
J 

' 

06'bE.m1HEHHblvt HHCTHTYT SID.EPHblX HCCJJED.OBAHHvt 

(,,34~ 

M-69 

JlABOPATOPv!R TEOPETWiECKOH <l>v!3v!Kvl 

vl.H. MHxaAnoa 

1442 

0 TO4HOCTv! OBOBlUEHHOf'O METOJ].A 
XAPTPv!-ct>OKA B HJ].EPHOH <Pvl3v!KE 

AaTopecpepaT aHccepTaUlflf Ha C0HCKaHHe yqeHoA CTeneHlf 
KaHaHaaTa !plf31fKO-MaTeM8TlfqecKHX HayK 

Jly6Ha 1863 



c,31/~ 
-M~ 

I , • - .. ·- • ,, 

:n(eHHOrO. MeTo;r(a 'Xapipa..:..·, 
~Ka B rot8fJH&t1' ~o,ute,-.;'. 

--·AB-ro··•· .. ,,.;i; ' . · :. · ·•.;; ~ •, 

,/_; 
1 
l 

1 

.; . 

.. .. : ... •.:_ 

,. 

! 

·1 

,·. 

H.H. Maxa1~011 

0 TO'iHOCTH 06061UEHHOro 
· XAPTP.H-<t>OKA B - .H,llEPHOH 

-;• \ .. -, 

~ . ~ ~ 

MET0.0.A 
<t>H3HKE ·, 

1442 

AaTopecl>epaT llBCC8pT8UHH ea'coHCK8HH8.yqeaoa'cTeneHB 
K8HJ:1H,!l~T8. ci>K3HK<,M8T8i.f8'1'.Bqe<:UiX sayK ·. 

~Hh,e;nrneirnwi\ HHCTHTY,. 

!'l))lt'f;llh.L'{ HCCJlCJl.083llll}l 

6Vi5Jll10TEKA 

•.: . 

C 3.iff: · 
:I\(.( l!f 
' l, (? . 

/ 

HayqablA' pyxoao.aaTeni; -
.Q0KT0p ci>K3KK~".'M8!8M8THqecKII.X · B8YK 

• :s.r.conoa&ea"".: 

,lly6ua t 963 

.-

;' 



~ 

'-. 

\. '/ . . . 
_ B 11.ttepHOll 4'll3RK8 wapoKO acuonb3ylOTCl1 M8TO.ttbl, B _KOTOpbtX 11apywaeTC11 TOT 

an11 a~oll 3aKOH coxpa11eHR11. npaMelleHRe TaKRX MeTonoe ce~3a110 c pa3e11T11eM npe.a-

CTBBn';Hllll O. npOCT8llWIIX qiop~X BHyTpeHHero .ilB~:H<811UII B 11.QpBX - o· LlBll>K8HRR 

KBB3R'IBCTll!l. Bae.tteHRe 'llOHIITRII KBB311'18CTR!lbl, pacupocTpa~1110me11c11 HO'ITR ceo6_o.ttHO

B B0lU0CTBe, COCT0111UeM 113 CRnbRO CBll3811Hb!X Me:H<.ay co6oll '18CTR!l, . 1tBn11eTCl1 o6mell 

·• qepToll TeopRR MHOrRXc'l8CTHll. B TeopnH cunOWllblX cpe.a, no. Kpal!llell Mepe • B OT-

- .aenbHblX cnyqa11x, y.aaeTc11 _ .ttoKB3BTb acnMHTOTll'l~CKYIO. (upu 6onbWOM 'lacne '18CTR!l 

'"" 

, N ) TO'IHOCTb ..;eTO.ttoe, -B KOTOpblX 11apywe11bl 38KOllbl coxpa11e11n11. B 38,t18'18X l1L1ep11oll . . - / 

qJR3RKR, • ecne_.ttCTBHe KOHe'IHOCTII_ 'lecna HYMOIIOB 'e IIL1pe, M8TO.ttbl T8Koro pOLlB npe-

BO.QHT __ K - OWH6KaM, eene'IRHB KOTOpblX He' 11en11eTCl1, npe11e6pe:>KHMO Manoi!. no3TOMY 

ape - peweH11e npaKTR'l8CKe Ka:>K.ttOll 38,ll'S'IH S1.ttep11ol1 qJ113HKR B03HeKaeT BOllpOC O TO'l

HOCTR ecnOllb3yeMoro M8TO.tt8 e :>KenaHee yny'IWHTb ero. 0.ttR1_l _113 BOOMO>Kllb~~ cno-

C060B yny'IW811Rl1 M8TO.QOB1 B KOTOpblX 11apyWSIOTC!t 3BKOllbl COXpa11e11e11, CB!t3811 C IIC

,U_Onb3~Ba.HeeM onepaTopOB npoe1tT"'poea11eR <i,yllKUIIR, auupo_KCRMRpy10mell ·BOHHOBYIO . 
/ 1' >. < ' 

cpy11Kue10 CIICT8Mbl, RS upocTp811CTBO 'PYIIK!lell C lly)KHblM 3118'le11eeM KBSIITOBOro qecna, 

. \ - COOTB8TCT,B;10uiero 38KOHy coxpa11e11ea. • 

B pecpepepyeMOil .ttRccepTaURe paCCM8Tp11B8IOTCR aonpocbl, CBll3811Hbl8 C 11cnonb-

30B8H110M onepaTopOB ~poeKTep0B811~R _nna eccne.aoaaHe11. TO'IHOCTe 0606meH11oro_ 

M0TO)la XapTpa-:<t>oita B R.t18Pt_l0ll cjJH3HKe • .llaccepT8Ulll1 COCTOIIT 113 7 naparpa¢oa~ 

B § § 1, 2 .a11ccepTauH11 paccMoTpeHbl oc11oaHble q,113H•1ec1tHe · coo6pa)Ke11i<a, npeaon11-

m~e ~.'~606me1111o!"Y Me~o.ay XapTp11-<t>o1ta, H upe.tt~TaeneH o63op .n~TepaTfpbl, a KOT<>--
/ 

poll p~3BH~88TCII H11H HCHOnb3yeTC11 3TOT MeTO.tt • 

. ; : /1/ . 
B § 3 H3110>K0HO co.aep)Ka1111e pa60Tbl . 8BTopa 06 HCH011b30B8HHH ouepaTopoB 

np_oeKT11poaaim1t ripe pewe1111e ypaa11euH1t llipe.a1111repa aapeauHORllblM MeTOLlOM, 
- "1 

' - npoeKTRpoea1111e cj,y111tt1Rll ua npocTp811CTBO. <!>y11K11ell C HY>KllblMII CBOilCTB8MII 
' ' I • , '~t •j ''-, ' '> - ' 

CIIMM8Tpe11 _ npeBO.ttHT B 3B.t18'18X _M11or11x '18CTll!l. K '1p83Bbl'l8ll110 C11?>Kllbl~ BblpB>1<e-

llHl1M D.1111 cpe.ttHIIX 311a'leHell oT onepaTopoa cj,e3H'leCKex eeneqe11. MeTOLlbl up116n11-

:>KeH11oro Bbl..:11cne11e11 cpe.tt11eX 3118'18111111 HO T8KeM q>YIIKUIIIIM OUeC-811bl B § § 4,5 .ttec-
. : - . - /2/, . 
cepTBUHe, Co.ttep:a<a11ee '§' 4 llOBTop11eT B OCHOBIIOM - co.aep)KBRRe paoOTbl. - 8B TOpa 

06 IICUOnb30B811eR M0TO.tta uepeaana npe: Bbl'IHC11811RR cpe.ttllRX. B TOM ->Ke naparpaq,ii' 

oneca1111~ll M8TOLl upeMe11e11 .ttn11 O!l811KR TO'IIIOCTR M8TO.Q8 -" , V upeo6paaoaa111111 

_, B. 11~epaoll;_cpR3R~e. B - § 5 npaae.aeao cp.a,ep)KBIIR8 pa6oTbl'
3' BBTOpa o 'qacTR'IIIOM 

upo'euRpOBBIIHR q>yRK~ell. 

B § 6 MeTo.tt, on~ca1111blll a § 4, npiiMeae11 -.an11 11ccnenoeaua11 TO'l11ocTR Mo.tte~ 

UPRIIY llHTenbHoro · BpBlU<!IIHII npe onpeneneKRe MOM811T8 -RllepuRR -~.ttep. 3TOT uaparpaq, 
-'.' ', -. •. _, ... -- -- / - /4/ 

OCIIOBBK 118 pe3ynb~8TBX, npRB8.Q8HllblX B pa6oTe ·aaTopa 

3 
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B § 7 ".'" aaKJ110qeHHH naH KpaTKHll nepeqeHb peaynbTaTOB HCcnenoBaHHll an-

TOpa, OilRCaHHblX B LlHCCepTauHH. 

"" 
§ 2. MeTOLlhl, npHBOLlmUUe It __ Hlll'>'_WeHHIO 38KOHOB coxpall_eHI!ll-

YcnoiiHll, B KOTOpbIX uenecoo6pa3HO Hcnom,30BaTb MeTOLlbl, Hapywa10w11e 38KO_".'" 
'.' . ' /5/ 

Hbl coxpaHeH1111; a HaHoonee o6well tj)opMe 11ccne_n_oaaHbl a pa6oTe H.H.Eoron106oaa • 

- 0LtHHM 113 Heo6XOLlHMhlX ycnoBHll 11an11eTC11 Han11•me ab1po:>Kne111111 a_ 311epfeT11qecKoM 

cneKTP..- .::11cTeMbl MHOrHX qaCTHU. B_ cnyqae· BblpO:>KlleHHH. Lta:>Ke cna6o..- - BHeWHP.e 

ao~i:tellc-raHe MO:>KeT· onpeaeneHHhIM o6paaoM •opHeHT11poaa_Tb' c11cTeMy. noaqepKHeM, 

_qTo ~op11e11Tau1110•, o KOTopoll H.tleT peq,;"; He o6HaaTenbHO. cneaye-r non11MaTb KaK 

_npocTpancTaenny10 opu8HTau1110 Tena, Cna6oe anewnee none He BlllflleT na xapaKTepe

CTHKH l'.IHyTpeHHero cocTOHHHll c11cTeMbl, C apyroll cTopoHhI, 'op11eHT11poaaHHb1e• co-
. . . 

CTORHHR cticTeMhl 6onee tpHaHqm,1, u qacTo np116n11>KeHHoe onHCBHHe HMeHHO ,aKHX · 

1 cocTO~HHll ·oKB3blBaeTc11 Ha116onee npocThlM, 

- . B LlIICCepTBU~II paCCMOTpeHO aaa np11Mepa, ll0KB3b1BB!OWHX, KaK tpaKTuqecKH B03• 

HHKaeT ynpomeH11e, B ot5011x cnyqa11x ra,tanhTOH11au ·c11c:TeMbi UMeeT BHLl: 

"' H 
" G ,, +," 
T- T Q Q (2,1) 

,. 
rne T oaHoqacTHqHblll onepaTop KHHeT11qecKoll 3Hepruu, a onepaTop Q KBaapa-

Til'IGH no onepaTopaM pO:>KlleHHll II nornOIUBHHll ·tpepMIIOHOB a~ a , 8 llEipBOM 03 
. ' . 

p_accMoTpeHHblX _npuMepoa onepaTop (} HMeeT a11n: 

Q' =I>. (s)a! a+ l.\(s)lwl. >.(s) =->. (s) . . . . 
(2,2) 

! 

. ( s ... - o~uaqaeT COCTOSIHHe. conpSI>KeHHOe .no apeMeHH COCTOSIHHIO s ) • napHoe aaa11Mo-

.ttellCTBUe caepxnpOBO.tllllUero THna, or;11cb1B88MOe tpOpMynaMH' (2.1), "i2.2), WI!pOKO 

Hcnonb3yeTCH KBK ll Teopl!H cnnoWHblX cpen '(Teoplfll caepxnpoBO.tlHMOCTH), TaK H B . ,. 
TeopHK Slllpa (caepxTeKyqa,i Moaenb R.tlpa). Bo BTOJ)OM npHMepe one_paTop Q llBll>I-. 

I ' 

eT';ll oneparopoM K_BB.tlpynonbHOro MOMeHTa CHCT8Mbl \ 

" "' • 2 ; ¼+ (2.3) Q E Q =I< •Ir Y. (--)Ii> a 1 a1 ~•II, I,/ ,,II, 1:1 
" ,. 

a B tpopMyne. ( 2.1 ) npOH3Be.[leHHe Q + Q . cnenyeT llOHHMaTb KBK 

''+" " ... , 
Q Q·e; Q211,Q211,• 

'BuewHee none•, o JtOTopoM roaopanocb BbIWe,. onHChIBaeTCSI onepaTopoM.- .. 
V " .. "+· - , ' ., ,., :r< Q +· Q ) • BoaaellCTBHe ero HapywaeT CBOllCTBa CHMMeTpHH raMH~b,:o~~aHa :' 

\ 2.1) H npHBO.tlHT' K HapyweHHIO aaKoHa coxpaHeHHll qHcna qacTHU B nepB-~M -. ~pHMepe I 
• ' • • < ;, :, 

H· K, IIOHBlleHHIO _npoc:TpaHCTBeHHOJI. aHH30Tp0IlHH BO BTOpOM, njm6nH:>KeHHOI'.! OllHCaHHe 
I _, - i, , 

• ~PH8HTHPOB8HHchI,?C .. COCTOHHHA: CBO.llBTCH_ l{ .~ccneaoaa~,~10 'annpOKC~MB.py'IOtuero'•, 

raMHnbTOHHaHa / 

4 

·1 

-.. * -- - > 2 
, n' .11 ""+ .. >.. " A 
fl -- T- 4 ,Q -_7Q + 2G 

(2.4) 

. rae. >. llBllHeTCSI -~ 

0 ' 

qacnoM, onpe.o.ensteMbtM ua ycnoaust caMocornacoaaHHS! 
·/ 

. >., = G < 'l1 • Q'l';:, 
\ . 

,. . 

Ji/II-~ ,'l' .• 
, :-~ 

(2,5) 

(2.6) 

PeweHHe ypaaHeHHll (2.4), (2.5); (2.6) ocymecTBllSl0TCH npocTO, npHBOP,ll K xopowo 
' • I , •, • • ai. • • • / 

H3BecTHblM_ peaynbTBTaM o6o6uieHHOro· MeToaa XapTpu"-<PoKa, 

_.§ 3, J,lcnonb30BBHHe onepaTOp8 npo·eKTHp0B8HHSI ll_PH 
I 

aapuauuoHHMX 3a.o,aq 

eweHIHI 

npnMeHeHHe Me~O.tlOB, _B KOTOpblX HBpyWBIO'l'.".ll aaKOHhl: coxpaHeHHH; MO';'(HO CBll

aaTb c aapHauaoHHblM no.z:ixoll0!-4 K pe~emnci aa;_aqa Wp~.tlH~r~pa. nycTh fl - raMHm~-. ~ . ~ , . ' ... ,', , - ' . ,, 
,·oHHaH , c_HcTeMbl, ?- N -. aeKOTOpblll- 3pMHTO,BCKHll onep:Top, K~MMYTHPY!O~HA ,c_ Ii • 
np66ne~a _ oThl_cKailHR co6cTaeHHOll tj)yHKUHH,,on~paTopon: Ii· n N . · sKanaaneHTHB aa-

•pHaunoHHOll aaaaqe 

,'\ I, 

\ 

<.'l'N,H'l'N> 
ll 

<'l'N,'l'N> 

npH aononHHTenbHOM ycnoBHH 

"N'l' •- N'l'N • 
I N._ . 

0 
\-

(3.1) 

:(3.2l 

!ln11 Tor,o, qT;oi:i pacwHpHTb Knacc aapbHpyeMhIX 'tpyHKUHll; coxpaHHB ·Hx 'MaTeMa.TH"'.' 

~ecKyro•~pocToTy,·y~noaHe (3.2) aaMeHlllOT H~ ycnoa11e - ' 
' '. { ·. -: ' ' . ~ ·<3.3) · 

< 'l'. N 'l' > --N. 

AononHHTenhHOEl ycnonHe. B tj)opMe (3.3) ll03B011ReT 
, . ,,. ·,_ \ . "' 

acnonb30BBTb cpyHKUH-H, H·e ,siansi".'"" .. 
.. C 

IUH8C!I COOCTBeHHblMH tpyHKUHllMH onepaTopa N . • 
' . . '-.. ', ' . 

8' .[lHCCepT~HH pacc~o-rpeHa CBH3h Me>K.tlY peweHH!!MH. aapHaUHOH~Oll. 3ap,aqH 

. ', (3.1) C ~a3H1:1MH gononHHTeilhHblMH y~no~HHMH, onpeae-,;;~MMMH qiopMynaMH (3.2), -, 
Ha npoc_TpaH-_,: 

( 3.3). H .~ccne.C.OB8H; pOllb onepaTopa. npoeK~HpoaaHHll tpy~KUHll_ p N 

CTBO tj)yHKUHII. c_,<l>H_KcHpoaaHHblM aHaqeHHeM _KBaHToaoro_•qHcna ·N • 

· E~nH· HA tpyH~UHH 'l'_ · , cpe.tlH KOTOpbIX pewaeTCll -Bap_Ha11HoHHa11 1 aaaaqa (3.1 ). 

c nononH~T~n-hHbl~ ycn~aaeM (3,3), HHK~KHX oha~H~eHHll He ~;.,,o>KeHo,,To cpellH 

peweHHll sToll aaaaqH coaep:,,caTcll a~e_peweHHll ypaaHeHHll· Wpe~HH~epa (3.1);(3.-2), 

a_ • nHWHH0'. peweHHll; KOTOpb1e · B03HHKSIOT. npH 9TOM, MO>KHO ·yc'TpaHHTh,. e;cnom,ay;. 

npoeKUHOHHblll onepaTOP. 'p 
. - " 

'l 5 

i 

,:, 
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B TOM cnyqae, KOX:.Ll8 · pe_W8HlI8 B8pH8UHOHHOl! 38.LlS'IH C .LlOnOnHHTenbHbIM y_cno- .. 

BH8M J3.3) •mi:ieTCH. cp~.LlH cpyHKUHl! 'l'_. _ _orpaHH'l8HHO-,.:~ .Knacca, l!CnOnb30B8HH8 npoeK

•,THpOBSHHhlX cj:,yHKUHll 
,< .-:"--, 

.<I> j, 'l' 
No (3;4)· 

•, . 
3KB1rnaneHTHO pacwupeHHIO 'Knacca B8pbepyeMbIX cj:,yHKUHll. B_ TOM cnyqae, KOI'.Ll8 npoeK· 

,·TupoaaH1,e cj:,yHKUH_ll ·npH,BO.LlHT K Manb;M- n~npaaK~M. K napaMeTpaM, onpe.uenHIOWHM pe- . 

weirne' aapeauHOHHOl! 38.LlS'IH. (3.1). llnH _ .BbI'IHCneHHH aenH'IRHbI 

f>E.a•min <<I>, H<I>> 
<<I>. <I>;,: 

-:,_min 
<'l',8'1'> 

<'l',~'l' > ; (3.5) 

.LlOCTSTO'IHO 3H8Tb' nHWb cj:,yHKllHIO ipo, ~BnHKllUyrocH peweaueM aapuauuoaaoll aa.uaqu 

cpe.uu HecnpoeKTHp0B8HHbIX cj:,yHKUHll · 'l', 
•' ,I •• • 

. l:,.E 
< 'l' ;P . fi 'l' > 

: :"'" 0 N 0 

< 'l'o • P · 'l'o ·> 
No 

" < 'l' o,TI'l'o> 

<'l'o ''l'o>. 

, §:·4• vfcnonb30BBHHe MeTopa ·nepeaana npH BbJIIHCneHHH Cpe.g.HHX 

3H8'IeHHit n"o rrpoeKTHQOB8HHbIM cbVHK(IHHM~- TottHOCTb M8TO.fl8 

it - v npeo6paao'aaHHlI B Haepaoll cpH3HKe- ·1 

"; 

(3.6) 

.) 

B .LlllHHOM naparpacpe '. 'paccMaTpHB88TCH npu6nH>K8HHbil! M8T0.Ll. BhI.'IHCneHHH cpe,u.:, 

HHX .no n;oeKTepoaattHhIM cj:,yHKllHHM, ocaoaaHHhil! aa·npe.nc-raa~eHH~- 3THX cj:,yHK;~ll B 

·au.ue ~HTerpana 

<I> 
NO 

_l_q dz , ,;~ii > 
211i .z z 

O 
'l' 

j • 

(4.1) 

" (Mbl'-orpaHH'IHB88MCH paCCMOTpeHH8M cnyqaea, xor.ua-onepaTop_. !{ HMeeT aenoquc:-
,' I . ' l . • . ' - . ' • 

nenm.ia cco6CTB8HHbI·e 3H8'18HHll), B cpopMyne (4,1) HHT8I'pHp0B8HH8 npOll3B0.LlHTCll no . . . ' . . 

aaMKHYTOMY KOHTYPY a KoMnneitcaoll nnocKOCTH z · , co.uep>KameMy TO'IKY · z •· 0 • . . . ' .. - . " .. ' ' ' ' 

3anHW0M cpe,uaee 3H8'18HH8 . OpOH3B OnbHOI'O onepaTOpa (;'. 
'\ - ' ·, . . 

. B BH.Lle; 

r.ue 

0
1 

= (,O(zJe<I>~•> dz [~-_-;z ;<I>c.,-1· •1 

'- z ~- . z ,• 

~ ,, -'< '. ,,· ; 
O(z) s O a- 'l',Oz· 'l'>·--. 

• <'P 'ZN lp ;,,: . 

<I> (z) 
In [ <'l', z N. 'l' > 

zNO 

6· 

_, 

B-COCTOHHHH (4:'1f 

,•,· (4.2) 
: ' 

· (4.3) 

(4,4) 

;-

1· 

\, 
? 

·:1 
B ,uHccepT8llHH noKaaaao, 'ITO npH ucnonb3oBaHHR ·cj:,yHKUllll·6ap.uuaoacKoro Tuna 

(
V ~ - V ) .. - · (4' 5) 

_'l' ,_a _ Il(u
1 

+ 1/, v1ai a1+ JI O >_ - I . r ' I. ; •. 

· pacTeT nponopauoaanbHO o6~eMy: . I . , 

,Unll onn,caHllll n_poTmKeHHOll CIICT8MhI cpyHKU·H~ <l>(z) 

cncTeMbI ~ • Jlnll · np116ne:m:eaaoro ahI'IHCneHHH Bb1pa>KeHHH 

. .,- ,,l,' 

(4.2) a 3TOM _cnyqae MO~-

HO ncnonb30B8Tb M8TO.C. Ilepe~ana.,. 

. ' 
i Ycnoa«eM ?oro, qTO ·.Toqxa zo 

HBnlleTClI ce.unoaol! TO'IKOll, llB~HeTCH p8B8H7" 

CTBO .. 
N(z

0
) = N0 , 

a cpe.uHee _aaaqeHHe (4.2), BbI'lHCneam\e MeTO.LlOM nepeaana, paaHO 

- 0 
I 

I 

1 " "2 · n2 
O{z J _,- · _ I [(O t:,. N J - O(z · J/:,.rr J -

o 2t:,. Na \ . . •o .o • •• 
•o 

I, 

-2 
2 

t:,. R" 
~ 
!:,. » 2 

.~o 

/Jt:,. NJ I : , 

(4.6) 

(4.7) 

j 

,· 
'. 

B cj:,opidyne (4.7) 

!:,. ;n;. (N - N J8 (4,8) 
- 0 

. I. TO oaa ne-
Ecne cymecTaeHHOll HBnlleTCll TOnbKO._o.uHa. ToqKa nepeaana z 

- • ·,. ~ •• ' ' ' ·1 ~ ,, 0 

>KHT Ha aemecTaeaaoll ocu, H 'ablpa>KeHIIH O( z J, !:,.N; · uMeIOT CMbICn cpe.uenx 
' .. J' . .'. . ' 0 . ' . 

3H8'18HHll oT;COOTB8TCTBYIOIUHX onepaTOpOB no--aopMnpoaa~HOll cj:,yHKllH~ 

I 

TTpeae.ueHHb1e cj:,opMynhI 
- . I 

'ITO aapH8llHOHH8ll 3a,uaqa ' 
I. ' .. , 

I, 

'¾i 
lp '·a, Z O . 'l' ' .{ 

.:il<'l', zw'l'>I¾ 

·, 
,(4.9) 

' ' .. . /6/' 
co.uep>K8T' OCHOBHOll peaym,TaT pa6oThI .• noK83bIB8ll, 

a.· < w·; P~ n w > 
- <'l' ,P~ 'l' >. 

' ,. 0 ',\ .. 

;.,o 

·1,: 

... : :,_., 

.. 

I 
I. 

MO>K8T 6bITb' npn6niI>KeHHO' c,,;e'.a.e·Ha K aa.uaqe I 
,,(4.10) 

fj !l I =f-0 

r.ue J 

H 
1 

=' H (z
0
.) 

1 . " . "2· ,. ' , .. 
--'-- ['H!:,. N -H t:,.N 2 ,l 

26. 1'} 2 · · •o •o · ' •o 
•o 

(4.11)--

ecna 

- -npe,ahinonaeHHH ,uononauTenba~ro ycno~iiH' (4.6). Bbipa>Keane (4.11) cnpaae.unnao, 

~.-, --,.,: 
.. t:,. N2 » 1 , 

. -•o ' .. --.· ~ 
t:,. fl" « i,. IV 2 

• . . 
-• Q 

(4.12) 
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8Topo'Ji qneH B qJOJ)M,Yne (4,11) IT03BCl_nll8T ·nonyqHTb nonpBBKH, KOTOpb!e' B03HHKBIOT. 

·. npH m;noITb30B~~HH . npoeiCTHpOB~HHhlX <IJYHKillfJi, C TO'IHOCTbIO J:J.O' 'IIT8HOB :l_ BKITIO'IH-. , , . , , , , V 

TenbHO.'. . -.· ,· ', ;J-· 

' 8 .J:J.HCcepTBUIIH np11 IIOMOlUH OIIHCBHHOr? M8TOJ:J.B l!CCITeJ:J.OBBHa TO'IHOCTb 

• , ite;o,na u, v npeo~pa3~B8HHH ·n caepxTe~y'leJi •. MoJ:J.en11. SIJ:J.pa (cM/71 ). B :s>ToJi . . ' . .. " 
MOJ:J.em,·:raMl!ITbTOHIIBH, OITHCbmaeTCll q,opMynaMI!' c2:n. (2.2), a· onepaiop l'l=!.a+a 

, . . , . , '- I I 

SIBITSISTCll onepaTopoM '{HCna 'taCTHU; flpoeKUHSI 6apJ:J.HHOBCKOJi .,PYHKUHH . (4.5,) HB npo-
• . ·••. • • . I 

• cTpaHCTBO cociosiHHJi cucTeMhl N . qacT11U npH npaBHITbHOM onpeJ:J.enemrn napaMeTpoa 
, ' , . ., . ' . • . . /8/ ' 

u· ·.;v' 'siansieTCll TO'IHO'Ji COOCTBSHHOil 'PYHKUH8il raMHITbTOHIIBHa (2. I). (2,2) ( CM. ) ; 
'.. ',' l . . , . . , ~· . . . . ', 

'flo3TOMY OIIHCBHHblil, Bb!W8 MSTOJ:J. 1103BOITll8T onpeJ:J.eITHTb ace 'nonpaaKH nepaoro nopaJ:J.· 

.- Ka·. rr~ aenHlf:HH~ ::!:.... K. peaynbTiiTaM, nonyqenHhIM MeTo.aoM. · u ;·v rrpeo6paao~au.~.H/ 
V . . 

I 

, I B. paCCMBTPHB~SM_OM np116(lll)KeH~ll npoeKTHpOBBHHe_ <pyHKUlfli Hp!IBOJ:J.HT K aepeaop-

.M11poaKe KOHCTBHThl ;,apaoro a3a11M~J:J.ellcTBllll ·G a q,opMynax (2.1), (2.2), np11'teM 
' '• - I ' 

rrepeH~pMHPOBBHl!Oe 3Ha't0HH8 Beml'<HHbl ·G pBBl!O 
. ' \ \ 

G 
. ·- 1. . 

=(l+·--)G, 
,Hl 

fl,•/z: 2!. ,,i V 2 
f I, I 

(.,{.13) 

'' Petnemie aap11auHo~iioro ypaBH0HHll_ 8 Tl,'= 0 npHBOJ:J.llT B 3TOM cnyqae .K OOhl'.{HblM 

cj,opMynaM TeOpHI; 'caepxnpoao~~;_,OCTII C 3llM8HOJi KOppem1u1<0HHOJi <IJYHKUHll C :ff;~s)u.i; 
HB 

( ~-·c ½ G3 ,w,; !. '1.(s)u;. v • 
. ''' ~ ' ' . . 

(4;14; 

,B J:J.11ccepTau'!11 np11aeJ:J._':'HbI_-pe3ynbTBTbI' pac'leToa, a· ~oTophIX npoaep,macb· To.;-

- HOC Tb OIIHCBHH~ro 8h1llle Me'I'Oiia.; TTpoaepKa ocylllecTBnHJ18Cb cpaBHeHHeM peayn;bTaTOB 
, • .. . . . . . . . ' . /9/ ' .. 

'c Td'I_Hb!M' pewemieM MOJ:J.0ITb(IOJi 3BJ:J.8'1ll, paCCMOTpOH~OJI: B .pa6oTe • _Pe3ynb1:aTbl • 

cpaaueHHll. cBH.!lSTSITbCTByIOT ·o .QelicTBHTenbH';'M ynyqweuu11 TO'IHOCTH BhI'IHcneal!Ji.' npll 

·yqeTe s<p<peKTS rtpoeKTMpOBBHHll'qJYHKUHJi H HCilOITb30BBHHH MeT~J:J.a nepeaana. 
\ , . ' • I • ., .. • . • ,. 

: .. P:ay~bT~".rhr aaa~brHttHb1~ PactteToB, n})oae.lleHHbIX ,ans ·cH~TeM, MoaenapylOIUH'x 
," '/ - ,. - . ' ...; ·, ·,· / ' . ; , , . 

'peanbHbl8 RJ:J.pa (gJ:J.pa C 'IHCnOM neliTpO!iOB,N =102), npeJ:J.cTaaneHbi B Tai5nuue I. 3TH 
· ' , .. ' , · . . '. ' '• 1101 . . , : ' ·, -. 
paC't8Tbl IlOKB3blB'1'?T ~ COOTBCTCTBHH B paoOTOJi , '{TO MSTO/J. U J V ' npeo6pa30-
' . . . -. .. . . . \. ' .' . ' 
·BBHHSI'C Y'ISTOM 3,PqJSKTB OITOKHpOBKH B OCHOBHOM-IlpBBHIThHO OilllCb1BaeT cneKTP 003-

, ' ' ~ . . - - . , . , . . ' ' " 

! 6y1K.aeHHbIX c~cTOHH~ii cacTeMhl: 3aMeTHb~e 'owu6KH.· ·BoaHHKalOT .nnwb ~pl{ 'f?_IIHC:_?HH~' 
- • • •• • ' ' \ , > ' ,: ,,. • 

-o.naoro-nayx HHlKaiiWHX aoa6y)KJl8HHbIX COCTOHHill1. Pactf0Tbl IlOK838nH. ttTO senH'UtHa 

." ~,~ ~P.H~~M80T ~pH6~~3HTen~~: ~+tHHa~oa~e .·3ffaq~~~·~ _BO BC~X ao36;Jli~~HHbIX COCTOg- \ 

_ ... a1u1~, ,_KOTopble H
1
eMHor.o MeHbWe STOA aenHlfHHbl a OCHOBHoM c'ocTOHHHH. 

§' '5. "laCTH'IHO' npoeKTHpoeaHHbl8 ¢yHKUHH 

. -' B 3TOM naparpaq,e _.npQUOn)K·eao uccneJ:J.oaaaue CHCTE!Mbl . N 'IBCTllll, • ra~HJJbTo,;u-. .•· ' ·, , 

au KOTOp~ll onpeJ:J.8JISl8TCSI <pOpMyna~u' (2.1), .(2.2). PaccMaTp.HB88TCJ'! cnyqaJI, KorJ:J.a 
• , ' ' " ' I \ "' , ' , ~ 

KOHCT8HTa B3aHMO,lleACTBHR _G HBCTOn~KO Mana. qTo ~cnonb30B8HH0 M0TOll8 n~peaana 

_8 

. ) 

., . 

,, 

;) ... · 
u~::iaKOHH;:-. B · 3TOM cnyqae. MOryT OKB3BTbCSI 

. - /3/. - . 
i:i pa6oTe •qaCTH'IHO · npoeKTHpoaaHHbIMH" 

n~n~3~bIMH qjyH,KUHH, H83B8H~f?Je aBTOpOM 

3TH <pyHKUHH HM8IOT BH/J.! 

,_. 

'l'f 

,f., 1 ., N -it!lt 
-;:;Ui',2 a ,., exp (i ~) 'l' ( e al-

k• a ~ 2 

a+) • 

(5.1) 

rJ:J.e 
+ 2 (5.2) 

'l'(ea )= Il(u +.e v 1 a a-:-J/0>. i I I I 

B TO apeMSI K6K a <pyHKUHH ,{, , onpe·J:J.eneuaoll q,opMynoil (4,5), npucy-rcTayIOT KoM

aceM B03MO>KHblM qeTHb!M · 3HB'{0Hlll'!M '{!ICIT8 qacTIIU, TO 

noHeHT1:'1, co~TB0TCTBYIDlllH0 

B q,yaKUHH I,{, f npucyTCTBYIOT 
• f+I · f+·a N , N ± ·2 · , N t, 2 , ••• BaeJ:J.eHue 

nHWb KO~IlOH0HTbl, cooTB0TCTBYIOlllll0 qucny qacTRU 

qacTH'IHO npoeKTHpoeaHHbIX q,yaKUHll Mom-

3TO ohmo cJ:J.enauo B § 3 B cnyqae 
nonHo-

HO o6ocHOB8Th coaepweHHO TB:K' me. KSK 

CTbIO npoeKTHPOBBHHbJX q,yiiKnlill. 

,BIIJ:J. ,'{aCTH'IHO npoeKTHp0B8HHblX q,yaKUHil ycno>KHll8TCll C yeenu'teHH8M '{HCITB f 

Bhl6HP,;" f HS O'l8Hb 6onbWHM (peanbHO, e'i,1(iupasi f '." 1, 2 ), MO)KH? J:J.O?l!TbCl'! 

Toro, qTOOhI .eec ITHlllHHX KoMnoueHT B qacTH'IHO npoeKTHpoeaHHbIX <pyHKUHllX Ob!IT J:J.O-, . . ' . 
CTBTO'IHO. MBIT,· a BHIJ. !IX OCTaaanCSI J:J.OCTBTO'IHO npoCTblM, B J:J.HCC8pTBUHH npHB8J:J.8Hhl 

s!,lpameHHJ'! J:J.nl'! ~peJ:J.Hero 3HB'l8HHll ~aeprHH II qucna \iacTIIU,· B COC~'?"HHllX 'l'f . npH 

t O 1·;2. B_J:J.HCCepTSUIIII noK83BH0 T8K>K8,_KBK .MO>KHO nocTpOIITb op:oro~anbHYIO cue

' T0MY q,yuKUHil ua t5a3e '{8CTll'IH0 npoeKTHpoaaHHblX q,yHKUHli, 36ME!H!UOlllllX <pYHKUHIO 

OCHOBHOrO H J:J.BYXKB83H't8CTH'IHbIX cocTOS!Hllil TeOpHH u,v llpeo6pa30BBHHR. 

§ 6. -0 TO'IHOCTH pac'teTa MOM0HTB 11aepUIIH RJ:J.81' M0TOJ:J.0"4 

np_uayJ:J.HTenbHoro apaweHHR 

. . . . MeTOJ:J. BbI'IHCne11Hl'! cpeJ:J.HIIX 3HB'l8H0il no !!poeKTHPOBBHHb!M q,yaKUHJ'!M, onucaa-

B ,naHHOM paa.oene .onn oueHKR TO'IHO°cTR Me-

'Hblil a § _4 J:J.HCCepTaUHH, ucnonb3yeTCll 

Tona npHHYJ:J.RTSnbHOrO apaweHHll (cM. 

paooT/41 aaTopal. B MeToJ:J.a npuuyJ:J.uTenh-, 

aoro epaweHHII HlUSTCSI 3HeprHll CHCT0Mbl E B cocTO!IHHII co cpeJ:J.HHM 31!6'18HH0M 
\ I n 

oJ:J.HOll H_3 npoeKUHil Mo~eaTa Konu'lecTaa _J:J.aH)KeHHR ( aanp11MeP, i • ) , paaaoil I 

·aueprllSI CHCTeMbl onpeJ:J.8ITJ'!0TCJ'! KBK peweirne eapHBUHOH_HOil 3BJ:J.B'IH 

< 'l',ll 'l' > (6.1) 

E~ = min < 'l', q, > 

·- npn ll.OnonHaTenbHOM ycno~HH 

< •p ,'1 • 'I' >/< 'l'; _'l' > = I 
(6.2) · 

npH'l8M peweaue OThlCKHB80TCll cpeJ:J.H q,yHKUHll_ orpaH~'{0HHOrO Knacca. 

\ 

g ;t, 

) 

I. 
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' ·( 
,Pew~HH8 38.Qa~H (~;I)· MO>KHO yny'IWIITb, n9nonb3y11 onepaTOp_.n.P<?81tTHpOB8HKII 

• cf,yHJcuH.11 na npocTpaHcTao' q,y~xun.11 c. q>KxcuponaHHblM. 3H8'18HR8M npoexuHK MOMeH;a 

KOnH'lecTBa .QBH>K8HHII - ~ , 8~0.a11 npoeKTRp0B8HHble q>YH.KU.H'! 
' : ' / . - . ' .· , . . . 

cf-

.«I> - p 'I' 
· • l l (6.3) 

H C'IHTa11, ~TO cpe.ziuRe · 3Ha'leHKSI. no q>yuxuKHM «I>; MO>KHO Bbl'IHCnHTb no· MeTo.ay 

neix:~ana, _ MOJKHO 38nHC8Tb n~ llHanorHH. C (4,f f) .Bblpll>K8HH8 .ttnH nonpaBKH K 3118p

rHH COCTOHHHII C MOM8HTOM !(OnH'leCTB8 .QB~>K8HHII / 

. h E
1 

·• ,;. 1 ~ . _ 
2&1' _[HM. - it.Ki•1 -· . . '· (6.4) 

.r.ae 
", ; ,,, a. 

,M.:•·t!.-;I) , 
(6.5) 

a ycpe.aneHKe npon3BO.llKTCII ·no ¢YHKUKK, ocywecTBnHIOll!eA pewe,me 3ana'ln ( 6. I)·, 
•' ' 

· (6.2) cpe.aK q>yHKUHA ·"' 

Bemt'IHH8 nonpaaoK, CBll38HH(>IX C np<?E!KTHp0B8HH8:>d, 38BHC.KT .K.'.IK OT na.aa one-.. , ; . . ,, 
paTopa H·, T8K If OT xnacca ql,YHKUIIA ·"' , cpe.aK .KOTOpw.it pewaeTCH Bap118UHOHH8H 

· 3a.aa'la (6,1)~ EcnH aTa aa~a-ia ~~waeTCH MeTo.ttoM u, v ~peo6~a30B~HH11 G 
.· 121 /11/ . . ' .. · · . 

(cM. ·' . .), TO BKna.a a· (6.4) · .aaeT•TonbKO ·raMKnbTOHKaH _B38RMO.ll8AC.TBHII G 

.<l>opMf,'Ill (6:4) B 3TOM cny'lae HM4;8T B11.ll: 

&E.• ._1_. .I.<.•; (6(t. ><H·(&f2-WliJ>+ 
;,& r• ,,,.e ! . ' " • • . . . 

(6.6) 

t;.'}2',. i1<.,1'l!ll;1•rv•u2-(u v )(U 
x Vil z _ V U V V · ll 

V ll }} I 

(6.7) 

<H!~r•- ~/ 2(i/> ....... 
.. , . ; + ·. : 

aI,<vlllv'><aka ><aea ,> 
W Jr V · I> 

(6.8) 
. ·1" . . + 

x I<·µ I !,.'><a a >*<a a,>--
IJIJ,' . • • . ll. I I ll 

~ " : ' - + +· . 
- 4I,I ~., !'l. !,,'><"Ir. Ill?[< a,. a.,>< a 1 .",.,-> X • 

Wjl/L , , , , 

+ +, . . . • . . 
x<a. a ><a a,>·+< a a >*<a a ,><a· a1 >*<a 

1 
L , /.( I ll V J It I',' . ll . . t a~,> l . 

Onpe.aeneHHe nonpanox. X MOMeHzy 
0

l1HepuHK CHCT8MbJ ocymecTBnHeTCH: paano>1<e

HlleM BblP';'>KE!HIIH (a:li) no c~eneHHM / •· non~'l8IOI.UH8CH

0

'Bblpa>KeHKR HM~IOT B o6weM 

c~y'lae 'aecbMa cnOlKHWA BK.a. EcnH raMHllbTOHHBH, BS8HMo.ae.AcTBHII HMeeT BR.a .t2.1 ), 

(2,2), 'TO 'q,opMynbl (6,6), (6. 7), (6.8) np~BO.QIIT i: cne.ay10mell 011.euxe: 

i -AJ I,. 
lo 

' G 
"K' 

,'.10 

(5;9) 

:C·i 

r.ae J - 3ua'lea11e MOMel!Ta 1rnepu1111, .Bb1'111cneµaoe no q,opMyne Harn11ca, G .. - KOH-
, 0 ' ·, -;- IV" • -

c,:auTa na'paoro · aaa11Mo.aelicTBIIII cnepxnpoaollHi.uero T1ma,. a I'!. - aemt'IHHa men11 

B auepreTll'18CKOM cneKTpe Sl,llpa. 

§ 7, 3aKJIIO'l8Hll8 

np11ae~eM B 38KJIIO'leHll8 OCHOBHbl8 pe3yllbTaTbl 11ccnellOB8Hllli, on11cau11_e KOTO

pblX coi:tep>KIITCII ,B ,auccepTaUHII, 

HccnellOB8H8 CBSl3b M8>K.llY peweHHIIMII aap11au110HHOli 3a,aaqK 

. <'l',ll '1'> 
E = min ---- , 

<'I'' 'I'>· 

~~ -N 
<'I'' 'I'> 

(7.1) 

(7.2) 

C pewettlleM' aa,aa'lll W.pellHHrepa HH OTblCKHHlle cof5CTB8HHbIX cpyHKUllli ouepaTOpOB 

J'\ ,,_ • ' I n·, N • B1,111CH8H8 pollb onepaTopa upoeKTIIPOBaHHSI cpyHKUIIH ua upocTpaHCTBO cpyHKUllli 

C q>IIKCllpOB8HHblM. 3ua<ie1111eM KBa'!TOBoro '111Cll8 N ( § 3). 
V - 061,eM 

Paapa6oTaH MeTcill,. uoanonS110ll!Hi! y'IHTblBaTb 'IJieHbl uopS1,aKa i, 
'cucTeMbl ); B03HllK8IOWll8 npll peweHllll 5ap11au110HHOli 3a,aa'lll (7.1) cpe.llll npoeKTllpo

B8HH,blX q,yH~u11ll · ( § 4). 3TOT MeTO.ll U03B0lISl8T yMeHblllllTb owH6KII caepxTeKy'lei! 

MO,ll8llll 11.apa, B03HIIKalOll!ll8 acne.acTBll8 11cnoJib30B8HIISI aeTO'IHblX M8TO.ll0B ,auaroua-·., 

_Jill3aUllll raMHllbTOHllaHa, a, cne.aoaaTeJibHO, U03B0lISleT Bb!SICHIITb C '6oJibW8ll TO'IHO-
, , . . 
CTb!O cpH3ll'le.cKll8 CB0ilCTB8 S!llep. B .auccepTaUIIII C UOMOWblO UpE!lllIO>K8HHOrO MeTo-· 

npeo6pa3osa11HS1 B Bllepaoll cp11aaKe. 

.na 8:ccne.noaaHa ToqHOCTh. MeTo.aa u, v 

npe.ano>K8H llpyroll upueM np116n11>K8HHOrO Bbl'll1Cll8HIISI cpe.llHllX no npoeKTllpO

saHHblM q,yHKUllSI_M, uaanaHHbli! •qaCTll'IHb[M npoeKTllposaaueM" (§ 5). 3TOT up11eM 

MO>K8T 6bITb noneaea' llllll HCCJI8llOB8HllSI TO'IHOCTII MeTo.aa Xaprpu-ct>OKB ua rpaauue 
.,, 

era npaMeHHMoCTH. 

MeTO.ll, ·ou11caHHblil s § 4, np11MeueH ,anSI 11ccne.aosaHHS1 owu6oK, so3HIIKIIIOWIIX 

'np11 KB8311Kll8';Cll'leCK0M ou11caHIIII spawareJibHblX no36y>K.aeHHblX cOCTOSIHllll S[,llep. 

Jlaaa ou.eaKa. TO'IHOCTll q,opMYllbl vlarn'!ca ,anSJ MOMeHTa 11aepu1111 c11cTeMbl 'laCTIIU 

c. napHblM B38IIMO.ll8liCTBll8M caepxnposOllSIW8rO Tuna. 
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