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K). H. 303yjlff

COFJ1ACOBAHHE BHOJIOFMHECKHX H TEXHHHEt&HX
, 9JIEMEHTOB H CHCTEfft N ' ' '

Ha nyrn K HayyeHHio ecxecTBeHHbix H HCKyccTBCHHHX caMoopra-
HH3yiomHX CHCTCM oAHofl H3 HaHCcwiee CJIOWHWX npe^craB^aercH
sa,aaqa o corviacoBaHHH qacieii ue^ocrnoH 6HOHnqecKoA CHCTCMH,
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B ce6a KSK 6HOJion5qecxne, xaa H T«SHH<iecKHe ane-
MeHTbl H CHCTCMU. GlOXCHOCXb 3TOH 3aAa<IH COCTOHT B OnpeACJieHHH

Heo6XOAHMHX H flOCTaTOHHHX yCJIOBHH CONiaCQBaHHfl, npH KOTOpfclX
AocxHraexcH C&HHCXBO KaqecxseHHO paajnriHbix qacxefi uenocxnoH
6HOHHqCCKOH CHCXCMbl.

B coBpeMCHHoA jiHxepaxype no reopHH CHCTCM aHa^HSHpyerca
B OCHOBHOM cor^acoBaHHe (KoopAHHHp'oBaHHe) uenefi [I] H «ncwio-
>KHTenbHwx peay^bxaTOBs [2] AenxejibHocrH oxAenbHbix qacxeft
U&fiocxHofl CHCXCMM. OpH 3XOM npeAnojiaraexcji, qxo 4>yHKUHH nofl-
CHCXCM <yiO>KHbIX 6HOJiOrHqeCKHX H X6XHH»ieCKHX CHCXCM, o6jiafl3K)mHX

HepapxHiecKOH cxpyKxypofi, «HaH6o^ee ecxecxaeHHo HHxepnpexH-
pyioxcH KaK noHCK H npHHHXHe peiueHHfl* [1, c. 101]. B peayJibxaxe
3XH no^cHcxeMM paccMaxpHBaroxcH KaK peuiaicmwe cHcxeMM (CHCXCMU'

peuieHHH), AJIH Koxopux flocraxoiHo XO«IHO
peuiaeMbie aa^aqH. HpHMeHnxe/ibHo K

BHno^HeHHe nocjieflHero xpefioBaHHH BbisbiBaex
xejibHbie xpyAHOcxH, nocKojibKy qHCJio paaHOKaqecxBeHHbix
B xaKHX cHCxemax BenHKO H peuiaeMbie HMH sa^aqH noxa He
anpHopHo flocxaxoqno qerKO c4x)pMy^HpOBaxb, qxo6w nposecxH

SKcnepHMenx &Jin onpeAejieHH.H KOHKpeiHbix napa-

Bojiee npOAyKXHBHbiM B ^aHHOM oxHOineHHH HEJIHCXCH
K OnHCaHHK) CJKHKHHX CHCXCM C nOMOIIlbK) COOXHOUieHUfl «BXO4 —
BHXO^. B paMKax axoro noaxofla, onnpaHCb na MCTOJI MHoroypoB-
HCBoro ana^Hsa HeJiHHeSHbix ̂ HHaMnqecKHX CHCXCM [3] HJIH MCXOA
rpynnoBoro yqexa apryMCHxa {4], MO«HO c Heofixo^HMOH cxeneHbio
xoqHocxH onpejuejiHXb napaMexpu cooxHouieHnfi «BXOA — BWXOA»,
npeACxas^HeMbix anpnopHo B HaH&wiee o6mefi HHxerpa^bHOH <|)opMe.

FIOCKOJIbKy CCBCHK3H CHCXCM3, 4K)PMaJIH3OBaHHajI HOCpe^CXBOM
Mo^enefi «BXOA — BHXO^», M0»ex dbixb npeAcxaB^ena B BH^C peiuaio-
IUeH CHCXCMbl, H H3O63pOX» [1, C. 10IJ, y(yiOBHH COrJiaCOBaHHH
B BHAe orpaHHqeHHH na COOXHOUICKHH «BXOA — BHXO^» coMacyeMbix
no^CHcreM Moryr ^ono^HHXb ycjioBHH corJiacoBaHna ueneswx (j)yHK-
UHH ((|)yHKUHH Kaqecxsa) axHX noflCHcxeM [1] H nosBOJiHx Bbipa6o-
xaxb AocxaxoqHo FH6KHH odmHH MCXOA corJiacoBaHHH 6Ho;iorHqecKHx
H xexHHqecKHX a^ewenxoB H CHCXCM.

corjiacoeanHfl

Cymecxsyex MHOJKCCTBO CHHOHHMOB noHflxHH corjiacoBaHHe:
I ' eflHHCXBO, rapMOHHH, ^OOpAHHaUHH, KOHCOJIHA3UHH, .Hya^bHaH B33HMO-

>, BsaHMOCofleHCXBHe, BsaHMHoe flonojiHeHHe,
KOMneHcauHH, BsaHMonoHHMaHHe H flp. [1, 2, 5]. Bo BCCX SXHX
CHHOHHM3X 6C3 HCIOIIOtieHHH OXpaJKBH B S a H M H b l H , C H M M C X p H q -
H b i M xapaKTep npouecca cor^acoBaHHH nacieM n&noro.
qacxHMH o6i>eKxa cymecxByex BaaHMHoe cooxsexcxBHe,1 OHH
HHIOX flpyr zipyra flo e^HHoro uenoro, x, e. cymecxsyex CHMMCXPHH
qacxefi oxnocHxejibHo u&woro.
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JiK*5ofi $8KCHpoBaBHo3 TOOTH ofoeKTa GcranbHHe qacra
flBJIJUOTCH AOBOJIHeaHeM, IIO9TOMy yCnOBHfl CGT^aCOBaBHH nOKCHCreM
^HMHOH uejiocTHofi CHCTCMH MOJKHO Hsyqirrb Ha npKMepe HaK&wiee
npOCTOfl CKCTCMbl, COCTOflmeft H3 ,HByX nO^CHCTCM (CM. pHCyHOK). B33-

, OHH o6p33yK)T OAHH 3aMKHyTbIH KOHTyp, DO KOTOpOMy
CHrnajiu. npeo6pa3OB3HHH cnrHajioB, Koropue ocy-

9TH ilOACHCTCMH, MOJKHO OHHCaTb B 06lU6M BHflft HCCTa-
UHOHapHOH HHTCrpa^bHOH (J)OpMOH [3J

r. o= ig j.
r, o= IH" i

(1)

(2)

, (x, f)» ^2 (*• 0 — BXOAHbie H BbixoAHwe cnniajibi; G, (*, jc',

lleaaumaa axmeua '» * )» "2 (-^» * ». *» * ) (pyHKUHH
" " RnHHHHH

HMX nOflCHCTCM. Torfla HCCJICflOBa-
HH6 B33HMHOrO COOTBeTCTBHH H CHM-

werpHH MewAy corJiacyeMbiMH noa-
MWKCT 6brrb CBeAeno K
raKoro coorBercTBHH H

CHMMCTpHH MWKfly HHTCrpa.JIbHblMH npeo6pa30B3HHH"H (1) H (2).
(2) B (1) H BbinojiHHB npocTbie n

COOTHOLUCHHe

' X
J

X / > , ( , ndt'cU". (3)

I(X, 0=

3ro paBCHCTBO

JJJJ

npn Jiio6bix Pl(xt t), CCVIH

, ^f, /, t') Gz(x', x\ t',

x")*(t — n. (4)

Opn STOW M&Kny npeofipasoBaHHHMH (1) H (2) ycranaB^HBaiOTCH
COOTBeTCTBHe H CHMMerpHH OTHOCHTe^bHO

npeo6pa3OB3HHH. yCJIOBHC (4) MO3KCT dblTb BbinpJI-
H6HO TOJlbKO B TOM C^ly^aC, CC./IH

(5)

, <f t, O=C8(x, ~ O
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nocKOjibxy npn <"-»•/ nyrcM HHTcrpHpOBaHHH B Jieeofl qacrH coor-
KonieHHfl (4) no MHOXcecrsy tuepbi Hyjib HeoSxoflHMo mwiyqHTb 3Ha-

OTJinqnoe or HyjiH.
Hs (5) ejieflyer, qro CHMMCTPHH npeoCpaaoBaHHH (1) H (2) OTHO-

TOXAecTBeHHoro TpeSyer CesbiHepuHOHHocTH corJiacyeMwx
no^CHCTCM. 3ra- yc;ioBHe MO*er-dHTb BbinojiHeHo ^Hinb npn corjia-
cosaHHH 6HOJiorHqecxHX H TexHHqecKHX CHCTCM/ odjiaAaiomnx o6pa3-
HOH naMHTbK), IIOCKOJIbKy Ka^KAaH H3 HHX MOK6T KOMneHCHpOB3Tb
CBOK) HHCpUHOHHOCTb 33 C«ieT npe^CKaSaHKH - nOBeaSHHH flpytOH
CHCT6MU, C KOTOpOft OH3 COrJiaCyCTCH. ZlJIH nOflCHCTCM, HC HMCIOIUHX
o6pasKofi naMHTH, HeoexojiHMO ocna6HTb TpedoBanne (4), paccMaxpH-
B3H CHMMCTpHK) COF^aCyCMblX nOACHCTCM C TOIHOCTbK) flO
BO BpCMCHH (sa^epJKKH) tal

G, (x, *', /, O G2 (x', x", /',

r-^). (7)
Tor^a AJIH cHFHajKr, UHpKy^iHpyiomHX B KOHtype, ofipasoBaHHOM
corjiacoBaHHbiMH no^cHcreMaMH, sanHineivi ypaBHCHHH

P2(x, t)=Pz (x, t-t3),
Koropbie yKasbiBafor na nepHO^HiecKHft xapaxiep STHX CHrna/ioB.

TaKHM oSpasoM, corJiacosaHHe HHCPUHOHHUX noACHcreM 6ea
o6pa3Hoft naMHTH CBOJIHTCH K oSpasoBaHHHD na HX OCHOBC OCUHJI-
^HTOpa, HJIH Ko^eSare^bHoro Konxypa. Odparno, uejiocTHan cncTCMa,
COCTOHIUaH H3 COrJiaCOBaHHHX HHCpUHOHHblX noaCHCTCM 663 o6pa3HOH

, HBJ1H6TCH OCUHJ!JIHTOpOM. B 3TOM

, (x, x'\ t, t') = G, (*, x', f) S (/ - f - /,)'• (9)

KO^nqecTBo npHMepOB ranux ue^octHbix CHCTCM pac-
CMOTpeHO B (J3H3HK6.

A
corjiacoeaHHfl

yCJIOBHfl (4) H (7) CBHSblBaiOT 4>y»KHHH BJIHHHHH MaiCMaTHqCC KH X
corjiacoBaHHbix CHCTCM. J^ajibHeHinHH anajins STHX yc,.ao-

CBOflHTCH K HsyqeHHK) cooTHouieHHH (6), ycTanaBJiHBaioiuero
CBHSb MC»Wy npOCTpaHCTBeHHHMH KOMnOHCH'faMH (|>yHKUHH B^HHHHH,
T. e. K HccjieAOsaHHio KJiacca 4>yHKUH3( y^oB^eTBopfliomHX (6).

• . - ' • •
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HsBecrao, qro npeo6pa30B3HHe Oypbe ycraHaBJiHBaer
oAHosnaqHoe cooraercTBHe Me»wy c6o6iueHHWM
Horo pocra [6, c. 136], ran «rro '

• ' 3

-• ' - f f f ~2lt/ 2 (*m-*m)*m •*
5(x_;O = M U m=1 dx

• J J
(10)

3hro cooTHoiueHHe coxpaHflerca npH npOH3BOJibHOM JIHHCHHOM
npeo6pa3OBaHHH nepeMeHHwx HHrerpHpoBaHKH

j f , 0 e- ' " " ' «- . , . (11)
. . . . . - , . ' . ' " : •

noAUHterpajibHoe BMpajKeHHe na ABC KOMnoneHTti

' npH um(x, K\ /)=am(/), Pm(*. «*,
ypaBHCHHe, aHajiorHiHoe (6):

- ?) = J J J
m=l

3

x n K ^ ^ ' - " " ^ ' 0 ^ ; 02)
Ero MOJKHO o6o6iiWTb, ecjiH yMHoxtaTb HJIH pasACJiHib nofl HHierpa-
JIOM KaJKflyK) H3 KOMnOHCHT IIB O^HHaKOByK) (|)yHKUHK>: '

8 (x — x") = \ ̂  a (x, /) b (x'tt) e-'M*> *H*?M x

* " « • ' " •
3

X n {V^TW e~2lc/am(°Xmr|7J) fa (y, /) b (xr, f) ]-' x
m=!

3

X ^ £ • ( - . Wr t . 0] |̂ T(0 e 1 " - " * " ('. (13)
m=l

ConociaBHB (6) H (13),

, ', 0 = a (x, /) b (*', /) e-f '(*- ')+«. '>] x
3

X N 11/a (t\(> * ™( l 'xm*m\ • • / I A \/N A 1 \v am V 4 / e J » l*v

16



3>TH ^OpMyJIH fJBJIHKJICH OficSmeHHCM Haep H3BeCTHMX HHTerpflJIb-
HUX .rojiorpacJttreecKHX KOAOB |7J, BK^mJGiw npeoCpasosauHn
Oypbe H

(0 e*'«*'nJt '«*'« o6pa3yK>T opro
'

HopMajibHyK) TpHTOHOMerp.HqecKyio CHCTCMy, B03MOKHO
o6o6meHHe (14) H (15) nyteM ^opMHposaHHfl H3 HHX

, *', 0 = a ( » O f r (

x n (i; cftm(/)
m=l U=l

X

(17)

'•'-" npH . -./ •: y ..-. - . . " . • • : • . - ; ; : • - :• :C/-. •
' ' < ' ' - •• ' - ' ' • • ' ' • ' - ' : - ' - 3' :;----' J m

^^ (0n
__| t i *» U ^t^ .

Tpe6oB3HHe BwnojiHHercH, HanpHMep, B cjiyqae npe-

, Ha npeofipaaoBaHHft c aapaMH (16) H (17) MOJKHO
KpaiHbie npeoSpasoeaKHH

Gi(x, x', 0 = ... Gpl(x, x'"t
/?» n— 1 R»

(19)

n— 1 R*

n+l. . C 2 ( , * ; 0 Gi (x c f)dxn . . . , (20)
(1, 2}, pi + <7/= 3;

Cf ( ^, 0 = a/ (J, 0 6/ 0?', /) e-<^- <)+ll/('' 01 x

•x n i-S"dm(/)«-2lrf*'-'»«)'«'«]-: (21)
m=1

, J", /) = [fly (*", /) ̂  (^, OJ-1 '̂ '/<?' -<H*/(*-. 0]

« * "

; cL(o^ft'»8OT(<)'«jE" (22)
433O9 /(• * * I * *
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B qacTHOM wiyqae TSKHM cnoco6oM MOJKHO nonywn* onHopo.3
HOC HHterpaJibHoe npeoCpaaoBaHHe rnna .ceeptKH c HflpOM B
npOHSBOJlbHOH 1

III ~2lt/ S4C
-JJJe m=l {si

(23)

gn[o(*"', Ol}-1 x . ' '
R*
3 • ' •

m " .
xm*m - -

' (24)

(25)

B UCJIOM cooTHoiueHHH (19)—(22) onpeAenaKrr MHOKCCTBO
HHierpajibHbix npeodpaaoBaHHH c pacnpeaejienHbiMH H^paMH. Ha
Bbixonax corjiacosanHbix no^cHcreM, BbinojiHHiomHX no,no6Hbie npe-
o6pa3OB3HHH CHFHa^OB, OAHOBpeMeHHO H^H C 3aAep>KK<"'H f3 MOJKKO
nag^io^aTb HCKoropbiH cHrnaji H, HanpHMep, ero npocrpaHCTBeHHbiH
Oypbe-o6pa3. Takaa CHTyauHH BOSHHKaer npH Ha6jiKweHHH pa3-
JiHqnbix KBaHTOMexaHHqecKHX oSteKTOB, HanpHMep ajieicrpoHa, B
pesyjibtaie iero cfx>pMHpyioTCfl npe^craB^eHHH o UC^OCTHOH CHcreMe

K3K O laCTHUC H nOJIC O^HOBpeMCHHO [8].
, ocymecTB^jnoiUHe HHrerpajibHbie .npeo6pa30B3HHH c

H^PSMH, o6JianaKrr BHCOKOH H3flewHocrbio no
OTHOIIieHHK) K HCOflHOpOAHblH myMaM B CBH3H C TCM, ̂ TO MCJKfly
corJiscyeMbiMH no&CHcreMaMH cooTBercTBCHHo (4) HJIH (7) ycranaB-
.jiHBaexcji no^o/KHTe^bHaH oSpaiHan csasb c KO3<j)$HiuieHTOM ycHJie-
HHfl CKTHaJia B KOHType, paBHMM C^HHKUe. HH3K3« Ha^eXCHOCTb
comacyeMHX no^CHcreM npn Kajimim nojio%HT&nbHoft c6parHoi
CBH3H Mejs^yHHMHnpHBe^a 6h! K dncrpOMy paccor^acoBaHHfo

1 8 . " . ' . ' . .
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cscreaa H K paspymeaHio ne/2ocrHO& cHcresai. B cnyiae
Banes noACHcre&a c pacnp^-aeiiHHMH (fryHiouijiMH &TIHHHHH
paapyuieHHH uanocrHoft CHCTCMH Heo6xoAHiibi 3HaqKTejibHbie

(cHJiOBbie) Boa^eficTBHs, peajiHaauHfl Koropux Tpe6yer
sHcprerHqecKHX aaxpar. Oco6eHHo STO xapaxrepHo

paaJiHqHbix iianocTHbix CHCTCM MHKpoMHpa H pacnpeA&neHHbix
UeCTBCHHWX CHCTCM., • =

Saaaqeft AaJibHefiuiHX HCCJieaoBaHHH »BJiHercH npHMcneHHe naA-
yc/iOBHH coniacoBaHHfl AJIH ana^Hsa soaMOKHocreH corjia-

COB3HHH CymeCTBylOlUHX 6HOJIOFHqeCKHX H TCXHHqeCKHX SJieMeHTOB

H CHCTCM, HanpHwep HeflpoHHoft. CCTH Mosra qeaoBeKa-onepaxppa
H 3U[BM.
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