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3amMeuyaTeAbHbIE YYBCTBA

Harmre mpeacTaBAeHIIE O MEPE BOKPYT HAc
HCXOAHUT OT YYBCTB — 3PEHHUSA, CAYXA, OOOHS-
HHA, BKyCa U ocfizaHusd. baaroaaps Apyrum
YYBCTBAM MBI OIIVIITAEM KAPY H XOAOA,
OOAB, ACPKHIM PABHOBECHE M YYBCTBYEM
TAKECTD, 4 TAK/KE ITOHUMAEM, KAK PaCIIO-
AATAETCA HAIIE TEAO OTHOCHTEABHO BCETO
ocraAbHOrO. Harr Mmo3sr oOpabaTeiBaeT AaH-
HBIE€ BCEX YYBCTB, YTOOBI MBI BEPHO pPEArdpoO-
BAAH Ha HAIIIE OKPYKCHHE.

3TOT NOABOAHLIW
OXOTHMHK nonaraeTcs
Ha YYyBCTBA, HOTOpLIe

NOACKa3bIBaoT eMy, | | 1 R . ::1":"-:5.: CBﬂﬁﬂAHIﬂe P}"KH

rae ero KoHeyxoct, M AUN .
nomoraioT HalTi peioy LI | | L. A\IOAU — €AHHCTBEHHBIE U3
H METHO BbINYCTHUTh 'J LhL _ - | L
. Xa) AT ) SO | IIPHMATOB, KOTOPBIE BCET-
| | ' g : !1':]. Ad XOAAT HA ABYX HOTAX,
DTO OCBOOOAHAO HM PYKH,
KOTOPBIMH MOMKHO A€pP-
KaThb HHCTPYMEHTH, HOCHTD
IIPEAMETHL H AQKE C UX
-~
MIOMOIIBI) OOIIATHCH 2
Enarogaps cOBMECTHOM 1 THATLCH C AP
paboTe NPOTUBONO- TMMH — PUCOBATH, IINCATH UAH

CTaenNeHHoro 6oNbLWOro a. - \ - 3 ' HﬁﬁHpﬂT]’:: TEKCTEI HA TEhE{p{}HE ?
o ’!
. L 4

nanbLa v ocTanbHbIxX
nanbUes Mbl MOXEM HAH KOMITBROTCPC,

NpaBunbLHO JepHaTb
npeaMeTsbl U TOYHO
C HAMHW YNPpaBNATLCA.

Coo0pa3ureAbHOCTH

YeAroBeuecknii pﬂﬁ}-’h{ f}HpE,ﬁ,E;"LHETCH BO3IMOMAR-
HOCTAMH pﬂﬁ{ﬂ"h‘{ Mo3ra. Mur VYMCCM pEMHTb
JaNdAYH, ]'If"tﬂI—Ipr]BHTb ,ciEfICTBHH HHHEPE;&,,
VIHTbCH, BCIIOMIHATDL, 9VBCTBOBATE — H MHO-
roc Ap}Ti}E. APETHE AHBOTHBIC HHOT' A4 HP(]-HH—

ASIFOT HEKOTOPBIE U3 9TUX CITOCOOHOCTEN — HO R R

AdYRC CAMBIC YMHBIC H3 HHX BO BCCX 9THX {)ﬁf‘kﬂfi"ﬂ}i = : YENOBEYECHUX
HC CpﬂBHHh-[EI C HEAOBCHKOM. | ; . E”GC’?‘E‘DE nepefaqu
§ 3H3HHWH — Hepe3 HHMWIH.




Xﬁl U3 4ero cocTouT 4enoBekK

TeAo — 3TO HECKOABKO CAOKHBIX CHUCTEM, COCTOAIIIAX U3 OPIaHOB U TKAHEH, KOTO-
pBI€, B CBOIO OYEPEAD, COCTOAT U3 KAETOK. Kak u Bcs maTepus, KAETKH COCTOAT U3
OCHOBHBIX BEIIIECTB, KOTOPBIE HA3BIBAIOTCA IAEMEHTAMH. DAEMEHT — 9TO XUMUYE-
CKOE€ BEIIECTBO, COCTABAEHHOE U3 OAMHAKOBBIX aTOMOB. B TeAe coaepxuTcs rmoqru
rmoAoBuHa U3 118 cymmecTByromux B IpUPOAE IAEMEHTOB.

JAeMeHTapHbIe COCTAaBASIOIIHE

BOABIIMHCTBO 3AEMEHTOB B HAITIEM TEAE — KMHKPO3ACMEHTbI», KOTOPHIE CO-
AEPIKATCSA B HEM AUIIH B OYEHDb HEOOABIIIHX KOAUYIECTBAX. DTO, B YACTHOCTH,
metaAnsl: marani (0,05% Beca teaa), eaeszo (0,006%), murak (0,0032%) u MeAb

0
(D,Uﬂﬂl / ﬂ)' Bapocnbiit
4YenoBeK AO/KEH
- BbiNMUBAaTb NO MEHbLLEH
MWKPO3NEMEHTHI (3,8%) | BOAOPO/ (9,5%) mMepe 6-8 CTaKaHOB BOfb! y

Cpean MUKPO3NEMEHTOB —
Kanbuui (1,5%),
HeoBX0AUMMBINA ANF

3N0POBLA HOCTEH M 3y60B,

W docdop (1%), Aa0uiMi
IHEPrUD ANA XMMHYECHUX
peaxuK.

Bopopoa (9,5%) HaXoaUTCA B cOCTaBE
BOALI U BO BCEX OPraHuYecHMx
Monexkynax (nunuaax, benxax,
yrneeoax U HYKNEeUMHOBEIX KUCNOTaX).

B 1€Hb — A €C/IN ¥ HEro
6onblwmne pusnyeckue
Harpy3KHu, To

u 6onblue.
A30T (3,2%)

A30T BXOAWT B cOCTanB Genkos,
KOTOpPbIE YHACTBYOT NPpakTHYECHK

BO BCEX NPOUECCax B KNeTHe, U B
COCTAB HYKNEUHOBLIX KMCNOT, KOTOPLIE

KUCNOPOL (65%) Fi—

Kucnopon cofepmmTcH
B TENe B OCHOBHOM
B cocTase BoAbl. OaMH aToMm
Kucnopofa (0O) cBA3bIBAETCH
¢ ABYMA atoMamu

Boaopona (H) v obpasyer
moneryny soasl (H_O).

YINEPOA (18,5%)
:"n"'l'I'IEDﬂ,EI, BXOOAWMT B COCTAE BCeX
OpraHM4ecKHX MONexyn.

AsTop: [XKOH JanbToH
OTKpbITUE: ATOMU3M
Toa: 1803

CyTb: [lanbTOH 3as1BUA, HTO BCE COCTOUT U3 aTOMOB, YTO aTOMbI HEPa3M0KUMbI

kﬁ uepﬁapym WMbI, U 4TO BCE aTOMbl OAHOIO 31eMeHTa 061a4at0T OAHUMM U TEMK e
cBoWcTBamMu. [lanbToH NoKasan, 4To aToMbl ABYX 1 6osee BUAOB (KaK, Hanpumep,
Kucnopoa 1 Bogopos) MoryT 06pasoBbiBaTh CIOXHOe BELWeCTBO (B AaHHOM ciy4ae

‘BOAY).

BAMHENLWEE
OTKPbITUE



Teno B3pocnoro YenNoBeHa Ha Ha atoM pUCYHKe W306paeH

R5-60% cocToMT M3 Boabl. Bopa — 'J 0AMH atom yrnepoaa. B ero
OCHOBHOW MHTPEWEHT KPOBM, MO4HK o BHELWHEN 060N04YHE YeThipe
ey | W APYrHX TENECHbLIX MUAHOCTEN. _ 3NEKTPOHA, 3TO 3HAYHMT, 4TO

OH MOMET CBA3LIBATLLHA
i.} C APYrMMH aTOMaMH.

<
@

OcCHOBHOW KHPITHYHK

Muorne MOACKYADBI B ARHBBIX {}pFHHHHMﬂ}i E(}ﬂ,ﬂp—
AaT }’I“f‘m[‘lp(]:l. C'I"i.’)}-"ﬁ"l'"}'pﬂ dTOMA }’F.-"L{fp{},&ﬂ [TO3BOAHCT
CMY COCAMHATBCH C I.}HBHEH}EPHSHEIMII IACMCHTAMH

H f}ﬁpHSf}HHBﬂTb }’ETDIUI‘IHBBIE MOACRKRYABIL. B COCAHHC-
HHH C HI-IE.-'H{JP{L‘L,{}?»'] H E(}A{}P[lﬁ[]?‘ul OH Uﬁpﬂﬁ}rﬁ'r YIAC-
BOABI 11 AHITIHABI (H{IIPHHE HIIC!‘&[TI"E:I); C Bi},-lﬂplf],f‘gf}h'l,
HPIC.-'H)}')(TI,-‘},[);"-.'I H a30TOM — EIE.-RHHE d C HHE;‘\()F(H‘L{}M.‘,
B{}r-'.‘s,{}p[),-i(]kl_, Ad30TOM H {i)f}E[b(}pUM — HYRACHHOBBIC
KHCAQTHIL.

Bce uaBecTHbie HaMm GOPMbI HU3HHK
OCHOBAaHbI Ha yrnepoge. Ha atom pucyHKe
npeacTasBneHa NonbiTHa BO06Pa3uTh
MUP, e MUBLIE CYLLecTBa COCTOAT
W3 KPUCTANNOB Ha OCHOBE KPeMHMe —
BElEecTBa, HOTOPOE BbiJePKUBAET OYeHb
BLICOKWE TeMnepaTyphl.

A Thl 3HAJ, YTO... Hawe teno Ha 96% coCTOUT U3 YETbIPEX 3NIEMEHTOB: KMC/IoOpoaa, Boaopoaa,
yrnepoja v asorta. i 4



KaAerku

TOYHOTO YHCA2 KAETOK B OPraHU3Me, KOHEY-
HO, HUKTO HE HA30BET, HO IIPUOAUZHTEAbHAS
oueHka — 37,2 muaanapaal Kaerku — kpo-

I[IIEYHBIC YACTUYKH, U3 KOTOPBIX COCTOAT
BCE KHUBBIE OPTAHU3MHL.

YacTu KACTKH

BoABPIIIHHCTBO KAECTOK TAK MAABI, UYTO UX
MOZAKHO VBHUACTD TOABKO B MHKPOCKOII, HO
OHH IIPH 3TOM OYE€Hb CAO¥KHO YCTPOCHHI.

B mnx HAXOAATCA XUMHYCCKHC MCXAHM3MBI,
HDTGPHE HA3bIBAH)TCH {Jpl" AHCAAAMH, H KO-
T(]pI:-IE BHITTOAHHAROT PHBHHE (b}FHH_T_EHH

BHYTPM YENOBEYECKOW KNETKU

1. Aapo copepwut AHK opraHuama

2. MNopucraa memBpaxa agpa

3. AapbIlLKO NPOM3BOAKWT BELlECTEa ANA CTPOUTENLETBA PHBOCOM.
4. JHponna3maTu4ecKan ceTb NPOM3BOAMT U HAKANNMBAET BenKM.
5. MUTOXOHOPWA NOCTABNAET HNETHE «TONNHUBOW, nony4as
3HEPrUI0 U3 Caxapos, Kpaxmana, 6enHos 1 HHpoB.

6. Annapar [onbMK HaHannMeaeT BellecTsa Wil NoAroTaenuMeaeT
WX K YOaNeHUI0 U3 HNETHM.

7. PUBoOCOMbBI CTPOAT Benxu (cM. cTp 18-19)

8. [NepoKcucomMbl pasnaratT a4bl, aMUHOKUCAOTH U AMNKMAL
(HUPHBLIE KHCNOTbI).

9. l'uzocombl paznaratoT oTXo/bl.

10. LleHpvonu noMOrawT KNeTHe 1eNUTLCH.

11. UuTonnaama — weneobpasHana MUAHOCTh.

12. MembBpaHa HNeTHW 3allMaeT ee.

13. MNopbl, Yepes KoTopble MONeKyNLl MOTYT NonaaaTh B KNETHY MK
BLIBOAWTLCH W3 HEE.

AsTop: Kamunno lonbmpru
OTKpbiTHE: AnnapaT Fonbaku
lopa: 1898

KIETKN YEPHBIM, YTOGBI MOMHO Gbl/IO KAK CrIeyeT PACCMOTPETb HEAPOHE! MO/
MUKPOCKOMOM. B MOAKpaLLIEHHbIX KNeTKaX 6Gbif1a BUAHA FPyrna «iMCKOB» BHYTPU
KNETKM — OpraHen/ibl, KOTOPbIE Mbl CETO/HS Ha3biBaeM «annapatom [oMbmKmy.

- Bnocnejctauu 3a cBoe u3ydeHue moara ['onbmpku nony4un HoGenescKyto npemuio.

OTKPbITUE




AOBepbTeCh CIeHAANCTY

V Hac COTHH THIIOB KAETOK, KAKABIIT
M3 KOTOPBIX HIPHCITOCODACH AASL OTIpE-
AeaeHHOI pyukma. Kaetkn SITHTE-
AHS, HATTPHMEP, OOAETAIOT ITOBEPXHO-
CTH TE€AA — KOKH, TKAHEH 1 OPTAHOB.
B 3aBucumoctu ot cBoen paboTel OHI
MOTYT OBITh TAOCKHMH, KYOHYECKIMH
HAW HTHAHHAPHYCCKHMHE C BOAOCKAMH
Ha KOHIIE.

CTBONTOBAH

" KJIETHKA
~ KOCTH

HPACHAR
HPOBHAHAHA
HMNETHA

HEPBHAH
KNETHKA
(HEWPOH) .

KNETHA
rNAQKOM
Mbl LWL

UHNMMHAOPUYECHHME
HNETHK 3MHUTENKA

NONOBLIE KNETKWK:
ANLEKNETKA

CNEPMATO30UA

KneTku B cpeaHeMm ObiBaOT pazmepa
0,025 MM B nonepe4yHuKke. Caman
Bonkllas KneTHa B opraHiaMe —
AHLEKNETHA — pa3MepoM NpUMepHo
C TUNOrpadCKyo TO4YRY.




Kak KAeTKH AeAdTCA

TeAo IIPOU3BOANT HOBBIE KAETKH — OAArOAAPA 9TOMY MBI PACTEM, 4 TAKIKE
3aMEeHsAEM ITOBPEKACHHBIE U OoTMepIIHe KAETKU. [IpoAoAKITEABHOCTD KU3-
HU Y Pa3HBIX KAETOK HEOAUMHAKOBA. HekoTopsie OeAble KACTKH KPOBH KH-
BYT BCEI'O HECKOABKO YaCOB, 4 KACTKHU SIUTEAUSA KUIIECYHUKA — OKOAO IIATH
AHEH. XPYCTAAUK 3pavKa HE MEHAETCA BCIO HAIIY YKU3HD.

Cxonupyi sro!

DOABIIIIHCTBO HOBBIX KACTOK TEAA (JEPH.S_‘E.?TUTCH BO BpEMA

IIPOIIECCA, KOTOPBIH HA3BIBACTCA «<MHUTO3». OH IPOU3BOAHT
TOYHBIE KOITMH TeHeTHIecKoro marepuasa. Mcekarouenne —

Y Kaxxpo#
M3 JOYEePHUX KNEeTOoK
eCcTb COOCTBEHHAan

membpaHa

HOAOBBIE KAETKH (CM. cTp. 108). OHH AOAKHBI COAEPKATE pana,
N HanoNHeHHas
TOABKO IIOAOBHHY T€HETHYECKOTO MATEPHUAAZ, 4 HE IIOAHBIH it

€ro HaOOP, TOITOMY OHH HCIIOAB3VIOT APYTOH METOA — MEHO3.

HneTtHia conepHmT OHH,
COCTOALLYIO U3 46 «eMHUYHbIX»
XPOMOCOM.

Mpewae 4em KNeTka HavyHer
nenexue, oHa Honupyer AHK
B fiApe, CO3AaBan TakMMm
obpa3som 46 «1BOHHbLIX»
XPOMOCOM.

3TOT PUCYHOK NOKa3bIBAET, KaK
nenuTca Knetia. Hamayo MUHYTY
ATUM 3aHATLl NpumepHo 300 MAH
KNETOK B BalLEM Tene.

MemBpada ajpa nonaetcs,
B KneThe hopMUPYIOTCH HUTH,

M XPOMOCOMBI BEICTPaKWBAKTCA
MO 3TAM HHTAM,

HWUTK pacTacKMBaloT YyABOUBLIWECH
XPOMOCOMBI Apyr OT Apyra

K NPOTUBONONOMHBIM KOHLAM
KNeTHK. BoKkpyr Kamaoro

Habopa «eUHHYHLIX* XPOMOCOM
dopMUpyeTcA HoBas MeMBpaHa.

Knetka nonaetcs nononam,
0Gpas3ys BE HOBLIX HNETHM.
B Hamaol ecTb AP0

C MOAEHTUYHLIM HaBopoMm
13 46 XxpoMocom.

Mpu genelnu
KNeTKWU 3Ta KNeTKa
Ha3blBaeTcH
«MaTepPHUHCKOW».
OHa pazpenuTtcsa
Ha ABe «J04epHUX»
KNEeTKH.




Haxaad
U3 JOYEpPHUX
KNeToK -
TOYHadA Konu4
MaTEepPUHCHKOM,
C No/MIHbIM HABopOM
AHRK B Aagpe.

BAXHEWLUEE
OTKPbITUE

MorymecrBeHHbIE OeAKH

KAeTKka COAEPKUT BEMIECTBA, KOTOPHIE
HA3BIBAIOTCA «OeAKkU». Hekotoprie 13 HUX,
HAIIPUMEP KOAAATEH, ITOMOIAI0T CTPOHUTH
BHYTPHKACTOYHBIE OPTAaHEAABL APyTHE — 9H-
3UMBI — OTBEYAIOT 32 XMMHYECCKHE PEAKIHI
BHYTPH KAETKH. DBIBAIOT OEAKH, IEpeAato-
IIIIE€ CUTHAABI MAW ATOMBI BHYTPH KAETKH
HAM MEAKAY KACTKAMU.

Monekynbl KonnarexHa
CNAETAOTCH «BETBAMM»,
[Mony4aetca AnMHHas
W NPOYHEA TPOKMHAA cnUpans.

ABsTop: Banbtep ®nemMmuHr
OTKpbiTHE: MHUTO3
lopa: 1878

CyTb: HemeuKui y4eHbih BanbTep ®neMMuHr nay4yan KNeTku casamMaHpbi
M KaKk oHU aenatca. OH 3amMeTun HUTEBUAHbIE CTPYKTYPbI (XPOMOCOMbI), KOTOPbIE
aKKypaTHO AENUNUCh MEeX Ay ABYMSA HOBbIMK KIETKAMK — XOTH OHW NpeacTaengaioT

CcOOON TOYHbBIE KOMWHK APYT Apyra, OH He 3Hall. dnemMUHr Ha3Ban JelieHHne KNeTHu
«MHUTO30OM» — OT TPEYECHOIo C/10Bd, 03Ha4aloWwero «sH1UTb».

A Tbl 3HA, YTO... Kaxayio MUHYTY Mbl Tepsem 30-40 ThiCAaY KNEeTOK anuaepMuca KOXMH...
n nponssogum 30—-40 ThiCAY HOBbIX KIETOK UM Ha 3aMeHy.




Tkagm

[To OTA€APHOCTH KAETKAM BBIKHBATH TPYAHO, IIO3TOMY OHU OOBEAUHAIOTCA, POP-
MUPVA TKAHHA. YeTbpe OCHOBHBIX BUAA TKAHEH — MYCKYAbHAA, SIIUTEARAABHASA, CO-
CAMHHUTCABHAA U HEpBHAA. Bcem TKaHAM HYKEH IIPUTOK KPOBH, YTOOBI AOCTABAATE
IATATEABHBIC BeIecTBa. Kak IpaBuAO, TKAHU IIPOHU3AHBI HEPBHBIMH BOAOKHAMM,
KOTOPBIE TTO3BOASIOT YYBCTBOBATH OOAD.

IATOT CHUMOK, CAENaHHbIK
CKAHUPYIOULMM 3NEKTPOHHBIM
MWUKPOCKONOM, NOKa3kbIBAET THAHM,
oBpa3syouwmMe 060N0YKY TOWENR HULLKMK
(YACTH TOHHKOTO KUIWWEYHUHKA).

@yHknu TKaHen

MyckyAbHas TKAaHD ITO3BOAAET HAM ABUTATHCHA. DIIUTEAH-
AABHASl OOTATUBAET U 3aIIHINaeT Opra’el. CoeAMHUTEABHASA
VAEP/KHUBACT OCTAABHBIE TKAHU U 3amuiiaeT ux. Hepsuas
COCTOUT M3 HEHPOHOB, IIEPEAAIOIITUX COOOIIEHHIE OT KACTKH
K KAETKE, H U3 TAHAABHBEIX KACTOK, AOCTABASIOIIUX K HUM
KICAOPOA U ITHTATEABHBIE BEIIIECTBA.

FMAOKAA MbILWWEYHAR THAHb
B opraHax HecKONbLKO TUMNOB

THaHW paboTawT BMecTe. Henyaox
COAEDMMT MadkHe MellUbl, 3NUTENKHA,
COEAMHUTENBHYIO M HEPBHYIO THaHb
M KpoBb.

i i

Cnusucrtan
obono4yKa obpasyercs
U3 anuTenuManbHoOn
TKaHWu. B HeH copep-
XKATCA Menes3bl U KNeT-
KW, Bblgensatouue

HPOBb INUTENHUANBHAA THAHDL

AsTop: Mapu-®patcya-Keasbe buwa
Toa: 1800

CyTb: DpaHLysckuit aHaTom Mapu-®parcya-Kcasbe Bulia 0AHUM U3 NepBbix
NPEeANoOoXMA, 4TO OpraHbl 06pa30BaHsl U3 NPOCThIX TKAHEN C Pa3HbIMM
‘yHKUMAMHU. B cBOEM «TpaKTaTe 0 Mem6paHax» (1800) oH naeHTUdULIMpPOBan
21 T!n TKaku. Mpu 3ToM Buwa pa6otan 63 MUKPOCKONA U He BUAE, YTO TKaHU
'COCTOAT U3 KNIETOK.

BAMHEMWLLEE
OTKPbITUE




JKuAKast TKaHb

Kposs (cm. ctp. 60-61) Toke cumraeTcst THIIOM TKa-
HH, IIOTOMY 9TO COCTOHMT M3 PADOTAFOIITUX BMECTE
KAETOK PasHBIX THIIOB, CpeAn ee MHOTOYHCACHHBIX
(OYHKIIMIT — AOCTABAATH ITUTATEABHEIE BEITIECTBA

1 VHOCHTD OTXOABI, 2 TAKAKE TOAAECPKHBATD TTOCTO-
SHHYIO TEMIIEPATYPY TEAA.

HpGEh CoAepHHUTCH B KPOBEHOCHBIX
cocyfax, BMAWMMbIX NOA
MUKpOCHKONOM. CTEHKM

COCYAOB COCTOAT M3 TNaiHKux
H COEQMHWTENBHBIX MbILLL.

Cnoi coeguHu-
TeNbHOW TKaHU NUTaeT
3NUTENUANbLHYIO TKaHb

U NPUKpennserT ee

Cno# rnagKux Mol K MblLUEYHOM.
npoTankKueaeT NepesapeHHyIo
NALLY NO TOHHOMY KULEYHUHKY.
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