MOP®OTEHE3 HJIETOUHbLIX IIJTACTOB

K. 3. Il soxommuros

OnmmeM pocT M ABWKeHME KIGTOK TKAHM B Iponecce 5MOpPHOHAIBHO-
T'0 Pa3BHTHA 'KEBHX OPraHN3MOB. Hycn; Q' — ofmacTh B TPeXMepHOM
OpoCTpaHCTBe, 3aHMMaeMas [JAaHHOM TKAHBIO B MOMEHT BPeMeHHU f.
BrifepeM mexoTOpyw QUKCHEpPOBAaHHYK o61acTh & B APYroM IpocT-

paHCTBe, PafMyCH-BeKTOPH KoTOporo o6osHaumm campoioMm § = (&,
&2, Eg). Torma maMeneHme mpoCTPaHCTBEHHO- BPEMEHHOTO pacnonome-

HUA TKAHHE MOH(HO omncath, BBOAA QYHKUMIO § TaKyo, 9T0 z =

=yt E,), ez =Q), £ 8. Jlpyrauu, croBamu, QyEKEA J
B Ka;KllLIIrI MOMEHT BpeMeHH 337iaeT 0To0pasKeHHe (bmwnponamiou 06-
aactu E ma Q. Ilo xony msnoskenmsa 6ymeM molarats, 9To y o6iamaer
HYKHOH cTemenbio riapxoct. Kpome Toro, Gymem cqman, 49r0 Cy-
mecTByeT oGpaTHOe o'ro6pa;1cenne z E=2z (t, m) e Q, §E =.

Brbepem B Q Maisiii oTpesok d2' ¥ BEICHEM, H8 KAKAX KOMIOHEH-
TOB CKJIafgHBAeTCS ero maMeHeHme. BymeM paccMaTpEBaTh TKaHb Kak
CILTONMIHO® 1eN0e (He NPHEMMAA B pacder KIOTOYHO® CTPOGHHE), Ma-
TepUaIbHKM HAIOJHEHHEM KOTOPOH sBifeTcA cuelupwIecKasd IUTO-
maasma. [Ipm aTom mog 9Q' GyAeM DOHUMATH MHOKECTBO TOCK ITOBePX-~
HOCTH, KOTOPHE OTrpAHMYMBAIT AAHHYI0 TKAaHb.

PaspennM mponece pocTa HA CKANAPHKEA ¥ BeKropHuH. Ilof cxa-
nAapunM GymeM NOHMMATh TAKOH POCT, IPA KOTOPOM KJIETOYHEIE felie-
HUA OPOMCXOAAT GeCHOPANOYHO, TAK UTO yBeJUYOHHE PAZsMepOB TKa-
HU BO BCeX HAIPABIeHUAX MPOMCXOTUT ofMHAKOBO. OGO3HAIMM dYepes
Vo MHTeHCHBHOCTDH CRadsApEOro pocta. Ilpm vy <<0 npomexogur pas-
HOMepHOe COKpaleHne pazMepoB TKaHM. ¥ cJioBHO Gy/eM caMTaTh, 9T0
9TO 9acTHHIE caydair pocra. [log BexTOpHEIM 6YIIBM MOHHUMATh DPOCT

B HAUPABJCHUH eIMHHYHOrO BEKTOpa N ( (|n|=1). NnteHcuBHOCTSH

pPOCTA B HANIPABIGHRH 72 0GOBHATHM Yepes v, 4 B nepnemmxynapnom
HaNaBIEHHN Yepes v, . B KauecTse 3axoma pocTa BuGepeM IpoCTeii-
Ilee TPeION0YKeHRe: H3MeHeHHe dIeMEHTADHOIO OTpe3Ka di' B Te-
YeHEe BpeMeRM df TpPONOPHMOHANBHO JJIMHE CAMOrO OTpesKa dz'.
[liist onvicamus IBWKeHHA KIOTOK TKAHM BBEJeM BOKTOPHOe moie V =
=TV (t ¢'), ¢ = Q, obospavamwmee cKopocTs Amresna. Torna
YyPABHEHHe, ONMCHBAOMEe POCT U ABIKEHMe TKAHM, MMEeT CIELyio-
AR BU:

62xt

v, ol
T, (o vi) by + (v — Vi) g + —

69:; aﬁj ’ (1)

rie 8,z — cumBon KpoHexepa; mo mOBTOPAKMAMCA HHIEKCAM Ipen-
H0JIaTaeTcA CYMMHpOBaHHe.

O6oszraunM depes a = a (I, m) TIJIOTHOCTE HEKOTOPOTO BeilecTBa,
TOTIA ypaBHeHHMe GajJaHCA 2TOT0 BemecTBA B 0GIACTM TKAHM HMeer

caexyomuil Bux: da/dt + div W= P, rge P — HMCTOYHHK BEIecTBa.
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ITorox BemectBa W craagniBaeTcA H3 JBYX qacren. BO-IIEPBHX,

ay
mepeHoc BemecTBa ¢O cKopocthio C =C (t, )= 8”; g3, 55 BeaeHCT-

BHe IPOLecCOB POCTA B JBM/KOHHMA TKAHH, BO-BTOPHX, AU(Qy3HOHHELA
HepeHOC, TaK 970

g a =
- + 5= (Ca) = Doha + P, @)

rae D, = const > 0 — rosppunument guddysun. R

BBegenme B ypaBHeHEE (2) wiIeHa IepPeHOCA CO CKOpOCTHIO C 08-
Ha9aeT, Y70 OHO KAaK OH BMODOKEHO B THAHB M JBHIAETCA BMeCTe C
Heo. Taxkada BMOPOIKEHHOCTH He 03HAYAET, YTO BEMECTBO HE MOKET
auddyHINPOBATE B IpeAeiaX TKAHH,

Bynem OPEANOTAraTh, T0 BEMECTBO MOKET HOKMAATH 061acTh To-
Kanusanun TkaEM Q wepes rpanmny 4Q! mo saKoHy

da

(X, —Da—ai:‘) LQ, =—0a(4— a)|yh 3)
rme o = o (I, :c) A = A (¢, x) — sajanEHe HA 0Q' HeoTpHUATEND-
HHle QYHKUUH, & § — eUHHIHAA HopMaJb K MOBepxHoCTH 0L,

[lpn o = 0 moTok BemjecTBA Ha rpaHANe OTCYTCTBYeT. DyHKIUA O,
TakuM o0pasoM, xapaKTepusyer CTemeHh NPOHUIAEMOCTH T'DAHHUIH
0RQ! nusA BemecTBa @, 8 A — IIOTHOCTb BEIECTBA . BHE 061acTH pac-

HOJOKeHHSA THAHM.
Ilepeiinem & OI[HOMepHOH peanwsanun MOJIeJIK. Iyems ' = Q' =

= L)< L), L< LhEeEE={E:0<E< 1}, Tor-
o2z d() 9zt
na , YpapHomme (1) mepemmmercs B Bupe: - % =57 —or WH

—-5;— —-C(t z'). HEMH cioBaM#, B OHOMEpPHOM c.nyqae pocT ¢ ’H-

TeHCHBHOCTBIO S = OC/0z' MOMKHO PACCMATPHBATH KAK PACTANEHHE
TKaHK €O cKopocTvio C,

WsBecTHO, 9TO mpM pocTe TKAHM BKEYIO, POJb UrPaeT ALepHO-
NUTONIA3MATAIECKOe OTHOLIEHNE, CTPeMAmeecs K MOCTOAHCTBY B Ipe-
menax tKauM [Tymanmmsunu, 1965]. Beegem gpyuruuio a = a (¢, ),
KOTOpas OMACHBaeT WIOTHOCTE ANEPHOTO MaTepmala B TKaEM. Torga,
YIETHBaA (2), AAA ¢ MOKHO 3AHUCATH CIeAYKINee ypapHCHHE:

2 (Ca)=P. )

CTpeMmieEre K HOCTOAHCTBY AepPHO-IIUTONIASMATAYECKOrO OTHO-
IIeHAA MO;KHO OLUCATH CledyIImuM 06pasoM:

% =k(ajar— 1), )

rme k = const >> 0, @, = const > 0 — HexkoTOpoe moporoBoe 3Ha-
4eHNe BeJMYMHH AfepHOro Martepualia. llpm a > a, mpoucxozur mo-
JOKUTEIBHHH POCT, IPHA @ < a4, — oTpHnaTeabuni. TaxuMm oGpasom,
JOKAIBHOE yBeJMIeHHE (BHIIe HOPOTa) ARePHOro MaTepHaia NPEBOJHET
K POCTY IMTOILIA3MbI, B Pe3YIbTAaTe 9eT0 4 —> &,.
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BeamuuHy a MOKHO EHTEPUDETEDPOBATH (ojlee MIMPOKO KaK (ak-
TOP, OTBETCTBOHHHIA 32 poct TKauy. McroYEmKoM BemecTBa a ABJA-
0TCA KISTKM JAHHOH TKAHW, HNJIOTHOCTh KOTOPHX P OIpefedsieT UH-
TeHCHBHOCTH 00pasoBaHmsa 4. YunTnpas (4), (9), a Tak:Kke mpeRmoiIa~
ras, 9T0 @ cmoco0Ho K pupysuu ¢ KospduuuenroM Ly, TOIYIUM CH-
cTeMy ypaBHemm BKI[&.
da g 7} oC .
St g (Ca)=Dagr + Py o (Cp)=R, 5o =S5, (6)
rae P B obmem caydae ABJasAeTcA QYHKuued p, § = k (a/ay — 1).
‘l'ak Kak pOCT TKAHH, 8 TAKKe JleJleHHe KIeTOK OIpPeleATCA (QyHK-
yueit S, Doao;xuM fanee, 4ro K = pdS.

B pansueitmeM, ciexys paGoram psga aBropoB [Weiss, Kovanau,
1957; Gierer, Meinhardt, 1972; Meinhardt, Gierer, 1974l, mog a B (6)
6ynQM DoApasyMeBaTh aKTEBATOP pOCTA TKAHH, a LOJ h — MHTHOR-
TOp, M3MEHOHHS KOTOpOI‘O OIMCLIBAGTCA YPABHEHHEOM

t’)h

B ((’h) = Dy 7+ O O
rae Dp = const > 0 — woadpuymenr guppysun; (@ — HUCTOUHHK
UBTHOATOPA.

I3 skenepumenTanbunx nabaomennii [Child, 1941 Yaianm, 1948]
HaJ pasJWdHOro poja GMONOrHIeCKHMEH o6$ema1\m H3BECTHO, YTO B
HMX CYLIECTBYIOT I'DAAMEHTH BeINECTB, HASBAHHHE (U3MOIOrMYeCKH-
ME rpagMenTaMu. B paborax mo MATeMAaTHYECKOMY MOMLeIMpPOBAHHIO
runpt | Wolpert, 1969; Boasmept, 1970] aToMy pakTy npmrpaeTcs 6oab-
moe 3HAYeHWE, CTH PPATWEHTHl YCTAHABIMBAIOT B TKAHMW CHCTEMY
KOOPAWHAT, OTHOCHTOJBHO KOTOPOil Kammas KIeTKa 3HAeT O CBOEM
HOJ0KeHNH IO OTHOMI®HHIO KO BCell KIOTOYHOH NONYyIANHH.

Wrax, chopmynupyem caepyomyo s3agasy. llocrpours perenepu-
PYOIIYI0 TKAHD 3aAEHOA AAMHAK B TepMHHEAX aKTHBATOP — MHIMOH-
TOpP TAK, YTOGH B CTAUHOHADPHOM COCTOAEMH HMEIH MECTO TPATUeHTH
aKTHBaropa mid muruburopa. Peremepannsi DOHEMAEGTCSA B TOM CMEIC-
e, 9TO OpH JAIOOKX HapYMHeHAAX THAHb BOCCTAHABJIMBAGT CBOIO Hep-
BOHAYAABHYIO JJHHY, KOTODAA OLpe/e’AeTCA HapaMeTpPaMH ypaBHe-
HUW ¥ He 3aBHCUT OT HaYaJbHBIX JaHHBIX.

Cucrema ypasmenuii (6), (7) oumcwBaeT pocT TKAHYU B OJHOMOPHOM
clydae; ee MO;KHO yOpPOCTHTB, mojarag R = pS u p = comnst > 0,
TOTJA OCTAETCA [Ba ypaBHeHMA [JA aKTHBATOpa M MHruburopa.

HooppmuaTE rpaHUYHEX TOYEK TKAHHE [, ¥ [y YIOBIETBOPAIT ypaB-
HeHUAM:

azz1 dl

=C(t ), SL=Ct ). ®)

qubman rpam@gHoe yciaoBme (3), mMeeMm

Da ‘Z%L::ll == O [a (t7 ll) _— A]_], Da %L—- Oy [‘42 —a (t, ZS)]; (9)
h _ZTZ- x=lg = Bl [h (t’ ll) —Hllv Dh% FI':"BE [Ha—h(t, lg)];

IAe ay, O, Py, P2, A1, A9, Hy, Hy = const > 0.
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Ha pume. 41 mpuBefieBH pe3ylIbTaTH YACICHHOT'0 pacdeTa CHCTEME
ypaBHermiz (6)— (9). Dnuium psifpann creaylomue sHa%eEUA Qi Be-
auauH u pyurnmi: P= 0,5 — a?/h — 2a; Q = a® — h [Meinhardt,
Gierer, 1974]; § =025 (a —1); A, = A, =H, =H, = 0; a, =
=ap=0; Py=Pfy = 0,5 Dy = 0,04; D = 1; I; = 0. Cuer upo-
BOUJICHA BIJIOTh 10 YCTAHOBJIEHHA cTAnMOHAPHOro pemerusd. Ha acnm-
ITOTHYECKOIl CTAfMW pasMep TKAHA OPHHMMAET BIOJHe OIpefielieH -
Hoe 3HadeHWe l =1,28. C momMompi0 MeTOma YCPeTHEHNA BeJIHYHH
a ¥ h 0O OPOCTPAHCTBY MOKHO AHAJIMTAYECKH MOKA3aTh HAJIRYHe ¥
TKAHU ‘CBOMCTBA pereHeparuu UpH oupefeleEHOM BHOope mapamer-
poB cmcTemn ypasHeHH# (6) — (9).

Pemesnne, npmBegernoe Ha puc. 41, mosBoifer paccMaTpPUBATH
moo0HOro poga TKAaHb KAaK 3IeMEHTADHYI0 efUHHUIY OpPraHM3MAa B
nenoM. Crenys mpeam Munn [Mintz, 1971], opranmsM MokHO npen-
CTaBUTh B BHIe aHCaMOaA sieMmeHrapHnx TKaHei. JomycTum, gro
IOCTPOeHA OTHEJBbHAS dJeMeHTADHAS THAaHh, HAIPDHMEp, TAKAad, KaK
Ha puc. 41, Torga oHa GymeT MMeTH BIOJIHE ONpeeleHHHE pacupere-
JeHMA AKTHBATOpa H MHrmOmTopa. lomyetum, 9To yciaosue Audpde-
PEHUMPOBKE KIeTOK THKAHE OIpedeAeTCA HeKOTOPHM IOPOrOBEIM
3Ha4YeHMeM BeJIMYMHE AKTMBATOPA MM MHrAGuTopa. Torma Boe Kiert-
KN, HaxogAmuecs B objactm co 3maveHHmeM axTHBaTopa (MHruGH-
Topa), 66IbMNM TOPOTOBOR BeJIMYAHE, HPe0GpasyIoTes B HOKOTOPHE
HOBHe KJIeTKH, KOTODHE Hapady CO CTapHME AKTHBATOPOM M HH-
ruburopoM GyAyr BepaGaTHBATH HOBHE BEINECTBA AKTHBATOPA ¥ WH-
ru6uTopa IS HOBOH TKAHM, KOTOpas OyHeTr pacTH B OmpefesleHHOM
HAIPABJGHWH N0 OTHOIIEHMIO K mepBoii. Takmm o6pasoM, AcXons us
OTHeJbHOA TKAHHW, MBl MOKeM
a HOCTPOHTE JA106yI0 3afaHEYIO (hop-
———4 MY, & TO9Hee, AIIIPOKCHMUPOBATH

£=] ee ¢ aoGoli Hamepen 3agaHHOM
TOYHOCTEI) HabopoMm OTHENbHBIX
5IeMOHTAPHHIX TRaHe#d. 37ech He-
SIBHO IpejumoJaraercs, 9To B Ka-
9eCTBE 3JIeMeHTADHOX TKAaHU B
TpexMepHOM IPOCTPAHCTBE KOOP-
JUHAT Geperci  OmHOMepHaA
1 CTPYKTYpa (HampmEMep, Hapaiie-
Y 455 7 lenwnen Wid HWIWHAD), Pacmpe-
JlelleHVe aKTHBATOpPA M MHTUOHTO-
pPa B KOTOpPOX OJHOPOJZHO B Home-
pedHOM HamupaBieHuH. MosxHo,
O0-BEAUMOMY, PacCMOTPeTh Gollee
! o6mui cixydail, Korga pacmpefie-
lleHHe aKTEBaTOopa M MEruburtopa

!
Y5 ————

—_

— s W
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Puc. 41. PesyapTaThHl YHCIASHHOTO pe-
MeHEsA CHCTeMH ypapHeHHH (6)—(9),
ONNCHBAIOMEH AMHAMHKY POCTa OfHO-
MepHOli »JAeMeHTAPHON TKAHH
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Puc. 42. PeayapTaTH 9UCIEHHOTO POINeHUA CHCTEMEl YPABHEHUY, ONMCHBAIOMIEH
[UHAMAKY DasBATHA CTPYKTYPH, COCTOSINEN M3 TpPeX DHIEeMEHTADHHX THaHeld

B 5JieMEHTAPHOR TKAHM HOCHT CYMIECTBEHHO [BYMepHHIH AN Tpexmep-
HH# xapakrep. B cuiIy cBoficTBa pereHepanuu OTIeJbHOR daeMeHTAD-
HO# THAHM M BeCh OPraHW3M B IeJIOM, KAK aHcaMbabp TraHed, GymeT
Taxe 06IamaTh CBOWCTBOM pereHeparMu.

Mpeio nmocTpoeHusa mpoMsBOJNBHON TKAHM B Bume HaGopa OTHednb-
HHIX 2JIeMeHTAPHHX TKaHEH mpOMIIIOCTPHpPYeM Ha OpUMepe PelleHHs
sagauu Boasmepra [1970] o TpexuBernom ¢aare. Ha puc. 42 npusepe-
HO YACJIeHHOe pelleHMe CHCTeMH ypaBHeHu#H (6) — (9), KoTopas omu-
CHBAaET POCT KaKIOH m3 Tpex TKaHell. CdeT mpoOBOAMICS BOIIOTH A0 yC-
TAHOBJEHHA CTANMOHAPHOrO pelleHHA, IPH 5TOM B Hayalle GplIa 3a-
HaHa mepBaf TKaHb, U3 KOTOpPO! BHIpAacCTaja BTopas, a U3 BTOpOit —

TperA. PocT BTOpOi TKaHW HauMHAETCA B 06MACTH, TfHe g, => as) =

= 1,21, pocT TpeThell — B o6aacTH, rHe a, > a = 1,21. Ioporo-

Bhle 3HAUCHMA AKTHBATOPOB aﬁp), aép) ompefeasnT o6macTa, B KOTO-

PHX KJIeTKH nepBoil TKaHm AAdPepeHNUpPYOTCA B KIGTKH BTOPOH, a
KIeTKH BTOPOil — B KIAGTKM TpeThedl TKaHU. BruiM BHGpaHH ClIegyro-

mue 3HAYeHWA BeJWYHH M pymkmmir: P; = 0,5 — ai/h; — 2a;, Q; =
=a} —hy, 8;=0,25 (a;—1), 4V = 4P = HP = AP =70,"{f=
— a(l) =0, D(l) = 0,01, D(i) ﬁ(l) ﬁ(l) ﬁ(l):! =1, 2, 3

B = B® = 0,4, p® = 0,3, l‘” 0

139



