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Pedepar. Ha sTane npoeKTHpoBaHHS IUIOCKHX PHIYaKHBIX MEXaHHU3MOB 00S3aTEIbHO MPOBOAUTCS KHHEMATHUCCKUI pacdeT. JTo oneparys O4eHb
TPYAOEMKa M COIEPXKHUT MHOTO BhIMUCIEHHIL. [losToMy SBIMETCS aKTyaldbHBIM pa3pabOTKa MaTeMaTHYecKod Mozemu B QopMe pacuera
KMHEMATHYECKUX XapaKTEePUCTHK JIFOOBIX IUIOCKUX PhIYAXKHBIX MEXaHH3MOB, UMEIOIIHMX B CBOEM COCTABE KPOME HAyaJbHOIO 3BEHA XOTs Obl ONHY
JIBYXIIOBOZIKOBYIO Tpymiy Accypa. B paboTe paccMOTpeHbI 3aaduu MOCTPOEHHST MaTeEMAaTHYECKHX MPOLERyp M rpynn Accyp HaTd BUIoB. B
Ka4yeCTBE MCXOIHBIX JJAHHBIX MCIIONB3YIOTCS HAYaJIbHbIE KOOPIMHATHI IOJI0XKEHHS IIAPHUPOB U KUHEMATHIECKHE XapaKTEPUCTHKH BEYIIEro 3BeHa.
B xone MaTeMaTH4ECKOro MOZICTMPOBAHKS ISl HCCIIEAYeMOil IPyIbl Accypa ObUIM 3alMCaHbl ypaBHEHHUS JBIKEHHUs IIAPHUPOB B IPOCKLMAX Ha
r7100aIbHBIe OCH KOOPIMHAT IUIOCKOCTH. J[Baxkap! mpoaudepeHnrpoBaB ypaBHEHHS ABIKCHIS ObUIM IOy4CHBI YPABHEHHS I OIpPEICICHHL
CKOPOCTH M YCKOPEHHI [IaAPHUPOB B IIPOSKIIMSIX Ha TII0OATBHBIE OCH KoopAuHaT. [Tocie psia npeobpa3zoBaHuii IOTyYeHHBIX YPaBHEHHI B MATPIIHOM
(opMe 3anKcaHbl BhIPaXKeHHsI 171 ONPE/IeNIeHNs] KHHEMATHYECKHX XapaKTePUCTHK BEIOMBIX 3BEHbEB paccMaTpuBaeMoil rpymisl Accypa. Ilomydens!
MaTeMaTUYeCKHUe IPOLELyphI ISl ONpeeeHNs] KHHEMaTHIECKUX XapaKTePUCTHK IS KaXKI0H IBYXITOBOAKOBOM Ipymibl Accypa. IIpu cTpykrypHOM
aHayM3e OoJ1ee CII0KHOTO MIIOCKOI0 MEXaHH3Ma, COCTOSIIEr0 U3 BEIYILEro 3BeHa H HECKOIBKUX JIBYXIIOBOIKOBBIX IPYHIT AcCypa, IIOC/IEI0BaTEIbHO
00palasch K COOTBETCTBYIOIIEH MPOLIEType MOKHO OMPEICIUTh KHHEMAaTUYECKUE XapaKTePUCTUKU BCEX 3BEHBEB MCCIIEyeMOro Mexanusma. Jls
HOJTYYEHHBIX MaTeMAaTUYECKUX IPOLEAYP MOXKET OBITh JITKO pa3paboTaHO MPOrpaMMHOE 00ECIICUCHUE B BUJIE IOAKIIOUAaeMOil OnbImoTeKu, 9To
TI03BOJIUT YCKOPHTB BBIIOJIHEHHUE PACUCTHBIX paOOT IPH MPOESKTUPOBAHUM CIIOMKHBIX IIIOCKHX MEXaHU3MOB.
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Mathematical model of kinematic calculation of flat lever mechanisms

Maxim A. Vasechkin 1 vmax77@mail.ru
Ekaterina V. Matveyeva * katrin_vgta@mail.ru
Alexandr S. Sidorenko 2 sasl.vrn@mail.ru
Yevgeny D. Chertov ! ched@vsuet.ru

1'Voronezh state university of engineering technologies, Revolution Av., 19 Voronezh, 394036, Russia
2 Russian Air Force Military Educational and Scientific Center “Air Force Academy named after Professor N.E. Zhukovsky and Y.A.
Gagarin”, Starykh Bolshevikov St., 54a, Voronezh, Russia
Summary. Kinematic calculation is a mandatory part of the design of the flat lever mechanisms. This operation is very time-consuming and always
need many calculations. Therefore, it is important to develop mathematical models for calculating the kinematic characteristics of the flat lever
mechanisms, containing at least one double-leash Assur group. The article is devoted to mathematical modeling of five types of the Assur groups. The
initial pin joint position and the driving ring kinematic characteristics used as an input for the further calculations. For the selected Assur group created
the equation of motion in plane coordinates axis for the pin joints. With double differentiating the equations of motion were derived equations for
determining velocity and acceleration of the pin joints in the global axes projections. The result of several transformations in matrix forms is the
equations for the kinematic characteristics of the slave units in the selected Assur group. Finally, mathematical procedures for the kinematic
characteristics of each double-leash Assur group were calculated. In a structural analysis of the complex planar mechanisms with a leading link and
several double-leash Assur groups it is possible to determine the kinematic characteristics of all parts by consistently addressing the appropriate
procedure. All suggested algorithms implemented as a software library that will speed up the designing of the complex planar mechanisms.
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B popMe TMpolenyp pacdyeTa KHHEMaTHYSCKHX
XapaKTePUCTUK JIFOOBIX IUIOCKUX PBIYaXKHBIX
MEXaHM3MOB, HWMCIOLIIMX B CBOEM  COCTaBe
KpOME HayallbHOTO 3BEHA XOTs OBl OJHY IBYX
NOBOJIKOBYIO Tpynmy Accypa [1-3].

BBenenne

Ha stane nmpoekTHpoBaHUs IJIOCKUX PhIYaXK-
HBIX MEXaHU3MOB 0053aTEIHHO TPOBOANUTCS KHHEMA-
THUYECKHUH pacyeT. DTO oleparys O4eHb TPYI0EMKa
U COJIEPKUT MHOTO BhIUMCIIeHUH. [oaToMy siBiiseTcs
aKTyaJIbHBIM pa3paboTka MaTeMaTHYECKOH MOZEIH
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Pa3paﬁoTKa MaTeMaTH4ecKoii Moaeau

Paccmotpum rpynmy Accypa rnepBoro Buja.

[ono)xenus 3BeHbEB JaHHOU rpymIiel Accypa
OTIPEIETTUM C TIOMOIIBIO PHUCYHKa 1, B KOTOpOM
MpeacTaBieHa cxeMa IpyIIIbl B COOTBETCTBYIOIIEH
CHCTEME KOOPIHMHAT; 0003HAYEHS 3BEHBEB 1 KHHE-
Matnyeckux nap [4, 5]. HaszoBem KoH¢wHTyparmio
rpyrm cOopkoii Ne 1 korma koopanHata TOuku B
B JIOKQJIBHOW CHCTEME KOOpAHMHAT X101y1 By1> 0,
B IIPOTHBHOM CJIydac MbI uMeeM cOopky Ne 2. H3-
BECTHBI KOOpAHMHATHI TO4YeK A, C B aOCONIOTHOI
CHCTEME KOOpIMHAT, JUIMHBI 3BeHbeB |, m |,
1 HeOOXOAMMO ONpPEAETUTh a0COIIOTHBIE KOOPIHU-
HaTel TOYKK B, yriel ¢, n ¢,. Paccroanue AC

orpenennM o teopeme [Tugaropa

AC =\/(cx ~A)+(C, -4

Yron o onpenenum o Gopmyiie

C,—4,
o =arctan| —— |,
CX - Ax

a IS OTNIpEeJIeNIeHNsT JIOKATbHBIX KOOpAWHAT B
U B)1, BOCIOJIB3yeMCSl TEOPEMOHl KOCHHYCOB H
teopemoii [Tudaropa. Yauteias, 4To

Bx1 = l.cos £ BAC, nonyyaem

I+ AC?-1?
B“:W; B, =l; —B}.

31ech HEOO0XOOMMO OTMETHUTh, YTO €CIIH
KOH(Urypanusi Tpynmnsl AcCypa COOTBETCTBYET
coopke Ne2, ToByi= — By.. Temeps MOXHO
OTIPECTUTh a0COTIOTHBIC KOOPAWHATHI TOUYKH B,
KCIIOJIB3YS METOJI ITPeoOpa3oBaHms KOOPIUHAT:

B,= A +B,cosa - B, sina;

B,= A +B,sina — B, ,cosa.

PucyHok 1. PacueTHast cxema rpyris! Accypa nepBoro BHia

Figure 1. Settlement schemes of two flood groups
of Assur first look
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3ateM ompejeiseM YIJibl HaKJIOHa 3BEHLEB
L, 1, — 9, u ¢

By B Ay .
0, = arctan [—Bx - Ax ],

By - Cy
Q3 = arctan (ﬁj .

s onpeneneHus: aHaJIoroB CKOPOCTEH BOC-
MOJTE3YEMCSI METOZOM 3aMKHYTHIX BEKTOPHBIX KOH-
TYpPOB U HAIUIIEM NMPOCKIIUU BEKTOPHOTO ypaBHE-
HUS Ha KOOPJMHATHBIE OCH

A +l,cosp,= C, + |,cos;,;
: . (1)
A +1,s5ing,= C + Lsing,.
[pomuddepennupyem mnoixydeHHBIE ypaB-
HEHM 110 000OIIEHHOM KOOPAUHATE (). YUHUTHI-

Basi, YTO HAM M3BECTHBI 3HAUCHUSI aHAJIOTOB CKOPO-
creit Touek A uC (Vay, Vay, Vcx, VCy), a taxxke
3HAYCHHS YIJIOB (2, @3 MOJTYYHM JIHHCHHYIO CH-

CTeMY JIBYX ypaBHEHU

w,l,sinw, — w,l,sinmw, =Va, -Vc, ;
2
w,l,C08m, — wyl,cosw, =Vc, —Va , @)

T'1C HCU3BCCTHBIMHU ABJIAIOTCA aHaJIOT'H CKOpOCTCfI
,, ;. Penrenne gaHHOM CHCTEMBI JTUHEHHBIX

ypaBHeHMI npoBeaem metosioM Kpamepa. B stom
clyyae Ipe/ICTaBIsieM YPaBHEHUSI B BUJIC

8,00, + 8,03 = b1; 8y, + 803 =1, 3)

re KodhpuIreHTaMu ai1, a2, 21, a2z, b1, b2 mpen-
CTaBJICHBI CIIAYIONIME MOCTOSIHHBIC, HM3BECTHBIC
HaM 110 3HAYEHUAM, BHIPAKEHHUS:

a; = —|28in§02; aQ, = |38in(03;
b, =Vc, —Va,. a,, =1,c05¢,;

a,, =—l,cosp,; b, =Vc, —Va,.

Torna
b, a, a, b
b2 a22 a21 b2
W, =7—""—"1; Oy =7—"—"71- (4
a, &, a, a4,
a21 a‘22 a‘Zl a22

Jl1d mosmy4eHus: aHaJIoroB YCKOPEHUH JTBAXK/TbI
npoaudepeHurpyem ypasHenus (1) mo i

2 .
Aa, —w,l,c050, —¢,l,sing, = Ac,
~0:1,0050, — &4lsinQ, ;
2 -
Aa, - w;l,sing, —¢,l,cosp, = Ac,

2 -
—;;8Ing, — £;,c05;
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IIpeobpasyeM TMOJNyYCHHBIC  BBIPAKCHUS
K Buny (3)

a8, e =h a8, +a,g,=h,,

rae KOS(I)(I)I/II_II/ICHTLI ai1, a1z, a1, A2z COXPAHSIOT
CBOM cTapsle 3HaYeHus, a b1 u by onpenensrorcs mo
CIICTYOIIMM 3aBUCHMOCTSIM:

b, = Ac, — Aa, +a,,0’ + 8,0 ;
2 2
b, = Ac, — Aa, +a,0; +a,w; .

B otom cnywae, aHajorm ycKOpeHHH
&, &; OyayT paBHBI:

b, &, a, b
h, a a. b
g =22l o T 2l
a,; ap a, a,
a21 a‘22 a‘21 a22

PaccmoTtpum rpymmy Accypa BTOporo BHIA.

CxeMa maHHOW Tpymmmbl Accypa, KOOpIu-
HaTHas CUCTeMa U 0003HAYEeHUsS] KMHEMAaTHYECKUX
map ¥ 3BEHBEB MpPECTaBICHBI Ha pucyHke 2 [5].
Brluucnum KOOpIMHATHEI TOYKH A B JIOKAJIBHON
cucteme koopauHaT X1 CYy

C, + A, cosp; — Ayls'in(”s =A;
C, + A,sing, — A cosp, = A

(6)

Y

PucyHok 2. Pacuernast cxema rpymms! Accypa BTOporo Bujia

Figure 2. Settlement schemes of two flood groups of Assur
second look

B BeIpakenny (6) HaM U3BECTHBI A0COITIOTHEIC
kKoopauHathel Touek A u C, a Takxke yroji HakJIOHA
HaMpaBISIONICH Ul TOCTYNATeAbHOW  Taphbl
rpynmnsl — ¢@,. K 4ucily HEM3BeCTHBIX, IOJUIEKA-
IINX OMNpPEAEJCHUI0, OTHOCITCS KOOPAMHATHI
TOYKH A B JIOKaTbHOM cucteme koopauHaT X1 CY1.
Ilepeneca C,, u C, BIpaBylO YacTh, MOIYIHM
JUHEHHYIO CHCTEMY [BYX YpaBHEHHH, peIlleHHE
KOTOPOH1 IIpefcTaBuM B BUJE:

Jlnst cBsizu ¢ pepakuueii: post@vestnik-vsuet.ru

b, —sing,
b, cosep,
Cosp, —Sing,
sing,  COS@,
cosp, b,
sinp, b,
Cosp, —Sing,
sing,  COS,

3neck by = Ax — Cxm by = Ay — C. Tak kak
ompenenutean 3HameHarteneir B (7) paBHbI 1,
TO 3HAYCHMSI HEM3BECTHBIX PABHBI 3HAYCHHSIM
OIpEIeNUTENEH, PACIIOIOKEHHBIX B YHCITUTEISIX

A, =Db,cosp, —b,sing;;
A, =b,cosp, —b,sing,.

Janee ompenensieM X, — MPOSKIMIO 3BeHA 2
Ha HATPABJISIONIYIO

X, =\/|§—(AM-|3)2,

a 3aTeM U JUIHY Hanpasisore CB

L =A+X,.
AOcoroTHBIC KOOPAWHATEI TOUKH B 1 yroi

A, =

()

An=

HaKJIOHA 3BEHA |2 onpeAesieM I10 CIEAYIOIUM
BBIPpAXXCHUAM:

B, =C, +1,cos¢p, —1,sing;;

B, =C, +1,sing, —1,cos¢;;

B _ ®)
@, = arctan (BV—AVJ

X

Jns  ompeneneHuss aHaJIOroOB CKOpOCTEH
HaMUIIeM TMPOEKIUH 3aMKHYTBHIX BEKTOPHBIX
KOHTYPOB Ha KOOpAUHATHBIC Ocu X U Y

l,cosp, —1,cosp, =C, — A +1sing;;
l,sing, —1,sing, =C, — A +1,c08¢;,.

IIpouseens nuddepeHippoBanre TaHHOM
CHCTEMBI ypaBHEHHUH TI0 @1 U TIPOCTEHIITHE TTpeodpa-
30BaHUS, TIOJIyYUM JIMHEHHYIO CUCTEM ypaBHEHHH,
B KOTOPOW HEM3BECTHBIMU SIBJISIOTCS w1 U V4

—w,l,sing, —V,cosp, =V,

—V, —; (l,cos0, +1,sing, )
. © (10)
w,l,c08¢, =V,sinp, =V,

-V, — o, (l;sing; +1,c0sp, ).
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Pemenne paHHOW cHCTEMBI YypaBHEHHH
HOJIyYHMM B BUJIE

b a, a, b
b, a a, b
a)2= 2 22 ’ V4 — 21 2 , (11)
a; &, a; &,
aZl a22 aZl a22
rac
ay;, =—1,8ing,; a, =1;sing;;
b, =Vc, -Va, + w,(l,a, + 1,3, );
(12)

a,, = 1,080, ; a,, = —1;c0s¢;;

b, =Vc, -Va, -, (1,8, —la,).

HBaxxapl npoauddepenunposas (9) u npo-
BeZsl HeOobIMe MpeoOpa3oBaHus, MOTYIHM 3Ha-
YeHHs aHAJIOTOB YCKOPEHUH €2 1 Ag

b a, a, b

b2 a‘22 aZl b2
g,=2—2lp =17 =2l (q3)
?lay,  ay, A a, a,

a21 a22 a21 a'22

TAe ai1, 12, Az1, A2 onpeaensrorcs u3 (12), b1 u b
BBIYUCJIUM CIICAYIOMIUM 06pa30M:

b, = Ac, — Aa, — @} (1,605¢,-1,sing;)
+21,C080, — 2V, w,Sing,

—&, (1,5ing; +1,c0s0, )
: 14
b, = Ac, — Aa, —; (1,sing; —1,c0s¢, ) (4

+’l,Sing, — 2V,0,c080,

—&, (1,000, +,5ing, )

PaccmoTpum rpytimy Accypa TPeThero BUja.

ITonoxeHuss 3BEHbEB JAHHOW  TPYIIIIBI
MOYKHO OTIPE/ICITUTh, BOCIIOIL30BABIINCH TAHHBIMU
pucyska 3 [3, 5]. JnMHy aKTHBHOM YacTH KYJIHUCHI
I3 onpenenim 13 BhIpaKeHUsI

, z\/(/s& —C,)+(A-C,) -1z, (15

A€ KOOPAWHATBI TOYCK Au Cmn AJIMHa BTOPOIo
3BCHA |2 M3BECTHEIL. YTOJI HaKJIOHA KYJIMCEBI ¢; OTIpC-
JCJIUM U3 BBIPAKCHUA

@, = arctan [MJ —arctan (:—zj (16)

— Vx 3
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Pucynok 3. PacueTHast cxema rpynisl Accypa TpeThero Bujia

Figure 3. Settlement schemes of two flood groups of
Assur third look

3anuineM NpoeKIuy BEKTOPHBIX YPaBHEHUN
3aMKHYTBIX KOHTYPOB Ha ocu KoopauHaT X, Y
B CJIEAYIOIIEM BHIE:

l,cosp, —l,sinp, = A —-C,;
l,sing, —l,cosp, = A -C, .
[pomuddepenumposas (17) o ¢ 1, HomydnM,

Mmocyie  HEOOJNBIMX MPeo0pa3oBaHUl, CHCTEMY
ypaBHEHUI

aV; +a,n, =0 a,V,; +a,w, =D, (18)

(17)

e
ay; = 0S¢, ; b =Va, -Vc,;
a,, = —(l;sing, +1,c05¢,) ;
: (19)
a,, = sing,; b, =Va, -Vc, ;

a,, = l,c08¢p, —1,sing;.

CrenoBaTebHO, MOXHO JIETKO ITONYYHTh
3HAa4YeHUs] aHAJIOroB ckopocterd Vi m ms. Ilocme
IPOBEICHHBIX MPOMEKYTOUHBIX NTPE0Opa30BaHUH,

HpI/IXO,I[I/IM K CJ'IC,Z[y}OH_II/IM BBIpa)KCHI/ISIM
JUIST HAXOXKJICHHSI aHAJIOTOB CKopocTei Vi 1 3.
b a, a, b
b, a a, b
V3 — 2 22 , , — 21 2 . (20)
a; a; &,
aZl a22 a21 a‘22

IponuddepenrmpoBas aBaxast (17) mo ¢1
Y PEIIMB TOyYCHHYIO CUCTEMY YPaBHCHUIA, UMEEM:

b a, a, b

A3= b2 a22 ;832 a21 bz , (21)
a, a, a, a,
a21 a22 a21 a‘22

TJIe au1, a1z, @21, Az ompenenstores u3 (19), a by u
b, — mo cienyromMM BEIpaXKEHUAM:
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b, = Aa, — Ac, +2V,w,a,, + 2,0’ ;

,  (22)
b, = Aa, — Ac, + V0,8, + a0 .

I'pynna Accypa yeTBepTOro Buaa

ITonoxxeHus 3BeHbEB JaHHOM TpymIibl Accypa
OIPEJICINM 10 PUCYHKY 4, Ha KOTOPOM TPUBE/ICHBI
0003HaYeHNs 3BEHBEB M KMHEMaTHUeCKuX map [3, 5].
3anuiieM CHCTEMY YpaBHEHHH 3aMKHYTOTO KOHTypa
B MIPOEKITHAX Ha KOOPAWHATHEIE och X, Y

A, +1.cosp, —1,sinp, =C, +1,cos¢p,
—1;sing; .
. ' : (23)
A, +1;sing, +1,cosp, =C, +1,sing,

—1,cosg; .

Pucynox 4. Pacuernas cxema Tpynmel Accypa

YCTBEPTOro Buaa

Figure 4. Settlement schemes of two flood groups
of Assur fourth look

HeusBecTHBIMH B TaHHBIX  BBIPAKEHUSIX
sisotest | ¥ 1, a ocranbHBIe HaHHBIC TIepenaroTes
B TPOLEYPY U SBIISIOTCS N3BECTHRIMH. [lomyueHHast
cucTeMa ypaBHEHUH SBIAETCS JIMHEIHON OTHOCHU-

TEILHO HEHW3BECTHBIX. 3amuIIeM pemeHuc 3TOH
CHUCTEMBI B BUJIC.

b, a, a; b
b, a a, b
I 1= 12 22l ; 4= M EC 1 ) (24)
a; &, a; &,
Ay Ay a Ay

rae KodGGUIUEHTHI a11, a1z, 821, 822, D1, b2 onpene-
JISIFOTCSI TIO BBIPKECHHSIM:

a,; =C0S9,; a,, = —COS@;;
bl = Cx -A+ I2‘5‘21 + I3azz ;
— cinm - _ cine - (25)
8y =SINY, ; 8y, = —SINg,;

bz = Cy _Ay _Izan +Ie.a12-

Jlnst cBsizu ¢ pepakuueii: post@vestnik-vsuet.ru

IIponuddepennnporaB cucreMy ypaBHE-
HUM (23) 1O @1, TONYy4YMM TMOCHEe TPOCTHIX
peodpa3oBaHMIA:

b, a, a; b
b, a a, b
V 1= 12 2 ; 4= 2 2 y (26)
a; &, a;
A Ay Ay Ay

TJIe au1, a1z, @21, Az ompenenstores u3 (25), a by u
b, — mo BeIpakeHuUsIM:

b, =Vc, —Va, +, (La, +1,a,)+ _
+w, (|4azz + |3a12)
b, =Vc, -Va, +w,(lLa, +1,a, )+
tw; (|4a12 + |3azz) .

JBaxnpl npoauddepenipporas (23) 1o ¢1,
MOJKHO TIOJIY4YUTh

(27)

b a, a, b

A1: b2 a22 ’ A4: aZl b2 , (28)
a, a, a, a,
a21 a22 a21 a22

TJIC i1, A1z, 821, Az onpenessroTes u3 (25), a by u by —
TI0 BBIPAKCHUSM, KOTOPBIE TTOCIIE BCEX MPOMEKYTOU-
HBIX TTPe0Opa30BaHMi UMEIOT CIICTYIOIIHI BHI:

b, = Ac, — Aa, +2V,w,a,, +
+5 (La, —La, ) +&,(La, +1,a,)

b =b +2V,w;a,, +

+a5 (L,a, — 1,3, ) + & (1,8, +1,a,,)

b, = Ac, — Aa, +2V,w,a,, +

+a5 (La,, —La, ) +é&,(La, +1,a,,)
b, =b, +2V,w,a, +

+a5 (1,8, —lhay, ) + & (1,8, +1,3,,)

I'pynna Accypa nsartoro Buaa

(29)

[lonoxeHus: 3BEHBEB OIPEACTUM C IIOMO-
IIBI0 PHUCYHKA 5, I'Jie MPHUBEICHAa CXeMa TPYIIIIH,
0003HaYCHUS 3BEHBEB ¥ KHHEMaTHYEeCKUX
nap ucucrema koopaunat [3—-10]. Hanmmem
HPOEKIMH 3aMKHYTOTO BEKTOPHOTO KOHTypa Ha
KOOpAUHATHBIC ocH X, Y

A, =C, + Bx,c0sp, + AX,C0s (¢, + ) —

(
—lsin(p,+a) .
' (30)
A, =C, +By,sing, + Ay,sin(¢;, +a) -
—l,c0s(¢p, + )
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Bripaxenns (30) jerko pUBOIATCS K JIMHEH-
HOW CHCTEME NIByX ypPaBHEHHH, pEIlIeHHE KOTOPBIX
MBI TIPOBeJIeM Mo TipaBury Kpamepa

b a, a, b

b b
Bx3:2—a22 : AXZZ&’ (31)

a, a, a, a,

aZl a‘22 a21 a22

riae kodddurmeHTs a1, a1z, 21, a22, b1 1 b, ompe-
JEJISAIOTCS 10 CIIEAYIOIINM 3aBUCHMOCTSIM:

a,, = Cos(p; +a);

ay, =sin(p; +a);
b=A-C,+l,a,;;
b,=A -C, +l,a,.

a,; =C0SQ;;

ay = Sing;; (32)

Pucynoxk 5. Pacdernas cxema rpyrms Accypa ISIToro Buia

Figure 5. Settlement schemes of two flood groups of Assur
fifth look

[Mponuddupunumposas Beipaxenus (30)
1O @1, TIONYYMM BBIPAKEHHUS [UIS OLPEICICHUS
aHasoroB ckopocteii Vbys u Vaxe

b, ay, a; b

b, a a, b
Vbxszi : Vax2 =L, (33)

a, a4, 1 2

8y Ay Ay

e ai1, a1z, Az, az2 ompenenstores us (30), a by u
b2 — 10 BBIpaKCHUAM:
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b, =Va, -V,
T, ( Bisdy + Andy +a, ); 34)
b, =Va, -V,

+a)3 ( BXSa'll + A(Za'lZ + |2a22)'

HBaxxael mpoauddepeHIpoBaB BbIpaxkKe-
Hus (30) 110 @1 TTOITy9aeM BEIPKCHUS JUTSI OTIpeie-
JICHUSI aHAJIOTOB yCKOpeHuid Abys 11 Ady.

b a, 3, b
b b.
A =2 Bl g 8 Bal o
a; ap a; ap
a‘Zl a22 aZl a22

TIe ai, a1z, Az, az ompenenstores u3 (32), aby u
b, — o BeIpakeHusAM:

b = Aa, — Ac,
+20, (Vb a,, +Va,,a,,)
+@; (Bsa, + Anay, —,a,,)
—&3 ( By + Apdy, + Iza12) ;
b, = Aa, — Ac,
20, (Vb a, +Va,,a,,)
+@; (Bx3a21 + Ay, - |2a12)
—&3 ( B,say; + Apa, - Izazz) _

[ony4ena MaTeMaTH4YecKast MOJEINb
B popMe MaTreMaTHYeCKHX TMpOIEayp pacyera
KHHEMAaTHYECKUX XapaKTepUCTUK JIOOBIX TPyMIl
Accypa Broporo kmacca. OcymiecTBieHa Mpo-
rpaMMHas peaju3alusl MaTeMaTH4ecKol Monenu
KHHEMaTHYECKOTO pacyera.

(36)
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