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IIpakTuueckoe 3ansaTue 1 «OnpeneseHue ONTUMAIBHOM TPACCHI

TpyOOnpoBoaa»

3aaHbl KOOPAMHATHI HAYAJIbHOM U KOHEYHOU TOYEK TpyOonpoBoaa. Mexay
TOYKaMH MMEETCS N yYaCTKOB IIMPUHOU Wi, I=1,..., N ¢ pa3sHBIMH CTOMMOCTSIMH
IPOKJIAJIKU TI0 HUM OJTHOTO MeTpa TpyoOomposoaa lambda;, i=1,...,n. TpebGyetcs
ONpENEIUTh TaKyl0 Tpaccy TpyOOIpoBOaa, TMPH KOTOPOH CTOMMOCTH

CTPOUTEIHCTBA Oy/1€T MUHUMAJIbHOM.
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Pucynoxk —1

BapuanTt 3agauu npencrabieH Ha pucyHke 1. Touka A uMeeT KOOpAUHATHI
(0,0), rouka B umeet koopaunatsi (50, 45). ITo kaxnoi u3 nosoc (I) — (V) 3amanbt
CTOMMOCTH TMpOKJaAku TpybompoBoaa. TpeOyercs ompeaenuTb Tpaccy
TpyOOINpOBOJa, COCAMHAIONIYI0 TOUukd A u B, uMeromywo MHHUMaIbHYIO
CTOMMOCTb. J{J1s1 pemenus 3anaun ucnoiab3oBath MS Excel u nHaactpoiiky «Ilouck
pELICHUS».

[Tpumep HauanbHOM Tpacchl MPUBEAEH HA PUCYHKE 2.



FaccToRHME OT

CToMMOCTE OTDE3IKa

CrommMocTes
i X Y Tourm N mo ToukmM H- oT ToOdERM N OO0 TOYKM
1 SOMHMIN IJIMHE
| 1 H-1
2_ ogra 0 (A) 0.0 0.0
£l Touxa 1 10.0 0.0 10 ] 20
4 Touwa 2 20.0| 0.0 10 0.5 S
3 Touwxa 3 30.0 0.0 10 10 100
L Touxa 4 (B) 40.0/20.0 22.36067977 1 22.36067977
7/
El 20
k)
11 | 15
= |
14
15 |
16 5
17
18 |
19 0]
20 | 0 10 20 30 40
21 |
=
Pucynox 2

PesynbTat pacuéra 3agaun npuBeIEH HA PUCYHKE 3

CToMMOCTE
ECel
TDacCcH

177.36068

i
1
2_ oura 0
3_ Toura 1
‘1_ Toura 2
& Toura 3

[ ouRa 4

DopMyJibl, HCIIOJb3YEMBbIC B IUCHKAX, YKAa3aHbl HA PUCYHKE 4.

PaccTogsEMe QT CToMMocTE OTREe3Ka CroMMoCTE
CroMMoCTE .
X ¥ TodkM N mgo Touwrm N- oT TOYKM N g0 ToOYRM ECEM
SOMHMIE IIHHRE
1 N-1 TRacCH
(Zy 0.0 0.0
10.0 0.8 10.03371638 5 50.1685819
20.0 15.1 17.43226127 0.5 8.716130633
30.0 15.5 10.00839743 10 100.0835743
(B) 40.0 20.0 10.96152937 1 10.961525937 169.930216
20
15 ———
10
3 /
0 ———
a0 10 20 ao 40
PucyHok 3
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PaccToAaHMe oOoT Todky N OO

CTOMMOCTE

CTOMMOCTE

CTOMMOCTE

e X Y OTpesKa oT -
1 TodkM N-1 eIOVHWIE IJIMHEBEL Touky N mo BCEM Tp4CChl
PPl ouxa 0 @)oo
Touka 1 |10 |0 [=((B2-B3)~2+(C2-C3)~2)~0.5 =E3*D3
P rouxa 2 [20 |0 [=((B3-B4)~2+(c3-C4)~2)~0.5 [0.5 =E4*D4
Toura 3 |30 |0 |=((B4-B5)~2+(Cc4-C5)~2)~0.5 |10 =E5*D5
Bl touxa 4 (B)[40 [20[=((B5-B6) 2+ (C5-C6) ~2) ~0.5 =E6*D6 =F3+F4+F5+F§
Pucynoxk 4
BapuanTsl 3a1aHnl yKa3aHbl HA PUCYHKE J.
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 35 2
lambda2 1.5 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
wi=w2=...=wn 10 10 10 10 10 10
BapuaHT 1 |BapuaHT2 |BapuaHT3 |BapnaHT4 |BapuaHT5 |BapuaHT6
A=(0,0) A=(0,0)
B=(40,20) B=(40,20)
n=4 n=4
lambda1 1 1 8
lambda2 1.5 2 2 1
lambda3 2 3 3 5
lambda4 1 0.5 05 2
wil=w2= 8 8 15 15
w3=w4= 12 12 5 5
BapuaHT7 |BapuaHT8 |BapnaHT9 |BapnaHT10
lambdai = yOenbHass cmoumocms Ha eOUHUYY OnUHbI
Wi = WUpUHa i-020 y4acmka

Pucynox 4

B npuBeneHHBIX BapUaHTax:

A — KoOpJaMHATa HavYaJlbHOW TOUKU, B — KoopAMHaTa KOHEYHOU TOUYKH, N —
KOJIMYECTBO y4YacTKOB, Wi, i=1/,...,nN — mupuHa ydactkos, lambda; — croumocts
npokiIaaku 1 M TpyOOmpoBoIa Ha I-OM ydacTKe.

Peienuie cOCTOUT U3 CAEAYIOMIUX IArOB.

1. CdopmupoBaTh TabnuIly U3 AaHHBIX: Ne TOYKH; X, Y KOOpPJIMHATHI
TOYKH; PACCTOSIHUE MEXAY COCETHUMU TOUKAMH; CTOUMOCTh €JIMHHUIIbI JJIMHBI Ha
y4acTKe; CTOMMOCTh OTpe3Ka TpyOompoBojaa Ha ydacTke. HawanpHas Tpacca
MOJKET UMETh BHUJ, TIOKAa3aHHBIA HA PUCYHKE 1.

2. Paccuurtath cTOUMOCTB BCEro TpyOOTIpoBOIA.
3. [TocTpouTts quarpamMmy Tpacchl.
4. Haitn ontumanbHyr Tpaccy, HCHOAb3ys HaacTtpouky «Ilouck

peIIeHUs», MPHU ITOM I1eJieBast PYHKIHUS — CTOUMOCTh BCEH TPacChl, U3MEHIIEMbIE
napaMeTphl — Y KOOPAWMHATHI BHYTPEHHUX TOYEK TPYyOOMPOBO/IA.



IIpakTueckoe 3ansaTue 2 «OnpenejeHne ONTUMAJIbHON KOHCTPY KUK
aHrapa»

[Ipaktnueckoe 3amanue Nel ocHoBaHO Ha wmarepuane Jjekuuu Nel.
Tpebyercss CHpOEKTHPOBaTh NPSMOYTOJBbHYIO KOHCTPYKIMIO B  (opMme
napa’sulielIenune1a ¢ OTKPhITON nepenHeil cTeHKon (cM. pucyHok 1). KoHcTpykuus
JI0IDKHA UMETh 00beM A M>, HO IIEPUMETP €€ OCHOBAHUS HE JOJDKEH MPEBBIIIATE
B m. 'nyOuna He noimkHa ObITh Oonbiie C M, a mmpuna — 70 M. Kpome toro,
HIMPUHA HE JI0JDKHA MPEBBIIATh YTPOSCHHOM ITyOUHBI, a BBICOTa — 2/3 MIUPUHBI.
CtoumocTh TOGPUPOBAHHOTO MaTepUalia, U3 KOTOPOrO U3TOTOBIAIOTCS KphIlia U
TPU CTE€HKH KOHCTPYKUMHM, cocTaBisgeT 30py0. 3a I1m>. Tpebyercs ompenenursb
pasMepbl KOHCTPYKIIMM TakKuM 00pa3oM, 4TOObl MHUHUMHM3UPOBATH CTOUMOCTH

MaTepHaoB.

¥y—BEiCOTa

P,

7 -
O}’Ha

X P wrpwHa

Pucynox 1
MaremaTudeckas MOCTaHOBKa 3amadd. Beemem (puc. 1) mepemeHHBIC: X; —
riyouHa (B M), X, — IIUpUHA (B M), X3 — BbICOTa (B M). CTOMMOCTh Matepuasa
OyzieT BKJIIOYATh:

CTOUMOCTH KPBIIIN 30 x1 x2 pyo.
CTOMMOCTbH 3aJIHEH CTEHKHU 30 x2 x3 pyo.
CTOMMOCTBH 00KOBBIX CTeHOK  2(30 x1 x3) pYyo.

Takum 00pa3om, 1ieneBas QyHKIUS UMEET BH/T

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



VcaoBue Ha 00BEM KOHCTPYKIHH 3a44CT OIrPaHUYCHUEC B BUAC PABCHCTBA

— 3
XXy X3 _A M-.

VYcioBUs Ha JIMHEHHBIC PpasMEphI 3a1at0OT OTPaHUYCHUA B BUAC HCPABCHCTB
2(xl + x2)<B M,

x, < 3x,
Xy < %xz
3
['paHnIaMy U3MEHEHHUS TIEPEMEHHBIX SIBJISIFOTCS CIEAYIOIIHUE:
0<x, =CM
0<x,<70M
[Tocne HekoTOpBIX MTpeoOpa3oBaHuil 3a1auya Oy1€T UMETh BU:
MHHHUMU3UPOBATH f(x)=30 x,x, +30 x,x; + 60 x,x,,
IIpU OrPaHUYCHUAX g,(x)=xx,x; —A4=0,
g,(x)=05B -x, —x, =20,

g,(x)=3x,—x, 20,

g,(x)= %xz - x;20,
0 < x,<C,
0 < x,<70,
0 < x;
J{na pemienus 3amaum ucnoiab3oBaTh naket «llouck pemenus». CBeneHus

110 UCHoJIb30BaHUIO nakeTa «Ilouck pemiCHuA» IIPUBCACHBI B JICKIINH 2.



IIpakTuyeckoe 3ausaTne 3 «Pac4éT oNTUMAIBbHON KOHCTPYKIUHU pe3epByapa

Ilocmanosxka 3a0auu
PaccmoTpum crenyromyro MoaenapHyr 3aaady. VMeercs pesepByap M

XpaHeHus HePTeNnpoAYKTOB, IPECTABICHHBIN Ha pUCYHKE 1.

Pucynox 1. Bun pesepByapa

Kak reomerpuueckas Qurypa pesepByap cocTouT u3 kKonyca (1) u
uunuuapa (2). Ilycte BeicoTa nuiauHIApa paBHa h, paanyc UMIMHIpa paBeH T,
BbIcOTa KoHyca paBHa h;. ITycte croumocTs 1 M? CTEHKHM IMIMHApA paBHA C,
CTOMMOCTH 1 M? KpBIIIM KOHyca paBHa Ck. IlycTh Tpebyercs, uToOBl 00BEM
IMIMHAPMYECKOM 4acTU pe3epByapa ObUl OOJbIIE MM paBeH A M, a 00bEM
KOHYCOOOPa3HOM 9acTh pesepByapa ObL1 6ombmie uiu paseH B 3. IlycTs 3amaHbl

OTPaHUYCHHS HA YTOJ HAKJIOHA OOKOBOM MOBEPXHOCTH IUIMHIPA ¢ , @ UMEHHO:
0.1 <tgp<04.

Taxxke mycTh TUIOMIANb y4YacTKa 3€MJIM, 3aHUMAaeMOrO pE3epByapoM He
noikHa npeBbimars C M2,

Tpebyercst ompenenuTh pa3Mepbl pe3epByapa TakKUM 00pa3oM, UYTOOBI
CTOMMOCTB pe3epByapa Obljla MUHHMAaJIbHA.

JIOTIOJTHUTENHHBIC BONTPOCHI MOBBIICHHONW CITOKHOCTH:

1. Ilpoananuzuposamo evinornenue oepanuderuit 1 u 2 0us onmumaibHo20
pelenus.

2. Pewuums 3a0auy 0na ciyuas, ko2oa evloensiemvlii no0 pe3eps8yap y4acmox
umeem hopmy npamMoy20bHUKA.

3. Onpedenumsv Kpumuyeckuii pasmep 8vloensiemoz0 Nnoo peszepsyap
yuacmka (m.e. mom pazmep y4acmid, yMeHbuleHue Komopo2o HaduHaem eiusmo
HA ONMUMAaiIbHoe peulenue).

4. Onpeodenrumsv GIUAHUE YMEHbUICHUS pazmepa 6blOesleMo20 Nnoo

pe3eps8yap yuacmka Ha ONMUMAaibHylo CMouMOCmb pe3epeyapda



Mamemamuueckas ¢popmynuposka
3anmumieM MaTeMaTH4ecKylo (OpPMYITUPOBKY paccMaTpuBacMOW 3ajadu.
OueBHIIHO, YTO MapaMeTpaMH, KOTOpbIEe HEOOXOAMMO OIpPENEIUTh SBISIOTCS
BEJIMYUHEI h, r 1 h;.
Ycnosue, 4ToObI 00BEM HUIMHIPUIECKON YacTu pe3epByapa OblT OoJbIe

WM PaBeH A M>, MOXKET OBITh 3aIMCAHO B BUJIE:
rrPh>A. (1)
YcnoBue, 4ToObl 00BEM KOHYCOOOpa3HOUM YacTH pe3epByapa ObLT OOJbIIe

WM paBeH B M?, MOXeT ObITh 3aIMCaHO B BHIE:
1
572 r-h >B. (2)

OrpaHuueHne Ha yroJjl HakjloHa OOKOBOM MOBEPXHOCTU IIWIMHIApPA ¢ BUJA
0.1 <tgep <0.5 MOXKET OBITh BBIpAXXEHO uUepe3 mapaMerpol r U hl cienyrommm

o0pazoM:
0.1r<h, <04r. 3)
OrpannueHue Ha TJIOMIAAh Y4YacTKa 3€MJIM, 3aHMMAaeMOIro pPe3epByapoM,

MOJKET OBITH 3aIIMCAHO B BUJIE:
zr’ < C. 4)
Haiiném BeipaxkeHue mjisi CTOMMOCTH pe3epByapa. Pasmep momanu

OOKOBOM MOBEPXHOCTH IUJIUHAPA ONpeeseTcs 1mo Gpopmyie:
S =2z rh. &)

00K .yun
Pa3Mep miomanaun 60KOB0ﬁ IIOBCPXHOCTHU KOHYCa OIIPCACIIACTCA II0
bopmye:

S =7 rz/cosq).

6ok .konyca
OueBUHO,
r

Torga nns nunomanyu 60KOBOM MOBEPXHOCTU KOHYcCA Moiry4yaeM (popmyily, B

cCos @ =

KOTOPOM y4aCTBYIOT apaMeTPbl ONITUMU3ALIUU:

SﬁOK.KoHyCa =7rr \/ r2 + h12 : (6)

C yuétom dhopmyi (5) — (6) mosrydaem cienyroliee BhIpaKeHUEe s

CTOMMOCTH pEe3epByapa:

10



F=c2zrh+c, zr.r’+h’.

1

(7)

Takum 00pa3om, MbI OJIy4aeM MaTeMaTUYECKYIO (POPMYTUPOBKY 3aauu:

HaWTH MUHUMaNbHOE 3HaueHue Gpyukiuu (7) mpu orpanndeHusx (2) — (4) na

napameTpsl h, ru hl.

Pewenue 3a0auu c nomMouiblo naxkema ((HOMCKp@W@HM}Z))

[Tepenecém ycnoBus 3aa4u B AJEKTPOHHBIN Bua Ha iucT MS Excel (cm.

PUCYHOK 2).
A B C D | E

1 MapameTpbl Pacuet o6bemos, naolLagen, LueHbl
2 | hl= 2 V_umnuHapa= 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_OoCHOBaHuA= 1256.637061
7 | C= 2000 S_60K_noB_KoHyca= 1262.904617
8 | Cs= 20 S_60K_noB_uuanHapa= 1884.955592
9 | Ck= 30 F (croumocTb)= 75586.25035
10
11 | OrpaHunyeHuna
12 | OrpaHuyeHune (1) 8849.556
13 | OrpaHuyeHune (2) -162.242
14 | OrpaHuyeHue (3_1) 0
15 | OrpaHuyeHue (3_2) 6
16 | OrpaHuuyeHune (4) 743.3629

Pucynox 2. [Ipumep nucra MS Excel nns pemenus 3agauun

Jlns  ompeneneHuss ONTUMalIbHBIX 3HaYeHWH h, r m hl wucnoas3dyem

HajacTponiky «llouck pemenus». i1 NpUBENEHHOrO HAa PUCYHKE 2. JIHUCTa

COOTBETCTBYIOIIME MapameTpsl HaacTpoiiku «llouck pemenus» Oy1yT UMETh BU/L,

YKa3aHHBIN Ha pUCYHKE 3.

11




x|

¥CTAHOBMTE LIENEBYHD AYEKyY | = = BEINDAHKTE

PagHol:  § MAKDWMENEHOMY 3HAYEHID " zHaveHMo; |E|

JarpeITE |

G FMAHMMIANEHOMY ZHAYEHMHD

—AzMEHAA AYSAkA;
842 5044 = MpeANOnNo¥MTE
—OrpaHMYeHIA NapaMeTpel |
$8$12 ==0 -] AofaenTe
tBf13 ==10
tBf14 ==10 I=MEHIMTE |
tBF15 ==10 BOCCTaHOEMTE |
$BE16 »=10 ¥ AaMMTE |
ll Crpaeka |

Pucynoxk 3. Oxno Haactporku «llonck pemenus»
[locne 3amycka Ha BBINOJHEHUE MapaMeTpbl NMPUOOPETYT ONTHMAJIbHbBIE
3HA4YEHMs], yKa3aHHble Ha pucyHke 4. Kak BuaHO, 3HaueHHE LeleBON (PyHKIUU
yMeHbIIMIOCH ¢ 75586.25035 no 48054.66633.

A B C D E
1 MapameTpbl Pacuet o6bemos, naolLagen, LueHbl
2 | hil= 5.238204 V_umnuHapa= 10000
3 |r= 13.50189 V_KOHyca= 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_nos_unanHapa= 1481.274344
9 | Ck= 30 F (croumocTb)= 48054.66633
10
11 | OrpaHunyeHunsa
12 | OrpaHuyeHune (1) -3E-07
13 | OrpaHuyeHune (2) -3E-08
14 | OrpaHuyeHue (3_1) 3.888015
15 | OrpaHuyeHue (3_2) 0.162551
16 | OrpaHuyeHue (4) 1427.285

Pucynok 4. IIpumep nmucra MS Excel ¢ pe3ynbraTamu pemieHus 3agadan

BapuaHThl 3ananus omnpenensitoTes o HOMEpPY CTyACHTa B CIIUCKE Tpynmbl. Bo

BCEX HMXKeYyKa3aHHbIX BapuaHTax ck=30, C=1800.

12



BapuanTsl 3aganus

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

13




IIpakTuyeckoe 3ansiTue 4 «Penenue HeJIMHEHHOT0 aJIredOpanvdecKoro
YPABHEHUS] METOAOM IOJIOBMHHOIO JIeJICHUSI, METOI0M XOPJA, METOA0M
KacaTeJbHbIX»

Texnonornueckass  Moaenp B 00meM  cliydae  Ompenensercs
(GYHKIMOHATBHON 3aBHCUMOCTBIO OT OJHOTO MCKOMOIO MapaMerpa, a YCIOBUs
OTPAHUYEHHE BBIPAKAIOTCS CIO0KHBIM YPAaBHEHUEM:

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

Takue ypaBHEHUS pEIIAIOTCS TOJIBKO pa3IMYHBIMU YUCIEHHBIMU METOAAMH,
MMEIOIINMU KaK HEIOCTATKH, TaK U IPEUMYIIIECTBA APYT OTHOCUTEIBHO JIpyra:

- METOJ1 MOJIOBUHHOTO J€JIEHUS;

- METOJ XOPABL;

- METOJI KaCaTEIbHOM.

3amaua 1.

Pemmnth ypaBHEHHE KaXXABIM U3 TPEX yKa3aHHbIM MeTOoHoB. Iloctpouth
NOCJEA0BATEIbHOCTH NPUONMMKEHUH K KOpHIO. OOBACHUTH NPEUMYIIECTBA U
HEJIOCTaTKU METOJ0B B CPABHEHNUH MEXY HUMHU.

Aneopumm memoda denenusi ompeska nonoaam (1)

HcxonHble naHHbIe: X, = a,, X, = b,,& — TOUHOCTb PEILICHHUS.



X, +XxX
Xy = 1 , 2
v
AT Sy e > l
A 4
[IcyaTb
He
x5, f(x3) f(x3)- f(x,)<0
\4
X] = X3

|

Aneopumm memooda xopo

Pucynok 1.1 — McxonHble nansslie: [a,,b,], ¢ — TOYHOCTb PEILICHHUS.




_ % J(x)—x - f(x)
f00)~ /()

3

Y

I1a He
. flx)<e
v
I1¢4aTb
X3, f(x3)
[ |
Kowuenn |
PI/ICYHOK 12 — AHFOpHTM KOM6HHHDOB3HHOFO MCTOJAd KAaCAaTCIIBbHBIX

(HerotoHa) — x0pa




BBOJI HICXOIHBIX JTaHHBIX

X0, g,f'(X), f (X)

X1=Xg — f’(x) i Ee x1:f(%o) = Xof(x1)
) fx) f(x0) — f(x1)
HET
X0 = X2
na
X2, f(x2)
KOHeEII

PacyeTsl mpoBoasATCS MO yKa3zaHHBIM cxeMam (pucyHku 1.1 — 1.3) nns

cinenyromux BapuantoB(Tabnuma 1.1)
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Ta6auua 1.1 — [Ipumeps! ypaBHeHuit Buaa f(x)=0

Howmep BapuanTa YpaBHeHne [TosicHenus
1 (0,2x)* = cos x -
2 0,5+x—-10sinx=0 -
3 2% =sin X ITpu x < 10
4 2*—2cosx=0 ITpu x > -10
5 lg(x +5) = cos x IMpu x <5
6 \4x + 7 =3 cos X -
7 xsinx—1=0 -
8 8cosx-x=6 -
9 0,5+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 = V1x -
14 1,2x* +2x3 - 24,1 = 13x* + 14,2x -
15 2x2 - 5=2% -
16 27%=10-0,5x> -
17 4x* — 6,2 = co0s0,6x -
18 3sin 8x =0,7x — 0,9 Ha otpeske [-1; 1]
19 1, 2—Inx=4 cos 2x -
20 Ln(x+6,1) = 2 sin(x-1,4) -

18




IIpakTuueckoe 3ansaTue S «MeToa uTepanuii B pacyerax 3a00iHbIX 1aBJIeHU I
ra3oBbIX CKBAaKHH»

B ocrtaHOBIIEHHON ra30BOM M3BECTHO NaBJICHHUE HA yCThe: Py. YpaBHeHue

TUIPOCTATHUKU:
dP
—=p(P,T)-g,TO€E (2.1)
dh
P-T,
p(P,T)=p,- P, =lam,T, = 293K,

P,-T-z(P,T)’

po— IUNIOTHOCTH T'a3a B HOPMAJIbHBIX YCIOBUSIX:
Po = Prosx” £ > Prosx = 1,205 kr/ M
Prosn - TUIOTHOCTH BO3/1yXa,
p — OTHOCHTEJbHAS IUIOTHOCTH ra3a B H.Y.
[ToxcraBum B (1) 3Hauenus Py = 1,033 kr/cm?, To=293°K, pposs= 1,205

Kkr/m>, g =10 M/c?, moayunMm:

dP P s P
— =1.205-283,58-———-g -10 " = 0,03415 - ———
dh T.-2(P,T) T-z(P,T)

107- koapduiment pasmeprocty, 1ITA= 107 at

IIa 10 am

M M

K2 M H
2

[Pg]=—3'

1
——
c M

HNuTerpupyemoe ypaBHEHHE IPUHUMAET BUJ:

dP P
— = 0,03415 —
T(h)-z(P,T)

PaBI[eJ'H/IM MEPEMCHHBIC, JOITyCKas B npaBoﬁ 9aCTH 3aBUCHUMOCTH:

T +T
T(h~T, =)T‘5,Z(P .T,)~12(P.T),

cp

P +P_ _
_ y 3a6

P,
2

P

3a6 dP H cke dh
[ —=003415. [ ————
P T, 2(Py,Ty)

P 0

y

19



H
P =P, € 20e..5=0.0345 - P o (2.2)
T, 2(P,.T,)

Tak kak Pcp BKJIHO4YAa€T HCKOMOC P3, TO pCIICHUC ITOJIYHAOT UTCPAITNOHHBIM

MECTOAOM:

HauansHoe npubnmxenne P, = Prjacr

A 4

»  Boiuucienue S u HOBOE MPUOIKEHHE Pays, 110 popmynam (2)

A 4

HET
HccnenoBanne cXOIUMOCTH Py

na
A4

Konen nrepanuii

HUcxonupie pganabie: Heg = 1000 M, Prjaer = 100 at, Thjaer = 300° K

Bapuantsel: Py =1 ar, 2 at u T.1.
OuncTtka 3a00€B, OCBOCHHE M MPOMBIBKA MPU OYPEHHH CKBaXMH C aHOMAJbHO
HU3KUM IIJJACTOBBIM JIaBJICHHEM TPEOyeT MpUMEHEHHUS 00Jj1ee JIETKUX areHTOB, YeM
OOBIYHBIE MPOMBIBOUHBIE  JKUJAKOCTU. TakMMH  areHTamu  SIBISIOTCS
ra3oXXKUAKOCTHbIE CMecH (T€HbI), TMPUTrOTABIMBAEMble B  CIEIUAIBHBIX
neHooOpa3oBaHaTEeIIX U 3aKaurMBaeMble B CKBOXKMHY. B Takoli cMecH coJIepKUTCs

onpenesn€HHas J0Jis ra3a, Ha3blBaeMasi Koo puyuenmom aapayuu

o= (2.3)

Qr — pacxoj raza B HOpM. yCJIOBUSX;
Qx — pacxo/1 )KUJIKOCTH.

st co3ganus Ha 3a00€ ONpeIeIEHHOTO AaBICHUS, HE MPEBBIIIAIOIIETO
JIaBJICHUS B IJIaCTE, HEOOXOUMO PETyIUPOBATh JaBJICHUE 3aKayku u "o

P3a6 = Py + PCT + PF}I (25)

20



3/1ech MOKa3aHbl COCTABIAIONIME 3a00MHOr0 JaBJIEHUS: YCTHEBOE,
CTaTUYECKOE U THAPOCTATUYECKOE 3a cUeT TpeHusd. Ha ycThe gaBieHne 10IKHO
OBITh HU HHUXE aTMOC(EpPHOTr0o U UMETh 3arac JJisd MPOJBHKEHUSI B YCTPONUCTBO
pa3pyuieHus neHsl. PaccMOTpuM onpeaeneHrne CTaTH4eCKOr COCTABIISIIONIEH U3

nud. ypaBHEHUS:

P
—=p g (2.5)

/1€ Pew — ITIOTHOCTH TIEHBI.

[I10THOCTH CMeCcH M3MEHSETCS BJIOJIb CTBOJIA CKBAKUHBI B 3ABUCUMOCTH B
OCHOBHOM OT u3MeHsmonierocst nasienus P (h). Ins onpenenenus stoi
3aBHCHMOCTH MCITOJIb3YEeM OTHOIICHHE MacChl cMecH Gy, KOTOpas HE
WU3MEHSETCS TIPU CTAIIHOHAPHOM JBMIKCHHUH, K 00bEMYy CMECH, 3aBUCIMOMY OT
JTaBJICHHUSI.

Gen= Pro * Qro+ Px Q)K (27)
31€Ch Pro , Qro — IJIOTHOCTH U PACXOJ] Ta3a B H.Y., U3BECTHBIC BEJIUUUHBI.
Bripaxkaem o0beM rasza Ha 000 riryoune "h'" yepe3 usBecTHbIe

BEJIMYMHBI, BOCIIOJ30BAJIMCh YPaBHECHUEM OajlaHCca Macc:
Pr - Qr = Pro * Qro (28)
pr , Qr — IJIOTHOCTH W pacxo] raza Ha riayousne "h"

Pro
Pr

Qr = Qs (2.9)

Hanee, 13 ypaBHEHMs COCTOSIHMSI ra3a BbIPa3uM p:

P T, I
p :p .
T p T 2(P,T)
1 nmojacTaBum B (3):
P, T- -z
Q. =Q,, 2. —— 2.10
I o0 P TO ( )

21



O6BemHbIl pacxon cMecu: Qey = Qr + Qx (2.11)

Torma miI0THOCTH CMECH onpeaACsICTCA OTHOIICHUCM!

Pem = Geu / QCM
Brinonnus noacranoBku (2.7), (2.10), (2.11) u pa3aenuB 4yuCIUTENb U

3HaMCHATCJIb Ha Q;K, HaXO0JUM:

A Prot Py
| P,-T, -Z,
lvgq-—. 2 @ ">
P T,

Jud. ypaBHEHUS THAPOCTATUKH MPUMET BHUI:

Pew =

chm - pP. (pI"O'a—i_pg;c)'g
dh P,-T, -Z.
P+Q.M
TO
PO.Tcp.Zcp
O6o3HaunM Ad=a-——2>—% B=(p,,-a+p,) 0

0
Pa3I[eJ'II/IB IICPCMCHHLBIC B HH(b. YPaBHCHHUHU, ITOJIYUHUM:

CK6

P3
I;dP;A p= [B-dn
P, 0

Pasmepnoctu:
[A]=[Po]
K& M 1 ke:emw 1 H 1 51 6 1
Bl=— S5=——"——=——=—"Ma=10"—-amu =10"° - —- MII4
M C C M M M M M

JonyctuMm, uto Bce namieHus uaMmepeHbl B MIIA, Torna xosdduuneHt
pasmepHocT = 10°°

B pe3ynbTaTe uHTErpupOBaHUS MOJIyYaeM PACUETHYIO GOPMYITY:

,-B-107°

CK

P
P,=P —A-In—C+H
Py

[lonyyeHo ypaBHEHME IJIs1 ONPEAEICHUS CTAaTUYECKOM COCTaBIISIONIEH
3a00HHOTO JaBJICHHUS TNPU HPOMBIBKE CKBAXKMHBI Ta305KMJIKOCTHOH CMECHIO.
O4eBUAHO, UYTO B CiIy4yae OINpPEIENICHHs] CTaTUYECKOro 3a00MHOro JaBJiCHUS B
ra3oBoil CKBaXMHE KAaK M B ClIy4ae Ta30KUIKOCTHOM CMeCH HCKOMOE Pu5
HaxOJMUTCS KaK B JIEBOH , TaK U B IPABOI YaCTH YPABHEHU S, HE MOKET UMETH SIBHOE
BBIpaXEHUE Yepe3 U3BECTHbIE BEIMUMHBI. Takue ypaBHEHHS PELIAIOTCS METOI0M

HTepaHHﬁ. Cxema aJIroputMa a"HaJIOrudHa, KakK v J1JIi1 ra30BOM CKBa)XKUHBI.
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HcxonHble naHHBIE:
Py = 0,1 [MIIA], Hexs = 1000 M, Pppacr = 9,5 [MIIA]
Po= 0,1 [MITIA], To =293 °K, Thacr = 320 ° K,
Pro = 0,6 xr/ M>, p =1010 xr/ M*, g=10 m/c?

BapuanTte: a = 10, 15,20 ..... u 1.1
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IIpakTuyeckoe 3ansaTue 6 «OnpeaejeHne CKOPOCTH MOTOKA MPOMBIBOYHOM

AKUIAKOCTH, HGOﬁXO)IHMOﬁ AJI OYUCTKH 320051 CKBAKMHbBI»

B nmpouecce 3kcIulyaTalMM  CKBaXMH  BO3HUKAET HEOOXOJIUMOCTH
MPOU3BOAUTH OYUCTKY 3a00€B OT TBEPJbIX YAaCTHI[ MPU 3TOM HEOOXOIUMO
paccUuThIBaTh Ty CKOPOCTh MOTOKA MPOMBIBOYHOM >KMJIKOCTH B KOJIBLIEBOM
KaHaje, KOTopas JOCTaTOYHa ISl BBIHOCA TBEPJABIX YACTHUI[ HAa MOBEPXHOCTb.

CxopocTh BUTAHUS YACTUIL OTIpeesieTcs o popmyre:

4
= Lo (3.1)

3nech dr, pr, Px, & — AMAMETP, IIIOTHOCTh YACTHIIbI, IIOTHOCTh YKUJKOCTH,
YCKOpEHHE CBOOOJHOTO NaJeHUS.

Cyw — k03P durmeHT 1000BOTO COMPOTUBICHUS YaCTUIIBI TOTOKY KUIKOCTH;

24
C, = —, npu Re <I,
Re

24
C, =R—(1+0.17 Re ™), mpu 1 <Re <60
(&

C, = 0,44, npu Re > 60.

v d,
He

®opmyna uncna PeliHombaCa: Re =

; Wk — BA3KOCTD JKUAKOCTH.

Ecii 0603HaYUTh X=V;, TO yPaBHEHHE UMEET BUJI UTEPAITHOHHOM (HOPMYJIBI:
X = f(x)

Ucxonubie nanubie: 1) x4, = 0,01[/a -c],d, = 0.001 u

2) u,, =0,01[ITa -c],d, = 0.001 m

Bapuantsr: 2000kr/m?® < p; < 2700 kr/m> ¢ marom 50 kr/m?

1000kr/m? < p; < 1250 xr/m* ¢ marom 50 kr/m?
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IIpakTuyeckoe 3ansiTue 7 «PeneHue HeJIMHEHHOT0 aJIredpanvdecKoro

(TpaHCHeHIleHTHOFO) YPaBHEHUSI METOA0OM MUHHUMMU3AIINU HEBAZKN»

Pemnte 3amaHHOE HEJNIMHEHHOE YPAaBHEHHWE, MCIIONb3Ys CIEIYIOLIHMA
aJITOPUTM:
1. Iloctpouts rpaduku PyHKIMN, yUaCTBYIOIINX B YPAaBHEHUH.
2. I'paduuecku onpenenuTs NpUOINKEHHBIE 3HAUEHUSI KOPHEN YpaBHEHUS .
3. Haiitu TouHBIE 3HaYEHHUS, UCTIONB3Ys «[louCk pemeHus».
IIpuMep pereHust ypaBHEHUS:
5 cosx-0.7x+0.4 = 0 (cm. daiin “Reshenie nelinejnyh uravenij.xlsx™).
5c0sx-0.7x+0.4 =0=>5 cosx =0.7x - 0.4 =>
Y1(x) =5 cosx, Y2(x) =0.7x - 0.4.

1. IToctpouts Tabnuny 3Hauenuit Y1 u Y2.

ITyctp A — 3T0 HayanbHOE 3HaUeHUE X U MycTh h — mar no ocu X.

a) [Toctpouts psg 3Hauenuit X (okoso 100 3HaueHuU).

Hauanbshas Touka Xo=A (siueiika A6), cienyromas Touka X;=Xo+h (sueiika
A7) ut.n. no X (saeitka A106).

b) ITocTpouTts psig 3nauenut Y1 u Y2.

Y1y =15 cos(Xy) => conepxkumoe siuciiku B6 = 5*cos(A6)

Y2y =0.7*Xy -0.4 => conepxkumoe stueiiku C6 = 0.7*A6 - 0.4

c) Komuposats sueiiku B6 u C6 u BcTtaBuTh (paste) Ux B HHTEpBale
B7:C106.

Takum oOpa3zom, Tabnumna 3Hadenuit X, Y1, Y2 rorosa.

Hns moctpoenust dynkuuit Y1 u Y2 BeiOepute untepBan AS5:C106,
nepeaute “BeraBka” => Jluarpamma => ToueuHas quarpamma.

Pe3ynpraTr noka3zan Ha pucyHke 1.
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E4 - f: ~
ry
w

A B C D E F G H 1 1 K L M =

1 Sample task

2 Scosx-07x+0.4=0 =>Y1(x)=¥2(X) Y1=5cosx ¥2=0.7x-0.4

3 =

4 |a= 0 h= 0.1| _I .

5 (X ¥l Y2

6 0 5 0.4 ; __

7 0.1 4.97502 0.33 /)/

8 0.2 490033 -0.26 2 I\

9 0.3 4.77668 -0.19 \ / \

10 0.4  4.6053 -0.12 5 “

11 0.5 4.38791 -0.05 )/ / \ —

12 0.6 4.12668 0.02 0 ‘ : : , : . —v2

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 2.70151 0.3 4

17 1.1 2.26798 0.37 \/ v

18 1.2 181179 0.44 -6

19 1.3 133749 0.51

20 1.4 0.84984 0.58

21 1.5 0.35369 0.65 3

29 1 £ nac n3a

M4 | Jiucrl Nner2 ED 4] i | » [l

roroso | 2 | | M oese (&) Y (1)

Pucynok 1.

BungHo, 4To ypaBHEHME HMMEET MO KpailHe mepe 3 KOpHsS. OTU KOPHU
COOTBETCTBYIOT TOUKaM NepeceueHust KpuBon Y 1 u npsmon Y 2.

Takxe CHO, 4YTO UMEETCA €1I€ HECKOJIBKO KOPHEN B OTPULIACTIIBHON YaCcTH
ocu X.

Jlns mocTtpoeHusi rpaduka B OTPUIIATENIbHOM 4YacTH ocu X, U3MEHUM A
(HayanbHYIO TOYKY 3HaUeHU X) ¥ moabepém h Takum, 4TOOBI MOTYUUTH TPAPUK,
Ha KOTOPOM BHUJIHBI Bc€ KOpHU. [IpuMepHbIe AelCTBUS MTOKA3aHbl Ha CIEIYIOMINX

pUCYHKaX.
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ca v (- | h= ~
Fs
h
A B | c | b E F G H I ) K L M x
1 Sample task
ZS cos x - 0,7x+0.4 =0 =» Y1{x)=Y2(X) Y1=5cosx ¥2=0.7x-0.4
3 =
4 |a= -5|h= ] 0.1
5 |x Y1 Y2 T &
6 | -5 1.41831 3.9
7 4.9 0.93256 -3.83
'8 | 4.8 0.43749 -3.76
9 | 4.7 -0.06194 -3.69
10| -4.6 -0.56076 -3.62
11 A5 -1.05398 -3.55 —"
12 -4.4 -1.53666 -3.48 § —Y2
13| 4.3 -2.004 -3.41
14 4.2 -2.4513 -3.34
15 | 4.1 -2.87412 -3.27
16 | -4 -3.26822 3.2
17| -3.9 -3.62966 -3.13
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
5 al aosoon 3 70
WOy ] el a2 63 4] un | » 1]
[OTOED | = | | HI 85% ®—U‘—®
Pucynok 2 (A=>-35).
c4 v (- fe| h= ~
rFs
vn
A B | C | b E F G H I ) K L M E
1 Sample task
ZE cos x-0,7x+0.4 =0 == Y1{x)=Y2(X) Y1=5cosx Y¥2=0.7x-0.4
3 =
(4 A= -10[h= | 0.1 .
5 X ¥1 Y2 "
6 | 110 -4.19536 7.4 7N\ £
7 9.9 -4.44596 -7.33 / \ /
'8 | 9.8 -4.65213 -7.26 2
9 | 9.7 -4.81182 -7.19 / \ / ~
‘ . . ‘ . . 8
10 9.6 -4.92344 -7.12 12 10 ’J & \4 _ I
11 9.5 -4.98586 7.05 5
12 9.4 -4.99847 -6.98 / / —2
13 9.3 -4.96113 -6.91 4
14 9.2 -4.87422 6.84 NS / S i
15 9.1 -4.73861 6.77
16 9 455565 67 — 5
17| 8.9 -4.32718 -6.63
18 | -8.8 -4.05547 -6.56 16
19 8.7 -3.74323 -6.49
20| 86 -3.3936 -6.42
21 8.5 -3.01006 -6.35 3
o A I CNEcAA £.70
WO W nerl s wer2 2 4] w | » [
FoTogO | = | | Ml s5% H‘@

Pucynok 3 (A=>—10).
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E4 - e A
F
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)=¥2(X} ¥1=5cosx ¥2=0.7x-0.4
3 =
(4 ]as 10 h= 0.2 ] .
5 X Y1 Y2 =
6 -10 -4.19536 7.4 6 ra
7 -9.8 -4.65213 -7.26 Ay N\ A/
8 -9.6 -4.92344 -7.12 / \ ‘] \ /f’\
9 -9.4 -4,99847 -6.98
10 9.2 -4.87422 -6.84 I \ l )/ / \
1 -9 -4.55565 6.7 ' YW ZAW Y A
15 -10 -5 5 10 15
12 -8.8 -4.05547 -6.56 2 —V2
13 86 -3.3936 -6.42 / [ﬂ \ / \
14 8.4 2.59644 6.28 V \Vj V \V)
15 8.2 -1.69577 -6.14 &
16 -8 -0.7275 6 d i
17 7.8 0.26978 5.86 -
18 76 12563 572 16
19 7.4 219274 -5.58
20 7.2 3.04176 -5.44
21 -7 3.76951 5.3 =
M 4 » M| flncrl A Nucr2 5 o] " | » []
roroso | & | |FEEE es% O—U—+)

Pucynok 4 (A=10, h => 0.2).

E4 - b= ry
Fs
vn

A B C D 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 =

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 —¥2

13 -7.9 -0.23001 -5.93 s _1‘0/ jd/ \/5 \7 v 0 s

14 -7.6  1.2563 -5.72

15 -7.3  2.6303% -5.51 5

16 -7 3.76951 5.3 /

17 6.7 4.57132 -5.09

18 -6.4 4.96592 -4.88 18

19 -6.1 4.91634 -4.67

20 5.8  4.4276 -4.46

21 -5.5  3.54335 -4.25 3

o la } | =i | T 2ANCO ANA

44 M| Nluctl e % 4] i | » [

FoToB0 | = | ||E| 85% @—U-‘—@

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

Teneps BUIHO, UTO YPaBHEHUE UMEET S5 KOPHEM.
2. I'padpuaecku onpenenuTh NpUOINKEHHBIC 3HAUCHUS KOPHEH

st onpenenenus npuOIMKEHHOTO 3HAYCHHS KOPHSI, YCTAHOBUTE KYpCOP
MBIIIM HAa TOYKY IMepecedeHus TIpapukoB (PyHKuMIl. BBICBETHTCS TEKCT €O

3HAYEHHWEM TOYKHU OJHOTO U3 TpauKoB (CM. puc. 6).
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E4 - e ~
rY
hd

A B C D E F G H 1 J K L M i
1 Sample task
2 S5cosx-0,7x+0.4=0 =>Y1{x)=Y2(X} ¥1=5cosx ¥2=0.7x-0.4
3 =
(4 ]a= 10 h= 0.3] ] —
5 % Y1 Y2 B
5 -10 -4.19536 74 /
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 —M
12 -8.2 -1.69577 -6.14 —v2
13 -7.9 -0.23001 -5.93 _1'5 ;c/ %/’ \/5' \17 v 2'0 2'5
14 76 1.2563 -5.72
15 7.3 2.63039 -5.51 \ =
16 -7 3.76951 5.3 / Paa "Y2" Touka "-4.6"
17 -6.7 4.57192 -5.09 (-4.6,-3.62)
18 6.4 4.96592 -4.88 10
19 6.1 4.91634 4,67
20 58  4.4276 -4.46
21 5.5 3.54335 -4.25 3
M 4 » ¥ Aincrl Nner2 ¥ 4] i | » [
reroeo | £ | \ﬁ@ 85% (=) V. (+)

PucyHnok 6. Kypcop MbIly yCTaHOBJIEH HAa CaMOM JIEBOM TOUYKE MEPECCUEHUS

rpauKoB (Ha PUCYHKE Kypcop HE BUAEH!)

Takum oOpa3om, NpuOIMKEHHOE 3HAYEHHUE CAMOTO JIEBOI'O KOPHS PaBHO -
4.6.
Hcnonb3ys 3Ty Npoueaypy, Mbl MOKEM HaTH NPUOIMKEHHBIE 3HAYEHUS

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

3. HaiitTu TouHbIE 3HAaYEHUS KOpHEN, UcTIoNb3ys «llouck pemenus»
[Tepetitu Ha Jluct2. IlocTpouTh TAOMUIly CO CHEAYIOIIMMHU CTOJOIIAMU:
[TpubnmxeHHOE 3HaueHUE KOPHS Xappr, 3HAUCHHUE Y 1 B TOUKE X,ppr, 3HAUCHUE Y2

B TOUKE Xappr, 3HAUCHHE (Y1 — Y2)"2 B TOuKE Xappr (CM. pUCYHOK 7).

3anumure Bce NpUOIMKEHHbIE 3HAUEHUS KOPHEHN B cTOJI0CL Xappr-
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B2 hd Feo

[ [l

A | B | ¢ | D £ F G H ) K
1 Xappr v1 Y2 (Y1-¥2)r2
2 -4.6] |
3 -2.2
4 1.1
5 5
6 6.5
7
2] =
9
10
11
12
13
14
15 =
16
17
18 4
M4 » M| fucrl | Nucr2 ¥ TN | » []
roroeo | B4 | &= 100% (=) [ (1)
Pucynok 7.

Hanummre @opmynel nns Beruucnenus Y1, Y2, (Y1-Y2)"2 nna Bcex
3HAYCHUN Xgppr. TakuM oOpa3oM, Mbl MOJy4YaeM CIEIYIOLIUE BBIPAXKEHUS s
IPUOJIMKEHHOTO 3HAUEHUS KOPHSL:

B sueiike B2 3nauenue =5*COS(A2),

B suetike C2 3nauenne =0.4* A2 — 0.4,

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

Konuposate (Copy) unrtepBan siueek B2:D2, BcraButh (Paste) ero B

uHTepBal sueek B3:D6 (cM. pucyHok 8).

E1 - £

A B C D E
1 [Xappr v1 v2 (Y1-¥2)r2
2 46 -0.5607626 362 9.358933257
3 2.2 -2.9425056 -1.94 1.005017451
4 1.1 2.26798061 0.37 3.502330385
5 5 1.41831003 3.1 2.828078137
6 6.5 4.88293813 415  0.5371983
7

Pucynoxk 8

I[J'IH HaXO0XJICHUA TOYHOI'O 3HAYCHHUA IICPBOI0O KOPHA 3allYCTHUTHh «Ilouck

pemenus». 3anath D2 B kauectBe «lleneBoit pyHKIIMIY, BEIOPATH OMIIMIO TTOUCK
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«MunumymMay, ykazatb A2 B TEKCTOBOM OKHE «/3MeHsIst suelKu epeMEeHHBIX» U

Ha)xkaTh KHONIKY «HaliTu pemenne» (CM. pUCyHOK 9).

X d - M Sol MapameTpbl NOVCKA DELIEHMA @ 23
Dai [naeHan BcTaBka Pa 8
B m 5] NogwH ONTUMH3NPOBAETE LENeByr QyHKLMID:
[ CeoMCT - - -
MonyueHne OBHOBNTE o Ao () Makcumym (@ Munmeym () 3HaueHus:
EHELUHIX AaHHBX ™| gre 52 [A3meHy
MoaKNKYEeHN; WzMeHsAs sueiikn nepemMeHHb: I
D2 - $A$2 PR o
F s
B COOTBETCTEHM C OTPAHUYEHHSMM: %
:I A 8 l [fobaenTe ] el
1 |Xappr Y1 Y|
2 -4.6 -0.5607626 [ e ]
3 -2.2  -2.9425056
4 1.1 2.26798061 l YpanuTe l
5 5 1.41831093
6 6.5 4.88293813 [ T |
7
3 l 3arpyauTh/ COXPaHUTE l =
g D Cﬂe)’lﬁ'l'h nepemMeHHble bez UrpaHMHeHMﬁ HEOTpHUATENEHEIMA
10 i';'rﬁfﬁﬁ"e'*“m MONCK PELIEHUA HENUHERHBIX 33434 METogoM ONT E [ MapaMeTpbl l
i; MeTtoqn peweHns
13 Ans TNAAKI HENMHEeHbIX 3agay wcnonb.?yﬁ're MOMCK PelEHWA HENWHENHBIX 3a4a4 MeTogom ON, ana
NMHElHLIX 3318 - NOUCK PELUEHA TMHEIHLIX 38434 CHMNNEKC-METOA0M, @ AN HErNAOKMX 338y -
14 3BOMOUNOHHBIA NOMCK PELUIEHNs.
15 .
16
17 [ HaliTi peweH1e ] l 38KPbLITh l
18 af
W4 » M| fucrl | Nwcr2 /52 I« i | » [1]
Yeanre | | | EE O 100%
Pucynox 9
[Tocne aToro OyAeT HalIEHO TOYHOE 3HAYCHHUE TTepBOro KOpHs (CM. pucyHok 10).
El - J= ~
-
vn
A B C D E F G ] K &
1 Xappr v1 v2 (Y1-v2)A2 .
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
g =
9
10
11
12
13
14
15 "
16
17
18 y
M4 v v Jucrl | JNiuer2 %3 KN i | » 1]
lotoso | = | |[@]E| 100% 'li—:] [] IEE]

Pucynok 10
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[IpuMeHUTh Takyko K€ TMpouenypy s TOUCKAa TOYHBIX 3HAYEHUH

OCTaJIbHBIX KOpHEU (cM. pucyHok 11).

D3 v fe| =(B3-C3)n2
A B c D
1 Xappr Y1 ) (Y1-Y2)r2

2 | -4.01513069 -3.2105915 -3.2105915 7.88861E-31

3 | -1.92833275 -1.7498376 -1.?498329@!

4 1.44779509 0.61345658 0.61345656 3.74603E-16

5 5.46763684 3.42734579 3.42734579 1.97215E-31

5] 6.79588419 4.35711899 4.35711893 3.96459E-15

7

Pucynok 11
BapuanTsr:

Ne YpaBHeHHE [Ipumeyanue
1 (0,2x)* = cosx —
2 x-10sinx =0 —
3 2% =sinx g x< 10
4 2*-2cosx =0 st x>-10
5 lg(x +5)=cos x oI X <5
6 (4x + 7)"? =3 cos x —
7 xsinx-1=0 —
8 8cosx-x=6 —
9 sinx - 0,2x =0 —
10 10cosx - 0,1x* =0 —
11 21g(x+7)-5sinx=0 —
12 4cosx+0,3x=0 —
13 5 sin 2x = (1-x)!? —
14 1,2x*+2x3-24,1 = 13x% + 14,2x —
15 2x2-5=2% —
16 2% =10-0,5x> —
17 4x*- 6,2 = cos0,6x —
18 3sin 8x=0,7x-0,9 s x u3 [-1; 1]
19 1,2 - Inx =4 cos 2x —
20 In(x + 6,1) = 2sin(x-1,4) —
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IIpakTuyeckoe 3ansaTne 8 «Penenue cucTeM JMHEHHBIX M HEJTMHEHHBIX
ypaBHeHui meroaom I'aycca»
CucTteMbl IMHEHHBIX are0panyecKux ypaBHEHUM.
KonnuecTBO ypaBHEHMH IO CPaBHEHUIO C KOJIMYECTBOM HEU3BECTHBIX:
MEHbIlle, OOJbIIE, pPaBHO - CUCTEMa HEONpPEAENICHHas, IEpeolpeaeIeHHas H

3aMKHYTas( N — ypaBHEHHH, N- HEU3BECTHHIX).
/ an X1t apxs + ... Fapx,=b;
CTPOKH » A X] tanXst+ ...t ayX, =bs

dn1X1 + an2X> +...t AnnXn = bn

CTOJIONWAI
H3zeecmmuul KAACCA MEMOo008.
1) Tounble, U3 HUX HaubOoJiee MPAKTUYECKH NpHUMEHseMbId Meron I'aycca

(TocIie10BaTeIbHOTO UCKITFOUCHUST HEU3BECTHBIX ).
2) uTepalMOHHbIE METObI.

Meron IT'aycca nmpumMeHMM 71 3aMKHYTOM CHCTEMBI C HEHYJIEBBIM
ONPENEIUTENIEM, T.€. MaTpPUIA HEBBIPOKJIECHHAs. BBIUMCIEHUS NPOU3BOIATCS
OPSIMBIM ¥ OOpaTHBIM XOJIOM.

HpHMBIM X0I0M CHUCTEMA IPHUBOJANUTCA K BUOY:

X1+ 0aXo + os3X3 ...+ dinXn = P
Xyt 03X3+ ...+ 0ppXy = Bz

Xn=Pn
OOGpaTHBIM XOJIOM HaXOJISITCS BCE HEU3BECTHbBIC, HAUMHAS C Xy... U T.1....X].

Tak kak Jj1s1 O0JIBIINX CHCTEM ITPOU3BOIUTCS MHOT'O BBIUUCICHUM, TO IPOUCXOIUT
HAKOIUJIEHHUE MOTPEIIHOCTEM.

B Oubnmorekax wuMeeTcss mTporpaMMa peIIeHUs] CHUCTEMBI JIMHEHHBIX
ypaBHeHuii Metoaom [laycca. Ilepenx BBI30OBOM mporpaMMmbl €Ml IEpEedarOT

KO3 (QUIIUEHTHI CUCTEMBI U CBOOOHBIC YJICHBI.
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Moouguxayus cxemwvl I'aycca.
B wucxomHo#l cuctemMe Moryt ObITh HyJeBbie Kod(pdumumeHTsl. Bcernma

BO3MO>KHA NI€PECTaHOBKA YPaBHEHUM.

JIJ1st MUHMMU3AIuY BBIYUCIUTENbHBIX OIIMOOK HYKHA Takas MmepecTaHOBKa
(npeoOpa3zoBaHu€) IPU KOTOPOH JIeJIEHHE MPOU3ZBOAUTCS HA MAaKCUMAJIbHBIA 1O
MOJYJIIO 3JIEMEHT, HAa3bIBAETCS [JIABHBIM 3JIEMEHTOM.

Bomnpoc: nouemy cxembl ['aycca ¢ BbIOOpOM TJIABHOTO 3JE€MEHTA JAIOT

0oJiee TOUHBIN Pe3yJIbTaT, HEXKEIU IpocTas cxeMa ['aycca.

CymecTBoBaHHE  €IMHCTBEHHOTO  PEIIEHUs, OOYCIOBICHHOCTh U
HEKOPPEKTHOCTb.

CuctemMa NMHEHHBIX aIreOpanyecKux YpaBHEHUN MOXKET HUMETh WM HE
UMETh pemieHus. Eciau onpenenuTenb CUCTEMBI ¢ HEHYJIEBOM NIPAaBOM YACTBIO
(cBoOoaHBIE uneHsbl = 0) paBeH 0, TO pelIeHUs HE CYLIECTBYET U HA0OOPOT.

B peanbHOCTH, KOrja JJisl pEIIEHHUS] CUCTEMBI MCIOIb3YIOTCS YHMCICHHBIE
METO/Ibl, CUTYalHs He cToJb npocTa. [Ipencrasum, uro onpenenurens =0. Ho npu
BBIYMCJIEHUSX 3a CYET OKpYIVIEHMH H apuMeTHyeckux JeHUCTBUH C
OKPYTJIEHHBIMH YHCIIAMH KOMIIBIOTEP MOKET HAUTU XOTh U MAJIOE, HO HEHYJIEBOE
3Ha4yeHue. Toraa MoiaydnuTCs «PELIeHUE» CUCTEMBI, Y KOTOPOH €ro HE CyIIECTBYET.

Bo3MoxHa apyras cuTyamus - CHCTEMa UMEET pelIeHre, HO MOTPEIIHOCTH
OKPYIJICHHI OKa3bIBAIOTCS TOTO K€ MOPSAKA UM Ja)xe OOJIblIe, YEM PELICHHUS.
Takue CUCTEMBI Ha3bIBAKOTCS «II0XO0 00yCIIOBIEHHBIMUY, 178105
«HEYCTOMYHUBBIMUY.

Cucrempl, HE UMEIOUIME pEIICHHS, WIW HEYCTOMYMBBIE HA3BIBAIOT
HEKOppEKTHbIMU. HeycToilunBble, HEKOPPEKTHBIE CHUCTEMBI TMPU  MaJIOM
u3MeHeHnn Kod(pduuneHToB (B mpeaenax MOTPEIIHOCTA OKPYIJICHUN) Ial0T
COBEPLIEHHO pa3JInuHbIE «pelieHus». Ha camom aene peleHuss Takux CUCTEM He

OTIpeCIISACTCS.

Ipumep: 1.41x+5.87y=13.15
2.83x+ 11.75y = 26.33
pewenue: X =1, y=2.
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N3menuB onun ko3 duimert ( BMecto 1.41 B3a1h 1.42) nonyuum x=-0.61,
y=2.388 C(Cucrema HEKOPpPEKTHA. 31€Chb MOXXHO BHU3YAJIbHO ONPEACINUTH
HEKOPPEKTHOCTh, TaK Kak KO3(PGUIIMEHTHI ypaBHEHUH MOUYTH MPOTOPLIMOHAIbHBIE
(1:2). Ho nnst OOnbIIMX CUCTEM 3TOrO MOXHO HE 3aMeTuTh. [loaTomMy Hamo
OpOBEPSITh  MyTEM  MOBTOPHOTO  pEHIeHHuS C  Majl0  U3MEHEHHBIMH
ko3 punrueHTamu.

Bonpoc: Kakue cuctemMbl JIHMHEHHBIX anreOpanyeckuxX YpaBHEHHM

HA3bIBAIOTCA HCKOPPCKTHBIMU.

35



IIpakTuueckoe 3ansaTne 9 «Penrenue cucTeM JMHEHHBIX M HEJTMHEHHBIX
YPaBHEHUIT METOI0M MPOTOHKU»

[IpuTok © OTTOK >KMAKOCTU (Tra3a) K CKBaXXHUHAM OIMCHIBACTCS
YPaBHECHUSIMH THUIIA TEIUIOMPOBOAHOCTH. J[JI AeTanbHOTO y4eTa CBOMCTB IJIacTa
UCIIONB3YETCS CETOYHBIE MOJIENN  aNMpPOKCUMHUPYIOMNUE JTH ypaBHCHHS.
CeTouHbIE ypaBHEHHUS SBISIIOTCS alreOpandyecKuMH U UMEIOT TPeXIMaroHalbHbIe
MaTpuipl. Anre0pandeckue YpaBHCHUS C TpEXIUaroHaIbHBIMH MaTPHUIlAMH
JIOTTYCKaro MPSIMOM METOJT pEIICHUsI Ha3bIBAEMBIII METOJ0M ITPOTOHKH.

ANTOpUTM METOJa TPOTOHKHU

Cucrema ypaBHEHHI UMEET BUJL

Bix; + vix2 =by;

OLiXi_H‘ BiXi+ YiXi+1= bi (i=1,2, ...... 1’1—1) (41)

OlnXp-17F ann: bn

bynem uckarth pemeHue cuctemsl (4.1) B BUae peKyppeHTHOM HOPMYIIbIL:

Xi:Ci+1Xi+1+di+1 (I = 1,2, .. .,Il—l) (42)
B KOTOPOU Ciy;y — KOIPOUIIMEHTHI, TOoJJIexKamue omnpenenenuro. Jus ux
HaXO0XJeHUS MOHU3UM (popMaibHO UHACKC B hopmyiie (4.2):
Xi-1=CiXitdi=¢; (Ci+1Xi+1+ dir1)+ d;
U MOJICTaBUM 3Ty hopMyny u Gopmyiy (4.2) B TUIUYHOE YPaBHEHUE K CUCTEMBbI

(4.1). ITocne HECHOXKHBIX aNredpanvyecKux NpeoodpazoBaHU
MOJTYYUM:

[Cir1(ai,Ci +PBi) + Vi, [Xi+1 F[dir1(ai,ci +Bi) + (ai,di +b;)] = 0 (4.3)

PaBenctBo (4.3) Oyner 3aBeJJOMO BBIMOJHATHCS, €CJIM 00€ KBaJpaTHbBIC
CKOOKHM, BXOJAIIME€ B HETO, NPUPABHATH HYJIIO. 3aldIlieM TMOJyYUBIIUECT
paBEeHCTBA B cieayoouiel hopme:

e d _bi_aidi

(4.4)

i+1

aC + f ac + f

paBeHCTBa (4.4) SBIAIOTCS PEKYPPEHTHBIMU (DOPMYJIaMU JIJIsl OTIpeIeTICHUS

ko3 dunreHTon c;, u d;.
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[Ipouenypa peumieHusi cucreMmbl ypaBHeHUU (4.1) MeTOqOM NMPOTrOHKH B
[eJOM BBITTSIIUT Tak. BHauanme mo pekyppeHTHBIM ¢Gopmynsl (4.4) HaxomsT
ceMeiicTBo ko3¢ uiiueHToB ci,- U d; (3Tanm OpsAMON MPOTOHKH), a 3aTeM C UX
MOMOIIBIO TI0 PEKYppeHTHBIM (Gopmynam (4.2) ompeAensioT HEU3BECTHBIE Xi,-
(3Tam oOpaTHOM MPOTOHKH).

JI71s1 UCTIONIb30BaHUS T€X U JAPYTUX PEKYPPEHTHBIX (HOPMYIN HEOOXOIUMBI
«CTapTOBBIC» 3HAUCHHS BEIMYHMH. 3JHAYEHUs C; U dy , cTapToBBIE IS (HOPMYT
(4.4), maxoasT comocTaBieHHeM pabeHcTBa (4.2) mpu i=1 u mnepBoro wu3
ypaBHEHHUM, BXos1ero B cucremy (4.1): c2 =- (yi/ Br)

dzz b1/ Bl-

3Haue€HHE X;, cTapTroBOoe s (opmynbl (4.2), omnpenensiorT Hpu ee
CONOCTABJIEHUH C MOCJIETHUM U3 YpaBHEHU cucTeMsl (4.1)

3amaua 4.1 Pemute cucremy S5 anreOpandyeckux YpaBHEHHH C
TPEXAUArOHAILHOW MaTpULIEH.

bazoBeIil BapuaHT:

X1+ 3x,=35 (B1) A

-2X1+ 4%, —X3=5 (B2)

2Xs - 2x3+ X4=3 (B3) > {Bi}
X3 + X4+ X5=-2 (B4)

3x4— X5 =-1 (Bs) )

BapuanTsl: onpenenstoTcss YMHOKEHHEM CTOJIONAa CBOOOJAHBIX YJICHOB Ha
IIEPEMEHHYIO KOHCTaHTy K.

K=1.2,14,...uT. n. cmarom (0.2
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IIpakTuueckoe 3ansaTue 10 «Pemenue cucreM JTMHEHHBIX M HEJIMHEHHBIX

ypaBHeHHﬁ ME€TOA0OM MUHHUMHU3AIINHN HEBA3KHW»

Pemenne cucrem ypaBHEHU M :
fi (X1, X2,..., Xn) = 0,1=1, 2,..., n (2)
NPEACTABIIIET 3HAYUTENIBHO OO0Jiee CIOXHYIO 3aJady, YeM pELlIEHHE OJHOIO
ypaBHEHHUS. MBI pacCMOTPUM OAWH METOJl PEIIEHUS] CUCTEM YPAaBHEHUN — METOJ
CKopeliero cnycka. B atom Merone penieHue cucTeMBbI (2) CBOAMTCS K 3aJaye
OTbICKaHUSI MUHUMYMOB (pyHKUHH D (X1, X2, ..., Xn), KOTOPYIO MOXHO TOCTPOUTH

Pa3IIMIHBIMHA CI'IOCO68.MI/I, ITIOJIOKUB, HAIIPHUMCED,
n
— 2 ;
D (X1, X2, ..., Xn) =, Fi7(X, X, 00y X, ) => MmN 3)
i=1

Ecnu a = (1,82 ...,8n) ecThb HeKOTOpOE pelieHue cucrtemsl (3), o @(a) = 0. B
npyrux toukax x @ (x) > 0. Takum oOpa3om, KaXIblii HYJIEBOM MHUHHUMYM
bynkiuu O(x) 1act pemeHue CUCTEMBI (2) U OThICKaHUE PEIICHUN cucTemsl (2)
CBOJIMTCS K OTBICKAHUIO HYJIEBBIX MUHUMYMOB BcrioMoratesibHOU GyHKuu O (x).

Hcnonb3oBanue nakera Solver (MS Excel) nisi pemieHusi ypaBHeHM# |
CUCTEM YPABHEHUI.

PaccmoTpum pemieHne JIMHENHOW cuCTeMbl ¢ nomoulbio nakera «llouck
pewenus». CHavyajia MOCTPOMM ONTUMHU3ALMOHHYIO 33/1ady, PEUIEHHE KOTOpPOu
OyzneT coBmajgath C pPEHICHUEM HCXOAHOM JIMHEWHOW CHUCTEMBI, KOTOPYIO
NepenuueM B BUAE:

G* 0383112 + G,*0,0721955 -1,4161 =0
G* 0,288782 +G,* 01885800 -1,0404 = O} .

PaccMmotpum dyHKIIHIO:

F=(07383112 G +0,0721955 G -1,4161 )*+(0,288782 G + 0188589 G -1,0404 ).

Ecin y HCXOOHOW CHUCTEMBI ypaBHEHMW €CTh PELICHUE, TO BBEICHHAs
GbyHKIMs oOpaiaercs B HOJIb B Touke peuieHus. C Ipyroi CTOpoHsbl, 3Ta QyHKIUs
paBHa CyMM€ KBaJpaTOB, OUYEBUJIHO, MUHUMAJIbHOE BO3MOXHOE 3HAYEHHE 3TOU

¢yukuuu pasHo 0. Takum o6pa3om, eciau Mbl OyieM UCKaTh MUHUMYM (DYHKIIUU
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F, u maiinennsnii Muaumym Oyaet paseH 0, To Ttouku G, Gs, mpu koTopbsiX F Oyner
2 b 5 5
paBHa 0, OyayT pemeHrneM UCXOTHOU JIMHEHHON CUCTEMBI.

Jlns pemeHus 3a1aun co3aaaum JucT Excel-s B cienyromieM BUe:

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

Hanee noakmounM «Ilouck pemienus», eciiu oH He NOAKII0YEH. JJ1d 3TOro

BBIITOJIHUM CIIEAYIOIINE TEUCTBUA:

Mento => CepBuc => Hanctpoiiku => «Ilouck pemenus» (0TMETUTh BKIFOUEHUE)
ITocne aToro «llouck pemeHus» NosABIAETCSA B cIUCKEe KOMaHT «CepBUCY.
Jlanee BBIIIOJIHUM CIEAYIOIIUE IEHCTBUSA:

Mento => CepBuc => «llouck pemenus».

B nnanoroBom okHe «Ilonck penieHus» ykaxem 3Ha4EeHUS MOJEH:

1. 3agaém onTuMU3UpyeMyro (PyHKIIUIO:

«YCTaHOBUTH LICJIEBYIO sUelky» => BS5 (B aTol sueiike 3amucaHa (opmyiia

BbIyucieHus GyHkuuu F)

2. YKa3bIBa€M, 4TO Mbl MIIIEM MUHUMYM:
«PaBroit MUHUMAaJIbHOMY 3HAUYEHUIO

MaKCUMaJIbHOMY 3HA4YCHHUIO

3. 3amaém mapamMeTpbl PyHKIUU:
«M3MeHsIs TUCHKI => $B§1:$B$2

B sueiixu Bl, B2 HeoO6Xxomumo 3aHeCTH MPOW3BOJILHBIE HadalbHbBIC
3HaueHus, Hanpumep, 0, 0. [Janee cienyer HaxaTh KHONKY «BBIMOJIHUTBY, TTOCIIE
4yero naketr HayHET nouck pemenus. [loce 3aBepuienus peuieHus B siueiikax Bl,
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B2 6ynyt 3nauenus G*, Gs" 1 mpu KoTopbIX GyHKIMS F MpUHUMAaeT MUHMMAJIBHOE
3Hayenue. Eciu 510 MuHmMManbHOoe 3Hauenwe pasHO 0, To G, Gs - mckomoe
pelieHne JuHeHHON cucTeMsl. J{is paccMaTpHBAaeMOil CHCTEMBI pEIIEHHEM

SBJIAIOTCS cleayromue 3HaueHus: G = 0,850727 , G, = 0,689465 .

PemmTe MMHENHYIO CHCTEMY YPAaBHEHHUM IO BAPUAHTAM

Ne i ai1 ai a3 bi
1 021 | -045 | 020 | 191
1 2 0,30 0,25 0,43 0,32
3 0,60 -0,35 -0,25 1,83
1 -3 0,5 0,5 -56,5
2 2 0,5 -6,0 0,5 -100
3 0,5 0,5 -3 -210
1 0,45 -0,94 -0,15 -0,15
3 2 -0,01 0,34 0,06 0,31
3 -0,35 0,05 0,63 0,37
1 0,63 0,05 0,15 0,34
4 2 0,15 0,10 0,71 0,42
3 0,03 0,34 0,10 0,32
1 -0,20 1,60 -0,10 0,30
5 2 -0,30 0,10 -1,50 0,40
3 1,20 -0,20 0,30 -0,60
1 0,30 1,20 -0,20 -0,60
6 2 -0,10 | -0,20 1,60 0,30
3 0,05 0,34 0,10 0,32
1 0,20 0,44 0,81 0,74
7 2 0,58 -0,29 0,05 0,02
3 0,05 0,34 0,10 0,32
1 6,36 11,75 10 -41,40
8 2 7,42 19,03 11,75 | -49,49
3 5,77 7,48 6,36 -27,67
1 -9,11 1,02 -0,73 -1,25
9 2 7,61 6,25 -2,32 2,33
3 -4,64 1,13 -8,88 -3,75
1 9,11 -1,06 -0,67 -1,56
10 2 7,61 6,35 -2,42 2,33
3 -4,64 1,23 -8,88 -3,57
1 1,02 -0,73 9,11 -1,25
11 2 6,25 -2,32 7,62 2,33
3 1,13 -8,88 4,64 -3,75
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No i di1 adi2 a3 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
| 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
| 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
| 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
1 343 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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IpakTHyeckoe 3ansaTue 11 «Co3nanne noab3oBaTeabcKux pynkuuii B Visual
Basic for Applications»
DneMeHTHI A3bika VBA

PaccMoTpum cHauana nepeMeHHble, ucnolib3yembie B VBA. OnucanHbie B
npouenypax VBA neiicTBUsI BBIMOJHSIOTCA HaJ NEPEMEHHBIMU UM OOBEKTaAMU.
[lepemennsie VBA aHamoruyHbl MEPEMEHHBIM JPYTHX S3BIKOB IpOrpaMm-
mupoBaHusi. O6vekmoul, C KOTOPIMU paboTaroT mnpoueAaypsl u QpyHkiuu VBA,
NPEACTABIAIOT COOOM CpPEeNCTBO MPOTPAaMMHOTO YIpPAaBJICHUS MPUIOKCHUSIMU
Office u co3gaHHBIMU C UX MOMOIIBIO JOKyMeHTamMu. Kak u B Apyrux 0ObEKTHO -
OpPUEHTUPOBAHHBIX S3bIKaX MPOrpaMMHUpPOBaHUsA, Yy 00bekTOB VBA wumerorcs
c60licméa, KOTOpPbIE MOTYT NPUHHMMATh PAa3JIMYHbIE 3HAYEHHS. DT 3HAUYCHUS
MOYXHO HCHOJIb30BaTh B HMHCTPYKIHMSAX VBA B KadecTBe NEPEMEHHBIX.
Hcnonp30BaHuIO IEpEMEHHON 00BIYHO MPEIIECTBYET €€ 00BSIBICHHE — HHCTPYK-
1y Dim, B KOTOpOM yKa3bIBaeTCs Kak UMs IEPEMEHHOMN, TaK U TUM JaHHBIX, JJIS
XpaHEHHS KOTOPBIX OHA MpeIHa3HaueHa. FIMeHa mepeMEHHBIX MOTYT UMETh JUIMHY
710 255 cUMBOJIOB (B TOM YHCJI€ — CAMBOJIOB KUPUJLIHUIIBI ), P ITOM OHU HE MOTYT
TAK)KE€ COBMNAJaTh C KIIOYEBBIMU ciloBaMH VBA W uMMeHaMu CTaHIapTHBIX
0OBEKTOB.

Huwxe B nuctuHre 1 mnpuBeneHbl OpPUMEpPHl OMUCAHUS TEPEMEHHBIX
Pa3IMYHOIO TUIA C TOMOIIBIO UHCTPYKIIUU Dim.

JIuctunr 1. Onucanue nepeMeHHbIX

Dim a, b as Integer

Dim nata poxaenus as Date

Dim ®amunus as String, Wwms As String*25

B npouenypax u pynkiusx VBA MOryT UCIOIb30BaThCs CASTYIOMINE TUITBI
JIAHHBIX

Boolean — norumueckue mnepeMeHHBbIE, MPUHUMAIONIME OJIHO W3 JIBYX
sHaueHuii: UCTUHA umu JIOXD;

Byte — nenoe yucno B quanazone ot 0 1o 255;
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Currency — nepeMeHHbIE 1JI IEHEKHBIX BBIUMCICHUN ¢ PUKCUPOBAHHBIM
KOJIMYECTBOM pa3psa0B IMOCIE JECATHYHOM 3aIdaTOi; MO3BOJSAIOT H30€kKaTh
HaKOIUJICHUS MMOTPEIHOCTEN OKPYIJIEHUS;

Date — nepemMeHHbI€ 151 XpaHEHUs 1aThl U BPEMEHU;

Double — mepemeHHBbIC M XpaHEHUs] 3HAYEHUM C TIIABAIOMIECH TOYKOMN
YABOEHHON TOYHOCTH;

Integer — nenble yncna B quamna3one ot -32768 no 32767;

Long — nensie yncna B nuana3zone ot -2147483648 no 2147483647,

Object — mepeMeHHbIE AJIsI XPAaHEHUS CCHUIOK HAa OOBEKTHI;

Single — nmepemeHHbIe N1 XpaHEHUs 3HAYEHHI OJAMHAPHON TOYHOCTH C
MJ1aBarolie TOYKOoM;

String — mepemMeHHbIe 11 XpaHeHusl CTpok JiruHou ot 0 10 64K cuMBOI0B;

Variant — nepeMeHHbIe, TUIl KOTOPBIX OMPENEISAETCS TUIIOM IOCIIEIHEro
3HA4YE€HUs, IPUCBOCHHOTO UM.

VBA Takke npeaocCTaBIsIeET MOJIb30BATEN0 BO3MOKHOCTh XPAHUTH TaHHBIE
B MaccuBax (rpymnmax IEepEeMEHHbIX C OOIIMM HMMEHEM, pa3InyaeMbIX IO
COUETaHUI0 MHIEKCOB). KpoMme mepemMeHHbIX, TUIbl JAHHBIX OMMCBHIBAIOTCS JJIA
(dbopManbHBIX TapaMeTpoB Npoueayp U GyHKIUN U 18 camMux (YyHKIUN (TUI
BO3BpalaeMoro (GyHkuueil 3HaueHus). B nuctuHre 2 mpuBeIEHBI MPUMEPHI
onucaHus (opMaJbHBIX MAPAMETPOB U BO3BPAIIAEMOT0 3HAYCHHUS JJIsl IPOLIETYPbI
U (PYHKIIUY, BBIYUCISIONUX JUIMHY CTPOKU, KOTOpAas MOJy4aeTcs Ipu COeTUHEHUH
dbamMmy 1 UMEHH (C pa3AeISIIONUM UX TPOOETIOM).

JIuctunr 2. OnucaHus NEpEMEHHBIX
Sub FIOL (damunus As String, umst As String, jimmHa_cTpoku As Integer)

Jmuua ctpoku = Len(pamunus) + Len (ums) + 1

End Sub

Function FIOLen (pamunusa As String, ums As String) As Integer
FIOLen = Len(pamunust) + Len (ums) + 1

End Function
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VYhpasnsonme KOHCTPYKUHMH. YNOPaBIAKOIIUMU KOHCTPYKUHSIMH SI3bIKA
NpPOrPaMMHUPOBAHUS  HA3bIBAIOTCA HWHCTPYKUMM W TPYNNbl HHCTPYKIIUH,
NPUMEHEHUE KOTOPBhIX TMO3BOJSET H3MEHATh IO Mepe HEOoOXOIUMOCTH
IIOCJIEIOBATEIBHOCTD BBINIOJHEHUS OCTAJIBHBIX MHCTPYKIUW IporpamMmel. B
COBPEMEHHBIX SI3BIKAX MPOTPAMMHUPOBAHUS  YHPABILIIOIIME KOHCTPYKLUH
MOJPa3AEIAIOTCS HA 8emeeHUsl U YuK/1vl. BETBIIECHMEM Ha3bIBAETCS yIIPABIISIIONIAS
KOHCTPYKIIMS, ITO3BOJISIONIAs IIPOIYCKATh IIPU BBIIIOJHEHUHU T€ U UHBIE TPYTIIIBI
WHCTPYKLIHMI B 3aBUCUMOCTH OT 3HAau€HUsA YycioBHSA. [{UKIOM Ha3bIBaeTcs
yOpaBisiomas  KOHCTPYKLMS,  MO3BOJSIONIA  MHOTOKPAaTHO  HOBTOPSATH
BBIMTOJTHEHUE TPYNIBl HHCTPYKIUM 10 HACTYIIEHHUS] KAKOTO-JIHMO0 COOBITHSI.

BerBnenus. BerBnenus pabGortatoT 1o oOumeMy NpUHIUIY: BHaJaie
IIPOBEPSIETCS 3aJaHHOE YCIOBHME, 3aTe€M, B 3aBUCUMOCTH OT pPeE3yJbTaTOB
IIPOBEPKH, BBIIIOIHACTCS Ta WIM WHAas TIPYyIIAa WHCTPYKIUH, BXOIAIIAs B
KOHCTPYKIMIO BeTBICHUSA. KOHCTpyKIMM BETBJIEHHs BKIIOUAIOT B ce0s TpH
BapHUaHTa MHCTPYKIMU yciaoBHOro mepexonaa If m mHcrpykuuio BbiOOpa Select
Case.

KOHKpeTHBI BapuUaHT YNPaBISIIOWIEH KOHCTPYKUMUH € UHCTpykuuen If
BBIOMpAETCs B 3aBUCUMOCTH OT MPOTPAaMMHOTO KOHTEKCTa. Eciu B 3aBUCUMOCTH
OT pe3yJbpTara IPOBEPKU CPABHUTEIILHO IIPOCTOTO YCIOBUS CIEAYET BBIITOJIHUTH
WJIU TPOMYCTUTh MPOCTYI0 MHCTPYKIHUIO, YAOOHEE OKAa3bIBAETCS OJHOCTPOUHBIN
COKpALIEHHBIN BApUAHT, CHHTAKCHUC U IPUMEP KOTOPOTO NPUBEJEH B JINCTUHTE 3.

JIuctunr 3. OQHOCTPOUHBIN COKPAIIEHHBIN BapUaHT UHCTPYKIUU I

If <ycnoBue> Then <uHCTpyKUUI>

If mom = "x" Then menc Bo3pact = 55

3HaKy paBEHCTBA B 3aIIMCH YCIIOBUS U B MHCTPYKLHH, BXOJSIIUX B COCTaB
OJTHOCTPOYHOM KOHCTPYKIIMU BETBJICHMS, 0003HAYAIOT pa3jinyHble onepanuu. B
YCJIOBUU 3TO — OTEepaIlusi CpaBHEHMs, BeipadaTeiBaromias 3nauenue MCTUHA nipu

PaBCHCTBC 3HA4YCHUM BBIpa)KCHHﬁ, CTOAIIMUX CITpaBa U CJICBA OT 3HAKa paBCHCTBA.
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B uHCTpyKIMHM 3TO — omepanus NPUCBAaMBaHUS 3HAYCHUS BBIPAXKECHUS, PACIO-
JIOKEHHOTO CIIpaBa OT 3HAaKa pPaBEHCTBA, MEPEMEHHON (WM CBOWCTBY), UMM
KOTOPOM (KOTOPOI0) pacroiokKEHO CIeBa OT ITOTO 3HaKA.

YcaoBus, mpuUMeHSOMUECs B 000 (GopMe KOHCTPYKIMH BETBICHHS,
NPEACTABIAIOT COOOM BBIPAKEHMS, BBIYMCICHUE KOTOPBIX JAET JIOTMYECKOE
3HaueHue. B cokparieHHOM OJJHOCTPOYHOM BapuaHTe MHCTpYKUuH If BXosias B
€€ COCTaB MHCTPYKLMS BBINOJHAETCA TOJBKO TOTAA, KOTAA 3TO JIOTHYECKOE
BbIpaxkeHue npu Belunciaenuu aaet 3HaueHue MCTUHA. Eciu nipu cobmntoneHun
yCcioBUsl TpeOyeTcsl BBHINOJIHUTH HE OJHY, a HECKOJbKO WHCTPYKIHH, yaoOHee
OKa3bIBAETCS COKPAIICHHBIM MHOTOCTPOYHBIM BApUAHT UHCTPYKIMU If, cuHTakcuc
Y IIPUMEP KOTOPOTO MPUBEIEH B JIUCTHUHTE 4.

JIuctuHr 4. MHOTOCTPOYHBIN COKpAILEHHbI BapyuaHT UHCTPYKIUU If

If <ycnoue> Then

<UHCTpyKIua 1>

< MHCTpyKIUsA 2>

<UHCTpYyKLIUs N>

End If

If mon = "x" Then

IIEHC BO3pacT = 55

no3apasiaeHue 8§ mapta = True

End If

B Takom BapuaHTe KOHCTPYKIIMU BETBJICHHUS NpPHU COOJIIOJECHUM YCIOBUS
BBITIOJTHSIOTCSL BCE MHCTPYKIMHU, 3alIMCAaHHbIE MEXY KIIOUEBbIMH cioBaMu Then
u End If. Tlonnsiii BapuanT unctpykuuu If ynoben B Tom ciydae, Korjia npu
COOJIFOICHUH YCIOBUSI HEOOXOIMMO BBINOJIHUTD OJHY IPYNIY UHCTPYKLHI, a Ipu
HecoOmoieHnH — apyryto. CUHTaKCUC U MPUMEpP 3TOr0 BapuaHTa IMPHUBECHBI B
JIMCTUHTE 5.

JIuctunr 5. [lonublil BapuanT UHCTpyKIuuU If

If <ycnoBue> Then

<uHCTpyKuus 1>
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<Uuctpykuns N >
Else

<WHCcTpykuus 1>

<HHcTpyknus N>

End If

If mom = "x" Then

IEHC BO3pacT = 55

no3apasieHue 8§ mapta = True v

Else

IeHc_Bo3pact = 60

nosnpaBienre 8 mapra .= False

End If

Ecnu konn4ecTBO albTEPHATHUBHBIX BAPUAHTOB MCIIOJHSIEMONW TPYMIIbI
WHCTPYKIMN OoJibllie ABYX, MHCTpYKUuHU If mpuxoauTcs BKIaabIBaTh JAPYTr B
JpyTa, 4TO OCJIOKHSET UYTEHHWE KOJa MpOorpaMMbl U €€ OTiIaaky. Bo mMHormx
Clydasix, KOTJla HOMEpP BBIMOJHIEMON TPYNMIbl MOXHO BBIYUCIUTH 3apaHee,
yao0Hee HCTI0Ib30BaTh MHCTPYKITUIO BEIOOpa BapuaHTa Select Case, CHHTaKCHC U
MpUMEP KOTOPOTO MPUBEICH B JIUCTUHTE 6.

JIuctuHr 6. MHOTOCTPOYHBIN COKpAIEHHbIH BapuaHT UHCTPYKIHUH [f

Select Case <BbIpakeHHE™>

Case <cnucok 3HaueHui 1>

<rpyImna uHCTpyKuuii 1>

Case <Cnucok 3HaYe€HUU 2>

<rpynna MHCTPYKLUH 2>

Case <cnucok 3HaueHut N>

Case Else

<rpynna MHCTpyKuui N+1>

End Select
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Select Case nHaOpano 0aioB

Case 0,1, 2

OueHka = "HEy10BIETBOPUTEIHHO"
Case3To 5

Ouenka = "yJ0BI€TBOPUTEIHHO"
<rpynmna UHCTPYKIUi 2>

Case Is > 8

Onenka = "oTinyHo"

Case Else

Ouenka = "xopomo"

End Select

Huxnet. [Ipu co3zmanuu nponeayp 1 GyHKIUM 4acTO BOSHUKAIOT CUTYaIIHH,
KOTJla OJIHM U Te€ XK€ JIEUCTBUA TpeOyeTcss MOBTOPUTH HECKOJIbKO pa3. [
ONUCAHMSI TMOBTOPHOTO HWCIIOJHEHHUS WHCTPYKUHMM WA TPYNIbl HWHCTPYKUIHI
MOJIB3YIOTCS CHIEUHATbHBIMH YIPABISIOIMIMMHA KOHCTPYKIUAMU VBA — nukiamu.
[ukibsl moapa3AensrOTCs HAa JBAa THUIA: C YHOPABISIONIMM YCJIOBHEM H C
YIPABIAIOMINM MEPEUNCICHUEM.

B umumkiiax ¢ ynpaBiSIIOIIMM  yCIOBUEM HMHCTPYKUUS WM TpyIna
WHCTPYKIMHI MOBTOPSAETCS 10 T€X MOp, MOKA HE OYy/JIeT BHIMIOJHEHO YNPaBIIAIOIIEe
yciaoBue. [1o Ha3BaHMIO HHCTPYKIIMH, COCTABIISIOIIEN OCHOBY 3TOU YIIPaBIISIIOIIEN
KOHCTPYKLIMM, TAKWE LUKJIIBI HA3BIBAKOTCS yuxkaiamu Do. B 3aBUCMMOCTH OT TUIIA
YIPaBJISIONIETO YCIOBUS U BPEMEHH €0 MPOBEPKU (OTHOCUTEIIBHO BBITTOJIHECHUS
MOBTOPSIIOIIMXCS HMHCTPYKIMI) pa3luyalT uYeTbipe Buaa I1ukioB Do. B
JIUCTUHTE 7 MPUBEICHBI MPUMEPHI UCIIOJIB30BAHUS BCEX YETHIPEX BUOB IUKIa Do
JUUISL peIIeHUs] OJJHOW M TOM e 3a/1auM: CKOJIbKO pa3 MOAPsIA U3 YKcia 25 MOXKHO
W3BJICYb KBAJpaTHBI KOPEHb, YTOOBI B PE3yJbTAaTe MOJYYUIIOCH YHUCIO, HE
NpeBbIIAIOIIEe eANHUILY O0Jiee, YEM Ha OJIHY COTYIO.

JIuctunr 7. Tunsl nukios Do

Sub Main()
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Dim gucno As Single

Dim noBTopenus As Integer
noBTopenus = ()

qucio = 25

' [Mukn Do nepBoro tuna

Do While yucno - 1 >=0.01
qucio = Sqr(uucio)
MOBTOPEHUS = MOBTOpeHuUs + 1
Loop

MsgBox (moBTopeHus)
noBTopeHus = (

qucio = 25

' Huxa Do BToporo tuna Do
gucio = Sqr(auco)
ITIOBTOPEHUS = MOBTOPEHUS + 1
Loop

While gucno- 1 >=0.01
MsgBox (moBTopeHus)
noBTopeHus = 0

qucio = 25

" Huxn Do tpeTthero tuna

Do Until uncno - 1 <0.01
qucio = Sqr(yucio)
MOBTOPEHUS = MOBTOpeHUA + 1
Loop

MsgBox (rmoBTopeHus)
noBTopenus = 0 yucino = 25
'Huxn Do werBeproro tuna Do
yucyo = Sqr(4uciio)

NOBTOPEHUS = NOBTOpeHUs + |
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Loop Until yucno- 1 <0.01

MsgBox (moBTopeHus)

End Sub

B yukne Do nepsoco muna ycinoBue IpoBEPSETCS 00 HA4A1a BBITOTHEHUS
NOBTOPSIOIIMXCS UHCTPYKUUM. Eciin yci1oBUEe 0Ka3bIBae€TCsl BBIOJIHEHHBIM (pH
BBIYUCJICHUM JIOTMYECKOTO BbIpaxkeHusi mnoiydaercs 3HaueHue HWCTUHA),
WHCTPYKIIMH, 3aKIIOYEHHbIE MEX1y HMHCTpyKIusMu Do u Loop (teno mukia),
BBITIOJIHSIFOTCSL  OJHOKPATHO, 3aTE€M YIPABJICHHE CHOBAa IMEpelacTcs Ha
MHCTpYKunio Do, u mpouecc mnosrtopsiercs. Eciu ympaBisiiolnee ycilOBHE HE
BBITIOJIHSAETCS, TO TMOBTOPSIONIIASCA TpyNmna HWHCTPYKUUM MPOIMYCKAaeTcs U
BBIITOJIHAETCS] MHCTPYKIMS, CJIEAYIOIIAsl HEMIOCPEACTBEHHO 3a MHCTpYyKuuen Loop.

B yuxne Do émopozo muna ycnoBue IpOBEPSIETCS nOCI€e BBIIIOJHEHUS TENA
nukia. [Iuki moBTopseTcs, NoKa yInpaBJISIIOLIEe YCIOBUE BBIMOJIHIECTCS.

B yuxne Do mpemvezo muna ycnoBue npoBepsieTcs 00 Haua1a BHIIOTHEHUS
NOBTOPSIOIIMXCS MHCTPYKLUHM, HO TEJO LHUKJIA BBINOJHIETCS TOJIBKO B TOM
cillyyae, KOIJla YIpaBisIoLIee YCIOBUE He @blnonHeHo (IpU BBIYUCICHUH
JIOTUYECKOT0 BhIpakeHUs nonyvaercs 3nauenue JIOXD).

B yuxne Do yemeepmoco muna ycilioBUE IPOBEPSIETCSA NOC/IE BBIITOJIHECHUS
Tena nukia. LIuki moBTOpsIeTCs, ITOKa YIPABJISIOIIEE YCIOBUE HE BBIITOIHSAETCS.

[{ukimamMu ¢ ynpasJIIOMIUM IIEPEYUCICHUEM MOJIB3YIOTCA B CIydasx, KOraa
3apaHee M3BECTHO KOJIMYECTBO ITOBTOPEHHMM Tela IMKJIAa M IPOBEPATH
yHOpaBISIIOIIEe yClIOBUE HET HeoO0xoauMmocTu. Llukibl ¢ ynpaBisiomuUM
MIEPEUNCIEHUEM TNOAPA3ACIAIOTCS HAa LHUKIBl CO CYETYMKOM M IUKIBI 10
COBOKYIIHOCTH.

B yuxnax co cuemuuxom wcnoNIb3yeTcs CHELMalIbHAs IMEPEMEHHAs —
cuemyux, 3HAYEHUE KOTOPOW TMPH KAXKIOM TMOBTOPEHUM TeJla IUKJIA
YBEJIMYMBACTCS WJIM YMEHbIIACTCS Ha 3aJaHHYIO BENMUYUHY (wae yukia). L{ukin
3aBEpIIAETCs MOCJTE TOTO, KaK 3HAYEHHUE CUETYMKA JOCTUTHET (MJIU MPEBBICHUT)
KOHEYHOE 3HAYEHHME CYETYMKa IuKia. Eciau B mpolecce BBINOJHEHHS LUKIA

3HAYEHMS CYETUYMKa YObIBAIOT (OTPUIIATENIbHBIN IIar 1UKJIA), IIUKJ 3aBepIIaeTcs,
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KOTJla 3HAaYCHHE CYETYMKA CTAHET PAaBHBIM UJIM MEHBIIIUM KOHEUHOTO 3HaUYeHus. B
JUCTUHTE 8 MPUBEJCH CHUHTAKCUC LHUKJIA CO CUETYUKOM W MPUMEP MPOUEAYPHI,
BBIUHCIISIIONICH CYMMBI 3HaUCHUM, COJIEPIKAIINXCS B HEUETHBIX sTYEHKaX MEPBOTroO
CTO0JIOIIa TIePBOTO JUCTa TeKylel padouert kauru Excel (B mpexemax nepseix 10
s9eeK).

Jluctunr 8. I{UKJI CO CYETUUKOM
For cuetunk = HauanpbHOE 3HAueHHE To KOHEYHOE 3HA4YeHHE Step mar IuKiIa

<TE€JI0 UHUKIJIa>

Next cueTunk

Sub [Mukn For()

Dim I As Integer

Dim S As Long

S=0

ForI=1 To 10 Step 2

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

B yuxnax no cosoxynnocmu te10 UKIIA TOOYEPETHO MOBTOPSAETCS J1JIsI BCEX
OJTHOPOJIHBIX 0OBEKTOB, COCTABJISIFOIINX MAaCCUB WJIM CEMEUCTBO. B 3TOM ciydae
B POJIM CYETYUKA BBICTYMAET 00BbEKTHAsI epeMeHHas. B nmuctunre 9 npuBeneHs
CUHTAKCHUC LIMKJIA U IPUMEDP, B KOTOPOM OH UCTOJIb3YyeTCs JJIsl BRIBOJA HA TIeUaTh
MMEH BCeX pabouux JUCTOB B TeKyIlel padoueit kuure Excel.

JIuctunr 9. LUK MO0 COBOKYITHOCTH

For Each sanemenT In coBoKynHOCTb

<T€JIO LIHUKJIa>

Next ayieMeHT

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

O6BwexT Debug coBmecTHO ¢ MeToA0M Print Mo3BOJISIET BRIMOIHATH MT€YAThH
B pexxume oTnaiku. [Ipu nMcrnonb30BaHUM 3TOrO METOJA B MPOLEAYPE 3HAYEHUS
apryMEHTOB METOJa BBIBOASTCA B CIEIMAJIbHOE OKHO pemakropa VBA —
Immediate. [Ipu BbITOTHEHNN MPOTPAMMHOTO KOJia BHE Cpelibl peaakTopa VBA,
Korja okHo Immediate 3akpbITO, MHCTpYKIUs, coaepxkamas o0bekT Debug, He

OKa3bIBACT HUKAKOI'O BJIMAHUA HA BBITOJIHCHUC ITPOLCAYPHI.

OcHoBBI paboTHI ¢ pegakTopoM VBA
Pab6ota ¢ nporpammubiM Koj0M VBA BegeTcsi ¢ TOMOIIBIO CIEIMAIBHOTO
penakrTopa. UToOwl HauaTh paboTy ¢ HUM, BeIOepuTe komanay Cepsuc P Maxkpoc
» Penaktop Visual Basic (Tools » Macro » VBA Editor) — oTkpoeTcst OKHO

peaaKTopa, NIpCACTAaBJICHHOC Ha PUCYHKC 2.1.

/& Microsoft Visual Basic - K_IP2_Pabota [This _|=| x|
‘B File Edit View Insert Format Debug Run Tools Add-Ins Window Help - 8 X

e IR A R » u oA WSS F RO &
Project - Project ](General] EI I(Declarations] ZI
== | g =
& Normal -
& Project (Komp_tehn_MU_k_LR)
=-&8 Project (JlokymeHT2)
(=153 Microsoft Word Objects
.0 ThisDocument
-1 References B
< | »
Properties - ThisDocument
IThisDDcument Document ;I
Alphabetic |Cauegorized|
(Name) ThisDocument -
AutoFormatOverride False
AutoHyphenation False )
ConsecutiveHyphensLimit 0 =
DefaultTabStop 36 zlg < I | »
DefaultTargetFrame i
DisableFeatres False
DoNotEmbedSystemFonts False -
EmbedLinguisticData False
EmbedSmartTags True
EmbedTrueTypeFonts False -
v
EncryptionProvider ;I _l-—‘
R . . <| | »

Pucynoxk 2.1. Pegakropa Visual Basic mist mpunoxeHuit
CozepkaHue ITOrO OKHA 3aBHCHT OT BBIOOpA, CIAEIAHHOTO C IOMOIIBIO
MeHio Buy (View), olHaKo TiIaBHBIM 00pa3oM paboTta Bea&Tcs C MOKa3aHHBIMU Ha

PHUCYHKC MAHCIIAMHU 1 OKHaAMH.
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[lanenp mnpoekTa — pacnoyiaraercsi B JIEBOM BEpXHEM YIriy OKHa
NPUJIOKEHUS HM)KE NMAaHEIM MHCTPYMEHTOB; INMPEIHA3HAY€HA JJIsI OTOOpaKeHHs
00BEKTOB, COCTaBISIOMUX MpoeKT VBA (cTwiib O0TOOpa)XeHUs COOTBETCTBYET
0TOOpa)Ke€HUIo pecypcoB B okHe [IpoBoiHMKA).

[TaHenb CBOMCTB — pacrojaraeTcs HUXKE MaHENIH NPOeKTa (E€CIM MaHEeb
OTCYTCTBYET Ha JKpaHe, €e MOXKHO BKIIOUMTH KiaBuied F4); 3mech MOXKHO
IpOCMaTpUBaTh U MO HEOOXOJWMOCTH U3MEHSTh 3HAUCHUSI CBOMCTB OOBEKTOB,
BHIOpaHHBIX B TAHENW MPOEKTa (HAImpuMep, UMs MOJIYJs Kiacca) WU OKHE
penakTopa (Hampumep, UM dJIEMEHTa yrpaBJeHus B MOAyJie PopMbl).

OkHO penakTopa KoJa — MpeACTaBisieT coOOM crenraaIu3upoBaHHBIN
TEKCTOBBIA Ipolieccop Mg paboThl C TekcTaMu Ha A3bike VBA; 31eck
pacrosaratoTcs BJI0KEHHbIE OKHA JOKYMEHTOB, COJIEPKAIINE TEKCTHI MOIYJICH.

B cocrtaB nepeBa 0OBEKTOB MPOEKTa, KOTOPOE OTOOpakaeTcsl Ha MaHEeNIU
IIPOEKTA, BXOIAT MOJYJIH CIEAYIOIIUX KATETOPUM.

Mopynu popm — B MOAYJISIX 3TOTO TUMA cojaepxkarcs Gopmbl VBA.

Eciu B mpoexkte VBA HCHONB3YIOTCS MOAYIH W3 JPYTUX OOBEKTHBIX
OMOJIHMOTEK, TO B COCTAB JIEpPEBa IIPOCKTOB OYIYT TAK)KE BKIIOYEHBI CChUIKU Ha 3TU
oubnmoreku. Eciu BBIMOJHUTH JBOWHOM NHIETYOK HA MMEHU MOJYJS B JepeBe
IIPOEKTA, B OKHE pENaKToOpa KoJa IOSBUTCS PACKPBITOE OKHO JOKYMEHTa C
TEKCTOM BBIOPAaHHOI'O MOJyJsl. PaccMOTpUM COCTaB 3TOr0 OKHa.

B BepxHel 4yacTh OKHa JOKYMEHTa PacCIlOJIOKEHBI ABAa PACKPBIBAIOIINXCS
CIUCKA: CIIUCOK pa3/iesioB (ciieBa) U CIUCOK Hpouenyp (crnpasa). B crannaptHom
MOJIyJI€ €CTh TOJIbKO oAuH pazfaen — OoOmas obnacts (General). Ilpouenyp B
KOKJIOM CTaHAAPTHOM MOJAYJIE MOJKET COJEpPXkKATbCS HECKOJIBKO, M HYXHYIO
NpoLeAypyY MOXHO BbIOpaTh C MOMOUIBIO pacKpbIBalolierocs cnucka. Kpome
UMEH TIpoIeAyp B cnucke mmeercs anbTepHatuBa Omucanus (Declarations).
[Tocnie ee BbIOOpa B OKHE OTOOpa)kaeTcs 4acTh MOAYJS, B KOTOPOU coaeprKarcs
OMMUCaHUs OOIIMX MEPEMEHHBIX MOAYJIS, HE MPUHAMJICKAIIUX HU K OJHON U3 €ro
npoueayp, KOHCTAHT M NPOLEAYp, COAEPXKAIIUXCA B APYTUX MOIYJSIX WIH

MMPOCKTax, HO UCIIOJIB3YIOIMMXCSA B IIPOLEAYypax 3TOIr0 MOAYIJIA.
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B neBoM HM>KHEM YTy OKHa paciojiaratoTcsa ABC KHOIIKH, IICPEKII0YA0IC

pPEXKUMBI OTOOpaXKEHHS: PEXKUM NPOLEAYpHl M PEXHUM MOAylsi. B pexume

poIeAypbl B OKHE OTOOpa)KaeTcsi TEKCT TOJIBKO OJHOM MPOIEAYphl, B PEKUME

MOJIyJISl — BCEX Pa3/iesiOB, BXOISIINX B HETO, U BCEX MPOLIEAYP.

Co3naHue mojab30BaTeIbCKUX (DYHKIIMH

B kadecTBe WITIOCTpAIIMU PACCMOTPUM MOAMPOrpamMMy (GyHKITHIO

JJIs pacueTa 3a00MHOTO JaBJICHHUS Ta30BOM CKBaXKHMHBI, padortaromieid mo HKT.

3aboifHOE 1aBIeHUE PACCUUTHIBAETCS MO (HOpMYyIIE:

2 . 2s ZSPTCIZ) 2s 2
p,=./p,e” +1.377 4 ¥ (e” -1)Q

5
6H

S =0.03415 pL
2o, Tepd ),
rjae
P — OTHOCHUTEJIbHAS IUIOTHOCTH Ia3a Mo BO3AYXY,
L — riyOuHa, M
Dy — YCTBEBOE JIaBJICHUE, aTa,
Ds — 3a00MHOE JTaBJICHUE, aTa,
A — K03 PUIUEHT TUAPABINYECKOT0 COMPOTUBIICHUS, 111 HOBBIX TPYO
npuHuMaetcs paBHbM (.02
Q - pacxon, TeIC.M>/CyTKH,
Ds,.  — BHYTpEHHUI 1HaMETp, CM

CootBercTByomIas PyHKIUS MOKET OBITH 3allCaHa B BUJIC:

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 st * 2 * T sr * 2 * (Exp(s) * Exp(s) -1) * _
Q"2/(d_vn"5)
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P_zab trubki = Sqr(pl + p2)
End Function
3aoanue: Hamucath moamporpammy — GYHIIUIO, PEATU3YIONIYI0 OJHY U3 (HOpMYI,

UCIIOJIb3YEMBIX B HE()TETa30BOM JEJIE.
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IIpakTuyeckoe 3ansitue 12 «cno/jib30BaHne HHTEPNOJSIIUOHHBIX METOA0B B
pelleHuM 3a1a4 HePTErazoBoro aejiay

PaCCMOTpI/IM METOA HMHTECPHOJANMUU A OINPpCACICHUSA HCHpGpLIBHOﬁ

3aBUCUMOCTH HMCKOMOTO TMapaMmeTpa, HampuMep, BSI3KOCTH Tra3za OT OJHOU
NepeMEHHOM, HampuMmep, TeMIepaTypbl Mpu (HUKCUPOBAHHOM JnaBieHuu. U3
HKCIEPUMEHTOB Hal[IeHbl 3HAUYE€HUS BSI3KOCTH ( y,, v, ... y, ) IpU TeMIieparypax (
X,» X, ... x, ). AHTEpHONSUMOHHAS PYHKIMS HAXOJIUTCS B BUJIE Y(X) — MHOTOUJICHA
CTENIEHU «N», MPU YCIOBUH:

V(X)) =Yo, y(x)=p... Y(x)=p,, (1)

Torpa Bua pyHkuuu y(x):

0, opu  1# |
1, nmpu  i=j

y(x)=> YO ,(x,)=
j=0

(x- xo) (K ~ xl)"'(x i xi—l) R~ XM)...(X — xn)

D (x,)=
ok (X,' - Xo)'(xi —Xl)“'(xi - xi—l)'(xi - Xi+1)"'(xi - Xn)
gl=y, (x-—%,)(x-x,) 2355 x-%xy) (x—%,)(x—Xx ) 2
(x; — %, )wl®, —%,) (X —=%,) (% =%, )X, ~% )
y - (X_xo)'(x_xl)'"(x_xn—l) >
TN (X, = %) (X, =X )X, =X )

MHorouneH (2) pemaer 3ajgady WHTEPIOJHUPOBAHUS JJISI OJHOMEPHOM
TaOJIUYHON (DYHKIIMU U Ha3bIBaeTCsd MHorouwieHoM Jlarpanxka. O4eBUAHO, YTO
ycaoBus (1) BBITTOTHSIOTCS.

Jlanee paccMOTpUM METOJT HMHTEPIOJSIIIUKA  JABYMEPHON  TaOIHMYHOM
bynkiuu. HM3BecTHO, 4YTO HKCHEPUMEHTANIbHbIE TaOMULBl KO3PDUIIUEHTA
CBEPXCOKMMAEMOCTH Tra3a COCTaBJIEHBI JJIsi PA3JIMYHBIX Ta30B MO COCTaBy JJis
U3MEHAIONIMXCS TapaMeTpoB — TMPUBEACHHOIO JaBICHUS U NPUBEICHHOM

temnepatypsl Z(Pm, Trn), T.e. B BUujae Ta0JIU4HON QYHKIIUU:
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Zj (X, ¥i)

Z3 (X3, ¥2)
Y3

=
4

Xy X2 X3 X4 X

Pucynox 1.

MeTtoa niiomazueii. Jlornyctum, U3BECTHBI TAOJWYHBIE 3HAYEHNU B 4-X y3/1aX

TaOJIHUIIBL:
Z(X,y), Z(XtAX,y), z(X, y+tAY), Z(XtAX, ytAY).

Onpenenenve 3Ha4YeHUS (YHKIMM B TIPOU3BOJIBHOM TOYKE BHYTPHU
npsIMOYTOJibHUKA Z(X ,, Y, ). 1To4yka (X,, Y,) pa3OuMBaeT npsiMOyroibHUK Ha 4
momany S,, S,, S,, S,, cyMMa KOTOpPBIX paBHa Ax-Ay.
O6o3HauuM z(X, y)=z,, z(XtAX,y)=z,, Z(X, y+tAy)=z,, Z(XTAX, y+Ay)=z.

Torna popmysna UHTEPHIONALNUHA B TOUKY (X, Y, ) UMEET BUII:

Z2,=(2,-S,+2,-S,+2,-S,+12,-S,)/(AX-Ay)

0
31ech:
Sl :(X() _X)'(yo _y); Sz :(X() _X)'(y+Ay_yo);

S, =(X+AX—=X,) - (Y+AY=VY,); S, =(X+AX=X,)- (Y, —Y),

31ech Z( - CPEIHEB3BEIICHHOE MO IUIOMAAH S , TMPOTHBOJICKAIIUX TOYKAM,
3Ha4YeHUs (PYHKUIHUH B KOTOPBIX MOJJIEXKAT B3BELIMBAHUIO.

NuTtepnonsuus TaOIUYHbIX QYHKINNA UCTIONB3YET YCIOBHUE 3a1aHUs TAOJINI
C HEKOTOPBIMM IIaraMyd B OJHOMEPHOM WJIM IBYMEpPHOM CcTeke. [pyrue ycinoBus
BO3HUKAIOT, HAPUMED, MPU PEMICHUU 3aJa4d MOCTPOCHHUS KapT MPOMBICIOBBIX

reoJoro-puU3N4YeCKuX MapamMeTpoB MO JaHHBIM HEPETYJSIPHO Pa3MEIICHHBIX Ha
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IJIOMIAM 3aJIeKH CKBOXMH. B 3TOM cilydyae, Ha IUIOMIAAM 3aJIeKH 3aTaeTcs
HEKOTOpasi ICKapTOBa CHCTEMa KOOPIUHAT.

B Toukax pa3MmemeHUus CKBaXXWH ONpeAeiicHbl 3HAUCHHS TapameTpa
(maBreHUE B IJIACTE, CPEAHSS 0 pa3pesy dPheKTuBHAS MOPUCTOCTH, MOIITHOCTD,

MIPOHUIIAEMOCTD IJIACTa U AP.:Zi(Xi, Vi).

Pucynoxk 2

TpeOyeTrcss HallTU HempepbIBHYIO (yHKUMIO Z(X,y), B Ipeaenax KOHTypa
3aJIe’)KH, 3HAUEHUSI KOTOPOM B TOYKAX-CKBAXKMHAX COBIIAJAIOT C 3aMEPEHHBIMU
Y HE NIPOTHBOPEYAT IPAaHUYHBIM YCIOBHAM Ha KOHType. Tak, I MOCTPOEHUs KapT
n300ap B 3aMKHYTOM Ta30BOM 3aJeXU Ha TpaHMIE [OIYCKAaeTCsl YCIOBHE

HCIICPCTCKAHMA Irada 4€pe3 KOHTYp, T.C.

T7€ N - HOpMaJlb K KOHTYPY.
OnuH U3 crocoOOB TaKOW MHTEPIONAIUN — HaXOXKAeHUEe QYyHKIUU Z(X,Y) B

BHJIE PEIICHUs ypaBHeHHs Jlamiaca mpy yCIIoBUsX:
z(Xi, ¥i)= Zi 4)

0’z 0%z
. )
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Pemienue ypaBuenus (5) npu yciaoBuu (3, 4) BBIIOTHAETCS YHCICHHBIM
meTozoM. [lnomans 3anexxu pazdbuBaeTcsi AEKapTOBOM CETKOW HA MPSMOYTOJIbHBIC
JIOCTaTOYHO Majble Ooku. Pemias cucremy (3-5), onpenensior 3HadueHus z(X,y)
I KaXJA0TOo y37a ceTku. Jlamee ¢ moMomibio cTaHAapTHRIX cpencts 110 ¢
UCIIOJIb30BAaHUEM TOJYYEHHOr0 pacmpeaeneHus GyHKUUH z(X,y) MO IJIOIIAjIH,
CTPOUTHCA KapTa B M3OJHUHHIX. IJIsI MOCTPOCHHS KapT TaKWX TMapaMeTpoB Kak
MOPUCTOCTh, MPOHUIIAEMOCTH U Jp. HA TPAHUIIE TJIACTa, €CJIM HET IPYTUX JTaHHBIX,
NPUHUMAIOT CpeAHee 3HaUYeHNE TT0 TAHHBIMUA CKBAXKUH.

Jlpyroii CMBICI, OTJIMYHBIA OT CYTH WHTEPIOJSAINUH, BKIAIBIBACTCS B

IIOHATHUEC alIIPOKCHUMAIMH. B sTom ClIydac OTBICKHUBACTCA CI)YHKI_II/IH HanJ1ydymero

OpUOJIMKEHU K 3aMEPEHHBIM 3HAYEHUSIM B OTACNIbHBIX Toukax. Hawmydiiee
NpUOIKEHUE onpenesieTcs MHUHHUMAaJIbHBIM CpeIHEKBaIpaTUYECKUM
OTKJIOHEHHEM 3HAa4eHUH (yHKLIHUU B TOUKAX 3aMEPOB OT PE3yJIbTaTOB 3aMEPOB.
[IpumepoM  OZHOMEpPHOM  ammpoKCUMaluu  sBIseTca  00palboTka
pE3yIbTATOB UCCIEAOBAHUI CKBaKUH U MOCTPOEHUE MHANKATOPHBIX KpUBBIX. [Ipn
pa3IMYHBIX pEXUMaxX pabOThl CKBaXUH MPOU3BOIATCS 3aMepbl 3a00iHOTrO

JaBJieHUsT W JeOuTa CKBaXWHBI. Pe3ynbTaThl NPENCTABIAIOTCS TaOuuIen

3HA4YCHUMU.
AP}
—-, Q
Q
2
2
3IeCh ¥i ~ ——, Xi ~ Qi, OTBICKMBaeTcs 3aBUCHMOCTH y(X) = BX+a.

Qi
KoaddunmenTs! (a, B) onmpeAeasioTCsS METOA0M HAUMEHBIIINX KBAJIPATOB U3

YCJIOBHSL:
I'I}:lbl'l Z(Y(X;) - yi)2
B pe3ynbTaTe onpeaensieTcs 3aBUCUMOCTb:
AP =P’ -P/=a-Q+b-Q*,
rne P - naBnenue B miacre.
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AnmnpokcuManusi JBYMEpPHBIX (PYHKUHMI HCIONB3YeTCS I BBISIBICHUS
TEeHJICHITUN W3MEHEHUS KaKUX-JTU0O0 MapaMeTpOB MO IUIOMIAIN 3aJIekKH, T.C. JJIS

IIPOBCACHUA TpCHA-aHaJIM34a. HaHpI/IMep, HN3y4dacTCs PacIIpoCTPaHCHUC

COJlepKaHUsI HEKOTOPOr0 XMMHYECKOTO JIEMEHTa B COCTaBE BOJ Ha OOJBIION
momanan Acrpaxanckoro I'KM. MmMerorcs 3aMepbl B OTAENBHBIX HEMOPSAI0YHO
PacCIION0KEHHBIX CKBAKMHAX. IIoCcTpOeHME KapT ¢ TOYHBIM COBIIaICHUEM JAHHBIX
B CKBAXXMHAX 3[€Chb HEYMECTHO M3-3a JJIEMEHTOB CIYyYalHOCTH B pe3yJbTaTax
3aMEPOB M 3HAYUTENIBHBIX PACCTOSHMIX MEXKIY TOYKAMHM 3aMepoB. BrIsBiICHHE
oOuied TEeHJAEHUUH, T.€. OCTPOCHUE YpaBHEHUS JBYMEPHOU perpeccuu, 37ecCh
1enecoo0pa3Ho, TaK KaK KOCBEHHO CBUJETEIbCTBYET O HaIPaBICHUHU
IepEMELLEHNS BOL.

VYpaBHEHUE TUHEWHOW IBYyMEPHOU perpeccuu (TPEeH1) HAXOAUTCS B BUJE:

z(x, y) = Ax + By +C
U3 YCIOBHSL:

min[(Ax, +By, +C)-Z [

B 3TOM ciiydae MeTO10M HAMMEHBIINX KBAAPaTOB HAXOASIT KO (DHUIIUEHTHI
A, B, C.

Hapsany ¢ MeromamMu MHTEpHONSLUMM, aNNpOKCUMAIMU Tpu 00paboTke
pe3yIabTaTOB HAOMIOJEHUM MpUMeHsAeTcs dKcTpanosanus GyHkiuid. [Ipumepom

ABIAICTCA OIIPCACIICHUC 3aIllaCOB 3aJICKH I'ada MCTOAOM ITAACHUA OABJICHMHA. B

P.

cily4ae BOJOHAMIOPHOTO PEKMMA TOUKU MPOMBICIIOBBIX HAOIIOICHU I ﬁ s Quosi
z(P.
1

OTKJIaABIBAIOTCSA B KOOpJHWHATAaX:

Y. = Z(P) , X = Q.

Ha HavanpHbI TIepUOJ DJKCIUTyaTalluM BIIMSHUE BTOPXKEHHUS BOIbI
MpeHeOPEKUMO MaJlo, TTOATOMY TPSIMYI0, TIPOBEACHHYIO Uepe3 TOYKU 3aMEpPOB

MpoaO0JIZKAKOT, T.C. SKCTPAIOJIIUPYIOT, 1O INCPECCUCHUSA C OCBIO «X). OTcekaeMbIi
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OTPE30K YHWCIECHHO DPaBEH IEpPBOHAYaJIbHBIM 3amacaM ras3a. OKCTpanoJsius
(GyHKIMNA, OMUCHIBAIOIIMX MPOMBICIOBBIE JaHHBIE MOKa3aTelel pa3paboTKu 3a
JOCTAaTOYHO OOJIBILION NEPHUOJ, MPUMEHSETCS IJI HIPOTHO3UPOBAHUS [TOKa3aTeNeH

Ha TOCTIeAYIoNIee BpeMsl.

3aganue. COCTaBUTh MHTEPIIOISAUMOHHBIA MHOTOWIEH Jlarpanixa o

TOYKaM, ONyCKasi YETHbIE 3HAaUCHUS “X’.

x (1|23 |4 5|6 |7 8|9 10|11 ]|12]13 |14 |15
y |12 |34 ,3|4,4|5|4]6]6 |5|7|5]|3]4

ya(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-53)"(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)

PaccuntaTh 3HaU€HUS Y;(X) B YETHBIX 3HAYEHUSX X, IOCTPOUTH IpaduK Mo

3aJIJaHHBIM TOYKaM y(X) W 3HAYEHUSIM Y (X) B YETHBIX TOUKaX.
[To 3aaHHBIM TOYKaM y(X) HalTH ypaBHEHHE perpeccun  y(X) = ax? +
bx + ¢, HaiiTH a, b, ¢ METOTIOM HaMEHBIINX KBaAPATOB, HAHECTU IPAPUK Yp(X)

Ha rpaduK y,(X) ¥ CPAaBHUTH HHTEPIOISIMOHHOE U PETPECCUOHHOE

NpUOIMKEHUE.
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IIpakTudeckoe 3ansaTue 13 «Pacuer Ko3(pPuIMEeHTa KOPPEIALNH,
YPaBHEHHs perpecum»

[Ipu  oskcmmyaTauv — CKBaXMH ~ TEXHOJIOTM  CTAJIKUBAIOTCS €
HEOOXOJAMMOCTBIO ydYeTa MapaMeTpOB, UHCICHHbIE 3HAYCHHUS KOTOPBIX HE
OTIPEEISAIOTCS JOCTATOYHO TOYHO, T. €. COJEPKAT IAEMEHT ciaydaiiHocTu. OIHaKO
TO HE HCKIIYAeT HEOOXOJMMOCTH YCTAaHOBJICHUS CBS3EH MEXIYy TaKUMU
«CITy4YalHBIMUY» BEIMUUHAMH B YACTHOCTH, TPOBOJATCS UCCIEIOBAHUS CKBXKHH C
LEBI0 ONpEAesIeHUsI CBOMCTB MPU3a00MHON 30HBI MIACTa, WU3MEHSIOMINXCS B
MPOIIECCEe IKCIUTyaTallui CKBaXKHH.

Sagaua 1.

Onpenenuts KO3(QQGUUUEHTHl KOPPEIALMH [ JBYX IPOU3BOJIHHO
COCTAaBJICHHBIX BBIOOPOK Tap CIy4YalHBIX BEJIMYMH {X, Yy}, AHaJOTMYHBIX
npuBeJeHHBIM Ha rpadukax (1, 2). HailTu nuHelinble ypaBHEHHUs perpeccuu AJis
Ka)X7101 13 BEIOOPOK.

PacueTHbie pOpPMYIIHI.

MaremMaTuueckue OXHNIaHHA:

!

M, = X‘,Myzu, (n —gucmo nap (X, y))
n n
Hucnepcuu:
A~:Z(6i_‘l 6)2 A ZZ(yi_‘I y)2
0 n ? y n s

CpeI[HeKBaI[paTI/ILIHbIe OTKJIOHCHUA .

Oy :m’aé:\/Té’

Koadpunment kopapuanuu:

o Z[(ai —1 6)'(éi _My)]

n

E

Koadpuument koppensuuu:

K

_ Xy
pxy -

O_X'O_y

YpaBHEHHE TUHEMHON perpeccuun
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y="b, +bx;
rz‘,yi.inz_zxi.Z‘,(yi’xi)—|
n n

b:t " " J;

2t (2]

IZ:xi-yi_Z:xi.Z:yi i
n n no |
P 2
X6 (Zx)]
[ L)
Haiitu Touku mnepeceueHuss JIMHUU PETPECCUU C OCAMU KOOPAMHAT M
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BapuanTs! onpenensroTcss MpOU3BOJIHLHBIM HaHECEHUEM TOUeK Ha rpadukul, 2. B
pacyeTax UCIOJIb3YIOTCS CHATHIC C Tpaduka KOOpAUMHATH HAHECEHHBIX TOYCK.
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IIpakTuyeckoe 3ansaTue 14 «Pemenne 3aa4 Ha onpe/ejieHue ypaBHEHUsI

perpeccum»

PaccmoTpuMm perieHne yka3aHHBIX B TeMe 3ajad Ha IMpUMEpEe aHaIu3a
K02 bunreHToB (QHIBTPAITMOHHBIX COPOTUBIICHUN TIPU THUIAPOJIMHACHIECKHUX
UCCIIEIOBAHUSX CKBAXKHUH.

Kosddummentsl  QuIBTPALIMOHHBIX  COMPOTUBICHUN  XapaKTEPHU3YIOT
¢dbu3nyeckue cBOICTBAa rasa, (UIbBTPAIIMOHHBIE CBOMCTBA MOPHUCTON cpelbl U
reOMETPUYECKHE  TMapaMeTpbl  QuibTpanuu. 3Ha4YeHUs K03 (DUIIMEHTOB
(GUIBTPAIIMOHHBIX COMPOTHBICHUN HCIOJIB3YIOTCS TPH TMPOSKTHPOBAHUHM U
aHanu3e pa3pabOTKM Ta30BbIX U  Ta30KOHACHCATHBIX MECTOPOXKJEHUH.

Koaddunnents! GunbTpalluOHHBIX COMPOTUBIICHUHN 3aBUCST OT:

- coctaBa rasa, ()a3oBbIX MEPEXOJOB B Ipolieccax HCHBITAHUS U
JKCILTyaTallui CKBa)KMH, CBOMCTB I'a3a U ra30KOHJEHCATHOMN cMecH;

- 3aKOHOB (PUIIBTpAIUY;

MEXaHUYECKUX, EMKOCTHBIX U (PUIBTPAIIMOHHBIX CBOMCTB MOPUCTOM
Cpelibl, aHU30TPOIINH TIJIACTa;

- MPOJIOJDKUTENFHOCTH MPOIIecca NCTIBITAaHUS Ha OTJEIbHBIX PEXKUMaX;

- TepMOOapUYECKUX apaMeTPOB MOPUCTON Cpe/Ibl U rasa;

- KOHCTPYKIIMA CKB&XXHMHBI M CTEMEHH COBEPIIEHCTBA BCKPBITUSA
J1acTa;

- KayecTBa BCKPBITUS MPOAYKTUBHOIO pas3pe3a, IPOMBIBOYHOTO
pacTBOpa U MPOBEACHUS PEMOHTHO-TIPODUIAKTHUECKUX pabOT B CKBAKHHE,

- BEJIMYMHBl Ta30HACBHIIIEHHOCTH (Tra30HE(TEHACHIIIEHHOCTH MpHU
HaJM4YuU HEPTAHONU OTOPOUYKH) IIacTa U APYrux (akTOpPOB U MapaMeTPOB.

Bce mapamerpsl, Bxoasmue B popMyIisl i onpeaesieHus KodphuiueHTon
(GUIBTPAIMOHHOTO COMPOTUBIIEHUS (2 K HUM OTHOCATCA: KOA(PHUIIHEHTHI
BA3KOCTH, CBEPXCKMMAEMOCTH, TPOHUIIAEMOCTH, MaKpOIIEPOXOBATOCTH,
MJIOTHOCTh Ta3za, TEMIIeparypa, paauychl KOHTypa TUTAaHHS M CKBaKUHBI,

K03 (PUIIUEHTH HECOBEPILICHCTBA U HEOJHOPOJIHOCTH) 3aBUCIT OT JaBJICHUS,
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IPOJOJIKUTEIBHOCTH MCHBITAHUS, HACBHIIEHHOCTH MOPHUCTOM Cpenbl ra3oM U
BOJIOM, HAJTMYMS COCEIHUX CKBAXXUH U PACCTOSHUS 10 HUX, BEJIMYMHBI JEIPECCUH
Ha IUIACT, YCJIOBUS BBINAJACHUS, HAKOIUIEHUS] U BBIHOCA KOHJEHCATa, TEIJIOBBIX
CBOWCTB IIOPUCTOM CPEIIbI U T.[I.

be3 3nanus BenuunH K03 HUIHEHTOB (QUIBTPALMOHHOTO COMPOTHUBICHUS
HEBO3MOKEH IPOTrHO3 A€OUTOB CKBaXKHMH B IpolLecce pa3paboTKH, CIeJ0BaTENbHO,
U JOOBIBHBIE BO3MOXHOCTH MeCTOpOXkAeHus B uenoM. [loatomy ompenenenue
K03 PUIIMEHTOB  (UIBTPALMOHHOTO CONPOTUBJICHUS SBJISETCA OJHOM U3
OCHOBHBIX 3aJa4 IpU MOATNOTOBKE MECTOpOXKIeHus K paszpaborke. Ilo
pe3yiabTaraM  MCCIEJOBAaHMS CKBAaXXWUH  ONPEAENSIOTCS  BEIWYMHBI  3THUX
KO3((PUIIMEHTOB, U TNpPU MPOEKTUPOBAHUU Pa3padOTKU MECTOPOXKACHHUI OHHU
CUMTAIOTCSI M3BECTHBIMU. ECTECTBEHHO, YTO KaXK/Jas CKBaXMHA HMEET CBOU
K03 purmeHT (UIBTPaLIMOHHBIX CONPOTHUBIICHUH. [TosTomy npu
IPOEKTUPOBAHUMU Pa3pabOTKH MECTOPOXKJIECHUS OIPEIEISIIOTCS OCPEIHEHHbIE
(apudMeTHUECKOE WK MO AEOUTAM U JKEJIATeIbHO IPU OJUHAKOBBIX JEIPECCUIX
Ha IJIACT MO TEM CKBa)KMHAaM, IO KOTOPBIM OCPEAHSIOTCA 3TH KO3(DPUIUEHTHI)
3Ha4YeHUs KO3P(OUIIMEHTOB.

Hns onpenenenus Ko3(pPUUUEHTOB (HUIBTPALIMOHHOTO COMNPOTUBIICHUS
IPOBOAATCA TUAPOJMHAMUYECKHE HCCIEHOBAHMUS CKBaXMH, B PE3yJbTare
KOTOPBIX IMOJY4YarOT HA0Opbl JAHHBIX: AEOUT CKBaXXUHBI, MJIACTOBOE JaBJIEHUE,
3a0oiiHOe paBieHue. Jlamee Mbl mpeanojaraeM, 4TO HCCIEAYyeTCs Tra3oBas

CKBaXXHHa, U (popMysa MPUTOKA K CKBAXKUHE UMEET BUJ:
2 2
Q:k*(F)m. - 3a6.) (1)
HYCTB HpOBeJ:[eHBI N I/ICHBITaHI/Iﬁ CKBEDKI/IHBI, HpI/I 9TOM HOJIyquBI JAHHBIC:
Ql > Prw‘l ’P3a6.1 s QZ b4 Pnfl.Z ’P3a5‘2 > vt Qn > Pm.n ’P3a6.n : Ha OCHOBaHHH

MOJIyYEHHBIX JaHHBIX TPEOYETCS ONMpeACInTh 3HaUeHUE KodpduimeHTa K.
Jlns HaxoxaeHus kodpdunuenta K HCHOIb3yeM pacuéT perpeccuu us3

«ITakera aHanHu3 JaHHBIX)», BXoAda1ero B coctaB MS Excel.
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[Tepexon k pacu€ty npoucxoaut Tak: «I'maBHoe MeHIO» => «CepBUC) =>
«Hancrtpoiikn» => «AHanu3 JaHHbeIX» => «Perpeccus».
JlnanoroBoe okHO «Perpeccus» n300paxeHo Ha pUCyHKe 1.

JUI moJTydeHUsl ypaBHEHUS PErPECCUM BUAA Y =ag + a1X, HEOOXOIUMO B

mucte MS Excel BBecTu aHHBIE 3aMepOB NepeMeHHbIX X, Y.

Jlanee B mone «BxomHoi uHTEpBad Y» HEOOXOAMMO YKa3aTh SUYCHKHU, B
KOTOPBIX HAaXOZATCA 3aMepbl BEIWYUHBI Y, B moje «BxomHou wuHTepBanm X»
HEOOXOJMMO yKa3aTh SYCHKHU, B KOTOPBIX HAXOSATCS 3aMEpPbI BEIMYUHBI X.

Ecnu B BepxHUX sgueiikax JaHHBIX IO X U Y HAXOJATCS TEKCTOBBIE 3aT0JIOBKH
Y OHM BOIIIM BO BXOJHOW MHTEPBAJ, YKA3aHHBIM B COOTBETCTBYIOIIMX IIOJISAX, TO
HAJI0 IIOCTaBUTh «IITHUYKY» B I10JI€ METKHU.

OcranbHble apaMeTpsl MOKHO He MeHsATh. 1lociie HaxaTus kHOnku «OK»,
Ooyner

Perpeccua

Pucynok 1.

CTEHEpPUPOBAH OTYET B BHJIE, NMPEJICTABICHHOM Ha pucyHke 2. M3 naHHbBIX OTuéTra
CJEAYET BBIICIIUTH CJICIYIOLINE:
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1. HopmupoBaHHblii  R-kBajmpar, xapakTepusylolmuil  Hamuuyue  (WId
OTCYTCTBHUE 3aBUCUMOCTH) MEXAYy X U Y,

Y-niepeceueHue = agp

Ilepemennas X1 = a;

Hwxnne 95% - HuxHAs rpanuna Ko3ppuuueHToB ¢ 95% HaaeKHOCTHIO

Bepxnue 95% - BepxHsisa rpanuia KodxhPuuueHToB ¢ 95% HageKHOCTHIO

AR

CranpapTtHas ommOKa - CTaHJapTHas OIKMOKa pacyéTa COOTBETCTBYIOILIETO
ko3¢ duireHTa
7. P-3HaueHne — BEpPOSITHOCTb TOTO, YTO COOTBETCTBYIOLIUN KOI(P(UIIHEHT

obpamaetcs B 0.

[TosicauMm nona «Huxamne 95%»», «Bepxuue 95%». B otuéTe Ha pucyHke 2
3HaueHue ko3pounmnenta a;= 0,1994. Tak kak X, Y — 3aMepbl CO CIydailHBIMU
MOTPEUTHOCTSIMU, TO MIPU HOBBIX cepUsX 3aMepoB X, Y OyIyT MOJy4aThbCsl ApyTrUe
JaHHbIE U JApyrue 3HadeHus koddduiuenta ar. [ons «Huxuue 95%», «Bepxuue
95%» maroT BO3MOXKHOCTE € 95% HameKHOCTBIO yKa3aTh I'PAHUIBI, B KOTOPBIX
oKaxkeTcsl KOd(PIUIIMEHT a; B APYTUX CEpUIX 3aMepoB (I pacCMaTpUBAEMOTO
npumepa 3ty rpanuisl ot 0,1799 no 0,2189).

3aoanue. BBINOTHUTH TNPUBEIACHHBIM B NPAKTUUECKOM 3aJaHUU METO]
CTATUCTUUYECKON 00pabOTKU JaHHBIX 1 pakTrueckux gaHubix I'J[U.
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IIpakTuyeckoe 3ansitue 15 «SIBHbIE M HesIBHbIE METO/IbI pellIeHUs

AU PepeHINATbHBIX YPABHEHUI»

PaccmoTpuM ypaBHEHHE, OMHUCHIBAIONIEE CTATHUYECKYIO COCTABIISIONIYIO
JABIICHHS Ta30KUIKOCTHON cMecH B CKBakuHE: dp/dx =pr * g * ¢ + pxg * (1 — ).
3/1ech MIOTHOCTD Ta3a (pr) M KOHIEHTpaLus raza (¢) 3aBUCAT OT JaBJICHUS
(P), u3Mmensitorca BIoab cTBONA CKBaXUHBI 0 < X < Hg, r€ Hews — TiyOuna

CKBaXHWHBI.

pr=po* (P/Z(P)) * (To/ Po* Tux ),

e po— IUIOTHOCTH T'a3a B HOPMAJBHBIX YCIOBUSAX, Ty, — TeMIepaTypa Ha 3a00¢
ckBaxunsl, K°.
J171s Ta30KMKOCTHOM CMECH W3BECTHA KOHIEHTPAIMA ra3a B HOPMaJIbHBIX

YCIOBUSX, TpU K03 PuuireHTe adpanuu (o.):

®0=Qro/ Qx*+ Qro, 8=Qro/ Qx, Po=0/1+ ..

[Ipu 3nauenun pabouero nasienusi (P) B HEKOTOpOM ceueHHH CTBOJA

CKBAa’XHWHBI:

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

@(P) = (Q(P) / Qu + Qr (P)) = Qro / Qu* (P/ Z(P)) * To / (Po * Ts) + Qo= 0t/ (P /
Z(P)) * To/ (Po * T,) + a,

1 —@(P)=((P/Z(P) * (To/ Po * Ty)) / (P / Z(P) * (To / Po * Ts) + ).

B pesynbrate moacranoBok ¢(P), (1 — ¢(P)), p(P) B mpaByio uacTh

nudpepeHInaIbHOr0 ypaBHEHUS TOTYYUM
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dp/dx=g*[po* (a* (P/Z(P)* (To/(Po* Ty))/(P/Z(P)* (TO/ (P *
To) + ) + (px * (P / Z(P) * (To / Po * Ts) / (P / Z(P) * (To / Po * T5) + a)] = £ * (po
* 0+ py) * ((P/Z(P))/ (P/ Z(P)) + o * (Po * Ts) / To).

[Tonaras Z(P) u3BecTHOM (yHKIIMEH OT MaBICHHS, HA YCThE CKBaKHMHBI

nomnyckaem uzsectoe P = Py ipu x = 0, umeem 3anauy Koxu niis ypaBHeHuUs:

dp/dx=g*(po*a+px)*(P/(P+a*Po*Ts/Ty* Z(P))=(P,x),

Pemuts nonydennoe ypaBuenue: 1) Mmerogom Ditsiepa, SBHBIM, 2) METOJIOM

Pynre-Kyrra npu:

po = 1,205 kr/M?, p, = 1000 m3, T, = 320°K, Py = 0,1 MIla, Py = 5 Mlla, Ty =
293%K, Hew = 1000 M, Z(P) =153 *P *1073 + 0.18 * P2 * 10™*, nnst o, =
5,10,15,...(BapuaHThI).

Otpesok 0 < x <1000 m ¢ marom 50 m pa3zbuBaercst Ha 20 OTPE3KOB, T. €.
Ax=50m.

Meronom Ditnepa: P =Pi.; + Ax * g * (poa + px) * (Pic1 / (Picr + a0 * (PoT, /
To) * Z(P))), [=1,2,...20

3Hauenue P,y cOOTBETCTBYET ITyOrHE CKBaKUHBI H ¢
Metonom PyHnre-Kyrra 3HaueHue naBiieHHs HA HOBOM IIare AX = X1 - Xj

onpexnensiercs no popmyne Pir; = P; + AP;, rie

Ayi =1/6 (K; + 2K, + 2K5+ Ky)
K; = Ax * f (x;, Pj),
Ko=Ax * f(x;, Ax/2,P;+K;/2),
Ks=Ax * f(xi, Ax /2, Pi + Ky / 2),
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Ky = Ax * f(x; + Ax, P; + K3).
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IIpakTuyeckoe 3ansitue 16 «[IpumeHenne MeTo1a HAUMEHBIIIUX KBAJPATOB

NpM pellleHnU 00PATHBIX 3a1a4»

[IpeanonaraeTcss HaIM4KUE B CPEITHEM JIUHEHHOM CBA3U:
y= bo +b1X

Jis  HaxoxaeHus KoOIpGUUHMEHTOB by U b; HCHONB3yeTCS METO[
HaMMEHBIINX KBaapaToB. MicxoaHble mapsl (x;,y,) 00pa3yroT UCXOIHbIE YCIOBHBIE
ypaBHEHUS:

yi= by tbix;, I=1, ..., n,

n — KOJMYECTBO YpPABHEHUW 3HAUMUTEIBHO OOJbIIE€ KOJUYECTBA HCKOMBIX
ko3¢ punmenToB. Ciaea0BaTesIbHO, PABEHCTBA B HUX HEBO3MOXKHBI.

VYcnoBuem aiig HaXoxkJIeHUS by U b SBIIETCS MUHUMYM CYMMBI KBaJIpaTOB

OTKJIOHECHUU

Ibrnli,g Z [yi - (bo + b1Xi )]2 ’

i=1

3necb F(bo,bi) = i [y, - (b, + b,x, )] - GyHKIHA by,b; ;

i=1

Xi,Yi — (baKTI/ILIGCKI/IG JaHHBIC 3aMCPOB.

OkctpemyMm ¢dynkiuu F(bg,b;) Haxomgum wu3 npupaBHuBaHus k 0

IMPONU3BOJHBIX:
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b, = [nz XY, —(Z xi)-(z yi)y[nzn:xf _(.Z:: Xij |

b°{zy"zx'zZX-.ZW--X.)MZV z”

bl:{Zxr:.yi_ZX > x, Zyw/{Zx EZXIJZ}

n n n J

Ie=M(X -Mx)" = [x —2(Mx ) x + (Mx ] MX * = 2(Mx )" + (Mx )" = MX * = (Mx )’

by = (M (XY )= Mx - My )/ Jix,
b, —onpeacnasaCT TeMI U3MCHCHU S BCIIUYNHBI Y IIpY NSMCHCHHUHU BCIIMYMUHBI

X, T.€. TAHI'€HC yIJla HAKJIOHA PErPECCUOHHON MPSAMOM;

b, — OTPE30K, OTCEKaeMblil Ha ocu Y npu x=0;
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b, — pa3mepHbIi ko3P dunueHT, [ Y]/[X], mo3TOMy ero BeTu4ynHa HE MOXKET
XapaKTepU30BaTh CTENEHb 3aBHUCUMOCTH Y oOT X. DTy poOJib BBINOJIHSIET
KOBapuanus ¥ K03PpQGUIHUESHT KOPPETSIIUH.

Kosapuanmein K,, cayvaiiHelx BenmuuuH X H Y  HasbplBaercs

MaTeMaTHYECKOU OXKUJaHHUC IIPOU3BCACHHA OTKJIOHEHHUU DTHUX BEIWNYUH OT HX
MaTEMaTUYECKUX OKUIAHUN:
K, =MI[X=Mx)-(Y -My)], uiu

M[XY —X-My—Y-Mx+Mx-My]:M(XY)—Mx-My—My-Mx+Mx-My:M(XY)—MX-My

Xy

3aMeTuM, 4To b, =
Jx

CBOICTBO KOBapHALHH: ‘K

Xy

M ~+ >0, unu
o, o,
[(x-a (x-a,) (y-a,) (y-a 1 M[x-a,)-(y-a,)] 1
M|[ Xj + : ! +( y] = — M(x-a,) 2 i —Mly-a,f =
O'X O'X Uy O-y J O'X O'XUy Uy
KX
—252—220 = [K, |21,
[l

rae M(X—ax)zz,ZZx:o-X2 M(y—ay)zzﬂy:aj.

Koaddunment koppensiiuu

K
pxy: = K (Gx=mﬁay:\/ﬂ_y)9

rae p,, <1, 0e3pasMepHas BeJIMYMHA.

Hampure MeTosoM HaMMeHbLIHX KBaJApPaTOB 3HAYEHMA KO-
3UIMEHTOB JTHHEHHOH 3aBMCUMOCTH ¥ = aT + b 10 3aJaHHEIM SMIMPHYECKHM
AaHHBIM. MCnons3ys HaMZeHHYIO JIMHEHHYIO 3aBHCHMOCTD, HAMAUTE 3HAUEHHE | B
touke £ = N + 0.55, rge N — HOMep BapHaHTA.

Haiitn MeToJ0M HaMMEHBIIMX KBaJpaTOB 3HA4YeHUS KOA(DPUIIMESHTOB

JUHEHHON 3aBUCHMOCTH Yy=ax+b mo 3amaHHBIM SMIUPHYECKUM JTaHHBIM.
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Hcnionb3yss HAWACHHYHO JIMHEMHYK 3aBUCUMOCTb, HAWTH 3HAYEHUE Y B TOYKE

x=N+0.55, rne N — HOmMep BapuaHTa.

l.

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

| 0.686

0.742

0.767

0.646

0.807

0.774

0.97

0.932

0.936

0.978

1.048

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

y| 2.312

2.251

2.418

2.752

2.459

2.7

3.022

3.079

2.42

2.669

3.241

3.1

3.2

3.3

3.4

3.5

3.6

3.7

38

3.9

y| 4615

4.591

5.13

.481

5.492

3. 553

5.471

5.727

5.798

6.11

6.605

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

y| 8.472

8.805

9.096

8.993

9.312

9.465

9.771

961 |9.722 | 1

1419

10.285

5.1

5.2

5.3

5.4

5.5

9.6

5.7

5.8

5.9

y|12.36

13.63 | 13.304

13.148

13.482

14.24

14.516

14.882

15.246

15.369

15.158

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

y17.631

19.747

19.783

18.806

19.886

21.118

20.208 | 19.481

20.153

20.505

21.29

7.1

7.2

7.3
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7.5

7.6

7.7

7.8

7.9

y[25.243

25.133

25.669

26.627

26.753

27.234

26.491

26.876

27.228

28.065

27.781

&
o0

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

y | 30.528

34.221

34.233

34.114

33.595

34.058

34.498

35.822

35.678

37.442

35.698

9.1

9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

10

41.742

42,244

43.884

42.167

43.696

45.042

42.461

45.727

44.056 | 45.863

44.953

10

10.1

10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

11

49.758

51.924

50.083

52.376

53.413

54.966

32.771

54.115

55.476

55.686 | 56.196

11

L]

11.1

11.2

113

114

11.5

11.6

11.7

11.8

11.9

12

v |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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f—
N

z[ 12 | 121 | 12.2 | 123 | 124 | 12.56 | 126 | 127 | 128 | 129 | 13
y |71.167 | 74.264 | 72.658 | 74.507 | 76.649 | 75.517 | 75.708 | 76.359 | 79.316 | 71.373 | 77698
13.
z] 13 [ 131 [ 132 | 13.3 [ 134 [13.5] 136 | 137 | 138 | 139 | 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. |
¢] 14 | 141 | 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.
g| 16 | 151 | 152 | 153 | 154 | 155 | 156 | 157 | 158 | 159 | 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 | 161 | 162 | 163 | 164 | 16,5 | 16,6 | 16,7 | 1638
y | 33 | 37 | 41 | 45 | 50 | 55 | 60 | 66 | 75
17.
x | 17 | 170 | 172 | 173 | 174 | 17,5 | 17,6 | 17,7 | 178
133 | 137 | 141 | 145 | 150 | 155 | 160 | 166 | 175
18.
x | 18 | 18,1 | 182 | 183 | 184 | 18,5 | 18,6 | 18,7 | 1838
y | 313 | 317 | 411 | 415 | 510 | 515 | 610 | 616 | 715
19.
x | 19 | 191 | 192 | 193 | 194 | 19,5 | 19,6 | 19,7 | 19,8
y | 33 137 | 41 | 45 | 50 | 55 | 60 | 66 | 15
20.
x | 20 | 20,1 | 202 | 203 | 204 | 20,5 | 20,6 | 20,7 | 20,8
y | 13 | 27 | 31 | 45 | 50 | 65 | 70 | 8 | 95
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IIpakTuyeckoe 3ansitue 17 «Pacuer pe:xumMoB padoThl ra30BbIX CKBAKHUH

B mporecce mepruoaa orbopa raza Ha 4acTO OTPAHUYUBAIOT JaBJICHUE HA
npueme KC. Ilpu 3TOM pemiaroTcs CIOXKHBIE CHUCTEMbl YPaBHEHUM C IIEJbIO
pETryJIUpPOBaHUS PEKUMaMH pabOTHl CKBAXWH. YTPaBICHUE MPOU3BOIUTCS II0
KPUTEPHUIO HAWIYUYIIEro NpUOMMKEHUsS pabodeil MpPOU3BOAUTEIHLHOCTH K
TUIAHUPYEMOM

Mil’l |Qpa6 - Qrman'

VYrpaBisieMbIMU MTapaMeTpaMu MOTYT OBITh KOJIMUECTBO CKBaKUH, PEKUMBI
WX DKCIUTyaTallly, TaBJICHUS Ha BbIX0JI€ U3 COOPHOM CUCTEMBI KOJIEKTOPOB.

MB5I paccMOTpHM YIIPOIICHHBIN BAPUAHT 3314l — KOJTUYECTBO CKBAXKHUH, UX
croco0 JKCIUTyaTanuu (QUKCUPOBAHBI, YIPABICHUE OCYIIECTBISETCS 3a CYET
JaBJIEHUA Ha BBIX0E Ppyx.

Jlana  koHdurypamusi  COOPHBIX  KOJUIEKTOPOB, KO3 UIIUEHTHI
CONPOTHUBJIICHUNA Ha YydacTkax {a}, YNPOILIEHHO JMWHEWHAas CBSI3b MEXKIY
JaBJICHWEM B IJIACTE M HA YCThE CKBAYKUHBI:

I/ICXOILHBIC JaHHBIC

Pauix O- V3516l cOeIUHEHUS TPYOOIPOBOAOB;
|:| @ - CKBAXUHBI;
[ ] - BBIXOX U3 COOPHBIX KOJUIEKTOPOB;
a7
® — TapamMeTp UTepaInii;
y7 o
{ai} — Ko’ PUIUEHTHI COTTPOTUBIICHUI
as de .
vs Ye¢ | Haydactkei=1,2,....7
{Vi} — HOMeDp y3J10B U CKBaXUH,
a dz as
a4 Vi=1,2,...7
‘ al=ay=asy=as=0,01; as = ag = 0,005;
yi Vs Y3 \Z a7 =0,001;

O0603HaueHuss UICKOMbIX Beu4MH | Pyi= Py, — A qci — 3aBUCUMOCTS, T11€ Py

Jei - 1€OUT 1-0M CKBAKUHBI; - JABJICHUE B TJIACTE.

Pyi - naBieHMs Ha yCThSIX 1-OM CKB.

B 6a3zoBom Bapuante Py = 10, Py =30
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Pyi — B y311ax cOeIMHEHUN.

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

0w=0,5¢=0,1

AuroputMm pacyera

3ajaHue Ha4YaIbHOTO MPUOIHKEHUS.

qei=0mnpui=123,4

Pyi=Puxopui= 1,234

Hauvaino nrepanuii

Brrunciaenue 1e0MTOB CKBaXXHH 110 3aJaHHON 3aBUCUMOCTH mipu 1= 1,2,3,4:
qei = (Pux - Pyi)/Aj

YcpenHenue TOMYYEHHBIX JIEOMTOB CKBaXHUH C€ HMX MPEABIIYITAM
NPUOIMKEHUEM

Qi = qlei + (1 - @)T]ci

HccnenoBanue CXOQUMOCTH ABYX MOCISIYIOIIUX TPUOIIKCHUN:

ecu | qei - Qi | < € s i=1,2,3,4, To 3aKOHYHUTH CUET.

Onpenenenue pacnpeacaeHus NOTOKOB MO y4acTKaM:

Qi =qi (i=1,2,3,4); qs=q1+ q2; 46 = 43+ q4; 97 = 45+ gs;

OOpaTHBIil pacyeT NaBJI€HUM OT KOHILIOB YYacTKOB K HMX HayajaM IMyTeM
npubapienus noteps no popmyie: P2, = P4 +a; g%;

P?; = Piux + a7 q%7; P25 = P%; + as q°s; P% = P + a6 q’;

P2 =P% +a; qimpui=1,2; P2, =P% +a; ¢’ mpu i = 3,4

HaxonuMm naBieHue Ha yCThe CKBAXKHH:

P, = P; mpui=1234

[Tepexon k Hauany uTepanuil.

3amanue 1. BoimoaHuTh pacuer 6a30BOTO BapuaHTAa.

3ananue 2. BeimmonHuts pacuet ipu: A; =1, A, =1.5, A3 =2, A4, =2.5.
P.,=30n n=12,14,......... ¢ marowm 0,2

Pyx=10n ITo pe3ynbTaTam pacyeToB MOBTOPUTH

YepTek cXeMbl ¢ HaHeceHnueM {P} u {q}.
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MHHHCTEPCTBO HAYKH H BBICIIET'O OBPA30BAHHUA POCCHHCKOH ®EJEPAIIHA
DeoepanvHoe 2ocyoapcmeeHHoe A6HOHOMHOE 00pa3oeamesibHoe yupeixcoenue
evicutezo 0opazoeanus
«CEBEPO-KABKA3CKHH ®EJJEPAJIbHBIH YHUBEPCHTET»

METOJHYECKHUE YKA3AHHA
no OpzaHuU3AUUU U RPOBEOEHUID
camocmoamensvHoll padomot
no oucyuniuuHe

Coopystcenue u pemMoHm mexnoa02u4eckux 00beKkmoe cucmem mpyoonpo-
600H020 mpancnopma

onst cmyodenmos cneyuanvrocmu 21.05.06 Hegpmezazosvie mexnuxa u mexHono2us
cneyuanuzayus TexHuka u mMexHON02UU NPOU3BOOCHIBA CHCUNCEHHO20 NPUPOOHOZ0 2a3d,
MPAHCROPMUpPOBKU U pacnpeoenenus

Cmaeponons 2026



Memoouueckue pexomendayuu npeonasnavensvt 0as cmyoenmos 8yza «Cesepo-Kasxaszcxuili gpedepanvhuiil

VHU8epcumen»

Lenu memoouueckux pexomeHoayuil:

1. Memoouueckoe conpogodcoenue npoyecca 86edeHuss u peanusayuu mpebosanuii PedepanbHo2o
20Cy0apemeenHo2o 0bpazosamenbHo2o cmanoapma evicuieco obpaszosanusi (Oaree @I'OC BO), nomowp npu

paspabomre paboyux yueOHbIX NPOSPAMM OUCYUNIUH U NPOPeCCUOHATIbHBIX MOOYLel 00pa308amebHOl NPOSPAMMbL
(oanee OII).

2. Cozoanue 8  0bpaszosameirbHOM  yupexcOeHuu  y4eOHO-MemoouuecKkozo  obecneyeHus

06pa3060m€ﬂbH020 npoyecca.

Memoouueckue pexomenoayuu onpeodension CywHoChb CAMOCHOoImensHoU pabomol CmyoeHmos 6 gyse, eé

HA3HA4eHue, nianupoesanue, d)Oprl opeaHuzayuu u 6UObL KOHmMpPOJIA.



Cooepiicanue

1. Hopmamuenoe obecneuenue camocmosamensvnoii pavomst ¢ ®I'OC BO.
2. Haznauenue u 6udvl camocmoamenbHoil padonvl CyoeHmos.

3. Konmponb camocmosamensHoli pabomut cnyoenmos npenooagamensimu.



1. HopmaTuBHoOe o0ecniedeHue caMocTosiTeIbHOI padoTsl B ®I'OC BO

1.1. @I'OC paszoen: «Tpebosanus k ycrosusm pearusayuu Olly:

— Tpe6OBaHI/I5{ K 06H33T6HBHOMy MHUHUMYMY COJACpKaHUA O6pa30BaTeJ’IBHOI>i IMporpaMmbl
MMOATOTOBKH CIICHUAIIUCTA, K YCIOBUAM €€ pCajiu3alilii U CPOKaM €€ OCBOCHUA OHNPCACIAIOTCA
HaCTOsAIIUM (bez[epaanbIM ToCyJapCTBCHHBIM O6pa3OBaTCJ'IBHBIM CTaHOapTOM;

— OCHOBHAasa O6pa3OBaTeHBHaSI nporpaMmma MOATOTOBKHU CIICLHUMATIUCTA COCTOUT M3
JUCHUITIINH 06meHaquor0 u HpO(l)CCCI/IOHaJ'H)HOFO OUKJIOB, COCTOAIIMX U3 0asoBoll U
BApUATUBHOW YacTeil U IUCLUUILIMH IO BBIOOPY;

— MAKCUMATbHBIL 00beM yueOHOU Haspy3Ku cmyoeHma ycmanagiusaemcs 54 waca @ neoenio, 6K04as 8ce
6UObL AYOUMOPHOU U BHeAYOUMOPHOU (CAMOCMOSIMENbHOU) YueOHOU pabombi.

Bo epemsa camocmoamenvroli noocomosku obyuarouuecs 001x4cHbL Oblmb 0becneueHbl OOCYNOM K cemu
Hnmepnem. Peanuzayusi 0o6pazoeamenvhol npocpammvbl NOO20MOSKU CHREYUAIUCMa OO0JHCHA 00ecneuusamscs
docmynom Kaxcoo2o cmyoeHma K oOubauomeyHviM QoHOam U 0A3am OAHHLIX, OPMUPYEMbIM NO NOTHOMY NEPEUHIO
OUCYUNIUH 0OPA308AMENLHOU NPOSPAMMbL U3 pACcUemda 0OeCneueHHOCU YYeOHUKaMU U YYeOHbIMU NOCOOUSMU He
menee 0,5 skzemnuapa na o0no2o cmyodenma. bubnuomexa eyza Oondcha umemv OOCMAMOUHOE KOAUYECTNEO
COBDEMEHHBIX YUEOHUKOB U YUEOHBIX NOCOOUL N0 6CeM YUKIAM OUCYUNIUH U NOCMOSIHHO 60CHOJHAMbCS HAYYHOU
JUMepamypou u nepuooudecKUMU U30aHUSMU He@hmezaz08020 npopulis

Obvem epemenu, 0meedeHHbI HA BHEAYOUMOPHYIO CAMOCIMOIMENbHYIO pAbOmy, HAX00Um Ompadicenue:

. 6 pabouem yueOHOM NIaHe — 6 YEIOM NO MEOPEemuyeckomMy O00YUeHUIO, KANCOOMY U3 YUKIO08
OUCYUNTIUH,
. 6 pabouux NPOSPAMMAx Y4eOHvIX OUCYUNIUH YUKILO8 OUCYUNIUH C PACIPeOeNeHUEeM No pa30endm

UU KOKKpemHblm memam.
2. HaznayeHue U BH/IbI CAMOCTOSITEILHON Pa0doThI CTY/IEHTOB.

Camocmosmenvhas pa6oma npoeodum(:ﬂ C yenviro:

. cucmemMamu3ayuu U 3aKpenjiehust NOJIYYEeHHbIX MeoPemuyecKux 3Hanull U NPaKmuyeckux YMeHull
CMYyOeHmos;

. VeryOneHus u pacluuperusi meopemudeckux 3HaHuil,

. Gopmuposanus ymenul UCHOIb308AMb HOPMAMUGHYIO, RPABOGYIO, CHPABOYHYIO OOKYMEHMAYUIO U
CReYUanbHylo Iumepamypy;,

. pazeumusi.  NO3HABAMENbHBIX ~ CHOCOOHOCMEU U AKMUGBHOCMU — CMYOEHMOS8:  MEOPYECKOl
UHUYUAMUBHL, CAMOCMOSIMENbHOCMU, OMEEMCMEEHHOCMU, 0P2AHU308AHHOCMU,

. Qopmuposanue  CamMOCMOMENIbHOCMU — MbIUIEHUs,  CHOCOOHOCMEU K CaMOPA38UMuI0,
COBEPULEHCIMBOBAHUIO U CAMOOP2SAHUZAYUU,

. Gopmuposanus npakmuyueckux (06weyueOHbIX U NPOPHECCUOHATbHBIX) YMEHUL U HABLIKOS,

. PA3BUMUIO UCCTIE008AMENbCKUX YMEHUL.

B yuebnom npoyecce OV svioensiomes 06a 6uda camocmosmenbHol pabomaol:

PN

AyANUTOPHAA No AMCLUNINHE, BHeayauTOpHas no aucumnanHe,
MEXKAMCLMNAMHAPHOMY Kypcy MEXKANCLMNAMHAPHOMY Kypcy
1
BbINONHAETCA Ha Y4EBHbIX 3aHATUAX, BbINO/IHAETCA MO 33aHMIO0
noA HeNnoCpeaCcTBEHHbLIM npenoaasarens, Ho 6e3 ero
PYKOBOACTBOM Npenoaasatens v no HenoCpeACTBEHHOTO YUacTus.

€ro 3agaHuio

BHeayoumopHas camocmoamenvHas paboma - NiaHupyemdas yueoHas, yueoHo-ucciedo8amenbCeKas, HayyHo-
uccne008amensCKas paboma cmyoeHmos, 8blNOIHAEMAs 80 6HeAYOUMOPHOE 8PeMs NO 3A0AHUIO U NPU MEeMOOULecKOM
PpyKosoOdcmee npenodasameins, HO Oe3 e20 HenoCcPeoCm8eHHO20 YUACMUs.



3. KOHTPOJIL CaMOCTOSITEIbHOI paﬁoTbI CTYAECHTOB IpenoaaBaTejasiMu.

Konmpons camocmosimenvroil pabomsi cmyoenmos npedycmampusaem:

o COOMHECeHUe COOEPICAHUSL KOHMPOISL C YEAMU 00YUeHUs,

o 06BEKMUBHOCHIb KOHMPOJISL,

o BANUOHOCMb KOHMPOJIA (COOMEemcmeue npeovAGIseMblX 3A0aHUll MOMY, YUMo APeOnondacaemcs
npogepums);

o Ougpepenyuayuo KOHMPOILHO-UIMEPUMENLHBIX MAMEPUATIOB.

Dopmbl KOHMPOJIA CAMOCHOAMENLHOU PAOOmMbL
IIpocmomp u npogepka 6bINOIHEHUS CAMOCOAMENbHOU pabOmbl NPenooasamenem.
Camonposepka, 83aumonposepKa blnoIHEeHHO20 3a0aAHUs 8 2PYNHe.
Obcyoicoenue pe3yabmamos 8blNOIHeHHOU pabomyl HA 3AHAMUU.
Tecmuposanue.
Tucvomennuiii onpoc.
Yemmuvwuii onpoc.
Hnousuodyanvroe cobecedosanue.
Konnoxsuym.
Omuem o npodenannot pabome.
0.  Bawuma pegpepamos unu Kypcogoii pabomui.
1.  Teopueckuii koHKypc.
12. Uumepnem - koHpepenyuu.
13.  Komwmpoavhas paboma.

RPBOooNoGR~WNDE

Kpumepuu oyenku pe3ynsmamog camocmoamensHoii padonol
Kpumepusmu oyenox pezynomamos 6neayOumopHoti camocmosmenbHou pabomol CmyoeHma aeisaiomcs:

. VPOBEHb 0CBOEHUS CIYOEHMO8 Y4eOH020 MAMEPUANd;

. YMeHUS cCmyO0enma UCnoab3068ams meopemuyeckue 3Hanus npu 8bINOIHEHUU NPAKIMUYECKUX 3a0ay;

. Gopmuposanue Habopa u3 0OWEKYIbMYPHLIX U NPOPECCUOHANLHBIX KOMNemeHyuli  6yoywezo
cneyuanucma,

. VMeHUsL CMyOeHma aKmueHo UCNOIb308AMb dIeKMPOHHbIE 00PA308aAMeNbHble PECypCbl, HAX0OUMb
mpeobyrowyocs UHGOPMAYUIo, U3yuams ee U NPUMEHAMb HA RPAKIMUKe,

. 000CHOBAHHOCTD U YeMKOCHb U3N0NCEHUs Omeemd,

. ogopmaeHUe Mamepuana 8 COOMeemcmaul ¢ mpedosanHusMu,

. VMeHUe OPUEHMUPOBAMbCS 8 ROMOKe UHMOPMAYULU, 8bLOEIAMb 2NABHOE,

. VMeHUe 4emKo chopmyauposams npobdnemy, Npeoiiodicué ee pewienue, KPpUmudecku OyeHums
peuierue u e2o nocre0CmauUs;

. YMeHue NoKa3amo, NPOAHAIUUPOBAMb ANbINEPHATNUBHBIE BO3MONCHOCU, BAPUAHMbBL OUCBULL,

. yMeHue chopmMuposams c010 NO3UYUIO, OYEHK)Y U apeyMeHmupo8ams ee.

Cooepicanue 6HeayOumopHoll CamocmoamenabHoul
0esimenbHOCmU CIYyO0eHmos
Memoouueckue yrazanusi 05t CIyOeHmMOo8 NO GbINOIHEHUIO CAMOCMOSMENbHOU padombl.
1. I[Tooecomoexa k nexyusam
2. [lodeomoska Kk npaxkmuieckum 3aHamusim





