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A. B. TO)KHH

K BbIYUCJIIEHHIO YIJIOBOW HEBSI3KH
B PASOMKHYTOM TEOJOJIMTHOM XOLE

B Hacrosimee Bpems ISl BHIUHCJIEHHsI YIVIOBOH HEBA3KH [g B
Pa30MKHYTOM TEOHOJHTHOM XOJ€ HCIOJb3yIOT HECKOJBKO pasHo-
ruaHocTed opmyn. M3 Hux Haubosiee yacTo BCTPEYAIOTCH CJELYIO-
wue [2, 4—6, 9]:

fP:ZBHSM_(aH_ax+n'180°) (1)

(ecim B Xo4e H3MepsAJH NpaBbe MO XOAY JieXallie OPH30HTAJb-
HBle YTJIBL f3) M

n
fr =Y Busw — (@ — %+ 1-180°) - F A2
1
(ec1H B XO/€ H3MEPSJIH JieBble yribl f).
n
B ¢opmynax (1) n (2) 2 Busm — CyMMa Bcex H3MepEeHHBIX
1
YIJOB XOJa BMecTe C INPHMBIYHBIMH, Gy H g — JHPEKIHOHHHIE

YIilbl HayaJbHOH H KOHEYHOH ONOPHBIX CTOPOH XOJa COOTBETCTBEH-
HO; . — YHCJIO BCEX HM3MEPEHHBIX YIJIOB, BKJIOUas NPHMbIYHLIE.

Kak npaBmniio, ApyrHe pa3HOBHAHOCTH (OPMYJI JIJIsi BBIYHCJEHHS
fp ornmuatorcst or (1) u (2) BHEWHAM BHAOM WJIH COJEpIKaHHEM
comuoxkureas nepen 180°. Tak, B paborax [6, 7] npu-BrBOAe (OD-
MyJ JJd onpejeseHus: fg uepe3 n 0603HAUYEHO YHCJO CTOPOH XO/a,
a cOMHOXHTesb Tepej 180° — YHCIO YIVIOB COOTBETCTBEHHO uepes
n+1. B dopwmyne, npusenennoit B pabore [1], comMHOXHTeNTb Ie-
pen 180° — Besmunna n—1 (7 — YHCIO YTJIOB).

IlpakTHueckoe NMpHMeHEHHE BCeX pa3HOBHUIHOCTEH (opmysa AJst
onpe/e/ieHusl fg CBHLETENbCTBYET, YTO HH OJHA M3 HUX He SBJSETCS
H/lealIbHOH, NMOCKOJIBKY B Psiie cJydyaeB BHIYHCJEHHBIE 110 COOTBET-
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CTByIOIIEM (OpPMYJlaM HEBS3KH OTJIHYAIOTCH OT JEeHCTBHTENbHBIX Ha
+360° man +180°. IlpumenurensHo K dopmynam (1) u (2) arto
sIBJICHHE HJLIIOCTPUpYyeTcs AaHHBIMH Taba. 1 u 2. B Hux mnpusese-
HBl pe3yJbTaThl BbIUHCAeHHH To dopmynam (1) u (2) HeBA30K
[p I1s Momenell TEONOJHTHHIX XOJIOB, COCTOSIIHX H3 TPeX TOYeK
(1, 2, 3), xoTOpbIE PaCNOJIOXKEHbl HAa OJHOH IIPSIMOH, OPHEHTHPOBAH-
HOHi CTPOTO IO HampaBJ/eHHI0 3amnail—BocToK. Kak mnosaraercs,
KaXKIAblH TEOAOJHTHBIH XOJ CBOHMH KOHIIAMH OIlHpaercs Ha JABE
JHHHH C H3BECTHBIMH JAHPEKIHOHHBIMH yriaaMu. CJeJoBaTe/bHO,

TaGauma I
K BHIYHCJIEHMIO YrJOBOA HEBA3KH fﬁ no dgopmyre (1)

B OO HbakEH Cymmut Teoperuyec-
ke yran | omme st | 5 o KK yuuw
Honep @ & H3M = Hessizka Hanpas-
H K 2 NeHusd
MOICMM | yayanbHhiX | KOHEUHHX Beer iusie- p Hreop 8 OMOPHHIX
T Cobon | Corfoow: | pemmux yraos g
X‘SIOB x°“p°" wzu“l)lﬁi'u::flﬁg; ":M;&eoiﬂux
1 30° 60° 510° 510° 00° | CB, CB
2 30 150 420 420 00 | CB. IOB
3 30 200 370 370 00 CB. 103
4 30 300 630 270 4360 | CB, C3
5 120 50 610 610 00 0B, CB
6 150 100 590 590 00 I0B, I0B
7 150 190 500 500 00 0B, 103
8 120 290 730 370 4360 IOB, C3
9 240 30 750 750 00 103, CB
10 240 120 660 660 00 103, 10B
11 210 240 510 510 00 | IO3, 103
12 210 300 810 450 -+360 103, C3
13 300 60 420 780 —360 | C3, CB
14 300 120 360 720 —360 | C3, IOB
15 330 200 310 670 —360 C3, 103
16 330 300 570 570 00 |C3,C3

€CHH B TAKHX MOJEJSAX TEOLOJNHTHBIX XOJOB CUHTATh, YTO H3MEPEH-
HBIMH S$IBJISIOTCS NIpaBble IO XOJY JeXkKalllHe YIJbl, TO HaYaJbHBIHA
OPUMBIYHBIA yros XoAa Ba= (B1)up=90°+ as, KOHEUHBIH PUMBIUHBIHA
yroa fr= (ﬁs)np-270 —0k, @ H3MEpPEeHHBIH NpaBblil yros B Touke 2°
(B2)p=18

Janst .HP.BbIX H3MEePEeHHBIX TOPH30HTAJBHBIX YIJIOB COOTBETCTBEH-
HO 6yneM Hmeth Ba= (B1) nee=270°—am, (Brx= (Bs)xez=90°+ ax,
(62) chn—l

Kax Bmmo u3 Taba. 1 u 2, B 12 cayuasix u3 32 paccCMOTpEHHBIX
NOJlydeHHBle 3HAUeHHsS fg OTJHYAKOTCH OT OXKuAaeMbix Ha +360°
i —360°.

OtMeueHHBEII HeZOCTATOK (OPMYN [Jisi BHIYHCJIEHHS YIJIOBOH
HEeBSI3KH B Pa30OMKHYTOM TEOJOJHUTHOM XOJ€ H3BECTeH [aBHO, HO
3(GheKTHBHBIX NMyTeH ero JHKBHIAIUH NMOKa He HaiieHo. OCHOBHOH
IyTb YCTPAHEHHS 3TOTO HEJ0CTATKAa — YCTAHOBJEHHE DPa3/IuIHOTO
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polla OroBOPOK H IIPHMEYAaHHH K IPaBHJIAM BBIYHC/JCHHH HEBS30K
10 npuHATHM (opmyaam. Tak, B paborte [8] umeercs caenyomiee
npumedanne K ¢opmyse tuna (2): «[lo atoit opmyne MoKHO
BBHIUHCJHTh HEBSI3KYy B CyMMe YIJIOB Pa30OMKHYTOTO XOjia, OTOPOCHB
COOTBETCTBYIOLLEe YHCJ0 pa3d mo 360°».

Xorsi npuBeeHnas GpopMy/IHPOBKA NPHMEYAHHS K MPABHJIY BH-
YHCJIEHHS] HEBSI3KH He OTJIHYaeTcs JAOCTATOYHOH Olpe/ e IeHHOCTHIO
(He yKa3aHO, KaKoe KOHKPeTHO YHCJO pa3 clie/lyeT OTGpachiBaTh
no 360°; kak cBHAETENLCTBYIOT AaHHBIe Tabi. 1 m 2, B paje cay-

Tab6nauua 2
K BBIYHC/IEHHIO YIJIOBOH HEBSI3KH fB no gopmyane (2)

N e Cymmut TeopeTnuec-
oﬂﬂﬁi"ﬁm oﬂnb‘:c ;:m,l ';, 8 ""‘Zecg;;‘”
Howmep ay e 1—‘ H3M nz 5 Hessaka H,?é‘,‘:::‘
MOREAH u KOHEUHBIX
xona nan:g;: - : OMOPHBIX “fﬁfx ";xl‘:)%e = 1 Hop Ty ?;gg:ﬁx
c TOpOH
S | oibe | MAS SRAOUCH maepemnn
1 30° 60° 570° 570° 00° CB, CB
2 30 150 660 660 00 CB, 10B
3 30 210 720 720 00 CB, 103
4 30 300 450 810 —360 CB, C3
5 120 50 470 470 00 OB, CB
6 150 100 490 490 00 IOB, IOB
74 150 190 580 580 00 I0B, 103
8 120 290 350 710 —360 0B, C3
9 240 30 330 330 00 103, CB
10 240 120 420 420 00 103, IOB
11 210 240 570 570 00 103, 103
12 210 300 270 630 —360 I03, C3
13 300 60 660 300 4360 C3, CB
14 300 120 720 360 +-360 C3, IOB
15 330 200 770 410 - 360 C3, 103
16 330 300 510 510 00 C3, C3

YaeB MNPHXOAHTCH He oTOpaceiBaTh, a mpubapasATe mo 360°), mpH
PYYHO¥ 06pabOTKe Yr/IOBBIX H3MEpEeHHIl yUeT ero BIOJHe 06ecneyH-
BaeT MOJIyYeHHe IIPaBHJBHOTO pe3yJbTaTa BBIYHCJIEHHA HEBSI3KH.
Omnako npu obpaborke uHaMepennit Ha ODBM st cocraBieHHs
NporpaMMbl BHYHCJAEHHH Tpebyercsi HMeTb OoJiee KOHKpeTHoe Ipa-
BHJIO, 110 KOTOPOMY TPOH3BOJHTCSl HCKJIUEHHE H3 MOJYYEHHOTO pe-
syabTata 360°.

Ha wHeonpeneneHHoctb npHMeYaHHsi, NPHBeZEHHOro B pabore
[8], o6pameno BHumanne B paGore [7], rhe, B YacCTHOCTH, OTMe-
YeHO, YTO NpPH ONpPELeNeHHH YIJOBOH HeBS3KH MO (opmynaam, IO-
106ubIM (1) u (2), «K TeOpeTHUeCKOH CyMMe YIJIOB MOXKeT IpH-
6aBaATbCS HJH BbIYHTAaThC 360° TOABKO OQMH pas, Ja U TO He
BCerja...» H, COOTBETCTBEHHO, YKa3aHO, UYTO B (opMyJax IJs BHI-
YHC/IEHHSI YIJIOBOH HEBSI3KH «3HaueHHe coMHoxurteass mpu 180°
MOXKET PaBHATbCS UYHCJAY TpPaBbIX HJH JIEBBIX YIVIOB X0Aa, OBITh
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Gosbllie WA MeHblle Ha JBe €IHHHIBl, B 3aBHCHMOCTH OT 3Haye-
Huii HaNpaBJeHHi# HCXOJHOH M KOHEYHOH CTOPOH>. B kauectBe
BO3MOXKHOH MepHl, MO3BOJsIOIIEfi YNOPSAOUMTh NpHMeHeHHe ¢op-
mya Buaa (1) u (2), B pabore [7] mpeasnaraercsi YHCJIOBOE 3HA-
yeHne coMuoxuteast npu 180° onpepensith u3 camux opmya (1)
u(2), T e

- = =
n= ‘-‘Bnau (au a‘k) (3)
180°
JJidg IpaBbiX H
n= zpusm = (ax = aM) (4)
180°

IJ151 JIeBBIX H3MepeHHHIX YIJIoB f.

OjHaKO TaKoe INPEANOJOXKeHHe SBJSETCs HenpHeMJ/EeMbIM, T0-
CKOJIbKY OHO 0asupyercss Ha HCIOJb30BaHHH HEJONMyCTHMOro MNpH-
eMa — ONpe/leJieHHs] HEeH3BeCTHOrO n M3 TOro JXe ypaBHEHHS, Ha
OCHOBE KOTOPOro OmpejessieTcs HenaBecTHOe fg. Kak cieacTBHe TO-
cJle/iHero, moJydyenne coMHoxutens npu 180° u3 cooTHoueHu# (3)
¥ (4) cBSI3aHO C OJHOH ONACHOCTBIO — INpPH 3TOM HE 6yLyT 3aMeUeHbl
BO3MOXKHBIE TPyObie NMOrpPelHOCTH B XPusw, Gu HJIH Ox, 6JIU3KHE K
180°.

OcTaHOBHMCS ellle HA OJHOM Pa3bsICHEHHH -TIPABHJ BHIUHC/ICHHH
HeBS3KH fp 110 dopmyaam tuna (1) u (2) [6]. B nocobun [6] dop-
mysa (1) npexcraBieHa B BHAE

6 =2 Buom—= Preop, ’ ()
rjge Eﬁ'reop =0qg— 0k -+ 1 800/7», (6)

H OrOBOPEHO, UTO «eciH ag<<ay, TO [mo dopmyse (6)] monyyaercs
HCKOMasi BEJHUHHA XPBreop; €CJHH Ox—>ax, TO H3 IOJYYEHHOro pe-
ayasrata Hafo BhuecTb 360°». IIpoBepka 3TOr0 yCIOBHS MO pe-
3y/AbTaTaM BBIUHCJEHHH [g, MPHBEJEHHBIM B Taba. 1, NOKa3bIBaerT,
uyTO OHO cobJofaeTcs Aajeko He BO BCeX caydasx. Tak, neppas
yacTh yCJIOBHsSI HE BBINOJIHAETCS JUisl MOJenel 4, 8, 12, a BTOpas —
naa Mozeaei 5, 6, 9, 10, 16.

Bce 3TO CBHAETENbCTBYET O 1es1eco0O6pasHOCTH MPOMOJIKEHHS
TIOHCKA TyTeH yIOpsiAoYeHHs NPaBHJ BBIYHCJICHHA YIJIOBLIX HEB-
30K B Pa30MKHYTHIX TEOJOJHTHHIX Xonax. HuKe mpuBeJeHbl Halll
coobparkeHHus MO 3TOMY BOIPOCY.

Aunanuzupysi AaHuHele Taba. 1 B 2, HETPYAHO 3AMETHTB, 4TO MPH
BBHIUHCJIEHHH YTJIOBOH HEBsI3KH [g MO (opmynam (1) u (2) pesysb-
TAaT OTJHYAETCsl OT JeHCTBUTEJBHOTO B CTPOrO OMPENEJEHHbIX CJY-
yasgx: KOTAA OJfHA M3 ONOPHBIX CTOPOH XoAa (HauasbHas WJH KO-
HeyHas1) umeer Hampasiaenue C3, a apyras — CB, I0B uau IO3.
IIpu 3ToM AJIst CIyyasi H3MEPEHHH NPaBBIX YIJIOB HEBA3KA fg mpe-
yBeauuena Ha 360°, ecqm HampaBJeHHe KOHEYHOH CTOPOHBI OTHO-
cutca k versepru C3, H IpeyMeHbllleHA Ha 360°, eciu K 4eTBEPTH
C3 oTHOCHTCS HampaBJeHHE HayaJbHOW CTOPOHBL. JJjisi JeBBIX M3-
MEpeHHBIX YIJIOB HMeeM CJ/e/yIOllyl0 KapTHHY: [ mpeyBennyeHa Ha
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360°, ecnru B mHampapaennn C3 pacmo/oXKeHa HauaabHAs CTOPOHA
X0/a, U IpeyMeHplieHa Ha 360° — eciaH KOHeyHas.

OrmeueHHEIE 3aKOHOMEDHOCTH MO3BOJSIOT CHOPMYJHPOBATH Ta-
KHe mpaBuaa npuMeHeHuns ¢opmya (1) u (2) naa BBYHCAEHHS
YIJI0BOH HEBSI3KH fg B PAa30MKHYTHIX TEOJMOJHTHBIX XOJAAX:

I. Uto6Bl omnpenesHTh AEHCTBHTEJNbHOE 3HAYEHHE [g 1O H3Me-
PeHHBIM NpaBBIM yrJjaM, MoJydeHHHE no ¢opmynae (2) pesysabrar
BbIYHCJIEHHH CcJelyeT yBeJHYHTb Ha 360°, eciu HampaBieHHe Ha-
YaJbHOH CTOPOHBI XOAa OTHOCHTCSI K ueTBepTH C3, a KOHEUHOH —
K J0060H ApYyroi yeTBepTH, H YMeHbIWIHTH Ha 360° ecam pacmoJio-
MEeHHEe HalpaBJieHHH HayaJbHOH H KOHEYHOH CTOPOH MPOTHBOIO-
JI0JKHOE.

2. Urobbl onpejesHTbh NeHCTBHTENbHOE 3HAUeHHE [ IO H3Me-
pPEHBIM JIeBBIM yrJiaM, TNOJyueHHbIH 1o Qopmyne (2) pesyabrar
BBIYHCJIEHHH CJelyeT yMeHbIUHTh Ha 360° eciu HampaB/jeHHE Ha-
YaJbHOH CTOPOHBI X0Ja OTHOCHTCS K yeTBepTH C3, a KOHeYHOH —
K Ji060# JIpyroi ueTBepTH, M yBeJWUYHUTh Ha 360° ecau pacmoJo-
JKEHHEe HanpaBJeHHH Ha4aJbHOH H KOHEYHOH CTOPOH IIPOTHBO-
TMOJIOXKHOE.

3. Ecu obGa HampaBJjieHHsI ONOPHBIX CTOPOH XoJa (HauaJbHOH
i KOHEYHO!) OTHOCATCS TOJBKO K ueTBepTH C3 mum, Hao6opoTt, o6a
K Hell He OTHOCATCS, TO MOJydeHHbIH mo dopmynam (1) uam (2) pe-
3yJAbTAT BLIUHCJIEHUH CleyeT CUHTATh AEHCTBHTEJIbHBIM 3HAUEHHEM
YIJIOBOH HEBSI3KH fp XOza.

[IpumeHeHne 3THX NpPaBHJI Ha NpPaKTHKe oOecleyHBaeT BIOJIHE
‘0lIHO3HAUHOE ompefeseHne no ¢opmyaam (1) u (2) yraoBeIX He-
BA30K fp B PA30OMKHYTHIX TEOAOJHTHBIX XOAaX KaK TMpH PYYHOH
o6paboTke H3MepeHHil, Tak u npH obpabotke ux Ha IBM.
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