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yjiiTpacTpyKTypa napHorD h oxjiaacseHHoro MHca 
n e p e s  3aMopajKMBaHMeM

B napHHx nojiyTymax (aepe3 20-30 mhh. nocjie yöon) BOJiOKHa 
Mbimiibi njioTHo npMJieraKT spyr k spyry, mho$ möpmjijih hx KaK npa- 
BMJio paccjiaÖJieHbi: xopoino pa3SHHHMbi A, I  h H shckm , tgmhhô Z  
h M nojiocKM. B capKOMepax mmo^ hÖphjiji othctjimbo bhhbjihmtch mho-  

3MH0Bbie h aKTHHOBLie npoTOi|)MÖpHJiJiH. CapKOJieMMa njioTHo npHaera- 
öt k MHinê HOMy BOJiOKHy, aspa pacnojioseHbi HenocpescTBeHHO nos 
oöojioqKOä h HMeioT TOHK03epHMGTyio CTpyKTypy. Messy mho$ hÖp h s -  

jiaMH xoporno pa3JiĤ HHH npocTpaHCTBa, 3anojineHHbie 3epHHCTOii 
Maceos GapKonjia3MH. CocysH, pacnososeHHbie Messy MbiineqHbiMH bo -  

SOKHaMH B COeflHHHTeSBHOTKaHblX JipOCJIOHKax, GOXpaHeHbl, $OpMeH- 
Hbie sseMeHTH kpobh He pa3pymeHbi.

B nojiyTymax, oxaajKsaBiiiHxcH b TeneHHe cyTOK, BosoKHa sjihh-  
HeMiueM Mbiinsa cnMHbi pa3SBHHyTbi, b oTsejiBHbix ynacTKax OTMenaeTCH 
OTCJioeHHe capKOJieMMbi. Mmô höpujijim Maine hhhx bojiokoh coKpaseHa 
h nsoTHo npMJieraiOT spyr k s p y r y , cTpyKTypa mx csaTM h yiuiOT- 
HeHH (p u e . I ) .  OöHapysHBaeTCH cMemeHHe OTsejiBHbix sseaeHTOB 
pflSOM sesaiHHx mmo$ mÖpmjiji no othouighmio spyr k spyry. HsepHae 
CTpyKTypy pa3pbixjieHbi. CapicocoMa csaTa, MaTpHKc hx npocBeTJieH.
B KpoBeHocHbix cocysax MauienHOM tk3 hm oÖHapysHBaeTCH sacTpyK- 
HHH ÖeJIKOB IIJia3 MbI KpOBM H reM0 JIM3 apMTpOIJMTOB.

Ph c .  I .  OJieKTpoHHorpaMMa ynacTKa MamenHoro BOJioKHa ssHHHeMmeM 
MblDHiU cnMHbi Hep63  cyTKH oxsasseHMH npH 0 , - I ° C
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yjiLTpacTpyKTypHiie H3MöHeHHH 3aMoposeHHoro napHoro Maca 
b n p o u ecce  e r o  xpaHeHHa

Hepe3 cyTKM nocjie Hanajia 3aMopaaHBaHMa nojiyTym BojioKHa 
OTHHeäuieM MHumn ciih h h  coxpaHHioT b  ocHOBHOM to  »e  p acn o jio ïïe-  
HHe, KOH^HrypauHio h cTpyKTypy, h to  h b  napHOM M ace. Mho$ h6 -  

Phjijiu  Mbime^HHx BOJIOKOH pacnojiaraioT ca Ha HeKOTopoM paccTOHHHH 

flpyr OT a p y r a , mx TOHKaa CTpyKTypa o t h c t jim b o  pa3JMHHwa n He 

H3MeHeHa (pac. 2 ) .  Ha OTaejiBHux ynacTK ax BHyTpn MuuieqHbix b o -

jiOKOH oöHapyHHBaiOTca 3HaqHTejiBHue MexaHimecKMe noBpe&seHHa -  
pa3pUBH MMO$HÖpHJIJI. IIOBCeMeCTHO OTMeHaiÖTCH ÆeCTpyKTHBHHe H 3- 
MeHeHua capKonjia3MaTHHecKHx MeMöpaH n capKocoM , a T ao ce  p a 3 -  

pHXJieHHe GOeflHHHTejIBHOTKaHHX npOCJIOeK.

P h c . 2 .  yqacTOic MHinennoro BOJiOKHa flJMHHeämeii muihhh ciihhh 
qepe3 cyTKH nocjie  Hanajia 3aMopaæHBaHHa 

napH H xiD JiyTyi

Hepe3 3 Mec. xpaHeHHa 3aM opoieHHoro Maca b  MHO$HÖpHJiJiax 

MUineHHHX BOJIOKOH BUHBJIHlOTCa yHJIOTHeHHUe yqaCTKH npOTOÇHÔpHJI- 
JiapHux GTpyKTyp, b  ocHOBe KOTopux JiestHT arp era iiH a  nejiux rpynn
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ÖejiKOBHX hhtöü • P a 3BHBaeTCH a r p e r a s  npoflOJiBHO och mmo^ hÓ- 

PHjiji h Höcht jioKanBHHíí xap aK T ep . Pa3Mepa arperupoBaHHHx y n -  
JIOTHeHHHX y^iaCTKOB aOCTHraiOT B ÄJIMHy 0 | B TOJIlllHHy -  
0 ,1  JU  (pHC . 3 ) .  KOHAbI npOTO$HÖpMJI^ paCXOÄHTCfl H3 30HH 
yriJiOTHeHHH Beepoo6pa3HO b  pa3HHe CTopoHu. H apasy c  chubho 
yiDIOTHeHHHMH y^aCTKaMH B MHOÇMÔpMJIJiaX OÖHapy&MBaiOTCH TaKÄe 

oTsejiBHbie 30HU crymeHMH npoTû$H6pHJiJi -  líeHTpu Ha'îHHaiomeHCH 

arperaiíH H . A rp e ra  mioHHHe M3MeHeHHH ÖejiKOB oöHapyacnBaiOTCfl He 

TOJiBKo b  MHO$MÖpHJiJiax, ho h a p y ru x  cTpyKTypax BOJIOKHa, 
qame B o ero  b  n a p a x . B nocjiesH nx ohh bhhbjihiotch b Bnae jioicaJiB-
HHX ynJIOTHeHHH BHyTpHHaepHHX CTpyKTyp. B HeJIOM, T0HK3H CTpyK- 

Typa MHO$M0pMJiJi, 3a HcmiioqeHHeM arp em p oB an H u x y^acTKOB, x o -  
porno coxpaHHeTCH. CoxpaHaeTCH B3awMHoe pacnojioaceHne mmo$ hö-  

pHJiJi oTHocMTejiBHo ap y r a p y r a , a T a ra e  pa3rpaHHMeHH0CTL hx 

Ha capKOMepbi.

MbmmH cniiHH 3a moposehho ro  napH oro MHca qepe3 3 uec.
xpaHeHHHi

I  -  jioKajiBHan arperaiiHfl npoTo^HdpiuniHpHbix CTpyKTyp; 2 -  3 0 hh

ynjiOTHeHHH npoTO$Hdpoa
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^ e p e s  6 M ec. xpaHeHna MHca, 3aMopo&eHHoro b  napHOM c o -  

CTOHHMH, CTeneHB arperaiiHOHHHx H3MeHeHMË yciuiH B aeT ca: oTMe- 
^eHO donee 3HaMHTenBHoe cnnaHiie rpynn panoM neacamax npoTO- 
$HÖpHJiji Ha y aacT K e, nacTO 3axBaTUBaMineM no sjuw e 2-3 ca p ico -  
Mepa ( p a c .  4 ) .  ToHKaa cTpyKTypa mho$ hÖphjiji b noaaBjiaiomeM 
ÖojiBuiHHCTBe ynacTKOB MbuaenHHX bojiokoh xopouio co x p a H e a a . IIo- 
BCeMeCTHO BHBBJIBIOTCa SeCTpyKTMBHhie M3MeHeHHH MeMÖpaHHHX CTpyK- 
Typ h capKocoM , a b oTßenBHbix yqacTK ax OTMeqaioTca MexaHnqe- 
CKHe pa3pyiiieHMH mho$ möphjiji.

Phc. 4 .  yq acT O K  Mhiiuequoro BonoKHa flJiHHHeüiueft Muninn cnHHH 

3 a mop o s e HHo ro  n a p H o ro  M aca qepe3 6 M e c . xp a H e H n a : 

I -  CHJiBHaa jiO Ka jiBH aa  a r p e r a n n a  npoTO $üöpH Ju i; 2 -  xopomo 

coxpaH H BüiH eca c T p y K T y p a  MMO$MÖpHJUiapHux denicoB

Hepe3 9 M ec. xp aH eH w a , Hapamy c HannqueM b  MbiiiieqHHx 

BonoKH ax noKajiBH H x a rp e m p o B a H H H x  y q a c T K O B , oÖHapyacuBaiOTca 

HeöojiMiHe ÆecTpyKTMBHHe H3MeHeHHa b  c T p y K T y p e  Mno$nÖpnjiji, 

Bb ipasa io m ueca b  noaBneHHH MHoacecTBeHHoii a rp e ra p H n  dejiKQ BH x 

HHTeii, HeÖOJIBUIOM pa3pHXJieHHH npOTO$H0pHJIJiapHbIX cTpyKTyp H 

HanaJiOM pa3pym eHHa 2 —nnacTH H O K .
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y jilt  pa c t py kt ypHBie H3MeHeHHa oxjiaifleHHoro 3aMopoæeHHoro 
MHca b nponecce xpaHeHMH

»

Ilocjie 3 M ec. xpaHeHna MmuenHue BoaoKHa M aca,3aM opoxeHHoro  
b oxuaæseHHOM coctohhmh, 3HanHTeaBHo pa3flBHHyra. Mmo$m6phjijih 
mx njioTHo npHJieraioT a p y r k a p y ry  m H axo saT ca  b  coKpameHHOM co- 
cToaHMH. B oTflejiBHHx yqacT K ax ohm noBpeæaeHH KpacTajuiaMM a B a a .  
IIoBceMecTHo BuaBJiaiOTca aecTpyKTHBHHe H3MeHeHHa capnocoM  h MeM- 

öpaHHbix cTpyKTyp. B MHO^HÖpnaaax H ad asaaeT ca  3Ha*iHTeaBHoe k o -  

aanecT B o njioTHHx arpernpoBaH H ux yqacTKOB, pacnoaoieH H H x a o -  
KaaBHO no äänne BoaoKHa (pue. 5 ) .  B neaoM TOHKaa CTpyKTypa 

MH0$HdpHJiJi n ao xo  pa3aHqHua, BcaeacTBH e 3HaqnTeaBHoro ynaoT H e- 

HHa hx CTpyKTyp, z-naacTHHKH MecTaMM p acn aan ci» . Mexcay mmo-  

$HdpHaaaMH h BHyTpH hx odHapyraBaroTca HedoaBuine HenpaBiaaBHoä 

$opMu nycTHe noaocTH , ocTaBinneca Ha MecTe aoK aansaunn K p n cT aa-  
aoB a B a a .

Pue. 5 . SaeKTpoHHorpaMwa MunieHHoro bojíoKHa saHHHeîiiiieâ mheiih 
cnHHH oxaasaeH H oro  3 aM o p o m rao ro  Maca qepe3 

3 M ec. xpaaeHM a:

I -  aoKaaBHaa a rp e ra m ia  npoTo^nôpiuia; 2 -  MMKponycTo t h  Ha MecTe 
aoKaaM3ai{MH KpncTaaaoB ä s s ä
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Hepe3 6 Mee. xpaüeHHH MHca b  MMo$Hdpiuijiax MuineqHNx b o jio -  

k o h  HapHTiy c iu io th h m m  arperüpoBaHHHM H yqacTKaM H  npoTofH dpH JiJiH p- 

h h x  GTpyKTyp noBceMecTHO odHapyHHBaeTCH h x  MHosecTBeHHaa a r p e -  
rauMH ( p a c .  6 ) .  ^acT o  HaÓJHoaaeTCH n e p e x o s  KpynHtix oqaroBH x  

yruioTHeHHM npoTO$M dpnjui b  MHOEecTBeHHbie jiOKanBHHe c jih h h h h  o t -  

TiejiBHHx yqacTKOB ph ^ om jieaamMx dejiKOBHx HHTea. IlepBOHaqajiBHaH 
cTpyKTypa mmo$ h (3p h j ij i  no^BepraeTCfl c m jilh h m  H3MeHeHHHw: z - n j i a -  

c t h h k h  noBceMecTHO pa3pym eH H , npoTO$H<SprajiH b  OTuejiBHbix y q a cT -  
Kax nopBaHH. OaHOBpeMeHHO Meaay npoTo$HdpHJLnaMH w MHO^MdpMji- 
JiaMH BHHBJIHÍOTCH nOJIOOTH HenpaBHJIBHOM (JopMH pa3JIHqH0ÍÍ BeJIHqHHU -  
MecTa ji0KajM3aiiHH KpncTaJuioB

P h c .  6 .  yqacTOK MHmeqHoro BOJiOKHa auMHHeMmea mhuiuh c h h h h  

oxjiaacaeHHoro 3aMopoEeHHoro Maca qepe3 6 Mee.
xpaHeHHH:

I  -  pa3pHBM IipOTO$H(5pHJIJI Ha MeCTe JI0KaJIM3amiM KpHCTaJIJIOB JIBfla

K 9 M ee. xpaHeHMH npoiíeccH arperaiíM, npe#cTaBJieHHHe 
MHOffieCTBeHHHMH flH$$y3H0 pacnOJIOffieHHfcJMH yilJIOTHeHHHMH npOTO- 
$HdpHJIJIHpHhlX CTpyKTyp 3HaqHTejIBH0 yCMJIHBaiOTCH, BCJieflCTBHe 
qero iipohcxohmt pe3Koe pa3pHXJieHHe mho$móphjui, noflBJieHue b 
hhx 3HaqHTejii>Horo KOjmqecTBa HedojiBiiiHx nojiocTea, HapyuieHMe



u e jio cT H o cT H  npoTO $H < 5poa. C 'ip y K T y p a  mho$ h (5p h ju i b  3H aqnTe j ib h o ü  

C TeneHH H apym eH a. M exay  Müo^HdpüJDiaMi! b h h b jih ío t c h  KpynHHe n o -  

j io c t h  c HepoBHHMH KOHTypaM H, MecTaMM BKjiHHHBaíoinMecfl Henocpea- 
CTBeHHo b  MüO^HÓpHJUiti.  B 3TM x xe y n a c T K a x  OTMeqeHH M exaH H w ec- 

KHe pa3pymeHHH mho$ h (5p h j i j i .  «TcHJiMBaiOTOH T a K x e  aecTpyKTH BH H e 

H3MeH6HHfl B MeMÓpaHHHX C T p y iíT y p a X  M CapKOCOMaX.

B O O  bl

M c c j ie f lO B a H H H  n o K a 3a j i H ,  q i o  b  n p o n o c c e  x p a H e H M H  3 a í i o p o -  

x e H H o r o  M a c  a  a y T o n H T M q e c K H e  n p o i í e c c u  p e 3 K0  3 a T o p M o x e H H ,  a  

r ip O M C X O ^ H IU H e  B M H flieqH O Ü  T K a H H  H3M6H6Hü H C B H 3 a H H ,  rJ ia B H H M  o d -  

p a 3 0 M , c  M e x a H H q e c K H M H  H a p y m e H M H M H  h a r p e r a n H O H H H M H  n 3 M e H e -  

h h h m h  d e jiK O B  M a c a .  X a p a K T e p  h  C T e n e H B  a m x  H 3 M e H 0 H H ü  b  3 H a -  

M H T e jiB H o M  M e p e  3 3 B H C H T  o t  p a 3 B H T H H  a y T O J iH T ü q e a K H x  n p o i í e c c o B  
b  M a c e ,  n o c T y n a io in e M  H a  3 a M o p a x H B a H n e .

Tan, npu 3aMopaxoaHHH napHoro Maca, HecaoTpH Ha 3 HaqH- 
TejiBHue MexaHH^iecKHe HapymeHHH b  i í g j i o c t h o g t í ! MuineAHux b o j io k o h  

KpacTajuiaMH Jitaa, h x  yjiBTpacTpyKTypu coxpaHHioTCH b  npoiíGcce 
X p a H 0 HM H 3 H a M H T e J IB H 0 Jiŷ íUIG H dOJIGG flJIHTeJIBHOG B p G M fl,  M0M npH 
3aM0paiHBaHHH MHCa B CTaaHH nOCMepTHOrO OKO^GHGHHfl.

IlpH  XpaHGHHH MHC3,  3aM 0p0XGHH0r0 B CTaflHH nocM epTH oro  

OKOqGHGHMH, yXG K 3 MGC• 0<5HapySHBaGTCH CHÍBHO p a3 B H T aa  ao- 
K a jiB H aa  a r p a r a i s  npoTO$HdpHJuiHpHLix ó g j ik o b ,  3axBaTH Baio inafí p e -  

JIHG nyqKH  Óg j ik o b h x  HHTeM no a m e  MHO$HdpüJiJi. K aTOMy x e  B p e -  

M0HH HaquHaGT pa3BH BaTBCH  h MH0XGCTBGHH3H a rp e ra ijH H  B c c r o  

npoTo$H dpH JiJiflpH oro  a n n a p a T a . C n e a y e T  n o a a r a T B , m o  yicasaHHbie

H3MGHGHHH CBH3aH6I C ÓOJIGG HH3K0Ü BJiaroyaepXHBaiOmeM CnOCO(5- 

HOCTBB dGJIKOB, KOraQ 3HaqHTGJIBH0G KOJIMqGCTBO CBH3G0 MOXGT npM- 
HHMaTB yq acT u e b  n p o n ecce  a r p e r a ^ « .  XaJiMHGHHG g p o k o b  xpaHG- 
HHH TaKOrO MHCa CBblie 3 MGC. npHBOaHT K 3HaMHTGaBH0My yCHJIG-- 

h h io  arpGrapHOHHíJx H3MeHGHHií•  lipa s t o m  xapaicTep arperamui m b h h -  

g t c h  -  OHa pacnpocTpaHHeTCH Ha b g c b  npoTO^HdpHJiJiHpHHtf annapaT  

H H3 JIOKaJIBHOit nepexOaHT B aH$$y3HyiO, BcaGaCTBHG TaKOÜ arp G -  
rauüH cTpyKTypa MHo$MdpHJiJi b  i í g j i o m  pG3K0 pa3pHXJiHGTCH, p a 3 r p a -  
HHqGHHOGTB Ha CapKOMepH CTMpaGTCH, Z-nJiaCTHHKH $parMGHTH- 
py»TCH. B pe3yaBTaTe y e h j ig h h h  arperamiOHHHx H3MeHeHn¿í n p ow cxo- 

anT n ep ep acn p eaeaeH u e B a a rn  c  BHxoaoM ee Kan Mexay n p oT o^n d-



pHJL&aMH c oöpa30BaHHeii Tau HedoaBniHx itpucT aaaoB , TaK h iieacsy 

MHo^ndpaaaaMM c  yBejmqeHHeii pa3MepoB yæe HMefomnxca TaM Kpn- 
CTajiJioB. IIepeKpHCTajiJiH3aiíHH boæh b  n a c e ,  3aMopoæeHHOM b  c T a -  
ä h h  nocuepTH oro 0K0^eH6HMH? B03pacT aeT  k  6 M ac. h n p o r p e c c n -  
pyeT b  n p o ijecce  saaBH eainero xpaH em ia M aca, nTO npHBoaHT k  

3HaMMTeJIBHHM fleCTpyKTHBHHM HapyHI6HHBM, HOCaiUHM nOBCeMeCTHHa 
xapaK T ep .

TaKHM oöpa30M , H3BecTHoe M3 jiHTapaTypti pe3Koe noHHaceHHe 

BJiaroysepÄHBaiomea cnocoÖHocTM MopoaeHoro Maca mokho odsacHMTB, 
npeafle B c e r o , pa3BMTHeM arperaiiHOHHux H3MeHeHnä deaicoB h c b b -  

3aHHHMH c  3TMM aBaeHMBMH nepepacnpeaeaeH H a Baarn, a Taa s e  y c a -  
aeHHeM aecTpyKTHBHiix np on eccoB  npn xpaaeHHH M aca.

BíánoaHeHHHe HccaesoBaHMa n o j a a n ,  <íto  b M ace, 3aM oposeH- 
HOM B OXaa»aeHHOM COCTOaHHH, no CpaBHeHMK) C napHHM 3aM0p0SeHHHM, 
arperaiíHOHHtie h aecTpyKTMBHue M3MeHeHHa BtipaaceHbi d o aee 3HawM- 
TeaBHo m b  n p o n ecce  e r o  xpaHeHna nporpeccHpyioT doaee HHTeH—
CHBHO,
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