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l.Bseneuue 

. Ill 121 
TeopeTH'iecxuil auanna s·xcnepnMeHTOB no ynpyroMy pacceSIHHIO , o.auouyKnOHHoll 

131 
H Myn&THHYIUIOHHOi! nepena"ie DOXB3BI1, 'ITO AI1H ODHCBHHH CTOI1XHOB8HHH Cl10lKHblX Haep 

MOlKRo c ycnexoM RCnon&aosaT& KBB3HKnaccn'iecxoe npa6nnlKeHue, 

B unTuposasu~x pa6oTax ans nony'ieRHR xapaxTepncTHK yxaaauu~x npoueccos (uanpa

Mep, \:tnl!JcjJepeRUBBllbR08 ,ce~eRRe) npBM8RSUIHCb 'IBCI18BH~e M8TOA~ paC'i8TB, 

Jlnst BblSIBI18HBSI R8KOTop~X $8lKH~X oco5eHROCT8ll TeopBH C M8TOAH'i8CXOi! TO~KII ape

HHH HHTepeCHO pBCCMOTp8Tb TBXOil C11Y'i~A, ll:or,aa OKOH'iBT811bH&II peayn&TBT ,QODYCK88T 

8H811HTB'i8CKYIO l!JopMynapOBKy, 

Jlnst SToll uenu yao6uo nposecTB auanaa yrnosoro pacnp&Aeneuust npoayxToB oaHO-
, '12-1 ( 

HnH ABYXHYKI10BHoil Depeaa'IH, npH KoTopoA, KBK B3B8CTHO , CT011KHOB8HB8 BM88T KBB3H-

ynpyrHil X8pBKTep1 'ITO CBI1bHO ynpomaeT B~'iHCI18HBSI 
/8/ 

none3!IO HBDOMHHTb OCHOBHbl8 Co0THOW8HHSI, KOTOpb18 COOTB8TCTBYIOT ABHHOMY 

cny'IBIO, 

Jlal!Jcjlepeauaan&soe ceqeuae peaxuaa nepeaa'IB onpeaenseTCH l!JopMYnoA: 

a .. . •-"t -ca'"'• d.> I 
Jla.:.. ·It;, 1- .. ll: (2t +l)e · e Pe (coa9)1. , 
dO f-f

0 
(1) 

rAe T11 - BMDll!ITYAB D8p9118'1B, fo - 3H8'18HB8 yrnoBOI'O MoM8HT8 OTHOC~TellbBOI'O ABHlK8• 

BBS1 , COOTB8TCTBYJOW88 nonBoMY DornomeBBIO, rf'18 (fJ - Kn8CCBol8CK8B To'iKS nosopOT81 a 

napSM8Tp a X8pBKT8pB3yeT DOB8118BB8 MBTpB'iBOI'O 9118M8BTB nepeXo,!IS B 3BBHCHMOCTH 

OT paC<;:To5IBJIH M8lKAY CTBI1KHB810MHMHCSI SlllpBMH, JleliCTBBT811bH8ll 'iBCTb KBB3Biti1BCCB'i8CKHX 

l!Jaa "r CBH38HA C l!JyHitUHell OTKAOH8HBH 6(f) 'COOTBOUJ8HB8M 

Re~•%6(t), 
df -

(2) 

npB'i8M 

.. a •li 
8(£) • rr- 2a ( ~ [l< - U (R)) • , (8) 

R"'ta R 9CMI 

r'Ae s • t + %x) , K
1 •·2f.tE'/h1 

, 

E - ssepruH cTonitBoseRI!H, ~«P --· 21-1 V ~ R)/h a , V~ R) - s4JcjlexTHBHblil noTeuuuan 

eaal!MOaeilcTBBH Slll&p, SlensuomuilcH cyMMoA xynoaoscxoro, Slllepuoro a ueaTpo6eJKHoro no-

T8HUBBI10~~ ' 
x) Jlanee AI1H o6o3RB'i8HBll yrnosoro MOM8HT8 '6yAyX DpBM8HHTbCII KBK f .a TBK H_ 8 , 
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MuuM8H "18CTL ,P83bl . Be MalKeT tibiTb 38DHC8H8 'e BHII&: 

• { - 1..4fn e ..,eo. • e ' d ; t 
lm 28 • f -~ ' 0 

- -· • ' e o • o e>e. " . ' (4) 

f r - 3H8"19HH9 f , DPB KOTOpOM 8(f) IIOCTIII"89T M8K~IIMYM8: 8(f,)•6, amax6(0. 

Otibi"'HO ljlyHKiliiH 8 (f) C ~OpoweA TO"'HOCThiO ODIICI>IBS&TCH nor8pHijlMH"'9CKOA uap8tio-

h no A: g 

I -·p[fnf-fo 
~ 

, • ' to 

6(t) - 6, 

u, cnenoB8~enhHO, nns neac;e~TenhBOA "'SCTII ljla3bl B&TPYABO noriy"'IITh ljlopMyny: 

f-f 
Re 28e • (f -f

0
) 18, -·p -·p [fn __ o - II, I • 

e,- to 

(5) 

(6) 

£18p8M&Tpbi e,O , 11 p B 61 nei"KO B~"'B.CnBTb, &Cnll 3811811 UOT&HilBSll e3aiiMOII&l!CTBBH, 

I13B&CTHO, 'ITO Hll&'pB8H <iaci-h e38BMOIIeACTBBH xopowo ODHCbiB89TCH DOT9HilBSnOM . 

C8KCOH8-By11a: , v: (R) • V
0

[1 + exp ( R-RO)J ;-' 
a 

c u8p8M&Tp8MH: • V0 = 40 Mae , 

A 1 u A 2 - MaccoBI>Ie "':Hcna 

a •·O,Sf , 
1/a · t/a 

~- l.'ll(A 1 +A 2 ) 

Bllep). 

(7) 

T8KIIM .o6pasoM, 31U'IHCHMOCTh V ';lljlljl OT R 0"19Hh cnOlKB8H, £l09TOMy Ol5l>I"'HO !' 

"19T8X up11M9HH~TCH "'BCn9HHbi9 M9TOIIbi, 

... 
2. AnnpoKciiM81lHH gnepuoro noT&UHHana u BW"'HCneHII~ WyuxuuA 

Rmln !t) B (!£ ) ' ... 

nocKonhKy np11 onuouyKnouuoll nepella"':e ·uo11aBnsrom11ll: ·Bltn811 11810'1' u8puaanhHI>Ie BOl!HI>I , 

c e ?:. fu u, xpoMe Toro, "':HcneHHI>I& pac"':&TI>I uOK831>IB8IOT, 'ITO R(fJ ~-R0 , To otinacTh 

3H8"1:euuA R , 11ns KoTopoll y"'eT Bn9PHI>IX c11n BSlK&H, .p8cuonoJK&H8 cnp8B& OT R
0

, 1'.e. 

R~ Rg • 

MolKHO BOCuonh30B8ThCH STHM ·oiSCTOHT&nhCTBOM II auupOKCHMHpOB8Th "XBOCT" Hll9pHo

I"O UOT9HUII8n8 T8KOA ljlyHKilii&A, KOT0p8H IIOUYCK8n8 61>1 BI>I"'HCU9HII9 H906XOIIHMI>IX IIHT91"p8-

UOB B 8H8UHTH"'9CKOM Bllll9, 

Jlnst auupOKCIIMSUHH HCUOUh3y9M CU911YIOUlYIO ljlyHKUHIO: 

{ 

2 2 
· -'ll~pl(R+h-R)·R~R~R+h· 

Vn (R).. 21'1 j? . o ' o o • 
0 R > R0 + h • 

(8) 

£1ap8M&TJJ h B H8W9M upHtiUHlK&HIIH 111"p89T pOUh napaMeTp8 11Hijxjly3HOCTII a ( CM, (7)), 

3Ha"'eHBIO a •· O,Sf COOTB9TCTByeT f'1 •· 2,2f 

H8 pee. 1 npellcTaeneH8 aaBHCIIMOCTh noT&Hilll8n8 v. oT R : cnnowuas KpiiB8st 

- UOT9HUII8n CaKCOHa-Byna, WTp11XOB8HH8!1 - annpOKCHM8UIIH STOI"O UOT9HU118U8 KpHBOA (8), 

11cnonh30BSHI>I 3Ha"':eHIIH napaMeTpoe: 

V0 • 40 M9B, h - 2,2 f R0 = 10,8f 

311&Ch H B 118nhH9AW9M Ml>l p8CCM8TpHB89M KOHKpeTHI>Iil Cnyqall: CTOUKHOB9HHH Hnep; 

20 I9T 
Ne +.Au E = 127 Mae • (9) 

BHIIHM, 'ITO 8nnpoKCIIMSUII!I (8) HBnHeTCH xopowell, 

11cnonh3Y!I BI>Ip8lK9HIIe (8), nn11 .Rmln(f) II O(f) nonyqaeM cnenyromue ljlopMyni>I: 

1"119 

min 
R (f) • { }[7J+(7J~+s 2 )!i) ,s~ ~ 

.L[q + D I sk > s > s 1 kp , -

{. 

2 arctg(7J/ 8 ) 

6(f) • 2s 

11'-21 2 2) !i 
(t - s 

s ~ sk , 

arcth[p'(1j-DK)+s
2 

K 
p'(~+D10 )+s 2 l-+ 

+ arcsin s
2

+!7P'
2 

- arctg(lj/s)l ,sk,2:s > s 1 
p'('l2 + s )!i 

• 2 .2 2 2 I p•k(R
0
+h); D=q -p(• -s ); 7J= Z1 Z 2 e k 2E 

2 ~ 2 ,2 
p=1+V

0
R0 /2Eh; q•lj+p'(p-1); t =(p-l)p 

sk • (p' 2- 27Jp') !i ; 
·!i 2 2 !i 

S I = p ( pt - q ) = 

·K 2 2 
= p [ (p - 1 )sk - 'I I ; 

(10) 

(11) 

~ 

s k - onpenenHeTCH paBeHCTBOM Rmln (sk - Y, ) = R0 + h , s 1 - 3Ha«eHHe yrnoeoro MOMeu-

Ta, Upll KOTOpOM <jlyHKiliiH 0 UpOXOIIIIT "':epe3 HYUb II ycTpeMUHSTCH K -oo , QqeBHIIHO, 

'ITO f 0 
eCTb uenoe 6nu>Kallwee K 'Beneqeue S 1 - Y, •mcno , npu«eM f0 ~ s 1 - Y, 

Ha puc, 2 11 3 IISHI>I KpiiBI>Ie Rmln (f) II O(t) nnH cny«aH ( 9). CnnowHbie Kp11Bbl9 

nony"'eHbi "'HCneHHO, a WTp11XOB8HHbl9 - c UOMOUlblO c!>opMyn ( 10) II (II). 113 8TIIX p11CyHKOB 

BHAHO, 'ITO paanHqHe KpHBblX 1 nonyqeHHbiX p83HblMH CllOC06BMH, HeaenHKO. 

4 .-..-. 5 



Ha puc. 4 npuaeneHbi peaynbTSTbi Bhi'IUCneHHH Re 211f no ¢opMynaM (5) u (6). 

3. Bhl'lHCneaue yrnoaoro pacnpeoeneaug 

flerKO BUil9Tb (CM, puc. 2, 4), 'ITO <jlyHKUUU Rmln(f) u Re211e HB11HIOTCH llO'ITU 

nuHer1HhrMu. TonbKO a6nuau f • f0 H801!101l810TCH H9o01!bWHe OTK1!0H9HHH OT l!HHellHOCTH, 

0nH8KO OHU He urpa!OT o01!bWOII ponu, T8K K8K UM9HHO B BTOI! Oo1!8CTU 3H8'19HUI! HM99T 

MeCTO 0'19Hb CU1!bHOe nOf'1!0lll9HU9 U COOTB9TCTBy!OlllU9 napUU81lbHbl9 B01!Hbl ll810T M81!b!l! 

aKnan. Ha puc. 2 u 4 wTpux-nyHKTUpHbre KpUahre npencTaBnliiOT nuaelluyro annpoKCBMauuro 

min 
q,yaKnull R (f) u Re211e • B qacTaocTu, TaKall annpoKCIIMaUHll nnll ¢YHKIIHH 

npUBOiliiT Jl8lK9 K H9KOTOpOMY ynyqweHUIO COOTB9TCTBHll M8lKily !CpHBOI!, nonyqeHHOII 'IIIC1!8HHO, 

II npH01!11lK9HHOI! KpHBOII, IICn01!b3yeMOI! B ll81!bHeiiWHX p8C'19T8X, 

C llOMO!llb!O oj>OpMyn ( 10), (II) II (6), MOlKHO nony'IIITb COOTHO!ll9HIIll: 

rne 

a•l/k, 

Rmln (f) • a(f -f ) + ..L. 
kp 

Re211e - {J(f- f0 ) , 

{:3 • 0 (f k ) • 2 arctg ( '71' sk ) • 

npH BbiBOil8 <jlopMyn (12) H (13) Mbi aocnonbaoaanHCb TeM, qTo 

H 0, - p a 0 ( sk ) ( Oobi'IHO 0, » p ). 

(12) 

(13) 

s ~ so > 'I 

/3/ 
Aaa]Jorii'IHO TOMy, KaK aTo obrno cnenaao a pa6oTe , nnll MHIIMhiX qacTell ojlaa 

niiWeM Bblp8lK9HH8: 

min 
- R (fk)J ... ya(fk -f) Im 211e ·{ -y: Rmln(f) f ~ fk 1 

f ~ fk • 

npH'IeM y = 2/a(fk -f 0 ) 

TaKaH aanllcb ojlyHKUHII 

, 0T1!H'IH9 COCTOHT B TOM, 'ITO BM9CTO f, 

lm21!f SIB1!li8TCH 6onee TO'IHOi!, TSK K8K 

(11) 

11Cn01!b3Y8TCll fk • 

R"ln(f ) • Rmln ( sk -\II)-

= R
0 

+ t. , 'ITO cooTaeTcTayeT TO'IKe BK1!IO'IeHIISI llnepHbiX can. KpoMe Toro, fk Mano 

OT1!H'I89TCll OT f, ( fk -f, • 1- 2) , HO Bbl'IIIC1!11Tb fk 3H8'111T81!bHO nerqe, '19M f r • 

Tenepb, cnenyll pa5oTe
131

, nn11 aMn1!11TY1lhi nepena'IH IIMeeM: 

-~ 1<11 -1<11 I t;, .. (sinO) [ e f(/3 + 0)- e f ({:3-·0) •• (15) 

rne 

<II .. (f 0 + \II ) 0 + % rr , 

(16) 

6 

I \ 

I, 

.~ 

I( 
'( 

l 
oi 
fl, 
1:6 

·~ 
" ( 

... ~---

f ( x) • \ ( 2f + 1) K exp I f -~0 ).{ lx + a ( y- a) I ·I + 
f = f

0 

oo K j + :E (2f + 1) exp [(f-f0 ( i& -aa)J •• 
f•fk + I 

\II 
cl>aKTOp (2f. t·l) H3M9HSI9TCSI C1!8o0 no Cp8BH9HIIIO C SKCnOH9HT8MH, npeae6perag ero 

H3MeaeuueM H npoH3E!Ollll cyMMHpoaaaue a (16), nnll yrnoaoro pacnpeneneHHH nonyqaeM 

ojlopMyny: 

du 

dO 
_1_ (

28
-11()'-«)cha(y-a)(fk- f 0 )-coa(fk -fo)(/3 - 0) t 

sinO cba(y-a)-cos({J-0) 

o(}""a)(~ -'t,l - a• 
+e 

cbaa - cos({J-0) 
+ 

+ 1 -<y-~-{) cos({J-·0)x l[e 

[cha(y-a) -cos({J-6)l[cbaa-<O!({J-Oll· 

. •o(}""al -
- cos(fk -f0 +1)({:3 -0)][ 2cos(f:3-·0)-e -e • 1. + 

-ay o(y-a)(~ -f ) 
+[e -!He 0 

-cos(fk-f 0 )({:3- 11)1 I+ 

r 

+ '11!9Hhl, nony'l810lllH8CH nyTeM 38M9Hbl {3 - 0 .. {3 + 0 

(17) 

PeaynbTSThr Bbi'IHcneHIIH yrnoaoro pacnpenel}eHHH nponyKTOB peaKUHII, nepena'IH OllHOro 

H1!H llBYX HYK1IOHOB ( C1!y'lall M81!biX 3H8'19HHil napaMeTpa a ) , npOIICXOllH!lliiX np11 CT01!KH9-

B9HUH SlllE!P Ne:IO H Au
197 

(9) npencTaBneHhr aa puc. 5. Ha p11cyaKe nana aaaHCHMOCTbdu/dO 

OT 3H8'19HHH napaMeTpa a (Cll1!0W!Ible KpiiBble) H OT H8001!bWOf'O H3M8H9HII51 3H8'19HHH 

r.. .. f k + 3 ( WTpiiXOBBHHSSI KpiiBBS!), 

4. B bl B 0 ll bl 

npelKI\9 BC9f'O Mbl Bllll!IM, 'ITO BOC1lpOH3BOilliTCH npelKHI!e pe3y1!bT8Tbi, 1l01!Y'I9HHbl9 

/1/ -B paoOTe : B yr1!0BOM paCnpeneneiiiiH IIM89TCH Bb!COKHII MSKCl!MyM, 1!0lK8lliHI\ B61!113H peaep 

¢0pllOBCKOf'O yrna, COOTB9TCTBYIOW9f'O Kp88BOMY CT01!KHOB9HHIO llll9p, H TBK>K9 M8KCHMYM 

a6nH311 yrna 0 .. 0° • 

7 



BMeCTe c TeM MOli<HO cnenaTb H HOBbie 3aKniO'IeHHH, Yrnoaoe pacnpelleneHHe B oonac-

Til oonblliHX yrnoa fi > 90° IICIIbiTbiBaeT pe3KHfi IIOU'beM, 3TOT II01l'b9M He S!BnHeTCSI Mo-

HOTOHHbiM Kp!IBaH &7/d(1 c 113MeHeHIIeM yrna 0 OCUIInnHpyeT, 

BepHeMCSI K tjlopMyne (17), HecMoTpS! Ha cnoli<Hbill aHn, oHa noaaonHeT npoaeCTII aHa

n11a ocHOBHbiX aaaiiCIIMOCTel! yrnoaoro pacnpeneneHIISI, 

-1 
I, l1a"-3a Hanii'IIIH MHOli<HTenSI (sin fi) IIMe!OTCSI non'beMbi a HanpaaneHHH anepen H 

H83an, 

2, 8 tjlOpMyny (17) BXOilHT MHOli<HTenH pe3QH.aHCHoro THIIa (cha(y-a)-•oos(,8- fl)!-
1 

, 

01111 orrpenenHIOT nonoll<eHHe "rnaaHoro• MaKCHMyMa, MaKCHMYM nocTHraeTCSI npH fi - ,8 • 

TaK KaK (3 yaenH'IHaaeTcH npH yMeHbrueHHH sHeprHH E 

9TCSI B CTOpOHY OOnblliHX yrnoB, 

, TO rnaBHblfi MaKCHMYM CllBHra-

3, KpoMe Toro, HMeiOTCSI ocunnnHpy!OIIIHe MHOli<HTenn THna cos[(fk -f0 )( ,8 -fi) l . 

Depnon ocunnnSIUHll <V/dll • ooycnoaneHHblll 9TIIMH MHOli<HTenSIMII, paaeH 2rr/~- fo ) • 

8 HallleM cnyqae fk- f 0 D 10-12, Do9TOMY nepHOil OCUHnnSIUHfi COCTaanSieT 30-36°, 

4, TaK KaK npH YM9Hblli9HIIII 9HeprHH pa3HOCTb rk -eo yMeHblllaeTCSI, TO nepnon oc

UHnnSIUHll UOnll<ell yaenH'IIIBaTbCSI, a rnyOIIHa yM911bUJaTbCSI (B IIX tjlopMHpOBaHHII, OYI19T IIpiiHII

MaTb y'laCTII9 M9Hblll99 'IHCnO napUIIanbHbiX BOnH), 

3TH BbiBOJlbl COrnaCy!OTCSI C peaynbT8TaMII 9KCnep11M9HTanbHbiX IICCnenoaaHIIl!, BbiiiOn
/4/ 

HeHHhiX a nocnenHHe ronbi, aKn!O'IaSI 11 HOBbie naHHbie paooTbi , 

TaKHM o6pa3oM, OCHOBHbie ocooeHHOCTII yrnoaoro pacnpeneneHIISI nponyKTOB peaKUIIi! 

nepena~.HaXOilSITCSI B XOp01I19M COOTB9TCTBHII C KBa311KnaCCII'I9CKOH TeOpllei!, pa3BIITOfi B 

paooTax 
12•31 11 a naHnol! paooTe. 

AaTopbi np113HaTenbHbi H.<l>, MapKoaol! aa noMOUlb a 'IHCnenHbiX pac'leTax. 

n 11 T e p a T y p a 
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P11c, 1. AnnpoKCIIMaUIISI noTeHullana CaKCOHa-Byna no tjlopMyne (8), • 

emLn (f) 

~ -/ 
/ 

66 68 10 7! 74 76 ,-m 

N~eD + Pu 197 

E • 1271'/ev 

80 8e. 

·~ 

8/t ~6 

I. 

I·' 

"/' •. 
:71j 

(. 

min 
P11c. 2, AnnpoKCHMSiliiSI tjlyHKUIIII R (0. 

ij 
,1'1 

"" 
' .' \.:;;l;.y:~~~~~ ,_,;_,J:!.i~ ··11' • ,\11/d'rit!,'l .. t"ll..~ • ·'·lr. . , ~ iH?&~ 



8(rad) 

1,0 
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