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YUYEBHBIE U BOCIIMTATEJIBHBIE LIEJIN:
chopMUPOBATH y CTYJICHTOB 3HAHUSA O OMOJIOTUYECKOM JIEHCTBUY MOHU3UPYIOIIETO U3TyICHHS
Ha OpraHu3M YeJIOBEKA.
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MarepuajnbHoe obecriedeHue
1. Cnaiigpr: xnmHUYecKas paguoiorus. Y. 1-2.
2. TabmuIIbl: 3TaIbl B3aUMOJICHCTBYS HOHU3UPYIOIIUX H3TYICHUN ¢ 00TyIaeMbIM BEIIICCTBOM.

PACUYET YYEBHOI'O BPEMEHU

Ne [lepeueHp y4eOHBIX BOIIPOCOB Bpems B

/o MUHYTax

1 Beenenne 8

2 @Pu3nyecKue CBOMCTBA Pa3IMYHbBIX BUIAOB U3JTy4EHUs 15

3 bronornueckoe IeHCTBHE MOHU3UPYIOIIETO U3TYICHHUS 30

4 Pamo4yyBCTBUTENBHOCTH KIETOK, OPraHOB, TKAHEH 15

5 Mo nudukanus pagoyyBCTBUTEILHOCTH 20

6 3akiIroueHne 2
COHEPXAHMUE JIEKIITUN

1 BBEJIEHUE

1.1 PaguoOuomnorusi- TMCHUIUIMHA, U3y4Yalolas 1eHCTBIE HOHU3UPYIOIIETO U3TYyICHHS Ha
OpraHu3M YeJIOBEeKa.
1.2 Kpatkast uCTOpHSI BOSHUKHOBEHHUS U PAa3BUTHS PaTUOOHOIOTHH.
JIeMOHCTpaIlMOHHBII MaTepual
Cnaiin Ne 1: moprper A.bekkepens, noptper B.K. Pentrena
Cunaiig Ne 2 : moptpet @. Kropu, moprper U. Kropu

2 O®U3UYECKUE CBOMCTBA PA3JIMYHBIX BUOB U3JIYUEHUIA
2.1. Uznydenue, oOpa3zyromiee MpH B3aNMOJICHCTBUH C BEIIECTBOM AIICKTPHUYECKHE 3aPsiIbI
Pa3HBIX 3HAKOB, HA3bIBACTCS MOHU3UPYIOIIIM:
- QJIEKTPOMATHUTHBIC HOHU3UPYIOIIUE U3yueHHs (PEHTICHOBCKHUE, TOPMO3HOEC);
- KOPIYCKYJIIPHOE MOHH3HPYIOIIee N3TydeHue (IEKTPOHOB, IPOTOHOB, JIEHTPOHOB,
anb(a-4acTHIl, M- ME30HOB, HEHTPOHOB).
2.2. CpoiicTBa 1 npupoja anbda-, 6eTa- 1 raMmma- U3ITyIeHUH:
- IPUPOJA U3ITyYEHUH;
- CKOpPOCTBH;
- DHeprus;
- IPOHHKAOIIast CIOCOOHOCTH (B BO3/1yXe, B TKAHX);
- IJIOTHOCTh MOHH3AINH B TKAHSX;



2.3 VICTOYHHMKY HOHU3UPYIOIIUX U3ITyIeHUIH
- TEHEpUpPYIOLIKE,;
- PaAMOHYKIJIN/]IBI.
3 BUOJIOT MYECKOE JEVCTBUE MOHU3UPYIOIIEI'O U3JTYUEHMS
3.1 OcHOBHBIE 0COOCHHOCTH OHOJIOTHYECKOTO JICHCTBHSI HOHU3UPYIOMIETO U3ITyUSHHS
- OCHOBHOM paJinoOH0I0THYECKUl mapagoKc;
- CKpBITBIH XapakTep U3-3a OTCYTCTBUS ClIeLU(PUUECKUX PELIENTOB, JATEHTHOIO EPUO/a;
- BOBMOXKHOCTh OecroporoBoro 3dexra;
- HapylIeHHEe MEXaHU3MOB, 00€CIIEUNBAIOIINX CTAIIHOHAPHOE COCTOSIHIUE OMOIOTrHYECKUX
CHCTEM.
- 0COOEHHOCTH ACUCTBUSI paAUaLUU Y JETEH.
3.2 Craguu Iy4eBOTO MOPAKCHHUS:
- pusnyeckas;
- IEpBUYHBIE PAIMAIMOHHO-XUMUYECKHUE PEaKIUH;
- HapyluleHre OMOXMMHUYECKUX MTPOLIECCOB B KIIETKE;
- IOpaKEHUE KIIETOK;
MOPaYKEHUE 1EJIOCTHOTO OpraHu3Ma.
3.3 KpuTnueckue cTpyKTyphI IIpH JSHCTBUN PaHaLlN:
-AHK;
- MeMOpaHsl;
3.4 KpuTtHnueckue mocTiIy4eBbie MPOIECCH:
- gerpanauus JIHK;
- oOpa3oBaHue JUMUIHBIX IEPEKUCEN;
- aBTOJIU3 OEJIKOB.
3.5 luToknHEeTHYECKHE TpenapaTsl B MOCTIYYEBOM IIEPHO/IE:
nHTep(ha3Has ¥ MOCTMUTOTUYECKAS THOENb KIETOK;
cyOJsieTanbHbIC;
- IOTEHUUATbHO-JIETAJIbHBIE;
JIeTalbHbIE MOPAXKEHUSI KIIETOK.
4 PagnodyBCTBUTEIBHOCTD KJIETOK, OPTaHOB, TKaHEH.
NunuBuayanbHble, BO3PACTHBIE PAa3INUUsl B paJJMOYyBCTBUTEIBLHOCTH.
5. Moaudukanus paguouyyBCTBUTEIbHOCTH
- ¢a3pl KJIIETOYHOTO IHUKIIA;
- KUCJIOPOJHBIN 3 DeKT;
- MeTaboInYeCKas aKTUBHOCTD,
- TeMIieparypa.
6. 3aKiIFoueHUE: IO TYEPKUBACTCS MPAKTUICCKas 3HAYMMOCTD 3HAHWM, 0COOCHHOCTEH JIelicTBHe
MOHU3UPYIOUIUX U3JTyYEHU Ha OPraHru3M YeIoBeKa.

TEKCT JIEKLIA

B kuBOIi ipupoJie HE CymecTByeT (heHOMEHa, He MOABEPKEHHOTO MOJUPHIUPYIOIIEMY
BO3JICHCTBHUIO HOHU3UPYIOIINX HM3JIy4CHUH, TaK KaK SHEPTHs MX BCETJa MPEBOCXOIUT YHEPTHIO
BHYTPHUMOJICKYJISIPHBIX M MEKMOJICKYJISIPHBIX CBSI3€H.

OcCHOBHOM PaIUOOMOIOTUYECKU TAapaJIoKC COCTOUT B OOJIBIIOM HECOOTBETCTBHH
MEXKy HUYTOKHOM BEJIIMYMHON NOTJIONIEHHOM 3HEPrUy M KpAalHEN CTENEeHbI0 BBIPAKEHHOCTH
peakiuii OM0JIOrNYecKOoro 00beKTa BIJIOTH JI0 JIETANbHOTO 3(dekTa.

O6mayuenue B mo3¢ 1000 pax (10 I'p) yOmBaeT BceX MIIEKONMUTAMONMIMX. ECaM yCIOBHO
MIEPEBECTH 3Ty PHEPTHUIO B TEIUIOBYIO, TO OKAKETCS, YTO OPTraHM3M YeIOBEKa HarpeeTcs JINIIb Ha
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0,001°C, T1.e. MeHbIle, YeM OT CTaKaHa BBITUTOrO Topsyero 4Yas. [IpwymHa TOrO, TMOYEMY
HUYTOXKHOE KOJIMYECTBO IMOIVIOLIEHHOM B OpraHu3Me 3HEpPruuM MpHUBOAUT K KaracTpode,
COCTaBJISIET 3araJKy OCHOBHOTO PaJMOOMOJIOTMUYECKOI0 MapajoKca, PacKpbITUE €€ MOTJIO Obl
PELIUTh OCHOBHBIE 33/1a4 PaJUAllMOHHON MEIUIIMHBI.

AJuib(pa-u3jIydeHHe TPEACTaBIsieT Cco00M TMOTOK sjaep aromMoB Tenus. (Oxoros
HEMOBPEKJICHHOW KOXU anb(a-usiaydeHueM He ObiBaeT. Jlake CiIu3b pOTrOBHIIbI, CIM3HCTBHIX
000J104eK 3aluuiaeT oT Bo3aeicTBus anbda-yactull. [Ipu npueme BHYTph OH MPAKTUUYECKU HE
BCAChIBAETCsl IPU HETOBPEXKACHHON CIU3UCTOM KEeyJOUYHO-KUIIIEUHOTO TPaKTa, BBIIEISIETCS C
KaJIOM U He 00JIy4aeT B 3HAUUTEIbHOM CTETIEHU CIU3UCTYIO.

Anbda-u3inyyaTenn omacHbl MPH BJbIXaHUH, TaK KaK aJbBEOJIbl HE MUMEIOT 3allUTHOTO
cinost. Ecimu mpoucxoaut ux nuddysus B KpoBb, BO3MOXKHO Pa3BUTHE OCTPOH JTydeBOM 00JI€3HHU,
BCJI/ICTBUE BBICOKON HOHU3UPYIOIIEH CHOCOOHOCTH C 00pa30BaHHWEM HECKOJIbKHX JIECSATKOB
THICSTY TTap HOHOB Ha oAHy yactuiry (ot 20000 B Hauase mpobera g0 80000 B koHIIE).

Hpunuunsl 3amuthl. [Ipu pabote ¢ anbda-uznydarensiMu HaJO0 NPEJOTBPATUTH UX
MOCTYIUIEHHE BO BHYTPEHHIOIO CpEeIy OpraHu3Ma, B OCHOBHOM, IIyT€M 3alllUThl OPraHoB
JBIXaHHUSI MapiieBOM MOBS3KOM, pecrnupaTopoM, MPOTHUBOTa3OM, H30JIUPYIOIIUM KOCTIOMOM U
JPYTUMU CPEICTBAMHU.

Bera-uziny4yenue.

CyiecTByeT 2 pa3HOBUIHOCTH OeTa-yacTHUIl: AIEKTPOHbI (e-) U mo3uTponsl (e+). OHu
pa3IUYaloTCA 3apsiIoM, B OCTAIBHOM MX CBOMCTBA CX0XHU. cTouHMKM OeTa-u3ydeHus:

1. PagnoakTuBHBIE BellecTBa - Oeta-u3mydarenu. [Ipu ecrecTBeHHOM pacmaje u3aydaroT
AJIEKTPOHBI U MO3UTPOHBI.

2. berarpounsl. [Ipubopbl, KOTOPBIE U3ITYyYaIOT IIEKTPOHHI.

[Ipu »nekTpoHHOM pacmajie SAPO HCIYCKAET 3JIEKTPOH, U MPU ATOM BO3HUKAET AP0
HOBOT'O DJJIEMEHTAa C TOPAJKOBBIM HOMEpPOM OOJBIIMM Ha E€IUHUIYY [pPU HPaKTHUYECKU
HEM3MEHHOM MacCOBOM YHCIIE.

BbLieT 351eKTpOHOB COMPOBOXKIACTCSI BHIOPOCOM HEHTPHUHO (V) - 2IEeMEHTApHON YaCTHUIIBI
¢ maccoi, paBaoii 1/2000 macchl MOKOs 3JIEKTPOHA.

[To3utpoHHbI pacnaj HaOIIOAAETCS Y HEKOTOPBIX HCKYCCTBEHHBIX PaIMOHYKIUIOB.

[Ipu mo3uTpOHHOM pacnaje NOPsSIKOBbIII HOMEp pacnalarouierocs aToMa yMEHbIIaeTcs
Ha €JIMHUILY, a Macca MPaKTU4YeCcKu He u3MeHseTcs. CleKTp SHEpruu MO3UTPOHHOTO U3IIy4eHUs
HEIpepbIBEH.

K-3axBar mpencraBiser co0oi 3axBatr sapoM diiekTpoHa ¢ K-opOutel (Onmkaiimas k
APy IEKTPOHHAsE 000JI0UKa).

[Tosutponnslli pacnag u K-3axBar - KOHKypHpYIOIIHME IpOLECChl. Eciym BO3MOXKHO
HCITyCKaHUE MO3UTPOHA, TO BO3MOKEH U npouecc K-3axsara. [Ipu K-3axBare u3 sapa Beuieraer
HEHUTPHUHO, U BOBHUKAET XapaKTEPUCTUUECKOE PEHTI€HOBCKOE U3JIyueHHE.

OHeprusi OeTa-u3TydeHUs MEHbIIe, 4eM y anbga-u3nydeHus, u cocrasiuser 10-100
KWJIOAEKTPOH-BOJbT (k3B). Ilpu mpoxoskaeHun B-yacTuil depe3 BEIIECTBO HMEIOT MECTO
YOpYTHE€ W HEyNpyrue B3aWMOJEHCTBHS C€ aTOMaMM IOTJIOUIAIOIEH Ccpeabl. YIpyrue
B3aUMOJICHCTBUS  3aKJIIOYalOTCsT B TOM, UYTO  CyMMa  KHMHETUYECKHUX  DSHEpruit
B3aMMO/JICHCTBYIOIIMX YACTHI] OCTAETCSI HEM3MEHHOMU mociie B3aumoaenctsus. [Ipu Heynpyrom
B3aUMMOJICHCTBUU YacTh SHEPrUU B3aUMOJEUCTBYIOIIMX YaCTHUI[ IepenaeTcsi oOpa3oBaBLIMMCS
CBOOOJIHBIM YAaCTHI[AM WM KBaHTaM (HEyNpyroe paccesiHue, WOHHU3aIMs W BO3OYKICHUEC
aTOMOB, BO30Y)KICHHE siiep, TOPMO3HOE H3iyueHue). bera-msnmyuenne obmamaer B 1000 pa3
MEHbLIEH yIeIbHON MIOTHOCTbIO MOHU3ALMU MPU CPABHEHUU C alb(a-U3JIydeHUEM TaKoOU ke
sHepru (HECKOJIBKO JECATKOB IIap HMOHOB Ha MHKpoMeTp mpobera). Ilpu TopmoxeHUH
3JIEKTPOHOB B BELIECTBE BO3HUKAET TOPMO3HOE PEHTT€HOBCKOE U3ITyUEHHE.
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[Iponukaromasi crnocoOHOCTh Oera-uacTul Oosblle, YeM y anbga-yacTHll, a 3apsi] U
Macca Mesbme. [lo Bo3mayxy Oera-dacTHIBI PAacIpOCTPAHSIOTCS 10 HECKOJBKHX METPOB, B
OMOJIOTUYECKUX TKaHIX A0 HECKOJIBKUX CAaHTHMETPOB. HpOHI/IKaIOHIafl CIIOCOOHOCTL B
OuosoruueckoM Matepuaie D-usznyuenus c sneprueit 2-5 M»aB paBua 1-2,5 cMm. B Tabmuie 2
npejcTaBlieHa ArHa pobera D-4acTuil B 3aBUCMOCTH OT SHEPTHH U TUIOTHOCTH CPEIbI.

Tabnura 2.
MaxkcumanbHbli TPOOEr p-4acTUl] B pa3IMYHBIX Cpeax.
Dueprust b- Bo3nyx, m AroMuHuNA, MM Msrkasg O0nojorudeckasi TKaHb, MM
gactui, M>B
0,01 0,00229 0,00127 0,00247
0,05 0,0394 0,0212 0,0431
0,10 0,130 0,0693 0,143
0,25 0,747 0,304 0,638
0,50 1,601 0,837 1,77
0,75 2,746 1,437 3,04
1,00 3,936 2,059 4,38
2,0 8,732 4,593 9,84

bera-yacTuipl UMEIOT Majyl0 Maccy U MPHU CTOJKHOBEHUU C JPYTUMHU 3JIEMEHTApHBIMU
YacTULIAaMU OTKJIOHSIFOTCS, UX NYyTh HM3BUIUCT. JItoOble TKaHM MOTJIOMIAIOT OeTa-yacTUlbl. Y
MOCTPaJaBIIMX B pe3yJbTaTe YepHOObUILCKOW aBapuu He ObLIO BBISIBJICHO 0XKOTOB CTOII, TaK Kak
00yBb 3¢ (exTuBHO moriomaer OeTa-u3nydeHue. bes3 3amuTel 0eTa-4acTUI[BI MOTYT TPOHUKATH
70 POCTKOBOTO CIIOSI KOKM M TOpakaTh ero. Okord, Kak TpaBWIIO, MOBEPXHOCTHBIE, 1-2
creneHu. llpu BHemHeM OOJIy4eHHHM KOCTHBIM MO3I HE TOBpPEXKIAeTcs, U JIEIPecCcuu
KpPOBETBOPEHHUSI, KaK IPaBUIIO, HE HAOIIO1aeTCsl.

[Mpunnunsl  3amuThl  OoT  Oera-u3mydeHus. OcHOBHas 3ajaya  3alIUTUTH  OT
MTOBEPXHOCTHOT'O OOJYyYEHUsI KOKY M BUJIUMBIE CIU3UCTbIE. JIOMKHO ObITh MEHbIE OTKPBITHIX
yacted Tena. be3zomacHbIM paccrosHHEM Ipu paboTre ¢ B -UCTOYHMKAMU CcUMTaeTcs
MakCUMaJbHBIM mpober B -yactunr B Bo3ayxe. Ha mnpakrtuke 3ammura ot B-yactun
OCYILIECTBJISIETCS C TIOMOILBIO CHEIMAIIbHBIX 3KPAHOB U3 BELIECTB C MaJIbIM aTOMHBIM HOMEPOM
(2): nnekcurias, CTEKIO, AIOMUHHMN, pe3uHa U ap. BeiOop marepuana ¢ MayibiM 3Ha4YeHHEM Z
00yCJIOBJIEH TE€M, YTO MHTEHCUBHOCTb TOPMO3HOTO M3JIydy€HUs, BO3HHMKAIOIIEr0 B Marepualie
9KpaHa, MPOoTopIHOHaNIbHA Z.

TonmuHy 3alIMTHOrO 3KpaHa BBHIOMPAIOT PaBHOW JJIMHE MaKCHUMallbHOTO mpobera B-
YyacTUll B MaTepuaje dSKpaHa. ToJl[MHA 3KpaHa M3 alIOMUHUS Oojiee 5 MM NpaKTHUYECKU
JOCTaTOYHA JJIsl 3alluThl OT B-m3myuyeHus Bcex paauous3oTonoB. OIHAKO MPU aKTUBHOCTHU
UCTOYHUKA B -M3iyueHus mopsiika COT€H MWUIMKIOPDHM BO3HHMKAeT HEOOXOJMMOCTb pacyera
3alUTBl OT TOPMO3HOTO H3iIydeHHs. Cyxue XJIom4aToOyMa)kKHble TKAHU 3allUINAIOT KOXY He
Xy)Ke, 4eM pe3HHa, MOKpbIe MpOIycKarT OeTa-uszinydeHue. HeoOXoAMMO 3alllUTUTh OpraHbl
neixanust. CII0KEHHBIA BUETBEPO HOCOBOU TUIATOK 3amuiiaet B 8 pa3, pecriuparop - B 100 pa3.

[Ipu skcrutyatanuu yCKOpUTENEH 3JIeKTPOHOB pacyeT 3alUThl IPOBOJAAT [0 TOPMOZHOMY
U3JTy4EHHI0, BO3HUKAIOIIEMY ITPpU O0MOapIMpOBKE MUILIEHU JIEKTPOHAMM.

IIpoToHbI.

[Tportons! (P) uMerOT Maccy, paBHyio 1 a.e.M., 3apsa +1. [IpOTOHBI ABJISIOTCS COCTABHOM
4acThI0 KOCMHYECKOI'0 U3JIy4Y€HHsl, OJIHAKO, B OCHOBHOM, MOTJIOMIal0TCs aTMocdepoit. [IpoToHs!
o0pa3yloTcs TaKKe Ha YCKOPUTEISX TSKENbIX 3apsDKEHHBIX YacTHUI[ HPOMBIILIEHHOTO U
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MEJUIIMHCKOTO Ha3HA4YeHMsI TUIA CUHXPOLMKIOTPOHA. YCKOPUTENIb MPOTOHOB MPEJCTABIISET
co00 CII0KHOE MH)KEHEPHOE COOpYKeHHe. JIBurasch Mo cnupaiu B OJHOPOJHOM MarHUTHOM
10Jie, MPOTOHBI JOCTUTalOT OoJibIIMX SHEepruil. VX mpober B BO3/yXe NOCTUraeT JIECATKOB
METPOB.

Jlnnny mpoOera MPOTOHOB MU MECTO MX OCTAHOBKM B TKaHSAX NAaIl[MEHTa PETYIUPYIOT C
MIOMOIIIbIO BHIOOpA TOJIIMHBI TOPMO3SALIETO QUIBTPA, KOTOPBII U3MEHSIET SHEPTHIO ITyYKa. ITO
Mo3BOJIsIET (OPMHUPOBATH MYYOK MPOTOHOB C HEOOXOJMMBIMH JIEYCOHBIMH CBOMCTBAMH.
[IpOoTOHBI MOCTENEHHO TEPSAIOT CBOK SHEPrUI0 MPU CTOJIKHOBEHUH C sIpaMH aTOMOB U
BHELIHUMU 3JIEKTPOHAMHU B PE3y/lbTaTe YIPYroro U HEYNPYroro paccesHus, BO30YXKIEHUS U
MOHHU3aLMK aTOMOB cpefibl. Tak Kak Macca MPOTOHOB, Kak M Macca alnb(}a-4acTull, 3HAYUTEIbHO
MIPEBBILLIAET MAcCy MIEKTPOHOB aTOMOB, C KOTOPbIMU OHU COYAAPSIOTCS, UX TPACKTOPHUS MOUTU
MpsIMOJIMHENHA 10 KOHLa Ipobera.

[IpoGer nporoHoB ¢ sHeprued 120 m 140 M»dB B MATKUX TKaHSIX COCTaBIISICT
cootBercTBeHHO 11 u 14 cm. [IpoGer npoToHOB B amoMuHuu Ais 3Hepruu 1 MaB cocrasinser
0,013 mM, s 3-0,08 mm, s 10-0,63 mwM.

Honuzupyrolias criocoOHOCTh Iy4yKa MPOTOHOB PE3KO BO3pacTaeT B KOHIIE mpobera (MUK
Bbperra). DTo M03BOJISIET MOABECTH BBICOKYIO 03y K 00mydaemoii omyxosu (mo 100-200 I'p) 6e3
CYIIECTBEHHOI'O0 OOJy4EeHMs 3[0OPOBBIX TKaHEW. YCKOPHUTEIU MPOTOHOB I0O3BOJIAIOT OOJIydaTh
CTPOTO OrpaHUYEeHHBIC 00BeMBbI TKaHel oT 1 cM3 u OoJee.

HeiiTpoHbI.

Heiitponst (N) umerotr Maccy, paBuyio 1 a.e.M., 3apsia 0. ICTOYHUK HEHTPOHHOTO MOTOKA
- uenHele saepubie peakiuuu (L[SIP). DTu peaknuu HAyT Ha COJHIE W JAIOT COJHEYHYIO
sHepruto. HeHTpoHbI JOXOIIT OT COJHIIA 10 BEPXHUX CIOEB aTMOC(hepbl 3eMJIU U MOTJIOLIAI0TCS
napaMM M BO3AyXOM. B OOBIUHBIX YCIOBHMSX YEJIOBEK HE TIOJBEPraeTcs BO3JCHCTBUIO
HEHUTpOHOB. HEWTPOHBI BO3HHMKAIOT MPH SAEPHOM B3PHIBE, BBI3BIBAIOT TSHKEIOE TOpaKEeHHE,
XOTs AecTBUE JUIMTCS ceKyHabl. Helitponsl nognepxuBaroT LISIP B ssnepHbIX peakTopax, rjae ux
VICPKUBAIOT OTPAKATEISIMH, YTOOBI OHU HE BBIXOMIIN M3 aKTHBHON 30HBI.

DHeprus HEUTPOHOB KOJIEOJIETCS B OYEHb LIMPOKOM Juana3oHe. [1o sHeprum HeUTpPOHbI
YCJIOBHO JIEJIST HA CIEAYIOLINE TPYIIIbL:

- MeyieHHbIC HEUTPOHBI MOPa3ACIAOTCS Ha XosoaHbie (¢ sHeprueit menee 0,025 3B),
terioBbie (¢ sueprueit ot 0,025 no 0,5 3B) u Hanreriossie (¢ sueprueit Boime 0,5 3B). B
MOTJIOIIAOIIEN cpejie OObIYHO HAOJI0aeTCs peakus 3axBaTa MEeJICHHbBIX HEUTPOHOB.

- Pe3oHaHCHBIC HEUTPOHBI HAOMIOMAOTCS B 00IaCTH HEPTrUil OT Heckobkux 3B o 100-
500 3B. Takue HEHTPOHBI MOTYT MOTJIONMIATHCS TOJIBKO TsDKEIBIMU simpamu (Au, U u ap.)

- IIpomexyrounbie HEHUTpoHBI HMEIOT 3Hepruro otT 0,5 k3B mo 0,5 M»aB. Jlng Hux
HanboJIee TUIIMYHBIM MPOLECCOM B3aUMOJCHUCTBHSI C BEILIECTBOM SIBJISIETCS YIPYTrOo€ paccesHue.

- Beictpeie HeliTponsl ¢ sHeprueii oT 0,5 1o 20 M»B xapakTepu3yroTcst Kak YIpyruM, Tak
Y HEYIIPYTHM pacCesTHUEM U BOZHUKHOBEHHEM SIJICPHBIX PEAKIIHA.

- Ouenp ObicTppie HeWTpoHBl c dHeprued 20-300 MbpB  oTnuyaroTcs sAEpHBIMHU
peakuusMU ¢ BbUIETOM OO0JIBIIOrO YMCIa YACTHII.

- CaepxObicTpble HeWTpoHBI ¢ d3Heprueir Oonee 300 M»3B omimuarorcs cinabbiM
B3aUMOJICHCTBUEM C siipaMu  (IPO3PavyHOCTh SACp Ui CBEPXOBICTPHIX HEHUTPOHOB) U
MIOSIBJICHHEM ''PEaKIli CKaJIbIBAHUS , B Pe3yJbTaTe KOTOPOH OoMOapaupyeMoe sSapo UCITyCKaeT
HECKOJIbKO OCKOJIKOB.

B yckoputensax HEHTPOHOB CO3JAIOTCA ITy4KOBBIE ITOTOKH. Ilydkn HEWTPOHOB ¢
sreprueii 10-15 MbB nMeroT MakCMMyM MOHM3AlMK HETMOCPEICTBEHHO Ha IMOBEPXHOCTH Tea.
DHeprus omnpenesseT NPOHUKAIOLIYI0 criocoOOHOCTh. HelTpoHbl HE UMEIOT 3apsa, MPOHUKAIOT
BIUIyOb aTOMa U B3aMMOJIEMCTBYIOT HEMOCPEACTBEHHO ¢ siipamu. [IpoHukaromas crnocoOHOCTh B
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OMOJIOTHYECKOM Matepuaje HeWTpoHOB ¢ sHeprueil 14 MaB cocraBmser 10 cm. Coxepikamme
BOJIOPOJ COEMHEHHSI XOPOILIO MOTJIOIIAI0T HeTpoHbl. HelTpoH mmeeT maccy, paBHYIO Macce
MIPOTOHA, MO3TOMY IPU CTOJIKHOBEHHHM C BOJOpPOJAOM Habmomaercs 3((eKT paBHBIX LIapOB
(ympyroe paccesiaue). He#tTpon mepemaet mpoTOHY MOJIOBUHY SHEPTHH, MOCACIHUI (MPOTOH
OT/Ja4M) HAYMHACT JBUTaThCs U HOHU3UPOBATH PYrHe aTOMBbI.

[Ipu cTONKHOBEHMM HEUTPOHA C KPYHMHBIMU sipaMu Habmogaercs 3GQGeKT OTpakeHUs
(meynpyroe paccesinue). I[Ipu 3TOM 4YacTh SHEPrUU HEWTpPOHA BO3OYKIAET SAPO OTIAYH,
KOTOpO€ MEpeXOoAUT B CTa0MIIBHOE COCTOSIHME, M3iIydas ramma-kBaHT. [Ipu ompeneneHHbIX
YCIIOBUSIX HEHTPOHBI MOTYT IMOTJIOUIATHCS siapaMu (paaMalMoOHHBINA 3aXBaT), MEPEBOJAS HX B
BO30YXK/ICHHOE COCTOsIHME, U BbI3bIBaTh LSIP (nenenue wiu cuntes saep).

Helitpoubl ~ cnocoOHBI  BBI3bIBaTh  HABEJIEHHYIO  aKTHMBHOCTb,  IpeBpallas
HEpaJMOaKTUBHbIE aTOMbl B paauoakTuBHble. OHUM MOryr oOpa3oBbIBaTh paJAMOAKTUBHbBIE
30JI0TO, JKene30 u Ap. HaBoauThess MOTYT Bce MeTauibl (30J0ThIe 3yObl, KOJIbIA, PACUSCKH).
Onucan 0OXOr s3blKa OT MpuUJerarlell KOpoHKH 3yba mocie oOnydyeHus HeWTpoHamu. Ilo
CTENIEHU HaBEJIEHHOM aKTUBHOCTH (PU3UKHU MOTYT ONpeAeNuTh A03y oOmydeHus. Heltponnas
6oM0a Obl1a co37aHa KaK MPOTUBOTAHKOBOE OPY)KHE, TaK KaK HaBOJIUT PaJHMOAaKTUBHOCTb. JTO
camas foporas Oom0a, ceiiqac ee IPOU3BOJCTBO MPEKPAIIIECHO.

buonoruueckue »sddextel HelTpoHOB. BosnpelictBue kpatkoBpemeHHo. Tak Kak
HEHUTPOHbI HMMEIOT BBICOKYI0 IPOHHUKAIOIIYIO CIIOCOOHOCTh, XapaKTepHO IOBPEXKIACHUE
KPOBETBOPHOW TKaHU. BOJbIIyI0 103y MojydaeT yacTh Teja, MOBEpHYTas K MCTOYHHKY, M Ha
CTOpOHE MOpa)kKeHUs HaOIOAAaeTcs KpacHOTa KOXXKHM. B cilyuae HepaBHOMEPHOIO MOpPAXKEHUs
IIPOTHO3 MO KPOBETBOPEHUIO OJAronpHsTHBIA, TaK KaKk KOCTHBI MO3r caMm ceOsl mepecauT B
MOPa)KEHHBIE YYaCTKH, U TPAHCIUIAHTALlUs KOCTHOTO MO3ra He TpeOyeTcs.

3amura OT HEUTPOHHOIO H3IYyYEHHs] OCHOBBIBA€TCS HA IOIJVIOLIEHUH TEIUIOBBIX H
MEJUIEHHBIX HEUTPOHOB, MO3TOMY OBICTpBIE HEHTPOHBI JOJIKHBI ObITH 3ameaneHbl. HelTpoHsl
3aMEeJUISIFOTCSL B pe3yJibTaTe YIPYroro M HEYHNPYroro paccesiHus, Mepexois B TEIUIOBOE
paBHOBECHE C OKpyXkaromend cpenoul. IIpu 3ToM BO3HMKAET 3aXBaTHOE rU3JIy4EHHE, KOTOPOE
HEO0OXO0IMMO YUYUTBIBaTh MPH pacuere 3aluThl. beicTpble HEUTpoHBI Hambosee 3p(PEeKTUBHO
3aMeJUISIFOTCSl BEIIECTBAMU C MallbIM aTOMHBIM HomepoM. K Takum marepuaiiaM OTHOCATCS
BOJIOPOJICOJIEpKAIIIME BEIEeCTBA: BOJA, TsKenas BoJa, mapaduH, MOJUATHIIEH, IJIACTMAcCCHhl,
O0eroH. Y cBUHIA MeHbIIas 3amuTHas 3()(EeKTUBHOCTH OT HeHUTpoHOB. g 3¢ddekTuBHOrO
MOTJIOIIEHUST TEIUIOBBIX HEWTPOHOB MCHOJB3YIOT MaTepuaibl, KOTOpble HMEIT O0Jblloe
CEUYCHHE MOTJIONICHUS (coequHeHHs ¢ OOpoM - OOpHas CTajlb, OOPHBINA rpaduT, KaAMHUN U 1Ip.).

B nocnennue roapl muUpokoe MpUMEHEHUE MOJydHliia, TaK Ha3blBaeMasi, reTeporeHHas
3allUTa, COCTOSIIAS U3 YEPEIyIOLIUXCs CI0EB MaTepHalloB C MajJbIMU U OOJIBIIMMHU aTOMHBIMU
HOMepamu (Hampumep, BoJa U MeTaill). B KoMOMHHPOBAaHHOM cpejie ObICTpbIe HEHTPOHBI OYIyT
UCIBITHIBATh HEYNPYrO€ pacCessHUE Ha TSKENbIX sJpax ¢ HocheayromuM 3((EeKTHBHBIM
3ameyicHreM (YIpyroe paccesiHue) Ha sapax BoA0po/ia.

PenTrenoBckoe usiyuenmue.

PenTrenoBckoe u3iydyeHUe MpeACTaBiIsieT cOO0N COBOKYITHOCTbh XapaKTEPUCTUYECKOTO U
TOPMO3HOTO H3JIy4EHHUH, AMANa30H 3HEPruu (QOTOHOB KOTOPbIX cocTamiser 1 kaB-1 M»3B.
XapaKkTepucTUUECKOE U3IIyueHUue — (POTOHHOE U3IYYEHHUE C JUCKPETHBIM CIIEKTPOM, KOTOpOE
BO3HHMKAET MPU W3MEHEHUH SHEPreTHYECKOr0 COCTOSHUS JIEKTPOHA B aTOME C MEPEXOJIOM €ro
Ha PHEpreTHYecku 0oJiee BBITOJHYIO0 opOuTy. TopMo3HOEe u3iyyeHue - GOTOHHOE M3IIyYeHHE C
HENpPEPBIBHBIM CHEKTPOM, MCIIyCKaeMOE€ MPU U3MEHEHHH KHHETHYECKOW PHEPIUM 3apsiKEHHBIX
yacTull. OTOT HPHUHLMUI BO3HUKHOBEHHUS PEHTIC€HOBCKOTO W3IY4YEHUS IPU TOPMOKEHUU
AJIEKTPOHOB Ha aHOJIE UCIIOJIb3YETCS B PEHTT€HOBCKHUX TPyOKax.

PentrenoBckoe manmydenue wmmeer JutHY BOHBI 10-0,001 M. UeM MeHbIIe IMHA
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BOJIHBI, TE€M BBILIIE OHHEPIrHsl M3Iy4eHHUs M OoJibllle MPOHHUKAMIas crnocoOHoCTh. Ilpu
MPOXOKJICHUM Yepe3 TKAaHU PEHTICHOBCKOE W3JIydYeHUE OBbICTPO MOTJIOINAETCs, U J103a,
MOJIyu€HHasi TKAHSIMH U OpraHaMu, 3aBUCUT OT pacCTOsIHMS A0 ucTrouyHuka. [loBpexmaroiiee
NeMCTBHE PEHTI€HOBCKOTO M3JIy4YEHHS] HAa TKaHU CXOJHO C OMMCAHHBIM HIDKE JIEHCTBHEM raMMa-
u3nydeHus. K 3aluTHeIM MaTepruaniaM OTHOCATCS TSDKENbIe MeTallibl (CBUHEID), OCTOH, IPYHT.

I'amma-u3iay4yeHune - 370 3JIEKTPOMArHUTHOE H3JIydeHHUE, oOpasyrolieecs MpU pacraje
sJIep aTOMOB.

'amma-poH 3a cyeT KOCMHYECKOr0 M 3€MHOr0 H3JIy4eHHs CYLIECTBYET C MOMEHTa
3apOKJIeHUsl IUIAaHEThl M YMEHbIIaeTcs co BpeMeHeM. [‘amma-uznyueHue o06nagaer
MOBPEXKJIAIOIIUM JIEHCTBHEM, KOTOPOE€ OCOOEHHO OMOJOTMYECKH 3HAUUMO Ui XPOMOCOMHOTO
anmapaTta. YenmoBeK B OMNPENEICHHOW CTENmeHW ananTUupoBaH K ramma-dony. bomnee Toro,
HEKOTOpbIE  CYUTAIOT, YTO, IOBBIIAasg H3MEHYUBOCTh, TraMMa-(OH CIOCOOCTBOBAI
BO3HUKHOBEHUIO KU3HU U YCKOPEHHIO 3BOJIIOLIUU.

Ha 3emie ramma-gon Haxoautes B mpenenax ot 5 no 50 mxP/4ac. Yposenb ramma-¢pona
MECTHOCTH 3aBHCHUT OT BBICOTHI HaJl YPOBHEM MOps, MPUCYTCTBUS FOpHBIX opoA. B bpasuiuu,
Wuauu ecte TeppuTOpuH, rie HaOmogaeTcs euie 0oJjiee BBICOKHM ramma-(QoH, HO TaM KUBET
Majo Jroned. Baxxno 3Hath ramma-(oH cBoeir mectHOCTH. B I'pomHo ramma-¢doH cocraBiser
10-15 mkP/4ac. B ropax ramma-¢oH BbIllle, TaK KaK MOBEPXHOCTb 3eMJIM OJIM)KE K COJHILY U
paspekeHHas arMoc(depa MeHbIIE MOIJIONIaeT KOCMHUYECKOe raMmma-u3iydyeHue. Tam, rae ecTb
IPaHUTHBIE MOPOJIbI, raMMa-()OH TaKX€e BBILIE.

l'amma-usnyuenue, Kak M PEHTTEHOBCKOE, O0OJagaeT Majoll JIMHEWHOW mepenadeit
SHEPrud M BBICOKOM MpOHUKaIoLIEH crnocoOHOoCcThI0. J[nuHa mpolera B BO3JyXe COCTaBIISET
coTHU MeTpoB. [Ipum mNpoxoxaeHHM Tena 4YeloBeKa OU3Iy4YeHHE TepsSeT YacThb OSHEPruu.
H3MeHeHne MHTEHCUBHOCTH PEHTI'€HOBCKOTO U OFM3JIy4EHHS BBIpaXaroT yepe3 KodhduuueHT
ocnalIeHusT WK CIIOH TOJIOBUHHOTO ociabnenusi. B ob6mactu sneprum kBantoB oT 1 k3B mo 50
M5B ocnabnienne U3NMydeHHs] OCYILECTBIseTcsl IyTeM (OoTodjIeKTpuueckoro 3dgekra,
paccessHMsl aTOMHBIMM DJIEKTPOHAMM U IyTeM o00pa3oBaHHs Hap 3JIEKTPOH-IIO3UTPOH.
VYka3zaHHbIE MTPOLIECCH MOTYT IPOUCXOUTH HE3aBUCUMO JIPYT OT Jpyra, H03ToMy Ko3hdUurueHT
ocJyiabyieHus! COCTOUT U3 TPEX vacTei.

[Ipu dorosnexkrpuyeckom 3ddexre sHepruss (GoTOHA MOITHOCTHIO TMOTJIOMACTCS |
pacxojayercs Ha OTPBIB CBSI3aHHOTO JJIEKTPOHA OT aToMa U MNPUIAHUE €My KHHETHYECKOU
SHEpPruu. DJIEKTPOH, BbIPBAaHHBIA W3 MOJS aTOMa, MPOU3BOJUT MOHU3ALMIO TKaHU. Yem Onmke
ANIEKTPOH K AJIpy, TeM Oouibllias dHeprus ero cBsi3u ¢ sapoM. DotorddexT xapakrepeH A
MSTKOTO TaMMa-u3imyderus ¢ sHepruedl or 1 mo 500 k3B u ymeHbpmaercss ¢ yBelnHMueHHEM
sueprui (E).

PaccessHue aTOMHBIMU 3JIEKTPOHAMH 3aKJIIOYAETCS B OTKJIOHEHUH (OTOHA OT CBOETO
NIEPBOHAYAIBHOTO HAIIPABIICHUS ¢ oTepel wiu 6e3 morepu sHepruu. [Ipu sueprun ot 0,5 mo 1
M5B ¢doToH BbIOMBaeT 3JIEKTPOH C Iepefauyeit eMy TOJIbKO YacTU CBOEW SHEPruu U MEHSET
HaIpaBJIEHUE CBOETO JBUKEHUS, UTO MOJYYHIIO HA3BaHUE KOMIITOHOBCKOI'O PaCCEsTHUS.
®otoH c sHepruedt Oosee 1 M»>B, B3aumonelcTBYsS C SJIpOM, HCYE3a€T U IMPOUCXOJIUT
oOpa3oBaHue Mapbl JIEKTPOH U MO3UTPOH, KOTOPbIE MPOU3BOIAT MOHU3ALUIO JPYTUX aTOMOB.
[T03UTPOH MOXKET COCMHUTBCS C ICKTPOHOM € 00pa30BaHUEM IBYX (POTOHOB (aHHUTHIISIIHS) C
sneprueit 0,51 MaB kaxprii.

BnusiHue paavanuMyM Ha BEHIECTBO - 3TO CEpUsl DJIEMEHTApHBIX COOBITHIl, aKTOB
B3aUMOJICHCTBUS (POTOHOB MJIM YACTHIl BEICOKOW YHEPTUH C aTOMaMH (MOJICKYJIaMH) BEIIECTBA.

Ilepsas - uucmo ¢huzuueckas cmaous e3aumooeticmeus, IPOTEKAOLIas 32 MUJUIMAPIHbIE
JIOJIA CEKYHJIbI, COCTOUT B Mepeade yacTh SHepruu GoToHA (YaCTHIbI) OJHOMY M3 3JICKTPOHOB
aToma ¢ TMOCJIeYyIOIIeH HOHU3AIKEeH 1 BO30YX/IeHHEeM aTOMOB (MOJICKYI).
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Nonam w®  BO3OYXJIEHHBIM aroMaMm, OOJaJalImKUM  U30BITOYHOW  SHEPrHeH,
3aUMCTBOBaHHONW y (oToHa (YacTHIbI) BBICOKOW DSHEPrUH, B CHJIy 3TOTO CBONCTBCHHA
MOBBIIICHHAs XUMHUYECKas PEaKTUBHOCTb, OHU CIIOCOOHBI BCTYIATh B TaKUE PEaKIMU, KOTOPbIE
HE BO3MOJXKHBI 151 OOBIYHBIX, HEBO30Y)KJICHHBIX ATOMOB (MOJICKYIT).

Ou3nKo-XxMMHUYECKass ~ CTaiusl  pa3BUBAaeTCs B pe3yjlbTaTe  B3aUMOJICHCTBUS
00pa30BaBIINXCS HOHOB U CBOOOIHBIX 3JIEKTPOHOB MEX]y CO00M U ¢ OKpYKaIOLUMMU aTOMaMu
U MOJeKylaMH. 3aBepliaercsi 00pa3oBaHMEM  HOBBIX  HOHOB,  COJIbBaTUPOBAHHBIX
(ruIpaTHPOBAHHBIX) AICKTPOHOB, BO30YKICHHBIX MOJICKYJ, XMMUYECKH aKTUBHBIX CBOOOIHBIX
paaukanoB. OTa LeNb paJdallMOHHO-XMMHUYECKHX IpPEBpallleHui, MPUBOASIIAs B HUTOre K
00pa3oBaHUIO0 CBOOOIHBIX PAJAUKAIOB, TIOJTyYHJia Ha3BAaHUE PAAHOIIN3.

CBoOo/iHbBIE pajuKalibl IMPEACTABISAIOT COOOM 3IEKTPUYECKH HEUTpalbHbIE aTOMbI U
MOJIEKYJIBI C HECIAapeHHbIM JJIEKTPOHOM Ha BHEIIHeW opOutanu. HecrnapeHHblE 3JIEKTPOHBI
CBOOOJHBIX PAJAMKAIOB PEAKIMOHHO CIIOCOOHBI, TaK KAaK JOJDKHBI CHAPUTHCA C 3JIEKTPOHOM
Jpyroro pajaukaia Wik YAAJUThCs M3 atroMa. Bpewms cymiecTBoBaHHMS CBOOOIHBIX paJMKaJIOB
OTPaHUYEHO MX BBICOKOM PEaKIUOHHOW CIIOCOOHOCTBIO, HO CYLIECTBEHHO IPEBBIIIAET CPOK
CYIIECTBOBAHMSI MOHOB, BO3HUKIIUX NpHU norjoiieHuu 3Heprun MU, nostomy Guonsornueckuit
hdexT paaualnuu CBsA3aH, B OCHOBHOM, C JEWCTBHMEM CBOOOIHBIX paaukaioB. Paguyc ux
nevicteusi orpanndeH 3,0-3,5 HM. CB0OOIHBIC paMKalbl, OTAAMONINE IIEKTPOHBI, BBICTYNAIOT B
POJIK BOCCTAHOBUTEIIS U, IPUHUMAIOIINE IEKTPOHBI, B POJIM OKUCITUTEIIS.

WNonusupyroniee U3Iy4eHHE MOXKET OKa3blBaTh MPSIMOE WM HEMOCPEJICTBEHHOE
MOBpEXIatolIee AeHCTBUE HA MaKpOMOJIEKY/bl U KOCBEHHOE MOBpEXJaroliee IeHCTBUE, KOI/ia
MaKpOMOJIEKYJIbl IOBPEXKAAIOTCA IPYTUMU MOJIEKYIaMHU, MOTy4uBIIUMHU dHepruto UN.

Bmopasa - ¢uzuxo-xumuueckas cmaous 63aumooericmeuss W3IIy4eHUS C BELIECTBOM
IPOTEKAeT YK€ B 3aBUCHUMOCTH OT COCTaBa U CTPOEHMUsSI OOIy4aeMOro BEIlECTBa.
[TpuHnunuaneHOE 3HaYCHUE UMEET HaJM4Ke B 00JyyaeMoil cucrteme Bojbl U Kuciaopoaa. Eciu
UX HET, BO3MOXHOCTH XUMHUYECKOTO BO3JCHCTBUS AaKTUBUPOBAHHBIX pajualliedl aroMoB
OTpaHUYEHbI, JIOKAIU30BaHbl. B mpHCYyTCTBHM BOJBI IMOJ BIUSHUEM pagUallM BO3HUKAIOT
NOJIOKUTENBHO  3apsKeHHble HOHBI Boasl Ho0, H,O u  pacTBopeHHBIE B BOJE
(rumpaTHpOBaHHBIE) AIEKTPOHBI €-THIP.

WNonbl BOJBI, Kak U BO30YKICHHbIE €€ MOJEKY/Ibl, XUMUYECKH PEaKTUBHBI M MEHEe
CTaOWJIbHBI, YEM MOJIEKYJIbI HEBO30YK/IeHHbIE. B MPUCYTCTBUM pacTBOPEHHOI'O KUCIOPOJa 3TU
aKTUBHbIE IPOIYKThI OOIYUYEHHUS JIETKO C HUM pearupyror, 00pasys Takue 0oJiee JOJITr0KUBYILHE
U XUMUYECKH aKTHBHBIE (OpMbI, Kak CBOOOJHBIE paauKaibl: THApokcwibHbi OH,
cynepokcumabiii 0 5, ruaponepokcun HO, , a Taxxke mepekuck Bogopoaa H,O, . CBoboaHbIC
paaKaibl SIBISIOTCS HEUTpalIbHBIMU (HE3apsHKCHHBIMH) aTOMaMH WM  MOJICKYJIaMH  C
HENapHBIMU AIEKTPOHAMHU; UCKIIFOUUTEIIHO PEAKTHUBHBI.

I'mapokcunbhbiii  pamukan (OH)  sBisieTcss  caMbIM  CHJIBHBIM — OKHCIIUTEIICM,
oOpa3zyrouuMcs Ipy paguoJin3e BOJbl, IEPOKCU] BOJIOpoa - ciaadbiil okucauTenb. K cuiibHbIM
BOCCTaHOBUTEJIIM OTHOCSITCSI BOJIOPOIHBIN pajuKall U THAPaTUPOBAHHBIN 3JIEKTPOH.

B npucyrctBumM KHMCIOpOAa BO3HHUKAIOT JONOJIHUTENbHbIE paJUKalbl, KOTOpHIE
YCWIMBAIOT NOoBpexaaroniee nericrsue MM m pemaroT moBpexAeHUS TPYIHO JOCTYIHBIMM JUIS
penaparyu. JTO SBJICHUE MOJYYHIO B PAIMOOMOJIOTHH Ha3BaHUe KUCIOopoaHbId dddekt (KD).
B armocdepe kucnmopona BBIXOA MOBPEXKACHHH MaKpOMOJIEKYl B 3 pa3a Oojblle, 4eM B
atMocdepe a3ora.

Tpemwvsi cmaous 6uoxumuyeckas. Paagmonn3 HykiIenHOBBIX kucaoT. [lonx meiictBuem U
MIPOUCXOJIUT  BBHIOMBAaHUE  DJIEKTPOHOB,  IepeMelieHue  JAe(PEeKTHOro  ydacTtka IO
MOJIMHYKJICOTUAHON LIENH B pe3ysibTaTe€ MUTPALMU AJIEKTPOHOB € 00pa30BaHHEM CBOOOHBIX
paaukanoB B 00JacTH OCTAaTKOB THUMHHA WM LWUTO3MHA, IYPUHOBBIX KoJiel, (ocdaTHo-
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VIJIEBOJAHBIX CBsi3ed. bonblliasgs yacTh 3HEPrMM HMOHU3AIMHM PACXOIYyeTcsl Ha paspylleHHe
crpykrypbl ocHoBanuii JIHK, ocrampras uacte (10-20%) Bemer k paspbiBy ¢ocharHO-
YIJIeBOAHBIX cBsA3eil. M3-3a mabmnmsanuu cesized Mexay JHK u rucromamum npoucxomut
JEKOHJIEHCAIMsl XpOMAaTHHA, YTO U3MEHSIET JOCTYIHOCTh NoBpexkaeHHbIX yyacTkoB JIHK kak k
NEUCTBUIO areHTOB, PUKCUPYIOIIUX MMOBPEXIECHUE, TaK U perapalMoOHHbIX pepMeHTOB. OnHaKko
MIPOLIECCHl HYKJI€a3HOM Jlerpaaluy MpeBaIupyoT HaJl IPOIECCAMH PECUHTE3A.

B pesynbrare HemocpencTBEHHOTo oOpa3oBaHUs paJAUKaIOB WM I0J JACWCTBUEM
MPOAYKTOB paauojm3a Boibl (ruapokcuibHb pagukan) B JIHK wabOmromaroTcss ogHO- H
neyautreBbie paspeiBbl, cimmBku JIHK-JIHK, JTHK-PHK, JIHK-6enok, BHyTpHUMOJEKYISpHBIC
CIIMBKH, MOJU(UKALIUI a30TUCTHIX OCHOBaHUM, 00pa3oBaHKe TUMUHOBBIX TUMEpOB. Paukanbl
OH crocoOHbI OTIIEIUIATH aTOMBI BOJIOPOJIa y BCEX aTOMOB yriepoia ae3okcupudossl JAHK, u
00pazoBaHue PaJUKAIOB BEACT K pacuierieHnio ¢pochopHodpupHbIX cBsizen. OnpeaeneHo, 9ro
obnyuenne B nmo3e 1 I'p Be3bBaeT oOpazoBanme B kierkax oT 10 mo 100 aByHUTHEBBIX
pa3psiBoB, 1000 otuHOYHEIX pa3pbIBOB U MOoBpexkaeHHe 0k0JI0 5000 a30THCTHIX OCHOBAHUM.

Cpennee BpeMs pealM3allidl CTPYKTYPHBIX ITOBPEXKICHHN XpomocoMm cocrtaBisier 20
MuHyT. lloBpexaeHuss B XpomocoMax cpaszy Iocie OOITydeHUs HEeCTaOWIbHbBI, MPOUCXOIUT
B3aUMO/JICHCTBHE C COCEAHUMH MOJICKYJIAMH C MOCIEIyIoIeil cTabuu3amuei u penapanuei (K
6 4). BOJBIIMHCTBO OJHOHUTEBBIX Pa3pbIBOB ObIcTpo penapupyercs. Okono 10% nBYyHUTHEBBIX
pa3pbIBOB HE MOJIBEpraeTcs penapaluu, YTo BbI3bIBAET 00pa30BaHNE XPOMOCOMHBIX a0eppaliuii.
PannouyBCTBUTENBHOCTh KIIETOK pa3iMyYaeTCsl Ha pa3HbIX CTagusaX KiIeToyHoro uukia. K
NEUCTBUIO pajualuu KIETKU Haubojiee YyBCTBUTENBHBI B (pa3e MHUTO3a, KOTJa MPaKTHUYECKU
OTCYTCTBYIOT Mpolecchl (hepmeHTatuBHOM penapanuu JJHK.

Pagnanuronnoe noBpexjieHue XpoMocoM TpeOyeT Oojiee, ueM OJHOr0 aKTa MOHU3AlHH.
OHeprus s paspbiBa npu mpsmom 3ddekre cocraBimsser 100 »B. Ilox neiictBuem WU
o0pa3yroTcs cleayrolue BUIbl XpPOMOCOMHBIX adeppaliuii: KOHIIEBbIE JesIelnd U (hparMeHTanus
XpOMOCOM, 00pa3oBaHME KOJIBLEBBIX XPOMOCOM IOCJ€ OTpbIBa (PparMEHTOB U COEIMHEHUS
KOHLIOB JIeJIE[[UH, TPAHCIOKALUKU BCJIEJICTBUE BHYTPUXPOMOCOMHBIX M CHMMETPUYHBIX
MEXXPOMOCOMHBIX OOMEHOB, 00pa30BaHHWE JUUEHTPUKOB, BCJIEJICTBUE ACCUMETPUYHOTO
oOMeHa MeXJay IBYMsS XpOMOCOMAaMHM, U XPOMOCOMHBIX MOCTOB. XpOMOCOMHbIE abeppauuu
COMPOBOKIAIOTCS MOTEPEH MeHETHYECKOro Marepuayia (B BUAC allCHTPHUUYCCKUX (ParMeHTOB),
HEPABHOMEPHBIM pa3AeeHUEM XPOMOCOM, MEXaHUUYECKUMHU MPENATCTBUIMHU K JACTICHUIO KIETKU
(MocTBI).

Pamnonns GenkoB. Ilpu mpsimom nerictBuu MM u3 mosekynbl Oenka BBIOMBAIOTCS
AJIEKTPOHBI ¢ 00pa30BaHUEM IOJIOKUTEIIbHBIX MOHOB. B pe3ynbTrare B MONMNENTUIHOW LEeNu
HAYMHAETCS MUTrpalMsi SJEKTPOHOB ISl 3alOJHEHUsI JEe()EKTHBIX YYaCTKOB, U BO3HHUKAIOT
cBoOOHbIE panuKanbl. CBOOOAHBIE pajuKaibl OEIKOBBIX MOJIEKY1 00pa3ylTcs TaKkKe Mpu
B3aUMOJIEHCTBUHU C IPOJAYKTaMU paauoin3a Bojsl. [log Bo3neiicTBuEM CBOOOIHBIX PaIuKaIOB B
MPUCYTCTBUH KHUCJIOPOJA MPOUCXOIUT MOAU(PHUKAIMS aMUHOKUCIOT B MOJUIENTUAHON LIEMH,
pa3pbiB ciaObix (BOJOPOJHBIX, THAPOPOOHBIX) M CHIBbHBIX (IUCYIbQUIHBIX, TECITHIHBIX)
CBsI3€H, OTIIEIJIEHHE aMMHaKa, CEpOBOIOpOJia, 00pa3oBaHKe HOBBIX KOBAJEHTHBIX CBSI3€H, UTO
BEJIET K BO3HUKHOBEHHIO CIIMBOK M arperaroB M HapyLIEHUIO B UTOTe€ HAaTHUBHOM CTPYKTYpbI
Oenka. PagnannoHHO-XUMUYeCKUEe U3MEHEHUS! KOHQOPMALIMOHHON CTPYKTYphI OEJIKOB, MPExX/Ie
BCEr0 BTOPUYHOM M TPETHUUHOM UX CTPYKTYpPHI, BIIEKYT 3a COOOM HapyllIeHUs UX OMOJIOTUYECKUX
CBOJMCTB, B TOM uHucie (PepMEHTATUBHON aKTUBHOCTH.

Pagnonus aunuaoB. @ocGoaunuabl, COCTaBISIONINE CTPYKTYPHYIO OCHOBY KJIETOUHBIX
MeMOpaH, CUMTAlTCA Haumbojiee paJuOYyBCTBUTEIbHBIMM M3 OpraHuueckux BemiecTB. llon
BO3JICHCTBUEM IIOTJIOIIEHHON OJHEPrMM MOHU3HUPYIOLIEro HU3JIydeHHUs JIErKo oO0pa3yroTcs
paavKalibl HEHACBIIIEHHBIX JKUPHBIX KHUCIIOT, KOTOPbIE MOCJE B3aUMOJIEHCTBUS C KUCIOPOAOM
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00pa3yloT TUIPONEPOKCH]IBI M HOBBIE CBOOOJHBIE pPATUKajbl, YTO IOJJIEP)KUBACT LIETTHON
XapakTep OKHUCJIEHMs JMMNHAOB. B NpUCYTCTBUM HMOHOB C MEPEXOJHOW BaJIEHTHOCTHIO
MIPOUCXOIUT Pa3BETBICHHUE LIETTHBIX PEAKIIUM.

Paguanus akTUBHpYeT LIETIHbIE PEAKIMH, KOTOPbIE B OOBIYHBIX YCIOBHSX MPOTEKAIOT B
KJIETKE C OYEHb MaJlol CKOPOCTBIO M KOHTPOJUPYIOTCS 3HIOT€HHbIMH HHruOutopamu. B
nepekrcHoM okucieHun JunuaoB (I1OJI) BeIIENSOT CTaAMU: WHHUIMAIMH, HPOJOJIKCHUS
peakuuu, pa3BETBICHUS Ienei, U B MPUCYTCTBUM MHTUOMTOPOB BO3MOXKHA CTajausi oOpbIBa
LEeTen .

ObpazoBanue paaukaioB (ochonunuIoB BeIeT K pa3pblBy MOJEKYJIbl 110 MECTY
s3¢upHON CcBsi3u ¢ oOpazoBaHueM Ju3zodopm. IlepekucHble MPOAYKTHI CHOCOOHBI OKa3bIBAThH
TOKcHYecKui 3¢ ¢dekT Ha MeMOpaHbl, U3MEHATh XUMHUYECKHI COCTaB JIMIMJIOB, UX BS3KOCTD,
MIPOHUIIAEMOCTh, JJIEKTPOKMHETHUECKUH MOTEHIMall, peuenuuio. B wurtore Hapymaworcs
KU3HEHHO HE0O0XoauMmble (DYHKIIMU MEMOpPaH Kak CYNEpPCTPYKTYphI: OapbepHas, perenTopHo-
CUTHAJIbHAS, PEryasSTOpPHO-(EpMEHTAaTUBHAsA, TPAHCIOPTHAs, YTO MOXET BECTH KIETKYy K
rubenu. Hapymarorcs mpoHHIIaeMOCTh MEMOpaH M TPaHCHOPT 4epe3 HUX MOHOB, aKTHUBALUS
MeMOpPaHOCBSA3aHHBIX (EPMEHTOB, CHHXKAETCd MPOIYKLIHS MAaKpPO3ProB, 4YTO YMEHbIIAET
akTuBHOCTH penapaunu JJHK.

Hapymienne »sHepreTueckoro oOMeHa NPOUCXOJUT B pe3yJbTaTe IOBPEXKACHUS
MeMOpaH MHTOXOHJIpUM, BbIpaBHMBAHHS KOHLIEHTpALMi HATpUs W Kalus B KIETKE H3-3a
HapylleHUs HapyKHONH MeMOpaHbl KieTku. JlucOamaHc MeXIy aKTHBHOCTBIO HYyKJI€a3 u
MOJIMMEpa3 BEJET YCUIICHUIO KaTaboau3Ma U Jerpajauuu xpomatuHa. [Ipu noctpaauannoHHoM
anonro3e kierok ¢parmenranus JHK compoBoxxngaercs pacmagom siiepHOW W JIPYTHX
MeMOpaH.

[IOJI B omnpeneneHHBIX Mpeaenax MNPOUCXOAUT M 0e3 BO3ACHCTBUS pagualid B
MeMOpaHax MUTOXOHJAPUH, MHKpPOCOM, JHM30COM, OJHJOIUIA3MAaTHUYECKOI'O0 PETUKYIyMa.
Perymsmuss  I1IOJI  ocymiecTBisiercs MNpu  y4yacTHMM — CYNEPOKCHIJIMCMYTasbl, KaTaslasbl,
[JIyTaTUOHIEPOKCHUIa3bl, CBOOOJHBIX THOJOB, BEIIECTB, OOPHIBAIOLIMX LIEMHbIE IPOLECCHI
(roxodeposi, YOUXHUHOH, pPETUHOJ, [B-KapOTHH, HEKOTOpbIE CTCPOMIHBIC T'OPMOHBI).
®docdonunaza obecrneynBaeT yaaneHue HauboJiee MOBPEXIEHHBIX ()ParMEHTOB HEHACBIILEHHBIX
KUPHBIX KHUCJIOT M HUX MepeHOC U3 TuApo(OOHBIX YYaCTKOB OHOJIOTMUECKHX MeMOpaH B
rUAPOPUIbHbIE, TJI€ OHU HHAKTUBUPYIOTCS.

Pagnonus yrnesonos. U Bei3biBaeT 0Opa3oBaHuE U3 YII€BOA0B CBOOOJAHBIX PaJAUKAJIOB
U MepeKucel, U3 TIIMLUEPUHOBOrO albJIeruia — METWITIINOK A, KOTOPbIA MHTMOUPYET CUHTE3
JIHK, Genka u feyeHne KIeToK.

OUBNKO-XUMHIECKUE MEXAaHU3MbI PeaT3allii KUCIOPOAHOTO dddekTa.

CymHocTh  KHCTOpPOAHOTO 3ddeKkTa 3aKIyuaeTcs B YCHUJICHUU PagHAIlHOHHOTO
MOBPEXKJICHUSI OHMOJOTUYECKMX MAKpPOMOJIEKYJ B IPUCYTCTBUU KHUCIOPOJAa U HOHOB C
nepexoaHoii BanmentHocThio (F€, CU', Zn™). B pesynbrare NEpBHYHOTO PAAMOIH3A BOJIBI
oOpa3yeTcsi paBHOE KOJMYECTBO MOJIOKUTEIBHO U OTPULIATEIBHO 3apsHKEHHBIX HOHOB, KOTOPbIE
BBICTYIAIOT B POJIM OKUCIMTENEH WM BOCCTAHOBUTENIEH, COOTBETCTBEHHO. PaBHOBECHE MEXy
OKUCJIUTEISIMU M BOCCTAaHOBUTEISIMH PE3KO HU3MEHSIETCs B NPHUCYTCTBUM Kucjiopoaa. B
NPUCYTCTBUH KHCIOPO/a YBEJIMYMBACTCS 00pa3oBaHue rujpomnepokcuaaoro paaukaina (HO; ), a
TaKKe YMEHbBIIACTCS BO3MOXKHOCTh penapanuu SH-rpymnnamu. [lepokcun Bomopona (H2Oz) —
YMEpPEHHBI OKUCINUTEIh, XMMHUUYECKU MEHee peakTuBeH, yeM Op, U M0 3TOW NpUYMHE AOJIbIIE
CYIIECTBYET B pacTBOpax, XOpOIIO MPOXOAMUT uepe3 KIETOUHble MeMOpaHbl, B KJIETKax
MeTaboIM3UPYEeTCsl 10 BOJBI JBYMS AHTHOKHCIUTENbHBIMU (EpMEHTaMHU: KaTana3ol u
rIyTaTuoHnepokcuaa3oi. [mapomepokcuanbii  pamukan (HO,) - cmabas kwuciora, B
HEUTpanbHOU cpene auccoruupyeT 10 O, 1 pu BoccTaHoBIIeHHH niepexoaut B Hy0; :
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[Ipu paguonnse OpraHMYECKHX BELIECTB HMX paJUKalbl CTAaHOBSTCS CIOCOOHBIMU K
B3aMMOJICHCTBUIO C  MOJIEKYJSIDHBIM  KuciopofoMm. lloBpexxneHne  MakpOMOJIEKYIIbI
MPOJI0JIKAETCsl 00pa30BaHUEM €€ MEPOKCUAHOIO paJHKaa.

B npucyrctBun kucnopoaa B JHK oOpasyrorcs mepokcuiibl a30THCTBIX OCHOBAaHMH,
MPOUCXOIUT pa3pblB N-TIIMKO3UAHON CBSI3M ITYPUHOBBIX OCHOBAHUM, pa3pblB IIypUHOBOTO U
MUPUMHUIMHOBOTO KOJIBIIA, B IIEJIOM YBEIMYMBACTCS YMCIIO TOBpexaeHnid ocHoBanuii IHK B 3
paza. OOpa3zoBaHHE TEPOKCUIHBIX PpAIAUKAIOB  JE30KCUPHOO3bI BEAET K  Pa3pbIBY
yraeBoHodochaTHON 1enodku. [lox geiicTBuEM KUCIOpOIa YUCIO OJHOHUTHEBBIX U TBOMHBIX
pazpeioB JJHK mosxer yBenmnuutbes B 2-2,5 pasa.

OcHOBHBIE ITyTH METa00IM3Ma BHICOKOPEAKIIMOHHBIX (DOPM KUCIOPOJIa.

CBoOoHOpaIUKaIbHBIE PEAKLUUU C Y4aCTUEM KHUCIOPOJa MPOUCXOJAT B KIETKaX U B
¢uznonornyeckux yciaoBusix. OJIHAKO WX MHTEHCHBHOCTb HE3HAUUTENbHA M KOHTPOIUPYETCS
OHJOTCHHBIMU  AHTHOKCHJIAHTAMH: THOJbI  (IMCTEMH, TJIyTaTUOH, METAJUIOTHOHCHHBI),
OMOTeHHbIC aMHHBI, YOUXHHOH, O-TOKOQEpOos, acKOpOMHOBas KHCJIOTAa, D-KapoTuH,
ounodnaBoHou bl (PYTHH, KBEPIETHH), BOCCTAHOBJICHHbIC HUKOTHHAMM/IAICHUHINHYKICOTHIbI,
XOJIeCTepUH U Jpyrue. B perymasuum ¢Qu3nonorudyeckux cBoOOJHOPAIMKAIBHBIX peakui
NPUHUMAIOT Y4YacTHE IPOOKCHIAHTHbIC (KCAHTMHOKCHIA3a, (IaBUHOBBIC JICTHIPOTEHA3bI,
OKCHUTEHa3bl, UTOXPOM-450) U aHTHOKCHAAHTHBIC CHCTEMbI (CYMEepOKCHAMCMYTa3a, Karajasa,
[JIyTaTHOHIIEPOKCHU 1a3a).

IIpu  u30bITOUHOM  OOpa30BaHUM  CYNEPOKCHIAHUOH-pAJMKaNa, IMPEBbIIIAIOIIEM
Bo3mokHocti CO/JI, mociennuii B NPUCYTCTBMM METAJUIOB C MEPEXOJHON BaJICHTHOCTHIO (B
OCHOBHOM, HOHOB JKelie3a, PEeXKE MEIH) HHHUIMUPYET o0pa3oBaHUEe HauOoOJiee CHIILHOTO
OKHCIIUTEIIS - THAPOKCHIbHOTO paaukana (OH ).

benku, TpaHcpeppuH U Lepy/IOIUIa3MUH, MOIYT CBSI3bIBATH U CIIOCOOCTBOBATH
JETIOHUPOBAHUIO METAJJIOB C MEPEXO0IHOM BAJIEHTHOCTHIO B HEAKTUBHOU (hopMe, MOATOMY OHU
MPEMSTCTBYIOT 00pa3oBaHUIO TUAPOKCUIBHOTO pajJuKaja M BBICTYNAIOT B POJM CHCTEMHBIX
aHTHOKCHJIaHTOB opranusma. Karanasa u riyrarnoHnepkcuaasa, KOTopble YCTPaHSIOT U30bITOK
IepoKcHaa BOJOpoJa, a Takke wHUToxpoM C U HEKOTOpbIE JPYrHMe€ OKHCIHUTEIbHO-
BOCCTAaHOBUTENIbHbIE (EPMEHTHI, KOTOpbIE CIIOCOOHBI YTHJIM3UPOBATh TUIPATUPOBAHHbBIE
AJIEKTPOHBI K ATOMBI BOJOPOJA, MOT'YT ObITh 3HJIOT€HHBIMHU PAJUONPOTEKTOPAMHU.

DOHJOTeHHbIE U AK30I€HHbIE aHTUOKCUJAHTBI MOTYT NE€pPEeXBaThiBaTh U MHAKTUBUPOBAThH
BTOPHYHBIC OKUCIUTEIbHBIC PaIuKaibl (BKIIOYAs CYIEPOKCHIAHUOH PAJMKaN), KOTOPbIC MCHEE
PEaKTUBHBI, YeM FHAPOKCUIIbHBIN pajiuKai, HO 0oJiee CTaOMiIbHBI U CIOCOOHBI MU (YyHIMPOBATH
Ha OOJIbIINE PACCTOSHHUS.

JU1s1 KIETOYHOTO S1/1pa, JIy4eBO€ MOBPEXKIECHUE KOTOPOTO SIBISAETCS ONPENCIAIOMNUM JUIs
KU3HECIIOCOOHOCTH KIIETKH, IEpeXBaT BOJHBIX PAJUKAIOB MPUPOIAHBIMU MPOTEKTOPHBIMU
COCIMHEHUSIMH B OKPYKAIOUIEH Cpelie HE SABIISIETCS ONPENEIAIOIIUM 110 HECKOJIBKUM ITPUYMHAM.
PeaktuBHOCTH ruApokcwipHOTrOo pamukana k JHK Ha 2 mopspaka mpeBblmaeT KOHCTaHTY
CKOPOCTM pE€akIMM M ¢ KHCIOPOJIOM, M C HIPUPOJHBIMU HpoTekTopamu. Kpome Toro,
noBpexxjatoiee  geiicreue  Ha  JIHK  okaspiBatoT  paaukanbl, oOpa3oBaBIIMecs B
HerocpencTBenHoi Ommzoctn Kk JAHK B cTpykTypupoBaHHOW (KpHCTAUIMYECKO#) BOJIC B
COCTaB€ MOJIEKYJIBI.

Bo3MoxHOCTH XMMHUYECKOW penapanuu nepokcuanbix coeanHenui JJHK npu ywactumn
JIOHOPOB BOJIOPOJA KpailHE OrpaHHuY€Hbl U HE KOHKYPUPYIOT C CHUCTEMOW (PepMEHTaTUBHOTO
Boccranoienns JJHK. Cynp0a oO6pa3oBaBmIUXCs, B TOM YHCIIE MO BO3JCHCTBUEM KHCIOPOJA,
MOTEHIHABHO JeTanbHbIX moBpexaeHnit JHK 3aBucut oT 3¢pGdeKTHBHOCTH KIECTOYHOU
cuctemMbl ¢pepmenTaTuBHOU penaparnuu [JHK.

B mnpaktuyeckoil MenuuuHe KUCIOPOAHBIN 3(QEKT yuuThIBaeTcss Mpu pa3paboTke
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PaIuoONpPOTEKTOPOB U CITIOCOOOB MOBHIIICHUS PAIHMOPE3UCTEHTHOCTH opranusMa. Ilpu mydeBoit
TEparuy OHKOJIOTHYECKUX OOJBHBIX HAIUIM NMPUMEHEHUE THIIOKCUYECKHE CMECH, 0OCTHCHHBIC
KHACJIOPOJIOM, YTO TIO3BOJISIET CHU3UTh MOPAKEHUE KOXKH M JAPYTUX TKAHEW B 0OJIACTH MPOCKIHH
OITYXOJIH.

CojepkaHie KHCIIOpOJa B apTepuanbHON KpoBHM coctaBimser 125-135 mMxM/n, B
cocyaucThix Kamwuisgpax - 95-100 MxM/n. HopmanbHas OKCHUTeHanus KJISTOK B OpraHu3Me
Haomomaercs npu 30-70 MkM Kkuciopoia B OkpyKaromieit cpene. Hanboupmas BacKkysipu3amus
M, COOTBETCTBEHHO, OKCHTCHAIMsI MMEETCS B TKaHSX TOJOBHOTO MO3ra, IMOYKaxX, ICUeHH,
cene3eHKd u KoctHoro mo3ra (40-60 MM kuciopona). MeHbliiee HanmpsHKEHHUE KUCIOPOIA
oTMeuaercsi B Koxke, ceMeHHHKax (20 MkM) u ciumsucroit kumeunuka (7-10 mxM). Ilpu
CHIDKCHHH COJICpP)KaHHS KHCIopoaa B cpene no0 15-25 MKM KIIETKH 4elloBeKa HWCIBITHIBAIOT
COCTOSIHME YMEPEHHOH THIOKCUH, Tpu 7-12 MKM - BeIpaskeHHOW 1 MeHee 5 MKM - riry0okoi
THIIOKCHH.

BHytpuknerouHoe cojepkaHue KUCIOPOJa 3aBUCUT OT pa3MEpPOB KIETKU. Y KIETOK J0
10 MkM B amameTrpe OHO ONFDKEe K HANPsHKEHUIO KUCIOPOJa B OKPYXKAIOIICH cpene, 4eM y
kieTok g0 100 MkM, y KOTOpeIX ypoBeHb O, B CpelHEM CHWXeH B 2 pa3za. imeeT 3HaveHue
paccTosiHUE OT KJIETKU J10 OJIMKaMIIero Kamusuispa, 4YTo CO3/aeT OOJblINe KOoJIeOaHUs MEeXay
KJIETKaMH B HamNpsDKeHHH Kuciopoja. CymecTByeT TakKe BHYTPUKICTOYHBIH TpPaJUEHT TI0
KHUCIIOPOJY.

Pannocencubunmsupyromuii 3gdexT KUcIopoaa Ha KJIETOYHOM YpPOBHE HAXOJHUTCS B
KOHKYPEHTHBIX B3aMMOOTHOIICHHUSX C MPHUPOTHBIMU aHTHOKCHAAHTaMH, Tpexae Bcero ¢ SH-
rpynmnamMy TIyTaTHOHA U IUCTEHHA, KOHIEHTPAIUS KOTOPHIX B KJIETKE JOCTUTAET HECKOJIBKUX
MUJUTUMOJIEH.

Paznuuaror mpsimoe BO3IEHCTBHE pagualid, KOTJAa MPOUCXOJUT HEMOCPEICTBEHHOE
B3aMMOJICHCTBUE HMOHU3UPYIOIIETO HU3IYYEeHUS C KPUTUYCCKHMMH MOJIEKYIaMH, W HEmpsMoe
BO3JICHiCTBHE, 4Yepe3 CBOOOTHBIC  paIdKalbl, BO3HUKAIOIMIME TIPH  B3aUMOJCHCTBHUH
MOHHM3UPYIOUIETO M3IIyYSHHS C BOJIOH, KOTOPBIE M HAHOCAT OCHOBHOE ITOPAXKECHHE.

[Ipenmonaraercs, 4YTo HEMpsMOE BO3ACHCTBHE MPe0OIaaeT MPU PEIKOMOHUZUPYIOLIUX
u3nydeHussx (TOpMo3HOe, ramma-, OeTa-U3JIydeHHus), a MPsIMOe - MPH IUIOTHOMOHU3UPYIOLIMX
(anbda-1yun ¥ HEHTPOHBI).

OcHOBHOI apeHOM AeWCTBHS MOHU3UPYIOIIEH pajlallii Ha KUBbIE CUCTEMBI SIBISIOTCS
“aroMbpl KMBOro” - KIETKM W MX OpraHeibl, CIO0XHas CTPYKTYpHO-(DYHKIIMOHAJIbHAS
OpraHu3anus KOTOPHIX BIHMSET HAa KOHEUHBIH PE3yNbTaT B3aUMOJICHCTBHS C paauanueil He B
MEHBIIIEH CTENEHH, YeM DHEPTHs, CKOPOCTh M Macca MOHMU3HUPYIOIIeH YacTHIbl. Kputnueckumu
IpH  JCHCTBUM HWOHH3UPYIOUIETO W3IYYCHUS BHYTPHKIETOUYHBIMU CTPYKTYpaMH SIBIISFOTCS
XPOMOCOMBI, COCTOSIIIINE U3 HYKJICMHOBBIX KUCIIOT - XpaHUTENICH HACIeICTBEHHON NH(MOpMAIHH
U cnenuaibHbIX 0enkoB. [1oCckonbKy OOJBIIMHCTBO KJIETOK paclojaraioT TOJBKO OJHOM Hin
nByMs KonusiMu Kaxaoi Mosekynsl JIHK, nopaxenue ee Oyner Oosiee 3HAaUUMBIM, YeM B CiIydae
C MOJICKYJIO# ¢ ThICSITYaMH KOTIHI (IH3UMBI, HAIIPUMED).

KputnueckuMu BHYTPUKICTOYHBIMH CTPYKTYpaMU TpPH JEHCTBUHM HOHHU3UPYIOLIETO
M3IY9EHUS TaKKe SBISIIOTCS MEMOpaHBI: M3MEHEHHs B TIPOTEWHAX, U3 KOTOPBIX COCTOUT YacThb
MEMOpaHHON CTPYKTYpBI, MOTYT TOBBICUTh MX MPOHUIAEMOCTh ISl PAa3IMYHBIX MOJEKyl. B
JM30COMaxX 3TO BEIET K HEYMPAaBISEMOMY BBIOPOCY KAaTAIUTHYECKUX DH3UMOB B KIIETKY, YTO
MOJKET TIPUBECTH K KaTacTpo(puyecKuM MocieAcTBUsIM. HapymeHne 000J0YKH sSapa MOXKET
BO3/ICHICTBOBATH HA JICJICHHUE KIETOK U, TEM CaMbIM, Ha €€ )KHU3HECITOCOOHOCTb.

Cpeny MHOTHX TpPOSIBICHHHA ACUCTBUS HM3IIyYCHHS HA >KU3HEICSATEIHHOCTh KIETKH
MOJIaBJICHUE CIIOCOOHOCTH K JIJICHUIO SIBISICTCS HanOojee BaKHBIM. FIMEHHO SIIpO UTpaeT poJib
XpaHHUTENS HACIEJCTBEHHON WH(QOpPMAMKM CcaMOW KIETKH, BCETO OpraHu3Ma U JIaxKe
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OMOJIOTHYECKOTO BHJA, NEpenaeT 3Ty MH(OpMAalMI0 OT KIETKM K KJIETKEe, OT OpraHusma K
opraHusMy, o0ecrneuuBas MPeeMCTBEHHYIO CBs3b MOKOJEeHUH. JTa nHpopManus 3amndpoBaHa B
0COOBIX MNAJOYKOSACPHBIX CTPYKTYPax, BBIABJSIONIMXCS MpH JEIEHUM KIETKH Onarogaps
CIOCOOHOCTH XOpOILIO HAaKaluluBaTh CIELUUalbHble KPAacUTEId M IOTOMY Ha3bIBa€MBbIX
XpomMocoMaMHu. ['ubenp KJIETOK MOXET BO3HHMKATh B IIMPOKOM BPEMEHHOM JIMANa30HE. 4acOB-
JeT.

[To MexaHu3My JIy4ue€BOI'O MOPAKEHUS KIETOK CIEIyeT pa3jinyaTrh JIB€ OCHOBHbIE (DOPMBI
rubenu: nHTepda3Hyto (He CBSI3aHHYIO C MHUTO30M) M PEIPOJAYKTUBHYIO - THOEIb MPH TMOIBITKE
pa3IeaUThCH.

[lepBas popma HaOOACTCS IPU CaMbIX PA3JIMYHBIX BO3JEUCTBUAX Ha KIIETKY, BTOpas -
TUNWYHAs JJI1 MOHU3HMPYIOLIEH paJualdyd W JPYrUX MYTareHHbBIX areHToB. MoJeKyJspHBIH
MeXaHU3M HHTep(azHON rudenu ToUHO He BblsicHEH. CyllecTBYIOT JaHHbIE O TOM, YTO y TaKUX
KJIETOK BCJIEJICTBUE HAKOIUIEHHWS B LMUTOIJIa3M€ TUJPOJUTHUYECKUX (PEPMEHTOB WIH UX
aktuBauuu nerpagupyer JIHK. CormacHo apyroil rumorese, moJi BIHUSHUEM HOHU3HPYIOLIEH
paguanuyu M IpYrMX IOBPEKIAIOIIMX AareHTOB pPEAN3yeTCs 3aJIOKEHHas B  KIETKax
reHeTuyeckas nporpamma uHTepdasHoi rubenu. Jljis pa3MHOXKAIOUIMXCS KIETOK B KYJIbTYpe
TKaHM, a TakXke JUisl OOJBIIMHCTBA KJIETOK COMAaTHMYECKUX TKaHEH B3pPOCHBIX JKUBOTHBIX U
yesioBeKka HHTep(azHas rulesnb perucTpupyeTcsl TOJIbKO Mocie 00IydeHus Mpy A03ax B JIECATKU
U COTHH I'peil.

[Ipu MeHbIINX 103aX HAOIIOAAETCS PENPOAYKTUBHAS (opMa rudeu, MPUIMHON KOTOPO
B OOJIBIIMHCTBE CIIy4acB SIBJISIOTCS CTPYKTYpPHBIE XPOMOCOMHBIE MOBpexeHus (abeppariim).
OO610MKH XpOMOCOM MOTYT COEAMHSTHCS HEMPAaBUJILHO: HEPEIKO OTIAJIEHHbIE X (PparMeHThI
yTpauuBaroTCsl Mpu MUTO3€. Bo3MokHO oOpa3zoBaHHME MOCTOB MEXIY XpoMaTHAaMU - TOTJa
KJIETKA HE MOXKET Pa3IeNuThCS U THOHET.

KonuuecTBo abepparuit XpoMOCOM B KJIETKax, MPOIEHT KIETOK C abeppanusMu O4eHb
TOYHO XapaKTEpU3YIT 103y pPaJHalMM, IOJYYCHHYK0 OPraHM3MOM, a IPH pPaBHOM J03€e
Oo0Jy4eHHUs - CpPaBHUTEIBHYIO paJUOYYBCTBUTEIBHOCTh OPraHu3MoB, BHAOB. OTtpaxas
JeTalbHOE JEMCTBUE pagualliy, PEepoIyKTUBHYIO I'MO€eb KIETOK, YaCTOTa MOJIOMOK XpOMOCOM
00paTHO MPOINOPLHMOHATIbHA BBKMBAEMOCTH KJIETOK, ITOATOMY IOJCYET abeppauuil XpoMocoM
IIMPOKO HCHOJIB3YeTCsl paguoOuoJioraMu Il OLIEHKH JI03bl  pajgualiu, IOJy4eHHON
OpPraHu3MOM.

['ubenb mpu 3TOM MOKET HACTYNUTD KaK B MPOLECCE MEPBOI0 MUTO3a MOCIIe 00IyUeHHUs,
TaKk M BO BTOPOM, TpETbEM, UETBEPTOM akrTax JeieHus. [eHeruueckue >PPeKTsl
HMOHU3UPYIOLIETO U3JTyYEHHs] MOTYT MIPOSIBUTHCS HA MPOTSHKEHUH MHOTUX MMOKOJIEHHH.

CylecTBEHHO MPUMEHHUTENBHO K T'MOEeNIM KJIETOK, YTO C MOBBIIMIEHUEM JI03bl pajualuu
YBEJIMYMBAETCSI HE CTOJIbKO CTENEHb MOPAKEHUsI BCEX OOJIyYEHHBIX KIIETOK, CKOJIBKO J0JIs
MOPAYKEHHBIX, T.€. MPOLIEHT MOruoImuX KiIeTok. M3 3roro ciemyer, B 4aCTHOCTH, YTO IPU CKOJIb
YrOJHO MaJlo¥ J103€ pajualuy BO3MOXHa I'M0enb OTAEIbHBIX KIETOK, TOra, KaK P 3aBEI0OMO
CMEpPTEIbHOM OOJIyU€HUU €AUHUYHBIE KJIETKU MOTYT BBIKUTb.

Kak cka3aHo Bblllle, B PENpOAYKTUBHON THleny pelaroliee 3HaUeHUEe UMEET Jy4eBOe
noBpexaeHue xpomaruna, npexae scero JIHK. Ilox BausHreM paguanuy BOZHUKAIOT pa3pbIBbI
onHo- U AByHutueBble B Mosekyine JJHK. B obOoux ciywasx HapymaeTcst mpoCTpaHCTBEHHAas
CTPYKTypa XpOMaTHHA M CUAThIBaHHE (TPAHCKPHIIIHS) HACICCTBEHHON HH(DOpMAIIHH.

OpuHOYHBIE pa3pbIBbl HE BBI3BIBAIOT MOJOMOK Mosekynsl JIHK - Bropas Huth
yIep>KUBAaeT KOHIBI pa3opBaHHOM TMepBOM HUTH BONM3M Jpyr Jpyra, oOzneryas ux
BOCCTAHOBJICHHME, CUIMBAHME pPENapaTHMBHbIMU cHcTeMamu. [Ipy IBOWHOM paspbiBE KOHIIBI
pacxomsaTcs, uX penaparus 3arpyaHeHa. Ilocime mo3br pagmanmuu 1 I'p B KaxmoW KIIeTKe
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gyenoeka Bo3HHKaeT 1000 omuHOuHBIX W 10-100 nBOWHBIX pa3pbIBOB, MpPUYEM KakKIblid U3
MTOCJIEHUX MOXKET CTaTh IPUIMHOM MOJIOMKH XPOMOCOMBI.

Kpome Toro, mon BiIusHHMEM BO3JCUCTBUS HOHM3UPYIOIIECH pagvaliyd BO3HUKAOT
ciuBku Mexay Hutsmu JHK, cmuBku JIHK-6enok, HapyiieHus: CTpyKTypsl TUMUHA U IPYTHX
azoTuctbix ocHoBaHuil JIHK, oTHocutenbHO >(PQEeKTUBHO ycTpaHseMble penapaTuBHBIMU
cucremamu. IlocnenctBus mnopaxenus JHK OpiBaroT nByX THIOB: KJ€TKa BBDKHUBAET, HO
U3MEHsIET cBO€ (DYHKIIMOHAJIBHOE COCTOSIHUE; KileTka ruOHeT. Hapymenue (yHKIMOHAIBHOTO
COCTOSIHUSI KJIETOK MOJKET BBIPAXKAaThCSl B 3aMEJJICHUU WM U3MEHEHUHU KJIETOYHOIO JIEJIECHUS,
OPUBOMAIIEM K HMX HEKOHTPOJIMPYEMOMY pOCTY (3J0Ka4eCTBEHHBIC OIMYXO0JH). XOpOIIOo
W3BECTHO, 4YTO KJIETKH C TMOBpexAeHHbIMH MexanusMamu JIHK wumeror TtenaeHuuro
IIpEBpAIIAThCA B 3J0KAYECTBEHHBIEC KJIETKH, PABHO KaK, M YTO 3JIOKAYECTBEHHBIE OITyXOJIH
COJIep’KaT MOBBIIIEHHOE KOJIMYECTBO XPOMOCOMHBIX abeppaluil.

PaguoOuonorn pasznuyaroT JBa OCHOBHBIX THUHAa JydeBblx noBpexaeHuit JHK -
CyOJieTalIbHbIE U MOTEHLUATBHO JIETAJIbHbIE TOBPEXKICHHUS.

[lepBrIif - 3TO Takue BbI3BaHHbIE pajualUell U3MEHEHHUs, KOTOpble caMu 10 cebe He
BEIyT K rubenu KIETOK, HO OOJerdaroT UX NpU MNPOAOJDKAIOIMIEMCS WIH TMOCIEAYIOIEM
oOmyuyenuu. Hampumep, oMHOUHBIE Pa3pbIBbI caMu IO ce0e He CMepTEeNbHbI, HO YeM OoJiblie
ux Bo3HukaeT B Mojekyie J[HK, tem OGonblie BeposSTHOCTh MX COBIAACHUS M OOpa3oBaHUs
JIETAIBHOTO JIBOMHOTO pa3phIBa.

Bropoii Tun - MOTEHUMAIBHO JIETAIbHBIE MOBPEXKICHUS - CaMH MO cebe BbI3BIBAIOT
rudesnb KIETKH, HO BCE )K€ B ONPEENIEHHBIX YCIOBUSIX MOTYT OBITh YCTpaHEHbI perapaTUBHOMN
CUCTEMOM.

B >kM3HEHHOM LIUKJIE KJIETKH HauOoJbIIasi paJiouyBCTBUTENLHOCTh B IPOIIECCE MUTO3A.
Jleno B TOM, YTO JAEATENBHOCTh CUCTEM BHYTPHUKIETOYHOTI'O BOCCTAHOBJICHHUS K HAadaly MUTO3a
IIOJIHOCTBIO Npekpamaercs, u Bce nospexaeHus JIHK, ocraBmmecs HepenapupOBaHHBIMH, B
porecce MUTO3a (PUKCUPYIOTCSA M JTMOO MPUBOIAT KIETKY (MM €€ MOTOMKOB) K ruoden, Jimbo
COXpaHAIOTCS B  HACIEACTBEHHOM MEXaHM3ME KIETOK - IIOTOMKOB, CHIDKas MX
KU3HECIIOCOOHOCTh U CIIy’Ka MaTrepuanoM ais GopMupoBaHus MyTrauuil. Bo Bpemst mMuTo3a
XpOMOCOMBI KOHIIEHTPUPYIOTCS, YTO 3aTPYAHSAET JOCTYI K IIOBPEKICHHBIM y4aCTKaM MOJIEKYJIbI
JHK.

Becp ocranpHOM KJIETOYHBIM IMKI, 3a BBIYETOM II€pHOJA MHTO3a, HOCUT HA3BAHHUE
uHTepPassbl, T.€. MEPUOAA MEXKAY JIEICHUIMH.

LentpansHoe 3HaueHue B mHTEep(Paze nmpuHamiexkuT npoueccy cuaresa JJHK, B urore
KoToporo konuuecTBo Moiiekynl JIHK u obuuit 00beM reHeTHyecKoro ammapara yJBauBaeTCs.
®aza cunresza JJHK, nmn S - ¢aza, nenmut untepdaszy Ha Tpu yactu. Paza, mpemecTByromas
cuaresy JJHK, obo3nauena xak G; - mpencuaTeTndeckas ¢aza. Ha ee mpoTtsokeHwnH, Hapsmy
MHOTHMH JPYTUMU MPOLECCAMH KUZHEICSITEIbHOCTH, CUHTE3UPYIOTCSI (DEPMEHTHBIE CUCTEMBI,
HeoOXouMble JJIi BCEeX IMOcienoBaTenbHbIX 3TanoB camoynBoeHus JIHK. ®aza wmexnay
cuarezoM JIHK wu kneroynelM JeneHueM oOo3Hadaercss kKak Gy, MpenMUTOTHYECKas
(mpemdmecTByrOIIas MUTO3y) WM IMOCTCHHTETHYecKas. Ha 3ToW CcTaguu KIETOYHOrO MHUKIA
MPOUCXOIUT (POPMHUPOBAHKE BEpETEHA KJIETOUHOTO JIEJICHHS M BCEro MUTOTUYECKOTO aIlapara,
o0ecCTIeunBaroOIIero pealn3auio Ipouecca AeneHus kietku. Ha mporsokennn Gp - daswl,
MPOJIOJKUTENBHOCTh KOTOPOH OOBIYHO camasi OOJbIIasi U, B 3aBUCUMOCTU OT YCJIOBUH KU3HHU,
KoJieOJeTcss B MaKCUMaJbHBIX Mpefeniax, HauboJiee MOJHOIEHHO (DYHKIIMOHUPYIOT CHUCTEMBbI
BHYTPHKIICTOYHOU pemapanuu. B MemieHHO 0OHOBISIOMIMXCS KIETOYHBIX cuctemax Gi - daza
MOJKET JUINTBCS HENEISIMU U Jaxke rogamu. 1103ToMy pagmodyBCTBUTEIBHOCTh TAKUX KIIETOK
MUHHMAaJIbHA.
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B S (aze pemapatuBHBIC CHCTEMBI THO0 HE pabOTAOT, MO0 QYHKIIHOHUPYIOT ¢1ab0; BO
BCSIKOM ClIy4yae, TaHHBIX 0 penaparuu B mepuos cuate3a JJHK mourn wer. Hakoner, B G, - daze
(GYHKIMOHUPYIOT CHUCTEMBI MOCTPEIUIMKATUBHON penapanuu, 3(p(EeKTUBHOCTh KOTOPHIX, IO-
BUIMMOMY, HIKe ueM B Gi-¢a3ze.

B utore 601bIIMHCTBO KJIETOK MJIEKONUTAIOMINX Han0oJiee YyBCTBUTEIbHBI K pagualluu
B koHIle G; - ¢a3bl, nepen Havasiom cuHTe3a JIHK m mepen BCTylieHMEM B MUTO3, B CaMOM
koHIe Gy-haswr.

Bce @da3pl  kieroyHoro - 1uKiIa  OAMHAKOBO  YSA3BUMBI  JJISI  BBICOKHX  JI03
IJIOTHOMOHU3UPYIOUIUX U3ITydeHUH.

Haubonee ynuBepcanbHOM peakiyei KIeToK Ha BO3JeCTBIE HOHU3UPYIOIIEH paaraluu
B Pa3HbIX J03axX SABJSETCS OCTaHOBKA JICJICHUS, WM pPaJUallMOHHbIN OJOK MUTO30B.

[Ipu TpakTOBKE paAMOYYBCTBUTEIBHOCTH KIETOK M TKaHEH IpU OMNpPENEICHHbIX
OTPaHUYEHHUAX MOXKET ObITh UCIOJIb30BaH 3akoH bepronbe u TpuboH0, chopMynupoBaHHbBIN
eme B 1902 romy. CormacHo 3TOMy 3aKOHY, HanOoJiee YyBCTBUTEIBHBIE K HOHU3HUPYIOIIEMY
W3JIyYCHHIO TKAaHU COJEPKAT KIIETKU!

a) HaXO/ISIIMECs B MOMEHT OOJIydEeHHS B MPOIECCE AKTUBHOTO JICTICHUS;

0) mpoxosiire MHOTHE TpaHc(hopMaIMy B CBOEM JKU3HEHHOM IIUKJIC;

B) HE UMCIOIIME YETKOW CIEIUATM3AIINHU 110 CBOCH CTPYKTYpe U PYHKIIUSIM.

Ha pagnodyBCTBHTENBHOCTh CYIIECTBEHHOE BIIMSHUE OKAa3bIBA€T M KUCIOPOIHBIN
spdexr. Kinerkn ¢ HOpMalbHBIM COJEpXKaHUEM KHCIOpOJa 3HAUUTENbHO YYBCTBUTEIbHEH K
JNEUCTBUIO PEIKOMOHU3UPYIOIIETO U3IY4YEHHUs, YEM HaxOJSIIMecs B COCTOSIHUM runokcuu. [lpu
nageHun pO, Hmwke 20 MM.pPT.CT. KJIIETKH OOJiee YCTOWYMBBI K JACHCTBUIO paJUalllH, YeM IpH
0ojiee BBICOKOM MapIHaJIbHOM JaBJI€HUM Kuciopoja. Panmomoauduuupyromiee neicTBue
KHUCIIOpOJa MOET OBbIThb CBSI3aHO C YBEJIMYEHHUEM OOpa3oBaHUS TUIPOINEPOKCHAA. IDTOT
paaukai, o6gagarouid BBICOKOW OKHCIUTEIBHON CIIOCOOHOCTHIO, 00pa3zyercs Nnpu 00JydeHUH
BOJIbI B NPUCYTCTBUU KHCIOPOJA. BBIXOJX 3TOro paaukana yMEHBIIAETCS MPONOPLHOHAIBHO
NaJCHUI0 TNapUUaJbHOTO  JaBieHus kuciaopoaa. Cieqyer OTMETUTh, 4YTO  CTENEHb
HACBIIEHHOCTH  TKaHEH  KHUCIOpPOJAOM  HE  HMEeT  3HAaueHuss Ipd  [OPAKEHUU
IJIOTHOMOHU3UPYIOLIUM U3ITyYEHHEM.

Temneparypa Takke BIMSET Ha PaJlMOUyBCTBUTENBHOCTh. [loHMKEHNE TeMnepaTypsl Tena
CIOCOOHO MOBBICUThH CONPOTHUBIISIEMOCTh OPraHU3Ma K JEHCTBUI0 MOHU3UPYIOIIETO U3Ty4YEHUS.
B HEKOTOpBIX Cilydasgx 0JHAKO 3TO BEIET JMIIb K OTCPOUYCHHOCTH HACTYIUIEHUS PaJualliOHHBIX
nociaeAcTBUd. B TO ke BpeMs IMOBBIIIEHUE TEMIEPATypbl TKAaHEW IIOBBIMIAET HUX
pavovYyBCTBUTENbHOCTh. OmpefeneHHyl0 poJib IpPU 3TOM HIpaeT KUCIOpPOJ, a TaKkKe
3aBUCHUMOCTb MUTO3a OT TEMIIEPaTYpBHI.

Takum oOpa3oMm, KJIETKU - OCHOBHbIE CTPYKTYpHBIE 3JIEMEHTbl OpPraHHW3Ma, B YAaCTHOCTH,
MJIEKOTIMTAIOIIMX U yesnoBeka. Pazymeercs, Ha 0osiee BBICOKMX YPOBHSX OpraHU3aI[UHU KUBOTO -
TKAaHEBOM,  OpPraHHOM, CHCTEMHOM, OpPraHU3MEHHOM,  MONYISIHOHHOM,  BHUIOBOM,
OMOLIEHOTMYECKOM - BCTYIAIOT B CBOM IIpaBa HOBBIE 3aKOHOMEPHOCTH M OrpPaHUYEHUS B
neiictBun paguanuu. OJJHaAKO OCHOBHbIE COOBITHS MPOUCXOAT HA YPOBHE KIIETOK.

Nonuzupyromasi cnocoOHOCTb XapaKTepU3yeTcs JUHEHHOM INIOTHOCThI0 HOHU3ALUU HIIH
yIIeNbHOW MOHM3AIMEN - YUCIOM Iap MOHOB Ha MUKPOMETp IHpolera, U JIMHEHHON mepenaveit
sreprun (JI[ID) - cpenmel sHeprueit, TepsAeMOW HA €IUHMILY JUIMHBI IpoOera B TKaHU WM
BEIeCTBE U mM3MepsieMoil B k3B/mkm. JI[ID Bo3pactaeT mpu CHHKEHUH CKOPOCTH U SHEPTUU
U3Jy4eHUs] ¥ MakCHMajbHa B KOHIE Inpobera. B koHue mpoOera NpOTOHOB M 0-4aCTHUIL
XApaKTepEeH pEe3KUM IIOJCKOK OTJAaBaeMOW DSHEpPruu B BHJAE INHMKa bperra, m Bo3pacraer
IUIOTHOCTh MOHU3ALUH.

NN nonpasnensrorcs Ha pelko M IUIOTHO HMOHU3MpYroUIMe. I'paHuneld MexIy HHUMH
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ycinoBHO mpuHsta BenuuuHa JIIID =10 k3B/MkMm. bera-, ramma-, peHTreHOBCKUE H3ITydCHUS
sBIsIFOTCS peako nonmsupyonmu (JIIND < 10 kaB/mMkM). Anbda-, IPOTOHHOE U HEWTPOHHOE
U3JIYYCHHUSI OTHOCATCS K IUIOTHO HOHU3UpyromuM (JITTD > 10 kaB/Mkm).

Jist  cpaBHEHHsI OMOJIOTHYECKOTO JCHCTBUSA pa3iuuHbiXx BugoB WU, wumeromux
paznuunyto  BenunuuHy JI[ID  cymecTByer moOHsTHE ~OTHOCHUTEIbHAas OMOJIOrHMYECKas
sapdexruBaOCTh (OBD). OBD H3nyueHust MPeaCTaBIsAsET COO0H OTHOCHTEIBHYIO CITIOCOOHOCTH 110
CPaBHEHHMIO C PEHTICHOBCKUM H3Jy4YEHHEM BBI3bIBaTh JIydeBOE IMOPAKEHHUE OIpPE/IEICHHON
BBIPQKEHHOCTHU MPU PaBHOM moTiomieHHON no3e. KomudyectBenHnoi onenkoit OBD usmyuenus
cinyxut ko3ddurment (Koss X koTopslii mpezcTaBiiseT co00# OTHOIICHUE 103bl CTAHAAPTHOTO
(pentrenoBckoro ¢ osHeprueir  100-250 k3B) wu3iydeHUs, BBI3BIBAIOIIETO OTPEICIICHHBIH
onosornyeckuii dPexT K MOoTrJoImeHHoN m03e rodoro Buga MU, BBI3BIBAIOIIErO TakoW ke
3¢ dexr.

OBD yBenmumBaercs npu Bo3pacranuu JIIID mo 100-120 k3B, a npu nanpHEHIEM ero
MOBBIIIEHUH OBICTPO CHMKAETCSA. DTO CBS3aHO C TeM, uTo Ipu Beicokoi JIIID u30pITOK sHEprUn
pacxoyercs BXOJIOCTYIO, HE JOCTUTasi KpUTHUECKUX IS )KUZHEJIEATEIIbHOCTU CTPYKTYp KJIETKH.
Bennunna OBD MoxeT ObITh pa3HOM MO Pa3IMYHBIM KPUTEPHUSM OLIEHKH JY4E€BOT'O MOPAKEHUS
u ycnoBusM BozneiictBuss M. Ha Benuuuny kosddunuenta OBD BiusAOT BeaMUMHA J103bI U
MOIIIHOCTD J103bl, KpaTHOCTh 00iyueHus. Koapounuent ObD HeitponoB ¢ sHeprueit 1 MsB no
Jy4eBOMY MOPAKCHHUIO KOCTHOT'O MO3Ta 4eJioBeka paBeH 1,5-2,5, kunieuynuka u Koxu - 3,5-4,5.

Buonozuueckas cmaous oeiicmeus uonusupyrowezo usnyuenus (MH.

buonoruueckas cranus MOHU3UPYIOIIETO M3IYYEHHUS JJIUTCS OT YacOB JO HECKOJBbKUX
net. CompoBOXIaeTCsl MOBPEXKACHUEM KIIETOK, TKaHel, opranoB. Ha neiictBue MM BO3MOKHBI
TPH THUIA KJIIETOUYHBIX PEaKIUHi:

- PaguanmonHslit 6510k (3a7epiKKa) MUTO30B.

- MuroTtryeckas (pernpoayKTUBHAs) THOCTb KICTKH.

- Nnrepdaznas rudens KIeTKH.

Ha xaxnprit rpeii morsiomenHou 10361 MU kneTka oTBeuaeT 3aaep:kkoit Muto3a Ha 1 gac,
HE3aBHCHUMO OT TOrO, IOrMOHET OHa B JalbHEWIIEeM WM HeT. OJTa peakluus HMEeeT
MPUCIIOCOOUTENBPHOE 3HAUYEHHME, TAaK KaK 3TO BpEeMs HCIOJIb3YeTCsl JJIsi BOCCTAHOBHUTENIbHBIX
IIPOLIECCOB B KIIETKE.

[Ipu onpeneneHHBIX A03aX KIETKa TEPSET CIIOCOOHOCTh K PAa3MHOXEHHUIO U T'MOHET B
Ipolecce 0JHOI0 U3 MEPBBIX YEThIpEX JEJIEHUN mociie 00JIydYeHHUs B pe3ysbTaTe MOBPEXKICHUS
XPOMOCOMHOTI'O amiapara, 4yTo MOJyYHI0 Ha3BaHHE MUTOTHUYECKOH (PernpoayKTHBHO¥) rubenn
kieTku. Ilpu rpyObIX XpOMOCOMHBIX abeppauusx TIUOenb KIETKH MPOUCXOAUT BO BpeMs
MEPBOTO KJIETOYHOTO JEJCHUs, B psAAe ciaydaeB Ha 2-4-0oM KJICTOYHOM IMKJIE W3-32
HECOBMECTUMOM JJIsl KU3HU KJIETKH MOTEPU HACJIEJICTBEHHOTO Marepuayia. DTOT TUIl peakluu
HEeXapaKTEepeH Ui HeNpOoJuepUpyOLIUX U PEIKO JENAIIUXCS KIETOK.

Ecnu xietka ruOHET 10 BCTYIUIEHUS B MUTO3, 3TO MOJY4YWIO Ha3BaHWE MHTep(da3HOM
rudenu. DTOT TUIl peakUUu XapakTepeH i JUM(OUUTOB NMpU OOJy4YEHUH B CPaBHUTEIBHO
HeOonpImMX J103ax. TakuM oOpa3om, THOHET OOJBUIMHCTBO COMAaTHYECKHUX KJIETOK IOCIie
o0nydeHus B OOJIbIIUX J03aX, MPEBBIIIAIOIIMNX JIECATh Tpell. B kieTkax Hapyliaercs CTpykTypa
xpomatuHa u cuHTe3d [IHK, akrtusupyercs IIOJI, m noBpexngatoTcss MeMOpaHbl JIM30COM U
MUTOXOHIPUN C BBIXOJOM HyKJea3, MpoTea3 W Kaiblus (akTuBaTop mnpoteas). [Ipowmcxoaut
NEeCTPYKLIUA SJIEPHOr0 MaTepuala, Ae30praHu3anus MeMOpaH U ru0enb KIETKHU.

Biausinme pasHbix norjomeHHbIXx 103 WU Ha oOpa3oBaHume XpOMOCOMHBIX
adeppauuii.

EcrecTBeHHBII  ypOBEHb  OHKONATOJIOTMM, BPOXKACHHBIX AaHOMAJMW  PAa3BUTHS
BBI3BIBAETCS MYTareHe30M, COOTBETCTBEHHO, COMAaTHMYECKMX M IOJOBBIX KieToK. KynbTypa
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auM@PonuTOB TepU(EePUIECKON KpPOBH SBISETCA YAOOHBIM JHArHOCTHYECKHUM OOBEKTOM,
OTpaXkarollMM CIIOHTaHHBIA ¥ MHIYLIUPOBAHHBIA YPOBEHb MyTareHesa B Makpoopranusme. [lpu
no0aBiaeHUH (PUTOTEMArryIIOTUHUHA MHAyLHUpYeTcs mnpojudepanus JIUMQOLUTOB, OCTaHOBKA
KOTOpO# B MeTa(ase 103BOJISET BbIIBUTh YPOBEHb XPOMOCOMHBIX abeppaliuil.

Bravane cumranm, uro B HOpMe mpucyrctByeT oT O nmo 14% aGeppaHTHBIX KIIETOK.
Ceituac moka3zaHo, YTO €CTECTBEHHBIH ypOoBeHb cocTaBisieT 1-2% umu 1-2 abeppaHTHBIE KIETKA
Ha 100 kneTok, Haxomsmuxcs B Meragaze. C BO3pacTOM MPOIEHT YBEITMYUBACTCS B HECKOJIBKO
pa3 10 5-6% wu Oosee. A.B.CeBanbkaeB (1987) na 3,5 Thicsiuax moHOpoB mpoBen 30 ThICAY
aHan30B MeTtada3 auMQonuToB W BB 312 abGeppammii Ha 30 ThICAY HMCCIETOBAHHBIX
Metadas, 9to coctarisieT okoio 1%. Y mun B Bo3pacte 20-39 et -1%, 40-50 ner -1,5%.

XpomocomMHbIe abepparid MOTYT OBITH CYIIECTBEHHBIMH M HECYIIECTBEHHBIMU. [Ipu
pa3pbiBe XpOMOCOM MOTYT BO3HUKATh MapHble ()parMeHThl U HEMOJIHbIE XpOoMOCOMbl. ClusiHHE
MOCIIEHUX TPUBOAMT K OOPa30BaHUIO JUIEHTPUKOB C 2 IEHTPOMEPAaMH, KOTOPHIC
MPEACTABIISIIOT c000#l HamboJiee CyIIeCTBEHHbIE abeppaiuu, MNPUBOJAIINE K HaPYIICHUIO
(YHKIHMH KIIETOK.

Boixon xpoMocomHBIX aOeppanuii HaXOAUTCS B JIMHEHHO-KBAJPaTUYHONW 3aBUCUMOCTH
OT HOTJIOUIEHHOM JO3BI.

Ha ocHoBaHuM moJ0OHBIX JaHHBIX MOKHO HMOCTPOUTH KAIUOPOBOYHYIO KPUBYIO W I10
yucay abeppaluii OmNpeaeuTh IMOTIIOMICHHYI0 opraHu3MoMm 03y (tabmuna 1). M3BecTHBIi
remarojor A.M1.BopoOreB cuntaer, yto OMOJ03UMETPUS TOUHEE PUINYECKON TO3UMETPHH, U €€
MOYKHO HCIIOJIB30BaTh Ul ONPEIEIICHNS 103 y TOCTpasaBmux oT aevcreus NUN.

[IpubaBka XpoMOCOMHBIX aOeppauuii B COMaTHYECKMX  KIETKax BEIeT K
COOTBETCTBYIOIIEH mpubaBke B oOHKomartosoru. IIpubGaBka XpoMOCOMHBIX abeppauuii B
MIOJIOBBIX KJIETKAX AT COOTBETCTBYIOLIYIO IPUOABKY BPOKIEHHBIX T€HETUYECKHUX 1€(DEKTOB.

Tabmuna 1
BiusiHue pasHbIX MOTTIOMIEHHBIX 103 FaMMa-00IydeHHsI
Ha 00pa3oBaHHe XPOMOCOMHBIX abeppariuii
(A.B.CeBanbkaes, H.I1.boukos, 1968)

Ho3a, B I'p Yucno u3y4yeHHbIX KomnuectBo Bcero abeppanuii,
MeTadas JUIIEHTPUKOB, BY%0 B%0
0 600 0,3 0,3
0,25 1000 4,6 4,9
0,5 1000 8,2 8,2
10 600 22,0 27,1
2,0 600 46,8 71,3
4,0 400 88,0 236,0

ITpumeuanue. MorrHocTh 10361 coctaBuiaa 0,45 I'p/MuH. @uKcAIMIO KIETOK TPOBOAMIHN B

IIEPBOM MUTO3€ I1OCJIC 06nyquH$[.

MexaHu3MBbI MNOCTPAAUANMOHHOI'0O BOCCTAHOBJICHUA.

Boigensitor ¢azy ObICTpOro BOCCTaHOBJIEHMS B TEUEHHUE IIEPBOrO yaca Mocie o0aydeHus
1 (pasy MeIEHHOTO BOCCTAHOBJICHHS, KOTOpas JuIMTcs eme 6-8 wacoB. B kietkax moryr
HaKarumMBaThCs cyoOseranbHble moBpexaeHus JIHK, xoTopbie BBIABISIOTCS MPH MOBTOPHOM
00Jy4eHHUH, TEePexo]s B JIeTalbHbIE. JTO CBSI3aHO C TEM, YTO B CiIydyae HENOJIHOLIEHHOMN
penaparnuu  OJHOHUTEBBIX paspbiBoB JIHK mnpu moBTOpHOM O0ONMydYeHHH yBEIMYHUBACTCS
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BEPOSITHOCTD [IEPEBO/IAa UX B IBYHUTHEBBIE.

B penapanuu nospexaenuit JJHK yuacTByroT cienyroiiue rpymnmbl (epMEHTOB:

- Hyxieo3umassl (OTIICIUISIOT TOBPEKACHHBIC MYPUHOBBIE U MHPHUMHUIMHOBBIC
OCHOBaHHS ¢ 00pa30BaHUEM aIypPUHOBBIX U AMTUPUMHUINHOBBIX y4acTKOB - All-caiTh).

- MuBepra3sl (BcTpauBaroT HOBbIe OCHOBaHUs B All-caiiThr).

- JInaspl (pacIieruisiOT THAMUHOBBIC JUMEDPHI).

- Duponykieassl (mpousBoaaT paspes JJHK - uniusuio).

- DK30HyKJIeassl (yaaustoT moBpexaeHubli yaactok JJHK - sxcrmsus).

- JHK-nurassl (CHIMBAIOT HYKJICOTHIBI).

- JHK-nonumepasbl  (IpOM3BOIAT MOJMMEPU3ALUIO  HYKICOTHIOB-TpUOCHaTOB,
pa3MelIeHHBIX B HEOOXOJIUMOM MOPSAKE MPH YYaCTHH HEMOBPEKICHHOW KOMIUIEMEHTapHOU
1CTIN).

OpnnonuteBbie paspeiBbl  JIHK 5erde mopmarorcs BOCCTaHOBJICHHIO, TaK — Kak
KOMIUIEMEHTapHasi HUTh MHTAaKTHA M yJIEpKUBaeTcs Bo3je noBpexacHHOM Huth J[IHK
BOJIOPOHBIMU CBsi3siMU. [loBpexaeHubie ¢parmentsl HuTH JIHK BhIpesatorcst (9xcumsus) u
3aMEHSIIOTCSI HOBBIMU. IIpM BOCCTaHOBIIEHHWH JABYHUTHEBBIX Pa3pblBOB BEPOSTHOCTH OIIMOOK
OosbIle, OHM HE BCErja MOAJAIOTCS BOCCTAaHOBJIEHHWIO M CIYXaT TJIABHOM MNPUYUHOMN
XPOMOCOMHBIX abepparuii.

PagnouyBCcTBUTEIBHOCTD.

PagnouysctButensHocTh (PU) - 4yBCTBUTENBHOCTh OHOJOTHYECKHX OOBEKTOB K
neicteuro WM. Pasnmnuaror BUAOBYI, HHIMBUAYAJIbHYIO, TKaHEBYK, Kieroynyro PU. PY
CYIIECTBEHHO pa3jIM4aeTcsl NMPU CPaBHEHMM PA3HbIX BHUJIOB, B MpejesiaXx OJHOrO BUA, a TaKKe
IIPY CPAaBHEHUU PA3HBIX OPraHOB, TKAHEW U KIIETOK.

PY kieTok 3aBHUCHT OT OpraHM3allid T'€HOMa, COCTOsiHUA cucrtemsl penapauun JJHK,
MHTEHCUBHOCTH OKHUCJIUTEIbHO-BOCCTAHOBUTEIbHBIX IIPOLIECCOB u COJIepKaHUs
AHTHOKCHJIAHTOB B KJIETKE, aKTUBHOCTH ()EPMEHTOB HEHTpaiu3aluu HPOIYKTOB paanuoIM3a
BOIbI (KaTanasa, CynepoOKCHINCMYTa3a).

PU tkaneit cormacyercs ¢ mpaBwioMm bepronwse-Tpubonmo, cormacHo kotopomy PY
MPOMOPIMOHANIbHA MPOJU(EpPaTUBHON AKTUBHOCTH M OOpaTHO NPOINOPLHMOHAIbHA CTENEHU
TP GEepeHINPOBKU COCTABISAIONINX TKaHb KiIeTok. Hambosee paamouyBCTBUTENBHBIMHU OYyIyT
TKaHHU C MYJIOM aKTHMBHO Pa3MHOKAIOIIUXCS KJIECTOK (FOHAJbl, KPOBETBOPHASL TKaHb, SIUTEIUN
CIU3UCTBIX 000J04ueK). K paanope3sucTeHTHBIM OTHOCATCS AUGPEpPSHIMPOBAHHBIC, MAJIO
OOHOBJISIFOIIMECS TKaHU (MBIIIeUHAast, KOCTHAsI, HEPBHAsI).

PY opranoB 3aBUCHUT OT COCTABJIAIOIIMX UX TKAHEH.

B saunukax MyxuuH HauOoyiee pPaJUOUyBCTBUTENIbHBI IIOCTOSHHO pPa3MHOXKArOIIHeCcs
cnepMaroronuu. CrepMaro30uibl U CIEpMaTOLUTHl 0oJiee paauope3ucTeHTHbI. OnmycToleHne
sudek npoucxomuT npu no3e 0,15 I'p u Gomee. o3er B 0,15-2 I'p mpuBOIAT K BpeMEHHOM
onurocrepmun. JJo3sl Boime 2,5 I'p (1o 3,5) Benyt k BpeMeHHoi (10 roaa) crepuibHoCTH. [Ipu
noze 3,56 I'p pasBuBaercs CTOWKAas CTEPWIBHOCTH C  BO3MOXHBIM  YaCTUYHBIM
BOCCTAHOBJICHHEM CIIepMaToOreHe3a K 2 rojgam mocie oOmydenus. ['opMoHanmbHas (QyHKIHS
6onee pesucrenTHa. Kierku Jlelaura yctoiunBbI Tpy JIoKanbHOM oOiydeHnn B 50 ['p.

B sanuyHuKax »eHIIMHBI JAETOPOJHOTO BO3pacTa COJIEpHKATCs HE3aMEHSEMble OOLUTHI,
oOpa3zoBaHuME KOTOPBIX 3aBeplIAeTCs BCKope 1mocie poxaeHus. OOoLUTHI  BBICOKO
PagMOYyBCTBUTEIBHBI B MPOIECCE MUTOTHYECKOTO naeneHus. OgHokpaTHOE 0OIydeHHe 000uX
AMYHUKOB B n03¢ 1-2 I'p BeI3biBaeT BpeMeHHoe Oecruomme Ha 1-3 roma. [loza 3,56 I'p
BBI3BIBAET CTOMKYIO CTepUIbHOCTb. Ha KOHTHHIEHTE JKEHILIWH, IOJBEPruIuXCs JyueBOH
Tepanuu, HaOIIoJaJId BPEMEHHYIO aMEHOPEIO Y TIOJIOBUHBI JKCHIIMH, 00ydeHHBIX B 103¢ 1,5 I'p.
B oTnnumne oT My)X4YuH y JKEHILIUH CTpajaeT U rOpMOHaIbHas (PYyHKIMS, TaK KaK y )KEHILUH 3TU
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mnpouecchl 0ojee cBsf3aHbl. JKEHIIMHBI CTapUIMX BO3PacTOB 0oJjiee UYYyBCTBUTENBHBI K
0o0Jy4eHHI0, TaK KaKk HMMEIT MeHblle (osukynoB. OpHako OoJibliiee BHUMaHHUE CJEIYET
YIEISATh )KEHIIMHAM JeTOPOJAHOTO Bo3pacta 1o 40 net.

Cpenu opraHoB MNHUILEBapeHHs] HamOoJjiee paJuOvyBCTBUTENbHA CIM3UCTass 000J0YKa
TOHKOI'O KHIIEYHUKA, Jajiee CIEOYIOT CIM3UCTas 000JiouKa IMOJOCTU PTa, SA3bIKA, CIIOHHBIX
kKeje3, THUIICBOJA, KeMyAkKa, MPpsSAMOW W 000J0YHOW KHIIOK, MapeHXHWMa IO KETyJOYHON
JKeJle3bl U NIEUYEHHU.

B cepaeuno-cocynucToii cucreme HarOosiee UyBCTBUTENEH HAPYKHBIN CJIOM COCYTUCTON
cTeHKd. VI3MeHeHus B MUOKapJe OOHapyKHBArOTCs MpH 00MydeHuu cepaua B goze 5-10 I'p, B
sH10Kapae - npu no3e B 20 ['p.

[Ipn o0OnydyeHHM JIETKUX MOJKET pPa3BUTHCA PAJAUALMOHHBIN MYIBMOHUT C IOTEpen
SNUTENUATbHBIX KJIETOK, BOCHAJEHUEM JIETOYHBIX aJbBEOJ M JIbIXaTEJIbHBIX MyTed U
nocieayromuM (pudpo3zoM. OOIydeHHE MOYEK MOXKET MPUBECTH K PA3BUTHIO XPOHUYECKOTO
He(puTa.

[Tpu o6mydeHun oprana 3peHus B no3e Oosiee 3 I'p y denmoBeka pa3BUBaeTCs KaTapakTa
XpyCTaJIUKa M BOCHAJUTENbHBIA MPOLECC B KOHBIOHKTUBE U ckiepe. Opranbl 3HIOKPUHHOMN
CUCTEMbl XapaKTEPHU3YIOTCSd OTHOCUTEIIBHOM paJuOpe3UCTEeHTHOCThIO0. ['1benb HelpoHOB
HaOmomaercs npu go3ax Oosee 100 I'p. OcteoOmacThl MmepuocTa W IHJIOCTA CPABHUTEIBHO
pPaZvoOvYyBCTBUTENIbHBI, YTO OCOOCHHO IMPOSIBISIETCS IPU pPEreHepalud KOCTHOM TKaHU B
Ipolecce 3aKUBJIEHUS NEPEIOMOB. 3pelible OCTEOLMThl U OpPraHUYeCKUid MaTPUKC KOCTHOM
TKAHU PaJIMOPE3UCTEHTHBI. KJIeTKN MBIIIEYHON TKaHU PaliOPE3UCTEHTHBI.

NunuBuayansHas PY Ha nonynsiinoHHOM ypoBHE KosieOnercs B IMPOKUX npezaenax. Ha
YpPOBHE IIEJIOCTHOTO opraHu3Ma B kadectBe kputepus PU ucmons3yrot JI/150 - 103y obmydenus,
BBI3BIBAIOIYI0 cMepTh 50% 00IydeHHBIX OPraHU3MOB JAHHOTO BHJIA 33 ONPEACIICHHOE BpPEeMs
nocie oOsyuenus. s wuauBuayansHOM PY wmMe0T 3HaueHMEe OCOOCHHOCTH TEHOTHIIA
(abdexTuBHOCTS cuctembl pemapanuu JIHK), dusunomornyeckoe cocTossHue opraHusma, o,
Bo3pact. 10-12% nmonynsanuu oTaumdaeTcs moBeimeHHon PY.

Oco0OeHHO paJMOYyBCTBUTENIbHBI JIMIA, HMEIOUIME HEKOTOpblE HAaCJIeJCTBEHHbIE
3abosieBaHus (TeleaHTUIKTa3usl, MUTMEHTHAs KcepozepMa). JIroam MeHee paaiodyBCTBUTEIIbHBI
BO BpeMsl CHa u 0ojiee PaJuOvYyBCTBUTENIbHBI BO BpeMs OOJPCTBOBAHMSI, MpPH YCTaJOCTH,
OepeMeHHOCTH, XPOHUYECKUX 3a0oJieBaHUsAMH, okorax. Jluma Gosiee 3penoro Bo3pacra MeHee
paarovYyBCTBUTENbHBI. JKEHIIMHBI MEHEE paiOYyBCTBUTEIbHBI, YEM MYKUHUHBI.

HckmounTenbHO BBICOKO PaJMOYyBCTBUTENbHBI MajoaupdepeHIIMpOBaHHbIE TKAaHU
sMOpuoHa u Mmiuojaa. OOmydeHHe >KEHIIMH B Iepuoj] OEpeMEHHOCTH MOKET HPHUBOJIUTH K
CJIEYIOIIUM TOCIEACTBUIM Y IOTOMCTBA!

- OMOpHOHaNbpHas, HEOHATaIbHAS U MOCTHATabHAs TMOENb 1J10/1a, HAPYIIEHUE TeUEHUs
OEpEMEHHOCTH.

- YBenu4yeHue BepOSITHOCTH BPOKIEHHBIX TOPOKOB Pa3BUTHSL.

- YBenu4eHue yacToThl HapyUIeHUH pocTa U (PU3UUECKOTO pPa3BUTHS.

- YBenu4eHue yacToThl HapyUIeHU (PYHKIUN HEHTPaIbHON HEPBHON CUCTEMBI.

- CHmwKeHue aJanTallMOHHBIX BO3MOXKHOCTeH opranusma. Hapymenus ¢yHKuuun
VMMYHHOH U S9HIOKPUHHOM CUCTEM.

- Poct oHKONOTrHMYeECKOi 3a0051€Ba€MOCTH.

DddexThl paauanud MOTYT TPOSIBIATHCS cpa3y (CMepTh, MOPOKH PAa3BUTHUS) WM B
OTIaJICHHBIC CPOKH MOcje pokaeHus (OTCTaBaHHE B POCTC W PA3BUTHUHU, OHKOJIOTHYECKAs H
apyras 3a00J1€BaeMOCTB).

OMOpuoHanbpHasi, HEOHATaJIbHAs W TOCTHaTajdbHas TuOens mioga. HanbGonpmmit puck
rudenn 3MOpHOHA OTMeYaeTcs Mpu OOJYyYEHHH B NMPEAMMIUIAHTAI[MOHHBIA NMEPHUOJ] B IEpBbIE
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IHU mociie 3ayatus. ['nbenb sMOpHoOHA 10 MUMILTAHTAIIMM MOKET HACTYHNUTh IpHU OOJIyuYeHUU B
no3e paBHod u Bbime 0,1'p. [ToaToMy peHTreHOAMArHOCTHYSCKHUE WCCIICOBAHUS Yy JKCHIUH
JIETOPOJAHOTO BO3pacTa CIEAYeT BBIMOJHATH B mepBbie 10 1mHEH c Havama MEHCTpyaluu
(mpaBuiio 10 nHeit), 4T0OBI H30kKATh OOIYYCHHUS IPH HEPACTIO3HAHHON OEPEMEHHOCTH.



