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JBOHHAS OBPATHAfl 3ACEYKA, EE OBOBIIEHUE
U PA3ZAWYHBIE CIIOCOBB!I PEIIEHHA

B. ®. KPYTOU

Beezenue

Jipolinas o6paTHAad 3aceuyKa H3BECTHA B CTapbiX Kypcax HH3Mel
TEOHEe3MH MNOJ HaszpaHuem 3anagu [adsena. B aToli 3ajave OTHICKHBAIOTCS
KOOPAUHATH ABYX ONpeleasieMblX NyHKTOB 1, 2 M0 H3BECTHHM KOOPAHHATAM ABYX

TBEepALX (ONOPHHX) NYHKTOB 3, 4 M H3MepeHHBIM B TOukax 1, 2 yeTmpem yraam
z, B, 7, © MEXAY HanpaBJeHUsSMH HA TBEPAbE U OnpejesgeMhie NYHKTH (¢ur. 1).
JdBoinasi o6paTHas 3aceyKka B TAKOH NMOCTAHOBKE HAYAJbHBIX YCJAOBMM
HMEEeT IUHPOKOEe MpPHUMEeHEeHHE Ha MpaKkTHKe, HAaUpUMep, NpH npupsskax. Jlaa
ee pemienud pa3paboTano AOBOJNBHO MHOrO Cnoco6oB, M3 KOTOPHIX MH IpH-
BeAeM JGHIUb IVIABHEHIIHe, YKa3aB HX XapakTepHbie OCOOEHHOCTH.

Mo xapakrepy ¢opmysn atu pemeHus MOryT OHTb pPasOGUTHl HAa 2 IPynms:

1) dopmyan, paccydTanHbie HA NPUMEHEHZe JOorapudmos,

2) dopmyabl s BHYMCIEHHS HAa apudmomerpe (HaTypajibHbie (OPMYJb).

PopmyJasl NEPBOro THNa M3BECTHH YK€ JaBHO B MMEIOTCA B HEKOTOPHX
yeeOHuKax HU3WeR reoxesnu; (opMyJsl Ke BTOPOTrO THNA MOABHJIHCH CPABHH-
TeAbHO HENaBHO, UTO O0bACHALTCHA

fO31HUM BBRACHHEM apudpmomer- 3\155})%
POB B BHIYHCAATE/NbHYIO NPAKTHKY.

B § 1 nacrosauieii padoTu MH L . %”5
J3aAMM  CHayaza KpaTkuii 0630p J (lb‘"’-’
pewednit ¢ JorapupMUYECKHMH d O
{dhopmynaMu, 3aTeM H3/J10KAM Cyll- /

HOCTE UMEWIUXCI B Nepuojuye-
CKOMA JHuTEpaType pewleHUid No Ha-
TypaiabHeiM (opmyaam. Ho asoii-
Has oOpaTHas 3aceyxka B YKas3aH-
HOW BhHillIe TOCTAHOBKE HayaJjb- o
HHX YCJAOBHH gBJAAETCA OJXHHM U3 [~ P N
YacTHHIX CAYYaeB TaK HA3LIBAEMOM pat g -
obobuennoi apohuno#i obpar- X_\’l-p\é\\ : L\@w‘é*ﬁ
‘6o saceuxd. [Tosromy nocae pas-

©opa pasJHYHEX crocoGoB peuie- Par. 1

MUY YAaCTHOH .ABO#HOA ob6part-

HO# 3aceyxkd Mul 3Ty 3ajgauy B § 2 oGobwum. [lpusens nsa cymectsyomue
cnocoba pemenuss 0600uweHH0d ABOAHOA 0OpaTHOH 3aceukw, STHM He oOrpa-
Huuumca ¥ B § 3 pasoBbeM COGCTBEHHOE pelUIeHHE YKA3aHHOH 3ajauH, KOTOpoe
fGyner COCTaBAATH OCHOBHOE COAEPXKAHWE HACTOAULEH CTAThH.

B zaxaiodyende ykameM, 4TO HAacTOAMYI paboTy MOXHO pPacCMaTpHBATh,
¥aK MoHOrpaduio mo BOOpPOCY O peuleHHH JABOWHOH OO6paTHON 3aCeIKH—YACT-
HO¥  obOuwero suaa. Heob6soauMocTh B TaAKOH paboTe BLI3LIBAETCS TEM 06CTOSN-
TeNLCTBOM, Y4TO M3 GOABILOrO 4HMC/Ja Pa3/IH4YHBIX CNOCOGOB pemeHHs ABOAHOM
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o6paTHO 3aCe€Y¥H YaCTHOTO BHAA OOLIYHO TOJBKO OAKH Cn0C06, 3 HMEHHO—
pelleHHe ¢ BCIOMOraTeJibHBIM YIJVIOM, NMOMEMmAaeTcd B CYUWECTBYIOWHX pPYKO-
BOACTBAX [0 Hu3wel reoxe3un. Pemenue xe 0600menHoOd nBoiiHOA ofparTnoRk
3aCe4Kd B CYIIEeCTBYIOMKX PYKOBOACTBAX BOBCE OTCyTcTByer. Mexay rtem
B HAacTOSIllEE BPeMsl M3BECTEH PAX CNOCO0OB pewieHHA ABOHHOHW oOpaTHOk 3a-
CeYKH, KaX/Ibll H3 KOTOPHIX B ONPEJE/NeHHHX YCJAOBHAX HMEET Te HAd HHME
NPeUMYLIECTBAa NO CPaBHEHHIO C JAPYrUMH CrnocoOaMH peileHusi YKA3auHOH 3a-
Aayd. STH cnocobbl B GCHOBHOM OnyO0/IMKOBAaHH B PA3JHYHBLIX [MePHOARYECKHX
M3NaHHAX, He BCEeraa JOCTYMHBLIX WHPOKOH Macce NPOU3BOACTBEHHUKOB. [lo-
3TOMY NpeJCTABASeTCA MOJe3HbIM CAeJaTh CBOAKY H3BECTHHIX K HACTORIHEeMY
BPEMEHH M HMEUIHX Hau0Oo/bIUyI0 NPAKTHYECKYH LEHHOCTH CNOCOOOB peme-
uusi ABOHHON OoOpaTHOW 3acedky, CHabJAuUB HX COOTBETCTBYIOINMMYA KPUTHUEC-
KHMHU 3aMEY2HHAMU. DTO AaeT BO3MOMXKHOCTL NPOU3BOACTBEHHHKY B 3aBHCH-
MOCTH OT HMEIOULEroCHd y HErc BHLIYHCAMTEJILHOIO HABBLIKA H HANKWYHLIX BHYRCHE-
TEABHHIX CPEACTB BHIOpPaTh TOT cnocol pewmenus ABOHHOH o0O0paTHON 3aceyiw.
KOTOPHI MPHBEAET €ro K LeJd C HauMmeHbuel 3aTpaTtoi Tpyaa. OnuiTHbil BH-
UHCAHTEAb BHIOEpPET ¢nocod, Ke Colep:Kauluid NPOMEXKYTOUHbIX NOBEPOK, BO.
TpedyomHuil HauMeHbIIero KOJHYECTBa BHIYHCAUTEAbHLIX JedCcTBUi. MaaoonmT-
HBIfl XK€ BBIYHCJAHTENb NPEANOouYTeT TOT Cnocol, KOTOPHH XOTA B COACPHHT
f0sbI10€ KOJNKHYECTBO NEHCTBHH, HO 3aTO 5TH NEHCTBUA HAACKHO NOBEPUIOTCH
Ha [POMEXKYTOUHBIX CTYMEHAX BHYHCJAeHuil. [I03TOMY B KOHEYHOM CYeTe Bhi-
OpaHHblil 0oJee AJAHHHBIA Coco0 pemeHuss NPUBEAET MAJOONBLITHOIO BBIUHCAL
Teasi K HeJd ¢ MeHblleidl 3aTpaToi Tpyaa, yem Oonee COKpalleHHBIH, HO Oec
KOHTPOAbHLIA HAa NPOMEXYTOYHHIX CTyneHAX Cnocol peiueHnda TOH Ke 3ajaul

§ 1. Pazarunsie cnoce@s! pemeHEs JaCTHOH ABORHOE
obpaTmoii 3aceuKH

Pemerus I tuna (me rorapudpmmuecknm gopmyram)

1) Co BcnomorarteabHbMH ToukaMmu (Gopmyan 1-wme). [Nosaras sa-

Jlauy peleHHON, NpoBeseM uepes nysxTH 3, 4 u 1 (dur. 2) BCHOMOraTeABHYIG
OKPYXHOCTb, KOTOPas B NEPeceueHHH C AHHMeN 1.2 JacT BCIOMOraTeAsLBy:C.
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rouky A. [lposens HO}IOﬁHY}O Ke OKDYXKHOCTh Yepe3 MNyHKTH '3, 4 u 2, no-
Ay4rEM B DepecedyeHnu ¢ Juuued 1.2 BTOPYIO BCIOMOTATeNbHYIO TOouky B. Unes
pemenus 3dKJI0YAETCH B HAXOXAEHHH NHPEKIHOHHOrO yrsia JduHun AB, cosna-
Jawmeir ¢ ruukeii 1.2, nocae yero He TPYAHO HAHTH KOOPAHHATH NyHKTOR 1 1 2.

Kop pemienns Takos. [lo koopaAHATAM NYHKTCB 3 H 4 HAXOAuM JUPEKIHOH-
HBIH VIO H AJMHHY ODAMOM, HX coenuﬂmomen V3 pewenns A-ka 3 A 4, B KO-
TOPOM YI/ibl NPH MYHKTaXx 4 ¥ 3 PaBHB COOTBETCTBEHHO o H f—oa, 4TO BHAHO
w3 (ur. 2, BLUUCAIEM AHPEKUHOHHBIE YIAB ¥ JIHHBL JUHEE 3 A u 4 A. o
HAWNEHAHIM  3JEMEHTAM onpeje-
AREM 32TeM KOOPAHMHATH TOUYKH
A. CoBepulesHO aHATOTHYHO BH-
YHCAAIO TCH KOOPAMWHATH TOUKH B,
nocAe yero 0Oe3 TPyAa HAXOAUM
AWPEeKUMOHHME yroa Jmneun AB.
HAcnonpsysa nocaennnit, oueHb npo-
€TO HAaXONWUM YUJBl /My M 1, TPH
nysxrax 4 u 3.Korna yram m, u
n, wHalaersl, u3 peumenus A-xa

4.1.3 BHYHCAACM KOODAUHATH
myrgra [. AHaJOTHYHBIM nyTeMm
OTHCKHBaeM Yriel m, M n, 0pd
To4uKe [, KOOpJAUHATH TOuKH B u,
#HakoHel, KOODAUHATH NVHKTA 2.

J Ka3aHHOE peuleRHe HECKOAbKO
EAWHEHOBATO, HO 3aTO BHIOJAHO B
TOM CMBICAE, 4TO B8 HEM HMEeTCd
WMHEOMO KOHTPOJAEH, no3TOMy MO-
mer OBTH BHLINONHEHO [AdKe He- Pur. 3
ONBLITHHM BHYUCAHTEIEM.

2) Co scnomorateJabHbm yraom (bopMmyas 2-pie). Heckoanxo
xopoue Gyner pelueHue, HsJjlaraeMoe HHUXe, HO OHO TpebGyeT OT BHIYHCAHTEI5H
Gonbuwe#d onurdocTH. Pewenne penem ciepyiomum o6pasom.

M3 rtpeyrojbHUKOB 3.1.2 u 4.1.2 (dur. 3) HAXONAHUM YrAB Y; H 75, a H3

TpPeyroabHuxka 3.4. 2——nonycymmy yraoB ¢ u Y. Hanucae sarem ycaosue no.io-
ca npy Touke 2 u nepeiiAn K CHHYCAM MPOTHBOUOJOXKHHX YI/0B8, BHASAWM H3
HEr0 OTHOWEeHNE &

&% g0, (1.1)
toeo

rae (Q — BCOMOraTeabHH{l yroa.
fipeo6pasoBas nocaeanion Gopmyay C NOMOUIbIO NPOW3BOAHONH MPONOPIHY,
HAXOAHM MOJAYPA3HOCTh YrJAOB ¢ U U; COMOCTaBAsA ee C BHIYHCAEGHHOW paHee

NOAYCYMMO# TeX e yraoB, Haxoaum ¢ u . [locae sToro usz Axa 3. 4.1
yXe He TPYAHO HA#TH KOOpPAMHATH TOYKM 1, a u3 A-xka 3.4.2 —xoopauna-
TH TOYKH 2.

3) CycaoBHb M AHPEKUHOHHHM Yyraom H6a3ucom (popmyas 3-1).

Cymmocts cnocoba 3akaoyaercs B caenywoumeMm. [lpunumas aas guauu 1.2

YCAOBHGIA AHPEKUHOHHBIE yroa ¢.,=0 n ycaoeuyio aauny Dy.,=1, us T1pe-
yronbHuKoB 1.3.2 1n1.4.2 (Ppur. 4) HAXOUM [0 ITHM 3/JEMEHTAM YCJIOBHBIE KO-

~ ~

OPAMHHATH X, ¥, X3 V2 TOYEK 1 B 2, a TaKxe yCJOBHHI AHPEKIHOHHBIH yroa
f,¢ M YCAOBHYVIO AAMHY Dy JAHEHK 3.4. ConocraBassi nociegHde ¢ uX Aeii-
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CTBUTE/IbHBHIMH 3HAUEHMAMY, BHUYHC/ASEM Yroa MOBOpPOTa O ==, U OTHOCH-
TeAbHYIO NONPABKY M AAUH CTOPOH, YUHTHIBAA KOTOpPble MNepexonuM HAKOHem
OT BE/JHYHH YCAOBHHX K Be/AHurHAM jeifictBuTenbHuM. [locae storo nedcCTBH-
TeJbHBIE KOOpDAWHATH TOYeK 1 M 2 HaxoaaTcad OOBIYHHM CNOCOOOM.

Popmyan l-be
dopmyint

K pemeHrio JacTHoil ABOHHOH oOGpaTHON 3aCeyKu C NMOMONbIO
BCIMOMOTaTeNbHbIX TOYEK

2al

1) tgi:‘,.L:',J.l,4 Vs __ M %) Dy = | 1

i S
B xy bia sint;., cos fy.
3) ry= Qsi:_t.__ 4) ry= Ds.y
sin B sin o
9) Dya==r;sina 9) D, p=r,siny
6) Dya=rsin(f—a) 10) Dy.p==rysin (8 —7).
7) taa==t3.4— (8B —a) 11) ty.p=t3.i417
8) ti.‘q ::f4‘:}+a 12) t4.B:A[4.3——('\)——”L’)»

]3) XA = .\'3 + D:} A COS ZL;-;-A = ;\.'—4 + DA'A COs ILAQ.A
14) ya=y, -+ Dsasintya=y,+ Dyasint,.s
15) xp=x3-+ Dy.pcos ty3==x, + D,.pcost,.p

16) yp=y,-+ Dy psinty.p=y,+ D,.psint, s

17) tgtp.a _Ya—YVs __ "BA

Xa— Xp tp.a ;
18) my =ta.; —tan 24) my=tp.,—1tpa
19) ny=tap—1 a4 25) ny==1tpa—t3.,
20) £ = fyu-}-ny 26) tg.o=1t,.4— N,
21) £y = Eyg—m, 27) tip==1tss+m,
22) D,y =r;sin(3—7) 28) Dy.s=rysina
23) D,., =nrysiny 29) D4.2~—:. rysin (B — a)

30) Xy = :’_63 '%“ D3'1 cOos tg.‘ = ;‘ + D‘q Ccos 14.1
31) yy=ys+ Dy, sinty., =y, -+ D, sint,.,
32) X, = x5} D ;.,cOS t.s = X+ D;.pc08 .,
33) ¥a=ys+ Dysinty.s =y, -+ Dysint,,



PopMyan 2-pe
Popmy bl

K PemieHHI0 4acTHOH JABOWHON o6GpaTHON 3acCeyku C MOMOMbLIO
BCNOMOTaTelbHOrO yria

‘D;;._ sin ("J == ”‘)
I o __ A fomy mm o SEORMISERON TN e ]
D 11 =180° — (2, 4-B1) Hige: sin (o — ay)

9) s = 180° — (a3~ B») 12) Dy.i = Ds.ysia (¢ + 71)

sin (2 — o)
1 ) l A F g = ‘l
3) 5 o+ =90"——-C—p) 1a%ﬁi%@3-

4) sing o sina;  sinyy 14) D Dy.,ysino
sing sinoy © siny,

g (5= D=1z -+ elg (15 + Q)

Yo—Ys,

6) tgt,, ="4—_ 15) x,=x3 -+ Dy cos by y = X, 4 D,.; €OS ty.y
.‘C‘— .X_»; 9

7 tyy=t+9o+17  16) ¥y =ys+4 Dy sinty =y, + Dy sint,.,

8) t3,2 == 5.4 ——':— o 17) Ny == }3 “ﬂ:“‘ Dg.g COS L‘;_)‘ = ;&1 "'{" D1'3 COoS t.p:;

9) t4.1 == 4.3‘—(‘!{ —",'2) 18) y2': 3;:}+D3..2 Sinfg‘g:y——,i—ir-[)l.gSiﬂf o
10) lia=143——Y

DPopMyan 3n
PopmMyiibl

K pPemieHMI0 4acTHOi JBoliHOH 0o6paTHOR 3aceykl € NOMOUbBIO YCJHOBHBIX

BMPEKNHOHHOTO yria n 6asuca

Yenosuo npunuMaem Dy..=1 u ¢,., = 0. Toraa:

1 >:""‘f1. Sin o
9.5 == *‘“‘Dg.gCOSO
6) n“:——b sin ¢
sin ¥
Ty
sin(B4-1)
r~ sin B3
8) D,y = — W s

sin (B-1-7)




















































