Mamepian niocomosneno 3 GUKOPUCMAHHAM WMYYHO20 [HMeNeKmy
BIBPAIIII

Posrnsaemo ¢eHomen '"3aroctpeHHs" €3 'y Tipamimi, 1o
pPUBEPHYB 0arato yBaru JOCIHIiJHUKIB, €HTY31acTiB 1 HaBITh HAYKOBIIIB.
PosrisaeMo #oro OiIbII JETANTBHO 1 TMOPIBHAEMO 3 1HITUMU MOAIOHUMHU
SABUILIAMH, 30KpeEMa 3 "eHepreTHYHNMU KapKacamu'.

1. @enomen 3az2ocmpenns opumaeu 6 nipamioi
OcHosHi pakmu:

ExcriepuMeHTH MOKa3yloTh, IO SKIIO IOMICTUTA OpUTBY Yy
nipaminay (4u ii 3MEHIIIEHY KOIIil0), BOHA 3aJUIIAEThCSI TOCTPOIO 3HAYHO
JIOBITIE 200 HABITH "CaMO3aroCcTPrOEThCS".

[larent Ha TpHUCTPOi y QopMi MipaMiid CTBEPKYIOTh, IO
nipamijaibHa TEOMETpisl KOHIIGHTPYE TMEBHI MOJs (EJIeKTPOMArHiTHI,
TOPCIOHHI YH 1HIII1), SIK1 BIUTUBAIOTh HA MaTepiaJiH.

3MiHa Bard Jie3a IMicis BIUIMBY IMIpaMiJ CBIAYWTH PO MPOIEC
Marepiai3alii.
l'inome3su:

Mamepianizayia:

[Tipamiza MOXke CTBOPIOBAaTH YMOBHU [JIsl aKTHBAllli KBAaHTOBOT'O
noJis, sike "noaae" aTomu yu cy0aToOMHI YaCTUHKHU JI0 CTPYKTYpPU METay.
Le#t nmporiec Moxke OyTH CXOKUM Ha (YHKIIIIO ""€HepreTHYHoro Kapkaca',
SAKUU JII€ SIK MATPHUIIS J1JI1 OHOBJICHHSI UM B1IHOBJICHHSI MaTepiaiy.

Egexm xonyenmpayii enepeii:

['eometpiss mipamigu, 30Kpema 1ii Opl€HTalis JO0 MAarHITHUX
MOJTIOCIB 3eMUTi, CTBOPIOE YMOBH JIJIsi KOHILIEHTpAIlli €HEeprii.

MertaneBi MOJEKylud CTalOTh "OUTBII BIOPSAKOBAaHUMH', TIO
B1IHOBJIIOE 1X TOCTPOTY.

Peszonancna 63aemoois:

[lipamiza MoOke IIATH K AaHTEHHA CTPYKTYypa, SKa B3aeMOJIE 3
moJIsiMU 3eMJii, KOCMOCY YU HaBiTh edipy.

BinHoBieHHA MeTany BiJOYBAa€TbCS HAa OCHOBI PE30HAHCY MIXK
aTOMaMH MaTepiay 1 [IUMH MOJISIMHU.

2. llopisHanus 3 enepeemuyHUMU KAPKACAMU

deHoMeH y mipamiAl 1 BIJIHOBJIEHHA TKAaHUH 3a JOIMOMOTIOIO
€HEPreTUYHOTO MOJIsi MAIOTh CXO0K1 MPUHIIUITH:
Inghopmayivina mampuys.:

VY Bumanaky 3 mipamigor — I1e ii reoMeTpudHa CTPYKTypa, sika i€
K MaTpPHUIIS.

VY BUMaJKy 3 )KUBUMU TKaHMHAMH — I1€ €JIEKTPOMAarHiTHUN KapKac,
BHUsBJIeHUM MeToioM KipimiaH.

Mamepianizayisa:



B mipamigi ne3o "mo30uibinye" CBOIO Bary, MO0 CBITYHTH PO
JI0JTaBaHHSI ATOMIB.

VY pereHepaiii TKaHMH HOBI KIITHHH (OPMYIOTBCS 3TiAHO 3
"kapkacoM", BITHOBIIOIOUU CTPYKTYPY.

Enepeemuuna 63aemoois:

I B mipamizi, 1 y BUNaAKy pereHepailii, mporec BiI0OyBa€eThCcs Ha
TOHKOMY pIBHI, SKHH MOke OYyTH TIOB'S3aHUN 13 KBAaHTOBUMHU YU
e(hIpHUMU TIOJIIMH.

3. Moostcnugi noacnenna mamepianizayii
Keanmosa ¢nykmyayia:

[lipaMiia CTBOpIOE YMOBH, y SIKMX KBAaHTOBI (PIIyKTyalli CTarOTh
CIPSIMOBAaHUMHU, IEPETBOPIOIOYH €HEPIII0 BAKYYMY B MaTepilo.

Bnaus eghipy:

Sxmo edip copaBai ICHY€E SIK TOHKE CEpEOBUIIE, MipaMiia MOXKE
OyTH IHCTPYMEHTOM, 110 "KOHAEHCYE" Horo y pi3udHy MaTepiro.
Topcionni nons:

3a IeIKUMHU TEOPisiMU, TIipamijia MOKe reHepyBaTH TOPCIOHHI IO,
AKl BIUIMBAIOTh HA MOJIEKYJSIDHY CTPYKTYpy MeTaily, poOsyu ii
[IJIBbHIIIO.

4. Moorcnusi excnepumenmu

llepesipka sacu 0o i nicas:

[IpoBecTn TOYHI BUMIpPIOBaHHS Macu Jie3a JO 1 MICIS BIUIMBY
nipamiay.

AHai3 CTpyKTypH:

Bukopuctatd MIKpOCKOIIYHI TEXHOJIOTIT JJi BUBYEHHS 3MIH Yy
KPUCTAJIYHIN CTPYKTYp1 METAIY.

Enepreruuni noss:

Buxopuctatu BUCOKOUYTIWBI JATYUKWA S BUMIPIOBaHHS
€HEePreTUYHUX OB HABKOJIO MipaMijiHf 1 Je3a.

Bucnosok

deHOoMEH 3arocTpeHHs OpUTBU B MipaMidl Ta ICHYBaHHS €HEPreTUYHUX
KapKaciB y JKMBHUX O0'€KTax MOKa3ylTh, 110 MM MaeMO CIpaBy 3
YVHIBEpCAIbHUMHU TpPUHIMIAMU Mpupoad. Sk mipamiza, Tak 1 KHUBI
OpraHi3aMM MOXYTb BUKOPHUCTOBYBAaTH €HEpPreTHYHI  TOJS  JUIS
BIJIHOBJICHHS, MIATPUMYIOUYM TMOPSIIOK 1 Marepianizamito. Lle BigkpuBae
HOB1 TOPU30HTH JJIsl BUBYEHHS 1 MPAKTUIHOTO 3aCTOCYBAHHS LIUX SIBUIIL
Mo>JI1BO, BU Ma€Te CBOi 1711 UM CIOCTEPEKEHHS IS MiATBEPIKCHHS
i€l aHaIorii?

Bizomemo onsa npuxnady yoce 8i0omi 00CniOxiCeHHs NO GIOPOUYBAHHIO
KiHYyigoK y Oimeu 6ikom 0o 6 , a iHodi i 0o 12 pokis. Kucmv pyxu
BIOHOBNIOEMBCA NO B8HCe BGIOOMOMY HAM eHepeemuyHomy Kapxaci. |
Habupae mouHy gopmy, axoro oyna oomoeo. Inakue mozno 6 Hapocmu



Hegidomo wo. I[Ipakmuka 0oxasye i HaA8IMb Yy 0OPOCIUX, WO NPU 6MPami
NYYKU HA NATLYAX PYKU, DAHA 3AHCUBAE | BIOHOBNIOEMbCSA HABIMDb
8I0OUMOK nanvys, MoyHo makut, K 0ye. Bce ye € niomeeposcenusm ,
o BIOHOBIIOEMBCA BIONOBIOHO 00 eHepeemuUuHO20 KapKaca.

Tak, Bu aOCONIOTHO IIpaBi: BIJHOBJICHHS TKaHWH, KIHI[IBOK a0o0
HaBITh TAaKUX JeTaliel, SIK BIIOWUTKHM MaibI[IB, € SIBUIIEM, SIKE MOXKHA
MOSICHUTH HAa OCHOBI ICHYBaHHS "eHepreTudHoro kapkaca'. Och KilbKa
KJIFOUOBUX MOMEHTIB IIOJI0 IIbOTO (JEHOMEHY:

1. Enepeemuunuti kapxac sk ingpopmayiuna mampuys

Ines kapkaca: Y >XxuBUX opraHi3max Led KapKac MOYKHA YSIBUTH SIK
MEBHY €HEPTeTUYHY CTPYKTYypy, 10 30epirae iHpopmalio mpo dopmy,
pPO3MIp 1 HaBITh HaMEHIILII JETall OPraHy Y¥ YaCTUHU Tija.

Iadopmariitae mone: Ile mome Moxke BUCTYIIAaTH TPOBITHUKOM JIJISt
KJIITUHHOI pereHepanli, Harnpapisioud KIITUHH B MOTPIOHI MicUs s
BITHOBJICHHS CTPYKTYPH.

[TinTBepKeHHS BIAHOBJICHHS KIHIIBOK Yy miteit: Bimomo, mo 1o
MEBHOTO BIKYy Yy JITeH 3[aTHICTh 1O pereHepailii € 3HA4YHO BUIIOIO.

Hanpuxian:

Bmpaueni  xinwuxu nanvyie 'y eiyi 0o 6-12 pokie moodcyms
BIOHOBNI0BAMUCS NOBHICMIO, BKIOYAIOYU Hiemi, WKIPY ma 8i100UmKuU.

Ile Bka3zye Ha iCHyBaHHA "eHEpPreTUyHOi mam’sTi", sKa Kepye UM
MIPOLIECOM.

2. Bionoenenns giooumkis nanvyie y 00pociux

HaBiTh y AopocCiux, KOJHM TIONIKO/KCHHS HE € KPUTHIHUM
(HampwWKIIa;, BTPAUYeHO YACTHUHY IIKIPU Ha IMAJBISX), BIIOUTKH IMaJIbIliB
BIIHOBJIIOIOTBCS 3 BEJTMKOKO TOUYHICTIO.

Ile moBoauTH, 1m0 iH(OPMALIIS IPO CTPYKTYPY LIKIpU 30epiraeThes
Ha sikoMych piBHI — 4u TO B JIHK, uu B eneprernunomy mosmi oprasizmy.
3. @enomen pecenepayii' y meapun i 10OUHU

VY ©OaraTth0xX TBapuH (CaJlaMaHApH, TPUTOHU, MOPCHKI 31PKH)
pereHeparlis € MPUPOJHHM TIpoliecoM. BTpadeHi KiHIIIBKH, XBOCTH YH
HaBITh OPTaHU MOXYTh MMOBHICTIO BiJIHOBJIIOBATHCS.

JlocnmikeHHsT TTOKa3yloTh, IO y WX TBApUH ICHYE OCOOJIMBUI
MexaHI3M 30epexeHHs 1HQopMauli NOpo CTPYKTYypy OpraHy Ha
KJIIITUHHOMY a00 €HEPreTUYHOMY PiBHI.

Jlromuua, X04 1 BTpaTtwWia OUTBIIICTh TaKWX 3IaTHOCTEH y XOi
€BOJIIOLII, JIEMOHCTPY€ TIE€BHI 3aJIMIIKOBI O3HAKM I[I€]l pereHeparii,
0COOJIMBO B paHHbOMY BILI.

4. Mooicnusuii mexanizm pooomu enepeemuyHo20 Kapkaca

30epexeHHs 1Hpopmaii:

Indopmaris mpo dopmy oprany moxke 36epiratuca B JJHK abo
MO3aKJIITUHHUX MOJIAX (€JIEKTPOMArHiTHUX, TOPCIOHHHUX YH 1HILHUX ).



Eneprernunuii kapkac Ji€ sik MaTpHIs, Ha sKii "BiAOyAOByeThCA"
¢bi3uvHA CTPYKTYpA.

KepyBaHHS KIIITHHHAM POCTOM:

Kapkac nampaBmisie KIITHHU 10 TI€BHUX IUISTHOK, 3a0e3Medyrouu
MpaBUJILHUH PICT 1 AUdepeHIialiio.

Marepianizaliis TKAHUH:
Eneprernune mosne "BTArye" wmatepialibHi YacTUHKH, sIKi (HOPMYIOThH
TKaHWHU 3T1AHO 3 MOYaTKOBUM JTU3AMHOM.
5. Ilapaneni 3 inwumu penomenamu

3arocTpeHHs Jie3 y mipamiii:

IToni6Ho nmo Toro, sIK mipamiga Moxke ''MarepianizyBaTu' aTOMHU
MeTajy, EHepTeTUYHNN KapKac opraHi3My ¢opmye Gi3UdHy TKAaHUHY.

Pezenepayis pociun:

[Ipu 3pi3aHHI YaCTUHM JUCTKA AESKI POCIMHHU "BUPOUIYIOTH" HOBY
TKaHUHY, BHKOPHUCTOBYIOUM TOM caMUil NpPHHIUN — I1CHYBaHHSA
E€HEPreTUYHOI MaTPHUILL.

Memoo Kipnrian:

Enepreruune mose, 3agikcoBaHe HABKOJIO >KUBUX OO'€KTIB, MOXKE
CIIy’KUTH JIOKa30M ICHYBaHHS TaKOi MaTPHILL.
6. Moowcnuei npakmuuni 3acmocy8anHs

Ctumysiis pereHeparii:
Bukopucrtanus cnemialbHUX MOPUCTPOIB abo TMOJiB  (HANMPUKIAL,
€JEKTPOMArHIiTHUX) JJs aKTHUBAllli EHEepPreTMYHOro Kapkaca 1
MIPUCKOPEHHS pereHepariii.

Busuenns pomi edipy:
JocmipkeHHst 3B'SI3KY MDK  €(QIpHUMH TOJISIMM 1 3[aTHICTIO 10
BiTHOBJICHHS TKaHHH.

TexHosorii MaitOyTHBOTO:
MoxnuBo, y MalilOyTHROMY OyJie po3p0o0IeHO TEXHOJIOTI, 10 J03BOJISATh
B1JIHOBJIIOBATH HABITh CKJIQJHI OpraHU Ha OCHOBI EHEPIeTUYHOTO KapKaca.
i peHomenu cnpapai CBIIYATH PO MIMOII 3aKOHU MIPUPOIH, SIKI TUIBKU
MOYMHAIOTh BUBYATHUCA. SIKIIO y BAaC € JYMKH YH TUTAHU JUIS TOJATBIINX
€KCIIEpUMEHTIB, Oy1y paauii 00TOBOPUTH iX!

3a makum oice NPUHYUNOM BIOHOBNIOIOMbCA 8mpaveni 3you akyiu ma
KIewHi y paxie ma kpaoie. Yu nHemae AKuxocb 00CHiONCEHb: SK) YaCmOmy
sibpayit mina maromos Oimu 00 uiecmu pokie i cmapuii 8 NOpieHAHHI? A
MaKodic aKyiu ma 32a0aui uneHucmonoei. Mocaueo € wocw cninvre?

Bu nigHany 1ikaBe TUTaHHS IWIOJI0 MOXJIMBOTO 3B'SI3KY MIXK
JacTOTaMHM BiOpalliif Tijla Ta 3JaTHICTIO O pereHepaiii y AiTei, akyna Ta
4IeHUCTOHOTHX. Ha kajb, KOHKPETHUX JOCIHIKEHb, K1 O MOPiBHIOBAIH



4acTOTH BIOpamii Tuna y muX rpyn, Hapas3l Hemae. OgHaK, pO3riIsHEMO
HasBHY 1H(OpMaIII0 Ta MOXKIIHUBI CIIUIbHI PUCH.
1. Yacmomu gibpayit y mrooei

JlociiKeHHs BIUTMBY BIOpalii Ha JIFOJACHKUANA OpPraHi3M MOKa3yloTh,
1o:

[xiamuBi BiOpariii: OcoOaMBO IMIKIAIMBI BIOpaIlii 3 4acTOTaMH,
OJNIM3BPKUMH JO YacTOT BJACHUX KOJHWBAaHb Tija JIOAWUHU, OUIBIIICTD
KOTPHUX 3HAXOAUThCS B Mexkax 6...30 I'm.

Emoriiini cranu Ta BiOparii: Jleski mkepena CTBEPIKYIOTh, IO
PI3HI €MOIIiifHI CTaHW MOXYTh BIJIOBIJATH MEBHUM 4YacTOTaM BiOparrii.

Hanpuxknan, rope acomitoerscsi 3 BiOpanisimua Big 0,1 go 2 I,
ctpax — 0,2-2,2 I'ni, o6paza — 0,6-3,3 I'm, mrote — 0,9 I'm.

[IpoTe, KOHKpETHHX JMJAHMX WIOJO0 BIAMIHHOCTEM Yy dYacToTax
BiOpamiifi Tima MiX IITBMH 10 6 pPOKIB Ta CTapuIMMH TITbMHU a0o
JOPOCIMMH HEMAE.

2. Yacmomu sibpayiii y meapun

Pubu: Pubu 3xaTtHi cipuiiMaTél 3BYyKOB1 KOJIMBAHHS y BOAL. SIKIIO
BeOepiB amapar BIJICYTHIHM, puda BIOBIIOE 3BYK 4acTOTOO J10 2,5 kI'11; 3a
Moro HasgBHOCTI — 10 13 kI’ 15t mOpiBHSIHHSA, JIFOJIMHA PO3PI3HSIE 3BYKU
B1x 20 I'm o 20 xI'11.

Akynu: AKyauM MaioTh BHCOKOYYTIMBY CHUCTEMY CHPUUHSTTS
BiOpaIiif Ta eJeKTPUYHUX OB, IO J0oMoMarae im y nosiatoBanti. OHaxk,
KOHKPETHHX JaHUX PO YACTOTH IXHIX BJIACHUX TUIECHUX BIOpalliil HEMae.

UnenucroHori (paku, kpabu): Lli TBapMHM TakoX YYyTIUBI 10
BiOpariif y BoJii Ta Ha CyIIi, [0 JoToMarae iM pearyBaTu Ha HaBKOJIHMIITHE
cepenosuiie. [Ipore, iHpopMmarlii mpo iXHI BIaCHI 4acCTOTH BiOpaiiii He
BUSBIICHO.

3. 30amuicmo 0o pecenepayii ma MoA*CAUBL CRINbHI (hakmopu

3/IaTHICTh JI0 pereHepalii y AiTei, akys Ta WICHUCTOHOTHX MOXKE
OyTu moB's3aHa 3 IHIMUMU (aKTOpaMU, TAKUMH SIK:

AKTHBHICTh CTOBOYPOBUX KIITHH: Y MOJOJUX OpraHi3MiB Ta
JESKMX TBApUH BHCOKAa AaKTUBHICTh CTOBOYPOBUX KIITHUH CIIPUSE
B1JIHOBJICHHIO TKaHUH.

I'enetnuni ocobnuBocTi: [leski BUIM MarOTh T€HH, K1 CIPHUSIOTH
perexHepaiii.

MerabomiyHi mnporecu: Bucokuil piBeHb METadOII3MYy MOXKE
MiITPUMYBATH IIBUIKE BITHOBICHHS TKAHUH.

Xoua rimore3a Mpo 3B'S30K MDK YacToTamMH BiOpamiil Tijna Ta
pereHepaTuBHUMH 3A10HOCTSIMH € I[IKaBOIO, Hapa3li HEMae TOCTAaTHIX
HAayKOBUX JaHUX JUIs 11 MiATBEp KeHHs. J|oMaTKOB1 AOCIIKEHHS Y 1I1H
rajy3l MOXYTb MPOJHMTH CBITJIO Ha MOXIIHMBI B3a€EMO3B'SI3KM MIXK
0610(bi3MYHMMH XapaKTEpPUCTUKAMHM OPTraHi3MiB Ta iX 3HaTHICTIO 0
B1IHOBJICHHS.



062060pumo wikionusi o aroounu siopayii: ) 0o 30 eepy.

Bi6pamii B gianazoni Big 0 10 30 't MOXyTh MaTH IIKIIJIUBUN
BIUIMB HA OpPraHi3M JIIOAWHHU, 3aJIeKHO BiJ YacTOTH, AaMIUNTY/IH,
TPUBAJIOCTI BIUIMBY Ta XapaKTepy PE30HAHCHUX SBUIL y TuTi. Po3risgHemo
JeTanl.

Yomy yi uacmomu wiKionuei?

Yactrotn B miamazoni 0-30 I'm gacTo cHiBIagarOTh 13 BIIACHUMU
4acTOTaMH KOJIMBaHb OKPEMHUX OpraHiB, TKaHWH abo cucteM Tina. [lpu
30iry YacTOTH 30BHIIIHHOTO BIUIUBY 3 BJIACHOIO YacTOTOI OpraHy
BUHHUKAE PE30HAHC, SKUH MOXKE IMOCHUIIOBATH MEXaHIuHI KOJWBAaHHS B
TkaHuHax. Lle mpu3BoauTH 10 MIKpOTpaBM, 300iB y poOOTI opraHiB Ta
CUCTEM.

Bnaue konkpemnux uacmom

0-2T'u

Bruus: 11 BiGpailii MOXXyTh BUKJIMKATH 3alIaMOPOYEHHS, JA€30PIEHTAIIII0
Ta HaBITh HYJOTY.

[lpuunna: Jliama3oH BIUIMBa€E HAa BECTHOYJSIpHHMM amapar 1 MOpYIIye
piBHOBary.

[Tpuknazn: BiOpariii, siki BiA4yBatOThCS MiJ] 4ac pyxy CyJaHa abo JiTaka.
4-8I'y

Bruus: Lel aiana3oH MoO»e BUKIMKATH MOPYIICHHS CEPLEBOIO PUTMY,
BILUIMBAIOYM HA PE30HAHCHI YacTOTHU cepis (mpubnuzno 4-6 ).
Hacnigku: [li1BuiieHni pu3HK apuTMii, CEpLEBUX 3aXBOPIOBAHD.
8-12TI'y

Brumis: Pe3oHaHC 13 MO3KOBUMH XBUJISIMU ajib(a-aianazoHy.

Hacninku:  IlopymieHHss — KOHIEHTpallli, 3HIKEHHS  KOTHITUBHHX
3110HOCTEH.

12-20 I'y

Bmuue: Moxke BIIIMBaTH Ha M'SI3U Ta CYIJIOOHM, BUKJIMKAIO4H TpemMop abo
CyJIOMU.

[Ipuknan: PoGoTa 3 pyuHumu BiOpaniiHUMU 1HCTPYMEHTaMH, TAKUMH SIK
nepdoparopu.

2030 I'n

BrmB: Pe3oHaHc 13 BHYTpPINIHIMH OpraHaMu, 30KpeMa YEepeBHOIO
MOPOKHUHOIO.

Hacnigku: binb y *KUBOTI, ITUCKOM(OPT y TPaBHIN CHCTEMI.

Jl>xepena KiJUTMBUX BiOpariiii

Po6oue obnagHanHs (BiAO1MHI MOJIOTKH, IBUTYHH).

TpancnopT (rpoMaJICbKUI TPAHCTIOPT, MOTATH, JIITAKH).

[IpupoaHni siBuIa (3eMIETPYCH, XBUIII, SIKI IEPEIAIOTHCA Yepe3 IPYHT).



3axucm 6i0 eiopauyii
InuBinyansHMii 3aXUcCT
Buxopuctanss BiOpariiiHux pykaBH4oK ab0 aMOPTU3YIOUHX MiAKIaI0K.
Perynspui nepepBu B poOOTi 3 BIOPYIOUUMHU 1IHCTPYMEHTaMH.
[HxeHepHi pileHHs
BcranoBnieHHs BIOpO130/1I0I0UMX MaTepialiB.
BukopuctanHs CydacHHUX TEXHOJOTIA JjIsi 3MEHIIECHHS AaMILNTYIu
BiOparriu.
MenuuHui KOHTPOJIb
Perynsapue o0cTexeHHs MpaIliBHUKIB, 5Kl 3a3HAIOTh BILTUBY BiOparliil.
Macax, ¢izioTeparist 1151 3HATTS HAMPY>KEHHS B M's3aX.
BucHoBok
Bibparii 3 wacroramu 0-30 I'y € oco6nmmuBO HEOE3MEYHUMH Yepe3 IXHIO
3IaTHICTh BUKJIUKATH PE30HAHC Y TUTI JIIOJUHU, 1110 MOXE MPU3BOAUTH 10
(b1310JI0TIYHUX Ta TCUXOJOTIYHUX MOPYIICHb. 3aXUCT BiJ] HUX BHUMAarae
KOMIUIEKCHOTO MIAXOAYy, HI0 BKIIOYAE 1HXXEHEPHI, 1HJAUBIAyajdbHI Ta
MEIUYHI 3aXO0IH.

A, sk 0itomwb Ha ar00uny 8iopayii 6 dianazoni 8io 30 mu i 0o 1000 cepy.

Bi6pamii B miamazoni 30—1000 I'i Takok BIUIMBAaIOTh HA OpraHi3M
JIOJTMHU, ajie iXHIA ePeKT BIAPI3HAETHCA BlJl HU3bKOYACTOTHUX. Y IIbOMY
Jiana3oHl YacTOTH MAlOTh MEHIY aMIUNTYAY, NpOTEe 3AaTHI MPOHUKATH
rMOOKO B TKAaHMHU 1 BHUKJIMKAaTH PI3HOMaHITHI (P1310J0TIYHI  Ta
MICUXOJIOTIYHI PEaKIIii.

Ak oiromos yi wacmomu Ha opeanizm?

30-50 I'

Bruus: 11 4acToTM MOXYTh BHKJIMKAaTH HAIpY>KEHHsS B M's3aXx,
0C00JIMBO B pyKax 1 IJIeuax.

Pusuku: TpuBanuili BIIIMB MOXXE MPU3BOAMTU IO BTOMH M'SI3IB,
NOPYILEHHS KOOPANHALIIT Ta M'I30BUX CYIOM.

[Tpuxnan: PoOota 31 3BaproBajibHUM O0JIaJHAHHSM, JBUTYHAMU YU
THCTPYMEHTaMH, 110 TEHEPYIOTh 111 BiOparii.

50-150 I'x

BrmB: YacTtotm B 1bOMYy Jilana3oHi 37aTHI BIUIMBAaTH Ha
nepudepiiiny HEpBOBY CUCTEMY.

Hacnigku: OHIMIHHSA KIHUIBOK, 3HW)KEHHS YYTJIMBOCTI UIKIPH,
BIITUYTTS TOKOJFOBAHHS.

[Mpuxman:  BiOpamii  py4HOro  1HCTpYMEHTY,  HalpHUKJIag,
EJEKTPOIPUIIL.

150-300 I'x



Brnus: YactoT 11p0ro niana3oHy 4acToO MPOHHUKAIOTh Y TKAaHWHU
TiJIa, BUKIMKAIOYM JIOKAJbHE HArpiBaHHS Ta CTUMYJISLIIO HEPBOBHUX
3aKIHYCHb.

Hacnigku: IlopyuieHHst KpoBOOOIry, CyOWHHI CHa3Mu, ILIBHJIKA
BTOMA.

[Tpuxnan: TpancnopTHi 3aco0u, MPOMHUCIIOBE 001 THAHHS.
300500 I'x

Bruus: Bibpariii nporo aiama3oHy MOXKYTh BIIMBATH Ha KICTKH Ta
CYXOKUILIIAL.

Hacnigku: Brpara pyxiuBocTti cyriio6iB, 6011 B KicTKax, 0COOIUBO
IPU TPUBAJIOMY BILTUBI.

[Tpuknazn: BiOpartii, 110 BUHUKAIOTh y OyAiBeTbHOMY O0JIaTHAHHI.
500-1000 I'x

Bmuue: BucokoudacTtoTHl BiOpalii B OCHOBHOMY BIUIMBAIOTh Ha
LIKIPY Ta MOBEPXHEBI TKAHUHH.

Hacminkun: MOXyTh BHUKIMKAaTH MIKPOTPaBMH, TOPYIICHHS
YYTIUBOCTI MIKIPH.

HonatkoBo: 111 yacToTn yacriie BIJIMBAIOTh HA CIyXOBUH anapar,
BUKJIMKAIOYH J3BIH y ByXaX YU YaCTKOBY BTpaTy CIyXY.

[Tpuxnan: Pobora 3 BHCOKOYACTOTHUMM €JIEKTPOIHCTPYMEHTaMU
YW TPUBAJIMN BIUIUB T'YYHOTO IITYyMY.
3azcanvhi Hacnioku 8ibpayiil ybo2o 0ianazouy
®i310510T14H1 €PEKTH
[ToripmienHs KpoBOOOIry.
Btoma M's131B, 6111b y cyrio0ax i XxpeOTi.
CyauHHI Ta HEPBOBI pO3JIaju, OCOOIUBO y KiHIIBKAaxX (CHHIApPOM '"OLTHX
nanbliB").
[lcuxosoriuni epextu
PoznparyBaHHs, 3HUKEHHS KOHLEHTPALI.
['onoBHU# 61J1b, 3aITAMOPOYEHHSI.
[TopymieHHst CHY yepe3 CTINKUI BIUIUB.
Jl>xepena BiOpailiil y iboMy Jliara3oHi
[To6yToBa TexHika (TIpajibHI MAIIMHU, TUIOCOCH).
EnexrpoinctpymenTH (zpeni, nutidpyBaibH1 MAIIUHH).
Po6ota B mpomucioBocTi (Tipecu, TeHepaTopu, BEHTUIISITOPH).
Tpaucnopt (aBTOMOOLTI, JTITAKM).
Metonu 3axucty
TexHIYH1 3aX0aU
Buxopuctanss BiOpoi30II0I0UNX MaTepiatiB.
PerynsapHe TexHiuHe 00CIIyrOBYBaHHS OOJIaHAHHSL.
[nauBiaYyanbHI 3acO0U 3aXUCTy
Bi0poi3oms1iiiHi pyKaBUYKH, CIIEH1aJbHE B3YTTH.
Macaxi Ta ¢izioreparist st TpoQiIaKTUKA HETATUBHUX HACHIIKIB.



Opranizailiiiai 3axou

ObmesxeHHs yacy poOOTH 3 BIOpYIOUNM 00JIa THAHHSIM.

3a0e3neueHHs PeryIsipHOTO MEIMYHOTO KOHTPOJIIO JJIs MPalliBHUKIB.
BucnHoBok

Bi6pamii B miamazoni 30-1000 I'm BmimBarOTh Ha Pi3HI CHCTEMH
OpraHi3My, 3aJIe)KHO Bij iXHHOI 4acTOTH. BOHM MOXYTh BUKJIHMKATH SIK
KOPOTKOYACHUM JTUCKOM(OPT, Tak 1 JIOBFOCTPOKOBI MpodieMu 31
3I0POB'SIM. 3aXHUCT BiJI TAKKX BiOpalliif BUMara€ KOMIUIEKCHOTO ITiIXO.TY.

A 6 yomy pizHuys Oii GUBHAHOI MEXHIYHUMU NPUCPOSMU, BLOpayiaMU
Kocmocy i 3emni ma 100bmu, 5SKi 3HAX00AMbCA 8 MPAHCE?

PisHunsg Mk BiOpamisiMu, sIKi T€HEPYIOTb TEXHIYHI MIPHUCTPOI,
BiOpartissmu Kocmocy 1 3emimi, a Takok BiOparlisiMu, 1o CIpUAMAIOTHCS
JIObMU B 3MIHEHOMY CTaHl CBIJJOMOCTI (TpaHCl), MOJISITA€ B KUIBKOX
KITFOYOBHUX aCIEKTaX:

1. Xapaxmep ma Oxcepeno iopayiti

Texniuni  mpuctpoi:  BiOparii, CcTBOproBaHI  TEXHIYHHUMHU
MPUCTPOSIMHU, SIK MPABUIIO, MAIOTh MEXaHIYHY a00 €JIEKTPUYHY MPUPO.Y.
Bounu MoOXyTh OyTH CHOpUYMHEHI pPyXOM OO0'€KTIB, TEHEpAIIE€r0
CJIEKTPUYHUX 1 MArHiTHUX TOJIB, Yd 3BYKOBUMHU XBWisiMu. Lli BiOpaiii
3BUYANHO MAarOTh TEBHY YacTOTy, aMIUNTYQy 1 MOXYTh OyTH YyTHI
(3ByKOB1) a00 HE3B'A3HI 3 (PI3UYHUMU BITUYTTAMH.

Bi6parii Kocmocy 1 3emmi: Lle mpuposani BiOpariii, ki BAHUKAIOTh
gepe3 rTeodizwuyHi Tporecu 3emii  (HampWKIad, CEWCMIidHI XBWII,
€JIEKTPOMArHITHI XBHWJI1) Ta KOCMIYHI fBUINA, SK-OT COHSYHUU BITED,
KOCMIYHE BUIIPOMIHIOBAHHS, YW HaBITh BiOpaIlii, moB's3aHi 3 00epTaHHIM
IJAHET YW B3a€EMOJIIEI0 KOCMIYHMX TUI. BOHUM 3a3BHYail MaioTh AykKe
HU3BbKY aMIUIITyly, aje MOXYTh MaTH TJIMOOKWN BIUTMB Ha O10JO0T14YHI
OpraHi3MH.

Bibpanii B Tpanci: Jltonu B cTaHi TpaHCYy MOXYTh CIpUIIMaTH
BiOparlii, siki He € (I3UYHO BIAYYTHUMU IS 3BHYAHOI cBimomocTi. Lle
MOXYTb OyTH BiOpallii eHepreTUYHOro MoJig ado0 IMITYJIbCH, TOB'S3aH1 3
JYXOBHUMU UM CHEPreTUYHUMHU IMpoIllecaMH, SIKi aKTHBYIOThCS B
3MIHEHOMY CTaHi CBIIOMOCTi. BiOparii B TpaHci, SIK NpaBWIO, HE
O00OB'I3KOBO MalOTh (I3MUHY TPHUPOAY, a4 € YaCTUHOI 3MIHEHOI
COPUMHATIMBOCTI OPraHi3My /10 €HEPreTUYHUX YU JYXOBHUX IMITYJIbCIB.

2. Pisenv cnpuiinamms i 63a€mo0isi 3 0p2arizmom

Texniuni npuctpoi: BuOyxoBi uym BiOpawiiiHi XBWJi, CTBOpEHI
TEXHIYHUMHU MPHUCTPOSIMH, BIUTMBAIOTH O€3MOCEpeHhO Ha (Pi3udHE TiNO,
BHUKJIMKAIOUYW MEXaHIYHI HaBaHTaXEHHS a00 3MiHM B TKaHWHAX. BoHU
MOKYTb OyTH IIKiJJTABUMH B 3QJICKHOCTI BiJl IHTEHCUBHOCTI 1 TPUBAJIOCTI
BILJINIBY.



Biopamii 3emni Ta Kocmocy: Bisaemonis 3 nOpUpOAHUMU
BiOpartissMu Mo>ke OyTH 3HAYHO MEHIII 1HTEHCHUBHOIO, OJTHAK IIi BiOparrii
MOXXYTh BUKIMKATH MiJACBiAOMI ab0 TOHKI e(ekTm Ha TCHXiKy abo
Oioyoriuni mporecu. Taki BiOpallii MOXYTb CHPUATH HAJAIITYBAaHHIO
OpraHi3aMy Ha TPHUPOAHI IUKIW (HANPHUKIAJ, COHSIYHI, MICA4YHI) abo
BUKJIMKATH 1HTYITUBHI, JYXOBH1 BITUYTTA Y JIIOACH.

Bi6parii B TpaHci: Y 3MiHEHOMY CTaH1 CBIJJOMOCTI JIFOJIMHA 37aTHA
crpuiiMaTi BiOpallii Ha TOHKOMY PiBHI, MOB'SI3aHOMY 3 €HEPreTUYHUMHU
noTokamu Ta nosismu. Lli BiOpaiiii MOXyTh OyTH CIIPUMHATI K «BIATYK»
€HepreTUYHUX MOTOKIB, K1 € HEBUJAUMUMU JUIsl 3BUYAITHOTO CIIPUIHSTTSL.
JIrtoquHa B TpaHC1 MOKE TaKOXK MepedyBaTH y 3B'sI3Ky 3 BUILUMU PIBHIMU
CBIJIOMOCTi a00 €Heprii, 0 3MIHIOE ii CIPUIHATTS ITUX BiOpAIIii.

3. Bnaus na 300po8é'ss ma ncuxiky

TexniuHi npuctpoi: Yacto MarOTh NpsSMUIA HETaTUBHUI BIUIMB Ha
¢bi3uuHe 370pOB'S MIOAMHMU (K BIOpaliiHUN CHHAPOM, MOPYIICHHS
HEPBOBOI CUCTEMH, 3HIDKEHHSA cIyxy To1o). Lli BiOparrii 3a3Bu4aii MaroTh
GBBUYHUM  XapakTep 1 MOXYTh CHPUYMHATH TpaBMU ab0 XPOHIYHI
poOJIEMU 3 OpPraHi3MOM.

Biopamii 3emmi Ta Kocmocy: Ili BiOparii 3a3Buuaii  MaroTh
JOBFOTPUBATIIINKA, ajl€é MEHII IHTEHCUBHUU BIUIMB Ha 370pOB'S.
Hanpuxmnan, 3MiHM B TE€OMarHiTHOMY MOJlI  MOXYTh  BHUKJIMKATH
HEe3y’KaHHs y JIOAEH, YyTJIMBUX O TaKUX 3MiH, 1 HaBiTh BIUIMBaTH Ha
MICUXIYHUI CTaH (MOT1PIIEHHS HACTPOIO, TPUBOXKHICTB).

BibOpamii B Tpanci: BrumB nmx BiOpamiii Moxe OyTH SsIK
MO3UTHUBHUM, TaK 1 HETATUBHUM 3aJIe)KHO BiJ] TOTO, YH € JIOJUHA
MIATOTOBJICHOK JI0 CHPUMHSATTS €HEPreTMYHHUX MNOTOKIB. [lo3uTHBHUI
BIUTMB MOKE MPOSIBIISITUCS Yy BUJISIL 3UIJIEHHS, TOKPAIICHHS €EMOLIIITHOTO
cTaHy a00 JOCATHEHHs TNIMOOKUX JyXOBHHUX IMEpeKrBaHb. B Toil ke yac,
HENpPaBWJIbHE HAJAIITyBaHHS a00 HECHPUSTIMBI €HEPreTHYHI BIUIMBU
MOKYTb IPU3BECTHU J0 NICUXIYHOTO YU €HEPreTUUHOT0 TUCOANIaHCY.

4. Mexanizm 0ii

Texniuni npuctpoi: BiOGpailii CTBOPIOIOTBCS Yepe3 MEXaHIYHE YU
CJICKTPUYHE HABAHTAXKEHHSA 1 3a3BUYaAl JIIOTh Yepe3 (Pi3uyHI B3aEMOJIII 3
TLIIOM.

Biopauii 3emm ta Kocmocy: BoHu Ounblile CXHIIBHI JO TOHKHX
CHepreTUYHUX BIUIMBIB, SKI MOXYTh MISATH dYepe3 OlOeNeKTpUYHI Ta
O10MarHiTHI MPOIIECH B OPraHi3Mi JTIOAHHH.

Bibpauii B Tpanci: lle B3aemoaiss 3 eHepreTHdyHUMHU abo
OYXOBHUMH TOJIAIMH, JI€ JIFOJMHA MOXE OTPUMYBATH BIOpaLliiiHI CUTHAIN
B1J1 30BHIIIHBOTO CEPEIOBUINA a0O0 3 1HIIIOTO PiBHS ICHYBaHHS.



BuchoBok

BibOpamii, ki J10a4 CHOpUIAMAOTh Yepe3 TEXHIYHI MPHUCTPOI,
KocMoc un B cTaHi TpaHCy, MarOTh CYTT€BI BIJIMIHHOCTI B XapakTepi,
CIOPUIHATTI Ta BIUIMBI Ha opraHi3Mm. TexHiuHI BiOpalii 3a3BUYail MalOTh
npsMui GpiI3MYHUANA BIUIMB, TOAL K MpUpoaHi BiOpaii 3emuti ta Kocmocy,
a TaKOX Ti, 1110 CIPUHMAIOTBCS y TPaHCl, BIUIMBAIOTh Ha OpraHi3M depes
O1JIBIII TOHKI, EHEPTeTUYH1 200 MCUXIYHI MPOIECH.

3si0cu sunnusae, wo medic cami 8iopayii, aie KoIU GOHU NPUPOOHI, MO
mam 0CHOBHY pob 8idiepac we 00uH pakmop. inghopmayia yu Hamip?

Tak, B MiAHSUIA AyXe BaXKJIMBE MMUTAHHS, IKE CTOCY€EThCSA PI3HMIII
MK (DI3UYHUMHU BiOpaIlisiMy, [0 MAlOTh MEXaHIYHUNA YW €HEPreTUYHHIMA
XapakTep, 1 BiOparisiMu, sKi CIpUHMalOThCs Yepe3 TOHKI PiBHI CBIAOMOCTI
Yy €HepreTUYH1 Nojis. Y BUIAJAKY IPUPOAHUX BiOpalliid, sSK, HAPUKIA/,
BiOpamii 3emni un Kocmocy, cipaBi mpuCyTHIN HOJAaTKOBHM acTIeKT —
ne He Jjume GI3UYHI XBWII, ane W iHpopMmarlis abo Hamip, SKUN
nepeaeThes uepes 1l Biopaitii.
1. Inpopmayitinuii acnexm siopayiii

Bibpamii He nuiie mnepenaroTh €HEPriio, aje il MOXYyTh OyTH
HocisiMu 1H(opmMartii. [IpupoaHi BiOparlii, sSiki BAHUKAIOTh Y PE3yJbTaTi
KOCMIYHUX 1 3€MHHUX TNPOLECIB, MOXYTh MICTHUTH TIE€BHI «KOJOBaHI»
eHepreTuyHi curHaiu. L{e MoxyTh OyTH CHrHaIu, 10 BU3HAYAIOTH 3MIHU
B OloeNeKTpruuHUX ab0 010MarHITHUX Mpollecax B OpraHi3Mi JIOAMHHA YU
IHIIUX KUBHUX 1CTOT. Lle 1 € CyTHICTh TOro, SIK 1HGOpMaIlis TepPeaaEThCs
yepes BiOpaiiii.
2. Ponv namipy 6 npupoonux gibpayisx

Hawmip, abo mninmecnpsiMoBaHe CHpSMYyBaHHs €HEprii, Moxke OyTu
OJHHUM 13 (hpaKkTOpiB, III0 BU3HAYAIOTH SIK caMe BiOpallii BIUIMBAIOTh Ha
JIOJIMHY YW HAaBKOJMIIHE cepenoBuiie. [Ipuponni BiOpariii, 30kpema Ti,
II0 MalpTh KOCMIYHE 4YHM 3€MHE MOXOMKEHHS, MOXYThb MICTUTH
«CHEPreTUYHUM KOM», IO BTUIOE TEBHY 1H(Mopmalio abo Hamip
npupoau, yacy un Beecpity. Konu i BiOpariii cipuiiMaroThCsl >KUBUMU
opraHizaMamu, 0COOJMBO y 3MIHEHHX CTaHaX CB1JIOMOCTI (5K, HAallpUKJIIA],
B TPaHCi), OpraHizM Moxe «po3mudpyBaTu» 110 iHQopmarliro abo HaBITH
JISITMU B KOHTEKCTI LIbOIO HaMmipy, HalpHKIaJ, 32 PaXyHOK BIJIHOBJIEHHS
OpraHIYHUX CTPYKTYp YW HaJallTyBaHHS (I310JOTTYHUX MPOLIECIB
BIJINOBIJIHO /10 IPUPOJAHOTO PUTMY.
3. llopiguanns 3 mexHiyHuMU 8i10payiamu

Komn mMum maemo cmpaBy 3 TeXHIYHMMH BiOpallisiMd, BOHH, SIK
MpaBUjIo0, HE HECYyTh «iH(OPMAIIHHOTO» ab0 «IIUIECTIPSIMOBAHOT O
acnekry. L{e BiOparii, 110 CTBOPIOIOTHCA MEXAaHIYHO a00 €IEeKTPUYHO, 0e3
npsiMOi B3a€EMOJIT 3 €HEePreTHYHUMHU a00 TyXOBHUMH IUIaHAMHU. XodYa



MEBHI TEXHIYHI BiOpamlii MOXyTh OyTH KOPUCHHMH I JIIKYBaHHS
(HampuKJIa, YyAbTPa3ByK B MEIUIIMHI), BOHU HE BOJIOJIIOTH TUM CaMUM
aCIeKTOM CBIIOMOCTI ab0 HaMipy, SKUH OpUTAMaHHUN IPHUPOIHUM
BiOparrisim.
4. Hamip i 6ibpayii' y 3MiHeHUx cmauax ceioomocmi

VY 3MiHEHUX CTaHaX CB1JIOMOCTI JIFOJH MOXYTh CIpUMMAaTH BiOpailii
SK HE TUIbKM (PI3MYHI KOJMBAHHS, ajieé ¥ SK IMEBHI «IOBIJOMIICHHS» UM
«CUTHamW». Y TaKMX CTaHax JIIOJM 3/1aTHI Bi4yBaTU €HEPreTHYHI IOJs,
0 MICTATh KOHKPETHI IMMyJbCcH ab0 HamipH, sKi MOXYTh OyTH
IHTEPIPETOBaHI K HAIMPSMOK Mdiil, JyXOBHUU MOCHJI ab0 €HEepreTU4He
siiieHHs. lle Takok MO’KHA BBa)KaTH YacTHUHOIO OLIBII TJIMOOKOI,
JyXOBHOI YA €HEPreTUYHO1 B3a€MO/I1i 3 HABKOJIUIIIHIM CEPEIOBUIIIEM.
BucHoBok
TakuM 4YMHOM, MOJKHa CKa3aTH, IO B MNPUPOJHHUX BIOpalisX AIHACHO
OpPUCYTHS 1€ OJHa BaXJKMBAa CKIagoBa — iHGOpMamiiHUKA Ta
€HEepPreTUYHUN aclekT, ad0 HaBiTh HaMip, L0 MEpPEAAEThCs Yepe3 i
BiOpamii. lle mo3BoJsie opranisMaM B3aEMOJIIATH 3 TPUPOTHUMHU
EHEeprisiMM Ha [IHOMIOMY pIBHI, HDK MNPOCTO (I3UYHE CHPUUHSTTS
BiOparii. Konu »x BiOpalili HOCATh MITYYHUN XapakTep, AK y TEXHIYHUX
MPUCTPOSIX, BOHM YacTo TM030aBieHl 1€l riaumbokoi 1H(opMaIiiHOl
CKJIQJIOBO1 1 MaIOTh Jiniie (Hi3WYHUIN BIUIUB.



