[JIABA IV * ®OPMOOBPA3OBAHIE

ITPOBJIEMEI
IMBEPIOHAJIBHOT'O MOP®OTEHE3A

J. B. Besoycos

Jlro6o#t passuBaromuiica OPraHu3M MHOTOKPATHO U 3aKOHOMEDHO M3-
MeHseT cBoio popmy. OfpasoBanue GOPo3R Ha MOBEPXHOCTH APOBAMei--
ca’ ANNEKNETRH, CIBHTH GJaCTOMEPOB APYT OTHOCHTEABHO JpPYTa,
BBOPAYMBAHUA B3aPONHMIEBHX JHCTKOB HPH TACTPYALIHH, PasHoO-
o0pasHEle M3THOH RJAETOUHEX ITACTOB, CTYMIEHHSI M pPasperkelus
KICTOK, COIPOBOMKARIOIME 3AKIAMKY GYI\BEUILHO BCCX OPraHOB, He-
PABHOMEPHHH POCT Tela 3apofbiiell, TNYNHOK W B3POCIHBIX 0cobeil —
BOT JUIF HEKOTODHE HpHMepH TeX opMoobpazoBareabHEIX (Mo pdo-
reHeTHYeCKUX) NPONEcCcOB, KOTOpHE pAashrpHBAIOTCH B TeUeHHE
JRUBHY OOJBIIMHCTBA MHOTOKJICTOYHBLIX JKUBOTILIX. Hak BCiO COBO-
KYIHOCTH STUX IIPOMECCOB, Tak # J000H U3 IUX B OTAETBHOCTH ME
OymeM HasnBaTh MOpPQOreHe3oM.

Mo;xno s mOCTaBHTH OTHOCHTENBHO MopdoreHesa Kakme-IHOO0
obmue BONPOCH, He CBOJSANMECS K MOMCKAM YACTHHIX (PAKTOPOB TOrO
WM MHOTO W3 TepeducieHHHX mpolteccoB? Ilo Hamemy mHenmio, me
TOJBKO MOJKHO, [0 H JOJKHO, IOTOMY YTO W YacTHEIC PEICHHA MOTYT
HMeTh CMBICJ JIWOIb B paMKax 0oJsiee O6IIMX KOHIEMITHIl.

IIPOCTPAHCTBEHHOE YCJIOMHEHUE,
HABJIOJAEMOE B XOJE MOPOOI'EHE3A

Ilpu memocpegcTBennoM HaOmioAeHNE MopdorcHesa OyKBANLIO HA
RyRIOM ero IIary MoO;kHO 3aMeTHTh VCIOKHeHHEe UPOCTPAHCTBEHHOMH
opraHusanuy, T. e, HOABJIEHWE HOBHIX, paHee OTCYTCTBYIOIUX H3rH-
00B ¥ BRIIAYMBAHUY KJIETOYHHX IJIACTOB, Pa3PHBOB H CKIEEK KJe-
TOYHEIX MAacC, CI'YIIeHWE W paspe)keHUil KJIETOK M T. . B TepmmHax
TEOPUH CHUMMETPHH MOMKHO TOBOPUTH O HOHIKEHUM LMOPSTKA CHMMe-
TpUH (AHCCHMMETPH3AMME) IPH KaiaoM TakoM npomecce. Ho mpou-
CXOMUT JM AUCCHMMETPHU3ANUA B AHCTBUTEABHOCTH B TOT K€ CaMBbIil
MOMEHT BpPeMEHH ¥ Ha TeX ke CaMBIX CTPYKTyPax, rje oHa Hemo-
CPeICTBeHHO HaMyu HAOJMIONAeTCH, MU Je HablIaeMas JUCCUMMeT PU-
3aMA — JNIOb BU3yaiusauus pamee (B Ipeflele — B HAYaJABHBII
MOMCHT pAa3BUTHsA) BOZHHURIONX, HO CHavuada HEBUJUMHIX DPasiudmit
Me:xny dacTsaMu sdapopbimia? IocaemgHas (onpedopMaimonnasn) TOURA
3peHus  MHOTOKPATHO BO3POMKAANACh B PAa3IMIHEIX MogupURAIMAX.

B npunnune mosxHo 65L10 OB TOBOPHUTH O re HETHYIeCKOM U HOCTTe-
verudeckom upedopmumame. l'enermueckuit npedopuam CBOAUTCH K YT-
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BeDIKJEHMIO, 9TO IIPOCTPAHCTBEHHAsA OPraHABANHUA HeHOCPENCTBEHHO
mepefiaeTcsa IO HAcJe[CTBY — TeHOM 3aPOALIA IpejacTaBisieT cofol
HedTo Bpoje KaprTel (cXeMmul) Gyaymero sapopsima. Takoe yTBep-
JleHe, IO-BUIUMOMY, HUKeM He oTcTamBaercs. [leficTBHTen®BHO,
He TOJIbKO HEe CYIECTBYET CBA3HM Me}XAYy JMHeHHHM paclolo:KeHHeM
reHOB B XPOMOCOMe M PaCcHOJOKEeHHeM KOANPyeMBIX mMu MODQoIo-
FAYeCKUX IIPHBHAKOB (UOJOKMM, BIOJbB OCHM Tela JKRABOTHOTO), HO
coBpeMenHas (eHoreHeTHMKA BOOOINE OTBepraer OJHO3HAYHYIO CBA3D
MKy TeHOM ¥ oIpeiefieHHEM MopdoiorngeckuM npusnakom [Maiip,
1974]. TlpuAEMaeTCH, YTO BCA COBOKYHMHOCTh I@HOB BJINsET Ha BCIO
COBOKYIHOCTH MOPQONOrMIecKUX HPM3HAKOB (ecam Boobme Mopdo-
reHe3 WY €ro PeayabTaT MoOsKeT OGHTH pasfeldeH Ha oTHeIbHBE HPH-
s3Haku). K comamenmio, B paMKax JaHHOH CTAThW HeT BO3MOKHOCTH
nofipoGHee OGCy;KIATh O4eHb BasKHEeE BOHPOCH O CB3AX reHoMa ¢
MopdorenesoM.

Hocrrenernueckuii npedopMmsM CBOJAHICA K THIOTe3e, dTO,
XOTA NPOCTPAHCTBEHHAR OPraHU3anusa M J0JKHA BO3HHKATH BHOBE B
KaKIOM HOCAEAYIONeM OHTOTeHe3e, HO 3T0 BOBHHKHOBeHUe ([MCCHM-
MEeTPHU3AIHA) HPOUCXOAHUT B HeKOTODPHT HAaYaIbHHIM MOMEeHT PasBHTHSA,
a 3aTeM BO3HUKIIAA CJIOKHOCTL JIHIIb HepPeXOoZuT U3 OjHOH GopMbl B
ADPYryIo (HampuMep, U3 HeBUAWMOI B BUANMYIO). ITa MHIOTE3a MOMKET
OHITH TOKA3aHA WM ONPOBEPTHYTA TOALKO 3KCIepuMentanbuo. Cxema
DKCIepUMEeHTa IpPocTa: ecd’ Ha cTafudm A MCKYCCTBeHHO HapyIIuTh
IeJOCTHOCTH 3apOALIMa (pasigejuTh ero Ha YacTH, IepPecTaBMTh ITH
yacTd, NpUGaBHTHL HOBHE 4acTd) U B pedyabTate MopdoreHeTHIeCKas
cynb0a HeROTOPOM dYaCTH 3apOAHIIA OTKIOHMTCH OT HOPMAJbHOMH,
BTOTO [OCTATOYHO IJIsi BHBOJA, YTO [0 cTaguud A pasBuTHe NaHHOH
qacTH He OwIo npedopMupopano. OGpaTHHH pes3yILTAT COBMECTHM
¢ rumoTesoil npedopMu3Ma PasBUTHA Ao cTamuu A (XOTA M He JOKa-
3HIBaeT ee, TAK KAK HEJb3fl HCRJIIOUYATH, YTO B KakoM-nmbo [pyroM
JRCIEPUMEHTE aHHAA 9ACTh BCe e He N3MEHNT XOJI CBOero PasBUTH).

OnucanHas sKcOePHMEHTaAbHAA cXeMa Obuia BEIBEHHYTa KJjac-
CUKAMM MeXaHWKHA pa3puTus — Py u [lpumewm, npudem J[pum mepBeM
YeTKO TMOKa3ana HeupeoPMUPOBAHHOCTH PA3BUTHA 3apOAHINIA MOD-
CKOTO €JRa [0 CTaauy deTHpex Gaactromep. B manpueiimem 6uI0 1mo-
CTABJIEHO OTPOMHOE KOJMYeCTBO MONMOGHEIX OIKITOB HA PAsHHEX 00BeK-
Tax u craguax passuruf [Bemoycos, 19711, Ux ofmuit BHIBOJ cOCTOHT
B TOM, 4T0 Mopdorenes fa GoanlueM cBoeM LpoTsAxeHHmu He mpedop-
MHUPOBaH H, 3HAa4WT, HabamaeMble HPUMeDPH YCIOMKHEHUs BIOJHE
PeaNbHbL,

Caenywomuit Bompoc cocTouT B TOM, CHOHTAHHO J¥ MOPHOreHeTH-
YecKoe YCHAOKHEHHe, WJIH sKe OHO (CIeYaTHBAGTCAY ¢ KAaRHX-aubo
HeoIHOPOAHOCTel BHeMHeH cpefH AmO0 HEKOTOpOoil pasBuUBHIeHCH
paHee gacTu saponsma. He Brukas B monpo6uoctn [Besioycos, 1979al,
coo6muM JHUIL OKOHYATEJbHbBIM BEIBOM: MMEETCH JOCTATOUHOE YHCJIO
TaHHHX, OTHOCAMUXCA K CaMbhM DPa3HeM 00BeKTAM W CTAgUAM DPas-
BHUTHS, KOTODHE SICHO IeMOHCTPUPYIOT BO3MOYKHOCTH CIIOHTAHHOIO
YCHIO/KHEHNs 3aPOJIEIIa B OJHOPOAHOM WM MOYTH OJHOPOHOM BHeII-
HEM OKDYKEHHH.
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Bo3M0KHOCTh CHIOHTAHHOTO YCAOKHEHWS opraHm3anud (CIOHTaH-
HOM [QUCCHMMETPU3AIW¥) J(0JITOe BpeMsa Ka3alach HPOTHBopevamel
3akoHaMm ¢uaukd, Hanpumep npuanuny Kwopwm [Curie, 1894] u mpu-
MEHUTEJNHHO K YKABHIM CHCTeMaM JHGO BCTpeYasach ¢ HeoBepuem, audo
sABIsANack onopoit Baranusma. [IpuEnunuannEL BRXox U3 3TOH cH-
Tyanyuy ODOABWICK BMeCTe ¢ TeOpHMel AuccHmaTuBHHX cTpykTyp [Hm-
Kosrmc, [lpuromxuma, 1979). 1 ckasanHOro 04eBUAHO NPHHNAOAANBHOE
3HaUeHUe 3TO# TeopHH JJisa MoHWMaHWUA Mopdorenesa. Iloka 410 che-
JIAaHH JMIMb TepPBHEe IMAru N0 COGIMKeHUI0O TeOPHH AUCCUNAaTHBHHX
CTPYKTYP ¢ OHOJOrWIeCKEM 3HCIEDUMEHTOM.

3AKOH [PUMIA 1 HANPABJEHUA ET0 KOHKPETU3ATIUU

JKcImep¥MeHTH, NOCTaBJeHHEEC MO ONWCAHHOH BHIIE cxeMme, NaJIH
ellle oMY Pe3yJbTAaT MEePBOCTEHECHHON BayRHOCTH: B HHX HabaI0nainch
He Ja00bHe W3MeHeHWs B XO/e PasBHTHA dacTedl s3apommma, a, Kakx
OpPaBHJIO, WMEHHO TAaKHMe, KOTODHE NPHWBONWIM K BOCCTAHOBJICHHIO
HOPMAaNIbHOM HOPMEI ¥ CTPYKTY PH 1eJIoTo. 3HadeHHe 3TOTO Pe3yAbTaTa
OuI0 B moJHOM Mepe ocosHaHO y:ke [lpumem. Ou HasBaJd ABIeHAA
3TOr'0 pojia SMOPUOHANHFHHIMHA DPeryJIANUAMY U cHopMyaupoBan Ha.
MX OCHOBe CBOM BHAMEHHUTHI 3aKOH, ABJIAMUKCT, MO CYTH [ela,
amaupugeckum o6obmeHmeM: «Cynnba gacTn ecTh QYHKOMA ee MOJO-
eums B mexom» [J{pmm, 1915].

Ecnu cam ¢akt usMeHeHHA CYABbGH 9acTH 3apojHmMa OOCHe Ha-
PYHmieHHA ero NeJAOCTHOCTH HOKa3hBaeT, 4To MopdoreHes m Boobme
OHTOTeHe3 HBAMIOTCH PeaJbHHM YCJIOMHEHHeM IPOCTPAHCTBEHHOH
opraHuzan¥uyM, To 3akoH J[pmma ykKaskBaeT B camoit obmeit gopwme,
KaKUM BAROHOMEPHOCTAM MNOMYMHIAETCHE 9T0 yelxomuenme. lloaromy
3akoH Jlpuma JoMKeH JAeKaTh B OCHOBe J1000ii Teopuu mopdorenesa.
OpBako Kpaiinsas OGIHOCTE CIOBeCHOH (GOPMYINPOBRY 3TOTO 3aKOHA
HOmyCKaeT caMble PAsJU4HEE TOAKOBAHHA. 3alMemMcsa X 00CYx[e-
HUEeM.

1. Hak nonuMarh «mono;keHue B meaom»? IfomniTaeMen mepepecTu
3TO WOHATHE Ha Oosee WIM MeHee TOYHHN MaTeMATHYCCKHM S3LIK U
ONMHOBPeMeHHO YACHHTH ero OWOJOrHIecKoe 3Havenme. PacecMoTpuM
CHagaXa JUIsi HPOCTOTH TaKHe DPas3BHUBAIONIMECH CHCTEMEI, KOTODHIE
MOKHO B XOpomieM DpHOAMWKeHHH CYUTATL OJIHOMEDHHIMH MJAM 00Xa-
HAOMYMHA OCHI0 CHMMeTpHH (HeKOTODHEe KMIIeTHONOIOCTHEE W IePBH)
(puc. 22, A, B). B rakux cucreMaX 1OJ0KeHHE KaKIOH 9acTH MOKET
OHITE ONHOBHAYHO OIPENEAECHO PACCTOSIHWEM [0 HeKOTOPO# mpyroi
¢urcupopannoii zactu. ITocaenniow yno6HO cBeCTH B TOURY U JIOKa-
IHM30BaTh HA OfHOM W3 KOHIOB CHCTeMEl, HampuMep Ha ANWKAJILHOM
(cm. pme. 22,4). OnHako waMepeHHOoe TaKUM 00Pa3oM HOJOKeHHe HE
Symer obmamarh cBOMCTBOM MacmTaGHO# MHBaPHAHTHOCTH (CKReinuH-
Ta) U He CMOKeT OTPa)KaTh WOITOMY caMoll cyTu TeX (aKTOB, KOTOPHe
Onnum o6oGment 3axoHoM J[pwma: ‘BoccTaHOBNeHWEe HOPMATBHOM
(OPMEI W CTPYKTYDH IEJOT0 IPH ero- PasAdgHEX abCONIOTHEIX pas-
mepax. QopmarpHo HOGUTLCA CHeMIMHTra HEeTPYIHO: MAS HTOTO MO-
CTaTOYHO BBECTH BTOPYIO TOYKY OTCIETa, PACHONOKHUB ee, HAIPAMED,
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Puc. 22. CmocobH orcueTa mONOeHHUil TacTeil pasBUBAIOIMUXCA CHCTEM OT pas-
JEYAOIEXCA MesKAY cobolt (umKcupoBaHHHX TOYeK (0GO3HAUYEHH ' KBAXPATHKOM,
KPY/HKOM M KPeCTHKOM)

A, B — cHCTeMH, HMelOmHe Ock CUMMerpmm; B, I’ — cuCTeMsl, JHILICHHEE OCH CHMMETDHH;
A — orcuer ot ofHolM (uHcHpoBaKHON ToYKH; B — OTCYeT OT HBYX (HKCHDPOBAHHHX TOYeH.
IIo ofe CTOpPOHH KOHTYpa IOKasaHK KOODRHMHATH 4Yacrefl OTHOCHATENbHO KaIOU H3 TOYEK.
CopaBa — IIKalla OTHOLIOHHIT 3THX KoopiuHat; B — orcueT oT TpeX (HKCHPOBAHHHIX TOYEK.
JAyra 0603HA9aA0T KOOpPAMHATH HEHOTODHIX dacTell OTHOCHMTENbHO KaKMoil M3 TOUGH OTCUeTa;
I' — oTcuer OT TPEX TOYEK, CMeMEeHHEX OTHOCHTENBHO HX HOJOMennmA Ha B. OdeBHIHO, 9TO
reoMeTpPHYECKH I'OMOJOTHYHNE TOYKE Ha B M I' HMEIOT pasHHe KOOpOUHATH

Ha OpOTHBOMONOXKHOM (6asalbHOM) KOHIE CHCTeMb, M BHIpaKaTh
HOJIO}KEHUe KaKIoM 9YacTH OTHOLDIeHUeM r 0GoHX paccrosHui [Amn-
tep, 1970] (cm. pme. 22,5). Torma, samaB HeKOTOpHe HOPOTOBEIE
oTHomeHuA (HampmMep, r <. 3/8; 3/8 <r < 8/3; r > 8/3), moxuo
yOenuTscs, 9T0 JaHHAA CHCTeMa OyAeT AEXRTHCA ITHMH IIOPOTaME
HAa papHHEe 9acTW HE3aBUCHMO OT CBOMX abGCOMIOTHHX pa3MepoB.
Ho rtaran omepanusa sem3sGexHO CBsizaHA C NOOYIEHWEM, 9TO Y)Ke B
ONHOMEPHOH! CHCTeMe J[0JI;KHE ORTH Be TOYKY O0TCIeTa, ABJIA0muecH,
no tepmmHojorun Boasmepra [Wolpert, 1969; Boxwmepr, 1970,
1971], meTowarKkaMH DosHNEOHAON HHPOPMALEN JJIA BCEX OCTATBHHEX
gacTeit. B mByxMepHEX cuctemax, 6e3 cHMMeTpHHW, HNPHUILIOCH GH
BBeCTH TpeThio (cM. pHC. 22, B), B TpeXMEeDHEIX — 9eTBEPTYIO TAKYIO
TouKy. [Ipm 270M ouYeBEAHO, 4TO M1000€ M3MEHEHHe B3aNMHOTO pacmo-
NOKeHAA TOYCK oTCYeTa Hapymuwio OH He TOJHKO MacmTabHYI0 WH-
BapUAHTHOCTH, HO W BooOme Kakoe GH TO HA ORUIO reoMeTpuIecKoe
CXONCTBO JJAHHOTO BAPOJHINA ¢ HOPMaJbHEMH (cM. prc. 22, I'). Oxraxo
MOKHO JH OHTH yBepeHHHIM B TOM, 4TQ HDM BCeX HAPYMeHHAX me-
AOCTHOCTH, NONYCKAKIMINX perylXsnue, XoTA OH NBe N0OHe Hamepel
3aJaHHEIE TOYKY OTCIETa COXPAHAT ONHO W TO e BBaEMHOE PacHoJo-
skerne? MokuO cMelo yTBepKIaTh 00paTHOE: B MONABJIAIOIEM YHCIe
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PeryJIAnMOHHEX CHCTEM AONYCTHMH CaMhle 3HAYWTEJIbHEC B3aHMHEE
cMemeHnA JNOOEX Hamepe;] 3ajaHHBIX TOUeK oTCZeTa. PaceMmoTpuM,
HanpuMep, GAacCTYNY MOPCKOTO €a, OPUHAB €e 3a TeJ0 BpPAINeHHA
(310, KOHEYHO, HEIO3BONUTEIbHOE VI POIeHNE, HO y4eT HeCUMMETpUd-
HOCTH TOJBRO yemimu 6bl Hamu BHBOAH). EcTecTBento npuuaTh 3a
HCTOTHNKN HTOSHIMOHHOM MHGOPMAIM¥M TOYKKM AHHMAaJIbLHOTO M Bere-
TaTHBHOTO 1OM0cOB. IIpomsBejeM THOMUHYI0 OMEPANHUIO MO WCCIEH0-
BaHMIO PETYIANUOHHOM CIOCOOHOCTH: paccedeHne OaacTyan uan 6oee
pammero sapojsima mo Mepuauary. lspecTHo, 9To, mmepej TeM Kakr
HAuHeTCH COGCTBOHHO PerydAlus, HpOH30HIeT CMBIKAHUE IOJYdInB-
meiicsi moayGaacTyar B 3aMKHEYTYH cdepy. IIpu oTom Toura angm-
MallbHOTO HOACA CHIALHO COMUBUTCHA € TOUKOM BEreTaTUBHOTO MOIICA
[Herstadius, 1973], 7. e. ncxoxHOe MPOTHBONOIMKHOE PaCIOJIOIKEHUE
TOYeK OTCUETa, KaK M JIOOBIX APYTHX TOYEK MOBCPXHOCTH 0IaCTYJIHL,
pesro mapymurcsa (cM. puc. 22, Bu I'). Ilpu gpyrux tamax paccede-
Hnif B3aMMHOe NOJOMKeHHe JIO0LIX ABYX Halepej 3aJaHHBIX TO4YeR
Oyner waymbii pas uarM. Ho Bece 5T0 HECKOJNBKO He MelIaeT MOJHOMN
peryasmun. )

91y coobpajkeHNs ACHO HORABHBAIOT, 4TO APHUINEBCKOE (II0JI0HEHIe
B IeJIOM» He MOKeT PaccMaTpPUBATHCA KaK II0J0KeHIe OTHOCHTeIbHO
MIOGEX TOYeK oTfcgera. Memay TeM, K COKAJCHMIO, MMEHHO TaKas
TOYKA 3PCHHA JEKUT B OCHOBE KOHIEIIVH MO3HIINONHON NEGOPMAI[UK
Boasmepra [Wolpert, 19691 u npyrux momeneit mopgporenesa [Goodwin,
Cohen, 1969; Gierer, Meinhardt, 1972] u cumraercs, mo-BrEEMOMY,
ef(Ba JIH He eINHCTBEHHO BO3MOKHOI KOHKpeTH3aiueil saxona J[puma.
ORXHAKO CYIMECTBYeT W APYLas IO3UIUA, HEIOCPeICTBeHHO BEITEKA0-
mas W3 OTPUI[AHUSA NEePBOH: IOJI0KeHAe B [[eJI0M CJe/[yeT OTCIUTHIBATD
He OT OFHHX W TeX Ke MHAUBMIYaJbHHX TOYeK OTCUeTa C Hamepe
3alaHHHMY BHYTPEHHUMH CBOMCTBAMM, & OT OJHHUX W TeX e bdieMel-
TOB CUMMETDHMN CHCTeME. B IpHMeHeHHE K 3apOABINY MOPCKOTO e3ia
8T0 03HAYALT, UTO OTCUET HONOMeHUH HeoOXOoMuMO KaiIHit pas BecTH
OT HPOTUBONOJNOKHKX (IOAAPHEIX) TOYEK, HE3ABICHMO OT TOrO, KaKue
HM€ HHO KJIETKH, ¢ KAKUMH UCXOHEIMYA CBOMCTBAMM 3aHIMAIOT 3TH TOY-
ku. Taxoil cmocof oTcueTa LOPasyMeBaeT, YTO Peryaanua Tpefyior
cOXpaHeHHs XOTA G HeKOTOPHIX OCHOBHBIX DJIeMEHTOB CHMMETPUN L PH
AKCIIePUMEHTAAPHOM HapPYUIeHWH IeJIOCTHOCTH. AHAAN3 MMEIOMHXCH
HAHHBIX IIOKA3aJ1, YTO HTO JeHCTBUTENbHO ABAAETCH Heol XOTHMEIM
ycropreM HolXHoneHHHX peryisnuil [Bexoycos, 1971]. Ecan pery-
JAsMEA UIeT U3, Kazaloch O, aMOpPHOH Ki1eTOYHOW MaccCH, TO HOP-
MaJIbHEIE PeryJasiiuy BOSHUWKAIOT JHIIb U3 TEX €e YYACTKOB, IIPOIOP-
UK KOTOPHX GNM3KH K HOPMAJbHEIM.

Ho otcrofga ciengyer, 4To moswiuonHan wHGOpMAmua HEKAK He
CBS3aHA ¢ BHYTPeHHHMY, HHAWBUYAJILHEME CBOWCTBAMH 3JIeMEHTOB,
a CBfi3aHA C TeMHM WX CBOMCTBAMM, KOTODHE ONMHAKOBL Y 5JIeMeHTOB,
OKa3aBIIHXCH B TEOMETPHUYIECKH TIOMOJOTMYHHEX momomeHmsax. Ho
qToGH TakWe TOJOKeHUA OBAKM BooOme Y3HaBaeMLl, OHH OMIKHEL
GuITh IPHBA3AHH K TeM WIM APYIUM JOKAJAbHKM reoMeTpPUIeCK M NIH
TOMOJOIMIECKUM O0COGEHHOCTAM — KDHUBU3HE MNOBEPXHOCTH, CHIHB-
KaM HJIW PaspeiBaM miacToB u T. 1. Ilomyuaercs, 910 B peryaamuos-
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HHX CHCTE€MAX OTCYCT IOJNOMKOHWA JOJJKeH HATH HMEHHO OT, TAKUX
TOLOreOMeTPUIeCKUX OCO0EHHOCTEH, a He OT KaKUx-Aubo 3apaHee
3aMaHHHX OCOGHX TOYeK ¢ BHYTPEHHeWl MHAMBHAYaNbHOCTHIO. B
pazkas IPYrUMH CJIOBAMH IIOYTH TO Ke caMoe, MOKHO CKa3aTh, 9ToO
peryiasifaOnHble CHUCTeMBl JOKHB 00aagars cHenuduIeckol «romo-
reoMeTpuel» I[eJ0T0, MOCTATOYNO YCTOMYMBOH B JUHAMHYIECKOM
cMBICJIe K CMeHe WHAMBMIYAJBNBIX 3leMeHTOB HH3IIEr0 ypoBHg. ITa
uesi, BHCKasanHas BmepBhie eme Hobne [mur. mo Kamaesy, 1976],
IpoHU3HIBAaeT Bce ydeunwe [lpuina u Brmepshie OBLIA J0BefeHa 10 KOH-
rpeTusix Mogeneir Mopdorenesa A. I'. I'ypsuuenm [1944, 1977]. K co-
AAJIeHUIO, 3Ta HAeH MOKA He HCIOAb3YeTCH B COBPEMEHHEIX MOMEIAX
Mopdorenesa, IOCTOAHHO CBA3HBawmMEX cebsa MONymeHUeM TOUEK
orcdeTa.

2. Yro Takoe «ynnba wacTmy? IllepBonaganbuo GHIAO €CTECTBEHHO
NOHWMATH LOJ CYAb0OH YacTH Bech X0J ee IOCIe YOIIEro pasBUTHSA
BILIOTH IO JOCTHAEHHS B3POCIOTO COCTOAHUS. B CoBpeMenHMBX KOH-
Hennuax Mopdoremesa 5STOT BOMPOC CIENMUAIBHO He 06CYMaeTcs,
MO0 UX AYX COBMCCTHM C TAKUM IEPBONATAIbNHM HoRuManueM., Memxay
TeM ero HeymOBIETBOPUTEIBLHOCTh U MPOTHBOPEUYUBOCTE K I1,aCTOAIEMY
BpeMeld pocTatodno sicukl. Ecam ua mexoropolt cragmu 4 mepen Ko-
TOPOH BOSMOMKHB PErYJIAINMH, OIPEJCIAETCH ¢cpasy BCA cyanda gacTu
A0 CaMoro Roulld pa3BUTHA, 3HAUAT, Jajblle BCe Pa3BUTHE Hpeaolipe-
AelleH0 W peryJasarnuu Hesosmoskubl, Ho xopomo usBecTHo, uTo pery-
JANUE BO3MOKHE Ha BCeM HPOTs KEHUH PAasBATHA, a HEPEAKO U BO
BapocioM cocroannu. OTCiofa IPAMO CleNyeT, 9TO Ha RayKqoH aHHOR
CTagNU DA3BHTHA MOKET OLPelelsiThCA CYAb0a YACTH JUINb HA HEKO-
TOpHH ne CaunikoM O00JAbLHIOR oTpesok Bpemenu. Beamumna srToro
OTpe3Ka JOJHKHA OIPefesaThCA SMINpPHYECKH,

CrenyeT v BRAAIHBATH B HOHATHE «CyHh0a» BCe CTOPOHEI IOBe-
JeHAs HeKOTOpPOro 3jJieMeHTa, T. €. H ero ¢opMoobpasoBaTeaLHbIE
ABUJKEHNS, W TeMI, W HANPaBIeHUE ero KJeTOYHEX [eJeHUifl, W cle-
nuQUKY OPOTERAIIINX B HeM CHHTE30B, W €ro KoHeuHyl0 nuddepen-
nUpoBKYy? B cBeTe coBpeMeHHHBX MaHHHX oOImuil OTBET HA BTOT BOIPOC
nosukeH GHTH oTpHUATEAbHHM. Bcee nepeuncieHnbie IPOIEcCH # PAX
apyrux paspenumil. ONHM H3 HUX MOTYT 3aBHCETh OT TIOJOKEHMSH,
apyrue, #Haobopor, OHTH He3aBHCUMBIMHM M IIPOTeRaTh, HampuMep,
COTJIACHO KaKUM-THGO BHYTpeHHHM pATMam. OCOSHaHHe TaKOi KOM-
OJIEKCHOCTH DPasBHBAWIEXCA CHCTEM MPHILIO HE3aBHCUMO K Pa3HBIM
uceaenobartensm [Gurwitsch, 1930; Lehmann, 1933; Spemann, 1936;
Qunarop, 1939] m spaseTcs BamHEIM NpHHOUIOM Teopuua Mopdo-
reHesa.

M, naronen, nocnennuil Bompoc, orwocaAmuiica k saxony [lpuima.

3. Uro MokHO CKasaThb O Xapakrepe (YHKIWOHAJIBHON B3aBUCH-
MOCTH MEEAYy cynabboli m monoxenueM? B wmopmeasx wmopdorenesa
20—30-x romoB HpPeAUmONATaJoCh, YTO 33BHCHMOCTH OT IIOJOMKEHHI
MoseT ObiTh OIMCAHA NOCTATOYHO TVIAJKUMM, MOHOTOHHHIMH ¢ yHKIHA-
MM, BHJI KOTODHX He FOJKEH MEHSTHCH B 3aBHCEMOCTH OT HCCJEIYEeMO-
ro oGperTa mau cragmii passutua [Anikin, 1929; Gurwitsch, 1930;
Smirnow, Zhelochowtsev, 1931]. B macToAmee BpeMs Takoil LTOXXON

107



mpefcTaBiserca HepeammcTwuneM. Heabif psapg gauH . yKaskHBaer
Ha TO,470 TH (YHKIHY MOTYT OHTH COBEPIIEHHO DAa3IMIHHM 1 [JIA
PA3HBIX OTPE3KOB Pa3BUTHA, [MOJKHE OHITH CYyIeCTBeHHO HeJIHHEHHH-
MM ¥ MMETh PasphiBh. B npuio:ken¥sax K MopdoreHesy KadecTBEHHOH
reopuu AuPepennMaAbHLIX YPABHEHHHE Boo0Ie He CTABHTCA BOIPOC
00 omnpejenenny BUAa QYHKIWH, a JHIEL O JIOKAJN3a#H B MPOCTPaH-
cTBe—BpeMenn objyacteit ee yCTOWIMBOTO M HEYCTORIMBOTO IOBE-
nenus [Tom, 1970; Thom, 1972; Bemoycos, Yepmamcrmit, 1977].
Yixe oq¥H TaKo# KadeCTBEHHHIH aHAJM3, eCJH ero yXacTcsa IPOBECTH,
CYmeCTBeHHO TPHOIMKAeT HAac K IOHMMaHHI0 MopdoreHesa. Ofnakro
Ha 3TOM He CjejyeT OCTAHABJIUBATLCH M Hedab3sA 3a0HBaTh 0 HeoOXo-
TUMOCTH COTVIACOBAHMA PA3JIMUHEX JOKAJBHO AeACTBYIOmMUX yHKIuo-
HaJBHHX 3aBHCHMOCTEH.

YPOBHUW IIPOIIECCOB MOP®OTEHE3A

Opun u3 TJIaBHHIX W Haubojdee OMDPeNeJIeHHEX BHBOJOB M3 aHAIHM30B
3aroHa JlpUmIa COCTOMT B TOM, 4TO HOBe/eHNE YaCTel Pa3BHBAIOMMXCH
cucTeM N0 KpafiHell Mepe B HEKOTODHX OTHONIEHUAX [IOMKHO 3aBH-
ceTh OT «TOLOTeOMETPHU» IEI0r'0. JTO MoApasyMeBaeT Haaddve XOTH
OH [ABYX YPOBHEH, BepXHUIH W3 KOTOPHX HOMHeH OHTh YCTOWIMBLIM
no KpafHeit Mepe K HeKOTOPHM BOSMYIIeHHAM HIKHero ypoBHs. Ham
KaKeTCH, 9T0 ¥ TeOPeTHUeCKUe, W HRCIePUMEHTAIbHEE MCCAEI0BaAHUSA
MopdoreHesa HYKIalTCA B pa3paboTke mousaTus yposueit. Hamu
coOOpa)keHMsA Ha 3TOT CYET TAKOBHI.

I. loraTHe «ypoBeHb» MEL OyleM OTHOCHTH K LpoleccaM, a He
K CTAaTWUHEIM CTPYKTypaM (KJIeTKa, Ooprau, OpTaHUW3M), KaK 370 Je-
AaeTcss OGEIYHO.

II. Mu GymeM CYUTATh HOHATHE (YPOBEHDBY CTPOTO PEISATHBHEIM,
T. €. JAHHYIO IPYOIOY NPOIECccoB GYIeM BHICAATH B CAMOCTOATEdbHEIH
ypPOBEHB JAMIIb IO OTHOIIEHWIO K APYTro#l Kako#i-ambo rpyunme mpo-
neccop. Tawum ofpaszom, MMeeT CMBICA TOBODHThL MUHHUMYM O IIape
ypoBHeH, Ho He 06 ONHOM. '

III. Oupenenenne ypoBHs: MH OTHECeM HEROTODPHE CPAaBHUMEE
mporeccH K PasHHM yPOBHSM, €CAHl OHH OYyAyT CYmEecTBeHHO OTJH-
qaTHCA MEMAY co00¥ [0 XapaKTepPHHM BpeMeHaM CBOHMX HHHAMHUYE-
CKHX TIepPeMeHHHX (BepXHUi ypoBeHb.— 0Gosiee MejJIeHHbIEe TepeMeH-
HEIE) W €CJH LIPOIECCH KajRIOro ypoBHA OymyT YCTORUMBEL  XOTA 611
K HEKOTOPHM BO3MYIMEHHAM, HAPYMAOIAM yCTOHIABOCTE KPYrOTO
YPOBHA.

PaccvoTpuM aBa mpumepa DPa3BUBAIOMUXCH CHCTEM: MOTKOBaHME
Yy THEAPOMTHHX NOJUIOB H paHva Mopd)oreﬂes am¢pubmii.

HenocpencTBeHHON ABYKYyIEl cuxoit pocta m Mopdorenesa 1106e-
[OB U IIOYEK THPOUIHEX IOJUINOB SBJISIOTCA HePUONUYECKUE COKpa-
MmeHHss — paccaabmerns (UyAbCAUWH) — BEPXYMICUYHEIX MHOIMUTE- -
auanabELX Kietok [Beloussov, 1973; Beaoycos, opdmanm, 1974].
ITepuopkl myabcamuii COCTABJAAIOT Y PasHHX BHAOB oT d xo 15 mum,
a KayKgad KIeTHa HaXOQHTCH B COKPAIIeHHOM HJH PaccaabieHHOM CO-
CTOSHMN HEKOTOpYI0 dacTh 3Toro BpemeHm. Takmm oGpasom, Xapak-
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TepHOe BpEMA TMepPeMeHHEX 9TOr0 YPOBHA — HECKOJIBKO MHHYT.
MosxHO aHM, WMes 3anMCh Oyabcanuii, PEROHCTPYHUPOBATH (HOPMY
3aYaTKa, HOPOKIAEeMOro JTHMU HyJbLcanuaMu? 3HecCh MH CTaIKE-
BaeMca co cBoeoOpasHolt curyanueii. CpasHuBafg 3alECH MYJILCAIHH
PA3INIHEIX BUAOB (OpOoPUIA Tyabcanuil BHIOCHENU(PHUHEL), MOKHO
ONMCaTh OTHOCHUTEJNbHEE PasiNudsa UX GopM, HO CAMEE (OPMEL ONHQ-
3HAYHO OUPENEeJUTh HEAbdA: NPoPUAb Iyabcardil MPE PocTe CTOAOHA
HeCYIOIeCTBEHHO OTIMYaeTCsA OT NPOPHIAA Hyabcanuii OPH DasBETHH
ragpanta. C apyro#f CTOPOHB, OKAa3LIBAETCH BO3MOKHHKIM BHBOJHTH
APYT U3 ApPYra ¢ HOCTATOUHOH TOYHOCTHIO MOBOJIBHO [JIHMHHYIO HOCIHE-
AOBaTeIbHOCTH GOpPM, He WMesd HOKAKUX CBeJieHHH O NyIhCAnUAX
¥ 3HafA ONHH JUIb 3TH (GOPMH, T. €. JOKAJIBHYI0 KPHBH3HY IIACTa
B Kakaoit mHTepecywompeit mac touke [Beloussov, 1973).

WNamenenusi JOKaJIbHON KPUBUSHH KJIETOYHOIO MJIACTa HPeACTaB-
AT coboil mpyroil ypoBeHb NPONECCOB, HeyKEeJHM POCTOBLIE IyJbCa-
IHH.

XapakTepHoe BpeMa iIf 06pa3oBaHHA YCTOHIMBOTO BHIMAUYH-
BaHUA 3HAUATEJLHO IIPEBHINAaeT BpeMA ONHON NHyJNBCAIMH W COCTAaB-
jasieT okodo 1 9. VYiRe Bo3HMKINas KpususHa ofsafaeT 3HAIWTEJIHLHON
yCTOHIMBOCTBIO K PA3IMIHEIM BOBMYI[EHHAM, B TOM YHCNe H K H3Me-
HEHUI0O TapaMmMeTpoB nyabcanuil. BoaMmokmocrs peryasiun dopMbl
3a9aTKa 3aBHCHT NPe)KAE BCETO 0T TOTO, HACKOABKO 0HA OJIM3Ka K HC-
XOnHOHA dopMe 3aduaTKa MOCIE ONEPANVH: HPH CHNBHBIX OTHIOHEHWIX
dopmut (pacupefiesieHNsT KPUBH3HE) ONEPHPOBAHHOI'O 3adaTRa oOT
HCXOTHON (PopMBI PeryIfANAA He NPOMCXONHT; BOBHMKAIT HegoCcTar-
KH HAW yOBOGHUWA dacTeil.

Taxum 06pasoM, H3IMEHEHUSA TeoMeTpHU (I{pHBHBHH HOBerHoc'm)
3a9aTHa 00pasyT HEKOTOPHIHE COGCTBEHHEI ypOBEeHB, ABTOHOMHEIN
OTHOCHTEJIbHO YPOBHA 6oJiee OBICTPHIX ABMKYIMHX cHI MOpdoreHesa.
venno Takas OBYXYPOBHEBOCThL W ofecmedWBaeT pPETYISATHBHOCTD
Mopdorenesa THIPOMAFHEX IOJIULNOB B JpHIIeBCKoM cMbicae. J[las
IUPONOJNIOB MOKHO BEIIEJANTEL U Gosee BHCOKMe ypoBHE ¢ Gouee
Me[JIeHHEIME IeDeMeHHKIMY, BKJIIOUYAafi, HampEMep, MeTabGommieckue
nepecTpofikY, W3MeHeHHA BHEITHUX ycaoBui m 1. 1. Ilpomecch stEx
YpOBHEI MOTYT neHcTBOBATH KaK MYCKOBHE WiId GaoREpylomme dak-
- Topel MopdoTeHe3a, HO COfep:KaT B cebe MaJjio IPOCTPAHCTBeHHOM
coerEdEIHOCTE B MOTYT GHITH 6e3 Gompmoro ymepGa M5 NOHAMAHHAA
co0CTBEHHO Mop{oTreHesa HOPHHATH 33 HOCTOSHHEE.

ITpm ¢popMEpoBaHAN OCEBHX OPTaHOB y 3apojnmel aMpubuii Mo k-
HO HAMeTUTL aHaJOTWYHEE, XOTA H WHEE N0 KOHKPETHOMY COMepHa-
HHIO YPOBHH,

HanGonmee MejmeHHEI®E NIPOLECCH — 3TO0 HPOLECCH XIMIGeCKHX
npeo0pasoBaHuil, Befymue K BOSHNKHOBEHHIO UM YracaHuwio MHAYK-
IIHOHHEIX CBOMCTB, a TaKKe HOMIETEHIWH THaHEe# K HX BOCHPHATHIO.
JTo eme He caM MopgoreHes, a JHIIL €ro MpeAmocHIKA. XapaKTep-
HOe BpeMs DTHX mporeccoB y amPpmbmii — JeCATHA 9YacoB.

IIpomycTwB moka NPOMERYTOUHEIH ypOBeHB, oXapaKTepHayeM:
ypoBeHL Hambosaee GHICTPEIX HPOIECCOB. JTOT ypoBeHb IPefCTAaBIeH,
o HamieMy MHEHWI, KOHTAKTHOH WmoJdspusanumedi KJIETOK — mepefa-
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4eif 0T OJHOU KOHTAKTHPYIOImEH RIATKH K APYToi MopdOJorudgecKoi
HOJAPU3AIMA H CBA3AHHBEIMA C 3THM CyOMUKPOCKOIHICCKHEMH M MO-
JeKyNAPHBIMH TIpoleccaMu (cOopKa MHUKpoPHIAMEHT M MHUKPOTPY-
Gouek, mepecTpoKM B MeMOpaHaX, aKTHBAIMA CcHHTe3a Oegka Ha
yposue tpaHcamiuu [Jlyduncras, Beaoycos, 1977; 3Bapanmmmna
7 ap., 1980]). Ilepenada nomspusanem oT ONHOH KIeTKU K Ipyroi
MOeT OCYIECTBIATHCA B TedeHHe MUHYTH — JeCATKOB MUHYT.
Baarogaps KouTaKkTHO# NONAPUSAIUT BO3HMKAIOT THKHU, IIACTH U
¥ [OJOCH HOJAPU30BAHHLIX H BO MHOTMX CJHYYafAX aKTHBHO [BIIKY-
uuxcs KiaeTox. TakuM o6pasoM, IPONeEcch KOHTAKTHOR MOJIAPH3AIUH
Haubomnee GIEBKE K TOMY, YTO MOKHO OBIo 6Ll Ha3BaTh JABILKYIIAMY
canamu Mopdorenesa. Bmecre ¢ TeM camu mo cebe mporecchl KOHTAKT-
Hoil nmoasipu3andu MOryT 0GecuednTh UMb GIVKHUE TOPATOR MOopdo-
renesa, OuHHM, HaupuMep, MOrYT HOCTPOUTH CIAHTHYIO JaRKJIANKY H3
DOJAAPU30BANNKX KJIETOK, Koropag 6ymer HOPManbHO auddepeH1y-
poBarbcs, HO 3Ta 3aKiafka OymeT obiamaTh HelpaBUabHOM, mpoms-
BONIBHOI ¢opMON M PACHOIOKEHHEM,

Camm mo cebe mpolecch KOHTAKTHON Hoaspusanuu He ofecmevd- -
BalOT APUHIEBCKHUX peryisanuil. OUbITH HOKa3LIBAKT, YTO K JPHUIEB-
CKHM PerynAnuaM cIocoOHbI JHHb Te yIacTKE 3MOpPMOHATBHLIX TKa-
Hell, B KOTOPHIX y:Keé K MOMEHTY OLEepanuy BOSHWKJIHM 9eTKHe TOIO-
JoTHYecKye CTPYKTYDHI — IOJIs KJIeTognkhix HaTssxenuit [Bemoycos,
197961, 1. e. 3aKOHOMEPHHM 06Pa30M PACIONOKEHHBe THHKHE U MOJO~
CHl PACTHAHYTHX IOJAPH30BaHHEIX KiaeToR. Cpemm mEx ocobenHo
XapaRTepHBIM oOKasajicsl Halop JHHWUE HATOKEHUH, pPacceKalouIuX
oMOpHOHANbHbE THAHH — TAK HashiBaemble Kpocc-nuuun [Bemoycos
n ap., 19761

IHepmonsl racTpyasinmm # nefipyasumu XapaxkTepHayoTCs, He-
CMOTpA HA ¥W3MeHeHHA (GOPMHI 3apoAblla B Ipejesax 3THX CTajaHi,
TOIOJOrMYeCKY WHBAPHAHTHHIMY NOJMAMA HaTAKenuit, B mepuoy ractpy-
JANMYM HA TONePevHHX CeUeHHAX depes 3apPOJbIl KPOCC-IUHMHM OT-
CYTCTBYIOT M HATSKEHHS NOKAJIN30BAHK, 38 HCKJITOYeHAEM [0PCaJHHOM
ry6e OmacTtolopa, TOMLKO Ha IOBepXmocTH 3apopsima (puc. 23, A).
ITepexon K meiipynsnuu 3HaMEHYETCA BO3HUKMOBEHHEM [0PCOMEIH-
alBHOI'O IIyUYKa Kpocc-nuuuil (puc. 23, 5), KOTOPHIl B Tedenne Helpy-
JANAE PACcOIMPAETCH M BHXOAUT K OGOKOBHIM CTeHKAM 3apoibIiia
(pue. 23, B). B Konne nepuona Hefipyasinuu eguHoOe Iode HaTHREHH T
pacceKaeTcs PAIOM HoUePedHHX Kpocc-nmuuit (pme. 23, I', D)., Camn
no cebe HOJA HATAKEHMI BOBHHKAMOT B pe3yabTaTe KOHTAKTHOH IOJA-
pU3al¥H, HO MPOTEKAIOMell B yie YCTAHOBJIEHHOM paHee, IIDeIIGECT-
BylomeM Hode HaTsurenuit, [locae cBoero BO3HMKHOBEHUS TIOJNe HATH-
skenmit obaamaeT CTpyRTypHO#l YCTOWYHMBOCTBIO: e€ro TOLOJOTHS He
H3MEHSeTCs, HAalpUMepP, IPH YAaJeHMM Wil A06aBACHUM yIacTKa
TKanu, B gocraTodno pasBHTOM IIOJIE MPONECCH KOHTAKTHON MOJAAPHU-
3apud MPUOGpPeTanT OmpedeNeHHyI0 JOKAJN3AIUI0 ¥ OPUEHTHPOBRY.
B cBsizu ¢ pTHM, 38HaA CTPYKTYPY LOJA, MOKHO HpeABUIETh X0y pas-
BATHS Ha OOMmafuil 0Tpe3soR BpeMeHH. XapaKTepiuoe BpPeMs Cymie-
CTBOBAHHA TOMOJOTHYECKY WHBADUAHTHOTO IaCTPYIAANUOHHOTO WIH
HeHPyJANMAOHHOIO IHOJA — YacH. 3a 9T0 BPEeMA HOATOTABIMBACTCH
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A — crajtua racrpyiisl,

B — nepexof K HelpyaAmuus

B — pannas Hellpyaa;

I' — nospHAA Helipyaa;

I — cragun panHe#l XBOCTO-
BoM TOYKH;

A — B — nollepeuyHble CPe3bl;

I' — cararTaJIbHER cpes;

M — ¢poHTANBHBINA Cpes.

HupHBIT KOHTYP — OCHOBHBIe

JMHUY HATAMKEHNA, MYHKTAD—

MeHee ~ HaTAHYTble IOBepX-

HoCt., CTpEeJKU YKasHBaoT

HnanpaBjieHMe BXo@a JIYYKOB '

Kpocc-imHud [Benoycor m

Ap., 19761

Puc. 23. Tlona KINeTOUHHX HATHHeHWH Y 3apojmnieil TPaBAHOH JArYIKH

OTHOCUTEARHO OhcTpas TomojiormyecKas TpadcdopMaiusa — IOCTpoe-
HHe HOBOTO IO, CTPYKTYPY KOTOPOTO MOKHO NpegBHAeTh MCXO0AA
U3 CTPYKTYPHI TPe;KHEro IoJA.

TaxknM 06pa3oMm, IO XapaKkTepHHM BpeMeHAM CBOMX NepeMeHHEIX
U 10 BHYTPeHHell ycTONUMBOCTE W CAMOMETePMHHUPOBAHHOCTH CBOell
DBOJIIOIAU TIoJf HATSAKEHHWIl MOTYT PacCMaTPHBATHCA KaK CaMOCTOS-
TeIbHH#A ypoBenb. OH ABAAeTCA TPOMERKYTOYHEM MLy YPOBHEM
Gojiee GHICTPHIX NPONECCOB KOHTAKTHON HOJAPHU3ANUU, CONOCTABUMEIX
KaK 1o CBOEHl CKOPOCTH, TAK M IO CBOEMY PAaCHpOCTpaNsoneMycsd
XapaKrTepy ¢ POCTOBHIMH TYJAbCANUAMH Y THAPOROIUNOB, H yPOBHEM
HanGoxee MeQJIEHHHNX NPOTECCOB PA3BUTUA — YLacaHUsi KOMIETeHI[HHA
U UHAYKIMOHHREX cnocobHocTeil. [ToaToMmy oH MosKkeT GBITH COOCTABUM
¢ ypoBHEM TeOMeTPHMUYECKHX HePecTpoeK Y THIPOUHOB.

Habpocanmasa KapTHHA TpexypoBHEBOH CTPYKTYPH ABYX BechbMa
TANeKUX ApYT OoT Opyra MopdoTeHe30B IPH Beeill CBoell CXeMATHIHOCTH
MOKeT TpedCcTaBlaATh ofmuii unrepec. Kamunil ypoBenb UMeeT CBOXO
COGCTBEHHYI0, WeTKO onpenesumyo ¢yuknuio. Bepxumii yposenmn —
9T0 ypoBeHb (AKTOPOB, 3amyCKAWIUX HJIH OIOKHpPYIOIMNX Mopdore-
HEe3 I 0TYACTH OmpeJeJANX ero TeMI. JTOT YPOBeHb COREPIKUT, IIO-
BHIMMOMY, OYeHb MaJji0 WU BOBCe He COMEP/RAT MHPOPMANUU O TPO-
CTpaHCTBeHHON cHenuduInOCTH MOpdoTeHesa.

Crenyiomuii 3a HHUM ypOBeHb — HTO YpPOBeHb TeOMETPUYECKHX
WJId TOMOJOTHYIeCKUX NpeoOpasoBaHHNI MHOTOKJIETOUHBIX CTPYKTYD.
HNmenno ¢cTpyKTypHO# YCTOHIABOCTHIO 3TOTO YPOBHA 06eCmednBaioTes
JOPUIIeBCKUE DPeTYIARNN.

Haxoren, Ha ypoBHe Haumfoiee OEICTPHX IPOIECCOB JIOKAJIM30-
BaHO TO, YTO MOKHO HA3HBATH B IPSAMOM CMEICHE ABYKYIEMA CUIAMHA
(Mexanuamamu) mopdorenesa. Hopode, BEIWIeHAIOTC S yPOBHN NYCKOBHX
$aKTOpPOB, PeryiAndN M ABWAKYMHEX CHAX MopdoreHesa.
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