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JEKOMITIO3MILINA MHOT'OPAKTOPHBIX
IMPUPOJHO-TEXHUYECKHUX CCTEM

DECOMPOSITION OF MULTIFACTORIAL NATURAL AND TECHNICAL SYSTEMS

B cmamve paccmompena memodura Oekomno3utiul GoNbULLX CLCITEM, CBI3AHHBIX ¢ nodadeil
U pacnpedeneriiem 800bl nPu IKCNAYAMALUL nod3eMHbIX 80do3abopos. Paccmompenst sapu-
aHmol pabomasl 80003a60p0oe 8 neproduteckom pexcume npi eodoombope 1nod3eMHbIX 600 dna
yesneil opolieHUa U X03%iCMEeHHO-NUMbeso20 8000CHAONCEHU .

Kmouesvie cnosa: npupodHo-mexHuueckue cucmembl, 0eKomnosuyus, nodemusiii 8odosa-
Oop, UMUMALUOHHOE MOJEUPOBAHIE, CUCeMA NoJavl U pacnpedenieHiia e00bL.

The paper dwells on a decomposition technique of large systems associated with water supply
and distribution in operation of underground water intakes. The authors consider some
variants of intake operation in periodical mode of ground water intake for irrigation and
drinking water supply purposes.

Key words: natural and technical systems, decomposition, underground water intake,

simulation, water supply and distribution system.

B Hay4HOH N TepaType TePMUHBI «CJIOXK-
Has U «DoJIbIIasy CUCTeMa 3aYacTyIo MCTIOTh-
3YIOTCA B KauecTBe CMHOHUMOB, IIpeJIojaras,
YTO HCCAeOBaTe/ b He B COCTOSHUU ITeTHKOM
OXBaTUTh U3yUaeMyI0 CUCTeMY U ITOCTPOUTD UC-
YepIIbIBAIOITY 10 MoZieIb. OCHOBBIBASCH Ha IIpe-
HOCBUIKE O (HeIOJHOTe» OIMUCAHUS CUCTEMEBIL,
clefyeT pa3IuyaTh ee IMPUUYMHBLI U UCTOUHUKHA
U, COOTBeTCTBEHHO, Pa3rpaHUYUBATh IMOHATUSA
«BOJIBIIAST U «CIIOKHAA CUCTeMa.

CucTteMa GOIBINON Pa3MepHOCTH («GOJTh-
Iasg» CUCTeMa) XapaKTepu3yeTCs YMCIOM OZHO-
POIOHBIX IOJACHUCTeM, ee 3JIeMeHTOB U CBA3el,
a «CJIOXHasg» CUCTeMa — HeOoJHOPOJHOCTHIO
9TUX IOACUCTEM, 3JIEMeHTOB U CBsI3eH, MHOTO-
obpa3ueM UX CBOMCTB, Mpu3HAKOB. OUeBUIHO,
YTO He CYIIeCTByeT KaKOW-TuOo YeTKO ycTa-
HOBJIEeHHOU eJIWHOH IIOPOTOBOUM BeJIHYMHBI,
C KOTOpOW HayuWHaeTCA «DOoJbIas» CUCTeMA.
DTa BeJIMUYMHA OIleHUBAaeTCA MCCaefoBaTeIeM
UHTYUTHUBHO U Yallle BCero 3aBUCUT OT BO3MOX-
HOCTell BOCIIPOM3BeZeHUA UX Ha MOZelIu, OT

66

OGBICTPOLEMCTBUA COBPeMEeHHBIX (IepCIIeKTHB-
HBIX) BBIYMCINTeIbHBIX MallliH U OTpaHUYeH-
HOCTBIO X OIlepaTUBHOU maMATH [1-3].

AHaJIOTUYHO U MIOHMMaHUe «HeOJHOPOJ-
HOCTH» CHCTeM, CBA3aHHOe C YMCJIOM IIOACH-
CTeM B UCCJIelyeMOM 00 beKTe, BO3MOKHOCTBIO
uX o6beJUHEHUA B OJHOPOJHbIE YacTH IIO Be-
JAYIINM U BTOPOCTeIIeHHBIM CBOUCTBaM |3, 4].

MeTofo/ToTHA ~ JeKOMIIO3UIIMK  CUCTeM
GOJIBIION pa3MepPHOCTH, BKIIOYAIOIAA IpeK/e
BCETO CIIOCOGBI IOHMKEHUS Pa3MepHOCTU IS
GOIBIINX TUHAMUYECKUX 33124, OITUCHIBAEMBIX
JuddepeHTUAIBHBIMA  YPaBHEHUAMU, JTHOO
OOBIKHOBEHHBIMH, JIUOO B YAaCTHBIX IPOU3BO-
JHBIX, Hayajla MHTeHCUBHO pa3BUBaThCA B 70-X
rogax XX ctosetus B pabotax U. Aokwu, E. Jlau-
coHa, JIx. [Iupcona, f. Takaxaps! u ap.

B Hacrosmee BpeMsa Hambojee MHTEH-
CHBHO pasBUBAIOTCA, B OTIWYHMe OT KJac-
CUYeCKUX 3aad CO CIeIUaTbHOU OJIOYHO-
cemapabebHOM CTPYKTYPOU CBS3el, HCCaeo-
BaHHA HecemapabebHBIX TOCTAHOBOK, KOTZA
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JUIST  MepapXudeCKUX CUCTeM IepeMeHHbIe
OJTHOM U3 TIOJICCTeM MOTYT BXOAUTH B OIUCa-
HUe JPyTUX TOACUCTeM, 00eclieunBas TaKUM
o6pa3oM B3aUMOJEUCTBUE TIOACUCTEM JPYT
C IpyroM, MUHYS IIeHTP [5].

B kavecTBe NPUKJIAJZHOU 3aJaUu GOJIB-
MOM pa3MepHOCTH, KOTJla OCHOBHOe BHUMa-
HUe yaeadeTcs (HOPMUPOBAHUIO ITOACUCTEM
U UCCIeJOBAHUIO IePeKPecTHBIX CBs3el
MeXIy HUMU, PAaCCMaTPUBAeTCS CUCTeMa BO-
JIOCHAOKeHU s, BKIIOYAIOIAs BOJOUCTOUYHUK,
pe3epByapbl C BOJONH, HACOCHBIe CTaHITUU
U TPYOOIIPOBOABI, COeUHSIIONTNE Pe3epByaphl
yepe3 HACOCHBIe CTAHIMU C MOTPeOUTeIIMU
(puc. 1).

[puimeM obo3HavdeHus: X, (f) — ngaBie-
HIe B /-M pe3epByape; U, (f) — JZaBiIeHUe, CO3-
ZaBaeMoe [-ii HacocHO# craHuuei; d.(f) —
TpeGOBaHUA MOIL30BATeNeM CeTU B I-M y3JIe.

CBOGOIHBIN TOTOK BOJBI Qij MeXAIy i-M
U j-M pe3epByapaMU 3aBUCHUT OT Tleperajia JaB-
JIEHUI Ha 9TOM yYacTKe, AMaMeTpa TPyO U T. II.

B cooTBeTCTBUU C U3BEeCTHON (HPOPMYIIOM
XazeHa—-BuIbsMca U3 TUAPOAMHAMUKY JJIA TIO-
JIy4YeHU s BbIpaKeHU s Qij TTOJIy4uM [5]:

Qij = Kij (x; — xj)BJ 1
e K =const, =05

I .

===

== S = =/

Puc. 1. CxeMa mogauu BOABI
U3 MOA3eMHBIX BOJI03a00POB

I[Ipy 3HAYUTENBHBIX PACCTOSHUAX MeX-
Iy Y3JaMU CeTU BOAOCHAGKEHUsS CYIIeCTBEH-
HOM OKAa3bIBAeTCSI TPAHCIIOPTHASA 3afepiKKa.
B sToM cmyvae (J; 3aBuUCHT He oT X(f), a or
x;(f—1;), TAe T; — 3a/iepXKKa Ha y4JacTKe
MeXIy i-M U j-M y3naMu. COOTBeTCTBEHHO,
ypaBHeHMe GajlaHCa MacC Ui Ka)/JOoro yaia

MPUBOAUT K cucTeMe auddepeHITHATEHBIX
ypaBHeHUN BUJA:

%:_Zn:gif"ui(t)_di(t)’ (2)

Iie # — YHCJIO pe3epByapoB.

B JaHHOM CJIy4ae B Ka4eCTBe ITO/ICUCTEM
PaccCMaTPUBAIOTCSA OT/EeNbHbIE Y3/Ibl CeTU BO-
JTOCHAGXKEeHM, A TlepeKPeCTHbIE CBSI3U MeXAY
HUMU OIPeNeIAIOTCS CIIOCOG0M COeUHEHNS
Y37I0B B CETH U 33[AIOTCSA COOTHOLIeHUEM (1).
CilefyeT 3aJaTh TaKke (QU3HYeCKUe OIPAHU-
venns X, <X, (1) <x;, u, <u;(f) <u; . Ilpu Ha-
JIMYIMY Y37I0B, He CBSI3aHHBIX HEIIOCPeCTBeH-
HO ¢ pe3epByapaMy, 0ajlaHC MacC IIPHBOIUT
K OTpaHUYeHHAM THUIIA:

Au(t)+ Bd(t) =0,
u=®,,..,u),
d=@d, ..d), 3)

rge A u B — BeCOBbIe MaTpUIIBL.

B kavecTBe MUHUMHU3UPyeMOTro (GyHK-
IMOHAaJa MOXeT OBbITh IIPUHAT ITOKa3aTeslb,
XapaKTepU3YIOIIUN 3aTPaThl, CBSA3aHHBIE C pa-
BOTOM HAaCOCHBIX CTAHIIUN W TOAJEPKaHUEM
3a/IaHHBIX YPOBHEN BOJBI B pe3epByapax, 6o
pasHUNY MeXAy TrpaduKaMu TOTpeGHOCTU
BOABI BOJOIIOJB30BAaTeNAMU UM IIOJadyu ee Ha
KaXKJOM U3 BpeMeHHBIX OTPe3KOB, HallpuMep,
B TeyeHUe CYTOK, JleKaJl, MecAlleB U T. II.

CyIecTBeHHO GoJiee TPYAHOM C TOYKU
3peHUs MeTOLOJIOTUY MMUTAIlMOHHOI'O MOJe-
JIMPOBAaHU A CJIOKHBIX IIPUPOSHO-TeXHUYEeCKUX
CUCTeM IIPeCTaBJIAeTCA IIOCTAHOBKA U pellle-
HUe 3aJlay UCCIeJOBaHUA U yIIpaBJIeHUA CU-
CTeM IoJlavuy U paciipeeneHus Boasl (CIIPB) Ha
OCHOBe TI0/[3eMHBIX BOZ03a60pOB.

IMpenacraBisasa CIIPB, (QyHKIIMOHUPY-
IOIYI0 Ha OCHOBe TIOZ[3eMHBIX BOA03abOpPOB,
KaK GOJIBLIYIO CJIOKHYIO MepapXuyvecKyio CH-
CTeMy, BbIJIeJIUM B ee CTPYKType JiBe IIOJCUCTe-
MBI IIePBOT'O YPOBHA:

A, — cOGCTBEHHO CHCTeMa IIoJayy 1 pac-
TIpefieyleHU sl BOJbI, BKJIIOUAOIIAA B ceds:

XapaKTepuUCTUKY pe3epByapa WIU BO-
JIOHATIOPHOM OGallTHU (BBICOTA M ILJIOMIAAhL THA
faka, BRICOTa THA 6aKa OT TOBEPXHOCTU 3€MJTH);

YUCJIO Y3JI0B ¥ yYaCTKOB CeTH (KOOpAUHa-
ThI U OTMeTKU Y3JI0B CeTH, II0JI0XKeHUue pe3ep-
Byapa, AJWHbI ¥ HadaJbHble JUaMeTpbl y4acT-
KOB TpPYy0, TOJIOKeHUe 33ABUKEeK Ha yJ9acTKaXx
TpyO U T. 11.);
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CEJIBCKOXO3AWCTBEHHBIE ¥ IIPOMBIILJIEHHBIE TEXHOJIOTUU

CUTYyallMOHHBIN TpadUK MaTeMaTHye-
CKMX OXUJaHUU TpebGyeMoro BopomoTpebie-
HHUA ¥ KOBapHallMOHHAaA MaTpHUIa;

BpeMeHHble XapaKTepUCTUKHU MJIA UMU-
TaI[HOHHOTO MOJEIUPOBAHUA (CPOK CIYKOBI
CHUCTeMBbl, YUCJIO CyTOK HMUTAIUH, IIIaT pacye-
Ta II0 BpeMeHH U T. IL.);

B, — mpupoaHO-TeXHHUYeCKass CUCTeMa
TIOZI3¢MHOT'O BOZ03a60pa, BKIIYAIIIAA B cebs
TIOICKCTeMbI BTOPOTO YPOBHA:

B -1 — TexHMYecKasA MOACUCTEMA, IpeJ-
CTaBIABIAA CO00H MPUHIUITUATILHYIO CXeMY
Bojo3abopa (obIjee YUCIO CKBaXKUH, KaTajo-
'y paboIuX XapaKTepUCTUK BOAOIOLbeMHOTO
06OpyIOBAaHUA — TIOTPY>KHBIX CKBAXKHMHHBIX
HacoCOB, CyMMapHBIH TpeOyeMbId pacXof,
BBICOTA TOABeMa BOABI, AOIOJIHUTENIbHOE CO-
NpOTUBJIeHNe Ha HeCOBepIIeHCTBO CKBAaXKMH,
TUIBL QUIBTPOB U T. IL.);

B-II — mpupoxaHas (rugporeonoruye-
CKas) MOACUCTeMa, BKIIOUAIOIAA B cebsa THAPO-
reoJIoTUYeCcKUe XapaKTepUCTUKU IPOAYKTUB-
HOTO BOJOHOCHOT'O TOPH30HTa (TPaHHUILBI pac-
IpocTpaHeHUA TOPU30HTA B IIJTaHe U B pa3pese,
YCJIOBHA Ha TpaHUIAX ILJIAcTa, MOITHOCTH Ipo-
JYKTHUBHOTO TOPH30HTA; T pOreoJIoTHYecKHe
napaMeTpsl — Ko3(PuUIieHT ¢GUIbTPALUU,
BOZOIPOBOAUMOCTD, KO3(PUIIMEeHT ILe30IIpo-
BOZHOCTH; OTMeTKHU CTaTHU4eCKOTO YPOBHA IO/~
3eMHBIX BOJ, JONYCTUMBble TIOHMKeHUA U T. IL.).

Kak wu3BecTHO, THApOAWHaAMUYeCKUN
pacdeT IOA3EeMHBIX BOZ03a6OpPOB BKIIOYAET
B cebs ompejeneHHe ONTUMAJIBHOTO YHCIA
CKBa)KMH, UX TOIIOJOTHIO, TUIl (PUIBTpPa, BOAO-
TOEeMHOTO 060pYIOBaHUSA, IIPUYEM BaXKHOM
COCTaBHOM YacThI0 TAKOTO pacyeTa IIPH 3aJaH-
HBIX THJpPOTeojJIOTHYeCKUX ITapaMeTpax ABJIA-
eTcA olleHKa pacXoJoB KaXKJOH U3 SKCILIyaTa-
IIMOHHBIX CKBAXXUH, TIOHNKeHHe yPOBHA BOABI
BHUX S, = f((.), BpeMeHHble U3MeHeHU ITa-
paMeTpoB ciay4dalHOTo Ipollecca PyHKITUOHU-
PpOBaHUA NMOA3eMHBIX BOZ U AP.

IloMuMO BHYTpeHHHX CBA3el B KaXKAOH
¥3 YKa3aHHBIX IOJCHUCTeM, ClefyeT OTMeTHUTh
poJb BHelllHeW CBA3M MeXJy IHOJACHCTeMaMM
IIepBOTO YPOBHSA, IIPeICTaBIIAIONIeN co6oi co-
OTHOIIIEHWe MeXJy BeJUYMHOH TpebyeMoro
Hallopa Hacoca, IoJalollero BOAY U3 i-i SKCILIY-
aTallUOHHOM CKBa)KUHBI B HaKOIMTeJbHBIN
pe3epByap ¢ OTMeTKON BepXHero YpOBHA ero
mepenoaHeHUA. [Ipy 3ToM BapuaHTBhI paboThI
BOJI03a00OpPHBIX CKBa)KMH, B 3aBUCUMOCTH OT
YPOBHA BOABI B pe3epByape, MOTYT MeHAThLCH
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B CJIEAYIOIEH OC/IeA0BATeTbHOCTH:

JDOCTUTHYT BepXHHIl YPOBEHb IEPeIoJl-
HEHUs pe3epByapa — OCYIIeCTBISATCH OTKIIIO-
"YeHHe HACOCOB OCHOBHBIX CKBAKUH;

DOCTUTHYT HUXHUI YPOBeHb IEpPeIoJl-
HEHUsL — OCYILIeCTBISAETCS BKIKYeHe B pabo-
Ty HACOCOB OCHOBHBIX CKBAJKUH;

JTOCTUTHYT HUKHUH YPOBEHb OIIyCTOLIIe-
HUA pe3epByapa — OCYIIeCTBIAETCA BPeMeH-
HOe OTKJ/II0YeHue IOTpebuTeIei;

NOCTUTHYT YPOBEHb, IIPH KOTOPOM He
JDOCTaTOYHO IPOU3BOSUTETHHOCTH OCHOBHBIX
CKBa)XUH — TOIZA BKJIOYAIOTCA pe3epBHbIE
CKBa)KUHBL

JNOCTUTHYT YPOBEHB, IIPU KOTOPOM J0-
CTATOYHO INPOM3BOAUTENBHOCTH OCHOBHBIX
CKBaXXMH — IMPOUCXOJUT OTKIIOUEHIE Pe3ePB-
HBIX CKBaYKIH.

COBepIIEHHO OYeBH/HO, YTO B IOXOGHBIX
YCJIOBUAX PeKUM PaBOThI CKBAKUH OyeT Ho-
CHUTB APKO BBIPAYKEHHBIN CTYIEHYATHIN XapaK-
tep S, = f(Q(f)), a Bce OCHOBHbIE U pe3eps-
Hble CKBAa)KUHBI JOJDKHbBI ObITH 060pPYZOBaHBI
TUAPOABTOMATUKON. OLeHKa SKCILIyaTalluoH-
HBIX 3aI1aCOB IPOJYKTUBHOTO BOAOHOCHOTO TO-
PU30HTA JIOJI’KHA IIPOBOAUTHCA IPU YCIOBUU:

ZQi =0+, +..+ Q. () +..+ O, (2)- 4)

(DOpMaJII/ISEl]_[I/IH CTelleHU CBA3MU ME)KI[y
,I[BYMH InmoacucreMamMuy HepBOFO ypOBHH, T. €.
ME)KI[y Ka)KI[ofI Hnus3 C—)KCHJIyaTaI_[I/IOHHLIX CKBa-
JKUH BoZio3abopa U pe3epByapoM:

H =Z+S,+An, (5)

rae [/, — TpebyeMBblii HalOp, KOTOPHIH JoJXkeH obe-
CHEeYUTh HACOC B /-H CKBA’KMHE IIPU 1ToJade BOJbI OT
CKBa)XKMHBI JI0 pesepByapa; Z, — reoMeTpuyecKas
BBICOTA ITOJ'beMa BOABI U3 j-H CKBa)KUHBI, OTCUUTAH-
Hasdg OT CTATHYeCKOTO YPOBHS; S, — AMHAMIYeCKad
COCTaBJIANAA HAIopa, WIH NOHWKeHUe YPOBHSA
BOABI B /-l CKBa)KWHe, OTCYUTAHHOE OT BOJAOI pUeM-
HOIl YacTH Hacoca; Af, — BeJIMYMHA IIOTephb HATIOpa
B BOJOIIOJ'beMHBIX TPy6ax U B BOZOBOJE OT /-i CKBa-
SKUHBI O pe3epByapa.

H3BecTHO, YTO

i=n
— p
Ah = Z S aqi
=1
tie S, =/;A; — ruapaBIMYecKoe cOMpoTHBIeHNE
J-# JIMHMW; [ — JUIMHA j-i TAHAR; 4, — y/eapHOoe

CONPOTUBJIEHHUE j-i IMHUY; ¢; — PACXO BOJBL B j-il
JINHUWY; § — IOKa3aTesb CTeleH .

OTMeTuwM, uTo / — 3TO IyTh (TOCAEOBA-
TeJIBHOCTh YIACTKOB CeTH), COeAU HAIOIIMNN /-10



MEXKIYHAPOJHBIM TEXHUKO-DKOHOMUWYECKHUU KYPHAJI

CKBa)KMHY C pe3epByapoM; ¢, — PacXof, mepBo-
T'0 yJacTKa paBeH PacXoAy IepBOy CKBAXKHHBL,
aTIocyIeIHeTo g, — obIleli moflaue Bogosabopa.
CyMMapHOe IOHUKeHYe YPOBHA S, BOZBI
B i-if CKBaXKMHe ollpe/leifgeTcs o gopmyie [6]:

i=k=N
Si = QiRi + Z Sik ’ (6)
i=k=1
e R, —conpon&meime B i-il cKBaXuHe; (), — Jie-
i=k=N

OUT i-H CKBa)KUHBL; Z S, — CyMMapHoe Bo3Jeil-
i=k=1

CTBUE CKBAXKUHBI Bofio3abopa Ha /10 CKBAKUHY (MH-

TepdepeHIUA).

CrpynnupoBaB B JieBOU 4dacTu Qopmy-
abl H., Z. u Ah u oGozHauus anreGpande-
CKyI0 CyMMY depe3 S. Kak JONYCTHMOe, T. €.

Hpon = Z; + S; + Ah, oy aum:
S’}IOI'I <SSy HAS, +AS, +...+AS,.  (7)

1,

Beipakad NOHUKeHHe B /- CKBa)KHHe
U B JPYTUX CKBa)XWHaX Bojo3abopa depe3 UX
pacxonsl (J, B COOTBeTCTBHHU ¢ GopMyJIoit (6),
MOIYYUM CIeAyIIylo CHCTeMy JIHHeHHBIX
ypaBHeHUH BUJA:

SIILOH 2 OR (ricxs) + O,R, + ...
et QR +...+O.R;

Sznor[ 2 O,R,(ryexs) + O1Ry + ...
ot O R, +..+O R, ;

Sknor[ 2 O R, (ryexs) + QiR + ...
ot QR+ + O R

SnJ_IOl'[ 20OR (r,)+OR ,+...
wtOR +...+OR,.

(8)

B ycioBHAX KBa3WCTAaIIMOHAPHOU (PUIIb-
Tpallul ¥ OZHOPOJHOIO IO THJPOTe0JOorH-
YeCKUM IapaMeTpaM ILnacTa (ko3dduijyeHT
$uIbTpanuy, BOAOIPOBOSUMOCTL U Jp.) Be-
JuYrHa R MoKeT OBITH IIpeJCTaBiIeHa CIeNy-
fonuM o6pazom:

1 2,25at
i = ln 2 ’ (9)
2nkm 7
Iie r, — AJIA CAMOW CKBaKMHBI PaBHA pajHyCy JAel-
CTBYIOIITUX K ckBakuH; rik — PACCTOAHHNE MEXAY

HUMMH.

BakKHBIM 3JIeMeHTOM pacdyeTa CUCTeMBI
ypaBHeHUH (8) U BbIpa)keHU (9) ABIATCA BbI-
6op BpeMeHHoro Imara pacdeta Af, KOTOpbIit

3aBHCHUT OT yCJIOBUU BOJOIOJAYU B CeTh U MO-
»KeT BapbUpPOBaThCA OT 1 4 10 CYT.

CucreMa JIMHeHHBIX HepaBeHCTB MOXKeT
OBITH pellleHa C IIOMOIIIbIO H3BeCTHBIX METOZIOB,
HanpumMep l'aycca-3aiifens.

Kak yxe oTMedasoch BbIIlle, JUHAMHUKa
Je6GUTOB BOZO3abOPHBIX CKBAKMH HOCHT XO-
polllo BeIpa)keHHBIN CTyIleHUYaTBHINM XapaKTep,
BOCIIPOM3BOJAAIIMK AWHAMUKY BOJOIOJAYHU
BOJIBI TOTpebUTETIO.

MeToiuKa pacyeTa IIPOU3BOAUTEIHHO-
CTH NOA3eMHOTO Bofo3abopa IIpH Iepuojuye-
CKOM eTo (pyHKIJMOHU POBAaHUH, T. e. IIPU 3HAYH-
TeJIbHOM YHCJIe HMOBTOPAIOIIMXCA U3MeHeHUH
JebuTa, MoXKeT ObITH peajan30BaHa Ha OCHOBe
MeToJla CYTIepIIO3UIIUH C UCTIOIb30BaHNEM pe-
mreHuA Telica. B aToM cilydae BeIpa’keHHe A4
HOHMXeHHA Hamopa S, B ILJIacTe €O CpefHel
nposoguMocThio 1" = km u koapdummeHTOM
TIbe30NPOBOAHOCTH a GYAYT UMeTh BU/I;

§=3.0 -0 )W),

(10)

e Q :42—1]1

JKAHBL JJid i-d CTymeHu 1o Bpemenm; W(U) =

JeOuT BOAO3abOpPHOUN CKBa-

=-F (-U) — uHTerpaapHasA MoKasaTeJbHaA QyHK-

2

uust; U, = T
da(t—t)

HOH CKBaKHMHBL

; ¥, — Pajmyc Bojosabop-

BoipaxkeHue (10) MoxeT NPUMEHATHCSA
¥ JUI pacdeTa IPyIIIOBOTO Bojo3abopa, eciIn
Pagnyc CKBasKMHBI /. 3aAMEHUTh Ha pacyeTHBIN
pazuyc «GoJIBIIOTO KOJIOALAY, W JJIA CUCTEMBI
B3aMMOJIeHiCTBYIOIIIUX CKBAXKUH — eCJIU 3aMe-
HUTb ¥, Ha PacCTOAHME MeAy pacyeTHBHIMHU
CKBa)XUHAMH.

Kaxk y»e oTMeuaoch, B yCJIOBUAX KBa3H-
cranuoHapHoro asmxenus W (U.) mpexcras-
JIsleTCA B BUJE:

W(Ul) — ln 2725 a (;1 _Zifl) .

(11)

[logcTaBuB BhRIpakeHue (11) B ¢opMyiy
(10) u crpynmupoBaB olpeJie IeHHBIM 00pa3oM
cjlaraeMble CO MHOKHTesleM (J,, IOJIy4UM BbI-
pakeHUe /ISl IOHMKeHU A YPOBHA IIO/I3e MHBIX
BOJ] Ha KOHeI] /7-TO Ilepro/ia paboThI CKBaKUHBL:

=k _
S = Z OR(n, A+, Int,, (12)
i=1
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