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IIpakTuyeckoe 3ansTtue 1 «OnpeaesieHue ONTUMAIBHOMH TPACCHI

TpyOOnpoBoaa»

3amaHbl KOOPAUHATHI HA4YaJdbHOW M KOHEUHOM Touek TpyOompoBoaa. Mexay
TOYKaMU MMEETCSI N y4acTKOB IIMPHHON Wi, 1=1,..., N ¢ pa3sHBIMH CTOUMOCTSIMU
MPOKIJIAJKA TI0 HUM OJHOTO MeTpa TpybOompoBoxaa lambda;, i=1,...,n. TpeOyercs
OIIpEeIeIUTh TaKyl0 Tpaccy TpyOoonpoBoa, Ipu KOTOPOH CTOMMOCTb CTPOUTEIbCTBA

OyJ1leT MUHUMAJILHOM.

45

40

35

30

25

N /

o 10 2 ® w %
Pucynox —1

BapuanTt 3amaun npencrasieH Ha pucyHke 1. Touka A MmeeT KOOpAWHATHI
(0,0), Touka B umeet koopaunats (50, 45). ITo kaxmo# u3 nosoc (1) — (V) 3amansr
CTOMMOCTH  TPOKJIaAKKd  TpyOompoBoma. TpebOyercs ompenenuTb  Tpaccy
TpyOOIpOBOAa, COCIUHSIONIYI0O TOYKM A W B, uMewnyr0o MHUHUMaILHYIO
cToMMOCTb. J[71s1 permenus 3amaaun ucnoias3oBath MS Excel u Haactpoiiky «llouck
peIICHUs.

[Ipumep HayanbHOM Tpacchl NPUBEAEH HA PUCYHKE 2.



Paccroasme oT

CromMocTE OTpEe3Ra

CroMMocTE

i X Y rourm N mo Touxm H- or TodurM N oo ToukM
1 | N EAWMHWIIE AMHH N1
2 ouxa 0 (A) 0.0 0.0
EM Touxa 1 10.0 0.0 10 5 50
B Touxa 2 20.0 0.0 10 0.5 5
B Touxa 3 30.0 0.0 10 10 100
IliTouxa 4 (B) 40.0 20.0 22.36067977 1 22,36067877
7
8 | 20
g |
10
== 15
5
13 10
14
15
=i 5
17
18 |
19 0
>0 | 0 10 20 30 40
21 |

Pucynok 2

Pesynbrar pacuéra 3agaun nmpuBeAEH Ha pUCYHKE 3

CroMMocTE
ECEen
ToaccH

177.36068

Paccrogame oT CroMMocTeE OTpDEIKA CromocTs
CromocTs .
i 4 Y rTourm N oo TowrMm HN- oT TOYKM N OO0 TOYRM BECer
S OHHMILE
1 1 H-1 TRacCH
2 ouka 0 (A) 0.0 0.0
3 Togra 1 10.0 0.8 10.03371638 5 50.1685819
4 Toura 2 20.0 15.1 17.43226127 0.5 8.716130633
5 Toura 3 30.0 15.5 10.008359743 10 100.0839743
(M Toaxa 4 (B) 40.0 20.0 10.96152937 1 10.96152937 169.930216
T
] 20
9
10
] 4
11 15
2
43 | 10
14
15
16 5
17
18
e ;
19 04
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BE |
Pucynox 3

®dopMmyIIbl, UCTIONB3yEeMbIE B STUEHKaX, YKa3aHbl HA pPUCYHKE 4.
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PaccToAHMe OT TOodKM N OO CTOMMOCTE CTOMMOCTE CTOMMOCTE
» X Y oTpeskKa oT "
1 TOUKRM N-1 SIMUMHUIE  OITAHE —r BCel TpaccH
Bl rouxa 0 o |o
Touka 1 |10 |0 |=((B2-B3)~2+(C2-C3)~2)~0.5 |5 =E3*D3
Bl rouxa 2 200 [=((B3-B4)~2+(C3-C4)~2) 0.5 [0.5 =E4*D4
Touwa 3 |30 |0 |=((B4-B5)"2+(C4-C5)~2)~0.5 |10 =E5*D5
Bl Touxa 2 (m)]40 [20[=((B5-B6) ~2+(c5-C6) ~2) *0.5 |1 =E6*D6 =F3+F4+F5+F6|
Pucynoxk 4
BapuanTsl 3a1aH1ld YKa3aHbl HA PUCYHKE 3.
A=(0,0) A=(0,0) A=(0,0)
B=(60,20) B=(50,20) B=(30,20)
n=6 n=5 n=3
lambda1 1 4 1 8 3.5 2
lambda2 15 2 2 1 4 0.5
lambda3 2 3 3 5 3 4
lambda4 1 0.5 0.5 2
lambda5 3 1 4 3
lambda6 8 5
w1=w2=_.=wn 10 10 10 10 10 10
BapuaHT1 | BapuaHT2 | BapuaHT3 |BapuaHT4 | BapuaHT5 | BapuaHT6
A=(0,0) A=(0,0)
B=(40,20) B=(40,20)
n=4 n=4
lambda1 1 4 1 8
lambda2 15 2 2 1
lambda3 2 3 3 5
lambda4 1 0.5 0.5 2
wl=w2= 8 8 15 15
w3=w4= 12 12 5 5
BapuaHT/ | BapnaHT8 | BapuaHT9 | BapuaHT10
lambdai = yO0enbHas cmoumocmpb Ha eOuHUUY OnuHbI
Wi = WupuHa i-020 yyacmka

Pucynox 4

B npuBeneHHBIX BapuaHTax:

A — KoopauHaTa HadajlbHOW TOYKH, B — KoopauHaTa KOHEUHOW TOYKH, N —
KOJIMYECTBO Y4acTKOB, Wi, i=1/,...,,n — mupuHa ydactkoB, lambda; — croumocts
npokIagku 1 M TpyOOIIpoBoa Ha I-OM ydacTKe.

Pemenne cocTouT U3 CleayromuX Maros.

1. CdopmupoBaTth TaOnuIly U3 JaHHBIX: Ne TOUKH; X, Y KOOPIMHATHI
TOYKH; PACCTOSIHUE MEXKAY COCEIHUMHM TOYKAMH; CTOMMOCTH €IMHMIIbI JUIMHBI HA
y4acTKe; CTOUMOCTh OTpe3ka TpyOorpoBo/ia Ha yyacTke. HauanbHas Tpacca MOXeT
MMETh BU[I, TOKA3aHHBINA HAa PUCYHKE 1.

2. Paccuntath cTouMOCTh BCero TpyoonpoBoaa.
3. [TocTpouThs AMarpamMmy Tpacchl.
4, Haitu ontumManbHyro Tpaccy, HCHoNb3ys HaaCcTpouky «llonck

pEILICHUs», IPU ITOM LieseBasi GYHKIUS — CTOMMOCTb BCEH TPacChl, U3MEHSIEMbIE
napaMeTpsl — Y KOOPAUHATH BHYTPEHHUX TOUEK TPYOOIIPOBOA.



IIpakTHyeckoe 3anaTHe 2 «OnpeaejieHue ONTHMAIbHOH KOHCTPYKINHU
aHrapa»

[IpaxTnueckoe 3aganue Nel ocHoBaHO Ha MaTepuaine gekunu Nel. TpeOyercs
CIPOEKTUPOBATHh MPAMOYTOJIbHYI0 KOHCTPYKLUHMIO B (popMe mMapaienenunena c
OTKPBITOH IepeiHel cTeHKOH (cM. pucyHok 1). KoHCTpyKIus JomKHA UMETh 00beM
A M, HO NEpHMETp €€ OCHOBAaHHWsA He JOJDKEH NpeBbimaTh B M. [mybuna me
noykHa ObITh Oonbie C M, a mupuHa — 70 M. Kpome Toro, mmupuHa He JT0JKHA
NPEBBIIIATh YTPOSHHOW TIyOuHBI, a BbicoTa — 2/3 mmpuHbl. CTOMMOCTH
ro)pupoBaHHOTO Marepuana, U3 KOTOPOro M3rOTOBIISIOTCS KpBIIIA U TPU CTEHKU
KOHCTpyKIMH, cocrapiuser 30py0. 3a Im2 Tpebyercsas ompeneiauTh pa3Mepbl

KOHCTPYKITUU TaKUM 00pa3oM, YTOObI MUHUMHU3UPOBATH CTOMMOCTh MaT€pPHAJIOB.

¥y-BpiCoTa

7 ~r
’Zi'o;,ﬁe -
% 5~ WAPKHA

Pucynox 1

MaremaTtudeckas mocTaHOBKa 3a7auu. BBeneM (puc. 1) nepeMeHHbIe: X1 — riTyOnHa

(B M), X — mupuHa (B M), X3 — BbIcoTa (B M). CTouMoCTh MaTepuasia Oyner
BKJIIOYATh:
CTOMMOCTD KPBIIITH 30 x1 x2 pyo.
CTOMMOCTbD 3aJIHEH CTEHKH 30 x2 x3 pyoO.

CTOMMOCTH 00KOBBIX cTeHOK  2(30 x1 x3) pyoO.
Taxum oOpazom, meneBast PyHKITUS IMEET BUJT

f(x) =30 x;X, +30 X,X; + 60 X;X;



VYcnoBue Ha 00bEM KOHCTPYKIIUH 3a/1a€T OrPaHUYCHNE B BHJIC PABEHCTBA

X, X, Xg =AM,

VcioBus Ha TUHEHHBIC pasMEpPhI 3aJ1ar0T OTPAHUYCHUA B BUAC HCPABCHCTB
2(x1 + x2)<B M,

X, < 3X;

FpaHHIIaMI/I HU3MCHCHUS ICPCMCHHBIX SABJIAIOTCA CICAYIOIIUC!

0<x1<CwMm
0<x2<70M
Ilocne HEKOTOPBIX npeo6paaoBaHI/Iﬁ 3a1a4a 6y,ueT HMETH BUJI:

MHUHHUMM3UPOBATh f(x)=30 x;x, +30 x,%;3 +60 X;X5,
IIpu OrpaHUYCHUAX 0, (X) =X;X, X3 — A=0,
g2(x)=05B - x, —x, 20,

03(x)=3x1—x2 >0,

0,() =% %, = %20,
0 < x1<C,
0 < x;<70,
0 < X5
I[J'ISI pemicHus 3aga491 UCIIOJIb30BATh ITAKCT «Ilonck PEIICHUS. CBC)ICHI/IS[

0 UCTIOJIb30BaHMIO NakeTa «llouck penenns» npuBeACHbI B JEKIUHA 2.



IIpakTnyeckoe 3ansaTue 3 «Pacuér onTUMAIBLHONH KOHCTPYKIUM pe3epByapa»

Ilocmanoexa 3a0auu
PaccmoTtpum crieyromniyro MoAelbHYIO 3anady. MMeercsa pesepByap mis

XpaHeHus! HePTEPOAYKTOB, MPEACTABICHHBIN HA pUCYHKE 1.

Pucynok 1. Bug pesepByapa

Kaxk reomerpuueckas purypa pezepByap cocToUT 13 KoHyca (1) u muamHapa
(2). [TycTh BRICOTA MUWIMH/PA paBHA h, paanyc IUIMHAPA PABEH I, BRICOTA KOHYCa
pasHa h;. [TycTh cTouMOCTh 1 M? CTEHKH MJIMHAPA PABHA Cs, CTOMMOCTD 1 M2 KphIIIH
KOHyca paBHa ck. IlycTte TpeOyercs, 4ToObl O0BEM MMIMHAPUYECKON YaCTH
pesepByapa Obl1 Oosbine MM paBeH A M°, a 00BEM KOHYCOOOpa3HOW dYacTH
pesepByapa Obl1 Gonbiie uian paseH B M3, TlycTh 3amaHBl OrpaHMYEHHs HA YTOJ

HakJIOHAa OOKOBOM MOBEPXHOCTU LWJIMHIPA ¢ , 8 UMEHHO:

0.1 <tgp <04.

Taxke TycTh IUIOMAAb Y4YacTKa 3€MIIM, 3aHMMAeMOrO Pe3epByapoM He
nomkHa npesbimaTh C M2,

TpeOyercss onpeneanTh pasMepbl pe3epByapa TakMM O0pasoM,  YTOOBI
CTOMMOCTB pe3epByapa Oblla MUHMMAJIBHA.

JIOTIOJTHUTENBHBIE BOMPOCH! HOBBILIEHHON CII0KHOCTH:

1. Ilpoananuzuposamo evinonnenue oepanuverutl 1 u 2 01 onmumaibHO20
peuleHus.

2. Pewuums 3a0auy ons cruyuas, ko20a 8bloensieMulli N00 pe3epsyap y4acmox
umeem hopmy npsAmMoy20IbHUKA.

3. Onpedenumsv Kpumuueckuil pasmep 6blOensemo20 Hnoo pe3epayap
yuacmka (m.e. mom pazmep y4acmra, yMeHblUeHUue KOMopo2o Ha4uHaem GIusms
Ha ONMUMANIbHOe peuleHue).

4. Onpedenums 6aUAHUE YMEHbUIEHUS pasmepa  6bloensemo20 noo

pes3epsyap y4acmka Ha ONMUMAaiIbHy0 CMOUMOCMb pe3epeyapa
9



Mamemamuueckan gopmynuposka
3anMiieM MaTeMaTH4YecKyr (OpPMYJIMPOBKY paccMaTpUBAaEMOM 3aJauu.
OueBUIHO, YTO NapaMeTpaMH, KOTOpble HEOOXOAMMO OIPEAEIUTh SIBISIOTCS
BEJINYHUHEI h, r 1 h;.
YcnoBue, yToObl 00BEM HUIMHAPUUIECKON YaCTH pe3epByapa Obul OObIe

WIH paBeH A M3, MOKET OBITH 3aIICAaHO B BUJE:
T r2h>A. (1)
YcnoBue, 4ToObI 00bEM KOHYCOOOpa3HOI YacTu pe3epByapa ObLT OOJIbIIe

HJIN paBCH B M3, MOJKET OBITH 3aIIMCaHO B BUAC:

1 2
57” h, >B. (2)

OrpannyeHue Ha yroj HakjioHa OOKOBOW MOBEPXHOCTH LIMJIMHApPA ¢ BHJIA
0.1 <tge <0.5 MOXeT ObITh BBIpaKEHO uepe3 mapamerpbl I U hl crnemyrormmm

o0pazoM:
0.1r<h; <04r. 3)
OrpanuueHue Ha TJIOMIAh YYacTKa 3€MJTH, 3aHUMAeMOTO pe3epByapoM,

MOJKET OBITh 3aIIMCAHO B BUJIE:
nr2 <C. 4)
Haiiném BbIpakeHue il CTOMMOCTH pe3epByapa. Pasmep miomaau
OOKOBOI MTOBEPXHOCTH ITUIMHIPA ONpeIeseTcs o Gpopmyie:
S g =2 TN (5)

Pasmep mmomaan OOKOBOM TMOBEPXHOCTU KOHYyCa OIpeAessieTcsl o
dbopmyse:

S =m r?/cose.

60K .KOHyCa

OueBnaHoO,

r
2 2
A1+ Ny

Toraa nis nomaan 60KOBOM MOBEPXHOCTH KOHYycCa ModydaeMm (Gpopmyiy, B

CoOS P =

KOTOPOW YYaCTBYIOT apaMeTPbl ONTUMU3ALIAN:

Soox womgea =T T AJre+h2. (6)

C yaérom opmyin (5) — (6) momydaeM ciaeayroiiee BEIpaKeHHUE IS
10



CTOMMOCTH pe3epByapa:

11



Focoon"h+cmr : (7)
\Jr? +h?
Takum 00pa3om, MBI TIOJTydaeM MaTeMaTHIECKYI0 (OPMYITHPOBKY 3a/1a4uu:
HalTH MUHUMaJIbHOE 3HaYeHue GyHkiuu (7) mpu orpanndeHusx (2) — (4) Ha

napameTpsl h, r u hl.

Pewenue 3a0auu c nomoulbro nakema «llouck peuteHun»

[lepenecéMm ycnoBus 3a1auu B 31€KTpOHHBIN BuJ Ha iucT MS Excel (cMm.

PUCYHOK 2).
A B C D | E

1 MapameTpbl PacueTt o6bemos, nnowageu, UeHbl
2 | hl= 2 V_unnuHgpa= 18849.55592
3 |r= 20 V_KOHyca= 837.758041
4 | h= 15 tg (fi)= 0.1
5 | A= 10000 cos(fi)= 0.99503719
6 | B= 1000 S_ocHOBaHUA= 1256.637061
7 | C= 2000 S_60K_noB_KOHyca= 1262.904617
8 | Cs= 20 S_60K_noB_UMANHApPa= 1884.955592
9 | Ck= 30 F (ctroumoctb)= 75586.25035
10
11 | OrpaHu4yeHus
12 | OrpaHunyenmne (1) 8849.556
13 | OrpaHuyeHune (2) -162.242
14 | OrpaHuyerne (3_1) 0
15 | OrpaHuyeHne (3_2) 6
16 | OrpaHunyeHune (4) 743.3629

Pucynok 2. ITpumep nmucra MS Excel mst pemenus 3amaun

JLiist onpenienienyst oNTUMaNbHBIX 3HaUeHUl h, r 1 h1 ucnonb3yeM HaaCTPOKY
«ITouck pemenus». s NprUBEIEHHOIO Ha PUCYHKE 2. JUCTa COOTBETCTBYIOIIHE
napameTpbl HaacTporku «llouck pemieHus» OyayT MMETh BUJ, YKa3aHHBIH Ha

pucyHKe 3.

12



lNonck peweH s

YCTAHOEMTE LENESYHD AUSHKy

PaEHOiA:

=

i MAKCAMANEHOMY SHIAYEHIAHD

1) FMAHMMSANEHOMY ZHI YEHIMHD

==

" zauermo: |0

x|

BEINOAHMTE I

JEHPEITE |

—3MEHAA AYEAKA;

[tp2 tpga

MpeAnonoHMTE |

—OrpaHKYeHIAA

$BE12 =1
$BE1R =1
$tBE14 =1
$BE1S =1
$BE1E =1

[

AobaEnTE |

2MEHMTE |

HAINATE |

MapaMeToel |

BOCCTAHOBIMTE |

Cnpaeka |

Pucynox 3. Oxno HaacTporiku «llouck pereHus»

[locne 3amycka Ha BBINOJHEHHE MapaMeTpbl MPUOOPETYT ONTUMAJbHBIE

3HAYCHUS, YKa3aHHbIe Ha pucyHke 4. Kak BUAHO, 3HaUYCHHE IIE€JICBOM (DYHKIUU
YMEHBIIUIOCH ¢ 75586.25035 no 48054.66633.

A B C D E
1 MapameTpbl PacueTt o6bemos, nnowageu, UeHbl
2 | hl= 5.238204 V_unnuHgpa= 10000
3 |r= 13.50189 V_KOoHyca= 1000
4 | h= 17.46068 tg (fi)= 0.387960846
5 | A= 10000 cos(fi)= 0.932296638
6 | B= 1000 S_OCHOBaHuA= 572.7154012
7 | C= 2000 S_60K_noB_KOHyca= 614.3059813
8 | Cs= 20 S_60K_noB_unanHapa= 1481.274344
9 | Ck= 30 F (ctroumoctb)= 48054.66633
10
11 | OrpaHu4yeHunsa
12 | OrpaHuyeHune (1) -3E-07
13 | OrpaHunyeHune (2) -3E-08
14 | OrpaHuyenune (3_1) 3.888015
15 | OrpaHuuyeHune (3_2) 0.162551
16 | OrpaHuyeHue (4) 1427.285

Pucynox 4. [Ipumep nmucrta MS Excel ¢ pe3ynpTaTamu pemieHus 3a1a4u

BapuaHTbI 3a1aHus onpenensioTcs o HOMepy CTyJeHTa B CHHCKe rpymmbl. Bo

BCEX HIDKeyKa3aHHbIX Bapuantax k=30, C=1800.

13




Bapuantsl 3ananus

cs=20
B =950 B =1050
A =8000 BapuanT 1 BapuanT 6
A =9000 Bapuant 2 Bapuant 7
A =10000 BapuanT 3 BapuanT 8
A = 11000 BapuanT 4 BapwuanT 9
A = 12000 BapuanTt 5 Bapuant 10
Cs=25
B =950 B =1050
A =8000 BapwuanTt 11 Bapuant 16
A =9000 BapwuanT 12 BapuanT 17
A =10000 Bapuanr 13 Bapuanr 18
A =11000 Bapuanr 14 Bapuant 19
A = 12000 BapwuanT 15 Bapuant 20
cs=30
B =950 B =1050
A =8000 Bapuanr 21 Bapuant 26
A =9000 Bapmuant 22 Bapuant 27
A =10000 Bapuanr 23 Bapuanr 28
A = 11000 Bapuant 24 BapuanTt 29
A =12000 Bapuant 25 Bapuant 30

14




IIpakTu4yeckoe 3ansitue 4 «Penienne HeJIMHENHOT0 aJIredpanvecKoro
YPAaBHEHUS] METOA0M IOJIOBUHHOIO JeJICHUS, METOAOM XOpJA, METOA0M
KacaTeJIbHbIX)

Texnomornyeckast MOZIEINb B 001IeM cliy4yae onpeensercs (yHKIHOHATBHOMI
3aBUCUMOCTBIO OT OJIHOT'O HCKOMOIO I1apaMeTpa, a YCJIOBHS OIpPaHUYCHHE
BBIPAXKAIOTCS CIOKHBIM YPaBHECHUEM:

f(x)=0...... (1.1)

Takue ypaBHEHUS PEIIAIOTCS TOJIBKO PA3JIUYHBIMU YUCIEHHBIMU METOAAMH,
UMEIOIMMHU KaK HEIOCTAaTKH, TaK U IIPEUMYILECTBA APYI OTHOCUTENIBHO JIpyTa:

- METOJI IIOJIOBUHHOIO JEJIICHUS;

- METOJ XOpAbl;

- METOJI KaCaTeJIbHOMU.

3anaua 1.

Pemmts ypaBHEHME KaXXIbIM M3 TpEX YKa3aHHBIM MeTONOB. IlocTtpouth
[OCJIEI0BATEIbHOCTH MPUOMMKEHUH K KOpHIO. OOBACHUTH NpEeuMyIecTBa HU
HEJIOCTAaTKU METOJIOB B CPABHEHUU MEXAY HUMMU.

Aneopumm memooda denenus ompeska nonoaam (1)

Hcxonnble naHHbIE: X, = @, X, =b2,& — TOUHOCTH PEILICHUSI.
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Xt
.,\3 — 2
\ 4
Ja Her
f(x)<e
Y
nneyaTh
He a
x5,/ (x3) A
v l
X = X3 Xy =Xy
|

|

Aneopumm memooda xopo

Pucynok 1.1 — Vicxonnble naHHbie: [as,bs], ¢ — TOUHOCTH PEIICHUSI.
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X, = il f(\z) — X5 f(xl )
J JOe)= /()

Y

I1a He
o fxn)l<e
A 4
nevyaTh
x3, f(x3)
| |
|
Pucynox 1.2 — Anroput™M KOMOMHHMPOBAHHOTO METOJIa KacaTelIbHBIX
(HeroToHAa) — X0p1

17



BBOJ] UCXOIHBIX JaHHBIX

X0, &, f'(X), f ()
e SO o0
| 4 fxo) — fx1)
HET
Xo = X2
aa
Xz, f(%2)
KOHEII

Pacuersl mpoBomsATCS MO yka3aHHbIM cxemam (pucynku 1.1 — 1.3) mis

cnenyromux BapuanToB(Tabnwuma 1.1)

18



Tabnuua 1.1 — [Mpumepsr ypaBuenwnii Buna f(X)=0

Howmep BapuanTa YpaBHeHue [Hosichenus
1 (0,2x)* = cos x -
2 05+x—-10sinx=0 -
3 *=sin x ITpu x <10
4 2*—2cosx=0 ITpu x > -10
5 lg(x + 5) = cos x [Mpux <5
6 V4x +7 =3 ¢os x -
7 xsinx—-1=0 -
8 8COSXx-x=6 -
9 05+sinx-02x=0 -
10 10cos x — 0,1 x* =0 -
11 2 1g(x+7)—-5sinx=0 -
12 4cosx+0,3x=0 -
13 5 sin 2x = V1-x -
14 1,2x%+2x3— 24,1 = 13x* + 14,2x -
15 2x? -5 =% -
16 2% =10 - 0,5x -
17 4x* — 6,2 = cos0,6x -
18 3sin 8x =0,7x — 0,9 Ha otpeske [-1; 1]
19 1,2 —1Inx =4 cos 2x -
20 Ln(x+6,1) = 2 sin(x-1,4) -

19




IIpakTnueckoe 3ansaTne 5 «MeToa uTepanuii B pacuerax 3a00MHbIX TaBJIeHUI
ra3oBbIX CKBAKHH»

B ocTaHOBIIEHHOU Ira30BOM M3BECTHO JaBJICHWE Ha ycThe: Py. YpaBHeHue
TUAPOCTATUKH:

dP
~_=p(P,T) g, I (2.1)
dh
P'TO
p(P,T)=po- , Py =1am,To = 293K,
Po-T-z(P,T)

Po — INIOTHOCTH I'a3a B HOPMAJIBHBIX YCJIOBUAX!

0 = Psosx p_, Psozn — 1,205 Kr/ M3

Prozx -~ IINIOTHOCTH BO3/1yXa,

p — OTHOCHTEIIbHAS IJIOTHOCTH T'a3a B H.Y.
IToncrasum B (1) 3Hauenns Po = 1,033 xr/cm?, To=293°K, poosx = 1,205
kr/m3, g =10 M/c?, momyuum:

dpP
—=1.205-283,58 -

- .g-10°° =0,03415 -
dh T-z(P,T)

T-2(P,T)

10°- koa¢pdunuent pasmeprocty, 111A= 107° ar

HNuTerpupyemoe ypaBHEHUE PUHUMAET BU/L:

p
P 003415 - P
dh T(h)-2(P,T)

P&S}IGJII/IM INEPpEMCHHEIC, TOITYyCKas B HpaBOﬁ qaCTHU 3aBUCHUMOCTH.

T,+T,,;
T(h)~T, :T,Z(PCP,TCP) ~ z(P,T),
P, +P,
P:raﬁ dP H ke dh

20



0,03415 - j

. T
Py o T Z(PCP’ cp)

cp

21



e’ 20e...s=00345 -  — (2.2)
P =P p-H.

3a0 y
T, -Zz(P,.,T,)

cp?

Tak kak Pcp BKJIIIO9AaCT HCKOMOC P3, TO PCIICHHUC ITIOJIYIAOT UTCPAITMOHHBIM

MET(QI0M: HauansHoe npubmmkeHue Psys = Prjaer

A 4

A 4

Brraucnenue S u HoBoe npubmmkenue Pus, 1mo hopmynam (2)

A 4

HccinenoBanue cXoauMOCTH Piag

HCT

a

Konen urepanuii

Hcxomgunie maHuble: Heg = 1000 M, Prpaer = 100 aT, Thjaer = 300° K

Bapuanrter: Py =1 ar, 2 ar u 1.1
Ouncrtka 3a00€¢B, OCBOCHHE W NPOMBIBKA IMPH OYPEHHHM CKBOKUH C aHOMAaJIbHO
HU3KHUM ILJIACTOBBIM JIaBJIEHUEM TpeOyeT MpUMEHEeHUs 0osiee JErKUX areHTOB, YeM
OOBIUHEBIE MPOMBIBOYHBIE  KUJKOCTH.  TakuMU  areHTamMu  SIBJISIFOTCS
ra3oKUJIKOCTHBIE  CcMecH  (TIeHBl), TMPUTOTaBIMBAEMbIE B  CIICIIMATIBHBIX
MEHO0Opa30BaHATEIISIX U 3aKauMBaeMble B CKBOKUHY. B Takoil cMecu COepKUTCS

onpenenéHHas 0 ra3a, Ha3bIBaeMas Kodguyuenmom aspayuu

o =2 (2.3)
Q..

Qr — pacxoj ra3a B HOPM. yCIIOBUSX;

Q. — pacxoJ1 )KUIKOCTH.

Jns coznanus Ha 3a00€ OnpeIeIEHHOTO TaBJICHUS, HE MPEBBIIIAIOIIETO
JaBJICHUS B TIJIaCTe, HEOOXOIMMO PETYJIUPOBATh JABJICHUE 3aKayku 1 "o

P336 = Py + PCT + Prﬂ (25)

22



31ech moKa3aHbl COCTABIISAIONINE 3a00MHOTO 1aBJICHUS: YCTHEBOE,
CTaTUYECKOE U TUAPOCTATUYECKOE 3a CUET TpeHus. Ha ycThe 1aBiieHne JOIKHO
OBITh HU HIDKE aTMOC(EPHOTO U UMETH 3arac Jjisl IPOJABUKEHUS B YCTPOHUCTBO
pa3pylieHus neHbl. PaccMOTpHUM OIpeesieHne CTaTUYECKON COCTABIIAIONIECH U3

nud. ypaBHECHHS:

dP
o - 2.5
dh pc‘w-g ( )

IJI€ Pey — IJIOTHOCTD TICHBI.
[110THOCTH CMeCH U3MEHSETCS BIOJIb CTBOJIA CKBAKUHBI B 3aBUCUMOCTH B

OCHOBHOM OT u3MeHstomerocs aasienus P (h). st onpenenenus stoi

3aBUCUMOCTH HCTIOJIb3YeM OTHOIIIEHHE MacChl cMecu Gy, KOTOpasi HE

M3MEHSETCS TIPY CTAIIMOHAPHOM JIBIDKCHHUH, K 00BEMY CMECH, 3aBUCHMOMY OT

JTaBJICHMUS.

Gew = Pro = Qrot P * Qx (2.7)
31ech Pro , Qro — MIIOTHOCTH M PACXOJI Ta3a B H.y., U3BECTHHIC BEIIMUUHEI.
Bripaxkaem o0bem raza Ha J1060# riyornHe "h" yepe3 u3BecTHbIC

BEJIMYHMHBI, BOCIIOJIb30BAINCH YPaBHEHHUEM OajlaHCca Macc:
Pr* Qr = pro * Qro (2.8)
pr, Qr — IUIOTHOCTPH M pacxoj Tras3a Ha riuyoune "h"

Q. =Pro.q, (2.9)
Pr

Jlanee, n3 ypaBHEHHsI COCTOSIHUS Ta3a BbIPa3uM p:
P T, 1

Pr —pro'?o' T ﬁ

1 mojictaBuM B (3):

Q =Q .fo T2 (2.10)
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O6bemubIil pacxon cmecu: Qcy = Qr + Qx (2.11)

Torma TIOTHOCTE CMECH OTPEACIISETCS OTHOIICHUEM:
Pem = GCM / QCM
Breimonnus nojacranosku (2.7), (2.10), (2.11) u pa3nenuB 4ucIuTeNb U

3HaMCHATCJIb Ha Q;K, HaXOIHUM:

(X"pFO+poic

pC"l«l =
1+a -i.PO Ty 2,
P T,
Jud. ypaBHEHUS THAPOCTATUKU IPUMET BHI:
APy _ . (Pro G+ Po)- g
dh p.,.a.M
TO
Po'Tcp -Zcp
O6o3HaummM A =a - B=(p,o-0+p,.) 0
TO

PazjienB nepeMeHHbIe B, 1M(. ypaBHEHHUH, MOIYYHM:
? P + A HL‘K6

| P dp = !;B-dh

Py

Pa3zmepnoctu:
[A]=[Po]
ke m 1 xke-m 1 H 1 1 1
[B]="" -~ =". = . =" -Ma=105-"-amm =105 " - MII4
m3 2 om P M M2 oM M M

JomyctuMm, uto Bce aaBieHust uamepeHsl B MIIA, Ttorna xoadgduuuent
pasmepHoctu = 107

B pesynbpTare MHTErpupoBaHus MOJydyaeM pacueTHyo (Gopmyiy:

P
P,=P —A 2 g .p.10°

3a CK6

v

[TonmyyeHO ypaBHEHHE ISl OIPEICIICHUS CTAaTHUYECKOW COCTABIISIOLICH
3a00MHOTO JaBJEHUS TIPU TPOMBIBKE CKBAXXUHBI Ta30’KUJIKOCTHOM CMECHIO.
OueBHIHO, YTO B ClIy4ae OINpEeSeHUs] CTaTUUYEeCKOTO 3a00MHOTO JaBJCHUS B
ra30BOM CKBaYKUHE KaK U B CIIy4ae ra30kKuJIKOCTHOM CMECU UCKOMOE Ps,6 HAXODUTCS

KaK B JICBOH , TaK U B npaBoﬁ JaCTHU YpaBHCHHUS, HC MOXKCET UMCTh IBHOC BBIPAKCHHUC
25



4Cpe3 M3BCCTHLHIC BCIMYMHBI. Takue YpaBHCHUA PECIIAIOTCA MCTOJO0M HTepaHHﬁ.

Cxema AJIT'OpUTMa aHAJIOTUYHA, KaK W IJIA ra30BOM CKBAKHHBI.

26



HcxonHbie naHHbBIE:
Py =0,1 [MIIA], Heww = 1000 M, Ppyacr = 9,5 [MITA]
Po=0,1 [MITA], To =293 °K, Tppaer = 320 ° K,
Pro = 0,6 kr/ M3, p, =1010 kr/ M3, g=10 m/c?

Bapuanter: o =10, 15,20 .....u .1
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IIpakTHyeckoe 3aATHE 6 «OnpeeeHUe CKOPOCTH MOTOKA MPOMbIBOYHOI

AKUIAKOCTH, HGOﬁXO)IHMOﬁ AJIA OYUCTKH 320051 CKBAKHMHBI

B mporniecce akcrmyaranuy CKBaXHH BOSHUKAET HEOOXOIUMOCTh MPOU3BOIUTH
OUYHUCTKY 3a00€B OT TBEPABIX YACTHI[ IPH 3TOM HEOOXOJUMO PACCUHUTHIBATH TY
CKOPOCTh TIOTOKa TPOMBIBOYHON JKHJIKOCTH B KOJBIIEBOM KaHalle, KOTOpas
J0CTAaTOYHA JUIsl BEIHOCA TBEPJBIX YACTHIl Ha MOBEPXHOCTh. CKOPOCTh BHUTAHUS
4acTull onpejensercs no Gopmynie:

49

Pr
d ("7 _ 1y, re k= |29 (3.1)
p 3c

w

aHc
3nech dr, pr, px. § — AMAMETp, IJIOTHOCTh YACTHUIIBI, JIOTHOCTh KHJIKOCTH,
YCKOpPEHHE CBOOOTHOTO Ma/ICHMUS.

Cw — ko3 urueHT 10600BOTO COMPOTHBICHUS YACTHUIIBI TIOTOKY KHUIKOCTH;

24
Cy, =—, npu Re <1,
Re

24
C, = —(1+0.17Re%%) mpu 1 < Re <60
Re

C, =044, pu Re > 60.

Vpcedl' .

dopmyna uncna Peiinonpaca: Re = ' Wk — BA3KOCTD KUJIKOCTH.

He

Eciu 0603HaYHUTh X=V;, TO yPaBHEHHE UMEET BHJ MTEPAIHOHHON (HOpMYJIbI:
X = f(x)

Wcxonubie manubie: 1) p,. = 0,01[/7a -c],d, = 0.001 u

2) u,, =001[la -c],d, = 0.001 u

BapuanTsr: 2000xr/m3 < py < 2700 xr/m ¢ marom 50 kr/m?

1000kr/m3 < py < 1250 kr/m3 ¢ marom 50 xr/m?
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IIpakTHyeckoe 3ansiTue / «PenieHne HeJIMHEHOT0 aJIredpandecKoro

(TpaHCHeHIleHTHOFO) YPaBHEHUSI METOAOM MUHHUMHU3AIIUN HEBA3ZKW)

Peumte 3agaHHOE HENWMHEWHOE YpPaBHEHUE, MCHOJIb3YsS —CIEOYIOIIUI
AITOPUTM:
1. TocTtpouts rpaduku GyHKIHM, yYaCTBYIOIIMX B YpaBHEHUHU.
2. I'paduuecku onpeaenuts NpUOIMKEHHBIE 3HAUCHHS] KOPHEW ypaBHEHUS.
3. Haiitu Tounble 3HaUeHuUs, ucnonb3ys «Ilouck pemeHus».
[Ipumep pemieHns ypaBHEHUS:
5 cosx-0.7x+0.4 = 0 (cm. daiin “Reshenie nelinejnyh uravenij.xIsx™).
5 cosx-0.7x+0.4 =0=>5cosx =0.7x - 0.4 =>
Y1(x) =5 cosx, Y2(x) = 0.7x - 0.4.

1. IToctpouts TabnuIly 3HaueHuit Y1 u Y2,

[Tycts A — 3T0 HavakHOE 3HaueHue X u mycth h — mrar mo ocu X.

a) [ToctpouTts psaa 3nadeHuid X (okojo 100 3HaveHui).

Hauanbnas Touka Xo=A (siueiika A6), cnenyromas Touka X1=Xo+h (sueiika
A7) ut.a. 10 X0 (stuetixa A106).

b) IToctpouts psix 3HaueHuit Y1 u Y2.

Y10 =5 cos(Xo) => comeprxkumoe siueiiku B6 = 5*C0S(A6)

Y20 =0.7*Xy -0.4 => conepxkumoe stueiiku C6 = 0.7*A6 - 0.4

c) Komuposath siueiiku B6 u C6 u BcraBuTh (paste) ux B HMHTEpBajeC
B7:C106.

Takum oOpazom, Tabnuira 3Hauenuit X, Y1, Y2 rotosa.

st moctpoenus ¢ynkuuii Y1 u Y2 BeiOepuTe MHTEpBAI A5:C106,
nepenaute “BeraBka” => Jluarpamma => ToueuHas nuarpaMmma.

Pe3ynbpTaT nokasan Ha pucyHke 1.
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E4 - 1 A
N
v
A B C D E F G H 1 J K L M

1 Sample task =

2 Scosx-0,7x+0.4=0 =>VY1({x)=Y2(X} Y¥1=5cosx ¥2=0.7x-0.4

3 =

4 |A= 0 h= 0.1| ]

;Ix v1 Y2 1 8

6 0 5 0.4 . -

7 0.1 4.97502 -0.33

8 0.2 4.90033 -0.26 a I\ /)/

9 03 4.77668 -0.19 \ / \

10 0.4  4.6053 0.12 2 -

11 0.5 4.38791 -0.05 )/ / \

12 0.6 4.12668 0.02 0 : ‘ : : : . =2

13 0.7 3.82421 0.09 \2 4/ 6 \ 10 12

14 0.8 3.48353 0.16 2

15 0.9 3.10805 0.23 \ / \

16 1 270151 0.3 4

17 11 2.26798 0.37 \/ v/

18 12 1.81179 0.44 6

19 13 1.33749 0.51

20 1.4 0.84984 0.58

21 15 0.35369 0.65 3

e 1c naac n_3a

M 4 » | Jimctl Jincr2 ¥ 4] i | » [l

roreeo | B4 | ”@]@ 85% lfl {} l'!'l

Pucynox 1.

BuaHo, 4TO ypaBHEHHME MMeEET IO KpaliHEM Mepe 3 KOpHsA. OTH KOpHU
COOTBETCTBYIOT TOUKaM IepeceueHust Kpuor Y 1 u nipsimont Y2.

Takxe ICHO, UTO UMEETCH €lIE HECKOJIBKO KOPHEN B OTPULIACTIBHOW YaCTH
ocH X.

st moctpoeHust rpaduika B OTPHUIATENIBHOW YacTH OCH X, U3MEHUM A
(Ha4anpHYyO TOYKY 3HauYeHUU X) U nmoAdepéM h Takum, 4TOOBI MOMYYUTH TpAPHUK,
Ha KOTOPOM BHUJIHBI BCE€ KOpHH. [IpuMepHbIE NEeHCTBUSA MOKa3aHbl HA CIEAYOIIUX

PHUCYHKax.
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ca (- F| h= -~
Y
v|
A B | C | b E F G H I ] K L M K
1 Sample task
ZS cos x - 0,7x+0.4 = 0 =» Y1{x)=Y2(X)  Y1=5cosx Y2=0.7x-0.4
3 =
1 (A= —Slh: ] 0.1 -
5 |x ¥1 Y2 T &
6 5 1.41831 3.9
7] 49 0.93256 -3.83 /-/\\
8 4.8 0.43749 -3.76
9 | 4.7 -0.06194 -3.69 2 /
10 4.6 -0.56076 3.62 \ / )/ /
11 -45 -1.05398 -3.55 ‘ . NER - . o
12 -4.4 -1.53666 -3.48 3 4 2 i 2 4 5 =Y
13 43 -2.004 -3.41 , \ /
14| 42 -24513 334
15| 41 -2.87412 3.27 )
16 -4 -3.26822 3.2 -
17 | -3.9 -3.62966 -3.13 \/ S/
18 3.8 -3.95484 -3.06 6
19 3.7 -4.2405 -2.99
20 -3.6 -4.48379 -2.92
21 3.5 -4.68228 -2.85 3
> A A 02200 b W i+ ]

WO NMucrl Nucr2 5] 4] i | » ]
romBo| = | | M 85% @—U-‘—@
Pucynok 2 (A=> - 5).

ca v (- £l h= A
-~
v
A B | C | b E F G H I ] K L M E
1 Sample task
"2 |5cosx-0,7x+0.4=0 => Y1{x)=Y2(X} Y1=5cosx Y¥2=0.7x-0.4
3 =
1 A= -10|h: ] 0.1 -
5 |x ¥1 Y2 T
6| 10 -4.19536 74 YN yd
7 -9.9 -4.44596 -7.33 / \ /
'8 | 9.8 -4.65213 7.26 2
9 9.7 -4.81182 7.19 / \ /
T T T T T T o
10 -9.6 -4.92344 -7.12 s 10 % M \4 i —
11 9.5 -4.98586 7.05 5
12 9.4 -4.99847 -6.9% / )// —Y2
13 9.3 -4.96113 691 4
14 92 48742 -6.84 NS / NS i
15 ] 9.1 -4.73861 .77 _—— 7
16 -9 -4.55565 -6.7 "
17| 8.9 -4.32718 -6.63
18 | -8.8 -4.05547 -6.56 16
19 8.7 -3.74323 -6.49
20 8.6 -3.3936 .42
21 8.5 -3.01006 6.35 3
oA D CNhcAAa e 1+]
WO Nncrl o Nucr2 5 4] i | » ]
romBo| = | |E] 85% @—U-‘—@

Pucynok 3 (A=> — 10).
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E4 - & ~
.
o
A B C D E F G H 1 ] K L M N
1 |Sample task
2 Scosx-0,7x+0.4=0 =>Y1{x)=Y2(X) Y1=5cosx ¥2=0.7x-0.4
3 =
4 |A= -10 h= 0.2| _I -
5 X Y1 Y2 N
6 -10 -4.19536 7.4 & e
7 9.8 -4.65213 -7.26 N M /)/
8 9.6 -4.92344 -7.12 / \ :/ \ /f’\
9 9.4 -4.99847 -6.98
10 9.2 -4.87422 -6.84 I \ l ,V l \ "
! . : L s . S
1 -9 -4.55565 6.7 s 'Nl _5\ I/ \ ]5 \ 10 15
12 -8.8 -4.05547 -6.56 2 —_Y2
13 8.6 -3.3936 -6.42 / /\/[ \ / \
14 -8.4 -2.59644 -6.28 vV / \Y) \V \YJ
15 -8.2 -1.69577 -6.14 6
16 8 -0.7275 6 v .
17 7.8 0.26978 -5.86
18 7.6 1.2563 5.72 10
19 7.4 219274 -5.58
20 7.2 3.04176 5.44
21 -7 3.76951 -5.3
M4 r | fincrl Tincr2 ¥ TER! i | » []
roTogo | = | ||E| 85% '8'—0'!—@':'
Pucynok 4 (A=10, h =>0.2).
E4 v I A
Fs
v
A B C D E F G H 1 J K L M =
1 Sample task
2 Scosx-0,7x+0.4=0 =>Y1(x)=Y2(X) Y1=5cosx ¥2=0.7x-0.4
3 =
4 |A= -10 h= 0.3 ] -
5 X Y1 Y2 -

6 -10 -4.19536 -7.4 /
7 -9.7 -4.81182 -7.19 10
8 -9.4 -4.99847 -6.98
9 -9.1 -4.73861 -6.77
5

10 -8.8 -4.05547 -6.56

11 8.5 -3.01006 635 -

12 8.2 -1.69577 -5.14 —_Y2

13 7.9 -0.23001 5.93 15 a0l - s . o s

14 76  1.2563 572

15 7.3 2.63039 551

16 -7 3.76951 5.3

17 6.7 4.57192 -5.09

18 6.4 4.96592 -4.88 10

19 6.1 4.91634 -4.67

20 5.8 4.4276 -4.46

21 5.5 3.54335 -4.25 3
o ke } Ca D 2AICO A NAa

M 4 » M| Jlucrl Nncr2 ¥ []4] i | » i]
roroeo | | | ||E| 85% '8'—04'@

Pucynok 5 (A=10, h =>0.3).

Ternepb BUAHO, YTO YPABHEHUE UMEET 5 KOPHEM.
2. I'paduuecku onpenaenuTs NpUOMKEHHBIC 3HAUYECHHS KOpHEil

Jlist onpeneneHus: NMPUOMMKEHHOTO 3HAYEHUSI KOPHS, YCTAaHOBUTE KypCop
MBI Ha TOYKY TMepeceueHuss rpa@ukoB (yHKIUN. BBICBETHTCS TEKCT CO

3HAYEHHEM TOYKH OJTHOTO U3 rpaduKoB (CM. puc. 6).

32



E4 - e ~
rY
hd

A B C D E F G H 1 J K L M -
1 Sample task
2 |5cosx-0,7x+0.4 =0 =>Y1(x)=Y2(X) Y1=5cosx ¥2=0.7x-0.4
3 =
4 |a= -10 h= 0.3 ] -
5 (X Y1 Y2 =
6 10 -4.19536 7.4 /
7 9.7 -4.81182 -7.19 10
8 9.4 -4.99847 -6.98
9 9.1 -4.73861 -6.77
10 -8.8 -4.05547 -6.56 5
11 -8.5 -3.01006 -6.35 —"
12 8.2 -1.69577 -6.14 —V2
13 -7.9 -0.23001 -5.93 s I'E/ M/’ \/5' \ly v o a5
14 7.6 1.2563 5.72
15 7.3 2.63039 -5.51 \ s
16 -7 3.76951 5.3 / PAa "Y2" Touka "-4.6"
17 6.7 457192 -5.09 (-4.6, -3.62)
18 6.4 496592 -4.88 16—
19 6.1 4.91634 -4.67
20 5.8  4.4276 -4.46
21 5.5 3.54335 -4.25 3
= e~ 2 sanca Py
M 4 | Nncrl Nncr2 53 4] I | » [
roroec | £ | |@E| 85% (=) { (+)

Pucynok 6. Kypcop MbIIlIM yCTaHOBJICH HA CaMOM JIEBOM TOUKE MEPECCUCHUS

rpaduKkoB (Ha pUCYHKE Kypcop HE BHJICH!)

Takum oOpazoM, NMpuUOMKEHHOE 3HAYEHHE CaMOTO JIEBOTO KOPHS PaBHO -
4.6.
Ucnonbiyst 3Ty npoueaypy, Mbl MOKeM HaWTU MPUOIMKEHHBIE 3HAUCHUS

OCTaJIbHBIX KopHel: -2.2, 1.1, 5.0, 6.5.

3. Haiitu TouHble 3HaUeHMs KOpHEH, ucnoib3ys «llouck permenusn
[Tepeittn Ha Jluct2. IlocTpouth TaOMUIy CO CHEAYIOUIMMH CTOJOIAMMU:
[TpubnuxenHoe 3HaueHHE KOPHA Xappr, 3HAU€HUE Y 1 B TOUKE Xappr, 3HAUEHUE Y2

B TOUKE Xappr, 3HAUCHUE (Y1 — Y2)*2 B Touke Xappr (CM. pUCYHOK 7).

3anuimuTe Bce NMPUOIMKEHHbBIE 3HaUEHUSI KOpHEH B cTon0er Xappr.
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A B C D
X appr ¥1 ¥2 (Y1-Y2)r2
-4.6 |
2.2
1.1

6.5

17

18
M 4 M| fiucrl | Jincr2 ¥

lotoeo | = |

Pucynox 7.

IE] b ]
|| B 1003 (=) [ (+)

Hamumure ¢opmynsr nns Beruucienus Y1, Y2, (Y1-Y2)"2 nana Bcex

3HaueHUN Xappr. Takum oOpa3oM, Mbl IMOJIy4aeM CIEAYIOLIUE BbIPAXKEHUS IS

HpI/I6J'II/I)K€HHOFO 3HAYCHUA KOPH:

B suciike B2 3nauenne =5*COS(A2),

B stueiixe C2 3nauenue =0.4* A2 — 0.4,

B stuetike D2 3nauenue =(B2-C2)"2

Komuposats (Copy) unrepsan siueek B2:D2, BctaButs (Paste) ero B uHTepBan

sueek B3:D6 (cM. pucyHok 8).

El - I’

A B C D E
1 |Xappr Y1 v2 (Y1-v2)22 | .I
2 -4.6 -0.5607626 -3.62 9.358933257
E -2.2 -2.9425056 -1.94 1.005017451
4 1.1 2.26798061 0.37 3.e02330385
5 5 1.41831093 3.1 2.828078137
5 6.5 4.88293813 4.15 0.5371983
7

Pucynok 8

I[J'IH HaXOXICHUSA TOUYHOI'O 3HAYCHHUS IIEPBOI'O0 KOPHA 3allyCTUTDH «Ilounck

pemenus». 3aaate D2 B xauectBe «lleneBoii pyHKIMNY», BHIOPATh OMIIMIO MTOUCK
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«MunHuMyMa», ykazatb A2 B TEKCTOBOM OKHE «/3MEHss SUEKN TEPEMEHHBIX» U

HaxaTh KHONIKY «Haiitu pemenue» (CM. pUCyHOK 9).

K| = M 20" MapameTpsl Novcka pewenms @ 23
OET) [naeHan Bcragka  Pa =
B ONTUMHENPOBATE LeNeByio MyHKUMK:
Monyuenue Lo: () Makcumym (@) MuHnmym () 3HAUeHHA:
BHELLHIX AaHHbIX ™
Mo KnroYeHIs W2MeHssA Aueiiky nepeMeHHsR: I
D2 v 5A52 ~
Fs
A B B COOTEETCTEHWH C OTPaHUUEHHAMH: ?g
ZIX appr Y1 Y| g l oot -
2 -4.6  -0.5607626 l WaMeHnT
3 -2.2  -2.9425056
4 1.1 2.26798061 l Ynanuts
5 5 1.41831093
6 6.5 4.88293813 | CépacuTs
7
8 4 I 3arpyaunTh/ COXpaHWTE =
g D Cp,enarh nepeMerHEle Gez UrpBHHHeHMﬁ HEOTPHLETENEHEIMH
10 S!anep.py[‘;eme»-mn: MNoWCK pelleHnA HenWHeliHbIX 3ada4 MeTogom ONr IZI l NapaMeTpsl
11
12 MeTon peweHus
13 ﬂ.l'lﬂ I'uJ'IB,E,KMX HENMHERHBIX 3ajaq HCHUﬂh?‘frﬁe MOWCK pelleHna HENMHERHb 3ajady MeTodomM OI'II', ana
NMHeiiHbIX 38034 - NOUCK PeLUeHA NMHEHLIX 384a4 CHMNNEKC-METOA0M, @ ANA Hernagkux 3aaay -
14 3BOMOUNOHHGIA NOMCK PELUIEHNS.
15 .
16
17 [ HaifTu peweHne ] l 3aKpeITe
18 u
4« » M| fncrl | Nucr2 21 KN T | » [l
Yeawure | = | | B IO 100%
Pucynok 9
[Tocne sToro OyaeT HalACHO TOYHOE 3HAYCHHUE MEePBOro KopHs (cM. pucyHok 10).
El v | = ~
yF
vw
A B C D E F G H ] K &
1 |xappr Y1 2 (Y1-¥2)A2 M
2 | -4.01513069 -3.2105915 -3.2105915 7.88861E-31
3 -2.2  -2.9425056 -1.94 1.005017451
4 1.1 2.26798061 0.37 3.602330385
5 5 1.41831093 3.1 2.828078137
6 6.5 4.88293813 4.15 0.5371983
7
2 =
9
10
11
12
13
14
15 .
16
17
18 i
M4 M| Jucrd | NMncr2 4D 4l i | 1
rotoso | = | |@E| 100% ":;—:] [} '::-E]

Pucynok 10
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IIppuMeHnTh TaKyr0 K€ MNOpoUenypy JUId IIOMCKAa TOYHBIX 3HAYECHHUU

OCTaJIbHBIX KOpHEH (CM. pUCyHOK 11).

D3 - £e| =(B3-C3)n2

A B C D
X appr Y1 Y2 (Y1-v2)n2

1

2  -4.01513069 -3.2105915 -3.2105915 7.88861E-31
3 | -1.92833275 -1.7498376 —1.?498329' 2.14392E—11!
- 1.44779509 0.61345658 0.61345656 3.74603E-16
5  5.46763684 3.42734579 3.42734579 1.97215E-31
6  6.79588419 4.35711899 4.35711893 3.96459E-15
7

Pucynox 11
BapuanTsr:
Ne YpaBHeHuE [Ipumeuanue
1 (0,2x)% = cosx —
2 x-10sinx = 0 —
3 X =sinx st x< 10
4 2% -2cosx =0 g x>-10
5 lg(x +5) = cos X mit x<5
6 (4x + 7)Y2 = 3 cos X —
7 xsinx-1=0 —
8 8COSX-X=6 —
9 sinx-0,2x=0 —
10 10cosx - 0,Ix? =0 —
11 2lg(x+7)-5sinx=0 —
12 4cosx+03x=0 —
13 5 sin 2x = (1-x)Y2 —
14 1,2x* + 2x3 - 24,1 = 13x* + 14,2x —
15 2x%-5 = 2% —
16 2* = 10-0,5x2 —
17 4x* - 6,2 = c0s0,6x —
18 3sin8x=0,7x-0,9 s X us3 [-1; 1]
19 1,2 - Inx = 4 cos 2x —
20 In(x + 6,1) = 2sin(x-1,4) —
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IIpakTuyeckoe 3ansaTue 8 «Penienne cucTeM JUHEHHBIX M HeJIMHEHHBIX
ypaBHeHui meroaom I'aycca»
CucTtemMbl TMHEWHBIX aNreOpanvdecKnx ypaBHEHHI.
KosnuecTBO ypaBHEHMH N0 CpPaBHEHUIO C KOJMYECTBOM HEWU3BECTHBIX:
MEHbIIle, OOJbIIe, PAaBHO - CHCTEMa HEOIpeIeeHHAas, MEepeonpeaeieHHas U

3aMKHyTasi( n — ypaBHEHUM, N- HEU3BECTHBIX).
a1 X1+ a;pXe + ... + apX,= by
CTPOKH /; Ax1X1 + axXo+ ...+ axnXn = by

anlxl + an2X2 + ...+ anan = bn

CTOJIOLIAI
H3zeecmuubl KI1ACCA Memooo8:
1) TouHble, U3 HUX HanboOJiee MPAKTHUYECKH IMPUMEHsIeMbIH Meton I'aycca

(TIociie1oBaTEIbHOTO UCKITFOUCHHUS HEM3BECTHBIX ).
2) UTEePAIMOHHBIC METO/IBI.

Meron Taycca npumeHMM [l 3aMKHYTOM CHUCTEMBI C HEHYJIEBBIM
ONPENEIIUTENIEM, T.€. MaTpPULA HEBBIPOXKJICHHAsA. BBIYMCICHUS IPOU3BOIATCS
MPSIMBIM U OOPATHBIM XOJIOM.

HpHMI)IM X0OO0M CHUCTEMaA IIPUBOIUTCA K BUAY:

X1+ a12X2 + 013Xz +... + danXn = P
Xo+ 03Xz + ...+ 0opXpn = Bz

OGpaTHBIM XOJ0M HAXOJSATCS BCE HEU3BECTHBIC, HAUMHAS C Xp... W T.M....X1.
Tak xak a1t OOJNBIIUX CUCTEM MPOU3BOIUTCS MHOTO BBIUUCIECHUHN, TO TIPOUCXOIAT
HAKOIUIEHUE TTOTPEMTHOCTEN.

B Oubnmorekax wuMeeTcs TMporpaMMa pEMICHUS CHUCTEMbl JIMHEHHBIX
ypaBHeHur wmeronom [l'aycca. Ilepen BbBI30OBOM mporpaMMmbl €l NEPENArOT

KOA(PPUIIUEHTHI CUCTEMBI U CBOOOTHBIE YJICHBI.
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Mooughuxayus cxemot I'aycca.
B wucxomuoit cucreme Moryt ObITh HyneBble koddduuuentsl. Bceraa

BO3MO’KHA MEPECTaHOBKA yPAaBHEHUH.

JInst MUHUMM3AlUY BBIUYMCIUTENBHBIX OIIMOOK HYXKHA Takasl MepecTaHOBKa
(mpeoOpa3oBaHue) MpU KOTOPOH JEJIEHHUE MPOU3BOAUTCS HA MAKCHUMAJbHBIN IO
MOJYJIIO 3JIEMEHT, Ha3bIBACTCS IJIABHBIM DJIEMEHTOM.

Bomnpoc: nouemy cxemsl ['aycca ¢ BBIOOPOM IIIaBHOTO 3JIEMEHTa AaroT Ooliee

TOYHBIN pe3yJIbTaT, HEKENM NpocTtas cxema ["aycca.

CyliecTBOBaHHE ~ €IUHCTBEHHOTO  PEIICHUsS,  OOYCJIOBJIEHHOCTh U
HEKOPPEKTHOCTb.

Cucrema JIMHEMHBIX ANreOpandyecKuX ypaBHEHU MOKET UMETh WJIK HE UMETh
pemienus. Eciu onpenenuTens CUCTEMBI C HEHYJIEBOM MPaBOi YacThIO (CBOOOIHBIE
wiieHbl » 0) paBeH 0, TO pelIeHus He CYyHIIECTBYET U HA000pOT.

B peanpHOCTH, KOTrZa Ul PELUIEHUsS] CUCTEMBI HCIIOJIB3YIOTCS YUCICHHBIE
METOJIbl, CUTYyaIus He cToab npocta. [IpencraBum, uyto onpeaenurtens =0. Ho npu
BBIUUCICHUSAX 33 CUET OKpPYIVIBHHUH M apu(pMETHYECKHX  JCHCTBUH ¢
OKPYIJIEHHBIMU YMCIIAMHA KOMITBIOTEP MOKET HAUTU XOTh U MaJIO€, HO HEHYJIEBOE
3Ha4YeHue. Toraa monyyuTces «penieHne» CUCTEMBI, Y KOTOPOU €0 HE CYIIECTBYET.
Bo3MoxHa qpyras cuTyanus - CUCTEMAa UMEET PELICHUE, HO ITOIPEIIHOCTH
OKpYTJICHUI OKa3bIBAIOTCS TOTO K€ MOpsIKa WM Aa)ke OOJblIe, YeM pPELICHHUS.
Takue CUCTEMBI Ha3bIBAKOTCS «II0XO 00yCIIOBICHHBIMIY, WIH
«HEYCTONYUBBIMUY.

CucreMpl, HE UWMEIOUIME PEIICHUSA, WIA HEYCTOMYUBBIE HA3bIBAIOT
HEKOppeKTHbIMU. HeycTolunBbie, HEKOPPEKTHBIE CUCTEMBI TP MAJIOM W3MEHECHHUU
K03 (UIMEHTOB (B Mpeaenax MOTPelIHOCTH OKPYIJICHHH) Tal0T COBEPILIEHHO

Pa3JINYHBIC «PCIICHUS. Ha camowm nene PEHIICHUA TaAKUX CUCTEM HE OIIPCACIACTCA.

Ipumep: 1.41x+5.87y=13.15
2.83x+11.75y = 26.33
peuwenue:. X = 1, y=2.

38



N3menuB onun kodddurment ( BMecto 1.41 B3saTh 1.42) momyunm x=-0.61,
y=2.388 C(Cucrema HEKOPpEKTHA. 3JI€Cb MOXHO BHU3YaJbHO OIPEICIUTH
HEKOPPEKTHOCTh, TaK KaK KO3(PPUIUEHTHl ypaBHEHUN MOYTH MPONOPIUOHAIBHbBIE
(1:2). Ho mns GoibmiMX CHCTEM 3TOTO MOXKHO HE 3aMeTuTh. [loaToMy Hamo
IPOBEPATH MyTEM MOBTOPHOT'O PEHICHHS ¢ MajO0 U3MEHEHHBIMU KO3 PUITUEHTaAMHU.

Bonpoc: Kakune cucteMbl JMHEHHBIX anreOpaudyecKux ypaBHEHUU

Ha3bIBAKOTCA HCKOPPCKTHBIMU.
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IIpakTnueckoe 3ansaTHe 9 «Pemenue cucreM JMHEHHBIX H HeJTUHEHBIX
YPaBHEHUIT MeTOI0M MPOTOHKH
[TpuTOK U OTTOK KUJKOCTH (ra3a) K CKBaXKMHAM OMUCHIBAETCS YpaBHEHUSIMU
THTIA TETUIONPOBOIHOCTH. {151 meTampHOrO y4era CBOWMCTB IIacTa HCIOIB3YETCS
CETOYHbIE MOJENH ANNpPOKCUMUPYIONIUE 3TH ypaBHeHUs. (CeTouHble ypaBHEHUS
SBIISIIOTCS ~ aJreOpandecKuMH W MMEIOT  TPeXJUaroHajdbHBIE  MAaTPHIIBL.
AnreOpandeckue ypaBHEHUS C TPEXIUArOHAIBHBIMA MATPUIIAMH JIOIYCKAaro
PSIMOM METOJ pellieHUs] Ha3bIBAEMbIA METOJOM MTPOTOHKHU.
AJTOPUTM METOJ1a TPOTOHKHU
Cucrema ypaBHEHUN UMEET BUT
Bix1 + y1x2 =by;
aiXj1t+ BiXi+ YiXi+1= o] (i=1,2, ...... Il-l) (4.1)
OnXn-11+ PnXn= bn
bynem uckath pemienue cucteMs (4.1) B BuIe peKyppeHTHON (hopMyJIbI:
Xi=Ci+1Xi+1F+i+1 (| =1,2, ...,1’1-1) (4.2)
B KOTOpOH Cix1 — KoOd(hUIMEHTHI, ToJJIexkanme omnpeaeneHuto. s ux
HaXO0XXJICHUS TTOHU3UM (hOpMaIbHO UHIEKC B hopmyiie (4.2):
Xi1=CiXi+di=Ci (Ci+1Xix1+ dix1)+ di
U TI0JICTaBUM 3Ty opmyiny U hopmyny (4.2) B THIIMYHOE YpaBHEHUE K CUCTEMBI
(4.1). [Tocne HECTOXKHBIX AreOpandecKux mpeodpazoBaHu
TTOJTYYUM:
[cira(ai,ci +Bi) + Vi, Xi+1 +[diva(oi,ci +Bi) + (ai,di +b;)] =0 (4.3)
PasenctBo (4.3) OymeT 3aBeOMO BBIMOIHATHCSA, €CIUM 00€ KBaapaTHBIC
CKOOKHM, BXOJAIIMEC B HEro, NPHPABHATH HYIIO. 3aluIleM IOJyYHUBIIUCCS

paBEHCTBA B CIICAYIOLICH dopme:

n = b d = b, —o,d, (44)

i+l i+l

;G +Bi ;G +Bi

paBeHcTBa (4.4) SABIAIOTCS PEKYPPEHTHBIMU (POPMYIIAMHU JIJIsl ONpEEICHUS

ko3 dunreHToB c;, u di.
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[Ipouenypa peuieHust cucTeMbl ypaBHEHH (4.1) METOOM NPOrOHKH B LIEJIOM
BBITJIAIUT Tak. BHauane mo pexkyppeHTHbIM (opmynbl (4.4) HAXOAAT CEMEWUCTBO
kKod(punineHToB cj,- U di (3Tanm NpPSAMOM MPOTOHKH), a 3aT€M C UX MOMOIIBIO TIO
peKyppeHTHBIM dopmynaMm (4.2) ompenenstoT HEU3BECTHBIC Xj,- (3Tam 0OpaTHOM
IIPOTOHKH ).

JlJis MCTIONb30BaHUs T€X M JPYTUX PEKYPPEHTHBIX (POpPMYT HEOOXOAMMBI
«CTapTOBBICY 3HAYCHUS BEIMUHMH. 3HAUCHUsI C2 U dp , cTapToBbie s popmyin (4.4),
HaXOJsT COIOCTaBJI€HHEM paBeHCTBa (4.2) mpu 1=1 W mepBOro M3 ypaBHEHHH,
BXOJIAIIETO B cucTeMy (4.1): ¢z = - (y1/ B1)

d2: b1/ Bl'

3HayeHue X,, craproBoe i GopMmynsl (4.2), OmpeAensioT TpU €€
COMNOCTAaBJIEHUH C TIOCIIETHUM U3 YpaBHEHUM cucteMsl (4.1)

3amaua 4.1 PemmuTs cucremy S5 anreOpaMueckux ypaBHEHMH C
TPEXAMAarOHAJIbHON MaTpPHULIEH.

ba3oBbIll BapHaHT:

X1+ 3x,=5 (B1) A
2x3+4x; —x3=5 (B2)

2xp - 2Xx3+ x4 =3 (B3) > {Bi}
X3 + X4+ X5=-2 (B4)

3x4— X5 = -1 (Bs) Y,

BapuaHThl: onpenensioTcss YMHOKEHHEM CTOJIONA CBOOOJHBIX YJICHOB HA
IepeMeHHyr0 KoHcTaHTy K.

K=12,14, ... uT. o cmarom 0.2
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IIpakTnueckoe 3ansaTue 10 «Pemenue cucrem JTUHEHHBIX M HeJTUHEHBIX

ypaBHeHnﬁ ME€TOA0OM MUHMMMU3AIINHA HEBA3ZKN)

Pemenue cucrteM ypaBHEHHI:
fi (X1, X2,..., Xn) =0,1=1, 2,..., n 2
IPEICTABISIET 3HAUUTENIBHO Oo0Jiee CIOXKHYIO 3aJady, 4YeM pEUIeHHE OJHOI0
ypaBHEHUS. MBI pacCCMOTPUM OAMH METOJ PELIEHUs CUCTEM YPAaBHEHHMU — METOJ
cKopeiliiero cmycka. B aTom meTtone pemieHue cuctemsl (2) CBOAMTCSA K 3a7ade
OTbICKaHUSI MUHUMYMOB (pyHKUHUU D (X1, X2, ..., Xn), KOTOPYIO MOYKHO NOCTPOUTH

Pa3IMYHBIMU CIIOCOOAMH, MOJIOKUB, HAITPUMED,

D (X1, X2, ., Xn) =, f.2(X , Xy, Xy ) =>Min 3)
i=1 1

Ecnu a = (21,82, ...,an) €cTh HEKOTOpOE pemicHue cucteMsl (3), To D(a) = 0. B
apyrux toukax x @ (x) > 0. Takum o0pa3om, KaKAblii HYJIEBOH MHHUMYM
¢bynakiun O(x) mact pernieHue cucTeMbl (2) U OTBICKaHWE PEIICHUN CUCTEMBI (2)
CBOJIMTCS K OTBICKAHUIO HYJIEBBIX MUHUMYMOB BCIioMoTatenbHoi GyHKmu @ ().
Hcnoab3oBanue nakera Solver (MS Excel) nust pemieHusi ypaBHeHHMH U
CHCTEM YPaBHEHMH.

PaccmoTpum pemieHne JMHEWHOM CUCTEMBI C MOMOINBIO MakeTa «llonck
pemeHns». CHadana IMOCTPOMM ONTHMHU3ALMOHHYIO 3a7ady, PELICHHE KOTOPOM
OynmeT coBMagaTh C pEHICHUEM WCXOIHOW JIMHEHHOW CHCTEMBI, KOTOPYIO
MEepEenUIIEM B BUJIC:

G*0,383112 + G5 *0,0721955 -1,4161 = O]F
G*0,288782 +Gs* 0,1885890 -1,0404 =0 |

PaccmoTpum dyHKIHIO!
F=(0,383112 G +0,0721955 G, -1,4161 )?>+(0,288782 G +0,188589 G, -1,0404 )2,
Ecmn y uCXOIHOW CHUCTEMBI ypaBHEHUN €CTh pEILICHWE, TO BBEICHHAs
byHK1Ms oOpaiaercs B HOJIb B Touke petieHus. C apyroil CTOpoHbl, 3Ta QyHKIHS
paBHa CyMM€ KBaJpaToOB, OYEBHUIHO, MUHUMAIIBHOE BO3MOXHOE 3HAYEHHUE ITOMU
dbynkiuu paao 0. Takum 06pa3om, eciii Mbl OyjieM UCKaThb MUHUMYM (DYHKITUU
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F, n naiinenupii MunumymM O0ynet paseH 0, To Touku G, Gs, npu kotopbix F Oynet
paBHa 0, OyAyT pelieHueM UCXOJHOW TMHEMHON CUCTEMBI.

I[J'I}I pemcHus 3a1a4n CO31a/IUM JIUCT Excel-a B ClIcayromemM BHUAC:

A B
1 |G= < Hay. 3Ha4. G>
2 | Gs-= < mau. 3Ha4. Gs >
3 |F1 = = B1* 0,383112 + B2* 0,0721955 -1,4161
4 |F,= = B1* 0,288782 + B2* 0,1885890 -1,0404
5 |F=(F)?+ (F)>- = (B3"2+B4"2)

Hanee noaxmounM «llonck pemenus», eciiv OH He MOAKIFOUYEH. J{i1s1 3TOro

BBIIIOJIHUM CIIEAYIOIINE TEHCTBHUS:

Memnto => Cepsuc => Haactpoiiku => «llouck pemenus» (0OTMETUTh BKIFOUEHHUE)
[Tocne storo «Ilouck pemeHus» NogBisieTcsl B cnucke KoMan «CepBucy.
Jlanee BBINOJIHUM CIIENYFOIME IEVCTBUS:

Mento => CepBuc => «llouck pemeHus».

B nnamoroBom okHe «llouck pemeHus» ykaxeM 3HaA4EeHUS MOJIEH:

1. 3agaém onTUMU3HpPYEMYIO (YHKITUIO:

«YCTaHOBUTH LIENIEBYIO siueiiky»  => B5 (B aTol sueiike 3amucaHa ¢hopmylia

BbIuKclieHus QyHkimu F)

2. Yka3bIBaeM, YTO Mbl UIIEM MUHUMYM:
«PaBHoit MHUHUMAJIBHOMY 3HAYE€HUIO

MaKCUMAaJIbHOMY 3HA4YCHHIO

3. 3agaém mapameTpsl QYHKIUU:
«I3MeHss TYEHKN» => $B$1:$B$2

B stuetiku B1, B2 Heo0x0a1MO0 3aHECTH MPOU3BOJIbHBIC HaYaIbHbIC 3HAUCHUS,
Hanpumep, 0, 0. Jlasiee cienyet HaXkaTh KHOINKY «BBIMOJIHUTEY, MOCJE YEro MakeT
HayHET nouck peuieHus. Ilocie 3aBepiienus peuenus B sueiikax Bl,
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B2 6yayt 3nauenus G*, Gs* u npu KoTopeix GpyHKIUs F npMHMMaeT MUHUMAaIbHOE
sHauenue. Ecam 310 MuHuMManbHoe 3Hadenue pasHo 0, To G', Gs* - mckomoe
pelieHne JMHEeHHOM cucrtembl. J[Is paccMaTpuBaeMoOll CHCTEMBI pELICHHUEM

SBJIAIOTCS cienyromue 3Hayenusa: G = 0,850727 , Gs = 0,689465 .

Pemnts TMHENHHYIO CHCTEMY YPaBHEHUH 10 BapUaHTaM

i1 ai2 i3 b

No

0,21 -0,45 -0,20 1,91

1 0,30 0,25 0,43 0,32
0,60 -0,35 -0,25 1,83
-3 0,5 0,5 -56,5
2 0,5 -6,0 0,5 -100
0,5 0,5 -3 -210

0,45 -0,94 -0,15 -0,15
-0,01 0,34 0,06 0,31
-0,35 0,05 0,63 0,37
0,63 0,05 0,15 0,34
0,15 0,10 0,71 0,42
0,03 0,34 0,10 0,32
-0,20 1,60 -0,10 0,30
-0,30 0,10 -1,50 0,40
1,20 -0,20 0,30 -0,60
0,30 1,20 -0,20 -0,60
-0,10 | -0,20 1,60 0,30
0,05 0,34 0,10 0,32
0,20 0,44 0,81 0,74
0,58 -0,29 0,05 0,02
0,05 0,34 0,10 0,32
6,36 11,75 10 -41,40
7,42 19,03 | 11,75 | -49,49
5,77 7,48 6,36 | -27,67
-9,11 1,02 -0,73 -1,25
7,61 6,25 -2,32 2,33
-4,64 1,13 -8,88 -3,75
-9,11 -1,06 -0,67 -1,56
7,61 6,35 -2,42 2,33
-4,64 1,23 -8,88 -3,57
1,02 -0,73 -9,11 -1,25
6,25 -2,32 7,62 2,33
1,13 -8,88 4,64 -3,75

10

11
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Ne i ai1 A ais bi
1 0,06 0,92 0,03 -0,82
12 2 0,99 0,01 0,07 0,66
3 1,01 0,02 0,99 -0,98
1 0,10 -0,07 -0,96 -2,04
13 2 0,04 -0,99 -0,85 -3,73
3 0,91 1,04 0,19 -1,67
1 0,62 0,81 0,77 -8,18
14 2 0,03 -1,11 -1,08 0,08
3 0,97 0,02 -1,08 0,06
1 0,63 -0,37 1,76 -9,29
15 2 0,90 0,99 0,05 0,12
3 0,13 -0,95 0,69 0,69
1 0,98 0,88 -0,24 1,36
16 2 0,16 -0,44 -0,88 -1,27
3 9,74 -10,00 1,71 -5,31
1 0,21 -0,94 -0,94 -0,25
17 2 0,98 -0,19 0,93 0,23
3 0,87 0,87 -0,14 0,33
1 3,43 4,07 -106,00 | 46,8
18 2 74,4 1,84 -1,85 -26,5
3 3,34 94,3 1,02 92,3
1 0,66 0,44 0,22 -0,58
19 2 1,54 0,74 1,54 -0,32
3 1,42 1,42 0,86 0,83
1 0,78 -0,02 -0,12 0,56
20 2 0,02 -0,86 0,04 0,77
3 0,12 0,44 -0,72 1,01
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IMpakTuyeckoe 3ansaTue 11 «Co3nanne noiab3oBareabckux ¢pynknuii B Visual
Basic for Applications»
OneMeHThI si3bika VBA

PaccmoTpum cHavasia nepeMeHHble, ucnoiab3yembie B VBA. Onucanusie B
nporenypax VBA neicTBuSI BBITIOJHSAIOTCS HaJ MEPEMEHHBIMUA WM OOBEKTAMH.
Ilepemennbie VBA aHajloruyHbl MEPEMEHHBIM JIPYTUX SI3bIKOB IpOrpam-
mupoBaHusi. OO0vekmsbl, ¢ KOTOPbIMU paboTaloT mpoueaypbl U pynkiuun VBA,
MPECTABIIAIOT COOOM CPEICTBO MPOTPaMMHOTO yiipaBiieHus npuiioxenusmu Office
U CO3/JaHHBIMM C HMX MOMOULIbI0 JOKyMeHTaMu. Kak u B JApyrux OOBEKTHO-
OPUEHTHUPOBAHHBIX f3BIKAX MPOrpaMMHUpOBaHUsA, y 00bekToB VBA wumerorcs
c80UCcmEa, KOTOPbIE MOTYT IPUHUMATh Pa3JIMYHbIC 3HAUYCHHS. DTU 3HAYEHUS MOKHO
UCIIOJIB30BaTh B MHCTPYKIMsAX VBA B kadecTBe nepeMeHHbIX. Mcnosib30BaHUIO
MEPEMEHHON OOBIYHO NPENIIECTBYET €€ OOBSBIEHUE — HMHCTPYK- mus Dim, B
KOTOPOM YKa3bIBAETCS KaK MMsI MEPEMEHHOM, TaK W THUN JIaHHBIX, JJIS XPaHEHUS
KOTOPBIX OHa MpeaHa3HaueHa. MIMeHa mepeMEeHHbIX MOTYT UMETh JJIMHY 10 255
CUMBOJIOB (B TOM YHCJIE€ — CUMBOJIOB KUPUIIJIUILBI), P 3TOM OHU HE MOTYT TaKKe
COBMAJIaTh C KJIFOUYEBBIMU ciIoBaMU VBA U MMEHaMM CTaHAAPTHBIX OOBEKTOB.

Hwxe B nuctuHre 1 mnpuBeneHbl NOpPUMEPHl OMUCAHUS TEPEMEHHBIX
Pa3IMYHOTO THUIA C TIOMOIIbIO HHCTPYKIMKU Dim.

Jluctunr 1. Onucanne nepeMeHHbIX

Dim a, b as Integer

Dim nata__poxxaenus as Date

Dim ®amunus as String, Wwms As String*25

B mponenypax u pynkmusx VBA MOTYT UCTIOJIB30BAThCS CISIYIONINAE TUTIBI
JAHHBIX:

Boolean — noruveckue miepeMeHHbIC, NPUHUMAIOIIME OJHO U3 JBYX
snayenuii: MCTUHA nm JIOXDb;

Byte — nienoe uncino B quanaszone ot 0 g0 255;
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Currency — mepeMeHHbIE JJIA JICHEKHBIX BBIYUCICHUN C (PUKCHPOBAHHBIM
KOJIMYECTBOM pa3psA/IoB TMOCJE JIECATUYHOM 3alaTod; IMO3BOJSIOT H30eXaTh
HAKOIUJICHUS! TOTPEIIHOCTENH OKPYTIICHUS;

Date — nepemeHHbI€ AJ11 XpaHEHUS JaThl U BPEMEHU;

Double — mepemeHHBIe JUIsI XpaHEHHS 3HAYCHUH C IIABAIOMICH TOYKOMN
yIBOGHHOW TOYHOCTH;

Integer — ienpie yncia B Auamnasone ot -32768 mo 32767,

Long — nenple yncia B nuamnazone oT -2147483648 no 2147483647,

Object — nepemMeHHbIC [T XpaHEHUS CCHUIOK HA OOBEKTHI;

Single — mepeMeHHbIe a1 XpaHEHWS 3HAYCHUH OJMHAPHONW TOYHOCTH C
MJIaBaroIiei TOUKOM;

String — mepeMeHnHbIe A1 XpaHeHHs cTPOoK uTHOH oT 0 10 64K cuMBOIIOB;

Variant — mepeMeHHbIC, THI KOTOPBIX OMNPEICIISICTCS THIIOM IOCIICIHETO
3HAYEHHUS, IPUCBOCHHOTO UM.

VBA Takoke nmpeocTaBiisieT MoJb30BaTelt0 BO3MOKHOCTh XPAHUTh JJAHHBIE B
MaccuBax (TpyIIax MEPEeMEHHBIX C OOIIMM MMEHEM, Pa3INIaeMbIX 10 COUYCTAHUIO
WHIEKCOB). KpoMe mepeMeHHBIX, THITBI JAHHBIX OMMCHIBAOTCS IS (POpMaTbHBIX
napameTpoB Mporeayp U GyHKIUA U ISl caMuX (PYHKIUN (THIT BO3BpAIaeMOro
byHKIIMEH 3HaUeHUs). B mucTrHTe 2 MpUBEIeHBI MPUMEPhI OMUCaHUs (hOPMaTbHBIX
napamMeTpoB M BO3BpAIlaeMOr0 3HAYEHHUs [JJs MPOIeaypbl U  (PYHKIUH,
BBIYHCIISIONINX JUTMHY CTPOKHU, KOTOpAs MOMy4aeTCs MpU COSAMHEHUH (DamMuiiu u
UMEHHU (C pa3iesaioMM UX TPOOEIOM).

Jluctunr 2. Onucanus NepeMeHHBIX
Sub FIOL (dbamunusa As String, uma As String, rynHa_cTtpoku As Integer)

Jmuaa_ctpoku = Len(damummst) + Len (ums) + 1

End Sub

Function FIOLen (pammmus As String, ums As String) As Integer
FIOLen = Len(dpamumus) + Len (ums) + 1

End Function
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VYropaasiomuye KOHCTPYKLUUHU. YTMPABISIOMIMMU KOHCTPYKLMSIMHU SI3bIKA
OpPOrpaMMHUPOBAHUsl  HA3bIBAKOTCA  MHCTPYKUMM W TPYNNbl  MHCTPYKLHM,
OPUMEHEHUE KOTOPBIX TMO3BOJIIET H3MEHATh [0 Mepe HeoOXOJAUMOCTH
MIOCJIEIOBATEIbHOCTh BBIMOJHEHUS OCTAJIBHBIX HWHCTPYKLHMH mporpaMmbsl. B
COBPEMEHHBIX  fA3BIKAX MPOTPAMMHUPOBAHUS  YIPABIIOIIME  KOHCTPYKIUU
MO/IPA3/ICISIIOTCS Ha 6emeieHus U yukivl. BeTBIeHneM Ha3bIBaeTCs YNPaBIIAIOIIAS
KOHCTPYKIMS, TO3BOJIAIONIAs MPONYCKATh MPU BBINOJHEHUN TE€ WX WHBIE TPYMIIbI
UHCTPYKIIMII B 3aBUCHUMOCTM OT 3HaueHus ycioBud. [{ukiiom Ha3bpiBaercs
YIOPABJISIIOLIAs KOHCTPYKLIHS, TO3BOJISIONIAS MHOTOKPATHO IOBTOPSATH BBIIOJHEHHUE
TPYIIbI HHCTPYKIUNA JJO HACTYIUICHUS KaKOT0-JINOO COOBITHS.

BerBnenus. BerBnenuss pabortaroT 1o oOmieMy IpHHLMIY: BHayale
MIPOBEPSIETCS 33JAHHOE YCIOBUE, 3aTEM, B 3aBUCHUMOCTH OT PE3YyJIbTaTOB IPOBEPKH,
BBIMIOJTHSETCS Ta WM HHAS TPYIINAa WHCTPYKUUWA, BXOMSIIAs B KOHCTPYKIIHIO
BeTBIIeHUs. KOHCTpYKIIMM BETBIIEHUS BKJIIOYAIOT B C€0sl TPU BapyaHTa UHCTPYKLUU
ycioBHOTO niepexofa If m macrpykiuio Beroopa Select Case.

KoHKpeTHBIN BapuaHT YNPaBISAIONIEH KOHCTPYKIIMU C WHCTpykiuen If
BbIOMpAETCA B 3aBUCUMOCTH OT IIPOrPaMMHOTO KOHTEKCTa. Eciiu B 3aBUCUMOCTH OT
pe3ynbTaTa MPOBEPKHA CPABHUTEIBHO IPOCTOTO YCIOBHS CIEIYET BBITOIHUTH WA
MPOIMYCTUTh TMPOCTYH0 HWHCTPYKIUIO, YI0OHEEe OKa3bIBA€TCAd OJHOCTPOYHBIN
COKpAIllEHHbI BapUaHT, CAHTAKCUC U TIPUMEP KOTOPOIO MPUBEJEH B JIUCTHHIE 3.

JIuctunr 3. OAHOCTPOUHBIN COKpalleHHbIA BapruaHT HHCTpYKIuu If If

<ycnoBue> Then <uHCTpyKIUSIT>

If mosr = "x" Then nenc_Bo3pact = 55

3HaKW PaBEHCTBA B 3alMCH YCIIOBUS M B MHCTPYKIMHU, BXOJSIIUX B COCTaB
OJIHOCTPOYHOM KOHCTPYKIIMU BETBJIECHHS, 0003HAUAIOT pasziuyHble onepauuu. B
YCJIOBHH ATO — OTIepalusi CpaBHEHUs, BhipadaThiBatomas 3nauyenue MCTUHA npu

PaBCHCTBC 3HAYCHUM BBIpﬂ)KCHHﬁ, CTOAIIMX CIIpaBa M CJICBA OT 3HAKAa PaBCHCTBA.
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B uHCTpyKIMM 3TO — omnepanusi NpPUCBAaWBaHUS 3HAYEHHS BBIPAKEHUS, PaCIO-
JIO’KEHHOTO CTpaBa OT 3HaKa PaBEHCTBA, IEPEMEHHOM (MJIM CBOMCTBY), UMSI KOTOPOl
(KOTOpOT0) PacIoyIOKEHO ClieBa OT 3TOTO 3HAKA.

YcnoBus, mpuUMeHsIOMMEcs B 000 (QopMe KOHCTPYKUUH BETBICHUS,
NPEICTaBIAIOT COOOM BBIPAXKEHUS, BBIUUCICHUE KOTOPBIX [AeT JIOTHYECKOe
3HaueHue. B cokpaiieHHOM OJHOCTPOYHOM BapuaHTe MHCTpyKuuu If Bxonsmas B
€€ COCTaB HHCTPYKIMS BBIIOJHAETCA TOJBKO TOTAA, KOTJAA 3TO JIOTHYECKOE
BbIpakeHue npu BoruucieHuu aaet 3nadeHne UCTUHA. Ecnu npu coGmroaeHun
ycioBHsI TpeOyeTcsl BBIIIOJIHUTh HE OJIHY, @ HECKOJbKO HMHCTPYKUUU, yAOOHEe
OKa3bIBACTCs COKPALLEHHBI MHOIOCTPOYHBIN BapuaHT UHCTpYKLuH If, cuHTaKcuc u
IpUMEP KOTOPOIO MPUBEJIECH B JUCTUHTE 4.

JIuctunr 4. MHOrOCTpOYHBIN COKpAIIEHHBIA BapuaHT UHCTpyKUuH If

If <ycnoBue> Then

<”WHCTpyKuMs 1>

< UHCTpYyKIusa 2>

<uHCcTpyKius N>

End If

If mon = "x" Then

IIEHC BO3pacT = 55

noznpasiieHne 8 mapra = True

End If

B TakoMm BapuaHTe KOHCTPYKLUMHU BETBJICHHUS MpPHU COOJIIOJIEHUU YCIOBUS
BBITIOJIHAIOTCS] BCE€ MHCTPYKIIMH, 3aIIMCAHHBIE MEXY KITt0UeBbIMU ciioBamu Then u
End If. Ionueiii BapuanT uHcTpykuuu If ymobGen B ToM ciywae, Korna npu
COOJIIOICHUN YCTIOBHSI HEOOXOIMMO BBIMIOJIHUTE OJHY TPYIIY UHCTPYKLUH, a Mpu
HecoOmoiIeHn — pyryto. CHHTaKCUC ¥ MpUMEp ATOr0 BapUaHTa MPUBEICHBI B
JIACTUHTE .

Jluctunr 5. TlonHbiit BapuaHT UHCTpyKIuU If

If <ycnoBue> Then

<UHCTpYKIUa 1>
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<Wuctpykuus N >
Else

<Unctpykuus 1>

<Uuctpykuusa N>

End If

If mon = "x" Then

IIEHC BO3pacT = 55

no3apaBieHne 8§ maprta = True v

Else

neHc_Bo3pact = 60

no3npasienue 8 maprta .= False

End If

Ecnu  konuuecTBO allbTEpHATUBHBIX BApHAHTOB HCIIOIHSIEMOMN TPYIIIbI
WHCTPYKIIMI O0JIbIlle ABYX, HHCTpYKIMH If mpuxoauTcs BKIIaIbIBaTh APYT B JIpyTa,
YTO OCJIOKHSIET YTEHUE KOJa MTPOTrpaMMBbI U €€ 0TJIaJIKy. Bo MHOrUX ciyyasix, Koraa
HOMED BBITIOJHIEMOU TPYIIIBI MOKHO BBIYMCIIUTH 3apaHee, yI00Hee UCTI0Ih30BaTh
MHCTPYKIMIO BbIOOpa BapuaHTa Select Case, CHHTakCUC M HpUMEP KOTOPOIrO
IPUBEJICH B JINCTUHTE 0.

Jluctuar 6. MHOTOCTPOYHBIN COKpAIICHHBI BapuaHT HHCTpyKImH [f

Select Case <BbIpakeHHE™>

Case <cnucok 3HaueHuit 1>

<rpyImra HHCTpYKUuH 1>

Case <cnucok 3HaueHui 2>

<rpyIra HHCTPYKUUH 2>

Case <cnucok 3HaueHu N>

Case Else

<rpynmna uHcTpyKumuiit N+1>

End Select
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Select Case nabpano_06ayuioB
Case0, 1,2
OueHka = "HEeyAOBIETBOPUTEIBHO"

Case3To 5

OueHka = "yJq0OBIETBOPUTEIHHO"
<rpynna UHCTpyKLIHHN 2>

Case Is>8

Ouenka = "oTH4HO"

Case Else

Ouenka = "xopomo"

End Select

Hukinel. Ilpyu coznanuum npoueayp U GyHKIUN 4acTO BO3HUKAIOT CUTYyallUH,
KOI'/Ia OJTHU U T€ e IeUCTBUS TpeOyeTcsl MOBTOPUTHh HECKOJBKO pa3. /st onucanus
IIOBTOPHOT'O HCHOJIHEHUSI WHCTPYKUHWM WJIM TPYIIBl UHCTPYKLUN MOJIb3YFOTCS
CIICLIMATIbHBIMU  YTIPABJSAIOIIUMHU KOHCTpyKuusiMu VBA — mukinamu. [uxosl
MOAPA3ACISIIOTCSA Ha JIBAa THUIIA: C YIPABIBIIOIIMM YCIOBHEM U C YIPABISIOLIMM
[IEPEYUCIICHUEM.

B nukiiax ¢ ynpasIsiroliuM yCJIIOBUEM UHCTPYKLMS WM TPYIIIIA WHCTPYKLUN
MOBTOPSAETCS 10 T€X MOp, MOKa He OyAeT BHIIOJIHEHO yIpasiisitoliee ycioBue. [1o
HAa3BaHMIO MHCTPYKLHUH, COCTABIIIOLIEH OCHOBY 3TOM yIIPABIAIOIIEH KOHCTPYKLINH,
TaKWE LUMKJIbI HA3BIBAKOTCA yuxiamu Do. B 3aBUCUMOCTH OT THIIA YIIPABJISAIOLIETO
YCIIOBUS U BPEMEHH €ro MPOBEPKU (OTHOCUTEIBHO BBIMOJIHEHUS] MOBTOPSIOIIUXCS
MHCTPYKIIMI) pa3nyaroT 4eTbipe Buaa UUkiIoB DO. B nmuctunre 7 npuBeneHsb
IPUMEPBI UCIIOJIB30BAHUS BCEX YEThIPEX BUAOB IUKJIA Do 1 pemeHnst OJHOU U
TOM K€ 3aJa4M: CKOJIbKO pa3 MOJAPAI U3 4Yucia 25 MOXKHO W3BJIEYb KBaJAPATHBIN
KOpPEeHb, YTOObI B pe3yJibTaTe MOJIYYHJIOCh YMCIIO, HE MPEBBIIIAIONIEE €IUHUILY
0oJiee, 4UeM Ha OJIHY COTYIO.

Jluctunr 7. Tunel nukiaos Do

Sub Main()
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Dim gucno As Single

Dim nosropenus As Integer
noBTropenus = 0

qucio = 25

' [luxa Do nepBoro tuna

Do While yucio - 1 >=0.01
yucno = Sqr(4ucio)
IIOBTOPEHHUSI = MOBTOPEHUA + |
Loop

MsgBox (moBTopeHust)
noBropeHus = 0

qucio = 25

" [{uka Do Broporo tuna Do
yucno = Sqr(4ucio)
MOBTOPEHUS = MOBTOPEHHUS + |
Loop

While uucno- 1 >=0.01
MsgBox (moBTopenust)
noBropeHus = 0

qucio = 25

' Hukn Do TpeTthero tumna

Do Until uucno - 1 <0.01
yuciio = Sqr(4ucio)
MTOBTOPEHUS = MOBTOPEHHUS + |
Loop

MsgBox (rmoBTOpeHus)
noBropenusa = 0 yucino = 25
'Hukn Do uerBeproro tuna Do
yucno = Sqr(4ucio)

MOBTOPEHUSI = MOBTOpPEHUS + 1
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Loop Until aucno- 1 <0.01

MsgBox (moBTopeHust)

End Sub

B yuxne Do nepsoeo muna ycnoBue npoBepsieTCsa 00 HAuala BHITIOJTHEHUS
MOBTOPSAIOIINXCA UHCTPYKIMA. Eciin yciioBHe 0Ka3bIBAa€TCsl BBITIOJHEHHBIM (TIpU
BBIUMCIIEHUM JIOTUYECKOrO0 BbIpakeHHs mnoaydaercs 3HaueHue WCTHUHA),
WHCTPYKIIMH, 3aKJIIOYCHHBIE MEXIy MHCTpYKIusaMu DO u Loop (Temo mukia),
BBIMIOJHAIOTCA ~ OAHOKPATHO, 3aTeéM yIpaBJICHHE CHOBa TMepelaeTcss Ha
uHCTpyKimio DO, u mpomecc moBTopsiercs. Ecnu ympasistomiee ycioBue He
BBINIOJIHAETCS,, TO TOBTOPSIONIAsCA TIpyNna WHCTPYKUMHA TPOMYyCKaeTcss U
BBITIOJTHSETCS] MHCTPYKIIUS, CIEIYIOIIas HEMOCPEICTBEHHO 32 MHCTpyKIuen Loop.

B yuxne Do emopozco muna ycinoBue npoBepsie€TCsl noc/ie BHIIOJIHEHUS Tena
nukia. L{uki noBTopsieTcs, moka ynpasiisitollee yCIOBUE BBITOIHAETCS.

B yuxne Do mpemveco muna ycinoBue npoBepseTCS 00 HAYala BHITIOTHEHUS
MOBTOPSIONINXCS MHCTPYKITUH, HO TEJIO IIUKJIA BBITIOTHSIETCS TOJIBKO B TOM CITy4ae,
KOTJla YIPAaBISAIOIIEE YCIOBUE He 6binoHeHo (NP BBIYMCIECHUHM JIOTHYECKOIrO
BbIpakeHus noxyyaercs 3Hauenue JIOXD).

B yuxne Do uemseepmoco muna ycioBUE NPOBEPSETCS HOCIE BBHINOTHEHUS
Tena nukia. LUk noBTopsieTcs, moka ynpasJisioliee yCIOBUE HE BBITOJIHSAETCS.

[uknamu ¢ ympaBisSIOUIIM TIEPEUUCICHNEM TOJIb3YIOTCA B CIIydasX, KOT/a
3apaHee U3BECTHO KOJIMUYECTBO OBTOPEHUH TeJla LIMKJIIA U IPOBEPATD YIIPABIIAIOIICE
yCclIOBUE HET HeoOxonuMocTH. Llukiapl ¢ yHOpaBisIONIMM — [EpPEeUrCICHUEM
MOPa3ACIIAIOTCS Ha IIUKJIBI CO CYETYUKOM M IIUKIIBI TI0 COBOKYITHOCTH.

B yuxnax co cuemuuxom wcnonb3yeTcs cleuudaigbHas MepeMeHHas —
cuemuux, 3HaUCHNE KOTOPOH MPH KaKJOM TTOBTOPCHUH TeJla IIUKJIA YBEITUYUBACTCS
WJIA YMEHBINASTCS Ha 3a/IaHHYI0 BEIHUUHY (wae yuxna). Lluki 3aBepinaercs mocie
TOr0, KaK 3HAYEHUE CYETUMKA JOCTUTHET (MJIM TMPEBBICUT) KOHEYHOE 3HAYCHHE
cyeTurMka IuKkia. Eciu B mponecce BBINOJHEHUS IMKIAa 3HAYEHUS CUETYUKA

yOBIBaIOT (OTpUIIATENBHBIN MIAr [UKJIA), [IUKJ 3aBEepIIaeTcs,
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KOTJ]a 3HAYEHHE CUETUYHKA CTAaHET PABHBIM WJIM MEHBIIMM KOHEUHOIO 3HaueHus. B
JUCTUHIE 8 MPUBEICH CUHTAKCUC IMKJIA CO CYETYMKOM U MNPUMEP MPOLEAYPHI,
BBIYUCIISIONIEH CyMMBbI 3HAUEHHM, COAEP/KAIINXCS B HEUETHBIX SYEUKaX MEPBOTO
CTOJIOIa TIePBOTO JUCTa TeKyIie padodeit kauru Excel (B mpeaemax mepsBbix 10
STYECK).

Jluctunr 8. I{uki co cueTunkom
For cueTunk = HavanbHOE 3Ha4YeHHE 10 KOHEUHOE 3HaueHue Step mar IuKia

<TEeJIO IUKJIa>

Next cueTunk

Sub uka_For()

Dim I As Integer

Dim S As Long

S=0

For1=1To 10 Step 2

S =S + Application.Worksheets(1).Cells(l, 1).Value Next | MsgBox (S) End
Sub

B yuknax no cosoxynnocmu Teno nykia NoOYEPEIHO MOBTOPSIETCS I BCEX
OJTHOPOJHBIX OOBEKTOB, COCTABIIAIONIMX MACCHUB WJIM CeMeWcTBO. B aTom ciydae
B POJIM CUETUMKA BBICTYMAeT OOBEKTHasi mepemMeHHas. B nuctuHre 9 mpuBeneHbl
CHUHTAKCHUC IIUKJIa U MPUMEP, B KOTOPOM OH MCIOJIb3YETCs ISl BBIBOJA HA MevaTh
MMEH Bcex pabodmx JUCTOB B TeKyIIew padoueii kaure Excel.

Jluctunr 9. 1{ukII 10 COBOKYITHOCTH

For Each snement In coBokymHOCTB

<T€JI0 IIUKJIa>

Next snemeHT

Sub [ukn no coBokymHOCTH()

Dim S as Worksheet

For Each S in Application. Worksheets

Debug. Print S.Name

Next S
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End Sub

O6nekr Debug coBmecTHOo ¢ Meromom Print mo3BosieT BHIMOTHSTH MEYaTh
B pexuMe oTianku. IIpu HCronb30BaHUM ATOrO METO/a B MPOLEAype 3HAYCHHS
apryMEHTOB METO/1a BEIBOJISITCS B CIIEIIMAIEHOE OKHO pefakTopa VBA — Immediate.
[Ipu BBINONHEHHUH NMPOTPAMMHOIO KOJia BHE cpelbl penakropa VBA, korna okHO
Immediate 3akpbITO, MHCTPYKIUA, coaepxkamias oO0bekT Debug, He oka3biBaer

HHUKAKOI'0 BJIIMAHHA Ha BBIIIOJIHCHHUC ITPOLICAYPHI.

OcHoBBI paboTsl ¢ pegakropom VBA
Pabota ¢ nporpamMmmubiM Kog0oM VBA Benercs ¢ MOMOIIbI0 CIEIUATBHOTO
penakropa. YtoOsl HauaTh paboTy ¢ HUM, BeIOepuTe KomaHay Cepsuc P Maxkpoc
» Penaxrtop Visual Basic (Tools » Macro » VBA Editor) — oTkpoeTtcst OKHO

peaaKkTopa, IpCACTaBJICHHOC HA PUCYHKC 2.1.
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% Project (Komp_tehn_MU_k_LR)
=-& Project (flokymenT2)
=13 Microsoft Word Objects
ThisDocument
(71 Referenres

< |
Properties - ThisDocument

|ThisDocument Docurment

Alphabetic lcauagorized I

5.

X

Tl e

(Name) ThisDocument

AutoFor matOverride False

AutoHyphenation [0

ConsecutiveHyphensLimit 0 =
DefaultTabStop 36 == iLl »
DefaultTargetFrame .

DisableFeatres False
DoMNotEmbedSystemFonts False =
EmbedLinguisticData False —
EmbedSmartTags True

ErmbedTrueTypeFonts False =
Enc_ryptlon?rovrder A _:J ij_l _’J-J

Pucynok 2.1. Penaktopa Visual Basic ns npusioxxeHuit
CopepkaHue STOTO OKHA 3aBUCUT OT BbIOOpA, CAEIAHHOTO C MOMOIIBIO
MeHro Bun (View), ojiHaKko riiaBHbIM 00pa3oM paboTa BEAETCS ¢ MOKa3aHHBIMHU Ha

PHUCYHKEC IMTaHCIIAIMHA 1 OKHAMM.

55



[TaHens npoekTa — pacnoJiaraeTcs B IEBOM BEPXHEM YIIy OKHA HPHIIOKECHUS
HUKE TMaHEeNM HMHCTPYMEHTOB; TNpelHa3HaueHa ISl OTOOpaKeHHs OOBEKTOB,
cocTaBisitonx npoekT VBA (ctuiib 0TOOpaXkeHHsI COOTBETCTBYET OTOOPAKEHUIO
pecypcoB B okHe [IpoBoiHuKa).

[laHens CBOMCTB — pacrojiaraeTcsi HUXKE TaHeIM MNpoeKTa (eciau TaHelb
OTCYTCTBYET Ha 3KpaHe, €e MOXHO BKJIIOYUTH KiaBuiued F4); 3gech MOXHO
MpoCMaTpUBaTh U MO HEOOXOAMMOCTH H3MEHSATH 3HAYEHHUS CBOMCTB OOBEKTOB,
BbIOpaHHBIX B IIAHENW IMpOeKTa (Hampumep, MMs MOJYJs Kilacca) WM OKHE
penakTopa (Hanpumep, UMs 3JIEMEHTA yIpaBJiIeHUs B MOAYJE (pOpMBI).

OkHO penakTopa Koja — NpPEACTaBIseT CO0O0N cCrenHaIu3UPOBAHHBIN
TEKCTOBBIA Mpoleccop uid paboThl € TekcTamMu Ha s3bike VBA; 3xmech
pacnoJiararoTcs BIO)KEHHbIE OKHA JOKYMEHTOB, COAEPKALIUE TEKCThI MOTYJIEH.

B coctaB gepeBa 0OBEKTOB MPOEKTa, KOTOpPOE OTOOpa)kaeTcs Ha MaHENId
MIPOEKTA, BXOJAT MOJIYJIH CIAEAYIOIMIMNX KATErOPHA.

Monynu ¢hopm — B Moaynsix 3Toro tuna cogepxarca popmsl VBA.

Eciu B mpoekre VBA wucnonb3yroTcs MOAYyIH U3 JAPYTHX OOBEKTHBIX
OMOJIMOTEK, TO B COCTAB JIEpEBa MPOEKTOB OyIyT TaK)Ke BKIIOUYEHBI CChUIKH Ha ATH
OouOnmoTeku. Eciam BBIMOJHUTL ABOMHOM IIEIYOK HAa MMEHU MOJIYJS B JIEpEBE
MIPOEKTA, B OKHE PEIAKTOpa KO/A MOSBUTCS PACKPHITOE OKHO TJOKYMEHTA C TEKCTOM
BbIOpaHHOTO MOZyJisA. PaccMOTpUM cocTaB 3TOro OKHa.

B BepxHeil yacTH OKHAa JOKYMEHTAa PACIOJIOKEHBI JIBA PACKPBIBAIOLIMXCS
CIIMCKA: CIIMCOK pa3zesioB (CleBa) U CIUCOK mpoleayp (cmpasa). B ctangaptHom
MOJYJIE €CTh TOJIbKO 0JIUH pasnen — O6rmas obmacts (General). [Iporieayp B kaxaom
CTaHAAPTHOM MOAYJIE MOXET COJIEP’KAThCS HECKOJIBKO, M HYXHYIO MPOLEIypy
MO>KHO BBIOpaTh C MOMOIIBIO pacKpbIBatolierocs cnucka. Kpome wumen npouenyp
B crrcke nMmeercs anbrepHatuBa Onucanus (Declarations). Ilocne ee Beibopa B
OKHE OTOOpa)kaeTcsi 4acThb MOAYJS, B KOTOPOMl coaepaTcsi OMUCAHUS OOIIMX
MIEPEMEHHBIX MOLYJIsl, HE MPUHAAJIEKAUIUX HU K OJHOM U3 €ro MpoLeayp, KOHCTaHT
U TpoLenyp, COIEpXKalIUXCi B JAPYTHX MOAYJIAX WM IPOEKTaX, HO

HCIIOJIB3YIOIIUXCA B IIpoucaAypax 3TOro MOIyJId.
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B 51eBOM HM>KHEM YTy OKHA PacnojiaratoTcs 1B€ KHOMKH, MEPEKITI0YAOIINE
PEXKUMBI  OTOOPAKEHHUS: PEXKHUM TMPOLEIYypbl U PEXKUM Moayis. B pexume
IpOLEypbl B OKHE OTOOpa)KaeTcs TEKCT TOJBKO OIHOW MPOUEAYPHI, B PEKUME

MOJYJISI — BCEX Pa3/eioB, BXOASIINX B HETO, U BCEX MPOLEIYP.

Co3znanue monb30BaTeNbCKUX (YHKIIUN
B xauecTBe minttocTpayu pacCMOTPUM MOANPOTrpaMMy GYHKITUIO TSI
pacyeTa 3a00iHOTO JaBJICHUS Ta30BOM CKBaXkuHbI, padoTaromieit mo HKT. 3aboiinoe

JABJICHUE PACCUUTHIBAETCS MO (POpMYyJIe:

2 2
szT
p, =, p2e* +13772 —&ds" (e?s -1)Q?

6H

S = 0.03415 Z_'T_ng?

cp cp en

rie

P — OTHOCHTEIIbHASI TIJIOTHOCTH Ta3a Mo BO3IYXY,

L — rnyOuHa, M

Dy — YCThEBOE JIaBJICHHE, aTa,

Ds — 3a00ifHOE JIaBJICHHE, aTa,

A — K03 HUIMEHT TUAPABINYECKOTO COMMPOTUBIICHHUS, ISl HOBBIX TPYO

npuHumMaetcst paBHbIM (.02
Q  — pacxon, ThIC.M%/CyTKH,
Ds:  — BHYTpEeHHUI AuMaMETp, CM

CootBeTcTByIOIIas PYHKIMS MOKET ObITh 3allMCaHa B BHUJIE:

Function P_zab_trubki (P_u, Lambda, z_sr, T_sr,d_vn, Q, ro, L)
s=0.03415*ro* L/ (zsr * T_sr)

pl=P_u”2*Exp(s) * Exp(s)

p2 = 1.377 * Lambda * z_sr * 2 * T _sr * 2 * (Exp(s) * Exp(s) -1) * _
Q" 2/(d vn~b)
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P_zab_trubki = Sqr(pl + p2)
End Function
3aoanue: Hanucatp noanporpaMmy — (pyHIIMIO, peagu3yIolyto oJHy u3 Gopmyi,

HCIIOJIb3YEMBIX B HE(PTETA30BOM JIEJI€.
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IIpakTuyeckoe 3ansaTue 12 « Acnonb30BaHne HHTEPNOJISIIIUOHHBIX METOA0B B
peuieHuH 3a1a4 HeTerasoBoro aejaa

PaCCMOTpI/IM METOA MHMHTEPHOJALIMH T OIIPCACIICHUSA HCHpGpLIBHOfI

3aBHCUMOCTH HCKOMOIO TIapameTpa, HalpuMmep, BS3KOCTH Tra3a OT OJHOU
MIEPEMEHHOM, HampUMep, TeMIlepaTypbl NpH (UKCHPOBAHHOM JaBieHuH. M3
IKCIIEPUMEHTOB Hal/ICHBI 3HAUYEHUS BS3KOCTH ( yo, y1 ...y, ) IIPH Temreparypax (
Xo, X, ...x, ). IHTepnoasiuuoHHas pyHKIMS HAXOIUTCS B BUAC y(X) — MHOTOYJICHA

CTETICHU «N», TIPH YCIIOBHH:
(%) =Yo, wx)=y... ¥(x)=y,, 1)
Tornma Bun ¢pynknuu y(x):
0, opu  1# |

y(x) =3 y®(x))=

L, npu i=j

D (x,)= (X—%,)(Z~-X% )x~ xi_l) (x - Xm)...(x _ Xn)
NV (X,- _Xo)'(xi _XI)-.-(Xi —X‘._I)'(Xi '—XM\)...(Xi —-xn)

Sy, T o) | (K)- (K= )(X =X)L S
DXy — X)X =%, T (X = X,) (X, = X, )X, — X))

y - (X_XO)'(X—XI)"'(X_xn—]) >'

TN (X, = %) (X, =X )X, ~X_ )

MHorousien (2) pemaer 3ajadyy WHTEPIIOIUPOBAHUSA JI1 OJHOMEPHOMN
TaONMMYHOM (YHKIMM M Ha3biBaeTcs MHorowieHoMm Jlarpanxka. O4eBUIHO, UTO
ycioBus (1) BBITOJIHSIOTCS.

Jlanee pacCMOTPUM METOJ UHTEPIOJISALUN IBYMEPHON TaOMMYHON (HYHKIIUU.
N3BecTHO, 4TO IKCIIEpUMEHTANIbHBIE Ta0JIMIIBI KO3 PUITMEHTa CBEPXCKUMAEMOCTH
ra3a COCTaBJE€Hbl [UIsl PA3JIMYHBIX Ta30B MO COCTaBy I H3MEHSIOIIUXCS
rapaMeTpoOB — IPUBEJCHHOIO AaBJIECHUS U TPUBEIeHHOUN TeMmnepatypsl Z(Pr, Tron),

T.€. B BUJI€ TaOJIMUYHON (DYHKIIHU:
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Zj; (Xi, i)

Z;5(X3, ¥2)
Y3

=
v

X1 X2 X3 X4 X

Pucynox 1.

MeTtoa miomaaei. J{omycTuM, U3BeCTHBI TAOJUYHBIC 3HAUCHUS B 4-X y3J1ax
TaOJIUIIbL:
z(X, Y), Z(Xt AX, Y), Z(X, yt AY), Z(X+ A X, y+AY).
Onpenenenvie 3HaueHHs (YHKIMM B TMPOU3BOJIBHOM TOYKE BHYTpPHU

npsMOyroyibHUKa Z(X,, Y,). Touka (X,, Y,) pa3OuBacT HpsIMOYroJbHUK Ha 4
mwiomanu S,, S,, S,, S,, cyMMa KOTOpPBIX paBHa Ax - Ay .
O6o3naunm z(X, Y)=2,, z(X+AX, Y)=Z,, z(X, y+AY)=zZ,, Z(X+AX, y+AYy)=z.
Torma ¢popmyia HHTEPIOISIKMHA B TOUKY (X,, V,) HMEET BHI:
z,=(z,-S;+2,-S,+2,-S,+2,-S,)/(Ax- Ay)
3n1ecs:.
Si=(X% =X (Yo = ¥); S5 =(X =%) - (Y +Ay = ¥,);
S; =(X+AX=X) - (Y+AY = Vo) Sy =(X+AX=X)- (Yo — ¥),
31ech £ - CpPEmHEB3BENICHHOEC MO IUIOMAANd S ~ IIPOTHBOJCKALIUX TOYKAM,

3Ha4YCHUS (YHKIIMH B KOTOPBIX TOJJICKAT B3BCIIUBAHUIO.

NuTtepnonsnust TaOMMYHBIX (QYHKIMN UCTIONB3YET YCIOBHE 3a1aHMsI TaOJHII
C HEKOTOPBIMM IIaraMM B OJHOMEPHOM WJIM JBYMEpPHOM cTeke. [[pyrue ycnoBus
BO3HHUKAIOT, HAIpUMEpP, MPU PEIICHUU 3aJa4d MOCTPOCHHS KapT MPOMBICIOBBIX

F@OJ’IOFO-(lJI/IBI/I‘-IeCKI/IX mapamMeTpoOB 11O AAHHBIM HCPCTYJIAPHO PA3MCIICHHLIX Ha
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IIOUIaIM 3alie)KH CKBaXMH. B 3TOM ciyudae, Ha MUIOIIAAM 3a€KU 33JaeTCs
HEKOTOpasi IeKapToBa CUCTEMa KOOPAUHAT.

B Toukax pa3memieHUs CKBaXWH ONPEICIICHbl 3HAYCHHS MapaMmerpa
(maBieHHMe B IUIACTEe, CPEAHSS MO paspesy d(pdexkTuBHAS MOPUCTOCTH, MOITHOCTD,

HPOHMUIIAEMOCTH TIACTa U JIp.:Zi(Xi, Vi)

Pucynox 2

TpeOyetcsi HaliTh HenpepbiBHYIO GyHKIMIO Z(X,y), B Tpeieiax KOHTypa
3aJI€kKH1, 3HAYEHUSI KOTOPOM B TOYKAX-CKBAXKMHAX  COBIAJAIOT C 3aMEPECHHBIMU
Y HE IPOTUBOpEYAT TPAHUYHBIM YCIIOBUSM Ha KOHType. Tak, s MOCTPOCHUS KapT
n300ap B 3aMKHYTOW Ta30BOM 3aliekHM Ha TPaHUIEC JOMYCKAeTCs YCIIOBUE

HelnepeTeKaHus raza yepe3 KOHTyp, T.€.

rjae N - HOpMallb K KOHTYpY.
OpnuH 13 crnoco0OB TaKOM MHTEPHOJSALUN — HAX0XkKAeHHE PYHKIUU Z(X,y) B

BU/JIE pelieHns ypaBHeHUs Jlanaca mpu ycloBHsX:
z(Xi, yi)= Z (4)

21 -0 ©)
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Pemienne ypaBuenus (5) npu ycinoBuu (3, 4) BBINOJHSIETCS YHUCICHHBIM
MetonoM. [lnomans 3anexu pazduBaeTcs AEKapTOBOW CETKOM Ha MPSMOYTOJIbHbIC
JIOCTAaTOYHO Majible 00Ku. Pemias cucremy (3-5), onpenenstoT 3HaueHus z(X,y) 1
Kaxaoro ysma ceTtku. Jlamee ¢ momomblo cTaHmapTtHeix cpeacts 110 ¢
UCIIOJIb30BAaHUEM TIONYYEHHOTO pacnpeneneHuss (GyHKuuu z(X,y) Mo IUIONIaH,
CTPOUTHCS KapTa B W3OJIMHUAX. ISl mMOCTpoeHMsI KapT TaKWX MapamMeTpoB Kak
MMOPHUCTOCTH, MPOHUIIAEMOCTh U JIP. Ha TPAHUIIC TUTACTA, €CIIM HET APYTHX JTaHHBIX,
IPUHUMAIOT CPETHEE 3HAUCHHE 110 JaHHBIMU CKBAYKUH.

JpyToii CMBICII, OTJIMYHBIN OT CYTH HHTEPIIOJISAINH, BKJIAIBIBACTCS B TIOHSITHE

anmpokcumanuu. B 3ToM  ciayyae  OTBICKMBAeTcs (DYHKLIMS  HAWIYyYILEro

npuOIMKEHUSI K 3aMEpPEHHBIM 3HAUEHUSAM B OTHAENbHBIX TOouykax. Hawmmyuriee
MPUOIIKEHNE OTIpeIeISICTCS MUHUMAJTEHBIM CpEIHEKBAPATHICCKIM
OTKJIOHEHHEM 3HAYCHHUM (PYHKIIMU B TOUYKAX 3aMEPOB OT PE3yIbTaTOB 3aMEPOB.
[Ipumepom 0THOMEPHOM anMpOKCUMAIIUU SBJISIETCS 00paboTka pe3yIbTaToB
WCCJICIOBAHNM CKBOKHWH M TIOCTPOCHHUE MHAMKATOPHBIX KPUBBIX. [Ipy pazmudHbIX
pexuMax paboThl CKBaKUH MPOU3BOSTCS 3aMephbl 3a00WHOTO J1aBJIeHUS U J1e0uTa

CKB&)XHMHBI. Pe3yIbTaThl MPEACTaBISAIOTCS TAONUIEH 3HAYEHUI.

AP}
Ql » Q
]
2
31mech ¥i ~ ——, Xi ~ Qj, oTbIcKMBaeTCs 3aBUCHMOCTH y(X) = BX+a.

Q1

KoaddummenTs (a, B) onpeaensroTcss METOA0M HaMMEHBIINX KBaJApPaTOB U3

YCIIOBUSL:
min ¥ (y(x,) - ¥,)’
B pesynbrare omnpenensieTcs: 3aBUCUMOCTb:
AP} =P2 -P/=a-Q+b-Q’,

rae P - maBneHue B macre.
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Anmpokcumanus ABYMEPHBIX (DYHKIMHA HMCHOJB3YEeTCS MJIs BBISIBICHUA
TEHJACHLIUNA W3MEHEHUs KaKUX-JIMOO MapaMeTpoB IO IUIOMIAIU 3aJeXH, T.€. I

IMPOBCACHUA TPCHA-aHAJIN3A. HaHpHMep, N3y4acTCA paCIIpoOCTPaHCHUC COACPKAHUSA

HEKOTOPOTO XHUMHYECKOTO JJIEMEHTa B COCTaBe BOJ Ha OOJBIION IUIOMIAAH
Actpaxanckoro ['KM. Hwmerorcss 3amepbl B OTACIBHBIX  HEMOPSIOYHO
pacnoJIOKEHHBIX CKBakMHax. [locTpoeHne KapT ¢ TOYHBIM COBIIAJICHUEM JTAHHBIX B
CKBO)XMHAX 3/16Ch HEYMECTHO H3-3a 3JIEMEHTOB CIIY4allHOCTH B PE3yJIbTaTax
3aMEPOB M 3HAYMTEIBHBIX PACCTOSHMAX MEXKIY TOYKaMU 3aMepoB. BrIsBieHHE
oOlIel TEeHJEHUUHU, T.€. NOCTPOCHUE YpaBHEHUS IBYMEPHOW PErpeccHH, 31ECh
1€J1eCO000Pa3HO, TaK KAK KOCBEHHO CBUJIETEIICTBYET O HAIIPABJICHNUH ITEPEMEIICHHUS
BOJI.

VYpaBHEHUE IMHEWHON IBYMEpPHOU perpeccuu (TpeH]) HAXOAUTCS B BUJE:

z(x,y) = Ax + By +C
M3 YCJIOBUSI:

nrHJn[(Axi +By, +C)-Z[

B sTom crydae MeTo0M HaMMEHBIIIUX KBAJPATOB HAXOMAT KOA(DDHUIIMEHTHI
A, B, C.

Hapsny ¢ meromamMu MHTEPNOJSALMM, aNMpPOKCUMAIMU MpU 00pabdOoTKe
pEe3ybTaTOB HAOMIOACHUN NpuUMeHseTcs dKcTpanossnus Qyukiuit. [Ipumepom
ABJISIETCA OIPENEIICHUE 3allacoB 3aJIEKHM Ta3a METONOM MaJcHUs JaBicHUsA. B

Pi
z(P)

’ Qﬂoﬁi

CJIydae BOJIOHAMIOPHOTO PEKUMa TOUYKH MPOMBICIIOBBIX HAOIIOACHUIM

OTKJIAJAbIBAIOTCA B KOOpAHWHATAX:

Y. = 2(P) » X = Qi

Ha mHavanpHblii mnepuon SKCITyaTalldd BIUSHUE BTOPXKEHHS BOJIBI
MPEeHEOPEeKUMO MaJlo, TMOATOMY MPSAMYIO, IPOBEACHHYIO 4Yepe3 TOYKH 3aMEpOB

IIpoao0JIKarOT, T.C. SKCTPAIIOJIUPYIOT, 1O MEPECCUCHUA C OCBIO «X». OtcekaeMblii
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OTPE30K YHCIECHHO paBeH IIepBOHAYAIBHBIM 3alacaM Ta3a. OKCTPAIOJISIIIHS
(GYHKIIMI, ONMUCHIBAIOIIMX IMPOMBICIOBEIC JaHHBIE IMOKa3aTeie pa3paboTKH 3a
J0CTATOYHO OOJIBIIION TEPHOJ, MPUMEHSETCS ISl TIPOTHO3WPOBAHUS TOKa3aTenei
Ha MOCIIEAYIONIEee BPEMSI.

3anmanue. CocTaBUTh MHTEPIOJSAIIMOHHBIN MHOTOWICH Jlarpamxka mo

€C, 9

TOYKaM, OITyCKasd YCTHBIC 3HAYCHUA X .

x| 1234|567 ,8|]9|10|111213|14|15
y|l 234,344 5466|5753 4

Va(X)= 2 (x-3)-(x-5)(x-7)-(x-9)-(x-11)-(x-13)-(x-15) +
(1-3)-(1-5)-(1-7)-(1-9)-(1-11)-(1-13)-(1-15)

+4 (x-1)(x-5)(x-7)"(x-9)" (x-11)-(x-13)"(x-15) +
(3-1)(3-5)-(3-7)(3-9)-(3-11)-(3-13)-(3-15)

+ 4 (x-1)(x-3)(x-7)"(x-9) " (x-11)(x-13)"(x-15)
(5-1)-(5-3)-(5-7)(5-9)-(5-11)-(5-13)-(5-15)

+ 5 (x-1)(x-3)"(x-5)"(x-9)- (x-11)(x-13)-(x-15) .+
(7-1)-(7-3):(7-5):(7-9)-(7-11)-(7-13):(7-15)

+ 6" (X-1)(x-3)(x-5)(x-7) (x-11)"(x-13)-(x-15)
(9-1):(9-3):(9-5)-(9-7)-(9-11)-(9-13)-(9-15)

+ 5 (x-1)(x-3)(x-5)"(x-7)"(x-9)" (x-13)(x-15) +
(11-1)-(11-3)-(11-5)-(11-7)-(11-9)-(11-13)-(11-15)

+ 5 (X-1)(x-3)"(x-5)"(x-7)"(x-9)- (x-11)(x-15)
(13-1)-(13-3)-(13-5)-(13-7)-(13-9)-(13-11)-(13-15)

+ 4 (x-1)(x-3)(x-5)"(x-7)"(x-9) (x-11)(x-13) +
(15-1)-(15-3)-(15-5)-(15-7)-(15-9)-(15-11)-(15-13)

PaccuuTaTh 3HaueHUs Y;(X) B YETHBIX 3HAYEHUSAX X, TOCTPOUTH TpaduK 1Mo
3aJJaHHBIM TOuKaM Y(X) H 3HA4YEHUSIM Y,(X) B YETHBIX TOYKAX.

ITo 3anannbiM ToukaM Y(X) Halith ypaBHeHue perpeccur  Yp(X) = ax? +
bx + ¢, HaliTH a, b, C METOJIOM HAUMEHBIIINX KBAaPATOB, HaHECTH rpaduK Yp(X)
Ha rpaduk y,;(X) ¥ CpaBHUTH HHTEPIIOISIIUOHHOE U PETPECCUOHHOE

pUOJIIKEHNE.
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IIpakTuyeckoe 3anaTne 13 «Pacuer ko3dPpuumnenTa koppeasauum,
YPABHEHUSI perpecumn»

[Tpu sKkcIUTyaTalMy CKBaXXKMH TEXHOJIOTH CTAJIKUBAIOTCS ¢ HEOOXOIMMOCTBIO
y4eTa napamMeTpOB, YACIECHHBIE 3HAYEHUSI KOTOPBIX HE ONPEIEISIFOTCS T0CTaTOYHO
TOYHO, T. €. COJIEpXKaT 3JEMEHT ciaydalHocTu. OJHaKoO 3TO HE  MCKIIOYAeT
HEOOXOJMMOCTH YCTAHOBJIEHUS CBA3EH MEXIYy TaKHUMHU
«CIy4allHBIMW» BEIMYUHAMH B YACTHOCTH, IPOBOJSATCSA MCCIEAOBAHMS CKBAYKUH C
LEJIbIO ONPEJEICHNUsT CBOMCTB NPU3a00OMHON 30HBI IIACTa, M3MEHSAIOIIUXCS B
MPOILIECCE IKCIUTyaTalluy CKBAKHH.

3anayva 1.

Onpenenuts KO3(PPUUMEHTHI KOppeNAUMH Il ABYX IPOU3BOJIBHO
COCTABJICHHBIX BBIOOPOK Map CIHy4YyalHbIX BEJIMYMH {X, Y}, AHAJIOTHMYHBIX
npuBeleHHbIM Ha Tpadukax (1, 2). Hailtu nuHeliHble ypaBHEHUS] PETpeccun Jis
Ka)XJ10U U3 BEIOOPOK.

Pacuetnbie popmyIibl.

MareMaTHdecKue OXHUJIaHUS:

X; ;
szz ,My:zy,(n—qHCHOHaP(X,Y))
n n
Hucnepcun:
>G-1 ¥ Xb-1 )
A“(;: i 5 ,A. _ i y
n Y n |

CpCI[HeKBaI[paTI/ILIHBIC OTKJIOHCHU.

Gy = \/‘4"5166 = ‘\,A.d’
Koaddurment xoBapuanuu:

361 ) (6w )]
E; = '

n

KoadduumeHTt koppensiuu:
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YpaBHEHNE TUMHENHOU PETPECCUU
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y=Db,+b,x;
'y y inz_in Z(yi-xi)—|

b:‘l-—n n n n h’
0 szz foY'l

e

|szi')ﬁ _in _Zyi—|
| |

-t —fr— —fr

. L J
! rzxz (ZX\ZT

e

HaifTu ToukM mnepecedyeHus: JTUHUU PETPECCUU C OCSIMU KOOPJUHAT U
HAHECTHU Ha rpaduK.

1)
yA ®
.’..
®
®
e ol e ® (<1l
m ™
® o
® o
® X
m
2)
Y * .. * o
(pxy = 0)
® [ ]
m e .0
o
®
X
m

BapuaHTb! onpeaensitoTcsi mporu3BOJIbHBIM HAHECEHHEM To4ek Ha rpadukul, 2. B
pacyeTax UCIOJIb3YIOTCS CHATHIE C rpadKa KOOPAUHATHI HAHECEHHBIX TOYEK.
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IIpakTHyeckoe 3ansitue 14 «Pemenune 3a1a4 Ha onpeeieHle YPABHEHHA

perpeccum»

PaccMoTpuMm pelieHrne yKka3aHHBIX B TEME 3a7ady Ha IMpUMEpEe aHalIu3a
KO3 OUIIMEHTOB  (PUIBTPAIIMOHHBIX COPOTHBJICHUM TMpPU THIPOJIUHACHUYECKHUX
HCCIIEIOBAHMSIX CKBAXKUH.

Kosdpdummentst  GUABTpAIMOHHBIX  COMPOTHUBICHUM  XapaKTEPU3YIOT
¢dusnueckue cBoWcTBa ra3a, (GUIBTPAMOHHBIE CBOWCTBA MOPUCTOM Cpeabl U
reoMeTpuyeckue  mnapaMmerpbl  QuibTpanuu.  3HaueHuUs — KOA(DPUIUEHTOB
(GUIBTPALIMOHHBIX COMPOTUBICHUHN UCTIOIB3YIOTCS TP MPOCKTUPOBAHUY U aHATU3E
pa3pabOTKM Tra3oBbIX U  Ta30KOHAEHCATHBIX  MECTOPOXKICHUI.

KoaddunrieHTsl GuabTpamoOHHbIX COMPOTUBIICHUIN 3aBUCAT OT:

- coctaBa rasa, (a3oBbIX NEPEXOJOB B MPOIECCAX HCIBITAaHUS U
AKCIUTyaTalluy CKBAXXWH, CBOMCTB I'a3a U Fa30KOH/ICHCATHON CMECH;

- 3aKOHOB (PUIILTPALINH;

- MEXaHUUYECKUX, EMKOCTHBIX U (PUIBTPAIMOHHBIX CBOMCTB MOPUCTOM
Cpelibl, aHU30TPONUY IIIACTA;

- IPOJIOJKUTEIBLHOCTU MPOLIEcCa UCIBITAHUSI HA OTJEIbHBIX PEKUMAX;

- TEpMOOApUUYECKUX NTapaMeTpOB MOPUCTOM Cpeibl U rasa;

- KOHCTPYKIIMU CKBA>KMHBI U CTENIEHU COBEPIIEHCTBA BCKPBITUS IJ1aCTa;

- KauecTBa BCKPBITUA MNPOJYKTHBHOIO pa3pe3a, MPOMBIBOYHOIO
pacTBOpa U MPOBEACHUS PEMOHTHO-TIPO(YUIAKTUUECKUX PA0OT B CKBAXKHUHE;

- BEJIMYMHBl  Ta30HACBHIIIEHHOCTH  (ra3oHe()TEHACHIIEHHOCTH TpH
HaJIU4IMHA HEPTIHOM OTOPOYKH) TUTACTA U APYTHX (DAKTOPOB U TApaMETPOB.

Bce mapamerpsl, Bxondiue B GOpMyJIbl Uil onipeaesieHus KodhPUIMeHToB
(GUIBTPAIIMOHHOTO COMTPOTHUBIICHHUS (2 K HUM OTHOCATCS: KO (DUIIMEHTHI BSI3KOCTH,
CBEPXCIKUMAEMOCTH, MPOHULAEMOCTH, MAaKpOLIEPOXOBATOCTH, IUIOTHOCTh Tas3a,
TEeMIlepaTypa, pajuyChl KOHTypa TMHUTAaHUS M CKBOXHUHBI, KOA(DPUIIMEHTHI

HECOBEPILICHCTBA U HEOJHOPOJAHOCTH) 3aBUCAT OT JIABJICHMS,
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MPOAOKUTEILHOCTHU UCTIBITAHUSA, HACHIIIIEHHOCTH MIOPUCTOM CpeJibl Ta30M U BOJIOM,
HAJINYUS COCETHUX CKBAYKUH U PACCTOSHUSA J10 HUX, BEJIMYMHBI JIEIPECCUN HA ILJIACT,
YCIIOBHUS BBINAJCHUS, HAKOIUIEHHWS M BBIHOCA KOHJ/EHCATa, TEIUIOBBIX CBOMCTB
IIOPUCTOM Cpenbl U T.1.

be3 3HaHug BenMuuH KOA((UUMEHTOB (UIBTPALMOHHOTO COMPOTHUBIICHUS
HEBO3MOJKEH MPOTHO3 J€OUTOB CKBAXXMH B MPOIIECCE pa3padOTKH, CIEA0BATEIBHO,
U JOOBIBHBIE BO3MOYKHOCTHM MECTOpOXAeHUs B 1enoM. [lostomy ompenenenue
KO3 PUIUEHTOB GUIBTPALIOHHOTO COIPOTUBIICHUS SIBJISIETCS OJTHOM U3 OCHOBHBIX
3aJa4 NpU MOATOTOBKE MECTOpOXJIEHUs K paspaborke. [lo  pesynpratam
WCCIICIOBAHMS CKBXUH OTPEACISAIOTCA BEIHMUUHBI ATHUX KOIPPHUIIMEHTOB, U TIPU
IPOEKTUPOBAHUN Pa3pabOTKU MECTOPOKICHUM OHU CUYUTAIOTCS M3BECTHBIMU.
EcTecTBEHHO, UTO Ka)KJasi CKBaXKMHA UMEET CBOM KOA((PUIIMEHT PUIbTPALIMOHHBIX
conpotuiieHuil. [lo3ToMy mpu NPOEKTUPOBAHUHU PazpabOTKU MECTOPONKIACHUS
OTIPE/EISAIOTCA OCPEAHECHHbIE (apU(PMETHUECKOE WU MO AeOUTaM U KeJlaTelIbHO
IpU OJMHAKOBBIX JEMPECCHSX Ha IUIaCT MO TEeM CKBAKMHAM, IO KOTOPBIM
OCPEITHSIOTCS 3TU KOd(DPUITMEHTHI) 3HaAUCHUS KOIPDUIIUESHTOB.

Jist onpeaeneHuss Kod(pQGUUUEHTOB (DUIBTPAIMOHHOTO COMPOTHUBICHUS
MPOBOJATCA THAPOJAMHAMUYECKUE UCCIIEIOBAHUS CKBAXXUH, B PE3YJITATE KOTOPBIX
MOJIy4arOT HAaOOpbl JAHHBIX: JAEOUT CKBAKHWHBI, IJIACTOBOE JaBJeHHUE, 3a00iHOE
naBieHue. Jlajgee Mbl mpeanosiaraeéM, 4YTO HCCIEAYeTCs Ta30Bas CKBaXWHA, U

(dopMyra MPUTOKA K CKBAKUHE UMEET BU/I:
Q=k*(P? —P? ) 1)

ni. 3a0 .

HYCTB IIPOBCACHLI N UCIIBITAaHUHN CKBAXUHBI, IIPU 3TOM ITOJIYUYCHBI JaHHBIC:
Ql ’ Pm.l 'P3u6.l ' QZ ’ Pnﬂ.2 'P3a6 21 e Qn ’ Pruz.n ’P3a6 .not Ha OCHOBaHHH

MOJIYYCHHBIX JaHHBIX TpeOyeTcsl onpeAeauTh 3HaueHne koddduimenta K.
Jns HaxoxkaeHus koddduuuenta K wucronb3yem pacuér perpeccud U3

«ITaxera aHanM3 HAaHHBIX», BXomdmero B cocra MS Excel.
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[Tepexon k pacu€ry mpoucxoauT Tak: «l'nmaBHoe MeHiO» => «CepBuc» =>
«HancTpoiikn» => «AHanu3 naHHeix» => «Perpeccus».

HuanoroBoe okHO «Perpeccusn» n3o0pakeHo Ha pucyHke 1.

Jlnst monmy4yeHust ypaBHEHHUs perpeccuu Buaa Y =ao + a1X, Heo0XoIuMo B
mucte MS Excel BBecTn nanubie 3amepoB nepeMeHHBIX X, Y.

Hanee B none «BxomHol mHTepBan Y» HEoOXOAMMO yKazaTh SYEUKH, B
KOTOPBIX HAaXOJATCA 3aMepbl BEIWYMHBI Y, B mnojie «BxomHou wuHTepBanm X»
HEO0OXOAMMO yKa3aTh SYCHKH, B KOTOPHIX HAXOISITCS 3aMePhl BEIMUNHBI X.

Ecnu B BepxHUX sueikax JaHHBIX MO X U Y HaXOASATCSA TEKCTOBBIE 3aT0JIOBKU
Y OHHU BOIIUIA BO BXOJHOW MHTEPBAJ, YKa3aHHBIM B COOTBETCTBYIOIIUX IOJAX, TO
HaJI0 IOCTaBUTh «IITHYKY» B IOJI€ METKHU.

OcranpHble TapaMeTpbl MOKHO HE MeHATh. [lociie Haxatust kKHonku «OK»,
oyner

Perpeccua

Pucynok 1.

Cr€HEpPUPOBAH OTYET B BUJIE, ITPEACTABIICHHOM Ha pUCyHKe 2. M3 JaHHBIX OTUéTa
CJIEAYET BBIJICIUTD CIEIYIOLINE:
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1. HopmupoBaHHbli  R-KkBajgpaT,  XapakTepu3yloUMd  Hamuuue  (Wiu
OTCYTCTBHE 3aBUCUMOCTH) MEXIY X U Y,

Y-niepeceueHue = agp

[Tepemennas X1 = a;

Hwxnne 95% - HkHss rpanuna koddduireHnToB ¢ 95% Haae)kHOCThIO

Bepxune 95% - BepxHsis rpanuna koddduirenton ¢ 95% HaaeKHOCTHIO

S e

CrangapTHas ommOKa - CTaHAapTHAs OIMOKa pacyéTa COOTBETCTBYIOIIETO
koa¢dunrenTta
/. P-3HaueHne — BEpOSITHOCTh TOTO, YTO COOTBETCTBYIOIIUN KOA(hPUIMEeHT

obpammaercs B 0.

[Tosicaum nonst «Humwxuaue 95%», «Bepxuue 95%». B otu€te Ha pucyHke 2
3HaueHue kospdummenta a;= 0,1994. Tak kak X, Y — 3aMepbl cO Cily4ailHbIMH
MOTPENTHOCTSIMH, TO MPHU HOBBIX cepuax 3amepoB X, Y OyIyT MmoyydaThCsi ApyTrue
JaHHbIE U Apyrue 3HaueHust koddduimenta ai. [Hons «Huxuue 95%», «Bepxuue
95%» naroT BO3MOKHOCTh ¢ 95% HaIEeKHOCTBIO yKa3aTh I'PaHULBI, B KOTOPBIX
OKaXeTcsi KOd(DPUIMEHT a1 B APYrUX CEpUsiX 3aMepoB (I paccMaTpUBAEMOIO
npumepa 3ty rpanuisl ot 0,1799 no 0,2189).

3aoanue. BBIMOTHUTH NPHUBEASCHHBIA B MPAKTHYCCKOM 3aJaHUM METOJT
CTaTUCTUYECKON 00pabOTKU JaHHBIX i pakTruueckux gaHHbix I'J[N.
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IIpakTHyeckoe 3ansitue 15 «SIBHBIE U HESIBHbIEC METO/IbI PelIeHUS

AU(pPepeHIHANbHBIX YPABHEHUI

PaccmoTpum ypaBHEHHE, OIMCHIBAIONIEE CTATUYECKYIO COCTABIISIIOIIYIO
JaBJICHUS Ta30’KUIKOCTHON cMecH B ckBaxkuHe: dp/dX = p.* g * ¢ + px0 * (1 — o).
371ech MIIOTHOCTH ra3a (pr) ¥ KOHIIEHTpaIus raza (¢) 3aBucsT ot nasyieHus (P),

H3MEHSIOTCS BI0JIb CTBOJIA CKBAXKUHBI 0 < X < Hy, T/1€ Hep — TITyOMHA CKBAXKUHBI.

pr=po* (P/Z(P))* (To/ Po™* Tu),

r71e po — INIOTHOCTh Ta3a B HOPMAaJbHbIX yclIoBusX, Ty, — TeMmepaTypa Ha 3a60e
ckBakuHbl, KO .
JIis Ta305KUIKOCTHONM CMECH M3BECTHA KOHILEHTpAIMs Ta3a B HOPMAaJbHbIX

YCIOBUSX, IpU Kodduimente aspauuu (o):

(Ponro/Qxc+Qro, a:QrolQ)K, (P0=0L/1+0L.

[Ipu 3nauenuu pabouero nasinenus (P) B HEKOTOpoM ceyeHUW CTBOJIA

CKBa’KHNHBI:

Qr(P) = (Qro™ Z(P) * Po* To) / (P * To),

P(P) = (Q(P) / Qi+ Qr (P)) =Qro / Qu* (P/ Z(P)) * To/ (Po* Ts) + Qro=a./ (P/
Z(P)) * To/ (Po* Ts) +a,

1-o®)=(P/Z(P)* (To/Po*Ty))/((P/Z(P)* (To/Po*T,)+ a).

B pesynbrare mnoacranoBok ¢@(P), (I — o(P)), p«(P) B mpaByro 4yacThb

g depeHInaIbHOr0 ypaBHEHUS MOTyUHM:
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dp/dx=g*[po*(a*(P/ZP)* (To!/ (Po*T,)/(P/Z(P)* (TO/(Po*
T)+a)+ (px*(P/Z(P)* (To/Po*T)/(P/Z(P)* (To/Po*T5)+ a)]=0 * (po
*o+px) *((P1ZP) /I (P/ZP))+a™* ((Po™* T,/ To).

[Tonarass Z(P) u3BecTHOW (yHKIMEH OT NaBJICHUS, HA YCThEe CKBAYKUHBI

nomyckaem u3BectHoe P = Py npu x = 0, umeeM 3anauy Koxu 1y1s1 ypaBHEHHUS:

dp/dx=g* (po* a+px) * (P/(P+a*(Po*T,)/To*Z(P)) =f(PX),

Pemute monyyenHoe ypaBHeHue: 1) metogom Ditiepa, IBHBIM, 2) METOI0M

Pynre-Kyrra npu:

po = 1,205 kr/m3, px = 1000 m3, T, = 320°K, Py = 0,1 MIla, Py =5 MIla, Ty =
293°%K, Hew = 1000 M, Z(P) =1 —5.3* P *103 + 0.18 * P? * 10, u1s1 o =
5,10,15,...(BapuanThl).

Otpesok 0 < X <1000 m ¢ marom 50 m pazouBaercs Ha 20 OTpe3KoOB, T. €.
Ax =50 M.

MeTtomom Ditnepa: Pi = Pi.p + Ax * g * (poat + px) * (Pi-a / (Pis + o * (PoT,/
To) * Z(P))), 1=1,2,...20

3HaueHue Py cooTBEeTCTBYET IilyOUHE CKBAKUHBI Hp
Meronom PyHnre-Kyrra 3HaueHue naBiieHMs Ha HOBOM mIare Ax = X1 - Xi
onpenensetcs no ¢popmyne Piy = Py + APj, rie
Ayi = 1/6 (K3 + 2K, + 2K3 + Ky)
Ky = Ax * f (x;, P)),
Ko=Ax * f(xj, Ax /2, Pi+ K1/ 2),
Ks=Ax * f(x;, Ax / 2, Pi + Ky / 2),
Ky = Ax * f(X; + Ax, Pi + K3).
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IIpakTnyeckoe 3anaTue 16 «[IpumMeHeHue MeTO1a HAUMEHBIINX KBA/IPATOB

NpH pelieHUH 00PATHBIX 3a1a4»

[Ipennosiaraercss HalM4KUE B CPEAHEM JIMHEUHOM CBSI3U:
y= by +h1x
Jns  HaxoxneHus koddduimentoB by u by wmcnone3yercs  merton
HauMEHbLINX KBaApaToB. Micxoanele mapsl (x,y ) 00pa3yroT HCXOIHBIE YCIOBHbIE
YpaBHEHUS:
Yi= bo +bixi, 1=1,...,n,
N — KOJWUYECTBO YPAaBHEHHM 3HAYUTENIILHO OOJIbIlIE KOJMYECTBA HCKOMBIX
kodddunrenToB. CienoBaTeabHO, PABEHCTBA B HUX HEBO3MOKHBI.
YcaoBuem A HaXOXKEHUS by U by SBISIETCS MUHUMYM CYMMBbI KBaJpaToOB
OTKJIOHECHHI:
min 3. [y - (b +bx)]*,
b b i 0 1
0 1=

3peck F(bo,b1) = Y[y - (b +bx)]) - Gynkums bo,by ;

i=1

Xi,Yi — akTUUecKe JaHHBIE 3aMEPOB.

Okctpemym  ¢yakuuu  F(bo,b;) Haxomum w3 npupaBHuBanums k O

IMPOU3BOJHBIX:
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Jx =M (X —Mx ) =M [ X2 - 2(Mx ). x+ (Mx ) = Mx 2= 20mx )+ (Mx Y = MX 2 = (Mx )

b, =(M (XY )= Mx-My )/ Jix,
b1 — ONPEACIISICT TEMII U3MCHCHHUS BEIIMYUHBI Y IIp1 N3MCHCHUHN BCIIMYNHDLI

X, T.€. TAHT€HC YIJIa HAKJIOHA PErPEeCCUOHHON MPSIMOIA;

bo — OTPE30K, OTceKkaeMblii Ha ocu Y mpu x=0;
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bi — pa3mepHbIii kodhdunuent, [Y]/[X], moatomy ero BelnduHa HE MOXKET
XapaKTepU30BaTh CTCIICHb 3aBUCUMOCTH Y OT X. DTY POJib BBITIOIHIET KOBapHAIIHs
U KOOQPUITMEHT KOPPEISAIIH.

KoBapuanmeii K,y ciryqailHpIx BelMunH X U Y Ha3bIBa€TCA MaTEMaTUYECKON

OXHUIAaHUC ITPOU3BCACHUMA OTKJIOHECHHH 3THUX BEJIMYHUH OT HUX MaTeMaTHYECKHUX

OKUJAHUH:
Ky =M[(X-Mx)-(Y-My)], wim
M[XY =X -My =Y - Mx + Mx - My | = M (XY ) = Mx - My — My - Mx + Mx - My = M (XY ) — Mx - My

K
3aMeTuM, 4To b, = —-.

Jlx

CaoticTBo KoBapuammm: K, <00 ,

Ly °y )
[rx-a ., (x-a)(y-a) (y-a V1 M[(x-a )(y-a )] 1
VI e R v, Y= M(x-a )2 . - M(y-a )=
[ R i A E oo,
=2+2 Ky >0 = ‘K ‘31,
G,0, Y
e M(x-a )’ = Ix =c’ M(y-a,)?=/My=c".

X X y

Koaddumment xoppemnsuu

p:KXV, (G:m,cz\/ﬂ_y),

rae p,, <1, 0e3pasMepHas BEIMYMHA.
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Hauaure MeTOAOM HaMMEHbIIMX KBAaJAPATOB 3HA4YEHMA KO-
3b@UIMEHTOB JTHMHEHHOM 3aBHCHMOCTH Y = aT + b N0 3aJaHHHIM 3MIIMPUYECKUM
AaHHBIM. MCnons3ys HAMAEHHYIO JMHEHHYIO 3aBUCHMOCTD, HAMIMTE 3HAYMEHME Y B
touke £ = N + 0.55, rge N — HOMep BapHaHTA.

HaiiTu mMeTromoM HamMEHBIIMX KBagpaToB 3HAUYCHUS Kod()(PHUIIMEHTOB

JIMHECHWON 3aBUCHUMOCTHU y=ax+b o 3aJaHHbIM OMIIMPUYCCKUM  JaHHBIM.
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HUcnonb3ys HaWAEHHYIO JMHEMHYIO 3aBUCUMOCTb, HAUTH 3HAYEHHUE Y B TOYKE

x=N+0.55, rne N — HoMep BapuaHTa.

1.

z| 1 1.1 1.2 1.3 1.4 1.5 | 16 | 1.7 | 18 1.9 2

y| 0.686 | 0.742 | 0.767 | 0.646 | 0.807 ; 0.774 | 0.97 | 0.932 | 0.936 | 0.978 | 1.048
2.

z| 2 2.1 2.2 2.3 24 |25 26 27 | 28 | 29 3

y[ 2312 | 2.251 | 2.418 | 2.752 | 2.459 | 2.7 | 3.022 | 3.079 | 2.42 | 2.669 | 3.241
3.

xj 3 31 | 32| 33 34 3.5 3.6 3.7 38 | 39 4

y| 4615 | 4.591 | 5.13 | 5.481 | 5.492 5553 5471 | 5.727 | 5.798 | 6.11 | 6.605
4.

x| 4 4.1 42 | 43 4.4 4.5 46 | 47 | 4.8 49 3]

y| 8.472 | 8.805 | 9.096 | 8.993 | 9.312 | 9.465 | 9.771 | 9.61 | 9.722 | 11.419 | 10.285
5.

x| & 5.1 5.2 9.3 54 | 55 | 5.6 9.7 5.8 5.9 6

y112.36 {13.63 |13.304 | 13.148 | 13.482 | 14.24 | 14.516 | 14.882 | 15.246 | 15.369 | 15.158
6.

zi 6 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7

y{17.631|19.747{19.783 | 18.806 | 19.886 | 21.118 | 20.208 | 19.481 | 20.153 | 20.505 | 21.29
7.

z| 7 7.1 7.2 7.3 74 7.5 7.6 7.7 7.8 7.9 8

y[25.24325.133 | 25.669 | 26.627 | 26.753 | 27.234 | 26.491 | 26.876 | 27.228 | 28.065 | 27.781
8.

z| 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8 8.9 9

y130.528 | 34.221 134.233 | 34.114133.595 | 34.058 | 34.498 | 35.822 | 35.678 | 37.442 | 35.698
9.

i 9 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 10

y|41.742 | 42,244 | 43.884 | 42.167 |43.696 [ 45.042 1 42.461 | 45.727 | 44.056 | 45.863 | 44.953
10.

z/ 10 | 101 | 10.2 | 103 | 104 | 10.5 | 106 | 10.7 | 10.8 | 109 11

y149.75851.924 | 50.083 | 52.376 [53.413 | 54.966 | 52.771 | 54.115 | 55.476 | 55.686 | 56.196
11.

z| 11 111 § 112 | 113 | 114 | 115 | 116 | 117 [11.8 | 119 | 12

y |[62.173 [63.055 | 63.725 | 64.237 | 64.086 | 63.587 | 65.412 | 65.284 | 65.05 | 68.876 | 65.74
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|
N

x| 12 | 121 | 12.2 | 123 | 124 | 125 | 126 | 12.7 | 128 | 129 13
y | 71.167 | 74.264 {72.658 | 74.507 { 76.649 | 75.517 | 75.708 | 76.359 { 79.316 | 77.373 { 77.698
13.
z| 13 13.1 | 13.2 | 133 | 134 | 13.5 | 136 | 13.7 | 13.8 | 13.9 14
y|86.612|85.491 | 87.803 | 88.613 | 89.075 | 89.24 [ 89.633 | 90.761 | 91.323 | 91.428 | 91.712
14. .
z; 14 14.1 142 | 143 | 144 | 145 | 146 | 147 | 148 | 149
y|99.811 | 100.31 | 99.492 | 102.61 | 103.20 | 104.36 | 104.73 | 105.16 | 104.65 | 105.58
15.
z{ 156 | 151 | 152 | 163 | 154 | 1556 | 156 | 157 | 158 | 15.9 | 16
y[115.18|115.28 {115.18 |116.01 [117.20|119.04 | 121.43 |119.35 [ 120.84 | 121.58 [ 124.33
16.
X 16 16,1 | 162 | 163 | 164 | 165 | 166 | 16,7 | 16,8
y 33 37 41 45 50 55 60 66 75
17,
X 17 171 | 172 | /3 | 174 | 175 | 176 | 17,7 | 17,8
133 137 141 145 150 155 160 166 175
18.
X 18 18,1 | 182 | 183 | 184 | 185 | 186 | 18,7 | 188
y 313 317 411 415 510 515 610 616 715
19.
X 19 191 | 192 | 193 | 194 | 195 | 196 | 19,7 | 198
v 3,3 3,7 4,1 4,5 5,0 5,9 6,0 6,6 7,5
20.
X 20 201 | 202 | 203 | 204 | 205 | 206 | 20,7 | 208
13 27 31 45 50 65 70 86 95
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IIpakTH4yeckoe 3ansitue 17 «Pacuer pexxumoB padoThbl ra30BbIX CKBAKUH)

B npouecce mepuoma orbopa rasa Ha 4acTO OTPaHUYMBAIOT JABJICHUE HA
npuemMe KC. Ilpu 3TOM pemiaroTcs CIOXKHBIE CHCTEMbI YPABHEHHU C LIEJIBIO
PETYIUPOBaHUS PEXKUMAMH pabOThl CKBAaXHH. YIIPaBJICHUE MPOU3BOIUTCS IO
KPUTEPUIO HAWIYYIIEro NpUONMKEeHHs paboueld IPOU3BBOAMUTEIBHOCTH K
IJIAHUPYEMOU:

Min |Qpa6 - QrmaH|

VYrpaBiasieMbIMU TTapaMeTpaMU MOTYT OBITh KOJMYECTBO CKBAXUH, PEKUMBbI
WX JKCIUTyaTalliH, JaBJICHUS HAa BBIXOJI€ U3 COOPHOM CUCTEMBI KOJIJIEKTOPOB.

MBI paccMOTpUM YIPOILLIEHHBIA BAPUAHT 33/1a4d — KOJIMYECTBO CKBAXKWH, UX
crnoco0 HAKcIulyaTaluy (UKCUPOBAHBI, YIPABIECHUE OCYIIECTBISAECTCS 32 CYET
JaBJICHUS Ha BEIXOJE Pyix.

Hana  xoHdurypanus COOpPHBIX  KOJUIEKTOPOB, KO3 PUITEHTHI
CONPOTHUBJICHUI HA yYaCcTKaX {a}, yIpOILIEHHO JUHEHHAs CBA3b MEXKY AaBICHUEM
B IJIACTE U HA YCThE CKBAKHUHBI:

Hcxonnbpie ganHbIe

P.ox O - V371bI cOeMHEHUS TPYOOIIPOBOIOB,;
@ - CKBaXXUHBHI,
[ |- BbIXOA U3 COOPHBIX KOJUICKTOPOB,;
ar
® — MapamMeTp UTEpALUN;
y7 N
{ai} — K03 PHUIIMEHTHI COMPOTHBIICHUI
as g ;
¥s Y6 | Haydactke1=1,2,....7
a a {Vi} — HOMep y3JI0B U CKBaXUH,

4 i y % Viz=12,..7

ap=a=az=as=0,01; as = ag = 0,005;

yl y2 y3 y4 a7 = 0,001,

O003HaueHMsI UICKOMBIX BeM4YUH — Pyi = Py, — A Qci — 3aBUCUMOCTB, TA€ Py,

Jci - 1€OUT 1-0M CKBaYKHHBI; - IaBJIEHHUE B ILJIACTE.
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Pyi - naBieHUs HA YCThSX 1-OM CKB.

B 6a3oBom Bapuante Pgux = 10, Py, =30
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Pyi — B y3/1aX CO€AMHEHU.

Py1= Py2= Py3= Py4;A1= A2= A3: A4=1

0w=0,5¢=0,1

AJNTOpUTM pacdeTa

3amaHue HAYaIbHOTO MPUOTMKEHUSI.

di=0mpui=1,2,34

Pyi = Pax ipu 1= 1,2,3,4

Hauvano urepanuit

BhIuncieHue NeOUTOB CKBAYKHH I10 3aIaHHOM 3aBHCUMOCTH TipH 1= 1,2,3.4:
Qci = (P - Pyi)/Ai

YcepenHenue  MONMYYEHHBIX  JEOUTOB CKBOXHH C HUX  MPEIBLIYIIIM
PUOIKEHUEM:

Qci = ® q/ci + (1 - (D)aci

HccnenoBanue CXOAUMOCTH JBYX MOCIEAYIOMUX TPUOIMKEHUI:

eciu | qei - Oei | < € g i=1,2,3,4, TO 3aKOHYUTH CYET.

Ornpenenenue pacnpeaesieHus TOTOKOB MO Y4acTKaM:

0i =i (1=1,2,3,4); §s =01+ 02; 06 = 03+ Qa; G7 = 05 + Q;

OOGpaTHBIil pacueT AaBICHUN OT KOHIIOB YYaCTKOB K MX HadajlaM IyTeM
npubaBIeHus oteps 1o Gpopmyie: P2, = P4 +a; g4;

P27 = P2 + a7 §%7; P% = P%7 + as O; P% = P%7 + as 0%,

szi = P25 + aj q2i npu 1=1,2; P2yi = P25 + aj qui npu 1=34

Haxoanm naBiieHUE Ha yCThEe CKBaYKHH:

P =./P: npui=1234

ITepexon Kk Havaly UTEpaLU.

3amanue 1. BemomHUTE pacdeT 6a30BOro BapuaHTa.

3amanue 2. Bemonnuts pacuer ipu: A1 =1, Ay =1.5, A3=2, A, =25.
P..=30n n=12,14,......... ¢ marom 0,2

Pex = 10 N [To pe3ynbpTaTaM pacueToB IMOBTOPUTH

4epTeX cXeMbl ¢ HaHecenueM {P} u {q}.
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