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CIELHATBbHOCTEH, yunTeneld MaTeMaTHKU OCOOSHHO CYIECTBEHHBIMH OKAXXYTCsI [VIaBbl, BBOAAIINE UX B 00JIiee HOBBIC Pa3/ieibl
MareMaTHKH. ECTeCTBEeHHO, 4TO B paMKaX OJHOI KHHUTH HEIlb3s HCUEpPIaTh BCETO OOraTcTBa Jake OCHOBHBIX HAIPABICHUN Ma-
TEMaTHYECKUX UCCIICIOBAHHIT; HEKOTOpas CB0OO/IA B BBIOOpE MaTepuraia mpu 3ToM Heobxomuma. Ho B caMbIx 00IIKX yepTax 3Ta
KHUTA JIOJDKHA JaTh IPEICTAaBICHNE O COBPEMEHHOM COCTOSSHUHM MAaTEMAaTHKH, €€ MPOUCXOKICHUU U MEPCICKTUBAX Pa3BUTHUS
B 1esioM. [loTOMY KHHra B M3BECTHOM Mepe paccuMTaHa M Ha JIUII, BJIAJICIONIMX OCHOBHOW YacThIO MCIIOJIL30BAHHOTO B HEM
(axTrdeckoro Marepuana. OHa TOKHA CIIOCOOCTBOBATh YCTPAHEHUIO HEKOTOPOH y30CTH IIEPCIIEKTHBEI, CBOICTBEHHOW HHOTIA
HEKOTOPBIM HAIIIAM MOJIOABIM MaTeMaTukaM.OTACIbHbIC [JIaBbl 9TON KHUTH HAMCAHBI PA3HBIMH aBTOPaMH, WX (HaMIIHK MPHU-
BeZIeHBI B oriaBieHAd. OTHAKO Kak IIeJI0e KHUTA PE3yNbTaT KOJUIEKTHBHOTO TpyAa. E€ oOmmii maH, oToop Marepuaia, BapuaH-
ThI TEKCTA OT/IEJbHBIX IVIaB IIOBEPraIliCh KOJUIEKTUBHOMY OOCY)KACHHIO U YJTyUIlIaIICh HA OCHOBE )KUBOTO 0OMEHa MHEHUSIMU.
Maremaruku MHOTHX TopooB CoBeTckoro Coro3a BEICKa3aiii Ha OpraHH30BAaHHOM HHCTHTYTOM OOCYKICHHUH LICHHBIC 3aMEYaHUs
0 IEPBOHAYAIILHOMY BapHaHTY TEKCTa. DTH 3aMEUYaHUsl U MPEIUIOKEHHS ObUIN yUTEHBI aBTOPAMH.

ISBN 978-5-458-25565-3 © U3nanue Ha pycCKOM si3bIKe, opopMIiieHre

«YOYO Median, 2023
© HN3nanue Ha PyCcCKOM sI3bIKE, OLM(POBKA,
«Kunura no TpeGosanuto», 2023



DTa KHHra SIBIISETCS PEOPUHTOM OpHUIMHAJIA, KOTOpblﬁ MbI CO3aaJIHU CIICHUAJIBHO JJIs Bac, HCIIOJIb3Ys 3allaTCHTOBAHHBIC
TCXHOJIOTHUH TPOU3BOACTBA PCIIPUHTHBIX KHUT U II€YATH I10 Tpe60BaHI/IIO.

CHavasna Mbl OTCKaHUPOBAJIM KKy CTPAHUIy OpPUTHMHAJA 3TOM PEAKOW KHHUIHM Ha NMPOPECCHOHAILHOM 000pYy/I0BaHHH.
3aTeM C MOMOIIBIO CHEUUATILHO pa3paboTaHHBIX MIPOrPaMM MbI TPOM3BEIH OYUCTKY M300payKeHUs OT MSATEH, KIISIKC, Iepe-
rH00B U MONBITAINCH OTOEINTHh W BBHIPOBHATH KaXIYIO0 CTpaHMIly KHUTH. K coXaleHHIo, HEKOTOpbIE CTPaHMIBI HENb3s
BEpHYTh B U3HAYAJIbHOE COCTOSIHHE, M €CJIM UX OBbLIO TPYIHO YMTaTh B OPUTMHAJE, TO Aa)Ke IpU LU(POBOH pecTaBpaluu
HX HEBO3MOYKHO YITy4IIHTb.

Pazymeercsi, aBToMaTu31MpoBaHHas [IPOrpaMMHasi 00paboTKa PENPUHTHBIX KHHUT — HE caMoe JIydlllee pelleHHe Ui BOCCTa-
HOBJICHUSI TEKCTa B €ro NEPBO3AAHHOM BHJIE, OJJHAKO, HAIA [1EJIb — BEPHYTh YNTATENIO TOYHYIO KONHMIO KHUTH, KOTOPOH
MOXET OBITh HECKOJIBKO BEKOB.

HOBTOMy MBI NpEAYIPEIKAACM O BOSMOXKHBIX HOTIPEHIHOCTAX BOCCTAHOBJICHHOI'O PECIPHUHTHOTO U3JaHHWA. B HU3JaHUU MOTYT
OTCYTCTBOBAaTh OJHA WJIM HECKOJBKO CTPAaHUIl TEKCTA, MOT'YT BCTPETUTHCSA HEBBIBOAUMBIC IIATHA W KIIIKCBI, HAAIITUCHU
Ha MOJIAX WU MOAYEPKUBAHU B TEKCTE, HCUNTACMBIC (bpaFMeHTbl TEKCTAa HJIH 3aTUObI CTpaHM1I. HOKyHaTI) WJIK HE ITOKYIIAaTh
HO,I[O6HLI€ H3JaHus — pelIaTh BaM, MBI K€ n€J1a€M BCE€ BO3MOXKHOC, 4TOOBI PEAKHUC U ICHHBIC KHUT'H, CIIC HEJABHO YTPpAa4UCH-
HBIE 1 HECIIPABEJINBO 3a6bITBIe, BHOBB CTaJId JOCTYITHBIMU JJIST BCEX quTaTeNei.

ﬁ(epvm KHmxHbIN PeneccaHc

www.samizday.ru/reprint






§ 1. Beedenue 5

Huse gmrarens Bafier ppyrde IpHMepHl, IOKa3kBaloime, KAk H3yde-
Hpe pasjAugbiX (U3AYecKAX NPONeccoB MOKeT OHITH CBEJEHO K MGCIHE[oBa+
HEI0 nEQJepeHnraIbHEIX ypaBHEHWH.

Teopus pmEddepeHnnalbEHX ypaBHeHAU Hadajla pas3BHBAaThCH B KOHIE
XVII B, nourm ogHOBpeMeHHO ¢ BO3HAKHOBenneMm Iu(depeHnUadbHOTO W
YHTEerpajIbHOI'0 Wcumcienmii., B Hacrosimee BpeMs naddepennmasibukpe ypas-
HeHHA CTajIA MOTYYAM OPYJMeM HMCCie[OBaHWS ABJIeHUN npuponst. B mexa-
paKe, aCTPOHOMHAM, (u3HHKe, TeXHHKe ¢ HX IOMOIUBI0 OBIJIA JOCTHLHYTH!
orpomuste ycumexn. Heloron, mccaepys pnuddepennmalibubie ypaBEEHAd HBH-
aepnd HebOeCHEIX TeJjl, HOJIyYMJI 3aKOHHI [BHKEHHA ITaHeT, yCTaHOBICHBEIY
Hemnepom sMnuprueckn. Jlepepse B 1846 r. mpepckazain cymecTBOBaHHe I17Ia-
metil Henrtym m ompejiesny ee momnoykenwe Ha Hee HA OCHOBE YHCJICHHOLO
amai®2a TeX e ypaBHOHME, -

Urobn onmcarh B obIux deprax 3ajauM TeOpHH nmp(bepeﬂnnanbﬂmx
ypaBHeHHd, OTMETHM cHadaja, 94TO Kakgoe auddepeHnmajbHOE YDaBHEHHE
AMeeT, BooOHle TOBOpH, He OJHO, a DECKOHEYHO MHOTO pememm,——cym,e-
cTBYeT Oeckomeunoe MHOKECTBO QyHKIOWH, oMy ynonneTBopﬂ}omﬁx Tal{
HANPEMep, YKA3AHHOS BEINE yDPABHeHWe [BFCHAS MITepHaTbHOH ‘IaGTEHBI
[O/YKHO BHINOJIHATBCH JIJIA BCHAKOrO JBHMKEHHA, HPOHCXOJIHIHBI‘O }10)1 ,uen—

dx '
CTBAEM CHJIE, Xapakrepuiyemoll ¢ymnrnmeil £ (:1:, a5 t), He3ABECAMO OT

TOro, ¢ KaKOTO MecTa OCH OHO Hagajoch M KakOBa ORUIa HavambHAsA CHO-
pocts. Hampomy oTpenbHOMY nBHKeHHI0 YacTHHE OygeT ¢OOTBETCTBOBATbH
CBOS 3aBHCHAMOCTh I OT Bpemen® f¢. Tak Kak nBMAKeHHH ©OJ JeHcTBAGM
cuint F momer 6wiTh Geckomewno mmoro, auddepenpmansnoe- yparHende (2)
Oymer mMeTh GECKOHEYHOE MHO#eCTBO peIIeHUH.

Hampoe puddepennnanbuoe ypapHeHme ompenesfaer, Boobme roBops,
nedst xiaace Gyexmmi, emy ypoaerBopsrommx. OcnOBHOU 3amadedl TeOpHHR
ABJIACTCH H3yYeHre QYHKNAN, YAOBIeTBOPAMNX AAppeperynaILHOMy ypaB;
nenmio. TeopHs ypaBueuuii j0/KEa JaTh BO3MOMHOCTH MOTYYATH nocta-
TOYHO MOJIHOe TpejCTaBlcHEe O CBOHCTRAX Beex OYHKmWH, YNIOBIETBO-
PADINAX  yPaBHEHHWIO, 9TO 0COGEHHO BasiHO B NPHJIOMEHAAX ypaBHEHMM
K ecTecTBo3maHmio. Hpome Ttoro, oma pommHa obecleddrbh cpepcTBa A
HaXOKJAeHAA duCJIeHHBIX 3HavcHAW (BYHHRIUE, ecIR 3To norpeﬁye"réﬂ
piia pacgeroB. O TOM, KaK 3T0 OCYUIeCTBIAETCA, MbI 6yneM‘r030pmi{
o33Ke. o o

Ecnn wemsBecTHas (yHKpHEA 3aBACHT OT OJHOI'0 apryMeHta, TO qu;q,e-
pénnnam,noe VpaBHeHHe Ha3HIBACTCH O0GsIKHOGEHHUM Ouppepenuatvrim
ypasnenues, B Tom ke ciayuae, ®orjga memsBecTHaf (QYHKIEA 3aBHCHT OT
HOCKOJIbKAX apr'yMeHTOB W B ypaBHeHHe BXOJAT IPOM3BOJNHEE OT Hee IO
HeCKOJIbKAM apryMenTaM, nEd@epeEnAalbEoe ypaBHeHHe Ha3BIBAKOT Ypas-
Henuem ¢ wacmmusimu npouszeodnsimu. Ileperie Tpm m3 ypaBuenni (1) apnsiorca
OGHIKHOBEHHEIMA, 4 HOCIefHHe TPH — YPaBHEHAAME C JaCTHBIME. HPOB3BOJ -
HEIMH.



G I'zaea V. O6uknosernbie Ougepernyuavrvie Y pasHERUR

Teopus ypaBmenmii ¢ dYacTHBIMH NPOM3BOHEME ofIagaeTr MHOTHMEA
cBOoeoOpa3HbIMA YepTaMy, CYIIECTBEHHO OTIMYAOIIMMH €e OT TeopHH OOHK-
HOBeMHHX ypasnenmid. OcHoBHHE ufen, cBA3aHALNe ¢ TAKEMH YpaBHEHHAMH,
DYNyT MSIIOMEHH B cje[ylINeH# riaBe; 3jech JKC MBI DyJeM HEMeTb B BHALY
TOJbKO OOHIKHOBeHHEIe [uepeHInanbHEe YpaBHEHAS.

PaceMorpnM HecKOJILKO IIPAMepOB.

IMMpumep 1. 3axom pacmaga pagos cocTOUT B TOM, 9YTO CKOPOCTD
pacliajja NponopyNOHAILHA HATAYHOMY KOJIAdYecTBY panud. Ilycrs maBectno,
9T0 B HEKOTODPHIA MOMEHT Bpemenn !={, umMesocs [, rpammoB pagusa. Tpe-
OyeTcs ompeAeNnTL KOIATIGCTBO pajumA B JHI060i MOMeHT BpeMenM I.

IMycre R(?) — xosmgecTBo HepacnaBmMerocs pagusa B MOMEHT BpeMenH [.

. dR
Cropoctn pacmapa msMeprercd Beamamnod — - . Tax xax owa mpomop-

uumoHaNbna H, To ME mMeeM

dR

roe &k — BeJInuMHA MOCTOAHHASA.

Yrobu pemnTh HaAmy 3ajady, HYKHO ounpenelnTh (yRKImio m3 Audde-
peanmaibHoro ypaemenms (3). Jlama sToro 3aMermM, uTo QymrmuA, ofpart-
Hag K A (), yrRoBmeTBOpAeT ypaBHEHHIO

dt 1
TaR TR (4)
dt 1
TR KaK gp =g . M3 EETerpalbHOro MCYMC/IEHMA M3BECTHO, 9TO ypaBHe-
. L
amo (4) ynosimersBopser miobas QyRxoas Bmjga
1
t=——InR+C,

rge C — npomsBosibHAA HOCTOAHHAA BejaumdmHa. 13 3Toro cooTHomenua Mu
ompepenrsieM R xax ¢ymxnmio t. Umeem

R == e~H+kC = C o~ (5)

U3 Bcero MmomecTBa pemenwii (O) ypaBHenuma (3) MB HOHHM BBIZENIHTH
TaKoe, KOTOpoe mpE {—{, npunuMaeT 3Hagenwme f,. Taxoe pemenme MH
moayqauM, eciu nonomum C, = R kb,

C MaTeMaTHYeCKOM TOYKE B3peHHAA ypasuecuue (3) ABIACTCA BaANMHUCHIO
Be_cha‘np.vocmro 3aKoHA m3MeHeHHA (QYHROWW A W TOBOPHET O TOM, 49TO

dR .
CKOpocTh yOnBanmA QyRKnAN — —; UPOTOPNHAOHANLAA 3HAYEHAI0 CaMOM

¢ynxnmm R. Takoil 3akoR n3MeHeHAA (QYHKOAE BHIOITHAETCA He TONBKO
B ABJICHMAX PAAWOAKTHMBHOIO pAacHafd, HO M BO MHOTHX JpyruX ¢pmamdec-
KHX ABIeHAAX.

C rem sxe 3aKoHOM m3MeneHmsA (QYHKOMW MEl BeTpedaeMcd, HampuMep,
0pA M3y4YeHHMH OXJIKJEHHs Tell, Korja yORIs KonWgecTBa Temdyia B Telle



§ 1. Beedenue 7

OpOIOPHAOEANbHA pPA3HOCTH MekAy TeMmIlepaTypod Tella B TeMIeparypoi
OKpysKalolledl CpeNs, H IOPW PAaCCMOTPEHEHW MHOTHX APYTHX (PH3AYUECKAX
uponeccoB. Iloatomy ofmacTe npmMeBenma ypasmenma (3) HECpPaBHEHHO
mupe TOM 4YacTHOH 3ajgaum pacliaga papgud, AJIA KOTOPOH MBI 9TO ypaBHe-
HMEe MONY4BIIH,

IIpamep 2. [lycte MaTepmajibHasg TOYRA ¢ Maccoil m JBMKETCHA BROIb
ropuaoHTaabpH0d ocE Or B CONpPOTHBIAIOILEACA cpefe, HANpAMep B KHEIKO-
CTH WJIA rase, IO BINAHWEM YIOPYToOf CHIB ABYX NpPYKAH, ReACTBYIO-
uex mo 3arony [yra (pme. 1). OToT BakoH coCTOET B TOM, 4TO YHpyrad
cHa AeACTBYeT B CTOPOHY NOJIOKEHHA PaBHOBECHA M IIPONOPHAOHATBHA

Prc. 1.

OTRJIOHCHHIO OT MONOMKeHwmsA paBaoBecnms. llycTs moJoKenmo paBHOBecAA
coorsercreyer Toura r=0. Torpga cmma ynpyroctm pasma — bz (b > 0).

Cmny cOOpoTHBIEHAA Cpefhl OyAeM CUHTaTh IPONOPHAOBAIBLHON CKO-
dz
di
BaeT HA TO, YTO CONpOTHBIEHHE CpeJH HAUpamJeHO NPOTAB CKOPOCTH ABH-
menmA. Taroe mpefamoliokeHWe O CHIIe CONPOTHRJIEHAA Ccpegbl XOpomo
OHNpaBANBAETCA ONEKITOM HIPH MAIHX CKOPOCTHAX.

Ha ocHorammm 3aroma HsloToma mIpomamejgeHRme Macchl MaTepHalIbHOM
TOYKA Ha ee YCKOPEHHWe DPaBHO CyMMe JeACTBYIONAX HA Hee CHI, T. €.

d2x . dzx

pPOCTH [ABHKEHHA, T. €. PaBHOM —a ——-, rge a >0 m 3maR MARYc YRas3H-

Taxmm o6pazom, PyERKnmma x(!), BHpakalmas DNOJIOKEHWEe JBMHyIHeHcH
TO9KA B nI0GO MOMEHT BPeMéHH I, YIOBJIOTBOPAECT AHUpPepeRmHaTbHOMY
ypasmernmio (6). WUccienozammem peéImeRmd ITOr0 yYPaBHEHHS MHI 3aiiMeMcA
B OJHOM W3 clegylomax maparpagos.

Ecnm g mMaTepmaibHOH TOYKe, KpOMe NEpPEYHCIICHHHIX CHII, IPHIOKeHa
eie cmiia F, BHEMHAA OTHOCHTEJIbHO CHCTEMHl, ypaBHeHWe ABMKenusa (6)
E3MEHUTCHE @ mpmMer Gopmy '

9. ;

mer ——bz—alt - F. o)

lipemep 3. MaTremaTHuecKnM MaATHAKOM HA3BIBAETCA MaTepHANIhbBAA
TOYKAa Macchl /7, NOLBelleHHAasds HaA HATH, JJIAHY KOTOPOH MEl 0003HaYEM
gepes I (puc. 2). Mu Gypgem OpepumosraraTteb, 4T0 MaATHER Bce BpeMdA OCTaeTcs
B OHOH M TOM jKe IIOCKOCTH — B IUIOCKOCTE depTesxa. Cmirolt, Koropasn
CTpeMHTcA BepHYTh MAsTHHK B IOJdOeHMe papHOBecma 04, aBnAercs
cmiIa TAMKeCTH mg, JedcTBylIad HA MaTepmaidbHyio Toury. [lomosxenme



8 Laaga V. Obuixnosernsie Ougdghepenyiarvrole ypasrenus

MafgTHEKa B Iio060il MOMEAT BpeMEeHN [ ompefelIATcA yriloM ¢, Ha KOTOPHHA OH
OTRJIOHAeTCH OT BepTHKaNA OA. 3a HOJIOKHATe/bHOE HampaBjIeHdme OTCIeTa ¢
OprMeM HaIpaBleHWe DPOTAB JBMKeHHA 4acoBoM crTpenrd. Jlyra AA4'=l¢
ecTh NyTh, NPOHNEHHHN MATEPMANBHOHN TOYKOM OT IOJOKEHAS PpaBHOBe-

Iy cass A. Cwopocrs ppmmenus v Oynmer
HAIIpaBJIeHa BJOJb KacaTeJbHOM K OKpY-
[ MHOCTE ¥ OyneT mMeThb ciefyiomiee 9n-

CJleHHO¢ 3HaYeHWe:

’

Yro6H cOCTAaBATH YPaBHEHAE JBHUIKE-
A

HHf, DA3NOMUM CHJIY THKeCTH mg Ha
\ ppe cocraBaanmme ( m P, mepead Ha
u

7 - KOTODHX HalpaBjieHa BAOJNbL pajgmEyca
o \/ OA’, a BTOpas—no KacaTeAbHOH K OKPYH
C : & uocra. Cocrapasiomas ( He MOMKET W3-
- z ' » MeHfATb YACIEHHOr0 3HAYeHNs CKOPOCTH v,
Pue. 2. TaK Kak JeiicTBme ee OypeT  yHHYTO-
HEHO conpomnnennem nopseca OA’. aMensaTh 3HaYeHMe CKOPOCTH ¥ MOMeT
ToIbKO cocTaBiaioman P, Oma gedcTBYeT Bcerja B CTOPOHY HOJNOMEHHA
pasHOBecna A, T, e. B CTOpOHY YOHIH @, eciim yrol ¢ NOJOMKATOIbHE,
A B CTOPOHY pocTa @, KOrja ¢ OTpmmaTenbBHM. YmcireHmHoe amaueAne
P paBEO —mgsing, ¥ NMOSTOMY ypaBHeHHe [IBIKeHHA MaATHHKa Oynmer

dv

. m o-=—mgsing
0]
d2p g ..
2 — —— 7 sing, (7)

MurepecE0 OTMeTHTH, 4TO pellleddA STOTO ypaBHeHAA He BHIpaaloTcs
gepes sieMeHTapHble (QYHKOAE B KOHeYHOM Bmpe. 3amac SjeMeHTAPHAEIX
QyHEEN@X OKasHBAETCA CIMITKOM GegHBIM IS TOro, YTOGH HpH HOMOIIW HHX
MOMHO OBNIO JaTh TOYHOE ODHMCAaHWe [AaMe TAKOro IpocToro (uam4ecKoro
nponecca, Kak Koje6aHEA MaTeMaTHIecKOro MaATHmKa. IJoase Mel yBmpnmw,
uro pudepeHnmaiibuble YPaBHeHNUHA, PelliaeMble B DIICMEHTADHHIX (yBRKOMAX,
HeMHOTOYHCI/IeHHE, B BeChbMa 4YacTO CHydaercsd, 9TO MCCIef0BaHUE TOI'0 AXHA
mHoro puddepeHnmadbHOr0 ypaBHeHHMd, BcTpedalomerocs B (HI3AKE MiIn
MexXaHHKe, TOOY:saeT HAC BBONATh HOBBHIE KIAacChl (yHKNWHA, IOgBEpraThb
HX MCCIGJOBAaHAI0O W PAcCHMPATH apceHal Tex (YyHKOmIA, KOTOpHE IpHMe-
HAIOTCA NPE pelleHAW DPAKIAHEX 3agad.

OrpaBgumMcs ceifgac paccMOTpeHHeM MaJIlX kojebammil MasTHEKA,
KOrJa ¢ Majioi ommOKoH MOMHO cdaTath fyry A A’ paBHOH ee HpOEKOAE %



$ 1. Beedenue 9

. . <. x
Ha TOpU3OHTAILHYI ock Ux ®w sin¢g paemeM ¢. Torma ¢ sino=-, n
ypaBHeHHE [BMKeHHUs MaATHAKA npAMer Oojlee IPOCTyO (popmy

2

Huxe MBl BEIACHHM, WTO 3TO ypaBHEHMe pemaeTcd B TPHTOHOMeTpHYe-
¢cKAX (YHHUEAX W NPHE IOMOIMA NX OKA3HBAETCH BO3MOKHBIM JOCTATOYHO
TOYHO ONMCATH «Majble KOIe0aBWs» MasTHAKA.

IMMpemep 4. Axrycrmueckmd pesomatop Iembm-
roabga (pHEC. 3) COCTOMT M3 HANOJHEHHOIO BO3IYXOM
cocyna V, 06beM KOTOpPOro paBeH v, ¢ UWTHHPHICCKAM
ropasmxoM F. Ilpnbam:KeEHO MO'KHO paceMaTpHBaTh
BO3[yX B TIOpIAMIOKe COCyJ1a Kak IPOOKY ¢ Maccoil

m:Psl, (9)

rge p— IIOTHOCTH BO3JyXa, §-— IJIOMAJb CedeHHA
TOpJABIAKA, [ —ero yImHA.

E(iJIH OpejcTaBEThL cebe 3Ty MacCy BO3IYXa cMe- " Pre. 3.
IeHHOA W3 T0JI0KeHWA PABHOBeCHS HA BeJIMYEHY %, TO
faBjeHMe BO3AyXa B cOcyge ¢ OGLEMOM ¥ WSMEHHTCA OT HAYAIBHOI'O Ja-
BIeHAS P HA HEKOTOPYi0 BelIWYAHY, KOTOPYi0 MBI 0Gozmaumm Ap.

Bypgem cumTaTh, 4T0 naBjeHWe p W 00BeM v CBA3AHH agAabaTHY9ecKAM
saxonom po* — C. Torpa, eciim npeHeGpeds BeJMYMHAME BHCIIAX TOPAKOB
MAaJIOCTH, IOJTYYHM ' " N

Ap - v* - plt 1. Ap =0

Ap=—kpl— _EP% 4 (10)

(3 mamem cityuae Av==sx). YpaBueHHe NBHKeHHA MAaccHl BO3JyXa B rop-
NBIHKEe MOKHO 3aI0HCATH TaK:

d2z '
3jeck Ap-s-—cmIa JaBleHHA rasa, HaxoAWErocs BHAYTPHE coCyna,
Ha BO3IYIOHYIO UPOOKY, HaxonxAmyiocs B ropiammxe. Ha ocHopamumm (10)
a (11) monyuaem

d2z kps ¢
Pl ="—"75% (12)

rme ¢, Pyv, I, k, s— mocTosHHEe.

[fprmep 5. H ypammenmio Bapa (6) upnBognT Takie H3ydeHMe DIICK-
rpAYeCKUX Kodebanmi B IpocTeiillem KorebaTesbHoM KonType. CXxema aToro
tonTypa m3obpamena ma pumc. 4. 3peck cileBa H300paskeH KOBJIeHCATOp
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emrocTr C, oOKIagK\ KOTOPOro 3aMKHYTH depe3 camomapyknuio L m compo-

repnenme R. Ylycre B Herorophifi MoMeRT oO0RIajkaM KOHjeHcaTopa -co00-
IeHa pa3HOCTh DOTeHNAAOB, IIOCHE 9er0 ee HCTOYHHK OTKIIO9en. Ilpm

OTCYTCTBAM CAMOWMHAYKIMNE IO DPOBOAY, COeNHHAIONIeMY OORIanKu KOH-
AeHcaTopa, moTeK OH TOK, KOTOpHIl NpopoipKajicA OH go Tex IHOp, MOKa
DOTeHIHaIH OOKJIanoK He BHpaBHAmuch Ow. [Ipm Hamugmm e caMomHpyK-
nME npomecc noipger WHavYe. B KOHTYype BO3HAKHYT 3IEKTPAGeCKAE KoJe-
R OoaHud. YUToOK BHBECTH 3aKOH 3THX KOJIe-
Garud, oGosHa9EM dgepe3 v (f) wIEm HpOCTO
depes v pasHOCTh DOTEHHWANOB HaA OOKIan-
KaX KOHJIeRcaTopa B MOMeHT I, gepes [ (t)—

— L CHJy TOKa B MOMeHT ¢, depea R — compo-
TEBjlenne. 110 M3BecTHEIM 3aKOHAM OQHW3AKE

I(t)R B Ramuelii MOMEHT BpeMeHW paBHSET-

Pac. 4. CAd TOJHOA 3JIEKTPONBMIKYINeil cumite, a 3Ta

NOCNeRHAA CKIAALBAETCH WP BIEKTPONBA-
myuwel cans — v (¢), mpoAcxonAme# OT Pa3HOCTHE NOTEeHRWaIoB Ha oOK:aj-

KaX KOHJEHCATOpPAa ® JIEKTPOJBHKYINEH CHIE CAMOMHJYKIWE — L%Ii
IMoaromy
dl
IR=—v—Lg (13)

Obosnaanm gepes () (t) sapag wompgeHncatopa B MomerT . Torpa cmia

aQ
"d—t-

d dv
0B »(!) Ha obximagkax KOHpgeHCAaTOpa paBHA Q—(-)— MMosromy 7 :d—?zcm

TOKa B melH Oypger paBHa B Kamgeiii MOMEHT Passocers moreEmma-

n paBeHcTBo (13) MomEO DepenmcaTh B BHfe

dz
LC 53+ RC 35 4-v=0. (14)

ITpamep 6. Cxema naMpoBOro reHepaTopa JIEKTPOMATHHTHHIX KOJe-
Oanmit moxasara na pmc. o. HomeGaTenbHEH KOHTYp, COCTORmMUE W3 eM-
xoctm C, compoTmBnenas R m caMomupgyxnme L, mOpefcTaBiifieT OCHOBHYIO
rosnebGaTenpnyio cmcremy. Harymrka L' n saeRTpoHHAas JaMna, CXeMaTHdecKH
m3o0pakennas B meHTpe puc. D, COCTABIAAET TAaR HA3HBaeMY© OoOpaTHYIO
cBA3b. OHE CBA3LIBAIOT ACTOYHMK dHeprmd — Oatapeio b — ¢ konTypom L,
R, C; K — osmagaer raton namoe, A — amog, S — cetry. Ilpm Tako# cxeme
B RoHTYpe L, R, C BOo3muralT «aBTorojebanms». Bo BcAKoH peanbHOM
cAcTeMe IpH Koje6aTebHOM IIPOnecce DYHEepPraf [epeXOfHT B TEINo AN
nmepenaeTca B Kakod-itmGo ppyroit ¢opMe orpymammumm TenaM. [loatomy
A WONepyKaHna CTAMAOHAPHOrO pexuMa KoneGanuM, I8 COXpaHeHHS
aMINIATYAH Kojdebanmii kaskgad pealibHasg KodebaTenbHAs cHCTeMa [OKHA
nonyyaTh 3HEPrHi0 H3BHe. ABTOROJNe6aHMA OTAHYAIOTCA OT Lpyrux Koneba-
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TeJbHHX HPOIECCOB TeM, YTO A HOAfAepKaHHA CTAUMOHAPHOTO Koieba-
TeJIBHOTO peKAMa B TAKUX CHCTeMaxX BO3fieiicTBHe H3BHe He 00A3aHO OBITH
NepHOAHYECKUM. Y CTPOHCTBO aBTOKOJebaTeIbHEIX CHCTEM TAKOBO, YTO B HHK
IOCTOAHHEA MCTOYHHK DHEDPrUM, B HammeMm mpmmepe Oatapes 5, mopnep:xm-
BaeT CTALMOHAPHBIE KoJjleOaTenbHH pexmM. ABTOKOIe6aTeIhHBIMA CHCTEe-
MaMy ABIAITCA YacH, DIEKTPMYeCKHA 3BOHOK, CTPyHAa H CMBIUOK, KOTOpHI
BelleT PyKa My3HIKaHTa, I'OJIOC 9eJioOBeKa H Jip.

a
, |

"Pme. 5. Pac. 6.

Cmna toka [{t) B RonebarempuoM kourype L, R, C ymoBaerBopser

YpaBHEHHIO

LY LRI p=mYe (15)
dt dt

3pecy v =v ({)— pasHOCTs DOTEHNUAJOB Ha 0GKIafKkaX KOHAEHcATOpa B MO-

meHr £, [,(f)— cana aHOFHOTO TOKa 4epe3 Karymry L'; M — rospdummenr

B3amMHOH cBA3m MemAy Karymkamm L w L'. Ilo cpaBHeHWIO ¢ ypasBHe-

dlq

dt *

BypmeM cumrars, 410 aHOAHHA TOK [/, (f) 3aBHCHT TOJBKO OT pasHOCTH
IOTEHIHAJIOB Ha cerKe S M KaTofe naMoH, 1. e. OyieM mpeHeOperars pe-
aKImuell aHOJa; NIPH TAKOM NpPEJUOJO/KeHHA 3Ta pPasHOCTh IOTEHIHAJIOB
paBHa pa3HOCTH IOTeHIHa 0B v (/) Ha oOKmagKax Komgencaropa C. Xapak-
Tep QYHKOHOHaJLHOHE 3aBHCHMOCTH [, OT v M300pasked Ha puc. 6. M3obpa-
MeHHYI0 KpPHBYIO OOEIYHO IpUHEMAIOT 3a KyOmyeckylo mapafojiy H ee mpH-

OnM;ReHHOe ypaBHeHHe NHUIMYT TaK:

2 3
I,=ap 4 a,p® 4 a0’
HopjcraBadaa sro B mpaBylo 4acrh ypaBHenma (1D) u noissysace Tem, 41O

uueMm (13) ypaBuenme (15) copepsur nnmmunid unen M

dv

o =1

MEl OOJIyYAM JJIA ¥ ypaBHeHHe

LES 4 [R— M (a,+ 20,0 4 3029 2 4 p= 0. (16)
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B paccMorpeHHEIX npmMepax pasHICKaHAe TeX HIM HHHX (QABAYECKAX
BeJIMYMH, XapPaKTepH3YHOUIUX 3aJaHHHA (U3AYeCKHA OpPOmecc, CBeJOCH
K pa3shiCKAHHI0 DeIleHHA OOHKHOBeHHHX Mu{)PepeHNHAILHBIX ypaBHERHM.

3anaur Teopum nuddepernnaababix ypasHenmit, [lagum Temeps TOY-
HEle ompejleneBud. Ob6siknosentbim OudepeHYUAsbHIYN YPAGHEHUEM N-20
nopadka ¢ odnoii Heussecmroli ynryuell y HA3HBAeTCH COOTHOINGHHE BU/a

.

F(z, y®), ¥y @), y'(@x)-.., Yy (@))=0 (17)

MeXAY He3aBUCHMBIM II€PEMEeHHBIM ¥ W 3HAYEeHHsSAMH

d " d2 ’ dr
y(@), Y@ =52, y'@=74, . ¥ (=24,

ITopadrom duggepenyuarpbrozo ypasHenus HA3BIBAETCA MOPANOK HAMBHICINEH
IIpOH3BOAHOM OT HeM3BecTHOH (yHKIMUHM, KOTOpad BXoAHT B Aufdepermaais-
goe ypasHeHme. Tak, anddepeHnmanbBLie YPABHOHHA, NONYYEHHHE HAMH
8 mpumepe 1, —mepsoro mopsajka, B mpmmepax 2, 3, 4, 5, 6 — Broporo

OOPSAAKA. _ L o
(Dynenua ¢ (r) HaswBaerca pewenuesm Ougfepenyuaivhnozo ypaske-
HUS (17), ecunu mocae 3aMeHHl Y Ha o(z), ¥ ma ¢’(z),..., y(”)'ﬂa o™ ()

ono obpamaercd B TOMAECTBO.

Yacro BonmpocH (H3NKH W TeXHHKH HPHBOXAT K CHCTEMAM OOLIKHOBEH-
HHIX JA(PepeHNUATLHEEX ypaBHEHHH, B KOTODLIe BXOXHT HECKOIBKO HeM3-
BECTHBIX (yBKOmMn, 3aBHCAIIAX OT OJHOrO M TOrO :Re'apryMeHTa,’ A ux
IPOH3BOJHLIE II0 BTOMY ApryMeHTY. o -

Insa Gonpmeid KOHKPeTHOCTH M3jI03KeHHA B JajbHeimeM OygeM roBo-
purs rnapEEM 06pasoM 06 ogHOM OOHKHOBeHHOM AuddepeAHAIEHOM YpaB-
HeHIN He BHIUe 2-TO HOPAJKA € OJHOH TOIBKO HEHM3BECTHOM (YHKIHENH.
Ha osrom mpumepe BHACHAIOTCHA CyllecTBeHHBE CBOHCTBA BCeX OOHIKHO-
BeBHHX fupepeHnAalbHbHX YPABHEHAH K CHCTeM TAKHX ypaBHeHHM, y KOTO-
PEX 4YMCIIO HeHM3BECTHHX (YHKMEI PABHO YHMCIY YpABHEHHH.

Brime Mbl roBopmam o TOM, YTO Kampmoe AmddepeHmHANILHOE YypaBHe-
HHe MMeeT, KaK OpPaBHjIO, He OJHO, a OecKOHe4HOe MHOKECTBO pellleHHH.
BospparmMmcs cefluac K 3TOMY BOIpPOCY M IpemKje BCEro IOACHEM ero
HarifgJHLIME COOODaKeHIAMH, OCHOBAHHLIMA HA pa300paHHHX BHINe IpH-
mepax 2—6, B wraxpgom m3 mEX auddepesmmanbHOe ypaBHEHHE, COOTBET-
CTBYIOIIee pPHCCMATPHBAEMOH (H3HYECKOM CHCTeMe, BIOJIHe OOPeNesiAloch
TONBKO yCTpoidcTBOM 3ToM cucreMil. Ho B Kampmoit m3 HTHX cHCTeM MOTIIH
IPOHCXORUThL pa3nHyHble mpomecce. Hampmmep, coBepmeHnso fACHO, 4YT0
MafgTHAK, JBHKeHHe KOTOpPOro HoguunHAercd ypaBHenmio (8), Moxer copep-
waTe pechbMa pasHooOpasuble KojeGamma. Hampomy ompepneiieHEOMY KoJle-
fapHI0 MaATEMKA OTBeYaeT CBoe pelleHHe YypapueHHa (3), H TakHX perne-



(4%

§ 1. Beederue 1

HOH OHO HOJKEC HMeTh GecKoHeyHo MHOTO. MoskHO mOKAasaTs, 9T0 ypaBHe-
amo (8) yposimersopsaer miobast ¢ynxknus BHAa

z=2C, cos l/—f— t+ C,sin V»‘;?’— Z, (18;

rie C, m C,— mpousBoJbHEE IOCTOAHHEE.

QusndecKH fACHO TakMe, YTO ABWKeHHe MaATHMKa Oyjer BIOAHEe ompe-
NeJeH0 TOJbLKO B TOM Cliydae, KOTAA ME B HEKOTODHIA MOMeHT I, 3ajlafiuMm
(navansnoe) BHaveHHe %, paBHOe Z, (HadallbHOe OTKJOHeHHe MaTepHallbHOU
TOYKH OT IOJIOKeHHsA PaBHOBeCHA), W HAYaJAbHYI0 CKOPOCTh [BHKCHHA

, dx
To= g |,op- 110 °TUM HAYANLEEIM YCIOBUAM ONPEAENAIOT NOCTOAHHKIe C,

un C, B gopmyne (18).

Togno Tak ke Auddepeninalpasle ypaBHCHASA, NOTyIeHHEe HAMA B ApY-
rax npnMepax, 6yayr mMers GecKOHeYHo MHOTO PeIIeHWMIA.

BooGwe mpa 04eHs MHUPOKHX DPEAmOJIOKeHAAX OTHOCHTONBHO 3ajaH-
moro ampdepeunmanasnoro ypasmenna (17) n-ro mopaaka ¢ ORHOI Heuns-
BecTHO (QyHKIUed MOMKHO IOKa3aTh, 4T0 OHO HMeeT OeCKOBEYHO MHOTC
pemennmiz. Bollee TOYHO: ecam A HEKOTOPOTO ¢HAYallLHOTO 3HAYEHHAY
apryMeHTa MHl B8a[jaj\IM «HadajibHele BHaYeHMS» HEHM3BRCTHOH (yHKOEHA B
BCeX ee NPOHSBOJHEIX A0 mOpAjAKRa n—I1 BKIOYATENLHO, TO JJA YpaBHE-
una (17) maiigerca pemenme, oGnajaiollee NPeANHCAaHHEME eMy 8apaHee
«HAYaJBHEIMH JaHHBEIMH». MOKHO TaKiKe MOKa3aTh, YTO TAKAMH HAYaJILHBEIME
YCIOBHAMH peIyeHHe OIpejeldercd BIOJHE, CyMIeCTBYeT TOILKO OLHO peme-
HHe, YAOBIETBOPAIOUIee NMOCTABIOHHNM BEING HAYallbHEIM ycaopmaM. Iloame
MH GyneM roBoputk 06 sroM Gosee mompobmHo. [lna mammx ke menei ceildac
CYIOIeCTBEHHO OTMETHTH, YTO HaYajbHHe 3HaueHHs QYHKOuE o 7 — 1 mepBHX
IPOM3BOAHEIX OT Hee Moryr GHITH 3ajaHB HPOM3BOJNBbHO. ME MMeeM mpaBC
PacmopAAuTECH BHOOPOM 7 BeJIWYHH, OTPEAENAONHX (HaYalbHOe COCTOAHHE)
pasblCKABAeMOTO DEmeHnd.

Ecim mMBl 3axotuM mocrponrts Gopmydy, koropad o0nejuHANa OH B cele,
eClH 9T0 BO3BMOKHO, Bce pemenus pufdepeEnUaJLHOTO0 YpPaBHEHHA TMO-
paaxa n, To Takasd ¢gopMmyia jol;xma Oyper cojep;karhk POBNO 7 He3aBHCH-
MBIX IPOHBBOJILHEIX HOCTOSHHEIX, BEIGOPOM 3HAYEHMIA KOTOPHIX Mbi MOTIH 6H
YAOBIETBOPUTs 1 HAdYalbHEM ycioBaaM. Taxme pemennsa pauddepeHnnainb-
HOTO YypaBHeHHA NOPAJKA N, KOTOPHE COAEPIKAT 7 HEe3aBUCHMLIX HPOM3-
BOJILHEIX TOCTOAHHBIX, OGBIYHO HA3HIBAIOT 00WUMU PCULEHUAMU Y DAGHCHUSR.
Tak, manpmamep, ofmee pemweHwe ypaBHeHus (8) maerca Qopmyiou (18),
cojiepialueil iBe IPOUBBOIBHEC HOCTOAHHEE; 00ilee Pelenae ypaBHeHEA (3)
naercst Gopmynoi (9O).

Temeps MBI mocrapaeMcsi B caMHX 00mmx d9eprax omucaTh Te 3ajaud,
KOTOpHE CTOAT mepef Teopmeil auddepennualibBEIXx ypabHenuid., Onnm pasuo-
oGpasusl B MHOroumcieHusl. MH ykaskeM rilaBHeiimme H3 HHX.
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Ecan ® pgupdepennumanpHoMy ypaBHeHHIO HPHCOSAUHHTH HAYAJLHHE
paHEbe, TO pemeHue auPdepeEnuaNLHOr0 ypaBHeHEMs OyxeT ONpefelIeHO
Bnojne, [locrpoerme ¢opmyna, naomurx sBHEEEe IpeAcTaBlesdd peIIeHHi,
ABNSeTca OfHOH N3 HepBHIX B3ajad TeopHu. Takme ¢QopMylIn Moryr OHTH
HOCTPOEHKl TOJLKO B IPOCTHX CIy9asX, HO €CJH OHH HAWJIEHEl, TO TO OKa-
36IBaeT OONBIOYI0 MOMOUs H B BHYACHEHMAX H B HCCIeIOBAHHH peeHHA.

Teopua pomxea gars BO3MOKHOCTH NOJYYHTH Hpe[CraBieHHe O XapaK-
Tepe NOBefeHHS pemeHHs: OygeT JM OHO MOHOTOHHHIM HJH Koae(mmo-
MUMCH, ABJIAETCA JIH OHO NepHOANYeCKAM AJIH CTPEMHTCA K NepHOXAYeCKOMY
o T. N

IIpencrapum cebe, 9ro Msl m3MensdeM HadvajlbEHE 3Ha4eHHA JJIA HEH3-
BeCTHOH (JYHKIME W NPOH3BOJHHX OT Hee (H3MeHdeM HadYajhbHOE COCTOSHHE
a3yd4aeMoil CHCTeMHl), TOorga OymeT WH3MEHATHCA m caMo pemenne (Oygmet
mHade OporeKars mpopecc), Teopnsa Joisxua o0ecnmeduTs HaM BO3MOKHOCTH
CYAHTH 0 TOM, KaKHM Oyjer or0 H3MeHeHue. B dacruocrm, Gygmer aum mpH
MaJiBIX M3MEHEHUAX HAJYaIbHBIX JAaHHEIX Mallo M3MEHATHCA H CaMo pemeHHe
da GyxeT Jm OHO, CJIeJ0BaTebHO, YCTOMYMBHIM B DTOM OTHONIEHRNH, WJIH ke
Mallble H3MEHEHHS HAJajJBHBIX JAHHBIX MOrYT BHI3BaTh CHJBLHEIE H3MeHEHHS
B CaMOM pemeHNN, H OHO Oy[er HeycToHTUBHIM.

ME [oIKHEH TaKiKe YMeTh COCTaBHTH Ka9eCTBEHHYIO H, TaM, I/ie MOKHO,
KOJINYECTBEHHYI0 KAapTHHY HOBeJeHUT He TOJbKO OTHeJbHEIX pelleBHi ypaB-
HEHUS, HO N BCeX er0 pelleHHil, B3ATHIX BMECTe.

IlpE KOHCTPYHpPOBAaHHH YacTO BOBHAKAET BOMPOC O TaKoM Bhbope mapa-
METDOB, XapaKTepHUayoIWuX NpEOOp WIN MaliWHy, KOTODHIH obecnedmpal Gha
xopomyio nx pabory. [lapamerpsl mpuGopa BXOAAT B BUI€ HEKOTOPHIX Belln-
quH B gudepernuaisgoe ypaBHeHHe, CIyKalllee [l omMcaBus . ero paGoTH.
Teopusa moJpKHA TOMOYs HAM BHISACHHTH, 9T0 OyJeT NPOUCXORHTL ¢ peme-
mREAME ypaBuenusa (¢ paboroii mpmbopa), ecniu MH OyaeM M3MeHATH CaMO
aadppepennualbHOe ypaBHeRdme (MEHATh BXOJsllHe B HEro HapaMerpsl
npuabopa).

Haxonen, xorga morpebyercd mponsBectd pacder, HymHO OymeT Haxo-
[OTh permesde YpPaBHeHHA 4YHCJEHHO, BJech Teopusa obasama Gynetr mocra-
BATHL B PYKU HEKeHepa H (M3HKa METONE BO3MOKHO 00llee YKOHOMHOrO H
OHICTPOTO BHIYHCIIEHHS PeIIeHHI.

§ 2. JAHEAHBIE JACOEPEHINAJILHBIE YPABHEHNA
C NNOCTOAHHBIMU KOIOOUIUEHTAMNA
CyliecTBY0OT BaskHEe KiIacCH OOHKHEOBEHHHX Anddepennuanbuux ypas-
HeHRmii, oblllee pelleHMe KOTOPHIX MOMKUO BBIPa3uTh Tepe3 MNPOoCThe XOpoImo
naygennse Qyaknua. OFEH ¥3 TaKHX KJacCOB 00pasyioT JUHEHRHE OTHO-
CHTEJBbHO HEM3BECTHOH (YHRUMH M ee NPOMIBOHEIX (KOpogYe, IUHEIHEE)
mrpdepeHnUalbHEC ypaBHEHHA ¢ MOCTOAHHEIMM Kodppunmenramu. Takumm
ABnAoTcsA, Hanpumep, anpdepennmancunie ypasuerms (3), (6), (8), {14).
Jlupeirnoe ypaBHeHHe Ha3bBaeTCA 00HOpOOHEIM, ecM B HeM HeT 4YieHa,



