IT Beepoccwniickast Hay9HO-TIpaKTHIECKast KOHPEPEHIHS MOJIOIBIX YUSHBIX, ACIUPAHTOB U CTYICHTOB
«CoBpEeMEHHOE COCTOSHHUE U ITPOOIEMBI €CTECTBCHHBIX HAYK»

PETHYECKHX 000OIIEHNH, TIPUMEHEHNS B MHXKEHEPHOM JIEJIe CIIOKHOTO MaTeMaTHIeCcKOro amapaTa u MeTo-
JTOB TIPUKJIATHON MaTeMaTHKH. DTO MPUBEIIO K BO3HUKHOBEHHIO B 1950-X IT. Teopun KoiaeOaHUNA — MEKAMC-
UIIMHAPHON TEOpHH, HAIEJICHHOH Ha (M3MKO-MaTeMaTHIeCKHH aHAJIW3 MPOIECCOB B KOHKPETHBIX JMHA-
MHUYECKHX CHCTEMAaX 000N MPUPOABI.

B 1950-x rr. mprobpena MeXIUCIUIUIMHAPHBIA CTAaTyC M TEOPHUS DIIEKTPUUESCKUX IeTel, IepBOHa-
YJaJIbHO Pa3BHUBAIOIIASCS Kak 0a30Bast 3JEKTPOTEXHUIECKASI TEOPHSL.

Taxum 00pa3om, TeopeTHYecKoe HCCIe0BaHNe (ITO3HAHNE) B TEXHHMUYECKNX HayKaxX HallpaBIECHO Ha
MIOCTPOEHHE MOJIENIEH MpoIiecca-OpUTHHANA, TIO3BOJISIIONINX AaBaTh MaTeMaTHYECKOE ONMMCAHNE U MOTydaTh
YHCIEHHOE PElIeHUEe A PA3IUIHBIX PEKUMOB (DYHKIIMOHHPOBAHMS TEXHHYECKOTO yCTPOUCTBA. B CBs3M ¢
3THM IEHTPAIBHBIA OOBEKT THOCEOJIOTMIECKOr0 aHATH3a — MCCIIEI0BATENBCKHE MPOLEAYypPHl U TEOpeTHYe-
CKHE CXEMaTH3alW{ TEXHHYECKOM HayKH, II03BOJIIIONINE OCYIIECTBISTH IIEPEXOA OT CTPYKTypHO-
MOP(]OIOTHYECKNX M300pakeHNI yCTPOWCTB, Ha KOTOPBIX PAa3bSICHACTCS M aHAIM3UPYETCs KapTHHA IIpoTe-
KaloIMNX B HUX TPOIIECCOB B CBETE MOCTABIECHHON HH)KEHEPHOH 3aauH, K N300pa)KEHHUIO CaMUX ITPOIIECCOB,
T.. K MATeMaTH3NPOBAaHHON MOJIENIN MTPOIIECCa-OpUTHHAIA.

HUTak, "THOCEOIIOTHIECKOE MTPOCTPAHCTBO" UCCIENOBATEIHCKON NEATEFHOCTH B TEXHUIECKAX HAayKax
pacronaraeTcst MeX/Iy IIOCKOCTSIMH €CTECTBEHHOHAYUYHBIX TEOPHH, MaTeMaTHIECKUX TEOPHH U SMITMPHIE-
ckuM 0OazucoM, hopMHupyeMbIM Cepoil MPOEKTUPOBAHUS TEXHHIECKUX YCTPONCTB OINpPEAEICHHOTO THIIA.
HccnenoBaTenb — MpeACTaBUTENb TEXHHUECKOH HAyKH paboTaeT OAHOBPEMEHHO C TEOPETHYECKUMH CXeMa-
MU (PHU3NIECKON TEOPHH, TEOPETHIECKIMHI CXEMaMH TEXHHUIECKUX TEOPHH U C MAaTEMaTHIECKUM alIapaToM,
MHTEPIIPETHPOBAHHBIM M Ha (PM3WIECKOM, U Ha TEXHHYECKOM COJEp)KaHWHU. TeopeTn3npoBaHue B 3TOH 00-
JIACTH XapaKTEpHU3yeTCsl CO3HATENbHON UCCIIEI0BATENbCKOM yCTaHOBKOM. Ero nmpakThka COCTOUT B IOUCKE U
Hay9HOM OOOCHOBAaHHMHM CHOCOOOB M CPEACTB MACATH3alNH MO3HABATENBHBIX 3aJa4, BOZHUKAIONINX B cdepe
WHKCHEPHON IESITETbHOCTH.

MpI paccMOTpenu 3HA4€HUs, IIeH, 3a/add, Pe3yJbTaThl ABYX MOHATHHA: MaTeMaTHKa M HH)XEHEp.
[TpoBenw aHANOTHIO, ¥ HAIIIM B3aMMOCBSI3b MEXy HH)KEHEPOM M MaTeMaTHKOH. B Hamr Bek pa3BuTHS Hay-
K{ W TEXHUKH, TTOKOPEHUS] KOCMOCA MBI BHIIUM, YTO JIFOOOH CIIEIMANNCT KBATU(DHUIINPYIOMINHCS KaK HHXe-
Hep (cdepa mesTenpHOCTH pa3HOoOpa3Ha) 00sM3aH 3HATH MAaTEMAaTHKY, €€ HallPaBIICHUS, 3aKOHBI, TEOPEMEI,
aKCHOMBI, T.€. BCE€ pa3HOOOpa3Hble MHCTPYMEHTHI [UIsl peIleHns 3a1ad cBoei mpodeccuu. EcTh crapas Ha-
poxmHast moroBopka: "Eciu MaremaTtuky He 3HaJ, He HH)KEHepOM, a MOHTepoM cTain'. Bee MHKeHepHBIE M3BI-
CKaHMS M PE3yJIbTATH pab0T UMEIOT 0] cO00H B OCHOBE TOYHYIO HayKy — MaTeMaTHKy. MaTeMaTHKa Hy>KHa
WHKCHEpPY, Kak 0a3a JaHHBIX, HA KOTOPOW CIIEIMAINCT CTPOUT CBOIO JEATEIFHOCTD, PE3YJIBTATOM KOTOPOH
SIBIISIFOTCS TIOAOTBOPHBIC IIATH B Pa3BUTHE HAYKU M TEXHHUKH, B )KN3HEOOECTIEUEHHE JTIOICH, (HYHKIIMOHATb-
HOCTH OKPY’KaIOIINX HAC MEXaHU3MOB M MaTEpPHH.

Taxum 00pa3om, MBI y3HAIIM, YTO MaTeMaTHKa Hy>KHA HHXXEHEPY U IPOrPECCHPYIOIIEr0 Pa3BUTHA
HayKH{ 1 TEXHUKH, 17151 oOecrieueHns ¥ (PyHKIMOHAIBHOCTH OKPY>KAfOIIeTo HaC MUPa M MaTepuil.
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OmgarM 13 0000IIeHAH KITACCHYECKOTO aHaJM3a SIBISETCS OpPOoOHbIll aHAIU3, B KOTOPOM OIIEepaIid
WHTETPUPOBaHMS U I QepeHInpoBaHus (unmezpooupdepernyuposarus) 0000IIAIOTCS Ha BEIIECTBCHHEIC
1 KOMIUTIEKCHBIE Topsaaku [1-3]. OnauM U3 HampaBiIeHUH QpOOHOTO aHAJM3a, SBIAETCS d-aHAN3, B OCHOBE
KOTOPOTO JISKHUT d-omepaTop apodHoro nHTerpoandhepeHrpoBanus [4].
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Cexnus 3: [IpuknagHbie 3aa91 MaTEMAaTHKA B 00JIACTH MHXKEHEPHBIX HAYK

B d-amammsze [5] i BemiecTBEHHBIX M KOMIUIEKCHBIX TOPSIIKOB HWHTEerpoauddepeHupoBanus s
uMeercss 0oJee OTHOW 6a30601 NPOU3B00HOU W KaK CICICTBUE MHO203HAYHAS HEONpeOenEéHHds Npou3eoo-
Hasl, KOTOpas ONpeersieTcsl pAaBEHCTBOM

d7x: f(x) =" O+ C_ (x)= S (x)+ CH (x).

3nece 1'% 9 (x)= fO")(x) - mnocosnaunas 6asosan npoussoonas BemecTBEHHOTO (MIH KOM-
TUIEKCHOTO) TIOPSAIKA S, KOTOpasi SABISETCS 0000MEHHEM ONPeeIEHHON npou3go0Hol NopsaoKa s Ha CITydai
BCEX MPOW3BOJAHBIX TMOPSJKA S, KOTOpbIE Monydarorcss npu uddepennmposanvn Qpynxiuu [ (x) d-
onepatopom mopsizka s, wma d "x ;3 17 C_ (x) = CY (x) - mnocosnaunviii nomunom ougpepenyuposa-
HUS BENECTBEHHOTO (MM KOMIUIEKCHOTO) TIOPSIKA §; MHIEKC k B 3aBUCHMOCTH OT TIOPS/IKA HHTErPUPOBAHUS
5, IPOGETAET KOHEYHOE MHOYKECTBO 3HAYEHUH /IS CITy4aeB, KOTJA § YHCIIO PAIMOHATBHOE U GECKOHEUHOE
Cu€THOE MHOXXECTBO 3HAYCHHH, ecau s uppatuonansaoe; C_ (X) - noaunom oudpepenyuposanus [6], ko-
TOPBIN SBISIETCS aHAIOTOM TIOJMHOMA WHTETPUPOBAHMS IS ONepaniu Au(hepeHupoBanus B d-aHaJIN3eE;
koadpummentsr 1° onpenensiercst papercraom [5]

' = exp(i27sk) = cos(i2zsk) + isin(i27wsk) .

Jlnst mpou3BOHON B IPOOHOM aHaiu3e OBLIM BBEICHBI OnpedesiéhHble NPou3goOHble IS 2lAGHbIX
npou3eodnwix, xoraa k=0 [7].

JIs1 MHOTO3HAYHOM OMpeNeIEHHON MPOU3BOJHON MOXXHO BBECTH MHOTO3HAYHYIO OMNpEETIEHHYIO
TPOU3BOHYIO.

Teopema. Eci Gpynxmus f{x) B 061acTy 3HAYEHHUI IepeMeHHon X, (a < x < b) nmeer neonpedenén-
HYIO MHO203HAUHYI0 npouseodnyio nopsioka s, f %) (x)+ Cj’;) (x), xoTopas M Kaka0ro 3HaueHus k Oy-

JIeT KOHEYHa U KYCOYHO-HENpPephIBHA Ha OTpe3ke [a, b], TO Ha JaAHHOM OTPE3KEe UMEETCS MHO2OZHAUHAS ON-
pedenénuas npoussooHas mopsaka s GyHKIMHU f{x), KOTOpast BEIYUCIIAETCS C TIOMOIIBIO POPMYJIBI

)= )+ ) =

. b
L rw| =a
dx’ *)
a
(
= FUB) = £ (@) +CH (D)~ C (a)
[MosBnsFOLTyROCS 3/1€CH KOHCTaHTY
CL ()= C (@)= Cl(a;) = C ()],
OyzneM Ha3plBaTh MHOTO3HAYyHOH HeoIpeneiaéHHON KoHCTaHTOW auddepeHnnpoBaHUs TOpsSAKA S
MHOTO3HaYHOM OIIpeAenEHHOM MPOU3BOIHOMN MOPS/IKA S TS HIKHETO TIPEieNa a U BEpXHEero npejena b.
[NosiBieHME TOTMHOMOB MHTETPUPOBaHUs B d-aHalM3e W, KaK CJeJCTBUE, NTOSBICHHE MHOTO3HAUYHBIX
HeonpeneIEHHBIX KOHCTAaHT uddepeHnnpoBanus SBISETCS ero 0COOCHHOCTBhIO, KOTOpPasi OTCYTCTBYET B
KJIaCCHYECKOM aHaJIH3e.
®opmyma (*) ABIsleTCsl aHATOTOM MHOT'O3HauyHOH (hopMyisl mHTErpupoBanHus HelotoHa — JleiiOnuma
[8] u siBisIETCST OOOOIIEHMEM (POPMYJIBI LISl ONpEeIENEHHON IPOU3BOIHOM [7].
B npoOHoM ananmuse aist HyseBoro mnopsiaka s=0 U Ul [eJI0YMCICHHBIX TTOPSAKOB, Koraa s=1, 2, 3,

b

... KOHCTaHTa Cn| Beeraa Oy/IeT paBHA HyJTI0, BBHIY TOTO, 9TO MOJIMHOMBI AU (GepEHIMPOBAHNS JUIS TaH-
a

HBIX TIopsikoB pasubl Hymo C_ =0, Torma

c.[l=C (wb)=C(b)-C_ (a)=0.

b
B wacTHOCTH, B KJIACCHYECKOM aHAJM3e, KOraa mopsiaok s=1, koucranra C, |a TOXe Bcerga Oyzaer

paBHa HyJIIO
C.[=C(@h)=C,(b)-C,(@)=0.

JlanHOE crencTBIEe HAXOAUTCS B TIOJTHOM COTJIACHH C TIPUHIIAIIOM COOTBETCTBUS [9], KOTOPEIT Tpely-
eT Tepexo]] DIIEMEHTAPHBIX (QYHKIMH YpaBHEHUH M MX PEIICHUH I IF000Tr0 BENIECTBEHHOTO MOPSAKA § B
JNeMeHTapHble (QYHKIMU ypaBHEHHS M PELICHHs, UMEIONIHECS B KIIACCHUECKOM aHajH3e, KOrJa IOpsIOK
uaTerpoanddeperimpoanns s=1. O0s3aTeTBPHOCTD COONIOICHHS TIPUHITAIIA COOTBETCTBUS SBIISICTCS OTHUM
U3 INIaBHBIX TPEOOBAHUI NPEABIBISIEMBIX K d-aHAIH3Y.
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JlpyToii 0COBGEHHOCTRIO HYJIEBOTO TIOPS/IKA M TEJIOIMCIIEHHBIX TTOPSIKOB SBISETCS OMHO3HAYHOCTD MPOU3-
BOIHBIX, BBUIY TOTO, YTO BCE KOA(PMHIMEHTHI PABHBLI EIMHHUIIE, 1" =1" =1 (n=0,1,2,3,...), Torna 6ymer
cripaBemBa GopMmysia I onpeoenéniol npou3e00HoU, KOTopas OyIeT OHO3HAYHOW, B OTIIMYMH OT OOIIEro CITy-
Yasi, KOTopbId Aaércst popmyaoii (*). B ToM citydae onpeneiéHHast MPOU3BOIHAS OyIET 3aITHCHIBATHCS

b
n
d f(x)|| =d"x
dx” .

B vacTHOM city4ae Ki1accH4ecKoro aHaimsa, korjaa s=1, nanHas popmyia OyJeT UMeTh BUIT
b
d b
(Efmj =d'): f() =" = OB - V().

B xnaccuueckoM aHanu3e MOHATUE ONPENETIEHHON MPOU3BOJHON OTCYTCTBYET, HO YacTO B MPUIIOXKE-
HUSIX MCIOJIB3YIOTCSI KOHCTPYKIIMHU, KOTOPBIE MO’KHO HHTEPIIPETUPOBATH KAK OINpeAeIEHHbIE IPOU3BOIHBIC.

[Tpunoxxennst ApoOHOTO aHaNM3 pa3HBIX HANpaBJICHWH OPUEHTHPOBAHHO, NPEXKAE BCEro, Ha IIPo-
CTpaHCTBa ¢ IPOOHOI pa3MepHOCTHIO, K KOTOPBIM OoTHOCsTCS (ppakrainst [10].

B npunosxenunsix, rae OyayT NOSBIATHCS MHOTO3HAYHbBIE IPOU3BOIHBIE KaK ONpeeNIEHHbIE, TaK U He-
orpeneNéHHbIe, HEOOXO0MMO PEUIUTH BOIPOC O TOM, KaKHE N3 MHOTO3HAYHBIX IPONU3BOIHBIX SIBISTIOTCS (u-
3nyeckuMu? B 11000M ciydae HEOOXOAMMO OpPHEHTHUPOBATHCS Ha TJIaBHBIC 3HAYEHUS IPOM3BOJIHBIX, KOTIa
k=0, xoTOpBIe Mpeamnonaratorcest puznueckuMu. Bonpoc o Tom, 9To OyayT Jin HU3NUECKUMU APYTHE MPOU3-
BOJIHBIE U3 MHOKECTBA HEOJJHO3HAYHBIX ITPOM3BOAHBIX, Korna k#0, TpedyeT OTAEeIbHOTO pACCMOTPEHHS.

C npyro# cTopoHBI, HEOOXOIUMO PEIINTH BOIPOC O TMOJMHOMaX uddepeHIpoBaHus, KOTOPbIE
BHOCSIT HEOJHO3HAYHOCTH JUIsl KaKI0H ITPOM3BOAHON M KOTOPBIE HEOOXOMMO CHUMATh. 115 3TOr0 HEeoOXo-
JIMMO TOJNMHOMBI TuddepeHnrpoBaTh GUKCHPOBATh KAKUM-TH00 00pa3oM, MpUpaBHUBAA X K KOHCTaHTaM
1, B YaCTHOCTH, K HYJIIO.
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