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PA3JIETT 1.
OPTAHM3AILIMS I METOIMKA TIPAKTUYECKUX 3AHATHUI

1.1. Heab 1 32124 NPAKTHYECKUX 3aAHATHI

Ilenpr0 NMpaKTHUUECKUX 3aHATHH SBJSETCS 3aKpeIUICHHWE W YIUIYOJICHHE 3HAHWUW CTYJEHTOB,
MOJTYYEHHBIX Ha JTAaOOPATOPHBIX 3aHATHUSIX NMPU M3YYEHUHU Kypca «MaTemMaTHYecKne METOAbl B Ma-
IMHOCTPOCHUW», & TaK)Ke NMPUOOPETEHHE MPAKTUICCKUX HABBIKOB MPOBEICHUS HCCICIOBAHUN Ha

OCHOBC KOMIIBIOTCPHOT'O MOACIIUPOBAHUA ITPOILICCCOB O6pa6OTKH MaTCpuraioB.

1.2. O0beKTHI NIPOEKTHPOBAHNUS U POTPAMMHOe o0ecnieyeHne
B kauecTBe 00BEKTOB MCCIEIOBAHUSA B XOJI€ 3aHATHH MCIIOJIB3YIOTCS METOJbl IOCTPOEHUS
MaTeMaTHYeCKUX Mojesell (PU3NKO-XUMUUECKUX MPOLIECCOB, METOIOB YUCICHHOTO PELICHUs U Me-

TOAOB MaTeMaTH4YeCKOM O6pa6OTKI/I PE3YIbTATOB BHIYUCIIUTCIIbHBIX SKCIICPUMCHTOB.

1.3. [lopsi10K BBINOJTHEHNS :

—  O3HaKOMHTBCS C TCOPETUUYSCKIUMHU CBEICHUSIMH K OYEPETHOMY 3aHITHIO (CM. pasnen 2);

- O3HAKOMHUTBCA € PYKOBOACTBOM IIO MCITIOJIB30BAHUIO IPOrpaMMHOI0 O6€CH€‘I€HI/I$I JJIS
MOJICIIUPOBAHUS U3y4aeMOT0 Ipoiiecca 00padoTKH;

—  TNPOU3BECTH MOJICITMPOBAHUE KOHKPETHOTO MPoIecca 00paOdOTKU ¢ HCXOJHBIMH JaHHbI-
MU COOTBETCTBYIOIIETO BapHaHTa 3a/IaHU;

—  MPENCTaBUTh B TpaUueCcKOM BUJE PE3yIbTaThl MOJICITUPOBAHUS,

—  IPOaHAIU3UPOBATh MOJTYUYEHHBIE PE3YJIbTAThl U pa3padboTaTh PEKOMEHIALUU 110 MPOBE-

JICHUI0 KOHKPETHOTO Tporiecca 00padoTKu

1.4. OT4eT 0 BBLINOJHEHUH 3aJaHUS.
OTyeT Mo KaxXJIOMy MPAKTHYECKOMY 3aHSITHIO COCTABISIETCS B IMPOU3BOJIBHON (opme U
JIOJIKEH COJIepXKAaTh:

YKa3aHUe LCJIU 3aHTUS,

OIMCAaHHE MaTEMaTHYECKON MOJIEIH mnmponecca 06pa6OTKI/I;

PE3YIbTATEI MOJACIIMPOBAHNA B BUJIC Fpa(l)I/IKOB, CXEM MJIK JuarpamMmm,

AHAJIN3 PEC3YJIbTAaTOB MOJACIIMPOBAHUS;

BBIBOJIbI U PCKOMCH AU H.

1.5. JIutepaTypa, peKoMeH1yemMasi 11 NPAKTHYEeCKHX 3aHATHI

1. CmupnoB C.A. KoMmnbroTepHbIe TEXHOJIOTMH B Hayke U oOpa3zoBanuu. MBanoso: UI'XTY.
2006. 165 c.

2. Bpicokue TeXHOJIOTHH B MAIIMHOCTPOeHUHU: yueb. mocodue: B 2 4. / B.B. JIrobumos [u ap.].
Tyna: Uzn-so Tynl'Y, 2011. Y.1. — 2011. — 147 c.

3. Beicokue TeXHOJIOTHH B MAIIMHOCTPOSHHUH: yueb. mocodue: B 2 4. / B.B. JIrobumos [u ap.].
Tyna: U3a-so Tynl'Y, 2011. 4.2 . - 2011 .- 140 c.

4. MaTtemaTu4eckoe MOJIeTMPOBaHHE KOHBEKTHBHOTO TEIIOMAacCOOOMEHa Ha OCHOBE ypaBHE-
nuit HaBee-Ctokca / B.U. [Tonexaes, A.B. byns, H.A. Bepe3y0 u np. M.: Hayka. 1987.

5. [lu . YucneHHsle METOBI B 33a4ax TemmooomMena. M.: Mup. 1988.



PA3JIEJI 2
VYKA3AHMS K BBIITOJIHEHUIO [TPAKTUYECKUX 3AHATUIA
2.1. K npakrudeckomy 3ansaTuio Nel «IlocTpoenne mareMaTuyecKux mMojesieil ¢ nmpu-
MeHeHHEeM aHAJIN3a pa3MepHOCTei)

B ciyuasx, korga u3ydeHHE peaybHBIX IMPOLIECCOB M SBICHUH 1O TEM WM HHBIM IIPH-
YMHAaM 3aTPyJHHUTEIBHO, HEBO3MOXKHO WJIM HEIEJIecoOo0pa3HO B pealbHOM MaciuTabe ompenens-
IOMIMX 3TH TPOIECCHl MapaMEeTPOB U XaPAaKTEPUCTUK, MX HCCIEJOBAaHHE OCYLICCTBIIIOT Ha (GU3H-
YECKUX MOJIENISIX, a TOJTy4eHHbIE MPH 3TOM JaHHBIE 3aTeM 0000mator. Takoe 06001eHne cTaHo-
BUTCS BOSMOYKHBIM IIPU COOJIOJICHUU ONPEEIICHHBIX YCIOBUM — YCIOBHIA MOA00US.

Teopernueckoir 0a30il TOCTPOCHHSI M HCCICIOBaHHS (PU3UYCCKUX MOJEICH SBISIOTCS
aHaIM3 pa3MepHoCTel U Teopus nmoaoodus. [Ipu sTom Teopust momodust ompenesnser yCIoBUS BO3-
MOKHOTO O0OOIIEHUS MOJYYEHHBIX Ha MOJENSX JAHHBIX, @ QHAJIN3 Pa3MEPHOCTEH HCIIOJb3YETCs
st OPMHUPOBAHUSI ATUX YCIIOBHH.

[lepBoHaYaIbHO aHATU3 PA3MEPHOCTEH MCIIONB30BANICS KaK TEXHUYECKUN MPHEM, TO3BOJIS-
IOMIMI B psJe CIydaeB COKPATUTh YUCIO MCCIEAYEMBIX IapaMeTpoB IPOIECCOB MyTeM (opMu-
poBaHUs HMX Oe3pa3sMepHBIX KOMOHWHaAIMi. BMecTe ¢ TeM OH MOMKET HCIOJB30BATHCS W JJIS TIO-
CTPOCHHUSI MAaTEMAaTHUECKUX MOJENeHl M3y4aeMbIX SIBJICHHH, €CIHM BBIIBICHBI ONPEICISIONINE UX
napamMeTpsl U XapaKTePUCTUKY.

Pasnmuunble (usnyeckue BeNWYMHBI CBS3aHBI MEXIy COOOI ONpenesIeHHBIMH COOTHOIIE-
HUSMH. EciM HEeKoTopble BETUYMHBI NPHUHATH 32 OCHOBHBIE M BBECTH JUIS HHUX OIPEICIICHHBIC
SIMHUIBI U3MEPEHUS — Pa3MEPHOCTH, TO Pa3MEPHOCTH OCTAJBHBIX BEIMYUH, HA3bIBAEMbIX MPOM3-
BOJHBIMH OT OCHOBHBIX, MOYKHO OIIPEIENICHHBIM 00pa30oM BBIPa3HTh 4Yepe3 OCHOBHBIE.

Ha npakTrke MOKHO MCHOJB30BaTh OJHY, ABE, TPH OCHOBHBIC Pa3MEPHOCTH, IMOJIb30BATHCS
TONBKO Oe3pasMepHBIMH BeIMYMHAMHU. VIcTOpHs yenmoBedecTBa Oorara MpUMepamMH OpPUTHHAIIb-
HBIX €IMHHIl W3MEPEHUs, TAKUX KaK JIOKOTb, JIaZIOHb, AIOWM (JUIMHA BepxHEH ¢ananru OOJbIIOro
najubla), ap (JUIMHa OTpe3Ka TKAHM, 3aKaToi C OJHOT0 KOHIA 3y0aMu, a C APYroro — OTBEICHHOMN
B CTOPOHY PYKOii) U T.1. B psize ciiydaeB onHa BelMYMHA MMEET pasinuHylo mepy. Tak, «pymO» B
T€0/Ie3UH — YTOJI MEKIY MEPHIMAHOM M HalpaBlIEHHEM Ha BBHIOPAHHYIO TOYKY, OTCUHUTHIBAEMBIH
oT Mepumuana B obe ctoporsl or 0 1o 90% B Mopckoif HaBuramuu — Mepa yriaa OKpPYKHOCTH
TOpU30HTA, pa3zeneHHas Ha 32 pym0Oa, a B MeTeoposorud — Ha 16 pymOoB. MOXHO NpUBECTH H
JpyTHe MPUMEPHI.

HauOosblee pacrmpocTpaHeHne MONyYniIa CHUCTeMa Tpex u3MepeHuii: macca [M], nuneii-
HBII pasmep (mwmmHa) [L], Bpems [T] (3Hak [ ] sBisercs cumBOiIOM pasMepHOCTH). KX BbIOOp
ya00eH TeM, YTO OHHM, MO HAIIeMy MHEHHIO, JIETKO IMOJIAI0TCS M3MEPEHHUI0 U JOCTaTOYHO (PyH-
JaMEHTAJIbHO OIMCHIBAIOT OKPYXAMOIIYI0 JIEHCTBUTEILHOCTh. Pa3MepHOCTH OCTaNbHBIX (HU3MUe-
CKMX BEJIMYMH BBIBOJATCS dYepe3 MPHUHAThIE B KauecTBE OCHOBHBIX. DTa cHCTEMa MPOCTO INpH-
BbIYHA JJISl HAIIMX OIIYIICHWH, XOTS MPaKTUKa WHKEHEPHOTO AKCIIEPHUMEHTa MPEAIoiaraeT BEIOOp
HauOojiee yZOOHOro Jjsl MCCIEIOBaHUS KOMILJIEKCa OCHOBHBIX pa3MmepHocTel. Hampumep, B Me-
XaHUKE Hapsy C YKa3aHHOM HIMPOKO HMCIHOJB3YIOTCS CHCTEMBI, B KOTOPHIX OCHOBHBIMH SIBIISTFOTCS
[F] (cuma), [L], [T]; [M], [L], [T], [V] (0OBeM) u T.x.; HEPEAKO pa3sMEPHOCTh BPEMEHHU OIYCKACT-
cs1. Kaknx-mi6o 0ObEKTUBHBIX apryMEHTOB B IMOJB3y TAKOTO TIOJIOKEHHS PUBECTH HEBO3MOKHO.
B ka/10M KOHKPETHOM CJIydae HCCJe0BaTeNb BIPaBe CAMOCTOSTENBHO OMPEIEATh YUCIO U HO-
MEHKJIATYPy CUCTEMBI OCHOBHBIX Pa3MEPHOCTEH.

Ecnn B cucremMy BXOIST BEIMYHMHBI, CBSI3aHHBIE C TMOHSATHEM «TEIUIO», TO K YKa3aHHBIM
pa3MepHOCTSIM clieyeT 100aBuTh emie oaHy: [t] — Temneparypy (s moctpoeHus (Gopmyn au-
HaMuKu) wid [H] — TernoByro SHEpruro (U IMOCTPOCHUS «TerioBoi» (opmyunbl). s dmek-
TPU- YECKMX W MarHUTHBIX COCTaBJISIOIUX aoOaBisitorcs: [K] — musnekrpudeckas MOCTOSHHAsI
(ucnonp3yeTcsl, Kak MPaBWJIO, B KauyeCTBE OCHOBHOW TMPU MOJECTUPOBAHUHU AIIEKTPOCTATHUECKHX
CBOJCTB siBlieHUH); [|L] — MOCTOSIHHAS MarHUTHOTO MOJsl (MCHOJB3YeTCs, KaKk MPaBWIIO, B Kaue-



CTBE OCHOBHOH IpPH MOJCIMPOBAHUU AIICKTPOMATHUTHBIX CBOMCTB SIBIEHHI) JHOO CKOPOCTBH
pacrmpocTpaHeH s IEKTPOMAarHUTHBIX BOJIH B cpene [c].

Metoapl aHanuM3a pasMEpHOCTE BO MHOTOM OCHOBaHBI Ha paborax Dypbe, KOTOPHIH
c(OopMyJIUPOBAJI IPUHIMII OJHOPOAHOCTH IO pa3sMepHOCTH. OH INIacUT, YTO JII0OOE ypaBHEHHE
KOPPEKTHO TOJIBKO B TOM CIIy4ae, €CJIM BCE €0 YJIEHBbl UMEIOT OAVMHAKOBYIO Pa3MEPHOCTh: IIOKa3a-
TEeJI CTENEeHEN NPU OCHOBHBIX Pa3sMEPHOCTSIX OJAMHAKOBBI y BCEX WICHOB ypaBHEHHUs, a ero ¢op-
Ma HE 3aBUCHUT OT EIVHMI] MU3MEPEHMs BEJIMYUH OIHOU IIPUPOJBI.

Hcnonp3oBaHue amnmnapara aHajiu3a pa3MEpPHOCTEM KakK IJIs YCTAHOBJICHHS B3aUMOCBA3U
[1apaMeTPOB IMPOLECCa, TaK U Ul COKPAILCHHs 4YMCIAa UCCIEAYEMBIX IEPEMEHHBIX IpeArosara-
€T BBIIOJHEHUE TPEX YCIIOBUM:

- [IOHUMAaHUE UCCIIEyEMOr0 IPOLECCa;

- Hanmuuue (GopMyJsl pasMEpHOCTEH HCCIEAYyEeMbIX BEIMUYMH B NPUHITOM OCHOBHOM cucTe-
M€ Pa3MEPHOCTEM;

- 3HaHHE METO0B 00PabOTKH Pa3MEPHOCTEN.

Bapuantsl ¢opmyn pazmepHocTeld B HauOoliee 4acTO HCIOIb3yEeMbIX OCHOBHBIX CHCTEMaxX
npuBeaeHsl B Tabm. 1 — 3.

B kauectBe MeTomOB 00pabOTKM pa3MEpPHOCTEH HCIONB3YIOTCS MeToAbl bykuHrema,
Penes, mostanueii meton Urcena, MeTol TMHEHHBIX MPONOpUHOHATBbHOCTEN bappa u np.

Tabmauua 4.1.
Pa3MepHOCTH MEXaHUYECKUX BETHYMH

Benuunna PasmepnocTu
Juna L L

Oobem W L3
Ckopocts V LT -1
Kpususna L -1
Yckopenue A umu g LT -2
[InotHOCTB P ML -3
KomnuuecTBo ABMKEHUS MLT -1
MOMEHT KOJINUECTBA JBMKEHUS M L2T -1
Cuma F MLT -2
Pabota u sHeprus M L2T -2
MoIIHOCTE M L2T -3
Bsskocts M ML 3T -1
Kunematnueckas BI3KocTh [ LZT -1
JlaBnenue, kacarenpHoe HanpspkeHue P, [ ML L7 -2
VYTi0Bas CKOPOCTh, YacToTa O, f T -1
Pacxon Q L3T -1




O06wemHbIi MOYIH yripyroctu E ML —1T -2
Tabnuna 2
Pa3mepHOCTH TETUTOBBIX BETHYNH
Bennunna TernoBas ¢opmyia Junamuyeckas Gopmyia
Konuuectso Terna H H M L2T -2
V nenpHas TEIUIOEMKOCTD Cp HM -1 t -1 L2T -2 t_l
TermonpoBoaHOCTS K HL —1-|- -1 t -1 LMT -3 t—l
Koadduruent termonepeaayn h HL —2-|- -1 t -1 MT -3 i -1
OHTponus S H t—l M L2T -2 1
Koaddumuent rermororo i -1 t_l
pacmmpenus 3
Tabmuua 3
Pa3mepHOCTH 2IIEKTPHYECKUX U MATHUTHBIX BEIIMIUH
DNeKTpOMarHuTHas DNeKTpocTaTuyecKas
Bennuuna
dbopmyna dbopmyna

Hanpsoxennocts M 1/2 L—1/2.|. -1u-1/2 M 1/ 2L1/ 21 —2Kl/ 2
MarHUTHOTO MOJIS
MarHuTHbIi 3apsi M 1/2 I_3/2-|- —1ul/2 M 1/ 2L1/ 2 K—l/ 2
noJroca
DneKTpUYecKHuii TOK w2 V2g -1 p-1/2 m1/2) 321 -2 1/2
DNEKTPUUYECKUH 3apsi]T M 1/2 L1/2 u-1/2 M 1/ 2L3/ 2-|- —lKll 2
PasHocTh m0- mL/2) 32 -2 pl/2 w2 V24 -1y 172
TEHITNAJIOB
ConpotuBieHne LT 1K L_lTK -1
EMKoCTB |1y -2p-1 LK
NHayKTUBHOCTH Lu L—l-l- 2K -1
MaruuTtHas u L—2-|- 2K -1
MPOHUIIAEMOCTb
Jusnexkrpruyeckas L_lT 2pn-1 K
MOCTOSTHHAS

Merox Bykunrema

Ilpumep. Viccnenyercs CHUIOBOE THAPABIMYECKOE YCTPOWCTBO aBToMoOWMs (puc. 1),
OCHOBHBIMU TapaMeTpaMHU U XapaKTEPUCTUKAMH KOTOPOTO MPUHSATHI:

F — cunoBoe Bo3eicTBIE;

L — nuneitHbIe pa3Mepbl KOHCTPYKITHH;

V — CKOPOCTH JBUKEHHUS HJIEMEHTOB KOHCTPYKIIUH;

P — IUIOTHOCTH pabouei KUIKOCTH;

M — BSA3KOCTh paboyel KUAKOCTH;



g — YCKOpEHHE CBOOOTHOTO Ma/ICHNUS,
P — naBnenue.

| ]
Puc. 1 CunoBoe ycTpoicTBO

PaSMepHOCTI/I (1)I/ISI/I‘IGCKI/IX BCIIMYHMH:

F: MLT _2; L:L:V:LT -1 3 11 —2

cP:ML T;m:ML T QLT ;P:ML_1

—2
T "
IIo METOoy EYKI/IHFeMa BBI6I/IpaI-OTCH TpU OCHOBHBIC BCINYUHBI (BBI6epeM UL IpuMeEpa B

Ka4yecTBE OCHOBHBIX V, P, L), a ocTabHbIe BRIPAKAIOTCS Yepe3 HUX B BHJIE

H=kv*pYL?,

rae H — wckomas BenmmuumHa (BCe UCCIIENyeMble MapaMeTpPhbl, KPOME BBIICICHHBIX B IPaBOM da-
CTH TIOCJIEJHETO PaBEHCTBA); K — Oe3pasMepHbIii KOIPPHUITUEHT MPOMOPIIHOHATBHOCTH.

VpaBHHBas J€Bble M IPaBblE YaCTH 3TOTO COOTHOIICHHS MO Pa3sMEPHOCTH W YYHUTHIBAs,
9YTO B CHCTEME OCHOBHBIX pasmeprocrteit [M], [L], [T] momyuum

V=LT_1,p:ML_3,L:L,

LSmkrhzy MY T

HepBaﬂ YaCTb JAaHHOI'O COOTHOWICHUA — PAaSMEPHOCTH HCKOMOM BCJIMYHHBI, BTOpasd —
pPa3MEpHOCTh MPABOM YaCTH MCXOJHOTO COOTHOIIEHUS.
I[aJ'ICC CJICAYCT MOACTABUTHL B JICBYHO 4YaCThb I3TOr'0 YPAaBHCHUA IOCICHOBATCIIBHO pa3MeEp-
HOCTH T BenmmuuH F, P, M, g 1 B KaX/10i MOJICTaHOBKE PEIINTH CBOIO CUCTEMY YpaBHEHHI:
s=x-3y+z k=y;
h=-x.

X—3y+z

Jns Beipakernst cun S =Kk =1, h =-2. Torma F = kV 2 pL 2.

I[J'I}I OCTAJIBHBIX BCJIIMYUH ITOJYYHUM

m=k1VpL; P:k2V2 p; g:k3V2 Lt



Bxopsume B monyd4eHHbIE 3aBHCUMOCTH KO3((UIMEeHThl Kj Moaiexar 3KCIepUMEHTAab-

HOMY oIpefeNeHno. B paccMOTpeHHOM MpuMepe BCE OHU PaBHBI €AUHMUIIE, T.C. MOJy4YEHHBIE
3aBUCHUMOCTH BBIPAXKAIOT OOBEKTUBHBIEC 3aKOHOMEPHOCTH HCCIIEYyEMOT0 IIpoLecca.

Jisi OTHOPOJHBIX OTHOCUTENIBHO pa3MEpHOCTEH ypaBHEHHH copaBeinBa TeopeMa by-
KHHI€Ma, TIepBasi 4aCTb KOTOPOM KOHCTATUPYET:

«Ecnu xakoe-1ubo ypaeHeHue 00OHOPOOHO OMHOCUMENbHO DA3MEPHOCHEN, MO €20 MONCHO
npeobpazosams K COOMHOUEHUIO, COOepIHCaujemMy Habop 6e3pasmepHbiX KOMOUHAYUL BETUUUNY.

Omnpenenennple METOIOM byKHMHreMa COOTHOIICHHMS MPUBOAATCS K Oe3pa3MepHOMY BUAY
JCJICHUEM UX JIEBBIX 4aCTE€H HAa COOTBETCTBYIOILKE IPABBIC YACTH:

Fi(p v 2L%) = 11, PI(V 2p) = Ty, m/(VpL) = 13, Vi(gL) > =11 4 .

[TorydeHHOE COKpallleHHe MapaMeTpoB Tporecca (MepBOHAYAIBHO C CEMHU Pa3MEpPHBIX
F, L, V,p, m g, P mo ugersipex Oe3pasmepubix 111, I12, T13, [14) maeT aBa CymeCTBEHHBIX IS
IKCIIEPUMEHTATOPA MPEUMYIIECTBA:

1. Cokpanienre HeOOX0AUMOTr0 YKcia FKCIEPUMEHTAIBHBIX HCCIIEIOBAaHUMN.

2. ObGecrieyeHre BOBMOXHOCTH TIEPEHOCA PE3YJIbTATOB AKCIICPHMEHTA Ha BECh KJIACC SIBJICHHI,
MOJJOOHBIX HccieayeMoMy. OHUM U3 YCIOBHI TaKOTO MEPEHOCA SIBIISICTCS  PABEHCTBO Oe3pa3MepHBIX
I1-KOMILIICKCOB, Ha3bIBAEMBIX KPHUTEPUSIMH HOA00MS.

VYpaBHEHHE, YCTaHABIMBAIOLIEE CBSI3b MEXKIY KPUTEpUSMHU NOJOOMsS, HA3bIBAETCS KpUTe-
puanbHbIM. {11 pacCMOTPEHHOTO BBIIIE NIPUMEPA OJHA U3 BO3MOMKHBIX 3aIIMCEH KPUTEPUAIBHOIO
YPaBHEHMS UMEET BUJ:

Fi(pv 2L2) = fPi(v 2p), mi(vpL), Vi(L) ),
NJIn
M1=f112,113,114).

CrpaBesIMBOCTh MOJIOOHBIX COOTHOIIEHHH OIpEAENseTcss BTOPOW 4acThio TeopeMbl bykuH-
rema (II-reopembl), UCTIONB3yeMOM I KOHTPOJIS pe3yIbTaTOB aHAJIHM3a Pa3MEPHOCTEH:
«Ecnu cywecmeyem oonosnaunoe coomuouwenue f(A 1, A 2, ..., Am) = 0 meacdy m ¢uszuue-

CKUMU 6eUMUHAMU, OIS ONUCAHUSL KOMOPLIX uchomvzyemcs N ocnosmvix edunuy, mo cywecmay-
em makxce coomuoutenue f'(TI11, T12, ..., TIm — h) = 0 mesxcoy (M — h) bespazmepnvimu kombu-

Hauyusimu, CoCmaejieHHbiMu U3 Imux qu3MlI€CKMX BEeNIUYUH.

Ilpumeuanue 1. Ecim He ypmaeTcs TONY4YHTh CHUCTEMY Oe3pa3MEpHBIX KOMOWHANUWH, TO
3TO SBJISETCS BEPHBIM IMPH3HAKOM TOTO, YTO OBUIO YTO-TO HPOITYIICHO.

Ipumeuanue 2. Teopema BykuHrema ycTaHaBIMBAeT JIMIIb MUHAMAIbHOE YHCIO Oe3pas-
MepHbIX KoMOuHanumi. [Tpu mpoBeieHHM aHaIM3a UX MOXET ObITh moiydeHo Oosbmie (M — h).
[Tpu BBIOOpE pa3sHBIX KOMILIEKTOB OCHOBHBIX OMPEACISIONINX MPOLECC BETHYHH MOKHO IOJTYYHTh
pa3Hble KOMIUICKTHI Oe3pa3MepHBIX KOMOWHAIMM, XOTS MX 4uciio Oyaer He meHbmie (M —h).

Ipumeuanue 3. Kak u mpu 0OeClEUCHUU OJHOPOJHOCTH MO Pa3MEPHOCTH, TOTy4YEeHHUE
NpaBWIBHOTO Ynciia [1-4iIeHOB ele He SABISETCS TapaHTHEell KOPPEKTHOro pemieHus. Tem He Me-
Hee HENpaBHJIBHOE YHCIIO TaKMX KOMILUIEKCOB ONMPECICHHO YKa3bIBaeT Ha AOMYILECHHbIE OIINOKH.

[TpaBunbHOE uMciIO Oe3pa3MepHBIX KOMILIEKCOB ompenensercs moaupuuupoBanHon I1-
TeopeMoii, chopmynrpoBanHoi Ban lpuctom:

«Hucno 6e3pazmeprvlx KOMOUHAYUL NOJIHOU CUCHEMbl PAGHO 00WleMy HUCTY NepeMeH-
HbIX M MUHYC MAKCUMATLHOE YUCTO SMUX nepemeHHblx N, He 00pazyiowux 6e3pasmepHou Komou-
Hayuu». BO MHOIMX Cilydasix OIIpeIeIeHHUE Yhcia N JOCTATOYHO 3aTPYIHUTEIILHO.



MeTton Penes

Ecimn B merone Bykunrema Oe3pa3smMepHble KOMIUIEKCHI OMPEACILIUCH TOCIEA0BATEIBHO,
TO Meroj Penes mo3BosisieT yCTaHOBUTH BCe MX OAHOBpeMeHHO. [lopsaok ero mpuMeHeHus IMpo-
WJUTFOCTPUPYEM ISl pac- CMOTPEHHOM paHee 3a7add O CHJIOBOM THIPABIMYECKOM YCTPOMCTRBE.

Ncxoanast 3aBUCMMOCTD ITAPAMETPOB UMEET CIEAYIOIINI BUL:

F=f(L,V,p,mg,P).

st obecrieueHus] OJHOPOJHOCTH ypaBHEHHUS [0 pPa3sMEpPHOCTH (B JaHHOM clydae pas-

MEPHOCTH CHJIBI) CIIEAyeT BBECTH COOTBCTCTBYI—OI_HI/IG CTETNICHH JIJIsl DJIEMEHTOB €r0 MPaBOM YacTH:

F=f®vE pd me o PM.

Janee, ucnoyib3ysi pa3sMEpHOCTH (PU3UYECKUX BEIMYMH, CICAYeT YPaBHATh WX C ICIbIO
ONpECIICHNUS] 3HAYEHUN BBEICHHBIX IMOKA3aTEIE CTENCHEHU:

F: MLT _2; L:L; VLT _1; p: ML _3; m: ML T _1; g: LT _2; P: ML _1T -2
MLt 2 =), T D% L% e S A e,
M:1=d+e+h;

L:1=b+c—-3d—e+f—-h; T:2=-—c—e—-2f-2h.

Tpu ypaBHEHHUs colIep)KaT IIECTh NMEpeMEHHBIX. Tak Kak OCHOBHBIMH BBIOpaHbI TPH pas-
MEPHOCTH, TO M3 MMEIOIIUXCS HIECTH MEPEMEHHBIX JIIOObIE TPU CIEAYET BBIPA3UTh UY€pPE3 OCTAIIb-
HbIE, HAIPUMED:

l1=d+e+h->d=1-e—h;
l=b+c-3d-e+f-h=>b=1-c+3d+e—-f+h;
2=-—C-e-2f-2h>c=2-e-2h-2f>2-e+f.

DTOro J0CTaTOYHO, YTOOBI MPEeoOpa3oBaTh UCXOAHOE OJHOPOJAHOE YpaBHEHUE K BUIY:

F:f¢2—e+ﬂV2—e—2h—2tpl—e—h’ e fp)

Tenepp cnemyer copmupoBaTh Oe3pasMEpHBIE KOMIUIEKCH 00b- €JHHEHHEM IepEeMEH-
HBIX C OJMHAKOBBIMH IOKA3aTEeNsSIMU CTETEHEH (CTe- MEeHW yCTaHABIMBAIUCH IJII TPEX OCHOBHBIX
pa3MepHOCTEM ):

F=1L2 v 2, p, miLvp)®, (Laiv ), eiv 2o,

NJIn
FI(L2V 2p) = fmiLvp))®, Larev 2, erev 2o,

YTO PaBHO3HAYHO pPaHEe IOJyYEHHOW COBOKYITHOCTH O€3pa3MEpHBIX KOMIDIEKCOB (TOYHOE CO-
OTBEeTCTBHME BhIMONHseTcs mpu € = 1, f = -2, h=1).

OtHOcHUTENBbHAS CI0XKHOCTh MeToja Pejes 3akirodyaercs B MpeoOpa3oBaHUM IOKa3aTesei
CTETEeHEeH TpPHU ONMpEesSIONIMX Mpollecc mapameTpax. Ecim 3To yaaercs caenath 0€3 Cepbe3HbIX
BBIYMCIIEHHH, TO MeTOJ Pelless MO3BOJSET cpa3y YCTaHOBUTH BCKO COBOKYITHOCTH O€3pa3sMEpHBIX
KOMIIJIEKCOB.

Merton Uncena

CyTtb MeTOna 3aKifoyaeTrcs B MO3TaHOM (OPMUPOBAHUHM Oe3pa3MEpPHBIX KOMILIEKCOB ITy-
TE€M HMCKJIIOUEHUSI OCHOBHBIX Pa3MEPHOCTEH B MCXOJHOM YPaBHEHHMM CBSI3U MEXIY NE€PEMEHHBIMU
uccienyemoro mporecca. [Io cpaBHEHHIO ¢ pacCMOTPEHHBIMH BBIIIE METO/aMU OH OOecreyrBaeT
KOHTPOJIb HaJ IMPOLECCOM IMOCTPOeHHs Oe3pa3MepHBIX KOMIUIEKCOB Kak IyTeM BbIOOpa MOpsiKa
UCKJIIOYEHHs pa3MEpHOCTEH, Tak M IyTeM BbIOOpa MEpEeMEHHOW, KOTOpas MCHOJb3yeTcs Ui UC-
KJIFOUEHHSI KOHKPETHOM pa3MEpPHOCTH.

[Topsimox wucnonb3oBaHus Merona MnceHa MOXHO TOKa3aThb Ha paHee PacCCMOTPEHHOM
IIPUMEPE C CUIIOBBIM T'MAPABIMYECKUM LIWINHIPOM.
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I/ICXOI[HEUI 3aBUCUMOCTD IMapaMETPOB UMCCT BUI:
F=f(L,V,p,mg,P).
YpaBHEHUE PA3MEPHOCTEN:

MLT 2= 1L, (LT D), (ML 2, (ML 7, 179, (v T )
PasMepHOCTh (DM3HUYCCKUX BEIINYMH:
F: MLT _2; L:L; V: LT _1; p: ML_3; m: ML T _1; g LT _2; p: ML LT 2

Jlist mpuBeeHUsI MCXOHON 3aBUCHUMOCTH K Oe3pa3MepHOMY BUAY IOCIEAOBATEIBHO HC-
KJIFOYaeM OCHOBHBIE Pa3MEpPHOCTH C HCIIOJIb30BAaHUEM MapaMeTpOB, BXOISIIMX B MPaBYI 4acTb
ypaBHEHHUSI.

[lepBoii HCKIIIOYMM pPa3MEPHOCTb MAacChl, HUCHONb3yd MapaMeTp p (IJIOTHOCTh KHJIKO-
ctu). [IpeoOpa3oBaHusAM MOAJIEKAT TOJIBKO TE€ IEPEMEHHBIE, KOTOPBIE COJIEPIKAT UCKIIOYAEMYIO
Pa3MepHOCTb:

Flp =1 (L, V, p/p, m/p, g, P/p);

4 (Y (B WD (s (s W (s '

[TapameTp p/p Tenepb MOKHO MCKITFOUMTh M3 MTPABOM YaCTH:

Fip =f (L, V, m/p, g, Plp);

2=t o, ot h (T h e, A

Ilo0obHnble npeobpazosanusi OONYCMUMbL JUWbL 6 PACCMAMPUBAEMOU CUMYaAyuU, Ko2od
dopma PyHKYUOHATLHOU C8A3U MeAHCOY NapamMempamu He OnpeoeieHd.

CJIGI[YIOLI.ICIZ HNCKIIIOUUM paSMepHOCTb BpeMeHI/I, I/ICHOJ-IB3yH JJIsL 9TOro CKOpOCTL V
EipiV 2 = (L, VIV, mipIV, gV 2, PIpiV 2);
2
L™ =f[(L), (1), (L), (2/L), (1)],

NI
EipV 2 = £ (L, miplV, gV 2, PIpIV 2);
L% =F[(L), (L), WL,
[TocnenHelt uWckitOYaeM JMHEWHYIO pa3MEpPHOCThb, MCHOJb3Ysl MEpEeMEHHYo L:
FlpIV 2L = £ (UL, miplVIL, LgiV 2, PV 2): 1= £[(1), (1), ()],
NniIn

FlpIV 2L = £ [(mipIVIL), (Lg\ ), (Pl ).

[TocnenHss 3aBUCUMOCTh AHAJIOTHUYHA PAHEE MOJIYYEHHOMY KPUTEPHATBLHOMY YPaBHEHMIO.

3arpyqHeHusT B NpUMEHEHMH Mertofa MinceHa mNosABIAIOTCA B 3aJadyax C YBEIMYEHUEM
qyciia TMEePEeMEHHbIX M YHCla MCIOJb3YeMBIX JJI aHajlh3a OCHOBHBIX pa3MepHOCTEW (YeThIpe —
IATh). B 3TUX ciaydasx JUIsl UCKIIIOYEHHs pPa3MEpHOCTEH cielyeT HCIOoJb30BaTh KOMOMHALMU He-
CKOJIBKMX ONpEeNsonuX mpolecc napamerpoB. Kakux-nubo pexkoMeHIalMid O MOCieNoBaTesb-
HOCTH MCKITIOYEHHUS! Pa3MEPHOCTEH M O BBIOOpPE HCIOJIB3YEMBIX JUISl 3TOTO IeJIeCO00pa3HBIX KOM-
OMHaLMI mapaMeTpoB J1aTh HE MPEICTABIISAETCS BO3MOKHBIM.
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Meton bappa (inHeliHbIX TPONOPIUOHAILHOCTEN)

PaccMoTpeHHbIe BbIlIE METOB! MPEAOCTABISIIOT HEOOJIBLIYI0 BO3MOXKHOCTh IOJIy4aTh HE
TOJIBKO KOPPEKTHBIH, HO M YAOOHBIA Uil MCcienoBatenss Habop Oe3pa3MepHBIX KOMILJICKCOB.
Takue pemieHHs MOXKHO HalTH KOMOMHHMPOBAaHMEM IEPEMEHHBIX, OJHAKO 3Ta Ipoleaypa JocTa-
TOYHO yTOMHUTENIbHA, A TOJIHBIA HAOOp YHOOHBIX pEIICHUH aJeKo HE OYEBUJCH.

C penpro ycTpaHeHus 3TOro HezmocraTka B KoHue 60-x rr. bapp paspaGortan meron jiu-
HEUHBIX IIPONOPLMOHAIBHOCTEH. Ero CyTh 3akirodaercs BO BKIIOYECHMM B IIPOLEAYPY aHaIM3a
pasMepHOCTE MPOMEXYTOYHOrO Ilara, oOEcIeYMBAIOLIEro Mpeodpa3oBaHue NEPBOHAYAIBLHO He-
OJIHOPOJHOIO II0 Pa3MEPHOCTH YPaBHEHHUs B OAHOPOJHOE C OAHOM PAa3MEPHOCTBIO, B YACTHOCTH
nuHenHoH. IlomydeHHble TakuM 00pa3oM KOMIUIEKCHl Ha3BaHbl JMHEWHBIMU MPONOPLHOHAILHO-
ctaMu. Mcnonp3yeMblii IIpy 3TOM IPUHLMII IEPEONPEICICHHOCTH I103BOJIIET HCCIIEI0BATEIO
OCYILIECTBUTh BBIOOP yIOOHBIX KOMOMHAIMHA M3 BO3MOXHOIO MX MHOXECTBA. Takoe OJHOPOAHOE
10 pa3MEPHOCTH ypaBHEHHE NPUBOAUTCA K Oe3pazMepHOMY aHaornyHo metony Mncena.

[IpuMeHHTEIBHO K PacCMOTPEHHOMY IIPUMEPY OIPENEICHHBIC 3apaHee JUHEWHBIE IIPO-
MOPLMOHAJIBHOCTH IIPUBEEHBI B Ta0. 4.

Tao0mnuua 4
JInHelHbIe IPONOPIMOHAIIEHOCTH
[TepemenHbIC m P V F
YckopeHue «g» (m /p)2/3 /gll 3 P/(pg) v 2 /g E /(pg)1/3
JluHaMUYeCKUi K0O3()OUIHEHT BSI3KOCTH M m/(pP) 1/2 m/(pV) -
JlaBnenue P — (F /P)1/2
Ckopocts V (FI(pV 2))1/2

Tenepb UIsi MOCTPOCHHS KPUTEPUAIBLHOTO YPAaBHEHHS MOYKHO HCIOJIB30BaTh Pa3IMUHBIC
HaOOpBI Oe3pa3MEepHBIX KOMOHWHAIMK WCXOS U3 yA00CTBa YIpaBICHHUS TEPEMEHHBIMU TP pea-
JM3AIMU SKCIEPUMEHTA M KOHTPOJISL MX W3MeHeHUus. [Ipu 3ToM HEoOXOoauMo, 4TOOBI Kaxaas W3
OCHOBHBIX TEPEMEHHBIX IpoIlecca BCTpedanach B 0€3pa3MEpHBIX KOMIUIEKCaX HE MEHEe OJHOTO
pasza, a 4KcIo YWIEHOB OAHOPOAHOTO MO Pa3MEPHOCTH YpaBHEHHS ObUIO HA €IWHUIYy OOJNbIe Yuc-
Jla YJICHOB OJHOPOJHOTO Oe3pa3MepHOro ypaBHEHHS. «JIMIIHUMY YJI€HOM B OJHOPOJHOM IO pas-
MEPHOCTH YPaBHEHUHU SIBIISICTCS JIMHEWHBIN pa3Mep, KOTOPBIA HCKIIOYAeTCs MPU aHAIHM3E yKe U3-
BECTHBIM 00pa3oMm.

B ob6meMm ciydae mpu komOunHupoBaHuu N mepeMeHHbIX (0€3 IUIOTHOCTH W JMHEWHOTO
pasmepa) moxHO coctaButh (N — 1) + (N — 2) + ... + 1 IuHEHHBIX MPOMOPIHOHAIBHOCTEH, U3 KO-
TOPBIX HEOOXOAUMBIMHU sIBISIFOTCS TOJBKO (N — 1). TIpuMeHHTETBbHO K PUMEPY peaibHO (HhopMu-
pyeTcss BOCEMb JIMHEHHBIX IPOMOPIIMOHATIBHOCTEH W BO3MOXHBIMH SIBJISIFOTCSl TIPHUBEICHHBIC
HUKE€ HEKOTOPBIE BAPHAHTHI OJHOPOIHOTO MO Pa3MEPHOCTH YPaBHEHHUS:

Fipv )M = fmipv), miPy 2, mipy?igY 3 L;
1oV )2 = i), Picpg), iy 2 8 L1
(Fi(p V2))1/2—f[V /g, m /(pP)llz (m /)2/3 1/3 L
Fipv )2 = f1v %1g, Pigpg), (mim?1gY 3, L;
FPYY2 = fmipv), mier) 2, mip P 3igt 3 L,

(Fip)L/2 = i), PIpo) ACT T IN
FPy2 = v /g mieP)Y2, i 3igY 3 L.

FPYY2 = 1v 2., Pipg), (mipy? g 3 L
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2/3 1/ 3

Fi(pg) " = fmi(pv), mieP)Y2, (mip) L

Fi(pg) ™ =iV, Pipo) " v 3, L
Fi(pg) 3 = f[v /g miP) 2, (mipy? g 3 L
Fi(pg) > = f1v 21g, Pi(pg), (mip)?1g* 3 L1 n

[TomyueHHslit panee HaboOp Oe3pa3MEpHBIX KOMILIEKCOB SBISETCS KOMOHMHALMEH crleny-

IOIIMX COCTABIIIONIMX B IPUBEACHHBIX YPaBHEHHSIX: (F/(pVZ))ll2 m/(pV), P/(pg), V2/g.

Takum oOpa3om, meron bappa mpenocraBiser IHMPOKHE BO3MOXHOCTU 1O (hOPMHPOBa-
HUIO YCIIOBUH IIOCTPOCHUS KPUTEPUAIBHBIX YPaBHEHUN MCXOJs U3 BO3MOKHOCTEHM IO OpraHu3a-
LMY U IPOBEICHUIO DKCIIEPUMEHTA.

[Toryyaemble TEM WM MHBIM METOJIOM O€3pa3MepHble KOMIUIEKCHI B JaJbHEHIIEM HC-
MOJIB3YIOTCS Ul TIOCTPOEHUS MAacCIUTaOHBIX (PU3UYECKUX MOAEIEeH, KOHTPOJsS NPaBUIBLHOCTU
HKCIEPUMEHTAIILHBIX HCCIIEOBAaHUN M TEpEeHOca Pe3ylbTaToB (U3UYECKOTO IKCIEPHUMEHTa C MO-
JieJIell Ha HaTypHBIE IIPOLIECCHI.

2.2. K npakrtuuyeckomy 3ansatuio Ne?2 «IlocTtpoeHne MaTeMaTH4eCKUX Mojeseil ¢ uc-
M0JIb30BAaHHEM 3aKOHOB COXPAaHEHHUS»

YucneHHoe pelieHue 3aaad, CBA3aHHBIX C TEIUIO0OMEHOM, TEYCHHEM JKUAKOCTH U JPYTUMH
COIYTCTBYIOIMMH MPOIIECCAMHU, MOKHO HauMHATh, KOTJA 3aKOHBI, YIPABIAIONIME YTUMH MPOLEC-
caMH, BBIp@XEHBI B MareMaTHyeckod (opme, oObgHO B BHAE A (epeHInaNIbHBIX ypaBHEHHIA.
[ToapoOHBI 1 TONHBINA BBIBOJ 3TUX ypaBHEHHI MOXXHO HAaliTW B CTaHAapTHBIX ydyeOHukax. Hamra
IeJIb 3aKIJIF0YAeTCsl B O3HAKOMJICHHH C BHJIOM M CMBICIIOM 3THUX ypaBHeHHi. Byzaer mokaszaHo, 4To
BCE paccMaTpHBaeMbI€ 311€Ch YPABHEHHS UMEIOT OJMHAKOBYIO ()OpPMY, OTpe/ielieHHe KOTOPO sIBJIS-
eTCs IEPBHIM IIarOM B CO3[aHUHU OOIIIEro METO/Ia PelIeHus. byyT Takxke paccMOTPEHBI HEKOTOpBIE
CBOWCTBA HE3aBUCUMBIX II€PEMEHHBIX, UCIOJIb30BAHHBIX B 3THUX YPABHEHHUSX.

Cwmbica quddepennnansioro ypaBHenus. Kaxmoe uz paccMaTpuBaemMbix 31ech audde-
PEHLIMAIBHBIX YPaBHEHUH BbIpakaeT OINpEJesIEHHBIN 3aKOH COXpaHeHMs. B KakaoMm ypaBHEHHHU B
Ka4yecTBE 3aBHCHMOM IMEPEMEHHOM HMCIIONIB3YeTC s HEKOTOpasi (U3nvecKasi BeJIMUMHA U OTpakeH Oa-
JAHC MEXY Pa3IUYHbIMU (PAKTOpaMH, BIMSIOIMIMMH Ha 3Ty nepeMeHHyr0. OObIYHO 3aBUCHUMBIMU
MEPEMEHHBIMA B 3THX Au(QepeHInanbHbIX ypaBHEHUSAX SBISIOTCS YAETbHBIE CBOWCTBA, T. €.,
CBOWCTBA, OTHECEHHBIE K €AMHUIEe Macchl. [Ipumepamu SBISIOTCS MaccoBasi KOHLIEHTpPALUs, CKO-
pocTh (T. €. KOJIMYECTBO JABMKEHMS €IMHMIIBI MACChl), yaelbHas dHTanbnus. Unensl quddepeHnu-
aJIbHOTO yYpaBHEHHUS TaKOTO THUIA BBIPAXKAIOT BO3AECUCTBUS Ha enuHHIy oObema. [losicHuMm ckaszaH-
Hoe Ha npumepe. [lycts J - moTok HEeKoTOpoy 3aBucuMoi nepemerHoit d. PaccmoTpum mokasas-
HbBIl Ha puc. | KOHTPOIbHBIA 00BEM, CTOPOHBI KoTOporo pasHbl dX, dy u dz. IToTok, Brekarommit
yepe3 0JIHY MOBEPXHOCTH Iiomiaasio dydz, o6o3nauum Jx (Jx - cocrassitonias Bekropa J), a MOTOK,
BBITCKAIOIINI Yepe3 MPOTUBOIOJIOKHYIO TIOBEPXHOCTh, 0003HaunM Jx + (OJx /0 X)dX. Takum obpa-
30M, YMCTOEC MCTEYCHHE Yepe3 IUIOIIAAKY moBepxHocTH paBHO (OJx /0 X) dxdydz. PaccmarpuBas
aHAJIOTUYHBIM 00pa30M TMOTOKM B HANpaBJICHHUSX Y U Z, a Takke 3aMedasi, yto dxdydz - Bemmumna
paccMaTpuBaeMoro o0beMa, IMorydaeM YUCTOe HCTEUCHUE Ha eIMHUILY 00beMa

8J, &, &,

) +

oXx oy oz
Takas unrepnperarust div] 0ocoOeHHO MoJIe3Ha BBHUJY TOTO, YTO KaK OyAeT BUAHO HIKE,

MMOCTPOCHHUE YHCICHHOTO METOAa OYIeT BBIMOJIHATHCS HAa OCHOBE INMPHHIMIA OajaHca IS KOH-

TPOJIBHOTO OOBbeMa.

=divJ. 1)
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Puc. 1. Bananc noTokoB 4epe3 KOHTPOJIbHBIN 00beM.

K enunuiie o6beMa otHocuTe Takke wieH O(pdD)/Ot, KOTOPBIN OMHUCHIBAET CKOPOCTH HU3Me-
HeHus. Eciiu @ - ynenbHOE CBOMCTBO, p - INIOTHOCTH, TO pD - KOJTMYECTBO COOTBETCTBYIOIIETO IKC-
TEHCHBHOT'O CBOMCTBA B eauHHUIle 00bemMa. Takum obpazom, O(pdP)/ot - cCKOpOCTh U3MEHEHHS COOT-
BETCTBYIOIIIETO CBOWCTBA B IUHUIIC 00BEMA.

JuddepernnanbHoe ypaBHCHHE COCTOMT U3 WICHOB, KaX/IbIii B KOTOPBIX BBIpa)kaeT BO3-
JCCTBUE HA eIUHUIY 00beMa, a CyMMa - OajlaHC 3TUX BO3JeicTBUA. PaccMoTpuM st mpumMepa
HECKOJIbKO CTaHAapTHBIX Tu((epeHIIHaTbHBIX YPABHEHHH U MOTYYUM HX 0000IIEHHYIO (hopMmy.

CoxpaHeHne XHMMHYECKOH KOMIOHEHTHI. [IycTh M| - MaccoBas KOHIIEHTpAIUS XHUMHUYE-
CKOM KOMIOHEHTHI. [Tpy HaTM4Ku OISl CKOPOCTH YPaBHEHUE COXPAHEHHMSI My, 3aIIChIBACTCS B BU/IE

st(pm,)+div(pum, +J,)=R,. )

3neck O(pmi)/ot - CKOPOCTh M3MEHEHHUSI MacChl KOMIIOHEHTHI B €IUHKIIC 00beMa; pUM| - KOH-
BEKTUBHBIN MMOTOK KOMIIOHEHTBHI, T. €. TOTOK EPEHOCUMBIN 00IIKM 1osieM Tedenus pu; J - muddy-
3MOHHBII TIOTOK, OOYCIIOBJICHHBIN Yallle BCEro I'PaJHMEHTOM MAacCOBOW KOHIEHTpamuu my. JuBep-
TeHIIMSI ATHX JIBYX MOTOKOB (KOHBEKTUBHOTO U NU(PY3MOHHOT0) COCTaBIISIET BTOpOi wieH nudde-
pEeHIMANBHOTO ypaBHEeHUs. BenuunHa R| B paBoif yacTu 0003Ha4aeT CKOPOCTh 00pa30BaHUS KOM-
MIOHEHTHI €IMHUIIE 00beMa, 00YCIOBICHHOTO XUMHUECKOW peaknueil. 3aMeTHM, 4TO B 3aBUCUMOCTH
OT TOTO, YTO MPOUCXOAUT B ACHCTBUTEIHLHOCTH - 00pa30BaHUE KOMIIOHEHTHI WU €€ YHHUTOKEHHE,
RI MOokeT OBITH TIOJIOKUTEBHOHN WIIM OTpUIaTeNIbHOU. )1 Hepearupyromeit kommoneHTs! Ri = 0.

Ecnu nnsa Ji cnpaBeiuB 3akoH Puka, TO MOKHO 3aIUCATh

J,=-T, gad m,, (3)

rae I - koapdunuent nuddysun.

[Tpu noacranoBke (3) B (2) monyyaem

gt(pml )+ div(pum, )= div(T, grad m, )+ R, @)

YpaBHenue 3Hepruu. B HanGosnee o0meM BuJe 3TO ypaBHEHHE BKJIIOYAET BO3JIECHCTBUS
Oonpioro konuyectsa (akropoB. Tak kak Hac MHTEpeCyeT, ckopee, popma, a He MoapoOHas 3a-
MTUCh WICHOB PaBHEHUS, IOCTATOYHO PACCMOTPETh HECKOIBKO YaCTHBIX CITydaes.

B cnyyae cTannoHapHOTO TedeHHUsl ¢ HEOOJBIIONH CKOPOCThIO U MPEHEOPEKUMO MAJIOH Bs3-
KOH TMCCHITaIeil ypaBHEHHE YHEPTUN MOXKHO TPEJICTABUTH B BUJIC

div(puh)=div(kgrad T)+S, . (5)
rae h - ynensnast suTanenus; K - koadduuueHT TermonpoBoaHocTH; T - TeMmeparypa; S - 00beM-
Hasi CKOPOCTH BBIICTICHHS TETUTOTHI.

Unen div(kgradT) omuceiBaeT BIHMsIHME NEPEHOCA TEIUIOTHI TEIUIONPOBOJHOCTBIO BHYTPH
YKUJIKOCTH COTJIACHO 3aKkoHa Dypee.

JUist MiealIbHBIX Ta30B, TBEP/BIX TEJ U )KUIKOCTEH MOXKHO 3alucaTh

cgrad T =grad h. (6)
35ech ¢ - yaenbHas TEMI0EMKOCTh MPH MOCTOSHHOM AaBiieHHH. [101cTaBUB 3TO BhIpakeHUE
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B YPAaBHCHUC SHCPTHHU, [TIOTTYyUUM

div(puh)zdiv(l;grad h}+8h. (7
Ecnu ¢ mocrostHHa, TO 3aBUCUMOCTB N oT T yriporaercs 10
h=cT (8)
Y YpPaBHEHME HEPIUU IPUHUMAET CJICIYIOLIUN BUL:
div(puT )= div(tgrad Tj + SC“ : (9)

[Tomo6HBIM 00pa30M MOKHO BBIOMpATh B KAY€CTBE 3aBHCHUMOU TIEPEMEHHOMN SHTAIBITHIO WIIN
TeMIeparypy.
Ecau cuurats ckopocTs U = 0, TO OJIy4rM YpaBHEHHE CTAlIMOHAPHOM TETUIOMPOBOIHOCTH

div(kgrad Tj+S“:O. (10)
C c

YpaBHeHHe KoOJIU4YeCTBA JABH:KeHUsA. [[JI1 HBIOTOHOBCKOHM KUAKOCTH JAH(hepeHIInaTbHOES
YpPaBHCHHUCEC, BbIPpAKAIOMIECC COXPAHCHUC KOJIMYCCTBA JIBUKCHHUA B JaHHOM HaIIPpaBJICHUHU, MOKHO 3a-
IINCaTb aHaJIOTUYHbIM 06pa30M. O,I[HaKO 9TO CACJIAaTb HCCKOJIBKO CJIOKHEC, TaK KaK HaAO0 pacCMart-
pUBaATh KAaCaTCJIbHOC U HOPMAJIbHOC HAIIPAKCHUA, a TAKKC M3-3a OOJIBIIEN CIIOKHOCTH 3aKOHA BS3-
KOIro TpCHUsA Ctokca o CPAaBHCHHIO C 3dKOHOM duxka uim 3aKOHOM CDypbe. HYCTL X-COCTaBJIAIOIIaA
CKOpPOCTH paBHa u, Toraga COOTBCTCTBYIOIICC YPABHCHUC KOJINYCCTBA JABWIKCHHA ITPUMCT BHUJ

0 . . 0
a(,ou)+ div(puu) = div(u grad u)—ap+ B, +V,. (11)
X
rae W - Ko3pGUIUEHT BI3KOCTH; p - AaBlIEHUE; By - X-COCTaBIISIONIast 00BEMHON CHIIBI (TIPUIOKEH-
HOM K enuHUIE 00beMa); Vx - momonutenbHbie K div(pgradu) BsI3Kue WICHBI.

YcpeaHeHHble 10 BpeMeHH YPaBHeHMs 1Jisl TYpOyJIeHTHOrO TedeHusl. B mpakTuueckux
IPUIIOKEHUAX TEUYEHUSI OOBIYHO MMEIOT TYpOYJIEHTHBIM XapakTep M MHTEPEC MPEACTaBIAIOT, Kak
MIpaBWJIO, CPEIHNE IO BPEMEHU XapaKTEPUCTUKH Takux TeueHuil. [loaTtomy ¢ momolpto onepanuu
yCpeIHEeHHs] ypaBHEHUs JUIsl HECTAllMOHAPHOTO JIAMUHAPHOIO TEUEHUsS MpeoOpaszyroTcs B ycpel-
HEHHBIE 10 BPEMEHU YpaBHEHMsI JJsl TypOyneHTHoro TedeHus. IIpu 3tom mpenmnosnaraercs, 4To
HUMEIOT MECTO OBICTpBIE CIy4alHbIe MyJbCAMM YCPEIHIEMOI BEJIWYMHBI OKOJO CPEIHEro 3Haue-
Hus. B pesynpraTe onepanuu ycpeaHEHHs] BOSHUKAIOT JOMOJIHUTEIbHBIEC YJIEHBI - TAK Ha3bIBa€MbIE
HanpsbkeHus PeliHomnbaca, TypOyIeHTHBIN TEIIOBON MOTOK, TypOyleHTHbIN Auddy3nOHHBINH MOTOK
U T. 1. 3agadeil Mojienu TypOyJIEHTHOCTHU SIBJISIETCSl BBIPRXKEHHUE ITHX MOTOKOB 4epe3 CpellHue Xa-
PaKTEPUCTUKH TEUEHHUS.

Bo MHOrux mozensx TypOyJI€HTHOCTHU JUIsl BbIpa)K€HUsl TypOYJIEHTHBIX HAIlpsLDKEHUH U TO-
TOKOB MCIIOJIb3yeTCsl KOHLENUs Ko3dduiueHToB TypOyaeHTHOH Bsizkoctu U auddysuu. B pe-
3y/lbTaTe YCPEIHEHUS MO BPEMEHHU YpaBHEHMs Ui TypOYJEHTHOIO TEUEHUS MMEIOT TOT K€ BUJ,
YTO U ypaBHEHHUs JUIsl JIJAMUHAPHOTO T€UEHUs, C TOW JIMIIb PasHULIEH, YTO KOAPPHUIUEHTH MOJIEKY-
JSPHOTO OOMEHa, Takue, Kak Ko3(PUIMEHThI BA3KOCTH, AUPPY3UH U TEIIONPOBOJHOCTH, 3aMEH -
10TCs Ha 3()(heKTUBHBIE (T. €. MOJIEKYJISIpHBIE TUTIOC TypOyleHTHbIE) KodhduienTsl ooMeHa. C BbI-
YUCIUTENBHON TOYKH 3peHusi TypOyJIEHTHOE TEUYEeHHE SKBHBAJEHTHO, B paMKax TaKoOro MOJX0ja,
JAMUHAPHOMY TEYEHHUIO C JIOBOJIBHO CJIOKHOM 3aBUCHMOCTBIO JJIs1 KO QHIIMEHTa BA3ZKOCTH (3TO
e CIIPaBEIJIUBO U JJISl TEUEHUS! HEHbIOTOHOBCKOM MKHUAKOCTH KOTOPOE MOXHO paccMaTpUBaTh Kak
TEUYEHHUE CpeJibl C 3aBUCSIIUM I'PaIUeHTa CKOPOCTH KO (HUIIMEHTOM BSI3KOCTH).

YpaBHeHue /i1 KHHETHYEeCKOH IHeprun TypOyJeHTHOCTH. B mMpoko pacrnpocTpaHeH-
HOM B HACTOsIIee BpeMsi MOJIeNId TypOyJIE€HTHOCTH BKITIOYAIOIIEH /1Ba ypaBHEHUS, B KaUeCTBE OJTHO-
ro U3 ypaBHEHHI BXOIUT YpaBHEHHUE JUIs KUHETHUECKON 3HepruH K mylbCallMOHHOTO JBHKCHUS,
UMEIOLIEE BUJL

aat(pk)+ div(puk) = div(T, grad k) + G — pe . (12)
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rae [k - koadpdunment muddy3un k; G - ckopocTh reHepanuu SHEPruu TypOYIEHTHOCTH; € - CKO-
pocth auccunanuu. B nenom BenmnunHa G - pe - UCTOYHUKOBBIA WIEH ypaBHEHUS. AHAJIOTUYHOE
muddepeHranbHOe ypaBHEHHE 3aMMCHIBACTCS I IEPEMEHHOH €.

0O06061menHoe T pepeHnuaIbLHOe ypaBHeHue. KpaTkoe paccMOTpeHHE HEKOTOPBIX IU-
(bepeHIaTbHbIX YpaBHEHHH, OMMCHIBAIONINX TEMIO0OMEH U TUAPOIUHAMUKY, IOKA3bIBAET, YTO MH-
TepecyolUe HaC 3aBUCUMBbIE ITIEPEMEHHbIE TOAUYUHSIIOTCS 00001IEHHOMY 3aKOHY coXpaHeHus. Eciu
0003HAYUTh 3aBUCHMYIO NlepeMeHHYI0 D, To 06001meHHoe AuddepeHnnanbHoe ypaBHEHUE TPUMET
BUJ

gt(pq))+ div(pud) = div(I" grad )+ S . (13)

rae ' - koapdunuent aquddys3uu, S - ucrounnkopblid wieH. KonkperHeid Bua [ u S 3aBUCHT ot
cMbIcia epeMeHHor @ (B ACHCTBUTEILHOCTH CJICIOBAIO ObI MCIIOJIB30BaTh 0003HaYeHUs ['o 1 So ,
HO 3TO MPHUBEJO OBl K CIUIIKOM OOJBIIOMY KOJHMYECTBY HIKHUX WHIEKCOB NATbHEUIIINX BBIKIIA/I-
Kax).

B o6o0mennoe muddepeHaibHOe ypaBHEHUE BXOIAT YEThIPEe WiICHA: HECTAIl[HOHAPHBIH,
KOHBEKTHUBHBIN, MU Y3MOHHBIH U UCTOYHHKOBBINA. 3aBUcHMas mnepeMeHHas @ obOo3Hayaer pas-
JUYHBIC BEJIMYMHBI, TaKHE, KaK MAacCOBas KOHIEHTPAIHUS XUMHUYCCKOW KOMITOHEHTBI, dHTAIBITHS
WIM TEMIIepaTypa, COCTaBISAIONIAs CKOPOCTH, KHHETUYECKash YHEPrusl TypOyJIEHTHOCTH WM Mac-
mrtad TypOynenTHoctu. [Tpu sTom koddunmenty muddysuu I' 1 HICTOYHUKOBOMY WieHY S cieny-
€T MPUAATh COOTBETCTBYIOIIMIA KaXKIOW U3 ITHUX MEPEMEHHBIX CMBICI.

He Bce mud¢y3noHHBIE MOTOKH OMPEACIISIOTCS TPAJUCHTOM COOTBETCTBYIONICH MEpPEeMEH-
Hoil. OnHako 3anuck quddy3nonHoro wiena pasuenus B Bujae div(I'grad®) ne orpannuuBaet npu-
MeHeHue 0000meHHoro ypaBaeHus s @ cirydasmu, korma nudy3noHHBIE TTPOIECChI 00YCIIOB-
JIEHBl COOTBETCTBYIOUIMMU TIpagueHTamu. Ty 4acTh Au¢GYy3NOHHOTO 4JieHa YpaBHEHHs, KOTOPYIO
HENb3s BBIPA3UTh B yKa3aHHOM BHJIE, BCETJa MOXKHO 3alMCaTh KaK YacTh MCTOYHUKOBOTO WICHA;
daktuuecku kodpdurment quddysuu ' MOKHO 1axe cUUTaTh PaBHBIM HYIIIO.

SBHas 3anuck TUQGY3NOHHOTO WieHa B 00001eHHOM ypaBHeHHH i1 D uepe3 ee rpaJiueHT
MCIOJIb30Bajach MOTOMY, YTO JJisi OOJIBIIMHCTBA 3aBUCHMBIX MEPEMEHHBIX AU(Y3MOHHBIN YiieH
MMEET UMEHHO TaKOW BH/I.

Bxopsmas B (13) maoTHOCTh MOKET OBITh CBSI3aHA C TAKUMH MEPEMEHHBIMH, KaK MaccoBas
KOHIICHTPAIUS U TEMIIEPaTypa, Yepe3 YpaBHEHHUE COCTOSIHHS. DTH TMEPEMEHHBIC U COCTABIISIONINEC
CKOPOCTH TakXKe MOAYUHAIOTCS 0000menHoMy nuddepennmansHomMy ypaBHeHUI0. Kpome Ttoro,
0JIe CKOPOCTH JIOJDKHO YJIOBJIETBOPSITH JOMOJTHUTEIFHOMY OTPAaHUYCHUIO, @ UMEHHO 3aKOHY CO-
XpaHEHUsI MacChl WM YPAaBHEHUIO HEPA3pPHIBHOCTH, UMEIOILIEMY BU]T

Z)+div(pu):0. (14)

VYpasuenus (13) u (14) 3anucansl B BEKTOPHOM BUJIE. DTH YPaBHEHUS MOKHO MPEJICTABUTH
Takke B TEH30pHOH opme B 1eKapTOBOH crcTeMe KOOpAUHAT:

0 0 0 oD

ha Z(pud)= Z T |+5S

8t('0q))+c’ﬂxj(puJ ) ox; | X, " | (15)
op O

P % (u)=0

rJIc HIDKHUM MHJCKC | B COOTBETCTBHH C TPEMs MPOCTPAHCTBEHHBIMU KOOPJIUHATAMH TIPH-
HuMaeT 3HaueHus 1, 2, 3. [loBTopeHne 3TOro WHAEKCA JABAXIbl 0003HAYAaEeT CYMMUPOBAHUE TPEX
AQHAJIOTUYHBIX YJIEHOB, HAIIPUMED
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K
OX.

]

o

(puj)=jxl<pul>+a(puz)+ (pu,)

0X, 0X4
(16)
oX; | OX; ) oxg\ oxg ) OX {0 OX, ) X\ OXg

OpaHO U3 JOCTOMHCTB TEH30PHOM 3aMUCH B IEKAPTOBOW CHCTEME KOOPJIMHAT 3aKJII0YaeTCs B
TOM, YTO OJTHOMEPHBII BHJ] YPaBHEHHSI MOXHO IOJyYHTh, €CIIA MIPOCTO OIyCTUTh MHACKC |. [Ipore-
nypa 3anucu auddepeHIuanpHoro ypaBHeHus B 00o6mennoM Buje (13) 3akiodaercs B €ro mpe-
0o0pa3oBaHUM 10 TeX MOp, MOKa HECTAIIMOHAPHBIN, TU(PPY3MOHHBIN U UCTOYHUKOBBINA YJICHBI ypaB-
HEHMS JUIsl JaHHOM 3aBMCUMOM MEPEMEHHOM HE MPUMYT CTaHAApTHBIM BU. Toraa B KauecTBE BbI-
paxenus i ' 6epyr koaddunuent nepen grad® B nuddy3noHHOM 4JICHE, a BCE OCTABIIHECS
YJICHBI B IIPaBOM 4acTU 0003HAYAIOT S (MCTOYHUKOBBIM YJIeH).

JIo cux mop MbI paccMaTpUBAIM pa3MEpHbIE IEpEMEHHbIE, OJJHAKO, MHOTJa ya00Hee UMETh
neno ¢ 0e3pa3MepHbIMU BedndrHaMu. [Ipu 3TOM Takke MOXKHO CUHMTATh, YTO Kaxaoe u3 nudde-
pPEHIMANBHBIX YPaBHEHUH, 3alMCaHHOE Yepe3 Oe3pa3MepHbIe TepeMEHHBIC, MOXKHO TPEICTABUTH B
o6o6mennoM Buje (13), rme @ - Ge3pa3mepHas 3aBUcUMas nepeMeHHas, a I’ u S - 6e3pa3mepHbIe
KodQunreHT 1udQy3un 1 UCTOYHUKOBBIA WieH. Bo MHOTHX citydasix Oe3pa3sMepHbIil Koduiu-
ent I' = 1, a S mpuaumaet 3Hauenus 0 qubo 1.

Tor daxt, yTo Bce MHTEpecyromue Hac AuQQepeHInaIbHbIE YPaBHEHUS, ONMCHIBAIOIINE
TEIUIO- U MacCOOOMEH, THJIPOJUHAMUKY U TYpOYJIEHTHOCTh, MOKHO paccMaTpUBaTh KaK YacTHBIC
ciydaid 00001IeHHOrO ypaBHEHUs Ui D, TO3BOJISET OIPAaHUYUTHCS YMCIEHHBIM pemieHueM (13).
CrnenoBaTenbHO, MIPU CO3/JaHUM MPOTPAMMBI pacuera JOCTATOYHO 3alucaTh OOIIyI0 MOCIeI0Ba-
TEJNBHOCTD OTepanuii 1Jisi peuieHus ypasHeHus (13), KOTOpYI0 MOKHO MPUMEHSTH ISl HAX 03K CHHS
pasnuuHbiX @ MpH UCTIONIB30BAHUM COOTBETCTBYIOMIMX BbIpaxkeHUH At @ U S ¥, KOHEYHO, COOT-
BETCTBYIOIIMX HAYAJIbHBIX M TPAHUYHBIX ycloBHid. Takum o0Opa3oMm, KoHIENmus 0O0OOIMIEHHOTO
ypaBHEHUS MO3BOJISIET CPOPMYIUPOBATH 0OOOIIEHHBIM YMCICHHBIN METOJ U MOJATOTOBUTH MHOTO-
IeJIEBbIE TPOTPAMMEBI pacueTa.

0 rad) 0 Faq> 0 Faqa 0 Faq>

2.3. K npakTnyeckomy 3ansatuio Ne3 «IIpuBenenue MaTteMaTHyecKux moaeseii k 0e3-
pa3MepHOMY BH/Y M OIpe/iesieHHe KPUTepHeB Moa00us» - 6 4.

Teopust mogobus M aHATU3 pa3MEPHOCTEH SABISAIOTCA METO/aMH YacTUYHOro aHanu3a. Kax-
I U3 HUX TO3BOJISIET MOJyYUTh HETOJNHBIN OTBET, U KOHEUHBIH pe3yabTaT NMPUMEHEHHS TOTO H
ApYyroro mpezicTaBiseT coboil 0e3pa3mMepHoe QyHKIIMOHATBLHOE YpaBHEHHE, IPUTOAHOE Ul pa3pa-
06otkn Mogened. OnHAaKO eciu aHajlu3 pasMEPHOCTEH CIY)KUT B IEPBYIO OYEpenb CPEICTBOM
MHTEPIPETAUN SKCIEPUMEHTAIBHBIX JIAaHHBIX Ha OCHOBE 3aKOHOB MOJEIMPOBAHUS, IOJIyYEeH-
HBIX W3 YypaBHEHUS CBs3M Oe3pa3MEpHBIX MMapaMeTpoB, TO TEOPHs MOAOOWS W aHAIW3 TOA00Ms
IpeHa3HaYeHbl ITIaBHBIM 00pa3oM JUIs BBIBOJA 3aKOHOB MOJICIHMPOBAHMS, HA OCHOBAHUU KOTO-
PBIX MOXXHO TMOJY4UTh Oe3pazMepHOe (PYHKIMOHAIBLHOE ypaBHEHHE.

WHCTpyMEHThI aHanu3a pa3MEepHOCTEH SBISIOTCS OCHOBOM Uit MOCTPOEHHs (PU3MYECKUX
MacmTaOHBIX MOjeel, MOAOOHBIX HATYpHBIM TEXHHUYECKHM cHucTeMaM. [1o100HBIMU SBISIOTCS
TaKue TEXHUYECKHE CHCTEMbI, Y KOTOPBIX MOJOOHBI BCE XapaKTEpU3YIOIIME MapameTpbl, T.€. BCE
BEKTOPHBIC BEITMYMHBI T€OMETPUYECKH ITOJOOHBI, a BCE CKAJSIPHBIC BEIMYMHBI TPOITOPIIHOHAIB-
HBI B COOTBETCTBYIOIIMX TOUYKaX MPOCTPAHCTBA M B COOTBETCTBYIOILIHE MOMEHTHI BPEMEHHU.

[Ipu pemenun TeXHUYECKUX 3a/ad (U3MYECKoe MOoJI00He paccMaTpUBaeTCs KaK COBOKYII-
HOCTb 110100 YACTHBIX XapaKTEPUCTUK SBICHUSL.

YcaoBussMu 11oao0us IBJISIOTCS:

— TPUHAUIEKHOCTb SBJICHUI HAaTypbl M MOJIENU K OJHOMY Kiaccy AuddepeHInanbHbIX
YPaBHECHMUIL;

— 1mojao0ue ycIoBHM 0OIHO3HAYHOCTH;
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- PaBCHCTBO KPUTCPHUCB HOIIOGI/ISI I HATypbl U MOACIM B CXOJACTBCHHBIX TOYKAaX HC-
CIIETyeMOTr'0 POCTPAHCTBA.

Ilepeoe ycnoeue tipy UCIONIB30BaHUM B MOJEIU M HAType TeX e (QHU3HUECKHX dPPEKTOB
BBITIOJTHSCTCS. aBTOMATHYECKH.

[lon nooobuem ycnosuit oono3znaunocmu TOHUMACTCS TOJO0ME HAYaIbHBIX U TPaHUY-
HBIX YCIIOBHH, T€OMETPHUYECKOE, KHHEMaTH4eCKoe U JuHaMuueckoe nogodue. Ecmu mms mccneny-
€MOH CHCTEMBl XapaKTepHBI TEMIIEPATypHBIC M XUMHUECKHE MPOLECCHI, TO B YCIOBUS OJJHO3HAYHO-
CTH BXOJT TaK)KE TEMIIEPATYPHOE ¥ XUMHYECKOE TT0100HeE.

TI'eomempuueckoe nododue BbIPAKACTCS PABCHCTBOM BCEX COOTBETCTBEHHBIX YIVIOB U IPO-
MOPIMOHATEHOCTBIO BCEX JINHEWHBIX Pa3MEpPOB:

Kunemamuueckoe nooobue CUCTEMbI OIpPEAEIIETCS TOXKICCTBEHHOCTBIO HAIPABICHHUS U
IPOMOPIMOHAIFHOCTBIO BEIMYMH BPEMEHH, ACHCTBYIOLIMX CKOPOCTEH M YCKOPEHUIL:

Hunamuueckoe nooodue CUCTEMBI OINPEAEISIETC TOXKICCTBCHHOCTBIO HAINpPaBICHUS JeH-
CTBHS U MPONOPLUOHATIBHOCTBIO BeKTOpa cuil G MM HanpspkeHUi G

Temnepamyproe noodobue W NOAOOUE TEIUIOBBIX MOTOKOB OINPENEISIETCS COOTBETCTBEHHO
reOMETPUUECKUM NOA00MEM TEMIIEPaTYPHBIX IOJICH W MPOMOPIMOHAIFHOCTEIO BCEX TEMIIEparyp.

Xumuueckoe nooobue NpenNoNaraeT INPONOPLUHOHATBHOCTh KOHIIEHTPALM BEIIECTB B
CXOJICTBEHHBIX TOYKaX IMPOCTPAHCTBA.

IIpu monenupoBanun ¢usuueckux ssaeHuit macmtabbl K|, Ky, KG, K; u apyrue Hasbl-

BaIOT Mmacwumabamu mooeiu (macwmabamu mooeruposanus, Kodphuyuenmamu nooooust).

B cooTBeTCTBUM CO CBOMCTBAMU MMPpOMNoOpUUH N3 COOTHOMICHUA CICAYCT IIPABUIIO 3aMCIICHUA:
(Al IAl ) Ay =0lIn /dly; =kj =const,

U3 KOTOPOTO SICHO, YTO NPH YCTAaHOBJIEHUM (PU3MYECKOTr0 MOAO0OUS SBIEHUI BMECTO MPOU3BOIAHBIX
(M MOJBIHTErpalbHBIX BBIPAXKEHUN) OT XapaKTEPHBIX BEJIMYMH MOYKHO paccMaTpuBaTh COOTBET-
CTBYIOLLIME COOTHOILLIEHUS UX KOHEUHBIX 3HAUEHUM, KOTOPBIE HA3bIBAKOTCS UHIMESPANbHLIMU AHANO-
eamu. IlocnenHee ciuemyeT U3 IOJNOXKEHUA, YTO MPEAEI MOCTOSHHOW BEJIMYMHBI PABHAETCS CAMOM
BEIIMYMHE.

Tpemove ycnoeue nooodus NpoBepseTCs KOHTPOJIEM PABEHCTBA 3HAYEHWH KPUTEPHUEB IIO-
J00MsT sl HATyphl M MOJIEIM B CXOJCTBEHHBIX TOYKaX MCCIEIYEeMOro INPOCTPAHCTBA INE€pPEMEH-
HbeIX. Kputepun nogobust oTpaxaroT B 0e3pa3MEpHOM BHUIE OCHOBHBIE 3aKOHOMEPHOCTH W SIB-
JIeHUs1, XapakTepHble JUId UcciexryeMoro o0bekTa. X 4uciio u cocTtaB 3a- BUCST OT (PU3NYECKOM
MIPUPOJIBI SIBICHUMN.

Metoabl yCcTaHOBJIEHUS MOJ00UsS SIBIEHUH M MPOLECCOB OAa3MPYIOTCS HA TPeX OCHOBHBIX
TeopeMax MOJO00MS U JOMOJIHUTENIBHBIX MOJOKEHUSX.

IMepBasi TeopemMa MOCTYJIUPYET TPEThE YCIOBUE MOAOOUS: n000OHbIE 00bexkmbl (s61eHus,
npoYeccovl, CUCMeMbl, 3HAKO8ble 00PA308aHUsL U OP.) UMEIOM UHOUKAMOPbL NOO0OUs, PAGHbLE eOu-
HUuye, U YUCIeHHO 0OUHAKOB8ble Kpumepuu noooous.

Ilon wHAMKaTopamMu MONOOMS MOHUMAIOTCS OTHOIIEHHMS MAacIITa0OB CXOJICTBEHHBIX Be-
TMuuH (CHJ, Macc W T.I.). PaBeHCTBO WMHIMKATOPOB IOAOOMS O3HAYAeT MOJEIMPOBAHUE CXOJI-
CTBEHHBIX ITapaMeTPOB Ipolecca B OJHOM MacIiTade.

Kputepuu nogobust MoHO mpeoOpazoBaTh B KPUTEPUH APYrol (opMbl U MOIydaTh HOBBIE
KPUTEPUHU IyTEM OMNEpaLMid JIeJIeHUs] U MEePEeMHOKEHHs KaK MEeXy cOOOH, Tak W Ha MOCTOSHHYIO
0e3pa3mepHyto BenmnunHy. [Ipu 3ToM 00Iiee YucIo KpUTEPUEB JOJDKHO OCTaBAThCsS HEM3MEHHBIM.

Bropas teopema (II-teopema, Teopema bykunrema) Obina exe paccmorpena. OnuH U3 ee
BapUAHTOB: 6CsKOe ypasHenue @usuueckoeo npoyecca X1 = f(X2, X3, ..., Xp), 0b6vedunsiowee

mexncoy coboti N eenuyul, cpedu KOmopvix M eiudur 001a0arm He3a8UCUMBIMU PAZMEPHOCTS-
MU, MOJNCHO Npeodpazoeamv K KpUMepuaibHOMY YpasHeHuio, komopoe ceasvigaem (N — M) Kpu-
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mepusmu nooodus. Teopema MOCTYIHPYET BO3MOXKHOCTb HMOCTPOCHUS O€3pa3sMEpHBIX YpaBHEHHA
CBSI3W U MUHHMAJIBHOE YHCIO KpuUTepueB momobus. [Ipakrudeckue 3amadud MHOTIA MPHBOAAT K
MOJTyYEHUIO OOJBIIETO YWCIIa KPUTEPHUEB MOA00Us. B 3THX ciydasx BepxHsis TpaHHIIA yCTaHaB-
nuBaercsi npaBwioM Ban [lpucra: @osmooicHoe uucio 6Ge3apazmepHvlx KOMNIEKCO8 PABHO YUCTY
onpeoenawuUx npoyecc BeIUdUH, UCKIIUAA YUCTIO MmeX 8elUyUH, Komopbvle He dalom be3pazmep-
HbIX KOMNIEKCO8.

Tperbsi TeopeMa MOCTYIHPYET HEOOXOAMMEBIEC M JIOCTATOYHBIC YCIOBHUS TOJOOUS: HeoO-
XOOUMBIM U OOCMAMOYHBIM YCILO8UEM NO00OUsT 08YX 00BEKMO8 561emcs NPONnOPYUOHAIbHOCDb
CXOOCMBEHHBIX NAPAMEMPO8, 8X00AUWUX 8 YCI08U OOHO3HAYHOCIU, U PABEHCMBO ONPeOenaiouUx
Kpumepues nooobus. Tak kak Quzuyeckas NmpUpoia SBICHUH B OOBEKTE CYHICCTBEHHO HEpaB-
HOMEpHA, TO IOCTPOCHHUE MOJEIA TPOBOIUTCS MO OCHOBHBIM KPUTEPHUSM TOIO0US, OTpa)Karo-
MM HauOoJiee CYIIECTBEHHBIC SIBICHHS HCCIIEAYEMOTo mpolecca. Takue KpUTEpUU Ha3bIBAIOTCS
onpeodenanwumy Kpumepusamu Iog00us.

JlonoTHUTeIbHBbIE TOJI0KEHU S

1. CnoxHble OOBEKTHI, SBJICHHS, MPOIECCHI, CHUCTEMbI, COCTAaBJICHHBIE M3 HECKOJIBKHX
IIoACUCTEM, COOTBCTCTBCHHO HOI[06HI)IX B OTACIIBHOCTH, HOIIO6HI)I n B LCIOM, €CJIH HOI[O6HI)I
YCIIOBHSI OJIHO3HAYHOCTH HAa TPaHUIAX MEXAY IMOJCUCTEeMaMU WM PaBHbI KPUTEPHH TMOAO0OUS,
COCTAaBJICHHBIE U3 TTAPaMETPOB, OOLTUX IS IOJJOOHBIX CUCTEM.

2. YcnoBusi mojo0usi, CripaBeAMBbIe Ui JIMHEHHBIX CHCTEM, MOTYT OBITH pacHpocCTpaHe-
HBEl U Ha HEJIUWHEUHBIE CHCTEMEI npu CO6JHOI[€HI/II/I AOIIOJHUTCIIBHOIO YCJIOBUA — COBIAACHUS
OTHOCHUTEJBHBIX XAPAKTEPUCTHK MEPEMEHHBIX MapaMeTpoB, T.€. UX 3aBHCUMOCTEH OT MEePEMEHHBIX
BCJIMYUH, 3aJaHHBIX C YYCTOM JUHAMHKHU IPOUCXOAAIINX SIBJICHUH.

YcnoBus mofoOus, CIpaBeUIMBBIE IJIsl U30TPOIHBIX M OAHOPOJHBIX CHUCTEM, MOTYT OBIThH
paciopoCTpaHCHbl U Ha aHU3O0TPOIIHBIC W HCOAHOPOIHBIC CHCTEMBI, €CIIM TOJBKO COOTBCTCTBCHHBLIC
OTHOCHUTEINIbHBIE aHU30TPOIHMH U HEOJAHOPOTHOCTH B CPABHHMBAEMBIX CUCTEMaX OJIMHAKOBHL. B psze
CllydaeB Ul ONPEEIAIONMX KOMIOHEHTOB Ipoliecca CIPaBeAIMBO YCIOBHE Cynepno3uuuu. To-
raa nogoOue sIBICHUN 11eecoo0pa3HO yCTaHABIMBATh HA OCHOBE MOJOXKEHUN aJJUTHBHOCTH.
AI[]:[I/ITI/IBHO HOI[06HI>IMI/I Ha3bIBAIOT TaKXE TCJIa, KOTOPLIC MOKHO pacCloOJOXUTh TaK, YTO I'pa-
HUIBI TeT OyIyT COBMAAaTh BCEMH CBOMMH TOYKaMHU B Pe3ylbTaTe PaBHOMEPHOM JedopMaIiii.

Jlia knaccuyeckod MYJIbTUIIMKATUBHONW TEOpPUM MOJ00MS CBSI3b MEXIY NapaMeTpaMu
CHCTEMBI OTIPE/ICIISAIOT BBIPAKCHUS THIA Xgj = KxiXmi. Ecim ¢usmdeckue cucTeMbl aJyIMTHBHO T0-

NOOHBI, TO XapaKTEePU3YIOIUE MX BEIMUMHBI IPeoOpa3yroT no popmyie
Xgi = Xmi * i,

IJIe ¢j — aJyIMTUBHAsL KOHCTaHTa 110100usl.

Mex 1y 3HAYEHHSMHE X U ¢ CYIIECTBYeT cooTHomeH e ¢j = Xui (Kxi — 1).

B HekoTophIX ciyyasx (Hampumep, NpU MOJEIUPOBAHHUU PEK) MOJIEIH C MPONOPIUOHATb-
HBIMHU JIMHEHHBIMU MaciiTabaMy HE MOTYT TOYHO BOCHPOM3BOJHUTH (PU3MUYECKHE XapaKTEPUCTUKU
HaTypbl. Torga HEOOXOIMMO M BO3MOXHO OTXOJIUTh OT CTPOrOro Ie€OMETPUYECKOro IMOA00Us
0e3 3HAYMTEeNbHBIX TOTEph B TOYHOCTU. J[1 3TOro BBOJAT HECKOJIBKO JIMHEWHBIX MaciuTalosB,
HanpuMep BEPTUKAIbHBIM W TOPU3OHTAIBHBIA. B 3THX yclnoBHSX XapakKTepHbIN (orpenensto-
muid) pasMep (HampuMmep, BepTUKAJIbHBIN, TOPU3OHTAIBHBIA MM MX KOMOMHAIMIO) BBIOMPAIOT
Ha OCHOBE PacCMOTpPEHUs GU3NYECKON CYITHOCTH HCCIEAyeMOro mporecca.

B npupone HET MOIHOCTBIO CXOAHBIX sIBJIEHUH. [Ipyu peleHnr KOHKPETHBIX TEXHUYECKHX
3a/1a4 UMEET MECTO MPUOIIKEHHOE Moj00ue, KOTOpoe OOYCIIOBIEHO HAIWYHEM YITPOIIAIOIINX
JIONYILIEHUH, OLICHUBAEMbIX B JAJbHEMIIEM HAa OCHOBAHWU JKCIIEPHUMEHTAIBHBIX U AHAIUTUYECKUX
uccinenoBanuid. [IpubmmkeHHOE MOJETMPOBAHME XapPAKTEPU3YETCsl Pa3IUYHON CTENEeHbI0 MpH-
OMKEHHS K ITOJTHOMY MOJICIIMPOBAHHUIO.
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Cnocoovl onpedenenusa Kpumepues noooous

[Ipu nmoctpoenun ¢puzndecknux Mozenell KpUTepuu MoaoOHs OMpPENeNssioT Ha OCHOBE JBYX
MOJIXOJIOB, KaXJIBI MX KOTOPBIX MpECTaBlieH HabopoMm crocoOoB. [lepBelii MOIX0 OCHOBAaH Ha
MPUMEHEHUHN aHaliM3a pa3MEpHOCTEH, ONMpeAeNsIoNMX HCCledyeMblii mpouecc. Bropoit moaxox
O0asupyercs Ha aHanm3e cUCTeM JU(QGEPEeHIMANTBHBIX YpPaBHEHHA, OIMUCBHIBAOIINX TpoIece, U
YCIIOBUI OHO3HAYHOCTH.

[Toxxon Ha OCHOBE aHAM3a PAa3MEPHOCTEH MOXKET OBITh MPEJCTABICH PaCCMOTPEHHBIMU
panee merogamu Penesi, bykunrema, Uncena u merogom bappa.

Bropoii nonxon npeacraBieH TpeMsi Hanbojiee pacpoOCTPaHEHHBIMU METOJaMH: METO/I0M
MOIOOHBIX MpeoOpa3oBaHMM, MHTErPAIbHBIX AaHAJOroB, METOJOM IPHUBEJICHUS YpaBHEHUS K Oe3-
pa3MepHOMY BUTY.

MeTton monoOHbIX mpeoOpa3oBaHUN MPEANUCHIBACT 3alUMCh YPAaBHEHUM NJIS HATyphl Yepes
BEJIMYMHBI MOJICIH, YMHOKEHHBIC HAa COOTBETCTBYIOIIME MaciitaOHble Koddduumentel. Hampu-
Mep, MpocTeillas MoJAeNIb IMOCTYHaTeabHOro JABMKEeHUS B (opme BTOporo 3akoHa HeroToHa
MIOCJI€ TAaKOTO MpeoOpa3oBaHus OyJAeT UMETh BU:

oy A5V kpdLy o,
]\_\IIILIM - = ]‘R‘R_\[‘ I — ]\1.1’_\[.
iy kpdty,

Jlanee neneHueM OJHOM YacTH ypaBHEHMs Ha APYrylo (Hampumep, JEBYIO Ha MPaByIO) MpU-
BOJISIT €0 K 0e3pa3MepHOMY BUIY:

Ik, My dVy 1
kkr R, dt,
ki dhy 1 _

- I 7
ke ke, dt, Vi,
[TommyueHHbsie TakuM 00pa30M HMHIUKATOPHI MOJO0US SIBISIOTCS KPUTEPUSMHU MOI00Ms, BbI-
pakeHHBIMH uepe3 MaciutabHbeie kodpduuumeHTsl. [lepBbiii U3 HUX mpencTaBnser kputepuii Heroto-
Ha, BTOpoi — kputepuii Ctypxains.
MeTton MHTErpajibHbIX AHAJIIOTOB 3aKJIOYAeTCsl B IPUBEJICHUU HCXOJHOTO YpaBHEHUS K
0e3pazMepHOMY BHUY, KaK U B METOJI€ MOJ00HBIX MPeoOpa3OBaHMUIA:
M dv 1 dL 1 L
R dt datV
B 3aMEHE BEJIMYMH HMX Pa3MEPHOCTSIMHU (CIEAYyeT MpEeABAPUTENBLHO OMYCTUTh 3HaKU IuddepeH-
[UPOBAHUS U UHTETPUPOBAHUS, 3aMEHUB MX 3HAKAMU COOTBETCTBUS):
MV L
~l; —~1.
Rt tV
[TomyueHHsle TakuM oOpa3oM Oe3pa3MepHbIE COUYETAaHHS PAa3MEPHBIX BETUYMH U SBISIOT-
Csl KPUTEPUSIMH TTOJIO0M .
PaccMmoTpeHHble TIepBbI€ /1Ba METOJA HCIOJIB3YIOT NPOLEAYpy IMPUBEIEHUS YPaBHEHUH K
0e3pa3MepHOMY BHJy, KOTOpasi B pAJIe CIIy4aeB MOXKET OBITh MCIOJIb30BaHA CAaMOCTOSITENBHO ISt
MONTyYEHUS] KPUTEPUEB TIOI00USI.

Tunosbie kpuTepun nNox0OHMs

[TpakTHKOW MOJENIUPOBAHUS TEXHUYECKUX CHUCTEM pa3IN4HON (PU3NUECKONl MIPUPOJIBI
YCTaHOBJICHBI XapaKTEpHbIE ISl HUX TUIOBBIE KPUTEPUU MOAOOUS.

JleiicTBue akTUBHBIX CHJI onpenensercs Kpurepuem HbroToHa, sBisommMcs MOAUPUIIN-
POBaHHOM 3alIMCBIO0 BTOPOro 3akoHa HproToHa:



20

F

Ne=———
D)

JlercTBUTEIBHO,
F=Ma=pva=pLxTaT " =pV°L".

rae M, p, a, T — Macca, IUIOTHOCTh, YCKOPEHUE U BpeMsl JBHKEHUS pacCMaTpUBaEeMOro 0ObeKTa.
Tak kak cwia ecTh NPOM3BEACHHME IaBICHUS Ha IUIOMIAAb, TO U3 Kpurepuss HbproToHa
AJIEMEHTAPHO TOJy4aeTCsl CIACAYIOMUN Oe3pa3MepHBIN KOMIUICKC — KpUTepuii JDiijepa:

Ecnu 6 cucmeme Oeticmgyiom moabKo cuibl 0aeleHuss, mo npu HAIUYUU 2e0MEMPUUECKO20
U KUHeMAmuyecko2o nooodus, N000OUs HAYAILHLIX U SPAHUYHBIX VCI08ULL PABEHCMBO KpUmepusl
Diinepa 6 mooenu u Hamype GbINOIHAEMCA ABMOMAMUUECKU.

Kpurepuii Peiinosanaca (Re) onpenensier xapakTep T€4eHHUS BA3KOH JKUAKOCTH IOJ JCH-
CTBUEM CHJI JIaBJICHUS TMPU HAJIMYMAU CUJI BHYTPEHHETO TPECHMUS:

Re— m .
VoL

rae M — ko3 PHUIMEHT AMHAMHYECKON BI3KOCTH.
Kpurepuii ®pyna onpenenseT NponopUUOHATIBHOCTh CUJI JABICHUS U CUJI TSHKECTHU:

Fr=V(gl) ™ =V*gl)™"

3aBUCUMOCTh MEXKAY KHHEMATHUYECKHMMH XapaKTePUCTUKAMM TIPOIEecCa YCTaHABIUBAETCSA
kputepueM CTypxaJsi, Ha3bIBa€MbIM TaKXKe KpuTeprueMm romoxponnoctu (Ho):

Sh=VT/L = Ho.

IIpu uccienoBaHMM KOHCTPYKUUH C Y4ETOM YIPYTUX CBOWCTB MAaTE€pPHAIOB BAXKHBIM SIBJISA-
ercs kpurepuit Komu:

Ca= i
E

rae E — Moayib ynpyrocTu Marepuania.

Tunosble HaOOpPHI KpUTEpUEB MOA00US (OPMUPYIOT AJIsi TPYII MPOLECCOB, M3ydaeMbIX
KOHKPETHBIMH TpPEIMETHBIMU 0oO0sacTsIMU 3HaHus. [Ipu 3TOM OAMH M TOT K€ KpUTEpHi, BbIpa-
KEHHBIN uYepe3 BEJMYMHBI, XapaKTepHbIE JUISl pa3HbIX MPEAMETHBIX 00JacTei, MOXeT ObITh BbIpa-
KEH Pa3JIMYHBIM 00pa3oM.

Tak Kak CJIOXHBIE CHCTEMBl XapaKTEPHU3YIOTCS B3aUMOJEHCTBHUEM IIPOLIECCOB M SIBICHHUU
pa3nuyuHON (DU3UYECKON MPUPOJBI, TO OTPAXKAIOLIME X KPUTEPUHU MOJ00MS HAXOJATCS B MPOTUBO-
peunBoi cBs3u. [loaTOMy MoOzenMpoBaHHE TaKUX CHUCTEM IPOBOJIUTCS TOJBKO MPHOIMKEHHO I10
OCHOBHBIM, OIpPEACIAIONMM KpuTepusM. OOpasyromuecs HpU 3TOM TOTPEIIHOCTH MOJETHPOBa-
HUS OIPEIENSIOTCS U YUUTHIBAIOTCS MIPU MEPEBOJIE PE3yIbTaTOB MOIEIMPOBAHUS HAa HATYpPHYIO CHU-
creMy. B psze ciiyuyaeB BO3MOXKHO COIJIACOBAHUE IPOTUBOPEUMBBIX KPUTEPHEB CIIELMATIBHBIMA Me-
pamMu (TIOJOTPEB >KUIKOCTH C LIEIbI0 MOTyueHHs] HeOOXOMMOM BSI3KOCTH; HCIOJIb30BaHHE COCpe-
JOTOYEHHBIX YNPYIOCTEH B MOJENM, SKBUBAJICHTHBIX PACHPEACICHHBIM B HATYPE U T.11.).
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2.4. K npakTndyeckomy 3aHATHIO Ned «IlocTpoeHHe IMCKPETHBIX aHAJOIOB MaTeMaTH-
YeCKHX MojeJieil 1 pelleHue CHCTeM Pa3HOCTHBIX YPABHEHMIT»

Bbime ObUIO MOKa3aHO, YTO TEOPETHYECKOE HCCIeOBaHWE (PU3MUECKUX SIBICHUU HMeEeT
3HAYUTENIbHbIE NPEUMYIIECTBA IMEpes HKCHEPUMEHTANbHbIM. MHOIME NpOLEecChl ONUCHIBAOTCA
Qg QepeHInaTbHBIMA YPaBHEHUSMH, KOTOPBIE MOXHO MPEICTABUThH B BUJE 0OOOIIEHHOTO ypaBHe-
Hus i nepeMeHHoi @. Teneppb Hallla OCHOBHAA 3a/1a4a 3aKJI0YaeTcs B pa3paboTKe croco0oB pe-
IICHUSI ATOTO YpaBHEHUS. J[Is MPOCTOTHI MPEANON0XHUM, 4TO nepemenHas @ spnserca QyHkuuen
TOJIKO OJJHOM HEe3aBUCHUMOH nepeMeHHoi. OHako pa3paboTaHHbIE 3/1€Ch MJIeH Oy1yT NIPUMEHUMBI
TaKXe B CIIy4ae 3aBUCHMOCTH 0oJjiee 4YeM OT OJJHOH HEe3aBUCHMOI epeMeHHOH.

3apava. Yucnennoe pemenue auddepeHnnanbHoro ypaBHeHUs: CTOMT U3 Habopa 4ucesl, 1o
KOTOPOMY MOXHO IIOCTPOUTB pacIpeiesIeHue 3aBUCUMON niepeMeHHOoU @. B 3ToOM cMBbICIIe YUCIICH-
HBIH MeTo/ NoJo0eH Ja00opaTOPHOMY 3KCIEPUMEHTY, TJ€ Mbl UMEEM BO3MOXKHOCTb OIPENEINUTh
pacripesieieHue U3MepsieMoil BETMYMHBI B pacCMaTpUBaeMoil 001acTH 10 HabOpy MOKa3aHUi Mpu-
6opoB. U uccnenosareny, IpUMEHSIOIINE YUCIEHHBIH aHAIU3, U 3KCIIEPUMEHTATOPbI JOJDKHBI J10-
BOJIbCTBOBATHCS PE3YJIbTATOM, COCTOSAILIUM M3 KOHEYHOIO YHCJAa 3HAYEHUH, XOTS UX KOJIUYECTBO
MOJKHO, 110 KpaiiHell Mepe, B IPUHIIMIIE C/IeNaTh JOCTaTOYHBIM JUIsl IPAKTHYECKUX Lee.

[Ipenmonoxum, 4T0 Mbl XOTUM onucaTh u3MeHeHue @ ¢ NoMoIIbIo NOJIMHOMA

O =a, +a,X+a,X* +..+a,x". 1)

U HCIIONIB3YEeM JJIsl OIpeJesieHHs] 3HAYeHUH KOHEYHOro uucia Ko3((UIHUEHTOB do, a1, 82, ..., 8m
YHUCJIEHHBIH METOJ. JTO, MO3BOJUT paccuuTaTh 3HaueHUs: @ B 11000 TOUKE X MyTEM MOACTAHOBKU
3Ha4YeHus x ¥ 3HadeHu# ai B (1). OnHako eciin KOHEYHas Lejb 3aKII0YaeTe B ONpe/IeICHUN 3Haye-
HUl @ B pa3IMYHBIX TOYKAX, 3Ta MPOIENyp HECKOJIbKO HeynoOHa. CaMu 1o cebe 3Ha4eHus: Kod -
(GUIMEHTOB @i HE NPEACTaBIAIOT 0COO0r0 MHTEpeca, a JUIsl MOJy4eHHs TpeOyeMblX 3HaueHuid @
HE00XO0AMMO BBITIOJHHUTH OTIEPAIMIO TTOACTAHOBKH. JlaHHOE pacCyXIeHHE HaBOAUT Ha CIEIYIOUIYIO
MBIC/Ib: 104eMy Obl HE pa3paboTaTh METOJ, B KOTOPOM B KayeCTBE MEPBUYHBIX HEU3BECTHBIX HC-
10JIb30BAJIUCH 3HaUeHUs1 @ B HEKOTOPBIX 3a/laHHBIX TOUKax? JeHCTBUTENIbHO, OOIBIINHCTBO METO-
JI0B YHCJIEHHOTO peuleHus auddepeHInalbHbIX ypaBHEHUH IPUHAAISKUT KaK pa3 K 3TOH KaTero-
pHUH, IOATOMY OTPaHUYUMCS TOJIBKO TAKUMU METOJIaMHU.

Wrak, B KauecTBe OCHOBHBIX HEM3BECTHBIX B UHCIEHHOM METOJE pacCMaTPUBAIOTCS 3HAUe-
HUS 3aBUCHUMOI MTEpEMEHHON B KOHEYHOM 4YMCJIE TOYEK (HA3bIBAEMBIX CETOUHBIMH Y3JaMH WUIIH Y3-
JIOBBIMM TOYKAaMH) pacueTHOHN obnacTi. MeTos BKJIIOYaeT B ce0sl MOTyYeHUe CUCTEMBI alreOpanye-
CKUX YPaBHEHMH JUISl 3TUX HEU3BECTHBIX U AIITOPUTM PELICHUS 3TUX YPAaBHEHUM.

Konnenuus nuckpernzanuu. PaccmaTprBas 3Ha4eHHs B y3JIOBBIX TOYKAX, Mbl 3aMEHWIN
HENPEPHIBHYI0 HHPOPMAIIUIO, COJIEPKALYIOCS TOYHOM pelIeHnH uddepeHuanbHoro ypaBHeH s,
JUCKPETHBIMHU 3HaueHUsAMHU. TakuM o0pa3oM, MbI JTUCKPETU3UPOBAIM pactpeneneHue @, u 1ot
KJIaCC YHCJIEHHBIX METO/I0B Ha30BEM Memooamu OUCKPEeMu3ayuu.

Anrebpanueckue ypaBHEHUS, KOTOPbIE Ha30BEM OUCKPEMHbIM AHAN020M WUCXOJHOTO YpaB-
HEHUsl, BKJIIOYAIOLINEe HEU3BeCTHbIE 3HaueHUsI O B BHIOpAHHBIX Y3JIOBBIX TOYKAX, MOIYYarOTCS U3
Qg depeHInanbHOTO ypaBHEHUs, ONUCHIBAIONIET0 H3MeHeHne BenuuHbl @. [Ipu nomydeHun 3Tux
YpaBHEHUI HAJI0 MCIIOJIb30BaTh HEKOTOPOE MPENIOJIOKEHNE O XapaKkTepe u3MeHeHus1 @ B HHTEpBa-
Jie MeXy Y3JI0OBBIMH, TOUKaMH. XOTs MOXHO BBIOpaTh 3TOT npoduiapr @ Tak, yTO JOCTATOYHO OJI-
HOTO anreOpanvdecKoro BBIPAKEHHS JJIA BCEH pacueTHON 00JacTH, 4acTo ObiBaeT Oosee yaoOHBIM
UCIOJIb30BaTh KyCOUHbIe MPOQMIN, TaKUe, YTO JaHHBIM y4acTOK MpOoQuMIIs ONUCHIBAET U3MEHEHUE
@ TONBKO B HEOOBINON YacTh 3TOI 06sacTH yepes 3HadeHust @ B Y3JIOBBIX TOUKaX, HaXOIAIIMXCS
BHYTPH M BOKDYT 3Toi yacTu. MTak, pacueTHas o6gacTh pa30MBaeTcss HAa HEKOTOPOE YHCIIO 1M0/100-
JacTel, ¢ KaXKIOW M3 KOTOPHIX MOXKHO CBS3aTh CBOM IpejrnosiaraeMblil mpoduib. ITo Apyroi ac-
NEKT KOHUEMIMU JUCKPETU3ALUU CBsI3aH C JUKPEeTHU3alueill HempepbIBHOW pacuyeTHOW OO0JIacTH.
HMeHHO 3Ta cUcTeMaTHyecKas JUCKpeTH3allus MPOCTPAHCTBA W 3aBUCHUMBIX MEPEMEHHBIX JeNIaeT
BO3MOJKHBIM 3aMeHY JU(PepeHIINaTbHbIX YPAaBHEHNH, OMMCHIBAIOIIMX MPOLIECC, MPOCTHIMH alreo-
panvyecKMMH YpaBHEHUSIMHU, KOTOPbIE MOTYT OBITh PEIlIeHbl OTHOCUTEIBHO MPOCTO.
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CTpyKTypa JHCKPETHOI0 aHAJIOra MCXOJHOT0 ypaBHeHHUsl. [[MCKpETHBIN aHAIOr Mpel-
craBisieT co0oil anredpanyueckoe ypaBHEHHUE CBsi3blBaroliee 3HaueHHe @ B HEKOTOPOI rpyre y3-
JIOBBIX TOYEK. DTO YpPaBHCHHC I10JIYy4acTCsA U3 I[I/I(bCI)epeHI_[I/IaJIBHOI‘O YpaBHCHHS, OIMMCBIBAIOULICTO
usmeHenue @, u, ciae0BaTeNIbHO, OHO HECeT Ty ke (HU3MUYECKYI0 HHPOpMaNuio, 4To U auddepeH-
MUAJIbHOC YpaBHCHHC. TO, 49TO B I[I/ICerTHBIﬁ AHAJIOT BXOOAT 3HAYCHUS TOJIBKO B HCCKOJIBKHX Y3JI10-
BBIX TOYKaX, SIBISICTCS CJIEICTBHEM KYCOYHOTO XapakTepa BhIOpaHHBIX npoduieii. [Ipu sTom 3Ha-
yeHre © B HEKOTOPOH y37I0BOI TOYKE OKa3bIBAaeT BIMSHHE TOJIBKO Ha pacmnpenenenue @ B ee Onu-
*Kaitmei okpectHoctH. [Ipenmonaraercs, 4To Mpyu 04eHb OOJBLIOM YHCIIE Y3JIOBBIX TOYEK PEIICHHE
JTUCKPETHBIX YPaBHEHHM COMMKAETCS C TOYHBIM PEIICHUEM COOTBETCTBYIOMIETO AM(depeHIINATb-
HOT'O YpaBHEHHs. DTO CJICAYET U3 CICIYIOIEr0 COOOPaKEHUS: TIPH COIMKEHUN y3JIOBBIX TOYCK U3-
MeHeHue O MCKAY COCCAHMMU TOYKAMH CTAHOBUTCA MAJIBIM U TOT A KOHerTHBIﬁ XapaKkTCp Mnpea-
H0JIAraeMoro MPOQHIISI CTAHOBUTCS HE CYIIICCTBEHHBIM.

Bo3MoxHBIE IHCKpETHBIE aHAJOTH JaHHOTO UG (GEepeHINaTbHOTO YPAaBHEHHUS HECIMH-
CTBEHHBI, XOTs MIPEAINOJIAraeTcs, 4TO B IpeJesie 0YeHb OOJBIIOr0 YUCia Y3JIOBBIX TOYCK BCE THUIIBI
AUCKPCTHBIX aHaJIOroB AAar0T OJHO W TO XC PCHICHUC. OTnnyne AUCKPCTHBIX aHAJIOI'OB SABJISACTCA
CICJICTBUE PA3IMYHBIX MPEANOIOKCHUI O Xapakrepe MpoQuis 3aBUCUMOI MEPEMEHHON M CHOCO-
OOB TMOIY4EHUS aHAJIOTA.

Jlo cux mop Mbl MpeHaMEPEHHO H30eraay YIOMUHAHHS KOHEYHO-Pa3HOCTHOTO UITH KOHEY-
HO-3JIeMEHTHOro MeTo0B. Ceifuac MOXKHO CKa3aTh, YTO JTAaHHBIE METOJbI MOXKHO paccMaTpHBaTh
KaK JIBe aJbTCPHATHBHBIC BEPCHU METOJA AUCKPETU3AIMH, OMMCAHHOTO 37eCh B 001eM Buze. Pas-
JIMYKEC MCXKIY HUMH BBI3BAHO crocobamu BI)I60pa HpO(bI/IJ'Iﬂ " BbIBOJA JUCKPETHBIX aHAJIOTOB ypaB-
Henusi. Haxopsiuuiics, rnaBHbIM 00pa3oM, B LIEHTPE BHHMAHHUS JaHHOW, KHUIH METOJ] MMEET Xa-
paKkTep KOHEYHO-Pa3HOCTHOI'O METOJIa, OJTHAKO OH COJACPIKHT MHOXKECTBO HJICH, XapaKTePHBIX IS
KOHEYHO-3JIEMEHTHOr0 MeTo/1a. Ha3zBaB HaCTOAIINIT METOI KOHEYHO-PA3HOCTHBIM, MOYKHO OBLITO ObI
CKJIOHHUTD YUTATCIIA K HIMPOKO paCHpOCTpaHCHHOﬁ IMMPAKTHUKE HUCII0JIb30BaAHNA KOHCUHO-PA3HOCTHBIX
MeTo/10B. [Io3TOMy Ha30BEM €ro MpocTo METOJOM AUCKpeTH3aluu. B 1. 7 mokaxem, Kak U3 OOIIHX
IMPHUHIUIIOB, U3JIOKCHHBIX B ITOH KHUTC, MOKHO CKOHCTPYHPOBATh MCTO/, I/IMGIOIIII/Iﬁ BUJ METOa
KOHEYHBIX 3JIEMCHTOB.

Memoovl nonyuenus OuCKpemHuvlx anano206

Juckperuzanuio gaHHOTO TU(PEpeHIINATBHOTO YPABHEHUS! MOKHO OCYIIECTBUTH MHOXE-
CTBOM c11oco60B. OnuiieM B 00X yepTaX HECKOJIbKO PAcIpOCTPAHEHHBIX METOIOB U MOKAXEM,
YTO OJIMH U3 HUX MPEANOYTUTENBHEN BCEX OCTAJIbHBIX.

Hcnonv3oBanue psagos Triisopa. O6piuHas npolieypa MoIydeHHs] KOHEYHO-Pa3HOCTHBIX
YpaBHEHMH 3aKII0YAeTCsl B allpOKCHUMAIMKM NMPOU3BOAHBIX B AU(depeHInanbHOM ypaBHEHHH 00-
pe3anHbiMu psifa Toriiopa. PaccmMoTpuM y31m0BbIe TOUKH, TOKa3aHHbIE Ha puc. 1. Pa3noxkenue B psif
Taiinopa 0K0JI0 y3JI0BOM TOYKH 2, pacloIOKEHHOM IocepeinHe MeXay ToukaMmu 1 u 3 (Tak 49to AX
= X2 - X1 = X3 - X2 - 1a€T

2
d)l:CDZ—AX(C:;Dj +£(Ax)2 d’e —.
2

X 2 dx? ),
dd) 1 d2® ' @
O, =@, +AX| — | +(AXF| =5 |+
dx ), 2 dx® ),
OT6paCLIBa$I yJIeHbl 000UX pAAOB, HAYMHAA € YCTBCPTOT'O, BbIUUTAA U CKJIaJbIBas YpaBHC-
HYS, TIOJIy4YaeM
[dq>j O, -D
dx /,  2Ax
@)

d’® ®, - 20, + D,

dx*> ) (ax)

2
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B

Ax Ax

—0
10w

i
X
—_—

Puc. 1. Tpu nociienoBare/ibHbIe Y3J10Bble TOUKH, HCI0JIb3yeMble IIPH PA3JI0KEHUH B PSJL
Tailsiopa

IToncraBinss 3Ty BelpakeHus B Au(depeHIualbHOe YpaBHEHNE, MOXKHO M0JIyYUTh KOHEYHO-
Pa3HOCTHOE ypaBHEHHUE.

B nannom meroze npenmnosnaraercs, 4To n3MeHeHre @ B 3aBUCUMOCTHU OT X OJU3KO K IOJIU-
HOMHUAJIBHOMY, TaK YTO BBICHIMMU IPOU3BOJHBIMH MOXKHO TpeHeOpeub. OAHAKO 3TO MPEAToNIoxKe-
HUE NIPUBOJUT K XKEJIATEIbHBIM ITOCIEICTBUAM, HAIIPUMED, Ul CIIy4as SIKCIIOHEHTHOTO U3MEHEHHUS
@. BriBoz ¢ moMoIIbI0 pAaoB TalI0pa CpaBHUTEIBHO MPOCT, HO MEHEE THOOK U HE CIOCOOCTBYET
MOHUMaHMIO (PU3MUYECKOTI0 CMbICIIA YJIEHOB YPABHEHUS.

Bapuauuonnbsiii meroa. pyroil MeToq MoiaydeHUs] JUCKPETHBIX aHAJIOTOB OCHOBBIBAETCS
Ha BapMallMOHHOM HCUHUCIIEHUH. J{JIs1 HOJHOrO MOHMMAaHUS MeTOoJla HE0OX0IMMO 3HaTh OCHOBBI Ba-
puanuoHHoro ucurciaeHus. OIHaKo Ui HAlIUX LeJed JOCTaTOYHO MUMETh 00llee IMpeaCcTaBIeHNE
00 OCHOBHBIX MOMEHTAX METO/IA.

B BapuannoHHOM MCUYUCICHUU [TOKa3aHO, YTO PELICHUE JaHHBIX AU (epeHIHuaIbHBIX YpaB-
HEHMI SKBHUBAJICHTHO MUHHMH3ALMU COOTBETCTBYIOIIEH BEIMUYUHBI - (YHKIMOHATA. DTa SKBUBA-
JIEHTHOCTb HA3bIBACTCA 6APUAYUOHHBIM NpuHyunom. VICKOMBIM JUCKPETHBIN aHAJIOr MOJACTCS U3
yCIIOBUH MHHHMYyMa (DyHKIIMOHAJIa OTHOCHUTEIHLHO 3HAYCHWH 3aBHUCHMOUN IEPEMEHHOW B Y3JIOBBIX
TOYKax. BapuanuoHHBII METOJ OYEHb YaCTO MCIOJIb3YETCS B KOHEYHO-JIEMEHTHBIX METOJAx HC-
CJICIOBAHMsI HAIIPSKEHUH, I €ro MOKHO CBS3aTh C IPUHIMIIOM BUPTYaJIbHBIX IEPEMEILICHHM.
Kpome mareMaTndyecko CIIOKHOCTH M TPYJHOCTH IOHMMAaHMs OCHOBHBIM HEIOCTATKOM METOJa
SIBJISIETCSL €r0 OTpaHUYECHHAsl IPUMEHHUMOCTD, CBSI3aHHAS C TE€M, YTO BAPUALMOHHBIM IPUHIUI CY-
IIECTBYET HE Ui BCEX NPEACTaBISIOMUX HHTepec TuddepeHIualbHbIX YPaBHECHUH.

Metoa B3BellIeHHBIX HeBA30K. D(PQGEKTUBHBIM METOJIOM pelieHus auddepeHIanIbHbIX
YPAaBHEHHUN SBISIETCSI METOJ B3BEIICHHBIX HEBA30K. OCHOBHOM IOJIXOJ MpOCT U uHTepeceH. [Ipen-
cTaBUM nuddepeHnanbHOe ypaBHEHUE B BUJIE

L(®)=0. (6)
Hpe,[[HOHO)KI/IM, qTo HpI/I6J'H/I)KeHHOC peuicHue () HUMECT, HAITPUMCEDP, BU/,
D =a, +a,X+ax* +..+a,x", (7

IrAC ai - HCU3BECTHBIC IIaPAMETPHIL.
IToncraBum @ B nud¢epenmansHoe ypaBHeHHe (6) U BBIACTUM HEBSA3KY R, KoTopas pas-

Ha:
R=L(®D). (8)
MEI xoTuMm CACJIaTh 3TOT OCTATOK B MU3BCCTHOM CMBICJIC MAJIBIM. HpeI[HOJ'IO)KI/IM, qTo
j WRdx =0, (9)

rae W - BecoBas pyHKIMSI, a MHTErpaj OepeTcst o paccMaTpuBaeMoil o0nactu. Beibupas nocnemo-
BaTEJIbHOCTh BECOBBIX (DYHKIIMH, MOKHO IMOJYYUTh KOJHYECTBO YpPaBHEHMH, JOCTATOYHOE IS
HaXOXXJCHHUs MapaMeTpoB. PelnB MOIY4YeHHYIO CUCTEMY anreOpanyecKuX ypaBHEHUH ISl HEU3-
BECTHBIX ITapaMEeTpPOB, HaileM MpHOIMKeHHOE perieHne AuddepeHnnaIbHoro ypaBHeHus. Beiou-
past pa3IMYHbIe KJIACCHI BECOBBIX (DYHKILMH, MOKHO MOJYYUTh Pa3JIMYHbIE BEPCUU MeToja (MMero-
1€ CBOM Ha3BaHUs).

JlaHHBIN METOJ IHMPOKO UCIIOJIB30BAJICA JUIsl PELLIEHUS] YPAaBHEHUH MOIPAaHUYHOIO CII0sl, T10-
Ka €ro MOYTH HE BBITECHUJI METOJ KOHEUYHBIX pazHocTeld. OHaKO MOKHO YCTAaHOBUTH €T0 CBSI3b C
KOHEYHO-Pa3HOCTHBIM METOJIOM, WJIM, TOYHEE, C METOAOM AUCKPETHU3ALMM, €CIH paccMaTpUBaTh
npubmnkeHHoe perienne @ He B BUE €AMHCTBEHHOM BO Beel 00acTu anredpandeckoi GyHKINH,
a KaK KyCOYHBIH npo(uiib C HEM3BECTHBIMU MapaMeTpaMu, MPECTaBISAIOINUMU c000ii 3HaueHusT O
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B Y3JIOBBIX TOuKax. /leificTBUTENbHO, OOJbIIAS YaCTh HEJABHUX pa3pabOTOK METOAA KOHEUHBIX dJIe-
MEHTOB TaK)X€ OCHOBaHa HAa MPUMEHEHUU KYCOUHBIX MpOQuiIel B COUETAHUU C Pa3HOBUIHOCTBHIO
METO/1a B3BEIICHHBIX HEBA30K, M3BECTHOM Kak MeTo/ ['anepkuHa.

[Ipocreiimeii BecoBoit ¢ynkiuen seisercas W=1. C nmomMomipio Takoil (pyHKIIMH MOXKHO B
paMKax JaHHOTO METOJIa TIOCTPOUTh CUCTEMY YPaBHEHUH, pa30uBasi pacueTHyI0 001acTh Ha MOA00-
JIACTH WUJIM KOHTPOJIbHBIE 00BEMBI U BbIOMpAs B KaUeCTBE BECOBBIX (DYHKIIMH, OJHOBPEMEHHO PaB-
HBIC €IMHUIIE B OJHON M3 MOA0OIAcTEel M HYJIIO BO BCEX OCTAIBHBIX. DTOT BApPHAHT METO/a B3Be-
HICHHBIX HEBS30K HAa3bIBAIOT METOAOM 10000iacmu WIH METOIOM KOHMPOIbHO20 06vema. B Hem
MOJIAraeTCs, YTO MHTETPa] OT HEBS3KH MO KaXJIOMY KOHTPOJIHLHOMY OOBEMY JNOJDKEH OBITh pPaBeH
Hynto. Tak Kak B 3TON KHHUIe HMCIOJIB3YeTCS METOJ KOHTPOJIBHOrO 00beMa, TO HeoOXOauMO pac-
CMOTpETh ero 6osee moapoOHO.

MeTtoa KOHTPOJIBLHOr0 00beMa. YacTo B AIeMEHTapHBIX y4eOHHUKAX 10 TEIIOOOMEHY MpHU-
BOJIAT BBIBOJI KOHEYHO-PA3HOCTHOTO YPaBHEHUH MMOMOIIBIO METOAa psAaoB Tainopa, a 3aTeM moka-
3BIBAIOT, YTO PE3YJIbTUPYIOLIEE YPaBHEHHE COOTBETCTBYET YCIOBHIO TEIUIOBOTO OaaHC HEOOIbIIOHN
obnactu, copepkamied y3jIoBYIO TOYKY. MBI Takke BHUACIH, YTO METOJ KOHTPOJIBHOTO OOBeMa
MOKHO paccMaTpUBaTh KaK YaCTHBINA ciyyail MeTo/ia B3BEUICHHBIX HEBA30K. OCHOBHAS UAES METO-
Jla KOHTPOJIBHOT'O 00hEMa JIETKO MOHATHA U MOIACTCS IPSMON (U3NYECKO nHTeprpeTanuu. Pac-
YEeTHYIO 00JIacTh pa30MBaIOT HA HEKOTOPOE YHCIIO HEMEPECEeKAIOIIUXCS KOHTPOIBHBIX 00bEMOB Ta-
KUM 00pa3oM, 4TO KaKJasl y3JIOBas TOYKA COJACPKUTCS B OJHOM KOHTPONBHOM oObeme. dudde-
pEHIMAIbHOE YPaBHEHHE UHTETPUPYIOT MO KaXKI0OMY KOHTPOJIbHOMY 00beMy. J{Jisi BEIUKUCICHUS HH-
TErpaJioB UCIOJIB3YIOT KYCOUHBIE TPOGMIN, KOTOPHIE ONMUCHIBAIOT H3MEHEHHE @ MEXAY Y3IOBBIMU
Toukamu. B pe3ynbTare HaXoIAT AUCKPETHBIN aHaior AudQepeHnanbHOro ypaBHEeHUs, B KOTOPBIi
BXOJIAT 3HaYeHHUS O B HECKOJIBKUX Y3JIOBBIX TOUKAX.

[TonydenHbIit mog06HBIM 00pPa30M ITUCKPETHBINA aHAJIOT BBIPAXKaeT 3aKOH coxpaHeHus O amns
KOHEYHOT0 KOHTPOJILHOTO 00BbeMa TOYHO TaK XKe, Kak Ju(QepeHIHaTbHOe YPaBHEHHE BBIPAYKACT
3aKOH COXpaHEHUs ISl OECKOHEYHO MAalloro KOHTPOJbHOro o0bema. OTHUM M3 Ba)KHBIX CBOWCTB
METO/a KOHTPOJIBHOTO 00BbeMa SBISIETCS TO, YTO B HEM 3aJ0KEHO TOYHOE MHTErPaIbHOE COXpaHe-
HUE TaKUX BEJIMYUH, KaK Macca, KOJIMYECTBO JBUKCHUSI M SHEPTUs Ha JI000H IpyIirne KOHTPOJIbHBIX
00BEMOB U, CJ€I0BaTENIbHO, HAa BCe pacueTHOW o0iacTu. DTO CBOWCTBO MPOSIBISIETCS MPHU JIIOOOM
qHcIIe Y3JI0BBIX TOYEK, & HE TOJBKO B MPEIEIbHOM Ciy4ae OueHb 00JbIIOro ux uucia. Takum oOpa-
30M, JJaKe pelIeHue Ha TPyOOi CETKE yIOBIETBOPSET TOYHBIM HHTETPAIBHBIM OallaHCaAM.

PesynpTar pemieHuss JUCKPETHBIX YPaBHEHUI OTHOCHUTENIBHO 3HAUYEHUH B Y3JIOBBIX TOUYKaX
MOKHO paccMaTpHBaTh JIBOSIKO. B MeTOne KOHEUHBIX 3J€MEHTOB M OOJBIIMHCTBE METOJOB B3Be-
IIEHHBIX HEBSI30K B KauecTBa IMPUOIMKEHHOTO pelieHust Oepercs npeanoigaraemoe usmeHenue @,
COCTOsIIIIEe M3 3HAYEHMH B Y3JIOBBIX TOUYKAaX M MHTEPHOSLMOHHBIX (QYHKIUH (Miu npoduiei)
MEXy Y3JIOBBIMH TOYKaMH. HAIlPOTUB, B KOHEYHO-PA3HOCTHOM METOJIE B KAUeCTBE PEIICHHs pac-
CMaTpHUBAIOTCS TOJIBKO 3HauU€HUs () B y3JIOBBIX TOUKAX M HE JIE€JAETCs HUKAKUX SBHBIX YKa3aHUH O
xapakTtepe u3MeHeHuss @ Mex1y dSTHMU TOYKaMH. DTa CUTYalllsi HAallOMUHAET JTabOpaTOPHBIN dKC-
MEPUMEHT, B KOTOPOM pacHpe/iesieHHe BeTMUYMHBI 1aeTCsl B BUJIE U3MEPEHHBIX 3HAU€HUI B HEKOTO-
PBIX JMCKPETHBIX TOYKAX W HE OINPEENIETCS €€ N3MEHEHHE B MPOMEXKYTKaX MEXIYy dTHMHU TOYKa-
MHU. MBI Takxe UCHOJb3yeM 3TOT MOAXO0J B METOAE KOHTPOJIBHOr0 00beMa U OyAeM MCKaTh perie-
HUE B BUJIC 3HAYCHUH TOJIBKO B Y3JIOBBIX TOUKaX. MHTEpHmomsunonHbie GopMyisl min npoduimm 0y-
JIeM paccMaTpHUBaTh Kak BCIIOMOraTelbHble, HEOOXOIUMBbIE Ui pacueTa uHTerpaion. [locie momy-
YEeHUsS TUCKPETHBIX aHAJOTOB MPEAIONIOKEHHS O XapakTepe nmpoduieil MoXXHO He yJUTHIBaTh. Ta-
Kasl TOYKa 3peHUs JJaeT MOJHYI0 CBOOOY MCIIOJIb30BAaHUS PA3IMUHBIX Npoduiel 1uis HHTerpupoBa-
HUS Pa3IMYHBIX WICHOB I PepeHIINaTbHOTO YpaBHEHUSI.

Jlnist 6osibLIeid ICHOCTH MPUMEHUM METO]I KOHTPOJIBHOTO 00beMa K MPOCTON 3ajaye.

PaccmMoTpuM cTalMoHapHYI0 OJHOMEPHYIO 3a/ladyy TeIUIONPOBOJHOCTH, OIHCHIBAEMYIO
ypaBHEHHEM

d(kd-l-j+8=0, (10)
dx\ dx
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rae K - k03¢ UIHEeHT TeIIoNpPOBOAHOCTH; T - TEMIIEpaTypa; S - CKOPOCTh BBIICICHHS TEIIOTHI B
eIuHuIE 00BEMA.

R . T
f le\ le |
v T F T & x
| . E X
| Ax |

’.

Puc 2. ll1a6s10H y3,10BbIX TOYEK B OJTHOMEPHOIi 3a71aue

Iloozomoeka. JIns noiydyeHHst TUCKPETHOrO aHajlora Oy/AeT UCIOJIb30BaHO MOKa3aHHOE Ha
pHC. 2 pacIoyIoKEHHUE Y3JI0BbIX TOYEK. B IIeHTpe Halllero BHUMaHUS OKa3bIBaeTcs Touka P, okpy-
xeHHas Toukamu E u W (E - BocrouHas cropoHa, T. €. HampasjieHue Baosib ocu x;, W - 3anagHas
CTOpPOHA, T. €. HalpaBJIeHHE, 00paTHOE HampaBieHUIO ocH x). LLITpuxom nmokazaHbl TPaHUIIBI KOH-
TPOJIBHOTO 00beMa; ceifuac Hac He MHTEpecyeT UX TOYHOE pacloyIoKeHue. DTU TpaHULbl 0003Ha-
4yeHbl OykBaMu e U W. {15 paccMarpuBaeMoil OJJHOMEPHOM 3aJaud MPEANOI0KUM, YTO pa3Mephbl
KOHTPOJILHOIO 00beMa B HAIIPABICHUSIX V U Z paBHbI eiuHuUIle. TakuMm o0pazom, 00beM IOKa3aHHO-
ro KOHTpoJIbHOrO o0bema paBeH AX <1 x1. UuTerpupys (10) no KOHTpOILHOMY 00bEMY, OTYyYaEM

(dej —(dej +[sdx=0. (11)
dx J, dx ), =
T . T
I |
]| | }
[ |1 ]|
L1 0 Ll
WwP e £ x WwpP ¢ F x
a) )

Puc. 3. IlpocTbie annpokcumanuu npoduJieii: @ — cryneH4YaTbiid Npoguiib;
0 — KyCOYHO-JITMHeHbIA NPOoQuJIb

IIpeononoacenue o eude npoguns. Crenaem Tenepb MpearnoaokeHne 0 BUIe NpopuiIs Win
UHTEpNOISIIMOHHONW popmynbl. Ha puc. 3 moka3ansl 1Ba mpocTeix npoduis. B npocrelimem ciy-
qae MpEeAIoaracTcs, 4Yro 3HauyeHue I B y3JI0BOM TOUYKE COXPAHSETCA Ul BCErO OKPYXKAKOIIEro e
KOHTPOJIBHOTO 00beMa. DTO IPEANONI0KEHNE IPUBOJUT K IOKA3aHHOMY Ha PHUC. 3, a CTyIIEHYaToMy
npoduro. J{ist Takoro npoduis npousBonHas dT/dX Ha rpaHHIIAX KOHTPOJIBHOrO 0ObeMa (T. €. B
TOYKE W WM e) HE OIpeJesieHa. JTa TPYAHOCTh HE BO3HMKAET JUISl KyCOYHO-TMHEHHOro mpoduist
(puc. 3, 6), y koToporo usmMeHeHue 7 MeXay y3J0BBIMU TOUKAMU OMMCHIBAETCS JIMHEHHBIMU UHTEP-
MOJIALIMOHHBIMU (QYHKIUSMHU.

Huckpemuwiii ananoe. Vcnonb3oBas s onpezaenenus dT/dx B ypaBHenun (11) kycouHo-
JTUHEHHBIN PO UMb, MOTYYUM

ke(TE _TP)—kW(TP_TW)-i-SAX:O. (12)

(6%), (6%,
rae S - cpeaHee o0 KOHTPOJIbHOMY 00beMy 3HaueHue S. [Tone3Ho 3amucarh ypaBaenue (12) B cie-
IYIOLIEM BUJIE:

apT, =a:Tg +a,T, +b. (13)
rue
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k
g = =
G Y (19
ap =ag +a,; b=SAX

Heo6xoaumo caenatsb cieayronie npuMedanus:

1. YpaBuenue (13) 3amucano B CTaHAAPTHOM BHUJE, B KOTOPOM MBI Oy/leM HpPEICTaBISThH
JVMCKPETHBIE aHAJIOTH. B JIEBOM 4acTH 3TOr0 ypaBHEHHUSI HAXOIUTCS TeMIieparypa 7p B LEHTPAIIbHOU
y3JI0BO# TOUYKE, a B MPABOM - TEMIIEPATYPhl B COCEAHUX TOUKaxX M moctosiHHas b. Kak Oynmer moka-
3aHO HUXeE, B JABYX- U TPEXMEPHOM CIIy4asX YHCJIO COCEIHUX TOUEK Bo3pacTeT. B olmiem ciydae
yn00HO mpeicTaBuTh ypaBHeHue (13) B Buze

apTp = Zaannb +b. (15)
rae uHjaeke nb o0o3HavaeT coceqHre TOYKH M CyMMHPOBAHUE IPOU3BOJUTCS IO BCEM COCEIHUM
TOYKaM.

2. Ilpu BeiBosie ypaBHeHH (13) MCMONB30BAIOCH TPOCTEHIIee MPUOIHKEHHIE TS PO IS,
no3BosuBiiee paccuntath dT/dX. KoHeuHo, BO3MOXHO MPUMEHEHHE MHOXKECTBA APYTHX HHTEPIIO-
JISIIUOHHBIX (DYHKIIUH.

3. BaxHO Takxe MOHUMAaTh, YTO AJI PA3IUYHBIX BEIMYUH MOXKHO HCIOJIb30BaTh pPa3HbIE
npodunu. Hampumep, 11t BeluMcaeHUs S HeoOs3aTeIbHO Mpenoiarath JMHEHHBIN XapakTep u3-
MCHEHHsI S MEKAY Y3J0BBIMH TOYKAMH, TaK )K€ KaK HEOOs3aTeNIbHO PAacCUUTHIBATH Ke MO €ro Jiu-
HeHOMY U3MeHEHHIO 0T Kp 110 Ke.

4. Her HEOOXOJMMOCTH HCIIOJIIb30BaTh OJMHAKOBBIE MPOQMIN IS BCEX UICHOB OJIHOTO
ypaBHenus. Hanpumep, ecnu Obl B ypaBHeHue (10) BXOIUI JOMOJHUTENbHBIN YICH, BKIIOYAOLIUHA
T, MO>XHO OBLTO OBl MPUMEHUTH ISl €r0 AlMPOKCUMAIIUH CTYIIEHYAThIi MPO(HIbL BMECTO KYCOYHO-
JMHEHHOTO TPOQUJISL, UCIIOIB30BAHHOTO [yTs onpeaenenus dT/dx.

OchosHvle npuHyunsl 66100pa UHMEPNOTAYUOHHBIX PYHKYUL U npoguien. YKa3aHHAS BBIIIC
cB000/1a BHIOOpA MHTEPHOJSIMOHHBIX (QYHKIUI U npoduiiell BeleT K CYIIeCTBOBAHUIO MHOXKECTBA
CTIIOCOOOB TOYYEHUS JUCKPETHBIX aHAJIOroB ypaBHeHUs. llpeamomaraercsi, 4To Npu YBEIWYECHUU
YlClla Y3JIOBBIX TOYEK PEHICHMs] BCEX IUCKPETHBIX AHAJIOTOB MCXOJHOIO YPAaBHEHHs COBIAJAIOT.
OpaHaKo HAJIO)KUM JIONOJHUTENbHOE TpeOOBaHKUE, KOTOPOE MPUBEAET K COKPAILIEHUIO YHCiIa TOIX0-
X Gopmyit. I[TorpeGyeM, Obl pelieHne, NOIYYEHHOE JJaXke Ha rpy0oil ceTke BO-TIEpBBIX, BCETAA
nMeno GU3NYECKU IpaBIonoJ00HbIN XapakTep U, BO-BTOPBIX, COXPAHSIIO MOJIHBIHN OanaHc.

[ToHATH, HACKOJIBKO (PM3UYHO IMOJYYEHHOE pelleHHe, JIETKo, 0 KpaiiHell Mepe, B MPOCTHIX
cinydasax (puc. 4). [IpaBgonono6Hoe pelnieHne JOKHO UMETh TaKOM jK€ €CTECTBEHHBIM XapakTep,
4TO U TOYHOE pelieHue. B 3agaue TermnonpoBoJHOCTH 6€3 UCTOUHMKOB HUKAKOM Mpoduib Teme-
paTypbl HE MOKET BBIXOJUTH 3a MpEesbl TeMIeparyp rpanuil tena. [Ipu oxiaxaeHun Harperoro
TBEPAOIO TeJla OKPYKAIOIIEH KMIKOCTBIO TEMIIEpATypa Tejla HE MOXKET CTaThb HUYKE TEMIIEpaTyphl
AKHUJKOCTH.

Mps1 OyzneM Bceraa MPUMEHSTh TaKUe TeCThI K MOMy4YeHHBIM TUCKPETHBIM aHajIoraM ypaBHe-

HUH.

60— X .

Puc. 4. ®usnyecku HenpapaonoaodHsie (1), npaBaonoaodnoe (2) u Tounoe (3) pemenust
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VYcnoBre MONMHOrO OajlaHca MPEANoiaraeT MHTErpaIbHOE COXPAaHEHHWE paccMaTpHBAeMOM
BEJIMYMHBI BO BCeil pacueTHON obsacTu. Mbl OyneT yTBepKAaTh, YTO TEIUIOBbIE IOTOKH, MacCOBBIE
pacxopl U MOTOKH KOJMYECTBA JABMKEHUS JOJDKHBI MPABMIIBHO OTPaXkaTh OajaHC C COOTBETCTBY-
IOLUIMMH UCTOYHUKAMM M CTOKaMH, IPHYeM I JF0OO0ro yMcia y3JO0BbIX TOUEK, a HE TOJIBKO B IIpe-
JieTie TIPH O4€HBb OOJIBIIIOM YHUCIIE TOYEK.

Takyro BO3MOKHOCTb COXPaHEHHsI IIOJIHOTO OanaHca AaeT METO KOHTPOJIBHOIO 00beMa, HO
IIPU 3TOM HEOOXOIMMO 00ECTIeUnTh, KaK BCKOPE YBUAMM, IIPABHIBHBIN y4eT IOTOKOB Ha TPpaHUIAX
KOHTpOJIbHOTO 00beMa. [IpunsaTeie TpeOoBaHMs (PU3UUECKOrO MPaBAONOJ00US U COXpAaHEHHUS IOJI-
Horo GanaHca OyayT UCTIOIB30BATHCS JJISl BRIOOpA anmpoKCUMAIMi MPOGUIS U COOTBETCTBYIOIIETO
aHanu3a. Ha ocHoBaHMU 3THX orpaHMyeHMi OyayT MOJIy4eHbl HEKOTOPbIE, OCHOBHbBIE IIPAaBUIIA, KO-
TOpBIE MTO3BOJISAT CPABHUTH UMEIOIINECS (POPMYITHPOBKHU U pazpaborars HOBbIe. C X TOMOIIBIO He-
KOTOpbIE PELICHUs, ONpeiesiseMble OOBIYHO CXEMATUYECKH, MOTYT OBITh MOJyYEHbI U3 (PU3HMUECKUX
COOOpaKCHHIA.

Annpokcumayus ucmounuxosoeo unena. Ilpexae yem NnepeuTH K ONpeeIeHUI0 OCHOBHBIX
MIPaBUJI, PACCMOTPHM MCTOYHHUKOBBINA wieH S ypaBHeHus (10). YacTo HCTOUHMKOBBIN YJICH SBISETCS
¢byHKLIMel caMoil 3aBUCUMOM IepeMeHHOM 7' M TOorja »ejlaTeJbHO Y4eCTh 3Ty 3aBUCHUMOCTb IpPHU
IIOCTPOEHUHU JAUCKpeTHOro aHajiora. OgHako (opMaabHO MOKEM YUUTHIBATh TOJIHKO JIMHEHHYIO 3a-
BUCUMOCTb, TaK KaK pelleHHe JUCKPETHbIX YPaBHEHUH OYAET OCYIECTBIATHCS, KaK YBUIUM IO3XKE,
C ITIOMOIIBIO METOJOB PELICHUS CUCTEM JIMHEHHBIX anredpandyeckux ypaBHeHuil. Criocob nuHeapu-
3aluu 3aBUCUMOCTH S oT T oOcykaaercs B cienyroueil riaBe. 371ech HaM JOCTaTOYHO 3aIucarhb
cpeAHee 3HaueHue S B BUJE

S =5;+STp, (15)
rae Sc MpencTaBisieT co00i MOCTOSHHYIO COCTABISIONIYIO S, & Sp - KO3 puuueHT (0YeBHIHO, YTO
Sp He ecTh 3HadyeHue S B Touke P).

Hanuuue 7p B (16) oTpaxaer TOT (akT, 4TO IpHU 3alKMCHU CPEAHEr0 3HAUYEHUS S MBI Ipea-
MoJlarajiu, 4To 3HaueHue 7p pPacIpOCTPaHSETCs Ha BECh KOHTPOJBHBINH 00bEM, IPYTHMMHU CIIOBaMH,
MCIOJIb30BAJICS MMOKa3aHHBIM HA pHC. 3, a CTyMeHYaTblil npoduib (CieayeT 3aMeTUTh, YTO MOYKHO
UCIIOJIb30BATh CTYNEHYATHIA POMUIIB s S ¥ KyCOYHO-TMHEHHbIH [1s wieHa dT/dX).

JIMCKpEeTHBII aHaor ypaBHEHHs TEIUIONPOBOJHOCTH C JIMHEAPU30BAaHHBIM HUCTOYHHUKOBBIM
qJieHOM OyZieT UMeTh Takou ke BuA, Kak u (13), HO ¢ ApyruMu BbIpaXeHUSIMU 175 KO3PPUIECH-
TOB:

apT, =a:Tg +a,T, +b, (16)
rac

0 = K . 8, = k, .

= (%), (), . (17)

ap =ag +a, —SpAX; b =S.AX
Teneppr MOXHO CHOPMYITHUPOBATH OCHOBHBIE MPaBUJIA, KOTOPHIM JODKHBI TOIYUHSATHCS
AUCKPCTHBIC aHAJIOTU ypaBHeHPII’I JJIsA obecneueHUs (I)I/IBI/ILIHOCTI/I peucHus U COXpaHCHUA IMOJIHOTO
OaylaHca. DTH KaXylluecs MPOCTHIMHU MpPaBWJIa UMEIOT TIIYOOKHH CMBICI, U MBI Ha TPOTSHKEHUU
Bceil KHUTH OyJ1eM PyKOBOJICTBOBATHCS MU IIPU pa3paboTKe METOJIOB.

OcHogHble npaguna nocmpoenus OUCKPEmHbIX AHA10206

IIpaBuao 1. CooTBeTcTBHE MOTOKOB HA IPAHHUIIAX KOHTPOJBHOI0 00beMa. BelpaxxeHue
MOTOKA Yepe3 IPaHmIly, OOLIYIO JUIS IBYX MPUJIETAIONINX KOHTPOJIbHBIX 00BEMOB, IPU 3alUCH M C-
KpPETHBIX aHAJIOTOB YPaBHEHUS JIJIsl 3TUX 00BEMOB JOJKHO OBITh OJJHUM U TEM KE.

Obcyorcoenue. OUeBUAHO, YTO TEIUIOBOW MOTOK, MOKUIAIOIMIUN OJUH KOHTPOJIBHBIH 00beM
yepe3 €ro rpaHuily, AOHKEH ObITh paBeH MOTOKY BXOSIIEMY 4Yepe3 ATy TPaHHIly B COCETHUN KOH-
TpOJIbHBIH 00beM. B mpoTHBHOM ciiydae He OyJIeT cOXpaHAThCs MOJIHBIN OalaHC TEIUIOTH. XOTS 3TO
TpeOOBaHUE U JIETKO TOHSTH, HAJO CJIEANTH, YTOOBI HE OBUIO Ja)kKe HEOOJBIINX €ro HapyIICHHUH.
Jlnst n300paskeHHOT0 HA pHC. 2 KOHTPOJIBHOTO 00bEMa MOKHO OBIIIO pacCUUTaTh TEIUIOBBIE MOTOKH
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kdT/dx Ha rpanuiie Mo KBagpaTHUHOMY Ipoduito, npoxosimemy yepe3 Tw, Tp u Te. [Ipu ucmosnsb-
30BaHMU AaIMPOKCUMAIIMU TAKOTO K€ THIA IS CIEAYIOIIEro KOHTPOJIBHOTO 00beMa IpaJUeHT
dT/dx Ha oOmielt rpaHuIle OKaKETCsl PACCYUTAHHBIM 10 PA3IMYHBIM MPOMUISIM B 3aBUCUMOCTU OT
TOTr0, KaKOW M3 KOHTPOJBHBIX 00beMOB paccmarpuBaercs. [loiydaromeecst HecoorBercTBre dT/dX
(1, cegoBaTeNIbHO, TEIJIOBOTO MOTOKA) MOKa3aHO Ha pUC. 5.

K HECOOTBETCTBHIO MOTOKOB MOXET IPUBECTH TAKIKE MPEITOIOKEHHE O TOM, YTO BCE MOTO-
KU Ha 'PaHMIAX JAHHOTO KOHTPOJBHOTO 00bEMa OMMCHIBAIOTCS C TIOMOIIBIO 3HaYeHUsT KOd(duiu-
eHTa TEIUIOMPOBOJIHOCTH B IIEHTPaIbHOM Touke Kp. Torma TemaoBoii MOTOK Ha IpaHuIle € (IoKa3aH-

HOI1 Ha puc. 2) Oyzaer BbIpakeH depe3 Ko (TP -Tc )/ (5X)e JUISL OKPYXKAKOILEr0 TOYKY P KOHTpOJIBHOTO
o6wema n uepes K (T, —Tg)/(d%), npu 3ammck pa3sHOCTHOrO aHANOTa JUTA KOHTPOJILHOTO 06hEMa C

Toukoil E B nienTpe.
Uto0bl M30€KaTh TaKUX HECOOTBETCTBUH, MOJIE3HO MOMHHTH, YTO TOTOK HA TPAHHIIC pac-
CMaTPHUBAETCS caM 110 cede, a He KaK MPUHAIJICKAITUIN OMpe/Ie]ICHHOMY KOHTPOJIBHOMY 00BhEMY.

T} ¢

o W P E EE x
Puc. 5 HecooTBeTCTBHE MOTOKOB, BHI3BAHHOE HCIOJIB30BAHMEM KBAJAPATUYHOT0 Poduis:
1—xkacaresbHasi K mpaBoMy npoguino, 2 - KacarejJbHas K JIeBOMY HPOPHII0

IMpaBuio 2. [lon0xkUTEIBHOCTH KOIPPUUIMEHTOB. B OONBIIMHCTBE U3 MHTEPE-CYIOIIUX
Hac 3ajlay BIUSHHE 3HAUYEHHUH 3aBUCHMOI NEpEMEHHOM B TOYKaX, COCEAHUX C HEKOTOPOil y3/10BOH,
Ha 3HAYCHHUE B 3TOM Y3JI0BOH TOYKE 00YCIOBJICHO MporeccaMi KoHBeKnu 1 auddysun. Crnenopa-
TEJIbHO, YBEJIMYECHUE 3HAUYEHUS B OJIHOW Y3JI0BOW TOUYKE JOJKHO, IPU MPOYUX PABHBIX YCIOBUSX,
MIPUBECTH K YBEJIMYEHUIO (2 HE YMEHBILEHUIO) 3HAUEHUsI B cOceAHEH y3noBoil Touke. Torma, kak
BUIHO U3 ypaBHeHus (13), u3 yBenuuenus Tp npu yBeJudeHUU e CIEAYET, YTO KOAPPHUIIMEHTH ap
U Ag JI0JDKHBI UMETh OJJMHAKOBBIN 3HaK. [[pyruMu cioBamu, B OOLIEM Cilydae, OMUChIBAEMOM ypaB-
HeHueM (15), 3Haku K03 GUIMEHTOB Mepe] 3HAUSHUIMU 3aBUCUMOM TIEpEMEHHOM B COCETHUX TOY-
Kax anb U KO3 QUIMEHTa Nepe]l €€ 3HaYeHUEM B LIEHTPAJIIbHOM TOYKE ap JOJKHBI ObITH OJIMHAKO-
BbIMU. MOXHO, KOHEYHO, BBIOpAaTh UX TaK, YTOOBI OHMU BCE OBUTU MOJOKUTEIbHBIMU WM OTPHIla-
TeNBHBIMH. J[OTOBOPUMCS 3aIUCHIBATH PA3HOCTHBIM aHAJIOT € TIOJIOXKHUTEIBHBIMH KO PHUITUSHTAMHU.
Torna npaBuio 2 MokHO ¢(hOpMHUPOBAThH CIEIYIOIUM 00pa3oM: Bce KO UIIMEHTHI (ap U @nb) BCe-
TJ1a JIOJDKHBI OBITH TIOJIOKHUTEIHHBIMH.

Kommenmapuu. VI3 onpenenenust kospuimentos (14) BUIHO, YTO WILTIOCTpALMS JUCKpE-
TU3AIIUU YPaBHEHUSI TEIIONMPOBOAHOCTU [cM. (13)] meHCTBUTENBHO YIOBIETBOPSET MPABUITY TOJIO-
KUTEIBHOCTH KOdPpuuneHToB. O1HaKo, Kak OyJeT MoKa3aHo MO3/1Hee, UMEIOTCS MHOTOYNCIIEHHBIE
anmnpoKCUMAallMH, B KOTOPBIX JAHHOE MPaBUJIO 4acTo Hapymiaercs. OOBIYHO CIEICTBUEM 3TOTO SIB-
nsietrcs pU3MUYecKH HerpaBonoaooHoe pemenue. Hannumne otpunatensHoro "coceqnero” koagou-
[IUEHTa MOKET MPUBECTH K CUTYalllH, B KOTOPOH yBEIMUEHHE TEeMIIEpaTyphl Ha TPAHHIIEC BHI3BIBACT
YMEHBIIIEHUE TeMIIepaTypsl B Ommkaifmeil y3inoBoil Touke. Hac OynyT ycTpauBaTh TOJIBKO Te am-
MPOKCUMAIINY, KOTOPBIE TPH BCEX OOCTOATENHCTBAX TapaHTHPYIOT MOJIOKUTEIEHOCTh KOA(DDUIIH-
€HTOB.

Hpaswio 3. OTpuuaTeIbHOCTh KOIPPUUMEHTA NMPH JUHEAPU3ANUN HCTOYHUKOBOIO
yjeHa. 13 onpenenennit koagduunentos (18) BuaHO, uTO KOIPUIMEHT ap MOXKET CTaTh OTPHUIIa-
TEJIBHBIM 32 CUeT Sp/X. ITOT0 MOXHO TOJTHOCTHIO M30eXkaTh, MOTPEOOBAB, YTOOBI Sp HE OBLIO TIO-
noxurenbHbIM. ChopMynupyeM Tenepb NpaBWio 3 B CIEAYIOUIEM BUAE: NPU JUHEApU3alUU HC-
TOYHMKOBOTO WieHa B BUIe S =S. +S,T, ko3¢pdunueHt Sp Bcerga A0MKEH ObITH OTPUIIATENICH
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WM paBeH HYIIIO.

3ameuanus. IIpaBuno 3 He HACTONBKO IMPOU3BOJIBHO, KaK OHO 3ByuuT. Ha camom nene amns
OoNbIIMHCTBA (PU3UYECKUX MPOIECCOB Yroi HAKIOHA KacaTeNbHOW K KPHBOM, ONMMCHIBAIOLICH HC-
TOYHUKOBBIN WICH KaK (PYHKIMIO 3aBUCHMOM IIEPEMEHHOM, OTpHIlaTesieH. [[eficTBUTENbHO, eciti Obl
Sp OBLT MOJOKUTENBHBIM, (PU3NUECKUNA TPOIIECC MOT CTaTh HEYCTOWYMBBIM. [10I0KUTENBHOCTD Sp
CBHJIETEIILCTBYET O POCTE UCTOYHMKOBOI'O 4WIEHA IIPU YBEJIMYEHUH Tp, a 3TO, B CBOIO OYEpe/Ib MO-
KET TMPUBECTHU, €CIK HET F(P(PEKTUBHOIO MEXaHW3Ma OTBOJA TEIJIOTHI, K Bo3pacTanuio Tp u 1. 1. C
BBIUMCIIUTENILHOW TOYKM 3pEHUs BO M30€KaHUE HEYCTOMYMBOCTEH M (U3NYECKH HEpPEabHBIX pe-
IICHUH 11es1eco00pa3Ho COXpaHATh Sp OTpULATeNbHBIM. JlanpHelnee oOcyXaeHne TUHeapu3alun
MCTOYHHUKOBOTO YJI€HAa MPOBEACHO B cienymoueil rnase. Cienyer OTMETHTb, YTO MPUHLUI OTPHIIa-
TEIBHOCTU Sp CYILECTBEH )i CUETA.

IMpaBuio 4. Cymma cocenHux ko3(ppuuuenToB. Yacto B paccMaTpuBaeMoe ypaBHEHHE
BXOJISIT TOJIBKO MPOU3BOIHBIC 3aBUCHMOI nepeMeHHOU. [Ipu stom dyakmm 7' u T+c (T - 3aBUCH-
Masi IEpeMEHHas JaHHOT'O YPaBHEHMUs, ¢ - IPOU3BOJIbHAS ITOCTOSIHHASA) YIOBIETBOPSIOT Auddepen-
[IUAILHOMY YPaBHEHHUIO. JTO CBOMCTBO Au(PepeHInanbHOTO YpaBHEHUS TAKXKe JOJDKHO OTPa3UTh-
csl B ero JuckpeTHoM aHanore. CienoBarenbHO, ypaBHeHHE (15) 10KHO OBITH YAOBIETBOPEHO B
citydae, eciid Tp ¥ Bce Thp YBEJIMUUTH HA NMOCTOSHHYIO. M3 3TOr0 TpeboBaHus ciieayeT paBeHCTBO ap
cyMMe cocelHUX Koa(pduuueHToB. Takum obpa3zoM, IpaBuio 4 MOXKHO chOpMyJIUpOBaTh B BHUJE:
Ui cilydaeB, Korjaa auddepeHnnanbHoe ypaBHEHUE YIOBIECTBOPSETCS TaK e MPH T00aBICHUU K
3aBUCUMOM NIEPEMEHHOM MOCTOSIHHOM BEIMYUHBI HEOOXOIUMO, UTOOBI

aP = Zanb . (19)

Jlerko BueTh, 4TO ypaBHeHHE (13) MEHCTBUTENBHO YIOBJIETBOPSET 3ToMy mpaBuiry. OHO
O3HAYaeT, YTO 3HAU€HHUE B cpellHell Touke Tp SBJISETCS CPEJHEB3BEIICHHBIM 3HAUEHUH B COCETHUX
Toukax Tnp. B omimmume, ot koadduuuentoB B (13) korpdunments ypaBHenus (17) He mogunHsi-
I0TCA JaHHOMY ITpaBuily. OHAKO i1 OJHOT Cilydas MPaBUIIO HENPUMEHUMO. Eciau HCTOYHMKOBBIN
4JieH 3aBUCUT OT 1, To cymma 7+c He ynosierBopsieT auddepenunansnomy ypaBHeHHo. OHaKO
Jla’ke B 3TUX Cllydasx MpaBuiio 4 He ciieAyeT 3a0bIBaTh, TaK KaK €ro MOXKHO IPUMEHSTh IIPU pac-
CMOTpPEHUH YacTHOTO ciydasi ypaBHeHus. Ecmu, Hampumep, nonoxuts B (17) Sp = 0, mpaBuio
MO>KHO IIPUMEHUTH U OHO JEHCTBUTEIBHO BBIITOJIHSAETCS.

Ecmn nuddepenninansHoMy ypaBHEHUIO YIOBJIETBOPSIOT Kak 7, Tak U 7+c¢, UICKOMOE TeM-
IIEpPAaTypHOE T0JI€ HE CTAHOBUTCS HEOJHO3HAYHBIM MJIM HEOIIPENEICHHBIM. 3HaUeHUs 1 MOXHO clie-
JaTh OINpPEAEICHHBIMU C TOMOIIbIO COOTBETCTBYIOIIMX TPAHUYHBIX YCJIOBUM. BrinonHeHne npasuia
4 rapaHTHpYET, 4TO, HAIIPUMED, NIPH YBEIUUECHUN TEMIIEPATYPHI TPAaHUIIBI HA TOCTOSIHHOE 3HAUYEHUE
BCE TEMIIEpaTyphl YBEIMUYATCS Ha 3TO YK€ 3HAUCHHUE.

MOo3KHO B3TJISIHYTh Ha IPAaBWIO 4 ¢ APYrOi CTOPOHBL: IPU OTCYTCTBUM MCTOYHUKA U PABEH-
CTBE TEMIIEpaTyp B COCETHUX TOUKAX TEMIIepaTypa B LIEHTpE |p JOKHA UMETh TAKOE K€ 3HAUCHHUE.
B 3TuX ycnoBHsX TONBKO IUI0Xas anmpoKcUMAaIus He AaeT Tp = Tnp.
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2.5. K npakTnyeckomy 3aHATHIO NeS «OneHKa TOYHOCTH H YCTOHYMBOCTH YHCJIEHHOTO
peLIeHus»

Pa3HOCTHBIN aHaOr, UCHOJIB3YyEMBI MPU YUCICHHOM pEIIeHUH JOJDKEH 00JanaTh psjaoM
CBOWCTB, TAKMX KaK TOYHOCTb U YCTOMWYUBOCTb. PaccMOTpHUM BOIIPOC OLICHKM TOYHOCTH M YCTOWYH-
BOCTH YUCJICHHOI'O METO/1a Ha IPUMEPE YUCIIEHHOI'O PELICHUs OJHOMEPHOIO YPaBHEHUS TEILIONPO-
BOJHOCTH:

oo

=a—,
ot OX
HavanpHble ¥ TpaHUYHBIE YCIIOBUS
T(x,0)=T,(x), T(0,t)=T°(t), T(L,t)=T"(t)
Tpebyetcs npou3BecTH aHATN3 KOHEUYHO-PAa3HOCTHOM CXEMBI JUIs IPUBEICHHON KpaeBoi 3a-

Jla4¥ TIPU UCIOJIB30BAHUU ISl AlIIPOKCUMALIMK TIPOU3BOJAHOM 110 MPOCTPAHCTBY LIEHTPAIbHBIX pa3-
HOCTEH, a JIJIsl anpOKCUMAIIMU TPOU3BOHOM 110 BPEMEHU MTPaBOil pa3HOCTH (SIBHAs CXeMa).

1)

Jran 1. [uckperusaums uCXoHOI KpaeBoii 3a1a4u.

JI1st YMClIeHHOTO pelIeHus] KpaeBo# 3a7aun OyJeM HCIOIb30BaTh METOJ] KOHEUHBIX Pa3HO-
creil. BBesieM paBHOMEPHYIO CETKY I10 POCTPAHCTBY U 1o Bpemenu ¢ maramu AX u At, coorser-
CTBeHHO. 3HaueHus nepeMeHHbIX X u { B y3max cerku OymayT paBHbI

X, =1-AX, t, =n-At 2)
O003HaYMM 3HAYCHUS 3aBHCUMOI nepeMeHHoﬁ B y3JIaX CCTKH CICAYHOIIHUM 06pa30M
T =T(xt,)

I{eHTpanbHO-pa3HOCTHAS AIIIPOKCUMALIMS IPOU3BOIHOM IO IPOCTPAHCTBY HA PABHOMEPHOU
CETKE B y3IIe (X~ t ) UMeEET BUJL

1’ n
Tl T - 2T 4T,

i+1

ox? ‘i N AX? )
a anmpoKCUMalys MPOM3BOIHON IO BPEMEHH MPaBOi pa3HOCTBIO (SIBHAsI CXeMa) B y3J1e (Xi ’tn)

or|" Tt -1 y

ot At @

[ToxcraBisist pa3HOCTHBIEC anMpoKcUManuu Mpou3BoAHbIX (3) u (4) B ucxogHoe auddepen-
nuanbHoe ypaBHeHHE (1) momyuuMm cliefyroliee pa3HOCTHOE ypaBHEHHWE, 3alHCaHHOE IJs y3Ja

(Xi ’tn)

i+1

At AX?

Tin+1_Tin . n _2Tin+-|-irll (5)

HIIN

T =sT", + (1-28)T," +sT.", (6)

i+1
a-At
2

AX
[TonydeHHas cuctemMa pa3HOCTHBIX ypaBHEHUH (6) (pa3HOCTHOE ypaBHEHHE TOJIKHO OBITH 3a-
IINCAHO IJIs KaXXI0T'0 BHyTpeHHeFO y3na CeTKI/I) ABIISICTCA HBHOfI, T.K. CO)Iep)KI/IT JIMIIb OJHO HEU3-

rue S = - TIapaMeTp.
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n
i+11
Ha4aJIbHOI'O YCJIOBUS, J'II/I60 BBITIOJIHCHHA paCy€TOB IJId NPEABLAYIICTO iara 1o BpeMCEHHU.

Hns paCCManI/IBaeMOf/'I 3aJ1a4yy I'paHUYHbBIC YCJIOBHUA HE COACPKAT MPOU3BOAHBIX, IIO3TOMY all-

MIPOKCUMAIIHSI TPAHUYHBIX YCIIOBUN HE TpedyeTcsl.

n+1 n n
BECTHOE 3HadeHwe |; . 3Hadenust ocrambubix BermmumH (T, T, ,T; ;) u3BectHer 1uGo u3

Jrtan 2. OneHka corjiacOBAHHOCTH Pa3HOCTHBIX YPABHEHUH.
JUJ1s1 OLIEHKH COIJIaCOBAaHHOCTH OYyJIEM HCIOJIb30BATh PA3JIOKEHHs 3aBUCUMON IEPEMEHHOMN

B psiapl Telnopa B OKPECTHOCTH TOUYKH (Xi .- ) B pesynbpraTe Oynem uMeTh

2 A2
T =T" +At%—1t_+%a—T+O(At3)

81:2
2 A2 3 A3 4 A4
irll:Tin"‘AXg‘i‘Ax aZ+AX 8-2+AX a-I;+O(AX5) 7)
OX 2 OX 6 OX 24 0Ox

2 A2 3 A3 4 A4
Ti’llzTi”—Axg+AX 812'_Ax 81;+Ax 8'5
OX 2 OX 6 Ox 24 0Ox

[ToncraBiss paznoxenus (7) B pa3HOCTHOE ypaBHEHHUE (5) MOIyYUM

oT AtO°T 0T  _AX* 0T

—O(Ax5)

+— =a +a 8
ot 2 ot? ox> 12 ox* ®)
HNJINn
oT o0°T
— =a——~ + E(AX, At 9
ot ox? ( ) ©

AX® O'T  AtOT
12 ox* 2 ot

Ipu AX — 0, At — O rnapHbIil ueH NOTPEIIHOCTH ANIIPOKCUMAIIUMN TAKKE CTPEMHUTCS K

rie E(AX, A'[) =a

- TJIaBHBIN YJIeH MOrpeIIHOCTH aIlIIPOKCHUMAILINH.

HYJIIO ", CJICOO0BATCIIbHO, B ITPEACIIC ITOJTYUUM ,I[I/I(i)(l)epeHLII/IaJ'IBHOC YpaBHCHHUC
o _. o°T
ot ox?
COBIIagaromee ¢ UCXOJHbIM I[I/I(b(l)epeHHI/IaHLHI)IM YpaBHCHHUEM, UTO CBUIACTCIILCTBYET O COIJIACO-
BaHHOCTHU HpI/IHSITOﬁ paSHOCTHOﬁ CXCMBI.

(10)

Jrtan 3. OnpeaeseHust ycJa10BUsl YCTOHYMBOCTH.
OneHKy ycTOMYMBOCTH Oy/ieM MPOU3BOAUTH METOI0OM rapMOHHMK. IIpu 3TOM yacTHbIE periie-
HUS Pa3HOCTHOTO ypaBHEHHUs (6) OyZeM ucKaTh B BUJIE

n _ ~NA JidXe
T"(p)=q"e (11)
rae j - MHUMas €IMHHULA; () - J11000€ AeHCTBUTEIbHOE YnCIIo; (| - mapaMeTp, MoAJIeKalui onpe-

JEICHUIO.
[ToncraBum cootHomenue (11) B ypaBHeHHe (6), B pe3yabTaTe MOJIYIUM

qn+lejiAX(p _ Sqnej(i+1)AXg0 n (1_ Zs)qnejiAX(p i Sqnej(i—l)AX(p (12)

n 4 JiAX
Cokpalast oJryueHHOE BbIpaXkeHHe Ha (] el™? OyneM UMeTh
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(=M +1- 2545870 =14 5(e}0 — 24 50 1% ) (13)
Ucnonb3ys OIpEJICIICHUE byHKIIHA KOMIIJIEKCHOT'O TIEPEMEHHOTO
el = COS(AX¢)+ jSin(AX(D) TOJTyYHM
g =1+ 2s(cos(Ax¢p)—1) (14)
AX i AX
[IpuMeHsis W3BECTHOE TOXKIECTBO COS(AX(D) = COS2 T(p + SII’]2 qu , OKOHYa-
TEJIbHO MOJIYYUM
. AX
q=1-4ssin® T¢ (15)

s obecrnieueHus yCTOMYMBOCTU Pa3HOCTHOM CXE€MblI HEOOXOJIMMO, YTOOBI BBIMOJHSIOCH
yClIOBUE

g <1 (16)
IPU JIIOOBIX 3HAYECHUSAX () .
Venosue () <1 somonnsiercs Beerna, a yenosue (> —1 pemonusercs mams mpu S < 0.5,
Taxum o0Opa3om, paccMaTpuBaeMasi KOHEUHO-Pa3HOCTHAs cXeMa OyAeT yCTOWUYMBOM, €CiIi 3HAaUEHHE

napamerpa S MeHble wid pasHo 0.5. Bo3Bpamasch K HCXOIHBIM EPEMEHHBIM (UCHOIb3YsI ONpe-
JieJIeHHe S ) yCJIOBHE YCTOMUMBOCTU MOXKHO 3alMCcaTh B BUJIE

a-At 1
<= 17
N a7)
NIJIIn
2
At < 2X° (18)
2a

Jrtan 4. OneHkKa NOPsA/AKa TOUHOCTH PA3HOCTHOM CXeMBbI.
[Tpu oleHke cormacoBaHHOCTH pa3HOCTHOM cxembl (cM. 1. 3 KKP) Obio momydeHo Bbipa-
KCHHUE U1 INIaBHOI'O YJICHA MOTPCHIIHOCTH alllipOKCUMAlliU B BUC
2 A4 2
AX® 0T Ato°T
E(Ax,At)zal————— (19)

Tak kak B IpaByro yacTh BelpakeHUs (19) mar ceTku Mo MpocTpPaHCTBY BXOAUT BO BTOPOM
CTENEHHU, a LIar M0 BPEMEHU — B MEPBOI CTENEeHU, TO (MO ONMPEIEICHHUI0 MOPSAKAa TOUHOCTH pas-
HOCTHOW CXEeMBbI) paccMaTpuBaeMas KOHEYHO-PAa3HOCTHAs CXeMa UMEET BTOPOM MOPSAA0K TOUHOCTH
10 MIPOCTPAHCTBY U MEPBbIIl MOPSI0K TOUHOCTH IO BPEMEHHU.

2.6. K npaktnuyeckomy 3aHaTHI0 Ne6 «MaTteMaTnyeckasi 00padoTKka pe3yJbTaTOB BbI-
YUCJIUTECJIBbHBIX JKCIIEPUMECHTOB)>

Anmnpokcumanus (0T JaTHHCKOTO "approximate” -"mpubmmxarbcs')- mpuOIMKEHHOE BbIpa-
KEHUE KAKUX-IMOO MaTeMaTHYECKUX OOBEKTOB (HampuMmep, ducen Wik (yHKIHN) depe3 Apyrue
6osee mpocThle, Oosiee y00HBIE B MOJIB30BAHUM MJIM MPOCTO OoJiee U3BECTHBIE. B Hay4yHbIX Hccie-
JIOBAHUSX aMMPOKCUMAIIHS MIPUMEHSIETCS JIJIsl ONMCAHUs, aHAIN3a, 0000IEeHNs U TaTbHEHIIEero uc-
MOJIb30BAaHUS SMIIUPUYECKHUX PE3YIIHTATOB.
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Kak n3BecTHO, MEXy BEIMYMHAMHU MOXKET CYIIECTBOBATh TOYHAA ((PyHKIIMOHATIbHAS) CBSI3b,
KOI'Zla OTHOMY 3HA4€HMIO apryMEHTa COOTBETCTBYET OJHO ONPEACICHHOE 3HAYEHUE, U MEHEE TOY-
Has (KOppEJSIMOHHAs) CBA3b, KOIZla OJHOMY KOHKPETHOMY 3HAYEHHMIO apryMEHTa COOTBETCTBYET
NpUOJIMKEHHOE 3HaU€HHE MM HEKOTOPOEe MHOXKECTBO 3HAUE€HUH (YHKLMHU, B TOM WU UHOM CTere-
HU OJMM3KUX IpYT K Ipyry. [Ipu BeneHUN HaydyHBIX MCCIeI0BaHUN, 00pabOTKe pe3yIbTaToB HAOIIO-
J€HUS WIM SKCHEpUMEHTa OOBIYHO MPUXOJUTHCS CTAJIKHUBATHCS CO BTOPBIM BapuaHToM. [Ipu usy-
YEHUH KOJMYECTBEHHBIX 3aBUCUMOCTEN Pa3IMYHbIX [10Ka3aTeNei, 3HaU€HUsI KOTOPhIX OIPEEIISIOT-
Csl SMIIUPUYECKH, KaK IIPABUIIO, UIMEETCS] HEKOTOpasi UX BapualOenbHOCTh. YacTHYHO OHA 3a/1aeTcs
HEOJJHOPOAHOCTBIO CAMHUX HM3Y4aeMbIX OOBEKTOB HEXHBOW M, OCOOCHHO, )KUBOU MPUPOIBI, YACTH Y-
HO 0OyCJIaBIMBAETCS MOTPEHIHOCTbIO HAOMIOJEHHUS U KOJIMYECTBEHHOW 00paboTKe MaTepuasoB.
[TocneaHI00 COCTABIISAIONIYIO0 HE BCETa yIAETCsl UCKIIOYUTH IOJIHOCTHIO, MOKHO JIMIIL MUHUMHU-
3MpOBaTh €€ TUIATEIbHBIM BHIOOPOM aJE€KBATHOI'O METO/a MCCIEI0BaHMs U aKKYpaTHOCTbIO pabo-
Thl. [103TOMY TpU BBHIOJHEHUH JIFOOON HAYYHO-HUCCIIEAOBATENLCKOM pabOThl BO3HUKAET MpodIema
BBISIBJICHMSI IIOJJIMHHOIO XapaKTepa 3aBUCUMOCTH M3y4aeMbIX I10KA3aTesei, 3TON UM MHOU CTele-
HU 3aMacKHUpPOBAaHHBIX HEYYTEHHOCTbIO BapualenbHOCTH 3HaueHuil.  [{nst aToro u npumensercs
anmnpoKcUMalus - NpUOIMKEHHOE ONMMCAHUE KOPPENILUOHHOM 3aBUCHMOCTU MEPEMEHHBIX MOIXO-
JSIIUM YpaBHEHHEM (YHKIMOHAJIbHOW 3aBUCUMOCTH, NEPEJAIOLUIMM OCHOBHYIO TEH/IECHLUIO 3aBU-
cuMocTH (niu ee "TpeHn').

[Tpu BBIOOpE amIpOKCHUMALUU CIEAYET MUCXOAMTHh M3 KOHKPETHOM 3a/ladyM HCCIeO0BaHUS.
OObIuHO, yeM OoJiee MPOCTOE YPAaBHEHUE UCHOJb3YETCs IS allllPOKCUMAILUU, TeM Oosiee mpuoiu-
3UTEJIPHO IOJYy4YaeMOEe OIKCaHue 3aBUCUMOCTU. [103TOMy Ba)KHO CUUTHIBaTh, HACKOJIBKO CyIlle-
CTBEHHBI U YeM O0O0YCIIOBJIEHBI OTKJIOHEHUs KOHKPETHBIX 3HAUYEHHUH OT moiydaemoro TpeHpia. [Ipu
ONMCAaHUU 3aBUCUMOCTU SMIIMPUYECKU OIPENEICHHBIX 3HAYEHUN MOXKHO JOOUTBCA U TOpPa3io
OosblIe TOYHOCTH, UCHOJB3Ys Kakoe-1100 OoJiee CI0KHOE, MHOTO MapaMeTpUiecKoe ypaBHEHHUE.
OpHaKo HET HUKAKOI'O CMBICIIA CTPEMUTHCS C MAaKCHMaJIbHOW TOYHOCTBIO NEPEAATH CydyalHbIE OT-
KJIOHEHMs BEJIMYMH B KOHKPETHBIX psJaX SMIUPUYECKUX JaHHBIX. ['0opa3no BakHee ylOBHUTH 00-
IIyI0 3aKOHOMEPHOCTb, KOTOpasi B IAaHHOM CITy4ae HauboJiee JIOTUYHO U C TPUEMIIEMON TOYHOCTHIO
BBIPA)KAaeTCsl IMEHHO JIByXIIapaMEeTPUUECKUM ypaBHEHHEM cTeneHHON ¢yHkuuu. Takum oOpaszoM,
BbIOMpasi METOJI allpOKCUMAlIUU, UCCIIE0BATENb BCEI/Ia UJIET HAa KOMIIPOMHUCC: pEIlaeT, B KaKou
CTENIEHH B JaHHOM Cllydae LeJecooOpa3HO M YMECTHO «II0XK€PTBOBATh» JIETAlsIMH M, COOTBET-
CTBEHHO, HACKOJIbKO OOOOIIEHHO CJEeIyeT BbIPa3UTh 3aBUCHMOCTb CONOCTABIISIEMBIX MEPEMEHHBIX.
Hapsiny c BbIsIBIIEHMEM 3aKOHOMEPHOCTEN, 3aMaCKUPOBAHHBIX CIy4ailHBIMU OTKJIOHEHUSMHU DMIIH-
PHUYECKUX JaHHBIX OT OOIIel 3aKOHOMEPHOCTH, allpOKCUMAIS TTO3BOJIIET TAKXKE PELIaTh MHOTO
JIPYTUX BaXKHBIX 33/1a4: (OpMaIn30BaTh HAWJIEHHYIO 3aBUCUMOCTD; HallTU HEM3BECTHBIE 3HAYCHUS
3aBMCHUMOM NIEPEMEHHON ITyTEM MHTEPIIOJISILIUY UIIH, €CIIH 3TO JOIIYCTHUMO, SKCTPAIIOJISILIUH.

OdeHpb yacTO, OCOOEHHO P aHAIU3€ JAHHBIX BO3HUKAET HEOOXOIUMOCTh HAalTH B SBHOM
BUjie (QYHKIIMOHAIBHYIO 3aBUCUMOCTh MY BEJIMYMHAMU X U Y , KOTOpPBIE MOJIYUYEHbI B pe3yJbTare
U3MEPEHUM.

[Ipn aHAIUTUYECKOM MCCIEA0BAHUN B3aUMOCBSI3H MEKIY IBYMs BEJIMYMHAMM X U Y IIPOU3-
BOJAT psii HAOMIOACHU U B pe3yibTaTe MoydaeTcsl Tabauia 3HaueHUH!:

X, X, X:

Y1 Y2 Yi Yn

X

n

Ota Tabnuna OOBIYHO MONTYYaeTCs KaK MUTOr KaKUX-THOO 3KCIEPUMEHTOB, B KOTOPBIX X;
(He3aBUCHMas BEJIIMYMHA) 33J1a€TCSl SKCIEPUMEHTATOPOM, a Y; MOJIYy4daeTcs B PE3yJbTaTe OIIBITA.
[ToaTomy 3TH 3HaueHus y; OyJeM Ha3bIBaTh SMIUPUUECKUMHU WM OMBITHBIMU 3HAUYEHUSIMU.

MG)K}Iy BCIIMYMHaMU X U Y CYHICCTBYCT q)YHKHI/IOHaJ'IBHaH 3aBUCHUMOCTB, HO €€ aHAJIMTUYC-
CKUit BUJ 0OBIYHO HCU3BCCTCH, IIO3TOMY BO3HUKACT MMPAKTUYCCKU BaKHAA 3aJjavya - HalTH OMIIUPHU-

4yeckyto hopmyiy
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y=f(xa,,a,,...,a,), (D)
3HAYEHUsT KOTOPOM NpU X=X, BO3MOXKHO MaJO OTJIMYAINCh OBl OT OIBITHBIX 3HAYCHHUN
y; (i=12,...,n), roe a,,a,,...,a, - IapaMmeTpsl.

OOBIYHO YKa3bIBAKOT Kiacc (GYHKIMH (HampUMep, MHOKECTBO JIMHEHHBIX, CTETICHHBIX, ITOKA-
3aTeNIbHBIX U T.I.) U3 KOTOpOro BeiOupaercs GpyHkiusa f(X), U manee onpenesstoTcs HauTydIlIne
3HAYEHUS MapameTpoB.

Ecnu B sMnupuyeckyro gopmyny (1) moactaBuTh UCXOIHBIE X;, TO MOJYyYUM TEOpETHUYE-
ckue 3HaueHus y; = f (x;;a,,a,,...,a,), e i=12,...,n.

PasHocTH Yy — Yy, Ha3bIBAIOTCS OTKJIOHEHUSMH M TIPEACTABIISIFOT COOOW pacCTOSIHUSA 110 Bep-
TUKaJIH OT TOYeK M; 110 rpaduka SMIUPHYECKON (HYyHKIIHH.

CornacHO MeTOAy HAaWMEHBIIUX KBaJIpaTOB HAWIYYIIUMH KOdpUIUMEHTAMH a,,a,,...,a

CUMUTAIOTCA T€, AJISl KOTOPBIX CyMMa KBaJIpaTOB OTKJIOHEHUH HallIEHHOHN SMIUPUYECKON (HYHKIUU
OT 3aJIaHHBIX 3HAYCHUI (QYHKIIUN

m

2

S(al,az,...,am)=i[f(xi;al,az,...,am)—yi] )

OyZeT MUHUMAIbHOM.
[TosicHuM reoMeTpHYECKHI CMBICT METOJIa HaMMEHBIIMX KBaJaparoB. Kaxkmas mapa uwucen
(X;,Y;) W3 UCcXOIHOM TabnuLbl onpenenser Touky M, Ha miaockoctu XOY . Mcnonb3ys Gopmyny

(1) npu pa3nuuHBIX 3HaYEHUSIX KOA((UIHUEHTOB a,,a,,...,d, MOXHO MOCTPOUTH P KPHUBBIX, KO-

Topble sBMsOTCA rpadukamu ¢yHkinuu (1). 3amaya cocTouT B ompeaeneHuu Kod(h(UIMEHTOB

a,,a,,...,a, TaKuM 06pa30M, YTOOBI CyMMa KBaJpaToB paCCTOHHI/Iﬁ IO BCPTHUKAIIM OT TOYCK

M, (%;,Y;) mo rpaduka ¢pyakuuu (1) 6pi1a HAMMEHBIICH.
[TocTpoenne smMmuprIecKoi HOpMyIIbl COCTOUT U3 JIBYX ITAIOB:
- BBISICHEHHUE 0011ero BUJIa 3ToH (hopMyIibl
- OIIPEJICJICHHE €€ HAMITy4lINX TapaMeTPOB.

Ecnu HeusBecTeH XxapakTep 3aBUCUMOCTH MEX1y JaHHBIMU BEJIMYMHAMH X U Y , TO BUJ OM-
MUPUYECKON 3aBUCUMOCTHU SIBJISETCS NMPOU3BONIBHBIM. IIpeanourenue otnaercsd mpocTbiM (hopmy-
JaM, 00JIaJaroUIMM XOPOLIeH TOYHOCTBIO. Y JauHbIM BBIOOp SMIUPHUUECKO (POPMYJIbI B 3HAUUTENb-
HOW Mepe 3aBUCHUT OT 3HAHUU MCCIIEOBATeNs B IPEIMETHOM 00IaCTH, HCIIOJIb3YsI KOTOPBIE OH MO-
KET yKa3aTh KjlacCc (PYHKIMI U3 TEOpEeTHYECKUX cooOpakeHui. bomnpioe 3HaueHne umeer n300pa-
’KEHUE TMOJIyYCHHBIX JIaHHBIX B JIEKaPTOBBIX WM B CHEIMAIbHBIX CUCTEMAaX KOOpPAMHAT (MOIyJora-
pudMuyeckoi, morapugmuueckoit u T.4.). [lo mogokeHuio Touek MOKHO MPUMEPHO yrajaarb 00-
UK BUJ 3aBUCUMOCTH IyT€M YCTaHOBJIEHHS CXOJCTBA MEXAY IMOCTPOEHHBIM I'pauKoM U o0pas-
1[aMU U3BECTHBIX KPUBBIX.

Onpenenenre HaWJIydnx Ko3QQGUIUEHTOB a;,4a,,...,8, BXOAAIIUX B IMIUPUYECKYIO (op-

MyJIy IPOM3BOJIAT XOPOILIO U3BECTHBIMHU aHAIUTUYECKUMU METOIaMH.
st Toro, 4ToOb! HAWTH HAOOP KOAXPPHULUHUEHTOB a,,a,,...,a,, KOTOPbIE TOCTABISIIOT MUHH-
MyM GYHKIHU S , onpenenseMoi Gopmymnoi (2), HCIOIb3yeM HEOOXOIMMOE YCIIOBHE IKCTPEMyMa
(GYHKIIMM HECKOJBKHX MEPEMEHHBIX - PABEHCTBO HYJIO YAaCTHBIX IPOM3BOAHBIX. B pesynbrare no-
JTy4UM HOPMAaJIbHYIO CUCTEMY IS onpeneneHus kodpdunueHToB a; (i=12,...,m):
oS oS oS
—=0, —=0; ..... ;——=0. (3)
Ja, oJa,
Taxum 06pa3zoM, HaxoXkAeHHE KOIPPUIIMEHTOB &; CBOAMTCS K pelieHuto cuctemsl (3). Orta
CHCTEMa YHPOIIAETCs, eciu 3Mnupuyeckas Gopmyna (1) auHeilHa OTHOCUTENBHO ApaMeTPoOB &,

Torga cucreMa (3) - OyaeT TMHEeHHOM.
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KonkpeTHbiii Bua cucTeMbl (3) 3aBUCUT OT TOTO, U3 KaKOTO KJlacca IMIUPUUYECKUX (HOpMyT
MBI HILeM 3aBucuMocTh (1). B ciydae nuHeliHOHM 3aBUCHMOCTH Yy =a; +a,X cucrema (3) npumer

BUA:

i=1 i=1 (4)

n n 2 n
QXX XX =2 X% Y,
i1 i1 i-1

Ota NTUHEHHAs CUCTEMa MOKET OBITh pellIeHa JTI0OBIM U3BECTHBIM MeTOI0M (MeTozoM ["ayc-
ca, IpOCThIX uTepanuid, popmynamu Kpamepa).
B cilyuae KBaJpaTHYHOM 3aBUCUMOCTH Y =a, +a,X + agx> cucrema (3) IpuMeT BUI:

n n 2 n
uN+a, Xy X +az 2 X =2y,
i-1 i-1 i-1

alixi +azixi2 +a3ixi3:ixi Yi (%)
i1

i=1 i=1 i=1

n 2 n 3 n 4 n 2
QX FA X FA X =X
i1 i1 i-1 i-1

B psine ciyyaeB B KauecTBE IMIUPHUECKON GOpMyIibl OepyT pYHKLHUIO B KOTOPYIO HEoIlpe-
neneHHble K03 (OUIMEHTHl BXOAAT HeNMMHEHHO. [Ipu 3TOM HHOT A 33/1a4y yaaeTcs JTMHeaph30BaTh,
T.€. CBECTH K JIMHEHHOH. K uucny Takux 3aBUCHMMOCTEH OTHOCHUTCSI 3KCIIOHEHLMAJIbHAs 3aBUCH-
MOCTh

y=a-e”, (6)
r7e a, 1 a, HEeOoNpeaeIeHHbIe KO3 GHUINECHTHI.

JInHeapu3anus JOCTUTaeTCs IMyTeM Jorapu(pMupoBaHus paBeHCTBa (6), ITocie Jero noayda-
€M COOTHOLIEHUE

Iny=1Ina, +a,x @)

O6o3HauuM Iny u Ina; cOOTBETCTBEHHO 4epe3 t U C, TOr/a 3aBUCUMOCTS (/) MOXKET ObITh

3amnMcaHa B BUJ€ t=a; +a,X, 4TO MO03BOJISIET IPUMEHUTH (GOpMYJIbl (4) ¢ 3aMeHON &, Ha C U y; Ha

t

-
['paduk BoccTaHOBIIEHHOW (PYHKIIMOHAIBHON 3aBUCHUMOCTH Y(X) IO pe3yiapTaTaMm H3Mepe-
HUAU (X;,Y;), 1=12,K,n Ha3bIBaeTCad KpUBOU perpeccuu. s MpoBEpKU COrjaacusi MOCTPOCHHOU
KPUBOW PErpeccuu ¢ pe3yibTaTaMHu 3KCIIEPUMEHTa OOBIYHO BBOJAT CJEIYIOLIUE YUCIOBBIE XapaK-
TEPUCTUKH: KOIPPUIMEHT KOppesiuK (JIMHEWHas 3aBUCUMOCTh), KOPPEISIMOHHOE OTHOILLEHUE U
KO3 QHUIHUEHT AeTepMUHUPOBAHHOCTU. [Ipu 3TOM pe3ynabTaThl OOBIYHO IPYNIUPYIOT M MPEICTaB-
JSI0T B (popMe KOPpesUOHHON TaOIuIel. B Kak10M KIIeTKe 3TOM TaOIHIbl TPUBOASTCS YUCICH-
HOCTH Ny Tex map (X,Y), KOMIIOHEHTBI KOTOPBIX MONAJal0T B COOTBETCTBYIOIINE HHTEPBAIIBI TPYII-
MMUPOBKU O KaxkJ0M mepemeHHoM. [Ipenmonaras JIMHBI UHTEPBAJIOB TPYNIUPOBKH (IO KaXKIOM
MIEPEMEHHOI) PaBHBIMU MEXKIY COOOM, BBIOMPAIOT LEHTPHI X; (COOTBETCTBEHHO Y;) 3TMX MHTEpBa-
JIOB ¥ YMCIIa Ny B KAYECTBE OCHOBBI ISl PACYETOB.
Koaddurment koppensiiuu SBISETCS MEPO JTUHEHHOM CBA3M MEXIy 3aBUCUMBIMU CITydaii-
HBIMU BEJIMYMHAMH: OH IMOKa3bIBAaeT, HACKOJBKO XOPOIIO B CPEAHEM MOXKET OBITh MpeAcTaBiIeHa

OJIHA U3 BEJIMYMH B BUJE TUHEHHON (QYHKIIUU OT APYTOM.
KoadduuneHT koppensuuu BEIYUCIIeTCs 10 GopMyIie:

__il(xi “X) (i - Y)

p= n —_ n —
\/Zl(xi - x)? \/__Zl(yi -y)°

: (8)
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n n
XX XY
rae x="1— y==_ x uy — cpennee apudMeTHIECKOE 3HAYEHUE COOTBETCTBEHHO 110 X H Y.
n n

KoadduimenT Koppensiuu MexIy CIy9alHBIMH BEITMYMHAMH IO a0COJIOTHOW BEIMYMHE
He ripeBocxoauT 1. Uem Ommxe | p| K 1, TeM TecHee JTMHEWHAas CBSI3b MEXIY X U Y.

B cnyuae HenuHeNHHOM KOPPENSIIMOHHON CBSA3H YCIOBHBIE CpEHIE 3HAUCHUS pacIojaraioT-
Csl OKOJIO KpUBOM JUHUU. B 3TOM ciyyae B KauecTBE XapaKTEPUCTUKH CUJIbI CBA3U PEKOMEHIYETCS
UCIOJIb30BaTh KOPPEISIIMOHHOE OTHOIICHUE, HHTEPIIPETallis KOTOPOTrO HE 3aBUCHUT OT BUJa HCCIIe-
JyEMOM 3aBUCUMOCTH.

Koppensinonnoe oTHoleHNE BBIYUCIAETCS 10 hopmyIie:

EZi n; (y_|—§/)2
n : )

2

ny\ X 1 —
2

=250 (y;-y)

n
rac ni = ZJ nij , nj = Zi nij , 4 HUCIIUTCIIb XapPAKTCPU3YCT PACCCAHUC YCIIOBHBIX CPCAHUX yi OKOJIO
663YCHOBHOFO CpE€AHETO Y .

Beerna 0< ni‘ . <1. PaBeHCTBO 775/\ . =0 COOTBETCTBYET HEKOPPEIMPOBAHHBIM CIIY4aHHBIM

BEJINMYNHaAM, 773‘ x — 1 TOrga U TOJIbKO TOrjga, Koraga UMECTCA TOUHas1 (1)yHKIII/IOHaJII)Ha$I CBA3b MCKIY

y u X. B ciryuae nMHEMHON 3aBUCUMOCTH Y OT X KOPPEJSILIMOHHOE OTHOLIEHHUE COBIIAJAET C KBaJapa-
TOM Kod(duImeHTa Koppemsinuu. Beamunna 775‘ _ — P’ WUCIIONB3YeTCsl B KAYECTBE MHAMKATOPA OT-

KIIOHEHHSI PETPECCUM OT JIMHEHHOM.

KoppersaimoHHOe OTHOIIEHHE SABISETCS MEPON KOPPEISIIUOHHON CBS3H Y C X B KAKOW yroa-
HO (popMe, HO HE MOXKET AaTh MPEJCTABICHUS O CTENIEHU MPUOIMKEHHOCTH AIMIIMPHUUECKUX JaHHBIX
K crienuaibHol Gopme. UToObI BBISICHUTH HACKOJIBKO TOYHO TOCTPOCHHAS! KPUBAsi OTPaKaET IMITH-
pHUECKUE TaHHbIE BBOJAUTCS €Ie OJHA XapaKTepUCTUKA — KO3 PULHUEHT JeTePMUHUPOBAHHOCTH.

n —
Jl1st ero onucaHusl paCCMOTPUM CIEAYIOIIME BEIUYMHBL. S = (Y; — y)? - monHas cymma
i=1

KBaJIpaToB, TJIc Y CpPEIHEE 3HAUCHHE Y, .
MOoXHO JJ0Ka3aTh CIIEyIOIee PABEHCTBO

n - n n -
DR =D G /R 1 D 3 (/a)
i=1 i=1 i=1
IlepBoe cmaraemoe paBHO S__, = Zn:(yi —y7)? ¥ Ha3bIBAETCA OCTATOYHOM CyMMOM KBaapa-
i=1

toB. OHO XapaKTCPU3YCT OTKIIOHCHUC SKCIICPUMCHTAJIbHBIX JaHHBIX OT TCOPECTHUICCKUX.

n _
Btopoe cmaraemoe pasuo S__ . = _Zl(yiT —y)? M Ha3BIBAETCSA PErPECCUOHHOM CyMMON KBajl-
i=

paTOB M OHO XapaKTepU3yeT pa3dpoc JaHHBIX.

Od4eBnIHO, YTO CTPABEUIUBO CIIEIYIONIEE PABEHCTBO S, =S ., +S ..
KoaddunnenT nerepMMHUPOBAHHOCTH OIpenesseTcs o popmyie:
S
r2=1—SOCT . (10)

nom

UeMm MeHbIIE OCTaTOYHAs CymMMa KBaJlpaTOB MO CPaBHEHHUIO C oOIIel CyMMOHN KBaapaToB,
TeM GonbIle 3HaYeHHe KO3 HUIMEHTa IeTePMHHAPOBAHHOCTH I, KOTOPHI MOKa3bIBAET, HACKOb-
KO XOpOILIO YpaBHEHHE, OJYYEHHOE C MOMOILBIO PETPECCHOHHOTO aHANIN3a, OOBSICHAET B3aUMOCBSI-
31 MEX]ly nepeMeHHbIMU. Eciii OH paBeH 1, To UMeeT MeCTO IMOJIHAs KOPPENALns ¢ MOJETbIO, T.€.
HET pa3nuyusi MeXy (GaKTHYeCKUM M OIICHOYHBIM 3HA4eHUSMHU Y. B mpoTHBONOIOXKHOM ciydae,



37

ecii Kod((UIMEHT ACTepPMUHUPOBAHHOCTH paBeH (, TO ypaBHEHHE PETPECCHH HEYAAuyHO IS
MPEeACKa3aHUs 3HAYCHUH .
KoadduiimeHT neTepMUHUPOBAHHOCTH BCETAa HE MPEBOCXOIUT KOPPEISIIIMOHHOE OTHOIIIE-

Hue. B CJIydyac€ Korja BBIIIOJIHACTCA PaBC€HCTBO r2 = 77?,‘ x« TO MOJXHO CYHUTaTh, 4TO INOCTPOCHHAA SM-

nupudeckas Gopmyia HauboIee TOYHO OTPAXKAET IMIUPUUYECKHIE JaHHBIE.



