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BBegieHue

Kak MSBeCTHO/I/ KBAHTOBOMeXaHmyeckasd 3amaya o6 aToMe BOJOpPOIA
NPUBOINTCA K 3anaqe/o Ye THPEXMEDHOM M30TPONHOM OCHHIIATOpE, €CHR
NMPON3BECTH HeOWeKTHBHOE KBampaTHuHOe HS - npeodpasonanne/ /. B
pe3ynbraTe TAaKoOI'O npeodpasoBaHua cPepwveckuit, nmapadonmvecknit u
oI¥H M3 IByX cdepoMiaibHHX CGA3WCOB aToMa BOJIOpOA& MEePeXOIAT B HeKa—
HoHM4YeCKkuit, IBo#HO% nonapHu#t M chepovznanbHuil GasmCH Y€ THPEXMEDHOTO
ocumanAropa. I[IoOpoGHHR aHanmM3 3TOTO BOIPOCA noxasaﬁa/qTo NCOoAB—-
3yeMHe BO MHOTHUX NpPHJIOREHWAX ¥ ONMCaHHHe B MoHorpafmu KyNOHOB—
ck¥e cepoulianbHHe PYHKUMM IHCKDETHOrO ONEpaTopa COCTABIANT CleNnalb-
Hult nonxnacc Gosee oduelt momHo# cucremH cepommanbHHX PYHKIEE dTeTH-
DPEXMEPDHOT'0 M30TDONHOTO OCUMANATOPa. JYATHBAA BAXHOCTh 3TAX QyHrmui
¥ TO, 9TO OH¥ IO CHX IOD He W3Yy4eHH NpelCTaBiAAeTCA LeJeCOOCDPa3HHM
TPOBECTH aHaim3 pemeHu# ypaBHeHmA lipeZwMHrepa IIg 98 THPEXMEDHOTO
M30TPONHOTO OCHAIIATODPA B CHEPORNAIBHHX KOODIMHATAX. B NepBOM napar-
pafe cTarb¥ BBOIATCA YeTHpexMepHHe CdepoHIaltbHHE KOODIMHATH X IpH-—
BOIMITCA Kacawi¥ecd WX oCHOBHHe $axkTH. Bo BTOpOM mnaparpade msmaraer—
CAd MeTOJ, pasleNeHNA OeDeMeHHHX, BHHOINUTCA BHpameHMe IJIA JNONOJNHA-
TeNbHOTO WHTeIDAaNa ABHEeHHA ¥ BHIeNAeTCA NMONHHE HaGoOp omepaTopoB,
OLHO3HAYHO (MKcHpynimx cdepommansuuit 6as3yc e THPEXMEDHOTO OCIMIIA-
ropa. Tam Xe BuBoguTCA Jopmyna, cpA3uBanuad chepoumarbHHE HHTerpail
JIBAXEHVA C MHTeTDaJaM¥ IBHEeHMA, BHASIADUMMM HeKaHOHWYeCkH# ¥ mBOU-
Ho#t moasapuuit GasmcH. B TpereeM maparpafe sanava o cdepouiansbHOM Ga-
37Ce NPHBONATCA K IBYM THOAM IKBEBANCHTHHX TPEXUNECHHHX DEeKYPDEHTHHX
COOTHOMeHH, KOTODHM HNOUIMHADTCA KO3fiMIMeHTH, ompellejAniiKe Das3No-
xeHEA CdepOMIANBHOTO 0as’yca N0 HeKAHOHMYeCKOMY ¥ IBO{HOMY HOJASpHO—
My. B usTBepTOM nmaparpade ®3J0XeH WNTeDADROHHHER MeTON BHYMCISHMA
cepOMIAIBHHX NONPABOK K HOKAHOHMYECKOMY H ABOHHOMY NOJADHOMY Gasy-
caM, B oTaMMe OT OCHUHOR TeODHE BO3MymeHHR, BTOT MeTOX C Camoro Ha-
gana JasupyeTes Ha HCXOIHHX TPeXUWICHHHX DeKYPDEHTHHX COOTHOWMEHUAX.
Heroropas mHYODMAIMA MATeMATHUECKOTO XapaKTepa NJIA NOMHOTH HW3NOXCHHA
BKIVYeHa B NpHIOREHHE,
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§ 1. YeTHpexmepHHe CdHepOMASILHHE KOODIMHATH

HcnonpsyemHe HuEe cdepouianbHHe KOODIMHATH ONIpelieNleHH Clelyw—
wyM o6pasoMm:
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§ 2. PasjieneHNe NepeMEHHHX

PacCMOTDMM TaMMABTOHMAH UeTHDEXMEPHOTO M30TPOIHOTO OCILMINATO-
pa B COEDORIANBHHX KOODAMHATAX. YUWTHBAd, YTO, COTVIACHO ONpeleleHmn
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Kax BHIHO ¥3 NPMBEISHHHX $ODMYJ, BOMHOBAA (YyHKIMA % IOJXHA
38BHCOTH OT YeTBEDKY KBAHTOBWX UMCEJ: IVIABHOT'O KBAHTOBOTO umcia »2 ,
olpelieNADWETO CHEKTD 3HeDTHH

£, =hw(r+2)

IBYX a3WMYTANBHHX KBSHTOBHX 4HCENI 77, M 77, R cHelmfmIecKoro
Rnig chepOMIANBHHX KOODIWHAT KBAHTOBOTO WACIA & , HyMOpymmero
IMCKPeTHHe 3HaYeHud cfepounmanbHOll KOHCTAHTH pa3leleHus Q . dakr
IMCKDETHOCTHY COGCTBEHHHX 3HAUeHM# KOHCTAHTH paslieleHuA &) 1TpH
gmxcupobanHoM ¢/  He OYEBHIGH, HO MOET OHTEH YCTAHOBJEH CTaHIapT-
HHME MeTOIamu, ncnonw/y /Mumz ¢ 3To#f UeNED B TEODHHM KYIOHOBCKEX
c@eponﬁamrmx GyHrI IpH ayaip3e ypabHeHuft, aHAJOTHYHHX ypaB-—
HeHAAM 10/

B oTinmune oT TaMminTOHMAaHA ?/ , B KOTOPOM 3aBMCHMOCTEL OT




napameTpa ad $uKTHBHA, T.€. MCUE3aeT IPU Iepexofie K NeKapTOBHM
KOODPIMHATaM ,01epaTop Q pealbHO 3aBHCAT OT « . B 2TOM.MOEHO
yOeIMTECHA C,JIOMOWBI NOBOJBHO TDPYMOEMKIX BHuKCHeHUE, NepeBOIAMNX
omeparop Q B JIGKEGDPTOBH KoOpAuHATH. ONycKasd 3TH pacyeTH, IPHBENEM
OKOHYaTeJbHHI oTBET:
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§ 3. Asrebpamsaims cdepounaibHoTo O6asuca

IlokaxeM, 4YTO BOIPOC O DPEWIEHUM YpPaBHEHHUSA

Qv =04 | s)

MORET GHTEH CBeleH K BOIDOCY O pelleHMH KOHeYHO# CHCTeMH airelpau-—
YeCKWX ypaBHeHM#, TouHee HEKOTOPOTO TDEXWIEHHOTO DEKYDPEeHTHOTO
COOTHOWEHYA. BBeneM I yIOGCTBA BMECTO oleparopa Q onepaTop
A 2 A’
e
¥ 00603HAUEM COOTBETCTBYyUNEe emMy COGCTBeHHHe 3HAUeHUA Yepes A g -
Hama 3amava 34KM04YaeTCA B UCCAEITOBSHWMH ypaBHeHUA

ﬁ¢?:27¢7_ (18)
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IaabuHit Gasmc ’5&7 M0 HEeKaHOHWYECKOMY X IO JABONHOMY NOJIPHOMY

Gasmcam @, H X/v :
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3fech MHIGKCH, IO KOTODHM BelleTCA CyMMUPOBaHKe, NpoGeraiT 3HAYeHNs,
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W, m %, Az |, fpwuht Bun Gasucor @ u A4, mpEBeleH B
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Tenepb OCHOBHAA 3afada CBOMMTCA K BHYNC/ACGHMI MATDUYHHX BJEMEHTOB,
c'ro B NpaBHX 4YacTiax ypasHenuit (20). Bocmonp3yeMcs M3BeCTHHM
pasIoReHUEM HEKAHOHMYECKOTO 0asmca no JABORHOMY HOJNADHOMY

qﬁ_ _ ; Ex, (21)

MaTpuuH E cyTh KoodIMIMeHTH KieCma-I'opiaHa C HOBOJBHO CHIOXK—
Ho#t sBHOR saBncnmocrmo OT KBAHTOBHX ulCel ; , Ap, N, Mx ¥ M> .
flBHH} BN 2TO! MATDMIIM NpMBeleH B IpuiaokeHuy. Ilocie HOINCTAHOBKY

(2I) B8 (20) mHTerpaiH GeDYTCA 9JEMEHTApHO M OCTAeTCH BHYMCIITE
CyMMH, B KOTODHe BXOLAT IpOM3BeXeHWe KosPdmmuenror £, ”‘E e

Ha QaKTOpH (Ae-A) Wu  j(/+4) COOTBETCTBEHHO. dra BOTIOMOT A~
TeJbHas 3ajiada pemaeTCA C HOMOWBK M3BeCTHHX PEKYDPPEHTHHX COOT—
Howenuit mna KosddmmenroB Kiedma-Ioprana:

x4 Fa-8)(a+é+7 -7,
/5 cCe-1) Cao(jép *

ﬁxp)C

4 / (crg)(c-g)(Fre-afa-b+)arb-c+)a fa,ccu{/ .
Ce (2c~7)(2c+7) "(!

7/(cm+/xw—/)/c+zﬂ-/)/cm-g-/)(a,«gﬂz)wa« / Zear
(e-1)?(2c-3) (2c~7) 548

r ot
///—e +c)a-b+c+d) C;.,z; éa

= l//ﬁ—o(+/)/f75) C‘d-fd/;e ol

'{/?j 1_21/8‘4{/2 *

i R i i 8. . =i k:.; . ﬂ:ﬁ; e o 44 Smtn i Ao P i, SR

(= 4
Qe o+ Y £-, % B~

(a+t+1)(478)

¥ ychoBUE HODMHDOBKM

C cy C’d’ _ dﬂ
= ad;ép  ad,; 5) €
sa+é/ cr

Cdo(/- 6/8 Cdo( J/G = d;(d/d}ﬁf'

ay!

Ha »ToM LyTH MerKo JOKasaTrb, 4TO

fcpj*?cpj, dv = _/IJ- d'jf,Jvfa + ﬂj-g J:j',j—.z + Bj’dqj’,j

* 32 _ S
J%NZ J XNZ,JV—C,VZ Na'/Nz'hZ —'L@N’ /(/zﬂVa z JA(Z’,A/{;Q’
e KOS(I@KHHBHTH ﬁ N b N C n @ OIIpeieIANTCA BHpaxeHUAMUA

J& P (jf '“‘"*"‘""a)(f -(Mn‘—|u¢l+2xj +(w|-!wd+z)(f"w|+|m,1+2)(“_3)(“]4;)1
J
4 j+2)% (j+)(j+3)

B.- _ (leat+ two ) (10l — (w21 +2)
J T (+2)

1

C/\/a = - /(’Va ~Irel +2) (WMot Ima] 42 ) (1 Nz —Imat ) (- N+ 1ma])

BosBpamafgch K HMOJYYeHHHM BHUle IBYM aJreCpaMveCcKAM yDaBHeHHAM (20),
IDHXOMM K TPEeXUWIEHHHM DEKYDPEHTHHM COOTHOMOHHAM:
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Kaxmoe m3 3THX DeKYyPPEHTHHX COOTHOMEHNZ EMECTe C NPMIORSHHHM K HeMy
YCIOBMEM HODMHMDOBKM CIYXRUT OCHOBO# IJIA YMCTO airedpamyeCKoll cXeMH
TOYHOTO ,JINC0 NPHGIMEEHHOTO DelleHWs 3aladM o cdepommanbHoM Gasuce
YeTHPEXMEPHOTO OCLMIAIATODA.

Kax n B TeOp¥M KYIOHOBCKMX CHepOMIaTbHHX q)ynmmﬁ/ 4/ B HameM
CIyJae KBAHTOBOe uMClIo ¢ , HyMepywmee COGCTBEHHHE 3Haqemm
KOHCTaHTH paslejeHMA }\ PaBHO QHUCIy Hyunelt yraoBo#t GyHKIMK
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TomcTaBads 3T PA3NOKCHASA B TDeXWIEHHOe DEKYPPeHTHOe COOTHOMEHHe
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Bo BBeleHHE y®e TOBODHJIOCH O ToM, uTO CHepouzanbHHB Gasuc aroma
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Ma BoIopolia moiaydanrcsa ¥3 HopMyn mocnelHero naparpadpa Kak JacTHHE
CIyyYan.
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o6osnadeHH KoadfmmenTH Kiedwa-Topmana,
ompejfie/ieHHHe B COTVIacyM C MoHorpajmeft’ '/ . BREZy OTMeYeHHO} Bhme
onHHaROBoﬁ YeTHOCTH WUCET 72 WM /me/~+/mz/ BCe NapameTpH B

C‘a,( gs  SBIANTCA LOJHMY, M¥Go TonyleauMM wwclamy. HakoHel, OT-
MeTHM, ‘ITO 00a NpEBeMSHHHX BHme (Ga3yca OPTOHOPMMPOBAHH IO BCEM
KBAHTOBHM YNCJEM.
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