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maBa 1

dunsnonorna pocrta Bonoc

Donnuxynapuotit Mopgozenes. 3a4aTK BOJOCAHBIX (POJIIMKYIOB HaYMHA-
IOT PAa3BUBATHCA MOCTIE 8 Hell BHYTPUYTPOOHOM XU3HU. OHM IPOUCXOIAT U3 IK-
TOZIEPMBI, 13 KOTOPOW 06pa3yloTCs TaKke 3MUIePMUC, TIOTOBBIE U CalbHbBIE JKe-
ne3bl (CXK). Cneunanu3upoBaHHbIe Me3eHXMMaJIbHble KJIeTKU OPTraHU3yHITCA B
MaJleHbK1e CTYIIeHUA-KOHIEHCAThl HEeIOCPeICTBEHHO 107 6a3aabHOW MeMOpa-
HOM, CTUMYJIUPYS BbIIIEJIeKalye SMUTeINaJIbHble CTBONIOBbIC KJIETKY /I NHBA-
TMHAIWH ¥ TeHeTPaluy BIyOb ZepMbl, GOPMUPYS 3UePMaTbHbIA OPUEHTHD.
ONuepMaIbHbIA OPUEHTUD NPOAOJKAET POCT HUCXOAALIErO MIPUIOKEHUS KOXK-
HOTO KOHJeHcaTa, GOopMUpYIOIero AepMalbHbIA BOJOCAHOHN cocouek (IBC).
BepuvHa 3nuiepMasbHOTO OPUEHTUPA CTAHOBUTCA MAaTPUYHOM YaCThIO BOJIOCH-
HOM JyKOBULbL. KieTku QoIuKyISpHON MaTpuUllbl TEPMUHANBHO AUpdepeHin-
PYIOTCS BO BHYTpPeHHHE 000JI0UKY KOPHS U CTePXeHb BOJIOCA, KOTOPBIN BBIXOAUT
Ha MOBEPXHOCTh KOXU [1].

ITepBbIe BOMOCHI GOPMUPYIOTCA y IUIOZA K 22-1 Heflesle CHavYasia B 06J1acTu
cKasbIa. [ToABIAIOTCA TOHKME 3aPO/bILIeBbIe BOJIOCH! (JIAHYT0), KOTOPBIe pacpo-
CTPAHSIOTCS BOJHOUM OT JIOOHO¥ /10 3aTHIJIOYHOM 00JIACTU CKaJbIla; Ha 36-11 Hefe-
Jle OHY BBINAZAIOT. JIaHYTO MOABJIAITCA IOBTOPHO U 3aTeM BBINAZAIOT HA 3—4-M
MecsIe MOCTHATaJIBbHOTO pa3BuTHsA. [IoTeps BOJIOC HA 3aThUIKe, HabmonaemMas y
MJIaZieHIieB, 0ObIYHO Pr3noIornIecKas M HaCTyIaeT BCIeACTBHe CHHXPOHHOM I10-
TepH TeJIOTeHOBBIX BOJIOC JIAHYTO; OOJIbICEHNE B 3TOM 30HE COXPAHAETCS 10 3aMe-
HBbI 3TUX BOJIOC HOPMaJbHbIMU (puc. 1.1).

IToce TOTepH BOJIOC JIAHYTO B 00JIACTH CKaJIbIIA MOABMAIOTCA BOJIOCHI IBYX TH-
TI0B: TePMUHAJbHbIE (IIOCTOSHHBIC) U IYLIKOBbIE (BeJIyCHbIE). TepMUHAIbHBIE
BOJIOCHI — ZiamMeTpoMm >0,03 MM U B THY >1 cM; 0OBIYHO OHH TUTMEHTHPOBAHBI
Y COLlepKaT CepALIeBUHY — MO3rOBOE BellieCTBO, WX MeZlyJlly. TepMUHaIbHbIE BO-
JI0ChI B 3aBUCMMOCTH OT I1aMeTpPa BOJIOCSHOTO CTePKHA KIaCCUPUIUPYIOTCS KaK
manenbkue (0,031-0,06 mm), cpenaue (0,061-0,09 Mm) u 6onbimue (>0,091 Mm).
TepMuHANIbHBIE BOJIOCH!, MUHUATIOPU3UPOBAHHEIE /10 pa3Mepa BeJUIIOCHBIX, OIU-
CHIBAIOT KAK MYIIKOBBIE BOJIOCHI; X MOXHO HAOJIO/IATh TIPY THE3THOH ajomnenyn
(TA) nnm aHgpOreHeTNYeCcKoy rnorepe BOJIOC. TepMUHANIbHBIE BOJNOCH! YKOPEeHs-
IOTCS B OZIKOKHOM TKaHU WM TJIyOOKO B /ilepMe, B TO BpeMs KaK MyNIKOBbIE — B
BEPXHUX CJIOAX KOXW. B HOpMe Ha O[VH IYLIKOBBIN BOJIOC IIPUXOAUTCS CeMb Tep-
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Puc. 1.1. MNoTepsa Bonoc Ha 3aTbliike y pebeHKa 3 Mmec

MHUHQJIbHBIX. BOJIOCBHI MOXXHO CYMATATh 30POBBIMY, €CJIX MYIIKOBBIX BOJIOC HA IO~
noBe He 6onee 14%.

ITymkoBbie BOJIOCHI — MajleHbKue, AnamerpoM <0,03 MM U B IIMHY, KaK IIpa-
BUJIO, <1 CM; OHU He coJepXaT MeJlaHWHA ¥ MO3TOBOTO BewecTsa [2]. VicTuHHbIE
TMYIIKOBbIE BOJIOCHI MIMEIOT TOHKYIO BHEITHIOI 000JIOUKY U HECKOJIBKO BBICTYIIAIOT
HaJl TOBEPXHOCTHIO JIepMbL. Besiyconono6HbIe BOIOCKI — € O0Jiee TONCTOu 060-
JIOYKO¥ KOPHS1, 60Jiee IIMHHBIE, TIPOCTUPAIOTCA TIIy0XKe B IEPMY FUTH MOAKOKHO-
KAPOBYIO KJIETYaTKy. Y MYIIKOBBIX BOJIOC (POJUIUKYIAPHbIE CTENbI PACIIOIOKEHbI
B BEPXHUX CJIOSIX JIePMbI, TEDMUHAIbHBIE (KaTareHOBbIE UM TeJIOTeHOBBIE) JIO0
MUHUATIOPU3UPOBAHHBIE BEJTYCOMON00OHbBIE BOJIOCH HAXOAATCS B OOJiee HU3KUX
ee cnosx [3].

IIpu poXIeHUU KOJIMYeCcTBO BOJNOCAHBIX (oyukyaoB (BD) Ha rosose mak-
CAMaJIbHOE U3 BO3MOXHOIO B TeYeHMe JKM3HU 4eJIOBEeKa; TO eCTh INIOTHOCTh BD
caMasi BbICOKAs Y HOBOPOX/IEHHBIX; B IEPUOZ [IeTCTBA ¥ FOHOCTU OHA IIPOrpeccu-
pyIolle YMeHbIIAeTCs U3-3a yBeJndeHnsd pa3Mepos depena. CpegHsAs MIOTHOCTh
B® Ha rosioBe y HOBOPOXIeHHOro cocrasisgeT 1135 Ha 1 cm?, K 30 rogaM OK0JI0
615 cm?, k 45-70 romam — 320 [4]. [Ipu 3TOM IJIOTHOCTb BUAMMBIX BOJIOC B 00-
JIACTH CKaJiblia y yesoBeka B Bo3pacre 16—40 et MoxeT BapbupoBarh OT 190 z10
450 Ha 1 cm%. B HOpMe Ha BOJIOCHUCTOW YAaCTH TOJIOBBI MMEETCS MPUOIU3UTENTh-
HO 100-150 TBIC. BOJIOC, HA TYJIOBUIIE — OKOJIO 5 MJH [5].

[TosiBNISASICH B TIEPUOZ BHYTPUYTPOOHON XKU3HU IJI0/Ia CHAYajIa Ha roJioBe, 3a-
YaTKU BOJIOC HAa 4—5-M MecsAle pa3BUTUA MeJJIeHHO PACIPOCTPAHAIOTCA O KOX-
HOMY ITOKPOBY Ha CIlMHe ¥ XuBoTe. Yncio BO B KoXe reHeTUYeCKu 3anporpam-
MUPOBAHO. B TedeHue xu3Hu HOBble BD He 00pasyroTcs. YesloBeK P POXKIEHUN
TIOJTHOCTBIO TOKPBIT 3apOABILEBEIMU BOJIOCAMU JIaHYTO. Ilocie poxieHus u B
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TeYeHe [ePBOro rofia JXU3HU BOJIOCH! HA IOJIOBE PACTYT CUHXPOHHO. ITosararor,
4TO BOJIHOOOpA3Has 3aKJIaZika BOJIOC CIOCOOCTBYET TOMY, YTO BOJIOCHI B 30HE 3a-
TBIJIKA BIIOCJIEICTBUM CTAHOBATCS HEYYBCTBUTEIbHBIMU K JIeMICTBUIO aH/IPOTreHOB.
B TeyeHue NpeHATAJbHOIO Mepuoja UMKIbI pa3Butus BD CMHXPOHHBIE, HO B
IIOCTHATAJIbHbIM NIePUOJ OHU 3aMEHAI0TCA aCUHXPOHHBIM TUIIOM LIUKJINYHOCTH,
KOTOPBIV MMeeT MO3an4HbIi XapakTep, 1 Bce BD pa3BuBaKOTCA He3aBUCUMO JPYT
OT Zipyra.

HoBbIe BOJIOCHI paCTyT BO BpeMs KaXXI0ro HOBOro 1ukiaa BD, nocienosarens-
HO BCTYyIas B IIePUOJ POCTA, Perpeccuu 1 NOKosA (COOTBETCTBEHHO aHAreH, KaTa-
red u tenoreH). OT 90 10 95% BOJIOC Ha TOJI0Be HAXOAUTCA B CTaZiM aHATEeHA.
V3MeHeHVs B [JIMHE BOJIOC MPOIOPLMOHAIBHBI IPOAOKUTENIBHOCTA aHareHa
M 3aBUCAT OT JIOKAJM3allMK BOJIOC Ha Tejie. AHareHoBas ¢a3a BOJIOC, PaCTyLINX
B 001acTU CKaymbma, Aiutcs ot 1 o 7 jnet. CpemHsis CKOPOCTh pocta — 1 cM B
MecCsALl; IPU 3TOM JIJIMHA BOJIOC HA r0JIOBE MOXeT focturath 12—-84 cM. Bosockl
B 00sacTy OpOBeit HAaXOAATCS B aHareHe 8—12 Hep, HA HOorax — 19-26 Hen, Ha
pykax — 6-12 Hen, Hax BepxHeli Ty00i — 4—14 Heq v OBIBAIOT IOBOJILHO KOPOT-
KAMH [6].

Takum 06pa3oM, y BOJIOC, PACTYIIMX HAa TOJIOBE, MPOAOJIKUTEILHOCTh IUKJIA
MaKCUMaJIbHasA. [[IuTeNbHbIA aHareH CMeHsaeTcsl KOpoTkuM (1o 10-14 nHen) Ka-
TareHOM U [1epexXOJuUT B TeJIOTeH, KOTOPBIX MOXeT IPOZA0JKAThCA OT 2 110 4 Mec,
710 Pa3BUTHA HOBBIX aHAr€HOBBIX BOJIOC.

Cmpyxmypa eonocanozo ¢oanuxyna. Mopdonoruuecku BD cocrour u3s
JIByX 4YaCcTell: YKPeIJIeHHOTO B KOXKe KOPHS BOJIOCA U CBOOOAHOTO HAPYKHOTO
CTePXKHA.

KopeHsb BoJioCa 3ajeraeT B KOXe MeXIy 3IMUAePMUCOM U JepMOu. Y OCHOBA-
HUS OH YTOJINAaeTcs, 00pa3ys JYKOBWILY; B HIKHEW 4aCTU JIYKOBHIIBI UMeeTCs
B/IaBJIeHUE, B KOTOPOM HaXOAUTCA KOXHBIM COCOYEK. B BepXHeu 4acTy JIyKOBULbI
ecTh HeOOJIBIIOe YTOIeHe — TaK Ha3biBaeMasi 30Ha bulge (J1at. BBIMYKIIOCTH), K
KOTOPOH KpenuTcs MbIIILA, HoAHUMAtoLas Bonoc (musculus arrector pili); Bblie
pacIoJIoXeH Iepelleex, KyJa Brnazaer BeIBOAHON PoToK CXK. Cienyer yTOUHUTS,
YTO MBINILA, IOAHUMAKOWASA BOJIOC, OTCYTCTBYeT y pecHul [31]. JlnnHa pecHUn
MOJKeT OBbITh TIOKa3aresieM 310poBbs. F. Pazhoohi u coast. (2020) ycranoBmm,
4TO MPUBJIEKATEHLHOCTD JJIMHBI PECHUL] COTJIACYeTCs C UX HBOJIOLMOHHONU QYHK-
[IMOHAJILHOCTHIO B OTHOIIEHVY ONTUMAJIBHOM JJIMHBI [JIA 3aI0UTHI I1a3. JliuHa
PEeCHHUII COOTBETCTBYET mepeBepHyTOl U-00pa3Hoii pyHKINHY, TPIUYEM CaMbIe BbI-
COKMe 3HayeHus JOCTUTalOTCA IPYMEpPHO Ha YPOBHE OZHOW TPeTH LIMPUHBI IJ1a-
3a. IHTepecHo, 4TO CYLIeCTBYeT Pa3HULIA MEXY JULAMU MYKCKOI'O U JKeHCKOTO
I10J1a, YTO FOBOPUT O TOM, YTO XOTS B LI€JIOM PECHULBI C OITUMAJIbHBIM COOTHO-
IIeHeM CYUTAIOTCS OoJiee TIPUBJIEKAaTeIbHBIMU, 3TO MPENOYTeHre He SBJISeTCs
VICKJTIOUMTEIbHO OMOJIOTMYeCKY a/JalITUBHBIM SIBJIEHUEM U MOZIBEPKeHO BIIUSHUIO
KYJIbTYPHBIX HOPM [32].

CxematuuHoe u3obpaxenne BO npencrarieHo Ha puc. 1.2.
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Puc. 1.2. CrpykTypa donnukyna

HOPMA/IbHbII LMK/ POCTA BONOC

Huknndeckoe QYHKIMOHUPOBAHKE BOJOCIHOTO (POJIMKYJAa HOCUT PErysp-
HBII XapakTep U OTPa)kaeT U3MeHeHHe aKTMBHOCTU CMHTe3a BOJIOCSHOTO BOJIOK-
Ha. B cBsA3u ¢ 3TuM Kaxaas ¢pasza pocra BO umeet cBou MOpHOPyHKIIMOHATBHBIE
ocobenHoctu (puc. 1.3). Xotsa Mmopdorenetudeckoe GpopmupoBanre BO kak op-
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Puc. 1.3. Unkn pocta Bonoca. Apabckumn undppamm o603HaueHbl pasbl MopdoreHesa, Kpyr
B LleHTpe oTobpaxaeT noBTopALWMUAca nocsie MopdoreHesa LMK BONOCAHOro Gponnmnkyna
(no [31, 32]). ABC — pepmanbHbIi BONOCAHON cocovek; BM — 6a3anbHaa membpaHa; BBK —
BHYTpeHHee Bnaranuie KopHsa; MMNB — mbiwua, nogHumatowasa sonoc; HBK — Hapy»kHoe
Bnaranuwe KopHs; C?K — canbHasn kenesa; LLIB — waxTa Bonoc ; BO — BonocaHom donnuvkyn
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raHa IIpoucxonuT 1 pa3 B XU3HU, IIUKJI ero pa3BUTUsA [TIOBTOPSAETCA MHOTOKPATHO.
MopddoreHe3 1 IUKJINYHOCTb — pa3Hble ABJIEHNUS, UMelolre pa3indHbie MOpdo-
JIOTUYeCcK¥e ¥ MOJIEKYJIsIpHbIe 0COOEHHOCTH.

Haubosnee BeipakeHHbIe MOPGODYHKIIMOHANBLHBIE U3MEHeHUsI TIPOUCXOMSAT B
¢da3y anarena, Korna HabIIOAeTCS KOMIIEKCHOE BOCCTAHOBJIEHME VUM pereHe-
pauus HUXHero cermeHTta B®, ero nuknupyromei (HUKJINYeCKU pereHepupyro-
1ei) yactu (cM. puc. 1.3).

®opmupoBaHMe aHATeHOBBIX BOJIOC HAYMHAETCA C AKTUBALMM TPYIIIBI SIIN-
TeJIMaJIbHBIX KJIeTOK B HAapy)XHOM Biaranuuie KopHsa (HBK) xepatmHOLMTaMu
TesoreHoBOro Bd, Ha3BaHHBIX BTOPUYHBIM 3aPOZBIIMIEBBIM BOJOCOM — TeJiore-
HOBOH 3apOZBIIIeBOM eANHULIEH (TeJOreHOBBI FePMUHAJIBHBIN IOHUT), KOTOPAad
JlaeT HAYaJI0 MAaTPUYHBIM KjieTKaM. OOMeH CUTHAJIbHBIMU MOJIEKYJIaMU 3aCTaBJIsA-
€T BTOPUYHBIY 3aPOJBILI HAPAZY C KOKHBIM BOJIOCAHBIM COCOYKOM MUTPUPOBATH
BHU3 B KOXY. /IBC cHTHaNM3UpyeT MaTPUYHBIM KJIeTKaM 00 aKTUBALUY TIPOJIU-
depauuu u pocte BBepx, AudpdepeHIUPys UX BO BHYTPEHHee Baraiuiie KOpPHS
(BBK) u ctep:xenb Bosioca. O6bem JIBC ompezenisieT pa3Mep BOJIOCSHOTO CTePK-
Hs. TepMUHAbHBINA aHareHOBbI BA mpoHMKaeT TIyOOKO B KOXY, MPOCTUPASCh
110 TIOAKOXXHOM )KUPOBOU KJIeTYATKHU.

B ¢a3y aHareHa pocT Bojioca uieT HerpepbiBHO. Pactyme B B kietku mo-
CTEIIeHHO TepAIT A/pa U KepaTUHU3UPYIOTCA. JlaBiieHue, CO3Zaroleecss BHYTPU
BHEIITHe COeMHUTEIbHOTKAHHOW 00010uku B® BCiencTBUe HeMpPephIBHOTO
MUTOTUYECKOIO [ieJIeHUs1 KJIeTOK, 3acTaBiisieT BOJIOCHI PacTU BBEPX CO CKOpO-
ctbio 0,3-0,4 mm/cyT |7, 8]. [ToHas KepaTMHU3AIMSA, BKJIFOYAIOMAs B ce0s fieieHne
KJIETOK, CMHTe3 Gesika 1 KaTaboIuyecKoe pas3iokeHre HYKJIeMHOBBIX KUCIIOT, KJle-
TOYHBIX OPTaHeJUI U T.JI., IPOUCXOJUT Ha PACCTOSTHUU He 60jiee 1 MM OT 3apojbliiie-
BO¥ 30HBI KOPH# [9]. B OKOHYaTeIbHOE COCTOSTHE HOBOOOPA30BaHHOTO BOJIOCSIHOTO
BOJIOKHA KJIETKAa KOPKOBOT'O BellleCTBa BOJIOCA MPUXOAAT 3a 2,5 [IHA, IPOWA 3Tall BbI-
COKOAKTMBHOTO CHHTe3a OeJlKa ¥ 9aCTUYHOTO 00e3B0XUBaHMS. COOTBETCTBYIOMINIA
TIepexozi B CBOe OKOHYATeIbHOE COCTOSIHME B POTOBOM CJIO€ KJIeTKa 3MUZepMuca Co-
BepliIaeT mpuMepHo 3a 610 gHeil. BeencTBre Takoro BeICOKOTO Temna auddepeH-
IIUPOBKY KJIETKU BOJIOC OKAa3bIBAETCS YYBCTBUTEILHBIM K PA3IMYHBIM MeTaboIIye-
cknM Bo3zercTrsAM [10]. B Teuenne 1 mec Bosoc BbIpacraer Ha 1,5-2 cMm.

Crnenyioliasi 3a aHareHOM MPOMeXyTo4HasA (pa3a KaTareHa KpaTKOCPOYHA U
3aHuMaer 10-14 nuein.

Kararen HaunHaeTcs B HYKHel yactu BO, BoBekas B IpoLecc perpeccuu mno-
CpenCTBOM aIloNTO3a HIDKeNeXally NUKIUPYIoMmYo 4acTh B — Tak Ha3biBae-
MBIU HYXKHUIA cerMeHT (cM. puc. 1.3). IBC noatAruBaeTcs KBepxy, a OCTaBlIeecs
BHU3Y pa3pylleHHOe MmepudOoIUKyIspHOe TpeBpaniaeTcss B aHrnopudpoTude-
CKUU TPAKT, CBA3bIBAIOIINI (YOJUTUKYJI C MECTOM MPeXKHel aHareHOBOW JIYKOBUIIBI.
Crepxens Bosioca 1 BBK BMecTe cKonb3AT BBepx BHYyTpu HBK, ocTaBisas BHU3Y
BBITHYTYI0 MacCy TPUXOJeMMaTbHOM 000JI0YKM HaPYXXHOTO BJIarajivdina KOPHS.
ATIONTO3 TPUXOJEMMAJIbHBIX KJIETOK OOYCIOBIMBAET BBIPAXKEHHOE CXKaTHe Ha-
PY)XHO# 000JIOUKY KOPHS.
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Puc. 1.4. AnonTo3Hble Tefbla B TKaHW BOIOCAHOTO GonnnKyna

CyxaTre TpUXO0JeMMBbI CONIPOBOXAETCS YTOMIEHNEeM ¥ CMOPIIUBAHUEM OKDY-
XKAIOIIero I'MajJuHOBOrO CJ0A. ITOCKOJNIBKY BOJIOCAHOW CTEep)XXeHb OTCTyIaeT B
TlaTbHeNIeM Bce BBIIIe, eT0 OCHOBaHKME TPeBPAIaeTcs B KIYOOK, OKPY)KeHHBIH
CKOILJIEHMEeM TPUXO0JIeMMaJIbHOTO KepaThHA C PACHOJIoKeHHbIM Hike JIBC [2].

Hecmoco6rocts JIBC B a3y KaTareHa JocTudb 30HBI bulge BO Benet k mpe-
KpaleHno QOJUTUKYIAPHON IMKIUIHOCTU. DTO OTMEYeHO y NMallleHTOB C BPOX-
JIeHHOU MaIy/Ie3HON aTpuXueil. Y TakuxX OOJBHBIX MPOUCXOJUT MYTALUS B TeHe
OOJIBICeHHs1 UM B TeHe PellenTopa BUTaMuHA D, BBI3bIBAIOIIAs TOCTOSTHHOE Pa3-
00ImeHNe BOJIOCSHOTO COCOYKA C 30HOM bulge, 9To BezieT K moTtepe Bosioc [11].

KarareHHBIi1 BOJIOC OOBIYHO COZIEPXKUT allONTO3HbIe KyeTKu (puc. 1.4).

ITocsne xaTrareHa BOJIOCHI BCTYNaioT B ¢pa3y TenoreHa, korna BO co3pesaert
BHYTPH BOJIOCSHOTO KIy6ouka. B® BTATMBaeTcs /10 30HLI bulge — obmacTu mpu-
KpeIlJIeH!s] MBIIIIIbI, ToAHUMatoel Bosoc (musculus arrector pili) BHyTpU Qo-
JIKYJ1a. 31eCh «OTAbIXAI0LIKe» BOJIOCH] 3aK/I0YEHB] B TEPMUHAJIBHBIE 3aPOZbILIe-
BbI€ €IHUIIBI, PACIOJIOKeHHbIe BHYTPU TeJIOTEHOBOTO KiyOouKa. TeloreHOBbIe
3apOABbIIIeBbIe eVHULBI COCTABJIAIOT TPUXOIEMMY, KOTOpas, U3BUBASAChH, KAK 4Ya-
CTOKOJIOM OKpY’KaeT 6a3amronsiHbIe KJIeTKy. TeoreHoBast 3apozblineBasi earHAIA
OTJINYAEeTCS XapaKTePHbIMU NPOABIEHUAMU U He UMeeT BHbIX IPU3HAKOB amoll-
T03a [12]. TesI0reHOBBIIA KITyOOUYeK Mpe/ICTaBIIeH [IeHTPAIbHOWM MACCOM TPUXUTIEM-
MaJIbHOTO KepaTHHa, 3Be3000pa3HOro IpH KCCIefIoBaHUM 00pa3IoB TKAHU MPU
TMIOCJIORHOM TOPU30HTAJIBHOM Cpe3e OGMOICHITHOTO MaTepuaia, OKPYXeH TPUXHU-
JIeMMaJIbHBIM U GHOPO3HBIM BIArajMIeM, COeUHSIOMNM TeJIOTeHOBYIO 3aPOJibI-
IIEBYI0 eIMHULY U BOJIOCAHOU CTEPIKEHb.

Mopdonorudecku ycTaHOBUTb TePMUHANBHYIO cTaauio BO (aHareH, katareH
¥ TeJIOTeH) MOKHO TOJIBbKO TP MICCIEIOBAHUY OOJiee HU3KOH 4acTy QONIHKyIa,
HIXKe YPOBHSA bulge TIpU COOTBETCTBYIOIEM BhisiBieHnu BBK, amonrto3a unu Tpu-
X0JIeMMaJIbHOTO KJTyOOYKa.

B BepxHem B® MOXHO yBUJIeTb TOJbKO KepaTMHU3MPOBAHHBIN BOJIOCAHON
CTepXXeHb, 6e3 BHYTPEeHHUX 000JI09eK KOPHS, TO eCTh BBIIBUTb HAa 3TOM YPOBHE
pasnnuua MeXIy aHareHOM, KaTareHOM U TeJIOreHOM HEeBO3MOXHO.
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ITocie 2—4 Mec TeJI0reHa 3apOZBILIEBbIEe TEJIOT€HHBIE KIIETKU OKYThIBAIOT [IBC
¥ PacTyT BAOJb (POJUIUKYISAPHOTO TPAKTa BHU3, GOPMUPYs aHAreHOBBII BOJIOC [3].
ITocnenyromas MUKJIAYHOCTE PA3BUTHSA BOJIOCA MPOJOIKAETCS HA IMPOTHKEHUN
’KM3HU YeJIOBeKa, I0Ka I03BOJIAeT XKU3HecrocobHoCcTh BO.

ITepBuyHas QyHKIMA KaxkaA0ro BA — npou3BoACTBO cTep)XH:A Bosoca. I1pu
5TOM BOJIOCHI BapPBUPYIOT 110 TOJIIKHE, [IBETY, pOopMe, 3aBUTKY. OTIpeziesieHHas
4acTh BO HempepbIBHO U HE3aBUCUMO TIOJIBEPTaeTCs POCTY, Perpeccy v OT/bl-
Xy. DTOT MpoIecc 06ecrnednBaeTcsi FADMOHUYHBIM COYETaHUeM CUTHAJIBHBIX
MOJIEKYJIAPHBIX B3aUMOZIeNCTBUI. HapylieHue TOHKUX TPOLECCOB CUTHAJIb-
HOU peryyisiuy MOXeT MPUBECTH K oTepe BOJIOC.

MOP®O/10Irvs BO/1I0CA

JeranpHoe usydenre BD mocpencTBoM CBETOBOM MUKPOCKONUYU IIPOJEMOH-
CTPUPOBAJIO ero AUCKPETHYIO LeJIOCTHOCTD. BuiensoT Tpu oTnena BO:
1) KopHeBas 4aCThb C BIATAJUAMHBIMI 00009KaMy (HApyKHOU U BHYTpPeHHEH)
1 JIYKOBULICH;
2) cpenvHHAsA 30Ha;
3) cobcTBEHHO cTepkeHb Bojioca (puc. 1.5).
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KOPHEBOro Briaranmia
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Puc. 1.5. CtpoeHue BonocaHoro ¢onnmkyna
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KopHesas yacmb 8osoca

BonocsaHasa nykosuua

KopneBas dactp pactymero BO comepxut JyKOBUIy BOJIOCA, KOTOPass HAX0-
IWTCA B camoyi HykHel 9acti BO u okpyxaer JIBC (cMm. puc. 1.5). JlykoBuua co-
nepxuT HenupdepeHIPOBAHHbIE, AKTUBHO JIENAIINECS KJIeTKU MaTPHUIIbI BOJIOCA,
KOTOPbIE IIPOCTUPAIOTCA [0 CAMOM MIMPOKOM YaCTH BOJIOCAHOM JIYKOBULIbI, HA3bI-
BaeMOU KPUTHUECKOW imHueir O6epa. MelaHOIUTH 00BIYHO PaCIIOJIaraloTcs B 00-
nacty Bepxyumkuy JIBC. bimxaniue K [eHTpy MaTpAYHbIe KJIeTKU AT HA4aslo
KJIeTKaM MO3rOBOr'0O BellecTBa BOJOCa. MaTpruyHble KJIeTKU BOKPYT LeHTPAJIbHON
00J1aCTH TIPOAYIUPYIOT VAJIMHEHHbIE KOPTUKAIbHbIE KJIETKH, KOTOPbIe CTPeMSITCS
BBepX, GOPMUPYS Pa3BUBAIOIIUIICS BOJIOCSAHOM CTep)KeHb. Bhlille B KepaTOreHHOM
30He 3TU KJIETKU YIUVIOTHAKTCA, IPeBPallasAch B TBEPAbI KepaTyH. BHeIHN Kpau
MaTpUYHBIX KJIETOK pOpPMUDYeT KYTUKYIY Bosoca U okpyxatouiee BBK. Kytukyna
IIOKPbIBAeT BOJIOKHO BOJIOC 6—10 C/10AMU KYTUKYJIAPHBIX KJIETOK, HAKJIa/bIBAIO-
IUXcA Apyr Ha Apyra. KjeTku KyTUKyJIbl KepaTUHU3UPYIOTCA U BBIZIBUTAXOTCA Ha-
PYXy U BIlepen, CLeIUIAACh BHYTPU BBICTYIIAIOMIMMU KJIeTKaMU KyTUKY/IbI BBK.

JIBC, OKyTaHHBI MAaTPUYHBIMU KJIETKaMH, COTEPXUT GuOPOOIACTHI, CBA3KU
KoJutareHa, pUOPOHEKTHH, TIIMKO3aMUHOTJIMKAHbl U MeJIKHe KPOBEHOCHBbIE CO-
CyAbl. DTO — MPOJOJDKEeHNe JepMabHOrO BJArajuina, KOTopoe okpyxaer BO.
Kommyectso kinetok JBC ompezesnseTr pa3mep BOJOCAHOIO CTEP)KHA U BBI3bIBAET
dopmupoBanue BO.

30Ha pocTa BHYTPH JIYKOBHIIBI, OKPY’KAIOIIasi COCOYEK BOJIOCa, 0OecrieyrnBaeT pocT
BOJIOCAHOI'O CTePXHA. IIIOPUNIOTeHTHBIE MaTPUYHbIE KJIeTKY HYDKHEN 4acCTy JIYKO-
BUI[bl HAUMHAIOT AUPQePeHIPOBATLCS B ee BepXHEeH YacTu Ha IMeCTb KOHIEHTPU-
YeCKUX CJIOEB KJIETOK: TPU BHYTPEHHUX CJIOSI B JIaJIbHEHIeM CTAHOBSATCS COOCTBEHHO
BOJIOCSIHBIM CTEpPXXHEM (MO3TOBOU, KOPKOBBII M 000JIOUKA BHEITHETO CJIOs); 3aTeM
CJIefyI0T TP BHEIHUX CJI0S KOPHS: KYMUKYAa KOpHA, ciou Xaxcau A cuou Ieurne.

HapyXxHoe Bnaranuiie KopHs

KopHeBoe Biarayuie 06pa30BaHO HAPYKHBIMU W BHYTPEHHHMHU 00OJIOYKaA-
mu (puc. 1.6). HBK, nnu TpuxuneMma, He MMeeT IPaHyJIAPHOrO CJI0S, IPA 3TOM
knetkn HBK cozmepskat 60JbII0e KOJTMYECTBO BAKyOJIeid, KOMILJIEKCOB [OJIbIKH,
IJIAJKOr0 U IIepOX0BATOr0 HAOIIA3MATUYECKOTO PETUKYIYyMa, MUTOXOH/IPUN U
IIpyrux KOMIOHeHTOB. B kinetkax HBK HukHelt yact BO nmeercsi 607b110€ KO-
JIMYeCTBO IuKoreHa |13, 14]. IIpeamnonararoT, 4YTO 3TO CBUAZETENbCTBYET O IPOTe-
KAIOI[NX B HUX MPOIeCcaX, COMPOBOXK/IAOIIUXCS MOTPebieHreM SHepruu (Harpu-
Mep, TPAHCIIOPT aMUHOKUCIOT) [10].

HBK mnosBiserca B 0CHOBAHUU JIYKOBUIILI B BU/Ie TOHKOU BBICTUJIKY, YTOJIILA-
ACh 10 Mepe PacupoCTPaHeH!s BBePX K YPOBHIO UCTMyca (Tlepelieiika), e npo-
ABJIACTCA TPUXOJeMMasibHaA KeparnHusauvsa. HBK MOKpPBITO rmajinHOBOU WU
CTEKJIOBUZTHO¥ MeMOpPaHOii, KOTOpasi MPOJI0JDKAeTC s dNKAepMaIbHOM 6a3aabHOM
MeMOpaHo#i, okpyxas IBC.
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Puc. 1.6. CxemaTnueckoe CTpOeHre BONOCAHOTO GONNNKYNa 1N CTEPXKEHD

BHyTpeHHee Bnaranuile KopHs

BBK HaunHaeTcs ¢ cepeuHbI UCTMYCa, PACIIPOCTPAHAACE HA OCHOBAHUE JIYKO-
BULIbI, U BKJIFOUAeT TPU CJIOS: CaMblil BHYTpeHHUU (Ppopmupyet KyTukyny BBK);
cpennuii — cyoi Xakcnu (00pa3oBaH U3 3—4 c0eB KyOOUIATbHBIX KJIETOK) U
BHELIHWI — CJI0M T'eHyie (COCTOUT M3 eIMHCTBEHHOIO CJI0A YAJIMHEHHBIX KJIETOK).
KeparnHusanus cnos I'eHsie HauMHaeTCAa C OSABJIEHUS TPUXOTMAIMHOBLIX IPaHYII
OKOJIO BOJIOCSIHOM JIYKOBHIIbI, KOTOPble pOPMUPYIOT YeTKO BbIPaXKEHHYIO PO30-
BaTYI0 KePaTUHU3UPOBAHHYIO IPYIIILY BbILIe JIYKOBULBL. Jlanee KepaTUHU3UPYeTCA
KyTuKyaa BBK, CHHXDOHHO C kepamunudayued Kymuxynst 60710CAH020 CMEPHCHA
(cm. HUXe). HakoHel, TPUXOIMaJuHOBbIE IPAHYIIBI OABJIAIOTCA B (JI0€ XaKCIy,
CATHAJIM3UPYA O Ha/BUrarouencs Kkeparuuusanuu. Kepatunusanusa BBK 3akan-
YKBAeTCA Ha cepeuHe HIDKHel yacTu B, u 1anee BepXHIOKO NTOJIOBUHY HIDKHEN
€ro 4acCTy OXBaThIBaeT yxxe KeparnHu3nposaHnHoe BBK. ITocienHee OKpyXeHO Ofi-
HUM 1 Oonee ciosimu TpuxoneMmmbl (niv HBK). ToTeHInaapHOE MPOCTPAHCTBO
MEeX/ly BHYTPEHHVMU U BHELIHUMU BJlarajuiljaMy KOPHA Ha3bIBAIOT COMYTCTBYIO-
MM CJIOEM. DTO IIPOCTPAHCTBO 103BOJIAeT BBK CKOJIIB3UTE BBEPX 110 BHEIIHEMY
BJIaraJIvIy KOPHA BO BpeMs pocTa BoJoca [3].

CpeduHHas 30Ha 80/10CAHO20 hONAUKYNa

Cpedunnas 3ona BO npencrasnsiet co60#t pacioiOKeHHYIO Bblllie 30HY OPOro-
BEHMUsI, I7Ie BOJIOC TPUOOpPeTaeT MPOYHOCTL BCJIEACTBIE HAavasla CUHTe3a KepaTu-
HOBOTO Oesika 1 00pa30BaHMs [IMCTENHOBBIX CBA3EH.
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CobcmeeHHO 80/10C

KyeTku BHyTpeHHe 000JIOUKM KOPHs 3aKaHYMBAKOTCS HA YPOBHE MPOTOKA
CXK. BerecTBo BOJIOCa COCTOUT B OCHOBHOM M3 CJIOA OTHOCUTEJIBLHO 0e3BOJHBIX
OpOrOBeBLINX KJIETOK ¥ BHYTPUKJIETOYHOI'O CBA3YIOIIero marepuana. Cexper, Bbl-
ZieJigeMbli PacroiokeHHbIMU psaznoM CHK, cma3biBaeT BOJIOC U IPUAAET 3J1aCTUY-
HOCTb IIOBEPXHOCTU KOXU.

KEPATUHN3ALMA BOOC

OCHOBO¥ BOJIOCA SIBNIsIeTCS OEJIOK, KOTOPBIN cocTaBisieT 85-90% Bceid MacChl
BOJIOCA U TIPEZICTABJIsieT cOO0I KepaTH — KOHIEHCALMOHHBIN MOJIMMep aMUHO-
KUCIO0T. CTepeHb BOJIOCA COCTOUT B OCHOBHOM U3 KePaTUHU3UPOBAHHBIX KJIETOK
¥ CBAA3ylollero Matepuana. @usndeckue U KOCMeTU4eCKre CBOMCTBA CTEPXHS BO-
noca onpezensoT 10-13% Bozawl, KOTOpPbIE COLEPKATCA B KePATUHU3NPOBAHHBIX
KJIeTKaxX BOJIOCA, a TAK)Ke )KUPAMU, TUTMEHTOM U CJIeJOBBIMUA KOJIMYeCTBAMU Me-
TQJIJIOB U BUTAMUHOB.

B cTepxHe BOJIOCA Pa3AYAIOT TPU CJIOS: CPEIUHHBIA — MO3TOBOM (Mmedynna),
KOPKOBBIN (Kopmexc) Y BHEIIHUN (Kymukyaa; CM. puc. 1.6).

Jl7ist TOHMMaHWS MPOSIBJIEHWI TIOPaXKeHs BOJIOC BXKHO TIPEJCTABIATE cebe
CBA3b MpOIlecca KepaTUHU3ALKK C POCTOM BOJIOC Ha MOP(OIOTYECKOM YPOBHE.
Mopdonorudeckasi 3aKOHOMEPHOCTh MPOLECCA KepaTUHU3ALUN BOJIOCSIHO-
ro CTep>KHA U3y4yajach C IOMOIIBIO €8em0o60U mMukpockonuu. KepartnHuzanus
(unu KoHCOMMAALMA) KOpPHeBbIX Biaranuil B® ¢ popmupoBaHueM XeCTKOro
[UJIMH/IPA IPOUCXOJUT HA YPOBHE CepeInHbI BOJIOCAHOM JyKOBUIBI. BHyTpH CO-
eIMHUTEIbHOTKAHHOW 000JIOUKY IUPKYJISPHBIE W MPOJOJIbHBIE KOJIJIATeHOBbIE
BOJIOKHA (pOPMHUPYIOT HAPYXXHbIN MOANEPKUBAIOIINI KapKac, HeoCPeCTBEHHO
npuneraomuii K HBK. Kynonoo6pasuas popma HuxkHeit yactu BO, Kyna nHBa-
TUHUPYeT KOXHBIN COCOUEK, MOAZIePKUBAETCA CO CTOPOHBI ZIePMbI COeJUHUTETb-
HOTKAaHHBIM rejieM M obOecriedyrBaeT COMPOTHUBIIEHME MPOrubaHUi0 6a3anbHOM
MeMOpaHbI 110/ 1aBJIeHUeM JIeNIAMUXCS KIeTOK. B pe3ysnbraTe cuja maBlieHUS
IeAMMXCSA KIeTOK OKa3blBAeTCA HAPABIEeHHOM HAPYKY, BAOJb OCH BOJIOCAHOTO
BOJIOKHA.

B 30He KJIETOK MaTpWKca pacrojiaraloTcs MeJaHOIUTHI, CIOCOOCTBYIOMIUE
OKPAIIMBAHUIO BOJIOCAHOTO BOJIOKHA. KJIeTKM KyTHUKYJIbI BOJIOCA YeJ0BeKa He CO-
llep)KaT MUTMEHTHBIX TPaHyJI, HO OHU OOHAPY)KUBAIOTCS B KJIETKaX KOPKOBOTO U
M03roBoro BemecTsa [10].

Msrkue HeKepaTUHU3UPOBAHHbIE KJIETKU KODBI 10/} BIXSHIEM BHEIIHEero BO3-
JIeiiCTBUSA, KOTOPOE MepeMeliaeT uX BBePX B BOPOHKOOOPA3HOU Gpopme BOJIOCS-
HOTO BJIaTaJINIIA, TPUOOPETAIOT BHITAHYTYIO POPMY C KOHEYHBIM COOTHOLIEHEM
IJIVHA/IIAPUHA, PaBHBIM IpUMepHO 6:1. IIpoMexyTouHble KepaTUHOBbIE BOJIOK-
Ha, CUHTe3upyeMble B XO7ie 3TOTO MPoLecca, OPUeHTUPYIOTCA BJOJb MPOJOIbHON
OCH KJIETKU Y CaMOT0 BOJIOCHOTO BOJIOKHA [15, 16].
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IIpoBenenHoe M. Birbeck u E. Mercer ¢ HOMOIIbIO MPAHCMUCCUOHHOU TIEK-
MPOHHOU MUKPOCKONUY WACCTIel0BaHUe [17] MO3BOMMIO YyTOUHUTH MOCTeAYoLre
0COOEHHOCTH IPOoIlecca KepaTMHU3auu. Bhiio BBIsSBIEHO, 4TO BD OKpyXeH co-
eIMHUTEIHHOTKAHHOW 000JIOUKOW, COCTOSIIEN M3 KOJUIareHOBBIX BOJIOKOH C BBI-
COKOW CTeIleHbI0 IPOCTPAHCTBEHHON OPraHU3aLun. DnuTeIraibHble KieTku HBK
douKyna OTAeNIeHbl OT COeUHUTETBHOTKAHHOM 000109KY 6a3aIbHOM MJ1aCTHH-
KOU; KOJIIaTeHOBbIe BOJIOKHA, MPUJIeXalre K 6a3aIbHOI TJIACTUHKE CO CTOPOHBI
COeTMHUTEeILHOTKaHHO 000JI0UKH, OPUeHTUPOBAHBI TTaPaJIIeJIbHO OCH (OJLTHKY -
na. CHapy>ku, MO NMPSAMBIM YIJIOM K 3TUM BOJIOKHAM, PAaCIIOIAratoTCsa HUPKYJISApP-
Hble KOJIJIareHOBbIe BOJIOKHA. OTMedaeTcd NMPUCYTCTBUE KJIETOK Mepkend, npu-
KPeIUIeHHBIX K 0a3anbHou miaacTuike HBK [13].

[TepBBIMM KePaTUHU3UPYOIIUMUCA (KOHCOIUAUPYOLMUMUCA) CTPYKTYpPaMU
B® genawotca knerku BBK (cm. puc. 1.6). [leiictBys coBMecTHO ¢ HBK u coenn-
HUTEJIbHOTKAHHOW 00O0JIOYKOM, 3TU KJIETKU BBIMOJHSIOT POJIb GOPMBI JJisi TIPO-
AYyLUPYEMOro BOJIOCAHOIO BOJIOKHA. OCHOBHBIMU KOMITIOHeHTaMu BBK aBiAroTCA
HapYKHBIN Cj10¥i TeHsie M BHyTpeHHU# coi Xakcan. O6a ciost comepkaT mpsiMble
GenkoBble GUIAMEHTHI TMAMETPOM OKOJIO 8 HM, BBITSHYThIe BIOJL ocl BD, uto
obecrevnBaeT UX COMPOTHBJIEHUE TIPU BO3/IEMCTBUU CUJI, HATIPABJIEHHBIX BJOJb
0CH BOJIOCAHOTO BOJIOKHA. K ¢1010 XaKc/iy HermocpenCcTBeHHO NpuieraeT KyTUKyJia
BBK, KoTOpast He COIEPXUT BOJOKHUCTHIX GenkoB. Kytukyna BBK, B cBOO 0ve-
penb, IpUJieraeT K KyTHUKYyJe BOJIOCSAHOTO BOJIOKHA. [Ipy OKOHYATeIbHOM paspy-
IIeHUH BHYTPEHHEero KOPHEeBOTO BJIaTa/UIa B X0fie Tporiecca AupdepeHInpoBKH
TIPOUCXOAIUT MICUe3HOBEHHE PUOOCOM, A/Ipa U IPYTUX KOMIOHEHTOB KJIeTKH [13].

TakuMm 06pa3oM, KOHCOMUAMPOBaHHLIEe KieTku BBK obecrneunBatotT Gpopmu-
POBaHUe XeCTKOW IVJIMHAPUIECKOH BOPOHKOOOPA3HO# CTPYKTYPHI, MPU/IAKOIIIei
BBITAHYTYIO GOPMY KJIeTKaM KOPbI U KYTUKYJIbI TIPU UX MTPO/IaBIMBAaHUU Yepe3 3Ty
KECTKYX «BOPOHKY» IO/ [IeiiCTBYEM JIaBJIeHNs], CBA3aHHOTO C JIeJIeHNeM KJIETOK.
Ynanenue knetok BBK Ha ypoBHe C)K 00yC/IOBIUBAET 3JIACTUIHOCTD BOJIOCSHOTO
BOJIOKHA [10].

XUMHUYeCKyl0 Ipuposy MOpdosornieckux KomMrnoHeHToB B® uzydanu c no-
MOIIIbI0 TUCTOXUMUHU (B TOM YHCJIe 3JIEKTPOHHOH), pafuoaBTorpaduu 1 aHaausa
MaTepuaJoB, IKCTPAarupyeMbIxX U3 pas3andHbix yacteid BO. B yactHOCTH, METOOM
nuddepeHIMaTbHO-TEPMAYECKOTO U TePMOTPaBUMETPUYECKOTO aHAIM30B OBLIO
YCTAHOBJIEHO, YTO HE3aBUCUMO OT BO3PAcTa B JKEHCKUX BOJIOCAX Mpeobiamaert
pombuueckas Moguukanus cepsl (a-S), a B My)KCKUX — MOHOKJMHHAsA (B-S),
4TO MO3BOJISIET OHO3HAYHO I PepeHIpPOBaTh MOJ Ba/leNbIla BOIOCA C YIeTOM
3TUX MoauduKanui Ha TepMorpamme [18].

Ymo obecnevusaem npounyro urcayuro 6o1oca 8 ponnuxyne?

B® kak caMOCTOsITeJIbHAsA aHATOMUYECKas CTPYKTypa SBJISETCA CJIOKHBIM
YCTPOMCTBOM /i1 QUKCAIIMK BOJIOCSHOTO BOJIOKHA.

CuHTe3upyeMoe BOJIOCSHOe BOJIOKHO HAXOAUTCA B TECHOM KOHTAKTe CO
CJI0eM KJIeTOK BHYTPeHHero KOpHeBOro Biaranuiia. C BHYTpPeHHel CTOpPO-
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Hbl BBK 1 ¢ HapyXXHO# CTOPOHBI COOCTBEHHO BOJIOCSHOTO BOJIOKHA PacHo-
JIATAFOTCS KJIETKY KYTHUKYJIbI, 00pa3yoliye MpOTUBOIONIOXHO HATPaBJieHHbIe
NaJIbLIeBUA/IHbIE BIAYABAHNSA (MHTEPAUTATALIMM), KOTOPBIE 110 NPUHIINIY 3a-
CTeXXKU-JIUITYYKU U 00eCTeYnBaOT OYeHb MPOYHYI0 (PUKCALUI0 BOJOCSHOTO
BOJIOKHA B () OJLTHKYJIE.

CTPOEHUE KYTUKVYI/bl CTEPXXHA BOJ/IOCA

®uKcaruio BOJIOCSHOTO BOJIOKHA B BD 06ecmeunBarT KJIeTKUA KYTUKYIIBI, 00-
pa30BaHHbBIE MAJBLEBUIHBIMY BIIAYMBAHUAMU KJIETOK BHYTPeHHe! CTOpOHbI BBK
M HAPY)XHOU CTOPOHBI COOCTBEHHOTO BOJIOCSIHOTO BOJIOKHA, KOTOPbIE CO3/1al0T-
€A B3aMMHBIMU [AJIbIIeBU/IHBIMU BITYMBAHMAMM KJIETOK BHYTPEHHEN CTOPOHBI
BBK u Hapy»XHO¥1 CTOPOHBI COOCTBEHHOTO BOJIOCSTHOTO BOJIOKHA. I1pH OSIBJIEHUH
BOJIOCAAHOTO BOJIOKHA HAJl IOBEPXHOCTBIO KOXU KJIETKU KYTHKYJIbI IJIOTHO IIPU-
JIeXaT K Kope, TPYU 3TOM UX CBOOOMHBIN Kpail UMeeT CJierka BOJHUCTYI0 GopMmy
(puc. 1.7).

B ominyue OT KJIeTOK KOPKOBOTO CJI0S, KOTOPble MOTYT 3HAYUTEJIbHO PacTs-
TMBATHCA, KJIETKU KYTUKYJIbl OTJINYAIOTCA HELOCTaTOYHOM 3JIaCTUYHOCTHIO U IIO-
BBILIEHHOM XPYNKOCTBIO [19]. Ha paccTosiHMM HECKOIbKUAX MUWIJIMMETPOB OT I10-
BEPXHOCTHU CKaJIbIIa OTJIAMBIBAIOTCS MeJiKre pparMeHThI CBOOOZHOTO Kpasi KJIETOK
KYTUKYJIbI, B Pe3yJIbTaTe 4ero OH mpuobpeTaeT 3a3yopeHHyo Gopmy. Takum 06-
pa3oM, CTPYKTypa [IOBEPXHOCTU BOJIOCAHOIO BOJIOKHA U3MEHAETCA 110 Mepe yaa-
JIeHUA OT IIOBEPXHOCTHU KOXU.

HecMOTpsI Ha HEBBICOKYIO MEXaHMYECKYIO MPOYHOCTh, KJIETKU KYTHUKYJbI 06e-
CIIeYMBAIOT KOPKOBOMY CJIOKO 3HAYUTEJIHHYIO 3aIUTy 61arofaps B3aMMHOMY Ha-
JIOXEHWI0 Hamozo0ue yepenmuiibl Ha Kpbimie. Tak, HAa MOMEePeYHOM Cpe3e BOJIoCa
YeioBeKa MOXXHO OOHAPYXUTh OoJjiee TATH MepPeKPhIBAIOIINXCS KIETOK KYTHKY-
JIbl, TIJIOTHO NPUJIEraloIuX APYr K Apyry. KieTKu KyTHUKYJIbl U KOPKOBOTO CJI0S
MPUONU3UTENTFHO OfIMHAKOBOUM IMMPUHBI U JUIUHBL (COOTBeTCTBeHHO 20-80 M
120 mMxm). TommuHa KJIeTKM KOPKOBOTO CJI0S1 COCTABJIsAET IPUMEPHO 25 MKM [20].

KyTukysna KOpKOBOIO BelecTBa COCTOMT M3 HECKOJIbKUX cy10eB. ITozx okpyxa-
FOITel TOBEePXHOCTHOM MeMOPaHOIi PacoioeH A-CJIOW, KOTOPBI XapaKTepu3y-
eTCs IOCTOSAHHOM TOJIIIMHOW 1 BBICOKUM COZiepXaHueM cepsl [19]. B oredyecTBen-
HOW HAy4YHOU JIUTepaType 3TOT CJION MOJIyYNJI Ha3BaHUE «3NUKYTUKYJIbI»>; YKa3aHa
BO3MOJKHas ero TonmuHa — 50-100 HM. A-CJI0¥ cioco6eH MPOIMYCKaTh MOJIEKYIIbI
C HA3KOM MOJIEKYJIAPHOM MacCOU U HelpOHUILdeM JJI1 MOJIeKYJI C BBICOKOU MoJie-
KyJIApHOU Maccon [21] (puc. 1.8).

Crenyroimui €101 3K30KYTUKYIIbI JIE)KUT HEIIOCPEACTBEHHO 107 A-C10eM. OTO
OeJTKOBBIiA CJION TOMMUHOM 0,2 MM, COCTOSIIIHIA U3 3JIEKTPOHHO-TIOTHBIX TPAHYI
pasmepom 30-40 HM.

Ha oObIYHBIX penapaTax, OKpalleHHbIX YeThIPeXOKUCHI0 OCMUS, SK30KYTUKY-
Jla TeMHOU OKPACKM.
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Puc. 1.7. CkaHupywouwaa 31eKTPOHHO- Puc. 1.8. BHewHaa obonouka BosoOCa
MUKpoOcCKonunyeckan ¢otorpadpua Hopmarsb- (MMKpOCKaHOrpamma). BugHbl 3K30KyTUKY-
HOro CTepPXHA BONOC na EX, sHpokyTukyna En

BHYTpeHHUY €101 KYTUKYJIbI — 3HJOKYTUKYJIA PACIIONIOXEHA MeXy 9K30KyTH-
KYJIOM 1 KOPKOBBIM BeIeCTBOM. DHIOKYTUKYJIA COCTOUT U3 IJIOTHO NPUJIEraroIinx
rpaHy pazmepom 300-400 HM co ¢1ab0 KOHTPACTUPOBAHHBIM MaTePUAIIOM. DTOT
CJI0¥ cIOCOGEeH PacIlenIAThCS MOJ IeHCTBIEM MPOTEOTUTHIECKUX (pepPMEeHTOB.

MemOpaHa KyTHKY/IbI, HAXOAAMASACT MEXAY KYTHKYJIONH 1 KOPKOBBIM Bellle-
CTBOM, COZIEPKUT OOJIbIIIOE KOJUYECTBO &-(y-TIIOTAMUII-) JIM3MHOBBIX M30TIell-
TUJIHBIX [TOTIEPEYHBIX CBA3EH, JeTa0IINX ee BBICOKOPe3UCTEeHTHOU K XUMUYeCKAM
BO3eicTBUAM [22, 23].

CyioM KYTHKYJIbl XapaKTepU3yrTCA PA3JIMYHOM CTENeHbI0 MPOYHOCTH 110 OT-
HOIIIEHWIO K BHEIIHWM BO31eicTBUsIM. [IopoOHOe uccienoBanue MOPQHOIOTHN
KJIETOK KYTUKYJIbI II0Ka3aj0, YTO 10 CPABHEHUIO C PACIIOJIOKEHHOW CHAPYXHU
9K30KYTUKYJION ¥ A-CJI0eM 3H/IOKYTUKYJa 00JazaeT HU3KOW Pe3NCTEHTHOCTHIO
K BO3JEMCTBUI0 XUMUUECKUX (PAKTOPOB U MPHU KOHTAKTe C XJIOPUPOBAHHOM BO-
710V UM BHEJIPEHUU TPUOOB MOPaXKaeTcs B MepByl0 odependb [24]. B mMecrax oT-
JamMbIBaHUS GParMeHTOB CBOOOZHOTO Kpasi KyTHKYJIbI TOBPeX/aromie GakTophl
TTOJIYYarOT TPAKTUIEeCKU CBOOOMHBIN IOCTYM K 3TOW YA3BUMOW YaCTU KOPKOBOTO
BelleCTBa.

[TOMUMO MeXaHMYeCKOU 3alUTHOW (QYHKIIMKU KOPbI, KJIETKU KyTUKYJIbI KOH-
TPOJUPYIOT COZEepPXKaHNe BOALI B BOJIOCAHOM BOJIOKHE.
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B BOJIOCAHBIX BOJIOKHAX MJIEKOIIUTAIOLINX OTMEYaeTCsA BLICOKAs CTeNeHb COXpa-
HeHUd pacupeziesieHns CBA3aHHbIX )XUPHBIX KUCIOT (FKK), 9TO cCBUZIeTeNIBCTBYET O
BBITIOJIHEHUU MU BaXHBIX QYHKIMIA. Paccuntano, 4to Ha 100 aMUHOKUCTIOTHBIX
OCTaTKOB TOBEPXHOCTU KYTHKYJIAPHON MeMOpaHbI MpUxomAaTcs 5-10 mMonekyn
XK. TTocnenure 0O6pa3yOT Ha TOBEPXHOCTU KYTUKYJBI TUAPOPOOHYIO MOBEPX-
HOCTh, 00€CTIeUMBAOIIYI0 paclpeseieHne KOXHOTo caja. [Ipubmisurenbao 90%
cBs3aHHBIX JKK 00BefiHeHbI ¢ KOMIUIEKCOM KJIETOYHOW MeMOpaHbl KYTHUKYIIbI
MoCpesCcTBOM THO3(QUPHON cBA3U [25]. O HAMWYMK AOCTaTOYHOTO KOJNUYeCTBa
OCTaTKOB IMCTeWMHA /IS CO3/IaHUsI BCeX HEOOXOMMMBIX THO3(DUPHBIX CBSI3€H s
KK cBUIeTenbCTByeT BBICOKOE COZEep)KaHue OCTaTKOB LMCTeMHA B IpernapaTrax
SIUKYTUKY/IbL. OcHOBHOMU cBsi3aHHOU KK sBnserca C,, -kucaora (18-MeTusii-
KO3aHOeBast KUCjI0Ta). buocunres C,, -IUNKIOB IPOUCXOAUT B 30HE, PACIOJIO-
KeHHOW HaMHOTro Hike mporoka CiK. C,  -KKC/I0Ta OTHOCUTCS K Pa3BeTBIEHHOMY
tuny JXK; 3T0 03Ha4yaeT, 4To ux 3QPeKTUBHAA TemIlepaTypa IJIaBIeHUs HUXe,
YeM Y COOTBETCTBYIOLIMX IMPAMOLIEIIOYHBIX MOJIeKy/l. [ToMruMO 3TOro, KOpOTKO-
neriouevHble pa3BeTBieHHble KK (Takue Kak 14-MeTHI31KO3aHOEBAsA KUACIOTA)
OKa3bIBAIOT CUJIbHOE OAaKTepPUOCTaTUIeCKOe BO3/eliCTBHE HA HEKOTOPBIE IpaM-
IIOJIOXKUTEeJIbHBIE MUKPOOPraHu3Mel. B oTiinure ot HeHachleHHbIX JKK, 1aHHbIe
KUCJIOTBI OCTAIOTCA CTOMKUMU K OKHCJICHUIO.

Onnako cBsizaHHbIe JKK MOTYT BHICBOOOXKIAThCS U3 KEPATUHOBBIX BOJIOKOH B
YCJIOBUAX HU3KOro pH v npu Hanuuum xjopa [24].

Pa3nuuve B XMMUYECKUX CBOMCTBAX MeMOPAHHBIX KOMILIEKCOB KYTUKYJbI U
KOPKOBOTO CJI051 00YCJIOBJIEHO, B YaCTHOCTH, MOBBIIIEHHBIM COZIep)KaHIEM aMIHO-
KFCJIOTHBIX OCTaTKOB OPHUTHHA ¥ IUTPYJIJIMHA B KOMILJIEKCE KJIETOYHOW MeMOpa-
HbI KYTUKYJIBI [22].

KOPKOBOE BELLECTBO CTEP)XHA BO/IOCA

OCHOBHYI0 MacCy BOJIOCa COCTaBJISieT KOPKOBOE BeIeCTBO (Kopmexc), KOTO-
poe ompesesisieT MexaHM4YecKre CBOWCTBA BOJOca. KOPTUKaIbHbIE KJIETKU pac-
TOJIararoTCsl MapajjieibHO JyIuHe Bojioca. COeMHSIOTCS OHU MOCPeCTBOM u-
OpWII, MPeACTAaBISAIMMUX COOO¥M TJIOTHO YIMAaKOBAHHBIE MYyYKW (QUIAMEHTOB,
KOTOpBIE, B CBOIO O4Yepe/lb, COCTOAT U3 MUKPODUOPHUILIT Pa3HO JJIMHBI, JrHaMe-
tpom 0,1-0,4 MM. Mukpodubpusna comepxut 11 mpoTouOPUII TUAMETPOM
2 HM. MuKpoQUOPHUIIIBI COCTABJISIIOT OCHOBHYIO MacCy KOPKOBOTO BeIlleCTBa U
SBJIAIOTCS KPUCTAJUIMIECKO# 4acThi0 KepaTuHa. OHM MOTPY)XKeHbI B aMOP(HYIO
cpeny (Mampuxc), XapaKTepU3YIOIIYIOCS BBICOKMM COZIepKaHUeM LUCTHHA.

BriepBbie pa3Mephl U OPraHU3anus KePaTUHOBLIX pUIaMEHTOB ObLIU UCCTIeNO-
BaHBI C TOMOIIbIO TPAHCMUCCUOHHOTO 3JIEKTPOHHOTO MUKpPOCKOMa Gosiee 30 yieT
Ha3azl. BblIO MMOKa3aHO, YTO 3HAYMTeIbHAS QU3MUYeCcKasi IPOYHOCThH BOJIOCSHBIX
BOJIOKOH Ha pacTsDKeHHe CBSi3aHa C OpraHu3ainueil puIaMeHTOB M apXUTEKTyPOi
KJIeTOK KOpbI [20, 26] (puc. 1.9).
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Puc. 1.9. CTpoeHMe BONOCAHOIO BOMIOKHA

Pa3paboTaHbl CrienManbHble METOAVKH C TPUMeHeHneM BOCCTaHOBJIEHUS 1~
CTEMHOBBIX AUCYIbQUIHBIX CBSI3eild C [[eJbI0 BhISBIEHUS (QUIaMEeHTHBIX CTPYK-
TYP BBICOKON MOJIEKYJIIPHOU MacChl C HU3KUAM COZiepKaHueM cepsl [17, 27-28].
[TosryyeHHBIe JAHHBIE TIOMOTAIOT Pa300PaThCs B CYIIHOCTU PACCTPOKCTB, COMPO-
BOX/IAIOMIKXCSA HapyIIeHneM GOPMUPOBAHUS KepaTHHA M KJIETOYHOU a/[Te3uH.

WccnenoBaHys MONEPeYHBIX CPe30B KOPTUKAIBHBIX KJIETOK BOJIOCA, OKpALleH-
HBIX C TOMOIIBI0 COOTBETCTBYIOIIUX METO/VK, TOKA3aJIM, YTO OHU COZIePKaT OOJIb-
1oe Kon4ecTBo GUOPUILI, UMEIOIINX CIMPAbHYI0 OPTaHU3aluIO, TOITBEPIK/Iae-
MYI0 HaJINYMeM YHUKAJIbHOI'O PUCYHKA, KOTOPOMY Ha TOHKUX IPOZOJIbHBIX Cpe3ax
COOTBETCTBYET KOCOW PUCYHOK «eJouku» [9]. [laHHas opraHu3anusi GuOpmLI
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obecreyrBaeT yBeJIUdeHre IPOYHOCTH HA PACTSKeHKe Oarofaps TakoMy e me-
pepacnpeziesieH!I0 Harpy30K, KaK IIPY UCIOJIb30BaHUM BUTOTO IPOBOZA UM Ka-
HaTa. TakuM 00pa30M, yAbTPACTPYKTYPHAs OPraHU3alus KJIETOK KOPHI II03BOJISAET
MM BBIZIEDXMBATh 3HAYUTEJIbHOE PACTSKEHNUe.

MeTozbl, UCNOIB30BABIINECS PaHee C Lebl0 BU3YalIM3alllU KepaTMHOBBIX
(duramMeHTOB KOPKOBOTO BellleCTBAa BOJIOCA, OCHOBAHbI HA €ro MpeaBapuUTeIbHOM
00paboTKe XMMUYEeCKUMH BeIeCTBAMHU C IIeJIbI0 Pa3pbiBa AUCYIbQUIHBIX CBSI3ei
MOJIEKYJI IIMCTeNHA, XapaKTepHBIX [ KepaTuHa Bojoc. ITocse mogo6HO# 06pa-
OOTKY MOABJAIOTCA CYAbYrUApUIbHBIE IPYIIIBI, aKTUBHO B3aUMO/IEHCTBYIOIIIe
C YeTHIPEXOKUCHIO OCMHS, YTO ODOecredrBaeT BHICOKOe KOHTPACTUPOBAHKE TIPU
TPAHCMHCCHOHHOH 3JIEKTPOHHOW MUKPOCKONXH. Ha 0OBIYHBIX TIpemapaTax more-
PEYHBIX CPe30B BOJIOCAHOIO BOJIOKHA OTYETIMBLIA YHUKAIbHBIA PUCYHOK 3aBUT-
KOB KepaTHHAa OOHApYXMBaeTcs pefiko. B CBA3M ¢ 3TMM pa3paboTaHO HeCKOJBKO
MeTO/I0B, IT03BOJIAIIINX BU3YAJIM3APOBATh 3TOT PUCYHOK [17, 28]. OnHako coxpa-
HAETCS PUCK MOJTYyYUTh apTeaKTHYI0 KaPTUHY OpraHM3aluy KepaThHa B CBA3U C
pacmaziom 6eJKOB 7 sifu, 00eCTeYMBAOIINM JAaHHBIN KOHTPACT. AJTbTePHATUBHBII
METOJ 3aKJII0YaeTcsl B WCIOJb30BAaHUU CPe30B HeQUKCHPOBAHHBIX 00Pa3IoB,
OKpAallleHHBbIX ypaHWIaleTaToM. BO3MOXHOCTb BBIABIEHUS JleTajlell yIbTpaMu-
KPOCTPYKTYPbI KepaTrHa NPY MUCIIOJIb30BAHMY JAHHOTO METOZIa aHAJIOTUYHA BO3-
MOXHOCTAM MeTona Qukcanyuy 06pas3uoB IyTapaibAeTHOM M OKpalIMBaHUA
Cpe30B YeTBIPEXOKUChbI0 OCMHUA. Hawmiyuimee KOHTpAaCTUPOBAHUE [OCTUrAeTCH
TIPY UCCIIeJOBAHUY OTHOCUTENIBHO TOJICTBIX CPe30B WJIM Y4aCTKOB CPe30B TOJIIe
HOMUHAJIbHOW TOJIIMHBL, paBHOW 60 HM. Ha 3Tux cpe3ax (y4acTkax cpe3oB) ¢u-
JIaMeHTBI BBITTIAJAT KaK OKPYIJIble OTKPBIThIe IPOCTPAHCTBA, PACIOIOXeHHbIe B
OKpaIleHHOM 6ecCTPYKTypHOM MaTpukce. O CMpanbHOM OpraHu3anuy GpuiameH-
TOB B My4YKaX CBU/IETENIbCTBYET YHUKAIbHBIN PUCYHOK, OOHAPYXMBAeMBblil Ha I10-
TNepevyHbIX Cpe3ax. OTOT MeTOA /laeT BO3MOXXHOCTb YeTKO BBIJeNIATh KJIeTOUHbIe
MeMOpaHBbI ¥ TeEM CaMbIM HCCIIeI0OBATh TOHKHE ZIeTaly OPTraHU3aliy KepaTHHA BO-
JI0C ¥ IepPCTH Ha TIONePeYHbIX Cpe3ax BOJIOCSHOTO BOJOKHA Oe3 IIpe/iBapUTeIbHOM
XUMU4YeCKOH 00paboTKY 1S pa3phiBa AUCYAbQUAHBIX cBsA3eil. [lonepedHoe Cim-
BaHIe MOJIeKyJ, obecriedrBaeMoe pUKCAIMeN TyTapaabJeruioM, PemsTCTBYeT
CKOJIbKO-HHUOYZb 3HAYMMOMY B3aMMOZIEMCTBHIO ypaHIIalerara ¢ 6enxamu [29].

KOpKOBBI €101 BOIOCA COZIEP>KUT MIATMEHT MeJIaHVH B BUJIe 3epeH Pa3InYHOM
BeJMYMHBL. [ITUTMeHT pacnpeziesieH B KOPKOBOM BellleCTBE PABHOMEPHO B BUJE
CKOIIeHU# (CM. IJI. 6 «LIBeT BOJIOC U OKpALIBAHUE» ).

YeMm 00yc1081€HA NPOUHOCNG 80JIOCAHBIX 80JIOKOH NPU PACMANCEHUU?

MexaHWuYecKre CBOMCTBA BOJIOCA OMpefieNisieT KOPKOBOE BeMeCTBO.
KopTuKaibHbIE KJIETKU PaCIojiaraloTcs mapajjieibHO JJIMHe Boioca. Mexmay
c000¥1 OHU COeIUHSIOTCS TTIOCPEACTBOM PUOPUJILI, ABJISIONIUXCS IUIOTHO yIia-
KOBAaHHBIMU TyYKaMK (UIAMEHTOB, KOTOpbIE, B CBOKO OYepelb, COCTOST W3
MUKPOOHUOPUJIT Pa3NUYHON JJIMHBI, 00Pa3yomKUX OCHOBHYIO Maccy Kop-
KOBOro BemecTBa. Kaxmas Mukpoduopumiia comepxut 11 mpoTodubpuL.
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