Ot aBTOpa

Cratpa «OnpeneneHre B KOHOCKOIIE yIJIa ONTHYECKUX OCEd M OPUEHTHUPOBKH ONTHYECKOH
WHIUKATPUCHl KPUCTAJUIOB B KOCBIX CEUEHUSX» I[EPBOHAYAIBHO ObLIa TOATOTOBJICHA IS
nyonukauu B «3anuckax PMO» u oTnpasieHa B pefakiuio xxypHana B utoie 2009 r. B deBpane
2010 r. pegakuus cooOIIMIa MHE, YTO PEIKOJUIETHs KypHaJla COIJIACHIIach C OT3BIBOM PELIEH3EHTa
Y TIPUHSJIA pEelIeHHe OT MyOJUKallUU CTaThU BO3AEPIKATHCA.

B oT3pIBE (CM. HMKE) PELEH3EHT YKa3bIBAET, YTO OH «HE CMOI OLEHUTb KOPPEKTHOCTH BCEX
MIPUBOJIMMBIX B CTaThe (POPMYI U TEOPETHUECKHUX BBIKJIAIOK» U JeNIaeT IBa 3aMEyaHUs:

1) ucmnonp30BaHHME CIyYalHBIX PAa3pe30B ISl MOCTPOCHHUS AMarpaMM IOHUXKAET TOYHOCTh
OTIpe/ieNICHUs! yIiia ONTHYECKUX OCeH;

2) marepuan CTaTbu HU3JI0)KEH B HETOPOIUIMBOM, PACTOUYMUTEIBHOM Ul KypHaJa CTUJIE, HE
CBOWCTBEHHOM JIJI MIEPUOJIUUECKOM TTEYaTH.

OT1356IB
Ha crathio B.I1. Komnaneitniera «Onpenenesue B KOHOCKOIIE YIJla ONITUYECKHX OCEH H
OpPHEHTHPOBKH OITHYECKOH HHIUKATPUCH KPHUCTAIIOB B KOCHIX CEUCHMAX),
mpeacTaBieHHOM B «3anucku PMO»

CraThs MOCBSILIEHA ONPEIEIEHHIO BAXXHOH KpPUCTAIIIOONTUYECKOR XapaKTEPUCTUKU
JIBYOCHBIX KPHUCTAJIIOB — YTJIa ONTHYECKUX Ocet 2V 1 ONpeaesIeHUI0 OPUEHTUPOBKH
uHauKaTpuckL. M3BecTHO, 9To yron 2V Xxopomro onieHHUBaeTCs B paspese, NepIEHAUKYIIPHOM
OCTpoii GHcceKTpHCe, U pa3pese, NePICHIMEYIIPHOM K OTHOMH U3 onTHYeckux ocel. CrydalHbIH
npenapaT Wik nutid MUHepaia He Bcerjga JaeT BO3MOXKHOCTh HAWTH OJUH U3 YIOMSHYTHIX
yIOa4HEIX JUIS onpezeseHus yria 2V pa3pe3oB. OnHako Hcnoab3oBanue PeJopoBCKOro CTOMHKA
HIIH METOJIa BpaIaromeiics UIJIH JelaeT ycleX TaKoro NoucKa GaKkTHIeCKy rapaHTHPOBaHHEIM.
Kpome toro, yron ontuaeckux oceit MoXkeT OBITh BEIYMCIIEH, €CIIH U3BECTHEL TPH INIABHBIX
3HAYEeHMS TTOKA3aTeNs MPEeIOMIICHHS MUHepaJa.

B.I1. KomMnaneiines pa3pabaThBacT TEOPHIO pellleHUs 3ToH (onpenenenue yrina 2V) u
JPYTHX 3aj1a4 KOHOCKOIIMH He 0 YaCTHEIM, a II0 Ooliee-MeHee CIIydaifHbIM pa3pe3aM (CM.
ccpukH 1992, 2006, 2009 roxos). [locne cratbu, omybnukoBanHO# B «3anmuckax PMO» B 5TOM,
2009 roay, MOCBAIIEHHOMN ONpeaeIeHHIO yria 2V B KOCHIX CUMMETPHUYHBIX pa3pe3ax M 3aHsABIIEH
MATHAANATH XYPHAIBHBIX CTPAHUIL, aBTODP IpesaraeT B cIeAyIOeH, peleH3upyEMOH, CTaThe
eie GOJIBIIETO pa3Mepa pa3BUTHE TEMBI Ha CIIyJaitHbIE CEYECHH.

JIoimKeH CO3HAThCA, YTO S HE CMOT OileHHTh KOPPEKTHOCTD BCEX NPUBOAUMEBIX B CTATHE
($opMyIl U TEOPETHYECKUX BEIKIANO0K; IO-BHIUMOMY, JUIS 3TOro noTpebyercs Apyroi
petiensedT. Ho 9TO He BHI3EIBACT COMHEHHUH, 3TO TO, YTO HCIIONIL30BAHHUE CIIyYalHBIX pa3pe3oB
[IOHU3UT TOYHOCTH ONpeAesIeHUS yIila ONnTHYecKuX oceit. KpoMe Toro, Matepual npejiaraeMou
CTaThU M3JIaraeTcs B HETOPOILUIUBOM, PAaCTOYMTENEHOM [UIS JXXypHaJIa, CTHIIE, HE CBOMCTBEHHOM
MePHOIMYECKOH ITeYaTH.

ITo BceMy BHAHO, YTO aBTOPOM HAKOIUICH 3HAUUTENbHBIH MaTepHall 110 TEOPHU
KoHockonuu. HaBepHoe, 3TOT MaTepHa Jo/oKeH ObTh onybiaukoBad. OJHAaKO, B COOTBETCTBHM C
MaHEepO# M3JI0KEHHS, Ty MyOIUKAIMIO CIIeyeT OCYLIECTBUTE CKOPee B BHJIE OPOIIIOPHI HIIH
gepe3 BUHUTU. ‘

[Io mepBOMYy MHYHKTY S COTJIACEH C PELIEH3EHTOM, 4YTO ompeneiaeHue 2V myrem JuMHEHHOMN
MHTEPIOJSIIMA MEXIY IBYMsl CEYCHHMSIMM CHW)KACT TOYHOCTH M3MepeHHid. OIHako He Mory
COIVIACUTBCA C TEM, YTO OTU ceueHus ciydaiiHple. OHM IPOBEIEHBI YEPE3 OIpPENEICHHbIE
MHTEpBAJIbl (|, MOJOOpPAHHBIE TaK, YTOObI OIIMOKA MHTEPHOJSLMU HAXOAWJIACh B JOMYCTHMBIX
pezenax.

Bropoe 3amedaHue pelieH3€HTa CIEAyeT NPU3HATH CIPABEIIMBBIM. JICHCTBUTEIBHO, CTaThs
BBITJISITUT HECKOJIBKO «TSDKEIIOBECHOM», PacTAHYTOH, MOXKHO CKa3aTb, U3JIMIIHE OOCTOSTEIbHOI.



CBs3aHO 3TO € T€M, YTO Ul HOBOTO METO/1a TPeOOBAIUCH JOCTATOUYHO MOAPOOHOE TEOPETHUECKOE
000CHOBaHHE U OIMHMCAHUE MOCIEI0BATEILHOCTH ONEepaluii IpU MPAKTUYECKOM OIpeAeNICHUH yria
ONTUYECKUX OCEH.

C npeasniokeHrneM pelieH3eHTa OMyOIMKOBaTh CTaThi0 B BUJIE OPOIIIOPHI 51 MOT OBl COTJIACUThHCH,
ecny Obl B HBIHEIIHUX PHIHOYHBIX YCIOBHAX YNAJIOCh Obl HaWTH M3JATeNs, TOTOBOIO OTIeYaTaTh
3aBeIoMO YOBITOYHOE MaloTupakHOe u3nanue. Eciau Ol Takoil u3gatens Halencs, TO MOsBUIACH
ObI BO3MOXHOCTb YBEIMYUTH O0OBEM CTaThU 3a CUET BKJIIOUEHUS B HEE JOMOJIHUTEIBHBIX TUArpaMM
B koiudectBe 10 100 (3TO0 yx)e amp0oM), 4TO TMO3BONMIO OBl COKpAaTHUTh 3aTpaThl BPEMEHU Ha
onpezaeneHus 2V 1 NOBBICUTh TOYHOCTh U3MEPEHUH.

UYUTO HOBOrO MOKET HANTH YNTATEIb B ITOU CTaThe?

OCHOBHOE JOCTOMHCTBO CTaTbH — BO3MOKHOCTb OIIPEJENICHU yria 2} 1o MEeToly «3aceueKk» Ha
auarpamMmax, 0e3 HUCHOJb30BaHUs KoMmibiorepa. OIHAaKO HAAO MpPHU3HATh, YTO C IOMOIIBIO
KOMIIbIOTEpa ompeneneHue 2V mpousBoautcs ObicTpee U TouHee. [loaTomMy craThs paccunTaHa Ha
CHEIHAIMCTOB CTAPILEro MOKOJIEHUS, MHOTHE U3 KOTOPBIX HE OCBOMJIM pabOTy Ha KOMIIBIOTEPE.

JUig ocTanbHBIX YMTATEIEH MOXKET IMPEACTAaBUTh MHTEPEC TEOpETHYECKas 4acTb CTaTbH, B
KOTOpOI JOCTaTOYHO MOJAPOOHO OMHMCAHBI TEOPETUUYECKHE OCHOBBI METO/A «3aceueKk» HJIsi KOCHIX
CEYCHUI KPUCTAIIOB.

Craths pa3mMeleHa Ha caiiTe B TOM JK€ BHJE, B KAKOM OHa Oblla MpejicTaBlieHa B PEJaKLUIO
KypHana «3anucku PMOy, 6e3 nonpaBok, 100aBIeHUI U U3BATHH.
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OIIPEJEJIEHAE B KOHOCKOIIE YIJIA ONTUYECKHX OCEH 1 OPUEHTHUPOBKH
OIITUYECKOU UTHAUKATPUCHI KPUCTAJIJIOB B KOCBIX CEYUEHHUAX

B mpenpiayiei cratbe aBTOPOM MPEIIOKEHA MaTEMaTUYECKass MOJENb U30TMpPbI, HA OCHOBE
KOTOpO# pa3paboTaH HOBBIM METOJ OIpPENeTCHHS yriia ONTHYECKUX OCeH, Ha3BaHHBIN METOJOM
«3acedexy» (Kommnanetines, 2009). OH mpuMeHUM sl KOCBIX CHMMETPUYHBIX Pa3pe30B KPUCTAILIOB,
MEePHEHIUKYISIPHBIX OJTHOM U3 TPeX MIOCKOCTEN CUMMETPHUH ONTUYECKONW MHIUKATPUCHI.

B Hacrosimielt ctaThe gaercs onucanue 0ojiee COBEPUICHHOTO METO/1a «3aCe€UYeK», OCHOBAHHOTO
Ha TOM K€ MATeMaTUYECKOW MOJENH HM30TUPBI, MPEIHA3HAYECHHOTO /JIsi OMPEICIICHUs B JTFOOBIX
KOCBIX CEUEHHUSX (CUMMETPUYHBIX U aCUMMETPUYHBIX) HE TOJBKO YIJla ONTHYECKHX OCed, HO U
3JIEMEHTOB OPUEHTUPOBKU ONTUYECKON MHANKATPUCHI.

TeopeaneCKne OCHOBBI M€TO/1a ONIpEeaACJICHUA YIJIA ONITUYCCKHUX oceH B
KOCBIX CCUCHUAX

Teopuss mMeTrona «3acedyek» H3JIOKEHA B MpEAbIAylIEed cTatbe aBTopa. [losTomMy Hmke ee
OMHCaHUE JaHO B COKPAILIEHHOM BHUJIE.

I'HoMoHNYeckoe ypaBHeHHe W30ruUpbIl. [lepBoe ypaBHEHHE M30THUPHI MPEAJIOKUI B KOHIIE
XIX Beka A. Mumens-JleBu (Michel-Levi, 1888). MaremaTudeck OHO COOTBETCTBOBAJIO
runepbone. Ilozxe ®.Paiit (Wright, 1907) ormernn ommOKH, MOMYIIEHHBIE TPH BBIBOAC ITOTO
ypaBHEHUs, 3aKJIIOYABIIMECS B HEMPABWIBHOW TpakTOBKEe 3akoHa DpeHens mnpu omnpenencHUU
HaIpaBJIEHUH CBETOBBIX KOJICOAHWUW Ha IUIOCKOCTH. B nanbHeimem, Ha TMPOTSHKEHHH Bcero XX
CTOJIETUS BCE TMOCTPOCHUS M30TUPBI JUISI Pa3HBIX CEUYECHHSIX KPUCTAJIOB MPOU3BOAMINCH
rpaduyecKkuM CrocodoM, B OCHOBHOM, C HMCIOJIb30BAaHUEM CKHOJPOM, MpeuiokeHHbIX P. bekke
(Becke, 1905). Teopust ckuoapom Oblia MoABEpruyTa Kputuueckomy ananuszy Y. Kam6om (Kamb,
1958), xoTophIii 00paTWyi BHUMaHHME Ha HEOJHO3HAYHOCTh PE3YJIbTATOB €€ MPUMEHEHUS: IPH
WCIIONBb30BAHUM «IIUPOTHOW» U «MEPUJIMOHATBHOMY» CHUCTEM CKHOAPOM ISl OJHOTO U TOTO XKeE
CeueHUs KpUCTaJljia MOIy4aroTcs IB€ pa3Hble, HE COBIAJAIONINE MEXAY COO0M U30TUPBI.

OtcyrcTBUE OOOCHOBAaHHOW TEOPUU WM3OTHUPHI TPUBEIO K MECCUMHUCTHUYECKON OIleHKe
BO3MOXXHOCTEl KOHOCKOIMYECKOTO METO/ia MPHU HCCIEIOBAaHUU KPUCTAIJIOB B KOCHIX CEUEHUSX,
KOTOpble OO BOOOMmIE HE OOCYXKJalach W3-3a CIOXHOCTH 3aJadyd, JUOO TMOABEPTaIUCH
comHeHuto. OO0 5TOM CBHUACTEIBCTBYET MHEHHE aBTOPUTETHOTO COBETCKoro merporpada H.A.
EmuceeBa (1956), cuutaBuiero, 4ro Ciy4aiHble, HEOPUEHTHPOBAHHBIE CEUYEHHUS JBYOCHOI'O
MUHEpajla HE HMEIOT MPAKTUYECKOM IIEHHOCTH, TaK Kak B HHUX HEBO3MOXXHO OMNPEIEIUThH
MOJIO’KEHNE UHUKATPHUCHI.

JanpHelmui mporpecc B COBEPIICHCTBOBAHMU KOHOCKOIMYECKOTO METO/A CTal BO3MOKHBIM
MOCJIe BHIBOJIAa THOMOHHYECKOTO YPAaBHEHUS M30THPHI, OCHOBAHHOTO HAa HOBOM IPEJICTaBICHUH 00
U30THpPE KaK 2eoMempudeckom mecme moueKk 68 3a0Hell (DOKANbHOU NA0CKOCmU 00bekmusda
NOAAPUBAYUOHHO2O MUKPOCKONA, 6 KOMOPBIX OUCCEKMPUCHL Y208 MeHcOY HANpAIeHUsMU
C6emoBbIX KONeOaHUll 6 HUKONAX U NPOeKYUAMU HANPAGNeHUll C8emoeblx KoNeOaHuul 8
Kpucmannudecxkou niacmuinke cosenadaom (Kommaneiinies, 1992, 2006). YpaBHEeHHE ONMUCHIBACT
3aBHCHUMOCTh KOOPAMHAT TOYEK M30THPHI Ha MIOCKOCTH THOMOHUYECKOM MPOEKIUN OT KOOPAHHAT
ONTUYECKUX OCEM:

bx’ +ay’ —ax’y —bxy* —ex* —cy* + 2 (d - 2) xy + 2bx + 2ay — 2¢ =0, (1)

r7ie X, ¥ — ONPSIMOYTOJIbHbIE THOMOHHYECKUE KOOPAMHATHI TOUEK U30TUPHI;

a = a+ a; — cyMMa THOMOHHMYECKHMX a0CIIUCC ONTHYECKUX ocel 4 U Ay;

b = b;+ by — cyMMa THOMOHUYECKUX OpJIUHAT ONTHYECKUX Oocel A U Ay;



¢ = aiby + a;by — cymMMa cMelIaHHBIX (MIEPEKPECTHBIX) MPOU3BEACHUN THOMOHUYECKUX
KOOPJMHAT ONTUYECKUX OCEH;

d = aya; + b1b, — cymma npon3BeIeHUII THOMOHUYECKUX a0CIIUCC ¥ OPIMHAT ONITUYECKUX
OCEH.

Crnenyer uMeTh B BUAY, YTO YpaBHEHHE OTOOpa)kaeT M30THPY KaK JIMHUIO TPETHEro MOpsaKa.
OTO Tak Ha3blBaeMas «HYJEBas» H30THpa, BCE TOUYKU KOTOPOH TEOPETHUECKH HMEIOT HYJIEBYIO
WHTEHCUBHOCTD CBeTa. B IEMCTBUTEIHLHOCTH K€ YEIIOBEUECKHA TJ1a3 BOCIIPHHUMAET U30THPY B BHJIE
HEKOTOPOH IIIOCKOH T€OMETPUIECKOMN (PUTYPBI, BHYTPH KOTOPOH IIPOXOIUT «HYJIEBAs» W30THPa.

CooTHomieHne cQepuuyecKkux MW THOMOHMYECKHMX KOOpAMHAT TMoka3zaHo Ha puc. 1. Ocu
MPSIMOYTOJIBHBIX KOOpAMHAT X M Y COBManaloT ¢ HUTAMHU OKYJISPHOTO KpecTa, OPUEHTHPOBKA
KOTOPBIX COOTBETCTBYET HAIPABIICHUSM CBETOBBIX KoyieOaHMI B HHKOIAX. [lomroc cdepruyeckux
KOOpJMHAT COBMEIIEH ¢ HeHTpoM O IpSIMOYTOJIbHBIX KOOpAMHAT. 32 HYJEBOM MEepUAMAH MPHUHSITA
MOJIOKHUTETbHAS TI0yoch X. OpueHTaIus KaKUX-TM00 HalpaBJICHUH, HAIIPUMEpP, ONTHYECKUX OCEH
A u Ay, onpenensercs Ux chepuuecKuMU KOOPAMHATAMU: MOJSIPHBIMU YIJIAMU P, P2 U IOJITOTaMU
Al M Ay, OTCUMTAHHBIMH OT HYJEBOTO MepUAMaHa. PaccTosHHME OT IEHTpa KOOPAMHAT J0 KaKOH-
mu00 TOYKM HAa THOMOHHMYECKOW MPOEKIMH, HAMpUMeEp, J0 BBIXOJAa ONTHYECKON OocH A|, paBHO
TaHTeHcy noisipHoro yrna: OA; = tgp;. [lepecuer cdepudecknx KOOpPAWHAT B THOMOHUYECKHE
MPSIMOYTOJIbHBIC KOOPAMHATHI X M ) TIPOU3BOJUTCS 1O hopMmysaM: x =tg p cos A; y =tg p sin A.

3Has KOOPJMHATHI
A ¥ ONTUYECKUX ocei, MOXHO
| rpadguyeckn WIH  PacyETHBIM
B yTEM OIIPEACIIUTD
V OpPUEHTUPOBKY ONTUYECKOI
P WHIUKATPHUCHI: chepruueckue
p: A, 27 KOOPJUHATHI MJIOCKOCTH
Pg P 20 onrnyeckux oceit (II00) — pp, A
b, F u  OuccekTpucel B yria
P ONITHYECKUX OCEH — pp, Ap.
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Puc. 1. 'HomoHnYeckue U cheprueckrue KOOPAMHATHI ONTUYECKUX OCei A U A, TUIOCKOCTH
ontudeckux ocert (ITOO) u GuccekTpuchl B yriia ONTHYECKUX Oocel (THOMOHWYECKAs! IIPOESKITHS ).

IMosicHeHMs1 K HMCHOJIb3yeMbIM TepMuHaM. s Oojee YeTKOro ompenesieHHus IMpeaMera
UCCIICIOBAaHUM HIKE TPUBEACHA MPOCTas U JIeTKas B HMCIIOJIb30BAaHUM KIACCHU(PHUKAIMS CEYCHUN
KPHCTAJUIOB, OCHOBAaHHAas Ha OPHEHTALMM ONTHYECKUX OCEH OTHOCHTEIBHO IO 3PEHHS
KOHOCKOTIA:

1) opuenmuposannvle ceuenus — 00€ ONTHIESCKUE OCH HAXOISTCS B MOJIE 3PEHUSI KOHOCKOTIA,;

2) cnabo kocvie ceuenuss — B NOJIE 3pEHUS IIPUCYTCTBYET OJIHA ONITUYECKAs! OCb;

3) Kocvle ceyenus — ONTUUECKUE OCH HAXOIATCS BHE MOJIS 3pCHHS.

Merton «3aceuek» pa3padoTaH Ui ¢1a00 KOCBIX U KOCBIX CEUCHH.

Venoeoii paouyc nons spenusi konockona (py) — NOISIPHBII YOI Kpast OIS 3peHNsT KOHOCKOIIA,
3aBUCSIIMHA OT KOHOCKOIMYECKOTO yriia o OOBEKTHBA M ITOKa3aTelss IpesioMieHus kpucramia. OH
paccumThIBaeTcs 1o popmysie

) sina /2
sin pg= ——
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Il 7 — CPeAHUI MoKa3aTelb PEeIOMIICHHs KPUCTAIIA, paBHBIH (g + nm + np) / 3.
Paouyc nons 3penus konockona R na eHomoHuveckoll npoekyuy — TAHEHHAs BETMYNHA, paBHAS
TaHI'€HCY YIVIOBOT'O pajuyca 1o 3peHus (puc. 3):
R =tgps. A3)
Bnusxcnsas onmuueckas ocy - onTUYECKast 0Ch A, C MEHBLIMM MOJISIPHBIM YIJIOM, YeM Yy APYron
danvretl onmuyeckoli ocu A, (puc.l1, 2).

HcxoaHble mo3MuMu oNTUYECKHX oceil. /|1t pacuéra yrioB moBopoTa CTOIMKA HEOOXOUMBI
HCXOJHBIE TIO3ULIMH — CBOETO POJA pENepbl, OT KOTOPBIX MPOU3BOASITCS OTCUETHI.

Cmanoapmnasa nosuyusi ONTHUYECKUX OCE — OAHO M3 YEThIpeX IMOJIOKEHUH MoracaHus
KpHUcTasia (B mapajieIbHOM CBETE), TPHU KOTOPOM ONMKHSAS OoNTHYecKast OCh 4| HaXoIuTcst B 1-M
kBaapante. (Hymepamus kBaapaHToB mokazaHa Ha puc. 3). [Ipu 3ToM BO3MOXHBI JIBa BapHaHTa
HaxO0KJICHUs JalIbHeW ONTUYeCKOW ocH Ap: Bbllie ocu X (puc. 2, a) — cmanoapmuas nozuyus A
(CITA) unmun Hwxke (puc. 2, 6) — cmanoapmuas nosuyus b (CIIB). U3orupa B cranmapTHOM
MO3ULMH, TTepecekas HeHTp O, MpoxoauT u3 1-ro B 3-i KBagpaHT.
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Puc. 2. I1o3uuu onTUYeCKuX OCeM.

3epranvro-cmanoapmuas no3uyus MPeICTaBIIeT co00il 3epKanbHOE OTPaKCHUE CTaHAAPTHOU
MO3UIIMM OTHOCUTEIbHO BEPTUKAJIBHOM HUTH OKYJISPHOro Kpecra. B 3Toil mo3unmm OnvkHAs
OINITUYECKAs OCh 4| HAXOAUTCS BO 2-M KBaJpaHTE, a U30THpa, nepecekas ueHTp O, IpoXoauT u3 2-



ro B 4-ii kBaapaHT. I[lo pacnosokeHHIo nanbHEM ONTHYECKONM OCH BBIAEIEHBI 3€pKaJbHO-
crangaptras nmo3urus A (3CIIA, puc. 2, ) u b (3CIIb, puc. 2, 2).

Memxu - TOYKM B TIOJI€ 3pEHMsI KOHOCKOIA C M3BECTHBIMM KOOpIuMHaTamu. B kadecTse
METOK HCIOJIB3YIOTCS OKYJsIpHOE Tmepekpectue (Mj), TOUYKM MEepecedeHUs: HUTEW OKYJISIPHOIro
KpecTa ¢ kpaeM nouis 3penus (My, My, M. n M.y) u TOUKH Ha TpaHulle 1oJs 3penus (M, M, Ms,
My), paBHOyHaJICHHBIE OT HUTEH KpecTa (puc. 3). B mocmeqHux 4eThipex METKax HUKHUE WHIEKCHI
YKa3bIBalOT HA HOMEP KBaJpaHTa, B KOTOPHIX OHHM HaxoJsaTcs. UToObl 0003HAYHUTH UX, HYKHO
cllerKa NMPUNOJHATH OOBEKTHB, MOBEPHYTH €ro Ha 45° W OMyCTUTh, TaK YTOOBI BUHT-(UKCATOP
OKa3aJicsl B CHELUAIBHO NPEJHA3HAYECHHOM JUIS
9TOM LM THE3/IE B KopIiyce TyOyca.

VYTBl TOBOPOTA CTOJIMKA, OTCYUTAHHBIE OT
CTaHJAPTHOW TO3HIMHU, HEOOXOAUMBIE IS
COBMEIIEHUS U30TUPBI C METKOM, 0003HAYAIOTCS
OyKBO ( C COOTBETCTBYIOIIUM HWKHUM

WHJEKCOM, HampuMep, O3 I METKU M3, ©
UId MeTKU M .

Cdepuueckue " THOMOHUYECKHE
KoOpauHatel MeTok My, M; My mn My
npuBeeHbI B TabauIe 1.

Puc. 3. Metku. [{udpsl B kKpy’kkax — HOMepa KBaJpaHTOB.

Tabmuma 1
MeTkH M UX XapaKTePUCTUKHU

Mer- | KoopauHatsl METOK Yron
KU chepu- THOMOHUYECKHUE noBo- | OOpaTHOE ypaBHEHHE U30THUPBI U €T0 HOMEP

yecKue pora

p A X y CTOJIN-

Ka

M, 0 0 0 0 0° c=0 4)
M, px | 45° | \N2R2 |\N2R2 | \2Ra '+ \2Rb’- (R*+2)c +R*d’-2R*=0  (5)
My pe | 0° R 0 Wy Rb"—c" =0 (6)
M pe | 180° | -R 0 ®_x Rb"+ ¢ =0 (7)

Oo0paTHble ypaBHeHHs U30THPbI U UX pemieHue. Ecou B ypaBHeHue uzorupsl (1) BMecTo x u
Yy NOoACTaBUTb U3BCCTHBIC KOOPAMHATBI TOYKU H30THPLI (HaHpI/IMep, MCTKH, II0CJIC COBMCIICHHUA
M30TUPBI C HEH), To OymeT MmoiaydeHo oOpaTHOE ypaBHEHHE H30THPHI, B KOTOPOM B KadeCTBE
HEM3BECTHBIX BBICTYINAIOT MapaMeTpbl YpaBHEHUsS a, b, ¢ u d. PaccuntaB uX 3HAYEHHS, MOKHO
ONPEAEIUTh KOOPJAUHATHI ONTHUYECKUX OCEH, yros 2V M 3J1€MEHTbl OPUEHTUPOBKU ONTHYECKON
WHMKATPUCHI.

OOpatHbie ypaBHeHUs it MeTok M, M, My u M_, npuBeneHs! B Tadmuie 1.

Hosrle mapamerpsl ypaBHeHHs U30TUPHL @, b’, ¢ M d’ mocie moBopoTa CTOJIMKA HA Yrol o,
BBIp@)KEHHBIE uepe3 mapamMeTpsl a, b, cud B CTaHIAPTHOM MO3MILIMHU, PABHBIL:
a=acosow+tbsinw;, b’=bcos®—asinw, ¢c'=(biby —ajay) sin2mw; d'=d. (8)



[Ipu BBIBOJE JTHUX BBIPAKCHHI HCIIONH30BAINCH M3BECTHHIE M3 AHATUTUYECKOW TeOMETPUU
(bopMyIbl U3MEHEHHSI KOOPIWHAT TOYEK IIPU MOBOPOTE OCEH KOOPIUHAT.

[Tocne 3amensl aja; = e, bib, = f u monCTaHOBKY B ypaBHeHHE (5) 3HaueHuit a’, b’, ¢’ n d’,
B3ATHIX U3 Gpopmy (8), 0OpaTHOE ypaBHEHHUE 1T METKU M| UMEET CIeNYIOMINNA BHI:

k1a+k2b+k3e+k4f+k5=0, (9)

B KOTOPOM k| = 2 R (cos @ —sin ), ko= 2 R (sin @] + cos ),

ks =R*+ (R* +2) sin2wy, ks = R* — (R* + 2) sin20,, ks = —2R*.

AHaNOTUYHbIE 3aMEHA U MTOACTAaHOBKU MPUBOIAT YpaBHEeHH (6) 1 (7) K ClenyromeMy BUIy:

sin @y Ra — cos ox Rb + sin2wy e — sin2wy f = 0, (10)

sin ®x Ra — cos ®x Rb - sin2mw e + sin2 o f = 0. (11)

VYpaBHenue (4), NpenCTaBICHHOE EAUHCTBEHHBIM IIapaMETPOM, IIOKA3bIBA€T B3aWMOCBS3b
KOOpJIMHAT ONTHYECKUX OCEN B CTAaHAAPTHOMN MO3ZUIIUU:

c=a1b2+a2b1=0. (12)

BBoaum B 3TO ypaBHEHHE HEM3BECTHBIC TIEpEMEHHBIC (TTapaMeTphl) a, b, e u f. YUuThIBas, 4TO a
= a) + ay , HaX0oUM @, = a — a;. lloAcTaBnsAs 3HAUCHUE a, B e = djdp, TOIYy4UM KBaJpaTHOE
ypaBHEHUE

alz—aal +e=0,

KOPHHU KOTOPOTO PaBHBI:

(13)
(14)
[ToacranoBKoO# 3HaUeHUH a1, a2, by 1 by B (12) momydeHo cienyromiee ypaBHeHUE 3-i CTETICHHU:
af+ ble-4ef =0, (15)

coJiepKaliee Te K€ HEU3BECTHBIC a, b, e U f, UTO M OCTaJbHbIE OOpaTHbIC YpaBHEHUS.

N3 ypasnenuit (9), (10), (11) u (15) cocraBnena cucrema, cocrosiias U3 Tpeéx ypaBHeHUU 1-oit
CTEIIEHM W OJHOrO0 YypaBHEHUs 3-Ml CTENeHW, pelraeMas Ha KOMIIBIOTEpE IO CHEUaIbHOU
nporpamme. [lonydeHHbIe 3Ha4YeHHS a, b, e W f UCMONB3YIOTCA AN pacuéTa THOMOHUYECKUX
KOOPJMHAT ONTHYECKUX OCeH a1, by, ay, by o dopmynam (13) u (14).

['HOMOHMYECKHE KOOPIUHATHI TIEPECYUTHIBAIOTCS B C(hepHUECKHE IO CAEAYIOMUM (hopMyiam:

TIOJISIPHBIE YIJIBI ONITHYECKUX OCel  tg py = ~Ja; + b , tgpa= a5 +b] ;
JOJITOTA ONTUYECKUX ocel  tg A = by/a;, A, =180°-A; (CIIA) wm A, = -A; (CIIB).
VYToi onTHYeCcKUX oceil onpenensercs o Gopmyie chepuaecKoil TPUrOHOMETPHUHU KaK CTOPOHA

A4, chepuueckoro TpeyronbHuKa A1OA, ¢ IByMs U3BECTHBIMU CTOPOHAMU U YTIIOM MEXy HUMHU
(puc. 1): cos2V = cos p; cos py + sin p; sin pp cos (A — Ay).

JAuarpamMmel Ui ompeae/ieHUsl yIjla ONTHYeCKUX oceil. Ha ocHOBe NpHUBENEHHBIX BBIIIE
ypaBHEHHH 1 GOPMYJI COCTABICHBI KOMIIBIOTEPHBIE IPOTPAMMBI, 110 KOTOPBIM PACCUUTaHBbI JJAHHbIE

st moctpoenus 10 muarpamm 2 V—wy—o-x (puc. 4) ¢ OAHUM U TEM K€ YIIOBBIM PAJIUYCOM IO

3peHus, paBHOM Py = 30°. C ux MOMOIIBI BO3MOKHO MO U3MEPEHHBIM yIilaM Ox U O-x OMPEIEIATh
2V pna 10 3mauenudt o;: -40°, -30°, -20°, -10°, 0°, 5°, 10°, 20°, 25° 30° u 40° Ilpu
MPOMEXYTOUHBIX 3HAUEHUSAX (0 YroJl ONTHYECKHMX OCeH paccuMThIBaeTcs C IOMOIIBIO
MHTEPHOJISILIMY MEXK]1y COCETHUMHU TMarpaMMamHu.

JnarpaMMbl UMEIOT BU MIPSAMOYTOJIBHOTO TPEYroJIbHUKA C paBHBIMU KarteTamu. M3omuuum 2V
00pa3yrT MYyYOK PACXOAIINXCS U3 BEPXHEro JIEBOTO Yriia AUarpaMM JIMHUNA. BIONb THMOTEHY3BI
pacrojararTcs CUMMETPUYHbIE 1 YMEPEHHO aCUMMETPUYHbBIE CEUeHUs. 37eCh MECTaMH HW30JMHUU
CTYIIECHBI, 00pa3ylOT MENIKHE «aHOMaduuy. VIHTepmonsius B TaKUX y4acTKax MOXKET JaBaTh
MOBBILIECHHBIE TOrPEUIHOCTU. B Takux ciiydasx cieayeT HCIOJIb30BaTh AMArpaMMbl JUJISl KOCBHIX
cummeTpuuHbix ceueHuil (Kommnaneines, 2009).



Toukamu nokazaHa JTUHUS WHBEPCUU MO3ULIUU ONTHYECKUX oced. OHa pa3ienser quarpaMMbl
Ha JB€ YaCTH: BBIIIEC JUHUU DPACIOJArarOTCA TOYKH, XapaKTEpU3YIOIIHE CEYEHUs B IMO3HUIUHU
orntuueckux oceir CIIb, nmxe — CIIA. IMoaxons k Hell, U30JIMHUHA CKAaYKOOOPa3HO MEHSET CBOE
3HAYEHHUE C OCTPOTo yria 2V Ha Tynout yroJi.

JIMHUSAMH CO MITPUXOBKOW TOKa3aHa TPaHUIA MEXTY KOCHIMH U ClIa00 KOCBIMU CEUCHHSIMH,
ompenensieMas IO PaBEHCTBY p; = pPg. LITpuxoBka HampaBieHa B CTOPOHY IIOJISI, TI/€
pacronaraloTcsi TOYKM ciabo KOCBIX CEYEHMH C BHJIMMOW B TOJI€ 3pEHHs OJIMKHEW ONTHYECKOH
0ChI0 (T. €. p1 < Px)-



Puc. 4. duarpammsl 2V-mx-0.x OpHU pa3iInyHbIX yIVIax COBMeEIIeHHs ®. g mpocmotpa
auarpamMm 0, 2, e, 3, K PUCYHOK IOBEpHYTh HW)KHEH cTOpoHOW BBepx. Ha puc. 2 u 0 3anutele
YEPHBIM Y4aCTKH COOTBETCTBYIOT 2V = 0-15°, cBetnas Touka Ha HUX — 2V = 0°.
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IIpakTHYecKkHe peKoMeHIAIUN

IMoaroroBka MuKpockoma. J{ins paboTel C KOHOCKOIOM OOJNBIIOE 3HAYEHHE HMEET
THIaTeNbHAs IOCTHUPOBKAa MUKpockoma. Omyckas oObIUHBIE HMPOBEPKU U PETryIHPOBKHU, ONMUCAHHE
OCTaHOBUMCSI Ha JIBYX
Ipoueaypax, BIAMSIOUIMX HAa TOYHOCTh W3MEPEHMH B KOHOCKOIE: IIEHTPUPOBKE KOHOCKONA H

KOTOpPBIX JaHO B pYKOBOJACTBaX II0 OJKCIUTyaTallMM MHKPOCKOIIOB,

OIMpPEACIICHNHY KOHOCKOIMUYECKOTI' O yIja 00BEKTHBA.

Llenmpuposky konockona cienyeT NPOU3BOAUTH IO OJHOOCHOMY MHHEpandy (Hampumep,
kBapiry). s aToro moabuparoT 3epHO MUHEpasa C YIJIOM HaKJIOHA onTudeckoit ocu 35-50°. Takue

13



CEUYEeHHS OTJIMYAIOTCS MaJIOM CKOPOCTBIO MEPEMEIICHHs] U30THPHI MPU BPALIEHUU CTOJIMKA. YTOI
MOBOPOTA CTOJIMKA, MPU KOTOPOM HM30THpa MPOXOJUT Yepe3 BCe IoJie 3pEHUs, JTOJDKEH ObITh He
menee 60°. i ompezneneHHs: MOMEHTa MaKCHUMaJbHOW TEMHOTBHI HCIOJB3YIOT CHOCOO MOYHOU
VCMAHOBKU HA no2acanue, KOTOPbIA obecrieunBaeT TouHOCTh OT 0,5° mo 1,5° a ¢ mpumeHeHHEM
cnenuanbHbIX npuémoB — ot 0,2° no 0,5° (Tarapckuii, 1965). [{ns 3TOro B mapaiebHOM CBETE U3
MO3UIMH «TEMHOTBI» CJerka BpallaloT CTOJMK CIiepBa B OJIHOM HAalpaBiIeHUH, 3aTeM B
MIPOTHUBOMOIOKHOM U (DUKCHUPYIOT HAYaI0 MPOCBETICHHS 3€pHA, KKIBIA pa3 CHUMAas OTCYET IO
auMOy cronuka. [IoBTOpHMB HECKONBKO pa3, pacCUMTHIBAIOT CpeqHee 3HaueHue orcuera Ny,
YCTaHABIIMBAIOT TI0 HEMY CTOJIMK U B CXOJSIIEMCS CBET€ HAOIIOJAIOT M30TUPY, KOTOpas MOJDKHA
TOYHO COBIAJaTh C HUTHIO OKYJISIPHOTO KpecTa He TOJIbKO B IIEHTpe, HO U 1o Bcel e€ mune. [Ipu
HECOOIIOCHUH ITOTO YCJIOBUS, Bpalasi IEHTPUPOBOYHBIC BUHTHI HA JIMH3E bepTpana, coBMemaT
n30rupy ¢ HUTHIO. [loBepHYB cToMMK Ha 90°, TPOBEPAIOT, COBNAJAET JIM U30THpPa C APYTrOMl HUTHIO
OKYJISIPHOTO KpecTa |, MPH HEOOXOAUMOCTH, TAKUM K€ 00pa30oM MPOU3BOISAT COBMEIIEHUE U30TUPHI
C 3TOI HUTHIO OKYJISIPHOTO KpecTa.

Onpedenenue KOHOCKOnU4ecko2o yena oovekmuga. KOHOCKONUYECKHH Yroyl — OueHb BakKHas
XapaKTepUCTHKA 00BbEKTHBA, BIUAIONIAS HA TOYHOCTh M3Mepenus 2V. Crneayer UMeTh B BH]Y, YTO
yIJI0Bas anepTrypa, 3Ha4eHHe KOTOPOIl BBITPABHPOBAHO Ha OMpaBe OOBEKTHBA, MOKET OTIUYATHCS
OT €€ JeHUCTBUTENLHOro 3Hadenus. Jnsa oOwektuBa 60" oma pasHa 0,85, 4TO COOTBETCTBYET
KOHOcKomnuueckoMy yriy 116°. IIpoBepka moka3bIBaeT, YTO JEHCTBUTEIbHBIA KOHOCKOIIMYECKHUI
Yol MOXET 3aMETHO OTJIMYaThCS OT ATOW BEJIMYMHBI, OCOOEHHO Yy OOBEKTHBOB MHKPOCKOIIOB
cTapbIX BBITYCKOB (Ha 10 u Gosiee rpagycoB MEHbIIIE HOMUHAIIA).

Jns onpeneneHrs KOHOCKONMUYECKOTO YIyia (. HY)KHO 3aMepuTh AuameTp D Tmosl 3peHus
KOHOCKOMa (B JENEHUSX MIKalbl OKyIsp-MUKpomeTpa). Pacuer a mpousBomutcs mo ¢Gopmylie
Mannspa

. a KD
sin—=——.
2 2

rae K — koncranta Maspa.

Bonee TouHbBIi pe3ynbTar 1aeT crocod onpeaeneHus KOHOCKOMMYCKOTO Yrila M0 OJHOOCHOMY
MUHEpaNy C U3BECTHBIM HAKJIIOHOM ONTHYECKON OCH Py, 3aMepeHHBIM Ha (HETOPOBCKOM cTonuke. B
KauecTBEe ATAJOHHOIO MHUHEpalla MOKHO HCIOJIb30BaTh KBapll, KOTOPbIM [MaéT, HECMOTps Ha
HEBBICOKOE JBYIPEIOMIIEHHE, JOCTaTOYHO UYETKYIO HM30THpY. 3€pHO KBaplia CTaBAT Ha TEMHOTY,
UCTIONB3Ysl CnOCOO MOYHOU YCMAHOBKU HA NOo2dcaHue, PaCCMOTpeHHBIN Bbie. Ilocie ycTtaHoBKH
CTOJIMKA Ha cpe/iHee 3HaueHHe oTcuéTa Ny MPOU3BOIUTCS U3MEPEHUE YITIOB My U M COBMEIIECHUS
M30THpPBl ¢ MeTKamMu My W My, HCHONB3YyS 08YcmopoHHuti cnoco6 (cM. HUxke). Pacuér
KOHOCKOITMYECKOTO YIJia MPOU3BOIUTCS 110 hopMyIie:

g2 g Pu >

[IpumeuarenbHO, 4TO B 3TOM (opMysne OTCYTCTBYIOT KOHCTaHTa Maisipa M IOKa3aTelb
IIPEJIOMIIEHHUS STAIOHHOTO MUHEpalla — UICTOYHUKHU JIOTIOJIHUTENbHBIX IOIPEIIHOCTEN ONpeieneHus
KOHOCKOTIMYECKOTO yIIa.

[TonmytHO ¢ omnpeaeneHUEM KOHOCKOIMMYECKOrO yIya cJlelyeT IPOU3BECTH IPOBEPKY
HEHTPUPOBKU KOHOCKOMA. YTJIBl Wy U |®.| TIPU aKKYPAaTHO BHIIIOJIHEHHOM LIEHTPUPOBKE HE JOJKHBI
oTMuarbes O6onee yeM Ha 1-2°.

Tpebosanus x rkauecmgy uiiugos. I'pybas oOpadoTka numdoB mpu HX H3TOTOBICHUU —
OCHOBHAs IIPUUYMHA HU3KOIO KayecTBa MHTEPPEPEHIMOHHBIX (PUryp, HAOIIOJAEMBbIX B KOHOCKOIIE.
OcobeHHO oHa maryOHa JJisi MHHEPAJIOB ¢ BBICOKHM IIOKA3aTeNIeM MPEIOMIICHHS], KpUBOJIMHEWHBIE
HEPOBHOCTH Ha MOBEPXHOCTH KOTOPBIX BBI3BIBAIOT CHUJIBHOE CBETOPACCESIHHME, 3aCBEYMBAIOLICE U
MOHMKAIOIEE KOHTPACT KOHOCKOIMYECKOH KapTHHBI. [lo3TOMy HEOOXOIMMO KOHTPOJIHPOBATH
COOJIFOJICHUE TEXHOJOTHUH U3rOTOBJIEHUS IUTH(OB, IpelycMaTpUBaIOLIEeH TOCTENEHHbIH epexo/] oT
rpyObIx aOpa3suBHBIX MOPOIIKOB K 0oJiee TOHKUM. DTO KacaeTcs MPeXAe BCEro HUKHEH CTOPOHBI
nuda, KoTopas, B OTJIMYME OT BEPXHEW CTOPOHBI, HE BBIPABHUBAETCS B MPOLIECCE JOBOJAKH [0
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HY>KHOU TONIIUHBL. MOXHO 3aKa3aTh ClelUalbHbIe NUTU(QBI ¢ IBYCTOPOHHEH MOIMpPOBKOH. OHH
JAIOT BBICOKOKAUECTBEHHOE M300pa)kKeHHe M30TUPbl Jake JJs HU3KOJIBYHPETOMIISIONIUX
MHHEPAJIOB.

IHouck ceyeHuii KpUCTALIA, IPUTOAHBIX JUIA U3MEPEeHHs YIJIa ONTHYECKUX OCeil.

[Tpexnie Bcero Hy)kHO OOpaTUTh BHUMAHUE HA IPUCYTCTBUE ONTUYECKUX OCEH B MOJIE€ 3pPEHUS.
Ecnu B mone 3peHust HaOIr01aeTcst KpecT, Mociie pacnaja KOTOPOro Be BETBU BUAHBI IPU JIIOOOM
yTJIe IOBOPOTa CTOJIMKA, TO 3TO YKa3bIBAE€T HA BO3MOYKHOCTb U3MepeHus 2V o Mmerony Masuspa.

Cnabo Kocble cedeHHus ONarompuATHBI Ui M3MEPEHHUs yria ONTHYECKUX oceil. OHHU JIerko
pacro3HarTCs 10 MOCTOSHHOMY HaXOXJIEHUIO B I0JI€ 3pE€HHs OJHON BETBH M30THMpPBI IIpU JHOOOM
yrje TOBOPOTa CTONUKA. B cedeHnsax ¢ onmTu4eckoil ochbio BOMM3M Kpas mois 3peHus (e Oomee 5 -
10° oT HEro) BO3MOXKHO OTpEIEICHUE C IMOMOIIBIO JIHUarpamMm, JJis OCTaJbHBIX CEUYCHHH, B
KOTOPBIX ONTHYECKasi OCh MPUOIMKEHA K IIEHTPY U Oy UMEET OTpUIlaTeIbHOE 3HAaYeHue, pacueT 2V
Y OPUEHTUPOBKH ONTHYECKON MHIUKATPUCHI BO3MOKEH Ha KOMIIBIOTEPE.

Cpenu KOCHIX CEYEHUH HYKHO MOJIOHMpaTh TaKUe, KOTOPbIE JAal0T YETKYIO M30THPY, MEJIEHHO
IPOXOJAUIYI0 4Yepe3 Iojie 3peHHsa. Maasg CKOpOCTb JBMKCHMSI H30TMPBl  YKa3bIBa€T Ha
pacrioyio’keHue OJMKHEH ONTHYECKOW OCH HelalneKo OT Kpas moiisi 3peHus. /s HUX XapakTepeH
Y3KUM BEPXHUN KOHEI] U30TUPBI.

YcraHoBka BBIOPAHHOI0 KPHUCTAJIA B HMCXOAHYI (CTAHAAPTHYI0 WIH 3€pPKAaJbHO-
CTAHJAAPTHYI) NMO3UNUI0. 113 ueThlpéX no3uiuii noracaHusl Kpucrtauia (B MapajjieIbHOM CBETE)
BBIOMPAIOT Ty, B KOTOPOH H30TUpa, MepeceKkas LEHTP IOJsS 3pEHUs, MPOXOoauT u3 l-ro B 3-i
kBaapaHT (puc. 2, a, 0; 5, a), a e¢ Oonee y3KHil U MEHEee MOABM)KHBIN KOHEIl HaXOAWTCS B 1-M
kBagpaHre. [Ipyu BpalieHn CTOJIMKA IO 4aCOBOW CTPEIKE M30THpa JOJKHA CMEIAThCS MO0 ocu X
ClieBa HAaIpaBO, 33 HMCKIIOYEHHEM HEKOTOPBIX CJIa00 KOCHIX CEYEHHMH, B KOTOPBIX CMELICHHE
MIPOMCXOJUT B OOpaTHOM HaIlPaBJICHUU.

Cnepyrommili mar — oOLEHKa IPUIrOJHOCTH CTaHIAPTHOM IO3MLUU B KAauecTBE HMCXOIHOM U
pellleHre BOIMpoca O IeJeCOOOpa3HOCTH IMepexola Ha 3epKajlbHO-CTAHIAPTHYIO TMO3HIIMIO.
IIpennourenue cienyer OTAATh CTAHAAPTHOW IO3MLIMHU, €CJIM H30TMpa B LIEHTPE MOJS 3pEHUs
oOpa3zyeT C TOpHU30HTAIBHOW HUTHIO OKYJSIpHOrO Kkpecta (ochto X) OOJBIIMIA yrom, Yem C
BEpPTUKAIbHONM HUTHIO (ochbto Y). Korzma Bu3yanbHO TPyIHO OLIEHUTb COOTHOILLIEHUE 3TUX YIJIOB,
ClIeIyeT ONPENENUTh YIJIbl «IIpo0era» mo 3TUM OCSM, T. €. U3MEPUTh YToJ MOBOPOTa CTOJHKA,
HEOOXOUMBINA I TIPOXOXJACHUS WU30THPOUM TOJSL 3PCHHS] B TOPU3OHTAIHLHOM U BEPTHUKATHLHOM
HanpaBiieHusix. Eciu yron «mipobera» mo ocu X OKaxeTcss MEHBLIMM, Y€M MO OCH Y, HYXKHO
CMEHMUTh CTAaHJAPTHYIO MO3ULMIO HA 3€pKAJIbHO-CTAaHAAPTHYI0. [JjIsl 3TOro AO0CTaTOYHO MOBEPHYTh
cToMK Ha 90° MpOTUB YaCOBOM CTPEIIKH.

3aBepIuaIInil mar — TOYHYI0 YCTAaHOBKY KPHUCTaIa B HMCXOJHYIO MO3MIHI0 — MOXHO
BBIMIOJTHUTH JIBYyMSI croco0aMu: B MapajulebHOM (CM. BBILIE CHOCOO MOYHOU YCMAHOBKU HA
noeacanue) u cxoxsauieMcs cere. IlepBblii cmoco0 naér xopomrue pe3ynbTaThl Uil CEYSHHH C
BBICOKOW HWHTEP(PEpPEHIIMOHHON OKpacko M 1o Mepe €€ CHUKEHUS TOYHOCTh YCTaHOBKHU
CHIDKaeTcs. B M30TpomHbIX ceueHMsAX (pa3pe3ax NEPHEeHIUKYJIAPHBIX ONTHUYECKOM OCH) 3TOT
croco0 BooOIIe HE TPUMEHUM.

Bropoii coco0 3akimovaercs B MOOYEPEAHOM M HEOJHOKPATHOM COBMEIICHUHU C OKYJISPHBIM
MEPEKPECTUEM U CHATHEM OTCUETOB MO JUMOY CTOJIMKA CHayaja Uil OJTHOTO Kpas U30THPbI, 3aTeM
IUIsL APYTOro (08ycmopouHull cnocod, onucanHblii HIke). CpenHuit 0TCU€T Ny pacCUMTHIBAIOT Kak
cpenHeapudmMeTnyeckoe 3Ha4€HHUE YaCTHBIX OTCYETOB. DTOT crnocol Haér Xopoliue pe3yabTaThl B
CEUCHHMSIX C HHU3KOM HHTep(PEpEeHIIMOHHONW OKpacKoM, BKIJIIOYash W HM30TPONHBIE pas3pesbl. U,
Ha000pOT, CEUEHUs C BHICOKOW MHTEP(HEPEHITMOHHON OKPACKOM Tal0T MEHEE TOUHOM Pe3yJIbTat, TaKk
KaK B HUX HaOIIOJaeTCsl UPOKAst pacIlIbIBUATAsI U30THPA.

CoBMemienne u30rupbl ¢ MeTkamMu. OUeHb XOpPOLIUE PE3YNIbTAThl JACT 08YCMOPOHHUL
Ccnoco6 COBMEUIEHUS U30THPbI ¢ MeTKOW. OH 3aKiltoyaeTcsl B CHATHHU OTCUETa M0 JUMOY CTOJIMKA B
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JIBYX TOJOXEHUSIX: MIPH MOJIX0/I€ M30TUPHI K METKE, KOTJ]a OHA KAcaeTCs €€ BHEUIHEH CTOPOHOMU,
MPU yXOJA€ H30THPHI, KOTJla Ha METKE OKa3bIBaeTCs €€ BHYTpPEeHHss cTopoHa (puc. 5). s
JABHEUIINX pacueTOB HY>KHO B3STh CpPellHEEe U3 ABYX OTCUETOB. DTOT CIIOCOO MPUTOACH JaXKe IS
O4YCHb MIUMPOKHUX H30TUp H, YTO OCO6eHHO BAXXHO, IIpH €ro HCIOJIb30BaAaHUHU IIPOHUCXOIUT
COBMCIICHHUC ((HyHCBOﬁ)) I/I3OFI/IpBI C MCTKOﬁ C MUHUMAJIbHBIMHA HOFpe]_HHOCT}IMI/I.

a 7] 8 2

N,=108.7° N/=1145° N'=1189° Ni=126,3°

% @

0 e
Ny=135,3° Ny=96,4° Nyg=85,8°

1

L/

Puc. 5. JIBycTopoHHHII crIOCOO OMpEACNICHHs] YII0B COBMEIIEHUS M30THUPHl C METKAMH: a —
HCXOIHAA MO3UILHA;, O, 6 — COBMEIIEHHNE C METKOH M; 2, 0 — C METKOH My; e, orc — ¢ METKOH M.

Omnpenenenne yrioB copMmeienusi. [Ipu nomnom noBopote cronuka Ha 360° KOIMYECTBO
COBMEIIEHUI U30THUPBI C OJTHOW C OJTHOM M TOM K€ METKOHM paBHO 2 MM 4 COOTBETCTBEHHO B CJIa00
KOCBIX U KOCBIX Ce4eHHi. MOKeT BO3HUKHYTHh BOIIPOC: KAKOE W3 HHUX BBIOPATH ISl OMPEICICHHUS
yriia onTu4eckux oceir? st pacuera 2V Ha KOMIIbIOTEPE MPUTOAHO 000 COBMEIIICHHE — BCE OHU
JAI0T NpPaBWIbHBIA pe3yibTaT. s mocTpoenus auarpamm (puc. 4) YYUTBHIBAIUCH TOJIBKO
Onudicatiuiue yriabl COBMEILIEHUS, T. €. TaKUE YIJIbI, KOTOpPbIE, KOTOpble TPEOYIOT MUHUMAJILHOTO
MMOBOPOTA CTOJIMKA OT UCXOIHOW Mo3umuu. Pazymeercs, 4T0 3TO MPaBUIIO HY)KHO COOIOATh U TIPH
MCIOJIb30BAHUHU JHArpaMM.

Ecnu B kauecTBe HCXOIHOM BBIOpaHA CTaHAAPTHASI MTO3UIINS, HY)KHO COBMECTUTH H30TUPY C
Metkamu M, My u M (puc. 5), ucnonws3ys 08ycmoporHuti cnoco6 (cm. Beiie). CHITHE OTCYETOB
JUIS BCEX METOK ITPOU3BOJUTCS MHOTOKPATHO, ¢ TOUHOCTBIO 110 0,1° (110 HOHUYCY), 40 NOJy4YEHUs
YCTOMYMBOTO CPEAHEr0 3HAaUYEHUsSI O0TCUETOB Ni, Ny U N I KakK A0 METKH. YTJIbl COBMEILICHUS
OIIpeNeNAI0TCS 10 (hopMyTIam:

01 = N1 —No; @2 =N, — No; ox = Ny — No; 0x = Nx — N, (16)

rae Ny — cpeaHee 3Ha4YeHUEe OTCYETA B UCXOIHOW MMO3ULIHH.

B 3epkanbHO-CTaHIApTHOW MO3UMLIMM BMECTO METKM M) ucnonws3yercs Mmetka M,. B stom
cilydae JJig pacdyeTa Ha KOMIIBIOTEpE U IIPH OIpeesieHn: 2} ¢ MOMOUIbIO [UarpaMM NPUHUMAIOTCS
CJIEyIOIIHE BXOIHBIE JaHHBIE: O] = -2, Wx = -W.x, Ox = -Wx.

BBoa mompaBok k yriaam 2V. Jluarpammel 2V-x-0x pacCUMTaHbl JJI YIIOBOIO paauyca
nonist 3peHus px = 30° UroObl ompenenuts 2V mpu APYrux 3HAYCHHUSX Py, NOTPeOOBAIOCh OBl
JONOJTHUTEIBHO COCTaBUTh OOJIBIIOE KOJIMYECTBO JUarpaMM, IOMECTHTh KOTOpbIE B JKypHaJIbHOU
CTaThe OTPAHUYCHHOT0 00bEMa HEBO3MOXKHO. [1o 3TOI mpuYMHE BMECTO HUX MCHOIB3YETCs PacyET
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MONPABOK Ha OTKJIOHEHHE (PAKTUYECKOrO YIJIOBOTO pajndyca OT NPHUHATOTO IMPH MOCTPOCHHU
auarpaMM. st KoM U3 AeCsATH JuarpaMM pacCUMTaHbl YIJibl 2V MpHu KpalHUX 3HAYEHUSAX Py =
26° u 34° u onpezeneHa CpeAHss BEIMYMHA ONPAaBKU HA 1° OTKIOHEHHS py oT 30° (Tabnuma 2 ).

bonee TOYHO NONpPaBKy MOYKHO pacCUMTaTh, €CIM MCIIOJIb30BATh CICAYIOLIEE ypaBHEHHE
perpeccuu:

A2V =Ko+ Kijox + Koo + K32V, 17)

rne Ko, Ki, K> n K3 — k03 puuneHTs ypaBHEHHS perpeccu, 3HaYeHNUs KOTOPBIX MPUBEICHBI
B Tabauie 2.

[Tonpaska npubasmnsercs, eciu pyx > 30°, 1 oTHUMAaeTcs, eciu py < 30°.

JU1s OLleHKHU HOrpeIHocTel, BO3MOKHBIX NP BBOJIE ITONPABOK, B TaOIMIIEe IPUBEACHbI JaHHbIE
0 BEJIMYMHE CPEIHEKBAIPATUUECKOI0 OTKJIIOHEHHSI G CAMHUX ITOIIPABOK.

Tab6muna 2
IMonpaBku K yriaam 2V, yauTeiBaomue oTKJIOHeHHe GaKTHYECKOr0 YIJIOBOT0 Paauyca moJsi
3peHHsl OT MPUHATOrO NMPHU MOCTPOeHNHU AuarpamMm - 30° (Ha 1° oTKI0HEeHUs1)

Huar- | Ilosu- | Cpennee 3Hauenue | Koadduuuments: ypaBHeHus Cpennee | Cpenne-
pam- | mms nmomnpask# (0 ) u perpeccun abco- KBaJpar
Ma, ONTU- | CPEAHEKBAJIpaTHIEC JIOTHOE | U-

®] | YecK. | Koe OTKJIOHEHHE () OTKJIO- | YECKOe

oceit 5 - X e 5 e HEHHE f);ﬁgcg;:

0° CIIA 0,89 0,72 6,1 | -0,018 | 0,030 | -0,056 0,32 0,43

5° CIIA 0,90 0,61 4,9 | -0,009 | 0,018 | -0,054 0,23 0,29

CIIb 0,48 0,42 92| 0,029 | 0,276 | -0,061 0,18 0,27

10° CIIA 0,67 0,55 1,2 | -0,013 | -0,042 | -0,020 0,27 0,35

CIIb 1,38 0,96 4,2 | -0,066 | 0,008 | -0,011 0,44 0,57

20° CIIA -0,42 1,05 -2,3 ] 0,105 | -0,001 | -0,034 0,37 0,43

CIIb 1,68 0,61 2,0 | -0,008 | 0,141 | 0,021 0,15 0,19

30° CIIA -0,51 0,44 -5,9 1 0,034 -0,105 | 0,021 0,10 0,14

CIIb 1,68 0,48 5,2 | -0,056 | -0,131 | -0,047 0,11 0,13

40° CIIA -0,45 0,33 2,5 0,045| 0,075 | -0,044 0,03 0,04

CIIb 1,57 0,48 5,8 | -0,044 | -0,155 | -0,065 0,06 0,08

-10° | CIIA 1,89 0,59 4,0 | -0,050 | 0,001 | -0,011 0,19 0,23

-20° | CIIA 1,84 0,39 44| -0,018 | 0,031 | -0,024 0,08 0,10

-30° | CIIA 1,76 0,32 4,0 | -0,007 | 0,031 | -0,024 0,07 0,09

-40° | CIIA 1,74 0,22 24| -0,013 | 0,007 | -0,003 0,04 0,05

Ilpumep omnpenenenuss 2V meromom «3acedexk». B kadecTBe mnpumepa paccMOTPUM
OIIpe/IeNICHUE YIJIa ONITUYECKUX OCEl B KOCOM CEUYEHUHU ABYOCHOIO MUHEpalla — aBrUTa.

HcxonHble naHHBIE: KOHOCKONMHWYECKHH yron oOwbekTHBa 4 = 106°, cpenHuil moxaszaTenb
npenomiieHus aBruta n = 1.71. Mcronb30BaH ABYCTOPOHHUN CIOCOO COBMEIICHUS W30THPHI C
MeTkamMu. OTCcYeThl o TUMOY CTOJIMKA MPHUBEIEHBI Ha PHC. S.

ITo hopmyne (2) onpenensieM yriioBOW paguyc MO 3pEHHS Py:

sin px = sin (106°/2) /1,71 = 0,467; p, = 28°.

PaccuutbiBaeM cpeqHee 3HaAU€HHWE OTCYETOB MO JUMOY CTOJMKA, MPU KOTOPBIX MPOUCXOAUT
COBMEII[EHUE U30THPHI ¢ MeTKamu M, My u M. Ny = (N |+ N”;) /2 =(114,5°+ 118,9°) / 2 =
116,7° Nxy=(N'x+ N” ) /2=(1263°+1353)/2=130,8% Nxy=(N'x+ N"5)/2=(964°+
85,8°)/2=091,1°.

ITo popmynam (16) onpeaernsiemM yriibl COBMEIIEHUS U30TUPBI C METKaMHU:

o) =116,7°-108,7° = 8,0°; wx = 130,8 -108,7 =22,1°; o= 91,1°-108,7°=-17,6°.
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[To BennumuHe yrna o; = 8° nenaeM 3aKiIIOUYEHUE, YTO pacCMaTpUBAEMOE CEUEHHUE MONAJacT B
MPOMEXKYTOK MEXAYy Auarpammamu ®; = 5° u ®; = 10° u, ciegoBaTenbHO, s pacuera 2V
notpelyercst uHTeprnoAnus. Mcrnonb3ys ox U ©.x B KadecTBE KOOPAWHAT, HAHOCUM Ha YKa3aHHBIE
nuarpaMMmbl TOuku A u B (puc. 4, 6, 8). Ilo X MONOKEHUIO HUXKE JIMHUA WHBEPCUH OIPEJIEISIEM,
4TO 331aHHOe ceueHre oTHOCUTCs K Tuny CITA. TIpuMeHsiss MHTEPIIONSMIO MEXKY U30JMHUAMA,
HaxXOJIMM TPEBAPUTEIIbHBIE 3HAYEHHUS YIJIa ONITHYECKUX OCEH Ha Kaxoi quarpamme: 2V, = 67,5°
u 2VB = 58°.

DaKTHYECKUI YIIIOBOW pajnyc MOJst 3peHus P, = 28° Ha 2° MeHblle, 4eM ObLJIO MPUHSATO MPH
noctpoeHun guarpamm (px = 30°). M3 tabmumer 3 Ay Kakaod guarpaMMbl OepéM 3HAYCHHS
K03 pHUIHEeHTOB ypaBHeHHs perpeccuu (17) u pacCuMTBHIBaEM MONPABKY O HAa HECOBMAJEHHE Py U
HCTPABJIEHHOE 3HaYeHUe yrioB 2V u 2Vp:

04=4,9-0,009 - 22,1 + 0,018 (-17,6) — 0,054 - 67,5=0,7° 2V,=67,5°-2-0,7° = 66°

05=1,2-0,013-22,1 - 0,042 (-17,6) — 0,02 - 58 =0,5°% 2Vp=58°-2-0,5°=57°

WHrepBan mexay cocenHuMu avarpaMMaMu @; = 5° u 10°, BHyTpH KOTOPOrOo HaXOIUTCS
3aJIaHHOE ceueHue ¢ ®; = 8° paBeH 5° «pacCTOSHUE» OT ITOr0 CEYCHHS 10 OJvkaniiei
nuarpammsl ©; = 10° paBHO 2°. YunTeiBas KkpaiiHue 3HaueHus 2V, = 66° u 2Vp = 57° n ucnonb3ys
OOBIUHBIN cIOCO0 JTMHEHHOW UHTEPIOJSIUN, HAXOAUM OKOHYATEIbHOE 3HAYeHUE YIJla ONTHYECKUX
ocell: 2V =61°.

Pacuér Ha KOMIBIOTEpE MPH TEX ke BXOTHBIX JaHHBIX Aa&T OMM3Kuil pe3ynbTar: 2V = 62°.

Ha xommbroTepe paccuuTaHbl Takke chepuyecKkre KOOPAMHATHI 3JE€MEHTOB OPHUEHTHPOBKU
ONTUYECKON MHIMKATPUCHI KpUcTaiuia (puc. 1):

ONTHYECKUX ocer — p; = 44,5°, A = 54° pr=67° A, = 126°

TUTIOCKOCTH ONITHYECKHUX ocer — pp = 44°, Ap = 60°;

OMCCEKTPHUCHI YIJIa ONTHYECKUX oceil — pg = 50°, Az = 96°.

O norpemHocTsAIX omnpenejdeHus 2V merogoM «3acedyek». Ha Bompoc 0 TOYHOCTH
ornpezaeneHus 2} B KOCbIX CEYEHMSIX TPYIHO JaTh OJHO3HAYHBINA OTBET, IOCKOJBKY Ha HEE BIMUSIOT
MHOTOYHCIICHHbIE (DAKTOPBl M TPEXKAE BCETO yérkocTh HaOmomaemol wu3orupsl. Ilpu
ONarompUATHBIX YCIOBHUSAX, KOTJa OJHA U3 ONTUYECKUX OCEH HAXOAMTCS B IOJIC 3PEHUS MU BHE
MoJisl 3peHHsl, HO BOJM3M €ro TpaHuIlbl, U H30THpa MMEET OTUETIHMBBIE KOHTYpPbHI, BO3MOXHO
omnpezaeneHue yria 2V ¢ To4HOCThIO 10 +3-5°.

Ha TouHOCTP W3MEpeHUH TakKe BIHAKT NOTPEIIHOCTH OINpPEACNIEHUs IMOoKa3aTess
IIPEIOMJIEHUS] KpUCTAaJlja, UCII0JIb3YEMOTO JIJIsl pacyeTa yrjoBOI0 pajuyca MoJjs 3peHHsI KOHOCKOTIA.
Kak Obulo mokazaHO B HpelbIayIled CTaTbe, YTOObl MOJYyYUTh YIAOBIETBOPUTEIbHBIA pE3yibTar,
JIOCTaTOYHO B35Th 3HAYCHUE I10KA3aTes IPEJOMIICHHUS KpUCTaljla U3 CIIPaBOYHMKA WJIH, B KpailHEM
cimydae, onpenenuth ero rpymnmny no B. H. JlogounukoBy (1974) m nns pacuyera HCIOIb30BaTh
CPEIHMM I10Ka3aTelb IPEIOMIICHUS MUHEPAJIOB 3TOU IPYIIIBIL.

3akJIo4eHue

Merton «3aceuek» pacMpui KpyT 3a/1ad, peliaeMblX KOHOCKOIUYECKUM METOJ0M, TPUOIN3UB
€ro K BO3MOXKHOCTSIMU (DE€OPOBCKOTO METOJa. YCTymnasi MOCIEIHEMY B TOYHOCTH, OH UMEET Pl
MIPEUMYILECTB: ITPOCTOTAa M Majlble 3aTpaThl BPEMEHM Ha IPOU3BOACTBO M3MEPEHUN, OTCYTCTBHE
HEOO0XOAMMOCTHU B JIOTIOJIHUTENFHON MPUHAIEKHOCTH — YHUBEPCAIbHOM CTOJIHMKE, U MOXXET OBbITH
PEKOMEHJIOBaH ISl PEILICHUS TEX K€ 3a7a4 — ONPEAEIICHUs] YIVIOB ONITUYECKUX OCEH, NCCIEA0BaHUs
JBOMHMKOB, B MHMKPOCTPYKTYPHOM aHaJM3€ C MHCIOJIb30BAaHUEM JABYOCHBIX U OIHOOCHBIX
MuHepainoB. Kpome Toro, Meron «3acedek» MOXKET OKa3aTbCs IMOJIE3HbIM Il IIOMCKa
OpPUEHTUPOBAHBIX CEUEHUH IPU ONPEAEIECHUH 0Ka3aTelel IPEeIOMIICHUS KPUCTAUIOB B UMMEPCHUH.

ABTOp oOpalaeTcsi K YUTaTeIsIM ¢ IPOCh0OM MPUCHUIATh CBOU 3aMeUaHus U MPEJIOKEHHS MO
COBEpILIEHCTBOBAHUIO METO/IA.
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