I'naBa 6. Ilo3BoHOUHMK YesioBeka M Apyrue
3amnm4acTi, Tpedyionye NOMbIBKHA

YesoBek caM cHHTE3UPyeT (CO3/Ia€T M BOCCO3AET) PEATHLHOCTH
CBOETO  CyIlecTBOBaHUA, PyKoBoAcTBysicb CBOWMM  cob6CTBEHHBIM
3JHAHUWEM wu cBoumu IIPE/ICTABJIEHUAMM o mupe. M3 sTOrO
cenyeT ecTeCTBEHHBIU BbIBOA, 0 ToM, uTo Hamie ITPE/ICTABJIEHUE n
aktuBHoe 3HAHWE co3gaér wiu TBOpUT Mup, a He HaAob60pOT, Kak
CUHTaeT «COBpeMeHHas» Hayka. HaGmwomada u usyuyas Mup, Mbl JOKHBI
HAWTU JABWKYIIIE MUPOM 3aKOHBI. [[pyrumu cjioBaMu, BCE, YeM HaJIeJIEH
Mup, B KOTOPOM Mbl >KHUBEM, UMEET CBOMM HCTOYHHKOM BHYTPEHHIOIO
CYIIHOCTD nac CAMUMX, u nosromy 2KNU3HDb — ecto TBOPEHUE
HaIlUX COOCTBEHHBIX PyK. HoO /1A TOro, 4TtoObI 3TO IOHATH, HYKHO
IIPOJIOJIKUTh Pas3bupaThCcsA C TEMHU «3alvyacTAMH», 3HAHUSA O KOTOPBIX
II03BOJIAT OoJiee KOoMMOPTHO cebsA UyBCTBOBAaTh B baHe, 1ocjie KOTOpou u
MOkHO cocraButh 510 IIPE/ICTABJIEHUWE o0 TOM, 4TO OKpy»Kaer
CerojiHs Hac, YTO MPOUCXOAUT BOKPYT HAC U HE TOJIBKO.

6.1. II03BOHOYHHUK U UHbIE YyAeca B I[Ipupoae

C TOYKH 3peHUusi COBPEMEHHOU
MEIUIIUHbI, IIO3BOHOYHHK  HYXEH
YesioBeKy /I NOPUAAHUS OCAaHKU IIPU
TOCeIeHUH HOYHBIX KIyOOB, cTo10a (THUmna
U3TOPOAU) JUIA  VAep:KaHUs  CBA3OK
HEPBOB, PAa3BETBJIAIOIIHNXCS II0 OpraHaM,
JUIA  XpaHeHWs JIUITHeW mnamatu (He
yMeEIAIomecss B TOJIOBE), a TaKXKe JIJIs
pasjesieHus BepxHel u cpenHedt (obJacTh
Taza) 4vacTell TYyJIOBHINA, YTOObI OHU HE
IIOMEHAJIUCh MecTaMu. N3BecrHa pPOJib

IIeHTarpaMMBbl B MIOCTPOEHUH
OKPY’KamIIeNd Cpesibl, a TaKKe IuPpPHI 7,
MMO3TOMY 0a3oBas pa3ouBka

IIO3BOHOYHHUEKA oT gepelia,
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7+12+ 5+ 5.

PazbuBka 3aBepiiaercss y KOIMMUMKA, KOTOPBIM MOXKET, KaK U Y BCeX
HOPMAQJIBHBIX MJIEKOMUTAIONIUX, OBITh MPOAOKEH KPACUBBIM XBOCTOM.
751 Toro, 4TOOBI He MyTaTh UesoBeKa ¢ MJIEKONMUTAIOIUMHU, B MEUIIUHE
IIPUHATO HA3bIBAaTh MMO3BOHOUHUK HUXKE PEOEP «KOHCKUM XBOCTOM». B
3TOM CJIy4dae IIpaBa YPaBHUBAKOTCA, U HET CMbICJIA OTAEJbHO HUCKATh

ITPOAOJIZKEHUE komuuka.

LWWEeWHbIN oTaen

rpyaHou otaen

NOACHUYHbIN otaen

KpecTtey,

KOM4YUK
wn

Co

N3BectHO, qTO MEXIy
II03BOHKaAMU MOKET OBITD
obpa3oBaHa  TIpbDKA,  KOTOpas

Memaer KuTb. Kpome  TOrO,
U3BECTHO, YTO HEPBHBIE Y3JIbI,
OTXOJAIE OT  OIPeJIEJIEHHOTO

II03BOHKA, CBA3AHDbI C
OIIpeIeJIEHHBIM ~ OPTaHOM,  XOTH
IPsIMOTO OTHOIIIEHUS K

IIO3BOHOYHHKY HE HMCIOT.

Ho BOT Kak BCé 3TO eCTh
Ha caMoM peJie. [Ipu pa3zsutuu B
yrpobe CHAYAJIA mnosBJseTcs
KOIMYMK, 3aT€M <«BBIIMOJI3aI0T»
MOOYEPETHO MO3BOHKM,
CJIE0BATETHLHO, TPABUJIbHEE OTCUET
1103BOHKOB Hy:xHO HAYMHATD
OT KOITYHKa (ocHOBaHHE
nupamuzasl), u 3ABEPIIIATDH
YyepernoM — BEPIITUHON MHPaMU/IbI,
a He HA00OPOT, KaK B MeJUITUHE.

PaccmoTrpum 6e3 cpaBHEHUSA ¢

MEIUIINHON (uTOOBI He
TPAaBMHUPOBATh Bpaueil) HEKOTOPbIE
0COOEHHOCTHU MIOCTPOEHUs
IT03BOHOYHMKA.

1. Crpykrypa IMOCTPOEHUA
IT03BOHOYHMKA B TOYHOCTH

COOTBETCTBYeT WH(OPMAITMOHHOMY
MY3bIKaQJIbHOMY pAny u



MYy3bIKQILHOMY Py YIPaBJISIOIIEN cucTeMBI (12 + 12 + 8).

Bcero — 32 mO3BOHKA, UTO COOTBETCTBYET MOJHOU 3HAKOBOU
CUCTEME ymnpasiaeHuss nHQOPMAMOHHBIM U YIPABIAOIUM IOJISMH.
15-TPaZlyCHbIM TOBOPOT BEKTOpPAa MAarHUTHOTO UMIIyJibCA B TOYHOCTH
COOTBETCTBYET 15-MUHYTHOMY UHTEPBAJIy €0 U3MEHEHU .
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2. Ka:kapIlli MO3BOHOK — HWHAWBHAyasieH. He cymiecTByeT ABYyX B
TOYHOCTU OJIMHAKOBBIX MO3BOHKOB, M Yy KaKJOro reHoTHIa (rpajanus
JIIO/Iell) PEe30HAHCHBIM KOHTYP II03BOHKA oOTan4aercs. OTMeTUM, 4YTO
MO3BOHOK — DTO uoHHbLll 0cadok aum@sbl, KOHTYP KOTOPOH B 00pa30oBaJ
cOOCTBEHHO caM TII03BOHOK, CBfI3aJl C COCEJHHM IIO3BOHKOM U
CO®OPMUPOBAJI ece cesa3u. CoOCTBEHHO IIO3BOHOK — 3TO HeE
TOJBKO «CHJIOBOU» KOHTYP, HO 1 PESOHATOP BBICOKOU YaCTOTHI,
IIPUYEM KaXKIbIM MO3BOHOK — i cBoero ToHa. HET u He MoKeT OBITh
xkéctkor ITPUBA3KU pe3oHaHCHOTO KOHTypa K oprany. Co BpeMeHeM
U3MeHsAeTCA CTPYKTypa II03BOHKA, «IUJIBIBET» TaKTOBAasg  4YacTOTa
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MAarHuTHOTO WMIYJbCa, W II0 CBA3U C OpPraHaMy IMO3BOHKH MOTYT
IIOMEHATBCA wMecramMmu. Bece 3TH HO3UIOHUM  BO3MOKHBIX
N3MEHEHUH «3ajJ0o:keHbI» B I[Iporpammbr «CBeTJI», KOTOpHIE
«3acrapiusaoT» I'enmeparop  Kommiekca  «Ceer/I»  mpaBHMJIBHO
pearupoBaTh Ha 3TU U3MEHEHMUA.

3. Posp EKakxaoro mo3BOHKAa — WHAMBUAyaJIbHA. Ha pucyHke
YCJIOBHO NpUBEJEHbl TOHA MO3BOHKOB, OTHOcAmuUeca k Cucreme
Yapasienuss, UHOOPMAIIMOHHOMY IIOJI0 U BO3MOKHOCTAM
Komiuiekca «Cset/I» BOo B3aumoaencrsuu ¢ MHOOPMAIIMIOHHBIM
I10JIEM.

HOPManbHbIA AUCK

U3MeHEHHbIN AUCK

NpoTPy3uUs AUCKa

rpbiXa Aucka

octeoduTbl

3aMeTbTe, UTO KOT/Ia IIPU II0CaJIKe caMoJiETa Bbl OTKphIBaeTe pot, 53TO
He B3HAuUUT, 4TOo Bbl BbIpaBHUBaeTe JaBjeHUE, Bbl — U3MeHsETe
PE30HAHCHBIM KOHTYP. AHQJIOTUYHO HPOUCXOAUT U C MO3BOHKAMU — B
clydyae HapylIeHUs TaKTOBOM YacTOThl (HAmpuMep, MPU TPAHCMYTAI[UU
nmo3BoHka), npoucxoqut M3MEHEHWE pe3oHaHCHOTO KOHTypa, T.e.
IIOCTPOEHUE JIOTIOJTHUTEJIbHOU HOHHOW CTPYKTYPbl, KOTOPYIO IPUHSATO
Ha3bIBaTh rpbiked. OHAKO, ecd Bbl pOT MoKeTe MOTOM B3aKpbITh, TO
rppiky Bbl Tak mpocTto He ybOepére, mOTpebyeTcsa XUPYypruueckoe
BMeIIIaTeJIbCTBO.

4. My3bIKaJIbHBIN yIPaBIAAIOIIUN PAJX MOCTPOEH HA OokTaBe DO-
NA, mpuuém ToH NA — KpaiiHe onaceH. [Ipu osgBjieHnN TaAKOTO TOHA, B
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nocjieHee BpeMs (10 OTZEJbHBIM T'€HOTUNAM), HaOJIIo/aeTcsl pe3Koe
CHU)KeHUE 3peHMs, U3MeHeHHe DEeIIETKU 3peHUsi, CMeIeHHe IIBETOBOTO
BocripuATUa u T.J. [IpU AOCTHMXKEHUU BJIEKTPUUECKOTO IIOTEHIHAIa
MarHUTHOTO UMITyJbca 21% IPOUCXOAUT pa30JIOKUPOBKA pe3oHATopa u
IpekpaiaeTcsa ero pabora, YTO aBTOMATUUECKU BEJIET K CMEPTH, WJIU
OTKJIIOUeHUI0 Mo3ra OT MOHHOU CTPYKTypbl. EcTecTBEHHO, HU O KaKOM
6aHHOM mpollecce peun OBITH He MOXKET. 3aMedy, YTO B 3TUX CIAy4dasax —
IIporpammbr  «CBetr/I» «BE3CUJIbBHbI». OHHU TOJBKO MOIYT
obecrieunTh «KOMMOPTHOE» MOKUAAHUE 3TOTO Mupa.

5. NH(popManmuOHHBIA PsJ MOCTPOEH IO AHTJIHHCKOU CHCTEMe
(12-HOM) UM [IOCTAaTOUYHO WU3BECTEH B MY3BIKAJIBHBIX Kpyrax. Ecim,
HAIlpUMep, NpU MPOCIYHIMBAHUU 3alUCH KAKOTO-JIMOO IPOU3BEJEeHUs
B/IPYT 3axoTesioch B TyasieT (MOKHO IMOBTOPUTH MOTOM 3aMHUCh, YTOOBI
ybenuThCsA B TOM, YTO 5TO HIPOUCXOAUT HA OJTHOM M TOM K€ MeCTe 3aIuCH),
gHauuT IIOJIYUEH pe3oHaHC IO 4YacToTe C MO3BOHKOM, CBA3aHHBIM C
MOYEBBIM IIy3bIpEM. MO3r mosydaeT COOTBETCTBYIOIIHU CUTHAJI U JAET
KOMAaH/Ty Ha UCIIOJTHEHUE.

6. Tun coupaau J/luoreHa 3zazaér KomMuMK, (crnupanb, «bouka
Jluorena», — HaMu YyXe paccMoTpeHa). OTHOCUTETBHO KOMYHKA
MIPOU3BOJIUTCA HACTPOUKA KaX/I0Tr0 M03BOHKA. I109TOMY IOBpekKAeHUEe
rormunka kpaHe OIIACHO, a npu mocemenuu baHn
I[eJIeCOO0Pa3HO IOAKJIAABIBATh BOIJIOUHBIA KOBPHK, IIpEKIe
YeM cecTh Ha MOJIOK.

Cucrema ynpaBJjieHus padoraer mo tpuazae. [losHaa Tpuama
paBHa 18 ocsAM cuMMeTpuu, B I03BOHOUHHKe OHH BCE mpucyTcTByIOT
(8 + 5 + 5 M03BOHKOB), u3 HUX — DO u NA — ucxoaHas, MU ABOHHAaA
CUMMeETpHA, 10 MO3BOHKOB HWH(POPMAIIMOHHON CTPYKTYPbhI —
HOPMAaJIbHasl, WJINH KOMILUIEKCHAsA CHMMETPHUsS, U 6 IO3BOHKOB
CHUCTEMBbI YIIPABJIEHUS — IPOOHASA CUMMETPHUA.

OTMeTHM, UYTO AJIA U3MEPEHHA YACTOT JAPOOHOU U JBOWHOM
cucrem cumMmerpuu npu6opoB HE CYIIECTBYET, Ho B pamkax
HCIIOJIb30BaHUA Kommiekca «CBeTJI» 3TOT nmpoiecc
OCYHIECTBJISAETCA IOCTOAHHO B PpPeEKHUME «TECTHUPOBAHUA» Kak
NMPEACTOSANINX, 3alVIAHUPOBAHHBIX W3MEHEHHUH OpraHusMa
Biaazeabria KoMmiuviekca, Tak U «IIporpaMMHBIX» U3MEHEHHUH, B
paMkax CErOIHANIHET O U3MEeHEHUd CucremMmsbl
7KusneooOecneueHus.



HymMepauus

HyMepauus nocueicny 1 [_]1D0 Pesonatop
no MEAHLHHE i
2 [JRE HacTpoeuHbif [HHXHHSS Y€ N0 CTh)
3 [IMI  KoHTpoabHbil CBI3H [MO3XeE40K)
1 3 4 T FA  Yzen cea3u
Wes 2 :‘v‘ "4 nospoHoK'-coenn- 5 [_]SOL Y3€n CHHXpPOHH3AUHH
DG 3 [ HEHHE YEpeEna H 6 LA Ysen'ceerogop'" ana MH
4 NO3BOHOYHHKA 7 sl Y3en KoOpAHHALHH ABHXEHHS
v Mnaza [(koHey cBeTa),
> [ pLLLLL 8 L_INA NpH AOCTHXEHHH NoTeHuHana MH
6 1 12 [ do, 121 % or Hopmut 6a0kana MH
7 SneKT?u- 11 =3
" 10 [l re; HavanbHoe 3HaueHHe yacToTH
noTeHyHan -
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5 1 yne%xauusl 6 B cBoiw ouepenb, TaKToBLIH
6§ [ CT;;;‘S;[][] 5 150y  uurepean 3aBHCHT OT cooTHO-
7 ’ 4 [ LWIEHHS BPEMEHH NOAHOIO
8 :IY 3 [Jla o6MeHHoro npouecca (124 rona)
1 AKTHBHOH XH3HH H HE COOTBETCT-
S - 2 [ _ BHS ECTECTBEHHBLIM YCAOBHSIM.
10 1 L1 s
1/ 12 [ do2 Pacuyer yacToTel NpoH3BOAHTCA
12 [ MarHHTHI 1 HHAHBHAYAALHO.
1 1 HMNYAbLC 10 e,
Noschwanwe 2 [—] | 39-5000 - 55.5000 9 [
ynpaBAeHHs 8 1 mi
3 [ OpraHaMH 7 04 2
4 [ a2
5 [ 6
-l _I 5 : so'z
Kpecruoewe 5 [ Konckun 4
3 [ XBOCT 3 [ la,
a [ 2 [
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v Konuuk '
OcCHOBa My3bLIKanbHOIo pana -

AHrAHACKAA CHCTEMA
Bcero 32 no3BoHka, COOTBETCTBYET

MY3bIKanbHOMY paay 2 X [ 7 + 5] HHpPOPMALHOHHOH YacTH
u 8 (DO - - NA) ynpaBasioLEH CHCTEMB

Paz6uBKa cooTBETCTBYET
neHTarpaMMe,
CEMHCBEYHHKY H

WKaNe 0NHOH OKTaBbl
(BCe caBHHYTO) Kpome Toro, 32 - YHCNO 3HAKOB B CHCTEME onpoca

COCTOSHHS HHOPMALHOHHOTO NOAS,
a 24 - cOOTBETCTBYET YHCAY OCEH NOAHOW CHCTEME CHMMETPHH,
rane 18 rnaBHbLIX ocen o6pa3oBaHbl § ynpaBasio LEH CHCTEMBI
M 10 (5 + 5) HHpOpMALHOHHOH [3aKpaLUEHDI).



6.1.1. OCHOBBI IBE303JIEMEHTOB C HEMHEPIIMOHHOM
MacCoO¥ M UX KMCJIOPOAHBIN OalaHC

O cymiecTBOBaHUM HEWHEPITMOHHOUW Macchl (CTPYKTypa OKTaB 0oJjiee
64, O0O0benMHEHHBIE Q6 OKTaBOM) COBPEMEHHAs HayKa Jake He
II0/I03PEBAET, XOTsS IIApPOBble MOJIHUU U UX JIEWCTBHUE U3BECTHBI JABHO.
IIpu oxraBax Oosiee 64 umMeeM 8 pa3/JMUYHBIX ATOMHBIX CTPYKTYp (B
JaJbHEWUIIeM WM JIaHbl YCJIOBHble Ha3BaHUS — HEUTPOHHOE U
AHTUHEUTPOHHOE, HEWTPUHHOE U AaHTUHEUTPUHHOE U T.I.). 37ech
pacckaxxy, nouemy HOBBIM Komiuiekce GbII CO37jaH ¢ IPUMEHEHHEM
VMEHHO KPEMHUEBOU IJIACTUHBI, PACCYUTAHHOU B 30JI0TOM CEUEHUU U UTO
K 9TOMY «IOJTOJIKHYJIO».

Posp mbe30KpUCTAIIOB (KaK OTHOTO U3 BU/IOB IIb€303JIEMEHTOB) B
cucremax nHpopmanuonaoro KOHTPOJIA orpomHa.

ITbe3zoxpucrasLI —

(ITOTUKPHUCTATIINYECKOTO
kpeMHUs1). [IpUHATO CUUTATH, UTO
KpeMHUU (xBapir) — 3TO
KpHUCTaJUTIY€eCcKast JIBYOKHICH
kpeMHUA SiO2 , OIUH U3 OCHOBHBIX
MHUHEPAJIOB 3€MHOU KOPHI.
[IpuposiHbIE KPUCTAJUIBI KPEMHUSA
UMEIOT pa3dMephbl OT THECYNHOK JI0 HECKOJIPKHUX JIECATKOB CAHTHUMETPOB,
BCTPEUAIOTCA KPUCTALIBI B 1 MeTp U Oosiee. Iloaukpucmariuueckuil
KpPeMHUIl «8bIPpaiuéaemces» Kpucmaaiamu 3a0aHHou hopmul u
IIOTOM PpeEKeTcs Ha IUIACTHHBI HYKHOTO pa3Mepa B 3aBUCHUMOCTH OT
| npuMeHeHusa. Kpucrajnueckasa CTPyKTypa

? KBapIiia obpa3zoBaHa U3 KPEMHEKHUCIOPOJHBIX
o—sli—o TeTpasapoB SiO,: HaXOAAIIMICA B IEHTPE UX
O O 0 KaTUOH Si OKPYKEH IO TETPA3APY UETHIPHMSI

-~ 0—S%—0—Si—0—Si—o0— karmoHamu O, a kKaxgeii woH O,
| | OCYIIECTBJIAA CIEIJIEHWEe TETPa3/POB, CBA3aH

0] o) 0
o—s!' o c AByMs MOHaMu KpeMHUsA. TeTpasapbl SiOy
|I Baosab raBHou ocu PACIIOJIOZKEHDI B
o)

| CTPYKTYp€E II0 BUHTOBOU JIMHUM (IpaBas WU
jieBasg cnupasib). OTCyTCTBHE IJIOCKOCTEN B
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I[eHTPe CUMMETPUH Y KPUCTAJUIOB KPEMHUS U KBaplia U 00yCJIaBIMBaeT
HaJINuhe Nbe303JIEKTPUYECKUX U MNHUPOI3JIEKTPUYECKUX CBOUCTB. B
0OBIYHOM KBapIleBOM cTeksie TeTpad/ipbl cremienbl BESITIOPA/IOYHO,
a OCHOBY MIOJIMKPUCTAJINYECKOTO KpEeMHUH, COCTaBJIAIOT
Z0ZleKas/IpaibHble CTPYKTYPBI IIOCTPOEHUS BHYTPEHHEU PELIETKU CAMOTO
KpHCTaJlJIa KPEMHUA. DTO U ObUJIO YUTEHO U IPUMEHEHO IMPU «yCTAHOBKE»
I'eneparopa «réMmHOUM Marepuu» (1o tepmuHosioruu H. JleBamrosa).
[To3HaHMe 5TUX IIPOIECCOB, ITO3BOJIMJIO HAUTHU HanboJiee ONMTUMAJIbHBIHN 110
dopme u mnpuMeHEHUIO «HOCUTeab» ['‘eHepaTopa, pa3paboraTh u
BBIIIYCTUTh  INPUHOUOUAJIBHO HOBbIM Kommiaeke «Cser/I» ¢
PACIIMPEHHBIMUA BO3MOXXHOCTAMU. HamoMHIO, YTO MbllIeYHasd TKaHb
yeJ0BeKa COAEPKUT (1-2)-1072% KpeMHUsA, KOCTHas TKaHb — 17:1074%,
KpPOBb — 3,9 Mr/j. C nuieil B OpraHu3M 4eJIOBeKa eKeJIHEBHO ITOCTYyIaeT
710 1T KpeMHUH.

IIbe3omaraeTusaM (/1 IOJTHOTHI KAPTUHBI TOHUMaHUA)

Bo3HUKHOBEHME B BellleCTBE CHOHTAHHOTO MarHUTHOTO MOMEHTA IIpU
HAJIOKEHUU YIPYTUX KosjeOaHWN Ha3BAHO Nbe30MAarHUTHBIM 3(hQdeKTOM.
[Ipe30MaraeTu3M MOKET CyIeCTBOBATh TOJIBKO B aHTU(EPPOMATHETUKAX U
(eppoMarHeTukax ¥ IPUHIUINAJIBHO HEBO3MOKEH B IIapa- H#
JUaMarHeTukax. TepMogWMHAMHYeCKOe pacCMOTpEeHHe BOIIpoca O
IIbe30MarHeTu3Me OCHOBBIBAETCA HA BBIJIEJIECHUM W U3YyYEHUU B
Pa3JI0KEeHUN TEPMOJUHAMUYECKOTO IToTeHrasa ® 4jieHOB, JUHENHBIX 110
MarHuTHOMY nosir0 H;i m mo OofHOM W3 KOMIIOHEHT TeH30pa YIIPYrux
HAIPAKEHUU Ojk:

=D, - Ek A, H,o,
ij

Ecniu Bce mpeoOpa3oBaHHsI MarHUTHOM CHUMMETPUHM JIaHHOTO
KpPUCTA/IJIa OCTaBJIAIOT WHBAPUAHTHBIMU XOTS OBl OJIMH YJIEH B 3TOM
BbIPDQXKEHUH, TO COOTBETCTBYWOIUN KoadduimeHT Ajx (Moaysib
nbe3oMarHeTu3ma) OyzeT OTJIMYeH OT HyJAsd, U B KpUCTaie OyaeT
BO3HUKATh ITh€30MarHUTHBINI MOMEHT:

m,=—0®/dH, =A;0,
CHMMeTpUMHBIN AaHAJIN3 I[O3BOJWJI YCTAHOBUTH BCE KJIACCHI

MarHUTHOU CHUMMETPUH, KOTOPBbIE JIOIyCKAIOT IIhbe30MarHeTusm. Mx
okasajioch 66, u i1 Beex ObLT HaWIeH BU/I, TEH30Pa Aijk.



biaromapsa cumMmeTpun TeH30pa Ojk Tb€30MAarHUTHbIE TEH30PBI MOTYT
OBITH ITPeJICTaBJIEHbI B BU/ie MaTPUIL 36, a YHUCJI0 TAKUX MaTPHUI] PaBHO 16.

K  deppomarserukam  otHocarcsa:  Fe.O;,  FeCo., MnFo..
Antudeppomarseruku: CoF,, FeF..

N3 ¢dopmysibl BUAHO, UTO HApSAAY C Ibe30MAarHETU3MOM JOJIKEH
CyIlleCTBOBaTh O0OpaTHbBIN 5ddeKT — JIMHEeNWHass MarHUTOCTPUKIMA, MPU
KOTOpPOU KOMIIOHEHTHI TeH30pa JedopManiuid JIMHEHWHO CBS3aHBI C
MAarHUTHBIM I10JIEM. 3HAK JUHEHHOU MarHUTOCTPUKIINU, KaK U B CJIydae
Ibe30MarHeTu3Ma, 3aBUCUT OT 3HaKa BeKTopa L, XapakTepu3yOllero
obpa3oBasBiieecsi JOMEHHOE COCTOssHHME oOpasia. Bce ycunuss ObLin
HallpaBJIEHbI Ha MMOHUMAaHUEe (mpeobpaszoBanue) mpoIiecca
N3MEHEHMUSA kyOuueckoil PENIETKU B J0/€Kas3/IPaIbHYI0 Yepe3 MOUCK
ompejsiesiIeHHOTO Hocutesisi ['eHeparopa «TémHoOW Martepuu» mpuU
MaKCUMaJIbHOU ero »sddexkTuBHoctTu. W 3T  ycwims OKa3ajuch
HeHaIPaCHbIMU.

6.1.2. IIbe3031ekTpuKH (0ocHOBa KoMIuiekca «CetJ/I»)

BeliecTtBa, B KOTOPBIX HPU OMNPEETEHHBIX YOPYTUX JedopMarusax
(manpsoxenusax) BO3SHUMKAET siekTpuueckas MOJISpU3AIUA JIA’KE B
OTCYTCTBUHU 3JIEKTpUYecKoro 1o (mpsamoi 1mbe303¢ddeKT) — 3TO
nbe303jeKTpuku. CiezncrBueM  mpsAMOro  nbe303d@deKTa  ABJIAETCA
obpaTHbBIN Mbe303(GEKT — MOSABIEHNE MEXaHWUECKUX JedopManuil Mo
JIENCTBUEM 3JIEKTPHUYECKOTO MOJIS.

IIbe30s1eKTpUUECKUe
CBOMCTBA ObUIM OOHApYyKEHBI
Oosiee, yeM y 1500 BeIIECTB.
ITre305ddexthl  HabMIOAAIOTCS
TOJIBKO B kpucrawiax, He
UMEIOIMNX [eHTPa CUMMETPHUH.
[Tpu MTOSIBJIEHU U IPYTHX
3JIEMEHTOB CUMMeTPUU (B
pesyJsibTare MeXaHUYeCKOU
nedbopmarumn) nbe303(pdexT
MokeT JubO mpomacth, JUOO
OCTaThCSA TOJBKO B HEKOTOPBIX
HaIpaBJIeHUAX.




KucjiopoaHbIi psaj Ibe303/IEMEHTA

N3BecTHO, 4TO pAA KUCIA0poAa: 16, 18, 20, 22, 24, 26, 28. OgHako
ATOT PsIZT HEOOXOANUMO pas3/leJIUTh Ha 2 TPYIIIbI:

- 0as3oBbBIU pAA: 16, 18, 20, 22 (KUCJIOPON);
- aJbTEPHATUBHBIU PAM: 22, 24, 26, 28 (a30T).

ITo cocTaBy aTOMHBIX CTPYKTYP CJeAyeT Ta0auIa:

Kucnopop, A30T
No | HaumeHoBaHue aToMa
16 | 18 | 20 | 22 | 22 | 24 | 26 | 28
1 |IIpoToHHBIU 1 1 1 1 1 1 1 1
2 | AHTUIIPOTOHHBIN 1 1
3 |I'paBUTAIIMOHHBIN 4|1 41| 4| 4| 4 6 6 6
4 |AHTUTpAaBUTAITMOHHBIN 2 | 2 | 2
5 |HeuTpoHHBIN 2 | 2| 21 4| 4| 4| 4| 4
6 | AHTUHEUTPOHHBIN 1 1 1 1 1 1| 2| 2
7 | HeUTpuHHBIU 2 1 41| 41| 4| 4| 2 2 | 4
8 | AHTUHEUTPUHHBIN 2 | 21 4] 4| 4| 4| 4| 4
9 |DJIeKTpOHHBIN 4|1 41| 4| 4| 4 2 2 2
10 | AHTUSJIEKTPOHHBIN 2 | 2 | 2

Kak BugHO U3 TaOJHUIBI, HCXOAHOE COCTOSHHUE JIIOBOU
WHEPIMOHHOM  MAacCcChl, o0JIagaomel  OCOOEHHOCTBIO —
MPOIECCOM TEPeHoca 3apsdd amom-aHmuamom, u Haobopom,
IIPUCYIIE TOJBKO COETMHEHMSIM a30Ta, HO 3TO Ha3BaHUE UMEET KUCJIOPO/, U
¢rop. HecooTBeTCTBHE IO CMBICIy BHOCUT IIyTAHUILY U UCKaKaeT
WHGGOPMAIMUOHHBIN cMbICI. JlogekasapaabHaA  CTPYKTypa,
apagmasaca  ocHoBoir JIFOBOI'O mbhe3oMarHeTuka, MOXKET OBITh
nnocrpoeHa TOJIBKO c¢ yuactuem aHTHAaTOMOB. OZHOTUIIHAA CTPYKTypa
(cocTosasa TOJHLKO U3 aTOMOB WJIH TOJIbKO M3 aHTHATOMOB B OJTHOM THUIIE
II0JII) HE MOXKET H3MEHSATh CBOE COCTOSIHHME B CBSIBU C OTCYTCTBHEM
BO3MOKHOCTH U3MEHUTH COCTOSIHHE JaKe TIYTEM MeXaHUYeCKOTO
paspyliieHusa wiu gedopmarnuu (Cymma 3apsiioB Beerjia OyZleT IMTOCTOsIHHA).
B zapyrom ciaydae, npu HAJIMYMMW pasHOTUIIHBIX CTPYKTYp, CyMMa
3apsA/0B, WJIN OOIIUU 3apsAA0BbI 5KBUBAJIEHT, 3aBUCUT OT B3aUMHOU
OpUEeHTaIuU (BekTOpA HaIlpaBJIEHUA) u IIPOCTPaHCTBEHHOTO
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pacnosioKeHUusA CBA3ed aTOMOB-aHTHUATOMOB. Ecjau ympocTuTbh, TO 371eCh
roBOpuUTCs O B3aumojeucTBuu B pamkax IIporpamm «CsetJI»
HAIIPAMYIO ¢ HelipoHamu Moasra.

OcHoBOUMl  mocTpoeHHsT OHOCTPYKTYp Ha 3emJie  ABJAIOTCS
BJIEKTPOHHBIE ATOMBI, MMeEIOIINEe 54 OKTaBy TAKTOBOW YaCTOTHL. ITO
CBOMCTBO u3BecTHO B Kocmoce, m03TOMY Bce OMOCTPYKTYPHI, CO3/1aBaeMble
Ha JPYTrUX MNJIaHeTaX, JIOJKHBI IlepeceKaThCcs II0 TPAHCMYTAIUU C 54
oktaBol (cM. A.XatpiooB — «OcHoBbl buocdepsi», H. JleBamios
«HeoaHOpoiHAS BCeJIEHHAS » ).

Kpome Toro, Bce Tak HasbiBaeMble HJIO cHabG:keHBI yCTaHOBKAMH
YVHUUTOXKEHUA 54 OKTaBbl IIyTEM CYNEPHO3UIUU 3JIEKTPUYECKOIO
IIOTEHIIMAJIA.

OpHako JuiA 3eMJId HEeT U He MOXKET ObITh 3JIEKTPOHHOTO aTtoMa C

ynucTod 54 okxtaBou — HET

IHOAAEPKKHN CHCTEM

2 KH3HeoOeclledeHUdA, €  OJHOU

— L 'i CTOPOHBI, W C JpPyrou — 3TO

BOCIIPUHUMAJIOCh OBl KaK OpYKHUE.

ITosTomy npu IepPeXOJHBIX

\\__’/ nporieccax (rmepeBosa GUOCTPYKTYP

| Silicon Ha 3eMJII0) HICIIOJIb3YETCS

: IPHHIAIL TeJIECKOIIMYECKOH

TpaHcMyTaruu  (OMUCAaHHBIA B

paborax H. JleBaroBa u

pPEeKOMeH/IyeMbId K COOCTBEHHOMY
BHUMATEJIbHOMY IIOHMCKY U 03HAKOMJIEHUIO).

N3BecTHO, YTO COOCTBEHHAS YACTOTa MaJIO 3aBUCHUT OT TEMIIEPATYPHI.
CoBnajieHnsI B TAaKTOBOM HHTEpPBaJie 4acTOT OJIATOTBOPHO JAEUCTBYeT Ha
opranu3dm B 1esnoM, nosromy CAMA mlacTiHa, BBINOJHEHHAsA U3
KpeMHUs, fake 6e3 reHepaTopa, «yCTAHOBJIEHHOTO HA HeE», pearupyeT Ha
YesoBeka MHO-pa3HOMY, B 3aBHUCHUMOCTH OT ero reHoruma. Mcxoxsa us
IIPOBEJIEHHBIX 3a IIOCJIe/ITHEE BPeEMs «HCCIIeIOBaHUM», cTajo Oosiee, ueM
oueBuAHbIM, uT0 OIITUMAJIBHBIMM Hocutenamu ['eHepatopa
«TémHOUM MaTepum» U, COOTBETCTBEHHO, OCHOBHON ILIaTGOPMOU I
«yctaHoBku» l'enepatropa B Komiuiekce «CBetr/I», Ha cerogHAITHUN
JIeHb SBJSIOTCA TIJIACTUHBI (BBINIOJIHEHHBIE B  PACYETHO-33JaHHBIX
pazMepax) u3 keje3a (onpefesEHHON MapKd CTaId), MOJUKPEMHUA
(kpucTtas1 BBIpAIIIUBAETCA B OIPEAEJIEHHBIX YCJIOBHUAX U IIOCJIE 3TOTO
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Hape3aeTcs Ha IJIACTUHBI 33JIaHHBIX pa3MepoB), cepedpa U NJIaTHUHBI.
H.B. JIeBanioB IIOCTOSIHHO aKI[EeHTUPOBAJI HA 9TOM MOE BHUMAaHUE.

ITox ero pykoBOJICTBOM, elll€ B 2011 rofy, MHON ObLIM MPOBEEHBI
«3KCIEPUMEHTBI» MO yCTaHOBKe ['eHepaTopoB Ha 5T Matepuasbl. Ho
TOT/Ia He ObLJIO Hal/IeHO MPaBUJILHOE pellleHre MPOU3BO/CTBA YKAa3aHHBIX
HocuTesel (B cuity psjia HemyOJIMUHBIX IPUYMUH), U 32 OCHOBY Komiiekca
(kak wraTdopMy A «HOCUTENsA» ['eHepaTopa) ObLI B3AT IJIAHIIETHBIH
KOMIbIOTEP, pabouniit YUII kotoporo
BBIIIO/JIHEH w3  NOJUKPEMHHUA.

[s1aBHOWT PE30HAHCHOU «ILIOIIAJIKOM » nposonroBari
Kommiekca, IOCTPOEHHOTO MO STOU -
KOHCTPYKIIUM,  SABJSAJCA  CEHCOPHBIU

SKpaH IUIAHIIIETHOTO KOMIBIOTEPA BO
B3aUMOJIEUCTBUU ¢  T'eneparopom,
YCTaHOBJIEHHOM Ha KpeMHHEeBOU
1aTdopMe.

HanmomHIO, 4YTO mOCTpOEeHue
BCEX ATOMHBIX CTPYKTYP WJET IO i
cxeMme: BHICOKOOPTraHU30BaHHAaA
IJIa3Ma — MaTepuajbHOE TeJJ0 —
JKHJTKOCTD — ras, TO ecThb
rnocjenosaresibHOCTh OKTaB ((128) —
(126-74) — (72-66)) — (64) — (62-34)
— (32-28) — (24-26) — (22-16). nepeaan

CpeAuHHan Wesb

1. OkraBa 64 — 5TO MaTepUaJbHaA

CTPYKTypa. ATO CBOEro pojia nmmpaMmuja

(e mo d¢opme, a MO COAEPKAHUIO).

BepHII/IHa nmupaMu/bl — OKTaBa 128 nepeaHss
naTegaanaﬂ

(aToMHBIE CTPYKTYpPBI BCETO >KUBOTO, OT RESe

128 okKTaBel OO0 16). Bcé€ ocraspHOE

IIOCTPOEHO 0Oe3 TaKTa, HO OKTaBbI 84-16.

2. He cymiecrByer uacrui 60e3 3apsajaa —

IIPOCTO HET IPUOOPOB [JIs U3MEpPEHUS

3apsifla WIM HET Cpeabl I €ero KpecTyoBoe
yTonueHue

MIPOSIBJICHUA.

3. Her, u He MoxkeT OBITh PUOOPOB B

cpene 64 OKTaBbl JJId  U3MEPEHUA

XapakTEepUCTUK CTPYKTYyp B 128-66 MO3roBOit

KOHYC
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OKTaBaXx, B KOTOPBIX U pabotaet ['enepaTop Kommiekca «CetJI»

4. Bce aToMHBIE CTPYKTYyphl B3aUMOYBSI3aHBI — KaXKJasg CTPYKTypa
HAXOJIUTCSI BHYTPU OIIPE/IEIEHHOU PEIIETKU.

5. Moar (cTpyKTypbl OKTaB 66-72) copMUpPOBaH B BU/JIE COT.

6. Bce pacuéTpl B aTOMHBIX CTPYKTypax IIPOU3BOJAATCA TOJBKO C
HCIOJIb30BaHUEM (paKTaJIOB 30JIOTOTO CeYeHUs1 B 12-0U cucreme
CUHCJIEHUS.

7. ATOMHasg CTpPyKTypa He MOKET HUMEeTh >XECTKUU Kapkac. Pasmepsl
aTOMHOU CTPYKTYPbI MOTYT MEHAThCA B mpejienax (+/-)24%.

8. Ilosie IOJKHO UMETh HOCUTENb — €CJIU 3JIeKTPUYecKoe, TO 3JIEKTPOH,
eciu (uHaHCOBOEe, TO Mepa u Tak jasnee. Ilosmsa 6Ge3 Hocuresns He
CYIIleCTBYeT, KaKOi Obl Teopuell He MPUKpbIBAThcA. HO, Kak B aTOMHBIX
CTPYKTypaxX, TaKk U B OKpYKaIIlel Hac cpefie, CYIIECTBYET TOJIBKO OJHO
1I0JIe — 3JIeKTPUYECcKoe, 1 UMEHHO ero CBOMCTBA B Pa3/IMUHBIX 96 OKTaBax
COCTOSIHUS, 64 yTJlaX CKOJIbXKEHUS B KOKJO0U OKTaBe, 18 BapuaHTax dopm
nepefiaunl UMIIYJIbCA U TaK Jajiee — B COUETAHUSX, BOCIPUHUMAIOTCH KaK
VHBIE T10JIA.

9. TI'enepatop «Témuout wmarepum» (IIcu-I'eHepaTop) MOKEH HMETH
HocuTeab (cBoI0 pabouyio 1iatrdhopmy). I'eHepatopa 6e3 HOCUTENSI He
cymiectByer. Hanbosnee OIITUUMAJIBHBIM HocutesieM (1uiaT¢gopmoii)
mnsa  I'enmeparopa, coszmanHoro H.JIleBamioBbIM, ABJIAETCA KeJjes3o,
KpeMHUU  (moIuKpeMHUi), cepebpo U  iIatTuHa  (IJIACTUHBIL,
IIpOU3BEIEHHBIE U3 3TUX MaTepuasoB). 'eHepaTop MOXKeT ObITH MOCTABJIEH
U Ha «IIat@opMy» U3 JAPYroro «Marepuana», HO 3(P(PEeKTUBHOCTb €ro
paboTeI OyZieT coudMeprMa ¢ BO3MOXKHOCTSIMHU 3TUX MaTEPUAJIOB.

10. HeTr 1oHATHUA «BKJIIOUYUTH» ['eHepaTop WU «BBIKJIIOUUTL» ['eHeparop.
O kakux Obl «kojax», «IIporpammax» u «Mogyasax» He TOBOPIWJIN.
I'enepaTop 1160 ecTh, JIUOO €ro HeT.

11. Bce  «Bo3aeilicTBusi» U mpeoOpa3oBaHUsA,  OCYIIECTBJIsIEMbIE
KoMmimiekcom «CBetJI», IIPOUCXOJAT Ha YPOBHE
HEWHEPITMOHHOM wmaccsl, a 570 — dyaknusa Mosra u CIIMHHOTO
Mo3sra BMecTe € IIO3BOHOYHUKOM, KaK «IPUEMHO-UH(POPMAIMOHHOU»
QHTEHHBI.

12. Kak, Ktro (u uro) coszmaér I'eHepaTop, a TakXke, Kak OH
«yCTAHABJIUBAETCA », 51 U3JI0KUJ B 3cce «3epkaio He ero Jlynmm».

13. «Hacrpoiika», peryJmpoBKa MOIIHOCTU BO3JIeHCTBUS HaA BJjaJiesblia
Kommiaekca «CBetrJI» u apyrue Bo3MOKHOCTH (IMyOJIMUHBIE) KAK CAMOTO
I'eneparopa, Tak u Komiuiekca — wu3noxeHbl B «HWHCTpyKIuH K
Kommekcy», HanucanHou moz, PYKOBO/JICTBOM H. JleBauiosa.
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HeranbHble BO3MOXXHOCTM B npuMeHeHuun Komiuiekca «Cser/I», a
takke IIporpamMmm «CBeT/I» B mpouCTEKAONIUX COOBITUAX, S U3JIOKUII B
OnyOJINKOBAHHBIX U HAaMEUYEeHHBIX K IyOJUKAIlUU CTaThbAX pyOpUKU
«3HaHuda oT Na_uvaJja».

6.1.3. OcHOBBI 6M0JIOTHM NbE303JIEKTPUKOB

IIpe3031eMeHTHI HHUKOT/a He
paccMaTpUBAJIUCh KAaK COCTaBHAA YacTh
HOHHBIX OUOCTPYKTYP.

B  mMemguimuHEe  €CTh  IIOHSATHE
«COJIEBOE OTJIOXKEHUE», 5TO OTJIOKEHHE
TIOSIBJISIETCS, KaK IIPaBUJIO, B
IIPEKJIOHHOM BO3pacTe, HO W3BECTHHI
CJIydyaw TIOSIBJIEHUSI TOAOOHBIX COJIEBBIX
OTJIOKEHUH U Y MJIAJIEHIIEB. DTU COJIEBBIE
OTJIOJKEHHUS MeIuIIHA CUUTAET
ITOCTOPOHHUMH BKJTFOUEHUSMHA u
crapaercss wuX yAajuTb. Ho Kaxkzmoe
COJIEBOE OTJIOKEHHE CHOPMHUPOBAHO U3
MOHHOU CTPYKTYPHI, SIBJIAIONIENCS
«mpoposnkeHneM» aumdsl. 11 Bmecre ¢
CYIIIECTBYIOIIIE  MOHHOWU  CTPYKTYpOH
(kocTpI0) JaHHOE  COJIEBOE  OTJIOKeHHe  o0pasyeT  pe3oHarop,
JOTIOJTHSIOIIAYN YaCTUYHO yTepsIHHbIE (PYHKITUH KOCTH.

1. KOCTHBIM CKeJIeT YeiIoBeKa

KocTHBIH cKeJieT 4yesoBeka — 2TO 328648
CTPYKTYp, UYAacTb U3 KOTOPBIX IIOJHOCTBIO
chopMupoBaHa Ha MOHHOU OCHOBe. OcTasbHas
YacTh SABJISETCS KaK ObI 3a11aCOM U MEePEeBOAUTCS
B HOHHBIE CTPYKTYPbl IPU HEOOXOAUMOCTU. Y
YesioBeka HET JINIITHUX, (me
QYHKIIMOHATBHBIX) JleTael.

KasK/IBIi BJIEMEHT CTPYKTYDBI BBIOJIHSET
HECKOJIbKO ~ (PYHKIUH, ¥  COBEPLIEHCTBO
YesioBeka omnpezessiercsa He ¢opMaMy BHEIIHeH
WOHHOU CTPYKTYyphl, a uMeHHO 3AITACOM,
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KOTOPBI  MOJKHO  HCIIOJIb30BaTh  JUJIA
MO/iAeprKaHUA Heo0XoaruMOU UOHHOU
dopmbl. Kaxkgaa kocts y YUesioBeka — 3TO

PE3OHATOP COOTBETCTBYIOIIEHN

: YACTOTDI. HonHasa CTpyKTypa KOCTH
\ JIOCTaTOUYHO u3yuyeHa. Kpome Tex CBONCTB,
KOTOpbI€ M3BECTHBI MEJIUIIMHE, KOCTh — 3TO

A WHPOPMAIIMOHHBIN KaHaJ, TO €eCcTh eé

CTPYKTypa TaKOBa, YTO «TYHHEJIU» U IIePEXObI B CTPYKTYPEe KOCTH — 3TO He
npocro pes3oHatopbl, a «KABEJIM», 10 KOTOpPBIM JIBUTalOTCA
NMH®OOPMAIIMOHHBIE IIOTOKH. Ceronusa «HaJIQIUTDH» 9THU
nHpOpMaLnoOHHbIE TTOTOKU MOKHO TOJbKO IIOBBIBAB B Bane. CambiM
Y3KUM MECTOM SIBJISIIOTCS MeCTa COYJIEeHEHUU KocTel. XPAIIH, 10 KOTOPhIM
«KaTawTces» KoctH, — 510 CJIOYKHEMIIINM xoMIieKe, BKIIOYAOIIN B
cebs1 DJIeMeHThl MHEPIIMOHHOW, WJIM MOHHOW, Macchl, U II0 XapakTepy,
CTPYKType IIocTpoeHUsi OHU Oym3ku K Mosry. Uto 3To o03Hauvaer?
CnoXKHOCTh ~ TEPEXOJIHOTO  Ipollecca MeXAY KOCTAMH U Majioe
IIPOCTPAHCTBO OOYCJIaBJIMBAIOT CYIIECTBOBaHHE ABYX (akTopoB. IlepBbIn
— CBOHCTBO CTOIIPOLIEHTHOW Ilepefaur WHGOPMAIMOHHOTO IIOTOKA U
BTOPOUM — He HaApYyIIUTh BpeMeHHOU (akTop (OTCI0/la — M CJIOKHOCTH
IIPOCTPAHCTBEHHOT'O MMOCTPOEHUS).

PaccmoTpum nepBbINA
¢axTop. CTpyKTyphl pe3oHAaTOpa
(kocT) u XpsAm@a Pas3IUIHBI.

IIpamasn rnepegada
MH(POPMAIIMOHHOTO TOTOKa 0e3
OTEPU 51 VCKaXKEHUS
nHpOpMaLHu HEBO3MOXKHA.
3HauUUT,  CyIIeCTByeT  CIocob
1peoOpa3oBaHUs ATOU

vH@OpMaU, TPUYEM TaKOU, UTO
€€ BOCCTAaHOBJIEHHE B JPyTOM
pe3oHaTtope He SBJIAETCA
npobsiemoii. Bce nipeobpaszoBanms
npoucxogar Ha YPOBHE HEWHEPIIMOHHOM wmacce, a 3T0 —
dysakiua Moara, mo3ToMy U OBLJIO MPEJICTABJIEHO, YTO XPAIIUA 00J1a/1a0T
dbyHakmuein mosra. Bropoit ¢arkTop ABIAETCS TIIABHBIM. TaKTOBBIH
MHTEepPBAJI Ilepeiauu UHPOPMAIIMOHHOT'O IOTOKA HEe MOKET OBbITh HapYIIIEH,
WHave MOTyT HabJi0/IlaTbcs HeoOpaTUMBbIe MPOIecChl B TOUKE HapPYIIEeHUs
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TAaKTOBOTO HHTepBajia. TaKTOBBIM HHTEpPBAJ y XpsAIlla BCerja paBeH
TaKTOBOMY HUHTEPBAJIy TOU KOCTU, OTKY/la UAET NH(POPMAIIMOHHBIN MOTOK.
Takum 06pasoM, y xpsIa — ABa TAKTOBBIX HHTEPBAJIA.

JHepreTuuyecku opraHusm YesioBeka cOalaHCMPOBaH, U Bce
3JIEKTpPUYeCKHe NMOTeHIUAJIbI KAK I'PAaBUTAIlUOHHBIX YaCTOT, TAK
M YacTOT MAarHUTHBIX HUMIYJAbCOB, HE MoOryr u3MeHATbHCA B
cpopmupoBaHHOM opraHusMme. Torga 3a cue€t yero PACTYT HorTH ?

MpbI KUBEM He Ha Meteopute, a B Hoocdepe, u nHdopmanmoHHble
IIOTOKH, IIpOHU3BIBaWOINEe YesoBeKa, OCTaBJIAKT «Cjled» B BUJE
KOHKPETHBIX JIOTIOJIHEHUHN K CYIeCTBYIOIIUM IOTEHIIMaJaM, 4YacTh STHUX
«JIOTIOJIHEHU U » u HCIIOJIb3YeTCA Jin s ITPEOBPA3OBAHUA
HEVHEPIIMOHHOU MAcCChl B MOHHBIE CTPYKTYPHI. 3afaniiuM 'eHepaTopoM
apnsgerca CIIMHHOM Mo3sr. O6patuM BHEMAaHHe, YTO HOTTH PAaCTYT
TOJBKO Ha TMaJbllax PYK U HOT, OT KOMuWkKa (B OWIW4YMe OT
wmiaekonurawiux) HHWMYEI'O He otpacraer. CiemgoBaTesbHO, cOpoc
MIOTEHIIUAJIOB NpOU3BoAUTCA OT Mo3ra Kk nepudgepuu, a pojb KOMUYUKA —
OCOBAA. HeunHeprnuoHHAsA 4YacTh KOIMYHUKA — 3TO BO3BPATHBIN
I'EHEPATOP Ttuma nupamMuibl, W CJIY>KAT OH VI 3alMKJIUBAHUA
MH(POPMAIIMOHHOTO NOTOKa B IJIABHOM HWH(POPMAIMOHHOM IeHTpe —
ITO3BOHOYHOM crosnbe. OTMmeuy emé pas, uro y Yenroeexa Hem
HUuue20 auwHezo. IlosTomy u pédpa, KOTOpbIE AKOOBL cayxcam 0as
o0ecneveHuUa COXpaHHOCMU AE2KUX U cepoya, B IeHCTBUTEIBHOCTH
BBINNOJHAT posib OI'PAHMWMYMTEJIA noTeHUMaaoB ¢ 3aMblKaHUEM Ha
IJIAaBHBIU SHEPreTUYECKUU y3€eJ — COJIHEUHOE CIieTeHne (BCIIOMHUTE, YTO
H. JleBamoB roBopmi: «...MbICJIEHHO CO3/jaiiTe SHEPTeTUYECKUN IIapUK
B paillOHe COJIHEYHOTO CIJIETEHUS U «ITPOTOHUTE €r0 BHYTPH TeJjia 110 CBOUM
pykaM U HOram...»»). OTCyTCTBHE TaKOrO0 OTPAaHUYUTEJIsI NMPUBETIO OBl K
HEOI'PAHMUYEHHOMY pocTy BHEIIHUX IOTEHIIUAJIOB B OpraHusMe. B
OTJINYHe OT KOCTEW MO3BOHOYHUKA, I/Ie UMEETCA CTpPOoras 3aBUCUMOCTh MO
PE30HAHCHBIM  YaCTOTAaM  KaKJIOTO IIO3BOHKA, OCTaJbHbIE KOCTHU
BBITIOJIHAIOT WHbIE (QYHKIUH, HE MeHee BaKHble, 4YeM (QyHKIUU
dukcupoBaHus BHeITHEN nHGOpPMAIUMN.

2. MpIIIEeYHbIN CKeEJIeT YeJI0BEeKa

C TOUKU B3peHHs COBPEMEHHOW MEJIUIIUHBI, MBIIIEUHBbIA CKeJeT
YesioBeka TIIpe/lHa3HAUEH HCKJIIOYUATEJbHO JJIA Ilepefadyd  KOCTAM
JIBUTATeJbHBIX (PyHKIUMN. FiMess KpOBEHOCHBIE COCY/Ibl, MBIIIIEUHBIN CKEJIET
6osee YIOBEH nns B3ATHUSA KPOBU Ha aHaIU3, HEXKEJIU ecid Obl 3TH
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COCyZIbl TIPOXOAUIU uepe3 KocTU. [IpuHATO cuuTarh, 4TO UeM OOJIbIIe
MBIIIIIT, TEM JIyYIIIE.

C MHe HayuHoOll MouxKu
3peHuUn MblUeuHblil cKeaem
Yeaoseka npedcmasanem
0001l croxicHelUll KoMNeKc.
W neso 31ech He B HA3BAHUSIX MBbIIIII]
M UX CTPyKType, a B CBOMCTBAX
OT/JE€JIbHON MBIIIIBI C TOUKU 3PEHUS
SAIIINTDI UH(POPMALMOHHOTO
notoka. Yem TOJIIIIE MbIlIna, TeEM
MEHDBIIIYIO oxpaHHyo0 (QYHKIUIO
OHAa BBHINOJIHSET, KpPOME TOrO B
MecTax YTOJIIIEHUS MOBIIIII],
WH(pOpPMAIIMOHHbIE TOTOKU IIEHHOCTU He MPeACTaBAl0T. KpoBeHOCHBIE
COCYZIbI, UX COCTaB, CTPYKTypa, COCTaB HAMOJHUTENS (KPOBH) OMNHCAHBI
MHOH B CTaThAX «3HAHUA OoT Na_ uaJsa». 3/1ech X0Uy elll€ pa3 OTMETUTb,
uto kpoBb — HE HOCUTEJIb nndopmanuu, a ee SAIIUNUTA. A B uém
PyHKIMH 3aUTHI?

Bo-niepBbIX, He [AOIYCTUTh pACCEUBAHUA HH(MOPMAIIMOHHOTO IIOTOKA
IyTeéM (pUKCAIUU IepefaTouyHbIX y3710B. BoT 3zmecy Kommieke «CeT/I» —
rapaHTUPOBAHHO IOMOKET, €CJIU 3TO IPOUCXOUT.

Bo-BTOpBIX, 0pOpMIIEHHE 5KpaHAa BOKPYT HH(POPMAITMOHHOTO MOTOKA 3a
CYET CIENUAIBHOTO PACIIOJOXKEHUSA KPOBEHOCHBIX COCyAOB, JUMa
KOTOPBhIX U (OPMHUPYET MBIIIEUHYI0 TKaHb MeXAy cocymaMmu. TaxkToBas
YyacToTa HKpaHa COBMECTMMa C€ TaKTOBOM YacTOTOM  HCXOHOTO
DJIEKTPOHHOTO aToMa Ha 54.62506250 oOkrTaBe. EcTecTBeHHO, 4YTO U
TakToBasA yacTtora B Kommiekce «CBeTJI» TO:Ke — COBMECTHMA.

MbpIIIbl — HE BEUYHBIH JABUTATENb, U IIOTOMY IIOJABEP:KE€HBI
usMeHeHuAM. CyllecTBYIOT Y [
CITOCOOBI MOEeP>KAHUS MBbIIIII]
B pabouem cocrossHUU. Ho
rJ1aBHass mpobsiemMa JJIs1 MbIIIII]
— 310 CEIICUC MBIIIIIHI.
Cericuc MBIIIIBI 0OpasyeTcs B
CBA3U c  cylnepnosuliuen
TAaKTOBBIX M HECYIUX YacTOT
SKpaHa U BHEIIHEN CpeJbl.
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OTmeuy, 4YTO B pesyiabrare cemncuca uHWoHHadA crpykrypa TEPAET
HEMHEPIIMOHHYI0 Maccy ¢ IpeBpaljaerci B OOBIYHBIA  IIECOK,
3aNOJIHAIUN B JAJbHEUIEM >KU3HEHHO BAa)KHbIE OPraHbl — IIOYKH,
JKeJIYHbIe IIPOTOKU, KUIIIEYHUK, U T.J. «IIecCOK» — 3TO, KOHEYHO, YCJI0BHOE
HaszBaHue. Ho cTpykrypa, mojsiyueHHasd B pe3yJbTaTe CeICHca MBINIIbI,
nMeeT, KaKk U IIECOK, 32.000000 OKTaBy TaKTOBOMW TI'PAaBUTAIIMOHHOU
YaCTOTHI.

CnenyeT OTMETHUTD, UTO C BO3PACTOM MBIIIIIBI CTAHOBATCA APAOIBIMMU.
9to HE o3HauaeT, yTo nHGOPMAIUOHHBIN MOTOK OCTaBjeH 6e3 3alUThI.
Heo0x0/IMMO pacCUUTHIBATH OTHOCUTEJbHBIE BEJIUYUHBI 3KPAH-TOTOK,
KOTOpble TIOMOTYT OIIPEJEeJUTh YyBCTBUTEJIbHOCT. (C  BO3pacTom
YyBCTBUTEJILHOCTb BO3PACTAET, I0O3TOMY PEaKIUsA Ha BHEIIHUE U3MEHEHU
aJleKBaTHas.

Buonbe303/1eMEHThI — CTPYKTYPbI, GOpMHUpPyEMBIE ITPU CETICHCE
xpsien. MI3BecTHO, YTO KaXkJasg KOCTh (BKJIIOUasi II03BOHOK) — PE30HATOP
3a/IaHHOM YacTOThI M COOTBETCTBYIOIIIETO MY3BIK&JIBHOTO TOHA —
nHGOPMAIIMOHHOTO WJ/IM VIIPaBJIAMOINEr0. TaKTOBbIE YACTOTBHI IIOJIEU
OIpesieJIEHbl SJIEKTPOHHBIM aTOMOM, a HeCyIlMe — XapaKTepUCTHKaMH,
3aJI0KEHHBIMU B KOHKPETHBIN reHOTUIL. 00 5TOM y2Ke CKa3aHOo.

IIpu cencuce MBIIIIBI W HapylIeHWHW 3alUTHOTO JKpaHa
asromarnyeckn  BozHukaer CEIICHUC xpsama. Kpome TOTO,
HE3AIUIEHHBIA WHOOPMAIMOHHBIA IOTOK HU3MEHSeT CTPYKTYpy
pe3oHaTopa, caBurad Hecyinue 4actorbl. Ator CABUIT noyKeH 4emM-TO
KoMIleHcupoBaTbcs. OH U KOMIIEHCUPYeTCs 3a CUET 00pa3oBaHUs celcuca
xpAma u popMupoBaHus OMONbE303IeMEHTA JIJII CHHXPOHU3AIUU HOBOU
YaCTOThl C TOCJeAyIoleld Imepefadedi WHGOPMAIIMOHHOTO IIOTOKa 0e3
HCKaKEHU .

buonwvezosieMeHT - CTPYKTYypa, COAEPZKAIIIAA
HEWHEPITMOHHYIO Maccy, KaK aKKyMYJIATOP /i pabOThl HIOHHOMN CTPYKTYPBI
coOCTBEHHO mbe3oajsieMeHTa. Ilo Mepe pacxof0BaHUSA HEWHEPIIMOHHOU
Macchl bHoOmbe303JIEMEHT IIpeBpalaeTcs B OOBIUHBIN IIbe303JIEMEHT (B
MEIUINHE Ha3bIBaeTCA «OTJIO:KEHHUEM coJIern»). Ecimn
OMOMbe303JIEMEHT HAXOAUTCA B OOIEN CTPYKType HHGOPMAIMOHHOTO
II0OTOKA, OH HE MEIIAeT OPraHu3My, TaK KaK 3JeKTPUYECKUU MOTeHIIHaI,
IIEPEBOAUMBIN M3 HEMHEPIIMOHHOW MACChI, IIPEBOCXOJUT 3JIEKTPHUUECKUUN
IOTEHIUAIT, TTOJTyJYaeMbIN IIPU MEeXaHUYECKOM CXKaTUU OMOITbe303JIeMEHTA.
Kpome TOro, OTHOCHTEJBHO 3aJIaHHOTO VyIJIa CKOJIBXKEHUS JUJIA
nHGOPMAIIMOHHOTO  IIOTOKA, IIEPEBOAUMBIA M «MEXaHUYECKHUU»
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IIOTEHI[UAJIbl UMEIT HOPOTUBOMIOJIOKHBIE 3HAUEHUA, UX CYNepHO3UIIUA
OmpeJiesiseT ellé U UyBCTBUTEIbHOCTD, WU IOOPOTHOCTh, KOHTYPA.

C napyroii CTOpPOHBI, OMOIBbE303JIEMEHT HAIIOMUHAET TPUITED, T7e
IepeKIIouyeHre HanpasiieHusa 3aBucuT ot THIIA  1nogaBaeMoro
IIOTEHIIMAJIa, TI03TOMY JBUKEHNE NHPOPMAIIMOHHOTO IIOTOKA IMPOUCXOTUT
B OBE cTopoHbl. MeasibHbIM OMOMbE303JIEMEHTOM MOXKHO CUHUTATh TAKOU
asnieMeHT, KOoTopbli COBMECTHM 1o TakTOBOU 4YacTOTe MarHUTHOTO
AMIIyJIbCa C STaJIOHOM 3JIEKTPOHHOrO aroma. Ilo mepe pacxonoBaHuA
HEUMHEPIIMOHHOM  Macchl TPUITEpP IIpeBpallaeTrcd B  AUOMA, U
MH(POPMAIIMOHHBIN IOTOK BCTpeUaeT «OappuKajiy» Ha IyTU CJIeI0OBAaHUS.

JlelicTBe  Ibe303JIEeMEHTa  HW3BECTHO —  BbIpabaThIBaeMbIN
BJIEKTPUUECKUU MOTEHIUAN (JIOCTATOYHO IJIOTHBIU MPU CUJIBHOM C3KaTHUU)
HeUTpanu3yeT SJIEKTPUYECKHUU TIOTeHIMaJ MATrHUTHOTO UMITYJIbCA,
Bpi3biBaA MI'HOBEHHYIO KOMY Ha BCEM OyTH CJ€JOBAaHUA
MarHuTHOIO uUMILyJsibca. Mo3sr pearupyer Ha 310 cocroasHue BOJIEBBIM
cuHZpoMOM. B wMenunuHe ecTh yOeauTeIbHOE OOBSICHEHHE COJIEBOMY
OTJIOKEHUI0D — COAb MPEmMCst 0 HepeblL U yapanaem KoOcCmbv,
nosamomy — 00ab u Hemoma. buonbe3osneMeHT 00pPa30BBIBAETCA
TOJIBKO Ha MYTHU CJIEJOBAHUSA MAarHUTHOTO UMILYJIbCA.

HeTpyzHo sioraziathesi, moueMy y moJib3oBaresied KoMmiuiexca B
caMble KOPOTKHE CPOKH II0JIb30BAHHS IPEKpaIlalTcsa B3TH 00JIEBbIE
omrymieHusa. IlpaBaa, ciieAyer NOAUYEPKHYTh, UYTO €CJAU YKe SBHO
HaOJII0/laeTcss OTCyTcTBHE Mo3ra y IOJIb30BaTesisl, WM HUMEETCS SIBHOE
HerpusTHe K baHe (ecTh M Takue), TO 3TOT MpoOIeCC 3HAYUTEIHbHO
«3aTATUBAETCA».

6.2. JIErkue, Kak oAHAa U3 3anm4acreM

TepMUH IbIXaHUE UCIIOJB3YIOT /1J11 0003HAUEHU TeX MPOIECCOB, IPU
IIOMOIIA KOTOPBIX KMBOTHbIE U pACTeHUs MOTPEOJIAIOT KUCIOPO/, OT/IAI0T
VIJIEKUCJIOTY W TEPeBOAAT 3HEePTui0 B  (GopMy, AOCTYIHYIO JJId
O6M0JI0TUYECKOTO UCTIOJIb30BAHUS.

CrienquayilM3UpOBAHHBIN OpraH [IOJDKEH WMETh TOHKYIO CTEHKY
(MmembpaHa 3TOU CTEHKHU JOJKHA OBITH IOJIYIIPOHUIAEMOM), UTOOBI HeE
npenATrcTBoBath Auddysun. OH I0DKEH Bcerjga HMETh BJIAKHYIO
IIOBEPXHOCTD, YTOOBI KHCJIOPOJT U YIJIEKUCIOTa MOTJIA PACTBOPSTHCA B BOJIE
1, HAKOHEII, OH JIOJI>KEH XOPOIII0 CHA0XKAThCA KPOBBIO.
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IIpu HEeIIpsAMOM ,
JIBIXaHUU Ta3000MeH MeXIy ,
KJIeTKaMHU Tejla U CcpeJiod
BKJIIOUaeT JBe  (daspl  —
BHEINTHIOIO W BHYTPEHHIOKH.
BHelllHee AbIXaHWE COCTOUT B
obmeHe razamu MyTEM
nnddy3un Mexly BHEITHEU
cpesiol ¥ KPOBBIO IPU IMMOMOIIU
CIEeMaTU3UPOBAHHOTO
opraHa, HaIpHUMep, JErKOro y & et AN) 0\
MJIEKOTIUTAOIUX. BHyTpeHHee JpIxaHUEe 3aKjouaeTcss B Tra3000MeHe
MKy KPOBBIO U KJIETKAaMH Tejia. IlepeHOC Ta30B MEXAYy ABYMs STHMH
dazamu ocy1iecTBisgeT cucTeMa KpoBOOOpaIleHus.

numdpaTnyeckn ysen 1 - Tpaxes
5 - BepxyLuka

55
nerkoro \f(

[MpaBoe nerkoe:
nepegHsiA gons

2 - BpoHxm

JleBoe nerkoe:
nepegHas gons
cpeaHsa gons -

HWXHAA AonA
HWXHAA aonsa —

auadparma —

P apTepus
2 BEHbI
(o N BpoHxXMOnNbI

3 - KPOBEHOCHBIN cocyf, 4 - yeHTpanbHas

(npukopHeBas)
30Ha Nerkoro;

JlaBaiiTe mpocaequM MOyTh MOJIEKYJl KHCJIOPOJia, BXOAAIIUX B
opranusM. Bo3ayx BXOAUT yepe3 Hapy:KHble HOCOBBIE OTBEPCTUS, WU
HO3/IpH, KOTOpble BEAYT B HOCOBYIO IIOJIOCTh — 0OJIbIlIOE IIPOCTPAHCTBO,
HaXo/sAlleecs BhIIlIe POTOBOM IMOJIOCTU U HUKe rojioBHOTO Mo3sra. HocoBas
MIOJIOCTh  COAEPKUT oOpraH OOOHAHUA U  BBICTJIAHA SHOUTEJIUEM,
OTAENAINUM cau3b. 1Ipoxoasa dyepes 3Ty MOJIOCTh, BO3AYX OUUILAETCA OT
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BTN U corpeBaercsa. Korjla kanmwuIApbl HOCOBOU IIOJIOCTH UYPE3MEPHO
PACIIUPSIOTCSA, BhI3bIBasi H30BITOYHOE 00pa30BaHUE CIU3H, TO MOSBJISETCS
HACMOPK (y YNHOBHHUKA IIPU IIOJIyYEHUN B3SITKA HO3PU PaCIIUPSIOTCA 6e3
HACMOPKa).

W3 HOCa BO3/1yX IPOXOJUT yepe3 BHyTPEHHUE HO3/APU, WIN XOaHBI, B
[JIOTKY T/le MEePEeKPEIINBAITCA MYyTH NUIEBAPUTEIBHOU U JbIXaTeJIbHOU
cucreMmbl. Iluma ITPOXO/AUT u3 ropraHu B KeJIyAOK, a BO3JAyX UJET
Jlajiblile Yepe3 ropTaHb U Tpaxeto. Jljisg Toro, yToObI MUIIA He MOoNajiajia B
rOpTaHb U Tpaxerw, U He MOBpexkKasa HeKHble 000JI0UKU, BHICTUJIAIOIIINE
9TU OpraHbl, IIPU KaXJOM IIPOIJIaTBIBAHUU MHUIIHU, OTBEPCTHUE TOpTaHU
IIPUKPBIBAEeTCSI OCOOBIM XPAIIOM, Ha3bIBa€MbIM HaJArOpTaHHUKOM. K
CYaCTBIO, 3TO IIPOUCXOAUT aBTOMATUYECKH, U HAM He MPUXOJAUTCH BCAKUU
pas, Korga Mbl IJIOTaeM, BCIOMHUHATb O TOM, 4YTO HY>KHO 3aKpBITh
HAJITOPTAaHHUK. V3peJika 3TOT aBTOMAaTUYeCKUU MeXaHU3M IOJIBOAUT HAC,
Y IIUIIA [I011a/1aeT «He B TO TOPJIO».

Topranb, (o6pasyomas nHorna BUJIMMMBII cHapy:XH BBICTYI —
KaJ[bIK) COJIEP’KUT TOJIOCOBBIE CBSI3KHM — OSIUTEJIUAJbHBIE CKJIAJKH,
KOTOpble TIpU ITPOXOXKJEHUHW MeXKAy HUMH BO3JAyXa BUOPHUPYIOT,
IIPOU3BO/IAA 3BYK. HaTssKeHHE TOJIOCOBBIX CBA30K PETYJIUPYETCS OCOOBIMHU
MBIIIII]AMH, YTO TO3BOJIAET BBIIABaTh 3BYKH PpPa3HOU BHICOTHI (Ipum
IIOCTYKUBAaHUU TIO KAJBIKy H3JAETCS XapaKTEPHBIM 3BYK OyTBUIOYHOTO
CTEKJIa).

Tpaxeto, WM TOPJI0, MOKHO OTJIMYUTH OT IMHUINEBOA 110 XPAIIEBHIM
KOJIbIIAaM, HaXOJAAIIUMCS BHYTPH €€ CTEHOK W He IIO3BOJIAIOIINM €M
cmazatbcsi. Bo BpeMsa Bjoxa JlaBJieHHME BO3J/lyXa B Tpaxee HIDKe
atMocdepHOro, 1 6e3 XPAIIEBbIX KoJjlel OHa OblIa ObI ciaBJIeHa.

Ha ypoBHe npukpensieHuss nepBoro pedpa K rpy/inHe (OTCUET pedGep
OT KOITYWKA) Tpaxes Pa3BeTBJISETCS Ha JBa XPAIIEBbIX OPOHXA, UYIIUX B
JiIETkUe. BHyTpu JIETKOTO KaKAbId OpOHX pa3BeTBJIsIeTCS HA OPOHXMUOJIBI,
KOTOpble, B CBOI0O O4Yepe/lb, IOBTOPHO BETBATCA Ha BCE OoJiee y3KUe
TpyOOUKH, Beylllrie K KOHI[EBBIM IOJIOCTSIM — aJIbBEOJIIPHBIM MEIIOUYKaM.
B crenkax Haubosiee TOHKUX OPOHXMOJI U AJTbBEOJISIPHBIX MEIIOYKOB
HAXOAATCA  Mejbualiiye  vamieoOpa3Hble  TOJIOCTH, Ha3bIBaeMble
aJIbBEOJIaMU, OKPY>KEHHBIE TYCTON CEThI0 KPOBEHOCHBIX KATUJIISIPOB.

CTeHKM aJIbBeOJI TOHKM U BjaKHbI (3apaHee mponutansl C.H;OH),
YTO II03BOJIET MOJIEKYJIaM ra3oB (Bce M3BECTHbIE U HEW3BECTHBIE T'a3bl)
JIETKO MPOXOAUTH Yepe3 HUX B KanwuIAphl. 1o mpubin3uTesibHOU OIleHKE,
ob11as miIom@a/ib ajbBeos, uepe3 KOTOPYI MOryT JIud@yHaAUpOBaTh ra3bl,
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COCTaBJISIET CBBIIIE 100 M2, TO €CTb B 50 C JIMIOHUM pa3 OoJIbIIe

IIOBEPXHOCTH KOXKH.

Crenku Tpaxen u 6pOHXOB COCTOAT U3 BHYTPEHHETO SIIUTE/IMAJIBHOTO

CJI051, Hapy>KHOTO
COeIMHUTEIbHOTKAHHOTO
CJI0S1 U CPeJIHETO CJIOA,
coZlepKalllero XpsIeBble
KOJIbIIa u rJIajiKue
MBIIIIEYHbIE BOJIOKHA. Y
YesioBeka, CTpagawolero
aCTMOI, 5TH MBIIIEYHbIE
BOJIOKHA Yype3MepHO
CUJIBHO  COKpaIlaroTcs,
UTO BBI3BIBAET CYyKEHUE
IIPOCBETA MeJIKUX
OpPOHXOB U 3aTpyJHSET
JIbIXaHUE.

B snutenuu copep;kaTtcsi pPeCHUYHbIE KJIETKU. bueHue pecHUYEK
IIPOMCXOJUT HENPEPHIBHO B OJIHOM HAIlPaBJIEHHUU, U KOTJIA TBEP/IbIE
YaCTUIlbl, HAIIpUMep, IbUIMHKH, IIOMNaJal0T Ha BJIAXKHYI ITOBEPXHOCTH
SIIUTENIUsI, OHU 3aJIEPKUBAIOTCS BBIJIEJISIEMON SIUTEIMEM CIU3BIO, U
OreHne peCHUYEK BBIHOCHUT UX O0OpATHO K IVIOTKE. DTO BAXKHBIM MeXaHU3M
3alIUTHl OPTAaHU3Ma OT BJbIXaeMbIX OaKkTepUull (HEKOTOpble HaKTepUU TOKe

MMEIOT PECHUYKU).

IIo wmepe TOro, Kak
OPOHXMOJIBI U UX Pa3BETBJIEHUS
CTAHOBATCA YK€, CTE€HKH WUX
JleJIAl0TCSL  TOHbIIE, XPAIIEBOU
C/IOI  HCYE3AET, a

PECHHUYHBIE KJIETKH
3aMellarnTcAa IIJIOCKHM
SIINTEIUEM.

CTeHKHU asbBEOJ COCTOAT
TOJBKO U3  OJAHOTO  CJIOA
IJIOCKUX BIUTETNATBHBIX
kjeTok. lIpegmosnaranocsh, 4To
aJIbBEOJISIPHBIN BITUTETNU
TakKe OJHOCJOUHBIH, OJHAKO




HCCJIEZJOBAHUSA IIPU IIOMOIIM 3JIEKTPOHHOTO MUKPOCKOIIA ITOKA3aJIU, UYTO OH
COCTOUT W3 [IBYX CJIOEB — QJIbBEOJIAPDHOTO OJIUTEJUA W IHJAOTEIU:
KaMWUIAPOB, OTAEJISAIONIEr0 HaXoAAIUINCd B aIbBE0JIax BO3yX OT KPOBHU.
Mexay ajabBeOoJlaMH  PACHOJIOKEHBl MOJAJEp:KUBAIOINE UX TAKU
BJIACTUYHON COEJVHUTEJIbHONM TKAaHU. IJTO TMPUAAET JIETKUM TaKYIO
AJIACTUYHOCTD, YTO €CJIM HEIIOCPEJCTBEHHO IIOCJIe M3BJIEYEHUsA U3 Tesa
’)KUBOTHOT'O HAYTh UX Yepe3 Tpaxer, KaK BO3AYIIHBIN I1ap, U MOCJEe 3TOTO
OTKPBITh OTBEPCTHE Tpaxew, TO OHHU, OJlarogapsi CBOeU YHPYrOCTH,
CKUMAIOTCS Y BBITAJIKUBAIOT BO3/IyX HAPYXKY.

JIErkoe cHAOKEHO Kak JIBUTAaTeJIbHBIMU HepBaMU, UAYIIUMH K
IJIaIKON MycCKyJIaType OpPOHXOB W OPOHXUOJI, TaK MU UYBCTBUTEIbHBIMH
HEpBaMU, Pa3BETBJIAIONIUMUCS MOBCIOAY (M3BECTHO, UTO €CJIU STOT HEPB
0O6MaKHYTh B Kypape (CUJIbHBIU 5/1), OCTaJIbHOE MOXKHO HE pacCMaTpPUBaTh).

Kasx/ioe jIErkoe, Kak M BHYTPEHHAA IOBEPXHOCTh TPYHOM MMOJIOCTH, B
KOTOPOU HaXOMATCS JIETKUE, TOKPHITO TOHKUM CJIOEM TJIQJIKOTO BIUTEIIHS,
Ha3bIBAaEMOTO ILIeBpor. (O0a JIMCTKA TJIEBPHI BCErJla BJIAXKHBI, YTO
YMEHbIIIAeT TPEeHUE, KOT/Ja JIETKUEe MPU JIBIXaHUU JBUTAIOTCSA B TPYAHOU
1oJiocTu. JlaBjieHWe B IJIEBPAJIBHOM ITOJIOCTH (MeXAy JBYMs JIUCTKaMU
IUIEBPHI) OOBIYHO OBIBAET MeEHbINE aTMOCHEPHOTO (B ps/ie CIydaeB JIETKUE
MO3KHO IOMEHATH MECTAMH).

JIérkue B cuity cBoeit ynpyroctu CTPEMATCH oToilTH OT TpyAHOU
CTeHKH, B pe3yJIbTaTe 4Yero B T'PyJHOUN IIOJIOCTU CO3/AAETCA YaCTUUYHBIU
BaKyyM.

I[Ipy BocmasieHHUHW IUIEBPBI €€ OIUTEJUN BBIJIEJIAET KUJIKOCTbD,
CKaIJIMBAIONIYIOCA B IOJIOCTH MEXK/ly JIETKUM W TPYAHOU KJIETKOU. ITO

COCTOSAHUIE HA3DBIBAETCA
IUIEBpUTOM. B cilyyae  TAXKEJIOro
TyOepKye3a WHOT/Ia ObIBaeT -

HeOOXOMMO BBI3BATH CIIAJIEHHE OJTHOTO
JIETKOTO, YTOOBI IIPEIOCTAaBUTH IIOKOU
WHQUIIMPOBAHHBIM  TKAHSIM.  JTOTO
JOCTUTAIOT,  IPOKAJIbIBasi  TPYAHYIO
CTEHKY U BIIyCKas B TPYJHYIO IIOJIOCTh
CTEPUJIBHBIN BO3AYX. B pesyabrare
JIETKOe  cmazaeT Osarojapsi — CBOeu
coOCTBEHHOU 5J1aCTUYHOCTH.
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6.2.1. MexaHMKa nMpoliecca AbIXaHUA

HeobxomuMo sICHO pasjndaTh JbIXaHHWE KaK OJ[HY M3 OCHOBHBIX
JKU3HEHHBIX QYHKIINH, TO €CTh Ta3000MeH MEXK/TY KJIETKON U OKPYKaroIen
CpeJiol, KOTOPbIN cocToUuT y UenoBeka u3 TPEX (pas: BHEIIHETO JIbIXaHUS,
IlepeHoca ra30B KPOBBIO U BHYTPEHHErO JbIXxaHUA. BHelIHee JbIxaHUE —
MeXaHUUECKUN IIporecc HAIlOJIHEHUs JIETKUX BO3AyXOM (BIOX) U
BBIITyCKaHUE 3TOTO BO3/yXa HapyKy (BBII0X).

Tak Kak KpOBb JIETOYHBIX KANMIAPOB HENPEPBHIBHO yAaJIsET U3
aJIbBEOJISIPHOTO BO3/yXa KHCJIOPOJI M OTAAE€T B3aMeEH YIJIEKUCJIOTY,
HeoOXOIMMOCTh CMEHBI BO3/IyXa B JIETKUX oueBuaHA. Y YenoBeka LIMKJI
JIBIXaHUsI, COCTOSINMU W3 BJIOXa W BBIZIOXa, MOBTOpsETCA 15-18 pa3 B

MUHYTY.

Y YesoBeka U JpyruxX  MJIEKOONUTAIOIIUX  CTPOEHUE WU
B3aMMOPACIOJIOKEeHUEe PEOEP, MBI TPYIHON KJIEeTKH U auadparmbl
obecrrteunBaer BOJIBIIIYIO mnOOABMMKHOCTHL OSTHUX BJIEMEHTOB, YTO
no3posiseT ITPOM3BOJIbBHO yBennumBaTh WU YMEHBINATH OOBEM
rpyziHOM  1mosioctTu. Koryma ero HeoOXOAMMO — YBEJIWUYHTH  (BIOX),
MeKpEOepHbIe MBIIIIBI COKPAIIAIOTCA, OTTATUBAsA IepeHNe KOHIbI pedbep
BBEPX U BIIEPEJ; Takoe [ABHKEHHE BO3MOXKHO Osiarofapst Kak Obl
«mapaupHomy» COE/IMHEHWIO pébep ¢ MO3BOHOYHUKOM. B TO ke
BpeMs auadparma, oOpasymoIas JHO TPYyAHOM IIOJIOCTH, COKpAIaeTcs U
CTAaHOBUTCSA MeHee BBINYKJION B CBOEM BepXHEH YacTh, UYTO TOXKe
YBEJINUMBAET I10JIOCTbh.

ITockonbky mpoctpadncTBo rpyzaHOoU mosioctt SAMKHYTO, sto
yBesimueHne 00bEMa MPUBOAUT K yYMEHBIIIEHUIO JIaBJIEHUS B JIETKUX W,
KOT/Ia /aBJieHUEe CTAHOBUTCS HUXKe aTMOoc(epHOTo, Hapy:KHBIH BO3AYX
ycTpeMJisieTcsl uepe3 Tpaxel, OpOHXU, aJIbBEOJISpHbIE MEIIOUKH |
asnibBeoJibl. [Ipu BBIZIOXE BO3/IyX BBITAJIKUBAETCA U3 JIETKUX Osaropaps
BJIACTUYHOCTU CAMUX JIETKUX M TSKECTU CTEHOK TPYAHOU KJIeTKH (Kak
JIOJKHUKY B Ka3uWHO). Bo Bpems BAoxa JIETKWe, IO Mepe HAaNOJHEHUSA UX
BO3/IyXoM, pactsruBatotcsa. Ilocie pacciabiieHuss MeXKpEOEPHBIX MBIIIII]
péeOpa MoJIy4aroT BO3MOXKHOCTh BEDHYThCS B IIEPBOHAYAJIBHOE MOJI0KEHUE,
a ognoBpeMeHHOe PACCJIABJIEHUME ninadparmsl BEZIET K TOMY, YTO HOJ,
JlaBJIEHUEM OPraHOB, PACHOJIOKEHHBIX B OPIOIIHOU IIOJIOCTH, OHA BHOBH
IMPUHUNMAET xynosioobpasnyio ¢dopmy. B pesysbraTe 06bEM TpyaHOU
MIOJIOCTU YMEHBIIIAETCSA, UTO TIO3BOJISIET PACTSHYTON YIPYTOU TKAHU JIETKUX
CXKaThCA U BBITOJIKHYTH BO3/YX, BOIIEAIINN B JIETKUE IIPU BJIOXE.
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Bo Bpemsa MbIeuHol  pabOThl IAcCCUBHOE  pacciabiieHue
MeKpEOEPHBIX MBI, U AuadparMbl TPOUCXOAUT HEJOCTATOUYHO OBICTPO
JUUIs1 TOTO, 4TOOBI BO3AYX ycCIeJl BBIUTU U3 JIETKUX /0 Hadasa CJIeAYIOIero
BJIOXa, U 3TO YMeHbIlleHre 00bEéMa IPy/THON MOJIOCTA IPOU3BOAUTCA IIyTEM
COKpallleHusA MbII. KpoMe MBI, TOAHUMAKOIUX pEOpa MpPU BIOXE,
vMeeTcs1 BTOpas TpyIIa MBIIII, BOJIOKHA KOTOPBIX HUJIYT IOJ MPAMbBIM
yIJIOM K TMEPBBIM. IJTH MBI OIYCKAIOT IEepe/IHHEe KOHIIbI PEDeD,
yMeHbIIIask TeEM CaMbIM OOBEM TPYAHOU KJIETKU. MBIIIIBI TPYJHON CTEHKHU
TaK)Ke COKPAIlaloTCs, 3aCTaBJIsAsl OPraHbl OPIOIIHON MOJIOCTU JIaBUTh BBEPX
Ha AuadparMy U 3aTeM JOIOJHUTEJIbHO YCKOPATh 3J1aCTUUECKOE CKATUE
JIETKUX.

[Ipu JfpIXaHUM CTEHKU TPYAHOU IIOJIOCTM HUKOI/IA He JaBAT Ha
JIETKUE U He BBDKUMAIOT U3 HUX BO3/yX. YMeHbIIIeHHEe O00bEMa TPyAHOU
IIOJIOCTU JIUIIH ITO3BOJISIET JIETKUM CKUMATbhCs 0OJiarojiaps ux coOCTBEHHOM
ynpyroctu. KAIIIE/Ib u UYUXAHWME npeacraBisdioT coboi (GpopMbl
YCUJIEHHOTO BBIZI0XA, IPX KOTOPOM BCJIEJICTBHE SHEPTUYHOTO COKPAIllEeHUs
MBIIII] OpPIOIIHON CTEHKU OpraHbl, JexKallue B OpPIOIIHOU IOJIOCTH,
JABAT na nuadparmy, pe3ko yMeHbIIas OObEM TPYAHOU IMOJIOCTH U
OBICTPO BBITAJIKMBAS BO3/IyX U3 JIETKUX.

Tpaxes, IJIOTKAa U Jpyrue [bIXaTeJbHble IIyTU He BBIIOJIHAIOT
HUKAKOU aKTUBHOU MBIIIEYHOU (DYHKIIMU B JBIXaHUU, OHU CJIy:KAT JINIIb
MIPOBOAAIIMMHY KaHAJIAMHU. B HEKOTOPBIX CIydasx MPU 3aKPBITUU IIPOCBETa
ropranu I[IPUXO/JMNTCHA cospaBate uckyccrseHHoe OTBEPCTHUE B
obylacTu 11eu ISl TPOXOXKJEHUs BO3J/lyXa B Tpaxelo. JlpIxareabHble
JIBUXKEHUs TOCJ€e 3TOr0 IPOUCXOAAT HOpMasibHO. [laBjeHue BoO3ayxa B
JIETKUX U3MEHAEeTCA IPU KAXK/I0M JbIXaTeJIbHOM IBUKEHUH.

B nmpomekyTkax MeKIy BJOXOM, BBIZJOXOM U IOCJIEIYIOIIUM BJIOXOM
JlaBJieHre paBHO aTMOC(hEPHOMY, TaK KaK HApPY’KHBIM BO3/IyX U BO3JyX B
JIETKUX CBOOOMHO coolimaercsa Mexay coboii. Korzia HaumHaeTcs BOX,
JlaBJIEeHUE BO3/lyXa B JIETKUX ITIOHUKAETCSA Ha 1-2 MM PT. CT., YTO 3aCTABJISAET
BO3/IyX BXOJUTH B JiéTKHe. K KOHITy BJ0Xa BOIIE/IINU BO3yX YPAaBHUBAET
7aBjieHne. B Hauase BBIZOXa CUJIA YOPYTOCTU JIETKUX CXKHUMAaET
coJieprKaIuiicss B HUX BO3/AYX, aBJeHUEe ero CTAHOBUTCA HA 2-3 MM PT. CT.
BbIIlIE aTMOC(EPHOTO, U BCJIEACTBHE STOTO BO3/IyX BBIXOJAUT U3 JIETKUX. K
KOHIy BBIZIOXa /aBjJeHUWe, KOHEYHO, BO3BpallaeTcss K YPOBHIO
atrMocdepHOro. ATUX 3HAHUU BIIOJIHE AocTaTodHO, 4YTOOBI /IBIIIIATD Ha
Kommieke «CBetJI» (MOXKHO eIlé ¥ IOTeTh) MpU MpobaeMax ¢ JIETKUMU
WJIU JbIXaTeJIbHOU CUCTEMOM.
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A pacckazan Bam OBIINEM3BECTHYIO TOuky 3peHu:d
IIATOJIOTOAHATOMOB M COBPEMEHHOUM HayKu. MosKeT ObITh JUTMHHOBATO JIJIs
He CIIEIHAIMCTOB, HO 3aTO MCUEPIbIBAIOIIE, HA MO B3IJIsA/ (BEpHee, HA UX
B3IsAA). Ho A toro, yro6s IIOITACTD B baHI0, HY;)KHO UMETh HEKOE
npyroe BugeHue. ITocrapaioch KOPOTKO, HO JIOCTYITHO.

6.2.2. MexaHHMKa npoiiecca AbIxaHnusa (aJbTepHaTUBHAA
TOYKA 3peHUA)

Kaxxnpiii YesnoBek uMeeT aypy. OTa aypa CO37Ia€TCs BCEMH KJIETKaAMU
opraHmu3Ma U 9TO [-pacmaf, (peaknuss OOMEHHBIX IIPOIIECCOB). IJTa Ke
peaknus ecTb U B Je€rkux. Paboroiut nerkux YIIPABJIAET Tosbsko Moa3r,
_ HUWUKAKUE wmplisl u pebpa
He MOTYT JIBUTATHCS

aTMochepHbIit BO3AyX

CaMOCTOSTETbHO 6e3
\ A yopasieaus. XAOCA B
opraHusMme HET, OH

BOOX \ / BbIAOX
TIOSIBJISIETCS TOJIBKO B
\ P YCJIOBUAX OTCYTCTBUA

B Mosra. Hwuxkakoii Mo3r He
JIOIYCTUT BJIOX CMECH, He
IpelHa3HAaYeHHOU IS
JbIXaHW. JlaBieHue,
HeoOXOo/IMMOe JJI1 BJoXa U
BBIZIOXA, CO3/1aéTCA npu
WCIIOJITHEHMH KoMmaHj Moa3sra,
SEHOSHEREESES IOTOMY IIpH BBLAOXE IIOJ
BOJIOU, pu HaJlyBaHUU
(B BO3/IYIIHBIX I{IapOB h T.JI.
JlaBJIEHWE B JIETKUX HAMHOTO
IIPEeBHINIAET arMmocdepHoe
(MmoxxeTr m B 1.43 pasa). Besa
cUcTeMa JbIXaHUSA YCJIOBHO
pasjiejieHa Ha 3 4acTU.

BHElWHee AblXaHue

nepeHoC rasos KpoBblO

apTepuasnibHasa KpPoBb

-
TKaHeBOe AblXaHue

1. KOHTpOJIb BABIXa€EMOU CMECH

Bcé, uTO OTHECcEHO K BepxXHEW 4YacTH JIETKUX, UMEET, KPOME BCETO,
elé U HeMHEePIUOHHYI0 Maccy. Ato cucteMbl KoHTposss TPUTUA. Ecnu
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TPUTHUU HE UMEET YaCTOT, Ha KOTOPble HAacCTpoeH Mo3r, BO3/yIIHas CMeCh B
JIETKUE He JoITycKaeTcsa. IIpoxXoauT TOJIbKO TO, YTO MOKHO IepepaboTaTh.

2. ITaMATH JIETKUX

ITO aBTOMaTHUeCcKasl CUCTEMa, HACTPOEHHasI Ha Ty YacTOTy, KOTopas
sapisiercsa 6azoBoul 1o IIporpamme. (/o HenaBHero BpemeHu IIporpamma
BBOAMIack Ha Ilacxy, celyac BOTOT OpPHUEHTHUP U3MEHEH). Mo3ar
yCTaHABJIMBAET BEPXHUN W HIDKHUU TIpefiesibl 10 0ase U Mpeesbl
KBAaHTOBAHMs IO OCTaJbHBIM YactotaMm. IIpumep. Ecim 6aszoBas yacrora
71.450450, U mOpenenabl (BEpXHUU U HIKHHU) COOTBETCTBEHHO PaBHBI
(148% wu 12%) 1™JIOTHOCTHM TOTEHIIMAJIOB, TO 4YacTOTa, KOTOpas
HCIoJib30Bajsiach 710 BBoga Ilporpammbl (67.450450), OyaeTr uMeThb
nipesiesibl (88% u 33%) MJIOTHOCTU ITOTEHITUAJIOB, a AyOIMpyIOIas yacrora
(66% u 48%). Ecnu Her 6a30BOM 4YacTOThl, TO MO3r ycTaHaBJIMBAET
N3BATHUE mnoTteHUajoB U3 JJIEKTPOHHBIX CJIOEB TPUTHUA KJIETOK
opranusma, uro npuBoaut kK OBE3BOKMBAHUMIO knerok. Hukakue
JIEKapCTBA 3/€eCh y:Ke He TIOMOTYT. ¥ BJjaaaeabneB Kommiekca «Cser/I»
yKazaHHas 0a30Bas 4acToTa COIJIACYeTCs B IIMPOKOM CIIEKTPE UMEIOIINXCS
yactor Komiuiekca, B3auMojielcTByolero ¢ Mosrom Biazesnbiia. 1 B
3TOM cjydae o00e3BOKUBAHUS KJIETOK He BO3HUKHET. JTO YXKe
TIO/ITBEPIK/IEHO OIIBITOM.

3. Cucrema oomMeHa

TJIABHBIM »sjieMeHTOM BO3JYyIIHOH cMecu apiaserca TPUTHM,
KOTOPbI HMeeT TPHU HJEKTPOHHBIX cjosA (1, 7, 16) U C KOTOPBIM
rocrapaeMcs pazobparbes Aanbiie. Bce rpaBuTanuoHHble (8 peneTok)
BHEIIIHUE CJIOM UMEIOT ILUIOTHOCTDh MOTEHIIMAJIOB MeHee 2%, MOTOMY IIpU
B3BEIIIMBAaHUU BO3JyXxa CcaM TPUTUU He OOHapy:KuBaeTcAd (MPaKTHUUYECKH,
39TO HeWHepIMOHHas Macca). CHeKTpaJibHbIM aHaJIU3 €ro TaKXkKe He
obHapy»KUBaeT, TaK KaK HET PaJIMallMOHHBIX 4YacToT. B 2007 roay ObLia
«YCTAHOBJIEHA» 71 oKTaBa, 1 MMEHHO OHA U 3aHUMAaeT BEPXHUU
3JIEKTPOHHBIN ciou. Cieayloliue 2 caos — 3To OKTaBbl 67 u 61. Kcrartw,
BOJIa TOXK€ UMEET PEelIETKY 71 OKTaBbl. OOMEHHBIE IIPOIECCHl ITPOUCXOJIAT
MyTEM pacraja TpUTusa U GOpMUPOBAHUA KUCJIOPO/ia (HEMHEPIIMOHHOTO) C
coxpaHeHreM 0a30BOU OKTaBbl. /{11 HEMHEPITMOHHOU Macchl Mperpaj He
CYIIIECTBYET, pacliaji COMPOBOXK/AeTcsl IIOsBJIEHMEM HOBOTO U30TONA
TPUTHUS, KOTOPBIN U HA3bIBAETCA KUCIOPO/IOM.
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OTaesibHO  CYIIECTBYIOIIWM JIETOUHBIM KpPyr KpOBOOOpaleHus
npeHa3HavYeH /i1 GOpMUPOBaHUA BceX OOMEHHBIX ITPOIECCOB, IIPU 3TOM
pH miasmbl KpOBHU Bcerjia JIOJDKHO OBbITh B mpenenax 6.88-7.45.
OtrmeruMm, uyto pH miasmbl
M3MEHSETCS B IIPEJIENIAX OT 0.5 o 7 i ™

0 8 cek. Mo3r orMedaer 3TO - Bce o EEEESR
MEeAULINHE . St

M3MeHeHUe u, KOT/Ia
JIOCTUTAETCSA 3HAUEHUE
HU)KHEro  mpefena  +0.26
(pH = 7.14), IIPOUCXOJIUT
CPABATBIBAHUE .
aBTOMaTa Ha 3a00p ouepeaHOU
IapTuun CMECH. IIpu .

JIETAPTUUECKOM CHEe  3TOT
IIpesiesT MOXKET OBITh JIOCTUTHYT
U 3a MecsiIl, IIOTOMY B 3TOM CHeE

0OBIYHOE JbIXaHUEe
OTCYTCTBYET. Kommiekce
«CBetJI» oOTCaeKuBaeT 3TU
IIPOIIECCHI Hu pu
HEINPaBUJILHOM UX

npoucteueHumn (cboe, 1Mo Tem

win uabiM npuundHam) KOHTPOJIMPYET cpabarsiBaHue aBTOMara Ha
3a00p cMmecH, MOTOMY YTO UCKYCCTBEHHAs 3a/ieP>KKa JIbIXaHUsA IIPUBOJIUT K
TOMY, YTO OOMEHHbIE TIPOILECCHI IPOU3BOIATCA C APYTUMU CIIOSIMU TPUTHS,
HO TaM JIpyrye COOTHOIIIEHUS IIPeJeJioB.

PacriosioskeHne Bcex CTPYKTYP JIETKUX OmpejiesieH0 QYHKITMOHAIBHO
OTHOCHUTEJIbHO HEWHEPIIMOHHBIX MacC CHCTEM KOHTpPOJIA W OOMeHa.
Koneuno, serkue HEJIb3f mnepecraBiaTh (MeHATh MeCTaMH), HEJb3S
BBOJIUTH IIOCTOPOHHUE IIpeIMETHI, ITyHTUPYIOIIHE JIEUCTBUS
HEWHEPIIMOHHOU Macchl. 3/1ech He paccMaTpuBaioTcss 0osiesHu. [loTomy
YTO, €CJIU HeT 0a30BOM YACTOTHI, 3TUX 00JIE3HEN MUJIIMOHBI, HEKOTOPHIE U3
HUX U3BECTHBI MeAuIuHe (TyOepKyses, mieBput, OP3 u tak nanee). Her u
HE MOZKET ObITh peKOMeHJAIU{ II0 JIEYeHUI0, HeOOXOJAUMO TOJIBKO
3HaTh, ycraHoBwia Jjau Cucrema YupasiieHus Bam wmarpuily, KoTopas
COJIEPKUT YaCTOTHhI, BBeJEHHBIE 110 [Iporpamme, niau oHa 1mpo Bac 3a6pLia
1 BBIUEPKHYyJIA U3 CIIMCKA Kejaonux B BaHro. Ho Bcé 3To mpoucxoaut
BHe sBHBIX omymieHud Yesoeka (mazke BJageabna Komiiekca).
[ToaTOMy TOT, KTO CUHUTAET WJIN TOBOPHUT, UTO OT «e20 Komnaexca» y
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He20 Hem HUKAKO020 «HU U3aedeHUS, HU TNOAKY», — NPOCIMo He
noHumaem, YMO 6ce20 BbIUWEHANUCAHHO20 0oaee, uem
docmamovHo 0aa <«onpasdaHus» eaadeHuem Komnaexcom
«CeemJI».

Tak uTo, A4 He pekoMeHayw «/Ibimarp Ha CBer/I» Wi ayTh Ha
Hero (Tem OoJiee, TBITAaThCA «BJIE3Th BHYTPh KoMmiuiekca» (maske c
IIpUBJIeYUeHUEM SKCTPACEHCOB, UTO UHOT/A Ha0It0/1aeTcsl, 1 B OCHOBHOM, Ha
Vxkpaune) win UCIIOJIb3OBATD Kowiulekc He o Ha3zHaueHUIO (UTO
TOKe UMEeJI0O MeCTO U3 MIPAKTUKU SKCILTyaTaI[um).

He uckIioueHo, 4YTo B NoJ00HbBIX ciayuaax KoMmiuieke nmpocro
«moacka:xker» Cucreme YmnpasjeHusa, uroObl oHa 1po BAC
3ABDBIJIA. Kakue Tora MOryT OBITh pa3roBopsl npo baHio?

6.2.3. TpuTHIi, 0 KOTOPOM U3BECTHO BCE, KpOMeE TOrO,
YTO 3TO 3a 3JIEMEHT?

A y3Han o Tputum u3 TpyAoB A.XaTsI00Ba, U MEHS 3TO OUYEHb
3auHTepecoBaso. Ha ogHoil u3 mociennux Berped ¢ H. JleBamoBbIM s
337j]aJ1 €My BOIIPOC OTHOCUTEJIbHO TPUTHUA U MOJYUYUI JOCTATOYHO
ONpEeJIeJIEHHBIN OTBET, B TOM UYHCJI€ U B «CBA3KE» C COOBITUAMM B
UepHoObLIIE, B KOTOPBIX H. JleBamios IIPpUHUMAJI
HEITIOCPE/ICTBEHHOE YYACTUME. Ho 6osiee Bcero MOU 3HaHUA
nonosHua B.B. MakoB, ¢ KOTOPBIM MBI HEOJHOKPATHO OOCYyKIau
MHOTHE BOIIPOCBHI, B TOM YMCJIE U ITOT, KOIZA IIPOBOJAVJINCH UCIBITAHUA
Kommiekca «CBetJI», 3a uTo s1 eMy UcKkpeHHe Gsarogaped. C Tputuem
Mbl He pa3 CTOJIKHEMCA B 3TOM MOBECTBOBAHUHU, MO3TOMY f PeIIWJI
W3JI03KUTH 0 TpUTHUM TO, YTO AOCTYIIHO U3 paboT A. XaTbi60Ba, UCXO/ A U3
Hamux Oeceq ¢ Bb. MakOBbIM, HO HECKOJILKO II03/lHEE U MOAPOOHO, B
«CBA3KE» € TeMH T[polleccaMd, B KOTOpPbIX Tputuil wurpaer
ITEPBOCTEITEHHOE 3nauenue. Ceiluac KOPOTKO U C TOYKU 3PEHU
«coBpeMeHHOU Hayku».

4. TpuTwia ($30.000/rpamm) Tpurnii 3H — PAJITMUOAKTUBHBIN -

: CBEDXTSDKENBIA  PAUOHYKJIUJ  BOAOPOZIA C
MaccoBbiM uyucioMm 3. Tiye2=12.35 roza. B
OOBIYHBIX YCJIOBUAX TPUTUU — Ta3, tw=-
252.52°C. B coequHEeHNH C KUCIOPOJIOM TPUTHI
obpasyer cBepxTakeéayr0 Boxy T30. Tpuruii

— H30TOIIHBIA HMHAWKATOP, BXOAHUT B COCTaB
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TepMosAZepHOro roprwoyero. Ha cerogua TepmosaepHble peakluu
ocytiectBiaedbl TOJIBKO npu B3pbhIBaX BOAOPOAHBIX 60MO. DTO HATIUCAHO
B Du3uueckoil IJHUuUK.10neduul.

6.3. O posau Cepana B bBannom npouecce

Bcersia u BceM OCTOSIHHO TOBOPIO — 1 HE Bpay, HO IOCJie OOIIeHUs ¢
H. JIeBamoBbIM, mnpouTeHuss KHUT A.XaTbI00Ba, TIIOHAI, YTO
COBEpIIEHHO Oe3CMBICJIEHHO JJis TOTO, YTOObl OOBSICHUTH IIPOILIECC
O310POBJIEHUMA, pucosartb KakKue-TO JuarpamMMbl, CXe€Mbl WJIU
rpaduKA U3 CEpUU: «BOT CMOTPUTE, KaK OJHO BJIUAET HA JIPyroe, TAKUM
BOT obpa3zoM. A 1o cucrteme oOpaTHOM CBSI3W €Ilé W Ha TpeThe, U Ha
yeTBEPTOE». BCE paBHO JIIOAM KAYT, YTOOBI 51 «IIOCOBETOBAI» YesI0BEKY
npenapat X, KOTOPbIA He/laBHO (JaBHO) BbIMyllleH. 1 He Hy>KHO eMy Tora
«B3aumozierictusi» ¢ IIporpammamu «CBetJI», KOTOpbIe [IJII HETO
HEITOHATHBI u «monaxuBaioT» (Kak OH CYHTAeT) IIapJiaTaHCTBOM.
Toryma u «ITOJIYUEH» GyaeT Hy:KHBIN eMy pe3yJbTaT. Tak BOT, Hy»KHBIU
pesysnbrar — HE ITOJIYUMUM. TouHee, MOXKET ObITh, y KOTO-TO H
IIOJIy4UM, a Yy KOro-TO — He nosiyyuM. Wiau nonyuum Bosce OBPATHOE.
[Touemy? IloTOMy 4YTO BCe «pacu€Tbl», BBIBOJBI M HUTOTH CHEJAaHbl U
mesatoress Ha ypoBHe Tonbko MEPTBOM moTu. A y >KUBOH IUIOTH €CTh
Ha/B3uparesb, T.e. Mo3r, koTopblii crnocobeH 3JAUEPKHYTD tobbie
PACYETHI.

[IpITaThCA JIEUUTh JKUBOW OpPTraHU3M II0 KaKUM-TO 3apaHee
pa3paboTaHHBIM CXeEMaM — 3TO MPHUMEPHO TO K€ CaMoOe, KaK IMBbITaThCs
IIOCTOSIHHO O0OMaHbBIBaTh B3pocjemInero pebdénka. IloHadamy, moka y
pebE€HKa el€é Majo ombiTa, 0OMaHyTh ero HeTpyAaHo. Ho mo wmepe
nproOpeTeHUs KU3HEHHOTO OTBbITA 3TO CTAHOBUTCS JIEJIaTh BCE TPY/HEE U
Tpy/iHEe, Hy>KHbI BCE OoJiee U Oosiee UBOIIPEHHbBIE CXeMbl 1 KOMOMHAIINH,
IIOKa He HACTYIIUT, HAKOHEIl, TAKO MOMEHT, KOTJ]a y?K€ ITOB3POCJIEBIITUH
pebenok HE BY/IET «BecTHCh» HU Ha KaKHe yBellleBaHUS.

Toavko IIPAMAZA «0o2080péHHOCMb» ¢ Mo32om Mmodxcem uepes
B3aUMOJIEICTBE C HHUM BBIIPABUTh cUTyanuw. Ha 5To crnocoOGHBI
ITporpammbl «CBeTJI» B komIuiekce ¢ ['enepaTopom «TEéMHOU MaTepum».
N B sTOM ciydae cerofHs 0ojiee, ueM MOPeJIOCTAaTOYHO U TpadUKOB, U
pacyeToB, a, camMoe IJIaBHOE, — JKUBBIX CBUJIETEJBCTB 3TOMy. f He
XBaCTaIOCh, A IIPOCTO KOHCTATUPYIO TO, YTO IIPUCIAHO MHE JIIOJIbMU.
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6.3.1. IllTaMeHHbIN MOTOP

NsBectHo, 4urto cepaune YesmoBeka  MOXKXHO 3aMEHUTh  Ha
HWCKyCCTBEHHOe. MOXKHO NPOU3BECTH HAJ, HUM IPAKTUYECKU JIIOOYIO
omnepanuio. MOXKHO fJake mepecaguTh OT OJHOTO MallieHTa Apyromy. Takasa
yHuBepcasibHOCTh xapakrepHa TOJIBKO g cepguna —  Hesbsd,
HallpUMep, IIepecaiuTh JIETKUE UJIH MOJIXKeIyZI0UYHYIO KeJle3y, PABHO KaK U
cesie3€HKy. MOKHO JINIIb U30UpaTEeTbHO MEPECAIUTh MOYKY UJIU MPUIIUTD
Ha MECTO HaJiell,.

aopTa

BEPXHAA NonaA B€Ha

PrEroyHan apTepus

A" NET0YHbIE BEHbI

nérourble > (%

BEHbI
NeBoe npeagcepgue

npasoe
npeacepaue

MMTpaﬂbelﬁ KnanaH

NéroYyHomn
apTepun

aOpTaﬂbelﬁ KnanaH

TIEBbIV Xenyao4ek
TPUKYCMnAanbHbIN
KnanaH

npasblit KeMyaoYeK

HWXHAA NonaA BeHa

B oTsnume OT OCTaJbHBIX OPTAaHOB, JJIA Cep/illa MPeayCMOTPEH
He3HauutesabHbll CIIMCOK HEJAYI'OB - (uHCy/nbT, UHQPAPKT,
uieMuueckas 00e3Hb), — ¢ KOTOPBIMU 0e3 TpyZia CIPaBJIAIOTCS XUPYPTH.
Ho ecsim 5Tm Heayrm 3actaHyT Bac B BaHe, To Bpsj Jin yKe KTO-TO
cupasurcd, kpome IIporpamm «CBerJI» B pexxume CKOPOM
IIOMOIIIUN.

Bce Hemyru BO3HUKAIOT, KaK OPABUJIO, OT IJIOXOTO NMUTAHUA U OT
HeaJIEKBAaTHOTO MOBEeHU OKPYKaIux. Kak 1 jio001 »KUBOW OpraHu3M,
UeJsioBEK UTO-TO CbhelaeT W YTO-TO «BbIOpachiBaeT». I[Ipu sTOoM 1A
creganusa umeeM TOJIBKO por, a and «BblOpachblBaHUA» — MPAMYIO
KHUIIKY ¥ MOYeTOYHUK. 13BecTHO, uto IIEPEPABOTKOM nmuimy 3aHATHI
JKeJIyJIOK, KUIIIEYHUK, IeueHb, >Kejie3bl, a nepepabOTKONl pacTBOPOB —
MIOYKU U MOYETOUHUKM.
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Cepane HE
NIPpUHUMAET ydacTus B
nepepaboOTKe NHUIU, a
IIOTOMY €My JIOCTalOTCs

OCTaTKU TOTO, YTO
IIOATOTOBJIEHO K
«BBIOPOCY». Baxxkny1o

pOJIb UTpPaeT CKOPOCThb
OOMEHHBIX  ITPOIIECCOB.
Ecmu B3ATh TAOAUIYYy (PU3HMKO-XUMHUYECKUX CBOUCTB 3JIEMEHTOB
dseépoBa, TO CTOUT OOpATUTh BHUMAaHUE HA BpeMs CYIeCTBOBAHUSA
XUMHUYECKUX 3JIeMeHTOB. Tam ke ecTh a- U -pacmaabl, a MPU pacrnaje
MmoxkeM ITIOJIYUUTD u y-usiryueHnue.

Hukakoe jXUBO€ CyIIeCTBO HE MMEET B CBOEU OCHOBe (T.e. B JKHMBOU
kierke) BEUHO JKHWBYIIIMX CTPyKTYyp, a TaK¥Xe CTPYKTYyp C
BO3MOXKHOCTSIMU  d-pacmaja, OTPOU3BOJBHOIO pacmnaja, Y-
N3JIy9eHUsdA, a Tak:xke P+-pacmaga. Bce cTpyKTyphl ITOCTPOEHBI TOJIBKO
Ha BO3MOJKHOCTSX [-pacnajia (mpaBas dacTh Tabsuibl OaepoBa). OgHAKO
B Tabsuie npuseneHbl TOJIBKO maTtepuasbHblE CTPYKTYPhI — TO, YTO
MOXHO Tomynate u usMeputs. O HEWHEPITMOHHOM wmacce u
HEMATEPUWAJIBHBIX cTpyKTypax HayKe HUUYero He U3BeCTHO, OJJHAKO
nmeHHo OHUW u 3a1a10T cKOPOCTh 0OMEHHBIX ITpolieccoB. JIr060#1 uesoBek
vMeeT aypy, B KOTOPOM HeT paJualuoHHBIX dYacToT. Kupauau-
U3AYUEHUE KACMOK COOEePHCUIM MOABKO HaAcmomul, xodsuujue 6
B-pacnad. Ilpu co3maHuu OHOCTPYKTYP OBLI HCHOJIb30BAaH ITPHHITUIL
II0CJIEe/IOBATETLHOTO C/IBUTA BpeMeHU (TakTa) 0OMeHHBIX IIPOIIECCOB.

HelitpasibHass och — 1.0007 CeKyH/Ibl, 3TOT TaKT 33JIaéTcs
KoJUTaliepoM 3eMJIH, B OTOT TaKT €JINH I Bcex obutaresneit 3emin. Cam
KOJUTAaU/IEp pacroJjiaraeTcs Mo, CEBEPHBIM ITOJIIPHBIM KPYTOM B OOMOTAaH
8.640.000 MepugmaHaMu, HUCXOJAIMIUMH JI0 IOXKHOTO KoOJbIa (Mo
IOKHBIM TOJIAPHBIM Kpyrom). Pasronnnie 6;0ku Kosutaiiziepa — 3TO
IIMPAMM/IBI, cBasaunble ¢ Cucremou YupasieHus 3emiu. Ecian
kosutauaep oTkiounTh, To JKM3HDb Ha 3emyie MCUHE3HET. CneBa or
HEUTPAJIbHON OCU — HOPMUPOBAHHBIE TAaKTOBbIE WHTEPBAJIbI JIJIS BCEX
oburtaresnen 3eminu, cnpaBa — TOJIBKO gana YenoBeka. TakTOBBIHN
naTepBasl — 310 OCHOBA U1 Bcex 0OMEHHBIX MPOIIECCOB, BILIOTH 0
COTBIX AoJjied MUkpocekyHl. U sto kpaitne BAYKHO mnpu «moMbIBKE» B
BaHe, Kak BbI caMH y>Ke ITIOHUMAETE.
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s YemoBeka MCXOAHBIA TaKT — 1.0007-1.24 ¢. OJHAKO MBI IMeEEM
MHO?KECTBO T'€HOTHUIIOB!, W KaKAbIl TE€HOTHI OTJIMJYAETCA HEe TOJBKO
BHEIIIHUM BHJIOM, HO U HCXOJAHBIM TakToM. OTCrOga BO3HUKAIOT
Npo0JIeMbI:

- ecyu mepecasuTh YeJsIOBEKY cepAlle OT JIOHOpPA, UMEIOIIET0 TOT JKe
TaKT, TO Ipo0OsieM He Oy/eT;

- ecJiM TaKT JOHOpa MEHBINE, TO IEpeca’keHHOoe cepane Oyzer
HaKaIUINBATh BCE, YTO HE B COCTOSTHMU nepepaboTaTth, U Tora norpedyercs
HOBas IEPECaIKa;

- ecJIY TakKT JloHopa OoJiblie, TO mpobieMbl BOBHUKHYT y Mo3sra.

OpHakO HEKOTOpblEe CTPYKTYPhl — MAYKH, OChbl, ITYEJBI — HMEIOT
TaKTOBBII MHTEPBaJI BBINIE 1.0007. Bbl oOpaimjajii BHUMaHHE Ha TO, C
KaKUM Y/IOBOJIbCTBUEM >KuTesu HOro-BocTouHOU A3uM KYIOT KapeHbIX
IayKoB (KCTaTH, OHU MOTYT CheCTh UX U B JKUBOM BuJie). 2Kutenu 14 crpaH
IOro-Bocrounoit A3uu UMEIOT TaKT 1.24 ¢, a TaKT nayka — 1.12 ¢. EBporeerr
HE MOXKET ChECThb JKMBOTO IMayKa (ecyii TOJIbKO B »KapeHOM BHE? U TO 3TO
OIIACHO), IMIOCKOJIbKY TaKThl 0OMEHHBIX ITPOIECCOB Y HETO HAMHOTO BbIIIe. U
II0KA HAIIU CTPYKTYPHI MHUIIIEBAPEHUS €BPOIIENIa Oy/IyT TOTOBUTh «BUJIKHU
U JIO’KKH», OH yCII€eT Y Hac 4TO-HUOY/Ib OTKYCUTh. VIMEHHO IIOTOMY /Ia’Ke B
’)KAQpPEeHOM BHJle TayKHd JIJIsI BCEX HAC MPEACTaBJIAKT OIacHOCTh. Ilayk
BIIOJIHE MOKET OKa3aTbCsl He IMPOKAPEHHBIM U MPOCHYTHCA B KHUCJIOTHOM
coycCe B JKeJIyJIKeE.

[Ipy o0OMEHHBIX mpolleccax IPOUCXOJAT PpeaKIUuU aAHHUTWIAIUN
(B3aMMHOT0 YHUUTOKEHU ), CylIepHo3uluu (HaJI0KeHU-CYMMUPOBaHMs),
HOpMayn3anuu (MpuBefieHNs K HEKOMY CcTaHZIapTy). U Bcé 3T0 — peakiuu
HAKOIUUIEHUSI HY>KHBIX MHOTEHI[UAJIOB U
yAaJleHus HEHYZXKHbIX
IIOTEHINAJIOB.

B 3aBucuMoOCTH OT TOTO, YTO BaM
HaJi0 HaKaIlJInBaTh WIN
«BbIOpachIBaThb», U  (opMuUpyeTcs
Jauera. 3aMedyeHO, YTO Jiomiagu u
KOPOBBI COBCEM HE €JIAAT MSCO, a COOAKU

1 'eHotu m — COBOKYITHOCTb BO3MOXHOCTHU HeﬁpOHOB Mosra u TeHOB JAHHOTO OopraHmu3Ma, KOTopad, B
OTJIMYHE OT IIOHATUA I‘eHOCl)OHZ[, XapaKTepusyerT OCO6I), a He BU/I. 310 ompeaesienue I[aéT TOJIBKO
IIOBEPXHOCTHOE IIOHATHUE.
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C YAOBOJIbCTBUEM T'PBI3YT KOCTH.

Bce 6uocTpyKTypHI, BKIIOUas YesoBeKka, MOCTPOEHBI TaK, YTO UMEIOT

Bech HabOp OKTaB — OT 16 M0 128. OHH pa3jINYHbI 10 Ha3HAUEHHIO, a
npeobJiaflaHie TOW WM WHOW TPyHHObl OKTaB (OPMHUPYET OCHOBY
O6uocTpyKTyphbl. DyHKIIMOHATBHOE pa3/iejIEeHNE 10 OKTaBaM TaKOBO:

- 16-32 — Bce BU/IBI T'a30B U BOJIa (JIbIXaHUE U BOJIa HY>KHBI BCEM);

- 34-46 — CTPYKTypbl peHHKapHaruu (Bce CTPYKTYpPbl CTPEMSTCS
HAKOITUTh MOTEHIIUAJIBI YACTOT 3TUX OKTAaB);

- 48 — pacrpenaenuTesb;

- 50-52 — pHepreTUYecKui OasaHc;

- 56-62 — ynpasjieHHe OpraHamu;

- 64 — mMaTrepuasibHbIE CTPYKTYPHI;

- 66-72 - Mos3r;

- 74-86 — ymnpaBjieHH€e peuHKapHaIuew;

- 96-126 — KOHTpPOJIb;

- 128 — 3ajaonuy reHepaTop TakTa.

Bce Buapl pacTeHUM ¥ TpaB MOMNAJIAKOT B OKTaBHl 34-44. IlosTomy
KOPOBBI UCIIOJIB3YIOT B IUIIYy TOJIBKO TPaBy, 3Has, YTO UX IIYCTAT HA MACO.

Bcemu  oO6MeHHBIMH  IIpolieccamMu  ympamisier  Mo3r, HO
PACIIOPAZIUTE/IEM bBJIAI' g4 KJIETOK OpraHu3Ma SABJIAETCA
CEP/IIE. Ecnu cepjile BbIZIANIO «JIIOMUHUN», TO KJIETKH MMOJIydaT UMEHHO
«JIIOMUHHUW», HECMOTPSA Ha TPOochObI M03Ta BHIIATh AJTIOMUHHUMI.

Cepoue umeem 00HY HEMAN08AHCHYIO OCOOEHHOCMDb — €20
HeAb3a NPocmo mak ocmaHosums. [lpu nmpoBefeHUN onepanui Ha
cepJ/ille Yy XUPYProB Bcerjla BO3HUKAeT BONPOC — KakoW Kpyr
KpoBooOpallleHusI HaJlo IIEPEKPhIBaTh B IIePBYI0 ouepeab? Ho /1A Havasia
OHH JIOJKHBI MMOHATH, SAYEM Boo6e HYZKHA KpoBb U MOXKHO JIU €€
3aMEeHUTDh Ha YTO-TO JPYTOE.

IIpu co3manum YenoBeka ObLJIO YUTEHO, UTO MEPEAATUNK (MO3KEUOK)
U JIETKUE JIOJKHBI MOJIydaTh JieUIUTHBIE YaCTOThl, KOTOPble HE HYXKHBI
00BIYHBIM KJIeTKaM. [ToaTOMy OBLIIO CO3/IaHO JIBa Kpyra KpOBOOOpaIleHUsA:
0OJBIIOM KPYr — HHU3KOYACTOTHBIE CTPYKTYpPhl, MAaJIbIA —
BbicOkoUyacTtoTHble. PACIIPE/IE/IUTE/IEM ABJIAETCA cepaue -—
Mogsr k aTomy npoueccy pacnpegenenus yactor HE JIOITYCKAETCA.
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B oramyume oT MBI,
Mo3r Hes1b3d HakadaThb — €ro

Ki
P pasmepsi HEW3MEHHBI.
T pas3Mepbl He U3MEHUT U
JlerouHble apTepuu JIerouHble BeHbl bans. Kak CTPYKTYypa
yIIpaBJICHUA, Mo3sr
foprameesersn  gOHCEPBATHUBEH u HE
Monble BeHbl
P pearupyer Ha BHEIIIHUE
TR R— NU3MEHEeHU. Cepane XKe
—— BechMa AKTUBHO
aBbIN Kenyaouek - Aptepuu

Bt UHTEpPECYeTC BCEMHU

S e g oremen wenonon P3N @HEHUSIMU.

BeaHas CO,

Cepane HE nMeeT
n3BWiInH, a noromy HE
o R Ot Ipe/IHa3HAaYEeHO TS
o XpaHeHU:A nH(pOpMaLUH.
)\ MBICTUTETBHBIN MPOIIECC,
€CTECTBEHHO, pa3de.néH. Cepdue npuHumaem 21a6éHble peweHUs,
HO HUuuYe20 He NoOMHuUmM, m.k. Hem u3euauH. I'onroenoit Mo3s2
padéomaem Mmoabko HaA ceodAn, JJjis 3TOTO0 Y HETO MHOTO W3BWJIWH, B
KOTOPBIX CBOOOJHO pazMelaercs Jirobas nudpopmanus (riae ykpacTb, KOTo
oO0MaHyTh, Kakylo (pyTOOJIbHYI0 KOMaHAYy KynuTh U T.1.). IIporpamMmmsbi
«CetJI» B3auMo/ieiicTBYIOT ¢ cepAlieM Tosibko YEPE3 MO3TI'. IlosTomy
u yeaecooopasHa noc.1edoeamenasbHOCMb - cHauaaa

IIpoepammubt «CeemJI», a nomom — 6 bamnio.
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