30HOI ¢ RoopAuMHartaMu z’, ¥,
BO3MOJKHBL OTCTYIIeHHs ot ycaosusa (7.37), HO o06BIYHO
OHIl IPAKTHYECKI Ha KOMY HE BIHSAIOT.

lTaasa 8
CIOJKHBIE 3EPRAJLHO-JINH30OBLIE CIICTEMBI

§ 1. Mennckopas cucrema Maxeyrosa

B 1941 r. ussecrusiit coserckmit omrmx . J. Maxcy-
TOB NPEVIOMI TPOCTYH ¥ XOPOIIO WCIPABICHHYI CH-
CTeMy, COCTOANlYI0 M3 MEHHCKOOODAsHOIl JMH3El M BOLHY-
Toro cepudeckoro seprana (pme. 44) [4, c¢. 3121, [51l.

Y

=
4 )
Puc. 44. Pue. 45,

Menuck B cucreme MOeT GBITH 1IOBEPHYT M BOTHYTOH CTO-
POHOil K 3epKally ¢ COOTBETCTBYIOIIMM IepepacueroM Iia-
pamerpos cuctemsr, Cucrema Marcyrosa (m ee momudu-
RaIiu) MoMeT MMeTh Kak cdepmuecKite, Tak U Cclerka
oTCTYHAoIMe 0T ¢PCpPHl TOREPXHOCTH (PETYHITPOBAHHEIE);
numaa TpyObl o0BIYNO cpaBAUMA ¢ (POKYCHEIM DPACCTOSHH-
eM Jubo 3HATATENbHO Membine ero. llepBuiit MemmcKoBBIIT
TENMCCKON OBLI yemelntno ucnwitan 26 oxtadpa 1941 r.; om
umen gmamerp 100 my n Gbur npejgHasEAYEH [IA BH3Y-
aIbHBIX HAOIIOACHI, €T0 3CPKANIO PeTYNIHPOBAHO ¢ IelbI0
HCIpaBJIeHHA OcTaTOoIHOi cdepudecroit abeppaimn, Ero
cxeMa NpeAcTaBleHa Ha pie. 45 — DTO TAK HA3HIBaeMBIil
«vennexoBrit I'peropr». Ira cuerema 6GuicTpo  Hamuia
llpI/IMeIIeHTTe B aCTporpa(I)ax, BU3yajlbHbiX TeJieCKolIax,
B KaMepax crerrtporpacdoB, Teneo0'heKTHBAX M JaKe B
ofveenTHBAY crierrpocronos, Kpynmeiimmit comerenmit mo-
HUCKROBLIL  resecron — acrporpad AC-32 ¢ orseperned
700 MM ycramoszen B AfacTyMallM; €ro cxeima Haobpa-

8 I M. Howon
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sReHa Ha puc. 46. CmereMa «menmcKOBHI Kaccerpen»
(pue. 47) peannsosana p Teseckonax A3T-7, yeranosmen-
HBIX HA MHOTEX COBETCKUX 0(cepmatopmsx, m ACH-2, pa-
foramoiemM p Anmva-Are; o1H Teleckomyr HMeloT cdepude-

CRYIO ONTHRY o UX PacCMOTpeHme BBIXOMUT 32 PAMKHE 9Toi
KHUTH,

y
/

Hpubamrennas merogmika pacgera cmcrens: Maxcy-
TOBa, OCHOBAHHAA HA Teopum abeppanuil TpeTbero mopsj-
Ra A CHCTeM YMepPeHHOU CRETOCHNBI co cepiiecKuMm
TOBePXHOCTAME M3ioikeHa B [53, ¢. 365—383]. Mo omm-
uieM Gonee o0mIyl0 MeTOLUKY, TMPATORHYI0 JNS  CHCTeM
¢ TDOM3BOJLHHIMA OTBepCcTHEM I cBetocwnoii. Ilpesme
Beero saMmernM, 4ro Mennmck MaxcyTosa sBmserca axpo-
MATIYECKUM, IPUYEM ero pajuychl W TOMIUNLL YIOBFET-
BOpAT yeaosmo [4, ¢. 316]

Lorh wi—d (8.1)

b
,dl 712

Puc. 46. Pue, 47,

TAe 1t — TIOKa3aTesh NPeNOMICHHA CTeKAa Melucka. 1lpu
n=1,51n=106 coorsercrrenio Haxommm

2 2 .
"l a0556 1 =t 0,609,
n n

Pacuersr xoma mywell morassiaror, uTo MeHHCK, YH0B-
‘Jretoparontuii yenosuwo (8.1), menmpasnser xpoMartnaMm mig
TTapaRCcHaboil 00MacTH, a Taryke NepenclpaBiseT ero
AJT BHENINX 30H BCTe[cTBHE c(hepOXPOMATHIECKOH abep-
pamuu. IlosToMy pms yaywmenus cepoxXpoMaTHIeCKOI

aeppanin  cXefiyer HCcKONLEO  YRONNYHTL  BHAYCIIIe

r,—r

—7— "0 cpasmenuio c¢ sBoipassenuem (8.1). Cuereya
1

§ 1] MEHHCKOBAA CHCTEMA MAKCYTOBA 115

HMCCT IapaMeTpLl 7y, ro, rs, dy, dy, n, J, rne ¥ — nua-
METD OTBEPCTHA CHCTEMBI, KOTODHNA OGBITHO 3a/aeTCs.
Leair mapamerpsr axpomatiuecroro memmexa ry, ry, dy, n
3ajlallel, TO CHCTCMa DMeer pmma CBOOONHEIX IapaMerpa:
rs I dy 1A venpaBiemns cepudeckoit aeppanunm 1 Ké-
Mbr cucrensr. . JI. Makcyros morazan [511, uto ry Bama-
€T B OCHOBIOM 1ta c(hepUuecKyl0 afeppammio CHCTEMB,
a dy — na ee kOMy. Bapoupys ry u d2, JeTKO MOXYdHTH All-
JALATHYICCRYI0 cucteMy. e menuck mosepuyts Ha 180°,
TO CHCTCMa OCTAaHeTCA B 1IePBOM HPHGNIKeHHH axpoMa-
THYECKOIl M CTUIMATHYECKOH, HO KOMa ee He OoyHer uc-
IIpaB/JeHa, TaK Kak IPH 5TOM BeJMYMHA NPOMEKYTKA da,
HPIT KOTOPOM cHCTeMa SIBIAeTCS AIIAHATHIECKOI, OKAa3bl-
BaeTCs coBceM mpyroit. Pacuersr momasmiBator, uro o-
RAJIbHAsT [IOBEPXHOCTH — BBINYKIAsA B CTOPOHY B3epKaja
cdepa, a ACTHIMATIAM CHCTEMBI MOMCT GBITD Cllead Bech-
Ma MaJBlM, 2 HHOT/Q 1 MOJHOCTBIO yCTPaHeH.

Yerpadenme acTHrMaTHaMa B AINIAHATUYECKOI CHCTeMe
OCYMECTBUMO B ¢Iy4ae BCCHMA TOHKHX axpoMaTHIECKUX
MEHIICROB, TOJUIINA ROTOPLIX ONpeIcaneTces dopmymoir,
seiBesternoit Bomocosrin [53],

f/
0 8.2)

, 2(n-F1)" (20 (0 — O] (
tae fo — dorycnoe paccrosmme cmeremir. s (8.2) cue-
AYeT, UTO 1elecO06pPa3HO HCIOIb30BATh CTEKIO ¢ HUZKIM
TIORasaTeqIeM NpeloMIeHHsA, MpUYeM, IpHMEHAA Hambomee

Jernoe m3 nsetomuxcsa crexox JIK1 (n = 1,4398), ma-
XOJIIM

d, =~

14
/
dy ~ ==,

38,8

Hun manGonee yuorpeGurensusix crexox K8 (7 = 1,5163)
HOLyunM

!

— fO

dl ~ m.
ITpunnnas Bo BuEMaHme TexHOTOrmuecKHme TpeGoBansT
K MIUHIMAIBHBIM TOMMMHAM JIMH3 3aJaHHOTO JHAMETpA
(dy 0,05 - 0,19), sarumouaem: yerosue (8.2} Momer
OBITh BHITIONHEHO JUIA CHCTEM ¢ OTHOCHTeIbHBIM OTBEpCTH-
ex me Goxee 1:1,7, ecitm upumensars crewao JIK1, w 1: 5
npu nemombzopanin crexna K8, Pacuernt moxassisaor,

8=
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YTO XPOMATHSM YBeJMMUelLMs PACTET ¢ yBedHUYeHHeM TOJI-
LWHBI MEHHCKA, a MOTOMY TOHKUE MEHUCKH cleffyeT Hpef-
(OUECTE TOJCTBIM; HO TPH DTOM OIA TOHKHX MEHUCKOB
KPHUBH3HA 110BEPXHOCTEH MeHHCKA GOJbIe, MTQ BBI3BIBACT
YBeJIHUeHHe OCTATOYHOI cdepHieckoll abeppamud cucTe-
MBI; DTO 3adacTylo TpelyeT i ee yCTpameHUs ICHOJIb-
30BaHHA acepHYecKUX ToBepXHoOCTeil B cumereMe (peTyimn
MenucKa Ju60 sepKada). [pyroit myTs 6opeOBI ¢ acTur-
maTuamoM yrasad [l JI. MawcyToBBIM — OH TPeIIOHIHIT
HCIOAB30BATh HILIUIICOUAAIBHOE TIIABHOE 3ePKAJNO0 CO clie-
IHANBHO BBIODAHHBIM SKCUEHTPHCATETOM B MEHHCKOBBHIX
CHCTeMax; 3TOT IpumeM NpuMeHeH B Tedeckone A3T-16.
Ecim acturmartusm wuchpaBieH, To paccTognue (OKycOB
(ecKOHEUHO TOHKHUX ITyYKOB KAK MEpPHANOHAIBHEIX Ly, TAK
W CarHTTadBHHIX Z,, 0T TOCKoetH aycca pasmo [53]:

4 ’
m = Ts = —'2—'f0 Slvtgewa

rae Siv — kosdpdunment Ilerusana, olipeeAAOIAA Kpn-
BU3HY IIOBePXHOCTH HBO0paMKeHUA:

Sty =~ n—{—-1 f0+1

31eck fu — QOKYcHOe pACCTOAHME MEHHCKA.

Haa npocteitimein cmerems! {cM. pue. 44), cocrosmieit
u3 cgepuueckux tosepxnocreidt, . /1. Maxcyros [4] pman
aMInupudecKkue QOpPMyJIB, IPHBOAALNIHE K HAUBHITOMIEil-
meMy wcnpasllenuio afeppanuil B BUSyaNbHON aruraHaTi-
YeCKOH cucreme (npe,r(nonaraeTcn, YTO MEHNCK II3r0TOB-

%)
sen 13 crerna I8, a ero Tonnqma d, = 17)):

~
—

61 — O"r).()gvo,(m’

% — — 0,599V 10,0599 - 0,00734,],

s _ _ =17 0,984 L (8.3
2 = - 2,105V,

L 0,1(KS

6 = Yy ( )v

By 095v*10

Q s Ul

- -

S,
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1

(V:Z — Benm4ia, o0parHasg OTHOCHTEIBHOMY OTBep-
c

cruio  cucTeMsl  A.), mpumueM ocraTouHble abeppanui

takux cuereym, cormaco JI. JI. Marcytosy [4], xopo-

10 OTMUCHIBAIOTCS  CJEAYIONUMI  DMIIHPHUCCKUME QopMy-

TaMH:

BosiHoBasA cdepuaeckad adeppalms

— 0,048 Ag® (MEM),

*Nmax =

KOMa

ﬁmax = 0 5')—44 ¥ (0 )

chepoxpomaTnueckasa afeppanus

(Ang F)max = — 14,942% (cexynn pyrnm), (8.4)
BTOPHYHBIA CIEKTP
Napn = — 0,134¢° (ceryna ayru),
XpoMATH3M yBeJII/I‘IEHI/IH
Je=1v _ o 05140 (1y).
0
Omniermy, uTo mocaeguAs (opMyda XapakTepusyer

NPOMATH3M YBeJHYEHHs JHINp OPUEHTHPOBOYHO; JIydIle
OlleHHBaTL ero 10 pacyery Xxoja Jjgydeil. B rtex crydasx,
ROITIa XpOMATH3M YBeIIYeHHSA COBEPINEHHO HEJ(OIMYyCTHM,
PCLOMCIAYETCSI MCIOAB30BATh KOMIEHCATOP M3 J(BYX Me-
HICKOB, PA3JIHYHO0 OPHEHTHPOBAHHEIX — 2TO CREJIAHO B
acrporpade A3T-16 (car. pme. 46). Ma (8.4) caexyer, 1T0
B MEHIICKOBBIX cHeTeMax OCOGEHHO CHIBHO CHILZKEH BTO-
PUYHBII cIeRTp — INIaBHOBIE llefocTaTol JIHH30BBIX o0ber-
THBOB.

CdepoxpomaTugeckasa abeppanud B MeHHCKOBBIX ClI-
cTeMax BechMa Maja; MpejeN IOJIe3HBIM JUaMeTpaM U cBe-
TOCHIaM B MEHHCKOBBIX CHCTEMAaX CTABHT OCTaTQIHAA
cepiraecran abeppanua. Us mepsoii gopmyast (8.4), npu-
paBHEBaA Ny, derTBeprH JIWHBL BOJHBI CBETAa, MBI TOJNY-
YMM YCJHOBUe [UiA JIEPBOKIACCHOH BH3yabHOI MeHHCKO-
poit cuctemsl (cM, puc. 44):

Qmax = 279V4’5-
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YTO XPOMATHSM YBeJMMUelLMs PACTET ¢ yBeqHUYeHHeM TOJI-
LWHBI MEHHCKA, a MOTOMY TOHKUE MEHUCKH cleffyeT Hpef-
11096CTE TONCTBIM; HO TIPH 2TOM [JIA TOHKHX MEHHCKOB
KPHUBH3HA 110BEPXHOCTEH MeHHCKA G(0JbINe, MTQ BBI3BIBACT
YBeJIHUeHHe OCTATOYHOI cdepHieckoll abeppamud cucTe-
MBI; 9TO 3adacTyio TpefyerT [jia ee yCTPAHEHHS HCIOJb-
30BaHHA acepHIECKUX ToBepxHocTedl B cucteme (peryuin
MenucKa Ju60 sepKada). [pyroit myTs 6opeOBI ¢ acTur-
matuamoM yrasad [l JI. MawkcyToBBIM — OH TPeIIOHIHIT
HCIOAB30BATh HILIUIICOUAAIBHOE TIIABHOE 3ePKAJNO0 CO clie-
NHATLHO BHIODAHHBIM OJKCIEHTPHCHTETOM B MEHHCKOBBIX
CHCTeMax; 3TOT IpumeM NIpuMeHeH B Tedeckone A3T-16.
Ecim acturmartusm wuchpaBieH, To paccTognue (OKycOB
(ecKOHEUHO TOHKHUX ITyYKOB KAK MEpPHANOHAIBHEIX T, TAK
W CarHTTadBHHIX Z,, 0T TOCKoetH aycca pasmo [53]:

4 ’
m = Ts = —'2—'f0 Slvtgewa

rae Siv — kosdpdunment Ilerusana, olipeeAAOIAA Kpn-
BU3HY IIOBCPXHOCTH HBO0paMKeHUA:

Sty =~ n—{—-1 f0+1

31eck fu — QOKYcHOe pACCTOAHME MEHHCKA.

Haa npocteitimein cmerems! {cM. pue. 44), cocrosmieit
u3 cgepuueckux tosepxnocreidt, . /1. Maxcyros [4] pman
aMInupudecKkue QOpPMyJIB, IPHBOAALNIHE K HAUBHITOMIEil-
meMy wcnpasllenuio afeppanuil B BUSyaNbHON aruraHaTi-
YeCKOH cucreme (npe,r(nonaraeTcn, YTO MEHNCK II3r0TOB-

%)
sen 13 crerna I8, a ero Tonnqma d, = 17)):

~
—

61 — O"r).()gvo,(m’

% — — 0,599V 10,0599 - 0,00734,],

s _ _ =17 0,984 L (8.3
2 = - 2,105V,

L 0,1(KS

6 = Yy ( )v

By 095v*10

Q s Ul

- -

S,
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1

(V:Z — Benm4ia, o0parHasg OTHOCHTEIBHOMY OTBep-
c

cruio  cucTeMsl  A.), mpumueM ocraTouHble abeppanui

takux cuereym, cormaco JI. JI. Marcytosy [4], xopo-

10 OTMUCHIBAIOTCS  CJEAYIONUMI  DMIIHPHUCCKUME QopMy-

TaMH:

BosiHoBasA cdepuaeckad adeppalms

— 0,048 Ag® (MEM),

*Nmax =

KOMa

ﬁmax = 0 5')—44 ¥ (0 )

chepoxpomaTnueckasa afeppanus

(Ang F)max = — 14,942% (cexynn pyrnm), (8.4)
BTOPHYHBIA CIEKTP
Napn = — 0,134¢° (ceryna ayru),
XpoMATHU3M yBeJII/I‘IEHI/IH
Je=1v _ o 05140 (1y).
0
Omniermy, uTo mocaeguAs (opMyda XapakTepusyer

NPOMATH3M YBeJHYEHHs JHINp OPUEHTHPOBOYHO; JIydIle
OlleHHBaTL ero 10 pacyery Xxoja Jjgydeil. B rtex crydasx,
ROITIa XpOMATH3M YBeIIYeHHSA COBEPINEHHO HEJ(OIMYyCTHM,
PCLOMCIAYETCSI MCIOAB30BATh KOMIEHCATOP M3 J(BYX Me-
HICKOB, PA3JIHYHO0 OPHEHTHPOBAHHEIX — 2TO CREJIAHO B
acrporpade A3T-16 (car. pme. 46). Ma (8.4) caexyer, 1T0
B MEHIICKOBBIX cHeTeMax OCOGEHHO CHIBHO CHILZKEH BTO-
PUYHBII cIeRTp — INIaBHOBIE llefocTaTol JIHH30BBIX o0ber-
THBOB.

CdepoxpomaTugeckasa abeppanud B MeHHCKOBBIX ClI-
cTeMax BechMa Majla; Hpejes IMOJe3HBIM JUaMeTpaMm H CBe-
TOCHIaM B MEHHCKOBBIX CHCTEMAaX CTABHT OCTaTQIHAA
cepiraecran abeppanua. Us mepsoii gopmyast (8.4), npu-
paBHEBaA Ny, derTBeprH JIWHBL BOJHBI CBETAa, MBI TOJNY-
YMM YCJHOBUe [UiA JIEPBOKIACCHOH BH3yabHOI MeHHCKO-
poit cuctemsl (cM, puc. 44):

Qmax = 279V4’5-
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B rabaune 6 mamp IIpeebube JUAMETPLI H OTHOCH-
TEIbHBIE OTBEPCTUA MeUuCcKoBOil cneremer [2.7]. Mug cpe-
LOCHILHBIX MEHHCKOBBLX CIICTEM TpeledbHbIC JuaMeTphl
ORASBIBAIOTCH BCCBMA MATBIMI, I10ITOMY Cledyer npude-
Tarh 1 perymm qubo memmera, InGo seprama, 1ro IMO3Bo-

Tadanmuga 6

A Tt [lot4)1:210L:2,5 1:3,5 1:5]1:

-1

B naxs MM 29 | 13| 66| 180 | 810 {4100 |20 000

Brax, MM | 58 170 | 530 | 1100 | 3200 [10000] —

JAET IIOJLHOCTLIO  HCTIPABHTL  OCTATOYHYIO  cepUTecKyio
abeppanio B cucreme jyis MOHOXPDOMATIYECKIX JIydei],
Ipir vr0M, mockomsky BxOMIOL 38PAY0K CHCTCMBI ODLITHO
HaxXo UTCA BOJU3H OT IePBOil MOBEPXIOCTIE MEHICKA, BBI-
romuo AedopMupoBats myMeHno ee. Beipasrenne mis aroii
IepOpMHPOBAHHOIL TOBepXHOCTA HOTPYILOO HailTH, NONL-
3ysAchk obmeil MeTOAMKON, omuCcaHHOH B T 7, I HCHOIL-
3yf B KadecTBe MCXOMHOIL cilcTeMy €O cepHYecKoil om-
THEROI, paccunTamHyl 1o gopmyaan (8.3). Bmademme
MaRCHMaNbHONL acdepuanoctit Om,y Ha MEeHWCKe, HKCIpaB-
JAOIICH 0CTaTOUHYI0 cdepuunyio abeppanuio, ompexens-
erea doparyioln

Omas = 0,096P A4 45 (Mrn1). (8.5)

LEcau perywn peimonmsars ma 3epraie, 10 rpefyeMas Be-
JuyrHa acgepuunoctn Gymer NpHGIUSHTENbHO B geThIpe
Pasa MeHpIIe, HO M JIOMYCK HA ONIMOKI H3rOTOBICHHU
TaKiKe yiRecTouuTcA B werhlpe pasa. Iz (8.5) cmeayer,
9T0 faike B 0C000 CBETOCHNIBHEIX CcHcTeMaX TpeGyemas pe-
TYWL He OYeHDb BENUKA M JIOCTYNHA ICKYCCTBY ONTHRA,—
nampuMep, mpa A =1:1 1 & =500 MM, Omx & 48 MEM.

PerymupoBanusie MelmnckoBble cHCTEMBI JOIYCRAIOT
TCOpeTHYecKH Gecrpenenbio GoMbIINE AWAMETPHL I CBETO-
CIVIBI, HO TOJIKO B Clyyae HCIOJb30BAHLSA MOHOXPOMATH-
decroro csera. B Gemom ceere perymmposammas cmerema
Oymer crpagath ot C(X)Op(),XI)OMaTH‘{eCROIUI abeppamum,

a  npefenuuslii jguamerp @Pmax, OTPANHYEHHBI TOXLIO

-
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cthepoxpomaTieckoii afeppanueir Ge3 BTOPHYHOIO CIIEKT-
pa, onpegenadercsa BLipaskenwem (cM. rarme tadm. 8.1)

4 9
Qmax == 58V3”-

Coruacuo [4] cdepoxpomarnueckyo aGeppanmio Tak-
/e MOZKHO YCTDAHHTh IYTeM DETYNIM MEHHCKA, HO HPH
oToM TtpebyeTcs acdepuunocts, Ha 1—2 mopagra 66as-
mas, Hemenu Omyy, ompegenaeMan us (8.5), uTo mpeacras-
€T 3HAYMTEIBHBIC TPYAHOCTH; STH CHCTEMBl HE WAILIH
npumenenus. B [54] pribegens Gomee ofmue »Muupude-
cKkue GopMyanl A CHCTEME (MeHNCK — cepuueckoe
3epKajio», IPUrOJHBIE [l MEHWCKOB IPOM3BONBHON TON-
LHIIBL:

ry = 0,6044d}188v" %,

r

D (0,562 40,0844V ),
1

,’-3 — [2’127 + (={),oe . 1)] V°‘974,
dy = 1,18d,0144 v 113,

rAC YepTOYRN YKasblBAKT, YT0 BEIMYHHBI BBIPAIREHBI
B eimHEMIAX xumamerpa; d; Aamsl B emmEumax d; = 0,1
It HopMyTBI TaKMie MOMKHO MCIIONB30BATH JKIA IIpejBa-
PHTOIBHOTO PACYETA CHCTEM, PeTYHINPOBAHHHX € I[IHIO
nempasaennsa cepiaeckoil abepparmnm. JI. JI. Mawcyros
[51] mowmaszax, WTo MHOTIC WJIAacCHUeCKIe CHCTEMBI MOTYT
OBITL TpeobpaszoBanbl B AMEHIICKOBBIE; WATPUME]), BROIA
MaJIoe TIIIOCKOC 3epramo uepeT (OKYcoM CHCTEMBL &Me-
nuck — cepuuecroe seprasor (e, pruc. 44), moxydaem
ME@HIICKOBBUT anator cucrenst HpioTOHA; Kak YHA3HBa-
JA0CH BBINIC, BO3MOJKHLI MEITHCIOBLIE CHCTOMBI THIIA «3Me-
mnerosbiit Haccerpeny, «wvenncwosstit I'peropmy 11 apy-
rie, Mence YHAOTpeOHTeNRITBEIC  cWCTEeMEL.  PacdeT  ATIX
CHOMHBIX CHCTEOM MOKOT HPOUBBONATLCA B ABA IIpHeMa:
cHavajia pPaccYNTHIBAIOT CHCTEMY €O crbepnqecmn\fn mo-
BEPXHOCTAMIT, TOTLIYACH TPAaXUIIONION MeToguKoi, T. e.
MpuMenAs Teopnio abepparuii  TpeThero  Topsxka [23]
¢ ToCJeAYIoNIeil ool cuerenmur na OBM [27]; sarem,
eclit DTO HEOGXOANNMO, 3AMCIIOT  LCPBYIO  NOBEPXIOCT)
MeAHcKa acheprueckoll TOBEPXNOCTLIO, MONLIYACH IATTCI
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METOJUIKOM, ONMCAHHOHl B mpebAymedl riaBe; MOXYIeH-
Hasa cucreMa Oyfer CTPOTO CTHIMATHIECKOH I 3aIaHHOIL
JUIMHBL BOJHEL CBETA.

MHO“I‘O LUeUHBIX Tpaukos, o0Jervapniux npexpapn-
TeJNBHBIM pacueT cucreM ¢«Meuiickoeili Haccerpem», mamo
B [54]. «Memncrosmit Kaccerpen» ¢ miockma —homem

paccmorped B palorax I'. M. Ilomosa [55], a rawme Bun-
na [56],

§ 2. «MenucxoBpiit Mg

CyLlecTBYOT pPasHOBIZKHOCTM MEHHCKOBBIX CHCTeM, s
HOTOPBIX MoOkeT OBITH paspaborana Teopwsa afeppanuif,
HO orpamuteHHaa obaactoio 3eifinenas. B mepmyno owe-

peanL DTO OTHOCHTCA K KOH-

L 1 HEHTPHYECKIM  CHCTEMAaM,

B TOM 4HCJIC H K MEHHCKO-
/\ BeIM. [Ipocreiiniest MeRMCKO-,

g F BOIl ROHIEHTPUYECKOIl CH-

2 CTEeMOU ABNALTCA «MEHHCKO-
1 perit UTmmar». 9ra crcrema
COCTOHT W3 KOHUEHTpHYC-

Pue. 48. CROro MeHHWCKa 1 cdepude-

croro seprara (pumec. 48),
TpHYCM HEHTPH LKPHBHBHBL BCEX TOBEPXHOCTEH CHCTEMBI
COBMEHNIEHB B OiHOI Touke (), ABAAMINEHCA TakyKe U MeHT-
poM BxogHoit gumagparmer. Cuctema nyeetr GecKoHedHOe
MIIOJRCCTRO OMITHHECKHX OcCell, MPOXOAAILUX Yepe3 Toury O,
4 MOTOMY 1IMeeT TOOBRO OCEeRBIC aleppalluW W KPWRABIY
HOJA; Pafliyc KPHRW3HEL 1TOJS PaBeH PaccToAHHIO (POKyca
ot Tourn 0. Ofias teopus adepparnuil KOHEENTPAIECKI X
cucrem paccmotpena B [17]; Bocmonnayemen dopmyaamm,
KOTOPbIE TaM BBHIBCACHBI. YCioBHe MacmiTala A KOH-
HCHTPHYCCROM cHCTEMBl B O0IEM CJaydac HMEeT B

‘P-%(L—i)i—%, (8.6)
A\’11+1 n.jr; f“

TAC ¢ — ONTHYCCRAA CHTa CHCTEMBI, M — THCIO TOBePX-
nocreit. Crporoe BLIpasitene AJist yriaa, ROTOPHIT o6pasy-
eT JIyd, NpOIeJIIINil depe3 cHCTeMy, ¢ ONTHYCCKONW OCBHIo,

g

§ 9 «MEHUCKOBBIfT TIMIAT» 1ot

umeet Bug (P =1 —sy)

m
I .. H . Q.7
4 ‘ M . o « {
= — aresin = aresin — aresin (8.7)
u arcsin 3 -+ 2( nry i)
i=1
rme H = —n; Psinu, a cdepuueckas adeppania Te

B yriioBoil Mepe (mpegyer — B 6eCKROHEUHOCTH)

. H
—arcsmﬁ), (8.8)

i+17i i1

II ™
Neg = arcsin= + 2 (arcsin
0 i=1

3mech HMCHOIL3YeTCs YUPOLIGHHOE BBHIpaKeHHE A Tews
ciIpaBe[InBoe IIA CIyYasd, KOrfa IpegMeT HaXOfuTca Ha
GecromewHocTd. g KOHNEHTPHIECKOH CHCTeMBI Maxcy-
ToBa BhIpakenue (8.8) rnpuuuMaer BUJ

. ./
Neg = aresin I—I — Zarcsm;- -
0 3
2

. 1 . H .
- z aresin - —m‘cwl—l—r), (8.9)
RS L iy

i1

rme  fo, — (okycHOe paccTosiume CHCTeMbI. 3aMermd, 4To
PajllyC KPUBUSHBI 10N PABEH PACCTOSMINO 11300 pasiCIIA
0T HEeHTPa KPUBIBHLI OBEPXHOCTEI CHCTEMBL.

Ipumenas obmee Bulpamenne (3.7) K KoOHMEHTpude-
croBi  cmereMe MarcyTopa, TOAYTIM, Y4YUTBIBag,  9TO

P=o,

. I .
u = arcsin — — aresin
’ 1

nr

H
_[_
1

. H
- arcsin H _ aresin i - 2avesin =, (8.10)
nrz T'.l 3

rfle h — NOKas3aTedhb LIPEJOMJeHNA CTera1a MEeHHCKa, 1,

7o — pajMycH KDHBHUSH MOBEPXHOCTEH MEHICKa, I3 — pa-

JUTyC KPHBH3HBI cpepnyecioro 3eprana. }
Pagsaras eeipaskemme (8.9) B creleHHOI pAfN, HaugeM

Neg = ApH? + Afl® + A H' + ., (8.11)

L1 LA\ 2 g
e CE [Ch =R,

e
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« = | Y5

Ay = 2 (L _4\(L _ 1y 2 '

o ([
2 3

~
}(I)omee BEIDA/REHUE [T# YIVIOBOrO XpoMaTH3Ma IIONOsKe-
HA TMxp KOHUGHTPHYECKOW CHCTEMBI, COCTOSAMedt U3 JHE3
H 8epHAT, B BO3AyXe uMeeT B
(P.
S
Nxp oy (8.12)
TAe 0; — Kroauuuentsr gucmepemn (wiemna A66e). B na-
mey cirygae (8.12) mpunmmaer HPOCTOIl BHL:

H
Nyp = —F (8.13)

no '

Yraosyo cdepoxpoMaTHIeCKy IO ab0eppanuio Jerxo maii-
TH, AuddepeHuupya ne, N0 JIMHe BONHBI CBera A Ii co-
XPaHAA TOTBKO WICH TPeThero HOPAJKA OTHOCHTEeNbHO KH:
MaJIoM NPOH3BOAHOM 0T @3 mpemebperaem: ’

Nep.xp A~ e (% —~ 13) . (8.14)

4
2n°c rs ry

Muorouncnennsie papmante MemmcKOBOI RoHﬁeHTpn—
ICCKOI CHCTEMBL ¢ PAasINTHOM CBeTOCHNON ¥ TOANMMHON

MEHUCKA IIPH QUKCUDOBAHHOM B3HAUCHHH 7, = — 500 MM I
n=1,5163 mpusenent B Tabanme 7. B meit TIPUBeJIeHEL:
. Tabanumga 7
Y s ,
1 Ty Ts R=/ 20g H Ac
1 —330 —14775 —860 0,1 1 1:1,7
2 —550 —1600 —765 0,05 1: 1,,5
3 —600 —1425 —660 0,05 1:1,3
4 —650 —1350 —610 0,1 1:1,2
5 —700 —1325 —585 0,075 1:1,2

Pajlychl IHOBepXHOCTEl CHCTeMBI 7o, 73 (guamerp oTBep-
crus cucteMel & = 500 mm), pamuyc R kpususnbt nous,
AMAMETP KpyKKa HamMeHBIDero paccemsamma 20g° mua

aydeir ¢ A =5890 A m ormHOCHTENBHOE orBepcrue A, cE-
creMsl (BCe pasMepBI maHLL B MEITEMOTDAx).

Tl

-
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s

Waygenne nadubix TalIMIBl 7 1103BOJAET CHeTaTh Cile-
JIYIOII{He BBIBOJBI:

1) yBenmdeHme ToJalWmBl Menmncka {(poct |rpl) mpm
(DHKCHPOBAIIIIOM 3LAYEHUM 7| NPUBOTAT K YMEHbLIISHIIO
ocraTounoit cdepuueckoii abeppanuu;

2) OTHOCHTENBLHOE OTBEPCTHE CHCTeMBl OrpPAIMYeHO OC-
raToglofl cepudeckon abeppanuei.

Wccnegopanne IOKaskIBaeT, 910 Ipu pabore B IIHPO-
roii obmacTu clexkTpa 3HAYATENBHON MOMexoll ABIAeTCA

Tawke 1 xpomatisy nojoskeunda. Ma (8.43) cuaenyer, uto

Pusc. 49, Pue. 50,

sTa abeppauusi TPOIIOPIMOHANBHA OMTHYECKON cmle ¢
menncka. Cdepoxpomaruueckas abeppalusl CHCTEMEBI He-
BeJIUKA I Ce MOMKHO B OONBIIMHCTBE CIyYacB He IPUHH-
MaTs Bo pEHuMamwme. B [17] moxasamo, dUTo CymecTBYIOT
CLHCTEMBI, paBHONEHALIC cicreme Makcyrosa B OTHOIIC-
i aeppanuii aoGoro nopanka. Hampumep, noBepHys
venick Ha 180°, noaydmny creTeMy, IpeicTaBjleHHYI0 HA
prc. 48: cucteny ¢ TONCTBIM MEHITCKOM MOMKHO IpeoGpa-
30BaThL, PAasAeNiB IOCJCAHIII IIa TOHWRII MEHHCK, pabo-
TAIOMUNE B HapasiedhbHOM TydYxe mTydell, I TOXCTHIH Ma-
JIOTO HHaMerpa, MOMCIeHHKIT B CXOAleMcd TIyuKe Jydei
{puc. 49).

Iuna wucnpasinenus Hambolce BaKHBIX [JAA KadecTBA
nzobpaskennsa  abeppauuii — ocratouHoir  cepuuecroii
a0eppaliu;m u xpoMaTHaMa noxomenus — Jlurpyr n Xa-
yruge [57] ucnonbsyior acdepruecKylo XpoMaTHIECKYIO
nmactuny {(puc. 50), moMmecTHB ee B TLIOCKOCTI BXOAIOTO
3pauka CHCTEMBI; JUIOCKOCTL BXOJHOTO B3padKa B CBOKO
ouepeab TPOXOMHT Yepe3 IeHTP KPUBH3HBL crcTeMbl. IPa-
JMYye CcrJIelrIr r, merxo waiiTH 1mo Qopmyne, MoryIeHHOI
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u3 ourury I'aycea,

N (An, — An,) n?

An (L_—l)
r, ry

re

(8.15)

rie Any u Ans — wacrrse AMCIIepcHY [epBOI H BTOPOIT
JIHH3 IIACTHHE, AR — gqacTaag AUCIePCHA CTeKIA MCHHUCRKA ;
lIepBasg IOBEPXHOCTL 10IACTHHDI NpepiiojiaraeTcsa 1LTocKoll.
HMuorpa eJxecoodpasiio  BBECTH HeGONbUIOLH XPOMaTH3M
omo:xenusa B obiact Taycea ¢ Tear, uTofbr Jyumre enpa-
BUTH chepoxpOMaTuqecRym abeppalHio 1ma BHICOKOH 30He.
B arox cnyuae amavenme 1. ClelyeT HeCKOAbKO H3MEHIITI,
PYROBOJICTBYACE pacdeToM Jyueil, Ocratounyo cdeprrye-
CRYIO a0eppaIiiin MOKHO 6bLT0 (bl YCTPaHUTh TAKKE [TyTeM
DETYIIT MEHIICKA IIIf 3¢PKATA, HO 9TO JOIYCTHMO TOIBRO B
CICTEMAX € MaJdbIM IloNeM 8peHHsi, TAK Kak HOTOBHAas
PeTYWIs MPHBOJUT K HOABIEHUIO 1OJeBRIX aleppamii.
Boxnee ymauen METOR PeTYWI XPOMATHYECKOH TUIACTHHE,
T. e. aclepUsans OTHOH U3 ee 1I0BepXHOCTEl, Henmpanysa-
foIlad  oCTaTOUHY cgepuieckyio abeppamiio CHETEMbI.
ATOT TpIeM ORI mpelmosken Jduagyron 1 Xayrumcom,
a rarike Bayopcom [57], [58]. Vpapmenue acepruecxoii
TOBEPXHOCTIL BTOM ITACTUHBI HMeeT BI

{ /4 A A _
Az ~ ﬁ(_gw LS T‘?"y**). (8.16)

Boipaskenue (8.16) momer 6o MONYYeHO AHAJOTHY-
10 TOMY, KaK 3T0 OBUIO NpPoAeTa’mo B c/IyYae CILCTeMBI
HImmara — Kaccerpena. Acteprunocts mwracTHEEL Tnere-
Mbl Jlumyra — Bayapca 8 10—15 pa3 MeHbIlle, Hemei
acepUIHOCTL SKBHBANCHTHOM CHCTEME Mmugra. Tpme-
HAA acepudeckyio XpoMaTHUECKYIHO ITACTHHY, MOKHO
YBEJIUYATE OTHOCUTEJHHOE OTBEPCTHE CHCTEMBI o 1:06
Pl SHAYHTENBHOM IIONe 3peHHA. IlomeBhle abeppanny,
BHOCHMBIE acdepuueckoil noBepxmoOCTHIO, MOTYT GBITEH BEHI-
JHCIEHBI 110 06muM  hopMyIaM, HpuBeJeHHBIM B 1T, 7
[17, ¢. 971. Hopo6ubie cuctemsr HITPORO  MCTIONB3YIOTCA
s Habuonennit Meteopos w M(C3. Hampumep, cxema
obvberTiBa «AcTpogaps RaMepst «Pay» amamormama m3o-
Opaskennoii ma puc. 50. OberTHgm paccanran Magrcy1o-
BEIM i Cocnumoil mia mabaogennit MC3. Huamerp geit-

e

T T

s
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cTBylomero orBepetusa ero 500 mm, donycmoe paccrosamue
700 My, nuamerp sepraia 1070 v, Tlome spenms Kamepht
H°* X 30% dororpaduposanne npoussomgnTes Ha ILICHKE.
Pasyepsr wATHA pacceMBannA Mo Beewmy MO0 He TPEBOC-
yorar 0,03 vy [59]. Bosocor JI. C. n BaGuumes B. .
(14] mawwm, 9to Tpymman B HaroTopmeHm: acepHecras
THOBEPNHOCTH DTOI CTCTeMBI MOMeT ObITh 3aMEHEHa KOHM-
YeCROIl OBEePNHOCTLIO, Goee 1POCTOil B U3TOTOBIICHITI
tobbertsnl «Aurapee»). Pacuer orux cmerey 10podio
onnean s [60],

§ 3. Cucrema, cocroamasn

113 KOPPERIMOHHOH YIACTHHBI, MEHHCKA

11 BOTHYTOTO cepHYeCcKoro 3epraaa

¢ X00M Nyueli Yepes MeHmck

70 1 nocle OTPasKeHHA oT clepuueckoTo 3epraja

PacemoTpuM  cueteMy  BHAAQ, 1IpeleTABIEHHOr0  Ha
prc. o1, Ona Hanounuaer cucTeMy, paccMOTPEHHYIO B Hpe-
apuivmest iaparpade, ¢ TeM, 0JHAKO, OTIHUHEM, 4TO JY9I
HPOXOAT depes MeIHCH JIBAIRABI — 0 ¥ pmocile OTpajke-
HUA aydeii oT seprada. CiicTeama, cocToAmas M3 MeHHCKA
I 3epKajla, TO-TpeKHeMy KOHIEHTPHYHa, a BepIimHA ac-
depruecrofil HOBEPXHOCTII COBHANAeT ¢ ILEHTPOM KPHBH3-
HBI IIOBepXHOCTCH Memmcra n sepraia. Ma obmux Pop-
MyJ, BeiBenennakix B [17], maeen (car. (8.8))

[ . H H T
Meg = arcsin 1 + 2{aresin — — arcsin = -+ arcsin — —
Cd) ! IZI'1 71 r2
0

. H . H _

— arcsin — — aresin —), ry=ry, Try=ry (8.17)

nr T
2 3

rae

Xpomaruueckue afieppallni Takske YAOGHO BEIIHCIATL B
YIIOBOH Mepe; XPOMATH3M TONO:KeHUS HMeeT BHJ

NIsp.n = A (‘1‘ - '1‘) (8.18)

RPATL 0
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XpomaTmyeckas PasHOCTh cepIrieckux abeppanuii TpeTh-
ero MOPAANA 3aIUINETCA B BUAEC

An 1 1 3 ¢
Neg.xp A ’-7? (—; -- —,;) 113, (8'1.))

2 ! r

2 1
O6pramo 5ra ¢opMya Aaer A0CTaTOYHO TOUHBIE PC3yJibTa-
THL, T. €. BAusiEHeM cepoxpoMaTHICCKUX aGeppanuil BBIC-
X [OpAAKOB MojkHo mupemebpeus. Meropmka pardera

Pue. 51, Pue. 52,

0T0il cUCTCMBl AHANOTHYHA MCTOAUMKE pacdeTa KOHIEHTPII-
wyeckoli cucrembl MaxcyToBa, paccemorpensoii Bpume, Cra-
yajia BHIOOpPOM pPaJilycoB HoBepPXHOCTell HCIPABIAIOT ce-
piueckylo abeppalio CHCTeMbl, Ro0uBasgCch MEHUMAILHBIX
snavenmit  ocrarowmoii cepiueckofi abeppamui, saTeM
HCIIPARIAWT, €CIH B ITOM €CTh. Heo0XOMMOCTh, OCTATOY-
nyo cdepudeckyio adeppaiuio ¢ MOMOIULLI KOPPEKIIOH-
Hoii mractumer (pue. 52) 1, BaKOHeN, MCHPABIAT XpoMa-
TH3M TIOMOKEHUSA CHCTeMBI, BBOJLI XpoMaTHIeCKHil pajuryc
B KOPPEKIMOHHYIO TIIACTHHY. MuorouncieHHEle BapHaH-
TBL CHCTEMBI 0e3 KOPPeKIHOHHOI TIacTHHBL UPHUBEJCHBL B
rabmume 8 {pasMepsl — B vmmmnmerpax). Quesmano, He-

upasieHHe c(epirdecKoil abeppanun As’ B prToil cmHcTeME

3HAYATENbHO COBEpUIeHHee, HEMKeJIn B CHCTEME Maxkcyto-
Ba, PACCMOTPEHHOIT BBHIIIE. XapaxrepHoil 0cO0eHHOCTBIO

cHCTEMB SBIAETCA H3MeHEHHe 3HAKA OCTATOYHOIL chepu-
yeckoil aGeppamuIr HpH  TeKOTOPOM  3UAYeHUt TOJIIHIHE

MeHNCKA, TIPHYeM ocTaTodnas cepudecKan abeppaiys

NpUHHMACT MHHEHMaQAbHOEC 3HAYEHHC. Brrupcierusa TOHA-

§ 31 CHCTEMA C KOPPEKTOPOM, MEHHCKOM I 3EPKAJIOM 127

3b[BAIOT TaKMe, 9TO IHKellaTeJbHO IpHMMEeHATh CTEeRIa ¢

SSJIII;ITHHM moxasaTelleM TpPeNoMIeHHA, TaR Kak »T0 IIpi-

> I;Ime K YMEHBIIeHUIO TOJNOIMHBI MEHHCKAa. Bce CHCTEMBI,

puBefieHIBIE B raliune, uMeloT MATHO HAUMEHBIIETO PAC-
o]

censaunsa me Gomee 0,03 am mas A = 5890 A, mosromy

Tadbauuma 8

N Ty s s n @ R
1| —100,0 | —200,0 |—260,525| 1,5
—100, , ) ,5163(K8) (100]—90,238
% _188’8 —192,0  |—257,213 1,5163(I{8; 100{—90,53
0 | —177,778 |—251,34 | 1,5163(K8) |100]—91 4352
~ As’ N
=—20 | H=-32 H=—140 I ——18 e
1 | —0,0012 0,002 0,0029
=0, 002 ; 0,0003 | 1:0,902
§ —8’88? —0,0007 0.0013 0.0004 | 1:0,906
: —0,0061 | —0,0032 0,0004 | 1:0,914
N r, Te Ty n %] R
4 | —100,0 | —200,0 261,17
—100, , —261,17 | 1,5163(K8) |112|-—90,3927
g ,_igg,g —175,0 | -250,0 | 1.5163(K8) [120| 91,5871
—100,0 | —155,556 |—241.941| 1,5163(K8) |[112|-—93,4701
As’
Ne
——98 | m=—u2 H=—56 | H=—¢0 e
4 | 00142 0,025 0,0213
R ] , s 0,0 :
5 | —0,009 | —0.0103 0,0 0,0 } : 8’%4
6 ['—0,0306| —0.0454 | --0.026 0.0 1:0.83

VIl TOJHON KOPPeKmuHM OcTaTouHOIl cdepuyeckoil aGeppa-

oun Hyﬂﬁla HE3HAINTeJIbHAasd PeTYINh KOPpPeXIUoHHoIl Iuia-

;}ITI/IHI:I. poUIb ITOBEPXHOCTH KOPPEKIUOHHON IIIACTHHBI

HZI];KO OOIY4YATh TeM jKe CHOcOGOM, KOTOpHIA OBLI mpuMe-
opu pacuere cucreMbr HImmpr

a—HK ; -

iy prs accerpeHa; Mo

] p | A A
Ar ~ 1 1k, 4 2k .6 3k 8
"1__1 4 y + 6 y + 8 y b (8'20)
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(87 #4136
G 2= -7

117 1 1 2
= ) -3
Loz to n’ r H 3
Has pagmyca crmefikm xpomaTmueckolt MIACTHEBI T
cpasegansa Qopiyia

, (An1 — A”z) n?

o= ——0—,
2An (— — —)
-

THe

Alh =

~
W

|~
e
w
—

Wl
——d

o

4
6
3
Ao =75
5

|~

~

.
(8.21)
1 2 l
’

e re — pamguyc cnreiicu, An; u  Ang — yacTHple JHC-
Nnepeill CTeROM XPOMAaTUUCCKOI MIactTnnel, An — yacTHAM
HUCIIePCUSA CTeRNA MCIUCRA,

Huorpa umeer cupica BBectu  meGoabmroi XPOMATHIM
B TapakCHAILHOH 00JacTH ¢ TCM, 9TOGBL yydllle HCIPABUTh
cdepoxpomarideckyo abeppamuo. B sToM cayuae smave-
e re 1e00XO/IIIMO IIECKONBKO HAMEHHTH TI0 CPABHEHMIO
€O 3HA4YeHHeM, JaBaeMbIM Upexblnymieil Qopumyroi, pyno-
BOJICTBYsICh pacueroMm Jayueil. IlpusemeM romeTpynTunmuie
DJIEMEHTBI CUCTEMBI C XPOMATHYECKOIl ILTAcTHHON, CHJICeH-
noit w3 crerox TH16 n D1 (cy. pue. 52):

dy = 5,357 My (TK16)
d, — 21,429 st (D1)

Ty =TIy = 00;
’ -
ro = 1o = 307,143

r4 T e 178,571 MM = Fg; ([3 = 1571143 MM
ry = — 277,778 My = rs; (14 = — d7=99,206 MM(TK“})
re = — 439,232 mu; dy = — dg = 161,454 My

=R, =nhg=—Ny=—ng=1;
ny =g = —ng = —1,6126; n;=1,6128
& = 200 mwm; f(', = 164,7 mm;
A =1:0,82; ¢ = — 13,06 um.

3aMeTHM, UTO 3HadeHIle XPOMaTHYECKOT0 pajuyca, Io-
aydentoe u3 (8.21), pasuo 376,8 MM, 9TO HECKOIBKO OT-

§ 41 CHCTEMA THUTIA «CYTOEP-IIMUAT» 129

AHYACTCA 0T 3HAvCLLA, HalifeHHOro wyTeM pacuera XOpa
aydeit (re = 357,143 o). Hpovenus peryIib OmIO M
HOBEPALOCTCH  KOPPeRIIOHHOIT IIJTaCTHHBL, MOMIIO 3HAYH-
TCIRHO YMELLUMTL OCTATOYHYI0 cfepuaeckyo afeppaluio
cucrempl. Tfose apernnms cmcresmps OTPaHHYEHO XPOMATH3-
MOM YRGJIUIENNA BBICHINX 1HOPsAKOB. 10J06HBLe CHCTEMBL
MOTYT HCHOIL30BATLCA s ororpaduporapns  ciabbix
mereopoB H NC3, a tamke IIPAMEHATHCA B KaMepax CHek-
Tporpados. [na cuexrporpaga XpoMaTudecKas INIACTHHA
ohasbipaercda usinmmeil. B Kpsiveroit actpodusnaeckoii
ovcepsaropunr AH CCCP mnop pyrosogetnos aBTOpa KIN-
ru OBLIO H3rOTOBIEHO HECROABKO CHCTEM BUJa, HpeacTaB-
deunoro Ha pue. 51 (6es noppexropa); aTH cucTeMH yo-
IGO0 HCTIONL3YIOTCH B Ravecrse Kamep crekrporpagos
B ohcepparopun 'AMIL 1t s Acrpodusuuecrom mrcTHTYTE
B 1. Aasva-Are [61, ¢. 45]. Tomesmoe mome 3PEeINHs ATHX
airerer goxonut go 40° Ipu oTHOCHTEIRHOM OTBEPCTHH (O
1:0/7.

B sarmoweinie  savernv, gro MOHONPOMATITY@CKIMIT
HONCBBIMIL a0CPPALITANT MOMKHO B GONLIIHICTEE ciydacs
B CUCTEMe BUJI, HPEICTARICIHIONO Tia pic. 52, nipereOpeun;
OTIL A0CPpAlIIL MOKUO TpU HEOONOMIMOCTH OMEHHTH 10
obmeil opyryre, mpusegenuoii B (17, ¢. 981 (ear. (7.16))

§ 4. Cnerema tnma «Cynep-Hlmmpm

Paccatorpim crerery, nsobpaskennymo na puc. 53. Jy-
YL 0T GeCLOUCUNO YICHIIOTO lipejeTa HPOXOJAT UYePes
JUBA METHICHA, 3aTeM OTPWKAIOTCS 0T 3epKaga, CHOBA HPO-
NOJAT Yepes menner i obpasyior maobpaskenne b Pory-
ce F. Bripamenue mis edhepirace koii aleppamiin CHCTEMDE
BoTox cayuac upirunyaer sy (ear, (8.8), cuerema nom-
NeHTpuYecrasn)

Nep == arcsin—H—, +
0

q . H /] . . f
~+ dfaresin— — arcsin =~ — arcsin A - aresin )
nr, r nr, ! r,

R/
-— 2 arcsin ——,
.

a

9 1 M. Honos
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rae

ry= —Ty.

Hecromnro mapwamToB cHeTensl npegcrapieno B Tabai-
ne 9. B rabmume 9 npuusto 1= —ry=—r ry=100;

Lo )
Dz
T

—

i S|

Pue. 53. Puc, 54.
re=-—r3=-ry; ¥=110; n=1,5163; pasMepsr — B M.
TaGauya 9

N r s f;) 25g;{ A

1 132,933 —228,77 —88,707 0,015 1:0,8

2 127,27 —227,2 —90,98 0,025 1:0,82

3 133,0 —228,77 —88,7 0,005 1:0,89

4 12727 —227.3 —90,98 .| 0,006 | 1:0.91

Cdepoxpoyarndeckas abeppaiusa 1 XpOMaTH3M IIQXOJKe-
HHST OUPEACIAIOTCS BHIPAKeHHAMI

SR S U Y —3anft 1
n“‘b"‘p;_f?(?—g) I3, o= el vy - H.

Homoanns cueremy acepudueckoil XpoMaTHYecKoi InTac-
tumoii, momyuum (pue. 54) wussecrmbti «Cymep-ITvuar»
Beitkepa [62]. Cucrema Beitkepa umeer A = 1: 0,67 upn
amaderpe orgeperusa 30 e m wode spemmsa 55°. Irm cH-
CTEMBl YCHCINHO NCIHONL3YIOTCA ANA M3YIeHHS METeopoB,
HC3 s jpyrux cra0bx o0berToB. XpoMaTHIeCKHH Pagnyc

§ 4 CIICTEMA TIIITA «CYTOEP-IIMIIAT» 131

"

Te  HAXOIAT U3 BBIPAKCIIM

» (Anl - Arzz) n®

o= 711~
3An (—- — —-)
Ty T

Papuye wpusmsust woma cmerenss OPHEHATHPOBOYHO DPaBed
orycrOMy pacerosHuIo cucteMsl, T, e. R = f,.

Ipoduas acdhepuaeckoii TIOBEPXHOCTH KOPPERLHOHHOIT
[ITACTAHBL B NEDPBOM TPUGIHKeHNN ONpe/eNsaeTCsA BBIpa-
JReHHeM

1 A;’A[ A//M A/,
Ax = (‘y“—i—i s_{_ 3My8 ’

rae

” 1\3 ¢

AIM:% - —3—1,-—1 At _ 2
" 3 [ ® 1 1 t 2
A~ - FF - —3 —_— —_—— ___Z_
() - () -5
” 5 1 \7 o1 D 1 9

441\12“[(—, =311y _ 2
T\ Y= 7)) T

CyTh KOdPPHUnenTH cepuveckoii  aepparimu TpeThero,
[ATOTO M CebMOTO  HOPSANKOB, Hegocraror «Cymnep-
Mmugrar, aw u APYTHX CHCTeM ¢ BHYTpeHHHM (ORyCOM,
OIUCAHHBIX  BRIIG,— TPYJHOAOCTYIHOR TIONOIKEHITE do-
RAIPHOU IIOBEPXHOCTH, KOTOPAS HAaXoXHTCH MC3KRY ado-
RAJILHBIM KOPPEKTOPOM M MEHHCKOM, Mostomy B Komer-
DYKOHN KaMepEl HpexycMOTpeno orpemeHme MeHHCKa o
KOppeKrTOopa B cropomy (ma maprmpax) IpH mepesapsmke
doromarepuaia, I'1yGuua doxyca me mpessimaer =+ 5 wrym
BCIENICTBYE BHICOKOU CBETOCHIB CHCTEMEL Mororpadupo-
BaHlle INPOM3BOAUTCA HA CIENUALbHBIC cepuueckne ¢o-
TOILIEHKU € pajMycoM KpPUBH3HBI, PABHBIM pajuycy wpm-
BUSHBI 10/ cucTeMmbl. [Ipn SKCIOHMPOBaHUH (oTOMATEPH-
&L NpPHCACHIBAETCA K BEITYKIOMy AUy KacceThl, BpeMms
nabaogenng NPT BBICOKOM YYRCTRUTENLHOCT T doTorare-
puala  fic TPCBLIINACT HeCKOIBRILY MITIYT  BCJIE/ICTBIE
Byanupyomero pefictsusa ¢ora Heba.

9.
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§ 5. Cnerema «meHuckosbrii Kaceerpen»

dra cueresma (pue. 47) Opma mpemtoskenma BayspeoM
[58] 1 szaten mayuema JI. B. Pomanosoii [63] s ofxactn
afeppaniii TPCTLETO TOPAARA; YHCIeHHoe WcclefoBamme
PAa BapHaHTOB CICTEMSBI OBLIO TIPeMIIPUHATO DII3MKOM
[64], T. C. Benopoccosoit, H. B. Mepmar n M. A. Cocun-
woit [65], woTopsie norazami, ¥TO ecmI BHIHOC ¢ (OKRATb-
HOIT I0CKOCTH 3a BEPIINILY TTABIOTO 3epHata paBer nydo,
TO HEHTPANBHOE bHRPaHUpoOBamHme o =~ 3; npum ¢ >0 momy-
yaeM emje Oodbliiee ICHTPANILHOE OJKPAHUPOBAHHE, IS
q <0 swpammposanme menpine 3. M3 ofmux shipakewunit
§ 2 5T0il TMABBL MMeeM IAS IIOCIeRHETO yTia # BEIpa-
JRCIIIC
;o I | /i e A
U == —arcsin ﬁ - aresin T — aresin T

- arcsin ”‘l: -+ 2arcsin —’1-1— — 2 arcsin 7{[—. (8.22)

2 3 4

Has yraopoit cdepuuecroil aleppainmim 1), J0-1IpesRHEMY,
nMeeM
/i ’ a
1) == aresin — —u’, (8.23)
S0 '

N

;e f:,—- naparcnansioe BoRycioe PaceTOSHIe CICTeMBI:
’ 1 '
A U N N U B8}

nr, ! T nr, "._s e Ty N r*1
Pasnaras (8.23) B crenenndit paa 1o crencuam Moo

oTOpaceBasg WICHBl PAsToReHus BBILUIC CeLMOTO TOPS-
Ka, NOAYYHM 10en¢ [pcofpa3oBammil

N = ‘41h1{3 + fl‘th{) + A.’%k]]?v

rie ) , , .
LIV ! I_L)_i 2
Alh;—ﬁ— (,f(;‘) ﬂr( n’)(rg rf rg + ri ’
3[4\ ¢ AW 1» 2 2
2k T IG - 1— 3 — 3 - = - L)
A 40 (f;)) +( n")(r;:' ry ra ry
5 [/ 1Y i i 1 9 2]
= —ll—=1 -] — =+ =
o= () )( ) SN

—p
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{diy, Ag, Asy— wosdrmments  yraosoit cdepiectoir
abeppaupn 3-ro, 5-T0 m 7-T0 TOPHATKOB COOTBETCTBEHHO).
B mawaanwoit etagum pacuera MoKHO HCIIONB30BATL TOMDH-
Ko Ay, 3aTeM caenyer oneHmTh nm wienst Ag, un Asg, Au60
HPOU3BECTH pacder 110 TouHoi opmyie. IIpomwmrerpupo-

BaB 1 no /{, momyuwn BBHpayieuue A BodmoBoit aleppa-
141 cHeTeMBl N

A A A
A 1 21 3k
N :T‘IP —’rT‘HG%-T HS. (8.24)
Pesyarratsl pacueros pspga BapuantoB crcTeMsl (AU
@ =500 mn, dy =70 ay, crexno K8) pamsr B radaumme 10.

Tatauma 10

Ni 1 2 3 i

1, MM —427.8 —548 —715,91 —1215
g, MM —497.8 —618 —785.91 —1285
rg, MM —1000 —1400 —2000 —4000
Fy, MM —BR0 —922.7 —1316 —2633

3, MM 502,2 782 1214,09 2715
dg, MM —340 —477.3 —684 —1367
q, MM 89,8 96,8 96,05 94,78
fo* M3 1089.8 1496,3 2096,0 4094,8
A, 1:2,18 1:3 1:4.19 1:8.19
Nonax 9A 2,3h 12 2128
Og’, MuM 325 85 25 2,5
m’,‘ 8°,8 6.4 &5 2°.34

Waydgenne pamupix Tadanusl IOKa3blBaeT, 9To € yBeJAHYe-
HHeM OTHOCHTEJBIIOTO OTBCPCTNS OBICTPO pacTeT 0CTATOY-
Has cepiueckaa apeppauis, UTO 3acTaBifger IICIONb30-
BATL PETYIIL HepBO MOBEPXHOCTH MEHHCKA JUOO HCIOIE-
30BaTh aCPEePUUCCHYI0 KOPPEORIMUOHHYK ILIACTHHY, KaK 3TO
lelajock DAHBINE. YIJOBBIE XPOMATHUCCKHE - abeppalHl
ATOM CHCTEMBI MOKHO PACCIHTATH HO (OPMYTaM, IIOIYIeH-
ORIM B § 2 [JA KOIUICHTPIYECKON CIICTeMBI «MEHHCK TII0C
JepRaioy. AHATOTHYHO TMPeIbIIYIEMY, MOKHO HCIPaBATH
XPOMATIZM clCTeMBI, HOMECTIB Tiepem Ieil 10TACTHHRY
¢ «XpoMartm¥ecinM pagmyconmy (pme, HA); mus yeupe-
HIIA HOJMIERBIN XPOMATHIeCRIX adeppaiil ciiefiyeT mome-
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CTHTEL ¢eC O3 IIeHTpa KPUBIBIIET CIICTEMBEL, TJe B KOH-
LHOITPIAICCRIY CICTCMAY OOLIYII0 pasMelleH BXOAUOI 3pa-
qot. PeTylan, HCOPaBIMOIYI0 0CTATOUHYI0 chepndeckyio
afeppatmo  CICTeMbl, MORIO HAHECTII Ha OIHY U3 TI0-
sepxiocreii mracrmant. Ipoduwins Az perymmpyemoii io-
BEPXUGCTI 0IPEICISIeTCA BELPaKe e ‘

1\7
Az = —

PAC K- — HOoKA3aTedb IPCAOMICIII CTeiula ILJIaCTUHEBL, a N

Pie. 55,

onpepeasieresa uz (8,24). Mounoxpomarugeckie adeppalinn
MARJOMILIX TIYYROB, BHOCHMBIE KOPPERIHOWHOH TINACTH-
1oii, MOKII0 0HennThH 1o obmein gopmyae (7.21).

Fenn nenoassyemMoe 1moljie 3peHHA CUCTEMBl HEBEJHUKO,
TO MO;RIUO UPIMEHHTh NPOCTOH MeTO0[, PEeKOMCHIOBaHHBIM
Bayopcou [58], a nmMermHO TpAMEHHTH MEHHUCK, CRJIeeH-
IBIT U3 CTCKOI ¢ OFHHAKOBBIM CPEIHM ITOKazaTejeM Mpe-
JOMICILIA, 10 PAaSHUYHBIMH JUCICPCHSAMHE; IHPH DTOM Ha-
Py:Klble IIOBEDXHOCTH MEHHCKA OCTANTCH KOHHEHTPHYHEI-
MH, a4 ocTaTouHas cepideckas aGeppalus HcUpaBigeTcs
peryninio  1epBoifl mOBEPXLOCTH MEHUCKA., JTOT MIPHCM,
BIPOUCM, BO3MOREH TOJLKO 1A TOJCTBIX MeHHUCcKoB. (Cm-
cTeMa  «yentmeropniit Haccerpes» MosKeT ICHOTb30BATHCA
B acrporpadax, kaMepaX M KOMAHMATODAX CHEKTPOTpa-
{0oB; ee HEJOCTATOK — CIOMKHOCTH KOHCTPYKIUM H HCKPUB-

§ 51 CHUCTEMA «MEHHCKOBBIIT KACCETPEH» 135

JICHHOE TIONie 3DeHMs: PagHyc KPHBH3HBE TOJAA TPUOIA3ZH-
TEJNBHO PABCU (JOKYCHOMY DaCCTOAHINO CucTeMbl ¢ ofpat-
mhtM - suaroM. Momno 1o npmvepy Bamauga [64] ucmpa-
BUTL RPUBH3HY 1107 B DTOIl circTeMe, IOMecTUs OTpUIila-
TCABIIYI0 JHH3Y Tepem (oRycoOM CHCTEMEL, JIOdydaercd
CHCTeMA, COCTOsILASI 113 dYeTHIpeX JIMH3 3 JIBYX B3EpKa’;
Kait cHACACTBUE, OHA IIMeeT OOMBIINE CBETOTIOTCPH 1 CBETO-
paccenBanue, He TOBOPA y;Re 0 TPYAHOCTIX HATOTOBICHILSA
H I0CTLPOBKIL.

ABTOp U3YYINI BO3MO/KHOCTL, 1IpEROCTAaBIAEMBIE Gojee
UPOCTOM CXCMOH THNA (IICKORNEHTPIYeCKUIl MeNIICKOBLIIT
Raccerpeny (ea. pue. 47), comepsmaigmii axposarmaeckit
aeunek MaxkeyroBa. Orazamoch, wro nTa cueTeMa MOMOT
ofecrednts IIOCKOe MOJC 3PEHIsS IMOMCPEYHIKOM B HE-
CHROIBRO I'PaycoB HPII CPARHUTCONLHO BBICOKOM OTITOCL-
TCILIOM  OTBEPCTHII U JUaMeTpe BXOAHOTO 3padra j[o
0,6—0,8 »; pagmycnhl KPUBUBHBI 3epPKAT IPH DTOM I10UTIL
opunakosel. He Oynem mamaraTe sfech NOBOILLO CJOI0MS-
HYI0 TEOPHIO HTOH CHCTEMEI, YRAJKCM JIMITL, WTO 1ipOILE
BCero paccuuThIBATEL 9Ty clicremy 1a OBM ¢ moMomnio
YHHBePCANBHOM ONTUMUBNPYIOMCIT IIPOrpaMMLI, KOTOPAsT
HCTIOAL3YeT COCPKUBACMBIE MeTO] HailMelbiminX KBajpa-
TOB. Jra IporpaMma Oplia cocrasiaerna B 1975 1. B Rprein-
croit acrpodmsmieckoii ofcepsatopun B. H. Agparenxo
i JI. H. Paunosckmm mo anropurmy aBropa wmmrim. 11pi
pacuere 3amanTca YCHAOBHS MCIPaBIeHHA cdepudecroi
aveppanmm B iwocrocru l'aycea ra AByX BRI pAHIBIX
i momH G m F Ba mpaw 3paura, ycaoBIs Hoppeniui
ROMBL I KPUBMBHBL 1odsl. s yayumremus noppermi
chepudeckoil aGeppaniuil Ha OCH YACTO 3ALABANOCH TATLLO
ycuosie Roppexnum cdepuuccioi abeppamun 1ra mpoMe-
JRYTOYHOM 30TIC 3padka g cpemgmell minnnl Bogubl L),
B KrauecTBe KOPPEKNMOHHHBIX NAPAMETPOB HCIONLIOBAIICT
(Bce moBepxHocTH cdepuueckue): pamiych KPHBU3ULI T0-
BCPXHOCTeHl MEHHCKA Iy I Ty, PASHYC KPHBI3HBI BBIUYKIO-
T0 3epraja Iy, TOMUHA MCHHCKA di B PACCTOAHIC MCIIIC-
Ka OT TJIaBHOTO 3epraia dg. GXOmWMOCTL HpoIecca mocJe-
MOBaTeqbUBIX MpHOAMKeHM OBLIA BechbMa XOpomiefil —
00BI9HO T1pefonasiock 0T 3 g0 5 NpUOTMKeHIH; 9T0 OTHI-
mano 4—06 smmmyr spemenn na IBM TC 1020, Deero Goi-
S0 paceunrano cppime 00 cHeTeM ¢ PAZTHYNBIMIT GBOTO-
CLJLAMIT W JIHAMETPOM BXOJUIION0 3paura,
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ROHCTPYKTHBHBIE 2JEMERTH HEKOTOPHIX U3 M3YJCHHBIX
cacteM pamel B radnune 11. B meil npuBemeHsl: paguycs
KPHBU3H NOBEPXUOCTEIl CUCTeMBI ry, g, I's, I'4s, TOJIHHBI
MeHHCKA di, PACCTOSIHIE MelUICKa OT IJABHOTO 3ePRAIa
dy, paccToAnIle MeMRAY sepradaMil ds, BLoc oryca ¢ 3a
BCPIDHHY riaBHOro seprata (zamerny, 9to ¢ <0, ecim
oryc BUYTpHU clicteMpbl, 1 g >0 B IPOTUBHOM clydae),
oxrycroe paccTOAINe CHCTEMBDI f(;, OTHOCHTEIBHOE OTBEp-

ctie cueremsl A, jtacee gonsr aGeppaiiiil cucreMsl: 6gy —
pagnye kpyskna (W =0) paccemsauns B CIeRTPAILHOIL

O [
obaacrir ot ayueii C go F (1. e. or 6503 A mo 4861 A)
B 1mockocTir Paycea; p’ — mMarcuManisible pasMepsl UaThia

pacceusamst g aygax D (A =5893 A) puas yroma moas
W =2 u xpomarusu yseamuennsa Al gaa aoygeir C, F
npu W =2%); nasee AamBr NOUCDEYNUR TOJA 3PCHAA CH-
creMpl 2W, Mapra ¢TeRma MeHTCRa W OAWAMeTD BYOTIIOTO
spauna cucrenul 2. Bee cneremsl 13 tadonummet 11 maveror
ONITAROBRIT  PailIyC RPIBINSHLI FIABIOTO BepRajia ry3 =
= —2760 amy, u oany sapry crewraa wmemncra — THAG.
Bxomnoit spagor cosumeiiesn ¢ oupasoit meuncra. U3 1ad-
auibl caedyer, dro cmerembr NN 1-—4 mMmeror cpaBHE-
TCARHO  1eDOMLITOE  OTIIOCHTCILIF0 OTBEPCTHE — MOPSIIKA
1:52 —1:6,7 upu Becpvma Nopomes HCIPaBIENIH Kak
OCeBBIX, Tan i adeppalitil TMARIOMIIBIX 1IYUYROB, KOTOPLIC
ie npeppimaior 0,02 MM B MmomoxpoMaTHueckom cBeve;
pPeTyHIn Mefcna MOWia OBl cuie yiyyoinTo ot afeppa-
1, XPOMATHAM YBCIMUCHIUL BapLbHPYETS 0T 4 MEM 710
10 MRM 1T DAaCTeT ¢ YBCIHNUCHITCM TOJNILIHBI MEHICKA; O4e-
BITIO, UTO SRCTATENBIO HPUMCHATL TOHRHNE MCHICKH, 4T
MOGRET BLI3BATL 3aTpy;IUCIUS 1P MACCOBOM H3TOTOBJC-
HITIL CHCTeM, 110 HICCYH[ECTBCIIO IIPII CO3/[aHIn YHULAIT L~
HEIX TIPAGOPOB; YRAMEM JUIA CPABLEIHS, TIT0 KOPPCKIH-
onmast aumza Nepsoit kavepsr Hlvugra, nsvorosmennas
ee H300PETATEIM, TME Y TOJNIITHY ORWIO D MM ITPH JHa-
serpe 400 s Otuoenreibnoe orseperite crerem NeNo 41—
dor 1:5,2 o 1:67, a Toruuma axpoMaTAIECKOro Me-
micka y Nnx coctapmsier or ~ 6,7 MM mo ~ 20,35 MM,
Coaeresot N2N2 D) 6 BMCIOT  O¥IIOCHTRALIIOE  OTBEDPCTIIC
~ 13 npn Gonnnny octatoukiy adeppaniax (zaMerun,
YTO NPOM@THBMOM HOMOMKCHIH MOyIIo IIpeiepedn, a cfe-
poxposarudeckan  abeppaiyist  cocrasaser 7—8% ot

*,4
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TaGanma 11

N 1 9 3
'y MM — 519,06 —498,713 —463,323
Ty, MM —527,92 —505.431 —-467,623
T3, MM -—2760,0 —2760.0 -2760,0
ry, MM —2581,9 —2571,2 —2559.5
dy, MM 13,91 10,526 6,7117
dy, MM 2309.4 2390.,86 2501,1
dg, MM —840.0 —800,0 —760.0
q, 1 133,0 298,24 477,77
Ty» MM 23784 20221 26854
A, 1:59 1:6,3 1:6.7
6;;;[ MEM 8,5 4 10
0, MEM 14 18 20
Al', MK 8 6,6 4
oW 42,0 40 4.0
CTCKJI0 MEHNCKA TI6 TIR16 TR16
1% 400 400) 400

N A N [§]
ry, MM —539,757 —043,304 —034,845
Ty, MM —552,697 | —658.486 | —647.422
T3, MM —2760.0 —2760,0 —2760.0
ry. MM —20611,19 —2607,2 —2594.7
dy, M 20.346 22,071 18,609
dy, MM 21693 2162.2 2219,7
dg, MO —940.0 —840.0 —800.0
g, —230,28 132,3 298 23
fo MM 2082,8 2362,8 2504,9

¢ 1:5.2 1:3 1:3,1

8g,,, MK 8,3 170 171
o', MRM 12,5 340 350
Al', MEM 10 9 8
oW 4.0 4.0 450
CTCRJI0 MCHIICKA TR16 TR16 TH16
[%) 400) 800 8040
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ocrarounoil cdiepiyceroil adeppammi); BremeHIC acepir-
TCCROL HOBCPXWOCTIT (PeTyInh 11epBoil HOBEPXHOCTI! MEHIIC-
Ra) 3IMAUTITeIBHO YAYUIMAT Roppernuio cucreMb. Ilpo-
G, b10it acdeprueckolt noBepxIOCTH MOKHO TOTYIITh,
BOCIOML3OBABIICL O0IICH MeTONIKOMN, W3I0:KeHHOMH B TUI. 7.
Cuereva Nt 4 mosBodser mMersh mocTym ® maccermoir
dacTii 4epes OTBEPCTIe B [NIABIOM 3epKale, MO0 aTa Ci-
creMa mycer gorye BHYTpH cuerembi. OcTaIbHBle CHETE-
MBI IMCIOT VI0(HOe BHeUIHee MOT0KeHe QoRaIbHOI
ITOCROCTI (BCe CHCTeMBI IMEOT mwIockoe Tome). Ore-
TIM, 4TO BCC CICTCMBI, yRa3aiHble B Talauie, MO;KHO
HCHOMB3OBATL M ¢ MCHBIIHMR (OKYCHBIMH PacCTOSHUESME:
nanpyMep, crreremsl NeNe 5 m 6 MOMKIO WCIOIB3OBATD
¢ doryenniy paccrosmnen 100 150 war, TIPOTTOPITIOTI AT -
HO YMCULINS  oTBepeTHe  (HO COXPAHIB  OTHOCHTCIDLIIOC
OTRCDCTIC), PAMITYCH RPUBHBIEL W pacerosinua dy, do, da.
Jlse mogolupie cucrersl GBIIM T3rOTOBIEHDH B MacrepeKIx
I'pAO 1o pacseram aBropa M uUCIOXB3YIOTCA B RaMepax
cuerrporpada, ycrauonrennoro ma 2,6-merporos pedaer-
rope (3TI); ogra n3 cHcTeM HMeeT MEIHCK M3 ILIABJIEH-
oro weapua, 1TpospadHeli jis yabrpadumoreToBoil 06xa-
crit cuerrpa. OGe cmeremsr mmelor € =60 My mw A, =
=1:2,3 upn mrocxom moxe 3peHusa nomnepeunurom 10°.
Hepsast 13 »rox cmerem yememmmo paGoraer ¢ 1967 rf
[55]5 sa pyleson asaloruvuse cHCTEMBI TOARHIICH 3HA-
wirrenpo nozske (1971 1)) [56].

laasa 9

CHCTEMBDL, HCTTOJIL3YEMBIE
B PEHTTEHOBCKOM OBJIACTH CIIEKTPA

O6b1an0 B acTpousure HaGIORAIOT PEHTTCIIOBCKOEC
nsiytuenne ¢ smepruamu or 100 oB o 100 1D, Hon
DCHTTeNIOBCKUX JTydell, HMEIONTHX dHeprmio mence 4 B, —
TaR HA3BIBAEMOE «MATKOE» DeHTIeHOBCKOe H3JyIeHIE,
MOJRIO ICUONB30BATL ONTHYECKIe CHCTeME. Ilpocreiimiein
OUTHMCCROM CLCTeMOM ABIACTCS Kamepa ¢ MAJTBIM 0TBEp-
CTHEM; HMEHIO ¢ MOMOL[HI0 NOK0GHOM CHCTEeMBI, yCTAHOB-
JCHHOH Ha pakere, u 6Lira Brepsnie nonyuera (s CTIIA)
benrrenoscras gororpadms Comuna. Hemocrarianir sroit
CHCTEMEL ABIAIOTCA MANasg CBETOCHAA I HUZRAS paspe-
Mmalomas cnocofuocrs. Bosmomno menompzosars mra 1mo-
TYICHUA M300DaIKEHNA B PCHTICHOBCRON OBGTACTI CIICKT-
Pa Tarke 1 sonnywo nmiacruary Ppemens [671, o, omma-
[0, ¢ CHIRHAA XpoMarndeckas aGeppamis He MHOSEOITCT
padorarh B WIMPOKoil ofxactu cmexrpa, HanGomee mep-
CUCKTHBHEIMI ABIAIOTCA CHCTEMBI, TICTIOIB3YIONITe 3epra-
A4 CROABLAATIEro (Kocoro) uagenus, T. e, 3epraila, paio-
TaloNne TpH GOMBINNX yraax magemms aydeif, Gi3KRIX
t 90°. TIpu srom, kan morasbiBator TEOPHA II 9KCUCPU-
yent [68], mpomexouumr 1onmoe BHYTPEHHEC oTpayKenme
Tydeil, TOCKOJLKY 10KA3ATEND TIPEJIOMIICHIISI  BCIIBCTBA
SEPRAJIA  ORABBIBACTCH MCULIIE CRIUHNBL YroX ITOMHOTO
FOYTPEHHErO OTPAINeHISI, KAk UOKASAIH HaMepenma [68),
PaCTeT € yBeNHYCHIeM HHEPIUM PEeHTTeHOBCKIX Tydeil 1
BABIICUT 0T MaTepuama sepraia; manGoec IIPHrOgibIAIL
ORASAIICH HUKedb, XpoM, som0to (rabm. 12). B rammie
AAUBL SHANCHNA yriaa om =90° — i, e i, — yrox monmo-
IO BHYTDEUTHEI0 OTPaemnlis.

’llpocreiimeii 3CPRATLION  CHCTEeMOII, TPUTOINOIT U
PAOOTBL B CROABBALINN PEHTTOIOBCRIN Jyuax, sBILOTCS
wtapabosoust spamenus. OcoBnmy HCA0CTATROM  Itapaho-

¢

AOHA, Ranr H3BOCTHO, SIBIACTCH SHarrebast [\'(’).\Iil, UTO
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HE  HOBBOMLIACT  LOTYYaTh H300PAKEHUA TPOTAIREHHBIY
OOBEKTOB B PCITTICIIOBCRNN  JIy4ax. Ruprnatpne  [69],
PACCMATPUBGSA OUTUYCCRIIC CHCTCMBL JUIST PCHITCHOBCKONO
MURPOCKOUA, HORAZAM, UTO MOMHO 3HAYHTEJNLHO YMEHDL-
HIHTL ]{(’)My, AGHOJgHIB Imp:lﬁnmmecnoe 3ePRAJO BTOPII4-

Tadtauna 12

DHeprIAa
OJCMOHT 7
1,5 ’oB | 0,9 k5D 0,4 KoB
Huxeur 1,9 2.8 6,3
Xpon 1.4 2.5 4.8
3JouoT0 2.9 3.7 3,6
AmroMumi 1.0 1,9 474

HBIM BCPRAIONM: OH NPeJTIO;RIMI TpH cHereMsl (pre. 56),
IMefouyre riaBHoe seprano B gopme napafoTonga Bpa-
wenman. Cnerema N1 nyeer menpmee goryciioe paceros-
mie, deM (PORycHOe pac-
CTOAIINE TJIaBHOTO 3epha-
JdJa, T. e. gBJAsIercsd YRO-
DAWIBAIOWEl;  cHCTeMbl

/»‘:' N 2 No 3 — yummastio-

0T llie,  HPUYCM  CHCTEMY

__/__’—"’/ MNe 2 MOEIIO paceMaTpi-

BATH WaK YACTHBIL Ciy-

- e gadi ewerensl {accerpe-
T = ua. Bosvomna  tarsre
\s\{:;\\\\ YIRITISI0Ma A CUCTEeMA

. N e (ear. pie. 32), npunamie-
L 4 mam@aa koancay  sado-

— 7 RAJBITBIX CHCTEM — ¢e
T MOJIIO CUHTATH Bapuai-

ToN  cueremsr  'peropu.
Ocuosieic  oco0eHT0CTI
OTIX  BCPRAILUBIX  Teje-
CHOIOB CIeIyI0OT N3 Ma-
J0CTH YIIOB o, [70]:

1) oTnocUTeILHOE 0T-
BCPCTIC  TEJCCKOMA  11e
MOIRCT  ObITIL,  GOJLOTI,

2.

§ 1] ABEPPAIUIIL B CIICTEMAX CROJL3ANETO HAENIA 141

2) momesmas  tmomany BXOIHOTO 3padka Mada, I0-
CRONLRY 3PATOR TMCET BHI y3KOro KOJLINE,

3) upepervnas pasperiaiomas cmIa CHCTEeMBI JLIA 3a-
HAITHOM JJITIHBI BOJIHLI MCHBIIC, YeM Y HKBUBAJNEHTHOH CH-
CTeMBl  (eg ORPANITDOBAHUA, UTLO BHIZBAHO VXYAITeHueM
pacupegesienus cpera n gudparumonHOM M306paZKeHHI
3BETRL

SAMETIN, UTO MORNO yAydIITE HCIMONb3OBAHEE CBETA
fes yseandenns raGapuron CHCTEMBI, TPUMEHHB BIOKeH-
[[MIE CHCTCAEL, T, €. COCJUHSA 1I€CKOABRO CHCTEM B ONHY
¢ ofmei ocnio emerpun [71]. Bosmossier tamke ciere-
MBL M3 QIBYN 3€DRas, He mMewolmme ocm cmvmerpun [69];
NOMA B OTHX  CHCTCMAN IIe HCTpaBjieHa, a TOTOMY pac-
CMATpHBAThH X He Gyxear.

bonee cosepurennere cierens us IOBYX 3epHaN CKOIb-
ARTIETO TAZeHILH,  YORIETBOPAON{IE  yel0RMIO CHHYCOB,
IMEIT CXeMBI, aHANOTHYHBIe HI0GPARCHABIM Ha puc. H6.

Meromma pacuera YEOPAUHBAWINIIX aNTAHATHICCKIX
PEHTTCHOBCRIN enetem blia paspaforana {urmepoy [60,
c. 3861, Msr usmommy Goree 00my© MeTogUKRY pactera,
TPHTOMIYIO KAR I a1TanaTivec iy, Tag I I Healia-
HATHICCKIIN CHETCM A PENTIeHOBCRIY Tyvucil I TaTeKO-
YO yaILTpadutodera.

§ 1. AGeppaumt B cneteMax CKOIB3MINEr0 HajeHNA

AGeppaiunr B penTreHOBCKIIX CIICTOMAY M3YYATHCh Ps-
Jiod amropos [68]-—17210 Paceviorpmt aGeppainm eucre,
COCTOANINN 113 OILIOTO 3ePRATA I U3 JIBYN 3epKal.

1. Oanwounoe 3epraxo.

Pacenorpus  cmadara  ogmuOuHOE sepraio. Ilpesxpe
BCETO 3aMeTHA, 9T0 BRIOOD Tadana KOOPAMHAT HMCCT BAJK-
H0€ 3UAYCITHE, Tak Rak TOYMOCTh AMIPOKCHMALIUII ABIISICTCS
thynrineit woopannoar. Amamir Hoxaszaln, 410 1ejaecool-
Paslio BHGPATL 11AYAT0 KOOPANHAT B HCHTPC IBYIALMOLO
seprana (pne. 57). OrtupaBupim nyuwtonM Juist rnojgyqe-
13 adeppaniii 0JHLIONUOTO 3ePRAIa  ABISIOTCS COOTHO-
ML MOIRAY ROOPAUNIATAMI Toder JipefMeTa I 11300pa-
ey, noayvenisie Bnukaepon w Hopmes [701:

\ U (
e .= W7 (‘)1)
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=g 9.2)
re
o (W + s - z‘) (]/ — ;I;yb.’ e J?y.l‘) + (8, —8) y— (s -—.Z‘) 81
B w ?
(9.3)
-V — (I’V ’A[’ N o-— -T) (7- — "I‘:,s’, 7{A x:x) _}— (3-’ . S) 7 (S’ . 1) Tll
w ’
” (9.4)

W 2 ) ) s —
— A
)
31ech €1, Wi, § — KOOPANHATH TOYKI Iy9a B ILIOCKOCTI
HPeMeToB, €3, 12, 8 —

— s+ 2. (9.5)

4 KOOPHMHATHL TOYKH TIepe-

= CeYeHHA Iy4a ¢ ILTOCKO-

v CTLIO  YCTAHOBRH, a &y,

v RS q Z;— YaCTHEIE TIPOW3ROJ-
(5 IRIC YPABIEHHUST TOBEpPX-
, Y . noctu x = f(y, z) B TOU-
Li B é‘,‘i(_i,,*jn?@,yz) re TMafenas ayga B. J{o-

ITyCTHM, 4YTO ypaBHEHHC
Pue. 57. IIOBePXHOCTHM  HA  pac-
CMATPHBAEMOM  yUACTKe

JCPRATA ABIACTCA ROHHYOCKUM COTSIIHEM

AP =2rr+ (e2—1)a2, (9.6)
rIe

AP = P® — Plg2 g2 pe

n T

sgecn Py oeern Paguyc LeHTparILHOi 30HED aeprama, P —
pPaiuyc TeRyInell zomwr, Hockompky AP Majd, MOJKHO
upenerasuty (9.6) » Buge psana mo crememan AP:

AP | (1 — &)
xf7+TjAP2+... (9.7)

Yacrnore HIPON3BOANBIE TI0 y IT Z HMeIoT B

uo (1—62)AP1/ |

Ty = ——+ T T (9-8)
z 1--eM AP
o= (‘i)\L 4oL (9.9)

2r
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Orpamnunmes paceMorpennenm syweli, magaoumnx ua sep-
KaJt0 B HENOCPEACTBEHHON GAM30CTH 0T IocKocTH 2 = ()
TOTHa MORHO TPencOpeds BCEMH WICHAMI, COMEpPKAILIIMII
AP B cremenn, npesmmatomeii emmmmiy, n (9.7)—(9.9).
B [70] Gmuto momyuemo yemosme, cmpaesiuBoc s ny-
4eil CROMLASIETO Tagenns:

(s + ) (r2 — PY) = 2r (ss' — P2). (9.10)

Ioperasns (9.7)—(9.9) B (9.3)—(9.5) 1 yunrbisaa (9.10°,
MOy YU A

aef ’ | 2 ) "y
[J— _ % 1{1_3 (mfﬂ(I 70)]]/,&/ —{—S'.l'”—sl)‘

2rm p: vop2
0

M /'z.ur_gl)ﬂ (9.11)

AR m -1 ( p2
Vo

, 2y]. ;
Voo 2 |5 (m +‘ 1~) (1% H-AP+ & Z—Zr—m ,_q
2rin p(2]

N U (2:r—m> A2 9.12)

2s’ + m-1 F 2
0 /70
1 m { P§ (m® — 1) + m(m--1)r mAP
Wy 2s2 52 (m+nrf

(9.13)

e m == —.

Y
Uz (9.40) ¢ nmocratounoii ISt UPARTURHE  TOYIOCThIO
HAXO;{UM

PR
258’ .
Homerasmas (9.41)—(9.13) & (9.1) u (9.2), uaxomin

2 2 m(m—1)

2m dm® y
€y == me; —Phgyr + }Ey'AP — PgT—JI—l) SIAP —

L 2m® (m 1)yr2 + m® (m - 1) o

nglz .8‘,2 réy -

Lo m (s m (1 — »Q)J 014
‘ P3(m—4-1) [1 2rm yAP, (9.14)
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. 2m L Am? m{m -ty ,
N, = mn, o H = 2rAP — AP -+

; Py ’P(Q) (m 1)
0 1 [ st m = - ()2)-l
' ]);—; (m 1) 1 2rm 1 AP —

. 2m? (- 1)

9
P o’

m> (m 5-1)

S ). (9.15)

zr?

17 i
2 7
N

HonctaBus g1 =1, =0 51 g, — Ne=0 8 (9.14) mwan (9.15),
MOLYIINL yeaoBte jura enpamicmis cdepiaecizoii adep-
panui:

et - .— =

PP — 4
Fem s=oc ymr g =00, TO HOBCPXUOGCTI, BHIPOMITIACT-
¢ B napabogona. Beipasrema (9.14) u (9.43) ARIAIOTCS

abepparuaMu s OFMITOYHOT 0 3ephata, padoTamiero
B CROJLIAMMUY Iydax.

2. ComerenMa M3 OABYX 3cpran

CreTeMa M3 JIBYX 3CDRAI CROAB3ANICTO TATEIHA NPCI-
craBiena Ha pHc. 08, MBI OymeM ICmodL30BATE Te Re
0003HAUEHNST H KOOPHANHATH, 4T0 W B TPeBIYINEM pas-

2
feJic; IepBOC 3eprago onpexeanM IapaMerpaMit ry, €5,

2 .
BTOpOe — MapaMcTpaMmit 7'y, €3- B oroit cuereme rtouna
Ipe/IMeTa HAXOAUTCS Ta DACCTOSHIN §; OT 1CITpa Trab-
noro seprana (pie. 58): Toura m3ofpameniu pacIonosRe-
’ »

Ha HAa pacCTOAHMI S OF 1LCHTPA BTOPOTO BCPRAIa; pac-
CTOAIIIE MERIY HeiTpani seprar oboznauna d'. Pacevat-
puBas nm3obpaskenne, co3gaBaeMoce Iepsbin 3epragor (ero
ROOPMMHATBL &9, Y)o), Wak NPEAMET AJA BTOPOTO 3eprATA,
MOIRIIO HAHTI 1 KOODAHHATLI €3, M3 TOUKI IIEPCCCMCHMUS
JYUR, MPOUICAMICTO 4epea CHeTeMy, C JUIOCKOCTBIO yCTa-
noeru. [lns sroro cregyer nenoanzosats Qopyyas (9.14)
u (9.15), monywennie BEITE; npeneGpeIKCM B THIY JTBY M
HOCTC/IHIMI WjelaMii BBIY ux Majgocri. Torma usmeenm

m,

€y = (’1——211“?——]AP2>](Z§ yi) e — 2y,2,0,

 p2 m_ -
Loy '

l

2

am, sy (1 )]

FERTET D UAPLy,. (946
- P2, (m--1) ’V 2rym, i 2l2 ( )
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m, [ 2m, 9 .
Ns = 7%2 (1 T APQ) }(yz —z5)n, — 2!/25232] =+

2m s: (m, 1) (1 - eQ)
2 N S 2 7
P2y (m, 1) ! 2rom. APz, (9:17)
o2 (7, 7 1) 2"
AP,
Hawa samava — serpasnrs es; o N3 depes ey, —,
Pos
Yo 21 Ha pue. 58 caenyer, aro
Spom oy _ N — & B 2, — 1]1 (‘) 18)
Sy Ty Uy —Ey 5, n,’ “
bl
Py . Py, (_._> (9.19)
81
Hpmses =0 11 wogerasiy (9.18) 1t (9.19), a rawme
J
A
o ‘4
L q‘\
- o
SN > $
N 3(57,77)
P Sp 5(6‘5775)

Puce. 58,

(D04 11 (0.13) ¢ coorBeTeTBYIONINMI MHJICKCAMI B BLIPA-
it} a I
. A - "
menusn (0.46) 0 (9.07); wocse npeodpaszosamnii HOTYIHM

f
'[ALmj + 4,

('"1 —1

%a )
By ¢ M M,E — — - AP
N AT s) (my — 1)} Wit

’ , §, 2 , ,

‘ uuld A2 ng "”11”’:(1 [ d A2

T Ts o, Y ———— S T —
D2 . 2 —_
Loysy (my — 1) L5, Sy (15— 1)

9 Q/Ii?lh'g (111_2 -+ 1) q'e
7 Yier —

3
; € 9.20
275 PRS-ty (my, — 1y (9.20)

10 1. M. Honon
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2 Sy (my — 1)
Mg = — P Aym, +- 4, APz 4
o1 (my + 1) s1(my — 1)
4’”1‘],‘497/1 2111]2772351’ [ n d’A2 } 5
S T, —— Z&, — —— 1 2 Z,87
7 7 1€} 2 7 181,
POl"l (mi ——1) 5132. Slm’z(mz— 1)
. (9.21)
rie

sy (my 1) (1 2
Ay = m, _91("11\)(“1), | (9.22)

21‘1
s; (/)12 -+ 1) (1 — e;)
2r, :

A, =m, —

(9.23)

Sayerny, wro xorg (0.20) o (9.21) — mpusmnkennie

PRIpastelia, coornomena (9.22) n (9.23) ABIAOTCA TOY-
2 b4

HBLIMM, & ycnoBust A, =A2=0 OUpefensaor €3 H e; g
CHICTEMLI, CTPOTO HCHpPABIeHHOI 3a cepudeckyo adeppa-
U, Aranns Boipamennit (9.20) uw (9.21) NOKa3EIBaeT,
UTO BHEOCEBAs TOYKa IIpemMeTa o Koopaunartamu (gq, 0, s;)
AAeT TOURY H300pasReHHs ¢ KoopmWHATAMI (my, my, &,
0,d + s} (Ges yaera abeppanuit). Pasmocts Aes ectr,
lonepeynas abeppanua

Aey =g; —e; = BAPy, + Fyle, 4- (2 + D)yl + Eg},

\ (9.24)
rIe
€0 = mymge,,
. s, (m, — 1
D= —))‘z—— [Allnz j“‘ AJ\A;‘(I\) * (925)
I o1 (ml - 1) 1 (mg —_ 1)
dm_d’ A
e 14, (9.26)
2 7 ’ ’
Py (my — 1)
) mfmzd’ Pgl.q2 (ml -L l) 9.97
e vt (9.21)
0152 2d s 1
2mm d’ [ d’4
Doee— 222 g 2 ) (9.28)
P%]SZ s1M5 (7)72 — 1)7
i 2m"1‘m§ (m._) - 1) d’?

=t )% (9.29)
Pasg (my + 1) (my — 1)
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Suadenns oy roopduisentos, Tax ke nan u Teopin
abeppauuit Tperero nopska (8], rakomer: B — koodhhu-
wient cdepiryecioi abepparum, F KoduIIrenT KOMHI,
C — roodpdumenr BPUBUBHBL  mosst, D — koadpdunnent
acraryMarnsma, F — rosddumenrt aucropenu, Mecaepona-
e iorasano, uro |E| < |D|, 1. . MMCTOPCUS CHCTEMBL
Malla 10 CpaBHeHHIO ¢ KpUBH3HON mous, a rawke |Cl <
< DI, 1. e. acrarmarmay MaJl 10 CPaBHEHHI ¢ KPHBU3-
noit moss. Pamumycor Rpusnsunt R, m R, mpm Bepmummax
CATHTTANbHOI W MepuRHOHANBHOK QorambHEIX mOBEpX-
noctell olpeemsores BHIDUKeHUAMUI:

, Ds!
i (9.30)
2R, E,

1772

2C 4 Dy ¢!
A oD s (9.31)
Rm m%m2

Pagirye wpmsuans mong R, maxommym w3 BEIDAKCITHA

2(C+ Dy
2O D)y (9.32)
Ty ml/n2

Hautonee CyliecTBeHHOH aGeppammeit B peHTrenos-
CRIIX  TEJICCROIIAX, TPYmHO noxpawmelicss uenpasIennuo,
ABIACTCA KDUBH3HA TOAA; B alTAaHATHYECKOH cHeTeme
BhIpaikenue nias R, moxuo sammcears B BHUJIE

2

Ry — Doy (9.33)
4sld'

T. ¢. R, OBICTpO pacrer ¢ YBeIMICeHHEM OTBEPCTUR TIAB-
fOT0 3epKaia, M0ITOMY BBITOAHO HCIONBOBATE CBETOCHIE-
Hoe TlaBHOe 3epramno mpn MUHHHMAQJILHOM — PaCCTOARUE
MEMIAY 3eprasaMu; K COIRATIENHIO, yCIOBAC IOLHOTO OTpa-
RCIIA PEHTTeHOBCRUX JIyucil He 103BoJser HaJIero AT
B DTOM Hanpasieunm.

Cpasnienne Toymsry SHAYeHuil abeppaumil, BLIMHCIEH-
HBIX ITyTeM pacwera xofa Jydeir s PCHTIeHOBCLKHX CHCTe-
Max, ¢ abeppamnsam, HailJeHubIMIL 110 IIPUOIM e HITBIM
doparyian (9.24), (9.33), maer XOpomlee coriacue, 3a uc-
WIIOYCTTHEN  3HATATCNBHEBIN YIIOR [0 (721, 1pessimaio-
uux 0,005 pam,— nro obbACHAeTCsH BAMAITEN abeppayumit
10%
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BRICHIUN nopsafros. Ilpn pacuere pentrenosekoii cuetenst
ofibluio mobnBaTCH ucnpasnerus anbo ogmoit cdepide-
croit abeppanun, 6o edepirvecnoir abeppamian m KOMBI,
AT MOPO JIOCTATOYHO TPUPABHATL Y0 COOTBETCTBYIOMIITE
rwoabdIuneRTH: NUIs chepudecroii abeppanun B us 4).25),
& JUIA  OANMOBDEMEHHOTO WCTPABICHHA 1 cepHuecKoil
afeppauny u némst B u F,

HDpuyenp. Pacemorpfn remeckon ¢ HyIeBoil chepu-
ueckoil aleppaipett, HPCTHASHAYHHBI I acTponoMm-
Techux nabaogenuit. Cxema ero HpejcTasiaena ma prc. 56,
Ne 1, Dra cucrema OTIpENeIeTCA  BRIGOPOM pajuyca r
IIEPBOTO 3EPRANA, PACCTOSHICM Memy sepramamn d’ u
YIIOM - CRONLIRENHS B NeHTPe RaKIOTO HIeMCHTA. Ji B
(9.22)  caegyer: e} — 1, 7. e. uepnoe 3eprajllo  MORIO
almporemiuponars mapatozougom, Mz (9.6) Oy Y M

, r ’
1
Wyreent §; = 7, 30 A& Tawke S = s —d'. Canrag yroa

CROMILIROIIA o, B EHTPe KaRAOTO 3eprama (B TouRAy
A 1w B na puc. 38) 3aTanHbIM, noayuny u’ = 4e,. Ciego-
BaTEILHO,

, .
Sy - m](!,\();)
& n
Bxomnoit syu mapamrenen ocnr g, HODTOMY
7'1=—P0[tg‘06,l, r2=“P02 tg‘(3o¢,1).
Hpir o, =1, Py =10, d" = 20 HOMLY UM

sp = 286,362533, ¢ — 266,362533,
Py, = 9,3015846 sy == 133,018857,  m, - 0.4993903,
ry = — 017455065, rs = — 0,4A8747539,
7 —=143.
Urolnl ciieTesa Opiaa almanaTreckoll, npmeyn Ay = 0;
Torga naz (9.23) maiies es - 1,00244115.

Moxuo sanmmucar, u BbIpaiRenns g aGeppannii mo-
AyHennoro reqecrona, Eear Woyroa OIS, TO

€y —
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IT VT KOOPHUTIATBL €2 UA00PAMKEHIST HAXOAHM
/
gy = gum, .

4
Beanunma /W cers goryenoe paccrosiae CcucTeMbl f .
Jlia cucrermr ¢ npenedpesRuMo Masoil mueTopeHeil H ac-
TRPMATHAMOM MO;EUO HoXyanTs 1z (9.24) m (9.27)—(9.29)

9 1,12
o 2m, (7'.91 Y 2m2d 9

Aeg~ — W2y, . Ay — Wi, —
¥y 01%2

Wa ypastienna (9.32) moaywaen KPUBUBHY IO CHCTEMEI

= —0,8601,

JTO 3uATCIe XOPOWIO COMNACYETCS ¢ WIeIoM — (,8654,
HOTYTeunLM 13 pacyera xoga JIyuei.

§ 2. pyras meroanka pacuera
PEHTTEHOBCKIX CICTEM 13 BYX 3CpRAT

Hsaosin tansre apyrymo MCTO/IMRY Pacyera, IIPUTOL-
Y10 LI ABYXN3CPRAN LU PeHTTCHOBCROT CHETCMBL ¢ TOM-
HOCTLio Henpasicinioil cdepnuecroil aGeppaumneil, no ¢ 3a-
AUIIBIN 3Havenneys koMbl Orpanuamies caydaeM, KOrjga
fipeamer mnopures ma Gecroueunocet. Bymem ocmoBsi-
BATLOST ma 00X dopmyaax, noayvennsx 8 ror. 2 [(2.14),
(217)—(219)], Dorycnoe pacerosmme cuerenb TTO-TIPE3Ii-
HeMy OyACM cHNTATL PABHBIM eJTILe. HeobGxogumoe ye-
JOBHC CROILIAMCTO HAMCHHA JIyueil Ha NOBEPXHOCTH —
DOJALTUHE YTUBL NaICHILT § Jdydeil na BTOpUYIOE aeprajo,
CACLOBATCIALITO,  OOIbUINC  BHAYCHNA tgi', a »TO0 HMeer
ACCTO B TOM  CHIYUA€, ROTAQ 3HAMENATeNb BbIPasKCHUA
(2.12) Garmson 1 nyaio:

dtv+ihen(l —v) =0, (9.34)

ool .
rae veoosinf lockomkwy yrox ¢ ranike TOIRETT OBITL

Omuzon & 90°) 13 BeIpwkena u = 2 — §) clefyeT, 9To
yrom u' me mMosRer GBITL GOTLIIM: OGLITHO of He TIPeBRI-
Hraer mecroabinx rpagycon. Ha mparruke smauenme ro-
addunnenta KOMBL ¢ BEIGUPRIOT ¢ TARAM pacgeroM, 4ro-
Obr KOMA BECIL CHCTOMBL €TCACCRON 10¢ JOITOMITITCNDIAS
olriiay - Gua enpantcua.  Jlonommnreaniofi  onrmiof,
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HALPUMCD, MURCT CIyRITL CUCRTporpad), 1iepedpachBalo-
uias CIICTOMH, 11331911;1}01&1;1 (bOHyCII()G paccroxauue Teje-
cromma 1 r. i1, Beau rexecromn HCIOAB3YeTCH (e3 MOMOIHU-
TeJABHOI ONTWKL, To Leaecoolpasio upmuars ¢ = 0; upn
9TOM B CLCTCME OYIeT BBILOINCHO yCJI0BLE cuaycoe AGoe;

3 X

7 L d=U050% g5
AN
. .
P 2
7 N
. o |
7 £z

Puc, 59,

1
nmpu 61:71- Toayuacm CHUCTCMBI, ()JIIIBKHG R CHCTCMAaM

1
Yonrepa [68], mua ¢, = g HAXOIHM CHCTeMBI, TIpaKTHTe-
URIL yRoBAeTBOpsIonue yeaosmo [, Tepruens. IMockoanky
la TpaKTHRe KO9PPUIUEnT ¢; Mald, B GOMBIIMHCTBE cry-
4aes Mo:R10 npenebpeuns wienosm ¢ ¢ B (9.34). Torga mo-
IyuUnM

’

dr~ —v=——gsin>L, . (9.35)

Wa (9.35) caemyer, aro snawemus |d| DCHTTEeHOB-
CROIl 00MACTI BeChMa Madbl 1 e IPEeBOCXOMAT HECKOJAb-
KIX COoThIX. Beipamenue (U.35) cpsspsaer d u Ipeses-
HOC smavemue yriaa ', cooTBercrsyoIiee TouRe A
(puc. 59). Ha pme. 59 1300paskedsl  HpodIm  sepraT
ABYX3PRAJNLIION CHCTEMBI, IIOCTPOCIHBIE MO TOYHEIM top-
MytaM: I —Bropuumoe sepkano cueremnr No 9 (ear,
puc. 56), 2 — mropuanoe 3eprato cueremst Ne 1 (em.
puc. 56), 4 — roura BO3BpaTa KpuBbIX I u 2, 3 — rnapmoe
SEPRANO —— €10 FACTh, PacuoNOiCHITas BIPaBo of A, upn-
HALTeIRIT clicreMe No 2, wacTh, Jeskalas BieBo ot A,—
ciereme Ne 1. Torjra A pasmessior BTOPUYHOE ZepRuJIO 1Ia
ABEBETBIL BEPNTHOW,  NPIIAMICIKAIIYIO  (yKOpatmBato-
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Jeily encreve, n MIGRI00, UPHHAIERAMYIO Y/ UITHAIO-
uteil cuerenme. Ofniumo npefeaLHOR JHAUCNHE yIva @' 3a-
AACTCHA T3 RONCTPYRTHBINIX W T. IT. cOOOPaKeHIIl, MOCIe
qero smagenie d omnpenensgercss na (9.35), a mpemeabmoc
JUAMEHIe YLV TafeHNA { HAa IMaBHOC 3eDKAN0 BLIYHCIIA-
erea 13w’ =20 —4) npw i’ =90°. Crepyromas samaga:
maiitu  dopyy  BropmuInoro 3epraja cucTteMbl M3 BBIpa-
SINCIII ST

L T B L (9.36)
Iy d qg—d

Hocrostmmas g onpegenmer monoskenme TMOBEPXHOCTH
n300pazkenna 1w o0BIYHO 3amacTed w3 KOICTPYLKTHBIILIX
coodpasieHmil, 3aMeTHM, uTo nurerpan fPdv B ofmen
¢lIydac Jydnie BBIMNCIATL IHCAENN0, HCIOAL3YS, HanpH-
vep, dopuyny mapagox (Cummncoua [73]), npuaumas Bo
BHIMaHIe Haapdue ocobemnoctn (touka A ma pme. 59).
B uacrmoy enywae, mpn c; =0, MO0 WCHOTL30BATD
CTPOTOe DeIlleHIe, H3I0KEIHOe B T, 3 H MpPHHAIeIKAIee
Hsaprmmangy [8]. Ormeriv Tanme, wro » BBIpAKeHUN
(9.36) masm yamrmsomny  cmeren neaecoofipasao Gparh
HOJOMITOTLHEIC 3UAMCHTIA ¢, JUIA YROPATHBAIOMMX — OT-
PULATETLHBIE; JIOTC30 U2ydmTh B Gymanm plv) s
PA3HBIX 3TAUCTIUil ¢ npn ReIOpauboM snaucHun c¢,. Jamee

Jieecoolpasno  BEMCPTATL XOf pAja yweir, TaJIAr0IAX

fla BTOpUHIOE 3eprano w3 (owryca CHCTEMBH, T, e. B 00-
patinon xofe; maditu i w i ma (2.41a) u (2.4) mum srux
ay4eil, 910 1mosmBomHT ompefe/uTh ofnacTh sHaueHui i, i,
u' 1 ygacrrn BTOPHYIIOr0 3€pRATA, I KOTOPHIX BEITOJ-
UACTCSA yeJIOBIe TOJHOTO BHYTPeHHEro orpaskenus (Talmm-
ua 12). Ipn srom B nagecrre napamMeTpa yjpo0HO HCIO0JL-
SOBATL g, IOCKOJABTY p JIMHEHHO 3aBUCHT OT ¢ H BLIYHCTC-
HIA  CYyMICCTBEHHO ylpomanTcea. Boilpas mpuemiemslii
1pouIL BTOPHUNOTO 3cprada, COOTBCTCTBYIONHI HEKOTO-
pOMY BHAYCHITIO ¢, 1T COBORYTIIOCTD MYTeil, yIOBIeTBOPSIIO-
[HIX - yCAOBIIO NOJIIOTO OTPANCIIA, BEITHCIAEM U KOOp-
ANHATEL HPOPIIA [MABIOTO 3ePRaIa 710 cTpoTIM opMy-
aay (247)—(2.19). Buag woopgmmarn npodIITs A BIOTO
SCPRATR, TATRC TAIOCING €r0 Ma MPeJILIAYIT TopTeim
L CTPOUM XOJ{ JYTCIH B CHCTOME B JOCTATOTMNO RPYLITOM
yacrrate. s 9Toro weprema MO0 TaiiTIT 0ROMIATEN  m
HpIG ROMCTPYRTHRHO IIPHCMIEMEIC DazMepsl TIIaBHOTO W
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BTOPIMYIIOTO 3epkast, mig Rotopery YROBICTBOPSICTCS yCT0-
BIC TIOLHOTO OTPaIKeHNA 1 HOTePH cReta Tia OYKPaFHpoRa-
HUC; 3AMETHM, 9TO TOMKH HA TXABHOM I BTOPHYIIOM 3ep-
LaTax, cooTBercIByIONIC 3AIAHHOMY 3Ha9enumio v, 1pu-
HAJAERAT OANOMY JTy9y, UTO JI03BOMsIET JCTRO TOCTPOIITH
X0 Ay"a ma "epresre.

Honydenras ciereya CTPOro mcupasaena za cdeprge-
CRy10 aleppanuio ma oCl, HO 0DJAfAeT TIOIeBBIMI abeppa-
HISIMIT, ROTOPBIE MOMHO HAiiTII 0GB METOJIOM — pac-
CUITBIBAA Noa my4veil au6o mo MpudIIKe HHBIM dopmymanm,
OTNCAINEIN BBITe. OTMOTHM, YTO ananorrano MOJKIIO ITaii-
TIL 1 3aORATb Iy IO PCUTTCHOBCRYIO CIICTeMY, BOCIOID30RAB-
LIUCEL TOYHBIMIL BBIPasReInaMIT s BePRAJ, TTONYUeTHIM i
B 1. 5. Pemrrenoncrasn CHCTCMA, lipeirasuavennas s
PEJINETA,  PACHONORCUNON0  Wa  LomewmoM pacctosmu,
TaniRe MoRer OLITH paccumrama 1o CTPOTIM  (hopMYTant
ri. 6. BupogeM, ot cmeremy HPEICTARIAIOT HIlepee
TOILRO JUIA CTIeNHATBLIBIY Upubopos, Tarmx, naw peHrre-
TOBCRIE MURPOCKOITBI, CHCTCMBI MTs H3y4eNnsa TepMosiep-
HBIX PCARU, BBISLIBACMEIX Ja3ePHBIM JIy90M H T. I

SARTIOURITITE

Orpanmuenmeiii o06mexr KHUTH He IO03BOJAHI HAM OTH-
€ath MIOTHEe WITEePeCHBIe NIA dINTATeNls CHCTeMbI, — Ha-
HDUMED, CICTCMY 113 Tpex 3eprai, acrpodororpadmaeckmit
obmertus Tlixra, sepranbmbril ROMIIEHCATOP KOMBI H ac-
PHTALATISMA LIS 1aPabolHIeckoro 3eprana, 3epRATBHO-
JHLIBOBDBIC CUCTEMBI, COCTOANTHE U3 HOXBILOTO BOIrHYTOTO
SUpRalia I CIICTeMBI 3ePKad I MaJIOT0 JITHZOBOTO KOM-
nciicaropa. Brpoyeas, aerogsr pacuera srmx cmerem To-
CTaTOMIO TIOMIHO W3AQKETIRI B RHNTe B. H. Yypnaoscroro
[15), pasuo rwan n Teopus abeppanuii Tperbero TopAAKa.
Mnoio nennoro MaTepuana mo pacuery cuerem ¢ acgepu-
(CCHHMIL HOBCPNTTOCTAMIT — CHCTCMBI,  COflepRalilme Tuia-
HOWINLIC  3CPRATA, TCHCCKOM I3 TPex 3epRall, CircTeMa
Mepeeuna, a tawne rowpocsr npamererus IBM, sroiune-
gemir YKRX — cogepskares B wmmraxy I T Cmrocapesa
(3], [60]. Pacuer cmeren ms CIICRTPANLHBIX TPUOOPOB
Acranibiio onucant B yo”orpadun I, B. ITeifcaxcona [66].
Csesermist o pacuere  gororpaduuecriy CIICTEM, B TOM
vieie encrest uas acrpodororpadun, unraTenn MoeT
vadivi uorpygax Il C. Boxocosa [53], [14). Becbma 1104-
IhLL 0030D DPUMENSTeMiIY B 4CTPOONTHKE CHCTEM HMeeTCs
v Mororpadumr I H., Muxenncoma [7). Kaurn nepegmc-
CILIBIN RBTODOB I allONEAT 11poGed, o0yCcaoBIenmii Ma-
SRAL 00 BCMONM UDEUIRACMOIT YITATeq0 LI,
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BTOPIMYIIOTO 3epkast, mig Rotopery YROBICTBOPSICTCS yCT0-
BIC TIOLHOTO OTPaIKeHNA 1 1OTePH cReta Tia OYKPaFHpoRa-
HUC; 3AMETHM, 9TO TOMKH HA THABHOM I BTOPHYIIOM 3ep-
LaTax, cooTBercIByIOIC 3AIAHHOMY 3Ha9enumio v, 1pu-
HAJAERAT OANOMY JTy9y, UTO JI03BOMsIET JCTRO TOCTPOIITH
X0 Ay"a ma "epresre.

Honydenras ciereya CTPOro mcupasaena za cdeprge-
CRy0 aleppanuio ma oCl, HO 0DJAAeT TIOIeBBIMI abeppa-
HISIMIT, ROTOPBIE MOMHO HAiiTII 0GB METOJIOM — pac-
CUITBIBAA Noa my4veil au6o mo MpudIIKe HHBIM dopmymanm,
OTNCAINEIN BBITe. OTMOTHM, YTO ananorrano MOJKIIO ITaii-
TIL 1 3aORATb Iy IO PCUTTCHOBCRYIO CIICTeMY, BOCIOID30RAB-
LIUCEL TOYHBIMIL BBIPasReInaMIT s BePRAJ, TTONYUeTHIM i
B 1. 5. Pemrrenoncrasn CHCTCMA, lipeirasuavennas s
PEJINETA,  PACHONORCUNON0  Wa  LomewmoM pacctosmu,
TaniRe MoRer OLITH paccumrama 1o CTPOTIM  (hopMYTant
ri. 6. BupogeM, ot cmeremy HPEICTARIAIOT HIlepee
TOILRO JUIA CTIeNHATBLIBIY Upubopos, Tarmx, naw peHrre-
TOBCRIE MURPOCKOITBI, CiCTCMBI MTs H3y4eNnsa TepMosiep-
HBIX PCAORUUI, BBISLIBACMEIX Ja3ePHBIM JIy90M H T. I

SARTIOURITITE

Orpanmuenmeiii o06mexr KHUTH He IO03BOJAHI HAM OTH-
€ath MIOTHEe WITEePeCHBIe NIA dINTATeNls CHCTeMbI, — Ha-
!DUMED, CICTCMY 113 Tpex 3eprai, acrpodororpadmaeckmit
obmertus Tlixra, sepranbmbril ROMIIEHCATOP KOMBI H ac-
PHTALATISMA LIS 1aPabolHIeckoro 3eprana, 3epRATBHO-
JHLIBOBDBIC CUCTEMBI, COCTOANTHE U3 HOXBILOTO BOIrHYTOTO
SUpRalia I CIICTeMBI 3ePKad I MaJOT0 JITHZO0BOTO KOM-
nciicaropa. Brpoyeas, aerogsr pacuera srmx cmerem To-
CTaTOMIO TIOMIHO W3AQKETIRI B RHNTe B. H. Yypnaoscroro
[15), pasuo rwan n Teopus abeppanuii Tperbero TopAAKa.
Mnoio nennoro MaTepuana mo pacuery cuerem ¢ acgepu-
(CCHHMIL HOBCPNTTOCTAMIT — CHCTCMBI,  COflepRalilme Tuia-
HOWINLIC  3CPRATA, TCHCCKOM I3 TPex 3epRall, CircTeMa
Mepeeuna, a tawne rowpocsr npamererus IBM, sroiune-
gemir YKRX — cogepskares B wmmraxy I T Cmrocapesa
(3], [60]. Pacuer cmeren ms CIICRTPANLHBIX TPUOOPOB
AcTanibiio onucant B yo”orpadun I, B. TTeifcaxcona [66].
Csesermist o pacuere  gororpaduuecriy CIICTEM, B TOM
vieie encrest uas acrpodororpadun, unraTenn MoeT
vadivi uorpygax Il C. Boxocosa [53], [14). Becbma 1104-
IhLL 0030D DPUMENSTeMiIY B 4CTPOONTHKE CHCTEM HMeeTCs
v Mororpadpunr I H, Muxenncoma [7). Kaurn nepegmc-
CILIBIN RBTODOB I allONEAT 11poGed, o0yCcaoBIenmii Ma-
SRAL 00 BCMONM UDEUIRACMOIT YITATeq0 LI,
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