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AMMYXTAPOBYH “Uhver" OPAEN
M TofTNO EQATHRCH MATTHNA

ASOPEAJYAR PECOVENHKACK
. TPESHOERYRAER ®oPMAHN
AaepBajNanns enMHH B8 TBNCHNMH HRKMWEDEHAA-

Kol XMAMETROPMHE xepe ABayana WGpahum oFny Myx-
Tapoe "Wehpst" opagHK une TaMUd eaunCKM.

; hejasp B/MJEB,
Ascpbajvan PecnybnnKacsiibil NPOIHAOHTH

Baxw wehepn, 23 pexalp 1998-wu mn

HO30pH (pH3MKAHBIH OaHKCH, Ho3apH

3apbajuan PecnyGaMKachiHbIH KOPKOMIM (DH3HKH,
Asopbajuania

pusuka enMMHMH TOHpHCHMHZ® Bo MHKMmAd
CTAMpHIMACHHI® OejyK ponl  ojHaMblll  mpodeccop,

Pecniybmuka Enmutep

AKkaJleMHjaChIHBIH MYX6Hp  y3BY,

oMOKAap eaM xaauMH Myxrapos A6aymiali6pahum
OFJIYHYH 1998-un mn nexaGp ajpinbin 24-19 80 jamrsr Tamam

OJIITY.

AGIy/ua MyeJUIMMHH JyHja elIMHHO BepaMju Tehde
OHYH KBaHT €JEeKTPOJMHAMHKACHIHbIH japaHMa [IeBpYHI®
TOKING erauju pujasu merommnyp. By meron wox 6ejyk
Hyysa Manuk MoHorpadmMjanapa naxmi eawinb Bo KBaHT
CIICKTPOAHHAMMKACH! Y3DO MXTHCACTAMIAH MYTOXOCCHCIOPD
TOAPHC eAMIHp. MeTonyH oH 6ejyK YCTYHIYjy OHIAABID KH,
TebHOTI® Bo Toupybose mymahume onyHa GuiMajeon
NPOCECJIOPUH TaJlaFaH OJNYHMacChlHbl ©BBONYOMOH Meph
eTMSjo HMMKaH Bepup. AGpy/mia MyouiuM 6y MeTomyH

TOTOHIM Wi 6Hp Hox

IpoceciepuH Ta4upybene Mymahums

OJIYHMaMaceIHbl H3ah erMunup. A6xymia mysmium GyTyn
Oy enmu xuameriopune kxepe «lllehper» opmenu wne

TRITUG EMVIMMIIHD.

O, unmu me 50 un GyHIaH oBBAIKH

CHEPXH MJIO €JIM Bd TOHPHCID MOIIFYII OJTyp.
Abnyira M6pahHMOFTyHAa WaH CaFIBIFRI B9 jeHH

YEypiap ap3yJjajbipsir!

C. A RAYWBIJEB

Asepbajuan Pecrrybiukacs EA-HbIH
MyX6Hp y3BY, pusnka-pujasmjjar
eJIMIIOPH JIOKTOPY, Itpodeccop.

A.U. MYXTAPOB

KBAHT
MEXAHHUKACHI

AT MOKTOBJIOP YUYH I2PC BOCAHUTU

Asapbajsan Pecnybauxace Tohcun Hazupauju
mapaundan macoue eoumnnoup.

“MAAPH®D” HOLUPHIJATHL
B AKBI — 1999



Poa’j Bepawnop: Agzapbajuan EA-HuIH akageMUKH
HA. TYJHJEB
Aszepbajuan EA-upiH Myx6up y3BY
CA. BAYEIJEB

EaxmMu pellakxTop: ©husHKa-pUjasHjjaT eJIMIIPH JOKTOPY,
upoeccop P.X. MYPATOB

A.H. Myxrapos
KBanT mMexaHMKAachl. A MaKTo6Iap YUVH I8pC BacauTH.
Baxp: “Maapud” mHompujjarer, 1999. — 608 cah., mexkuIIm.

Ilapc BacauTu acacsH pecnyBIMKAHBIH YHUBEDPCUTETISPUHUH
¢pusuKa QaKynTONSPUHMH TassGatepu yuyH “KBanT MexaHmKaco!”
(hIHHH Y3pa TOKJIUG OJYHMYII IIPOrPaMa YjFyH ja3bLIMBIIIIBIP.

1604030000 — 11
M 1999
M 652 — 99

© “Maapud” mampujjarer, 1999.

OH CO3

A tohcun  MyoccHconopuHHH  TonaGonopd  yuyH  Tokiud  onyhaH
“KBanT Mexamukacnl” Kypcy Myosaugun ysyn winep bakw Jlesnor YViu-
BEPCHTETHHLD OXY/Lyry MYBa3HDPoaoD DCaChuia Ja3bUIMBILARID.

KBaHT MCXaHUKACHl MYACHD DH3HKA, Ki B9 OHOSIOKH CAMIIOPUH oCa-
CBIHBI TOWIKH: cuup. O, ejeMerrap 30ppouHKOPIH, ATOMIAPBIH B MOIEKYi-
aapbid MYXToiud hopokor opmanaphinei tabe oiyry 1aHyHay FvHIyIapsl
@JPOHHP BO MHKPOWIOMIO KeAOH DUIHKH, KitdjoB, BHONOKH B ¢. npo-
CECIIOPH TOATHE CTMOKIL) OILIAPBIN MahHiJOIHEY QjABIETALLIBIPMAL YUYH CIIMH
ocac BepHp.

Tobuoruo Kexon hop Gup upocec so Gair sepon hop 6up hauvco ene
MEHTap 30PPOMHKIIRDUH, aTOMJIAPhill, MOJCKYJUIAPBIH BO OHIApHH OHpaom-
MRIIOPHHHE  MYXTOM]  hopoxoT  dopvaapuHein  tasahypy  omtyrynuan,
MHUKPOAIOMI 6alt BEPOH 1POCCCABPHH KCAMIIMHK TOCBHD €Ion [aliynay)-
FYHIIYDJIAPbl  MAKPOCHCTEMIOPAD KeJIDH  alaloXKN  (POCCCHap YUYH  YMyM-
JBLUMPMBKIIO, KBAT MCXAHMKACHI, aXbIphidpuiapbiti 1abe onyty ravyHa-
YJFYHIIYIIIaphi alIKap eTMOjo HMKaH Bepup.

By OaxpiMuan KBantT MEXAHKKACHUIBIH BCAC TAHYH BO LPHHCHILIOPHHM
OuamMoK TeOMOT enMilopk CahoCHHID MUDIOJOH OPTA BO amM MOKTOD Myoi-
JAMMIIOPHM BO €IMH HIUMHIIODH yuyn uox pawubpup. Byny uosope anapar
MyouuHg, oxywyiaapa ToKIHG onytdau  “KBairr Mexanmkacoe”  KuTadbiiia
KBAHT MEXAHUKACHIHLIH BCAC FaHyll BO HPHHCHIBIOPHHK MYMKYH 1900D KCIHID
BO Calld ANILO WOPh CTMBJO HAIBILUMBILIABIP.

Kurabua rejpu-penjatiBUCTHK BO PEJJaTUBUCTHK KBANT MCXAHMKACHIHBIH
8cac NpuHCHIUIOpH woph oayHyp BO ommapeiH MyxTosnd MocoiosopUn
homno ToT6UrH BEpUIKD.

Bypaua myxtonud tobuowin xapuun cahonopun 1o'cHpHHO Ma'py3 rai-
MBI GUP BO YOX 30PPOMMKIIM KBAHT CHCTEMIIOPHH hopOKOTHEH 6jpaHMOK
Y4YH HCTH(ALD OJlyHar CTACHOHAD B rejpu-CracHoHap hojouaniaiMa MeTouy.
KBa3u-Kjaccuk Metol, Purcun Bapuacnja merony, Xaprpu-®okyn o3yHe yiia-
waH caho merody, cratuctuk Tomac-Depyu Metony, airabarvk jaxbiHIaMa
METOly KHMHM TOXMHHM METOWIap KeHuw 1oph onyHyp Bo owiapbin 60'3u
TOTGHITIOPH BEPUIMD.

Fejpu-pentjaTuBucTiK HO30PHjjOHMH OCACHIHBI TOWKII CAOH [Hpeuanukep
TORIM]M TOTEHCHA YONOPAOH KeuoH, NOTEHCHAN uyXypua, COEepuK CHM-
METpUK Ba Kynon cahesiopnhiie hopokoT eion 30ppoulk B €104 10 XOTTH
B9 Yuesuyny occuijatop yuyH aorur hosul eMwIHp; Iuyaiauma Ho3OpPHjjOcH,
toro Bo Kommron ethdexop, aucnepcuja, heimym aromy, Mypekkab (arFwp)
aToM/Iap Bd MKM aTOMJy MOJIEKYIyH (PU3MKHM XacColopMHMH ToWTWIHHIL® Mo
OHYH honnu yuyH jyxaphiua cajsanabIFbiM TOXMHHH MeTOUNAPIAH UCTHPAUS
OyHyp.




Kurabua pe1jaruBHCTHR KBAHT MCXAHHKACHINGIN OCACKLIHBl TOLIK:L . —doll
Hupak nosopujjocuiun mydoccon wophi sepuamuwiuip. Onyn Backow. o
PCATHBACTHK  €1EKTPOHYH HyBo cahocHHiokn hopokot, anovat 3ejesal
epexty, JIemO cypyluMocH KHMH MCO. 1o 1op orpadiel woph c.urniueip.

Myosind opra Bo ath MOKTOOIOPAO MILIOJOH MY, LIHMIOPLOH. DHIMKL,
KrMja Bo GHOTTOKM]a CahoTopuilo Yaibiian eaMH ILgiopIon o kirab.a
Maparianan AMKop oxyuysapiaan Kutad harrsiria o3 rkupIopHHu 6H1LMp-
Maji xahuw eanp. Dajuaibl TOKAUGIOP MHHHOTIAPIBII A To0YT 0/ 1yHauar Bo
KOJOUOKI0 HO39PY A'1bIHAYATLBID.

Kitra® nowpo hassiplanapkoH €3 ToHIMAM 1¢JLTOPH Bo Pajddlel MoCTo-
homiopu M0 OHYH KeJPHJOTHHUH JaXIILLIAWIMACLIHA KOMOK CTMHLI aKdIe-
vk Hopuman Fyanjeso, Asop6. EA smyx6up yssy Cabup haunijeso, 1pod.
Pocy1 Mypaiosa Myo: i 03 JopUH MHHHOTAAP: ILIFLIHG] orLpup. Kuraboin
haspipriatiMacnitga oMok copd eson Eamupa Barsipona Towokkyp e.mp.

l huccao

I'EJPU-PEJIJATHBUCTHK KBAHT
MEXAHHKACHI

[ CHN
KBAHT MEXAHHKACBIHA KUPHUII

§ 1. KBAH'T MEXAHHKACBIHBIH MEJAAHAYBIXMA
CobobJ/IoPH

Keuoit ocpun 80—90-ybl H:UIOpHHD 140D ToOHoTIO MYLahKiI oayhan
sk haucoop KIACCHK hU3HKa attadan Hjyron mexanuxkacet so Mak-
CBET CACKTPOIMBAMUKACH TaHyiulapsl vcachlHiaa nwiah oaynypay. O uenpo
Kopo GH3H oha1o cion @1oM MALH 30PPOMHKIIOPIOH (4TOM B MOJACKY-
JAPAAN} TOUIKHIL OYHMYLL MQULIOAOH B0 cahOiIopdon (Mocoion, ¢lleKTpoMar-
nut cahoen, rpasirrackja cahock o ¢.) nbapoatup.

Koracenk usika GaxnimMbliian Mau 3oppodnk Bo caho Oup-6upunton
ToOHOTUD KOCKHH (HoPLIIOHOH ML BAPIBIEALIP. 30ppeunk (a3aila JT0KaIH30
oaynyp, caho 1eo Oy xaccujo MalUK dejiil.

Ma.u norro ks 100y ciutian soppevnjnn hopokorin Hjyron mexanu-
Kac ioranyiviapeina tabeanp, onyit haipt hop anga BOBHJOTHHE TO JUH
CADH YY KOOI BO CYP OTHHHE (MMIIY/CYH) BEPHIMOCH MO TallbUIbIP.
Z0PPONHIHIE KOOPAHHATIAPLIBLIN BO HMITYJICYHYH 3aMdHial aCbUIbUILIFLIHGIH
TanpliMackl (Oy aceuiptin Hjyron o ja haMuiaton Ton/mksopubaun hosum
HAD AbIP) onyn hopoxoTy harrelitia Tam Mo SIyMar aiMara UMKal BepUp.

ATOM B0 MOICKY:IJAPIaH TOWKWI OJIYHMYID MAKPOCKOIUK YHCHMIIOPUH
XACCOABPH HCO ATOM B MOJICKY/LIAPBIH NOpoKeT raHyHIapsl W9 MyojjoH
o1ynyp. bamira cowo, MaKpOMHCUMADPHH XACCOAAPHHM TalMar yvyH OHy
TOWKHA €0l Bo OHp-OHPH WO TapLBLIBIIIB T CHPAD 0JaH aTOM B MOJIe-
Ky.u1apeim hop 6upn yuyn Hjyron hopekoT TeHIWju jaskliMatbl BO ajbitiai
AMhepeHCHUT TONIUK IUP CHCTCMU ol eiuIMoin HitH.

Hpuncunuo pujasi jepuno jetupwio Ounmoajon Oy npobaeM Maxkpouu-
CHMJOPHH XaCCOIOPHHH ©JPOHMOK YYYH CTaTHCTHK METOUIAPAAH HCTHQACH
WIO o3 onyinly. bearonukio, cratHeTMK (DU3MKa japaHMara Bo WHKWILagp
CTMOJo Baltas.

Cahorin tocsupH uco xejitn Mypokkob GUp MocooMp. Onyd hasibilibl
TO'JHH eTMOK ydyH Gaxbiian adua o3aHbiH hop GUP HOITOCHHID OHYH M-
TCHCHBIIHK BEKTOPYHYH (MOCOI0H, €/1eKTPOMArHUT cahack YUYH €leKTPHK BO
MAIHHT  MHTCHCHBIAMK  BEKTOPIAPBLIHBIN) THIMOT BO  HCTHIAMOTHHH  BGHIMOK,
JOTIH COHCYS cajaa KOMMJOTAOPH BEPMOK J1a3bIMUBID.

Ln



beronnkae, cahojo aanrasape: 1pocec kv GUXBUIBIPAB B OKCOP GUTHK
hauncorop (MbIFbIH - AndpakcHjockl, uHTepdepencnjace Bo hoTTa ay3xoTT
Ocjynwa jajpliMachl) HIUBIFBIH Aa/FdBaPbl TOOMOTMHD MATUK O/IMAchl Gaxbl-
MDLIHAAH jaxiwel B3ah onyna Guwmipan. MmbireiH tobuotnio onan 6y Gaxbiw
Makcseil TopoduHLoH e1eKTPOMArHHT HO3OPH]jOCH japadblianian conpa Jdaha
48 MORK&MIVHUM BU O KOCTODUM KH, HLIBIL €IEKTPOMArHUT JaTFATAPBIHLIH
XYCYCH LIOKIHIHP.

Jakain, XIX ocpun conyitta o XX oCpHil OBBOLIOPHHID MHKPOATOMIO
(aroM B9 MOMEKYLIapid) KeuoH rsuku haiiceaopin heprepodan Bo do-
PHHIGH OJPOHHIMOCH KOCTOPAN KU, Klaccnk dHsuka Oy hatucor1opun ia-
hbitiia 60jyK YOTHIIMKABPIO B SHILH]JOTI0PI0 rapibiaamsip. MUKpoaoM-
o KEIoH halnco1op kiaccHk dusnka 6axsiMbliiad n3ah onyna SHIMHD BO
OHI1appil w3ahbl YIYH TaMaMWI® JeHH HPHHCHIVIBD axTaphld TalMal 1a3biM-
HBIP.

O Baxriap OUIMKJAOPHH IAPLUBICEIHAA HKH OCAC HPOBIEM — MaLteHHH
RO MEKPOCKONHK TypyayIIyHy ajiblulaunbipMal BO MAUH 30PPOUHKID-
PHH Oup-GUPH WIO BO EIEKTPOMArHUT Cahotk WO 1APIIBLIBIAKL T CHP ra-
HYHYHY TanMar npo6nemaspH Lypypiy.

Majutonnn aToMap rypy:yla MaIiK OJMAcChl ToCOBBYPIOPHHUH MOhKOM-
JOHMOCH 11D JAHAWR! €/ICKTPOMArHUT lIyaiaHMa -harrsiiuaksl GIINKIOpHH
ABPUHABIIMOCH TipocecH Oawt Repupuau. 1895-uM o 40X rblca Jairasin
PCHTKEN 1U0YARapLIHBIH KSWMH BY OILIAphIH KPHCTALIAPAAH UubpaKcHiachl

BIH A1EaBAPE TOOHOTD MATHK O/IMAChl TOCOBBYPAOpUNH Jaha ia meh-
KOMEOHIHPIM. JIAKHHE MUILIFBIH UHCHMTOP TopodHILIOH y1yaMacsl, Bypaxsii-
MACH BO COMIMIMOCH [POCCC/RPHHUE TowpyBu oslapar hoprepodnu ejpoumi-
MOCH 80 wlbiHAH HOTHMOIOPHH KAAaCCHK HO3OPH{JOHMH KOMOJH WO H3ah
eANIMD ohIOPH TOUPYDS M0 HOIOPHjO APACKIHAA WIK 3HULM]JOTIOPH Mej-
AaHa YbIXapikl.

Maie Wito Tapasibiria o1an e1eKTPOMATHNT Wya1anvMala (HCTHARK [uya-
TIAHMAChl) BY j& MYTIOT rapd WHCMHH WYATaHMACKIHLA HHTCHCHB M TC3 MO
KOD® [1a14HMAChl (CHEKTPAN CHIXTLIFBI) OJPAHHIOH 3aMaH KTaccHK (HInKa
WK Do/ieliMes YoTHRIBIIO rapiabiiauribl. CleKTpal ChIXILI YuyH K1ac-
CHK (DM3HKAHBIH YMYMM HPUHCHILIDDH SCACHIHAA aTbIMBILI HO3OPH AYCTYD,
TOUPYOH HoTHuweEPH Tam usah exe Guamoaun. By wotmmumjn homn ermoek
yuyH 1900-uy wnue Iliank wyatauMaHbiH Mau® Mo KIaCCUK rapiublibiribl
T8'CHP IaHyHyHUaH UMTHHA eTMonu oty [lnauk ¢ops eTau K, wyanaHMa-
HBIH Mato TOpaQUHAoH yiy1y6 OypaxbLiMackl, KjiaccHk (hM3MKaua wWiuiua
OJTYHILYFY KUMH, apAaChIKOCHIMOIOH jOX, AMCKPET CHEPXKH 110pCHjanapsl 5o ja
HUIbIZ KéaHmIaphl WOKANH LS O6aw sepup. [11aHKa KOpo KBAHTBIH EHEPXHUCH &

IYaNaHMaHBIH Re3uJH V Wio MyTovacubuup. &= hv = hw, Mmyrenacubauk

omcanel i — Tlnank cabutn awnaiwp. Ouy YJFyH LWIBKWILI® CEUMAKID
34 N

(h=6,63-10 " Y.can). Ilnank cuexTpan ChHIXIbIr yuyH GYTYH TteMnepatyp

obnacThinga Toupybe IO jaxUis! YjFyHIy! BEpOH alUuarblLiakbl ndateHH an-
MBILLIBI:

6

ho' \ \U‘ _ h .
plo,T)=—" -1 h=—=10510" ¥ can.
e 27

Oypaila @ — ULWbIFbIH 1aUPOBN Te3iHj1, T ~ MYTAOr TeMnepaTypiyp.

@oroeddekr Bo conpaiap Komnron edekr hanucesepnie Mywahuie
OlyHaH TaHYHAYJFYHIyI1ap ia KIacCHK (DU3MKa Y4opuMBOCHHL® w3ah eqiio
Gumoun. DOTOePHEKT ~ MAUUBHEH Y36PHHO AYLIOH HIUIBIFBIH OHUAH CCKT-
ponsapst ronaphid ubixapmace hagucecuuo sejumup. Toupy6o KOCTOPHP KH,
4bIXaH CNCKTPOHIAPBIH  Ca]bl MILUBIFLIH  MHTEHCHBIHMM WO MyToHacHbup;
ENEeKTPOHJIAPBIH CYP'OTH MCO HHTEHCHBIAHKUOH jOX, jalHLI3 MIUBIFBIH TE3IM-
JUHIOH aChUTBUILID, NOP UCTOHMIOH TeIMMKM ML hoToeddekT japata Gui-
MUD (POTOEPDCKTHH TBIPMBI3HE COPhaM) BO €leKTPOHNAPbIN UBIXbIL AHK
MLUBIFBIH JYIUMO aHbl WIS CJHUUMP.

VIUIBIFBIH 1aFaBaphl HPOCCC OMIYFY BO MaWIe TOPOMUHUOR KOCHAMOLOH
yaynayry 1o0yi1 elowico, dotoedbekTHI catananal yu xaccocHHH m3ah Mok
MYMKYH onmyp. Jorpyaan ua, 6y hajita enexTponyl cyp ot MHICHCHBANKIOH
achlIbl  OAMAIBL  HCTOHWION  TE3NHKIM  wyanap Qotoeddeks japarmansl
(EHEPKMHM KOCHIMONOH YiAH €1eKTPOH KiajoT ronop enepxu Tolliajanaan
COHPA MAWIOADH KOHAPA YBIXAD) BA CICKTPOIYH YbIXbIIL 2HbI MILIBIFBI JYLIMO
aHbl Y30PHHD UYILIMOMOIN HIH.

®otoeddektio Myinahui onynan ranysayjeywiyrapsl usah etmok YUYH
Ejswrrejn, Tlnankuan upoan kesopok thops etun K, JATHBI3 MILBIFEIH YIYAYE
BypaxpLimMachl NPOCECIOPH JIMCKDET  XapakTep HAIUbIMBIP, HUIBIFLIH O3y U0
AMCKDET Iypy:1ylia MaIMKAWD, O KRaHTIapan — otoiapuan ubapotp ro
hoMmun xsammiap &= hv enepxucungon Gawra hepokeru neruramor o
. &

JOHOAMHIL p = — nMilyncyua Ja Manmkanp. Ejnwmejua kepa doronyn kop-
c

MyCKysl (30ppaBH) XapaKTCPHCTUKANAPhl ONlall eHEPKH £ Bo HMOYIC P WD

OHYH (HMLIbIFBIH) [a;TFABAPBI XaPAKTEPUCTHKAMADH! Ol TEIHK V BO lailra

y3yHayry A

e=hv=hw

p = hk \Eum\w (1.1)

MyHacuGoTa0pH Hie Garnbublp. Bypata @ =27v . v - xerru TeWIHK, k ~
daFa sueuuump.

By dopinjjo ecacbiiia Ejnurrejn  doroedextiao mymahuio OlYHaH
TOUPYOM ramyHmapsl 40X acaimirna miah ego GWLLM: WLIBIF eHepxKucH Av
OllaH poton cemu wWoKAMHIG hepokeT equp. DoTow, MOCRJIOH, METaNIbIH
CIIEKTPOHY Y39pMHO AYLWIAYKI® O, tbotony Oyresiykie yuyp Bo hv rofep
CHEPXH aplp. MeTanbl TOPK €TMOK YUYH HCo CNICKTPOH A FoiU8D YBIXbILI HIIH
KepMonuuup. Bypanan YbIXaH €JIEKTPOHYH KHHETHK EHepXKHCH
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mv’ y
———=hv—A onyp. hop Merar yuyn A cabur KoMMjOT OLIYFYHIAH

2
EAEKTPOHYH KHHCTHK CHEPKHCH (CYP OTH) JWIHBI3 HUIBIFLIM TE3THJHIION achl-
nuo-
Akl oayp Bo doroe@eKTHH TBIPMbI3hl COphOLIM YUYH T 0 woprigaion

hv, =4 amisip. Temoan, dortoedderri janinz AV 2 A wopruiy edojol
ML Japada 6unop. byryn Oy wianaiap teupy0olo TaM TOCIHT O 1YHMVLLLY.
Hupirei hoTor:1ap cetnngon wbapor omnar depiijjoc Kosirron ed-
chexkruun ao ram v3ah erMojo uMmKan pepup. Komurron eddekr — penTken
IYAAPHIHBIH - aToMia 30Md BarianMbl (CopdocT) CICKTPOHIAPilaH Collitl-
MoCcH hagucociaup. KOMITOH COIIMIMOAS CONMION HIVAHLIH 1a(Fa Y3YHIIYFY
A’ aywon wyanoid gamra y3ywiyry A-gan 6ejyk oayp o 6y Al =A'- 4
hopri AYHIOH LIYAHLIH  TEIIMJHHAOH  ACBUIBL  0JMAJbib, LIS  COLHIMO
Oyuarnl @ (IydaHbIH AYLIMO B COLMIMO HCTHIAMOTIOPH apachiiiiaksl Gywar)

.. , h .0 . h

WA 1o i oaynyp: AA = —— s —  (Oypada A = —- — KoMnroi atra
mc 2 me

VIYICIYFY  aulalblp, M~ CAEKTPOHYN  CYKYHOT KYTIOCH, € — MWLl

cyp otHanp). Connion XoTIHH HHTCHCHEITHIUIG KOLIMKILO HCO 0, dFbIp aTOM-
Jap topodho KeTuMKyYo 30HdI0jHp.

Morona cHepxkRyU BO UMIY.ICY (1.1) 110 TO JHH CAILIMULL 39PPOMHK, HILbI-
FBIIL COPOOCT  CACKTPOHUGH COMIMOCHHY  HCO  HKM  30PPAMHHE  TOITYIUMA
HOTHYOCH KHMI Gaxcar, jyxapbllakbl hop HKki daxT acaciniiia wiah onynyp.
Horpydan Ja. 30ppoMHKIOPHH TOITYHIMA IIPOCCCHILIDY CHEPAN BO HMIYIC cax-
Aausip. BICKTPOHYH aTOMIAKBI CYP OTH . ¢ HILBIL CYP OTHILION HOX KHUHK
OniyFyHla. OHpHIUIL jaxblilamiMaia OAllIAHEBIMIA OHY CYKYHOTIO 90y

eok omap (£ =m e, p =0), Dorouyn GalaHrey 5O COH CHCPKHID-

pun fio w0 ', wanyncaapuiam ik oso Bk’ . Tonvo caexrponyn cnep-
Kienn £, umitysncylry P mio minapo ercok (wokui 1), cax1anva rabyiriaph

mc +hw=ho' +E (E=\cp +m.c) (1.2
hk =hk' + p

KHMM jasplibip, Oypalan HCo acaninit1a, A4 yuyyH jyxapeiiakbl udaso asibl-
neip. ConuiMe CHEKTpa!l XOTTHHMH MHTEHCHBIMJHIMH a3a1Machkl ueo Qoto-
HYH aTOMUAKBI €JEKTPOHTA joX, OyTes artoMia TOITYIIMa HOTHYOCH Omyp.
Mo ymiyp ki, 6e1o c1aCTHRH TOITYIIMaAa (POTOHYH TEXTH]H [B]HLLIMHP.
Benonukio. eneKTpoMariiT Wya1aHMa (MIIBIT) HKHIMK XapakTepHiio —
HAIFA-30PPOUHK (KOPHYCKY:T) AYATHIMHHO MaIHKAHD. Audpakceuja Bo Hitep-
thepencuja haiuconopHHUS WIIBLIT @3YHY A&41FABAPBl NTPOCEC. TAPAXILILIAKDLI
luyananMala, aToMyH yayaMa Bo myabypaxma tipocec:iopuiio, goroeddexr

8

Hloki 1

cophoct cieRporgan cotmnocn (Ko ron cchiher .

o Kosmirron edert hanmcoiopmiiie neo o3yny 3EPPOULKIOP (hoToIL1ap)
celn KM anaprip. HUiblr 1o KIICCHK. 30PPOMBRIOR Celynm. Ho 1o K 1ac-
CHK LUFIAPLIN. CYHCPHOSHCHACHLIBIP. DOTOHAAPHIN TOOCIOH ol OCH -
ADCRPAILLL @RI HPPAKCHIL MOIBOPOCH 0 saman sah olyivp K Co-
MO HPOCCCHILED FO(DOC A]PLI-ajphl JaPhiiap oK LI jOX, GYTOR YR 10
HUITHPAR CTCHE, JOTHH LI 1Ohocion airwiap KuMil ¢ Cull, CKpaita
HCO 3OPPUMHKIOD CeAl KIMB AYINCYH, Dawra costo, ¢l 6up npocecto
MBI hOM Laika, BoM 10 30PPo Xaccoa0pri MK oiicyi.

KIaeenk HOBOPHIOUIE TapIubulailyiblis] UKHIMM OB YOTHILTIK 0P Magt-
AOHUI Typyayuly npodiemi uno onarogapusip. Kaacenk  nosopujjojo KOpo
OYTYH MOLIOIOP aTOM BO MOJCKY1 adiatali KOPHYCKY:LIAPAa TOIKHI Oilyil-
MyULYD. ECKTPOHYH KotthH, KHMJOBI CACMCHTIOPHI ATOM 1APLIHbII MYpPUK-

KOO TOpRIGAN (@ ff B0 ¥ ) pamnoaktus myaiap Gypaxmach thakTapbittal
LILIHLIPALL KIHL aTOM MYPOKKOO LYPYIYHIA MATHKUP. ATOMYI HCJTP@ LTI
QB0 ff - wyanaprinin neo. yjeyn onapar MycGot po MOHDH CCKTPHK JYKY
AQWLIMACHT. - aroma Oy JyKAODHIL HajianMa ranynyny ranvar, jo'in onyn
PYPY:IYLIYIY MYOJ)oll CTMOK 1POBACMUIIT 1apislja 101y,

Arouytl wik mogen 9Tosmeon ropodiinion ToKIMG oayimyiay. Tom-
Cota KOpo aroMiaa Mychor Jjyk onyi 6yryn houmu 60jy Kociuimoaon Hopabop
HAJIANBIP, MOUDH JYKIOP HCO ONYH XML GO0 e36atuniia Hypa-
XBLIMBILE TAlbIl KM Xa0TiR hopokoT eamp.

PLMOARTHBANIHE KOWDH, JHKOD TopodUol, anisiopo atoMyn rypy.y-
LIYHY TOATHE CTMOK YUYI KYWTY BacHTO Bepau. Pammoantus creMenopi
OYPAXABIFBI JYKCOK CHEPAILIN @ -30PPOdUKIOP ( onap hipoken aromyian
TOXMHHON 40D 400 aFbIPABIP) aTOMYH TYPYIIyLIyHY ojpolMOK yayh 301
POIYHY OJHAALL. @ -30PPOUMKIOPH MYXTOlHG ClIeMEeHTIOPHI ATOMIUPBILAN
ConMok joiy 110 Pesepdopa atomyit myacup Mouesnin rypa 6. Pesep-
opua Kepo aToM, MOPKOIHIL JePIOLIMUIL KHUYHK onuyy (107—107"7 cw)
MYCOOT jyKiy nysogon B onyn  erpadbinia toipaanan mongu jykiy
CICKTPOILIAPAAl HOAPO TP, ATOMYH, JIEMOK 0nap KH, BYTyH Kyrioch Onyl
HYBOCHHIO TOIIANMBILLABID.

Japanauirol WIK Kywaon aromyn Pesepcopu moueiin Myhym yoTinukop-
10 rapubiiauel. Enekrpowiap wio nyso apaceiiuaxsl Ky:ion FAPLUBLLIBILI
TO CHpioH Gawira, oHaphiil CACKTPOMATINT cahoch WY FAPLUBLILIIIR T0' CH-
PHIR 10 nosopo ancar, JIOPCHCHH eAKTPOH HO30PHjjOCHHD Kopo, HYBO @T-
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padbiila 1o 90 hopoKkeT etoi o
hopekeTUMp) eneKTPOH TEXHJH quip’
HUT Ja7FA14pbl WY& TaHUBIPMAILLLLID. HOTHUOCHILLG  GIYH KhHCETHK
CHCPXKHCH TOUPUYOH a3a71d4p BO HYBOJU jaxbuiiainapar OHyH y3opHuo ylep
-— aroM jdajaHrriel 0iMas. JuKep rtopudaon ucee, MalletxH OypaxMa Bo
yiMa CHEKTP:IopH KachiMO3 (0yTes) crnekrp onapibl. Toupybo Kectopup KH,
aTOM J1aJaHbIIIBLBID BO aTOMAAPLIH (MaLtoHH) 6ypaxMa Bo yaMma ClEKTPIIPH
XoTTHIMD. Moconon: oH caigo atoM o07aH hHIPOKEH aTOMYHYH CHEKTPHHU®
1 1
Mylrahuio onysan CriekTpal XainopHn resluKimepd V= R(— - —) ayc-
nooom

Typy W0 1o jun oaynyp, Oypata R~ Pualepr caburi, 7 8o m uco tam mycbot

QUOUIBPAUD (> 11).

ATOMyH rypylyuly W19 91aroiap 3MUM{JoT/IopH hei eTMaK ydyH Moll-
hyp HanuMapka atimu Huire bop MUkl KBawmiapblHeii MOBUY) 0.Machl hu-
NOTE3HHU TaMmaM/ajaH WKM nocTyiar upoau cypiy (1913). Bupunuu nocrty-
14Ta KOpO aroMap CHCTeMIIOD JaTHBI3 MYQjjoH CTACMOHAp 89 ja KBaHT haiia-
phiHla ona buaop, Oy hannapua cucremun enepxucu E,, E, ..., E, ... KUMH
AMCKPET THJMOTIASP alblp Bd €NeKTPOHIAphlH hopokoTHHO Baxmajapar aToM
Oy haulapia eHepxy LIYATAHABIPMBIP. ATOM janHbiz Oup cTacHoHap hasian
AMKOpHHD Kewunkle, Oy haiapeii eHepxuinepu ¢opruHo Gopabop enepxu
yayp Bo ja Oypaxblp. EHEpXHHH ja WIIBI KBAHTH! WOKIHHAD IYANAHABIPHID
8O ja Ja TOITywlyry Oalira CUCTeMd BepMoK/Ie urupup. MKMHuUM nocrynara
KOpo KEYMil 3aManbl OypaxbulaH Bo ja ydylaH KBaHTeln V Te3nuju, Bopyn

V= ———% Te3/MKIOP FajHachl Wi T3 juH onyuyp. bypaua E,, E, — n Bo

m HOMPO/IM CTaCHOHAp hannapbin eHepkucH, i — [lnauk caburunmp.

by ¥ku nocryiar, jaHpoeBd Bo €JUIMITHK OPOWTIOPHH KBAHT/IAHMACH I4)-
Jaiapbl Wi OMpAMKA® hMADOKEH aTOMYHYH cTacuoHap haniapbipii eHep-
Kucuuu hecabaamara, Purcun kombunacuja npuncununn, ®pank—hepe Tou-
pYOOIOPHHMH HOTHUOIOPHHM Bd aTOMap CHCTCMJIBPHH CHEKTPIOPHHUH XoT-
TWIXJUHU W3ah eTMjO UMKaH Bepuu.

Horpyaan na, Mpank-hepc ToupybacHHilo e1eKTpoH1ap YMBSHKUH Oyxa-
PBIHIAH KEUUMKI® UOBPOID KOPKMHIMK apTUblI¥a 9BBOI WoPIJaH [IMMOTH
apteip. Cyp’oToHoH eJeKTPOHNApbiH eHepxXucu 4,9 eB, 9.8 ¢B, 13,8 eB  Bo
M.a. TMjMOTIOPO YaTibirla YopPojaH IMMASTH OMPUOH-OHDPS KOCKMH a3anbip.
By oOHa jonaneT eidp KU, €JeKTPOHNAD YWBO ATOMJIAPHl WO TOITYULIyraa
aToMJ1ap, EHEPXKUHUH JyXapblid KOCTOPWIOH MMjMITISPHHAS OHY (EHEPKHHM)
Oyrepnykuo robyn eiopex hojouannansip. EHEpXHUCHHH HTUPMUIL €1€KTPOH-
JapblH JapaTAbIFel WopSjaH HC® KOCKWH 3ouduiojup (wekun 2). By na wuso
aToOM/IapbiHbIH  €HEPXUCHHMH JATHBI3 ChIUPAjbIILLIA QUIIAHJHHO  ASAA19T
eaup.

Jlakun Bop Ho30pujjoCcH TaM KBaHT Ho3opHjjecH lejumid. Bop He3epujjo-
CHHU® €JeKTPOHYH artomiaksl hepakertn Hjyron hopoker ToHnukiIepu une
TOCBHP OMyHYpALY, OHYH hOIIMHAOH alblHMBILLI COHCY3 cajila TPajeKTopHjanap-

10

V=49 V=98
Wokun 2. ®pank o hepe ToupyGocuuun HoTHwocH.

Aali, OPOUTIOPKHI KBAHTIAHMACH! TajA@1aphi (EMITHPHK HaxHi EUMIIMHULL) BCa-
CbIHAA CTACHOHADP OPOMTIOP ceunnupan. OpOUT aHnajLiLBl UCO KBAHTIAHMA
rajiaiapbl 1o GHpKo MeBuy ona GuIMo3. 3oppounjiH TpajekTopuja 6ojyHua
hopoxorn seankio end hopaker Gawa aywynyp ku, hep ucronunen auua
OHYH KOODUMHAT BO MMIYJICY M®'JiyM ONICYH BO OHAp 3aMaHa Kepd KoCW-
MOUNOH JojHiicul. OHLA 30PPOUMJHH CHEDXMCHHMH CLIMpajblLUia JRjHILMD-
CHHIOH JMQHLIWMAL 0/IMa3, YYHKM TpajekTopja Gojynva hapokotue cHepxky
hoMHIIO KOCHIMBIOH 10 JHLIMOIMUHD.

Bop nosepujjocu cnexrpan xomiepun umrencusnujuimn hecaGiamar, YMy-
MHJJOTIO OYTYH CONMIM® NPOCECHOPHHH TOUCHT CTMOK, cracHonap hanua
O/1aH €JICKTPOHYH CHCPXH lilyanaHubipa GriiMoMocH coGobopHHy ajibiHiai-
ABIPMAr, MYPOKKoO aTomnapeiH ctacHonap hamnapninel hecaGnamar Bo n.a.

KHMH Moco/1910pHt hoiutniige apanan ranusipbina 6uamajon YOTHHIIMKJIOPIID
pacTianipi.

§ 2. JE-BPOJII JAJIFAJIAPBI BO GHJIAPBIH
DA3A BO I'PYNI CYP'OTJIOPH

Bop :mwon::.wo::nm MejilaHa YbIXaH YOTHHAHKIOPH ho/ll eTMOK Mercaiu
HI® sie-Bpojn MIbIFEH ToGHoTHHI® Mymahuuo OJIyHaH lajIFa-39ppe Hyalus-
MUHUH Majii 30DPOUHKIIOD YYYH U® HOFPY OJLIYFYHY HIMAa eioH hunores
upomu cypuy (1924). By hunoreso wepe 39PPOUHKIISD KOPIYCKYT Xacconop-
715 JaHalIbl Ja/FaBaphl Xacce/Iopd 10 MAIMK O/Matbltbp. Baiwra cesne, iai-
Fa-30ppo 1lyanuaMu MUKPOOGJEKTIIOPHH YMyMH XaccosopHHu ndald eanp Bo
0, MalH 39PPOUNKIIBD YYYH UD JOFPY ONMATIBILBIP.

He-Bpojny 6y dukpe ketupen hogocH ontika e HjyToH Mexauukach
apachiHIaKbl OXWIAPABIT ONMyLILy. Me’nyMiyp K, KAacCHK MeXaHHKaHbIH
Majuu Herto, .%Nc,nﬁon_\c.m, hapokeT cyp’otn, U(x,y,z) nprencuans cahous
hopekar aHnaJBILIIapbiHA hoHuecK onTHKana yjryH onapar, nanfa nakerh,

1



IMd OMCLILL #1020 1a MyhHTLe hopoRaT aH-
,
e . YN ; S W . Cer ey 1y g Gy A (f
NP tapiibt boJyayp. KOaccHR MeXamiKa @ 1o CHp dianan S= .?%
o

rerpatnl (4 sexannxit cueresinl JTarpaiiR YHRCIUCHLIBIP)  HCTOHM 1O

Wy, TPy Cypa

MOXANHKH CHCTCMHI HKH ¢ Bo B HOrTu 0P apackiitiaknl horni :cvcz:._.:
VHYH CXCTPEMAT THIMOT WibIp, jo i hopororin hornri TpajerTopHjachl Ho-
Jvivd ony
LOIOCH ONTHRAL _td WIYd BAPHACH]A UPHHCH i oynyp. by
et epama HpUBCHinG aLannp. Mepya HPHHCHITHHO KOPO b MKW d
Bo A HOUTOIADHHH ORPIDHLIIPOIL JO. L TapAal (LY@ Tapiall) cloCHing CeHnp k.
MO MYLLOPH OB KHYHK OCICYHL JO I LIYaHbIH OTHK
viyn Oatl a5 COHYHAURES thasaap

Hiw

O oL

JOAVIVIE V3VILIVEY B0 JAXY.L OHYIL
"l

dopin Ap =@, —@, = MIHEMYM  octevin bypatan

: |

;\A,

0 UBIXBID KHL

ik oo Bojvieea A - papHacijack cuicppa Gopadop.ip: @.Ar\_%v =0,

BYPALL S ONTHK JOAVID YIYHAYEY, A 1 ¥3YIayry.ayp.

BolLfoch OIFFHRD THLRIFLT BYTYH XaCCoOpiing (MocO101, irrephepen-
eija. mdpakcnja) msah o OHIMOIM]HIO KOO 11ra ONTHRACH {Me].1aHa
GLIXLIP BY HOX TBICA AIFLIAp YUYH 1A1Fd OUTHRACHIHBIN _,E_<:E_:£_._.( apbl
ROILIOCH  ONTHRANDI  (AHYHAYJFYIIYIIaphl  y3opitio Aymyp, jo'i hoistocn
ONTHEZ S TFa ONTHRACBIBIN JTHMUT haibt o:1vp. KOraeeHK MCXanKalbin rot-
OHUHILIOKH MO IV]JOT (ATOMYH JIAXH HAOKH r;?:::: ToThur oayna Oul-
vostocH . te-Bpojivin ukprivo, MaLonii hop wyp BopokoTHHO ToTOHI
OV BILTON BO JTHMIT DA HIHAA, JOTHI TBICA JUIFLIap YHYH KTaCCTh MCXdIH-
Kajad RCUUH JCHIT MCXAHHR@NBI — [ TFABAPhl MCXAIHHKAHBIH MOBUY.L O-1Md-
MACDL HIO @ 1ATOAAPLbIP.

by My.Lioa ocachiria 1c-bpolit enepanen £ iMinyicy P Odn 3oppodll-

Jun copboct hopokoTHHN

ki

Y(F. )= Ae ' (2.1

MYCTOBI MOTOXPOMATHE LATFL D OIA10 0 IHPMOJH rox g erviuLp. de-
Bpojitd Kopo L Hanbil XApakTCPHCTHRA 1Pl 071al @) TeUIHIH BO K Ltk
BOKTOPY IO JOPPOUM HIT XAPaKTCPHCTHRKA1APh 0J1ai £ elepAreH 8o JIARTIVE
Hy.1CY apachiilakpt pabnts, Ejuuirejuin Hbll KBaT1aph (poroitaphl) yuyn
Tokg e (1.1) AyeTypapbiiid OXIWap AYCTYPIAPIA BCPHIMO NP
E=how,
o)
- = R 2T
p=hk soja|pl=""h. (
A
Bypaia A —a'va y3yniyry.1yp so (2.2)-10 HKHHUH AYCTYD Ac-bpojit ayerypy
ALIANBIP.

2
(894

12

BAPHACH]ACE CLIPLIP 0:AyPr O8 =0 01l KUK 10 CHP HPHECHITN.

i VL PP PP a QS ) )
(2 2bwniemitato b, (2.0)-00 @ Bo k-l E 50 poLio oBos eTCoK

:\.\\‘:.

Wirt)y=Ade " * (2.3)

arappit. 3oppowigin £ XAPAKTCPHCTHRLTAPHT W10
A@TFUIApb le-Bpojir i rataper anannip.

_wuzf\..,_,,,._z Jagplitan (201) MBI G@iranapsl o soppounjii copoct ha-
POKOTIING Y]ivil (2.3) sie-bpojir aawatapht apachingakst sahupi oxiwapiiva
DaxMajapar. OHpbit TOOHOTH B0 AMILIMTYUIAPLINLIN . XACCOTOPH  apachiiLia
bew Gup YMYMILUIE Jox.1yp. Ona Kopo o, (2.3) awiva iapuinnii %:::/: Ma-
hujjotn ::. HACLH) O1ITHK Adriapei skl Mahujjorn 1o Cjun Jejuiup.
by socuiojo 0ms §4-10  roxyhau:
XUCCo. 1opH W Tanbi ocar,

He-bpopr amaapn

mnooivaan (2.3)

ar. Mg neo ae-bpoja dasraiapninbii

ithasa cyp otinm o jnn eaok. Masa cyp ot dua-

:_ :
sanbitt @f - kr = w (L1~ PF) = const FHJMOTHEHE (D030 JePAOJHILIMG cyp -
, |

QTHHO @C?:@CU»::J. Ca0/ MK YUY X OXYHY Ll TEdHbIH _ HLIMA HCTHIA-

MOTHILLD JOHOITCOR, U dase cyp orn Edt — pev ~ 0 tonninnion 1o jun

o:1ynap:

v = =2 =T (2.4

Bypaitan wepynyp xu, ac-Bpojit awirvaiapiinnin :s hasa CYp OTH HHIbIT
CYPOTHHLOH OOJYKayD. mv\ heu S HUCOHNUK HO30PHJJOCHHHH TOI0B10PHED
s e umnp. Wasa cyp’orn roupybogo eiuyio Guimup. Ony oMokl
orpy 6yryn dosa Gojynua jajblLiMpILL MYCTOBH jantaiiuin thosaniin hop hancn
OUP HOITOCHILD  (ha3aChINbIN THJMOTHHM 1Cjil CUNE, AXBIPBIYBIIBIL . hosiia
JepuojuimocHiy Myiahuiao etMok nassimtnip. Beso Gup OMOAMjjaTEl Oup
Aaira ha'tbiga anapmar MymMKYH acjuianp. Ony hosala cjHi saMania jajblian
HKH B0 MKILWON 40X JaFa1ap yuyl (aaraiaphin nirrepdepericnjach) anapmar
o1ap. by wuco rpyn c<1.c<_,: A1) BILLINA KOTMPHD (awaent Gax). Jukop
Tapouon, daza cyp ot Zﬁ::Lc HO CHIHAIBIN JajbliMa CYP'OTH, HO 10
n:o?x:::: AQUIBIIMA - CYPTOTHHH  XAPAKTCPH3O €TMUD, jo'tH 0, ciao Gup
rskkn Mo naja Matuk e ump.

Cop6ocr hopokot hattmiia 6eio ae-Bpoji sanratapeiinin o dasa cyp'-
4

Ot K anra vaodsigon ACHUIBLIbIP:



{Oypasa m, — 30pPOMHUjMH CYKYHOTUOKH Kymiacuuup). By wuce :o-mno,_”
Y e -~
AANFaTapbiHbiH, HLIBIT anFanapbliiad (Peprvid oslapar (MILbIT 4aJiFanapel y4y
v =c¢), bow (azana 1a JMHUCTIEPCHjaja yFPaUbIFbIHBI KOCTOPHP.
’ j ; 8T tanar. byHyH yuyn
Unam 10 ae-Bpojil panFanapblHblH rpyn cyp @THHH . by
JATIFA DUOUM YOX KHUMK k — Ak <k <k + Ak uHTCpBAIbIHILA THJMOT anaH
4 \e o
dT eTIH] ap3 ellc 1apblt
A@IFa TPYNHYH X MCTUIaMoTHHUO hopokaT eTinjutu %c? eUoK. O:MMWE
HHTepdepeHCHja eTMAIIBPH HOTHYOCHHIY albIHAH JEKYH jalra (uatra na

k, + Ak

Hixn= F A(kye "™ " dk

woKHe  onap.  k—4k, $OprH  4ox KMYMK  omtyFynian (k) -nbl
* . ) o
Ak =k — k - LIH YCTiIOPHRO KOO Chipaja ajbipar

o

o

do 1 do 5
) = S - —) (4Ak) +...
(k)= e:ﬁi% ), dk + NA%T ), (

Owia k-um k=k +k—k =k + Ak woxmugo jaswb, A(k)nbm k-ja

KOPo 390H) ADJULLUHJHHH HO30PO aJIcar,

o014 1k ¥ Ak ‘?H\\«MTL _;
Y(x,t)= Ak ))e "™ .qsm dk =
d
sin | ( M\vll.« TS . o
=2A(k) Mw —e MR = A(x, e
()1 -x
dk

j hecabrina x Bo 1-jo
: : ‘ =w(k ), Ak -HbIH KMYUK 0JIMACH]
anbinap, Oypasa w, ( cV o
KOpPo OJLIYr¥a jaRaul LOjUILIOH A(X, 1)KOMH]JOTHHO MOHOXPOMATHK lalFa
dw ,
¢ =(— uHue on 6ejyK (Mak-
amMmanTyy kumi 6axmar onap. O, X = ( " ),! HOTTOCHHL JY

CHMYM), OHUAH KOHApUd MCO Cchipa jaxblH THJMIT l1bIP. AMIVIMTYLYH 6y
MAKCUMYM THJMOTH (po3aia, JoIHH KH,

x_do

O T

CYp'oTH WIS jepHHM J9juwep. by cyp'er AaitFa TpynyHyH OMpKD jajbliiMa
cyp’otd onyd, rpyn cyp’otu ajiansip. Je-Bpojn panFanapei yuyH
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5 dw dE d MrIw;H 5 4 n.u\w
T = T i —— C moe = —— =
PUdk dp gpVOP T ==

o11yp, Gypaua v—-3oppounjun hepokeT cyp'ornuup.

Aemanu. ue-Bpojn HarranapbeiHbin rpyn cyp’ot MHMKPO3SPpoUHjiH  (o-
3alla hopekar cyp’oru y3epuue aywyp. Hukop repodusH, 3ODPOUMjUH OJ1-
IY-TOpH CONITY O:AYFYHAAH OHA rapLibl rojynad janranpii euy/Iapu Mahuyi
OIMA@IBLILID. Bypasak gbixbip K, Oupunan Gaxbiuia MHKPO30ppaumjo Te3-
ARKIOPH OUP-BUPHIG YOX jaxbi de-Bpojn panranapuibin TOTIYCY, o HU
ALLFL BakeTH KumW Oaxmar onap. Jlakun Oy wuma Kyugonuk Mywahniajo
annp. de-bpojn aaranapu horra 6o Posaua gucnepcujaja YFPALbIFbIHUAH,
6e/10 LaKeT 4ox reica Gup Mywromio (Mocaion, CJICKTPOH YUYH TOXMHHOH
107 can-an coilpa) ¢o3ana jajbuiapar Aarbilap. Mukposeppouuk uco he-
POKOTH 3aMalbl DOPUMIAHJHHU BS ACKATULLIEbIHLI caxiaajuip.

Beurorukno, muxposoppounk o MYCToBH ac-Bpojn aanracet Bo wo
OHJIAPAAH TOLIKHUII OJIYHMYLI JATFA NaKeTH Wio EJHMIOLLMPHAD GHIIMO3, [0 -
it je-bpojn nairanapreina, kiacenk Mo’Haaa, hop hanchi myhurgo japaHan 8o
J8IBUIAH Pean AanFainap KMMH Gaxmar 0amas.

§ 3. MUKPO30PPIYUKITOPUH (1e-BPOJII KAJIFAJIAPBIHBIH)
AHOPAKCHIACHI

Mukposoppounkiopun 3oppe XACCOJIOPH YOXUAH MO JIyM Wi, Macasen,
OHnap aojmyur Gyxapaa iony Busicon KaMEPACKIHAAH KCYAMKIO JoNmyHua Toca-
Ay onynan mosnckysmiapsl HOHJIAULILIPLIP. japaHMbIIL HOHJIAp KOHEHCacHja
MBPKO3H pouyny ojnajbip BY yzopuio ndpar Aojmy Hyxapel KolieHcacHja
ETAMPHD. OMOIO Ko/IMHIL taMubiiap JOHUMHDH HA3HK XOTT (M3) WOKIMHID MY-
wahugo onynyp. lanbin najael doronesho yzopune CYPTY/IMYLIL eMysicHjaua
Aa MHKPO30OppuuHKiIop GyHa oXiuap usop Oypaxwip. demonn, Gypaia MUK PO-
3OPPOMHKIIOD, aun huccounkop Kimi, 1pajexTophja Gojynua hapokor eump.

He-Bpojiuyy hunoresu AOFPYIYPCa, MHKPOIDPPOMUKIIOP AAFABAPHI XACCO-
19pd Lo Masnk onManbigbip. hop Oup hunores xumu, 6y hunores o JatHbI3
ToUpY6ouo TocaMr onynaHan conpa jorpy hecab osyna Gunop.

Bawra cesno MHKPO3OPPOUMKIIOp YYYH AHdpakcHja Bo uurepdepercuja
hagucenapu Mywiahugo onyumansuiep. Ontvkazan OMILIMjHMH3 KUMH  Hiubir
AaFanapeibin udpakcuja etMocu Y4YH OHAApbIH JaiFa Y3YHIIYFY japbiFbin
BY ja imppakcnja roocH cabuTHHNN OI4Y/IOPH TOPTHONHLD oMansLibip. [le-
Bpojn A@IFAnaphiHbie AHppaKcHja rotocutu MYQ]joH €TMOK YUyH OHIapbiH
daniFa ysynnyrynys toprubunu tanar.

(2.2) MYHaCHOITIOpHHD Kepo de-Bpojn nanrackimbin ganra Y3yHAyFy

_27h
2

wwvnws:_.:: cyp’otuHun U < ¢ OJILYFyHY rabysi ercek (jo'mu penjaru-
BHCTHK eddexriopn HO30PS anMacar),

A 3.1



2ah
A= e (3.2)
nu

oap. 3oppod O CYP OTTOHIHPHILAH]HEH
FoBy.1 CTCOK, OHYIL CYP OTH cahotii HOTENCHATH Voo 1ol jun oaynap

H CHACKTIPOCTATHR c¢aho BaCHTOCH

mu el
e = e (3.3
2 300
L-100t (3.3)- 00 rannL i oMot (3.2)-10 jasear,
A 150
A=y i (3.4)
Vome Vb
arapuir. Bypatali KOpynyp Kit, MUKPO3OPPOMH]IE KYLTOCH M BO Cyp OTIOIIH-
prw poTetichan F0ejyK ondyrya, ona yiryti e-bpojil @ iraceiibii 1ara

v.@%__ vy KIYHK C,_:q. Kpant MexXatHKkachitLld E_NSJZ..E: ,/Jn._uj__.wc.._cﬁ Al H
r.;c_/;_._xv: MUCA L Y3OPHIELIY ﬁ/‘._a(‘.‘r»w;.{_N;S: A.\w.r: ‘55 _./ﬁ:_{ c._ﬂ_z_,ﬁCZ Jdlivd-
FPRIN MRS [{ T 7

dapul yayr (m=9107e. e=4.8-10 eorerarsahig, A =1.054107  epe.can)

jasar:
150 ¢
A, = [ A (3.5)
SNy
Batira soppouijo yiryli (HPOTOHA, HEJTPOHA, aTOMd. MOJCKY.L BY H.4.)
. m. . .
acwannin yayieyry eo A=A, ww (Bypada M -— yjryn 30ppoui)Hil KYL10-
1

) : \
CIMP) YCTYPY Hito Tarsiinp. F=150 ¢B onaita A = TA, V=107eB onana

neo A= 0122 A so na. oayp. Bedo ko, CIeKTpO Aa FrIaphitbii A 1k
o

YIYIIIYEY, PCHTKCH HIYATapRIHBIH LUK VIVHLIYEY KM QHICTPCM (A) Top-
PO, JdeMomnt, PeHTKeH Wyataphl yuyn hpakcuja raocK poiyity
ojajan vo rotoc cabir A TOpTHOHIG 0lan KPHCTAT MALD10p C1Ck-
TPOIL AP IHPPAKCH]ACHIHE MyWahiLLy eTMOK YHYH jaxiupl BacHTo (1ogoc)
Ou.10p.

Eaexrporziapsin Angpakcijacst Wik ode [desne o Yepmep (1927) Tou-
PYBOJOPHHID  CIEKTPOHIAPIH  MOHOKPHCTATIAPAAH  COTILIMOCH QJPOHHIIBH
samatt Mywahwte odynmyuuty. desue Bo Wepmep ToupyOocHHIE CXeMH IO
KH1 3-110 BCPHIMHLIUHD.

Ol

L.J .
Enexmpon @apade/
mony cunuHopu

%

Kpucman

[Hokun 3. EneKTpoHIapbii MpakcHjaChiHbl HYMajUIL CTUNPOH TOUPYGOHHH cXeM,

EJIEKTPOH TONYHUAH YbIXaH €JEKTPOH JBCTECH KPUCTIbIH coThHH® nep-

NEHUNKYjap UCTHIAMOTA® JOHOIUMMIMD B MyxTonud 6 Oywariapsl atTeiHua
COMUIMHLL €JEKTPOHIAPBIH WHTEHCUBIIHJH TFaNBaHOMETP BACHTOCHIID ONYYIYD.
Toupybono KeTYpyIMYW eHepXHAvpUD (~50 eB) ejleKTPOHIapbIH KPHCTAIBIH
IDPHHIIHK/IOPUHD KHPM hanapel yox cejpok Tocanyd eawumjunteH Geno
CBMWIMBJO MYCTOBH aM(pakcHja rohoCHHIDH COINMIMO KUMH (axmar ojyp.
By hanua uudpaxcuja MakCHMYMITapbiHbIH BO3H[jOTH

nA =2dsin 6.

Byng-Bperr ayctypy nne To’jun onymyp; Gypaua d — mycroBu rodecun
cabutn, @ — conwimo Oyvarsl, 1 -— uM(pPAKCHja MAKCUMYMJIApBIHBIH TOp-
THOMIMD. AutbiuMbIl IUdpaKkcHja MOH30pacH By JLYCTYpa TaM YjFyH OIMYLLLY.
Entextponnap, peHTKeH IyalapbiHa OXIIAp onapar, Ha3sMK MeTan jiesha-
J9pASH BO ja OJUyrva KM4YMK KpUcTasiapuaH ubapor HasHK To3 ToOOIroCHH-
J8H Keuuukuo Ao iudpakcujaja yrpajbip. ConwioH el1eKTPOHJIApbIH jonyHa
AYIIOH JIBCTOHMH HWCTHIaMoTHHO nepleHuuKyijap ¢otoneshs rojyiaca, ¢o-
107108h940 GMP-GHPHHH ©BO3 €UOH rapaHiIbil BO MIWIBIT KOHCEHTPHK 3071ar1ap
ApABIYBULIBIFbIHAGH uGapoT auppakcuja MoH3OpocH aabiubip. By ycymna
€EKTPOHNIAPbIH jMpakcHjacel, GUp-6upuHLeH acblibl onMajapar, [1.C.Tap-
TakoBCkH B9 h.I1.Tomcon (1928) topodunien Mywahuio equaMuiLIy.
m:nx%o:m alld KJIaCCHK 30PPoYMK KHMM OaxMaria eNeKTPOHIApbIH BEPUHjH
audpakcuja MoH3opocHHH M3ah eTMBK MyMKYH jejuump. IoFpysan aa, ¢op3
€aoK KM, 6u3, mycroBu ancdpakcuja rooCHHHMH jalHbi3 OHp japbIFBIHIAH
Ke4oH (OHyH ranaH japeiiapsl Oy Bo ja Gawra Oup Bacute WO Oar-
MIAHMBILLIBIP) €JIEKTPOHJIAD ASCTOCHHMH MyxToud Oywarnap aiteiHga naj-
7IaHMachiHbl Myliahnte exrpuk. EnexTpoHnap xiaccHk MeXaHHKaHblH raHyH-
JlapblHa yJFyH Of1apar MyojjoH TpajeKTopHjanap y3po hopokoT eTMHI Bo ja-
PBIFBIH KOHAPJIAph!l WD TaplUbUIBIIIbl T CHPUD ONMAaMBIL OJICajibl, rapliblia
rojysMymr ¢oToneshese japblFbiH LWOKIMHE TOKDAp €AOH JOKO ATbIHAPIbI.
OCIHHI® MCO e/IeKTPOHIAD jAPHIFBIH ATOMIAPbI WO rapIUBUIBITIBL TS CUPAD
Mwwﬁ. AToMmiap xaoTuk HCTHIIHK hopOKOTH eTAMjMHAOH TapLUBUIBIIEL T’ CHp
alyu xapakTep nauibijap Bo COMWIOH eNeKTPOHIAPhIH (oToneBhoo naj-
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{1alIMAckl ToCaUY(H KOMHJJOTIAOPHH 11a)1aHMa taHyHyHa vjryd o1apar lavee
MAIAHMACH] IWOKAMIAD 0napabl. JIaKiH, jyXapbiaa GcOujHMH3 KiMu., doTo-
MOBROLO L MPPAKCH]A MOHBUPICH AT051HIP, [0 Hif MILLT BO FapaH:IbIr KoH-
CCHTPUEK 30140 14D apIbI4pLT Ofapar Oup-£5pUEH OBGS CAUP.
bonke eiaekrponaap, Tpajektopujatapur havuics yipo jox, bop Huve-
OCHHAD OILIYFY KHMii, JAIHWS MYOJjol JUOKWLLE CCHILIMHLL TPajeKTopi!
oK AndpakcuHja MoH3epac japaisp. Beto o1-
MYUI ONICAJIBI, HKH JAPbILIaH 1BIHAH AHPAKCHIA MOIOPOCH. japhliiap.lat
HoBOD Wi GUpi Oar1anibIria &1bIHAH WKM MOH3OPOIHE TOLIYCY 012pIhL.
HyHKIt, Japbliziapeiit GHPHILION KEUOH C/ICKTPOH €3 TpajekToprjackl H0jyiva
hopokaT eanb, rapurbi@Ke eKpaHa AYWop Bo old MKMW JapBIFblH To CHpI
oavas, 0e1o KM, hop OHMP CHCKTPOH japbiriapuin jatiini3 OupdtLen Keunp.
JEKHI, CICRTPOH J0CTOCH YUYH HKE japhirdai at JHpakcija Motiszo-
POCH TayM MO'HACH W ONTHRANA MyllahHito 0J1yHaH VIFyl AMRPaKCHiE M-
BOPOCHHD OXtuajbip. bawra co3ito, 6up japhiliail KCUOH CIEKTPOHA HKHIWM
JAPLIFBIH TO CHPH OYP. By HCY JATHBI3 Jd'IFAIapa Xac 0:1aH X4CColMp.

Hudppakenja monsopoc 601KS 40 e1eKTPOHIAPbIH OHP-GHPH W10 rapiiisi-
JIBITILL TOTCHP HOTHYOCH BO JaXyi HOXIY Cajla eJ1CKTPOILIapbll ejli 3uMaiia
TOUPYOOLO HUITHPARL! HOTHYOCHAND, ajphi-ajphl eACKTPOIIAD ML O310PHHI
TAMAMHIAD DALIrd ¥yp anapsip.

1949-uy nige JLBubepyan, H.Cviukne so B.®abpukant apisni Gypa
XD CHUCKTPOINIAD  ApAChIHLaKbl 3aman acuiIocHy xejan Oojyx  KeTy-
PUPOK, OH.Iapkl wdpanenia rypryeynaan Gup-6up  Gypaxmpitivibilap. hop
CICKTPOI PoTONOBNOLD AYLILY])Y HOITOLu BYPUXADIFE TOKO WD ICji0 aTbl-
neipiel. Toupyboiae Myinahiio  oayaMywuly ki, rypryian a3 cajia eiok-
TPOHIAP KCWAMKUO o11apbilt otoneshose OypaxiauiFsl ToKoIap, 1HC aThl-
UBIHBIHT ATIBIF L KYNI0A0PHE hodatuo conotenyoenie oxu@p olapar no-
PAKOIID COMOADIHD (NAIAHLIP), JTAKHH, ToUPYGHil VIV MYLLOT 1aBaM ¢T-
AMpHD, Typryaan €ox1y cajaa ernektpon  Oypaxibiria  (oroieshoso AHd-
PAKCHja MOH3OPUCH IBIHRID B hed o CACKTPON AOCTOMOPH BACHTOCIIO
IR AHPPAKCH]A MOHIOPOCHHIOH (PapIziHMUD.

By toupyGosep KOCTOPHDP KH. CHEKTPON M IFABAPLL XACCIIPD MATHK U]
BO Onyiia Myojjoit Gup saiiasaphl npocec Sariblabp. JaKHH, jyXapsiia 1ciH-
JHMH3 KITMM, e1eKTpoHy hop hanchl 6D pean aira (1a1ra nakerH) wio ¢j-
HHJIOWANPMOK oiMas, 9yHkH, Oy hania jatweis 6up enekrpon 6yryn andpak-
CHJA MOH3OPACHHH BepMuUI onapuwl. Towpybouo eektpon dotoneshonun
JATHLI3 BHP HOITOCHH AYLIYD Bo hoMMII HOITOLD J10KD Bypaxnip, 1utpakcuja
MoHsopoch ueo Oy haunconun kudajor rogop Yoxny cajia ToKpap O1VHMAck
HOTHYOCH omyp, Gawra co3To, MUKPO3OPPOUMKIAPUH AA1+FaBapbl Xaccanopy,
choronnap hanbiHia OMLYFY KHMH, CTaTHCTHK XapakTep Aalubljbip. AjpbUTbINia
KOTYDY/IMYW! CJICKTPOH BO ja OWIApPHIH a3 MHIIAPBI Y4y HCO JIAIFABH Xac-
COIOP PjaHH WOKKWILS Mywahuto oayHMyp.

ByTyH 8y HesHKADpHMU3 JATHRI3 0 3aMaH HUcGoToH Gauia aywyrto 6unep
KW, €NeKTpOlyH auu Kiacewk huccounkiaon dopriouamjunu o 6y doprun
onstapbit hoToneBhdMO GypaxiblFsl TOKOIOPHH BOIM[jOTHHUH KJIACCHK MeXa-
HHKA raHyHTapeiHiAad TaMamiilo GopITH raHyHnapna o' jHH eMLIHjUHK [o-
byn egex. Qorpyuan ia, jyxapsuia weph onynan audpakcuja ToupybHanopHH-

i

jamap Oojyiiwa hopokot e
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4@H YBIXEID KM, €1EKTPOHYH (POTONOBNSjO AYIULY]Y HOITOHMH BO3H[joTH, Kilac-
cHK NHCCOMMJUH UYLIY]Y HOITOHMH BO3M|jOTHHH MyojjeH et Hjyton mexa-
HMKAChl FAHYHJIAPEl MO JOX, CTATHCTHK raHyHIapsia To jWH OJIYHMATBULLIP.

Maparist Gypachiblp Ku, €JIEKTPOH (BO ja MCTOHWIOH batuira MHKPO39p-
pouHK), OTOHAApa OXWap onapar, ejHH Gup Toupytolo o3yHY hoM jianra Bo
haM 11® 30ppounK KUMH anaphip. EneKTponnap japbirian Keuaukio oHNaph
jatFa Xaccoopu Oypyse sepup, Geno KM japhiFblH apxachliHia anpaxcuja
MOH3OPOCH &IbIHBIP. JapbIIiaH COHpA rojy/Myli eKpaHa AYULIYKIO HCd OHYH
39PP (KOPNYCKYJI) Xacco/loph Mejuana Usixwip, 610 Ki enektpomstapiaan hop
6upu EKpaHblH MYdjjoH GUp HOITOCHMH® Aywyp. HeMoiln, elcKipoH japhiriai
“panfFa” KUMM KEYHp, eKDaHila MCd “30ppouHK’™ KUMH Iejid anpiblp. Jlakuu
6y hey o e1eKTPOHYH OBBOJIMD JaiFa, COHPA HCO 3OPPOUMK O/IMACHl ACMOK
JeJUIHHD.

Hemo:n ¢iaeKTpPoH, eoud 4o Galira MHKPO3OPPOMHKIap HO “ToMu3™ lai-
Fa BO 1O IO KIACCHK MO Haua “roMu3” soppounkiaup. OnyH hopekoT ejHn
3aMatila Jaliva B9 30PPa XACCONOPH HID XapaKTepusd onyHyp. Bepuamui
WIOPANTALOH achlibt onapar, Oy Bo ja Oalira Jopoudio OHYH iajira Bo ja 10ppe
Xaccomnopu MejuaHa 4YbIXpp. OHa KOpo 10 Aa1Fa-30ppo AYAIH3MHHO MHKpO-
JOPPOUHJHH MYXTOIM® LIOPAMTUO MYXTRJIHG] XaCCOI0PH HYMAjHLI CTAMPON
NOTEHCHA1 WMKaHbl Kimu OaxMar naseiMubtp. Besonnkio, Mukpozeppounk
JAIHBI3 ©3YHOMOXCYC Xaccoopo Maluk, 6up-Oupito tam okc otan 6y MKy
MotbhyMy e3yHIo  GUPJIOWUMPOH OMD  BapILILALIP, jO'HH MHKPOIOPPOUH]O
©jaHK MOJE. rapuibl FojMar MyMKYH JiejHilump.

oo CHI

KBAHT MEXAHHKACBIHBIH PHJA3H 9CACJIAPBI

§ 4. JAJIFA ®YHKCHJACBI B9 OHYH ®H3UKH
MALHJJOTH

Jyxapbisa (§2) xecropuuk ku, enepxucu E, umnyincy p onaun hop 6up

capbocT 3oppounjo (2.3) naueck wio BepUIMHLL %ABC. ae-bpojn parace
rapuisl rojynyp. KoopauHamiapgaH BO 3amaniaH achUlbl OfiaH BS Gaxbuian
AAIFaHBIH aMITHTY)ly POJIyHY OjHajaH Oy cyHKcMja janFa (yHKcHjackl Bo ja
Caupus  Fynkeuja awnambip. Janneis cepbect 3eppeuujuH gaira QymHK-
cHjacel (2.3) KMA cao WOKI® ManukuaMp. HMxrujapn V(x,1) notencuan ca-
haue hepeker euon 3oppeunjo yjryn FdyHkcujaHbiH ananuTHK udageck
MYPOKKSOUHD B 0, V(x,2) - jo yjryH cahoHuH ToOHOTH Mo TO'juH OJIYHYP.

—_—
*
* WIS CHCTEMHH GYTYH KOOPAMHATIAD HOXNYFY HIIAPD ONYHYp: GHP3OpPouMKIN CHCTeM Y4YH

X%,z 4oxnyryHy, N— 30ppouMKid CHCTEM YIYH UCO X1, Y 1,21, Xp, YN, Zy HOXTYFYHY Hane eanp.
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P-pyHkcujanbid busnku Mahujjorinn JOPK eTMBK MOICOAM HAD jyxa-
pbila OM3 OHy aaira NakeTH KMy KOCTOPMIK BU ja [la 30DPOYMJMH ho-
POKOTHHHM NAKeTHH hopokoTH HiIe vBo3 crvejo woha Koctopuuk. Jlakuy 6y
MYMKYH QIMaibl, YYHKM NAKETTOP (Do3iid Jujbliapar 4aFbLitip. 0pmodmKi)
HCO 6€Nd Xaccajo MAHK UejuriIup.

Enextponapbii audpakcujacs roupy STOPH WD 0LV Kep-
HYK KH, KPHCT&L1aH COUWIOH CAEKTpOlyH ortoaeshonui 6y so 1a Gamiy
HOTTOCHHD JYIIMOCH haiucock Tocauyy xapaxep dawsyup. Jatuns Geo
hanuconspun voxiy cajua Toxpap! Aippakeuja Momepoactnn sepip. By uew
KOCTOPUP KM, CICKTPOH/IAPbitt GOTONOBhOIO 121141MACH CTATHCTHX  Fat /H-

atapar Make Bopn ¥ -
b oermuwy (1920 unr o).
» hasen fup opraic ae-Dpop

XapaKTepU3s OJyHMUIRIARID. Byryn Oy
(hYHKCH]aHbl CTATHCTHK Mo 1137 i
M.bopua wepe Gaxpiiad awua

1

o0MG chins-

JaJTFACBIHBIH . _ﬁ:vlu‘::40:0:?5..? Wppodtii hosao jeg

Matbl Wo MyroHacHOaMp. Bamra cosre, (W(x, 1V dE kesitheni soppounjin

[ aHbiHa (x) werrecH otpadmnaa werypymwvui Vo= didyds = (dy

enemMenTap Po3a houMHHAD OV ShTUMATLT W0 MYTONACHS iR Toy 1

dWix,t) IW.*A.,..:‘\.MJ:\ (4.1)
BO ja
dWix )~ C¥ (¥ (x, wdx}, (4.1

Oypaita ¥ (x,1)-— ¥-ylKcHjaja KOMILICKS TOUIME thytkcrjannyp, C—aryra-
HACUBIINK DMCATBLILID.

beroankie, ¥ dyukcujannn ey YMYMHJJOTIi KOMIUICKS KOoMHIJOTAMD B
heu 6up usnkn Mo Haja Ma1uk A2iHamp, | }OHYH MOAY.TYHYH K 8a1patos

Yt

etaji caho Knaccuk dusMkaia vo nyM o0ian C/ICKTPOMArHUT B8 aKYCTHK
cahoaep kumn pear cahonepion xackun ¢aprineuup. Ie-Bpojn sanraraph
cahocu pujasu Modhymuan Gawra 6up 1] AEjHIUHD.

F-byHKCHjaHbIH CTATHCTUK MO HACLIIAH IBIHBIP KH, OHYH YYYH allaFbi-
+aKbl MYHaCHOOTADD OUDHIIMOIHIHD.

1) 3oppounjun dosanein Myxro:ug jeprepuHiy onma hauncenepu Gup-
OHpuHIt MHKap efon halHcoaop oliyiyHiad, OHYH ! aHbiHa (o3aHblH hep
haucel 6up Horrecuute oiaMa hanucocu 7abyn hauuceanp (nabyu hamkconun
chrumaibl Bahuue Gopabopaup) so oHyH ehtumanul, chtumaniapein Tonnail-
Macel Teopemun® ocacon, (4.1) Gopabopiujinien 6yryn dasa Y3po KeTypyi-
MyLU

$H3MKH Me'Ha Kach ey, Ona Kapo o P dynKeujanLi toesp
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T Wixy = | Wovndv = ¢ [y (v W' (x, 1) (dx) = (4.2

L)

MHTETPASIbI W1 To JUH 0ayHyp. (4.2) 6opabopmuju ehtumanpy HOpMananMa
LWPTH AUTAKLID. by wopth emojon gana dyuxcujanappina HOPMAaJIaHMBILI
dynkenjanap jejuin p.

2. Hopmaiansmiy PYHECHJa ap vy (4.1) Gopabepaninnm

IR widy) - %\D«Q Hx,t)(dx) (4.3)

KAMH Jasyar oaap, Oypaaa #/{x, 1) = &m.ﬁg.f\v BO

o

W= Yy sy (4.4)

ehTHMAT CbIXABIFL] HWNPHSTE
3,42 i

Ay pahuao

VMM HODYHILGH dixnip Kif, ¥ jang byHKCHjach Mosy-
ey

POOTAN € BYPYE BoruiiMin 1o T jun 0JiyHyp, Oypaua
Q — KOOPAHHEIAPsIL 1O 3aMalinii UATH]upH hoirdrn bytkcHjachubp:

.*\.HN::,N\ A#Mv
Gypauan

iy -yt

O/UIYFyHAAH, Oy BYPYr KBANT MEXaHMKACKIHNA @IbIHaH HoTHwaIepo heu Gup
TO'CHP KOCTAPMHMP.

Te v . . . - o e i U
4. Bo'sir hatapaa qana pyHRCHjack Moy aynyn KBAUPATH __i COHCY3

Y3aria KeTypyiumyui Hertoge Chithpa Gopatep onmyp. by 3aman :.*\“AQ,S

HHTErpantl daruuiblp o _.*\A 53“‘ natoc soppounjug £ anpiya (x) Horro-

CHHID 0iaMa ehTHMATB CLIXIALIFLII XaparTepso ermup. OHyn Myxtonndg
HOIToop0  KoTYpY My PHIMOTIODHHUL  HYCGoTH COHIY TajlitbiFblligaH, Gy
HHCORT Myojjon Mo Ha KoCh CiMp B® 0 HHCOH ehTHMan &UIaHbIp,

Jyxapbizna nanra byHKCHjach b husuku Mahujjoruny ajAbIHAQLIABIPABIT-
42 ops eTMHILINK KM, KpanT MCEXAHUKH CHCTCM janubls 6Up 3oppounkion
awEE\E. oiyumynulyp.  Hoxay SUPPOUHKIOD  CHCTEMUHM TocBMp caon Y-
bynkcuja YHYH 40 KBAHT MeXaHMKachiHia hoMun $U3UKH Mo Ha CaxJiaHblp.
AXBIpbitabl hania panra bynkcujacet N soppounjun KOODAHHATAAPHIHIAH BO

3 . ‘
AMAHUAH  achUIR oayp (pop3 OIIYHYD KM, 30PPOUMKAOpHH haMbichi Y4YH
3aMaHBIH KeMiu CJHMUHD): :

Hxt)= HXLY1Z1 XN YN 2 ).
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Onna

dW=|P(x,1) (dx1)(dx2)...dxy) (4.6)

ripagocy OHpUHYH 30ppYUHjHH (dx)=dx dy\dz, eneMeHTap houMHHIS, HKHH-
WM 30PPIVHM]UH (dx,)=dx,dv,dz, eneMenTap houMHH1® BS M.a. €jHM 3aMaHia
onma ehtumaibimbl udage ep. (4.6) ehTuMmanbl Mo'Iym onapca, WdpTH
chTHMAN ansajblllbHiaH HCTHRWIO €IdPIK, fawra 3opPovHKIOPUH MCTOHH-
JOH BO3H}JOTIIOPHIID, MOCOIISH, CUpHHYH 30PPOUK]HH (dx,), houMHHID 01Ma
ehTuMa bt

AW, = (dx) ([P, (dxy)...(dxy)

WoKIHIL onap. ByHa oxiuap natonop aMkop 3opPOUMKIIOP YUYH 10 ja3blia
Ouwiop.

Mypakkol CHCTEMIOPHH [1a1Fa (hyHKCHjAChl YHYH 10 (4.2)-(4.5) wepTio-
pu ouoHUIHp. MaconoH, OHIapbIH HOpMalaHMa LdPTH

[P Wd(x)= [ C:v:N_...:xz\ﬁzmzb ﬁ.x_,..:Nz.\x&a_v.:aﬂi =147

oiyp. By Bo Oyna oxiiap nHrerpaliapeih heca6aanMachl YayH 3N j10jHLIOH-
oM acblabl (PyHKCH]aHDBIH MO MO'JIyM OJIMaJIbi, jO HY 3N enuyny ¢oszala
OHyH IHJMOTH BEPHJIMAITHIND. Beno tosatap UMKy peaiibll onMajbib, pu-
jasu madhymiyp. 3N edyay koopunHaniap $o3acel KoHurypacuja gazacel
ananslp. benennkie (4.6) 8o (4.7) ncbayonepnHd, yjFyH ojiapar, KoHurypa-
cuja (po3achinia BepuiIMHul ehTuMal B HOpMaTaHMa 1OPTH KHMH Gaxmar
JA3BIMAUBIP.

3opPOUHKADP CUCTEMHHHH JajlFa (pYHKCHJACHIHBIH JAXH/1 CAWIMOCH, OHY
LICKTPOMATHUT BO aKyCTHK jajlFaiapa OXwap pean LaiFanapbl TOCBHP €UdH
Gup QyHKcHja KuMH MO HATAHABIPMAFBIH T€]PU-MYMKYH OJLUYFyHY 9jaHu 1o~
Ky Hymajuw etaupup. Jorpyaan ua, peal do3aua jajbliaH UalraBaphbl
npocec Y4 AOjMIIOH KOOPUHHATIA BY jamania XxapakTepu3so onyHyp. Mypok-
ko0 crcTeMuH jatra yHKCHjachl HCo 3N KOOpAMHATUAH aChUIbl OJLLYFYHIAH,
0, enuycy 3N onaun Qazala jajbuiaH JaiFaHbl TOCBHD €UOP. Beno panranapblH
horuroToH MeBYyjl OLLyFyHa heKM BEpPMOK, KoHpUrypacuja (d3aChIHbIH
peansipiEbiibl Tofya1 CTMOK B ja ma 6up 30PPOMHKIM CHCTEM W19 35ppo-
WHK/IOp CUCTEMUHHH Hanfa pyHKCHjQTapBIHbIH €jHH 6up GH3MKK MO Haja
WTHK  O/IMACHI WMUIMACHIHIAH Ol YOKMOK Na3biM  0.1apibl. Byunapsin  hep
MKMCH Hco ToupyOn akTnapa Tam 3UAHP. |

Okcop hantapua 6up 30ppOUHKIRH nbapeT KBAHT MEXAHUKH CHCTEMHH
-hyHKCH]jaChIHBIH 2HATHTHK ncaoCHHH TalMar MYMKYH O7yp (IV-X ¢e-
cunepo 6ax). N rapLibUIBILIbI To'cuUpI® ONaH 39PPIUHMKISP CHCTEMHMHH
TOCBUp €UoH Aana (pyHKCUJachIHBIH aHATUTHK Malocuhy Tanmar MOCOBCH
Hco hono HHIMjO readp YMYMH LISKHILIS hes1 onyHMamblLibip. J1akuH doep3
eTCOK KM, 39pPOUHK/IOp apachiHIaKbl FapilblIbIIIbl 1o cup ku(ajoT rofep 30-
nguup Bo OUpHHYM JaXbIHIAIMALA CHCTEMD rapiLbUIBITIBL TO' CHPU® onmajan
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JODDOTHKIOD CHCTCMH K ;
:%%w_,m:z_.w%mCFSZ: KUMH faxmar ofap, ouia CHCTCMMH F-thyHkenjace!
JIMAChl MOCOIOCH, OHD 30ppounK ;, byt aonr.
' ; . POMMKIN CHCTEMMH Ad71F cHjac
HbIH TAIlBLIMACKH! MBCOIBCHHD KOTUPWIHD T ek
[apwbLibliisl 1o CHDILE i .
_— wx ZM:,:__ 1O CUDID OJIMAJEH 3OPPOUHKIISD CHUCTEMMHUD [-4M 39PDO
dx _ “r . 1 . ) - i
ﬁm_ :.&_:auwcﬁsz 3OPPOUHIUH (dx,) 8O n.a. enementap $osa :¢f§c_u::5©m;
! JTOPH dct o.aMajal hauuco ) . opi
: /1) ?JIOp ostyrynaan, 6eae haiauct
CIHM 3aMAIIE MYIIARILIO O/1VHM: e e A HCRIIpH
] ania mMyurahuae onynma ehTHMaIb, ehruMaiiapsin 53::22,%0

wvnw?:\:_rw Ke ?C‘ (421 LM LIH N—,:VT_(::V:.LL w\_ a vI? a € HMa ap.. ACHIH-
e e an aM .TS,J oy . 3 P
HO OQ 'mmiw uv,::v” ) | .

AW dW, dW,... dWy, (4.8)

H—_\:Af_ T_van_vL. : Arﬁ ~,.v 7 L 3OPpadl ¢ R 3
.\— Qtv ~£:J 3
. w V/ w vw v .,_ —v JHH \k v €. ~®KO:~LC TJSIC—C

dW,= ¥ (x,, 1) (dx,)

Gopubop oLayrymuan (=12, V), (4.8) udauoccunu

N

AW =% (x, 1) () =|¥,(x,,0)

)

¥, (x,,1)

:A.\\z (x,. :A“ (dx,)...(dx,)

HIJKJ 15 1A3MAT 012 ,

- ﬁwm:Ec Jasmar otap. By axwipoindnl npanoson KOpYRyp ku, N rapibiinir

K M e . e . . s 9 i NN
CHPID Q:IMAJaH 3OPPOMHKIOD CHCTEMUHHIL JalFa (OYHKCH)JACHIHbI

Hxt) = Pl Pl Falwt) (4.9)

IOKAMHID ja3Mal O.iap.

§ 5. CYNIEPHO3UCHIA IPHHCHITH

Onrtukaia Bo akycrukal:
xmd_g:::“»ﬂ _‘E,,;vf:r,ﬁn AATFATAPHIH uiTepdepescHjachl Bo JaitFa Tia-
S BMOIIO ?m;%c:. OUILIMIUMIS KUMU, CYHICPHO3HCH]a HPHHCHITHHD
onyuyp. Hudpakcuja sonar. . -
3 ja 30J1arnapbiHbiA B9 ja hosro) ¢

peacont waal p- 11 IKCH 4 ja honroiopunnn 6axbi-
:nv:os_\_qowmcxx MHTEHCHBINIM hOMUH BOrTojo AYILOH JATFAIapbiH XOTTH ow
JACBIHBIH HOTHYOCH KUMH hecabnanbip. Mctonmnon tobuetnn gat-

~N.LNU wﬂ*: ‘_.—Cm_vY C.n v::—:\—M .wnuw ) 1 HATFUIaph J\£< 9 COL'IoOMO
3 : t #
v\ ¥ O,u 1 ﬁ!- H 49 COL'TOMOK

OnTkaua Bo aKycTHKam: j
By on _“Em mm AKYCTHK#ld cynepnosucuja upuicuiit 6up hunores xumu
e zwwm wm:amz@xm:_;mozznm UCO oHy patra (PYyHKCHJACbIHBIH CTa
aChIHAaH OMp HOTHYO KHMI \ -
4 1 Yplxapmar o b
. . pMar oiyp. it
mmﬁwvx:ua Mydocea:r jlajanar, YD DY SRHpLIERL
Q :mw 13 Y T N
hout xmgbwwﬂ:w:@n: WIS TaHDBILLIBIE KOCTOPUM KH, MUKDOCUCTEMI3pHH hasbl
MY, 4 13 CKpeT i , :
catortm xmwﬂ H BO hom 1o umcxkper sejuine Guiep. Mynahusonopumusu
woinuing oy owa:o $op3 enoK KM, OaxbllaH MUKPOCHCTEMHH haibl ayckper
P, zm S 11aphl 1,2,3,... n KMMH HOMpPOIOMOK Onap. b@-mvo_.zvi TOK-
PO LanraBaph mexanvkala (KBaHT MEXAHMKACHIHA) MMKpPOCHC-
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TeMo KOOPUMHAT BO 3aMaHlaH achiisl ¥(x,t) -aaira (PyHKCHjachl rapubl rojy-
nyp. CucTeMHH janFa (yHKCHjachl M®'TyM 0/1apca, o, Gaxbinal cucteMm har-
IBIHIA TAM MO’ JyMaT aiMara, jo'HH, COHPAa KODOUdJMMH3 KHMH, OHYH €Hep-
KUCHHU, UMIYJICYHY, hop8KoT MHIMapbl MOMEHTHHM B® CHCTEMHH haneiHbl
1o’juH efoH Oawra (HU3MKM KOMH]JOTISPH hecabnamara umkaH sepup. By
mo’'Hana ¥ -GyHKcuja cucTeMuH haiblHbl TaM BO OHPrHjMoTIH T jJUH €UUp,
jo’uu MyejjoH Gup dyHKcujaja CHCTEMUH jexano Gup hanel yjryn Koaup. By
wiuMaja ocaceH, cicTeMuH ana Gunewexk 1,2.3,.. 7 hannap apibl4bUUILIFBIHA
yjryn sanra dyHKCHjanap Y0oXJyFyHy ¥, ¥,..., Wy Bd cuctemun Oy hamnapsi-
ubi ehtumannapeidsl Wy, Wi, Wy wio vIapo eisk.

Cuctemun 6y hannapsin hanchina MaMK OUYFY Ouze Mo IyM OnMaja ia
Grwiep. YMyMujjoto, By el o Myhym uejuiimp. Bauubuup KH, CHCTEM MYM-
KyH onan hamiapeii hop haucbl OMpUHO MIHK ONCYH. CHCTeMHH MY9)joH
ha'la MATHK OMMAachitibl haguce apianueipear, odyH 1,2,... n hannapeinia onMa
hajMconop apiblMbULIbIFbl OUP-OHPHHNM MHKAp e10H haiuconop JOX:1yFy Toul-
ki eanp. Ehrtimannapeii TONNaHMach!l TEOPEMHHO BCACOH, CHCTEMUH Jyxapbl-
pakel hannapeii hep hancsi Gupunie (opru joxiayp hanceinyga) osma ehtn-
Maitbl, haiapsi hop GUPMHO ajpbUIBITIa MAIMK 01Ma chTHMALIaphl WOMHHO
Gopabapuup:

:\“:\_.T:\w +... .+.:\,\<. Am:

Beso haauco nabyn haauce onuyrynuan, 6y wom Bahuuoe Gopabop osMa-
JABLABIP:

W= Wi=1. (5.1

Besta W chtumansl Tam ehtuman ajyiassip.

BypaiaH, CHCTEMMH Tam ehTHMaia BepuioH hanbina YjFYH naira ¢ynk-
CHjaChIHbl TarMar MOCAIOCH MejiuaHa ubixblp. Kecropak K, 6y (yHKCH]jaHbl
(5.1)-0 ocacoH allarbliaKbl KHMH jasMar osap:

Hx,H)= C, ¥+ Gt ...+ Cy ﬁchcuM Ci¥xn, (52)

oypaua C,, C,, ... — uxTHjapu cabuTiopimp.

DyuKcHjaHbiH Oy LWIBKJIO MAIMK 0/1a4arFblHbl €/leKTPOHIIaphIH Anppakcu-
jackl TeupybesTopHHLOH 10 Oalua AYIMOK onap. ByHuan eTpy eleKTpOH/IaphbIH
WKH  japhiidal ::%@mzo:_.mozmm Gaxar. ConuiaoH eJIeKTPOHYH OHYH jOJlyHa
HepIeHAMKYjap FOjy/IMYyL eKPaHbiH MY®jjoH OMp HOITOCHHO UYLIMO ehtuma-
nbi, jyxapblLtakel Myiahu3enope kepo, Oy japeiriapiaH jajbUiaH jpajFalapbiv

homun torTeds japatusirnapst = Wi+ ¥, jexyn amnauTyly wie To'juH
2

oayuap: W~ (x,1)

PiHHWH BO ja HKMHYH jJAPBITIAH KEUYMHLI O7Typ.
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, Geno kM, Gaxbllay HOITOjO UAYIIOH eNeKTpoH ja Ou-

(5.2)-iton Tam ehtuMainbl hatbii ehTMan chixableb Y4YH
P Hat)= SC/C¥ Y +3CC PP,
i 1tk ! ’
TaM ehTuMal yuyH uco
% PRHUd)=ZCIC LW () + SCC ¥ (¥, (1)) (5.3)

aTbIHap.

Haira yHKCHjAaCBIHBIH CTATUCTHK Mo HAChlHA 9CacoOH (5.3)-10 OuUpuHYH
YoM @ITBIHIAKBI HHTErPal, I hanbina Manuk cucreMun Gaxbuian osanbin hap
hancbt Op Herrocunuo onma ehrtumansinbl udato eaup. Jorun ku. 6e1o ha-
anca mabyn hauncounp o onyn ehtumanst Bahuio 6opabopimp:

[¥ (x, 0¥, (x,1)dx)=1. (5.4)

homuli MpaBHUH UKHHYM YOMH alTLIHAAKbLL UHTCIPAl KCo, GyHa oxuiap

onapar, i Bo k hamrapelnja onan CUCTEMMH ejHM 3aManja (ha3aHbIH hep

hancer 6up HOITOCHHLD OnMa ehTUMATLINBI XapakTepu3so egop. Jlakui crcTem

€JHH 3aMania MKW Myxtoid hanua ona 6uwimeuujunuon, jorun ku, 6eno
ehtmai coipa Gopabopump:

[¥ (x,0)¥, (x,1)(dx)=0. (5.5)

(5.4) mynacubotn Y -yHKCHjaChINbIH HOpMlaHMa WopTH, (5.5) MyHacu-
6OTH HCO OPTOTOHANILII WAPTH AWIaHbp. By Hku wepty

[ (x,0)¥, (x,0)(dx) =5, (5.6)

KHMH 1o jasMar onap. (5.0) Mynacuborty panFa yHKCHja1apblHbIH OPTOHOP-
MaLILIT WOPTH aiaHelp, Oypada

Kponexep cumBosyiyp.
(5.3) MyHacHGOTHID BepH/IOH TaM ehTuManbin nabyi hauucoHnH ehtumain
OJIUYFyHY HO30po ancar, (5.4) Ba (5.5)-0 ocacon '

[ (6, NP (x,0)(dx) =S CC, =1 (5.8)

anbiphir. (5.1) Ba (5.8) mwvm@mvb:éwmxmsm MYTaJUCACHHIOH YBIXbIP KH,
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Sy (5.9)

CHCTEMUN 7 hasapitsin (hanbigia o.ima) chriMasLbip.

C; osMearnapp yayn 6y con iLemannli JA0tpy oLayryny 1906y ercok, (5.2)
1o sepuaMuw 1) dynketjacst taM chiumatin hadsin qana (PyHKCH}ACH!
O:ayp 80 (5.2) Bopactop M 03Y HCO KBANT MeXaHHKACHIHAD cynepnosucuja
FPUHCHAN LTAHBID.

Cueremui hay

[ KOCHIMOLOH dajuank. o (5.2) Gopabopmijiuigo ha b
HHACKCH O.1a1 1 Y3P0 Wi, Dbl XaPak repHso Ciot B0 KOCH. IMO(01] ADjHLLGH
hop hanest L ik Komigjoti y3pa kerypy:isyw MHTEIPA 11a DBU3 O1YHYP.

Hxt)= ] S%\:.:m\\f (5.10)

Oypata Wi (x,f) — L-nn pepuisiim rujMotiio yj¥yn hanbte ganra hynkcn-
Jackranip. (5.10) Hehatoch KocHIAMOS CHERTp yuyH CYTICPIO3HCH]A [IPHHCHTII
0:1yp. CYHepriosucja mprICHIMIIN GH3uk Mahujjorie Ko KO ony fe-
10 MPALO eTMOK 014p: KBalT MCXaHiKki cuctem ¥, ¥, YA, dyHKCHjwIaphbl
MO 10 JHI onyHan haiiapaa ona 6uiopeo, o, (5.2) o ja (5.10) nae Bepui-
v Hx 1) dynkenjachl niao tocsup onynad hatia ga oma Ouop. Cyneprio-
3HCHJA UPHHCHIIH KBAHT MEXAHHMKACLIHBIH 9cac UPHHCHILOpUHLORDP. XYCy-
cH haiya ondan 6Mp HOTHYO O1@par YBIXLIP Ki, F-yHKeHjanbn 010011
OYIYH TOMAHKAOP XOTIH AH(PEPEHCHAT TR Top OIMABLIBID.

Horpyaan a, XoTri auepeHeHat TonauKIop HosopHjjociiLiol MO lyM-
ayp Kkn, fi(x), fo(x),... dyHKeHjatapyl xoTTH AudepencHat TOHIHJHH XyCycH
BOLIOPUAMPCR, OIVTAPBIH HXTHJAPH KOMOMHACHJACH! 0.1aH

S Za f(x) (5.11)

yHKeHjach da hOMHH TOHIMJMH (yMyMmH) ho.smaup, Gypaua aj.a,... ux-
THjapi caburiopanp. (5.11) Bo (5.2) MYHACHOOTIIOPH HCO TaMaMW10 CKBH-
BAICHTAUD.

(5.2) Bo (5.9) nParoIoPHHAON KOPYHYP KH, KBAHT MeXAHMKACHIHla cy-
HEPHOSHCHJA HPHHCHITH KIACCHK MEXAHHKALAKE CYNeprosucHja IIPUHCHITHH-
Aol KockuH hoprtonup. Jorpyaan ja, kiacenk Mexanukaia f{x) thyHKCHjackH
IO XapaKTePH30 OjlyHall MKW €JHU POICH TOMIaubItid aMILTiTyly 2 aoto Geo-
JYK 021aH jeHu porc anbinblp. KBaHnT MeXaHukachliga mco HAx,t) bynkcujacs
wio ony uxrijapn C cabutuno Bypmarna atinan C ¥y, ) tbyHKCHjachl MyX-
Tennd hariapel jox, cucTeMHH ejuu 6up habiHbl XapaKTEPU3ID Cilkp.

beranukte, Kilaccuk Mexawukana cylepnosucuja npuHcHnm Ada1Fasiapbiy
AMIVIHTYIAPBIHBIH - CYNEePIO3UCHJAChiNEl U(DAID eAMpPCO, KBAHT MCXAHMKA-
CBIHAQ 0, CHCTEMHH KBAHT haslnapeinbin cyneprosicujacsiib nauo eump.
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§ 6. ONEPATOPJIAP BO OHJIAPBIH 9CAC XACCOJIOPH

a) Onepatop annajsiubl. ONepaTop AEAMKAD, YMYMH LIOKH/LD, HXTHjapH
Sflx) dyHKcujachiHbl Gawra 6up @(x) dyHkcujachina YEeBUPOH oMasMjjaT Gawwa
aywyyp. Oneparopy L use nwape ercek, Gy OMOIIHjjaT

ox)= L fix) (6.1)

KHMH jasbuibtp. Onepatopyn dyHKcHjaja To’cHpH oHiapsii hackiu Kumu Ja-
sputblp Bo Oy hacuaue dynkenja homuwo oneparopuan caria AajaHeIp.

Oneparopyn u3HKaja AAXMAEANIMO JOPYPHIJOTHHO BO OHYH TO'CHD ra-
HYHYHA @LUAFBLIAKBL IHOKWIUO KoiMaK osiap. Pop3 eloK KU, CHCTEMHH ha'lbi-
Hbl XapakTepusd eioH hop hancel L dusnku komujjorn toupyGoua omuyion
3aMad OHYH yuyH Njuedo L) rajmorn, Ny neco Ly mjmorn Bo m.a. atbii-
MBILLBIP.

Cucremnn 6axpuiaH hanbilibl XapakTepnso e4oH GUIMKH KOMH[JOTHH 101
TMJMOTHHO JAXBIH TMJMOT, JOTHH KM, OHYH OUIAM OPTA IMJMOTHIHP. AXBIPbili-
ublHbl L, KUMH HIL4PO CTCOK,

_NL+ ZNP+...+\<}. 3 N L + ZNP+:.+2=\;
N +N +...+N, N

L,

a2

onap.
OnuynopuH cajbl 60jyK ostyrva L-vH OMoM OPTa [MJMOTH OHYH JA0IMr
THjMOTHHO Aaha 4OX jaxbiH onap. OuyIopHH cajbiHbl coticys GOjyK KeTyp-
AYKaD Uco (N—00 ) L, oUouMHUH JIMMUT THjMOTH
N N N

im L =lim — L +lim — L +.. . +lim —* L
N-ox Q Nox \< N \/\ - 2¢H \< :

WIBKJIMHAD TO jUH OnyHap.

N
lim — =W, (i=1.2,...n)
N »x \<

anapbuiaH ©JI4Y 3aMaHbI L Y4YYH N:. —,_\&ZO%_\_::: AIBIHMACHLl ehTUManel OJLAYFYyH-
aH
N-sx

im L, = L = W\L+W,L ,+..+ EPHM WL, (6.2)

onap. L-un 6y wyp TO'JUH ONYHMYW L IMjMOTH CTATHCTHK OpTa rUjMIT awia-
HBIp.
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L vsukn KoMujjoTuinn MyxToand ITHMOTIOPH CUCTEMUH YiFyH hannaphi-
HEI XapaKTepH3o eTdnjuuion W -jo cucteMHt [ haibiHBEIH ehTHMATs KuMu 1@
Haxmar onap. uxop topaduon (5.9)-a kepo cucremun [ hanbipld ehTMaTE!

n\..‘.ﬁ.\ -jo Gopabop o:LtyryHaaH, (6.2) myHacuGoTH
L= ﬁ.m L, (6.3)

WK IHHILY 10 jaseina 6uiop.

Huun o oneparopyn 1o’cup ranydyny ranar. Bynyu yayn (6.3) udagecy-
UM €O WOKHALD jasar KH, L-HH CTATHCTHK OpTa TMJMOTH, KBAHT MCXaHUKH
CHCTEMAH JratFa PyHKeHjachiHbii (5.2) cbipackina axui onan C; oMcainapsl

uno jox, ¥ - dyHrcenjanbin 03y WO Hatd 0:1yHCYH.
Bynyh yuyn L dusuku komujjotuie yjryn onepatopy L uie vwapo eaub

L -111 BaxbLiaH CHCTEMHH Hx,t) -aatFa thyHKCH)achHA TO CHPHHH
L=[¥"(x.0) L¥(x,1)(d’x) . (6.4)

KHMH T8 [UH CiOK. .\C..Q 8O ¥x,7) -bynkcujanapeinbin (5.2) wio Bepui-
MHLL HDUUOIOPH OCAChINE KOCTOPMOK 0j1ap KH, (6.4) Gopabopiujn (6.3)

Oopabopianjuuo  Tam  exsupateHTunp. [orpyaan jaa, (6.4)-z0 Hxt) 8o
%\C..D-:: YJEYH (5.2) chIpaiiaphl WO OB3 eTCok

L= M*ﬁ.ﬁ [# (x,O)L¥, (x,0)(d x) (6.5)
atbitap. (6.5) Bo (6.3) HatOTOPHHUI MYIAJUCOCHHAOH KOPYHYP KM, OHJa-
phi OUP-OHPHHUE Y3OPHHO AYIUMOCH YYYH

[ LY, (d)=L,7, (6.6)
BO ja
LY=L, . (6.6
Cucremnn haabl KOCHIMOLOH tejuumpca (5.10) -a scacen (6.6) ToHMjM
LY¥Y=LY¥ (6.6')

IIOK/TMHUD jasbUIbIP.

Bypana L; cabur suen ony6, L dusnku kemujjetun cuctemun k hanpim-
HaKbl rHjMeTHUMp. (6.6') Bo (6.6") Gopabepaukiepu hep uctenuten ¥, so
¥ dyHKCHjanapbl YUYH OUOHWIMHD, jo'HH OHIADP €JHMIMK 0/IMajbl0 TOHNIHUK-
AUp.
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bhep hatcii L oneparopy yyyn 6.6') B ")t
et paropy yuyn (6.6') so (6.6') TOHITMKIIOPH ©UBHUTINK 1o
h». B9 ja KOMU[JOTH onepatopyh Moxeyeu rujmarn, ¥ se ja ¥ dyux
CHJATAPR! HEY OHYI MAXCYCH ylKCHja api AUIAHBIP. LY
Cucrem L oneparony - MOXCYC <CH] '
wov pynyn ¥ soxcyc yHKCH]ach! 1o TO'JUH  OnyHaH
hanpa ojapca, (5.2} chipaceiiia janin- =
i | p -2) paceniia jamens 6up Y=C ¥ hopm rasip Bo (6.4)
Gapabopiujy (6.6") TOHAHIHHD Bo (5.4) wopTite ocacon

L=[CC¥ LY dn =L

WIKANNO ymyp. Bypaga ¢ C=1 OJUYFYHIAH [ = L atwmmp, Jemony, 6a-
xbu1an hanaa L %E:x: KoMHfjoTHIMI L opra TH]MOTH OHYH Jorur 1, THM&TH
oy e , . 1 N TSV Y ! .
f%:.:.ﬂiEi.. rv.o ACMOKIMD ki, Oy hamta L xomujjoru Y4yH enuynon
MMaT hop o /. -jo Bapabop omavar, .
ﬁ.:Soz:: hater maxcyeu tylikcujanapei hey Oupy yzopuuo AYLIMOjsi |
uxtujapy Hx, 1) PyHKCuHjach wo TOCBUP 01yHypea, jo'HH CHCTeMuH MYMKYH
071aH :Ea,‘_mnpm: :c.:cr:im OLUYEY MO IyM dejuice, L YUYH envynen rujmor
hop uado L VHEPIATOPYHYH MOXCYCH IHjMOTIOpUHHN hop hance 6upunuy
Y3OPHHS aylwiop. by hausa (6.3) o ja (6.5) udarecuus C° C: (i=1,2,..)
hacunn anc : _ \ o
, Am%:::: rM_:‘.r::,:_ Chibipaan hoprim OJIAYFY MO'JIYM OAMaubIFBIHLaH
~HH JaTHbI’ RO TO) ’ L ]
b:zw_ b13 3 FHAD TO MK OTyHaH L Opra rMjMOTHHHH Mo’ Hach onyp.
P Tepodion (6.4) Gopabopimujunun car TOPOHHHU © BaxT OopTa rujMeT
M® HaCbIHbBI gali IWOKWILID JasMar oaap ku, ¥ yuyn

L¥=L-¥ 6.7)

TOHJIHH OUOHHUICHN. Horpyuan na (6.7)-Jo vcacon
[ L¥(dy=]1. Y W (dx) = [ L wix,t)(dx)= L

a1biHap. Beio ki, yw=¥ Y i i
. 1, A= , JyXapblua jeanjum . j

o p AMJHMH3 KUMH, ehtiMan najnanmace

w R Y s o
A.Jzaz.m_g:xcém {3.2) 50 ja (5.10) ChIpACH! WIDKIMHLS jasbita Gunepca, (6.7)
[3 - IE) a0 . 1 M .
o JHH#H homin samaner L Y4YH JeKano Gup rujmor jox, Oyryn mymkyn
L THIMBTIOP wox:yry &IBIHMAILUIBIP. L -uH Moxcycen THJMOTIIOP 4OXITyFy

..W_w OHYH cnexkmpu uejumip.
zwosw:,wox:v% Cajblia OHIOH APABIMBULINT TOLIKI CTUUKIO duckpem cnexmp
o VOUSH JOJHWOH apABIBULIBIN ToK ] CTAHKIO HCO Kocuimas m:masm

aHbIp. Ej OKMWIL j
(e P. Ejnyn wokwiie (6.7) TouaMjuHMH hoinmHiie ¥ yuyu{ ¥} so ja

. ' ’
ro mﬁﬁwwzwo_:e_% HOXJyFy a1biiblp Bo OHaap Wnum, YJFYH onapar, auckper
e M\nz%bmn::: Totwkn enup. Tejy enok ku, (6.7) TOHIMJHHUH hen-
aH . ;
(x.?) dynkcujacer, buznku TONSONOPUOH YbIXAH awarbigaKy i
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Goeti ofoMoananp. O, apryMeHTIopHHHH OYTYH JojuiiMe 06:1aCThiHIa COH-
-1y, GUDITjMOTIH, B3y BO OHYH OHPHHUK TopTHO TOPIMP/IOPH KOCHIMO3 O/IMa-
ABLIBIP.

[ ucronwion (M3MKKM KOMH]jOTO YJFyH Onepatop OJLyFyHuaH (5.2) Bo
(5.10) mcpatonepHHd CHCTEMHH MXTHjapu (DYHKCHjaChiHbIH HCTOHWIOH ONepa-
TopyH Mexcycn (YHKCHjalaphl Y3pd KOTYpPYIMyLl chipaapbl KMMH 6axmar
onap. CHCTEMHH HXTHJapH dyHKCHjaChl ASAHKID {¥,} Bo ja { ¥} dynxecu-
jwiap Yox 1viynian hep hancel 6upy Gaula aywynyp. Maconan, Y yuyn (5.2)
HpaocH

.*\‘ - MQ;S» AMNJ

WKLo jasbiaap, Oypaita { @}, MOCOIoH, hop hancet 6up G oneparo-
PYNYH MOXCYCH (DYHKCH]Q1APbIHBIH TaM HOXIyYY O IMAIBLIBIP.

Cucremull uxtujapu yukeujaceins (5.2) 8o ja (5.2') weKkMHie Hbauo
erMojo uMKan Bepo ¥ (Bo ja @) (hyHKCHjATap CHCTEMHHD TaM CHCTEM 1eju-
aup ((8.18) ndagacH Tam CHCTEM/AMJHH pHjasn wapThiamp, 6ax §8).

Oltepatopy MyXTosiud MOXCYCH THMOTIOPHHD yjFyH MoxcycH yHKenja-
napbl QOPrIOHINPMOK YIYH KOCHIMO3 CIEKTP hanpiHua ja danra (yHKCHja-
CHIILIH CaF TOPOMHHIO alLarbllad (QU3MKH KOMM}jOTUH HILAPOCH jasbiIbip
W, (x,1) Bo ja homun dyHkeHja |L > KUMK U1Lapd ONyHYP. JuckpeT cnexrp
havtbiita Moxcyen rujmoraopu Ly, Lo, L, KuMH HOMPOIIOMOK MYMKYH OJL1y-
pyngan, yukcuja P (x,1) OBO3HHID CAUDYD ja ¥ix,t)Bo ja la i > WoKIMHID
JA3BLIBIP.

Bo'301t (DH3HKH KOMH]JOTHH MYDjjoH L=L; rajMoTHHO XOTTH acbUIbl O/
Majan OMp He4yo MOXCYCH dyHKeuja, jo HH CHCTEMHH Gup Heyo MyXToub
hanpt yjryn Kemup. Cuctemin 6esto haiapbiia WeIpalliMbIi hannap, QyHk-
cujanapbii cajbita Heo Oy halbii YbIPIAMIMA JIPIUOCH sejunup. Yeipnamma
hatuin Jatra pyukcujanapst Fiy, o, ¥,; KMMH HKH HHICKCIO Towhus oiy-
nyp. Bypaita f haiuiH ubip1aiMa IopouacHiin KeCTopoH utgexcamp. Fy -
(PyHKCH]Aapbl YMYMM)JOTIO [APUIBLIBILILE OPTOTOHAT OMYP- OHIapbIH XOTTH
KOMOMHACH]ACH! ONaH

S‘. = M QS .,N\:N

dyHkcHjatapsl da Lj- jo yjEyH MOXCYCH dynkcunjanap oiap. hambin upipialMa

JOPOUSCH COHITY OTLLyTHa ¢ -PyHKCH]aTaphiHbl OPTOHOPMATNALLIBIPMAr OMYD.

Y., yHKCHjataphlHbiH O HHICKCHHD KOpd ¥\ yoxnyry hop hancsl 6aiura
a

6up ( orepaTopyHyH MOXCYCH dyHKcHjaap CHEKTPHUHH TOWKWI EUSpCo,
J©'HH OHap Y4YH

Q .-\~4Q “QQ ﬁﬂ
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TOHIM]H O.1otopco (Gypaita G, -G OnCpaTopy

. HYH MOXCycH THIMOTH.
i “HTHIMOTIAND).
QYHKCHJATAPB! YUYH (@ MHACKCHHO Kopa ! Ph

fust us . -
.‘ \»H.i{:,.ﬁﬁxﬁv = —v\ ’

i

O@ OHOPMA T TAHMA LIk —.:_ olda ) | dM ¢ [ 1,1¢ [§] MVYLU
B DPTH OLOHW LK 3a dH acCH.!
| i Mdl Qu\ , ITHHJoH K ~_<—J\,._. Y

_. %”Ab\ Aﬁ\ﬂv = M A Mkﬁ 45

HHTEIDWILL £y -HH BCPHIMHLL TH]Mo'
Nk HMoTHHIY Gy -Hbl . j
: , o ~HBIH MYMKYH THJMOTIOPHHK
:naM::., G DHPUHY d1Ma ehtuMaibinbl Bepup PR e repon
_Avmwn_w_wzq MEXAHHKAChIHAA UCTHGATD OAYHAH onepaTopnap
MEXalMKAChINAG HCTH(DALD OlNyHaH ONCpATOPAAp, CYHeprosHe

:U::O_‘:u:::\—: OUIHHIIMOCH w&« .2 3 X0 ) il
! g Rk H JTHDI O’ <
’ OHJL: — ,u ) OTTH C :QUL OUEN@ ONIMaIbLdL w N

DQ.N\LL:EH:M@\[T@MS (6.9)

Emw::: OLONEHAND: @ B b — uxTHjapy caburropump

neparopiap OTTICIM]M 3 ’

s xcﬂ; ,m_ﬂ_,.M ﬂ XUTTHAHIM Sopyput wopt oy, xachu uropt gejusiaup
. } IPATOPIL) Y30PHUD TOjyial JIMK: & IH]] . .

e Jyran JmKop Mohayianjjoriop yiopunmo
XOTTH OLCPATOPIAP AUOTON KOM

TUIMOTIOPH 40 Y

opap aoton €KC OUYFYHIAIL, OWIAPLIH MOXCYCH
et G_::w,: h Em:roz::mzc onyp. CucreMunt haininbl xapak-
oo c KOMHJJOTIOPHIT QLILIFRL THIMOTISP Mco hoMuio ho
. S s . 1y YT o
o:qwﬁ:m_: PLADIIKID 613 o XOTIM oneparopnap cundi CEUMWIHJHK KH
TaphIH - MOXCYCH  THIMOTIOpH  horur : :
1 , [MOT] OUHIH  oncyH. Byn 1 :
onia bxeyen . byuyn yuyn dusukn xe-
MHJOTHIE OpTa THIMOTHIH hOTHTH OIIMACH WOPTHHLONH :SM_MUES%@:,% P
- (3 QK

L=(L). | (6.10)

(6.4) ocacon 6y wopru

[ L (dx) = ([ ¥ L¥P(dx) = [ YL ¥ (dx) (6.10")

KUMU ;0 jasmar 0.1 :
- A9 jasmar oaap. JIakni acamibiiia KOCTOpMoK 0j1ap KH hop xortu
m‘ﬂ.o ’ e o ’
pPatop yuyn (6.10°) woprn exonuamup. Jorpyaan ja ¥ ynkcujann (2.3)
B P bl (2.
a
~— XOTTH
o:@ m-ﬂo ! - \\w
zw,v Py YuYH (6.10") wopti exonnnmup. Tukop Topothilv, pHjasHjjaTian
7IyMuyp xu, hop 6up xorr L onepatopa

Mycrto 1e- HEPICh (3
YCToBU le-Bpoji aanrack 1wokiMHLe KOTYPCOK, MOCOIOH L=
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| @Lp(dx) = | oL D(dx) (6.11)
GopabopadjiHi e10jol L TPAHCMO3MCHa OTyHMYLI OMEpaTop rapiubi rojyna
Gunep. Fy axeippiubl Gopabopinkie @=F*, @= ¥ kerypy6, ony (6.10)
WO MYTHjHCO €TCOK, ,

L¥Y=L[¥ soja L=1L (6.12)

anpinap. By 1ISPTH ©U0joH ONEpaTopiap epmum onepamopiap alNaHbIp.
Jemann, onepaTopiapblH MOXCYCH THjMOTTOPHHHH (jo'HH (DM3MKH KOMHJJOT-
upHi) BOIHTHIMJMEN T MHH €TMOK YYYH KBAaHT MEXaHHKachiHia HCTHAU®
QILyHaH OfePATOPIAp JAIHb3 EPMHT ONEPATOpAap ONMAILLIBID.

Jakun 0o'3n hannapga pujasy onapar rejpH-epMMT ONEPATOP/apidH Aa
nerudato cawip. beno onepaTopiiapbiH MOXCYCH TMJMOTIOPH, jyXapblia reji
eTAMJUMK3 KMMU, KOMILIeKe oayp. hap 6up xomivieke L xomujjaTHHS KOMII-
nexc roiuma L koMujjotu rapuisi rojyinyp. Kepocen, hep 6up rejpH-epMur
oliepaTepa eKBUBIEHT IOIIMA ONEpPATop rapiibl rojMar onapMei?

Fejpi-cpMut L OLIEPATOPYHYH MOXCYCH THJMOTH L, ona romma L one-
paropyHyH Moxcycu rujmati L onapea, onnap (6:7)-jo ocacon

L¥Y=L-¥

TOHJIMKIIBPH WIS TO JUH OJIyHap.
Cucremun ¥ ymymu dyHkcujacs! yayH hamuiue (5.8) Hopmauianma wop-

TH OIPHWILIHjUHAOH, (6.12') TOHIMKISPHHM COsl TopodieH .\._Am BYpYO,
GyTyH h@3a y3po MHTCrpaanbIria

L=[¥ L¥(dx),
L' =[¥ L'¥(dx) (6.12")
OGopabapnuknopyu ansiHap. KoMruexc roima aaowopuH
@ v.u Ih
©dCCACHHD Kepo Oy axblpeiHubl 6apabopiujn (6.12")-u0H
[P L'W(dx)=(] ¥ L¥P(dx)) =[¥L ¥ (dx)
KHMH 10 jasMmar onap. (6.11) woeptune kepe hep 6up xoTTH oneparopa

TPAHCTIO3KCH]a OJYHMYLI ONEpatop rapiibl rojyna GWINH]HHISH, JyXaphllaKbl
6opabopnukie caFla JypaH HHTErpabl
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¥ L¥ ()= [ ' T ¥(dv)

KHUMH .‘meE. 0J1ap, OHJa

JYLY (dx) = [ ¥ L' ¥(a) (6.13)

anbiHap, Gawra cesns, hop 6up xorTu rejpu-e

oneparop PMHT oneparopa yjiyH romma

~

L'=1 (6.13")

KMMH To’juH onyHyp. Bawra cesno. hep hauch xotTH TejpH-EPMHT onepaTtopa
JJFYH TOLIMa OMEpaTop TanMar YY4yH OBBOJIYO BEPHIMHLL o:n?%o nm:
KOMIVIEKC TouIMa KeTypyiyp, coHpa uce o, TPAHCHO3UCH[A elHIup c.nxm-
PBUIAKE Mo Hanapua). by ukn emonujjata Gupnuxue €PMHT romma h&.:b:w

(6.13") Gopabopnuju ymymu Xapakrep pauibljbip. O, HCTOHWIOH XOTTH

ONEparop y4yH L0rpyuyp. Xycycu hamua ¢ops exok xu, L onepato

, e
oneparopyiyp. Onua (6.12) WOPTHHIOH KOMINEKE rommMa zm%soamim”wm
ucaienu (6.13) wie Myrajuce ercok, .

L'=L (6.14)

M.MMWMMV hwc::m CPMHT ONEPATOD YYYH rowiMa Oneparop oneparopy O3YH®
- beno oneparopnap e3yHo romma o j

a epMHT T -

TODJIAp alUIaHBIp. %P o ofepa

§ 7. ONIEPATOPJIAP Y39PHH/IO OMOJINIJJATIIAP

a) XoTTH onepatopiapsiH TomIaHMAaCkT
Hku L 2 o
ul g F XOTTH onepatopyn womu omai C QrepaTopy ey onepa-

Topa mejunup ku, C - i i
0 JWIHp K, HHH MXTHJapH JaiFa (yHKCHjachlHa TO’CHP HOTHWOCH

Hu mv —U 1 I
° 1 oneparopna bIHBIH —Hw?:b: (—:AO—\:N aToC —v HOTUYDI9 DU YoOMHUHO

C¥=(L+F)P=IWFy (7.1)

Jax 8
aKuH (7.1) womu hey g0 C OINEPATOPYHYH MOXCYCH IMjMaTHapHumu /

Bd F i
onyizy %*:ow»maovbm?_:zz YJFYH MOXCYCH TH]MOTIOPM WOMH KHMM T juH
Y KoctopMup. YMymu hasua OHJIap apacklnia onare onMaja na Hu-

18p. By . L 3
’ %m Wu M_w.mw:w Y3opHHID. Myboccen uajanar. L so F onepaTopnapbiHa
buzuku KOMU]JOTIOPHHHH CHCTEMMH ejHi 6up k-hanbinp) TO jHH
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eTujuHl $op3 eudk, jo'Hu robyn euok ki, L Bo F onepatopnapsl ¢juu 3a-
MaHla cucteMuH Gaxbitan A hansieel xapaktepuso eson Ly o £} moxcycn
FUjMOTIOPUHD MANMKMD. By hanbim uainra dynkcujacemnt P X, 1) KuMH Mwa-

po €TCeK, (6.6') 6opabepiujune Kepe L so F yuyH
LY =LY . F¥ =FY¥ (1.2)

TOHIHKI0PH euenunop. demenu, ¥ dynxcujacel hop HKH onepaTopyn Mox-
cycu panra GyHkcujacel onyp. Benme hawnapia sejupisp ku, onepatopran
YMYMH Jaira yHKCHjachlHa ManTHKIMP.

By hamua C -nmu ¥-ja 1o’ cupunn hecabaajar. (7.1) Ba (7.2) -jo acacen

C¥, =LY +F¥,=LY¥Y +FY¥ =(L +F)¥, =C,¥,

jaxyn

Co= L+ F (7.3)

anviap. [lemonu, 6axeitan hamga C-HuH MoxcycH rujmotiepu L se [ -u
YJFyH MOXCYCH M'MJMOTISPH YaMuHa Gapabop onyp.

Huum 1o dops euwox ku, L Bo F oneparopnapsl ejHu 3aMaHia MOXCYCH
TUIMOTIupy MawIHK Jejut, jo'uu L o F' i3k KoMH]jOTIOpH CHCTEMHH ejHu

Oup hambiabel T0'jun etMup. Onberre 6y hanua L Bo F onepartopiaph
GUPK® jatra (hyHKCH]aChiHA MANHK OMaubIFbiian C -HiH MOXCYCH TMJMOT-

JI9pU HITd L 8o F -un MOXCYCH E_ng@m: apaceitia heu 6up anars joxiyp.
Jlaxun 6y han yuyn 19 (7.1) TOWINJH €3 ['YBBOCHHM CaxmIajbip.

(7.1) 6opabopaujunu cosuau ,\?ﬁt tyukcujaceiHa BypyD, GyryH dosa
Y3po MHTerpawiajar, oHua

[ C¥(dx)=[¥ LY¥(dx)+| ¥ F¥(dx)
anpiHap. (6.4) MYHaCHOBTHHY KOpo aXbIPHIHYBIHBI
C=L+F (7.4)

WAK/IHHL® jasMar onap. [lemonu, yMymu hanza uku myxtenud L Bs F ore-

paTopiapblHbIH YaMuHe Gopabop C OMepaTopy AeiMKI® end onepatop Gauwia
AYWYNYp KM, OHIapa YjFyH (PH3MKH KOMHjjOTIOPHH OPTa TMjMOTIOPH Y4YH
(7.4) 6opabopiHju LBHWICHH.

O:mnmaovumwz: TOIUIAHMA TAjAaChlHA OCACOH, BEPHIMHIL HCTOHWISH rej-

pu-epMuT L Bo OHa romma L' OMepaTopapian ePMHT ONEPATOP IypaLLALIp-
Mar ornap.
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KecTopokK KH,
D==—" (7.5)
OrnepaTopy epMUT onepaTopAyp. Byuyn ydyn onuan epmut rowma KOTYpOK:

5L+ _L+(Ly
2 2

(6.13)-0 ocacon (L') =L omyrymaan D' =D onap, jo'uu D epmur
oneparopuyp.

Byna oxiwap onapar
L-I

w

G=
ONEPaTOPYHIAH ePMUT FOLIMA KOTYPOK, OHiA

L=y '-L
G = = --G. .
> 5 (7.6)

Beito G oneparopy aHTHepMuT oneparop AU13HBIP. ACaHJIBINIA KOCTOP-

MoK 0/12p KH, aHTHEPMHT oueparopy i-jo (§ — xajanu sahuu) Bypiayraa ankinan
JeHU OmepaTop epMuT osap.

Hohajot reju esok ku, Tomnauma rajuacelua ecacen xoTTu oniepaToprnap,
YOMI® KOMMYTATHBAHK

L+F=F+1[ (1.7)
B® aCCOCHATHUBIUK
L+(F+G)y=(L+F)+G (7.8)

XacCoopHHD MATHKIHD.
6) Xortn onepatopnapein Bypy:Machl. Mkn L so F xormu OTepaTopyH
hacwn nepuko ens C oneparopy Gaia AyWwynyp KH, OHYH Aaira (yHKCHja-

ChiHa TO’ CHP HOTHYOCH L s F oneparopiapbiHbiH homun dyHkcrjaja ap-
4B TO CHPH HoTHWOCH Y39pHHO AYLLCYH:

C¥=LF¥=[Fy), (7.9)
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6ypaia L F owoja L(F) Ja3bLIBIL Y- dyirkeunjacoina oBBoTe F one-

: T T T Z A 7 SR PN aro-
paTOpyIIyR, coHpa wiktian Jein = 2 Y dvakenjackiia weo L onepare

v { ROUTODMD

Hijoa im0 3061

Hit enap. by

i Lo Fooneparopaapn-
OLAYEVTEY, o e orap yuyi (7.2) Torik-

<0,

._(U i N;., 1 w\«\., \

FEPMOTIODIGHD, OHA Kapo i

FLW, = L F¥ = F ] (7.10')

x &

FLA g (LF - FDY, =0

0 Bacon

ot

ronnnnk Yidyuxeujachinn ¥,
AOMOBHACIJUCH IIOKIHHI®  KOCTOPMOKX  MYMKYH
ENANINR Frowo F L oneparopaapuinbil ¥jo 1o cHpH o
?:aﬂ,m.;,. o 1p,

« (LF -FLy¥ =0. (7.11)

LRy LYy

“

=

1 Gopulioplits WapTy onapar

LF -~ FL = (7.11")

LIORIBIHAD Janbbinp. Onepatepaapey KOMMYTATHBIRIH B0 Ja jepaejHLIMocH
|

-

alopak LiFr)= 7 - FL kumn wwape oayHyp Ba o

atatian Oy
QiUTdH Y We
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ﬁh(\.n_ = rTﬂ\H‘M XHCCOCH NG

WOPTH OUOHMIKDCO, Gy oHeparopnap Oup-Gupuio KommyTacuja euup. Be-
NOJIMKIO, HKM (HIHKH Kamu jjor ejHM 3amama MMjMIT aja {6.14y.19)
OHJIMPCO, OHIapa yYiEvH eneparopasp m:z-w:w::; KOMMyTacy ja 543140
ByHyH ®KC Teopesi i Lowp HOTUR M :
KOMMYTACH)a €auDCh, olitap
oHMapa yjFyH duisuxii KOMIHiji
Tejn eaok ki, I
Onyn  yHKCHjaja
JIakuH 400K 0K
parop/iapia KOMMyTachja e.np.
2) Rt uo Loso F cirarn ROA

P hanonr dau

Mosamanig o

OwIMoARjHIE oy egon, byt

i

6opabop onan = [ F ane

AMJHHARH, €PN 150 )
patopy rejpun-epitir creparop o oy
JAXHIT - ONAH  OTICPATOPAAPHIT  MDXCYCH

i Mo 1o
PMOTIRpH hacwin wio 1y HH
ONlyHMYp. l'ejpu-e¢pmur OUCPATOPIIAPbIH. MDXCYCH PHIMOT.

MOXCYCT

SOPH ALOTON KOMI-
JIEKC DUDNIOD OILIYFYHIAN, OHAa T'OliMa OLICPATOPYH  TAlLIIMACK] MOCOIOCH
MyajjeH shomujjor koch cuup.

Bynyu yuyn 6axniian ONCPATOPA Yjryil TPAHCHOIMCH]A UM ML {eT™HIL)
onepatopyH (6.11) 10’ juHungon HCTHDWI ¢ank;

[ () = 140 i

Bo ja (DL ey -

AXBIDBIHULL Go aOOPTMKID COTaR L
Byuyn yuyn @ = FY¥ Rovypy6, [ o VIFViL
TOPY To'jun cpox:

HISNASF

.QSNA.W%\X&».V = [ DLp(dx) = [l @idy) = (_‘QJSM Dl 7

N

;. ﬁ\;w_

Wb 45 f=L@ KOTYPYS, F -5 VIEVH 1

PO

S

A1d ONCHaTo

JIF ) = [ V] (s = | e £ v

J j e §

3 BoH

3._8, (7.13) Bo (7.14) mmﬁ:mowi.zaus:_._

~

~

[H(LEYD(dx) = [ ¥F L @ (dx)
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80 ja AMWVHW.M (7.15)

atbipeir. [emeny, omeparoprapbii hacuanud yjFyH TpaHcro3ucHja eaui-
MHLI onepatop hacwigs HIUTHPAaK eIdH Oneparopiapa YJEYH TPaHCHO3H-
CHja eIH/MHLI OMEPATOP]APbIH JKC APABIYBLUILINIA KOTYPYJIMYLI hacu-

JuHe GopabapaMp.
(7.15) GopaGepivjHHileH KOMILIEKC roma KeTypYy0, (6.12) Gopabopiu-

JUHM HO3OPR ancar:

(LFy =F'L (7.16)

onap. XoTtd oneparopiapbii hacwiMHe yJFyH rowMa onepatop, hacwiue
WILITHPAK ejoH ONepaTopiapa yjryH roliMa OnepaTop1apbii OKC apibiubli-
Apiria KeTypyamyw hacuiune Gopabopiup.

(7.16) Bopabopaujuty apabMbLl TOTOMI €TMOKIID HCTOHMIOH cajua XoTTH
oneparopiapeliH hacuaunuon ubapor oneparopa YjFyH rOiLIMa OMepaTop Tar-
Mar osiap:

(LF..Cy =C"..F'L". (7.16")

I Bo F oneparopiapblHbIH ajpbUlbITia €PMHT OJLLYFyHY (op3 eTCok,
(6.14) acacon (7.16) Gopabopnuju
(LF)' = FL (7.17)
wekaune aywyp. Jlakun Oy wopt hey 19 C = LF oneparopyhyH epMuT 011-
Machl YuyH Kathu JAeJWIIHP. L 8o F wie Gupnuxuo C -HUH 140 ePMHUT Oji-
ayrFyny robyi ercok, (7.17)-uon
LF-FL=0 (7.18)
onap, jo'uu L 8o F epmur omyrua L F hacwiMHHH [® €pMHUT OIMachi
yuyn ouiap Gup-OMpWI® KOMMYTACHja €TMOTMIMP. Bypasgan 6Up HOTHYO
onmapar 4bIXbip KH, L oliepatopy epMHT oapca, [ oneparopy homuwe ep-
MuTIUp (Bypata 71 — TaM MycOoT 819411p).
L' onepatopyHyn ¢yHKcHjaja To’cupu L onepatopyHyH n 1¢o apibl-
WBL1 T’ CUPH KMMH T8 jUH ONYHYD.
['w=L(L. L(LY)) (7.19)

(car Topedus L oneparopy n oo Gup-6upuno Bypyayp). luxep Topad-
I19H, aCaHIbIFa KOCTOPMOK onap KH, ejud GMp onepatopyH WKH MyxTanug

YeTy yuyH
m=rr , (7.20)
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BO

[L1)=DD-DD =0

UOPTIPH OAOHUIUD.
dopz euok Ku, L Bo F oneparopnapsl Gup-GMpuie KOMMYyTacHja eT-
M0joH €PMHMT orieparop:apibip. Onua jorun xu, L F 8o F L hacun one-

patopitapbl €pMuT 0/iMa3. JIaknH onaapoiH WAMW+ WD BO HAMW IWMV
2 2

zoZm::moE.EEE& (7.17)-jo acacan, hoMHIID epMUT OnEpaTOPAAPUBID.
) hop haucsi L onepatopysa Topc oneparop L' Kumu Huwape ONTyHYpP.

L' Ttopc oiepatop janHbl3 O BaxT TO'JuH onyHa OHIep KM, @(X)= L Wx)

tonnujit Fjo nosopor haan onyna 6uicun: ¥= L' ¢, Bypauan anbiHbip Ki
TapC ONepaTop

L'LY=L'(LWPY=L"o=¥
jo'HH
L'L=1 (7.21)

xaccocuno manmkmp. Ejnmo O6yHYH KHMH
LL'o(x)=L(L'¢)=L¥ =9, jom L L'=1, (7.21")

Gypasa [ — Bahun onepatopayp. Bahuy oneparop yuyn hemmuine 1¥9=Y¥
@wwmmmgéx eloHWMp B0 Oypasan ua o Oytyn Gawra onepatopaapia KoM-
MyTacuja eiup.

L' topc onepatop L' roima onepatopa GopaGop, jo'un L'=L' onap-
ca, (7.21) Ba (7.21") mynacuboTiopu

BO ja
LL'=0L'L=1 (7.22)

WIBKIMAAD Aywep. beno oneparopnap yuurap oneparopaap Bo (7.22) wepTH
YHUTApABIr WSPTH allaHbip. YHUTAp ONeparopiapblH MAXCYCH THjMOTIODH
Mouyya pahuie Gopabepuup: L ¥ =L ¥ 8o L' ¥= L' ¥on

UIOpTUHK He30po ancar, Ay pe (722

LL¥Y=LL'Y=LL¥Y=Y¥
onap, 6ypaunan

2

LL =|L] =1
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Yuurap [ so F oneparopnapsHbii hacwiu onan C=LF oneparopy

ja ynurap onyp: C' = F *L" onuyryHuau
C'C=F'L'LFE=FF=1I
onyp.

HohajoT reju euox KM, XOTTH oneparopiapbiH hacuiu oMonnjjaTel AMCT-
puOYTHBIIMK XaCCOCHHO MalMKIUD:

LFE+O)=LF+IC. (7.23)

§ 8. EPMHT ONIEPATOPJIAPBIH MOXCYCH ®YHKCHJAJIAPBI
B9 OHJIAPBIH XACCOJIoPH

Jyxapbiia reju €TAMK KM, ONEpaTopIapbiH MOXCYCH THJMOTIOP UOXIYFY
JMCKpPET BO ja KOCHIMO3 CHEKTp TOWIKHN euup. hop uku han yuyn epmut
(@3yHO TrOLIMA) ONEPATOPIAPblH MOXCYCH (PYHKCHjANapbIHbIH XaCCAIOPH WO
TaHbIL ONar.

OBBonye Oy MocegoHM AMCKPET CNEKTp hambl ydyH Tohnun euok. 5-um
naparpada KeCTOPMHILAMK KH, cUCTeMHH ¥ uxTHjapu (yHKCHjaChiHbI HCTo-
HuIeH onepatopyH (5.2) (8o ja (5.10)) MoxcycH QyHKCHjanapbiHbIH

P(x,1)=SC ¥ (x,1)

KOMOHHACHjachl IIBKJIHHI® KOCTOPMOK onap Bo OyHa uMKaH BepoH ¥ (B0 ja

¥,) dynkcujanap yoxayry Tam cucrem towkui eanp. C; C hacunu cuctemun

i~y hanua onMa ehtumansuiblp Bo  Fi(x,t) dyHkcHjanaps uce (5.6) opro-
HOpMalaHMa LPTHHH euojup. Jlakun, 6u3z Oy wopmiepu ehTuManr HO30-
PHjjOCHMHMH ToNo6MOpHHO ©CACOH alaHia KBAHT MEXaHWKAachlHAa MCTH(aLo
OJIYHaH Orepatopiap CHHGHHH ASTHUITIOLIIHPMOMUILIAKK.

CucreM cowly ¢ozaua hopokeT eauMpcs, oHyH ana Owmewsk hawiap
apABLIMbLUIBIFGL AMCKPET CHEKTp TOWKHW1 eamp (Moc. IV docne 6ax) so Oy

hainapwin ¥ nastra dyHkcujanapsl he3anss Gaxbinan 061aCTbIHIAH KoHapia
kudajor resop 6ejyk cyp’eTie (re3) chicpa jaxbinnawbip. OHa Kepe o
JMCKpeT cnekTpuH ¥, janfa GyHKCHjaIapeiHBIH achblibl OJAYFYy apryMeHIId-
puH 6YTYH IojuliMd 001acThl Y3po KOTYPY/IMYIU _ﬁ.ﬁ?&& unrerpaisl he-

MHII® COHIY ranblp. BypalaH 4bIXblp KM, OHCKPET CIEKTPHH aanFa yHk-
cujanapbiHel hemuwe HopMatamar onap. benemukne, (5.6) WOPTIOPHHHUH
GUpUHUHCH, jo'HM natFa (PyHKCHjalapeHBIH HOpMaiaHMa WopTH Oypana na
03 TYBBOCHHH CaxJajbip.

HUKnHYY IIBPTO KBIAMKA® MCO O, jATHBI3 EPMHT ONEpaTOP/Iaphii MOXCYCH
dyHKcujanaps! yuyH esoHwiup. Byny ncbar enok.
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Dop3 esok ku, F, Bo ¥, dyHkcujanaph HXTHjapu L xorm oneparo-
pYHYH L, BO L, wmyxtonug MOXCYCH H]MOTIOPHHO YjFyH MBxXcycu yHKCH-
janapblibip, jo'HH OHJIAD Y4YH

LY, =LY LY =L ¥ 8.1)

’
noon m m= m

TOHMKJIOPH OIOHWIHD. BupuHuM Touauju compan %A“-w, HUKHHYH TOHIIH)O

7 * * * .
KOMILIEKC rowmMa onan L ¥, = L ¥ rtoHnmjunu uco canan ¥, -& Bypy6,

6yTyH $o3a y3pe MHTErpan KOTYPAYKU®H COHpa anbiHaH Gopaboprukiopn
6up-OGUPHHIIOH YBIXCar,

[P LY (dx)~ [ ¥, L (dx)= (L, - L) ¥ ¥ (d) (8.2)

anapbair. Con %@@mﬁt@_ﬁ: HKHHYH UHTErpala %ﬁm:o:nuwsnx.‘m TEOPEMHHH TOT-

6ur eTcok,

[Y.L'¥ (dx)=[¥. L'V (dx)

%.Nv Gopabopinjunnn con Topadu ejuuIMK KnuMH chibpa GapaGop onap.
Hia

(L, = L), ¥, (dx)=0 (8.2)

onyp. Bypaua uxu hana 6axmar onap. ®op3s euok ku, a) nzm, ouga L # L
n n
OJLIYFyHUAH

[, (dx)=0 (8.3)

AIBIHBID, [©'HM EPMMT OMNEpaTopiaapbli MYXTONUD MaXCych THjMITIIOPHHD
YIFYH nanra yHkcuHjanapsl oproroHan onayp. 6) n=m oJMyria janFa (yHk-

CHjaHbIH (U3MKK MahujjoTHHIBOH [P (dx)=1 onypso L =L JIBIHBID,

JO HH epMUT OnepaTopnapeiH MOXCYCH rMjMOTIOpH hoMuie horuru onyp.
Epmur oneparopnapuin MoXcycH dyHkcHjanapbl yuyH (5.6) opronop-

Mwﬂwﬂzm WBPTH TaM OUSHWIMD. .mv\ haua (5.2)-jo naxun onan C; emcan-
PBIHbL cHCTeMUH panFa (yHKCHjanaphl wie upage eTMok onap. Jorpyuan

48, (3.2)-nu conan ¥, Bypy6, Gyryn dosa yspe uHTerpaitacar, (5.6)-ja oca-
COH
C, =[¥ (x,)P(x,1)(dx) (8.4)

AThinap,

41



Heuar s popr cavr ki, L pisukn koMo o kacuios (Oyros) CHEKTpo
MAHRANP. ORYH sOxever rivoTIep qoxayryiy (L, Moxcyew aatra dynk-

CHjAApLIUL ca Y W0 IuApe eTCHK, YIFYH TomlHuK

LY, =LY (8.5)

Asenper crekep hapaiiia osayey s, W) smoxeyon spynrcujaiap cuc-

PN CHCTEM TOLIKILE €ARPCO, cHCTeMHE 7 yriyam ara yHKCHJaC LI
EMXTHJADH NOTTH KOMOHHACH]ACED WORHHLG KOCTOPMOk oap. by
havia Heo KesORHACHIA NHTerPat IR ITHILIO jaibliap:

Pix.t)=[C(LY, (x,0)dL . (3.6

Musrerpat L-yn 6y1y0 gojuiumo o61acThl y3p0 KOTYPY1Yp.

Fi byHKCHJATAPBIHBL @il WOKHILO HOPMAIAMAT, Jo HII OHAApP Y4yH opra-
HOPMATANMA IO i (5.6} WOKIHMMID JasMar MyMKYH dejuip. KockiMos
CHCKTPHH aiva (DyHKCHJAIapel KBaUpPaTHK witerpatianvelp. Omiap yuy

.

[, ()W (x)(dx) wnrerpansl Harbiasip (COHCY3 oyp). By ouyuna onare-
AUPALIP KM, KOCHIIMO3 CHEKTPHH jJatra yHKCHJanapbl COHCY3Iyrua chipa
Gopabop oamyp (¥, (x = *0) # 0). By hamia KBAHT MeXaHHKH CHCTCMMUII
hopokoTi HilUHHT OJyP, jo'HH CHCTEMHH (39PPOMMjHI) COHCYXIylda 0iMa
chramaint cnidoipaan doprim mijmor atsip. Ona Kepo o Oyres crekrpHi
#, soxcyen ynKCHJUIAPBE Y4YI OPTOHOPMATANE WOPTH /10 T jHH CUWTHP
i, CHLYC(L)L udaroen L-xommjjorinim L, L+ dL unrepsaminia mjson
anva chyaabien ihaie e1cun (6c4v Kn, Gaxerian haLia cHeTeMiH Myojion
hasbrsbir = L-mi MYOJjoR . DHIMOTHEME ChTUMATHILIA A2HBILIMAL MyMKYI
Aejup). L-un MyMKYH 0120 rrjMOTIepHILIOH hed oumaca GupHi Gopabop
oiMa ehtimansl pahnie Gopabop orgyryHan

[C(LCLYL = [ (x, ) (x, 1)(dx) = | (8.7)
oaap.
Pornn (7.6) wio BEPUIMHLL IMjMOTHHN Bypaia jepuHo jascar,

[CULYC(LYAL = [ C" (L)AL ¥, (x)¥(x)(dx)

atapeir. by 6opaGopinkio con 8o car Topaduokn HALOIGPHH MYTajHCOCHH-
A0H

C(L) = | ¥ ¥(x)(dx) (8.8)

atbinblp. Beromkiao, C(L) omcannapeitbin hecabaanva rajaackl C; omcania-
pritibin (8.4) hecabianma rajiach y3opuio aymyp.
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¥, (x) yHKCIJ@IaPhl YUyH OPTO-HOPMAtaHMa ILRPTHHI FADMAT MBI CoLL
wie ¥ (xX)-un (8.6) —1okn noatocnnu (8.8)-10 jepuno Jasar:

C,=ClL) =[CLNY (), (xNdo)dL' . (8.8

By 6opabopink uxiijapu C, OMCALIAPBE YUYH JHOFPY OAMUIbLIN]. 10
GJHAMMK KUMH ogoniMonn.atp. By o saman mywikyn onap kH, L'-un L-aon
dopran Oyryn rujMoTiepungo (L%L) C(L)-o BYpY:1aH T*\\.C.w.\ﬂ (el
MHTErpabt CLIpBp, L'-un L-o wox jaxmim PHPMOLIOPHEI0 Heo ([ 2f) COHCY 3
6ejyk (dL’coHcys kuumk oaaykyHAan) oacyd. Onaa C(L7) wxo wnrerpany
hacuau conny, jo'nn C(L7) wo C(L) epn ropruban omap. be1aTuko,
%f\.‘@vw\;‘«x&& uirerpaibk L'=L doprimon achtsr Gup thyHKCHIa
oayp. By dynkenja aprymenrnn chibnipian Poprm Mot Cdbp,
ChIDBIP THMOTHIAD HCO coucysnyp. Ony & (L L) kumn HWAPS CICOK,

[, (), (x)dx) = 8(L - L") (8.9)
O(L™-L) =5 (x) dbynkenjacht
sxy={> =0 8.10
x) = 10)
0, x#0 (810

KUMH TO'jull 0ityuyp. By axbiphimin fopabopiukie o jun OAYHUMYLS (PyHK-
CHja deama ¢rynkcuja agranuip. O, wik Aopo MoWhyp MAKHIKC anunu Hupax
TOPOMUHAOH [laXHA CAWIMULI BO OUYI wepodpund upak geira dynxcujachs
AUTAHBIP.

(8.9) MynacubGotHHU HO30PO ancar,

C(LY=[C(LYS(L' - LydL' (8.11)
onap. By ucaze Sdynxcujanpn on ocac Xaccoeputon GupuH stado
€uup. Rorpyian 1a, OHy UXTHjapH X Bo X' JQJUUIDHIOPY Y4YH jascar,

Ty =1/ (x")S(x - x"x’ (8.11%)
onap. by wecropup ku, umrerpan arteinaa S-dynkeuja ongyrua 6eno -

Terpanei wIMalr 4o0x aCaHUbID. S:i@-ﬁ.&,_hm.ﬁm:zz HOTHYOCH HHTerpana’1Thi

waxn&mmz? WHTCIPAIaMa  AOJMILOHMHMH - (pyHKCHjaHbIH 4pPIryMEeHTHHU
.nzezvm HCBHDOH THIMOTHHA® KOTYDYIMYIU IHjMOTHHO Gepabopuup, Mo-
O@b@:. .ﬁ- = a it}
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fla)y=T1F(x(x" ~ ady'
X' =0 ~ja
SO) =] £ (x)o0(x" = 0)ddx’

BO H.4. omyp.
by axbiprinubl Gopabepiikiopion HCTHAD €TMUK10 & (yHKCHjaRbin
7

Halnra myhym OHP XaCCOCHHHM 10 aimar oiap. (8.117 Hepabopinn v = x
=a, x =0 po na) mMoTHHIG CBIPbIpAAN (hOPrau W IAbIFbIHAAN, OHY

S )= f0f 6(x = x")dx’
KMMH 10 Jasmar o:1ap. Bypaaan
JO(x=x"dx"=1 Boja [S(x)dx =1 (8.12)

aTbiHap.
Henra dynkcujansin komoju wio KOTYPYIOH MHTErpatiiapia HHTerpaianms

0bnacTl (—o0, )  onmaja ua Gurop. Hurerpanbl, ueara tbynkenja cridripa
Oopabop oiMajan XycycH HOITS aaxWi OfMaH  HCTOHMIOH obsiact  y3po
KOTYPMOK onap.

(8.12) GopabopIujuHul  HKHHUMCHHIOH IBIHBID KH, SyHKeHja wyr
yuxcujaurip, jo'un Xx) = K-x). Torpyuan ia Y = —x oBO3MHM 1obyn
eTCaK,

[ 8 = [8(y)dy = 8y = 1

0HYD.

O -ynkcujanbi gaha Oup xaccacHnu KecTopek. Dop3 endk KH, S-yHk-
cuja O (ax) LWIOKIMHADAMD, Oypasa @ — uxtujapu cabutunp. Onuan x y3po
KOTYPY/IMYIl Wuterpanel hecabnajar. @x = y ososunu ketypy6, S¢ynk-
CHjaHbIH wyT yHKCH]a OILIYFYHY HO39po ajcar,

Stads = (512 = L 1500y
al e

a1binap. bypasan ubixeip ki, X ax) o Kx) tbyHKkeHja1ap yuyH

Hax) = F%C& (8.13)
o

Gopabopauju norpyuyp.
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Hcbarceis denta pynkcnjansin yaha OUp xaccocuuu 4o KOCTOPOK:

- 2 O(x—x)
Ap{x)) = 3. ;%i“s-h.\, (8.14)
i) QS_
?i.. .
o OypauaH

o 2 s 1
o(x- |Q-vnﬂra@|mv+~w§+5v, (8.15)
RIQ

fypata x-10p @(x)=0 TOHJIMJHHHY KOKIOPH, 1 uco X oxy GojyHua 6y
KOKIODHH CajbLinIp.

(8.9) Gopabopujn Gyron CHEKTPHH MoXcycH (yHKcHjastaphl yuyn VT
HOpMaitaiMa woptyu onyp. Hdorpyaan ua, L=’ onanga ¥ 8o ¥ dyiix-
CHja1apbl OPTOTOHAT OJ1yp (J¥, ¥, (dx)=0, L=L"), L=L" 15 uco OHIap &
yHKCHjaja HOpMatannp. By WOpT AMCKPET CrekTp hanbiuaxsl (5.6) Loap-
THHY B3 eUUp.

Byres cnexipui voxcyen ¢yHkcujanapel jaha Onp woprn o exojup. Ony
amMar yayn C{L)-vu (8.8) mio BEpHAMULL Hhatacuun (8.6)-ja jepHHo jasar:

F(x.0)=[¥(x')| .m\\.,q‘v.*\s (x)dL)(dx"). (8.16)
(8.8")-0 oxwap onapar Oy MynacuGoT 0 BaxT OUDHWIND KH,
| «ﬂ?«@ﬁ. (X)L = 5(x — x") (8.17)
OJICYH.
HMuckper CHCKTPHHE MOXCYCH (DyHKCHjAIaphl yuyH go (8.17) oxwap 6o-
pabopiuk aamar oaap. Horpynan ua Cr-uun (8.4) wio BEpUIMHI HagoCcHHn
(5.2)-110 jepuno jascar,

PO = [P (S ¥ () (x)dx’

@IbIHap. (8.8) Bo (8.16) OX1ap onapar, 6y 6epabopnujun eqoHUIMOCH Y4YH

()P (x) = S(x — x") (8.18)

o L ;

zwsm.:z:zn. Teju exox xu, (8.17) Bo (8.18) WOPTABPH YJFYH oJapar Kocusi-

o:w B9 auckper CHEKTPHH MOXCYCH (DyHKCHjaiap CHCTEMMHMH Tam CHUCTeEM
MAacChl yuyn na3pMu o Kathu wepriepuup.
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§ 9. HAMHJITOH OIIEPATOPY

bty ryrapbita Oaxsiian onenaTopaapsyl hascnl UMK KOMH{jOT10po anyg
E i .

WEIVEY KOCTOPMG L. KBADT MCXARWKACLIHAQ HCTHDL 01yHan oliepu-
ConLtaf AU MYOj o €LHIN B OHTAPBIH YMYMH XdACCOIOPH WO TaHbil

L s UL MYXToo HIHKY KOMEJIOTIoPO VIEYH OHICPATOP/IApbIH. aitl-
KD LRAMHEN TR TMACK! YIAOPHHIO fa]anar,

Creremun Yor) aamea ysReujacy) Moy onapea, Gaxblian ania
crerenMsit hadthiHbl XapakTepiso eloH OUIMKH KOoMHJOTIapHH alta Buovsk
CEIMOEIPUHE B0 OMaapeiH oy Mo chtiuMatnapuiisl hecabaamar oayp. by

ste hata aoppiaap ku, G7) aatra dynkenjace cucremun hainiibl Tam To -
FoBalsT MCXAHHKACHIHAL Hidna oIyHyp KM, A1) awna dyukcu-
muHy janiulz hoMisi andaxel baawser jox, OyTyH COHpakhl an-
@x e FULEPETHEL 2 OUPTHIMO I T JHA eaup.

CUTApAT AXBIPLIHYLE QKR 6e1o Hialo oaynyp: Pidyrkerjannin

ClIUMBCHANN hop BepHIMHLI Qitakbl rjmate Faud hovin

Pe s T 91

KiMU Jasuaeip. bypada § xojan BahH CaloiuK XaTHPHHO HAXHT eAHIMHUI-

arp. Cyiepnosueuia HpHHCHLHG Kepo (9.1)-v 1axui oiaH L oneparopy

WK Hasbuae XOTTH oaMatelbip (§6-ja 6ax). duxop repoduwn, L one-
FETOPYHA 3dMAHE KODR TOPUMAIOP BO MYQ)JOH 3aMan MHTCPBAIbINIR KO-
TYPY/IMYL IHTCIPLLTap axut oamamainiep, Jorpyaan aa, Lo oneparopy
FAHPR 3aMahid Kepo 10poMecHIY QYHKCHJABBI 03y WIO TO JHH eTAHJHHION
L -0 ramana kepo GHpHHUK TapTrl TepoMo A4axua oIMaMaTbLibip, oke hatia
0, axyapblian onepatop oimaz. L -0 jykcok ToptuliM TepOMoiep gaxil
ouca, BHMPCPCHCHAT TOHIHKIOP HO30PHIJOCHHD Kepa, Oawnaured  WapT
Corapar dairg (OYHKCHJachii @l faurra oHyH OUPHHYM, HKUHYH BO H.3. TopTHO
TUpOMAtpHIEE  OAULTAHILIM  3HA4KBl THIMOTIOPH A0 BepiwiMaup. By
CHCTEMMB hQUTBIHBIH 1aM T2 JHII O7TyHMA NPUHCHIMHG 3W.lunp. Ejieis OyHyH
KHMH  3QMdHa Keps HHTCrpatiapein L -9 paxui onmackl aa Oy npuHeMiie
3y o1ap, 6e1o KM, CHCTEMHH BEPHIMHMLL aHJaKhl haitsl OHYH TapHXHHLOH
TeLinl 07apiabt. By HCO KBanmt mMexaHuKackiHia TPAjeK TOPHjaHBIH BaPIBIELIHA
KOTHPAP BO OHYH 0Cac UPHHCHILIOPHHO (MOCOIOH, IC)pPH-MYO]JOH/IMK TDHH-
CHTIHAD) 3WLL 0ap.

§6-ia =9CTOPAMK KH, KBAHT MCXAHMKACHIHIA HCTH(UL® OyHaH onepa-
TOPIAP ePMHT OAMATHILIBIP. L -MH CPMHT ONepaTop OLYFYHY KOCTOPMOK MOT-
cointe (5.8) 6opabepiInjHHADH 3aMaHd KOPO TepOME allal:
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7w
T e Oldx) = 0.

4

X Be [ AGHHIOHIOPH Had

CAAYEYHAR BHICIPLT o
poMaHIH HOBOOCHH J0HIIMOK O

—={dx) =0
o, W
O S
—f e Y
5
ot
CE Y
TOHAUKJIOP.IOH .ma\r BO H\ “HH YJFYH HDU00pI0 0803 eTCOK,
) F

[(LF W) = [ ¥ L¥(dv)

anbiHap. bupnnsu wuterpatia Tpancnosucnja onynmyim oneparop anstajbi-
WHIHAAH (§6-1a 6ax) ucrithuitd eTCoK, axuphig Bopabopink

[ LP(dx)y=[¥" L¥(dx)
B ja

[V L'¥(de) =¥ L¥(dx)
WokanHe aywop. By GepaGopuik mxrujapu  ¥{x.t) thyskeujachl yuyn o
3aMan euowmanp ku, L' = L, jo'uu L oneparopy cpmut OHepaTtop O7ICYH.

L oneparopynyn hanc DH3HKH KOMUJJOTO YiFYH OTLIYFYBY MY®]jOH eioK.
§2-10 wiaccuk mexannka wio howmocn onTiHKa APACBIHAAKB!  OXWIAPABIFLI
APAIUBIPABITAE KOPAYK KK, TO'CHP S daiFanbin @ thazacel w10 MyroHacuGaup;

S = consty, (9.2)
@%Ugm ellf
AICHI3 DIDL, const HCo e:a4ycy TO'CHD OI4ye OPHHO AYilic
Om@:.—..ﬁ:\:u. ” (¢ YCY p YCY Y30OpHHT AYIWOH
By mynacu6oty

"k pRy

¥ = Ade” = Ae "

Mycr - o .
YCTOBM se-Bpojn dantanapel yuyy anar. Myrajuceson
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1 . o
= MA@ - pr) soja Et—pr=nhe (9.3)
1

orap. (9.2) Ba (9.3) -ueH

>m4
_S (9.4)
=5

QIRIHHIP. -HHUH T'HjMOTHHH Janra (hyHKCHjaHbIH HagoCHHLD jepuHD ja3car.

1
S(x.r)

Y(x,t)= Ae’ . (9.5)

bt MMU3 KHUMH, JdajlFraBapbl ONTHKAA haugacn OD,:\:A&N KE€4ull €TMIK

vayn -0 jaxpiHIawasipMar aazbiMabip. KBanT MexaHuMKachlHAaH KiacCHK
Mexantkaja Keuwau o Oy josrta erMmek osap. Jofpysan uxa, ue-bpojn manra-
TAPBUISIH 42517 Y3YHIYFY A 6axbulaH KBAHT MEXAHHKH CHCTEMUH KYTIBCH MO

h . .
yp. A =——, xyrio 6ojyiuykue A KH4uIHp Bo KYTHoHMH Kudajor
muv

fo i

reden fojyk rjMetuiie A0 jaxeimnawsip. Jemenu, xymia 0ejyk ongyrva
CHCTeMMH aNnFaBapbl xaccosiapu 3oug onyp. JanHei3 xudajaT reyep KHYHK
KYTIIOAM CHCTEMIOp (C/IEMEHTAp 30ppevHKIOp, aToMiap) YYYH UajiFaBapbl
xaccoasp Myhym pon ojuamara Gaumajeip. Betonukno, A—0 hanemna ksauT
MEXAHHKH CHCTEMIOD O3JIOPMHM KJIACCHK CHCTEMIIQP KHMH anapMaisuiblp.
A-npin coithpa jaxbin rHjMOTHHO (pasaHblH (@-HHMH) OH GOjyK I'MjMOTH YjFyH
konup. Owiapoin uaIdCHHIOH KOPYHYD KH, A BS® (-HUH MUMHT THjMOTHHH
i -um coipa jaxvinsamneipmariia qa (A — 0) anmar onap. A Iliask cabuti
OyTyn xsaHT hauncenspuHie onigyrda Myhym porn ojHajeip. OHyHn homun en-
uyny fawra KeMHujjoriepe He3zopaH Hucbu rujMaTd Oy Bo ja Oawra cUcTeMHH
KRAHTIIMI LAOPOUOCHHH T8 JUH eiadp. DyHa Kepo o KBaHT MeXaHMKACbIHIaH
K1aCCHK MEXaHMKaja Keuuuu, dopmat onapar, A —0 jaxslHnamsipmaria ja
anapmar onap.

Hemonn, A—0 onanpa sanrasapsl onTHka hoHASCH ONTHKAja, KBaHT Me-
»3HMKACH UC® KJIACCHK MEXaHMKaja Keuup Ba A-HbiH Oy auMuT E._ZmasE_m
HaHUOCH ONTHKA W19 KJIACCHK MEXaHHMKa apachlHAaKbl OXLIAPIHIr pHjasu
apz 9.4) MyHacubaTH wis udaue onyHyp. Byryn OyHinapuan 4bIXBIp KH,
nua (9.5) wdauocu KBaHT MeXaHHKAChIHBIH KJIaCCHK OGJIaCThl YYYH JajiFa
(byHKCH)ACBLIBIP.

Hanra thyHKCHJaCBIHBIH CTaTHCTHK Mo’HAChiHA Kepa (9.5) (bYHKCH)aChIHbIH
TOCBHp eTiAM]H hopokaT MysjjoH TpajeKTopuja y3po onaH KiacCuK hepokoTHH
yIopune aywo 6uiMes. JloFpylaH ja, jyxapeila Kepayk K, F-HUH Moayiy-
HyH KBajparbl 0axbUlaH aHja CUCTEMHH KOOpAMHATIAphIHBIH Najnanma ehru-
Mailbitbi To jUH eiaup. OHa Kepe 1o, (9.5) umanra GyHKCHjachIHBIH KJIaCCHK
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hopeko™o onarecy, Oy najnaHMaHbiH 3amMana Kepa “jeprejuiimMe "CHHMH
K/1acCHK MEXaHWKaHbIH FaHyH/IapbiHa YjFyH OJ1apar 6ail BepMocHHISH uGapor
onap. B

Wuay 1o L onepatopyHa yjryH (QU3HKH KOMM|joTH Tanar. ByHyH yuyH
(9.5)-u0H 3aMaHa Kepo Tepomd anmar (Oypaua A-HplH caGuT raiubiebl hops
OJIYHYP)

v i
N _ios .,
ot h Ot
Byny (9.1) Hle Myrajuco eTcok,
= | %.w
LY =——-—W¥ 9.6
h or 6

anpiHap.  OneparopyH  MOXCYCH  IHJMOTH  aH/ajbllUubIHBIH TO' JHHUHIOH,

1 2§ . 7
—~—+— Komujjotn L onepatopynyn mMoxcycu rujMotH onyp. Kiaccuk me-

m ot
XaHHUKaNaH me:%itvﬁ KH, CUCTEMHUH @:@Uv_ﬂxc: O:v\ TOoWIKWI €IoH um_uﬁ@::\:n.
:wn:: KOODIHHAT BO HUMI1YJCIAPbIHBIH (DYHKCHJachl ILOKIMHID BEPHIIHPCO,

TO'CHPHH (S-MH) 3aMaHa Kepo Tepomocu cuctemut H hamunton tyukcuja-
cbiHa 6opabap onyp:

as
-—=H(q,p,1). 9.7
5, = Ha.p.n 9.7
. ) | A as
AMHITOH—JAaKOOM TeHIHjUHH anmar yyyH (9.7)-10 D, HQ,.I KOTYpYJIyYp.
A q,

(9.7)-1u (9.6)-ua wosopo ancar, hlo = H¥Y anpmap. Jemonu, AL one-
Patopyna cucremun hamuiTon yHKCHjacel (eHepXHCH) KUMH OH3HKH Ko-
MH}JOT Yjryn Konup. hamunron dyHkcnjachina yjeyit oneparopy H wio vuape
€TCOK, axbIpbiHubl Townnk HY¥ = HY kumu jasblnap. by TOHMKIIBPHH MY-

rajucscummon Lh = H atbibp. (9.5)-u8 L oriepatopyny H wio oBo3
ercek, ¥ yuyn

oY
h— = HY¥ . .
ot (-8)

™
OE:\E\_ albIHap. H OnEparopy CHCTEMHH hamunmon onepamopy A/U1aHBIP.
Ha hamuamonuan na JAEJHITUP.
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Y5 hynkcHja YUYH ToH:AMK (9.1)-140H

*

_ih mow\[ - H¥' (9.9
ct

wekMuHae onap ¢ L epmur onayryaan H™ = H -awip).

Besonukio, cucteMut hamunton oneparopy amo'iyM ocapea. (9.8) tou-
AvjitHn hollt canb. CHCTCMHH janFa DYHKCRJACHIHBI, OHYII CHEPXH CIICKIPHHH
TANMAr, JyXdpblia I'ejid CTAHJHMH3 KHMH, CHCTEMH Tauv TOCBHP CTMOK. i
oyl GyIyH XacColopritt 10 JHH eTMOK 0.14p.

§ 10, ®H3HKH KOMHIJOTHH OPTA THIMITHHHH
3AMAHA KOPO TOPOMOICH

JAnKop (husHKH KoMU]JOTIOPO YJFYH OlICPATOPIAPLIH AHATHTHK LIVK:HIH
TanMasgan rabar, oBro YO, GU3HKH KOMHJJOTHH 3aMaHa Kepo TOPOMOCH oi1al
. dL N ) . .
L = —— xoMujjotHHo ( MocoTol, X =0, V=0 , 2= U,
dt ’
Fyll OIcparopy Tarnar.
KBaHT MexaHMKAchIHiIa $H3UKH KOMHJJOTHH 3aMaHa Kepd TepoMOCHHI
KAACCHK MO Hala TO'jUll CTMOK MYMKYH ejWLiMD. BHmmjnvMu3 KuMH, Kiac-

. B0 H.4. KHMHU) Vi-

CHK ME€XaHHKala TU_J harice WUZ:EU%:: 3aMaia Kopo TOPOMOCHHW anMar

YUYH OHYH OMp-OUPHH® YOX jaxXblH MYXTo. U HKH MOMEHTIOKH IHjMOTIO-
PUHH OIIMBK 1a3bIMUbIP. KBaHT MexaHukachliga Heo OyHY CTMOK MYMKYH Je-
JWILIMP, YYHKH KBAaHT MCXaHHKACKIHiaA TPajeKTopHja yipo hopokoT MeBuyl /le-
jump (§16-a 6ax). Dusuky KoMUjjoT OaxblnaH aniua 55:_ H E_.siw Ma-
MKAUPCH, COHPARBI MOMEHTIOPILD 0, f&;::_cﬂ_o heu Gup MysjjoH rHjMe
MK onMaja Ouep. by Hee GU3MKM KOMHJJOTHH 3amana Kepo TepoMOCcHHH
KAACCHK Josl1a To JHH CTMOjJ8 HMKaH BepMup. Jlaknu §6-1a KOCTOpiHK KH.

cucTeMut ymymu x,f) gaira QyHKCHjACh MO TyM OL1yrda, QHIHKH KOMuj-
JOTHH JallHbi3 OPTa IMJMOTHHHH M3 HACHl BApUbID (A&1Fd DPYHKCHJACHIHBIH CTa-
THCTHK Xapakreps). KoMujjoTiH opra rajMOTHHII HCO, K.1aCCHK Mo 'Hala, 3a-
MaHa Kepo tepamoct hecabiana Gunop.

Inkop ropadion, KBaHT MEXAHHKACBIIBIH 9CAC NMPUHCHILTOPHHLDH OGupH
ONaH YJFYHJIYT NPHHCHMIH HIUMA CiUp KH, KJIaCCHK MeXaHuKaua (usuku
KOMUJOTIOD apachbiHiaKbl MyHacHOSTIIOp KBaHT MeXaHHKAachlHia OHapa yjFyH
onepaTopaap y4yH UOFPY rajislp. By NPHHCHIUOH IBIHBIP KH, KBAHT Me-
X4HUKAchiHAa HXTHjapy L (DU3HMKM KOMHJOTHH 3aMaHd KODPO TOPOMOCHHMH
OpTa IHJMATH OHYH OpTa I'MJMOTHHHH 3aMdHa Kepo TepaMoacHHa Gapabopump:

I=1. (10.1)

Byny ucbar exax. Knacenk mexaunkaua hep haucet L(q,p,t) dusuku kompj-
JOTHHHMH 3aMaHa Kepod TepaMoCcH
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KHMH rmom—@bm:v—ﬁ. Knaccuk MCXAHHKaHbIH TGU@KO% TOHIHK/OPH OJ1aH

cH | °H
Q e

Nv =- > -
2q ap

haMHITOH TOHAMKIDPUHAOH HcTHhaUd eTcak,

. 0L
L= >t [HL] (10.2)

CHA ona

anbiHap, Oypaua TNSH ~ =~ Kiaccuk Ilyaccon me topuso-

CHUMP. YFyHIYT NPHHCUITMHO KOpo L, L, H ¢wusukn KOMUJJOTIOPHHD YiFyH
oneparopnap apacbitida ia (10.2) mynacuGorn 10fpy rasip:

i=2 ). (103)

Acanabinia KecTopMok onap ki, (10.1) MYHRCHOBTH KBAHT MeXaHUKACHIH-

aa (10.3) 6opabopanjuno KoTHpUP. Byuyn yuyn L -uu hecabunajar:

+ oL
NHF:N\ N%A%& (v == %N A&QLL ad N.\AQJV+
+PL mﬁ QS.
¥ oY
By utasoue QIwa Mﬂ TOpoMeTopHHH (9.8) Bo (9.9) TeHAMKIOPHHIOH
Gd Y0
Al m.m\ ~
or TR Y
:Ggw:ww: HJI® 9B93 eTCoK,
_ mQ. oL -
=] P(dx)+— :m YL WP (dx)—— % ¥ LH¥(dx)
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anbiHap. 1 oNepaTopyHyH epMHT (83yH® T'OLIMA) OHEPATOD O/LIYFVHY HOR
asapar, ([ = H ) MKMHUM HHTErPa bt LroKAHHM Jojumok. LY = ¥ r1o-
Oy.1 cuakK, oHia

FPHW () = 8T s = T Gy

beaoaukio,

L=[w widyy [ L (AL - LI
ol h
B ja
s T I .
Lt i Ty

NN %

[4F i

QABIHAP. L -in Oy ndanocnun (10140 jashb L= [ .&\.N\_\):g DLAVEYHY
HIBP wiicar,

.y ’ r\\\.N\ . - Nwmx ~,

[¥ LWy =1 “ W) =19 (—+ =

= (HL — LIN¥(dx)
dt At h

RO @%UES: Hda alldrbLiaKbl o:ovmﬁcw TOH THK & TMbiL C:m?.:‘”
(HL - 11y, (10.4)

T B
TNL = M‘TQ\‘ = LH) - xsanr MNyiccon Mo topusocu avianup. By nmapo-
]

Jepiao (104) mdagocu (10.33-yn y3opuHo aywyp. Jakun KBUHT MCXaHHKa-
CLILLA MK OHCpatopyd KoMmMylacijacuiinl idate caon AL — LI dopru,

WIOPTH  OJ1apar. HI - M\NHTML KUMH Hwape onyuyp. by hamtia (10.4)

MyHacuboTH
dL ;AL iy
T |_ L (10.4")
dt ot h

KUMH jasblibip. By tounuk hejsenbepr dopmacbinga hapakaT ToHamju agna-
HHIP BO (DUSHKK KOMH]JOTHH 3aMalia KOPa eBa1jyCHjacbiHbl XapaKTEPH3ad ejHp.

(10.4) ndagocn L onepatopyhyH 3aMaHa Kepo Tam TepoMecH KHMH Gaiua

Aymyiamomonnap. O, cagouo L e L dusuki koMujjoTiopune yjryn L po
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arod nis coanp, Kopynayjy ninm, 6y
onare cuctemud H hamiutron ONCPATOPY WO T jUH o:ynyp. L ofleparo-
~F
. P - Ly o o \,N\
PYHYH 3a8MaHA KODY XYCYCH TOPOMOCH 01aH Y houie 1eo oneparopy
ot
napameTpo (1-j0) Kepo TOPUMOCH KiMK BaxbuanbuLIp.

L oneparopriaphl apacuituiaknl o

aton I - AL
Oneparop L aWKap WOKWALS 3aMUbgal achinsi AEJHICO A|~ =0) no
At
hamuaron onepaiopy 1140 Kommyracja CARPCY &b&ﬂov. {10.4) 8o ja
(10.3)-1o1

L=1Y L% dx) -0 (10.5)

Bo (10.1)-om L = L =0 awnmp. By axwipuimunuan £ =const OYpP. Jo Hn
CHCTCMUE  HCIOHWIDIL haitbliia husunis Kemujjoran opra FHjMOT Cab
raeip. beno komujjoriope hopokor MUTCIPALIAPhI JIciHinp Bo (10.5) Bapa-
Gopiuii aHIapbi Cax/iaiMa TaHYHYHY nebato ciup.

Mocauion, dops eiok ku, [ = H -jap 8o cncremunn hamunron oleparopy
AUIKAP UWWKHILO 3aMatuaH achliibl tejwinp. Onua

A i
=t [F] =0
\1\ N. ._

onap, Oypasan o = /1 = const atuiiue, Jolim Oaxerran hanga cucresun
CHEPXUCH cax1aunp. havitrron OHEPATOPY 3AMUMLIAN QKA WOKILLID aChi-
bl 0faH haitapia Heo cHereMu CHEPK Y c;x:m:,EE”:_\,.E: Jenbutvar
: H
o:zvﬁ,i:m:@n.._c:E_.__mc,EéQH m.!.ho :::.6.

ot

§ 11. KOOPXHHAT B9 HMITYJIC OHEPATOPHAAPDI,
OHJIAPBIH MOXCYCH THIMITIOPH BO MOXCYCH
GYHKCHIANAPDI

(5.2). (5.10) 8o (5.3), (8.7 MYHACUDETI0PH KOCTOpHD KH, (9.8) TOHIH]H-
HUH honmn onan Wx,1) ana dynken; [

achl 1w, OHY uxtHjapu L onepatopy-
_— paropy

BS ja ¥ Moxcycu dynkcujatapbiusin KoMOUHaCHjachl WOKANHID
KecTty i T )
PM3Je (cynepnosucuja npuscunu) umkan Bepon C, 8o C(L) omcania-

Pol (ocnunyg

HKC .\ﬂ AT - . . N .
HSN.:S_C:\_@. @uv\ S._.»Lmﬁzv KBaH1 MCXAHHKAChIHIa €JHn %Su_\:ﬁ\_ Mo Ha)a
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L

, C,, C(L) dynxcujanap 4ox:yryHyH (crekTpuuun) hep Gupu
4jPBUIBITAA TaM CUCTEM TOILKMI eUMD B® KBAaHT MEXaHHKH CHUCTEMH TaM Toc-
BUD €TMOjo uMKaH Bepup. besronuk1o, oHnapuan hap 6MpH CHCTEMHH AaiFa
yHKCH)achl 01yp.

KBaHT MEXaHHKH CHCTeMHH Ho3opu Toururn Hx,f) 1atra dyHkcujacs Ba-
CUTOCHITO anapbliblpca, KBaHT MEXaHHKachiHua 6e1e TocBMp “X-TOCBHPH™ Bo
ja "koopinHat TacBupH’” aunaHelp. CHcTeMHH PHU3HKH XaCCOIOPHHHH TOCBU-

PH YYYH MCKPET CIIEKTpHH «.4\. =(; natra (yHKCHja1apbl CeYHTHPCH, Oeno

TOCBUP YjFyH (DH3MK# KOMHJJOTHH albl 113 altanelp. MaconoH, L kemujjoru
cucremut E enepxucu onapeca, Heno toceup “E-tocBupn” Ba ja “eHepku
Tocsupu” awtanelp. Hohajor, kecunmes cnektpun C(L) aanra cdyHkcujaia-
poitfan uerhdale edunopceo, TocBupe “L-tocsupn” uejunup. Maceoson, L xo-
MH}JOTH KOCHIMB/IOH JUBJUILIBH KOOPUHHAT X BS ja UMNYIC P 0/1apca, ToCBUP
yj¥yH osapar “KoopiuHatr’ Bd ja “UMIYy/IC TOCBUPH~ ai1aHblp Be H.a. [e)i e1-
MBK J1a3bIMABID KH, (PU3UKH KBMH]jOTO YJFYH OlICpAaTOPYH aHaNUTHK Hpailsacu
/19 TOCBUPHH cedmIMacHHURH ackuiblibip (11T docse 6ax). Ejuu 6up oneparop
MYXTAJIUG TOCBUPIOPUD MYXTR/IHGD aHATMTHK Uausjs MaliuK oayp.

bu3 6y naparpagua KOOpiAMHAT BS HMITYJC ONEPATOP/IAPBIHBIH jJATHBI3 HKH
TOCBUPUO—KOOPUHHAT BO MMIIY/IC TOCBUPNSPHHASKH H(AUIISPHHH Tanavarbll.
OHnapbiH BepH/IMHIL TECBUPUOKH aHAIHTHK HdauscuHudH hap haxcsl Hawra
TOCBUPUBKH aHATUTHK MQalajd (YMYMH]JOT/II® HCTOHWISH TOCBHPUSH HXTH-
japu IMKop TCBUPS) KeuMil MICalecH y3opuHiao Hce “TocBup Ho3opujjecu”
dociunge (111 docun) orpaduisl JajaHavyarsir.

A. Koopounam moceupu (x-maoceupu}

OBBAJIWG KOOPUMHAT BO MMIYJIC ONEPAaTOP/IAPbIHBIH KOOPUMHAT TOCBUPHH-
A9KH HAUSCHHK Tamnar.
a) KoopauHaTt oneparopy, OHyH M3XCYCH FHJMATIOPH B3 MIXCYCH (yHK-

CH janapal.

Dop3 elnok ku, cucrem Hx,¢) dynkeunjacel wie TocBup eaunup. CHCTEMHH
(39ppoUHjHH), MOCOIIBH, X KOOpAHHaThIHBIH Oy BB ja Gawra rujMeTu anma eh-

HMai ChixabiFbl (4.4)-1o0 w(x)=¥*(x) ¥(x) onuyryHjaH, OHYH CTATHCTHK
OpTa rMjMaTH

¥ = [w(x)x(dx) =¥ (x,0)¥(x,1)x(dx)

Bopabop onap. x-o yjryH onepatopy X HJ9 HIIapo €TCOK, ONEPaTopyH To pH-
tbunieH

¥ = [ ¥ x¥(dx)
onyp. By uku 6apabepsIMjuH MYrajUCOCHHUSH AIBIHBIP KH,
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X x)=x¥x)
onyp, Jo HH KOOPAMHAT TOoCBHPUHLO X onepatopynyn $¥(x) aanra tbyHken-
jacbtHa To CHPH Caidue X-un jaira QyHKCHjacsiHa hacHnnbe Gopabep onyp

Koopuuar TOCBHPHHAD X OTepaTopy X KOOpAMHATDI Y3OpHHS aywyp. Ejmu
COMOPH J' BO 2 OHCPUTOPIIAPBI YYYII S0 AeMOK ontap:

X=X, V=Y, Z=Z Boetowo o F =F . (11.1)

By MYHECHOVLIOPIOI WIBIMBIP K, 7 paunyc BEKTOPYH KOMIOHEHTI0pHUIID
FApLIbl TOJYIMYIL .Y, ), 2 Oleparopitapu Gup-6upiro KOMMYyTaclja eiaup:

XX, - X =0, k=123, (1.2

JO'HM OHJIAD CJHM 3aMuILia Myojjor vpMoT ana Guinp. Bawra costo, F o opa-
AMyC BEKTOPY Oaxbliian hataa myojjon THJMOTO MAHK onyp. . "

. Bypasan Oup woruuo onapar 4LIXBID KK, hop hancst dusukn KOMHjjoT
JaTHBI3 KOOPAMIARIAPIA ( F paaunyc BCKTOPY WiI0) T0'jui onynypea, Gy Ko-
MH)JOTO YJFYIL OTCPUTOP KOOPAMRAT TOCBMPHILID 03 Y30PHHO Ayuryp:

L(x,y,2)= L(F)= L(¥). (11.3)

mgw hatapua aejupiop ku, OHCPATOP 63 TOCBHPHHIY BEPHIMHLLIMP.
| X ONepATOpynyH MOXCYCH (yHKCHjAIAPBINI BO MOXCVCH IMJMOTIIOPUHH
TOJUH €OK. ONCPATOPYH MOXCYCH THJMOTHHHH TO pHhUH0H

X w\r (x)=x, Fx\«, (x) (11.4)
Oypaua x,~x—in hop hatient 6up rHMOTHIP. Tnkop TOPAPUOH *“X-TOCBUPHH-

48" X -MH hoMun TocBUpID BepH: ! aTo jaj
TOCBUPAD BCPHIMMLL m\« (%) —a 19’cupn x-un dbynkcujaja

hacunnno Gopabopup:

X

mﬁ.,ﬁ.«vnx mthQ. :~.$
(11.4) o (115 Bopaboprukopuim Topod-Topat unixcar,

(x-x, vﬁr (v)=0.

V\ - - - = - U.
m Ugm X=X YIaHE * C X &£ X OlaHjda UCo m X O 1
n ¢ a mm\y\ A&v - - 0. X A v O. v\

Knace AHMK
ov:_\_:mz MCXAHMKALA O4YFYy KMMH, KBAHT MEXaHUKACHIHAA Ja CHCTEMHH KO-
TIApbl KOCHIMOUOH 4OJULLIMD, jo'Hu CNEKTPH KOCHNMD3 oiyp. Ka-
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ciiMo3 crektpud ¥ (x) aanra dyHkcuHjanapel Hco (8.9)-a ocacoH S yHk-
CHjaja HOpMailaHbIp:

o0

| «M (), (x)(dx)=d(x, —x,). (11.6)

¥ (x) yHKCHjaCHIHbIH jyXapbluakel Xacco1opk Bo OHYH YHYH axbipblii-

upl 6opabopAMK O BaxXT €JHH 3aMaHla OUOHHIMD KH, ¥ (x)= O(x—x,)
ncyn. Jlorpysan aa, O-yHKCHjaHbIH TO PUHHUBH
8¢ X = .x\.:

¥ (x)=
. 0, x=x,

B .&\x. (x)=8"(x—x,)=06(x~-x,) onyrynuan, ouyn (8.11) xaccecnno

9CcacCoH

[, (), (0)(dx) =]6(x]) - x)6(x —x, Wdx)=8(x, - x!)

anbiiap. ByHyH KUMH 10} BO Z ONEpaTop/apblHblH MOXCYCH dhyHKCHja1apbl

YjfyH oj1apar
¥ (»=0o(y- y,h ¥ (2)=6(z~ z,), ¥, (x)=06(x-x,) (L7

omap. X, y, Z
Moxcycu yHKcHjaja MaMKuUp. By dynkeuja

W (7)= ¥, (¥, (Y, (2)=8(x—x,)8(y - 3,)8(z - 2,) =
= 5(F-F) (11.8)

oOllepaTopiapbl KOMMYTacHja eTAMjUHAOH OHnap ejHu Oup

IISKJTMHLD ONap.
6) UMmyjac onepaTtopy, OHYH MOXCYCH THJMOTJIOPH BY MIXCYCH (YHK-
cHjamapsl.

Hmnync onepaTopyHyH 'KOOPAMHAT TOCBHUPHHIAOKHM WM(ALSCHHH TanmMar
YUYH KBAaHT MEXaHHKM CHCTEMHMH CHMMETPHja XacCRIOPHHOH — OHYH hammi-
TOH OMEpaTopyHYH KOOPAMHATJapblH YEBPHIMOCHH® KOp® MHBAPHAHT raama-
ChI XaCCOCHHIOH MCTHdAD eUdK.

Tobyn onyHy6 KM, Xapu4d TYBBOIODHH To'cupu Mywiahuie OnyHMajaH
¢o3a GUpUMHC Be M30TPOILYD, jo'HM OHua OYTYH Herrasmep ejnu hyryry,
GYTYH HCTMraMoT/®p HMCO EKBHBAICHTIMD. OBBO/NYS, (Do3aHbIH OUPUHHC
0JIMACHl XacCOCHHIOH HcTHdaue exok. Manansl cucteMn GupurHc dosaua e3y-
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Ho Napaie/l KOUYPUYKI® OHYH XacCollopH UojHIMHp. KBaHT MexaHMKachiHia
CUCTEMHH Xacceilopu oHyH hamwirron oneparopy Wio To’jum oaymuaysyHaaH,
CHCTEMH HCTOHMIIOH MoCahojo Iapales] KOUYPAYKIO OHyH hamuiaron ore-
paTopy UOJUILIMSMOIIN, Jo'HM MNapaie/l KOUypMO UEeBPMIMOCHH® KOpo HH-
BApHAHT raMaIbINbp. HeTonunon comwty Macadajo napanen KeuypMe coHcys
KMYMK Napajesl KeYYPMoJIOoDASH TOLIKHI OyHUyryHuaH, hamuiton onepa-
TOPYH HHBADHAHT/IBIFbI COHIlY NApA/le]l KOUYPMO YUYH 1O JIOFPY Taslbip.

YMyMUanjy 1103MauaH Qop3 1ok KM, KBAHT MEXAHUKH CHUCTeM Gup 3op-
pounKion ubapoetuup. beno Ku, aibiHan HaTHWOMOP COPOICT FopPOUMKILD
CUCTEMH YUYH JI® acamiblria YMyMWISUIIHPHIO Buiop.

CoHcys KHYMK OF wmocadojo napanesl KedypMo 3amaibl JOppuuMjmi
pauMyc BEKTOPY ¥ —>F +O0F, nanra ¢yHkedjacsl uco W(F)— W(F + 6r)
yeBpWIHD. OF apThiMbl KHAJOT 10AOp KHYMK OuyryHiuan Y(F + 5F)

(YHKCHJAChIHEL O F -MH YCTIOPHHO KOPO chipaja ajuIpbi, GUpHHUM wkn hoito
KHAJOTIOHOK,

- ~ - LO¥(F -
Yir+or)=¥W(r)+oF JMM.!V.#:HC +O0FrVYWP(F)y  (11.8)
F
B ja
Y(F+35F)= R, V(F) (118"
Gypaua w&. =1+6FV (1.9)
) i : i \Q b \\n\, - %
COHCY3' KMYMK Hapane/l Keuypmo olieparopy, V= -——=] -—~+ j— +
or cx T Oy
i
+k P Hab1a awibl AHPCPEHCHAIL OLIEPATOPAYP.

Jyxapblaa reju etaMk Ku, cucTeMMi hamwiIton onepatopy hapaien ke-
YYpMojo Kepo unsapuanT raieip. Bawra cesne, P(F) dyukcujaceina oBsol-

y p R - —
o H, conpa unco R, oneparopy nio To'CHP CTUMKAO &ILIHAH HOTHYO, OB-
B P v I . . :
SHUEY Nﬂw. coHpa uce H wnio To'CHP CTUMKUO &lbIHAH HOTHYLjo Gopabop
Onyp:
%%m.,\\”mw%.m\ BY ja (R, H-

®om R = v :

%% =1+0rV oneparopy hamunron ONEpaTopy W19 KOMMYTacHja

€lin X — . .
AMp. Bahuy Bo S7 BekTopy neToHunoH OMneparTopiia KOMMYTACH]a eTLUH)JHHUDH

H

"Bd R, -un Kommyracujacsl
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(HV - VH)Y¥ =0 (11.10)

wokmdd altpip. §10-1a Kepayk xu. hop haHcsl orepatop dwkap WOKHILD
3AMAHAAN ACBUTBE ICJHICO BO haMIIron orepatopy wie KOMMYTACH|a eAdpea,
OHa YjFyH DH3MKH KoMUJJOT Ccaxlauplp, hopoker dHTerpais oayp. Mexauu-
KaQdH Mo IyMAYD KM, (ho3anoiH OHPYUHHCIGIH MMIYIACYH Cax.1aHMachiHa Ko-
Tpdp. byna dcacon Acjo OIOPHK KH, 30DPOUMMJHH HMMIIY/ICYHA YjFyH one-
patop Vit myronack6 omnvatslapp: p = CV . C—MyToHacHOAMK oMCLIbI-
HBIE CHIMOTH XyCeycn hadila tansiicd, 0. ymymid hatia 4a €3 TMJMOTHHH cax-
“ajeip. BynyH yuyn kaaccnk ofaactuin (9.5) satFa dylkejacbiHa P ooonepa-

TOPY Hilo 1o ' CHD CAuK!

Y= pder = cw VS
1

By to’cup (-~ V.S -un ¥aaira dynxenjactig haciinio komuphp, jo'si o.

h
7 OLCPATOPYHYH MOXCYCH IMMoTH 01yp. KI1accHK Mexanukaia 1o cHphi

P . Maxcyen rujmo

1l

rpasueH i cHetemMit uMnyiicyna GopaGopanp: V.S I

i : s
(6.7) 10" puduio wepo O w =1 Bo C=—ih oayp.
1

benonkine, KoopauHaT TOCBUPHH.IY 30PPOMHIHE HMIIY.IC OHEPATOPY

-

Y soia p o= dh T o= ih S b o= in (L1
= BO ja p. = —ih-—, =—h—,p =—-ih— .
f P, & Py & P 124

0ayp. (11.9) concys KMYMK lapaleil KOuypMo OMepartopyHy p wio Mdalo
eTCOK,
= =
R, =1+-por. (11.12)
h
(11.8) chipackiniga conpaxbi holtop 1o Ho3epa ajibilapea, coHly 7 =ad Ma-
cahocHHd Napae’l KeyypMo oneparopy

[
- pa

R=e¢" =e¢

(1113

o1ap. bypaia «¢; - napaien KeuypMo HEBPHAMOCHHMH 11apamMeTpIopH ail-
JaHbIp. R ONepaTtopyHyH &; fMapaMeTpiopHHe Kepe TepOMOCUHHH GyTyH
napameTPISPHH CblBIP THJMOTHHD YjFyH
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(

a0 = 7P, (11.4)

i

< l
I (x)=——
(x) ca,

|~

uepaioCH Napae KOUYPMy YEBPUIMOCHHIH KeHepaTopaapsl 5o ja MHGHHHU-
Te3UMaJl ONepaTop/apbl aaHeip. bypauan kepyHyp ki, KOOpAHHAT OX.1a-
ﬁEmhm: @:ﬁ: @O._v\zsm rnapane’n Ko4uypMa HEBPH/IMOCHHUH KCHEPATOPY BO ._m
=:G:=:H®u=z_m5 oneparopy, UMITY/1C C:GUNAOU%:%: uC.J\: KOMIIOHEHTH .10
MYTOHAcHOUHP.

%\C.t\u,:;x: hanra QyHKCHjachl Wis TGCBUD OJlyHaH 30PPOUHKIDD CHUC-
TEMHWHUH %mugm COHCY3 KHYHK napasiesn Kodypma oneparopy, _.c._:: KH,

\

I

h

R, =1+38FV, =14 557 p =1+

e POF

WOKMHHID oap, Oypaua p =3 p, . lemonu, 3OPPOUHKIIOP CHCTEMMITH (ho-
i

3aa COHCY3 KMUHMK TNapanes keuypMo oneparopy aa (11.12) udagocn wie

sepwiup. Jlakun 6y hanua, p-jo cucTeMuH Tam MMIIYACYHE YjFyH onepatop
KMMH 6axmar naspiMibip.

(11.11)-u01  KOpYHYp Ky, MMIIYIC onepatopy xorTd oneparopiayp. O,
KBaHT MEXAHMKACBIHIA HCTU(DALD OJIYHAH ONEPATOPIAD Y30PHHO rojynau
MKUHYM Tonobu uo emajup. O, e3yHe rowma EpMHT oneparopuyp. Byny

KOcTopMK yuyH P(100) =0, ¢(+00) =0 wopmropunn 0i0joH uxtHjapu @

B9 @ OyHKCHjanaphl YYYH ja3bLIMbILL
. , ’
[ @ p p(dx) = —ikf efms (dx)
X

MHTErpanbinbl hucco-hucco auar:

. ’ . ob . ~,
=i @=L (dv) < inf 0= (dx) = [ gp O(dx) = | & () =
=[@p;¥(dx)

B3 ja
- — 4
P =D,
03 . - -
YHO rouvMa wepty anviubip. Eju wokmo D, BO D_-HH 11® epMuUT oay-
FYHY HcBar etmak onap.
D i ;
YHKCHJaHBIH MYXTONUG) LOjHUIOHTOPS KOO MKMHUM TOPTHG TOPOMaIapH

Tepom
POMBHUH KOTYDY/IM®  apAbIMBUUIBIFBIHUAH  aCbUIbI O/IMauUbIFBIHIAH P,
X

p

> P. oneparopnapsi KOMMYTacHja eaup:
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(pp,—ppYW=0s80ja pp —-pp =0, (1115,
N\\> N>\~ -\r \»\‘

JOTHH 30ppOUMjHI UMIYICY BepHAMMIL halla MyojjoH THJMOTO MAIMK Oy
Ounmp.

Wmiy:ic onepatopyiyt Moxcyck hyHKCHjaTaphitbl Bo M3XCYCH THJMOT I
putu Tanar. Ouaap (6.7)-jo ocacon

pr=p-¥. p¥=p ¥ p¥=p ¥ (I1.tey

THLHIKTOPH HIO T JMH 0ftynyp. 6ypata p, p . P =yjFyn olepatopiapii:;
Moxeyen rporiopraip. CopGocr hopokot yuyn (11.16) TOHAMK TOPHHIO!,
MOCOIOH, Gupiiing hortnnns (X, 1, 2) = () £(1, 2) wok o axrap-

Mal osap. Orga

el
—~ih J)N =p.p(x)
ex
Gypatan
o(x)=Ce""
jaxya

Y(x,p.2)= f(3z)et” (11.17)

BWLIHJUMITS KUMH X J0JHIBOHK (—00SX<+00) HHTEPBATLIHAG KOCHIMDION
AQJUWIND. ) ePMHT ONCPATOPYHYH MOXCYCH IMJMOTIOpHHIN horiru, (11,17
NOATHIHMH HCO X-HI KOCH!IMO3 (DYHKCHJACH! 0MACH Y4YH P, 10 (~00gp S+

HITCPBAIHILI. KOCHAMOAOH J0]iuiMonanp. Ejnn cosnopn p, 8o p,  xomi
[OTIIOPH YUYH (10 COJIOMOK oilap.

Pos P,s P.ONCPATOPIAP KOMMYTaCHja  CTAMj IO OIIIaD YMYMH MOX-
cyen hyHKCHjaja MK oaMatbLanp. (11.17)-jo ocacon Oy ytKcHjanb

i i i
pPA P g
b : :
‘,«..uunmmw
ﬁlk

PP

=ue’ (11.18;

WOKAHHAD  jazMmar omnap. N».L\NZ\&.. KOMH]JOT/IOPHHHH CJHH 3aMdHja Bepun-

Mocn cuetemun (11.18) aanva dynkenjachiiel taM 1o jun eAnp, o HH OHIap
hr3HKK KOMUJJOTIIOPHH MYMKYH Tam qoxJyraan 6upu oyp.

Hemoun, umiync oneparopynyn moxcycu bynkcujanap Bo MoxcycH ruj-
MOTIOP HOXIYFY KOCHIMO3 CTEKTp TOWKHA euup. Kochimos crekTpuH mox-
CycH (yHKCHjallaphl Y4YH HOpMataHMa WwapTh (8.9)-a acacon

%ﬁw,xlﬁ\@x%\u&mlmg (11.19)
60

WOK/IMHAB jasblibip. by Woptuon a-uel Tanmar onap. .\\\.\Amv-:: (11.1%)
ncpawacHun (11.19)-1a jasnb, & ~ dynkenjanmn 57 — F'y=d(x -y
By -y0(z—:2") xaccocunson uetndano ercok, a (2zahy o p’ - e
= §(p' - P) anapun. Oypasan @ (27h) =1 wo g = (277) 7 anumap. be-

ABIAMKID. P ONEPATOPYHYH HOPMLIAHMbIL MOXcycu yHKcHjach

Yo (x.)=(2mh) et (11.18")

c1ap.
.wmgssi:: cophveT hopokoth duniTIMpCD, jo'Hu 30PPOUHK OUYAIPH
HCTOHWIOH rojiop BajyK, nakun couny dosana hopokor eaHpen, (11.18) ayz-
TOBH JlalFaapel Gawra jo1sa HOpMalaMar oiBepUILLTH Oyp. YMymprter
nosmasan 6ero dosansl i L oaan ky6 robyn cuok (L ucronmion 1o
Gejyk osa Omiop). by zaman teuie6 OITYHYP KM, nanra dyHkcHjacel KyByw
AMBAPIAPBIHIA NCPHOAMK  OICYH, Jo'hu KyOyn Gup-Gupmio rapuisi Aypau
Y3BAOPHHHH  YIFYH  HOITOAOPHHIO janra Pyukenjack GopaGop rujmoraop
@IChIH. By wioprson 21umbp ki, gpunnt copGoct hopokotio umiyncyy kom-
MOHEHTIDPH KOCHL MO IOJUILMUD, AMCKPET THjMOTIIOP aielp (§31-8 6ax):

2x 27 2T 2
p==—n.p = INI:_, p,=—"n, p =—n, (11.20)

4 ! 2 1

Oypaia nyn.,n; — ram MychoT Bo MolhM rHjMOTIOP aitbip.
By Bo Gyna oxwap hasiapua MYCTOBH Jajl¥ajlap y4yH HOpMaauMa WOpTH

PP

._.(\\MAHJNV.N\EAH,NVAQ\Hv“_HQN...QMA AHN.X.V

BY ja
5 ‘_
alv=1,a=V"?:
Oypauan
1 e .
Y, =—=e (11.21)
N7
onyp.

b. Hmnync maceupu (p-maceup)

2 Hhun o KOOPAHHAT RO UMIIYIC ONEPATOPIAPLIHBIH UMITYIC TOCBHPHHIID
AMTHK ubatocuuu Tanmar Y9YH UMIIYJIC ONEpATOPYHYH KOOPUMHAT TOCBH-
H .
wwmwws (11.18") moxcycu Pynkenjanap woxayrymuan uctucare eiok. Op-
E UMIy7ic onepatopynyn o3 TOCBUPHHU® MOXCycH (PYHKCHjACHLIHBI Tanar.
H .
YHYH yuyn Hx,1) dyuxcujachipm MMITYJIC ONEPATOPYHYH KOOPAMHAT Toc-
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BHDPIILIO BEPHIMHILL BO TaMm CHCTeM TowKH exdn (11.18') Moxcycn dyHkcu-
jalap YOX/IYFy Yy3po CYIepPNo3HCH]achbIHb KOTYPOK:

[
br

P(x.0) = [C(P),(x,0(dp) = 27h) 2 [C(Ple” (dp), (11.22)

-

Oypadan ((8.8) 6opaboprujuHo Hax)

C(p)= ﬁﬁm,:ﬁm;x%v (11.23)

atpiiuip. §8-10 dejriaonnopion uybixslp ki, C(P) cHCTEMHH HMMYIC TOCBH-
S ] )

PHHLD BEPHAMHII daira (PYHKCH]AChLAbID. QKM&@CUXQN&H_QC&mu?@H
=w(p)Ndp) matocu 3oppouMjHH WMIYICYHYH P, P+ dp  HHTepBAIbBIMLL

iMor amva  ehtumaipl  01yp. 30ppovHjMH  MMNYICYHYH MYMKYH os1an
MoTIopuiLten hop hancel 6upuio Hopabop onma chtumaisl uco

I}

[C(PC(p)dp)=1 (11.24)
oJ1ap.

P-TOCBUDHHIO UMIIYJIC ONEpaTopy, jOrHH Ku, oneparopyd (6.4) 1o pu-
thuuon atsiian

P =[C(P)PC(HNdp) = | w( p)p(dp) (11.25)

Hpaitoen uiro T jun oityHap. By axsipbitivel 6opabopiHjUH OUOHWIMOCH YUy

pC(p)y=p-C(p)
onMaitblibp. Byny (11.25)-1a jasei6, (11.24)-y vozope atcar, p= p aiwiHap,

JO'HY D-TOCBHDIO WMILYIC ONCPATOPY MMNYICYH o3yHo Gopabep onyp. [ejl
CUOK KM, Oy TcopeM HCTOHWIOH Halira PU3MKH KOMHM]JOT YUYH U0 JOFPYAYP.

HMuuu sio p-tocupunge 7 paidyc BeKTOpa yjFyH 7 ONepaTopyHy Tamnar.
Oneparopyn (6.4) 13’ puunioH

F=[C(PFC(p)dp). (11.26)
Huxop ropoduion “X-TocBUPHHIS” ¥ -HH OpTa [HjMOTH
F =¥ (F,0F ¥(F,1)(dF) (11.27)
on1ap.
H 7 ,t)-uun (11.22) uauscunaon uctudaie exopok 7 ¥(r,t) hacuiuunn

HIDKITHHH nmd;:._t:ﬁwxu
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Cam e g A G
FY = Q) IR (dp) = ~in2ah) - (" Y By
op
AXBIPBIHYBI HHTErPAILL hucco-hiceo aucar,
F¥ =n(2an) e 22 (dp)
cp

onap. by axwipvindbl udbaronn (11.27) jaswi6 .\? J)-nm (11.22)-jo yjryn

HAISCH WD 2BD3 CTCOK, ’
= vy B AC(D)
F=2xh) [ (phe’! ?\\AVSM\.P\WV (dp)(dp")

-y e

cp
anapeir. Bypaua

~:.‘ My Ah\\l..v

(@) Hfert = 0(p- P

ONUYFYHY HO30PO albif, anbiHan udagoun S—pyHKcnja BacHTOCH WD p'-o
Kepe MHTerpaiiacar,
= T, g OC(P
r=[C(pWFC(pXNdp)=[C"(p)ih "\Clv?\mv A:.mmv

p

anapeir. (11.28)-u (11.26) wio Myrajuce ctamkuo Wo:o?ﬁovw P-TOCBUPHHID

7
—ih-Z
op (11.29)

N

onyp.

B) Koopmunar 8o ummysc OfNepaTopaapbl apachiHAd KOMMYTATHB MyHa-
cHBaTIap.
- 7 89 8-yu naparpapriapia KepayK K, MyXToiug oreparopiapsii KOMMY-
Sﬂ:w 071y, ONIMaMachl KBaHT MeXaHMKACHIHA Myhym ohomujjora Manuxamp.
zn.m\_ OTEPATOp KOMMYTACHja CUMPCo, OHIAP YMYMH MOXCYCH tbyHKcHjanapa
e MKAHD, oHnapa YIFYH u3sukn Komujjortep ejun 6up hatsl to'jun einp,
IO Hu ejun 3amanua mysjjon TUJMBT atwip.

Jyxapouy: ¢ D(D.p . D (X 9,7
. YXapLlia KOCTopUHK Ku, p(p.p..p.) o X(X3,3) OrepaTop:i1aph
aJphb . .
YPbutbiraa o3 apaiaphiiga kommyTtackja eaup ((11.2) po (11.15)-5 6ax). Muun

® p i~ i .
b, wio X; ONeparopiaphbl apachHiaKb! KOMMYTacHja MyHacHOQT/IOpHHH
Tanar, )
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ACUILIBITIG KOCTOPMOK 071ap Ki,
py—ip, =0 p.z—2zp, =0 8o ua.
Tuxyi
(DX, ~X,P)¥F =0 soja pF, ~%p =0 (i) (11.30)
l
ox,

O3YHY BApaMeTp kumu anapwip 8o pX, ¥ =x, pY¥ onyp. i=k hanvinua uce,

oavp. Joepvian ua, 2k omayrua px W =—ih x, YY) udanecuHue x
AR A J N\ & k K

MOCOAVH,

_ _ ., O . O
(Px—xp ¥ =—ih—(x¥)+ihx—=—ih¥
. ox ox
UREE
px, —x.p, =~-ih(i=1.23) (11.3D)
wiyp. £11.30) o (11.31) mynacuboiopuun OUPIBILLIHPCOK,

(px, —x,p)¥=—ih6 ¥, jaxyu px,—Xx,p=~ho, (11.32)

(11.32) MyHacHGOTHHIOH QIBIHBID KM, KBAHT MEXAHUKH CHCTEMHH (MOCO-
JTOH, 3OPPOUMIMI) KOOPAMHAT BO HMIYICY €jHH 3aMaHia MYojjoH TMjMOT ara
Ouimup. Do3aubiy MYQ)joH ¥ HOITOCHHIO OflaH 39PPOUHK €JHH 3aMaHUa My-

ry

ojjor /' MMnyicyna Mannk ola 6uamup. deMond, KBaHT MexaHHKachinua ho-
POKOTHI TPAJeKTOPHJACH AHIAJbIILIBI MOBUY) NEJUTIHD, YYHKH hopoKoTHH Tpa-
JEKTOPHJACHIHBL IYPMAl YYYH CHCTEMMH KOOPAMHAT BO MMOYJICYHYH Gaxblian
HHIA THIMOTAOPH BEPHIMOTHIID.

(1L.11) nasosopu uMnyac onepatopy D wid uxtujapu fl7) ¢yHk-
CHJackl apackiiya

- - . Of (F
ubir)%nim\imv (11.33)
or
MACHBOTHHN aIMara HMKaH BepHp (koopuunar ToceupH). Ejuune GyHyw
Kitmu (11.29)-0an 7 wne uxtijapn A P) dynkenjace apachiHia
= — - = “ % 7,
rf(p)-f(p) = Lm% (11.34)
P

MYHAacHOSTH albiHbIp. By axuipeinua nku Gopabapinkien 6U3 KonevoKIe Ua-
bonopro HetHdaue elousdjuk.
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§ 12. EHEPXKH BO 3AMAH OIEPATOPJIAPL],
OHJIAPBIH MOXCYCH THIMOT/IOPH BY
MOXCYCH ®YHKCHIAJIAPLI

Hx,t)  dynkcujacsiHbi aprymenTHs X, Y, Z KOOpAMHATAAPH! WIS jaHa-
Wbl 3aMaH [ NOPAYHUY UXTH]APH ADJULIBH KUMM i1aXMil OIyp BO KOOpAHHATIAp
KAMH KOCHIMOUOH iojulunp. Bypaan anmmep ku, ¢ H3MKN KOMH]jOTHHD
YJFyR [ omepatopyHnyH Xaccenepu KOOpUMHAT ONEepaTOP/apbIHbIH XaCCRIBPH
W1 €JHH OnManbiubip: [ onepatopyHyH panra tbyHKCHjackiHA TO CHPH [-HUH
dynkenjaja hacuinno Gopabopuup, oHyH MOXCYCH THjMBTII®OD CNEKTPH Ko-
CHIMB3 01yD, (~C<r<+00) uHTEpBaNbIHAA UOJHLUMP, MBXCYCH (yHKCHjanapsl
HCo .ﬁ (t)=06(t—1t)) onyp.

EHepxu onepatopyHy TanMar yuyn samasbig OUpPUHMHCIIMjHHAOH HCTH]ALD
€UOK. 3aMaHbIH OMPUMHCIIMjHHO KOps (i3HKH NPOCEC/IOPHH KEAHILH, 3aMaH
ydyn hecaGianma Gawnanrbiubi Kumu 6y Bo ja Gallira aHBIH CEYMTMOCHHIOH

achlibl JejuiLanp. Baurra cesne, samanbin hecaGnanMa 6aliaHFbIMbIHBIH COH-
Cy3 KHYHMK BO ja COHIY 3aMaH (acWIocH rousp CYPYLLAYPY/IMBCH CHUCTEMUH

U3MKH XacCoopHHy Jtojuiumup 8o onyH H  hamurron onepatopy 6y uo-
JUIIMBJO KOPd HHBAPHAHT raibIp.

3amannin hecabnanma  GauUTaHFbIMbIHBIH COHCY3 KHMYHK &f cypyLIMacH
3aMaHbl anbian ‘Hx,t+3¢) dynkcujachibl H-Hun YCTIIOPHHO Kepe chipaja
ajbIpbi6, Oupunun nkn howto KudajoTieHCoK,

Y(x,t+61t)= f@;:%ﬁ.ﬁ%w&#:n:+3mvw§a.c.

By cypywumonun

xsuImNNnI%Nﬁ (12.1)
ot

oncparopy cucremut H ONepaTopy WID KOMMYTACHja €TAHJHHIOH
(HR,-R,H)P =0 woja HV, -V H=0.
V, oneparopysa yjryn cusuku KOMH]joT caxnanbip. MexaHukagau
MO'JIyMIyp KM, 3aMaHbiH GUPUHHCIHJH CHCTEMMH €HEPXHCHHHH cax/iaHMa-

ChiHa kotupup. Onna E enepxu oneparopy V, wia Myronacu6 OJIMATBIALIP:
E=CV, C omcann E -nun xnaccux  o6nacTsin nanFa  YHKCHjachl

¥= m%. -9 TO'CHPMHIOH T9'jUH OfyHa Gwiop:
Ev=cl@xn=cly_ry
ot h ot
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E=C e ~E  onepatopyny MOXCYCH IHjMOTH onyp. Kiaccux Me-
ot
cs i . .
XaHukala £ = N OJLAYFYHIaH Mh =—1, C'=1h o enepxu omeparopy
I .
N
E=ih— (12.2)
ot
J _
oiyp. Bypauan R -uo 57 £ oueparopy wio 9803 ercok, 3amanbin he-
t
cabar GAUUIAHFLIMBIHBIH COHCY3 KHUHK CYPYLIMO OIEPATOpY yuyH
I =
R, =1-—Edt (12.3)
A H

anapwir. bypauan, (11.9) -a oxwap onapar, Gawianrpiabin conny At dacn-
JIOCH TOB] CYPYLLIMO oNepaTtopy

)

R =en (12.4)

A

B9 Oy 4eBPHIMOHUH KeHepatopy (HubHHHTEe3UMAT orepaTopy)

7-1F (12.5)
A

onyp.
- 7
E= S%’ ONEepaTOpy KOOPAMHAT, UMIMY/IC B@ NOPAKST MUIUAPhl MOMCHTH
!
(bax §13) onmepaTopnapbl un® KoMMyTacuja eTMjunIeH, £ onepartopy on-
napna GUPKS MOXCycH (byHKCHjatapa MaMK  onyp. Msexcycn rujmeTiop
CHEKTPHHH MY®]JoH €TMOK YuyH Hco (9.8) Tomaujumun (12.2) oreparopy Ba-
CHTOCH HID jasar

E¥(x,t)=H(x,1)¥(x1), (12.6)
Bypauan kepyuyp ku, E OIIEPAaTOPYHYH MOXCYCH IMjMOTIOp criektpH H
ONEpPaTOPYHYH MOXCYCH TMjMOTIIOP CTIEKTPH Y30PHHO AYLUYP.
§ 13. hoPIKIT MUTTAPHI MOMEHTH OIIEPATOPY
BY OHYH XACC9JIoPH
§11-10 wepuayk ku, o3aHbH GupumMHCIM)H HMIIY/IC OMEpaTOPYHYH aHa-
TMTUK HPAIOCHHHHE TanmbUIMAChiHA B ranaibl CHCTEMMH HMITYJICYHYH Cax-

JlaHMa TaHyHyHa KOTUPHD. D833 M30TPOTUIYT XacCOCHHO A0 MATHKIMP, OHAA
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GYTYH HCTHIamoTIop €jHu :«QEE@%. MazanpIn H30TPOMNYFY ranaiapl clc-
TeMUH (DU3HKH XACCOIOPHHHMH HXTHjapu bripranmaja KOepo uHpapuant rai-
MACBIHIA 9@3@ BepHp. Bawra ceins, rananu cucrem UCTOHWIOH OX OTpa-
(eIHIa HXTHJAPH 9:.5._; Teaop leniykne, onyn hamusiron OMNeparopy AojMLj-
MHp, jo'HH (BIpIaHMAa)a KOpo MHBapHAHT rasp, o
OBBO/IUO CHCTEMHH KOODIMHAT GalLTaHFbiyb STpadbinia COHCY3 KHuMK
JeHMd onepatopyHy tanar. ®op3 egok KM, crcTeM MOCOIIOH, Z oxy otpa-
¢bIHIA COHCY3 KHYHK o 6yuarn o4op ueHyp. Ouyn UXTHjapH HOITOCHHUR

jeHH KOOpAMHATIaph! X )z kehuo KOOPAMHATIAPBI X,},7 Wilo
-
X'=x+dx, Y'=y+8y Bo ja &K=ydp, Sy= xSp

X'=x+yop, y'=y-xSp, 7=z (13.1;

KHMH TO’JUH OlyHyp (LIOKWI 4-0 Gax).

Dop3 eloK KM, 1OHMO30H OBBOJ CHCTeM Hx.y,z,1), nononyon COHpA HCo
Hx'y'2',f) nanra dyuxcujanaps wno TOCBUp 0nynyp. Concys kuuuk S
OyuaFel rofop U6HM® HOTHYBCHHLD Hx,y.2,t) dyukcujachibi HUx' Y2 t)
byukcnjactina uesnpoH oneparopy R, wid umape ercok,

F\Aknkunntvu%%WAHQ.ND (13.2)

(13.1)-n0m X',y,2"-u yjryn HhaAULLIOPH WD BBO3 eloHIOH conpa Hx',y' z',F)

%«:xo_\cwoviz O@-nun YCTIOpHHO  Kepo  Chipaja  ajbiphi, GHPHHUM  HKH
hanne xudajernencox,

z
(F 4
l..lth
1
{
1
|
1
- |
- ~a :ﬁ.s \\\Mm
\\\\%S P et ‘
o e _ e X

Wakun 4. Koopauuar cucremmuny 2-0xy oTpabinia PuipaaHMack,
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F(x+yop,y—x6p,z)=¥(x,y,2,1) + A|%$ yop — l%i X6Q)+...
& &
NN
Yix'.y'.z't u_._lws ..,fma - y-—}i¥(x,y,2,1 (133
(x". ", vﬁ A&. .«%\«: (x,y,2,1)

atbitap. By udazonnn (13.2) wio Myrajucocutiie z oxy oTpadsiHia CoHCys
KHYHK JeHMD OIIepaTopy

é o .
Ry, = )%SQM%lvM%* (13.4)

Bexrtop hecaberian

- ﬁn & F. . r.c
xSy fs %_ o Sp(x-o -y <) = (5 .Ti
\H ) ] 5 Y % P). ,
O/LAYFYyHY HO30po 4/Icdar, CUCTeMHH aumwwgm. KOOpAUHAT @m;~x1_mmﬂm,v_£*uw-w.~ﬁ~.m LY
YoH MXTHjapH OX oTpadbiHAa COHCY3 KHUMK O@ OYudrbl Teiop 48HMO Gre

paropy
Ry, =1-8¢[79] (13.5)

KuMH jassuiap, Sypaita O@ concys KHuMK ¢uipianMa Gywar sextopydyp. Ouyk
rujMaTH 0@ HeHMd GyuarbiHa 69pabopuup, UCTHIAMETH UC® CHCTEMHMH oTpa-
biHAa HOHAY]Y OXYH MYCOOT MCTHTAMOTHHID KOTYpyaMyll M sahuu BeKTOpY
W10 T8 jHH OJIyHYD:

5¢ = Son

(13.5)-110 v OTIePaTOPyHy WMOVIC OflepaTopy mulmmmw Wio o803

€TCOK,

Ry, =1~ 8p(i{FF) (13.5)

WOKIMHD Aywep. hopokeT Muriaphl MOMEHTHHHH \\nTm Knaccuk uda-

JOCHH® BO YjFYHJIYI IIPHHCHIMHD @CacoH

MHT& (13.6)

, Ofleparopy Be ja
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- - 7 3
« =P, =z, Hlmm«%hlwh

z "

h
i

L=zp ~xp =-in(zC _ 2
& &
. _ _ 3 5
L = XD~ yp, = —ih(x - - TN..V (13.7)

oneparopnaphb! hopoxkoT MHIAaph MoMesTy oneparopy onyp. By mynacu
nepu Aaha jeiFuaM wekuiae jasmar onap. YP. By MyHacubar-

L=S%,%p, = -ih5 5,z 2
i Wﬁtk»b\l NN»M\NEX»MV[, (13.7)

/
a xi= A =" =
Oypaa X|=x, Xo=y, x3=z; € YIYHYY panr tam AHTHCHMMETPUK  Bahuy
TeHsopayp. Ouyn KoMnoHeuTaepu 7,k,/ HHACKCAOPUHH WYT pode jepuajuw
MaK1® 1,23 apibigbiiinbirsl anslHbipca -o, Tox todsd - 1-o Y4 HHUEKCHOH
hap haucw HKHCH 6opabep ontyrua kco 0 (coichpa) mcvmmwg.\“m.

N& -ii L wie naus €TCoK,

I =
w& =1~ M%SQS (13.5")
onyp.
Duipnanma samansi cucTemuy Xacconop uojuiMounuten H  hamun
T0H © T . > -
neparopy %& ONCpaTopy Wi1v KOMMYyTacuja exop. 8¢ —cabur Bahuy

onepar j ]
PaTop ncTonnnon oneparopna KomMyracuja etamjungon R wno H -
KOMMyTacujacel v

HL-LH =0 (13.8)

KeTupup, [ a ;
(138 Monm@mwwwnﬂomwom:;mn LISKHIIAD 3aMaHIaH achllbl ONMMALBIFBIHIAK
. JH, -2 BCACOH, ranaipl ¢
u s bl CHCTEMUH h
o,wquszsz Caxianma raHynyHy ucano eaup PPORIT Mrape
pHuH ¢ ;

Moty e xww*w“w oaw: CHCTEM Y4YH hopekeT Muruapsi Momenty YMy-

Onapea, 5y g 'P. JlaKnH xapuun cahe wmyejjon CHMMETpHjaja Manuk

MeTDIY o HT caxnaHa Guaep. MoaconoH, cherem Xa8pHYH CPEPHK CHM-

L, o.:uw: onapca, 6ene cahonopue MODKO3® HO30poH GYTyH HeTu-

Caxnaripg gﬂmr YIYINY ONAYFYHIAH CHCTEMHH homuu M&pK®30 Kepe MOMeHTH

z.oz@:a::._.m.:zzm CWIMHADMK CUMMeTpHjaja Maiuk ONiyFy hamnapma wuce
3 CHIMHUID oxy Gojynua onan 1POJEKCHjachl CaxmaHebIp Bo M a.

O@-Huy c ) H CoHpakel hoaiiepn o
OHCY3 Knuuknuju Bo (13.3) p p p
.3) ChIpackIHbI
:wwwmw alblnapca, (13.5') orneparopy e



IOKIIMHA® ja3bLIap.

Myojjen ox oTpadblHIa HKH apiublvbLil lIeHM® hoMHH oX oTpadbivia
apiblvbll jgonHMo OywarapbiHpli womuno Oepalop Oywar reaop 1eHMojo
CKBMBATEHT OLYFYHIAH 7 OXy oTpadblijia COHIY ¢ Oywarbl rofep AOHMaju
hoMua ox oTpadbiHia COHCY3 €ajld COHCY3 KMYMK apibldbLl U6HMOIGPHH

woMH KMMK Baxmar os1ap. OHua conny @ Oy4varsl rodop UeHM® ollepatopy

\\ Tm\w
R —et" (13.9)

[

0yp.
(11.14) yjryn onapar (13.1) dpipradma UCBPHIMOAOPH KeHepaTopsapsl

Bo ja N oxy oTpadblHid (HIPIAaHMA YCBPWIMOTOPHHMH HHGpHMHHTE3HMAN
Oleparopy, hopexkoT MUIIaphl MOMEHTH OflepaTOpPyHYH homuH OX y3po
HIPOJEKCH]AIAPE] W0 TO JUH OAYHYD:

I(i) ok, ‘ QmQ 13.10
Hn)= =——(Ln (13.10)
( o *° h
A BEKTOPY Z OXyHa lapane] OJiLyraa
I,=—<1L (13.11)
=T

QJyp Bu H.4d.

BO h.. KOMIOHEHT-

hopoKOT MHIIAPbl MOMECHTH ONEpaTOPYHYH suk@
TOPH APACHILIAKbl jEpUejHILIMO (KOMMYTacHja) MyHacuOoTIopHHM Tanar. by-
JyH yUYH 9BBa140 hopoKOT MUIUAphl MOMEHTH ONEPATOPY W10 KOODAMHAT BY
MMIYIC  ONEpaTopiapsl  apacblHUAKbl KOMMYTATHBIMK — MYHaCHOOTIOPHHH
hecabiajar.

(11.32) KoMo]H 19 acaliblliia KOCTOPMOK 0/ap KH,

L¥-%L

x

O, N(.J,.w(\|/.mv HO. N..M|MM.:HO

Lyj-y

Lz—7L =-ihy so ua.

T~

I

37
N

Byryu 6ynnapt! 6Mp MyHacHOOTIO YOMIIOCOK,
M\.x\. |§M~ =Y €%, . (13.12)
!

i
QJIBIHBIP!
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L o P, oneparopnapbl apachiHta ejHuie Oyna oxwap MyHacHORTIOp

L.p ~ P, \(x =IAp_ B na.
Jjaxyn
N\TNM»INW»N\\ HN,NWJ‘.NENW\ . :mwwv

By uku (13.12) Bo (13.13) MYHacuBaTIOpHIIH Kemoju 1o L . L L

oneparopiiapbl YH4YH KOZKVJ&O.&N 3%:&0:@0&&@@: acaHjIpiria TanbuibIp:

N\RN& - “‘.‘NL..\ = anAN.N«vH l.HNunv.lANN(v« l.x\&qu\« = AN(A«N.INM«VNU -
“X(Lp. = p.L)=~ih(yp, - xp,) = ihL. |

HHIeKCIOPHH JEPUHA TCHKIUK J0jHWIMOK D

LI L@ =ihi:[ i []

X x Tz

t

inL,
B ja YMYMM LUOKHIL1O
LL -LL L (13.14)

i
! ! 4

ATBIHBID. J v
p mv\bwhmz YBIXBID KH, XCO?ES:N.ZEEE: Bo HMIYACYH KOMIOHCHTIO-

U e mu kmv&_ T»w_vn«_ﬁﬁw— ?:\:EN—:L MOMEHTHUH} H L i 1 KOMIIO-
»
HHAOH OPITIN OJ1 O ) s O O

HTN —w: d w _ T HCT HUH OMCHT B JT-
He ° @.:x—: wA—ZawZ;D MY3JJOH T :.:S@ T aJ _?:,LU BO C CMUH MOMCE H @U:
._ ‘
MHUIL :m.:hw 7Aw® OH -\~,:$®~nw Manuk ona @:.:z:\:v .:o:A:: L I1e N_C—C~N b
Y U U 1

y

HbIH KBAUDATNADPHI WoMH onan [°

2 Lo
" +L = M L, oneparopy cucre-
MaH H  hamunr LoD L .
A OH Oneparopy Bo hih%h.. oneparopiapbiibiH hop Gupu
WIS KoMmyTacuja euup:

=L +

2
y

DH-HE =0: PL-LI =0 (i=123), (13.14")

Bawra ¢ .
path gy :wwwﬂmwwnmwﬂoz:: CHEPAUCH, hOPOKOT MHTAAPBI MOMEHTHHHH KBay-
I1oKH :ve.oxo&mnz. o.mmﬁz MOMCHTREMH hop hanchl Bepuimuiw uctHramor-
MHjjotne xa aK JHH 3amanja myojjon THJMOT aibp; cucTem Gy Y4 Ko-
PaKTepu3o onynan hannapa mammk ona 6usap.

meafaz
E,M. .
onap ky’ (13.14) mynacubornopungon HCTHRALD elopoK KecTopmok

LI -}

"murﬁkﬁ&&pibwawEHIENN+mm

ﬁb:hmniﬁw+wﬁfmﬁthuo

=y
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Oypasan

an — LI} =0; ejunto JMV_ ~LP*=0; M“Ma |Mam~ =0 (13.15)

'y

onyp. |
Oxcop hawiapna L o L oneparopnapbl dBa3HHIO OHIApLIH KoMOHHa-

cHjachl 0/1aH

[ =L +iL,

L=L-iL, (13.16)

onepatopaapbi jaxuil eanup. bymwiap GUpH AMKOPUHO HO3OPOH CPMHT rou-

Ma OIIepaTOPNapbIp, NAKHH ©3YHd TOLIMA JEJH/LHD. (13.14)-yH KOMBjH HID

LL-LL=2L;LL~LL=xL;

hunh+m-lmh..+hw :u._j
MYHaCHBOTIOPHHUH LOFPY/IYFYHY aCaHbIlIa uchbaT eTMoK o.1ap.

osa o 3amanbid 11-13-uy naparpagnapia KecTopiisH CUMMeTpH]a Xac-
conopu Gup TOPO(UOH CHEPXH, MMIYIC BO hopexkeT Muriapbl MOMEHTHHO
YjFYH orlepaTopiapbit pujau nGaie/IOPUHK TarMara UMKAaH BEPHD, JAMKOP

TopodueH uco (10.4") hopokaT TOH/IMjM OCACHIHAA OHIAPbIH YJFYH L onepa-
TOpY W© ©NarecH TanbUIbp BS OypaiaH ua aibiHBID KH, uMIIy/c Be hopoekxor
MHIIApbl MOMEHTH hOpOKST HHTErpaIapellblp BO OHJIAPBIH caxJiaHMacel ¢o3a
B9 3aMaHBIH MYO]joH CHMMETpHjaja MIHK OlMAChl HOTHUOCHAHMP.
MHUKpOTOMID KELOH Npoceciopue $o3a Bo 3aMaHbiH jyxapbliakbl CuM-
METpHja XacCOMOPUHNH MO3Y/IMAChIHA LO/ANOT CUOH heuy 6up ToUpyOH dak-
THIH 0JMaMachl KecTepup KH, 0e/1o AMHAMHK KOMU]jOT18D MHKPOCHCTEM/OP
YYYH [® ©3 MO HAaChIHbl Caxjiamajbllbip. JlaknH, enepxu, uMmmync, hepekar
MULaPhl MOMEHTH BD C. KMMH aHnajblUIaph! K1acCHK (PH3MKaIAH KBaHT du-
3UKAChlHa KEYHUPUHK)®, MHKPOCHCTEMIIOPHH XYCYCH]joT.IOpHHH H839pd anMar

naseMaplp. Kaccuk Qusukaja CHCTEMHH TaM EHEPXHCH E onyn K(p)

kuhetuk Ba U(F) 1NOTEHCH&I EHEPXWIOPHHHH HOMHHO 6opabopunp:

E = K(p)+U(r) . hopokaT MuLLapbi MOMEHTH HCO F Bo D WI® L= T.m

KMMH To jHH OyHyp. KBaHT MeXaHMKaCBIHIA 6y MyHacH6oTIOpHH hop HUKHCH
©3 Mo HAaChbiHpl HTHpHp. KoopmvHar B9 MMIY/IC Oneparop/lapsl KOMMyTacHja
ermomujuaaen ((11.32)-jo 6ax), MHKPOCHCTEM KOODIMHAT B® HMIIYJICY €jHH
3aMaHia MyojjoH T'MjMeT anad hawiapa Maivk 0713 6unmo3. byHa kepo 1@
cuctemun E TaM eHepxuch GyTeBnykiue (HIHKH MO'Haja MalyKaup 89 O,

KHHETHK BO OTCHCHAT EHEPXWTODHAMH WOMH KHMHM TO jUH OjlyHa Guimos.

hopokoT MHrIapbl MOMEHTHHO KOIIMKIO HCO, 0, (13.14)-0 scacoH L cuc-
TeMHH GaxpuiaH hajlbiHAa YMYMU)jOT/I® MY®jjoH [MjMOTO MUK Zejungup.
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g
§14. L BO hn ONEPATOPJIAPBIHBIH MOXCYCH r'HIMIT/IOPH
B9 MOXCYCH ®YHKCHJAJAPLI

I 80 hn orneparopiapel KoMmyTacHja eTavjungeH ((13.15)-0 6ax) onnap
yMyMH MOXCYCH tyHKCHja1apa MANTUKAKD

Ly=0rv,
LY=L ¥. (14.1)
By TOHIMKIOPH Do/l eTMOK  Y4YH CPEPHK KOOPAMHAT CUCTEMHHD KEYOK:
.«vamw:% cos@, y=rsinésing, z=rcosé. (14.2)
CpepHK KOOPAHHAT CHUCTEMHHIID
P g o 0
L_=ih(sin ¢ —— +ctgfcosp——
( ¢t oﬁsmsv (14.3)
T ’ 17
L =ih(—cosp— +ctgfsin o —
L--nl
: o
onyp. Bypauan
72 2 1 % . % 1 %u
L=-h{———(sin 6—)+—— =K'V
im0 50 ano gy T T Ve (149

A >
amiHap. L o L -ub upaisonopunioH KepyHyp KM, Oiap jaiHeis nomjap @

ww asuMyTan @ OyuarnapbiHiad aceulbliblp, jornH ku, ¥ dyHkcujacsl ja
Janues hemun Oywarnapuan aceuinl onap. O, ¥ 6,¢)= Y(6 @) xumu vwmapo
onynyp. L’ /h* = 1 robyn ercox, (14.1)-10 GUPHHUH TOHINK

VY (6,0)+AY(8,9)=0 (14.5)
01yp. OnyH hennuuu
) Y(6,9) = O0(6)P(p) (14.6)
KuMu axtapcar, o, IQJHLLIDHIOPHHD ajpbUILIP:
sin *@ _, 1
——(V2+A)0O)=-——V:D=m'
o) ° )e6) D(p) * "
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BO ja
Vi0(8) + (A - —)O(0) = 0 (14.7)
sin “6
VD(0)+m d(p)=0. (14.8)
. 2 . . . d
Bypaua m ~~{QJULIDHIIDPD ajbipma cabutH, Qs Hﬂl, ,
de’
vie ! a@:mmv. (14.8) . h (k*+m =0
s ) . . TOHAUJHHHH YMYMH No UM { m =u,
*“sin0do do LYY
k = +im onnyrynaan)

P(p)=Ce™ +Ce'™

m-uit hom MycGoT Bo hoM 1o MOH(M THJMOTIOP WUABIFLIHEL IDPTIOMICEK,
YMYMUJIH]JH [103MallaH OHY

D, (p)=Ce™ (14.9)

KiMu jasmar onap. KepyHuyjy kumu, (14.9) dynkcujace nepuosy 27-jo 6o-
pabap ONaH (-HUH KOCHIMO3 NEPUONMK (yHKcHjackLibip. Beto yHKCH]a
yuyH GUPIHJMOTIHIHK WOPTH NEPUONHKIHK LIDPTH Y30PHHD AYLiYp:

D, (p+27m)=D (p)

6ypauan

2rim ~

e =

AXBIPBIHUbI LIBPT M-UH jATHBI3 MycGOT BO MoHGbH Tam TMJMOTIBPH Y4YH
opoHWIHp. benanukno,

m=0, 1, £2, +., (14.10)

eju enok ku, Gypaua m-uu jyxapsl cophoiau MyojjoH Aejuuup, o, (14.7)
TOH/IMJUH honHHLeH TansLIbIp.
(14.9) ndasscunioxn C cabutn @ janra dyHKcHjachliblH

10, ()@, (pMp=5, (14.11)
0

OPTOHOpMAananMa WOPTHHASH Taneiblp. By unterpanst m’ =m  yuyn aucar,

e} )
*© Bo O DyHKCHJWIAPH JwIHBI3 OHpP UOJUIISHIOR achUIbl ONUYFYHUaH Qw BO Qv -da XYCycH

TOPOMOIBP TaM TOPOMBIIOPID BBO3 OTYHMYLLLLYP.
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I )
22C° =1, QHM\MWJ. alpiblp. Besonuxe, Vo onepartopynyn HOpMasnaH-
V4

¢
MbILIl MOXCYCH (PYHKCH]jaChl

ANvS Aﬁov - IIu!WlHll Q\SG ,

V2r

MOXCYCH MHjMOTI8pH Heo (14.10) yoxityry nne sepunmp.
Huam no (14.7) tonmvjunu honn euox. Byuyn yuyn jenn cosf = x
(-1€ x £ 1) nejuwoenu naxun etok. Oupa ToHNIMK

(14.12)

m

)O(x)=0.  (14.13)

d ,.de
—(l=-x)— |+ (A ——
&RA xv&x ( l-x

Bypaian kepyHyp K, x uH x=t1 rujMornopu (14.13) ToHIMjUHHH MoXCYCH
HerTo/lopuiup, Oy Herrenopie TOHIMjMH MKHHWK heuuu comcys onyp. By
COHCY3/1yrilaH XW/Iac O/IMar y4yH OHYH homiunu

@xinx_lxuxw:xi

WIKIHHAD axTapar. By hamua (14.13) tonnum

(14.14)

(I=x))u"(x) = 2x(s + D' (x) + (A =5 — 5° + %'SJ%V:OQ =0. (14.15)
I.X...

§=% m robyn eausco, axbipuinubl hot aywep. Jlakun (14.13) tonnujune m-

HH KBaipaThl JaXW/l OJLIYFYHUAH S-UH +m BO —M MMjMOTIOpHHO yjFyH honnep
€JHH OUp TonmMju euajup. OHnap apacbiHua JaIHbI3 XOTTH @nare ona Guiep
(6y anare (14.27) wno sepuiaMuuLp). Ona Kepe ue Gypaua (14,13) Tomnu-

JUHMH janues s=m>0-a YIfyH hontepunn rtanawarbir. By mepT uaxuiMHo
(14.15) ronnuju

(I=xM"(x) = 2x(m+ Du'(x) + (A —m(m+ 1)u(x)=0. (14.16)

By ronnuk MOXCYCH HAITOI®PD MAIHK OJMAUBIFBIHIAH, OHYH hosiHHH X- HH
YCTAY Chipackl wokunie axtapmar osap:

s K
u(x)=Yax".
k=0

(14.17)

- Byny (14.16)-4 jascar, @, oMcauiapbl yuyH alwareluakbl PeKyPeHT AYCTYP

lbIHBID:

5.



(k+m)k+m+1)— A
er = a, .
(k+1)k+2)

(14,18

Qy,2 OMCATbl gy WIO JOX, Gy WIO TOJUH OAYUHAYFYHUaH (X} yHk-
CHjaChiHBIH ©cac hoMMHUH WYT B ja TOK OIMACHIHAQH aChIBl onapar, u(x;
PyHKCHjach! ja WyT B® ja Ja ToK yHKCHja osiap.

Hanra dynkedjaceidsiH comy ranMmacst ydyn {(14.17) coscys cuipach
yoxhod M (MOMHHOM) HA® 9BO3 OJYHMATBABL. By Morcasire cwpann k=r
holMnLe KoCoK, jo HH ChIPDAHBIH dMCAL1aphIHbl €18 CeHdK KM, K £ F yuyh
a, 20, k> r 1o uco a,=0 oicyn. By weptun egenuamocu yayd (14.18) -in
cypotu A=r-1o coidpa Gopabop 0AMATLIABID:

(rtm)(rtm+1)=4, (14.19;
Oypaya /=r+m 983 eTCOK.
A= I(+1) (14.19

onap. ¥ Bo m Myc6oT Bo TaM 919D o/14yFyHiaH [ myc6oT Bo TaM IHjMoT-
nop anwip. [ =0,1,2,... [-un jyxapwi cophoau Gypasan 1tanbiia 6uamup. O, cou-
pa (§40-a 6ax) MysajjoH o;ayHayar. m-uH jyxapbi copheiau uce [=m+r-jou
sanwina 6uwisp. Bypaua =0 omuyraa m,,, = [ o1yp. m-un myc6eT Bo MoHDU
TMjMOTIIOp ALIBIFBIHBI HB38pa ancar, Mm,,;,=—! e m=0,%1, £2,.., #H onap.
{=m+r MyHacuGOTHHIOH aNbIHBID KH, [-HH BEPWIMMIL IM}MOTHHLD m (m
MarHuT KBAaHT ouoAd ayianblp, §40-a 6ax), —l-won +l-o xumn (2[+1)
MYXTOIUG THJMOTIIOp atbip. [ —OpBUTAT BO ja asuMyTal KBaHT ol0id ania-
HBIP.
: . L . :
A-upin (14.19) uno BEPUIMHIL HJMOTHHH P = A - udagecunud jascar.
hopokoT Muraapel MOMEHTH KBaipaTbl ONEPATOPYRYH MOXCYCH THJMOTIap
HOXJIYFY Y4YH

L'=wl=n011+1) (14.20)
MOMEHTHH MYTJIOT THJMOTH Y4YH HCO
L=naJl(I+1) (14.20")

anbIHblp. OHYH CHEKTPHU AMCKPETAMP.
M go L’ onepatopysyH Mexcych byHKCHjataphiHbi tanar. ByHyH yayn

v(x)=(x"-1)
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(pyHKCH]aCh! 1aXHA CUOK Bo OHjaH OupuHuM TOpTHG TOpOMS KOTYPOK:
v'(x)= 20x(x” -1 o ja (1 GCc‘xx\+N~xc«&\ =0.

Ey axuipbiiubl 6opatiopimkien (It m+ 1) toprué repomo Ketypcex,

(1= ") ()]

I+m+)

+2xo(x)] " =0 (14.21)

anbiHap. By rtepemoiopu hecaGnamar yayn Jlej6uuc rajaachlniad Hcerugaus
enok. by rajiaja kepo yz hacununun n topru6 TepoMocu

Auﬁ./v.‘ = \<t;u+ \g? h, "4 ﬁ%‘l}n—lv .v\u:,..:NZ.*..

(14.21) ToHunjuiiOKKH TOpoMotopH Oy uycTypa Kepo hecabnajanua chi-
teipaan Gopri horopn caxiacar,
fem+1) -
T (- @ = ()N A=)+ L+ m+ 1) (0™ (<2x) +

(U+m+D(+m) | o
+ ,,,.!fNi.,ftkc ) (-2),

3o m+ +m
?»._ O x4 (+ m+ Hot'™]
anbiHap. bynnaprs ( 14.21)-u0 jasel6

ﬁ%?{: Q:E
o v(x)= T (x* =1 (14.22)

u(x)=

9B93K 1abyn etcok,
(1=x* Ju"~2x(m+ Du+(l+m+1)(1-mu(x)=0 (14.23)
onap. A=I(1+1) wo I(1+1)~m(m+1)=(I+m+1)(I-m) onayeymnan (14.23)

TOHIMIH u(x) (ynkcujack YYYH ansimbil (14.16) ToHIMjH y30pHH® AyIyp.
Remoun, u(x) 8o 16)(x) tyHKCHjanapsl janHbi3 cabumio doprioHap:

. 91.3
uCx) = Clu (x) = C" e (37 = 1) (14.24)
(14.23)-515 m=0 KOTYPCoK, 6y ToHIHMK
1
£i(x)= Mﬂmwl (x* -1 (14:25)

1



Jexanop woxhodaucuHun o18I1jH TOHIHMH Y30PUHD AYLIYP, LOFpYylaH j1a
m=0 Bo u(x)=P;(x) Ketypcox,

(1= x*)P'" (x)=2xP(x)+ (I + )P (x) =0

AelMJUMH3 TOHIWK ATBIHBID.
(14.24) ro (14.25) udatenopun MyrajUCoCHHUOH

ﬁ\i

m

u(x)=C

P
dx /()

1yp.
QHG\NC.\AE? ufx) yuyn ranbuiMbiit 6y ubamesn (14.14)-go jepuio
ja3n6, s=m>0 omtyryny HO39po ancar,

mn m 2 N‘ QS
O (x)=C"(1-x7)* o

£(x)

ajaphir.

m m

Pr(x)=(1-x)* ¢

P(x) uoxheanucu OGuprowuupunmuiy  Jlexanop

Qk:-
yoxhadaucu aanausip. Pifx)-un wanocunu Gypaua jascar, o,
~ m l+m
m 2N 2 /
)= (] = x7) 2 - 14.26
P (x) w\zﬁ x7) T (x -1 ( j

onyp (cos=x).
BypaiaH hopokoT MUILaphi MOMEHTH KBAIPAThl ONMEPATOPYHYH MOXCYCH

%V\ZWOS._. ajiapbl YYYH
n Ql\:a
ANXTS

ARH - Mv\ m n
(L) =C"P"(x) (14.27)

O (x)=Cr(1-x%) T

utpanocu ansibip. ) cabutn @) (x) dyHKCHjachIHBIH HOpManaHMa LIOp-
THHIOH T9 jUH OJIyHYP.

x {

[@)(cos @)@ (cosB)sin 6dO =[O (x)O] (x)dx =1,

0 ) -1
m-uH MeH(H MHJMOTIBPHHD YjFYH MBxXCycH (pyHKcHjanap

oy =y M ‘
P (x)=(-1) Qts_m (x) (14.27")

IISPTHHI®H TaNbUIBID.
78 )

(14.26) Bo (14.27') udasonopunnn kemojn mio HOPMAIAHMa WBPTH

2 (I +m)! (~1)" W d
(-m)! Q') | '™

R ; h\?{:
Tk- -1 _ Mkl?ﬂ?«u 1) ldx =1

q\!

!

xumu jasblia Gunep. By ucanessn (I+m) gode hucco-hucco MHTErpan anar.

enf (M) 4 At
_ / \NRS\\\N\\CH ._._\— X ¥ Q.Xu\\.ﬁ [—&n&&lﬁ,
Q:\ )
A 1) = (20!
T = 2y = 40727
-t 2/ + 1)

@&@N@@Ub:—ﬂ:wﬁx:: HO30pv ajcar, HOpMaiaiMa caburtu YYYH

¢ P G=my
/ 2 (+m) (14.27'
anapsir. Benonukis,
. 2+1 (I-m)!
@ x)= [ A wi 3 i .
(== ST (14.28)

(14.6), (14.12) Bo (14.27)-i0n hopokaT MUIapsl MOMeHTH KBALAPaTHl one-
PATOPYHYH MOXCyCH hyHKCHjanaphl

i it (-myr o
Y"(6,¢)= Malgm (cose'™ (14.28"

onyp.

. Jyxapeusa reju onymuyry Kumm, Oy cpyrkcnjanap (14.1)-um ukunun Tonn-
JUHU 1o Qhwzwbxkxﬁn

LY"(0,9)=hmY"(6,9). (14.29)

o' L =phm AIBIHBID.

B :
YPalaH ansiublp Ky, hopoxeT MHIUapsl MOMEHTHHHH (Bo ja {-un) sepun-

MUy ; j

ANT: zﬁﬁwggw OHyH L, npojekcujacel —{ wio +l apacoiHla jeproloH
ToJIU i i ]

WL, ® rujmer IbIP. Z OXY UXTHJAPH CEYWAHJHHIASH MOMEHTHH L,

KO i
MIOHEHTIOpH harrbinna aa ejuu Co3/10pu JeMaK onap. Jlakun Gy hey
79



o Y"(6,p) dyHKcHjackiHbIH M. BO M‘o:o_umaonbmnzzzz, ! = 0 hanbr Myc-

OCHA ONMar IPPTHID (amartl Gax), MOXCYCH (YHKCHJanaphl OMAChl UMK
LQEE:@ Bero xu, Oy y4 oneparop KOMMYTacHja eTMHp BO OHJIap yMymu
MOXCYCH (PYHKCHj@1apa MaTHK AejUILImp.

Hemosn, hopoKaT MHIUaphl MOMEHTH KBAIDATHIHBIH THJMOTIOPH Yblpiaul-

MBILLBIP, jo’HH [-uH hop GUP BEPHIMMUI THJMOTHHO M-UH [MjMOTH W0 (opr-
sonen (21+1) cajua Y7 (6, ) cdyHkcujach yjFyH Koaup.

=() oflaiia MOMEHTHH hop Y4 OX Y3pe IpojeKcujackl a cbicpip onyp. By
jexans hanabp KW, MOMEHTHH Y4 [IPOjeKCH]achl CjHM 3aMaHia MYQjjOH THjMOT
(cbirip) ansip. by haiua %ﬁ@«E!oozmﬁ B& 0, h.«.h_,hn oneparop:ia-
PBIHBIH YMYMH MOXcycH (yHKcujachl oyp. JeiujUMH3 KHMH, CHCTEMUH MKU-
ui Geno hatsl joxayp. JOFpYaH 1a, MOMEHTHH KBalpaThiHbIH MOXCYCH IHj-

votn L° = h°I(I +1), oHyHn npojekcHjachiia yjFyh L[ =#°1° makcumym rij-

MOTHHISH hoMHWO mm:_o:ﬁ By uKH rHjMoT Gup-OUPHHHH YIOPHHD AYUIMYLL
oncajusl, Baxpinan NpojeKcHja MaKCHMyM Of1aH haslia AMKOp HKH npojexcHja
coithpa ma?mcc 0/1apibl. Jlakun Gy MYMKYH A€jHILAMD, YYHKH :no_m_nném:r:_
GHPHHHH MYOjjoH T'MjMOTHHIS, IWKSP HKHCHHMH TMJMOTH TejpH-MYO]jjoH ra-

JBIP.
Unuu o L° o L_omepaTopiiapeilbiH [HAroHa1 OJUyFy TOCBUDUD, jo’un

onnap yuyn (14.20) e (14.29) Gopabopinkiapu SeHUIIM]M hanaa th
Mx B m,, ollepaTopapbiHbIH - Chibipian  QOpIilM  MAaTPHCA  eIEMEHTIBPHII

ranar.
(13.16) jepavjuime MyHacHbaTIoputyo (14.29) TOHIHJHHH HO30PO a/ICdT,

LLY"=L(L DY =(me)LY
ajiapell. waa = @] xuMmu HWape eid, aXbIPbIHUbI TOHIHH

L7 =(mxH)®) =m' @}

KMMM jazar. BypauaH amblHBID KH, D7 Bo ja MMNs dynkcujacer L.

onepatopyHyH (m*1) MaXCycH THjMOT/IOPHHE YJFYH MOXCYyCH dhyHKCHjacBLIBID:

L.Y"(8,¢)=constl™ (6,9).

By GepaGopauju comuan Y"' (6, ) bynxcujacsina sypyd, ¢ so @-um 6y-
TYH JojHUIM 06/1acTiIaphl Y3 WHTErpauiacar,

Y™ (6,9)L,X" (8, ¢)d€2 = const{ ¥ (6,0)Y" (6, p)d2  (14.30)

abIHAap.
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%‘Z%Z_\c._w._.b@ ONEpaTopyH N\S: Marpuca eJIeMEHTH @@m BO KE€T-BEKTOP-
.:m—u.:w Aomx WNGV

L, ={m!Liny=[¥ LY (dx) (14.31)

r 1 m .
WOKIMHI® 10 jasbuibip. 1 n%m@sx dyHKcHjanap yuyH opToHOpManaHMa

WOPTHHHH OUOHHLIMJHHH HO30Dd (14.30) Gopabopuju

JY"LY"dQ=(Im'/ L, /lm)y=consts (14.30"

(14.30") ndaneacu N(p Bo L OlIEPATOPIIAPH YUYH

m' I Limy=Cs,, i {m/L /my= o, .,

« 3 ¥ p=g
onap, jo’uu L Bo L_cuepartopiapsl yuyn jaampts

(L)porw=m+1/L /m)y o (L) =(m-1/L_/m)

m—lm

MaTpHCa eNeMeHTIopH coidbipuan poprau ransip. Byunape hecabnamar Y4YH
(13.16) MyHAacHOOT/IOPUHHH  AXBIPBIHUBICBIHAAH ucrnbare emok. L Bo
h . AMaAroHan oJiayry TecBHpud (13.16) udagecunun car Topatu auaronansip,
OHYH €O/ Topo(M 19 JHArOHA onap:

JY"L LY dQ2=(Im/ L L, /Im)y=h ?I D—m +s_
Bypana L =(L,)" omuyryny so (14.3) MYHAcHOOTIIOpHHI HO3BPO aicar,

Im/ L L /Imy=(m/ L [Im") (Im' ] L /Imy=

: = w[id+ ) -m’ - m),
(Um/ L L /Im)=Im/ L /im'Yim' /L /lm)=

=[t,m C= I+ )=+ m]

B ja

!
Gme 11 L1 Iy = nJQU+1) = mm + 1) =nJU-m(+m+1) (1432)

Im -
m-1/1p [Imy = m (I + 1)~ m(m = 1) = b J(T+ m)I —m+ 1)
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wibiep. Bawra cesto L o L oneparopiapsitini 1" (6, ¢) -jo 1o cupu

LY (6.0)=hfU=mXI+m+1) ¥ (6.0),

LY"(0.0)=hJd+m)I—m+1 Y (6.0) (1433

N

Kamu To'juH oydyp. (13.15) 8o (14.32) GapabopiMKIOpHHISH acaHIbilia
L o L oneparoprapbibii coidbipaat QopIind MaTPUCA €IEMEHTIBPH Yuyh
alAFbLIAKBl HaLOIoPH alapslir:

1

Uom+ 1/ L/ y=—{m+ 1/ L Iy =

5°
1, ho ooy .
= N m! L [lom+ D)= = VU =m)l+n+1); (14.34:
(y 1/ L lmy = M_ (om+1/L ilm)=
1 . h
=— w‘,‘QE‘, L /lm+1)=——J{-m{l+m+1)
2i 2i

§ 15. YYTJIYK. bAJIBIH YYT.IYJY

K:1acCHMK MEXaHMK4ia O/LIYFYy KHMM, KBAHT MEXAHMKAChIHIA Jia EHCPKH-
HEH, UMIIYJICYH BO hOpoKeT MHIIaphl MOMCHTHIIMH ©aX1dHMa [AHyH1apbl to-
JaHBIH CHMMETPHja X4CCOIapH Wi diarciapavip. JorpydaH ia. gl11-15-10
KOpUYK KM, 3amaHbiii hecabiiaMa OalilTaHFBIMBIHBIH HXTH]ADH CEUHIMOCH.
KOOPAMHAT CUCTEMMHMH (o3aua mapane’l KouypyiMocH Ba OHyH o3 Gatti-
JaHFbIYBL OTPadbIHilA AOHMOCH YEBPHIMAIOPHI® KOPo ranaibl CHCTEMHH ha-
MWITOH OMEpatTopy HHBAapHanT raieip BO Oy 1@ JyXaphilakbl yd cax/ianma
ranyHyHa KoTHpup. Jlakun OyHyH OKCH 10 MYMKYHIYD: CaxjIaHMa raHyHnyHyl
BAp/IbIFBl CUCTEMHWH MYQjjOH CHMMETPHjaja MATHK O/LIYFYHA Joiater eiud
Guep. Mocons OypacsiHialiblp KM, jyXapblld alblHbl UOKIHMJUMH3 Y4 UEB-
PHIMO KOCHAMOAOH Oalll BEPOH YEBPHIMA/IOP O/LYFYHIAH OHIAp YYYH COHIY
yeBpUIMO hoMULLI® COHCY3 KHYUK 4EBPHIMOIODHH WOMHHO Gopabop nun. by
YEBPHIIMOIOPHH  XAPAKTEPH KJIACCHK  KOMM)JOTHH IDJHLIMA (KOCHIMB1oH)
XapakKTepH Y3opHHO AYLYpP BY Y4 KBAHT CaxjaHMa raHyHy €3 K/IacCHK aHa-
NOFyHa M@IMK 01yp. AHYar KBaHT MEXaHWKH CHCTEMHMH CUMMETpHja LLopT-
JIOpH KOCH/IMO3 YEBPHIMAIOPIO jaHalibl AMCKPET YEBPHIMBIIOPId 1Ad BEPHTD
Guoep. By axpIpblHULLIAPE! COHCY3 KHUHK YEBPHIMBIOPHH WUOMH KHMH KOC-
TOPMOK MYMKYH O/IMaiBIFbIHIaH KJaccHK (u3MKaia heuy 6up caxnanMa rany-
HyHa KOTHPMHP. KBAaHT MEXaHWKaCbIHid MCY KOCHIM®3 Bd JAMCKPET YeBpH1-
Mojiop ejHH hyryrly OJLLyFyHIAH OHnaphiH hep ukucu MY3jjoH caxjlanMma ra-
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HyHIapbl WO oJ1arajap osyp. bnzma,x, AHCKPET YEBPH/IMBIOPO YjFyH CaxiiaH-
va raHYHIAPBIHBIH KIIACCHK anasiory joxuyp.

JeHoa U@ %wum:zz n:zzﬁmiwoz W10 dJlarojap osaH raHyHnapiuad oupu
y30pHHLO® JajaHar. 3oppounjun OYTYH KOOPUMHATIAPHIHLIH HIIAPOCHHH €jHH
jaMaHia USJUILIAKIS a/lbIHaH

X=X, V=V, Z—>—Z (15.1)

yeBpW/IM® KY3KY OKCH BO ja ¢o3a HHBepcHja UCBPWIMOCH aiLtaHnlp. by
yeBpWIMO CAF CHCTEMHH KOODIMHAT OX:1APbIHBIH CJHH 3aMaHUd HCTHIAMUTHHH
JAOJHLLANKID OHYH COM CHCTEMD (BY OKCHHO) YEBPHIMOCHHD CKBUBAICHTAND.
JIaxWIMHAO CAEKTPOMAIHUT BO HYBO I'YBBOJIOPH TO CHP €U0l Tallalbl CHC-
remud hamuiToH onepatopy Oy 4eBpH/IMejo Kepo uHBapHanT raimp. besno
chcremopie Oatll BepoH (UIMKH haiHCOHHH XapaKTepH caF BY ja COl KOop-
JMHAT CHCTEMHMHHH CEYWIMOCHHIAOH aChUibl OJMYP (CAF BO COA CUMMETPH]a).
By WHBAapHaHTIbII CHCTEM Xapu4n Cepyuk cHMMETpHK cahoue onuyry BO
cahoHHH MOPKa3M KoopuuHaTr OalulaHfpldbl (MHBEPCH}A MOPKI3M) Y3DPUHO
aywuyjy hanua sa caxnatbip. CuctemMuo 394 rapuIbUIBILIbE TO'CHP [YBBOIOPH
To'CHp ETUHKI® HCO CUCTeMMH hamuiton oneparopy Oy ueBpuIMBjo Kepo
uHBapUaHT ranMelp. By dukup unk godo 1956-upt wnge JIn so Jaur To-
poduHoH cojrouMuLILU. By ¢Sp3MjoHHH HO U9poudUDd UAOFPY OJIUYFYHY
joxs1aMar yuyH anapbuia TOUPYON TOArMraTnap KecrTopiad KM, 30U rapuisl-
JBITIBL TO'CHPAD KEUDH NPOCECIdPLd CaF BO COJT CHMMETpHja Mo3yayp, jo'HH
Gaxbinad ¢u3MkK hajmconnd 6y cUCTEMIBPUD® KeAUWW MYXTanud onyp.

wam uHBepcuja oneparopyny | wne wwape euok. Onyn ¥(x.t) aanra
tyHKcHjackiHa 19’ CHPY (D932 KOOPAMHATIAPBIHBIH MILAPOCHHHH LO]JHILIMOCHHD
KeTUpHp:

wﬁ?:ﬁ z,y=¥(~x,—y,—2z,1) (15.2)

f,:z_ ONEepaTopyHyH MOXCYCH (YHKCHjachl O/LIYFYHY ¢hop3 eTcak, Oy
TO'CHP, JIMKBD TopadiLoH

I¥ = A¥(x,y,2,1) (15.3)

WOKAMHLG jasbiiap. [ uuBepcuja onepaTopyHyH A MOXCYCH IHMjMOTIOP

CeXTpuHM TanMar yuyH (15.2) 8o (15.3) ToHIMKIA 7
m:v pits} ,_,w,OS_U SIIOK: Y ( ) HKJISpHHO oneparopy 1o

IPY =T¥(~x,—y,~z,0)= ¥(x,v,2,1), (15.2")
FPP(x,y,z,t)= A¥(x,y,2,1). (15.39

b ; 7
o:ana%wmasngsz MYTajHCOCHHIBH =1, i=#1 anbiibip. Oemonu, [
o PYHYH OHYH MaXcycH (yHKCHjachiHa TO'CHPH ja (DyHKCHjaHb! 19jHLU-

P Ja na onyn janumis wmapecunu sejuwmp. A;=1 rujmerno yjryn nara
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hyHKCHjachl MHBEPCHja UDJUILIMOCHHO KOPo MYT. Ar=—1 yvirvd dvHKCHja oo
TIK (PYHKCHja a1aHkIp.
Janra QyHKCHjaChIHBIH By XacCocH ObYI TACRHD CTAHIH 33DPOUHIHHE 1aXs:-

st

mMyesn

AR XYEYCHJOTIDPUIION achlanl oavp. (e wepo o [ ¥ = 07
yHKCHjA1aPbl UG TOCBUD OAYHAH SODTOMHRINPHH X TYE
I ¥ = —¥ dbynxkcujanapsl Hie TOCBUP O1yH&!

ayly Mce MoHGH alianmip.
Muay 10 ranaibl CUCTEMIH BEPHIMULE DAILUisin 4yTIViYHYy T

RAGDPHH JUX T MYy s

cuctemus  havuiton  oneparopy  wsa unbepc
WHBAPHAHT Ta1bIp:

IH-HI=10,

jo'un [ onepetopyiyt Moxcyen QYRRIRJAIE { CUEPITUPYAVE I VRS
thyHKCcHja1aphl OTYP.

[ unBepcuja ONeparopyHyil JyXapslIaksita OXrmap 0aapai
MOTIOPHBH Taricar

go [=t1 anwmap; 6ypaua PHX,f) HMHRCPCHid ONEPATOPYHVH Maxcyey ek
cujaceabip. [=1 osan cucTeMHMH haiant wyr, oryr wyrayly syclor, [= -l
OJ1aHUA MCO CHCTEMHH hafibl TOK, WyT1yjy MCo Miudu iinaneip. HMusepc
ONepaTopy alIKap UOKHLO 3aMaHAaH achilbi OMMaiblBIHAAH Bo 0 bayuiiren
O11epaTopy W0 KOMMYTACH]A eTAHjUHAOH haisill 4YT1yjy hOpoKeT wrrerpy
onyp. Byryn caxianMa radynsapsl KMMH MYTIYJYH CaXJianMa  (aHywy
CHCTEMHH hafbIHBIH AOJHIIMO  MMKAHAAPLIHE  MONIYTALLPED.  aniii
cHCTeMMH haibl MYyejjeH 4yTiyje Malnkiupce, 0y Wymmox 3amabu Kep
caxsaipip, jo Hu peprimily hop hancet £, GawrianrFew apta cuCTeMuli hany
WYTAYPCO, 3aMaH KEUYUMKYDd 0, heu BaxT Tuk hala Keumup. OKCAHO, CHCTEMHH
hawl Tek ourdyrua o hemumwo 1ok haisa aa rageip.

ACaHIBIIIAa KOCTOPMOK 0/1ap KH, MHBEPCHja YeBPHIMOIOPHHD Kepe (13.0)
hopoKoT MHIIapbl MOMEHTH KBAIPAThl ONEPATOPY BO OHYH NPOJEKCHjaapbiHd

yirytt (13.7) onepatopnapbl MuBapHaut ra’ieip. bauna cesia, I unBepcija
oneparopy wid [ hepokoT MHriaphl MOMEHTH KBalpaThl ONIEpaTopy BY Mo-

coned, L oneparopy KoMMyTacHja eaup:

rr-m=0 LI-IL.=0.
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By yu KoMujjoT ¢
ejuu 3aMaHila enuyayp.-duxop Topaduon, Oypanan YBIXBIP KH, [’ so M

st ejn OUp haniblibl o jun eanp, jo'nu owiap

onepaTop/IapbiHbLH {14.33) moxcycu yHkcujanaph Mc:mnmqonv\:«: aa Mox-

cycH (DyHKCH)ATaPLLL). [ oneparopy yayn

(15.4)
TOHMMjH SA0HIEHD. Jlegapn NOOpHET CUCTEMUHID X—>—X, Y- =¥, I—>—Z
HHBEPCIA YeBpIL
ror, 0>a-0. yy+ 1 (15.5)

MHBEPCH]j2 HEBPUIMOCHHMG eKBuBwienTAMp. (14.28)-10 unBepcenja ydayn oho-
MHJJOTH O/1Majau Culiy BYPYEY HGIGPO @1Macar,

Mw (o)=Y "(mr-0,¢p+ )= —Jsﬁccm?w - %vvmiiﬁi (13.6)

onap.

imig e ime

Bypata e =e™e™ = (~1)"e™ o cos(m— @) =—cosf onuy-

Fynuad, Supiourmpuamuir  P7(x = cos @) Jlexanap nonuHomynyn (14.26)
uanscurgon P (—x) = (-1)"" P"(x) aiapbir. Bywiaps (15.6)-10 #a3apo
ancar,

I(0.0) = (=1)" " ¥ (0,0) = (1) 1" (8, 9) (15.7)

oityp. Cm.f BO (15.7) -uHH MYIUjHCOCHHLDH WHBEPCH)A ONEPATOPYHYH MOX-
CYCH IHjMBTH \

I=(-1) (15.8)

Q. 1 . . 3 3 3
.._Ldﬁ..Q,E,D hanvinua onan seppounjnn A1 kumu To'iMH onyHan Aaxin
YUIYJYHY 4o Hosope aicar, onyl Gaxbulan haibiHbig WYTIY]Y

I=(-1)2 (15.9)

KUMKW 19" jun onynap. Hdemonu. l-un YYT CHIMOTHHD YjFYH hansti uyrayy A=1
M:EEm _,Qom.wﬁ A=—1 onama Moundu onyp; [-MH TOK IMjMOTIOpHHI® HCO

EJM“%M“:MW A=1 onania mswz%:“ @H!w oNlaHua MYCBaT onyp.
Ayt o:oaomeEMMwM_w_. T M:hpw O/IMd]aH 39PPOUMKIIOPLOH TOIKHA OYH-
NADBIHL ey, __v“%nz:~ P,;:.:,E UYLTY]Y 3OPPOUHKIODHH YjFYH han-
TeMH yann ev\zwow . ;:. w:z: «8 JuH OITyHYP. boﬂvﬁm:,nm. 6eno cHc-
Jackl, §5-10 KOCTOPUMJUMH3 KUMH, ajpbl-ajpbl 39PPOUUK-
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nopun aatFa GyHKCHjaTapbl hacuimHo fopabop OJLIYFYHUAH, CHCTEMHH Ou-
XbL1aH haIbiHbIH WYTIY]Y

TT:M\ A,

WO jasbiiap, 6ypaida [; — i-un 3oppounjii hopoKeT MHMIAapbl MOMEHTH
N N .
(L, =hJl(l +1) Mo Hata), Aj— OHYH JaXWiIH 4yTAYjydyp.

MyTiiyjyi Ccax/@HMa raHyHy JalHbi3 eEKTPOMArHUT BO HYBS [YBBOTODHHIL
To' CHPH WD KeuoH (PUIMKH hauucensplo Ierur eLoHH/HP. beno ranaiwl
CUCTeMHH uYT:aYjy MycOoT oaan hanian wyT1yjy MoHbH o/1aH hata Bo oKCHHG
Keww(d  ragaran  onynmyin  oyp. EneMmenTap  30ppouMKIepHH 30HG rap-
WHIALITLL T CHPH W10 KCAOH  YCBPUIMO  NPOCECIOPHHLD  (MOChIoN.
n—>p+e +U, H—>e+0, +U , T U+ D, BO M2 KHMH 4YCBDII-

MOIOPIO) HEO UYTIYK CaxiaHMbip, 610 cHCTeMIapHll haMHITOH oleparopy
MHBEPCHja YCBPHIMOCHHD KODO WHBAPHAHT TAIMbIP BY OHIAphIH Car BO €O
KOOPAMHAT CHCTEMIIDPHHLD KEUHILH MYXTAIH] 0:1yp. emonu, 4yrIyjyH cax-
NanMa TaHyHy, ToGMOTMH yHHBepcal (DM3MKM TaHyHy Jejui, O, homuLLo
CaxJIaHMBbIP.

§ 16. FEJPH- MYQJJOHJIMK MYHACHBOTH (IPHHCHITHY)

Koiaceuk dusukaiza 6yryn komujjoraop Gup-Oupn ui1o KOMMYTACHja einp.
KBalT MCXAHHKACHIHLA MCO hop HCTOHWIOH MKH KOMRjjoT ydyH Oy wiopr
ouonmiMup. (11.32) 8o (13.12)—(13.14) MynacuGonI9pHHIOH KOPYHYP Kif,
paguyc BEKTOPYH, HMMIIyICYH BO hopeKkeT MUIUapel MOMCHTHHHH 60’31
KOMITOHEHTIOPK CjHH 3aMaHia UorHr e14yayp (yjfyH oneparopiap KoMMy-
TACHja CAMD), JMKOP KOMIOHEHTIOPH HCO CjHM 3aMaHIA JQTHI O14Y10 ou1-
MHp (yjFyn orleparopnap KOMMyTacuja eTMup). by axpipbiubl HeB KoMH}-
JOTIOP KBAHT MEXAHMKACHIHIA CJHH 3aMaHia jaliHbl3 MYQJjoH  AOTUIIHKILG
(xoTa Hio) o1uyio 6uwiep. Bero KOMMjjOTIOpS YjFyH ONepaTopilap apachli-
JAKD KOMMYTACHja MYHacHOOTIOpH M yM OILIyria, OHIAphiH eJHH 3aMaiild
QUIYYIMOCHH/® Gypaxbilan XoTaltap apachliia jla MyojjoH MyHacuGoT Tarmar
onyp. By MyHacnbotiop rejpH-MYo)joHIHK MyHacuboTH BO ja rejpU-MY-
QjjOHAMK NpHHCHNH aulaHblp. By npuncun kommyracuja €TM3]oH KoMH]joT-
JOp ejuM 3amaliad emnyyaiyki1o OypaxbilaH XoTalapslH hacuIMHUH  allafrbl
cophoumun 1o’jun eamp. by NPUHCHINEH OHp HOTHY® Oslapar YbIXHIP KH,
rejpU-KOMMYTATHB KOMHjjOTIOPAOH OHPH LSrHI ©14YLIYKAD, AMKOPH har-
reiHia heu GUp Myojjor Ma'1yMmar aiMar MyMKYH O/IMYD BO OKCHHS.

Ejuu 3amaHia Iorur equyne (MyejjoH [HjMOT ana) 6unmejon L o [
PH3MKM KOMH]jOTIIOPHHD YjFYH ©3YHO TOLIMa OnepaTopriap y4yH

LF - FL=iG (16.1)
MYHACHOOTHHHH ©1oHUILIMjHHHI (PIp3 eldK.
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Cucremu H(x.1) uxtujapn hatbiine L so F pusikn komujjernopun
L=[¥ L¥(dx), F =¥ F¥(dx)
opTa rHjMOT/IOPHHH hecabiajbib, onnapeiy KemMoju Wi jenu
AL=L~1L wo AF =F - F

omnepaTopaapbilibl 1aXHil CADK. ACAH/IBIIIA KOCTOPMAK 0/1ap KH AL o AF
oneparopnaphl Ja @3YHO TOLIMA OUePATOPAApAbp BO oHiAap (16.1) mynack-
HOTHHH 613JHUp:

ALAF —~ AFAL = [F ~ FL =iG . (16.2)

hoMuio MycOaT I'MjMOT ajlaH
I(a) = [[(@AL - iAF)#] (dx) = 0 (16.3)

HHTEIPAIbIHBL daxuit oK, Oypada ¥ aiva dynkenjacel, @~ uxmjapu horirn
napametpanp. AL 8o AF esywo rowma oneparopiap oimyryHuan (16.3)
HHTErPaTbIHbI

[(a)= [V (adL +iAF ) adL - iAF )¥(dx) > 0

KHMH jazar. Unrerpanairrsl hacunu aunf,

Ha)=a [ (ALY W(dx) + [ ¥ (AF ) W(dx)~
—ia ¥ (ALAF — AFALY¥ (dx) >0 .

Yuynay unterpania (16.2) GopabopHujiHK HO30PO aicar, (6.4)-0 acacoH

la)=a*(AL) +aG +(AF)* 20

&IbHAp. AXbIPbIHUBI MYHACHGOTH

S G . — &
Ha)=(AL) (a + ===)" + (4F) |l.|..mlawo (16.4)

2(aLy ALY’

KnMy j TH : ,
JA3Ar. O-HbIH nxTHjapu rujMoTHHL 1(00)20 ranmacs yuyn

A Ty Q
(AL) (4F) = — (16.5)

6o :
PabopeHnju o gomIMOIHIMD.
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(16.5) mynacubotu L Bo F H3MKH KOMHJjOTIOpH YYYH rejpH-Myaj-
jOHIMK MyHachGaTH antansip. By mynacuGer L se F ejuu 3amaHua e1uy:-
AyKae GypaxsliaH OpTa KBaupaTvk xotanap hacunuuun awafbi cophouinny
BO ja MHHUM&I1 [MjMOTH TS JUH €HP. _

Xycyen hamma L=X so F =p, xerypcok (6y hatia G =h onyp),
(16.5)-10H hejsenbepun Mowhyp rejpu-mMyojjoHAMK MYHACHOSTHHH &T1aphil:

— — K )
(4p. )y (Ax) 2 —-. {16.6)

4
BypauaH 4niXplp KM, 30pPpovMjHH KOOPAMHATBl JOTHI OIYYILIYKIO OHYH
UMITY/ICYHYH ©/14Y/IMOCHHL® OypaxvllaH XoTa KH(ajeT roaop 6ejyk onyp Bo
oKkcuno. CucreMdH 6axbulaH haipiiia, MOCO/ISH, UMIYICY MYDjjoH TMMOTO

makanpea ((4p, ) =0), oHyH KOOpAMHATBl (BO3HjjOTH) TaMaMHI® Tejpu-

myejjon raeip ((Ax)° — o).
JIoFpylan [a, MY®jjoH MMIlylca MIMK ojaH 30ppoudjuH hambt (11.187)
myctoBu nie-Bpojin uanracel wne TecBup onynyp. OHYH KOOpAMHATIApBIHbIH

" =const oayp. Bawra ceino, x-

najiaHMa ehTHMasbl CBIXJIBIFBI MCO Aﬁkxkv

HH —00< X <400 MHTEPBATBIHAAKL OYTYH IMjMOTIAPH €jHH ehTUMAIbIILID BO
JOpPOUHjUH  (hO3aHBIH MYXTIH] HOrToldpHHIe onMa ehtumainapel Oup-
Gupuno Gopabopuup. EjHuie, dosanbiH Myojjon X, HOTTOCHHAD OjlaH 30p-
POUHK MYQ]joH HMIlYICd MATMK 072 OuIMo3, 6e1d 30ppauK YUYYH HMIYICYH
OYyTYH I'MJMOTIBPH ¢jHH ehTUMaLIbl 071yp.

Horpyian ja, Oeso 30ppeuHk w\:CQ =0(x—x,) (yHKCH]AChI HID TC-

Bup oiaynyp (6ax(11.7)) Bo OHyH HMOYICYHyH najiauMa ehtiumaiol

| C.(») [

WIO BEPHIHD. Q.\.Ahv -HUH
C, ()= ¥, (¥, (x)(d)
HpaudCcHHID ﬁ: (x)-uH rujMeTHHM ja3aHia
Q;C& = .\\wC&%Q —x,)dx)="%¥ (x,)= const
onap, jo’HH HMIYJICYH 18M._w <+ ::qmnmubz:nmxz OYTYH rHjMOTIBPH €)-

HHU ehTUManAbLIBIP.
(16.6) MyHacuBOTHHIOH AlbIHBID KM, KBaHT MEXAaHHMKH CHCTEM X BO Dy

H3MKK KOMH]jOTIOpHH hop HMKHMCHHUH TejpU-MY®jjoH IMjMOT aliubiFel hai-
napaa ona 6unep e 6y hannapiaa OHIaphiH 614YYIOPHHAOKH KBAIPATHK OPTa
XoTanap apacblHiakbl pabute (16.6) udasocu wie T juH onyHyp. Jlakuh,
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owiapbli hop HKHCHHUH MYQJjOH TMJMOTO Manuk oauyry hatiap (Ax=(),
Dnnov KBZHT MEXAHHKH CHCTEM Y4YH MYMKYH Lejusiiup.

KBaHT MEXaHUKAChIHIA UMIIYIC aHNAjbIlIbl KAACCHK Mo Hab) cax1aMmblip.
O, KOODAMHATIA, €JHH 3aMania ea4yie OHAMBIMJH KHMM, p= i KHMH 1@
To'jUH OJIYHMYD.

Fi-bIH THJMOTH HOK KHUYHK OJLLYFYHUAH T€jPH-MYO oMK MYHACHOOTH jai-
HbI3 MHKPOCHCTEMI®D YYYH Myhymuyp. Bo’iu hannapia nco A,zmuw:?zn.c:x
jaxslHIaIIMAaNa, §32-jo 6ax) MHXPOCHCTEMHH KBaHT TOCBHPH OHYIT ¥ :accu«
TOCBMPHHIBH 40X a3 %amﬂc::m. Beno hariapua, toxmunm 9537 X 8O p,
MH C€JHH 3aMaHila FHJMOT &LIBIFBIHBL BO WMINY/ICYH KOOPUHHAT idfl 4Chiibi
onyFyHy rofy1 eTMok odap.

.m%&ﬁ: 6up HOTHUO KHMU QUIbIIBID KM, KBAaHT MCXAHMKACHHAA 3oppo-
WHJHH TPAJEKTOPH]JACHI AHJIAJBILIBL MOBUYL ACIHIUMP. 30PPOMUKIOP ja jaiHbl
MMINYJICAPbIHA BO Ja JA JAIHBI3 KOOPAMHATAAPLIHE KOPO CEYM/Ia a::mw.o. He-

- MOJIM, KBAHT MEXAHMKACHIHAA CHCTCMHMH hailpl KJj1acCHK DUIUKA2KE KHMH

TocBUp onayHmyp. Kiaccux ¢usukana cucremun hopokoT haibiHk 19 Uk
eTMOK Y4YH Oaxputan (Gauitanseiy) amga onys Gyryn KOODAHHAT BY M-
TynCapbl BEPHIMD, OHYH OCACHIHAA hODOKOT TOHIMKIOPH BACHTOCHTO CHC-
TeMHH OYTYH COHpaKbl aHjlapiakbl hopokor TOp3H, jO'HM X BO P,-JOpHH
3aMahl@H aCbUIBUIBIN FAHYHY TAlLLIBID BO COHpa (xp,) thosackiria 6c/1o Her-
Ton@pHH honuocH Jepu—rtpajekTopujackl rypynyp. KBant Mexanukachiiia
CHCTEMHH ha/biHbl TO'JUH €TMOK YUyH HCO, jyXapbuia ACAMKIIOPUMH3D BCacsH,
OHy TOLUKH1 €IOH 30pPOMMK/IOPHH ja Jallibi3 KOOPUHHATIAPHIHLIH B ja ua
JAIHBI3 UMIYACAAPBIHBIH BEPHIMOCH Kudajoruup. Benonuxio, Kpaut Mexa-
HUKaChIHAA cucTeMiH haiibl jiaha a3 cajua KOMUJJOTIIOP BACHTOCHIO BEPUIMD
Jo HU Knaccuk GaxbiMuan, aaha a3 Toennama TOCBUP OIIyHYD. o
zam*sonwmﬂ_\\_ﬁxmmw”mw: err:mE €jHH samanua MYQJJOH PHJMOTO MailMK O/l-
. K JJOTIAOP, JOIMH KK, cjHH OMp wuhasia enuyne HunMes.
=gw KOMHJJOTIOPH  O1UMOK  YIYH jWIHBI3 KOOPAMHATIAPH (X} 1o JUTHBE3
u““w”_wzmmﬂ ﬁw c:ﬂccm H.:c\_ .,z_,<x.5::% HOB wnhazjan uctudalre eT™MaK ia-
z:zboo_h_oqwzﬂ: ﬂmw;m_%h%@o:%uﬁ MIHA OYHYP KH, KBAHT MEXAHWKACHIH1A
onyityp. By s ,ﬁ_% up- :n.::: MHKAp eUdH MKH zu\ﬁ,c::% Joita Tacsup
TN Ty - mo%:M Ycyay .:EE: KJIaCCHK MO Halla TaM TOCBHPHHM
onan 6 mwu::waw 0 p-Oupunn tamamnajuip. Kpanr MCXaHHKAChIHIA MOBUY
X0 b %:o . OpYH 3@:»2:&2» NpuHCHIM jiejunnp. Bopa kepo 6Ga-
10 Guprn, :w_,:w cmm:mww_ :w-m:vﬂ:w Axozzv\amc_\cw eTMajoH KOMH]joT10p-
MH 55 axon YPCO, AMKOpK harreivia heu Oup mo'symar sepo Gui-
eww”_%:rﬂwwwwﬂq:anﬂ«:mo:mwa:m:: KOMOjH WO enuy1opH mohayi onan
E.‘zwgw:::nzg S Gw@_unafc:: KUHETUK eHEPXKUCHHU (Cyp oTHHH)
Oha oo, ESM%. Op3 UK KH, Gene o3a enuytopu [ onan Ky6ayp.
boprn rantip o:hmﬂ tbyHKCHjachl Jantns 6y kybyn AAXHIMHAD CHI(BIDAAH
PouHui %wwmﬁ,m an KOHApUA UCO CYp'omio chipa jaxbiHaawslp. 3op-

JJOTHHM TanMar uCTocoK, OypaxbllaH OpTa KBaupaTHK
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A R . - W
xota, jorun ki, (Av)T =17 onap B0 30ppoMH)HH HMUYICY (4p) 2=
4/
JAOTHEIHM]H HAQ TO jHH 0/1yHap.
YMyMiLugH nossatan hecaBar CHCTeMMHIH Gawrianibiubine P =0 ner-

~p=pT BO JOpPOMH]HH OPTa KHHETHK

TOCHILI®  KuTypeok, (Ap) =p

N

CHEPAKHCH

- Nn
P (16.7,

()
2m 2m 8ml’
oudp. homui Qo3ab e Y TOPHEE KETAHKYS KHYHLIOPOK [0 soppounjig
osasa TOK& I O1YHMY LOPOUOCHHH aPTHIPMAr HCTOCOR, OHYH Y3OPHHIO
KOTAMKMO  apTail MIi  KepMoin  oiapeir.  Jlemom,  3oppodHK JOKLIiso
caMH (PO3AHBIE OIUYIOPH  KHUHK  O7LAYIMa, OHYH KHHETHK EHCPAIICH
Gojyk oyp. by noruuo Toupybeo TOCAHE OAYHYP. Jlorpyian lda, atomyn
teauyiopu [~10 “ eaM) JaXWIMHA® hopokoT eloH €JACKTPOHIIAPhIH KHHETHK
eHepxkHCH, (16.7)-Jo yjryn olapar, 100 eB, tyBoHHH (€14Y10DH I~107"
AAXHARHIOKK 1K 101yl (IPOTOH BO ja HCJTPOHYH) CHEPXKHUCH HCD 10° ¢B o
ja 6up MeB (MeB =10° ¢B) TopTHOHHOLIP.

§ 17. MYXTOJIH® CALOJIOPAIKH hOPIOKIT YUYH
IHPEAUHKEP TOHJIMJH

§9-.1a  KOCTOPAMK KH, KBANT MEXAHHKACHIHbIL  OCAC TOHIMJH  YMYMH
HIOKH L1
¥

-~

ol

in =HY¥Y (9.8)

kimi jaseiibip. Jlakun homiii naparpadua KOTHPHIOH My:1ahu3o10p CHC-
TeMuH /7 haMuITOH ONepaTopynyl jalHbi3 YMYMH Xaccolopuii alkap cr
MOjOH MMKaH BCPHP, aHATUTHK HAIOCHHHN TAIBLIMACH MOCOIRCH HCO aupll
I47TMBILLLLDL.

DUIMKM KOMH]JOTO YjFYH ONCPAaTtopyH TamblLIMaChl YMYH KBAHT MeXaHi-
Kachiida yMymu Onp rajiaa joxayp. "X - TOCBHPKHLS™ KOOPUHHAT oneparopyHy
TO'JMH €IOHIO ONEPATOPYH TO PUPHHIOH BO CTATHCTHK OpTa THjMOT AH1ajbl-
IWBIHAAH, HMIYIC BO NOPOKOT MHUIIApbl MOMEHTH OMnepaTop1apbiHbiH ucpalo-
CUHM TalaH4a Heo ¢o3aHbld OMPYHHC B® W3OTPOIl 0/iMachl Xacco1opHHIIIOH
netndage etank. JHKop Tapo(ion KOCTOpAMK KH, KOOPAMHAT B HMny:Ic
oriepaTopiappl Ma'AyM 07aped, YJFYHIyr NPHHCHITHHIBH uerngaite elopok.
hopoKoT MHIAaphl MOMCHTH ONEpPaTopyHy TaiMar o.1ap. Du3MKKH  KoMHJ-
JOTI0pO YJFYH XOTTH BO €PMHUT ONEpATOp:1apblH 6y axbIpbiHUbl rypy:ima JO1Y
YMYMS1 XapakTep Jailbljplp 5o GaxpllaH TOCBHP® KOOPLUMHAT BY MMITY.1C one-
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parop/iapbl MO'JIYM OJIAYLIA KBAHT MEXaHUKACBIHAA HCTHALD O:lyHaH orie-
paropnapblH TaM CHCTEMHHH TypMar osyp. Sa6eTro, jaxui euwiod 6V Bo i
fawra MOCTYAaTbiH (NPUHCHUITHH) UOFPYNYFY jalHbI3 OHUAH 4YbixaH mv\oe:s,_,a
JI9pHH ToUpYGOAd TOCIMI OMYHMAChl IO HcbaT oinyHa Guiep. ”
KnacCHK MEXaHHKaUa CHCTEMHH TaMm CHEPXHCH KHUHCTHK Bo HOTCHCHa
EHEPXIITOPHH 4OMHHD 6opabopanp. Tam cHePKHINI KOOPAHHAT BO MMIIVIC
JaH achUIBLIBIFbIHBL KOCTOPOH Hate Meo cuctesini hamiciron %S;,c:vcw._
aWIaHbIP. ’ |
H(q.p.t)= K(p)+U(q.1).

Bypauat, YJFYHIYI NPHHCHIMHO KODYO, TaM CHCPAM OLCPATOPY KHIECTHK
enepxu oneparopy K(p) wio Ufg.r) noreucuan CHePKH OnepATOPYHYI
womund GopaGop o.aap. Tam chepku oueparopyHyn Koopausar _Mc :mm_ .A_w
onepaTtopaapbl WiIo BePHIMULE HUOCHID e KBAIT MCXAHIKH o:o,w,?w”*m
hamiITOH OMeparopy Bo ja hamuiaToHnabl tejuiIup. .

Cucremut hamuiItoH oneparopytyH ananwruk neagocn hop haucsl Gup
TOCBUPI® TANBLIMBIL OJICA, TOCBHDP HOBOPHJJOCHHHH KOMOIM WO, OH :V:Q,M
HWIeH Oalira TocBUpio HPALICHIM jasMar o Gup ;m,,‘::.‘:\_,z :Mvc._e:“
(§21-0 6ax). Ona Kepo uo Oypaua 6M3, hamuiTOuHANLIH JIHBI3 KOO :::mm
TOCBHPHHUBPKM MPAUOCHHU MYO]jOH CIMUKIID KHDAJOTIIOHOUO UK. Woomn::m‘_‘
TOCBUPHHI® KHHETHK EHEPKH ONCPATOPY jATHMI3 UMIYIIC ONEpPaTOpIaphiHial

. | 1
K - S Y O S B
(p) - MEAEKJJQ., +p). (17.1
MOTEHCHAT eHe a SCIRF 3 K
A PXH ONEpPATOpy MC® JATHBI3 KOODUMHAT ONEPATOPIapPbiHiIaH
U=U(X3,2.0). (17.2)
Onua hamunron oneparopy |
| H=K(p,p,.p)+U(X,5,2.0)
BS ja .
\u\lf_l 22 =2 oo Tz 5 7
NSC&L:F+EL+QC\,,,N,: (17.3)
KHMH jaspiiap.

WOOUEEI T 1T ) = —1hV =) = =
a OCBHUPUH] l < X ] yF Y
U 111< Nw\ Nm i B .x‘, .&.\. A~ _»N.wv OJT U Hlat

(§11-5 6ax) n >
OTeHCH . :
YiopHto ayuryp oo an enepxu oneparopy U camouo Ux,),z,1) dynkcujacs

g-_r e &
2m &° +&\u v &.LTL\C«L\,N,DH

Nu
=V 4U
2m (x.3,2,0).

(17.4)
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TIOTCHCHET EHEPAH OHCDITUDYHYH Lok M, KiacCHh (DHIHKALa TOuPVAY
ABH KOTYPYIMYUL TIOPHCHLT CHCPAKHIG YJFYR TYPYIYP BO CHCTEM® To Cup
CAoH TYBBOOP cahocuHHH ToOuoTHiLoN acklibt onyp. IloTeHcuan euepxky

onepatopy {/ anxap WoKitLmo 3aManiat ackllbl 01Majan KOHCCPBATHB Clc-
res1op yuyn TUPedHnKep TOR MM AlarbiAaksl KHMH Ja3bLIBID:

. [
L . . -
e A R A (175
It 2m

KOMMYTaCH]d eTMUAHILIDH KUHETHK EHepAM 110 [IOTCHCHA! SHEPXM ¢jhu
QLA THIMUT &IMBIP B9 TaM CHEPARH KHHUTHK Bo [OTEHCHAT CHEPXHAOPHY
woMl KHMIT 1o’jun odyna Gramup. CHCTeMMH TaM eHepKHCH OyTesiyiiu
Mo HAJA MALIK 07Vp Bo jaInb3 OYTes Mo oauy.1e Buiup.

CUCTCMHH TaM €HEPAUCHHHIT &1a OILI0MOK IHjMOLIOP HOXIYFYHYH (ChesT
DaHMID  XAQAKTEPil  IOTCHCHA! CHEPXH  ONepPAToOPyHYH WAKIMHADH, Jo' v
TCMM TOLIKILT e40H 3OPPOYHICTOPHH HOBYHIOH BO OHA TO'CHP CUAOH IyTHo
2aloCHHHIT TOOHOTHELON KOCKMH IUOKN 140 acstibidblp (1V Bo V. docny
Oax).

haMunTOH OHEPATOPY AHAJLILBl I'CJPH-KOHCEPBATHB CHCTEMIOD YYYH .10

yMymutowaupiio 6utep. bero cueremnop yuyn U oneparopy awkap 1wo-
KHILIO 3aManidal aceiiel oyp Bo 6y hamia U(x,t) eyssa gynkcujacw aunannip.

I'ypeo byHkcujack Mo'ayM omayrua  f = —~VU  mynacubotnHaoH To')

oaynai [ IYBBOCH 3aM@HIAH ACBUIBL O1yP BO TYBBO (DYHKCHJACHI CHCTEMIt

HOTEHCHAT CHEPAHCH y3opuHo aywmyp. By haria Hlpeuuxep Tonanju:

:~Nﬁn|h<£\+g.ﬁ:ﬁ (17.6)
ot 2m

KUMH jasblibip. Bypaza H oliepatopy cHCTEMHH TaM €HEPXHCHIIH TaMCIL] el

MHP BY O, hOpoKoT HHTCTPAThl OJMYD. jo HH CaXjIanMbip. S ryssocu saman-
JaH acbuinl oaMankirda U dydkcujacsl 3aMaHlaH ackliibl OIMYp, O, CHCTCMHMH

MOTEHCHAT EHEPXKUCH Y3OPHHS AYWYD BO F oneparopy CHCTEMHH TaM cHep-
AUCHHM TOMCHT €i1MP BO EHEPXKHU CaxiaaHbip.

KoHcepsaTHp cuctemiopu hasinapei cracoHap hannap ainanwip (Gyn-
;1aH coHpakbl §-a 6ax). [ejpu-KOHCEPBATHB CHCTEMIOPHH hanaphl Uco rejpH-
cracnonap hannap awianeip. Konowokuo 6us Oy uks Hes hawtaper Gup-
GupuHIeH GoprIoHANPOYD]UK.

haMuaToH onepartopy yuyH asbinMbiml (17.5) e (17.6) udauenspu 30p-
pouWMjHH, OHYH CYP ©THHUSH acbLbl I'yBBOMOp cahocunjekH hopokoTth Y4YH
- IOFpy iejuwiaup. By HeB jexaH® TyBBO YKy 30ppOUHjMH XapH4W eneKkTpo-
MarHWT cahocHHa® hopoKoTH 3aMaHsl MejlaHa ublXxad JlopeHC TyBBOCHUMP-
Beno hopokoTun hamMwiTOH ONEpaTtopyHy jasMar YYyH jeHa Jo yjryHIyl
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YT

IpHHCHITHHS MYPRUHET ¢k,  Enextpomarnur  cahocu HOZBPUIJOCHIIOH
anxavo\:::mzxmmum:v. MO TYMIYD KM, XapruM cIekTpoMarnyr cahecuivio
hapeKeT elaH 3appovMHH hasiiron dysrcujack

H= - (p-=A4) +ep
2m I i

WK IMHO MATHKAMP: DY¥Pala P~ 30pPoMujuH YMYMWIOUUHPHIMHI HMIYACY,
A(x,y,2,8) B9 9{x,3,2,1) - cahanuu sex1op Bo ckatjap TIOTCHCHALIAPLLILIP,
hamuaton QYHKCHJACRIHBIH Oy wdatatnio 1axmn onan KoMRjjoTIopH VjFyH
onepatopaa 0Bos ¢u0, KOOpanHaT TocBupHiao A(X,1) B @fv.t) HoteHCHL-
napslia YJFYH OHepATOPIaPHH €3 Y3OPUHU AYULIYIYHY HO30De altcar. Geino ho-

ﬁw_nw.—,:: hamuiton aneparopy

1= e,
H=—(p- ¢ AY +eg (17.7;
5 ;

2mi

'
onap. Enextpomartiir cahackiio 10°eup eson ryssonopaon (JTopenc ryBBa-
cu) anaso Ufx,y.z.t; rysso Qynkeujacs u Ul oiynan Oawira rysso-
NIVPHH U OJIAYFyHY OP eTCOK. BaMBITOHHANLIN YMYyMH [IOKAH

5o oo e

: ~AY vep+U 7

Py . ) +ep (17.7)
Onyp B9 OHa yjryit LLipcanukep ToMMj

mmmm:.mml; (p-C Arw W
ct 2m P c V¥ rep¥ L UY (7.8)
KHMH jasbuinip,

hawm ' .
a:gz:ﬁﬂo: onepatopynyn (17.4) 8o (17.7) ncbasonspu Gup 3oppounkin
cHerem, Xapuun cahonepuoxu hopekoru yuyn JaseuIMBILLIBIP. 3oppounKiIep
Y9YH hamu:rmonnansin ucbasecunn anmar Y4YH, jyxapblia Oauyry

KHMH, vyj - .
“op w,...EJ:E: TipuHCuiMion uerudano eannnp. Knaccuk Mexanukaza N
POUUKAHU cuctemum hamutton thyHKCcHjack

"

-5 P . N
AHNHN\A:WP,\TTN?S;, > UFEF),
i} N:@ ! k= Pk

@%Ugw m: m By m...
{ ]

~\.ﬂ~.. o % KCHIack ~ r.r v.l
ne » T@Z 14 i L YIOKH m
w@ﬂ@@ﬂ:gw > o C —m. c O—.U\_A C ,::v mu Hms\a— ;
- U N@Nﬁmv_zﬁmuﬂ_ud N;mwmuw.mvm:T:;.JFH T up y:. AU 4—\: - ,vx daH ~)\< -

“MH - 32ppOvMHINH HMIYTICY, KYTJIOCH BO Dainyc BCKTOPY,
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H=S(~=— VI +U(rN+ SUFE.R) (17.9)

’ = rek=1
po viryn LU pedniKep ToH 11

i ARSI L
At
‘ (17.10)

( -
AA,MT‘W;Q‘. +U(rn+2U(r.r) W.Em_,:;m(:.

) 9 I
| 2m, K

Jykiry N = 30ppodMHKIN CHCTCMHH XapHUil CICKTPOMATHIT cahdCHH.IGKH
RopoKOTHHH  TOCBMP  CADH  haMuaTOHMaHLL  aiMar yHyH (17.9) wndatocu
(17.7)-j0 oXiUap 01apar yMyMILIolL (HPHAMBTHIND.

Kpaim Mexannky cHetesut Myxtosiud cahosopio hopokoTHHM Tocsip
CHOH 1THD TOH M AIMAT YUYH JYXAphL1d anaprian oMoHjjaTiiaphl hey o
LHpe.stinep TOITHHHIT PIHJ3H UHIXAPBUIBILLE KHMH fawa UYUIMOK 1a3hiv
acjivrap. LHpeastikep TosHjy ToupyOH  (DaKTIAPBIH  YMYMHITOULIAPHAMOCH
porruocanp. Koacenk  mexannkata Hjyrou TOIIHJH, €NEeKTPOIAMHAMHKALA
Makche TOTHKIOPH  UBIXaphUIMABIFL  KAMM, KBAHT MEXAHHKaCbIHAd Id
UlIpearHKe TOHIMJH  4bIXAPBLAMBID. 0. caloud [ocTy:1a eMnIUp Bo OHYH
JIOFDYIVFY OHUAIN YbIXAH HOTUUQLIOPHH ToupyOH HOTHUQIOPD YJFYH KOJIMOCH
10 TOCIHT OIYHYD.

K gaut mexatsikacsiia [peinnKep TOWIN]H KIACCHK MCXaHHKALR HjyTon
TOHAMJHEMN POaVHY ojHajbip. Oty hoil1 CTMOKIO KBAHT MEXAHIKH CHCTEMHH
hopoKoT TaHyHy 1aIbLlibip, jo ik hop HCTOHWIOH At ho3aHblH HCTOHIION
Hertockigo  WIN.0) axira (YHKCHJACKIHEIN TH)MOTH To jHH OTYHYD. Byuyn
yuytt  HIpciniikep TOHIMJHILION  01dBd,  TaM  TOCBUPETMO IIPUHCHITHHD
(§9-a Gax) yjryn osapar, (x.0)-nun hop hanchl Gawianrbm, Mocoton. 10
anpipiakel x,0) rujMoTi B0 cophod IIOPTIGPH BEPHAMOITHAMD. Copholl
OPTIOPHHAH BEPHIMOCH. YMYMH WOKHLIO. 1a7Fa YHKCH]ACBIHbIH Y30PHID
AUIAFBLIAK DB VM LIOPTHE TOJY/IMACHIHE CXBUBATCHTIND. Natra dynkenjach che-
TeMuH KBAHT haitbitibl GUPIHMOTIH TOCBHD CTMOTH, OHYH (QH3UKH Mo HacbiHa
yjFyn o:apar, ehTivat CeixibiFpl Bo chTumal WOPRjaHbl CHIXABIFBI COHTY BY
KOCHIMO3 [IMATB! OILIYFYILIAH, 1a71Fa (PYHKCH]ach! BO OHYH GupuHUH TopTHO
TOPOMATOPH  OHPIHMOTIN,  KOCHIMO3 BO  COHAY  O.TMAILLIBID. Mohs 6y
wopriop HIpeiHHKep TOHTHJHHHH jeKaHd ho/iMHKi TanMara HMKaH BEpHP.

oppouHKISD Cajbllibil, MALLD MHIIAPbIHbIH BO JYKYH cax;ianma raHyH:
qapet Hlpeaunkep TOWIMjHHAOH OUP HOTHWY KHMH ATbIHBID. JorpyuaH ia.
KOMILIEKC FOLIMA JaTra (DYHKCHjChIHBIH O10:H]H

ey (7.1
ot 2m
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rowmjnnn cagian F-jo, (17.5) Toramjunn uco conan ¥ pypyd, uknuumLon
GUpUHUHHY 4bIXCar,

. ¥ CV* h
(xS + D@ DR AT
( at ot V+m§:\ V- =0
anapsir. JuKep Topodion
Y GV ’
e b b
at ot %NA )
PRV NVIPH = (P EV Y YN

OJLAYFYHY HO39p® aicar,
e ih - - -
Ry D * _
mx ) wsﬁgﬁ WPERV¥)=0

anapsir. bypaua
- N;Nw = —
pP=¥%*¥ po \Hwyﬁg.&\*lﬁ*ﬂfv (17.12)

rebys etco -~ ehrtuma hien, J ]
HEWM K. p = ehtumanr coitbirnt, / — ehruman wopojaust (ceiu) Chix-
1 OIyp BO axbIPhIHYbl TOHIMK KOCHAMOLTHK TOWIHJH WSKAMHO AYLIYP:

——+divj=0. (17.13)

p W:%.uovvmsszbmw ChIXJIBIFBl KHMH Oawa AYILCOK, J= 1o cothjoH

N:: - - = T

e n._wEo KEYDH 39ppouUMKIop cean onap Bo (17.13) Tewmju soppo-
P CaJbIHBIN caxnanMa ranyHyHy uauo eaup.

Ejuuna i i "
s b BO J -HBI ww_uﬁmws_\c:: m KYTIaCHHO Bo € .3%%:3 Bypcar,

P,=mp=m¥*¥ p =ep=e¥P*¥ .

= -3 NN i i
sHS\H.M.A.mQ{\*(%\*Qf*V (17.14)
it 3 mN\w . =
J.=¢f Hﬂlﬁﬁﬂﬁ*!f*ﬁfv
. ~m
YJ¥YH onapar ) .
KoCHIMG par, Maye MHTAAPBIHEIH B JYKYH CaxjaHMa FaHyH1aphiHa KOTHPOH

31
HK H@Ib:xbmﬁ:: W anapsir:

95



e +div j =0,

m

; P b
L 4 diy .\a”o‘ (17.15j
a

§ 18. CTACHOHAP LAJLIAP

rudarke naparpadie KOCTopAnk Ki, havirrion o DATOPY allikap
faMAtLIaH acklithl ejnaco, cueremu Ulx,t) ryssa dylikcujacy
HCHAT CHEPARUCH Y38pHi0 Aywyp. By wopr aseren xapuuy
w)  cahogopis hepokor edoH  ranaim CHCTEMIRD  yuyn
3 2 CHCTEMIOD yayu (9.8) LHpeauukep TOHIHjHHH AOJULIDH IO
cayvp. Horpysan g, (9.8) ToradjuHHH  hoaiunm x.t)= it
Wi axrapear,

fxydr ¥(x)

aprir. by 6opabopankio con Topod jaTHLI3 3amanuan, car Topod: HCO
LIRS ROCDAHHATIAPAAH aChbliibl OJLlyFyHian 6opafopiK O 3aMaH eenn.THp
< hip akn topad ciim 6up cabure Gopabop oncyn. Cabutn E wio Haps
TICUK,

M\w&\,.um\ (18.1)
dt
HY¥(x)= E¥(x) (18.2)

HAMKIODY @ibinap. (18.1) TowImMji acauibiia HTerpa1TanbIp:

" b

f(H)y=Ce ", (18.3)

Sypara Cmnerpatiava caduTuiup.
PATOPYH MPXCYCH rrjMoTH annajbiiubitian (18.2) Tonmujunze E cabu-

7 A7 TTIepIIUPYHYH MOXCYCH THjMaTH, (X} dyHKCHjackl HCO OHYH MOXCYCH
HKCHACH! OJIyp.

H 3amagian achuibl 01MalbIFbIRLAN BO 03y WO KOMMYTacHjd CTIHjHHIOH,
(10.4) vcacoH, jyxaphliaksl Hes CHMCTEMIDD YUYYH OH/apbIH €HEPXKHUCH caX-
T2HBIP. Lakila ce31e, cucTeMuH Gaxbuian hatbiHua €HEPXH MYD]jjoH IMjMOTO
MATUKAMPCO, OHYH By IMjMOTH 3aMaHa Kepe cabur raabip.
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KBaHT MEXaHHKACBIHAA CHEPXMCH MyojjoH THJMOT® MaiuK o/aH hannap
“cmacuonap han apnauwip. Enepxunun CICKTPHHU® E€HEPAKUHUH BH KHYHK
[MjMOTHHO YJEYH OJIaH CTacHOHap hana cHcreMmn ocac hans! gejunup.

CracvoHap hanapuis jlanra hYRKCHjaCh! KocHIMo3 CHEKTP YYYH

t

Y (x,0)= ¥ (x)e " (18.4)

ZMCKpET CIIEKTP YYYH HCo

4

¥, (x,0)= ¥, (x,))= ¥ (x)e 1" (18.5)

WIOKJTHHAR ja3bLTLIp.
Cracnorap harsaphi uaica dynxesjachimin JAMABAEH  2CHLTBIABITbIHbIN

alKap WOKAK MO JIyM OJLyFyH)

Boremap e W) dyaxedjaceibin ta-
moumackl Fr(x) s2 ja ¥,(x) PYHKCHJAAPLIHEI TaNBLIMACK HA KoHp. By
dyuxcujanap uce (18.2) tonmujunun harnmnuon TaneUIBIp. OKa Kepo 4o
{18.2) Tewnuju cmacuonap haurapom Lpedunxep MAHAUJU BJUTAHBID,

Cracuonap haunapa s caro mucan v1apar 3oppouHjne copboct hepo-
K9THHH (I2ha MYpokko6 hannapa conparm ocumo Gaxpuiauarasp) Keoc-
TOPMOK onap. Xapuuu cahoHHH notercu dyuxeujachr Ulx,0)=0 onayrua
3OPPRUHIHH SEpokDTH ~opfacT hopoket! @vaneip. CopBocr hopokar Y4YH
(18.2) rornuju

2mE
V*¥%¥(x) ;Mr ¥(x)=0 {18.6)
WoKMHD Aymyp. By Tonnuk E-nun ho: i BA MYCOOT rujMoTopriie OyTyH
da3zana COHNY ranan honno MATUKIHD. ,N.MM@H»;.VO rebyi ercok, (18.6)
TOHIHUHUH YMymu homy
P(x)= Ae™ + Be ¥ | (18.7)

C
w_umwo,ﬂ rw—uwﬂwﬁ:w TaM  CHEPXUHUHH KHHETHK CHEDXH Y39pHHD Hyui-
2

b i 1t — \.Nw.. - D -
UYHY, jo'uu K = p O7IYFYHY HO3ope ancar, k HW BD & - JaiFa Bex-
Topy onyp Copboct hopexe- i
: OPSROT COHCY3 dazma Haw Bepauinnion (18.7)
6up homo Suprouynpox onap: P 77 hon

/
* D
CIIHHRD 35, SUH] y - ,
MYMKyH A PPo4Hju Gauira MHCVMIBPHH (cahanopun) 1o CHPHHISH TaM ToupHU eTMak

:BZEZP P. Ona Keps 1o Gypasa copbecy hepexete muuean hopexer kumn Gaxmar
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