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§ 1. BBOllHbie 3aMet.IaHIHI 

f1peunaraJOTCH HOMOrpaMMbl /liTH perneHHH 38Jl8'l KHH€M8THKH HU€pHbiX 

peaKUHll 6HH8pHoro THITa I + II = I + 2 rrpH He~enHTHBHCTCKHX aHep-

rHHx. Hcrronh30BaHbi cneayrornHe o6o3Ha'leHHSI: 

rranaroutaSI qacTHua, 

II 'lBCTHUa MHIIl€HH 1 

nerKHH rrponyKT p€8KUHH 1 

2 HJipO OTJl8'lH 1 

~I - 3HeprHSI ITy'lK8 B na6opaTOpHOH CHCT€M€ KOOpUHH~T, 

E I E2 aHeprHH qacTHU I H 2 a n.c.K. 

TO *€ B CHCTeMe ueHTpa MBCC 1 

8 1, 8 2 H 8na6- yrnbi BhineTa '18CTHU I H 2 B n.c.K., 

0 UM - yron BhmeTa a c.u.M., 

a na6 - UHqxpepeHUH8IIbHOe 3{jl<jleKTHBHOe C€'!eHHe B n.c.K., 

aUM TO }f{e B C.U.M. 1 

Q SHeprOBbiJl€IIeHHe peaKUHH 1 

m 
1 

, m II , m I , m 
2 

- MaCCbl 'l8CTHU I, 11 1 I H 2, 

+ m 
II 

= m + m 
1 2 

Ha HOMorpaMMax pernatoTCSI cneuyrornHe KHHeTnqecKH ~ aanaqn: 

l-ag 3anaqa - rrepecqeT yrnoB BhirreTa H3 n.c.K. B c.u.M .; 

2-aH 3auaqa orrpeneneHH€ yrna 8 2 ITO H3B€CTHOMY 8 1 { HIIH Hao6opoT); 

3-51 38/l8'l8 - rrepeC'leT UH$$ep€HUHBIIbHbiX ~eKTHBHb X ceqeHJfH H3 n.c.K. B 

c.u.M.; 

4-aSI 3anaqa orrpeneneHHe aHeprHH E 1 ITO H3 BeCTHbiM 81 H Q; 

5-aH 3BJiaqa orrpeaeneHHe Q peaKUiflf llpli H3B€ CTHbiX E 1 If 8 l 
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B 3BKniDqenn:e rrpHBOllHTCH HOMorpaMMa nnH orrpeneneHHH BhlCOThl no-

TeHUHBITbHOrO 6apbeJ~. 

OcnoBHbte ¢op~ ynbt nnH nepenHTHBHCTCKoro cnyqaH n:MeiDT cnenyiDIUHii 

BHll/ }/: 

co~ e 
UM 

ctg 8 I 
pI + co~ {fUM 

sin (} UM 

etg 8 2 

p 2 - co" (} UM 

::!!; - P 1 ~in 8 1 ± co~ 8 
2 2 

y l - p I •in 8 I 

-----------------
(l-p~)sin8 1 

A I E I 
pI = V _ __:___:_ 

t~ - E 
I It 

p 
2 

m m 

A2 
I 2 

E 
It 

M 
Q-

m m 
II 

10 I m 2 

E - p
1
yE

1 
+q 

1
=0 

p = 2 
I 

v r: t 

I [ 
V I 

('0~ 8 

- ~ [ m Q + ( m - m ) t: 
M 2 I 

M 
co~ 8 1 

..; -;;~~~~-; ~~--0~-20-~~-M-r;;,-~-~-(~-2-=-;~)~:-,-

.! ---------- ----------~------------
M 
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(I) 

( 2) 

(3) 

(4) 

(5) 

(6) 

( 7) 

(8) 

(9) 

( 10) 



a UM 

0 na6 

Q = _I - [ \1 f: I - 2 \ 
m2 

m m E E co• El 
I I 

m2 m II . 
----If, 

\I 

m lm ll 
If: 

\1 

-E 

t• 
- r:, 

I - p 2 
• in '1J Jltl6 

It 

+(m 

) 
It 

-n 
2 

) E 
I I 

------------------------------------------

(II) 

( 12a) 

( 128} 

( 13) 

LlnSJ pememm nepBbiX Tpex 3aJlaq Heo6xo/lHMO rrpellB lpHTenbHO Ha BCrroMo

raTeJibHhiX HOMorpaMMax onpelleJIHTb napaMeTpbi P 1 Jl P2 rrpencTaBnsno

mne C060JO OTHOllleHHe rrepeHOCHOii CKOpOCTH ( T.e. CKOp >CTH CHCTeMbl UeHTpa 

Mace OTHOCHTellbHO ll.C.K.) K CKOpOCTH 'laCTHUbl ( 1 H IIH 2) B C.U.M. Ho-

MOrpaMMbl liOCTpOeHbl llll51 CliY'l35! p 1 _:5 I . npn 3TOM Jlll51 pemeHJI5! nepBOH 

II TpeTbeii .33/l3'l He06XO/liiMO 3H3Tb TOllbKO OJ:UIH nap 3MeTp - p I UJUI p 
2 

( B 33BlfCliMOCTH OT Toro, K3KHM ITpO/lyKTOM peaKUHH r. :bt HHTepecyeMCSI), a 

ll.IISI pe!!JeHHSI BTOpoii 33/l3'IH Heo6XOAHMO 3HaTb o6a na :>aMeTpa -p l 

nop>~noK pemeHnH Ha HOMorpaMMax nepBoii 3anaqn HC€ H H3 cxeMbi nonh3o

BaHIISI (eM. rrpHnox-:eHne). OrmmeM rrop5!JlOK pemeHII5! BTO:>oii 3anaqn. 

a) Onpeuemte~ napaMeTpbi p 1 

6) flo H.>BOC'fHLI:M 

n) BH'!ncmwM yron 

Ha HOMOrpaMMO O!IpOilO.fHIOM 

"- 0 UM 

() 
ll!\ 

r) f1o H3R('CTJI!,!:I.l /f UM II p 2 Ha HO~torpn~!:\-tc orrpenens.teM (; .nao• rro::y"LteH--

HO€ .3H8l.J:l?HUe eCTh E) 2 

flpH p 2 >I yron {-) 2 Bhi'UICH>IOTC51 ITO ;fopMyne ( 2) • 

Iln5! pemeHHSI TpeTheii 3anaqn cnyJKnT HOMorpar. Ma. noMeiiiennasr na 

pa3BopoTe nacTo>~mero rrpenpHHTa. NleTon nonb3oBaHH~ 1 ~c~oMol-pCJMl'viOI1 SICeH 

H3 cxeMbl IIOJib30BaHHSJ. 0TMeTHM HeKOTOpb!E' OCOOeH&OC"H 3TOil HO~·!I.)rpa!\H1bl. 

lliKana a aao rrocTpoeHa B npeJlenax oT 1 no }( npmr:H'-O.'"lbHhlX erm-



mKanu a na 6 oT 1 a) 3,162 rroMeweH c neBoii, a oT 3,162 no 10 - c rrpaBoii 

CTOpOHhl HOCHTenR, :::ooTBeTCTBeHHO 3TOMy IllKana a TDK:>i<:e pa36HTa Ha llBd 
llM 

yqaCTKa - neBNH H IIp11BbiH 1 IIpH 3TOM neBOH CTOpOHe lllKaJibl a na 6 COOTBeT-

CTByeT neBaH ~e C10pOHa lllKaJibl aUM• a rrpaBOii - rrpaBaR, 

nopR!lOK pemernR qeTBepToii aanaqn cnenymwnii: 

a) Ha BCilOMOI'aTe lbllb!X IIOMOr'pDMMaX OITpB/!BJ1HBM p I H 'I 1 

6) 3HDH pI H , Ha OCHORIIOH HOMOI'p8MMe OIT[JBI1E'J1S!eM t: 

nATaA 38J]ala pewaeTCA CJ1Bily~WHM o6pa30M: 

a) Ha RCIIOMOr'aT 'llhHOH J!OMOrpaMMe OITpenCl!SieM p 
1 

6) 3H8H p I H f: Ha OCJ!Of\IIOH HOMOrpaMMe OIT[JBilBl!ABM 'I I 

B) 3H8A q I IL BTOpOii BCITOMOr'CITBl!bHOH HOMOr'p3MMB ( Hl!H rryTeM IIBITOCpea-

CTBBHHhiX Bhl'mCl BHHii) OIIpBilBl!ABM Q , 

Berro Mora Ten bHbre HoMorpaMMb! LIJIR orrpenellleHHR 

(eM. rrpnno~errne). Onrra na HHX rrocTpoerra nnR cnyqag 

Pt IIpHBOLIHTCH 

E .5 25 M3B 

n 0,01 .::; y m 
1

m 1 I M <;_ 0,1 a npyraR - nnH cny•1aH 25 M3B :S E 
1 

< 

< 200 M 3B n o oo· < v ~I M < o ,07. 
• l 1 -

Ecnn rrpn pa6 JTe c rrepBoii BcrroMoraTenhnoii noMorpaMMoii BeJmqnHa 

y m 
1 

m 
1 

/M oKa~eTc H McHblile, qeM 0,0 1, To rrocTyrraeM cnenymmnM o6paaoM: 

yBennqnBaeM y-;;-; ;-;M B 10 paa H HaXOilHM p , anH yBennqel!lloro 3HC:l'Ie

HH51 v'm~m~ /M, rrc cne qe,'o rrony•1ennoe 3Haqenne p 1 yMenbmaeM B 10 pa3. 

rlpn ,;---;;;-;;;-; M > o 
I I 

nocTyrraeM nao6opoT, CoBepurenno ananornqno rrocTy-

rraeM H IIpH pa60TE CO BTOpoii BCITOMOI'aTCJihfiOH HOMOI'pDMMOH, 

BcrrOMOI'aTcJibRaH HOMOI'p8MMa llJIH ypaBHeHHH (9) i1JIR KD~IlOH KOHK-

peTHOH peaK!lHH J]Orr~Ha CTPOHTbCH OTJ]CJibfiOo CaMa HOMorpaMMa BeCbMil 

rrpocTa H CTpOHTCR oqeHb bhlCTpO, UITHWeM IIOpHDOK ee ITOCTpoeHHH. 

E! 

a) 
maX 

BJ,ILfHCn>JeM 'It J]J1H =E 

Q n rrpenenw H3MeneHHR E 1 - E 

I m tn 
ll 

I max 

6) Ha nHcTe Ml nnHMeTponoii 6yMarH Bbi6HpaeM ocH J:teKapTosoii CHcTeMbl 

KOOpllHHaT, no >BpTHKaJ1bHOH OCll 6yaeM OTKJ1aJ]h1BaTb 'I I , a ITO r'OpH3011-

TaJ1bHOii - f: I 

B) Ha ropH30HT 'lnhHOii ocH B rrpoHasonhHOM MacmTa6e cTpoHM mKany f: 1 

r) Ha sepTHKan bHOii ocn B rrpoH3ROJ1hHOM MacmTa6e cTpoHM nrKany 'I 1 • 

a) HaHocHM DR< TO'IKH, cooTBeTCTBYJOIIJHe anaLfeHHAM 'l 
1

, Bhi"!HcneHHbiM 
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LIJISI ~; I = E I min II 1<:
1 

= F: 
1 

rna>/ II rrpOBOLIIIM qepe3 HIIX IIpHMyiO JIHHIIIO. Ho-

MorpaMMa roToBa. 

ECJIII Q Heii3BeCTHO, TO HBHOCIIM HeCKOJihKO IIpSIMJ IX, COOTBeTCTBYIO!UIIX 

HeCKOJihKIIM 3HaqeHII~IM Q B6JIII31I O.>KII.QaeMoro. 

Ope.unaraeMbie HoMorpaMMbi MoryT 6biTh IICrro.r h30BaHbi He TOJihKO 

.UJISI perneHIISI rrepeqncneHHbiX Bhliiie KIIHeMaTIIqeCKIIX 38.Q; ,q, HO II .QJISI aH8JIII38 

BJIIIHHIIH rrorpeiiiHOCTBlf 3KCIIepl!MeHT8 Ha rrorpBillHOCTll Oipe.ueneHIISI OTBBTHhlX 

FIBJIIIqiiH. OpoiiJIJIIOCTpiipyeM 3TO na rrpnMepe HoMorpaMJ fbi, rrpe.una3naqeHnoif 

.QJIH rrepecqATa ceqeHIIif II3 n.c.K. B c.u.M. 

Ha rrorpemnocTh orrpe.uenennH L'l. aUM oKa3LJBaiOT B 11IHHne, B qacTHOCTII, 

CJie.QyiOIUIIO tpaKTOpbi: 

at norp(eiitHOCTb 1\ "na6 orrpenoneHH'il ce•1eHHH B n.c.K.; 

6) IIOI'pCIIIHOCTb .\f: 1 B orrpeneneHHH 3H0pi'HII rry•ma, K< •TOfJa51 1 B CBOIO 

oqepeab, cKnaaHBaeTC'il 113 nnyx nemi'li!H - rrorpem HocTn, orrpencn'ile~wii 

CTATHCTH'IOCKHM pa36pOCOM 'IACTI!U DY'IKD DO 3HCprH51M 1 I HOrpe111HOCTH, 

B031111Kll!OH!Cii DpH 11:3MepeH!lH l·li!Cpl'HH nyqKa; 

B) norpeiiiHOCTb \ llna 6 ' onpenen51eMa51 neTo'lHOCTbJo n onr enenemm yrna 

BLIJJeTa, 11 norpemrrocThiO, onpeJ.teiHieMoi"f BeJIIP.HiHOii Tene( Horo yrna, "nhl-

pe3aeMoro" aeTeKTrJvoM. 

norpeiJIHOCTb ,\a 'II~1 (!\a nnf5 l, orrpeuenHeMa5l Bennqnnoi:f ,\a na 6 , 

IIDXOL!HTCH 1!8 HOMorpaMMe TBK .>Ke, KaK II a HM, c rolf nHlllb pa3nnuei1, 

qTO H8 JJJKaJie (n8 6 OTCqJlThJB8eTCH ;\an 8 6, ll Ha IIIK tne al!M- ;\aUM 

DnH 8HaJH!3a BJIIl5lHl!H rrorpemHOCTII ;\,.a na
6 

Hil !\a '
1

M rrocTyiiHM cneny

JOJJIHM ofipa30M: •1epe3 TOqKy, 13 KOTOpoii CJIIlBD.!OTCH 3Ce Kpi!Bble ceTqaTOlf 

HoMorpaMMI>I, npoBeneM MbiCneHHO ropn3oHTonbHYIO rrp5!MyiO. Dn5l TO<IeK 

ceTqaToif HOMorpaMMLI, ne.>Karueii Ha 9Toii rrp5IMoi1, '\a ~M /!\a na
6 

=1 , 

T.o. ,\,. a~M = t'. a na
6

• B 'WCTHOCTJI, rrpn p << 1 nn >I JII06hiX p n 0 na6 

C xopomeii TO'IHOCTb!O Bbll10JIHH0TCH paBeHCTBO i\ a l;M "'i\a Jra6 DnH TO-

'IOK CBT'iBTOii HOMorpaMMLJ 0 .'IB.>KaiUHX Hli.>Ke yKa31lflf!Oii B ,J[JJe fi[JHMOii, OTHOl!Je

HHe :\a ;!M /,\a Jl1l
6 

MeHbiiJO O!l!!HliUbl l1 yMeHblllil0T< :11 110 Mepe ynnJieHHH 

OT IIp51MOH, il LlJI51 TO'!eK 0 JIO.>K!liJU!X BbJIIIe :'lTOU l1fl"lMOH 1 )TfiOIIIBHHe ;\a;r-./;\aJia
6 

6oJibJJIO ennHilUW H yneJIHYilBDOTCH ITO MOpe yJ iJJIOHHSI OT ropH30H

T8JihHOif rrp5IMOI1. Oco6eHHO 6onhlllllX 31Ja'temu1 OTHOlllBf!l\0 ,\a ~M /1\ a na
6 

LlOCTHraeT IT pH fl fiJIH3KllX K OJ(HHIIUB, 11 ~186 , JIB )!{!)ll[II: B 3il!lHBi'i fiOJiyC!j;epe. 
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norpelllHOCTb BXOLlHT B IIOMOrpaMMY qepe3 i\ P • Bemi'IHI!a 

i\ f' B KaJKLlOM KOH -cpeTHOM cnyqae LlOll/KHa HaXOLlHTbCH OTLlBllbHO. npn p<< I 

norpelllHOCTb i\ p I >6LI'IHO O'IeHb Mana H BIO M0)1{110 npeHe6pe'Ibe ilpyrHMH 

CllOBaMH, llpll p << ) ' onpenenHeMoii rrorpem-

HOCTb!O !\ F 
1 

B 6(llbWHHCTBe cnyqaen MOJKHO rrpene6pe'Ib. Eonbwe Toro, 

i\E MOIKIIO yKa3BTb noryCTHMhlB 3Ha'IeHUH , T.e. T3KI!C, KOTOpblB ITO'ITH 
I 

He CK83b!Ba!OTCH Ha rrorpCillHOCTH A a '~M· B HBKOTOpbiX cny•wHx ( uarrpllr-wp, 

rrpn : Q I / r 1 << MOryT npHHHM/lTb BBCb-

MB 60llbillHe 3H8'IBIIfHo 

B Tex C.'IY'WH ~. Korna KpnBI>IB Ha ceT'IaToi1 HoMorpaMMe nnyT IIO'ITH 

ropnaonTanbHO (Hal pHMep, rrpn p "' 0.3 -+ 0.5 n 0 na 6 "" 78° -+ 80°) na)Ke 

O'IBI!b 6ollb!UHB nor JBlllHOCTH /\ p llO'!TH III!KaK He CKa3biBalOTCH Hll rlelll!'IllllB 

.-\a,. 
rrorpelllHOCTH II~ a rrpn P, 6JIH3KHX K BJlllHV.Ue, H ~lil 6• JIB/Killli.l!X B 

3ailHBH rronyc!(,epe, 18/KB HB3Ha'Il!TBllbHbiB rrorpelliHOCTH I~ p IIpllBOllHT K O'IeHb 

60llbi!IHM rrorpB!IlHO ~THM ~a" 
UM 

norpeWHOCTb L\a ,, (,~(j 
6

l, 3!1BIICHIJ1ilSi OT norpeUJHOCTII \ ~~. f' Ollpe-
~f-.1 Jl3 Jl:] _) 

JlCJISJeTCH BeJ1ll'IHl!Oii BBpTHKBllbl!OI'O OTW~~lKa Ha CeT•WTOiJ HOMOrpllMME', pABHOrO 

llpll 38j]al!HOM p [ acCTOHHIIIO M8?KJlY COOTBBTCTB)'!Olll!fMI! Kpi!Bbi:-.Ill (J .'laG 

Ha HOMOl'pB'\IMB HCHO Bll!lHO, 'ITO IIpll r><< I IT Or pE lll HOCTb!O 
.r\a ,.,., 

Jlh! 
:O.IOiKHO 

\ 0 na6 H 3TOM cnyqae MOryT npHHH-

MClTb BeCbMa OOJIE ll!llO 3HB'ICIIUT!. npi! p ' 6JHI3KllX K B,flllllllUe, II OJiilO 

Jle)KafiUIX B 38Jlf!C'i! nonyctjlepe, 11<1/KB HC~Hla'IIITBllblll·IB IIOrpelllfiOCTH \ () Jl/1 6 
llpHBOD.RT K O'IE:Hl- OO.'lbllll!M norpell'HOC:THM '\ 0 ~~~;! 

§2. YpaBHeHnSI 3neMeHTOB HOMorpaMM 

~IoraTB.TlLI!He HOMO cp8MMU ( T.e. !IO~IOI'paMMH IUlll Ol!penenei!HH p 

HO paCCMilTplfBC!lOT ~H. ( 3iJ•.c\eTH'>.! '>.HBIOXOdOM, 'iTO C;lCJl3liHOe B llf'Gillol!lYlHeM 

'H!TOnbHoii M.epe y :aoBHo n cnynmT, r.'lilBHbiM o6pa3o"1• ::Jm ;-·uo6cTBa 1!3-

nO)i<CHHH) • 
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HarroMHHM onnH rj1aKT na HoMorpa<jmn. PaccM3TpHB< .eMJ.Ie HH:»-ce ypanHe

Hll>I HBITH JOTCH •racTI>IMH cnyqaHMH 6onee o6urero ypa lHeH!H! cnenyJOmero 

BHLIB: 

I (a I ) f .1 (a 3 ) + f 2 (a ) ~ (a 
.l 

~ h \a 
( 14) 

3necb f 1 (a 1 ) (i ~ 1,2,3 ), g :l (rr 3 II h 3( a 1 ) - I1pOH3BC llblfhie HCJipepblBHIAe 

1lYHKUHH CBOHX apryMeHTOB. B HOMorpa<tJnn ypaBHeHH·! ( I4) H33b!B8eTCSI 

ypaBHenneM tPoPMhi Komn/2,3,4/. YpaB!IeHHH 3neMeHTOB noMorpaMMbi ¢opMbi 

Kown rrpHBeneHhi B Ta6n. I. 

Taonnua 

Koop!lHHilTbi lliKana a 1 lllKana 

d 

X () d 

I+ 

h 

y 
2 

f 
1 fl 1 

I + 
f1 1 g 3 

J.13 Ta6nHUbl I BHLIHO, "'TO HOCHTeneM IIJK8J1bl at CJ1Y)!(llT ITpS!M8SI 

X 0, HOCHTeneM IliK/illbl a 2 - npSIMaSI X ~ d a HOCHTeJ1b IIJK811hl 

a 3 - Kpl!Ba51 llllHll51. CxeMa HOMorpaMMbl npnBeneHa HiJ pHc. I. napaMeTpbl 

H h HMeJOT npOCTOH reoMeTpHqeCKHi CMbiCJ1: BeJ1H"'HHbl 

3TO MBCWTa6Hbie MHO)!(HTeJ1H WKBJ1 a I H a 2 ; BeJ1H"'HH8 

d eCTb paCCTOHl!He Me)I{LIY HOCHTeJ15!MH ll!K811 a t napaMeTp h 

l103BOI15leT CLl.BHf'8Tb WKany a 2 BLIOJlb CBoero HOCHTem '• MeTOLIHKa IIOLl6o-

pa "'HCJleHHbiX 3HB"'eHHH napaMeTpOB IIpH HOMOrpa¢HpCB8HHH KOHKpeTHOf'O 

ypaBHeHHH ITOLlp06HO OITHC8Ha B KHHre E.A.HeBcKoro/3/ H HJ111JOCTpHpyeTCH 

HH)I{e Ha KOHKpeTHOM npHMepe. 
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y 

0 

0TMeTHM e [(e OllHY xapaKTepHyw OC06eHHOCTb HOMOrpaMM ¢opMhl 

Kow11, McKnw~a~ 113 ypaBHeHHH TpeTbero cTon6ua Ta6n. 1 rrapaMeTp a~ 

rrony~aeM ypaBHe 111e HOCHTenH wKanbi a 3 

( 15) 

F(X,Yl=O, .. 
a nen~ HlllKHee y )aBHeune Ha BepxHee, nony~aeM ypaBHeime ny'IKa rrp~MbtX, 

::>aBHC~illi1X OT •1 :l 

\ h 
-·--(h-jl --'1- ). 

d 2 ~ 
( 16) 
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Ha mo6oii rrp~Moii ITY'JOK rrpHMbiX ( 16) o6pa3yeT HeKoTt py!O il!Karry a ,
1
• TaKl'M 

o6pa30M, Kp!HIOJJHHeiil!aH IJJKaJla a ll[lE:'J\CTaBJlHe'' C060l0 COBOKYITIIO<:Tb 

HOCI!TeJI~ IIJKaJIJ,! - K[ll!BOii ( 15) H llY'IKa llpHMbiX ( 1 l), 3ai3HC~Il(HX OT a 0 • 

DpyrHMH cnonaMH, KpHBonHHeiiiw~ ll!Karra a 3 of5pa3!E:'TCH rrpoeuHpoBaJIHeM 

Ha KpllBOJIHHeiilll,Jii HOCHTeJib ( • 15) HeKOTOpOii: llfHIMO,HHei1noii JJIKilJlbl a 3 • 

UeHTp rrpoouHpODaJ111H HaxoJUITCH B flll';ane KoopnHH< T. B KaLJecTne Hoell-

Ten~ npoenHpyeMoii IIIKaJihl a :~ 

HOCTI! - rrp~ Mill! \ ~ d , T.e. IIOCHTeJib UIKaJihl a~ B 3TOM crryqae ypaB-

HeHne rrpoeunpyeMoii IIIKaJII>I a 3 HMeeT crreny!OLUI1i1 Bv n: 

y - h - fl 2 

h :\ 

Ha rrpaKTI1Ke !I pHne CJIY'WCB rrpoelU!pyeMaH JUKana a 1 coBrranaeT co mKa-

JlOI! u:..! Ernlf JTO oricTO~ITC'JJL' 'I no 11"1PCT ~dPCTo, ll <'Cill! ut;HT)l II!'OE~'!lii)Hl-

RiJHIHI ll IIOCllTPJJh :liJJIHMalOT JlOCTIJTO'H!O yUObHOC B3'111MHOe llOJIO.>KeHHe, TO 

llOCTpoeHI10 llJKaJJhl U 3 cymecTFJeHHO yrrpotnaeTC5I: J OCTaTOLJHO llpOC'!HTaTb 

cpaBHI1TeJJhHO fWflOJ1bii!Oe 'li!CJIO TOLJeK liJKa/1hl a:\ , HeObXO!li1Mb!X !lJIH Bbl

'!ep'111B&Hll~ CilMOrO HOCHTe/151 ( HallpllMCp, llfll1 pa3Me] ax HOMOrpaMMhl 250 X 

X 180 MM 11 1((1C'TI1TO'!HO rJOJ!hHIOM flllfU!yCe K[JilBI13Hhl f!OCHTe/15! MO.>KHO l1pOC-

'!WffJTb 15 - : 20 TO'!PK), CAMEl .>Ke IIIKa11n ll 3 !!IJHC CHTCH !IE! HOCHTeJib ny-

lliKaJILI a~; llOC'!llTaHHble TOLJ {11 IllK3!lbl (1 
3 MoryT 

CJJYXU!Th L\11>! KO!IT]JOJIH rrpaBHI1h!IOCTI1 11pOeii!H]JOBaJII!H npoenHpOBAJIHe O'le!lb 

YilOO!IO OC)'!UOCT!lnHTL Il]JH IIOMOlUll rrp~'v!Oii:, HaHeceHHC ti Ha KilKOii:-JIHbO IljJ03-

pa'!Hhiii rrerKo upoKanr.maeMr.ri1 ( HO nocTaTO'IHO yrrpyr11 :) MaTepaan ( HarrpHMep, 

Ha KapTorpa¢J1qecKHA nnacTHK, ¢oTorrneHKY 11 np.) 11 3aKperrneHHoii: rrp11 rro

Monm 11rnr.1 B UOHTpe IT]J08l!I!]JOBaHI15! ( TaK 'ITO 11pHM, IH CBOflOJIHO BpamaeTC5I 

BOKpyr llC!!Tpa 11pOeJl11fJOBEIHI!5I) o 

a) HoMorpad•HpoBamtc ypaBJieHHii (I) 11 (2), 

06a ypaBHeHI15I ( 1) 11 ( 2) MO)KHO 3anncaT" B cne.oyJOIIleM BH.oe: 

etg I} na6 
p + c 0~ IJ 

----------~---
~in 0 

( 17) 

UM 

11 



YpaBHemre ( 17) no c:BoeMy BHllY rronHoCTbJO coBrranaeT c ypaBHeHHeM ( 1) 

H OTnHqaeTCSI OT Hert l nHlllb TeM, qTo OTCYTCTByeT HHlleKC y p H 0603Ha

qeHHe 8 1 3aMeHeHO Ha 0na6 ; ypaBHeHHe (2) IIpHBOllHTCSI K BHllY ypaBHeHHSI 

( 17) 3aMeHoH" OUM Ha TT- 0 UM 

DepBaSI 3anaqa ':BOllHTCSI K pellleHHIO ypaBHeHHSI ( 1) OTHOCHTenbHO 0 
U,!>1' 

Ollfl pcmaeTCSI Olli!HM nano)KeHHCM nHHeii~<H. BTop<ni :Jnna•uJ p<'IJI:JeTc~I n 1\Bil 

9Tarra: CHaqana H3 yraBHeHHSI (1) HaXOllHTCSI 

H3 ypaBReH~51 ( 2) Oil! e,AenHeH 8 z 

() 
UM 

nocne qero, 3HaSI 0 
UM 

llnn rronyqeHHSI ypaBHeHHH 9neMeHTOB HOMOrpaMMbl ITpllBOllllM ypaB-

HeHHe ( 17) K BllllY ¢l)pMbi Kollln ( 14): 

p • I + (- ctg () 
6 

) ~in () + co"() = 0 • 
na liM UM 

( 18) 

YpaBHeHHR 9neMeHToB HOMorpaMMbi cpopMbi ( 18) rrpnBeaeHbi B Ta6n. 2. 

Ta6m1ua 2 

KoopnHHBTI>I liTKaJ a p lliKana 0 
na6 

WKana 0 
UM 

d 
X 0 d 

I + 

y /1 • p 
I 

h -11-
2 

r tg 0 Jli'lO 

I ~ 
11- 2 

HocHTeneM IliKa flhl IJ 
U"·-1 

cny)f(IIT KpHBBSI BTOpOI'O IIOpS!IlK:t 

2 jl'22 " 
[-'-'- I d y~ cl h h 

+ - I + -- +2 --- X y -2 d ( - I ) \ -
2 II. 3 11 2 

11-t 1'-" Jl-
2 ,.2 1 I -

1:.: 



h 

I' 1 fL 2 

2 
l ) d 

( 18) 

BHLI KOTOpoii ::JaBllCI!T OT 3!18'-!8Hllrt B8J11P!llH fL 1 ·I' 
/5,6/ 

ll h • flpo8ltapy-

eMaH rrp1tMOJJllH8HHa5! mKana firM , pacrrono:>K8HH35! Ha IIOC!lT8J18 \ = d, HM88T 

C n<.>LJ Y KlJliH If lH! IJ: 
Y = h - I' 2 ctg 0 

UM 

T.e. nonnocThio conrrnna8T co !llKanoii 0 
6

TaKH:\1 ofip l::JOM, mi<nJiil 
na li Ul\1 

o6pa3y8TC5! fl!J08UHpOI1ill!llOM Ha Kpl!BYJO ( 19) ll3 TO'!KH p = 0 liiJ<~lJILt OnaG 

3TOT cjJaKT ]1;] npyrl!x cooopa:>K8Hll H 6 h!Jl pal!88 OTI\18'18 p .VI. Honor; f'!ll!OGOif/7/ 

11 ITpll IlOCTpOGHllll pa60'-!llX IIOMOrpaMM 111Hp0KO HaMH 1CIIOJ1b30BaJICSf. 

6) HoMorpm/IHpOBBHJJe rpaBHeHJJH {13) 

norarmtjJMHpy>I, II[JHIIO!llll\1 ypaRHC,HllO ( 13) K flliJ1) TaK H33hffiE1C'MOii BTO-

poii Kal!OHH'WCKOH qJOPMI>f 

(., 
1

) tf
2
(a")=l Ja~l, 

KOTopa~l sJnJISif'TC<;~ lifJCTIILIM cnyqacM (tlopMI>I Kornn ( 14) 

fg u Ul\1 - fg " na6 fg A , 

A 

____ 2 ____ " __ 

\/1-p "in OJia6 
;,:_:,_;_:__;_.,:-:,:,· :.:-- ----- -

(VI -I' 2 ~in 2gna6 + p co" 0 na6 ) 2 

flocKOJlbKY HOMOrpaMMil CTpOHTC51 J1JJH CJJY'-1351 p :::::_ TO B 3fUIM811!1T8Jle 

o<~p8M TOJlhKO 3118K fiJl!<JC. YpaBHE'HH>I CJJlOMeHTOII IIOMOrpaMMI.] npHneneHbl 

11 Tnon. 3. 

KoopDHIIt>Tht 

\ () 

y I' f I' a 
1 Jll16 

Ta6nHua 3 

lifKana a 
naG 

d 

+ 

h 
------- + 

I -t 
I' I 

13 

I' " 

I' t 

1Uv1 

I'" 
------- ga 

II') UM 
I+ 

I' 1 

d 



B) HoMorpat/JHpoBBHHe YQiBHeHHH (7) 

npHBOilHM ypaBH£ HHe (7) K BHfiy cjlopMbl KowH 

( 20) 

YpaBHeHHSI aneMeHTOB 1 oMorpaMMbi cjlopMbi ( 20) npHBeneHbl B TB6n. 4. 

Ta6nHua 4 

KoopnHHBTbl ll Kana p I llTKana q 
1 

lliKana E 

d 
X 0 d 

p. -
I+ _2_ V F: 

(1 I I 

y h -p.2El 

p. --
1 + -~v E 

p.l I 

HocHTeneM IIIK8lll E I CllYlKHT aeTBb rHnep6onbi 

h 
p. 2 ( d - X )2 

I ( 21) y X -
d p. 2 d X 

KOTOpOH COOTBeTCTByK T TIOilO)KHTenhHbJe 3H8'1eHHSI V E 1 (cor naCHO 38KOH8M 

coxpaHeHHSI HMnynbca BenH'IHH y E 1 nponopUHOH81lbH8 CKOpOCTH '18CTHU 1; 

CJle.OOBaTellhH0 1 OTPl'I'U.·ITell'bHble 3H8'1'eHfUI V ~ <Vl'I'·3H'leCI<OT'O CHbTCJ18 lfe 

HMeK>T}. EcnH npoen11 pyeMyiO lliKany E 1 pacnono)KI!Tb ua npSIMoii X "' d , 

TO ee ypaBneuHe npHJ~eT BHJl: 

Y=h-p
2

E 

14 



3Ta wKana conrranaeT co wKanoA q 1 11 OTJ!H'Ia8TCH OT 1!88 TOllbKO 3HBKOM 

noMeToK. TaKI!M o6pa3oM, III Kana E 1 o6pa:>yeTcH rrpoenw >OBaHHeM IW rHrrep-

6ony ( 21) OTpHH8T8l1bHOH 'lflCT!f lllKBJihl 'I 

8 ~8Kllhl4ei!He llpOHJill~CTpHpyeM Hfl KOHKpeTHO~ TipiMepe rropHflOK KOM

TIOHOBKH If pac•t('Ta HOMOf'paMMbl tTJOpMhl Komn, 

- I Ill ~ 'I 
1 

·~ -8 •, 

2) 3arWOMC>I Bh!COTOii IIOMOr[lflMMhl, pnn110ii 250 MM. 

3) Bl>I'II!CJI>JeM Monynll liiiUlJl 11 q 1 : 

:2 .S 0 ~ .-)() 

I' I ------- =--= 125 ~tH; I' 10 'v1~1. 
- r 

l Ill ax 1 mIn 
! m ;:-x q 1 m I 1 

Mony llb I1WHJ1hi p nonyl.:func~ pnnH!>ll\1 125 MM, lJTO H( yno6Ho nnH ee 

fTOCTpOC!Hlf<;l. rionnrllOt-vt 11 1 = ]QQ MM. 3To HO:H10j}Sl0T, JJe 1 3~1GfHIH llJHtHhl 

JliK(lJTJ,\ 1 {)£.1ClllllpHTb riJJC!lE:'JlJ,J H3MeltCIIJfS.l p 
I 

OT - 1,:<5 /10 + 1,25, 

p 
1 II q 1 

ypOBHr: 

I' 1. 11 ~ h- I' 

L I min II 
L 1 """ 

I< 1 "'I",. 74,3 :V\:-m 

6) fiOU.:ll'(H'\1 pilC'CTOHHIIC' \!C'il.HY LI!KC1,1<1\1il I' 1 

. l5IC\1 KOOp!Uf!IOThl HOCI!T('.'l:-.1 1111\[L'lhl L l il.!',! f•H:1il :_.;JIEJ'1L'II.JJ! ( C\1, TC\011. 5) • 

I< I M'JII '( Ml'vt y A.H-.1 l·. I ]\1 :JR MM y MM 

74 80.6 126.:~ 100 75.0 -12.5 
75 80.4 I 20. f:J I 05 71.1 -37,0 
80 7,1. 2 92.4 110 73.2 -61.0 
P.S 78.0 65.0 115 72.4 -84.5 
flO 77,0 38,fi 120 71.7 - 107.0 
:)~ "i6.0 12.7 125 70.8 -12n.8 

1" ., 



7) CTpOHM llJK8Jlbl p 1 H q 1 ; no rroeqHTaHHbiM KoopnHHaTaM F.bJqepqBsaeM 

HOeHTenh lliK8Jlbl ' 1 H rryTeM rrpoeuHpOB8HHSI Ha Hero llJKaJibl q 
1 

eTpOHM 

rnKany E 1 LlnSI ':lToro npensapHTenhHO rnKany q eTpoiiiiM B rrpenenax 

oT -74 no -125. 

8) Doene OKf>HqaHHSI Bee X TIOeTpoeHHH y6HpaeM JlHllJHI'I€ <Uii·CTH llJK8Jlbl 

q I, OCTBBJISISI TOJlbl 0 Ty ee qaeTh, KOTOpaSI nelKHT B 38Jl8HHblX ITpellB8pHTenb

HO rrpenenax OT - ! 10 JlO - 85; eHUMaeM e HOMOrpaMMbl K8Jl'bKY 1!1 <floTorpa

<flnpyeM ee. Bee IOCTpOeHHH yno6HO BeCTH Ha MllllllHMeTpoBOM 6yMare. 

0onh3ySieh en: 'qaeM, 8BTOp BbtpalKaeT eaMyJO HCKpeHHIOJO ITp:R3l!t8TenhHOCTh 

r.H.<PnepoBy H B.E 0 BonKOBY aa npenoeTaBneHHY 10 B03M0)f(H0CTb BbiiiOJIHHTb 

Jl8HHYJO pa6oTy B • Ja6opaTOpHH HllepHbiX peaKUHH 06'beJlHHes:.soro HHeTHTyTa 

SlllepHblX HeeneJlOBl HHH, 38 rroeTOHHHblH HHTepee K pa6oTe H coneiieTBHe IIpH 

H3ll8HHH HaeTOHlliei 0 rrperrpHHTa. 

flHreparypa 

I. A .M.EantJ.HH, 1 :.J1.TonbtJ.aHCKHii, H.n.PoaeHranb. KnHeMarnxa HtJ.epHux 

peaKllHii; ct>na.r..oarrHa, M., 1959. 

2. H.A.TnaroneB. Kypc HOMorpmfmn. HaJJ.. 'BI,tcwaH liiKOJia", M., 1961. 

3. E.A.HeBCKHii. CrrpaBo'lHaH KHHr/1 flo HoMorpm/JHn. TocrexreopH3P.aT, M. -fl., 

1951. 

4. r.c.XoBaHCKHii. MeTOJJ.bl HOMOrpai/iHpOBBHHH. 11aa. Bll AH CCCP, M., 1964. 

5. r.H.noreTIOHKO. ATOMH8H aHeprHH" • 1fl, 349, 1964. 

6. r.H.noreTIOHKO "HoMorpaMMa llllH ClfCTeMb/ llBYX ypaBHeB.Bii THfT8 KoiiiH 

c o6meii KpBBOJ HHeiiHoii IIIKanoii". B KH. "HoMorpaipH'leCKHii c6opHHK M4'. 

J1aa. Bll AH CCCP, M., 1967. 

7. P.H.HoBo6paHoi a. "Tpyabi HoBo'lepKaccxoro IlOllHTexHH'lecKoro HHCTHTyra , 

173, 1967, CTp. 97-/06, 

PyxoiTHcb nocTytmna 13 aanaTeJihCKBi oTnen 

18 OKTH6pR 1968 rona, 
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