KJIIACCUOUKRALINA BNOJIOTNYECKNX ®OPM
E.B. IIpecnos

Hacneposanue Gmonorudeckoit dopMel, H3MeHeHHe (OPMHI OPranmus-
MOB B TIpOIleCCe PasBHTHA, ompepesAonue PopMy, PaKTOPLI I MilOrHe
ApyTHe BOIPOCH, CBA3AHHHE ¢ (hopMooOpas3oBaHUeM, Beersia ABIAINCH
BaskueimmMu npobaemamu Guosioruu. [logemy, mampumep, sxnBoTizbe
WIH PACTeHUS UMEIOT Ty WX HHYI FeoMeTpMIeCKyo Gopmy U 910 ee
ompepenser? B ceoe Bpema Pamesckuit [1966] cumran, uro B MaTema-
THYECKOM CMHICJIe NAaHHOe KABOTHOE HE HMMEEeT OIpefeleHEod GopMni
U mpejJiarad HPUHIAN afeKBATHOTO NMPOEKTHPOBAHUA: eclu 6IHoio-
rudeckue QYHKIWE OTIpefielieHEl 3apaHee, T0 §OpMY OpraHmsMa ofpe-
nensmor omu. lossmxe Posen [1969] chopmynnposan Bapuaumonnyio.
3afady A (QUIOTreHeTHIeCKOr0 U OHTOT@HETAYECKOTO W3MEHEeIHS
opranuueckoii gopmbl, He YTOUHAA NMociaeAHIoO. Memay tem ompe-
JeJUTH (MM CKopee pPexynupoBaTh K APYIOMY IOHATHIO) YOPMY KH-
BOTO OPraHmM3Ma MOKHO KaK ormbanmyio cemeificTBa OKpYKHOCTEM
(B OBYMEDHOM CJIydYae), IEHTPHI KOTODPHX Je;KAT HA BLIIEIEHHOM
octoge | Blum, 1974]. U sce ke, mecMOTpA Ha TpyAHOCTH POPMAILHOTO
onucapusd OpMHE 0PraHU3MOB, [1aC BCEINa 00BOPaKUBAGT €6 3aBUMIIAA
CHUMMeTPHA.

OGparumca k mpumepaM. llpocrpamcrsennsie gopMul BUPYCOB U
fakTepuoaroB IOX0KH HA OPABUIbHBE I'eOMETPUIECKUE KOHCTPYK-
muu. CamMoc6opra »TUX CTPYKTYp HANOMUHAET NMPOLECC KPUCTAIIM-
sanun [[lormasos, 1970]. Warepecyer wMarematura u ¢QeHOMEH
pagumoasapuit [Mopnyxait-BoaroBexuii, 1936; Thompson, 1942]. Teo-
MEeTPUYEeCKas TMPaBHIBHOCTh HAGJIONAETCA TaKKe B IPOCTPAHCTBEH-
Holi opranusanuu panuero npobiaenus [Thompson, 1942; Mewepsikos,
Benoycos, 1978]. A spienus ¢urorarcuca y pacTeHuii MpUBIEKATIO
BHEMAHHE CBOeH aHaJIUTHYHOCTHIO Y;Keé AHTHUYHLIX YIeHHX (CM.
Thompson, 1942; Koxcrep, 1966]. Bosnukaer ecrecTBenusiii Bonpoc
[Fpenangep, 1979]: ecan MoskHO BHpPas3uTh B MaTeMaTmiecKoll dopme
ompepesenube 00pa3s, TO Helb3s JH 00BLACEUTH UX HCXONA U3 Ba-
pUANUOHHHX NpUHIANOB? lIpuMepoM MoOr OB CAYIKUTH NPUHIUI MH-
HUMYMa MOTENNUAJbHOH 9HEPTHU. :

Menee peryasapas dopmur crop y pacreruii [Pegler, Joung, 1979]
win Gopmul kuBHX KiIeToK. Ho u 3pecs wHTEpECcHA MONENH [eJdeHUSA
sputponuTa, sanasaemoro osajiom Haccumm [Canham, 1970], u owe-
BUIHA aHAJOIUA C JeJeHueM 3apsIKeHHHX Kamesb JKUIKOCTH KaK-
AMHAMUKM OSKBUOOTeNNualbueix mnoBepxHocreir [Thompson, 1942).
Ocraercs saragkoifi gopma MHTOXOHEPHH, KoTopas TpH (PUKCAIUH,
BUMMO, paccHmaercs Ha (pParMeHTH; IPOCTPAHCTBEHHAA pEKOH-
CTPYKIUA HEKOTOPHX MHUTOXOHApPHE TOKasalxa, 9T0 OHHU - HMEIT
HelpaBUIBHOA QOPMEL 1[€JBHOe BETBUCTOE TElIO, T. €. opMa MUTOX OHJ-
puil, TMo-BUAUMOMY, JaUIbHA U 3aBHCHT OT ee MeMOPaHHOIO HOTEH-
nuaaa. Orcioma BHBoA — pOpMa MUTOXOHAPHHM He HacJenyercsd,
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HacJenyerTcs sxe riobalbHo CBA3HLIA reoMeTpudecKuit o6pas. U B cay-
936 ME;MKIETOUHHX MOPJOJIOrHIeCKUX KOHTAKTOB MEXKAY MUTOXOH-
APUAMA ME UMedH Obi eUHYI0 MATOXOHADPHAIBHYI0 CTPYKTYPY IKH-
BOTO opraumsma.

Hpyraa mpobiemMa — TCUX0JOTHA HaGIIONaTeN A, BOCTIPUHAMA-
WIEro IpocTpaHCTBEHHO-BpeMenuse obpashl BHeNIHETo0 Mupa. Bec-
CIOPHO, KayKA0e ;KUBOTHOE W TeJOBEK YMEIOT Pa3indaTh HYKHLIC eMy
reomerpudeckue dopmbi u Gopmsr mosegenus [ Xaitnm, 1975]. Npyrumn
CIOBaMH, poJib HabJwpaTeds OCHOBHBASTCA HA MPAaBUIAX MAEHTADU-
Kanuu. Hakue umenno o6passl GyAyT BOCIPHHATH, 3aBUCUT OT OKpY-
mamomeil cpeft u ot PaKTopoB, cBAsanHmx ¢ Habaopenusamu [[pe-
nangep, 1979). 3nech me aumnum 6yner BenoMunTh ciaoBa Pefinmana
[@eitnman u mp., 1976], ornocsmmecs K mpoGieme IBETOBOro 3pe-
HUMA: «...Mbl H3YIUM YCJIOBHSA, MPHU KOTOPHX MBA pasapaskeHusa (mpa
Bo37{eficTBUA) CTaHOBATCA Hepasiunumblmy. llpuw 91oM HeT HEOOGXO-
AMMOCTH 3HATEH, MOTYT JH B YeJIOBEKA MOJYIUTH B PA3HBIX YCIOBUAX
0JUHAKOBOE 3PUTEILHOE OUIYIIeHWe, a HY/KHO JWIIb YCTAHOBUTH, 9TO
ABa pasapaskenus, BHIHBAIONINE ONMHAKOBHE ON[YIIEHUA Y OAHOTO
4eji0BEKa, MPUBOOAT K "OMMHAKOBLIM OMYMEHUAM H y HAPYroro»
(c. 163). Crasannoe XOpomo YKIaALBAETCA B DPAMKA KOMLENLUH
moaepanmuocmuy [3uman, Brioneman, 19701, koropasa dopmannsyer
Hall IPONecc BOCHPUATHH TeoMeTpuIecKux Qopm,

Onpepenenue. Torepanmuocmeo § ua Muoskecrse X Ha-
3uBaerca pedUieKcuBlroe CHUMMETPMYHOE OTHOMeHHEe. PediiekcuBHOCTE
03HaYaeT, 9T0 & ~ z Aia Mobwx x & X, a CUMMEeTPUIHOCTH 03Ha-
4aeT, 9T0 6CHH Xy ~ Ty, TO U Xy ~ x;. CymecTseHHO, 9TO OTHOMEHHE
TOJIEPANTHOCTH £ HETPAHBUTUBHO, T. €. M3 TOTO, ITO Ly ~ &y U T, ~ I3,
BOOOIe 'OBOPA, 1e BHITEKAET, YTO &y~ 3. 104epAHMHBLM RPOCIPAH~
cmeon (X, E) nasmiBaerca MuomecTBo X ¢ 3a7aHHOM Ha HeM TOJIEPAHT-
HocThlo §. Orobpaswenme f: X — Y, cBasbBaiomiee /IBA ToJdepaHT-
nerx npocrpanctsa (X, &) u (Y, ), nassiBaeTcsas moaepanmubimn omo-
Opasxcernuem, ecin U3 Iy T & cmenyer f(xy) Y f(zy). Oyers f: X —

— Y — merotopoe orofpamkenue Mmos;kecTBa X B TOJEPAHTHOE TPO-

crpancteo (Y, n). Onpegenum na X toiepanTHOCTD § = f*n), mona-

rag a, T ecin f (x,) ~ f (x,). Tonepanruocts § = f*1 masnpaercs
1

npoo6pa3onm TONEePAHTHOCTH 1 TpHU oTobpakenum f. OrHocHTeNbHO
5TOH TONEPAHTHOCTH O0TOOpaykeHUWE [ ABIAETCHA TOJEPAHTHBIM OTO-
OpaskenmeM,

Il puwme p. PemenTopuble moJisA ranliineB CeTIATKH OTpPEHeIAIOT
TONEPAHTHOCTH 1) B ceTdaTKe., JpeHme ABIAeTCA oTobpamenmeM f
Hodsg 3PeHHA B ceT4aTKy Iiasa. Torxa TolepaHTHOCT: § OCTPOTH
3peHNA NpejicTaBAAeT co60H He 9TO WHOE, Kak mpoobpas f*1 romepant-
HoCTH 1 mpu oroOpamernnmu f. Taxum o6pasom, pacrosgaBanue $opmel
PKUBOTHBIX 3aBHCHT OT paspeniaiommei crocobmocTy mamei anmnaparypst
HabIONeHNA.

EcrectBenno, 4ro meuxodusudeckue acueKTH HaOIIONeHUN MMEIOT
OTHOIIEHNE K CO37aBaeMBIM MofejsiM opramudeckoir dopme. Tax,
coraacuo Xogdmany [1975], moboit opramusm mpencrasiser coboii
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o0 bequHe HIe~ TKAHEH
M =23T;,

e TKaEh I'; — KOMIAaKTHOe MHoroo6baane, pasfuroe Ha KIETKH.
Maremarmueckoifi Mopenbio OmosoTmuecKoM ¢popMH ¥ QYHKUIHE
y XogpdMaHa CIyHET HEKOTOPAs mCeBAorpynna npeobpasoBanmii aTAX
MEOT0o06pasuit (Trameit).

Hecomuenno, 6Gomee paspaGoranHo#i B IIaHe MopedHPOBAHNA
$OpMH JKUBOTHHX U pAacTenuii ABIAETCA TeoPHA NPOCTPAHCTBEHHO-
BpeMeHEHEIX 06pasos [I'penannep, 1979]. B nagmoil Teopun u3navaIbHO
BRIeNIAETCA Kaacc obpasyowuxr G = {g}, KOTOPHM CTaBHTCA B CO-
orBercTBHe npusrak g - a (g). Kpome Toro, raxpo#t oGpasyromeit
£ OTRedaer ompefelleHHaA aprocmdy ® (g), Koropad BHpaskaercd He-
OTPUDATeNbHEM [EJHM YACJOM HIH OeCKOHEYHOCTHIO. Beiamumna
apHOCTH YKasHBaeT MaKCUMalbHoe 9HCI0 COeIUHeHNH, CBA3EIBAKO-
mMUX NaHEylo ofpasyrmyn ¢ octanbakiMu. Crpykrypmoe oGbenune-
HEe TakUX obpasynmux HaskBaerc Koudpurypanumeir. Homndurypa-
OUu MeHSAIOTCA BO BpeMeHH.

IIpumep, g* =g*(z,y), @ =1,2,. .., n — MHOMECTBO 06-
pasyomux (KOHIeHTPAanUM XHMuIeCKA AaKTHBHHX BemecTB), o = 1
COOTBETCTBYeT Cpeje, B KOTOPYI0 MOTpy:KeH oprammaM. IIpeamonaras
HaInqde JUIIL NBYX THAIOB HpomeccoB — auddysmo u peaxnud,—
HpUXOAUM K KiIaccuiecKodl moperu mMopporemesa Trpropmura [Turing,
1952].

II pumep (gua mrockoctr). Ilycrs poct Kongurypanum BIHSET
Ha qucio obpasylomux u Ha BX Aagexci. OOpasywompe CyTh moig
¢ oceBoil cumMMerpuelt u mearpoM { = (§, 1), 1. e.

g* (@) =¢*(lz— L) 2 = (2, p).

Hpea cocrour B obechmeuennd KIeTOK INo3umuonHo# muOpMamueit
B cMmuiciae Boasmepra [1971]. Ecnm mpegmonosxuts, 9r0 mois To-
POKAAI0TCA TYTOM CJIOKeHnA o0pasylIAx g%, To TeM CaMHM Gymer
ompejeJIeH TPagUenT, KOTOPHH mpeynodoRATeAbHo 6yleT [efCTBOBATE
Ha OTHeNBHHE KISTKH, U OHE OY/IyT ABATATHCA B COOTBETCTBYIOMEM
HaIpaBIeHAN,

O6pa3s pa3surmfA GygeT MOPOKAATECA C HOMONBI0 MEXAHHE3MOB,
OJiEH U3 KOTOPHIX 8ajaeT IBHKeHUe KIETOK U MeHTPOB MoJel, a Apyroi
ompejeiseT NepPexoau Me:xAy ob6pasylommma, Bropoit MexammaMm
BHIBHIBA6T M3MeHeHMe HWEAeKcoB oOpasyomumx. Ha mam Boraap, sra
Hjes IMeeT IpAMoe OTHONIEHHE K HAXOMIOHUI0 IICEBROTPYMIH mpe-
obpasoBanums Tkapu B Momenu Xoddmama [1975].

TRAHEBAfA CTPYHTYPA BHOJIOTHUYECKNX ©®OPM

ITpessne 9em mepexoauTh K QopMaIzbHOMY ONIpejereHuio GHOJOrHIe-
cKoit POPMH, HPeAbABEM CHCTEMY KOHLENIHN KJISTOYHOW TeopHH.
Onpepeanenne[Dyre unp., 1969]. KnerounsiM pasbuenneM
HABHIBAETCA TONOJOrHIECKoe TmpocTpamcTso K, mpeacTaBlienHoe
B BOjge OOBEJUHEHNA TONAPHO HENepeceRalIMuXCa TOMHOKECTB
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Puc. 29
O ObacHeRMe B TEKCTe

el (kaemor). Jlns raxpgoll KIeTKu 3agaso mempepeBHOE 0TOGpaske-
gae f:D?— K (2zapaxmepucmuueckoe omobpasceHue) BaMKHYTOTO
g-veproro mapa D? B K, orpammienme K0TopoTo Ha BHYTPeHHOCTH
Int D? mapa D? asaserca romeomopduamoM na ef. Jas uckiandenns
DaTONOTUH# NpegmolaraT, 9T0 FPAHNIA KayKHOo# RISTKU Cojep:RUTCA
B 00beqMHEHMN KOHEYHOTO UHCJIA KIETOK MeHbIIMX paaMepHocTel,
a TaKKe, 9ro TomoJyoTHA B K — ciafeiinias cpegs BceX, OTHOCHTEIBHO
KOTOpHX BCE XapaKTepucTHIeCKAe 0TOOpaykeHMA HEIpepHBHE.

ITpepcraBEM OpragusM B BHfe TPEXMEPHOIO KIETOIHOI'0 pasbueHns
K, nemamero B R3. EcrecrsemHo paccmarpusarb B K cBa3HEEe
nonpasbuennsi T';, cocroAmue u3 kierox. Ilogpasbuenua I'; Gymgem
Ha83uBath mKranamu. CIoKEHYIO reoMeTpuI0 OHONOTHMYECKAX TKaHeH
MOKHO KJIACCHEQUIHPOBATH, HCHOMB3YA KIACCHAPUKANMIO [BYMepPHBIX
3aMKHYTHX OpHEHTHpYeMHX Muoroo0pasuii. ITpumep TaKoro MHOTO-
o6pasus — cdepa, K KOTOpo#l Npurieeno p pyuek (caydait p =1
ectb Ha puc. 29), Yneno p HasHBaeTCA pojgoM MHOrooOpasus u ABIA-
eTcs ero WHBApHAHTOM. B Tomosormum nokasano [Yoamec, 1972],
9r0 KAKAO0e NBYMEpHoe 3aMKHYTOe OpHeHTHpYeMOoe MHOTOo0pasme
M? romeomopdno cdepe ¢ p pyIxamm.

OrMmerzM, 910 oHM ToMeoMOP(HH Kak abcTpakTHEHE IpPOCTPAHCTRA,
a me saosxemnble B R3. B mocmepmeM ciydae sayaneHHOCTH pydYeK

MOKeT CIY:RHTh ocHOBo#l Gosee TOHKOH KIaccHPEKamum MEOTOOOpA-
sua M?  R3.
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Yno6uo pasnndaTk OGHOJOTHYeCKHE TKAHM CJAGLYIOMUX THUIIOB.
1. Tramb ¢ modocTri0, AR naacm. THAHD AMEeT BHENIHIOW U HeCKOIBKO
BEyTpernux rpanun (moXocreit). BoobGme rosops, nobas Takasa rpa-
HUna mHeromeomopdma nBymepHo#t cdepe, HO mpepacTaBiaseT cobol
MHoToo6pasme M2, 2. CnaowHas mkans (ner nonocreit), 3. Cao6odnasn
raemra. 4. ITopucmas mranv: mabop caabo CHEINIeHAHX KIOTOK
(Bpemennoe obpasoBanue).

Mopdorenernueckne npeo6paszoBammad B HHAUBUAYAIBHOM pas-
BUTHAN OpI‘aHIZ[E)MOB MOHO TIpeacTaBUTh B BHpe COBOKYITHOCTH OIe-
pann# caepyomero BUxa.

1) Jlenenme KieTKU: Ha MaTepHHCKOH KIeTKe BHIEASETCH OKDPYHK-
HocTh 81 de® S crAruBaercA mo ¢® B Touky, a TpybuaTaf oKpecr-
HOCTh S! B J¢® cHMMeTpHIHO CKiIeHBaeTca, 00pasysa MemGpany Kom-
TaKTa JOYOPHUX KIETOK.

2) TuGens kaerkm: ey — T3 (T2 — pBymepmsiit ocroB TY).

3) ITpukneiika pyaxz (puc. 29, A) K ogHOR UiM IBYM TKaHAM; BO
BTOPOM ciIydae 5To CBA3HAA CyMMa JBYX TKame#l (IpopHB pra Miau
aHallbHOT'0 oTBepcTHA, obpasdosamue sxabepHHX memel).

4) Paspesanme pyuxu (puc. 29, 5), Opu 3ToM TKagb MOKeT paspe-
3aThCA HA [Be TKAaHU, HANpPUMep, MPOM3OHTH OTIMHYpPOBKA (3apacra-
Hue xalepHHX mieJgeidl y Ha3eMHHX TO3BOHOYHRIX).

9) OGpasoBamme moJocTH (MU30meNBHHH cmocol ¢opMEpoBaHUA
ToJI0CTH).

6) Caunanume moxoctu (oGpaTHoe NpenBaymeMy).

7) O6pasoBaHHMe TKaHW U3 OTeNAbHHX KieTok (popMEpoBanwme DH-
OOTeJUA W Me30TeJUA N3 Me3eHXHMMOMoJo0HHX KJIETOK).

8) Pasprixnenne Tkaged (pacmaj Ha oT[eJbHEe KI6TKE HePBHOTO
rpebug mpu melipynsanunm),

Ilpu nposasnenunm ¢usmonorndeckoil aKTUBHOCTE OpraHU3MAa ero
KiIeTogHass Mopmenb K mperepmeBaeT KieTodHo-roMeomopdHOe IIpe-
obpazosanue K, — K,. Ilpu aroM coxpaHserca rax:Ke O ee TKaHeBad
CTPYKTYpa.

Haxosmen, ®imerognad crpyrrypa OHMoNOTHUECKEX TKaHe#l Ymos-
JeTBOpsAeT HpuHnEOy cMeskuocTd (cM.: B. M. Mapecusn, B aTo#i raaBe),
CIpaBeANBOMY NpH MopoTreHETHYECKUX ABUKeHUAX, COXPaHAIMUX
TOTIONOTUI0 TRaHeH: Konmaxmul meocdy coceOHUMY KiemEamMU He mozym
NOAHOCIBI0 UCUE3AMb, HO8Hle KOHMAKMbL NOAGAAIOMCL MOALKO MeHc Y
doueprumu EKiemramu npu desenuu. Taxmm o6pasoM, IpHEEAN
CME@JKHOCTH — KpHUTePHMA KIeTo4Ho-roMeoMopPOHHX mpeobpasoBamuit
TRagu. Ero mapymenHe CyTh CKIefiKa — OPHUAaHHe KJISTKAM HOBHIX
cocesiel — W paspHB — JmIMenme KJIeTOK cocepeif. CRaeitka m paa-
PHB OHOJOTHYECKAX TKAHOH MOT'YT M3MOHUTH MX TOMOJOTHIO — IIPO-
A30fieT TAK HA3HBaeMaA IepecTpoiika TOMOJOTHM: HPUKIEHBAHEE
man paspesapgme pydk: (cM. omepaummu 3 H 4). AHarms sMOpHOHANb-
HEX NDEepecTpoeK IOKAsHBaeT, YTO B PO ATLHOM PAa3BHTHH, BHIHMO,
B CHIy HEoOpaTAMOCTE HoCA€mHEro, BCTPOUAWTCA He MI0OHeE BHH
CKIEeKN TPagUIHHX ToBepxuocreld TRame#l (cMm. pme. 29, B, a Tarxe
crarbio B. M. Mapecuna B ri1. 1).
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TOIOJOTNYECKAA MOJEJIL BHOJIOTHYECKOU ®OPMEL

Haamem ¢ ompegenenuss npocmparcmea 6Guoaozuxeckux @opm Biol
[IIpecuos, 1981]. Ero snementrams, miId TOYKAME ABIMIOTCH, IO OI-
OIpefieTe HUIO, JejKalmde B TpexMepHoM npocrpancrse R? koMmaxTuble
o6racta @ c¢ rragko#l (WIm Kycodmo-Tiaankoi) rpamumeit F = ad.
ByneMm Ha3HBaTh TOYKE 9TOTO MHOMKECTBAa GHOJOTHUeCKEMHE GOpMaMu.
HeficTBuTe1bHO, B KasK[Iblii MOM@HT BPEMEHH ;KUBOH OpPTAHH3M 3a-
HOMAaeT Kako#i-ro o6mheM, T. e. MMeeM HEKOTODPYW TOIKY MHOMKeCTBA
Biol. OgeBugno, ofparnoe meBepHo.

BBegem Temepbr Ha MuomectBe Biol Merpmry, oumpemenuB map
¢ mertpoM B ® u pagmycom & caemyiomuM oGpaszoM:

ud = {®’ | 00’ C e-oxpecrrocrs dD }.

fleHo, 910 mMpomecc MHAUBHIYANbHOTO DPa3BATAA KABOTO Opra-
HH3Ma IpPeACTaBJeH HeNpephIBHEM oToGpaskenmeM 7y : f — O, momry-
npsamoii R* = {t| t >0} B mpocrpamcrBo Biol. Ilpu sroM ¢t =0
oroGpakaercsa B map @, (surory). CoBOKynHOCTS 2THX 0TOGpaskeHHi
JJIsL BceX OPTAHW3MOB IO3BOJAET HAXeNIUTh upocrpancTeo Biol Gomee
6oraroii CTPYRTYDOIl.

Umenno, cramem, 910 ¢opMsr @; u @D, cBazans mopdusMom
D; — D,, ecorm cymecTByeT TarO#M OpraHU3M, KOTODHIA B MOMEHT
BpeMenl f; 3aHuMaeT obmacts @;, a B MoMenr BpeMenu %, > t; —
obnmacrs @y, Ecim cymecrsoBanume kKoMmoannum MOpdusMoB OPUHATH
B KauecTBe, I'MIIOTesH, TO TéM CAMBIM mpocTpamctBo Biol mpeBparmt-
cg B (Tomomormdgeckylo) Kareropui. Orcioma mpo6lema: mOCTPOHTEH
6uoTorMIecKN 3HAYIUMEA QYHKTOpD M3 9TOM KaTerOpud B gPYTy HH-
TePeCHYI0 KaTeropuio.

H3secrunii resnc x’ Apcu Tommncorna [Thompson, 1942] yrsepmpaer,
q9TO0 NOCpeACTBOM HeNpPepHBHOH AedopMmanmm ¢opMH dw06OT0 opra-
HA3MA MOKHO MOJYIHTH (OPME GIU3KOPOACTBEHHHX OPraHHE3MOB.
Jd10 — qucro (denoMeHoNoTHYeCKass TumoTesa. Clepylomee  HHKe
onpefesieHne 9KBUBAJNGHTHOCTH Ha IpocTpaHcTBe Biol maBesmo yka-
3aHHEIM Te3NCOM, .

IKBUBAJIEHTHOCTh H COOTBETCTBYIOMYI0 QAKTOPHMBAIUIO OIpPeIeaaM
moCJeOBaTeJIbHO B [Ba Imara:

1-# mar. HasoseM gBe Toukm @, m @, mpocrpancrsa Biol akpu-
BAIGHTHHMH, ecCiH cymecTByeT amppeoMoppusm [R2 — R (r. e.
B3aMMHOOJHO3HATHOE U riagkKoe B obe CTOpoHH orobpaskeHue), Imme-
peBop smuit o6racte @, B o6macrs @,. IMorpe6yem nomoamuTeABHO,
9T06H 3HAK TaycCOBOM KPUBH3HH (a AJA S/IANTAIECKAX TOYIeK —
3HAKA rjaBEHX KPUBU3H) B TPAHUIHEIX TOYKAX COXPAHAJNCH, a TAKIMKE
9106H COXpAHAJCA W XAapaKTep H3JI0MOB HA TDaHUIPe.

2-it mar. BypgeM cuntars gopMur @, u P, HKBEBANEHTHHMHA, €CAA
nafigereca mopdusm @, — @,, ofpaTuMsii B TOM CMHCIe, ITO Cym[e-
ctByer Mopduam O, — @,.

OGosmaanM cumBoJoM Sh ¢axTop-IpOCTPAaHCTBO HPOCTPAHCTBA
Biol nmo srum ormomenwaM skBuBadenTHoCTH, Onmcapmas $aKropu-
sanug ¢gopmarusyer moHaTHe QOPMH OIN3KOPOACTBEHHHX OPTaBH3-
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moB. IToaToMy HasoBeM HmpocTpaucTBO Sh npocmpancmeom cmandapm-
HUZ Ouosveuveckur Hopa.

IIpn ¢paxropmsanum 4§ : Biol — Sh xpuBaa y : R* — Biol (pas-
BATHE WHAWBALYAIBHOTO - OPTAHM3MA) IEPeXORAT B KDPHBYHD O =
=1yop : R* — Sh. B omizume or y KpuBas © He MMeeT caMomepece-
qeuauit. HasoseM ee mnpoyeccom undueudyarvHozo paseumus 6auzko-
polcmeeHHBL 0P2aHUSMOG.

3amexanmne. G 3agagell onpegeserns GopMsl TeCHO CBABAHA
npo6ieMa pacnosHABaHUA (OPMEL (CM. BHINe), A MMeHHO, NYCTH
f — oro6pamenme mpocrpamcrBa Biol B cerzarky riasa, a 1 — To-
JIePaHTHOCTh B Heil, TOT[a TOAEPABTHOCTH [¥1 8agaeT HaM ypOBeHD
HOPasANIMMOCTH TQIeK HpocrpamcTBa Biol, wro mosBoaser BBecTnm
Ha Biol orsomenue skBuBanenTnocTH, Goxee craboe, geM TO, KoTopoe
MH BBelH, B PasIoAuTh (axropusamuio ¢ : Biol — Sh B kommosm-
O gBYX (aKTOpH3aIUi.

SaMegaunne, flcho, 910 Kpail F = 0@ — dopMa kABOTO
opranuama (3gech (OpMa IOHEMAeTCH KaK 3JI@MEHT IpPOCTPAHCTBA
Biol), ecain u me sBagercs MHOTOOGpasweM (Hamp@Mep, M3-3a HIJ
y ea), To 1o Kpai@iHed Mepe TOMOTONMYeCKH PKBHBAaJeHT6H MHOIO-
obpasmio M2 Pom Muoroobpasna M? M GyHem BaskBaTh podox cu-
6020 opzaruema. flcmo, 9ro 5TO ompegeseHHe K POy B CMBIcIe GHo-
JOTHYEeCKOA CHCTeMATUKH He HMeeT HMKAKOIO OTHOMIEHHS.

B mpomecce mHIuBHAYaNbHOTO PAa3BUTHA DOJ HBOTO OpraHW3Ma
3aBHCHT OT BpeMeHH I M MeHAETCA CKauKooOpazso. W3Memenwe 3ma-
9eHAA P HPOMCXORUT B MOMEHT HMEePeCTPOIKA TOHMOJOTHI IOBEPXHOCTH
F =00,

HeficTBUTOIBHO, PA3BATHG BCOX OPTAHM3MOB HATHHAETCH C 3UTOTH
(p = 0), a BEeNIHAA UOBePXHOCTH /eUHUTUBHOTO OpPTAHU3MA 6OJb-
IIFHCTBA KABOTHHX ofpasyeT moBepxHOCTb ¢ p > (. ¥ m03BOHOY-
HHIX 00BI9HO p = 13. AHATOMEYeCKHEMHE CTPYKTYpaMH, BOBHAKAIOIAMA
OpH TaKHX NepeCTpoiikax, ABIAAKTCA 06pA30BAHHS, YCTaHABIUBAIKO-
IMue CBA3H MOJOCTH KHIIKHA C BHEIIHeH cpemoii: a) poToBoe U aHAJIBHOE
orBepctay; 6) :kabepHHe mexu (06BHTHO O Tap); B) MOJOCTH yiei
(BugonaMeHeHue ONHOM MApPH yKa0ePHEIX M(eIeH); T) HOCOBHE IOJOCTH.

IIpucnocoGurenpHbe M3MOHOHUS W OOIOJIHMTEIBHE® IHePecTPORKA
B Xofe SMOPMOHAJIBHOTO PasBATHI He MO3BOJNAKNT NPUNACATH KAMKLOH
CHCTeMATHIeCKOH IPYINme >KUBOTHRX OIpejeleHHOE 3HAYGRNE D, XOTH
CBASH YBOIHYOHUA 3HAYCHUS P C YCAOKHEHWEM OPraHM3AIdA KHBOT-
HHX QUeBHUIHA. .

Tak, X0OpmOBHX KMBOTHEIX CjegyeT OTHeCTH K TAmy ¢ p == 13,
3navenne p B mpefeaax ONpENeJIeHHBX KIACCOB MOMKET YMEHLIIATHCH,
HAIpUMep, 3a CIeT NOCIeRYImeTo SMOPHOHAABHOTO 3apacTaHus
sKabepHEIX MmeJedl MJIH CHAMAHAS HapHHX HOCOBHIX IOJOCTeHd B omHY.
HaoGopor, spadenne p MoskeT yBeI@IABATECSA 88 €4eT MOCASMYIOMETO
fo6aBieHns W pacHeILIeHUsA ;KaGepHEX mejelf, 9T0 Yy HEKOTOPHX
rpylil HE3MMX XOPHOBHX IPHBOLAT K BO3PACTAHUIO p JO HECKOJNBKHX
coren. IloaToMy mMeeT CMBICI paccMaTpuBaTh mepeTHCIEHHHE BHIIe
nepecTpoiika Kak ¢ynmamentanbueie. Haromen, BIOJHe eCTeCTBEHHO
ot QynmaMeRTAIbHEKE HePeCTPOUKA YHODPHFOIATH, TOCIE MeT0 KaK-
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HOMY ;KHBOMY OPTaHM3MY CTaBUTCA B COOTBETCTBHE C0BO H3 13 Gyks
(@1, + 4 @13). DyxBH a; npusamalor sHademds 0 wim 1 (oTcyrcTBHE
wia gajudue j-i ynpaMenTansuoil pyarm). IlonaTHO, 910 mEHAMEKA
NAHHOTO CJI0Ba B OHTOT@Hede JKUBOTHHIX Oymer Gosee monmoil, B OT-

13
\ i i
JAu9de OT poja p = 2, Qj, Rnaccnti)nnnpylomen XapaKTepUCTUKOM
=1

KUBOTO OPTAHU3MA,

Ho a3n0mesHs# MeTON KIaccHPUKANEY OTHIONE He SBISETCA IEHT-
panpunM. OH BCero Julllh OCHOBA ONMCHBAGMOH HUKe KOHCTPYKI[UI
I KlaccagUKaruy GopM KUBHX opranusmMoB. B cBasu ¢ ueM ofpa-
THMCH K JPYrOoMY MHBApHAHTY IpocTpaHcTBa X, KOTOPHIH KOCTABAAET
naMm giyndamenmaavnd s epynna 5, (X). Ee smemenravmu ssagorcs
TOMOTONMYeCKHE® KJIaccH mmeTeJs B X, T. . orobpamesmit S!— X
okpyskuocT® S B mpocrparcTBO X, IPH KOTOPHX OTMEUGHHAS TOUKA
B S mepexogur B orMedennyi Touky B X. [as OBYMepHHIX MHOTO-
oGpasuit M? pog p ¥ pyumaMeHTadbHas Tpynna 1, (M3) ogHosdmagno
oIpefe AT ApYT mpyra.

H3svenenne gopmn D xuBoro opraHmsMa BiedeT 3a cofoii u3Me-
HOHWe TPyumsl it = 71, (D); Moxuo0 paccMaTpuBarh B Tpynny i, (0D).
K comanenmio, KogcTpYKIus PyHZaMeHTANIBHON TPYONOH He (YHKTO-
pUAIBHA OTHOCHTEJBHO ONPeJeNeHHBIX BHe MopduamoB. B camom
gese, maMereHue Tonogornn dopmsl D cBogETCA K Cepud mepeCTpoeK
mopepxuoctd F = g@. IIpm oToM TOMOTONIHEE HETIHX MOTYT CTAHO-
BHATHCH HETOMOTONHKMYA ¥ HA060poT. TeM ne Menee GELIO GH MATEPECHO
OPOCAENUTH 34 H3MOHOHHEM TDYIIH 1T B OHTOTeHe3e HIU X0Pd OH of-
HOTO ee sieMenrta. IlosTomy sxenarensHo BeiGparh ma @y kaHomm-
gecKylo metai0. B kagectBe TakoBO#l MOKHO B3ATHh OJHOMEPHYIO TIDa-
HAIY MOBePXHOCTHOTO KOHTAKTA, Me;KOY nByMs OjlacroMepamu, mocie
mepBoro fgelenuA gpobiends 3uroThl. JTY MeTHIO CAeqyeT OpPUeHTH-
poBarb, 9TOGH MOIydnTh aieMeHT n. OpHako CHelaTh 9TO He BCerna
opocro. Ecaa BHGpanHas maMm meris o0pasoBajack B pesyJbTare
MePHAMOHATBHOTO felleBusl (IPOXOJAT UePe3 aEMMAIbBHEIL M Berera-
THBHEE TONICA AKNA), TO 3afaTh KAHOHUIECKYIO OPHEHTANHI0 MOIKHO
TOJIBEKO B TOM CJIydae, eCjIX M3BECTHO HANpABJIeHUEe JOPCOBEHTPATbHOMN
oCH WjH IIOCKOCTH GuilatepalbHoil cCUMMeTpHd GYymero sapogHina
(puc. 30, A). Ecnu ke mmockocTs mepBOTO NeIeHHS SKBAaTOpPHAJILHA,
TO TIOTIIO BCETHa MOKHO opueHTUpoBaTh Kamommdecku (pmc. 30, B).
BnpogeM, ogsOo W8 Tpex mepBHX RemeHHH ApobGXeHus BCeTxa 3KBATO-
PUANBHO, d MOITOMY MOJKHO B3ATH MEPBYIO 3KBATOPHAIBHYI0 IOTIIO.

Heob6xopumuiii gnsa. k1accudukanua GopM KUBOTHEIX 9KCIepU-
MEHT — DTO ONHCAaHWe CYRb6H KAHOHWIECKOM HeTid B OHTOTeHese.
B gacrmocTtn, 6ui0 Gu Kpaiime WHTepecHO, eca¥ mpH p %= 0 obpas
MeTIH () OKA3AJICHA G HerOMOTONHEM HYJII0. Tolma MoMHO GHIO GHL
OOCTAaBUTH BOHpPOC '0G anreGpamdeckoM dYdCIe BATKOB €r0 BOKpPYT
kaxgolt pEpka o6mactu @, wro m Gymer MCKOMOA RiaccuduIuEpPyIo-
meil xapaKrepACTHAKOMH,

3 amedanne Momer okasarbCg, 970 B Xoe sMOPHOHAIBHHX
mepecTpoeKk pPYIKH BHYTPeHHRHX molocreit gopmbl @ wiam pyIkd me-
KOTOpHX TRaHe#d, cocramimsiomux ¢opmy P, samemares ¢ xaHonu-
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Puc. 30 Puc. 31

OO6bsCHeHMe B TeKCTe OOGbACHeHWE B TeKCTe

decKoi metdeit. UTo i, Kiaccupmranusa Gorage. A mopsercs meriag —
BHJ{HO BHIGOD ee HOIPHTOMeH H CJefyeT HCKATh HHOH BApHAHT KaHO-
HO9eCKOMl IeT/id MM KIeHTh KOHIH Pa3OpBAHHON HeTIM B mapy Ie-
Tedb H CHRUTH YK 3a o0enMu.

TJOBAJBLHAA MOJEJL IHHAMUKHA ®OPMOOBPA30BAHUA

Upes mepectpoék Tomonorm OPMH JKMBOTHOTO B LpPONeEcCe MHZABH-
AyaIbHOTO pa3BUTHA MOJMKET IOKasarbCA Gumodory magymamuoii. Ho
9T0 He Tak. EciH BCIOMEHTH SHUTeHeTHIecKU# Jammmiadr Yommmur-
roaa [Thom, 1969], To cramer oweBmgHo, 4Tro HAGMOGAEMEE HaMn
NePeCTPOAKE B pAasBUTHM KHBHX OPraHM3MOB — BCErO JHMb HaIIe
HeyMeHHE BOCHPHHHMATH TpeXMePHHH TeoMeTpudecKdail OGBEKT
(BmosKeHHBIH B eTHPEXMEDHOE MPOCTPAHCTBO) IEIUKOM, KaK OCA3aeM
MBL JBYMEpHHII B TPeXMEPHOM IPOCTpaHCTBe.

Hraxk, }KUBOil OPTaHU3M — 3TO ¢ TEOMETPHIECKOM TOIKA 3PeHUA —
OpHeHTHpyeMoe TpPexMepHoe MuHoroo6pasme M? (cBasHoe u Ges Kpas).
ITycrs mnsa mpocrorsl MuorooGpasue M3 oguocBasuo (1. e. m, (M3) =
= (), Torga, mo reopeme ena [Yomnec, 1972], ero MokuO mONy9aTH
u3 TpexMepHO# cdeprl S3, ecnu BHpe3aTh U3 Hee KOHOYHOE IUCIO HE-
mePeCeKAMUXCcA CIIOMHNX Topos (MuosecTB Buga S' X D?) m
3aKJeNTs MOJYYWBIIMECH MOJNOCTA HOBHMHE CIIOMHHME TODaMH,
HONXOAANEM CHOCOGOM OTOKAECTBIAS I'PAHMUIL

3amevanue. Yomrec [1972] ormegaer, 9T0 «...IrpanAma Kax-
poit momoctH mMmeer Bufg S' X S!, m cymecTByer ma caMoM geje Gec-
KOHOTHOE 9YHCI0 CHnocoG0B OTOMHECTBATH €€ ¢ CPAHUNEH CIVIOMHOTO
TOpa; IO0TOMY CYIIEeCTBYeT GeCKOHOTHOE IUCJH0 Pa3IWIHHX IOCTpOe-
HEH Takoro copra. OgmaKo HeJeTKO pemurb BONIPOC O TOM, KOTAA ABA
TAKUX pasTHIHHX NOCTPOSHUAA NPUBEAYT K OXUHAKOBOMY peayJhTa-
ty. Jag sTor0 B HmEPBYI0 odepefh MOHAROGHAQCH OH peIIeHAe HpO-
6memu Ilyammape. I'mmoresa Ilyamkape sakmiodaercs B TOM, HUTO
BCAKO® OPHEHTHpPYeMoe TpexMepHoe MHOrooGpasme, Ha KOTOPOM JIO-
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6yI0 OKPY/RHOCTD MOKHO CTAHYTH B TOIKY, ABIASTCA HA CaMoM JeJIe
TpexMepHOA cdepoil. Ona He HoKasama m He ompoBepruyTa» (c. 175).

BypmeMm galee CaMTATH BHYTPEHHOCTH BKJIEEHHHX CHIOIIHEX TOPOB
He HOpUHAIe;MANEMH HamleMy KHBOMY oprammsMy M3, Jlymaercs,
910 HAGAOHOHMI0 MOCTYIHA TOABKO IMOBEPXHOCTh YpOBHA (yHKIAR
BpeMenu (i = const) mIm TpexMepmoe cedemme Muoroobpasus M3,
TaxaM ofpasoM, MHIUBHAYAIBHO® PA3BATHE FKHBOTHOTO B TeoMe-
TPHIeCKOM PAaKypCe CyTh BpeMeHHad HOCAef0BAaTeIbHOCTH TpexMep-
HHX cedepnit Muoroo6pasua M3. U, smaunt, mepecrpoitku B aMGpm-
OHAABHOM pAa3BHTHH — 3TO HOPECTPOHKM IOBEPXHOCTH YPOBHA f ==
= const OpH BCTPOIe ee ¢ rpAHNIAMH BHKUHYTHX TOPOB.

3aMeganue. [[BymMepHne TBapu MOIJIM OGH HpeAcTaBIATH
ceGa ppyMepHpME chepamu S? ¢ BHKARYTHIME JUCKaMu (MHOKeCTBaMA
Buga S° X D%, rak ma pme, 31,

3ameuanne., Ecam sepurs Torry [Gott, 1980], mama Bce-
JIeHAAA MHOTOCBH3HA M YCTPOEHA TONONOTHIECKH, KaK HPAMOe IIpo-
H3Be/leHUe NPAMOA BpeMeHE HA He0JHOCBABHOE KOMIAKTHO® TPeXMep-
HOe MHoTo0G6pasue.

POJIb MAKPOCHOIINYECHKNX ITPOINECCOB

B ®OPMOOEPA30BAHINN
(Prmamaeckne mopenn)

JA. A. Mapmunos

Ilom mMopdoremesom GyHReM MOHMMATE DHBONIOIMOHHO BOBHHKINEe, Ie-
HOTHIECKH 3aKpeIVIEHHOe B BOCHPOW3BOAEMOe B OHTOTeHe3e H3MeHeHIe
KJIeTOYIHHX CTPYKTYp H MakKpoCKoImdeckoit GopMH GEOIOTHIeCKOTO
of6nerra. [aA peanusammu MaKpoCKONMAIeCKOTo (opMooOpazoBaHAA
HEOOXOQHMEL IIPOIeCcCchl, OXBATHIBAKIIIHe IPOCTPAHCTBOHHO-KOODIUHH-
pyomuM gelicTBMeM SHAYMTEAbHO O6O0JbIINMe, UYeM AHTCTPEMHEIE,
ob6racte 6Gmoo6BeKTa, W 6(ojJee YyHUBEpPCAIbHHE, T. €. 9(QfeKTHB-
HEHle, BHE B3ABHCHMOCTH OT TOTO, OAMHAKOBOM MM pasHoil Gmoo-
TU9eCKOA NpHpORH OTHeIbHBE KOMIOHOHTH NenorTo [YVommunrrow,
1964; Maprisos, 1973, 1975, 1979a]. Taxkue makpockonmIeckue mpo-
mecchl M3BeCTHHL B (usdKe: Aupdy3MoOHHHE, MeXaHMIeCKHe H AD.
Ocolennocru, HaupmMep, MOXAHAIECKHUX IPOIECCOB 0GYCIOBIMBAIOT
eCTeCTBEHHO® WHX HCHOJNb30oBaHme B MopdoreHeTHIeCKo# pasMeTKe
MHOTOKIeTOYHHX 06BmexToB (pattern formation). Vixe mus coxpame-
Hag cTabuiabHOR GopMHE g0060ro 06BHeKTa HEO6GXomEMO, ITOGH OH
o6xamai onpemeeHHHMA KOHCOPBATHBHEIMYA CBOMCTBAMM: JOCTATOIHH-
MH [ COOpPOTUBJICHUA BHEIIHUM BO3MYMEHHAM MeXaHWIeCKAMH
JKeCTKOCTHI0 B TPOUHOCTHIO. Bomee ToTo, B pacTymeM 6moo6BexTe
o6pasyloress oGaacTi oGbeMHOrO pacmdpennd, pacmopa (HomoGHo
HepaBHOMEPHO HATpeTOMY Tedy) H, KaK CleqCTBHe, B HEM Bcermga
CYImEeCTBYIOT HoJe MeXaHWYIeCKHX HANPsKeHEH B 3aKOHOMEDHO CBSH-
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