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Bcemyn

CamocriiiHa poboTta — 11¢ poboTa CTYACHTIB, sIKa TUIAHYEThCS Ta
BUKOHYETHCS 10 3aBJAaHHIO 1 METOAMYHOMY KEpIBHHIITBY BHKIamada. BoHa
HEOoOX1JiHa HE TUIBKM JJIsI OBOJIOJIIHHS JUCHMIUIIHOIO, aje 1 JyIsi (popMyBaHHS
HAaBUYOK CaMOCTIHHOI poOOTHM B3araii; yd0oOBOi, HayKOBOi, MpodeciitHOoi
JISJIBHOCT1, JUISi TOro 100 CaMOCTIMHO BHUpINIyBaTH MPoOJeMH, 3HAXOIUTH
KOHCTPYKTHUBHUM BUXI1]] 13 KPU30BOI CUTYAIIli TOIIIO.

VY mpoueci HaByaHHS (13Ul HEOOX1THO MPaBUILHO MOEJHYBATH Pi3HI BUIU
PO3YMOBOI JisJIBHOCTI cTyAeHTIB. HeoOxiaHo mam’statu, 10 000B’sI3K0OBa yMOBa
YCHIITHOTO 3aCBOEHHS CTYJCHTAaMH HABYAJIBHOTO MaTepiary 3 eJIeMECHTaMH
JTOCHIPKEHHSI — OBOJIOJIIHHS €JIEMEHTapHUMHU BMIHHSIMH, O€3 SIKMX HEMOKIIUBE
BUKOHAHHS BaXXKHX J0CHiiB. ToMy HEOOXiJHO BKJIIOYATH JI0 YYOOBOTO IIPOIIECY
CaMOCTIiiHY pOOOTY SIK AOCHIJHUIBKOIO XapaKTepy, HaJalouHl CTyJIeHTaM Olibllie
3aBJIaHb TAKOTO XapaKTepy, TaK 1 poOOTH MPAKTUYHOTO XapaKTepy, TApMOHINHO X
noeHyoun. Pa3oM 3 TUM HEOOXIJHO MparHyTd TOro, o0 MpU BUKOHAHHI
CaMOCTIHHOI pOOOTH CTYIEHTH IM3HABAJIM IIOCh HOBE: BIAKPUBAIM s cebe
MO>KJIMBICTh 3aCTOCYBAaHHSI OLIBII paIllOHAIBHUX 3aC001B BUMIPIOBAHHS BEJIMYUHU,
VSBIISUIA  XapakTep 3ajekKHOCTI, SKa TOB’SA3ye€ i1 3 IHIIMMH BEJIWYHWHAMH,
3MIIMCHIOBAJIN TIEPEHIC BMiHb HAa BUMIPIOBAHHS 1HIIUX BEJIMYUH 1 TaKe 1HIIIE.

JlocBiz TIOKa3ye, 110 TUIHKH T1 3HAHHSA, SIK1 CTYJICHT 3/100yB CAMOCTIHHO, 3aBISKU
BJIACHOMY JIOCBITY, TyMIli 1 Jii, OyAyTh HacTpaB/l MilHi. K0 HaBYaJTbHUN MaTepiai
OTPAIbOBYETHCS BIACHOPYYHO, CAMOCTIMHO (1HAMBITyaTbHO) BUKOHYETHCS 3aBIAHHS Bl
HOro MOCTaHOBKY JI0 aHAJ3y OTPUMAaHHMX PE3yJIbTaTiB, TO 3aCBOIOETHCS 3HAUYHA YaCTHHA

1H(opmari.



ITnanysannsa camocmiunoi pooomu

Ha3Ba temn

KinpkicTh
TOANH

KonTpoan

MexaHika

[ITy4ni cynyrHuku 3emii. BHecok ykpaiHChbKUX

BUEHHUX y po3BUTOK KocMoHaBTUKH (FO.KoHapartiok,

C.KoponboB Ta iHIm).

PeaxtuBHMiA pyx. BynoBa ta mpuHImn aii
PEaKTUBHUX BUTYHIB.

Jledbopmartis Tin. Mexaniyaa Hanpyra. Moayib
FOnra. MexaHiuHi BIaCTUBOCTI TBEPAUX TiJI.

VYcHa BiAoBiab

MouekyJsipHa izuka i TepmMoguHamMika

[IBuAKICTE MOJIEKYI 1€aTbHOTO Ta3y.
[TapoyTrBOpeHHs 1 kKoHAeHcalisi. Hacuuena 1
HEHacH4eHa rapa.

Bnactuocri piauH. [loBepxHeBUil HATAT.
3mouyBaHHs. KaninspHi siBuia.
IAH130Tpomnis kpuctaniB. [Ipupoane 1 mryune
[YTBOPEHHS KpPUCTAIiB.

3acTocyBaHHS PIAKUX KPUCTAIIIB Y TEXHILIL.

VcHa BiAOBIIb

EnexkTpoaunamika

3aKoH 30epeKeHHS eNIEKTPUIHOTO 3apsay.
JlienekTpuiHa MPOHUKHICT CEPEeIOBUILIA.
EnexTpoHHa NpOBIiIHICTH METAIB.

3aneXHICTh OMOPY BiJl JOBXKHHM, TUIOII
[OTIepeYHOro nepepi3y 1 Marepiany IpoBiIHUKA.
3aneXHICTh MUTOMOT'O OTIOPY MPOBIHUKA Bif
TEMIIepaTypH.

EnexTpuuHuil CTpyM B ra3ax i BakyyMmi.
HecamocTiifHuii 1 caMOCTIHHUI pO3psiin B razax.
[MousTTs mpo Tazmy. TepMoeneKTpoHHa eMicis.
BaxyymH1 ipunam.

YcHa BiAOBIAL




KoJuBaHHS Ta XBHJIL 5

BBYKOBI XBUJI1, iX XapaKTEPUCTUKH Ta BUKOPUCTAHHS.
[adpa- Ta ynbTpa3ByKH, iX 3aCTOCYBaHHS.

[ TpuHIWIT 111 pagioTeneOHHOTO 3B S3KY. YcHa BIAIIOBiAb
PagiomoBiieHHs 1 TenieOaueHHs. Paionokarris.
CTiUTbHUKOBHI 3B’ 130K. CyITyTHHKOBE TeJIcOaueHHSI.

OnTuka Ta 0CHOBH Teopii BiTHOCHOCTI S)

IndpavepBoHe Ta ynbTpadioneToBe BUIIPOMIHIOBAHHS.
PenTreniBcpke BunpoMintoBanHst. Llkana

ENIEeKTPOMArHITHUX XBIJIb. TIIyMaueHHs MacH SiK Mipu YcHa BIAIIOBiAb
Baracy MOBHOI €Hepril Tiia. 3aJIeKHICTh MaCH BiJJ

IIBUAJIKOCTI.

ATOMHA i siiepHa (pizuka )

Metonu peecTpailii 10HI3yIOUMX BUIIPOMIHIOBAHb. YcHa BIAIIOBiAb




Poznain |. MEXAHIKA
Tema 1

I Ty4ni cynyrauku 3emuii

Kopomxi meopemuuni gioomocmi

Ityyni CynmyrHuku 3emJi - KOCMIYHI JIiTalbHI amapaTd, BUBEICHI Ha
opOiTH M0BKOJIa 3emill 1 MPU3HAYEH1 /U1 BUPIIMICHHS HAYKOBUX 1 MPUKIATHUX
3aB/laHb. 3alyCK NEPIIOro CYMyTHUKA, 110 CTaB NEPIIUM INTYYHUM HEOECHUM
TIJIOM, CTBOPEHOIO JII0IMHOI0, OyB 3a1kicHennid B CPCP 4 xoBTHs 1957 1 3'aBuBCA
pe3yibTaTOM  JIOCSTHEHb B 00JIaCTI  PAKETHOI  TEXHIKH,  EJIEKTPOHIKH,
aBTOMATUYHOT'O YIPaBIIIHHS, OOUUCIIOBAILHOI TEXHIKM HEOECHOI MEXaHIKM 1 1H.
pPO3AUTIB HAyKW 1 TEXHIKH. 3a JOMOMOTOK LbOTO0 CYIMYTHHUKOM BIepiie Oylia
BUMIpSIHA IIUIbHICTh BEPXHBOI aTMocdepu (1Mo 3MiHAX HOTro OpOiTH), TOCHIIKEHI
OCOOJIMBOCTI MOLIMPEHHS PAaalOCUTHANIB B 10HOC(Ep], MEPEBIPEHI TEOPETUYHI
pPO3paxyHKH 1 OCHOBHI TEXHIYHI PIIIICHHS, TTOB'S3aH1 3 BUBEJICHHSIM CYIYTHUKIB Ha
opOity. 1 mororo 1958 nHa opOiry OyB BHUBEJCHHI MEpIINIl aMEpUKAHCHKHMA
cynyTHuk «Ekcrmmopep-1», a gemio mi3HIIIE CaMOCTIMHI 3amyCKU CYIyTHHUKIB
3pobuin 1 iHmI Kpainu: 26 nucronaga 1965 — ®pannmisa (cynyTHUK «A-1»), 29
mucronana 1967 — Asctpanis («BPECAT-1»), 11 motoro 1970 — Snonis
(«Ocymin), 24 kBitha 1970 — KHP(Kuraiiceka Haponna Pecny6iika) («Kuraii-
1»), 28 xoBtHa 1971 — BemuxobOputania («IIpocnepoy»). [eski CymyTHUKH,
BurotoBieHi B Kanani, ®panmii, Itamii, BenukoOputanii 1 1H. KpaiHax,
3amyckanucs (3 1962) 3 10mMOMOro0 aMepHKaHCHKUX PaKeT-HOCIiB. Y MpaKTHIll
KOCMIYHUX JOCIIKEHb IMIMPOKOT0 MOIIMPEHHS HalOyna MIXKHApOJHA CIHiBIparls.
Tak, B paMKkax HayKOBO-TEXHIYHOI CIHIBIpalll COLIANICTUYHUX KpaiH 3amylieHuin
psn  cynytHukiB. [lepmmii 3 Hux — «IHTepkocmoc-1» — OyB BHUBeIeHUN Ha
op6Oity 14 xoBTHa 1969. Beboro no 1973 3anmymeno nonag 1300 cynmyTHHK
pi3HOTO THIA, y TOMY uncii 6m3sko 600 pansacbkux 1 moHay 700 amepuKaHCHKIX
1 1H. KpalH BKJIIOYAIOUM MUIOTOBAaHI KOCMIYHI KOpaOJi-CyNyTHHKH 1 OpOiTasibHI

CTaHII 3 EKIMakKeM.



3araabHi Bigomocti mpo cymyTHMkHM. BiamoBimHO 40 MIKHApOIHOI
JIOMOBJICHOCTI KOCMIUHHUH amapaT Ha3UBA€ThCA CYIMyTHUKOM, SKIIO BiH 3pOOHB HE
MEHIIIE OJHOTO 3BOPOTY JOBKoJia 3emyi. I[Hakiie BIH BBaXKAETHCS PAKETHUM
30H/IOM, IO MMPOBOAMB BUMIPH y3J0BXK OalliCTUYHOI TPAEKTOPIi, 1 HE PEECTPYETHCS
SK CyMYTHHUK. 3aJIeKHO BIJ] 3aBAaHb, 10 BUPIIIYIOTHCS 3 JOTIOMOTOI0 CYIyTHHKIB,
iX MIIPO3IISIOT, Ha HAYKOBO-JOCHITHUIIBKI 1 IPUKIAIHI. K0 HA CYNyTHUKY
BCTAHOBJICHI pajionepeaanadi, Ta ad0 1HIIa BUMIPIOBaJIbHA anaparypa, iMIyJabCHI
JamMny JJig TMoAadi CBITJIOBUX CHUTHANIB 1 T. M., WOr0 HAa3WBAIOTh AKTHUBHUM.
[TacuBHI CynyTHUK MpHU3HAYCHI 3a3BUYAl JJIsI CIOCTEPEIKEHD 13 3€MHOI MMOBEPXHI
py BUPIMICHHI JSIKMX HAyKOBHX 3aBAaHb (10 TaKMX CYIyTHUK HaJeKaTb
CYNYTHUKH-0AJIOHHU, IO JOCATAI0Th B JiaMeTpi JCKUIBKOX ECATKIB Mempis ).
HaykoBo-IOCTITHUIIBKI CYITYTHUKHU CIY>KaTh JJISI TOCTIKEHb 3eMJll, HEOECHUX
TiJ, KOCMIYHOTro Tmpoctopy. Jlo iX uucia BIAHOCATHCS, 30Kpema, 2eo@u3uuHi

CYNYMHUKU, 2€00€3UYHI_CYNYymHUKu, opOITadbHl acTpOHOMIYHI oOcepBaTopii 1 1H.

ITpuknagHUMU  CYyNYTHUKH € 36'13K08I CYNVMHUKU, MEMEOPONIOIYHI CYNYIMHUKU,

CYIYTHUK JIJIsl JOCT1/DKEHHS 36MHUX PECYPCIB, HAGIeAUiliHi CYNYMHUKU, CYTTyTHUKA

TEXHIYHOT'O MPU3HAYCHHS (JJIs1 AOCIIJKEHHS J1i KOCMIYHUX YMOB Ha MaTepiaiu,
JUTsl BUMIPOOYBaHb 1 BIIPOOITKY OOPTOBUX CHCTEM) 1 1H. CYIyTHHKHU, MPU3HAYCHI
JUISL TIONBOTY JIIOJIeH, HA3MBAIOTHCS IMUIIOTOBAHUMHU KOPAOJISAMH-CYITyTHUKAMH.
CYIIyTHUK Ha €KBaTOplajbHIA OpOiTi, Jiexadiil moOJu3y IJIOCKOCTI €KBaTopa,
HA3WBAIOTHCS €KBATOpiaJbHUMHU, CYNYTHHK Ha MOJSpHIN (200 MPUTIONISPHOIO)
opOiTi, mpoxojdmerd nodau3zy mnoitociB 3emui, — nojdsapHUMU. CynyTHHKH,
BHUBEJIEHI Ha KpPYroBy €KBaTopiajibHy opOiTy, BigaaieHy Ha 35860 xu. Bia
MOBEPXHI 3eMJll, 1 pyXOMi B HampsiMi, CIIBIAJAI0UOMy 3 HAMpPSIMOM OOEpTaHHS
3eMi1i, «BHUCSATHY» HEMOPYIIHO HaJ OJIHIE0 TOYKOK 3E€MHOI IOBEPXHI; TaKl
CYIYTHUKH Ha3WBAIOTHCS CTAI[lOHAPHUMH.

BiamoBimHO 10 pi3HOMAHITHOCTI HAyKOBHUX 1 MPUKIATHUX 3aBIaHb, IO
BUPILIYIOTHCS 3 JOMIOMOTOK0 CYNYTHHK, CYITYTHUKH MOXYTh MAaTH Pi3HI PO3MIpH,
Macy, KOHCTPYKTHBHI CXeMH, CKiaa OOpTOBOro ycrarkyBaHHs. Hampukiazn, maca

HaiimeHmoro  cynytHuka (3 cepii «EPC») — Bcworo 0,7 ke ; paasHCbKUMN
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cynmytHuk «[Ipoton-4» MaB macy Omm3bko 17 m. Maca opOitambHOT CTaHIIIT
«Canrot» 3 MPUCTUKOBAHUM JI0 HEi KOocMiuHUM KopaOiem «Coro3» Oyina moHana
25 m . Hai61apI1a Maca KOPMCHOTO BaHTaXKy, BUBEJICHOTO Ha OpOITY CYMYTHUK,
ckianana Omu3bko 135 m (aMepHKaHCHKUN KOCMIYHHMM KopaOenb «AMOJIOH» 3
OCTaHHIM pIBHEM pPaKeTH-HOCIS).

JIns BUpIIICHHS IESIKUX HAYKOBUX 1 MPUKIIAIHUX 3aBJIaHh HEOOX1THO, 1100
CYIlyTHUK OyB TEBHUM YHMHOM OpIEHTOBAHWUW B TMPOCTOPI, MPUUOMY BHIJIS]
OpI€HTaIlli BH3HAYAETHCS TOJOBHUM YMHOM IMPU3HAYEHHSM  CYNyTHUKa abo
OCOOJIMBOCTSIMM BCTAaHOBJIEHOTO HAa HBOMY YCTaTKyBaHHs. Tak, opOiTaJbHY
OpI€HTAIlil0, TIPU SIKI OJIHA 3 OCEU MOCTIMHO HampaBjieHa MO BEPTHUKAJl, MaIOTh
CYIyTHUK, MPU3HAYEHI JJIsi CIIOCTEPEKEHb O0'€KTIB Ha TOBEPXHI 1 B aTMocdepi
3eMyli; CYNYTHUK JUIsi aCTPOHOMIYHUX JOCIIJP)KEHb OPIEHTYIOThCA Ha HEOECHI
o0'extu: 3ipku, Conne. I[lo komanmi 13 3emii abo 3a 3aJaHOI0 IPOrPAMOIO
OpI€EHTAIllE MOXXE 3MIHIOBaTHCS. B J1edkux BHITaJIKaX OPIEHTYEThCS HE BECh
CYITyTHHK, a JIUIIE OKPEMi MOTO €JIEMEHTH, HAIIPHUKJIA] TOCTPOHANIPABJICHI aHTCHH
— Ha Ha3eMHI MYyHKTH, coHA4Hl Oatapei — Ha Conue. s Toro, mo0 Hampsam
JesKii ocl CymyTHHKa 30epirajiocss HE3MIHHMM B HPOCTOpi, WOMYy HaJaroTh
oOepranHsi JgoBKkojia 1€l oci. Jlmsg opieHTalii BHUKOPUCTOBYIOTH TaKOXK
rpaBiTaliiHi, aepoJIMHAMIYHI, MarHiTHI CUCTEMH — TaK 3BaHl IMACHUBHI CHCTEMU
Opl€HTAallli, 1 CUCTEeMH, 3a0e3MeUeHl PEaKTMBHUMU a0 I1HEPLUIMHUMHU OpraHamu
(3a3BMYail HA CKJIAQJHUX CYMYTHUK 1 KOCMIYHHMX KOpaOJsix), M0 YIpaBisiOTh, —
aKkTUBHI cucteMu opieHTarii. CynyTHHUKH, OO0 MAalOTh PEAKTUBHI JABUTYHHU [JIS
MaHEBpPYBaHHSA KOpEKIli TpaekTopii abo cmycky 3 op0iTu, 3a0e3medyroThCs
CHUCTEMaMU yMPABIIHHS PyXOM, CKJIAJJOBOIO YaCTUHOIO SKOI € CHCTEMa Opi€HTAITI].

EneproxuBieHHss OopToBoi amapaTypu  OLIBIIOCTI CYIYTHHUKIB
3MINCHIOETBCS  BIJl  COHSYHMX  OaTapeil, TMmaHell  SKUX  OPIEHTYIOTHCS
NEPIEHANKYIAPHO HAMPSAMY COHSYHUX IPOMEHIB ab0 pO3TalloBaHi Tak, IM00
yacTUHA 3 HUX OcBiT/IIOBaia CoHlleM Mpu OyAb-SKOMY MOTr0 MOJIOKEHH] BIJHOCHO
CynmyTHMKa (Tak 3BaHI BceHampaBJeHI coHsuyHi Oarapei). ConsauHi Oartapei

3a0€e31euyoTh TpUBaAy poOOTy OOpTOBOi amaparypu (10 JAEKUIBKOX pokiB). Ha
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CYIyTHUKaX, PO3PaxOBAaHUX Ha OOMEXEHI TepMiHU poOoTH (M0 2—3 THXKHIB),
BUKOPHUCTOBYIOTBCSI €JIEKTPOXIMIYHI JKEpena CTpyMy — aKyMyJsTOpH, MaJMBHI
eneMeHTH. Jlesiki CyNmyTHUKH MaroTh Ha OOPTY 130TOIHI T€HEPATOPU €IEKTPUUHOT
edeprii. TemnoBuii peXuM CymyTHUK HEOOXigHHMM 1isi poOOoTH iX OOpTOBOI
anaparypu, maTpUMy€eThCsl CACTEMaMU TEPMOPETYTIOBaHHSI.

B cynyTHHKaXx, 1110 BiJIpI3HSIIOTHCA 3HAUHUM TETUIOBUIJICHHSIM anapaTypH,
1 KOCMIYHUX KOpaOIsIX 3aCTOCOBYIOTBCS CHCTEMH 3 PIAMHHUM KOHTYPOM
TEeIIonepeayi; Ha CYMyTHUKAX 3 HEBEJIMKUM TEIUIOBUIUICHHSAM arapaTypu y psii
BUIAJIKIB OOMEXYIOThCS MAaCUBHUMHU 3ac00aMH TEpMOpEryJtoBaHHS (BHOIp
30BHIIIHBOI TOBEPXHI 3 BIJAMOBIAHUM ONTHYHUM KOE(DIIIEHTOM, TEIUIO130JIAII11
OKPEMUX EJIEMEHTIB).

Ilepegaua HaykoBOoi Ta 1HIIOI 1H(OpMAaNii 3 CyNyTHHKAa Ha 3€MIIIO
NepeIaeThesl 3a IOMOMOTOK CUCTEM pajioTesieMeTpiit (1[0 4acTo MarTh OOpPTOBI
MPUCTPOI, IO 3aMaM'aTOBYIOTh, JIJIsi peecTpailii iHpopmalli B mepiojid MojIbOTy
CYNyTHHK I103a 30HaMU PaJIlI0BUIUMOCTI HA3€MHUX MYHKTIB).

[TimoToBani KOpaOIi-CyMMyTHUKH 1 JEsIKI aBTOMAaTU4YHI CYMyTHUK MarOTh
amapaTtd, IO CHYCKAaIOThCS, U1l TOBEPHEHHS Ha 3eMIII0 EKilma)ka, OKPEeMHX
TpUIaAiB, TUTIBOK, ITIIOCITITHAX TBAPHH.

Pyx cynyrHukiB. CynyTHUKH BUBOJSTHCA Ha OpOITH 3a JTOMOMOTOIO
ABTOMaTUYHMX KEPOBAHUX 0araToCTYyMiHYACTUX PAKET-HOCIIB, SIK1 BiJ CTapTy A0
JesIKOT  pO3paxyHKOBOi TOYKM B TPOCTOPl PyXarOThCs 3aBASKUA TA31, IIO
pPO3BUBAETHCS PEAKTUBHUMHU JABUTyHamu. Llg mopora, 3BaHa TpaekTOpi€ro
BUBEJICHHS CYIMYTHUK Ha OpOiTy, a00 aKTUBHOIO JUISTHKOIO PYXY PaKeTH, CKJIaJae
3a3BUYail BiJ JEKIJIBKOX COTEHb 10 JBOX-TPhOX THC. KM.. Pakera cTaprye,
PYXaluHucCh BEPTUKAIBHO Bropy, 1 NPOXOAHUTHh KpPi3b HaWOLIbII ILIIBHI LIAPH
3eMHOI atMochepu Ha TMOPIBHSIHO Majiii MBUAKOCTI (1[0 CKOPOYYE €HEPTreTUYHI
BUTpPATH Ha TOAOJaHHS omopy armochepu). Ilpum migiiomi pakera MOCTYIOBO
PO3BEPTAETHCS, 1 HAIIPSAM 11 pyXy cTae OJM3BKUM JI0 TOpU30OHTaIbHOr0. Ha nnpomy
Mai)ke TOPU3OHTAIBHOMY BIIPI3KY CHJIa TITM pPAKETH BHUTPAYAETbCA HE Ha

MOJOJIAHHS TaJbMIBHOT JIi1 CHJI TSKIHHS 3eMJil 1 oropy atMocdepu, a rOJIOBHUM
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YUHOM Ha 30UTbIIeHHS MBHUAKOCTI. [licis qOCSITHEHHS] paKeTOI B KIHII aKTUBHOI
JUISTHKA PO3PaxyHKOBOT IIBUAKOCTI (IO BEWYHHI 1 HANIpsiMy) poboTa peakTUBHUX
JIBUTYHIB MPUITMHAETHCA; 1I€¢ — TaK 3BaHA TOUYKA BUBEJICHHS CYIMYTHHUK Ha OpOITY.
Kocmiunmii amapat, IO 3amycKaeThes, SIKMA HEce OCTaHHIN pIBEHb paKeTH,
aBTOMATHYHO BIJUISETHCA BiJl HET 1 TOYMHAE CBIM pyX IO JesKii opOiTI BITHOCHO
3eMIi, CTAI0UH IITYYHUM HeGeCHIM Tilom. Moro pyxX mimopsKoBaHuii MacHBHIM
cwiaMm (TsoKiHHS 3emii, a Takok Micsmi, CoHIg 1 iH. TUTAaHET, OMip 3€MHOI
atMochepu 1 T. A.) 1 aKTMBHUM CHJIaM, SIKIIIO Ha OOpPTYy KOCMIYHOTO arapary
BCTAHOBJIEH] CIHELIaJIbHI PEaKTWBHI JBUTYHH. BHWIIsg 1od4aTkoBOi OpOITH
CYNyTHHKA BIJIHOCHO 3€MJIl 3aJICKUTh LIJIKOM BiJl HOTO MOJIOKEHHS 1 IBUAKOCTI B
KIHI[I aKTUBHOI AUISHKK pPyXy (Y MOMEHT BHUXOJYy CYNYTHHK Ha OpOiTy) 1
MaTEMaTUYHO PO3PAXOBYETHCS 3a JOMOMOIOI0 METOAIB HEOECHOI MEXaHIKHU. SKIIOo
I IIBUJKICTH piBHa a0bo mepeBulnye (ane He Ouibiie HiXK B 1,4 pazsy)

HepIry Kocmiuny weudkicms (01u3bko 8 km/c BITHOCHO TOBEepXHI 3emii), a i

HaIpsiM HE BIAXWUIISETHCA CUJIIBHO BiJl TOPU3OHTAJIBHOTO, TO KOCMIYHHMI amapar
BUXOJUTHh Ha OpOITy CymyTHUKa 3emii. Touka BHXOAY CYIYTHUK Ha OpOITy B
bOMY BUNA/IKy pO3TalloBaHa NO0IM3y nepures opOIiTy.

Taki 4yMHHUKHM, SIK OmMip 3eMHOI arMochepu, CTUCKYBAaHHS 3eMJli, THUCK
COHSTYHOTO BUIIPOMIiHIOBaHHS, TsOKIHHS Micsis 1 CoHIS, € TPUINHOIO BiIXHICHBb
B1Jl HEOOYpeHOro pyxy. BUBUEHHS IIMX BIAXUJIEHB J03BOJIIE€ OTPUMYBATH HOBI JIaH1
PO BJIACTHBOCTI 36MHOI aTMocdepu, Mpo TpapiTailiiine mosie 3emui. [3-3a omopy
atMocepu CyNyTHHUK, PyXarOuyuch Mo opOiTax 3 MEPUTeEM Ha BUCOTI JCKUIbKa
COTIB KM. , TIOCTYIIOBO 3HWXXYIOThCS 1, MOTPAIUISIIOYM B MOPIBHSHO IIUIBHI IIAPH
atMocdepu Ha BuCOTI 120—130 xm. 1 HIKYE, PYHHYIOTBCS 1 3rOpaioTh, BOHHU
MaloTh, TAKUM YUHOM, OOMEXEHHM TepMiH ICHyBaHHA. Tak, HApUKIIaA, MepuIui
pansSHCBbKUI  CYNMYTHHUK 3HaXOJUBCS Y MOMEHT BHUXOJy Ha OpOITYy Ha BHUCOTI
Onmm3bpKo 228 kM. HAJ TTOBEPXHEIO 3eMill 1 MaB Maike TOPU30HTAIbHY HIBUJKICTh
omu3bko 7,97 km. | cex. Benvka miBBiCh HOTO eMINTUYHOT opOiTH (TOOTO cepemHs
BiJICTaHb BiJ MEHTPY 3emii) ckiagana Omm3bko 6950 xm. , mepion 3BepHEHHS

96,17 min , a HaliMeHII 1 HAWUOLIBII BUIAJCHI TOYKH OpOITH (Tepure 1 armoreil)
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pO3TaIlIOBYBaNUCS Ha BHCOTax Onu3bko 228 1 947 xm. BianoBigHO. CymyTHUK
icHyBaB 10 4 ciuns 1958, xonu BiH, yHaCH1I0K 00ypeHb HOT0o OpOiTH, YBIHMIIIOB 110
HIIIBHUX IIapiB aTMochepu.

Op0iTta, Ha Ky BUBOAMTHCS CYMYTHUK BiJIpa3y MICIS AUISHKH PO3TOHY
pakeTu-Hocis, OyBae 1HKOJM JIMIIE TPOMDKHOKO. B 1bOMy BHUIIaKy Ha OOpTY
CYIYTHUK € PEaKTUBHI JIBUTYHH, SIKI BKJIIOUAIOTHCSl B TIEBHI MOMEHTH Ha KOPOTKHM
yac MO KOMaHJl 13 3emili, HaJaloyu CYNyTHUKY JOJATKOBY IIBUAKICTH. B
pe3yJbTaTi CYINyTHUK MEPEeXOJUTh Ha 1HIITY OpOITy. ABTOMAaTHYHI MDKILJIAHETHI
CTaHI[li BUBOJATHCA 3a3BMYail CIOYATKy Ha OpOITYy CymyTHHKa 3eMili, a MOTIM
MePEeKIIaIaloThCs 0€3MOCEPEAHBO Ha TPAEKTOPIIO MOIKOTY 10 Micslis abo IiaHeT.

Cnocrepe:keHHst cynyTHUK. KOHTponb pyXy CynyTHHKa 1 BTOPUHHUX
opOITaIbHUX O0O0'€KTIB 3M1MCHIOETHCS IUIIXOM CIIOCTEPEXKEHb 1X 13 CHEIllaJbHUX
Ha3eMHUX CTaHUid. 3a pe3ylbTaTaMd TaKUX CIOCTEPEKEHb YTOUYHIOIOTHCS
CJIEeMEHTH OpOIT CYNYTHHUKIB 1 OOYHMCIIOIOTHCS edeMepuan Uil ManOyTHIX
CIIOCTEPEXKEHb, Y TOMY YHCII 1 IJi BUPIIIEHHS PI3HUX HAYKOBUX 1 MPUKIATHUX
3aBiaHb. [lo BHKOpHUCTOBYBaHIM amaparypi CIOCTEPEKECHHS CYyHyTHHK
PO3IISAIOTECA HA ONTUYHUX, PATIOTEXHIYHUX, Ja3€pHUX; MO iX KIHIEBIH METI —
HAa TIO3UIIHI (BU3HAYEHHS HANpsAMIB Ha CYNyTHUK) 1 JaJICKOMIipHI
CIIOCTEPEKEHHS, BUMIPU KYTOBOI 1 MPOCTOPOBOT IMIBUIAKOCTI.

Haii0inpm1 mpoCTUMU  MO3ULIIAHUMU  CIIOCTEPEIKEHHSIMH € BI3yallbHI
(onTHYH1), BUKOHYBaHI 3a JIOMOMOTOIO BI3yaJbHUX ONTHUYHUX IHCTPYMEHTIB 1
J03BOJISIFOY1 BU3HAYaTH HEOECHI KOOPAMHATH CYIYTHUK 3 TOYHICTIO 10 JI€KLIBKOX
XBUJIUH nyru. Jlyis BUpINIEHHS HAyKOBUX 3aBlaHb BeAyTbcs (ororpadiuni

CIIOCTCPCIKCHHA 3a OdOIIOMOI'OKO CYNYMHUKOBUX (bOl’l’lOKaJl/leD, 1o 33663H€‘IYIOTB

TOYHICTh BU3HA4YeHb 0 1—2¢¢ mo momoxkeHHo 1 0,001 cex 3a wacom. OnTuyHi
CHOCTEPEKEHHSI MOXKJIUBI JIMIIE Y TOMY BHIAJKY, KOJIM CYNYyTHUK OCBITJICHUN
COHAYHUMH MPOMEHSAMHU (BUHSATOK CTAHOBJISATH T'€0€3WUHI CYMYTHUKH, 00IaIHAH]
IMITYJIbCHUMH JIPKE€pEJIaMH CBITJIA; BOHU MOXKYTh CIIOCTEPIraTUCs 1 3HAXOASUYHUCH B
3eMHIN TiHI), HE0O Haa CTaHIED JOCUTh TEMHE 1 TOroja CIpUsE

CIIOCTCPCIKCHHAM. Hl YMOBH 3HA4YHO 06MC}KYI-OTI> MOJKJIUBICTh ONTHYHUX
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CIOCTEpeKeHb. MEHI 3aleXHl BIJ TaKUX YMOB pPaJIOTEXHIUYHI METOIU
CIIOCTEPEKEHb  CYIMYTHHKIB, IO € OCHOBHHMH METOJAMHU CIIOCTEPEKEHb
CYNMyTHHUKIB B TMepioJi (PYHKIIOHYBaHHS BCTAaHOBJICHHUX HA HUX CIEIlaIbHUX
paniocucteM. Taki CIIOCTEPEKEHHS MOJIATAIOTH B IPUIOMI 1 aHaJi31 paJlOCUTHAIIB,
aKi a00 TEHEepylThCsd OOPTOBUMH pajiornepeaaBadyaMu  CYMyTHHKa, abo
NOCWJIAIOThCS 13 3eMill 1 PETPaHCIIOIThCS CcynyTHUKOM. [lopiBHsHHS (a3
CUTHAJIIB, 1[0 MPUUMAIOTHCS Ha JEKUTBKOX (MIHIMAILHO TPU) PO3ZHECCHUX aHTCHAX,
JTIO3BOJISIE BABHAUUTH MOJIOKEHHS CYITyTHHKA Ha HeOeCcHIH cdep.
HaykoBo-a0cJiTHUUTKI CYIYTHHKHU. Amaparypa, IO BCTAHOBIIOETHCS
Ha OOpTYy CYIyTHHMKA, & TAKOX CIIOCTEPEKEHHS CYMyTHUKA 3 HA3€MHUX CTaHIIIN
JTIO3BOJISIIOTH TIPOBOJIUTH BCUISAKI Te€O(U3MYHI, aCTPOHOMIYHI, T€OJE3UYHl 1 1H.
nocrmimkeHHss. OpOiTH TakuX CYMyTHUK Bcursaki — Big Ha Bucoti 200—300 xom.
Maudce Kpyeié 10 BUTSATHYTUX ENNTUYHUX 3 BHCOTOIO amoreio a0 500 tuc. km. .
Jlo HayKOBO-JOCIITHUIIBKUX CYIIYTHUKIB BIIHOCATHCA TMEPIIl  PaJTHCHKI

CYIyTHUKH, PaAsSHCBKI  CYNYTHUK cepiid «Enexmpouny, «[Ipomony, «Kocmocy,

aMEpPUKaHChbKI CYNyTHHKH cepiii «ABaHrapa», «Excmiopep», «OI'O», «OCOy,
«BAT» (opOitanpHi Treo(u3UYHI, COHSYHI, AaCTPOHOMIUHI 0OcepBarTopii);
aHTJIACBKUN  CYNMYTHHUK «Apienby, (paHily3bkuil cynyTHUK «J[liagmem» 1 iH.
HaykoBo-mocaiaHuIbKi CYIyTHUKH CKJIQIal0Th OJW3bKO TOJOBUHU BCIX
3aMylI€HUX CYIMyTHHKIB.

3 J01OMOrol0 HAayKOBUX TMPWJIAJIB, BCTAHOBJIEHUX HA  CYIYTHUK,
BUBYAIOTHCS HEUTPOHMI 1 10HHUH CKJIAQJ BEpXHbOi arMocdepu, il THCK 1
TeMIiepaTypa, a TaKOX 3MIHM LuX napameTpiB. KoHUEHTpallisi €JIeKTPOHIB B
10HOC(epi 1 11 Bapiamii HOCTIKYIOTBCS SIK 32 JOTIOMOTO0 OOPTOBOi amaparypu,
TaKk 1 3a CIHOCTEPEKEHHSAMM IPOXO/JKEHHS Kpi3b 10HOChepy paalocCUrHaliB
OOpTOBUX pajioMasKiB. 3a JOIMOMOTOI0 10HO30HAIB JETaIbHO BUBYEHI CTPYKTypa
BEPXHBHOI YaCTUHU 10HOC(EepH 1 3MIHM B €JIEKTPOHHINA KOHIIEHTpAIlll 3aJIeKHO BiJl
T€OMAarHiTHOI HIMPOTH, Yacy Ao0u 1 ToMy mnojiOHe Bci pesynbraTtu JoCiiIKEeHb
aTMocepr, OTpHMaHl 3 JOMOMOTOI  CYIYTHHUKIB, € BAXKJIMBUM 1 HaTIHHUM

EKCIIEPUMEHTAIbHUM MaTepiajioM JJii PO3YMIHHS MeEXaHI3MiB aTMoc(hepHUx
12


http://vseslova.com.ua/word/%C2%AB%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%C2%BB-125135u
http://vseslova.com.ua/word/%C2%AB%D0%9F%D1%80%D0%BE%D1%82%D0%BE%D0%BD%C2%BB-86347u
http://vseslova.com.ua/word/%C2%AB%D0%9A%D0%BE%D1%81%D0%BC%D0%BE%D1%81%C2%BB_%28%D1%81%D0%B5%D1%80%D1%96%D1%8F_%D0%BC%D0%B8%D1%81%D1%82%D0%B5%D1%86%D1%82%D0%B2._%D1%81%D1%83%D0%BF%D1%83%D1%82%D0%BD%D0%B8%D0%BA%D1%96%D0%B2_%D0%97%D0%B5%D0%BC%D0%BB%D1%96%29-51566u

IPOLECIB 1 i1 BUPIIICHHS TaKUX MPAKTUYHUX MUTaHb, SIK IPOTHO3 Pajaio3B's3Ky,
IIPOTHO3 CTaHy BEPXHbOI aTMOoc(hepu 1 ToMy moaioHe

3 I0MOMOTOI0 CYMYTHHMKIB BHUSBJICHI 1 JOCIIKYIOTHCS padiauitini noscu

3emni . Tlopsn 3 KOCMIYHMMHU 30HAAMU CYIMYTHHKH JO3BOJHIN JOCITIIKYBAaTH

CTPYKTYPY MacHimocgepu 3emni1 xapakrep ii OOTIKAaHHA COHSYHUM BITPOM, a

TaKOXX XapaKTePUCTHKU CaMOTO COHAYHO20 6impy (IIUIbHICTh MOTOKY 1 €HEpriio

YacTOK, BEJIMYMHY 1 XapakTep MAar"iTHOrO TOJsA, IO «BMOPOXKY€») 1 IH.
HenoctymHi juisi  Ha3eMHUX CHOCTEpEXKeHb BUIpoMiHIOBaHHS CoHIST —
yibTpadiojIeTOBE 1 PEHTICHIBChKE, IO MPEJCTABISE BEIUKUN 1HTEpPEC 3 TOYKHU
30py PO3YMIHHS COHSIYHO-3€MHHUX 3B'si3KiB. KOIITOBHI AJ1s1 HAYKOBUX JTOCIIIKEHb
JlaHl JOCTaBJSIIOTh TaKOXK 1 JIeAKl NPUKIAAHI  CYNyTHUKU. Tak, pe3yibTatu
CIIOCTEPEXKEHDb, IO BUKOHYIOTHCS HAa METEOPOJIOTIYHHUX  CYIyTHHKAX, HMIMPOKO
BUKOPHCTOBYIOTBCS JJIS1 P13HUX IF€0(QU3UUHUX JOCIIIKEHb.

Pe3ynbratu crnoctepexeHb CYMyTHHUKIB J1al0Thb MOXJIMBICTb 3 BHCOKOIO
TOYHICTIO BU3HAYaTH MOPYIIEHHS OpOIT CYMYyTHUKIB, 3MIHU UIIJIBHOCTI BEPXHbOI
atMocepu (y 3B'SI3Ky 3 PI3SHUMHU TMPOSBAMH COHSYHOI AKTHUBHOCTI), 3aKOHH
HUPKYJISLIT aTMOChEpH, CTPYKTYpy rpasitauiitHoro mois 3emul 1 iH. CneniaabHo
OpraHi3OBYBaHI MO3UINIIHI 1 JaTEKOMIPHI CHHXPOHHI CIIOCTEPEKEHHS CYITyTHHUKIB

(oIHOYACHO 3 JEKIIBKOX CTaHIINA) METOJAAMU CYNYMHUKOBIL 2e00e3ii TO3BOJISIOTh

3MIICHIOBATU T'€OJIE3UYHY NPUB'A3KY MYHKTIB, BUIAJEHUX HA THCSYl KM. OJUH BiJl
OJIHOTO, BUBUATH PYX MATEPHKIB 1 TOMY MOJ10HE

Ipukaagni  cymyTHuku. /[0 TpUKIaIHUX  CYNYTHHKIB BiJTHOCSATH
CYNMyTHUKH, IO 3aIyCKAIOThCS Il BUPIMICHHS TUX a00 IHIIMX TEXHIYHUX,
rOCIOJIaPCHKUX, BINCHKOBHX 3aBJIaHb.

CynytHukd  3B'S3Ky  CHOykaTb Juid  3a0e3leueHHs  Telenepeaad,
pamiorenedoHHOO, TelerpagHOO 1 1H. BUAIB 3B'SI3Ky MK Ha36MHUMU CTaHITISIMU,
pPO3TAIIOBaHWUMH OJMH BiJ] OJHOTO Ha BifacTaHsx g0 10—15 Tuc. xm. . boprosa
panioanapatypa TaKMX CYINyTHUK MpUHAMAae CUTHAJIM Ha3eMHUX PaJllOCTaHIIIN,
HIACWIIOE 1X 1 PEeTpPaHCIIOE Ha 1HII HazeMHl pafgioctaHiii. CymyTHHUKH 3B'SI3KY

BHUBOSTHCS Ha BUCOKI opOiTH (10 40 THC. K. ).
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MeTteoposnoriuai CyNmyTHUKM TMPHU3HAYEHI AJS PEryysapHOi mepenadi Ha
HA3eMHI CTaHIl TeNeBI3INHUX 300pa’keHb XMAapHOTO, CHITOBOTO 1 JIOJOBOTO
MOKPUBIB 3eMJIi, BIJOMOCTEH MPO TEIJIOBE BUIIPOMIHIOBAHHS 3€MHOI MOBEPXHI 1
XMap 1 ToMy MOAIOHI CYHMYTHHKH IIbOTO THUITY 3aITyCKAIOThCS Ha OpOiTH, OJU3BKI
10 KpyriB, 3 BUcoToro Big 500—600 xm. mo 1200—1500 k. ; cMyra oryisiay 3 HUX
nocsarae 2—3 TUC. KM. .

BukitouHO MNEpCHEeKTUBHUMHU 3 TOYKH 30pYy BXKUBAaHHS B HapOJHOMY
rOCIOAAapCTBI € CYIMyTHUKH JIJIsl TOCHIIPKEHHS IpupoaHuX pecypcei 3emui. [lopsia
3 METEOPOJOTIYHUMH, OKEAHOIPAPIYHUMH 1 TIAPOJOTIYHUMH CIIOCTEPEKECHHIMU
Takl CYNyTHHK JIO3BOJISIFOTH OTPUMYBATH ONEpaTHBHY 1H(OpMaIito, HEOOXIIHY
JUIs  TEO0JIOTii, CLIbCHKOTO TOCHOJApCTBa, PUOHOIO MPOMHUCTY, JICOBOTO
TOCIIO/IaPCTBA, KOHTPOIO 3a0pyIHEHb MPHUPOJHOTO cepenoBuina. Pe3ympraTi,
OTpUMaHi 3 JOMOMOIOIK CYNYTHHKIB 1 MIJIOTOBAHMX KOCMIYHUX KOpaOuiB, 3
OJIHOTO OOKY, 1 KOHTPOJIbHI BUMIpHU 3 OQJIOHIB 1 JITaKiB — 3 IHIIOIO, MMOKA3yIOTh
MEPCIIEKTUBHICTh PO3BUTKY IIOTO HAMIPSIMY JAOCIIKEHb.

HapiramiitHi  cymyTHUKH, (GYHKIIOHYBAaHHS SIKAX MIATPUMYETHCS
CHElIaJbHOK HA3€MHOI0 CHUCTEMOIO 3a0€3MeyeHHs, CIyXaTb [JIs HaBiraiii
MOpPCBHKUX KOpaOmiB, y Tomy uuchai migBoanux. Kopabenb, mnpuitmMaroun
pajloCUTHAIM 1 BU3HAYAIOYHM CBOE TMOJIOKEHHS BITHOCHO CYIYTHUK, KOOPJAMHATH
SKOro Ha OpOITI B KOXKEH MOMEHT B1JIOMI 3 BUCOKOIO TOYHICTIO, BCTAHOBIIIOE CBOE
Miciie posrtamryBaHHs. [lpukiazoMm HaBITaliWHUX  CYNMYTHUK € aMEPUKAHCHKI

cynyTHUKH « Tpan3ut», «HaBcar.

[Ipu omnpaitoBaHHi Il€i TEMU CTYJEHT I[OBMHEH OIpaIlOBaTH TakKi
JiTepatypHi mkepena [3] ct. 87- 94, [9].

3anumanna 01 CAMOKOHMPOJII0:

1. Yomy cynmyTHUKH, 00EpPTalOYMCh HABKOJIO 3e€MJIi il JII€I0 CHIIA TSKIHHS,
HE MagaroTh HAa 3eMIT0?

2. llo HeoOximHO 3pO0OUTH 3 (PI3UYHUM TILJIOM, 11100 BOHO MEPETBOPUIIOCS Ha

IMITYYHUHN CYITyTHUK 3eMJTi?
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3. Sk pyxaeTbcs CymyTHHK, 110 Ma€ MepUly KOCMIYHY IIBUIKICTH? APYTY
KOCMIYHY IIBHUJIKICTH?

4, Yu 3anexuTh Iepiia KocMidHA IMIBHJKICTh BiJI XapaKTEPUCTHUK Tijaa?
Sxuii 3 1bOr0 MOKHA 3pOOUTH BUCHOBOK?

5. Sk 3amyckaroTh IITY4YHI CYMyTHUKH?

6. HaBeniTh npukiaau (3 aCTpOHOMI), TOBOISATh, IO TP BIACYTHOCTI CHJI
OTOpY TIJIO MOXE HEOOMEKEHO JOBrO pyXaTHCs MO 3aMKHYTIM TpaekTopii mif
JIEI0 CUITH, SIKa 3MIHIOE HAIIPSIM IMIBUIKOCTI PYXY IIbOTO TiJa.

7. Un MoxHa BBakaTH OOEpTaHHS CYNyTHUKA HABKOJO 3€MJll BLIbHUM
maJlHHAM?

8. Jlsi1 4oro BUKOPUCTOBYIOTH CITYTHUKH?

9. SIk Ha3MBaBCh MEPIUINI MITYYHUH CYITyTHUK 3eMITi?

10. o BruMBae Ha pyX CIYTHUKIB MO OpOITi?

11. flka cuna Haja€ CymyTHUKY JOLEHTPOBOTO MPUCKOPEHHS IIiJl 4ac Horo
pYyXy HaBKOJO 3emui?

12. SIx mae OyTH crpsiMOBaHa IIBHJIKICTh TiJla B MOMEHT MOTO BUXOJIYy Ha
op0iTy, II00 BOHO CTAJIO IITYYHUM CYITyTHUKOM 3emti?

Bukonaitme 3a60anns:

1. Yu Moxe CymyTHHUK 0OepTaTHCsS HaBKOJIO 3eMJi KOJOBOKO OpOITOIO 31
mBUIKICTIO 1 kM/c? 3a IKO1 YMOBH 11€ MOKJIUBO?

2. Yu Moxe CymyTHHUK 0OepTaTucs HaBKOJO 3emili KOJOBOKIO OpOiTOIO,
saiicHioroun 30 06epTiB Ha 700y ?

3. Ominite Macy CoHis, ko BijicTanb MK CoHIlleM 1 3eMJielo JOPIBHIOE
150 miH. kM. 3emitst pyxaeTbest HaBkosio CoHIs 31 mBUAKICTIO 30 KM/C.

4. Ha sikiii BUCOTI HaJ MOBEPXHEIO 3eMJIl CHJIa TSKIHHS 3MEHIIYEThCS Ha

10 %?
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Poznin |. MEXAHIKA
Tema 2

BHeCOK YKPAIHCHbKHUX BYCHHUX Y PO3BUTOK KOCMOHABTHUKH
Kopomxki meopemuuni gioomocmi

Konopamiox KOpiii Bacunvosuu (Onexcanop I'namoesuu Illapeeii)

Omun 3 mioHepiB poO3po0OKH OCHOB KOCMOHABTHMKM. MexaHIK 1
BUHAXIJTHUK, aBTOpP JOCIIIKEHb MOJIMBOCTI PaKETHOTO IMOJIbOTY Y CBITOBUH
NpPOCTIP, aBTOP OpUTIHAJIBHUM 17ed Yy pilIeHHI [po0JeM MIKIUTaHETHUX
nosopoxkei. [cHye Bepcis, 10 BiH MPOKUB YCE KUTTS M1 Uy>KUM 1M'SIM.

CrnpasxHe Horo iM's — Onexcanap IrnatiioBuy [llapreii 1 HapoauBCs BiH HE
B Cubipy, a na VYkpaini, y [lonraBi. ¥ 1916 p. Kougpatiok-Illapreii OyB
NOKJIMKaHUH Ha BINCHKOBY CITYKOY.

[Ticns peBomronii 1917 p. loro Mo611i3yBanu B 611y apMito, A€ BiH 1 CIIYKUB
akuiicb 4ac. Ille B 1919 p. po3risiHyB OCHOBHI NHUTAHHA KOCMOHABTHUKH,
BUKJIABIIM iX y TBopi "Tum, xT0o Oyzae untaTh, o0 OyxyBatu". Bin 3anpononyBaB
BUKOPHCTOBYBaTH SIK TMaJUBO KOCMIYHMX paKeT BOJTHEBI 3'€THAHHS JICSIKUX
MeTaJiB 1 METajoi B, 30KpeMa — OOPOBOIOPOI.

[Ti3Hime, moborYKCh penpeciit 3 00Ky PansiHCbKOi Biaau, BiH 3MiHUB CBOT

nacropTHi gaHi. Ile 3araakoBa mroanHa, CHOIPSIKOM HOT0 Ha3WBAIU TIIBKH TOMY,
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mo came B neHtpi Cubipy (y HoBocubipebky) y 1929 p. BHifioB y CBIT TBip 3a
Ha3BOIO0 "3aBOIOBAHHSA MDKIUTAHETHUX MPOCTOpiB". Y HIN BUBIB, HE3aJEKHO BiJ
[{ionkoBChKOTO, (POPMYJIY MOJIBOTY PAKETH.

Ha #ioro po6otu 3BepHyB yBary mpodecop B. I1. Betuinkin (1888-1950). ¥V
yepBHi 1931 p. 3acymkeHuid, HampaBlIeHMH Ha pPoOOTYy B TMPOEKTHO-
KOHCTPYKTOPCBhKE O10pO.

I3 cepemuan 1930-x pokiB TmpaioBaB y MOCKOBCBKHX IPOEKTHO-
KOHCTPYKTOPCBKHX OpraHi3allisix, 3irpaB IMOMITHY poJjb y €l1eBaTopoOyayBaHHI i
1HIIUX 00JacTax TexHiku. 3arunyB mia Kamyrotro. PeabiniToBanuii y 1970 p.

Koponvoe Cepeinu Ilasenosuu

30.12. 1906 (12.01. 1907) — 14.01. 1966.

3akinuuB MBTY im. M. baymaHa, iioro 1UmioMHUM MPOEKTOM KepyBaB A.
H. Tynones. Unen-kopecnongaedT AH CPCP no BimninieHHIO TEXHIYHHUX HayK
(mexanika) (23.10. 1953). Axanemik AH CPCP no tomy x Bigauiensto (20.06.
1958). BugaTHuii BYE€HHMI 1 KOHCTPYKTOp, IO BHIC BU3HAYaJbHUN BHECOK Y

PO3BUTOK PAKETHO-KOCMIYHOT TEXHIKH.

3 paHHIX pOKIB I[IKaBMBCS aBialli€lo, IIe B Mepioj HAaBYaHHS Yy BY3l MoYaB
mpaiooBaTd B 001acTi pakeToOyayBaHHS. ApemToBaHUM 3 O€3MiICTaBHUX

OOBHMHYBQUYE€HHAX y TIM, IIO0 PO3POOKH PAKETHOI TEXHIKM Benucs HiOuTO 0€3
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JIOCTATHIX TEOPETUYHUX OCHOB, IO JOMYCTUB IIKITHUIITBO MPU CTBOPEHHI paKeTH
"212", BilickkoBoro kojerieo BepxoBHoro Cyay 3acymkenuid no 10 pokis
TabipHUX POOIT 3 MOPA3KOI0 B IpaBax 1 KoHpickalliero maiiHa (27.09. 38).

VY 1939 p. nanpasnennii y paiion MaragaHa Ha 30J10Ti KOMajbHi, ¢ HOTO
NOMITUB (paHillle 3HaMOMHUIA) KOJMIIHIA IupekTop amiazaBoay Ne 156 M. A.
Vcauer (mo BigOyBaB 15 pokiB TabopiB micias 3arumbem B. UYkanosa),
CKOPUCTABUINCh OCOOMCTHM aBTOPUTETOM Cepel yB'SI3HEHUX, YcaueB BpPSTYBaB
Horo Bix 3arumbeni (Ha modatky 1960-x pp. YcadeB mpairoBaB 3acTYIHHUKOM
rosioBHOro 1HxeHepa B Kb Koponbosa).

Ha mouatky Oepesns 1940 p. iioro crpaBa 3HOBY Oyja HalpaBlieHa Ha
JOCTIAyBaHHs, ajie OyB MiATOTOBJICHUN OBTOPHUN OMUJIIKOBUN OOBUHYBAJIbHUI
EKCIIEpTHUM BUCHOBOK KoMicli mocTaHoBor OcobnuBoi Hapaaun HKBJ[ Oys
OpUCY/KEHUH 70 & PpoOKiB BUIpaBHO-TpyAoBux Tabopi (10.07. 1940).
Knonoranust nemytariB mpo MOro 3BUIBHEHHS 3ajMINCHI 0€3 3aJ0BOJICHHS. 3
OOBHHYBAJIbHUX BUCHOBKIB €KCIEPTHOI KOMICIi JOBIAABCSA MPO YCHIMIHUNA ICIIUT Y
kBiTHI 1940 p. pakeroruianiB, HajJ SKUMHU mpaioBaB 3 1935 p. Hammca nuct
Craininy, y SSKOMy OOIpYHTYBaB BaXKJIUBE 3HAYEHHSI POOIT, IO MPOBOAMIUCS iM,
M0 PAKeTHHX JIITaKax 1 CBOIil HEBUHHOCTI.

[To xnomortanuto TymoseBa, oMy A03BONIHIIM TipaioBatd B OcoOiuBOMY
texHiyHoMy Oropo HKBJI (nauanshHuk — A. H. Tynones), y ubomy x Kb (3ronom
[IKb-29 HKB/I mpaioBasii COTHI 1HIIMX BHCOKOKBaJI(DIKOBAHUX 1HKEHEPIB.
[Ticns eBakyatii B OMCBK IpalioBaB KOHCTPYKTOPOM 1 3aCTYITHUKOM HadyaJlbHUKa
1exy aBialOynaiBenbHOro 3aBony. ¥ 1942 p. nepeBenenuii y Kazans Ha 3aBog Nel6
st podotun B cremianbHOMy Kb (AkuM KepyBaB TakKOX 3HAXOAWBIIUHCS Y
yB’si3HeHHl B. II. I'mymko) Ham npoekToMm peakTuBHOro mitaka. OnauH 1
po3pobmroBauiB ABuryHa it jitaka Jla-7P. O3znaiiomneHuit 3 yka3oMm Ipo
3BUThbHEHHS 3 yB si3HEeHHs (9.8. 1944), y 1945 p. cnpsamoBannii y Himeuunny s
BUBYEHHS JIOCB1y poOIT pakeT bpayHa.

Onun i3 TBopuiB pakeru P1,3 Kol movamacss MICISBOEHHA ICTOPIA

PaIsHCHKOI pakeTHOI TeXHIKW. Y ciuHl 1955 p. 3aBepmmB BUNPOOYBaHHS paKeTH
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P5M — crpareriunoi, 31aTHOI HecTH saepHuid 3apsa. Y 1950-1 pp. 3BepHyBcs B
TOJIOBHY BIHCBKOBY MpPOKYpaTypy 3 MpPOXaHHAM NPO TMEperiisg MOro Crpasu.
3abe3neuynB nepiuii 3anyck P7, a moTiM 1 HOCATHEHHS YCHIIITHOTO pe3yJbTaTy
BXKE HAa YETBEPTOMY 3aITyCKY.

Horo pakera P7 ("cimka") Buena nepmmii 1IIC3 i xopaGens 3 mepumM y
cBiTi KocMoHaBTOM FO. A. Tarapinum. Po3poOuB HOBY MOTYTHIO pakeTy-HOCIH
HI1, niTHi BumpoOyBaHHS $KOi Mouaiucs BXe 0e€3 HbOro, OAHAK He3zabapom
mporpaMa CTBOPEHHS Ill€i pakeTu Oyia mpunuHeHa. BuzHanuii rigHuM Oe3midi
nep:kaBHUX HaropoA 1 npemiil. 20 kBiTHA 1956 p. y Kpemni flomy Oyna BpydeHa
nepmia 3om0Ta 3ipok ['epost Couianictuunoi [Iparii.

Cepriit IlaBnoBuu KoponiboB - BUAaTHUI KOHCTPYKTOpP 1 BYEHHH, IO
MpaloBaB B Trajay3l paKeTHOI i pakKeTHO-KOCMiuHOI TexHikM. J[Biui ['epoit
Comamictuunoi [lpari, nmaypeat JIeHiHCBKOI mpemii, akajemik Akaaemii Hayk
CPCP, BiH € TBOpIEM BITUM3HSHOI CTPATETIYHOI pakeTHOI 30poi cepeaHboi 1
MDKKOHTHHEHTAJIBHOT ~ JalbHOCTI ¥ OCHOBOITOJIO)KHUKOM  TPaKTUIHOI
KOCMOHABTHKH.

Moro KOHCTPYKTOPCHKI pO3pOOKH B  0ONACTi pAaKeTHOI TEXHIKH
MPEACTABIIAIOTh BUHITKOBY I[IHHICTH JJIi PO3BUTKY BITYM3HSHOTO PAKETHOTO
030pO€HHS, a B 00J1aCTI KOCMOHABTHKH MAIOTh CBITOBE 3HAUCHHSI.

VYkpaiHa 1 cbOro/iH1 3aJIUIIAETHCS KOCMIYHOIO Jep)KaBor0. SIcKkpaBuii noKka3
IbOMY — HasIBHICTh YKPaiHCHKOTO KOcMOHaBTa KaeHroka.

Kaoeniox Jleonio Kocmanmunoeuu

Haponuscs 28.01. 1951 p. y c. KiaumkoBui (XOTHHCKOTO p-HY
UepniBenpkoi 00:1., Ykpaina). 3akinuuB Yepniriscbke BBAVYII (1971) 1 MAI 3a
daxom "imwxkenep-mexanik" (1988). I'enepan-maiiop BBC VYkpainu (1998).
CayxuB y BBC. IlpoxoauB miarotoeky no kocmiynux nonboTiB y HIIK BBC i
I'KHAI (1976), mortim (micis posBary CPCP) roryBaBcs 1m0 mONBOTY B
Kocmiunomy 1entpi iM. J[Ixoncona B CHIA sk QaxiBenp 3 KOPUCHOTO

HaBaHTAaXCHHA.
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3miicanB kocMivani momT Ha MTKK "Komym6is" 3a mporpamoro STS-87
(19.11 — 5.12. 1997). Ilix yac MOJLOTY BUKOHYBaB O10JIOTIYHI €KCIIEPUMEHTH 3
pOCITUHAMH Ta E€KCIIEPUMEHTH |HCTUTYTYy CHCTEMHHX TOCIHIIKEHb 32 TEMaTHUKOIO
"JIronuHa 1 cran HeBaromocTi". Ilicias BUOyTTS 3 3aroHy kocMoHaBTiB (1983) Ha
KEepIBHUX mocajax B YkpaiHi. [lepmunii kocMOHABT He3ayiexkHo1 Ykpainu. ['epoi
VYkpainu. 3aciyKeHHi MalucTep CropTy Y KpaiHu.

VYkpaina mpojoBxKye 3aiMaTHCs aB1a-KOCMOHABTHKOIO Ha BHIIIOMY PIBHI.
CriBnpailroe 3 MPOBITHUMU KpaiHAMH CBITY Y BUBYEHHI Ta TOKOPEHHI KOCMIYHOTO

pOCTOPY.

IIpu omnpairoBanHi 11i€i TeMH CTYJICHT IIOBHHEH OMpAIfOBaTH Taki

JiteparypHi mkepena [3] cr. 65- 75, [10].

3anumanna 01 CAMOKOHMPOJII0:
1. Copasxue iMm’st Kongparioka FOpis BacunsoBuya?

2. ki ykpaiHChKi BY€H1 TOCTIPUSIIA PO3BUTKY KOCMOHABTUKH?

3. X10 OyB nepumM KOCMOHaBTOM He3aJIeKHOT YKpaiHu?
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Bukonanume 3aeoanns:

1. 3ops Bera posramoBana Ha BiAcTani 26,4 cB. poKy BiA 3emii.
CK171bKH POKIB JieTisia 06 10 Hel pakeTa 3 MOCTiiHO MBUIKICTIO 30 Kkm/c?

2. Yu MOXyTh KOCMOHABTH 3 TOBEpXHI Micslsl HEO30pOEHUM OKOM

nobauntu Yopue mope?

3. Ha moBepxHi K01 IUTaHETH 3€MHOI TPYyIH Bara KOCMOHaBTIB Oyje
HaWMEHIIOI0?
4, Ha opO6iTanpHiii cTaHIii KOCMOHABTH BUPIIWIM 3ycTpiTh HoBuil pik

Beuepero npu cBiukax. CKUIbKM Yacy Oyjae ropiTh Ha CTaHLIi CBIYKa, SKIIO Ha
3eMJ1i BOHA 3ropsi€ 3a 3 TOJIUHU?

S. [Tix gyac 6yniBHHUIITBA 0OcepBaTopii Ha MicsIill B CIEKOTHUM MIiCIYHUN
NOJIYAACHb PO3351Ba-KOCMOHABT PO3JIMB Ha 3ali3HIM MOBEpXHI Bipo Outmil. Yepes
JEeSIKUN yac BUABWIIOCS, 110 HE TUIBKU MPAIIOBATH, aje M MPOCTO CTOSATU Ha Hid
HeMoxsiuBo. Yomy? Jlo peui, 4oMy HOIIIBLHO MOOymyBaTh oOcCepBaToOpil0 Ha

Micsi?
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Po3aia |. MEXAHIKA
Tema 3
PeakTuBHUi1 pyx. BynoBa Ta npuHOun aii peakTHBHUX IBUTYHIB

Kopomxki meopemuuni gioomocmi
PeakTuBHUM PpyXx — pyX, [0 BHUHUKAE 3a pPaxyHOK BIAKUIAAHHS

YaCTHUHH MacH TiJIa 13 MEBHOIO MIBUAKICTIO.

3a 3aKOHOM 30€pEKEHHsI IMITYJIbCY, MPU BIIOKPEMIIEHH] BiJ Tia Macoro M
MacH m 13 MBHJKICTIO V, TUIO0 Ha0yBa€ MIBUIKOCTI V, SIKYy MOKHA pO3paxyBaTu 3a
bopmyIioro

(M —=m)V4+mv=0

a, OTXKe,

mu

M-—m

[IBuakicTe V HampaBiieHa Y HaNpPSIMKY, IPOTUIICKHOMY PYyXY BIIKUHYTOTO

V=

Tiy1a. BoHa TiM OinbIra, yuM OibIlIa Maca BIIKMHYTOTO Tija Ta HOTO IIBUIKICTb.

B peanmpHMX BUNAQOKaxX PEAKTUBHHUM pyX BUHUKAE 3a PaxXyHOK CTaJoOro
BUKHUAHHS Ta3iB, K1 YTBOPIOIOTHCS NpPH ChaltoBaHHI najauBa. [Ipu mpoMmy maca
Tia 3MIHIOETbCA HenepepBHO. CnamoBaHHS 3a0e3nedye BHCOKY IIBHJIKICTh
BUTOKY Ta3y.

VY 3aranpbHOMY BHITQJKy, KOJH BiJ Tida Oe3MepepBHO BIIIIIAETHCS 1
NPUENHYETHCS  TIEBHA  Maca, pPEAKTUBHUW  PYyX  OINHUCYETHCS PIBHIHHIM
MemepchbKoro.

PeakTuBHUII pPyX 3aCTOCOBYETHCS B PEAKTUBHOMY JIBUTYHi, OJHOMY 3
HAWMOIIMPEHIIINX THUIIIB JBUTYHIB JITAJbHUX anapariB. PeakTUBHUN JBUTYH €
BapiaHTOM Tra3oBoi TypOinu. I[loBiTps, mpoxoasuym Kpi3b NpuiiMad CHEpeny,
CTHCKY€ETHCSI KOMIIPECOpOM a00 TBHHTOM 1 TIOAA€EThCA Y KaMmepy 3TOpsSHHS.
BnopckyeThest 1 3ropae manuBo (3a3Buuai, rac). [apsiamii Ta3 po3MIMPIOETHCS 1
obOepTae TypOiHy, siKa KEpye KOMIIPECOPOM; 1 BUXOJUTH 13 COILIA 3 IY)KE BEIUKOIO

IIBUJIKICTIO, 1110 BUKJIMKAE BiA01H, 1 TITAIbHUMN arapat pyXxaeThCs BIIEPE/I.
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https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D0%B0
https://uk.wikipedia.org/wiki/%D0%A4%D1%96%D0%B7%D0%B8%D1%87%D0%BD%D0%B5_%D1%82%D1%96%D0%BB%D0%BE
https://uk.wikipedia.org/wiki/%D0%A8%D0%B2%D0%B8%D0%B4%D0%BA%D1%96%D1%81%D1%82%D1%8C
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D0%BE%D0%BD_%D0%B7%D0%B1%D0%B5%D1%80%D0%B5%D0%B6%D0%B5%D0%BD%D0%BD%D1%8F_%D1%96%D0%BC%D0%BF%D1%83%D0%BB%D1%8C%D1%81%D1%83
https://uk.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7
https://uk.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BB%D0%B8%D0%B2%D0%BE
https://uk.wikipedia.org/wiki/%D0%A0%D1%96%D0%B2%D0%BD%D1%8F%D0%BD%D0%BD%D1%8F_%D0%9C%D0%B5%D1%89%D0%B5%D1%80%D1%81%D1%8C%D0%BA%D0%BE%D0%B3%D0%BE
https://uk.wikipedia.org/wiki/%D0%A0%D1%96%D0%B2%D0%BD%D1%8F%D0%BD%D0%BD%D1%8F_%D0%9C%D0%B5%D1%89%D0%B5%D1%80%D1%81%D1%8C%D0%BA%D0%BE%D0%B3%D0%BE
https://uk.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%B8%D0%B9_%D0%B4%D0%B2%D0%B8%D0%B3%D1%83%D0%BD
https://uk.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0_%D1%82%D1%83%D1%80%D0%B1%D1%96%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%80%D0%B5%D1%81%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BC%D0%B5%D1%80%D0%B0_%D0%B7%D0%B3%D0%BE%D1%80%D1%8F%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%93%D0%B0%D1%81
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%80%D0%B5%D1%81%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BF%D0%BB%D0%BE
https://uk.wikipedia.org/wiki/%D0%9B%D1%96%D1%82%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BF%D0%B0%D1%80%D0%B0%D1%82

B ocHOBI cyuacHUX MOTY>KHUX PEaKTHUBHHUX JBUTYHAX PI3HUX THUIIIB JICKHUTh
MPUHIIUII TIPSIMOI peaKilii, TOOTO MPHUHIIUII CTBOPEHHS PYIIIIHOI criu (a0 TATH) y
BUTJISA/II peakinii (Bigadi) CTpyMEHs BUILIMBAE 3 JBUT'YHA «POOOYOr0 PEUYOBUHUY,
3a3BUYail — PO3TCUYCHHX Ta3iB.

VY BcCiX ABUTYHax ICHY€ JBa MpOIECH NEepeTBOpeHHs eHeprii. Crodatky
XiMIYHAa EHEprisg IMajJuBa TIEPETBOPIOETHCS B TEIJIOBY €HEPTil0 IMPOAYKTIB
3TOpSIHHS, a TOTIM TEIJIoOBa €Heprisi BUKOPUCTOBYETbCA I  3/A1MCHEHHS
MEXaHIYHOi po0oTH. Jlo TakuxX [JBUTYHIB BIJIHOCATBHCS TOPIIHEBl JIBUTYHU
aBTOMOO1J1iB, TEIJIOBO31B, APOBI Ta ra30B1 TYpOIHU €NEKTPOCTAHIIIH 1 T.1.

PosrnsiHemo e mpouec CTOCOBHO /10 peakTUBHUM JABUTyHaMm. [lounemo 3
KaMepH 3rOpsIHHSA JIBUTYHA, B IKOMY TUM a00 1HIIMM CIOCOOOM, IO 3aJI€KUTh BiJl
TUIly JIBUTYHAa 1 pOJy MajiuBa, BXKE CTBOpEHa roproya cymiml. lle moxe Oytw,
HAIPUKIIAJ, CyMIII MOBITPS 3 racoM, Ik B TypOOpEaKTHBHOM JBUTYHI Cy4aCHOTO
PEaKTUBHOTO JliTaka, ad0 X CyMIII PIAKOTO KHUCHIO 31 CIOIUPTOM, K Yy JESKHX
PIAMHHUX PAaKETHHX JBUTYHAX, a00, HApeIlTi, SKECh TBEPJAE MaJUBO MOPOXOBHX
paker. ['oproua cymim MoOXe 3ropatv, TOOTO BCTYNAaTH B XIMIYHY PEaKIlio 3
OypXJIMBUM BUIUICHHSIM €HEprii y BUIISAL Terula. 3AaTHICTh BUIUISTH €HEPTIIO
P XIMIYHOT peaKIlii, 1 € MOTeHI[IfHA XIMIYHA €HePris MOJICKYJ CyMili. XiMiuHa
€HEpris MOJIEKYJ TMOB’si3aHa 3 OCOOJMBOCTAMHM iX OYIOBH, TOUHIIIE, OyJOBH iX
CJIEKTPOHHUX OOOJIOHOK, TOOTO TOTO EJEKTPOHHOTO XMapH, II0 OTOYyeE spa
aTOMIB, 1[0 YTBOPIOIOTh MOJIEKYTy. B pe3ynbTari XiMIYHOI peakilii, mpu sSKik o/H1
MOJIEKYJI PYWHYIOTbCS, @ 1HII1 BUHUKAIOTh, BIIOYBAETHCS, TPUPOAHO, Iepedy0Ba
CJICKTPOHHUX OOOJIOHOK. Y Il mepeOynoBl — JDKEpeso BUAUISETHCS XIMIYHOI
eHeprii. BuaHo, 1m0 nanuBaMu peakTUBHUX JBUTYHIB MOXKYTh CIY>KUTH JIUIIE TaKi
PEYOBMHHM, SKI TPHU XIMIYHIA peakuii B JBUTYHI (3TOpsiHHI) BUIUISIOTH JOCHUTb
OaraTo Teruia, a TaKOXX YTBOPIOIOTH MPHU I[bOMY BeJHMKa KUIBKICTH raszie. Bei mi
mpollecu BiOYBAaIOThCSA B KaMmepl 3TOPSHHS, aje 3yMUHUMOCS Ha peakili He Ha
MOJIEKYJIIpHOMY PiBHI (11e BKE PO3IJISHYJIM BHUIIE), a Ha «(pa3zax» podoru. [loku
3TOPSIHHS HE MOYAI0Cs, CYMIII BOJIOAIE BETUKUM 3alacoM MOTEHIIMHOI XIMIYHOT

eHeprii. Ajsie ocb TMOJYM’sl OXOMWJIO CYMII, III€é MUTh — 1 XIMIYHA peakIls
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3akiHueHa. Temep yke 3aMmiCThb MOJIEKYJ TOpPIOYOi CyMilli KaMmepy 3arOBHIOIOTH
MOJICKYJI TIPOIYKTIB TOPIHHS, OLIBIN MIIIPHO «3amakoBaHi». Hammumok eHeprii
3B’SI3KY, IO TIPECTaBIIse cOO0I0 XIMIUHY €HEPril0 MUHYJIOMY PeakIlii 3ropsHHS,
0 BUAUIMBCA. BoONOAIIOTH 1i€i HAAJIHUIIKOBOI EHEPri€l0 MOJICKYJIH Maike
MUTTEBO NEPENAIH 11 IHIIMM MOJIEKYJIaM 1 aTOMaM B Pe3yJIbTaTl YaCTUX 31TKHEHb 3
HUMHU. Bcl Mozekynu 1 aToMu B Kamepl 3rOpsiHHS CTalnd 0e3/1alHO, XaOTUYHO
pyxaTucs 31 3HAYHO OLTBIII BUCOKOIO IIBHJIKICTIO, TEMIIEpATypa rasiB 3pocia. Tak
B1IOYBCSl TepexiJ MOTEHINNMHOI XIMIYHOI €Heprii majauBa B TEIUIOBY €HEPTiIO
IPOJYKTIB 3TrOPSHHS.

[Ticns TOro, SIK B TEIJIOBOMY JABUTYHI YTBOPHIIUCS rapsivi ra3u, o MICTATh y
co0l BEJNMKY TEIUIOBY €HEprilo, ISl €Heprig MOBHHHA OyTH TNEpeTBOpEHa B
MeXaHI4Hy. AJKe JABUTYHHU IS TOrO 1 €, MO0 3A1MCHIOBATH MEXaHIYHY pOOOTY,
IIOCh «pyXaTW», IPUBOJUTH B JI110, BCE OJIHO, YU TO AMHAMO-MAIIMHA HA MPOXaHHs
JIOTIOBHUTH MaJIFOHKaMH €JIEKTPOCTaHII1i, TETJIOBO3, aBTOMOOLIb UM JIITAK.

[Ilo6 TemnoBa eHeprisi ra3iB Mepeiluia B MEXaHIuHy, iX 0OCSIr MOBUHEH
3poctd. Ilpu TakoMy po3mIMpeHH] Ta3u 1 3IIWCHIOIOTH pPOOOTY, Ha SKY
BUTPAYAETHCS X BHYTPIIIHS 1 TEJIOBA EHEPT1s.

PozmuproroThes razu, 3BU4aiiHO, 1 B peaKTUBHOMY JBUTYHI, aJiKe 03 I[boro
BOHU HE POOJIATH poOOTH. AJle poOOTa PO3IMIMPEHHS B TOMY pa3l HE BUTPAYAETHCS
Ha oOepraHHs Bana. [loB’s3aHOrO0 3 MNPUBOAHUM MEXAHI3MOM, SK B IHIIHUX
TEIUIOBUX JBUryHax. [Ipu3HaueHHs peakTHBHOIO ABUIYHA 1HILIE — CTBOPIOBATH
pEaKTUBHY TATY, a JJIs IIbOTO HEOOXIiJHO, 1100 3 JBUTYHA BUTIKaja HA30BHI 3
BEJIMKOIO MIBUAKICTIO, CTPYMiHb Ia3iB — MPOAYKTIB 3rOPSHHA: CHJIa peaKIii i€l
CTpyMeHs 1 € Tsara apuryHa. O1ke, po6oTa pOo3MUPEHHS Ta30MOI0HUX MTPOIYKTIB
3TOpPSIHHS MaJliBa B JIBUTYHI MOBMHHA OyTH BUTpayeHa HA PO3TiH CaMUX e rasiB.
[le o3Hauae, 110 TEIJIOBA €HEPris ra3iB B PEaKTUBHOMY JABUTYHI MOBHHHA OYyTH
NEpPEeTBOpPEHa B iX KIHETHMYHY €Heprilo — O0e3naJHe XaoTHYHE TEeIUIOBUU pyX
MOJIEKYJl Ma€ 3aMIHUTUCA OPTaHI30BaHUM iX TEUi€l0 B OAHOMY, 3araJlbHOMY JJIs

BCIX HANpSIMKY.
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JIist 11i€1 METH CITY’KUTh OJTHA 3 HAWBAKJIMBININX YaCTUH JIBUTYHA, TaK 3BaHE
peakTuBHe corio. [{o sikoro 6 He Bce TaMm Mpapa TUIY HE HaJeKaB TOW UM 1HIINAN
pEaKTUBHUMN ABUTYH, BIH 000B’SI3KOBO 3a0€3ME€UEHHI COIJIOM, Yepe3 sIKe 3 JBUTYHA
HA30BHI 3 BEJIMYE3HOIO MIBHIKICTIO BHUIUTMBAIOTH PO3MEUEHI rasu — MPOAYKTU
3rOpaHHsl MajuBa B JABUTYHI. B OJHUX ABUTYHax Ta3u MOTPAIISIOTH B COILIO
BiJIpa3zy K MICIS KaMepH 3TOpsIHHS, HAMPUKIA, Y PAKETHUX ab0 MPSIMOTOYHUX
nBUTYHaX. B iHmmMX, TypOOpeakTHMBHHMX, — Ta3d CIOYaTKy MPOXOJATh dYepes
TypOiHy, SKIi BIJAAIOTh YACTUHY CBOEI TEIJIOBOI eHeprii. BoHa BuTpayae B bomy
BUTIAKY /ISl IPUBEICHHS B PyX KOMIIPECOpa, CIIY:KOOBIIS JIsl CTHCHEHHS TOBITPS
nepes KaMeporo 3ropsiHHs. AJie, Tak Y 1HaKIIe, COTUIO € OCTAaHHBOIO YaCTUHOIO
JIBUTYHA — Y€pe3 HbOT'O T€UYTh ra3u, Mepe/ TUM K TOKUHYTH JIBUTYH.

PeaktuBHe comiuo Moxke Matud pizHI popMu, 1, TUM OuUIbIIe, PI3HY
KOHCTPYKIIIO B 3aJIS)KHOCTI Bijl TUIY JBUTYHA. | 0JIOBHE MOJsiTae B Till MIBUIKOCTI,
3 SKOI Ta3d BUTIKAIOTh 3 JBUTYHA. SIKIIO I IIBUAKICTb BHUTIKAHHSA HE
MepeBepIye MBUAKOCTI, 3 IKOI BUITUIMBAIOTH ra3ax MOUIUPIOIOTHCS 3BYKOB1 XBUIII,
TO COIUIO SIBJII€E COOOK0 MPOCTUH HUIIHAPUYHUNA a00 3BYXKY€E BIAPI30K TPYyOH.
SAxIo K MBUAKICTH BUTIKAHHS IMOBHHHA TEPEBEPITYBATH IIBHJIKICTH 3BYKY, TO
COIlIa HAA€ThCs (popMa pO3MIUPIOETHCS TPYOH ab0 K CMOYATKY 3BYKYEThCA, a 3a
TUM posmuproeTsesi (coruo Jlaens). Timeku B TpyOi Takoi Gopmu, K TMOKazye
TEOopis 1 AOCB1J, MOXHA PO3IrHATH ra3 JI0 HaA3BYKOBHUX IIBUIKOCTEH, IEPECTYIUTH

yepes «3ByKOBUM Oap’epy.

[Ipu omnpaitoBaHHi Ii€i TEMHU CTYJEHT I[IOBUHEH OIpaIoBaTH TakKi
JiTepatypHi mkepena [2] cr. 30- 48, [7] ct. 102-110.

3anumanna 01 CAMOKOHMPOJII0:

1. basyrwouuch Ha 3aKOHI 30€peXEHHS IMITYJIbCY, TMOSICHITh, YOMY
MOBITPSIHA KYJbKa PYXa€ThCS TMPOTUIICKHO CTPYMEHI BUXOAUTH 3 HBOTO
CTHCHEHOTO MOBITPSI.

2. HameniTh npukiaan peakTUBHOTO PYXY TiJI.
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Sxe npu3HaYeHHs pakeT?

Po3kaxiTe ipo OyA0BY 1 MPUHIUI 1T paKEeTH.

o &~ w

Bix 9oro 3aneXuTh MBUAKICTH paKeTh?

6. B wdyomy momsrae mepeBara 0araTOCTYNEHEBUX paKeT Tepe
OJTHOCTYTIHYACTUMU?

7. Sk 3A1HCHIOETHCA MMOCaIKa KOCMIYHOTO KOpabJis?

8.  Uwm 3Moxe mpHBECTH B PyX YOBEH Ha BITPMJIAX MOBITPOAYBKA, IO
3HaXOJIUThCS HA YOBHI, SKIIO MOTIK MOBITPS BiJl HET CLIpsIMyBaTH Ha BiTpUia?

9. Kommu pakera nocsirae OUTbIIOI BHUCOTH: NMPU MOBLIBHOMY 3TOpPSIHHI
najvBa 4Yd TOJ1, KOJU BOHO 3ropsie€ Maiixe Bijipazy?

10. Sk KOCMOHaBTOBI, [0 BUMIIIOB y BIAKPUTUNA KOCMOC, TOBEPHYTHUCS B

KOCMIYHUI Kopabesib 0€3 CTOPOHHBO1 AONOMOTH?

Bukonaitme 3a60annsa:

1. Bin TpeThoro CTymeHsi pakeTH-HOCIA, sIKa pyXaeTbcs MO OpOiITi
HaBKOJIO 3eMull 13 MBUJKICTIO 8§ KM/C, BIIIUIMIACH TOJIOBHA yacTuHa Macoro 200
K. SIK 3MiHMJIAacs MIBUAKICTh PAKETU-HOCIS, SIKIIO MIBUAKICTh TOJIOBHOI YACTUHU
30UTBIIIMIIACh HA 5 KM/c. Maca pakeTu-Hocist 6€3 TOJI0BHOT YacTUHU 1 T.

2.  Tlepma y cBiti paketa A.J[.3acsiapka mana Macy 2 kr (0€3 TOpOXOBOTO
3apsiny). Ilpu crapti 3 paketu Bukuganacs Maca 200 T MOpoXoBUX TrasiB 3
mBuaKicTio 600 M/c. Ha sxiii BijicTaHi BiJ MiClisl CTapTy BIIaJie Taka pakeTa, SAKIIO0

BOHA BHITyIICHA i KyToM 45° 10 ropu3oHTy?
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Po3aia |. MEXAHIKA
Tema 4
Hedopmanis Tisi. Cuia npyxxuaocti. MexaHiuHa Hanpyra.

Kopomxki meopemuuni gioomocmi

Cwi npy>KHOCTI — II€ CHJIM, Kl BHHHUKAIOTh IpH Aedopmariii Tijga 1
MIePEIIKOIKAI0Th ITiH Aedopmarii.

Cumm  OpyKHOCTI  CIPSMOBaHI  MEPIEHIUKYJISIPHO 10  MOBEPXHI
neopMOBaHOTO TUTA — HANpPHUKIAA, HOpPMaldbHA peakiis omnopu (cuia

IPY>KHOCTI HiICTaBKK), a00 B30BK HUTKH (puc. 1, a, 0).

2224

HHTKA

F
l q
7777, [__—__]

a 6

Puc. 1

JHedopmariiero TBepOTO Tija HA3UBAIOTh 3MiHY (POpMU Ta 00’ €My Tijia il
30BHIIIHIM BILJIMBOM.

Po3pi3HAI0TH NpYKHY 1 IUIACTUYHY AepopMallii.

[IpyxHa nedopmarliisi TOBHICTIO 3HUKAE TICISI TPUMUHEHHS 1 30BHIMTHIX
CHIL

[TnacTuuna nedopmaris He 3HUKAE MICHS MPUITMHEHHS 111 30BHIITHIX CHJI.

VY Bumanky mpykHoi aedopmailii MOTyJIb CUITM TIPYKHOCTI BUSHAUAETHCSA 32
3aKoHOM ['yKa: cuiia Mpy>KHOCTI MpHU MPYKHIK AepopMaliii OpsMo MponopiiiHa

a0COTIOTHOMY MOJOBKEHHIO Tijla 1 MPOTHJICKHO 10 HROTO HampsiMiieHa (puc. 2):

npy x

Fypnr =—kx, [x]=n, [k]=—-.
’ R M
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-F.!vpv:« kl > k_,:

Puc. 2
AOCONIOTHE TOMOBXKEHHS Tija (X) BU3HAYAETHCSA PIZHUIICIO KIHIIEBOI 1
MOYaTKOBOI TOBXKHH TiJIa:
x=l-1,=Al.
B 3akoni ['yka kK — xoedimieHT npy>KHOCTI, a00 JKOPCTKOCTI, 3aJICKUTh BiJI
reoMeTpuuHuX posmipiB Tina (S, lg) Tta Bumy peuoBunu (E) (S— muioma
NIOIIEPEYHOT0 Tepepisy, lo— movarkoBa noBxuHa Tina, E — Moayib mpyKHOCTI,

ab6o monynb FOHra):

[s]=x¢', [4]=x. [E]=—5 =Tha.

OauHULIA KOPCTKOCTI — HBIOTOH Ha METP:

Moayns FOnra (mMonmynb TpPY>KHOCTI) YHCEIBHO JOPIBHIOE MEXaHIYHIN
HaIpy3i, Ika BAHUKAE B TUII MPU MOJOBKEHHI T1JIa Ha BEJINYMHY MOYATKOBOI HOTO
nosxunu (1= 2lp).

Monyns FOHra xapakrtepusye ONipHICTh MaTtepiany Mpy>KHOI Aedopmailii
pO3TATy 200 CTHUCKY.

Bunu npyxHoi gedopmarrii

1. ledpopmartiist po3tary abo CTUCKY.

3akoH ['yka B 1[bOMY BUMNAJKy Ma€ BUTJIAJ: MEXaHIYyHa Hampyra (G) mpu
npyXHil aedopmariii mpsMO MPOMOPIiiiHA BIAHOCHOMY IOJOBKEHHIO Tija (&)
(puc. 3):

o=E|e|.
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Puc. 3
MakcumanbHa Hampyra, 3a sSKOi 1e BUKOHYEThCS 3aK0H [ 'yka, Ha3uBaeThCs
MEXEI0 MPONOPIIHHOCTI (Oy ).
BignocHe momoBxkeHHS Tina (€) — 1€ BEIWYMHA, SKa JOPIBHIOE
BIJTHOIICHHIO a0COMOTHOrO TOAOBXKeHHS (Al) Tima g0 WOro mMOYaTKOBOI
nosxun# (lo):

L] _
p el

MexaniyHa Hampyra (6) — L€ BiIHOIIEHHS MOy CUIIU HPYXHOCTI (Fyp)

JI0 TUTOIII TIoTiepevyHoro nepepisy (S) Tina (puc. 4):

Puc. 4

2. edopwmarris Buruny ta kpydeHss (puc. 5, a).

3. Nedopmariis 3cyBy (puc. 5, 0).

F F
’l
a 6
Puc. 5

d



[Ipu omparmroBadHi 1€l TeMH CTyJICHT TIOBHHEH OIpPAIIOBaTH TaKi

JiTepatypHi jpkepena [3] ct. 64- 75, [7] cT. 68-72.

3anuTaHHA 1JI51 CAMOKOHTPOJIIO:

[ITo xapakTepusye cumna?

SAxi cunu BU 3HaeTe?

SAxi cunu BU 3HaeTe?

Sk Ha3UBa€THCS MPWIIAJL ISl BAMIPIOBAHHS CHIIA?
Big doro 3anexuTh 3HAaUCHHS CUITN?

Ska cuna BTpUMYE Tija Ha MOBEPXHI 3eMJ1?
Konu Bunukae nedopmartis tina?

YoMy BUHUKAE CUIA PYAKHOCTI?

© © N o 0 &~ w D oE

[I{o Take cuna HATATY?

-
o

[Ilo Take cuaa HOPMAIBHOT peaKIii?
11. Yomy mig yac OyniBHUITB Tpeda 3BEpPTATH yBary Ha MeEXy 13amac
MIITHOCT1 MaTepiajiB?

12. o Take MexaHi4Ha Hampyra?

Buxonaiire 3aB1aHHA:

1. 3 BepronboTa, IO 3aBUC HA NEBHIM BUCOTI HAJl MOBEPXHEIO 3€MIIl,
OITYCKA€ThCsl CTalieBUM Tpoc. SIkor0 Moxe OyTH NOBXKHHA Tpoca, o0 BiH HE
oOipBaBcsl Mmij BIacHOK Barorw? MakcuMalibHa MeXaHIYHa Hampyra, sSIKy MOXKe
BUTPUMATH CTajb, CTaHOBUTH 320MI]a.

2. Il miero sikoi cunmu pyxuHa xopctkictio 1500 H/m ykopotunacs Ha
5cem?

3. Jlo mpyXuHU TOBXKUHOKO 8 CM MiABICMIM BaHTaxX macor 100 r.
JloxkrHa npykuHHM cTana 12 cM. SIkoi Macu BaHTaX HEOOXITHO MIABICUTH 10

NPY>KUHU, 00 1i JOBXKHUHA cTana 9 cm?
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Pozain 1. MoJgiekyJsipaa ¢isuka i TepMoauHaMika

Tema 1
HIBuaKicTH MOJIEKYJI i1€aJILHOTO rasy.
IHapoyTBOopenHs i koHaeHcanis. HacuyeHna i HeHacM4eHa nmapa

Kopomxki meopemuuni gioomocmi

[TapoyTBOpeHHS — 1€ TpolEeC NEepexoay PIAMHM 3 PIIKOrO CTaHy B
ra3ono10Hui. 3BOPOTHUI MPOLEC HA3UBAETHCS KOHAEHCALIELO.

BumnapoByBaHHs — 11€ TapOYTBOPEHHS 3 BUIbHOT IOBEPXHI PIAMHU.

1) BunapoByBaHHs BiJ10yBa€eThCs 32 OyAb-SKO1 TEMIIEPATyPH.

2) Ilix yac BUNIapOBYBaHHS TeMIIEpaTypa pPiAMHHA 3HUKYETHCS.

3) llIBuaKicCT, BUMApOBYBAHHS 3aJICKHUTH B1J TEMIIEpATypH PIIUHH; POAY
PIIMHU; IO BUIBHOI MOBEPXHI PIIMHU; HASBHOCTI BITPY HAJ PiAMHOIO.

SIKIIO YMCIO MOJEKYJ, IO BHIIITAIOTh 3 PIAMHM M 4ac BUIAPOBYBaHHS,
NEPEBULIYE YHUCIO MOJEKYJ, L0 IOBEPTAIOTHCS, TO TakKa Iapa Ha3UBA€ThCA
HEHACHUYEHOIO.

Tuck HeHAacHUYEHOI Mapu 3aJICKHUTh BiJl HOro 00’eMy Ta TemmepaTypH. 3i
3pOCTaHHSIM TEMIIEpaTypu THUCK HACHMYEHOI Mapu 30UIbIIYETHCSA, SK 1 3a
3MEHIIEHHS 00’ eMYy.

Skio X 130TepMIYHO 3MEHINYBaTH 00’€M HEHACHMYEHOI Mmapu, TO TUCK 1
rycTUHa napu OyayThb 3pOCTaTH 1, BPEWITI-PEIUT, OCATHYTb MaKCHUMalbHOI
BeauurHU. [Ipyu 1IbOMYy KUIBKICTH MOJIEKYJ, SIKI MOKUAAIOTH IMapy MPOTATOM
JESKOr0 1HTEpBaIy 4acy, JOPIBHIOBATHME KUIBKOCTI MOJIEKYJI, SIKI 3a ILell Yac
MOBEPTAIOTHCA B piAMHY. TOOTO MiX PIIUHOIO 1 TAPOO BCTAHOBUTHCS JUHAMIYHA
piBHOBara.

Hacuuenoro Ha3uBaeTbcsl mapa, ska nepeOyBae B CTaHI JUHAMIYHOL
PIBHOBAru 3i CBOEIO PiUHOIO.

Tuck, rycTuHa 1 KOHIEHTpALlisl HACHYCHOT apy € MAaKCUMAJIbHUMU 3a JaHOi

TeMrepaTypu 1 He 3ajexaTh Big o0’eMy. Y pasi cnpoOu 3MEHIIUTH 00’eM
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HAaCHYEHOI Mapu «3aiB1» MOJIEKYJH MepeiayTh B piAuHYy, TOOTO YacTHHA Mapu
CKOHJIGHCYETbCA, a THCK, I'YCTMHA 1 KOHIIGHTpAIlisl PEIITH HACUYCHOI Mapu He
3MIHIOIOTBCS. BiAmoBIIHO 3aKOHM 17€ajJbHOIO0 Ta3y JI0 HACHYEHOI Iapu
3aCTOCOBYBAaTH HEMOXKIIMBO.

3MIHUTH TUCK HACUYEHOI Mapyu MOKHA, 3MIHUBIIY ii Temmepatypy. [1ig yac
HarpiBaHHs 30UIBIIYETHCS KIHETHYHA EHEPris MOJEKYJ MapH, MiACHUIIOITHCS
ynapu 00 CTIHKH MOCYJUHH, 10 MPHU3BOAUTH A0 30UIbIICHHS THCKY. [Ipu npomy
MOPYIIYEThCSA JWHAMIYHA pIBHOBara MDK PIIWHOI MW Mapor, 00 KUIbKICTh
MOJIEKYJI, K1 TOKUJAI0Th PIIMHY, IE€PEBUILYBATUME KUIBKICTh MOJIEKYJI, IKl B HEl
MOBEPTAIOTHCA.

Temnepatypa, 3a sKOi HEHacH4YeHa BOJSHA Iapa CTa€ HACHUYEHOIO,
HA3MBAETHCS TOUKOIO POCH.

Kuninus — 1ie mapoyTBOpeHHs HE TUIBKU 3 BUIBHOI MOBEPXHI PIAWHM, a U
13 CEpeIMHM PIIMHH, SIKE BIIOYBAETHCA 3a TIEBHOI JIJI IAHOT PITUHU TeMIIEPaTypH.

VY pinuHi 3aBXKIU € po3uruHEeHe, ab0 MOTJIUHYTE PIIMHO0, ToBITPs. [1ig uac
HarpiBaHHS PIIUHU II€ TIOBITPSI PO3LIUPIOETHCS, 30MpaOUnCh y OyIbOaIiKy, sKi
CIOYATKy BUHUKAIOTh HA CTIHKAX YM JHI MOCYAUHHU. Y OynbOamikax MICTUThCS
HacHYeHa Iapa, THUCK SKOI 3a JJaHOT TeMIIepaTypyu € MaKCUMaIbHUM 1 3pOCTa€ 3 ii
nigBuiieHHssM.  CTiHkE ~ OynpOamiok  po3TIAraroThCs, JOKH I JIEI0
BUIITOBXYBAJIbHOI CHJIM, IO 30UIBIIYETHCS pa3oM 31 3pOCTaHHSAIM 00 emy,
OynpOaIiku He BIAPUBAIOTHCSA BiJ JHA YU CTIHOK 1 HE MIJHIMAIOTHCA BrOpY.
[ToTpanuBmK y BEpXHI IIApW PIOUHU, A€ TUCK CTOBMNA PIAMHM Ha OyJIbOaIIKu
MEHIIUHN, HI)K BHU3Y, OCTaHHI OynyTh e 30iunblryBaTtucs B 00’emi. Ilig miero
BUIITOBXYBAJIbHOT CHIIA OyJIbOAIIKH JOCATAIOTh OBEPXHi, 1€ aTMOC(HEPHUN THUCK
NOBITPS 3HAYHO MEHIIMK 3a TUCK mapu B OyibOalikax, TOMYy BOHHM MOYHYTh
JIOTIaTHCh. AJie SIKIO PiAMHA IIe HE HArpijiacs A0 KUIIIHHS, TO B OyJIb0aIky, mo
JIOTIAE€ThCS, TIPOHUKAE XOJOAHE aTMOcepHe TMOBITPS, B Hid KOHICHCYETHCS
HacH4YeHa mapa, 1 OyjpOaIka pi3ko 3aKpUBaAEThCA. BiH NPUNHUHAETHCS B MOMEHT
MOYaTKy KWUIIHHA piauHU. JIOCATHYBIIM TeMOEpAaTypu KHUMIHHS PIAWHU, TUCK

HACUYEHOI mapu B OynbOalikax HACTUIbKH 30UIBIIYEThCS, IO KOJM BOHU
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JIOIIAXOTBCA HCPE3 BEJIMKUM THCK Fapﬂ‘-IO'l' Inapu, xoJI0JJHa HC BCTUTAE€ IIPOHHKATU

BCepeanHy HUX 1 mapa hae B atMocdepy. Lle 1 € mporiec KumiHHS.

[Ipu omparroBaHHi IIi€] TEMU CTYAEHT T[OBUHEH OMNpAIIOBaTH Taki
JiTepatypHi mkepena [5] ct. 37- 44, [7] ct. 149-151.

3anuTaHHA 1JI CAMOKOHTPOJIIO:

1.  Ywum peanbHi ra3u BiAPi3HSAIOTHCS BiJ 11€adbHUX?

2. ki ¢13udH1 BIACTUBOCTI MalOTh Ta3u?

3.  IIlo mokHa ckazatu Mpo OyIOBY Ta3iB, pyX Ta B3a€EMOJIIO B HAX?

4.  HaseniTh npukiaaau A€ B NPUPOJIl, MOOYTI, TEXHILI CHOCTEPITAETHCS
MIEPETBOPEHHS PIJIUH B Ta3U Ta T'a3iB y PiJIMHU.

5. Hackinbky BayKJIUBHM, Ha Balll TOTJIS, € BUBUCHHS IIMX SBHIIL?

6. IlosicHiTh, YOMYy WIBUJKICTH BHIIAPOBYBAaHHSA 3aJICKUTh  BIJ
TeMIiepaTypu piauau. HaBeaiTs npukiaam.

1. HapeniTe mpukiiany Ha OIATBEPIPKEHHS TOTO, IO Pi3HI PEYOBUHU
BUIIAPOBYIOTHCS 3 PI3HOIO MIBUAKICTIO.

8. HapeniTe nmnpukiaa Ha MIATBEP/PKEHHS TOTO, WI0 PpiAvHA
BUITAPOBYETHCSI MIBUIIE 3 TIOBEPXHI PIIUHU OUIBINIOT TUIONTUHHU.

9.  TlosicHITH, YOMY HIBUIKICTh BUMAPOBYBAHHS 3aJIEKUTh Bl HASIBHOCTI
BITpY HaJ piauHo. HaBeaiTs npuknanu.

Buxonaiire 3aBXaHHA:

1. Sxuii THCK Ha CTIHKM TOCYJIWHU CTBOpIOBaB OW 1Jl€ajbHUM ras,
KOHIIEHTpaIliss MoJiekysl skoro 1:-1020m-3, skmio ix cepeaHbOKBaJpaTUUIHA
MIBUKICTh 1KM/C 1 Maca MOJIEKYIH 3- 10%"kr?

2. BU3HaunTH cepeHI0 KBaJpaTUYHY IIBUIKICTH MOJICKYJ Ta3y, T'yCTHHA
akoro npu Tucky p = S0kIla cranoBuTts 4,1- 10 kr/m’,

3. I'yctuna ra3y B OalloHI Ta30HANOBHEHOI EJIEKTPUYHOI JIaMIIOYKU
r=0,9xr/M°. Kol namMIiouKa CBITHTBCS, THCK rasy B Hiii 3pocrae 3 p1=8-10"IIa 1o
po=1,1-10°Ia. Ha cKinbky 36iTBIIATECS NPH LBOMY CEpeIHs KBaApaTHUHA

HIBUKICTh MOJIEKYJI razy?
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Pozain 1. MoJgiekyJsipaa ¢isuka i TepMoauHaMika

Tema 2
BaacruBocri pinua. [loBepxHeBuit HaTAr. 3MOYyBaHHS.
KanisispHi sBuima

Kopomxki meopemuuni gioomocmi

3MOuyBaHHSI — SBUIIE, 110 BUHUKAE MPH KOHTAKTI PIIUHU 3 MOBEPXHEIO
TBEPAOrO Tida, B PE3yJbTaTi SKOTO BIIbHA IMOBEPXHS PIAMHU CKPUBIIOETHCS.
Tak, kparuist BOAM PO3TIKAae€ThCA Ha CKIi (puc. 6.5, a), ToAl K PTYTh Ha TIH ke
MOBEPXHI YTBOPIOE CIUTIOCHYTY Kpammo (puc. 6.5, 0). Y mnepumioMy BHUIIAAKY
TOBOPAThH, 110 pIAWHA 3MOYY€ TBEPJY IMOBEPXHIO, B IPYroMy — HE 3MOYYE ii.
3MOYYBaHHS 3aJeKUTh BIJ XapakTepy CWJI, IO JAII0Th MIDXK MOJIEKYJIaMHU
MOBEPXHEBUX nrapiB MIPUBEICHUX 70 KOHTaKTY CEepEeIOBHIL.
SIBumie 3MOYyBaHHS XapaKTepu3ye KpaeBUM KyT 0 — KyT MDK AOTHYHUMH J0
MOBEPXHI PIUHU 1 TBEPOTO TijA.

PigunHa 3mouye TBepjae TUIO, SKIIO KpaloBUM KYT TocTpuid (IuB. puc. 6.5,
a): Boma 3mouye ckio. Cunu TSHKIHHS MK MOJIEKYJIaMU PIAMHM 1 TBEPJOTO Tijia
TyT OUIbLII, HDK MDK MOJIEKYyJIaMH caMoOl PiAMHM, 1 piIMHA MparHe 30UIbIIUTH
MOBEPXHIO KOHTAKTY 3 TBEPAUM TiJIOM.

Pinuna He 3MoOuye TBep/E TLIO, SKIO KParoBUH KyT TYIHUH.

PtyTh HE 3MOuye ckino. CUM TSKIHHA MK MOJIEKYJIaMH P1JIMHU 1 TBEPIOTO
TiJa B I[bOMY pa3l MEHII, HDK MDK MOJIGKYJaMW PIJIMHU, 1 pIIWHA TparHe

310paTucs B KyJIIo.

Pue. 6.5
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I[Ipu 6 = 0 mae Mmicuie MOBHE 3MOYYBAHHS: PIIWHA PO3TIKAETHCS TIO
MOBEpPXHI TBEPAOIO Tijia, MOKPUBAIOUM HOTO TOHKOIO TUTiBKOIO. [Ipu O = m mae
MICIIE€ TIOBHE HE3MOYYBAHHS: pIiJIMHA CTIATYEThCS B KYJIbOBY KpaIullo, Marouu
JWIIe OJHY TOYKY OTHKY. 3BHUaiiHO, 0OMJBa BUMAAKH — JIEHIO 17eaizoBaHi, 00
(Gh13MYHO HEMOXKJIMBI HECKIHYEHHO TOHKI TUTIBKHM 1 KOHTaKT JIBOX TUI PO3MIPOM 3
MaTeMaTU4YHy, HECKIHYEHHO Mally TOYKYy. AJle Ay»e OJM3bKUMH JI0 HaBEACHUX
BHU3HAUYEHb MOJKHA BB@)XAaTH pealibHI MPUKIAAM, Taki SK, BIAMOBIAHO, rac Ha
MOBEpXHI CKjJa 1 Kpamisgd BOAM Ha ToBepxHI mapadiny. HeineanbHicTiO
HaBEJCHUX MPUKIIAJIB MOKHA 3HEXTYBAaTH.

3MO4yBaHHS 1 HE3MOUYYBAaHHS — MOHSTTSA BIJHOCHI: piMHA, IO 3MOYYE
OJIHy TBEpJly NOBEPXHIO, HE 3Mouye iHIIy. Hanpukman, Boga 3Mouye CKJlo, aje
HE 3Mouye mapadiH, PTYTb HE 3MOYY€E CKJIO, ajleé 3MOUYy€ YHCTI MOBEPXHI
MeETaJiB.

Ha saBumii 3Mo4yBaHHS TPYHTYEThCSA, HANpUKIAL, METOJ 30araycHHS,
¢draorauii pynd, — BIIOKpEMJIEHHS pPyIu Bl MNOPOXHBOI mnopoau. [IpiOdHo
po3apobiieHy pyay 300BTYIOTh B PiJIUHI, sIKa 3MOYY€E IMOPOKHIO IMOPOAY 1 IO HE
3Mouye pyay. Yepe3 110 CyMilll NOpPOAYBAEThCS TMOBITPSA, a TMOTIM BOHA
BIJICTOIO€ThCA. [Ipu 1IbOMY 3MOYEH1 PIIMHOI0 YACTHHKH TOPOJU OITYyCKAIOThCS
Ha JHO, a KPYNHMHKH MIHEpATIB «IPUWIMNAIOTh» J0 OyJah0aIiok MoBiTps 1
CIUIMBAIOTh Ha TTOBEPXHIO PiIUHHU.

SKIIO TOMICTUTH OJMH KiHEIb BY3bKOI TPYOKH (Kamijasip) y HIHPOKY
MOCY/IMHY, HAlOBHEHY PIIWHOI0, TO BHACIIIOK 3MOUYYyBaHHS ab00 HE3MOUYBaHHS
PIIMHOIO CTIHOK Kamijsipa KpUBU3HA MOBEPXHI PIAMHU B KamIsipi CTa€ 3HAYHOIO.
Aximo pianHa 3MOYy€e Martepiai Kamuisipa, TO BCepearHI WOTO MOBEPXHS PIAWHH
— MEHICK — Mae yBIrHyty ¢opmy (puc. 6.6, a), a piBeHb PIAMHU BCEPEAMHI
Kalmuisipa BWINE BIJKPUTOI TOBEpXHI. KO0 piauHa HE 3MOYy€e MaTrepian
Kamjisipa, TO MEHICK Mae omnykiny ¢opmy (puc. 6.6, 0) a piBeHb piIUHU

BCEpEANHI Kanuisgpa HUKYE BIAKPUTOI MOBEPXHI.
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Puc. 6.6

Ilin yBIrHYTOIO TOBEPXHEIO PIAUHU 3'IBUTHCS HETaTUBHHMN HaJIMIpHHM
TUCK, Y PE3yJbTaTi piIMHA B KamulsApl NIJHIMAETHCA, OCKUIBKH TiJ IUIOCKOIO
MOBEPXHEIO PIAMHM B IIUPOKIA MOCYJIMHI HAJAMIPHOTO THUCKY Hemae. SKIio
piauHa HE 3MOYYy€ CTIHKMA Kamnuisipa, TO MO3UTHUBHUN HAAMIPHHA THCK TpPHUBEAC
70 ONYCKaHHS PIIMHM B Kanumipi. SIBuUIa 3MIHM BHUCOTH pIBHS pIOUHU B
Kalisipax Ha3uBalOTh KAMUIIPHUMHU SIBUILAMU.

PinvHa B kanuisipi migHIMaeTbes a00 OMYCKAaeThCs HA Taky BHCOTY h, mpu
AKIH THUCK CTOBMNA PiAUHU (TIAPOCTATUYHUN THCK) pgh BPIBHOBAXYETHCS

Ar = peh.

HaJMIpHUM TUCKOM d7t
HamMmipHU#i THCK CTBOPIOETHCS CHUJIaMU TIOBEPXHEBOTO HATSATY:

F a-2m-cos@ 2a-cost
A}T:—: ]

¥

5 m-—J Fr
I — paaiyc Kamuisipa, a KOCIHYC 3’ SIBJISIETCSI TOMY, 1110 MA€EMO CIIPOEKTYBaTH
CIWJIy Ha BEepTUKaJIbHY Bich. OTKe BHUCOTA MIAMOMY piIMHH (OMyCKaHHSA B pasi
BiJI'€EMHUX 3HAYCHB) B KAMISAPl MOke OyTH oOuncieHa 3a popmMyIioro
_ 2acost

p=22C05Y
per

3 mi€i popMyau BUXOAUTH, 110 BUCOTA MiJHOMY CTOBMA PIIMHYU B KamuIsApl
BU3HAYAETHCS K BIACTUBOCTSAMU PIIWHMU, TaK 1 PaalycoM T Kamijspa.
Kaniisipai  siBMIIAa  BiAIrparoTh BEIUMKY poOJb Yy TMPUPOAl W TEXHIL.
Hanpuknan, BoJOrooOMiH y TpPyHTI W pOCIMHAX 3AIMCHIOETBCS 3a PaxyHOK
MITHATTS BOJAU TO SKHAWTOHIIMX Kamuisipax. Ha kamiisipHOCTI 3aCHOBaHO IO
THITY, BOUpaHHS BOJIOTH O€TOHOM, TOIIIO.
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[Ipu omparmroBadHi 1€l TeMH CTyJICHT TIOBHHEH OIpPAIIOBaTH TaKi

JiTepatypHi mkepena [5] ct. 50- 57, [7] cT. 157-160.

3anuTaHHs I CAMOKOHTPOJIIO:

1. SIxi BmacTUBOCTI Ma€ MOBEPXHEBUM IIAp PiAUHU?

2. lllo Ha3MBaIOTh MOBEPXHEBUM HATATOM?

3. BukoHaBIIM pUCYHOK, YCTAHOBITH (D13MUHUIN 3MICT TOBEPXHEBOI'O HATSTY
SK BEJIMYMHHU, MTOB'A3aHOI 3 EHEPTI€I0 IOBEPXHEBOTO IIAPY PiJIMHHU.

4. HaBeniTh NpUKIaan J1i CUJI IOBEPXHEBOTO HATATY.

5. lllo Ha3uBaOTh KOE(DILIEHTOM MOBEPXHEBOTrO HATAry? Bix 4yoro BiH
3aNIeXKUTh? Y SIKUX OJIMHUIISIX BUMIPSETHCS KOS(IIEHT TOBEPXHEBOTO HATSTY?

6. Illo sBnsie cobor0 cuina moBepxHeBOro HatiAry? Slka gopmyna Bupaxae
3MICT L[bOTO MOHATTS?

7. 51K 3MIHUTBCA CHUJIa IOBEPXHEBOI'O HATATY BOAM Y pa3l PO3UMHEHHS B HIN
Musa’?

8. SIxoi popmMu HaOyBalOTh Kparuii piAMHA B yMOBax HeBaromocti? Yomy?

9. BukoHaBIIM MOSICHIOBAJIbHUNA PHUCYHOK, PO3KpUNTE (DI3UYHY CYTHICTb
SIBUIL 3MOYYBaHHS 1 HE3MOUYBaHHSI.

10. Yomy >KHpOBI TUISIMHU Ha OJI5131 HE BAAETHCSI 3MUTU BOJIOI0?

11. o Take kpaitoBuil KyT? SKHM € HOTr0 3HAYEHHA y pa3l 3MOUYBAHHS?

Buxkonaiite 3aBIaHHA:

1. Sxy miHiManeHy poOOTYy HEOOXITHO 3pOOUTH, 100 KpameiabKy BOJU
paaiycoM r = 2 MM «pO30UTH» Ha BICIM OJJHAKOBUX Kpameiyb? [loBepxoBuil HATST
Boau 72 MH/m.

2. SIky eHepriio HEOOXITHO BHUTPATUTH, MO0 ChEpUUHY Kparulio PTYTi
paaiycoM 4 MM PO3IUIMTH Ha BICIM OJHAKOBUX CHEPUYHHMX Kpamesb 31 CTalo
temriepatyporo? [loBepxHeBuit HaTAT pTyTI HopiBHIOE 0,5 H/M.

3. Ha sKy BHCOTY MigHIMETHCS BOJA y KamuIsIpl, paAlyC SIKOTO JOPIBHIOE

2 Mm?
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Pozain 1. MoJgiekyJsipaa ¢isuka i TepMoauHaMika

Tema 3
IIpupoaHe i ITy4YHe YTBOPEHHSI KPUCTAJIIB.
3acTocyBaHHA PIAKUX KPUCTAJIIB y TeXHili

Kopomxki meopemuuni gioomocmi

IIpupoaHi i ITYy4HI KpUCTAIH

TBeparMu Ha3UBaIOTh Takl TIA, SIK1 30€piraroTh 00'eM 1 (HopMy HaABITH M
yac Al Ha HUX IHWUX TUT (cwi). [TpuunHOI0 Takoi CTIMKOCTI € XapakTep pyxy 1
B3a€MO/II1 MOJIEKYJ: BOHM HE MOXXYTh 3MIHIOBATH TIOJIOKEHHSI CBO€i piBHOBAarw,
3MIACHIOIOYM Malli KOJMBaHHA 1 OOepTaroyuch HaBKOJO Hboro. Enepris 1
aMIUIITya KOJMBaHb TUM OUIbIIIa, UMM BHUIIA TEMIIEpATypa Tija.

3a BHOPSIKOBAHICTIO TOJIOKEHHSI PIBHOBArv TBEP/ll Tijla MOJAUISIOTH HA
Kpucmanu 1 amop¢hui mina.

Kpucmanu - ne TBepal Tina, B AKUX aTOMH ab0 MOJEKYJH PO3MIILIEHI
BIIOPSIKOBAHO 1 YTBOPIOIOTH MEPIOAMYHO MOBTOPIOBAHY BHYTPIIIHIO CTPYKTYPY.
Mo>kHa BUIUIMTH MajeHbKHM 00'eM (eleMEHTapHy KOMIPKY), 3aBISKU SIKIA
MOKHa MOOYJyBaTH BeCh KpHCTal, Sk OyauHOK 13 nernu (puc.l). Enemenrtapna
KOMIpKa MOXe MaTu ¢GopMmy Kyba, mapanenermninena, npu3Mu Toio. [IpaBuibHa
reoMeTpudHa (opma € ICTOTHOIO 30BHINIHBOIO O3HAKOKO OYJIb-SIKOTO KpHCTalia B
MPUPOAHUX YMOBax (BI3epyHKH Ha BIKHAX MijJ Yac MOpPO3y, MPaBWIbHI (popMHU

CHDKUHOK, KPUCTaJIiB KyXOHHOI COJIi, TPCHKOTO KPUIIITAJIIO TOIIO).

—_
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Kpucranu omniel 1 Tiei camoi pedOBUHHU MOXKYTh MaTH Pi3HY QopMmy, sKa
3aJIeKUTD BiJ YMOB iX YTBOPEHHS; BOHH MOXYTh BIAPIZHATHUCA 1 KOTbOPOM. [HOII
BECh IIMATOK TBEP/AOi PEUOBMHU MOXKE CTAHOBUTU OJIMH KpHUCTaj. TakUMU €,
HANpPUKIIAJ, MIMATOYKU LYKPY B IIYKPOBOMY MICKY, IIMATOYKH COJI, T1PCHKOTO
KPHUIITAIIO TOILIO. Yce 1€ OKpeMi KPUCTaJH, X HA3UBaIOTh MOHOKPHUCTAIAMH.

Tino, sxe ckiagaeTbes 3 6€371149l HEBIMOPSAIKOBAHO PO3MIIIICHUX KPUCTATIB,
HA3MBAIOTHh MOJIKPUCTAJTIYHUMH a00 moJiikpucTanaoM ("'MOpO3Hi Bi3epyHKH" Ha
BIKHaX, IIyKop padiHan, meTaiau Toilo). [lomikpucraniuni Tija, K 1 aMopdHi, €
130TPOIHUMH, TOOTO iX (pI3UYHI BJIACTUBOCTI B yCIX HAMPSAMKAX OJHAKOBI.

bararo BnacTUBOCTE KpUCTaNiB 1 MEPEAYCIM IX MEXaHIUHI Ta €JIEeKTPUYHI
BJIACTUBOCTI JyX€ YYTJIUBI N0 ACPEKTIB y KPUCTATIUYHHUX IpaTKax, a TaKOX
HAssBHOCTI B HUX HaBITh MI3€PHUX KUIBKOCTEH JOMIIIOK.

JlepexTu peanpHUX KpUCTANIB Ta IX CTPYKTYpY MOKHa O€3M0ocepeqHbO
BUSBUTH 32 JIONOMOIOIO €JIEKTPOHHO-MIKPOCKOMIYHUX 1 PEHTI€HIBCHKUX
JTOCIIIIKEHD.

Kpucranu yTBOpIOIOTBCS B NPUPOJHUX YMOBax 1 IUTy4yHO. 3a
NPUIMTYIICHHSAMA BUYEHUX B MPHUPOJHUX YMOBaxX 0araTto KpUCTaliB YTBOPUIIOCH
BHACIIIJIOK OXOJIO/DKEHHS PIAKOT pPEYOBHMHU 3€MHOI KOpU - MarmMu, IO €
pO3IUIABOM PI3HUX PEYOBHH. baraTto MiHepaiiB BUHHUKIM 3 IEPEHACHYEHUX
BOAHMX po3uMHiB. llepmmm cepex Hux cmig Ha3Batu kKam'aHy cinb NaCl
ToBmMHA TUIACTIB KaM'stHOT COJI, 0 YTBOPHWJIMCSA ITiJI YaC BUMAPOBYBAaHHS BOJIU
COJIOHHX 03€p, J0CSTA€E B ICSIKUX POJOBHINAX KIJTbKOX COTEHb METPIB.

[Ty4Hi KpUCTad MOXHA 300yTH 13 PO3IUIaBy LUISIXOM KpUCTaTi3alii 3
po3unHy 1 razy. OCTaHHIM 4acoOM IIBHUJKUMH TEMITAMH PO3BUBAETHCS TEXHOJIOTIS
BUPOIIYBaHHS MOHOKPHUCTAJIB BCiMa BIJOMHMH CHOCOOaMU Ha KOCMIYHUX
opOiTanbHUX CTaHIlsAX. HeBaromicTh 1 KOCMIYHUN BakKyyM JalOTh MOMJIMBICThH
BUPOIIYBATH MOHOKPHUCTAIM HEOAUECHUX PaHIIIe pO3MIPIB 1 XIMIYHOT YUCTOTH.

MoHoKpHCTaIM 3HAWIUIM IIUPOKE 3aCTOCYBAHHS B CyyacHId ¢izuii 1
TexHimi. B¢l HamiBNpoBIAHUKOBI IpUIAAH (110U, TPAH3UCTOPH) € KPUCTAJIAMHU 13

CHGHiaJII)HO BBCACHUMH ,Z[OMiHIKaMI/I. Bunukina HoBa raj1y3b eJICKTpOHiKI/I -
39



MOJIEKYJISIpHA €JEKTPOHIKa. MOHOKPHUCTaIM € OCHOBHOIO JETaJII0 0Oararbox
TUIIB Cy4YaCHUX TIPWJIAJIB, SIKI JICTadd Ha3By KBAHTOBUX IIIJCHIIIOBAYIB 1
reHepaTopiB (Ma3epiB 1 Ja3epiB).

Pigki kpucranu Tta noJsiimepu

Amopgni mina - ne Tina, ¢GI3UYHI BJIACTHUBOCTI SKMX OJIHAKOBI y BCIX
Hanpsimax. [lpuknagamu amopdHUX TUT € MIMATKA 3aTBEPAIIOL CMOJIM, SHTap,
BUpOOM 13 ckia. AMOpdHiI TuTa 130TporHI. 3a CBO€ OymoBOIO aMopdHi Tiia
HaraayloTh AyXKe TycTi piauHu (puc.2). YHACHIJOK MHiJABUIICHHS TeMIlepaTypu
4ac OCUIOTO UTTS MOJIEKYJI 3MEHUIYEThCA, Yepe3 1o amMop(dHEe TLI0O MOCTYIOBO
M'skHE. AMOp(]HI TiIa HE MalOTh TEMIEPATYpPH IUIABJICHHS 1 MUTOMOI TEIJIOTH
raBieHHs . BoHWM Ha BiAMIHY BiJl KpUCTaliB 3 MiJABUIIECHHSM TeMIIEpaTypu

HEIMEPEPBHO MEPETBOPIOIOTHCS B PIJIUHY.

Puc. 2

Hpyra ocobnuBicTh aMOpPPHUX TIN - 1€ IX MJIACTHYHICTh, TOOTO BOHH HE
MalTh MeEXl MNpPYXHOCTI. AMOp(HHMII CTaH HECTIMKWU: uepe3 JAesIKuid yac
amop(Ha pedyoBHHA MEPEXOIUTh B KPUCTAJIIYHUHN CcTaH. AJle yacTo Lel yac OyBae
Ty’)ke TpuBamuM (poku 1 aecsatupiuds). J[o Takux T HANEXKUTH CKIIO. bymyun
CIOYATKy MPO30PUM, MPOTIAroM OaraTbOX pOKIB BOHO MYTHIE: Yy HBOMY
YTBOPIOIOTHCS IPIOHI KPUCTAIUKHU CHITIKATIB.

VY mpakTU4HIN AiSUTBHOCTI JIOJUHU BEJIMKOTO 3HAYeHHS Halynu amopdHi
pEYOBUHU, SKi HA3WBAIOTh MNoJgiMepaMu. lle BUCOKOMONEKYJSPHI CIIONYKH.
BigHocHa MosiekyisipHa Maca MmoJliMepiB MOKE 3MIHIOBATHUCS BiJl JEKIJTBKOX THUCSIY
70 MIIbHOHIB. MoJieKylu TMOJiMepy CKJIaJaloThCs 13 BEIUYE3HOI KIJIBKOCTI

OJTHAKOBUX JIAHOK - MOHOMEpIB, OO'€JHAHMX Y JOBI1 JIAHIIOTH MIIIHUMU
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XIMIYHMMH 3B'si3kamu. Jl0 HUX HalexaTh Takl MPUPOAHI PEYOBUHH, SIK OAaBOBHA,
HIepCTh, ACPEBO, IIKipa, HATYpaJbHUI IIOBK, KaydyyK, €0OHIT Toio. Bemnuesny
KUIBKICTh TOJIIMEPHHX MaTepiajliB BHUI00YBaIOTh INTYYHO: BICKO3HUM IIOBK,
CUHTETUYHHUM Kaydyk, 1ejaodaH, opraHidydHe CKJIO, MOJIETUJICH, MIIACTUYHI MAacH,
IITY4YH1 BOJIOKHA, €MOKCHIHI CMOJIU Ta 1H. Jlo IpUPOJHUX TOIMEPIB HAJIekKATh 1
OlomosiMepu: OUIKH, HYKJIETHOBI KUCIOTH. [3 GiomosiMepiB moOya0BaHO KIITHHU
BCIX JKMBUX OPTaHi3MiB.

[Tomimepu - ocHOBa rymu, jdakiB, ¢ap0, KieiB, 10HITIB TOILIO. 3aBISKH
BBEJCHHIO JI0 TOJIIMEPIB JOMIIIOK, MOXXHA CTBOPIOBAaTH PEUOBUHHU 3 OYXKE
IIHHUMU SIKOCTSIMU: BUCOKOIO TBEPAICTIO, JIETKICTIO, BOTHECTIMKICTIO Ta 1H.

Kpim amopdHOro, BIIAKpUTO 1€ OJMH CTaH PEYOBHHH 3 TOJIBIMHOIO
OPUPOAOI0 - 1 PIAUHHU, 1 TBEPJAOTO Tija - L€ TAaK 3BaHl PiIKi KpHCTAIH,
OCOOJIMBUI CTaH JESIKUX OpPTraHIYHUX PEHOBHH. J[JI1 HUX XapaKTepHa IUIMHHICTD 1
BOHU YTBOPIOIOTH Kparuti. OjHak iX Kparuli MOXYTb MaTH HE KYJIENOoiOHy, a
BUJIOBXKEHY (QopMy. MoiieKyau y Kparull pO3MINIYIOTbCS TOPSAJIKOM, HE
BJIACTUBUM 3BHUYAWHUM piAUHAM 1 TBEPAUM TijaM. SIKIIO B TBEpAUX KpHICTaIax
CIIOCTEPITa€EThCS JANbHIM TOPAIOK PO3MILIEHHS YacTUHOK y TPbOX B3a€EMHO
NEPHEHANKYIAPHUX HampsiMaxX, TO B PIAKUX - 32 OJHUM HAmpsMoM (OJHOBICHHM
JATBHIA MOPSIOK).

[cHYIOTH piJKI KpUCTaIX B NEBHOMY IHTE€pPBAJl TEMIEPATYpP, PIZHOMY IS
pi3Hux pedoBuH. [1in yac HarpiBaHHs BOHU MEPETBOPIOIOTHCS B 3BUYANHY PIAUHY,
BHACJIIIOK OXOJIO/PKEHHS CTAIOTh TBEPIUMH KPHUCTAJIaMH.

PO3pi3HAIOTH TpY OCHOBHI TUIU PIIKUX KPUCTANIIB: CMEKTUYHI, HEMaTUYHI,
XOJIECTepUYHI. Y HEMaTHYHHX PIAKUX Kpuctaimax (Bim rper. "Hema" - HHUTKA)
MOJIEKYJIM CXOXKI Ha HHUTKUA. Y CMEKTUYHUX PIAKUX KpucTajmax (BII Tpell.
"cMermMa" - MWIO) PIBEHb BIOPSAKOBAHOCTI BHUIIUNA. MOJEKYyIM CMEKTHKA
3rpynoBani y mapu. [IpuknamoM cmekThka € po3uuH mmia y Boai. Komm mu
MHEMO 3 MHJIOM PYKH, TO IIapy MOJEKYJ MUJIA JIETKO KOB3alOTh OJWH BIIHOCHO

OJTHOTO 1 IIKIpH, 3a0uparouu 3 Hei Opy/ 1 mepeiatouu Moro Bol.
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BracTuBICTh XOJECTEPUYHUX DPIAKHX KPUCTATIB 3MIHIOBATH KOJIp y pasi
3MIHH TEMIIEPATypHU BUKOPUCTOBYIOTh Y MEIULIMHI (/711 BU3HAUEHHS AUISHOK Tijia
3 MiJBUIIEHOI0 TEMIEPaTypor0) 1 B TEXHIIl (11 EPEeTBOPEHHS HEBUIUMOIO M
1HGpauepBOHOTO MPOMIHHS Bl HArPITUX TUT Yy BUIUME 300paKECHHS).

Hotenep BuBdeHo moHaa 3000 pedoBHH, 110 YTBOPIOIOTH PIJIKI KPUCTAIH.
Jlo HuUX HanmexaTh PEYOBUMHU OIOJIOTIYHOIO TMOXOJDKEHHS, HAINpHUKIA],
NE30KCUPUOOHYKIIETHOBA KHCIIOTa, IO Hece KOJA CHaakoBoi iHopmarii, i
pedoBuHa MO3Ky. [lofanbini JOCTIKEHHS IMX PEYOBUH HE TUILKH PO3MIMPATH 1X
3aCTOCYBaHHA B TEXHIll, aje W JONOMOXYTb IPOHUKHYTH B Ta€MHHUILII
010JIOTTYHUX MPOLECIB.

3apa3 mpucTpoi, IO 3aCHOBaHI HAa OCHOBI PIJIKMX KPHUCTAJIB, CTPIMKO
BIIPOBA/DKYIOTbCSI B TEXHIKY B11oOpaxkeHHa 1H(popmarii. [lowyanoce macose
BIIPOBAKEHHSI IPUCTPOIB, 110 MICTATH PiAKI Kpuctaiu, B moOyT. IlepcrnekTuBu
MacoOBOTO BIPOBA/DKCHHS PIAKAX KPUCTATIB B HaIlle J>KUATTA 1€ OLIbII
OararooOpa3Hi Ta MaclITaOHI1: BIJl TEPMOMETPIB JI0 TEIEBI3OPIB.

Coro3 MIKpPOENEKTPOHIKHA 1 PIIKUX KPUCTATIB BUSBISETHCS HAA3BUYANHO
e(peKTUBHUM HE JMIIe B TOTOBOMY BHpOOi, ajie 1 Ha CTajali BHUIOTOBJICHHS
IHTerpajIbHUX CcXeM. SIK BIJOMO, OJIHUM 3 €TalliB BHUPOOHMIITBA MIKPOCXEM €
doTomitorpadis, sika MOJATac B HAHECEHH! HA TOBEPXHIO HAMIBIPOBITHUKOBOTO
Marepiany choelialbHUX MacoK, a TOTIM Yy BHTPAaBJI€HHI 3a JOMNOMOIOIO
dboTorpadiyHOi TEXHIKM TaK 3BaHUX JiTorpadiunux BikoH. Li BikHa B pe3ynbTarTi
MOJIJIBIIIOTO TPOIIECY BUPOOHUIITBA TEPETBOPATHCS B €IEMEHTH 1 3'€IHAHHSA
MIKpPOEJIEKTPOHHOI cxeMu. BiJl TOro, HaCKIJIbKY MaJli pO3MipH BiJIMOBITHUX BIKOH,
3aJIEKUTh YUCIIO €JIEMEHTIB CXEMH, SKI MOXYTh OyTH pPO3MIIlleHI Ha OJWHUII
TJIOIII HAIMIBIPOBIHUKA, & BiJl TOYHOCTI 1 IKOCTI BUTPABJICHHS BIKOH 3aJICKUTh

SKICTh MIKPOCXEMH.
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[Ipu omparmroBadHi 1€l TeMH CTyJICHT TIOBHHEH OIpPAIIOBaTH TaKi

JiTepatypHi mkepena [5] ct. 57- 64, [7] cT. 160-166.

3anuTaHHs I CAMOKOHTPOJIIO:
. SIK yTBOPIOIOTHCSI KPUCTAIU B IPUPOJIHUX YMOBaX?
. SIk MOxHa 3100yTH IITY4YH1 KpUCTAIU?
. HaBeiTh npukinaau MTYYHUX 1 IPUPOTHUX MOJIIMEPIB.
. SIxi BMTaCTUBOCTI MArOTh PiJKI KpUCTaIn?
. Jle 3acTOCOBYIOTBCS PiJIKI KPUCTAIH B TEXHILI?
. B sikux arperaTHux craHax Moe rnepeOyBaTu pedyoBUHA?

. [Ilo Ha3uBarOTh KprcTanamu?

1

2

3

4

5

6

7

2. SIxi BUAM KPUCTAJIIB BH 3HAETE?

3. 1o Ha3uBaOTh MOHOKpHUCTaaMu? HaBeniTh nmpuxiaau.
4. lllo Ha3uBaroTh nosikpucranamu? HaBeaiTe npukiagm.
5. 1o Ha3uBaroTh aH130Tpomiero? [30Tporniern?
6. [llo Take amopdHi Tita?HaBeaiTh MpUKIAIN.
6. 1o Ha3uBarOTh MomiMepamMmu?

6

. SIxi kpuCTaIM Ha3UBaAKOThCS PiAkuMHU? JIe BOHU BUKOPHCTOBYIOTHCS ?

Buxonaiire 3aBXaHHA:

1. Ilix 4ac po3TSAryBaHHs aNIOMIHIEBOI JAPOTHUHHU 3aBIOBXKH 2 M y HIU
BUHMKJIA MexaHiyHa Hampyra 35 MIla. Busnaute aOcoiitoTHE 1 BIJHOCHE
BUJIOBXKEHHS ApOTHHU. Moyns npykHocTi anmominito 70 I'Tla.

2. CraneBuil CTPWIKEHb SIKOTO JlaMeTpa MOTPIOHO B3SATH, 100 y pasi
HaBaHTaXeHHA 25 KH po3TsaryBanbHe Hanpy)eHHs qopiBHIOBao 6-107 H/m27?

3. o MigHOTO IPOTY TUIOMILIO MONepedHoro nepepizy 0,5 Mm2 miaBIICHHMA
BaHTaX Macol0 5 Kr. 3HalIITh MEXaHIYHE HAIMIPY>KEHHS B JPOTI Ta MOTO BiTHOCHE

BUAOBXXCHHA.
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Pozaia |11, EnekTrpoannamika

Tema 1
Enexrpusanist Tut. Buam ejlekTpuaHMX 3apsiiiB, IX B3a€MOisl.
EnexTpuunuii 3apsii, HOro JMCKPETHICTD, eJIeMEHTAPHUI 3apPsi/l

Kopomxki meopemuuni gioomocmi

Sk BimoMoO, iCHY€E ABa BUAM Matepii — peyoBuHa 1 nosie. OTKe, KOJIU 1CHye
pEUYOBMHA, a caMe 3apsKEHI YaCTMHKM YW Tijla, TO HABKOJO HUX ICHYE noje
enekmpuune. [louarts  ,ions”  BBeneHo  Maitknom  ®apageem.  3rigHo
M.Dapanero, HaABKOJO KOXHOTO 3apsily ICHYE €IEeKTpUYHE ToJie, MO0
IPOHU3YE YBECh OTOUYIOUMK Horo mpocTip. ExexkrpuuHe 1mojie HepyXoMux
3apsi/iB HaA3UBAIOTh €1eKMpPOCMamuyHUM.

Konu 1o ogHoro 3apsiay miIHOCSTh 1HIIUH, TO 00UBA 3 HUX 3a3HAIOTH i
CUJIM, 00OYMOBJICHOT €JIEKTPUYHUM I10JIEM KOKHOTO 13 3apsiiB. e nerko BUsSBUTH
JOCITITHO, SKINO ITJABICUTH HA HEBEIWKIM BIJCTaHI JBa JIETKUX IPEAMETH Ta
HAJaTH iM 3apsiB, 00 KOXKEH 13 3apsi/iiB ONMUHUTHCS B €JIEKTPUYHOMY TOJI1 1HIIOTO
3apsny.

Enexmpuunuii 3aps0 —1ie BIACTUBICTh YAaCTHHOK Matepii abo T, 110
XapakTepu3ye iXHii B3a€EMO3B’SI30K 3 BJIACHUM €JICKTPOMArHiTHUM TMOJIEM 1 TXHIO
B3a€EMOJIII0 13 30BHIINIHIMH CICKTPUIYHUMHU TONAMU. KilbKiCHO eneKmpudHuLl
3aps0 BU3HAYAETHCS 32 CHUJIOBOIO B3a€EMOJIEI0 TI, $KI MAalOTh €IEKTPUYHUI
3apsia. 3apsa He icHye 0e3 Hocis, ToOTo 6e3 matepii. OTxe, 3aps0 — 1€ oAHa 13
dbyHIaMEHTAIBHUX BJIACTUBOCTEH MaTepii.

HaliMeHinid BiZOMMI €NEKTPUYHUN 3apsii — L€ 3apsij €JeKTpOHa, SIKUN
Ha3UBAIOTbeeMenmapium  3apsioom: e~ — 1,6x10° K. o peui, mpu
eJICKTpHU3aIlli TUT TEPTSAM, BOHU OJEPKYIOTh 3apsiji OJU3BKO 10° K.

Otxe, JIeTKO TIOKa3aTH, IO ICHYE JBa BUIW CJICKTPUYHUX 3apsiiiB.
Hanpuknan, 1Bi maacTMacoBi JIHIAKYA MOTEPTI ManepoM — BIAIITOBXYIOTHCS; 1€ XK

caMme Oyjie y BHUIIAJIKy €JIEKTpHU3allii JBOX CKISHUX 4Yd €OOHITOBUX IUIACTHHOK;
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IpOTE, HAGIEKTPU30BaHI JiHIMKa ICKIISHA MJIACTUHKA, a00 CKJIsHA Ta eOOHITOBa
IUIACTUHKYA — TPUTATYIOThCS. TOMy MU 1 BBaKaeMo, IO OAHOWMEHHI 3apsiau
BIJIIITOBXYIOTHCS, @ PI3HOMMEHH1 — IMIPUTATYIOTHCS.

Awmepukanceki BueHHI P. Cimmep Ta b. ®@pankiin Ha3Baidu 1l JABa BUIU
3apsiIiB:  TO3WTUBHUMHU (J0JIaTHIMH) Ta HeEraTUBHUMHU (Bix eMHUMH). Crif
pO3YMITH, W10 SKWW 3apsia  sAK Ha3BaTu, Oyno Bce oaHo. b. ®panxmiin
3aMpOTNIOHYBAB 3apsij] HACICKTPU30BaHOT 00 MIOBK CKJISTHOI MAJIOYKHA BBAKATH
JOAaTHIM, a 3apsij HaeJeKTPU30BaHOTO 00 IIepCTh SHTapI — Bia eMHUM. Llporo
MPUIYIIEHHS MA IPUTPUMYEMOCH 1 10 IIHOTO Yacy.

Bracniiok enektpusanii Tl TEPTAM HEraTUBHUUN 3apsi OJHOTO Tija TOYHO
JIOPIBHIOE TO3UTHBHOMY 3apsfoBl iHIIOro. Ile TMONOXKEHHS BIAOMY Mij
HA3BOIO 3AKOH 30epedcenHsl eleKMPUYHo2o 3apsady. eICKTPUYHI 3apsagu  He
BUHHUKAIOTH 1 HE 3HUKAIOTh, BOHM MOXKYTb JIMIIIE TIepeIaBaTUCh BiJl OHOTO Tija 10
1HIIOTO, a00 TMepeMillyBaTUCh BcepeauHi aaHoro Tina. lleit 3akoH MokHA
chopMyIIIOBAaTH U Tak: anreebpaiuna cyma 3apsaodis, SKi GUHUKAIOMb 8 0)0b-KOM)
eNeKMPUYHOMY Npoyeci Ha BCIX minax, wo Oepymv y4acms 8 YbOMY Npoyeci
3a824cOU OOPIBHIOE HYIEBL.

OcCK1IbKH, €JIEMEHTApHUM 3apsjl e <~ — 1,6x10‘19 Ku, To 3Bigcu chigye, 1mo
3apsn OyAb-sIKOTO TiIa CKJIQNAa€ThCid 3 IUIOT0 YHCIa €JIEMEHTApHUX 3apsliB,
To0TO Q=n"€, NIen=1,2,3, ... . TakuM YMHOM KaKyTh, III0 3aps] TiJla KBAHTYETHCH,

TOOTO MOKE MPUUMATH JIMIIIE CTPOTO TUCKPETHI 3HAUCHHSI.

[Ipu ompamroBanHi 1i€i TeMH CTYIEHT TOBHMHEH OIpaIoBaTH Taki

miteparypHi mkepena [1] ct. 6- 17, [2] ct. 123-131.

3anuTaHHA I CAMOKOHTPOJIIO:

1. SIki B3aeMo/Iii Ha3UBAIOTh €JICKTPOMArHITHUMHU?

2. llo Take enexTpuuHuil 3apsia?

3. Y 4oMy CXOXICTh 1 BIAMIHHICTh €JIEKTPUYHOIO 3apsiiy 1 rpaBiTaiiiHO

macu?
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4. SIx B3a€MOJIIIOTH OJTHOMMEHHI 1 PI3HOWMEHHI eTIEKTPUYHI 3apsau?

5. SIkuii 3aps HA3WBAKOTh €JIEMEHTaApHUM? SIKUM € HOro 3HaYeHHs?

6. Y yomy nonsirae siBuile enektpuzaiiii? IloscHITh Lie sBULIE 3 MOTIISALY
€JIEKTPOHHOI TeoPii.

7. Konu Ti10 OyBa€ eneKTpUYHO HEUTPATBHUM, a KOJIU 3apsIKEHUM?

8. Uu BiaOyneTbcs eaeKkTpu3allisi ABOX Ti, IO CKIIAJIAI0ThCS 3 OJIHAKOBOT
PEYOBHHH, ITiJT 9ac iX JOTUKY?

9. ChopmymroiiTe 3aK0H 30€peKEHHS €IEKTPUYHOTO 3apsiay.

10. ¥V axux BUMaaKax BUKOHYETHCS 3aKOH 30€pexKeHHS 3apsay?

11. o Bu3Hauae 3axkoH Kynona?

12. Sk popmymtoroTh 1 3amUCyrOTh 3akoH KyioHa aJis B3aemoii 3apsiiB y
BaKyyMmi?

13. Slxa ¢i3uyHa BeNUYMHA XapaKTEpU3y€ BIUIUB CEPEIOBUINA HA CHITY
B3a€EMO/IiT MIXK 3apsaaMu?

14. 3amumite 3akoH KynoHa mis B3aemonii 3apsiiB 3 ypaxyBaHHSAM
cepenouiia B cucremi CI.

15. Yomy nopiBHIo€ KoedimieHT nponopuiiHocTi K B 3akoni Kynona B CI?

16. YoMy nopiBHIOE €JIeKTpUYHA cTajna [1y?

17. YcranoBith onuHMIIO enekTpuyHoro 3apsany B Cl, chopmymroiite ii
O3HAYCHHS.

18. SIxe 3HayeHHS 3apsay 1 MacH eNeKTpoHa?

19. Yu MokHa €NIEeKTPUYHUHN 3aps]] NOJIUIATA HECKIHUEHHO?

BukoHnaiite 3aBJaHHS:

1. Sk 3MIHUTBCS cuJia B3a€MOJI1i MK JBOMa 3apsijaMu, SIKIIO OJWUH
3 HUX 301IBIIHUTH y 2 pa3u, a IHIUHN - 3SMEHITUTH Y 3 pa3u?

2. SIxi#l KITBKOCTI €ICKTPOHIB BiANOBIAE 3aps i, 110 popiBHIOE -1 Kn?

3. Enexrpockor oxepxas 3apsiz, mo gopisaioe 8 * 107" Ki. SIkomy umciy

CJICKTPOHIB BIATIOBITA€E 1IeH 3aps?
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Pozaia |11, EnekTrpoannamika
Tema 2
3aKoH 30epe:KeHHs eJIeKTPUYHOTro 3apsany. 3akoH Kynona

Kopomxki meopemuuni gioomocmi

Enexmpuunuii  3aps0 — 1e ¢i3uyHa BeIWYMHA, SKa XapaKTEpPHU3ye
BJIACTUBOCTI YaCTUHOK a00 T1J1 BCTYNaTH B €JIEKTPOMArHiTHI CUJIOBI B3a€MOIIi.

DyHOameHmanvHi 81aCMUBOCMI 3aps0i6 YACMUHOK.

1. B npupoai icHye ABa BUIU €IEKTPUUHUX 3apsAiB: J0JaTHI (TTO3UTUBHI)
Ta BiJ’€MHI (HEraTUBHI).

2. 3apaau MOXYTh NEepenaBaTUCh ( HANpUKIIAJ, IMiJ 4aCc KOHTAKTYy ) BIJ
OJIHOrO TiMa A0 1Hmoro. Ha BiaMiHy Big MacW €JIEKTPHUYHHUIN 3apsj HE €
HEB1JI'EMHOIO XapaKTEPHUCTHKOIO Tija. OpHE 1 T€ K TUIO B PI3HUX YMOBaX MOXKE
MaTH PI3HUN EIEKTPUIHUMN 3apsijl.

3. OnHoMMEHH] 3apsiy BIIIITOBXYIOTHCA, @ PI3HOWMEHHI — MPUTATYIOTHCSI.
B 1poMy Takox MpOsIBISE€THCS MPUHLMINOBA BIAMIHHICTh €1€KTPOMATHITHUX CHUJI
BiJI rpaBitamiiiHux. ['paBiTaliiifHi CHJIM 3aBXKIH € CHJIAaMH TIPUTATaHHS.

4. Ogaum 3 (yHIZaMEHTaIbHUX 3aKOHIB MPUPOAH € EKCIIEPUMEHTAIHHO
BCTAHOBJICHUH 3aKOH 30€peKEHHS eJIEKTPUYHOTO 3apsay.

B i3omboBaHiil cuctemi anrebpaiyHa cyma 3apsiiiB BCIX TUT 3aJIMIIAETHCS
CTaJIOO:

g:tQ2tQst ... = const

3aK0oH 30€peKeHHs €JIEKTPUYHOTO 3apslly CTBEPIXKYE, IO B 130J1bOBaHIN
(3aMKHEH1M) cuUcTeMI TUI HE MOXYTh CHOCTEPIraTUCh SIBUIIA HAPOJKEHHSA abo
3HUKHEHHS 3aps/iB JHILE OJTHOTO 3HAKY.

3 morMsiAy CydacHOi HayKH HOCISIMH €NEKTPUYHOTO 3apsiay € eleMeHTapHi
YaCTUHKHU.

Bci oTouyroui Hac Tina CKIQAalOThCsl 3 aToOMIB, SIKI B CBOIO 4epry

CKIAAar0ThCsa 3 IIO3WUTUBHO 3apsAIKCHHUX HpOTOHiB, HCTATUBHO 3apsAIKCHUX
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eJIEKTPOHIB 1 HEUTPaIbHUX YACTUHOK — HEUTPOHIB. [IpOTOHM 1 HEUTPOHU BXOMATH
JI0 CKJIay aTOMHUX SIFIEp, €ICKTPOHU YTBOPIOIOTH €IEKTPOHHI 0OOJOHKH aTOMIB.
EnextpuuHi 3apsiay MpoTOHA 1 €JIEKTPOHA MO MOJYJIIO OJHAKOB1 1 JOPIBHIOIOTH
eJIEMEHTapHOMY 3apsfy e:

e=1,602177-10"° Kn = 1,6-10° Kn.

B HeliTparbHOMY aTOMi YHCIIO TMPOTOHIB B SApl JOPIBHIOE KIJIBKOCTI
eJIEKTpOHIB B 000y0HII. Lle uncno Ha3uBarOTh aTOMHUM HOMEPOM. ATOM TaKoi
PEYOBUHHU MOKE BTPATUTU OJIMH a00 JIEKUIbKa €JIEKTPOHIB UM MPUUHATH JTUIIHIHI
€JIEKTPOH. B 1ux BUMankax HEUTpATbHUNA aTOM MEPETBOPIOETHCA B TOAATHHO ab0
B1JI"€MHO 3apsIKEHUN HOH.

3apsn Moke mepeaBaTucs Biji OJHOTO TiJIa JIO 1HIIIOTO JIUIIIE MOPIIsMH, SKi
MICTAThH I[JIE YHUCTO €JIEMEHTApHUX 3apAiB. TakuM 4MHOM, €NEKTPUYHHUNA 3apsij
TiJ1a — TUCKPETHA BETUYMHA:

q=+4ne (n=0,1,2,...).

@D13U4HI BEJIMYUHU, SIKI MOXKYTh MPUUMATH JIUIIE TUCKPETHUN PSJ 3HAYEHD,
HA3WBAIOTh KBAaHTOBAaHWMHU. ElleMeHTapHUU 3aps] € € KBaHTOM (HailMEHIIIO0
MOPINI€I0) €JIEKTPUYHOro 3apsiay. BoaHowac 3a3HauMo, 110 B cydacHid i3uin
CJIEMEHTApPHUX YAaCTUHOK Tepen0ayeHo ICHYBaHHS TaK 3BaHUX KBapKiB -

YaCTHHOK 3 JPOOOBHUM 3apsifioM +Yse 1 £%:e. ONlHaK, B BUIBHOMY CTaHI KBapKU HE

CIIOCTEPIraloThCsl, BOHU BXOJSThH /10 CKJIaAy MPOTOHIB 1 HEUTPOHIB.

i
A

Puc 1. Ilepenecenns 3aps0y 6i0 3aps0iceno2o mina Ha

eneKmpomemp
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http://3.bp.blogspot.com/-lAEJswdyRqc/UVqnLxr7H6I/AAAAAAAAGCs/GvIMhH4i0Vk/s1600/%D1%80%D0%B8%D1%81+1.bmp

B 3BuuaiiHux nabopaTOpHHX [IOCHigaxX JJs BHUSIBICHHS 1 BUMIPIOBaHHS
CJICKTPUYHMUX 3apsi/iiB  BUKOPUCTOBYIOTH €JIEKTPOMETP — TpHUIad, SKHMA
CKJIQJIAETHCSl 3 METAJIEBOIO CTPYIKHS 1 CTPUIKH, SIKa MOXE O0epTaTHCs HaBKOJIO
ropu3oHTanbHOI Bici (puc.l). CTprKeHb 31 CTPUIKOIO 130J1b0BaHI BiJl METAJIEBOTO
kopnyca. Ilim vac OOTHKY 3apsy)KeHOro Tija 31 CTPHXKHEM EJIEeKTPOMETPA,
SJIEKTPUYHI 3aps/Id OJTHOTO 3HaKa PO3MOILISIOTHCS MO CTPYOKHIO Ta cTpuil. Cuiu
CJIEKTPUYHOI B3a€MOJIIi (BIAIITOBXYBAaHHS) 3YMOBIIOIOTh OOEpTaHHS CTPIIKU Ha
NEeSKUM KyT, 3a SKUM MOXHA OLIHUTH 3apsll, SKUW Tepefand CTPUXKHIO
eneKkTpomeTpa. EJIeKTpoMeTp € JOCUTh HEJOCKOHAIMM MpUIajoM; BIH HE Ja€
3MOTH JOCIIIX)KYBAaTH CUJIU B3a€MOJI1T €JEKTPUYHUX 3aPSIIB.

Brnepiie 3akoH B3aeMOill HEPYXOMHUX EJEKTPUYHHUX 3apsi/iiB BCTAHOBUB
anrmiicekuit ¢p13uk KaBenmiii, ogHaK CBOi JOCIHIIKEHHS BiH HE ONMPUIIOJAHUB 1
BOHU CTaJId BiJIOMI HAYKOBii rpOMaJICbKOCTI micist myOmikamiit Jlx. MakcBernia B
cepenuni XIX cropivusi. ®pannyspkuit dizux L. Kymon (1785 r.) HezanexHo
Bil KaBeHaimia BCTaHOBMB 3aKOH B3a€EMOJIi EJIEKTPUYHUX 3apsaliB. B cBoix
nocnigax KylloH BUMIpIOBaB CHJIM MPUTATAHHS 1 BIAMITOBXYBaHHS 3apsKEHUX
KYJIbOK 32 JIOTIOMOTOI0 CKOHCTPYHOBAHOTO HUM MpPHWIAAy — KPYTHIBHUX Tepe3iB
(puc. 2), sKi Manu HaA3BUYAWHO BHCOKY YYTJIHBICTh. Tak, HampuUKIa,

KOPOMHCJIO Tepe3iB moBepTanoch Ha 1° mix miero cumu 107° H.

IIpu omparroBanHi I1i€i TeMH CTYJICHT IIOBUHEH OMpAIfOBaTH TakKi

JiTepatypHi mkepena [1] ct. 17- 24, [6] cT. 8-12.

3anuTaHHA I CAMOKOHTPOJIIO:

1 V dyomy mnomiOHICTh 1 BIAMIHHOCTI €JEKTPUYHOI ¥ TrpaBiTaliiHOI
B3a€EMO/TIi?

2. Yu crpaBemymBuii Bupas: «ToukoBuil 3apsn — 1€ 3apsl,po3Mipamu
SIKOTO MO>KHA 3HEXTYBATH»?

3. Uwm 3aBKau MOXKHA 3acToCyBaTH 3akoH Kymona?

4, SIk B3aEMOIIOTH MK COOOIO T1JIa, IO MAIOTh OJTHOMMEHHI 3apsiu?
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5. SIk 3MIHIOETBCS CHJIa B3a€EMOJIT JABOX TOYKOBUX EJEKTPUUHUX 3aps/IiB
npu 301IBIICHH] B1ICTaH1 MK HUMU?

6. Uu cnpaBennmuBuM € Bupas: «lIlig yac TepTs CTBOPIOIOTHCA 3apsau»?
Yomy?

7. YU MoxkHa miag 4ac eNeKTpu3allii TepTSIM 3apsauTH TUIbKH OJHE 3
TOTUYHUX TUT? BiamoBias oOTpyHTYHTE.

8. Un MoxHa Ha KIHIAX €0OHITOBOI MATMYKUA OFCP)KATH OJHOYACHO JIBA
pi3HOMMEHHHMX 3apsiau? Sk 1e 3poouTu?

9. YoMy MeTaneBuil CTPIKCHb HE MOYKHA HACTICKTPU3YBATH, SKIIO TPUMATH
roro B pyui? Skum criocobom 1ie MmoxkHa 3pooutn? YHomy?

10. IlosicHITH, YoMy Micisl Tiepeiaydl eNeKTPUIHOMY CYJITaHy 3apsiay Horo
NarepoBl CMY>KKH PO3XOASThCS B Pi3HI CTOPOHU?

11. Sk MOXHa BUSBUTH €JIEKTPUYHE T0JIe TOOIU3Y 3apsHKEHOT0 Tijia?

12. Yun MoKHA TMOSCHUTH EJEKTPHU3aIlll0 TUI IEPEeMIIICHHIM aTOMIB 1

MoJiekyn? Homy?

Bukonaiite 3aBJaHHS:

1. JIBa ogHAaKOBHMX MO3UTHBHUX 3apsau nepedyBaroTh Ha BijacTaHi 10 MM
OJIMH BiJ] OJTHOTO M B3a€EMOJIIOTH 13 CHJIOKO, 110 JopiBHIOE 7,2-10-4 H. Busnaure
3apsiJ KOJKHOI KYJIbKU.

2. 3apsiau 1BOX OJTHAKOBUX MAJICHBKUX KYJbOK JIOPIBHIOKOTH BIIMOBIIHO —
2 #1 10 uKn. Kynbku npuBenu B 31TKHEHHS 1 PO3BEIU Ha MONEPEIHIO BiICTaHb. Y
CKUIBKHU Pa3iB 3MIHUBCS MOJYJIb CHJIM B3a€MO/IIi MK HUMHU?

3. Ha sikiif BiacTani mOTpiGHO PO3TAIIyBaTH ABA TOYKOBHX 3apsian 5-107 i
6-10-9 Kun, mo6 BOHM BITIITOBXYBAJIUCS OJWH B OJHOTO 13 CHJIOIO, PIBHOIO

12104 H?
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Pozaia |11, EnekTrpoannamika
Tema 3
3aj1e:KHICTh ONOPY BiJ JOBKMHHU, IJIOIII MOMEPEYHOTO
nepepisy i MmaTepiajay npoBiIHUKA

Kopomxki meopemuuni gioomocmi

Cuna cTpymMy B TPOBIJHUKY 3aJ€KHTh HE TIIBKH Bl HAmpyrd Ha HOTO
KIHIISIX, aie 5 BIJI BJIACTHBOCTEUN caMoro MIPOBITHUKA.
Yum OUTbLIME OMip Mae MPOBIAHMK, TUM MEHIIA B HbOMY CHJa CTPyMy 3a Ti€l
camoi Halpyrd Ha KiHISIX mpoBinHuka. Came ToMmy BennuuHa B onepikana taky
Ha3By. IIpoBiIHUK, SKUII Ma€ oOmip, CTBOPIOE MPOTUIII0 HANPSIMIEHOMY pyXy
3apsAIB Y HbOMY, 1 IPH bOMY YacCTHHA €JIEKTPUYHOI €HEPTii MEePETBOPIOETHCS Ha
BHYTPIIIIHIO €HEPT1I0 MPOBIAHIUKA — aHAJIOTTYHO TOMY, SIK CHJIa OMOPY B MEXaHIIl
OPOTUJIIE MEXAHIYHOMY PYXOBl1 TUI 1 MPU I[bOMY YacTHHA MEXaHIYHOI €Heprii
NEPETBOPIOETHCS HA BHYTPILIHIO.

Enextpuunmii omip — 1i¢ ¢i3MYHA BEIWYWHA, SKa XapaKTepu3ye
BJIACTUBICTH MPOBIHUKA MPOTUAISITH €IEKTPUYHOMY CTPYMY.

Mu Tak 3BUKIM /10 PI3HOMAHITHUX TEXHIYHUX MPHUCTPOIB, IO YACTO HE
3aMHCIIIOEMOCS, SIK caMe BOHH TpaIfior0Th. Hampukiaz, KoxeH 13 Bac 301IbIIIyBaB
T'YYHICTb 3BYKY pajllo UM TeJIeB130pa ado CIOCTepiraB 3a THUM, SIK TOCTYIIOBO TacHE
CBITJIO B KiHO3aJl MepeJ]] MOYaTKOM CeaHcy. AJle Yu CTaBWIM BH Tepe] coO0ro
MUTaHHS, K 11€ BaaeTbes? CripodyeMo po3ibpatucs. A 1ie BU J13HAETECS, YOMY B
pa3i BUTOTOBJIEHHS MPOBOJIB JIJIS JIiHINA eNleKTpornepenaydl adbo eIeKTPOIPOBOIKU
JUTsl TIOMEIIKaHb 3a3BHUYail BUKOPUCTOBYIOTh AQMIOMIHIM 1 Midb, a HE 3HAYHO
JICIIEBITY CTab.

Konmu mo wmerameBoMy MpOBITHUKY i€ CTPyM, TO BUIbHI €JIEKTPOHH,
PYXalo4yuCh HAMPSMIICHO, 3IIITOBXYIOTHCS 3 MOHAMH, PO3TAIIOBAHUMH Y BY3JIax
KPUCTAJIYHOI IPATKU MeTaly. Y pe3yibTaTl LUX 3ITKHEHb CEpPEelHs IIBUIKICTD
HANPSMJICHOTO PYyXy 3aps/DKEHUX YaCTUHOK 3MEHIIYETHCS: MPOBIIHUK YUHUTH

OMip €EKTPUIHOMY CTPYMOBI.
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Bigomo, 1m0 omip NpOBIMHHUKA 3aJICKUTh B WOTO JIOBXKWHH, TIJIOMII
MOTIEPEYHOTO TIEPEepi3y, a TAKOXK BijJl pSYOBUHH, 3 SKOi BIH BUTOTOBJICHHI.

Jocmia mokasye, 10 30UIBIICHHS BJBIUl IUIOINII IOMEPEYHOro Mepepily
MPOBIIHWKA CIPUYHMHSIE JIBOPA30BE 3MEHIIEHHS WOro Omnmopy, 1 HaBIIaKH,
3MEHIIICHHS] BJABIYl IUIONI MOMEPEYHOro Mepepidy MPUBOAUTH JI0 JBOPA30BOIO
30UTBIICHHST omopy mpoBigHuKa. Otsdce, omip NpPOBIIHUKA OOEpPHEHO
MIPOTIOPIIHUH TUTOIT HOTO MOMIEPEYHOTO TIepePi3y.

Bio uozo 3anexcums éenuyuna enekmpuinozo onopy?

1. BenwunHa €NEKTPUYHOTO OIOPY 3aJCKUTH BiJ PEUYOBHHHU, 3 SKOI
BUTOTOBJICHUH TTPOBITHUK.

2. Omip npoBiAHUKA IPSMO MPOTOPIIAHUN HOTO JOBXKHHI.

3. Omnip npoBiAHMKA OOEPHEHO MPOMOPIIAHUN IO HOTO MONEepPEeYHOro
nepepizy.

_ | o . :

R=p % Jle p — nmutoMuil onip MPOBIAHUKA.

o] {WM_M} 260 [p] = [Ow-n] B CL

[Tutomuii omip pedoBuHU — 1€ BhI3UYHA BEIWYMHA, SKA XapaKTEPU3YeE

CICKTPUYHI BJIACTUBOCTI JaHOI PEYOBMHM ¢ UHCEIBHO JIOPIBHIOE OIOPY
BUTOTOBJICHOTO 3 HEI MPOBIJHUKA 3aBIOBXKKH | M 1 IUIOHICI0 MOMEPEYHOTO
nepepizy 1 m2.

Opununs muromoro omopy B CI — om-merp (Om ™). Ha mpakrtuii
31e01IBIIOr0 MAIOTh CIPABY 3 MPOBILAHUKAMH, TUIOIII OTIEPEYHUX MEPEPI3iB AKUX

JIOCUTH MaJl.

[Ipu omnpamoBaHHI 1€ TEMHU CTYACHT T[OBHHEH OIpAaIlOBaTH TaKi

JiTepatypHi mxepena [4] ct. 177- 185, [8] ct. 30-33.
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3anuTaHHs I CAMOKOHTPOJIIO:

1V sxux BUMagKax i € BUKOPUCTOBYIOTH MPOBIAHUKHU 3 MAIUM (BEIUKHIM )
HUTOMUM ONOPOM?

2. YoMy mpu MNPOXOKEHHI EJIEKTPUYHOTO CTPyMy B MeETall BUHHKAE
€JIEKTPUYHUN omip?

3. Sk 3anexiTh omip MPOBIIHKUKA Bij Horo qoBxuHU? [Lmom monepedyHoro
nepepizy? Marepiany npoBigHHKa?

4. lllo Ha3uBarOTh MUTOMUM OIIOPOM PEUOBUHU?

5. Jle BUKOpPUCTOBYIOTh HPOBIAHUKKA 3 MajuM IHTOMUM oOrnopom? 3
BEJIMKUM TTUTOMHUM OTIIOPOM?

6. Jly1st woro mpu3HadeHuit peoctat?

7. SIx1 BUIM peocTatiB BaM BIJIOMi?

Bukonaiire 3aB1aHus:

1. Sxuii omip MIZHOrO MPOBOAY JOBXKHHOIO 1 M 1 MJIOIICIO MOMEPEYHOTO
nepepizy 1mMm2?

2. Homxuna oguoro mposoay 20 cwm, inmoro — 1,6 m. Ilnomra nmepepizy i
MaTepiaji MpoBOAY OJITHAKOBI. Y SIKOTO MPOBOAY ONip OUTIINH 1 B CKUIBKHU pa3iB?

3. 3HaiiAiTh MOBXKUHY MPOBOMY JJIsi HAarpiBaya €JIEKTPOIUIMTKHU. JliameTp

nposoay 0,5 MM, a oro omip 3a KIMHAaTHOI TeMIepaTypu Mae ckiaaatu 48 Om.
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Pozaix |11, Enekrpoaunamika
Tema 4
EnexTpuyHuii cTpyM B rasax i Bakyymi. Bakyymui npuiaam.
EnexkTpu4HMid CTPYM y HANIIBIPOBITHUKAX

Kopomxki meopemuuni gioomocmi

["a3u 3a HOpMaTBLHUX YMOB MOTaHO MPOBOJATH E€IEKTPUUYHHUM CTPYM, TOOTO
€ 13ossiTopamMu. a3 ckiafgaeThCsl 3 HEUTpPAJbHUX aTOMIB 1 MOJeKyJ. BHacmimok
30BHINIHIX i (OMpOMIHIOBaHHSA  yJAbTPadioNeTOBUM, PEHTTE€HIBCHKUM,
pPaJl0aKTUBHUM BUIIPOMIHIOBAaHHSAM, HarpiBaHHA 1 T.[.) ra3 10HI3y€TbCs, TOOTO BiA
aTOMIB 1 MOJIEKYJI BIJIpUBAIOTHCS €JIEKTPOHU. BHACIIIOK 10H13a1i1 YTBOPIOIOTHCS
MO3UTHBHI 10HU 1 enekTpoHu. KoedimieHT ioHi3allli HA3WBAIOTh BIJHOIICHHS
yuciua 10H1B N, 1110 BUHUKJIIU, 0 YKCIa MOJIEKY razy No B JaHOMY 00’ eM.

B= N

N

ITopsn 3  ioHi3amiero  BiAOyBa€TbCs  3BOPOTHIM  mporec  —
pexombinayis, TOOTO 00’ €THAHHS 10HA 1 JIEKTPOHA B HEUTPAIbHY MOJIEKYIY a00
aToM.

Eneprito, siky moTpiOHO 3aTpaTUTH AJI 10HI3alli ra3y, HA3UBAIOTh eHeP2Ii€r0
ionizayii. JIyisg pi3HUX ra3iB €Hepris 10Hi3allli Ma€e pi3HE 3HAYEHHS 1 3AJICKUTD BIJT
OynoBu atoma uu Mojekyiau. HeoOximHa ymoBa 10HI3allil — HaJJaHHS €JIEKTPOHAM

mie
3HAYHOI IMIBUIKOCTI: 2 , ne A;- pobGora iomizauii, m i V — Bignosiami

IIBUJIKICTB 1 Maca €JICKTPOHIB.
[Ipomec MpOXOKEHHS CTPyMY 4epe3 Ta3 Ha3WBaIOTh Ta30BUM PO3PSIIOM.
["azoBuii po3psan, skuil BiAOyBaeThCA TMMia JI€I0 10HI3aTOpa, HA3UBAETHCA

HecaMOoCTiHUM (aiistHka 0 — 2).
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t+1

17

Bonbr — amrnepHa xapakTepucThKa (3aJIeKHICTh CHJIM CTPYMY B KOJII Bij
HAIPYTH) MAa€ TaKU BUTIISI.

[Ipu HEcaMoCTIIIHOMY ra30BOMY po3psii 3akoH OMa He CIpaBKYyeThCs (HE
ICHY€E MPOMOPIIIITHOT 3aJIEKHOCTI MK CHJIOI0 CTPYyMY 1 MPUKIIAIECHOI0 HAIIPYTOIO).
[TounHaroum 3 AEAKOI HANIPYTH, CHUJIa CTPYMY HE 3MIHIOETHCSI, HACTAE HACUUEHHS.

Cmpym HacuueHnHs — 1€ TaKUi CTPyM, IiJ Yac SKOrO BCl 3apsKeHi
YACTUHKU JOCATalOTh enekTposiB. [Ilo0 301mpmuTH CTpyM HacuUueHHs, Tpeda
30UTBIIUTH N0 10HI3aTopa. [loumHaroum 3 J€SIKOT HANpyrH, pPO3psi
MPOJOBKY€EThCS MICHsI IPUIMHEHHS A1l 10HI3aropa (auiaHka 2-3). Takuil po3psia
Ha3UBA€ThCS camocmitinum. [lil  BIIIUBOM  CHJIBHOTO — €IEKTPUYHOTO  TIOJIS
BiIOYBAETHCS yAapHA 10HI3alllSl €IEKTPOHIB. ICHYIOTh Taki THUIHM CaMOCTIMHOTO
pO3psiAy: TIIOYUH, KOPOHHUM, ICKPOBUH, TyTOBHIA.

Triouuti po3ps0 BUHAKAE TPU HHU3BKUX THUCKAX (@ﬁqmﬂm'pmfmJ.
Bin BuHUKae BHACHIAOK yJapHOi 10HI3amlii rasy B TpyoOIll 1 J0JaTKOBOTO
BUOMBAHHS E€JEKTPOHIB 3 KaToAa IMO3WTUBHUMM 10HAMU. Thirouumili po3psin
BUKOPUCTOBYETHCSI B Ta30CBITHUX TPYOKax njisi opOpPMIICHHS peKjaM, B Jiammax
JICHHOT'O CBITJIa, B Fa30BUX Ja3epax.

Koponnuii posps0 (y camMoMy eJIEKTPUYHOMY II0JIi) BHUHHKA€E TOOJU3Y
3apsAKEHOTO TOCTPOTO MPOBiTHWKA. BiH croctepiraetbes mpu atMochepHOMY
TUCKY HABKOJIO TPOBOJIB BHCOKOBOJIbTHOI JiHII. YUWM BHINA Hampyra, THM
TOBUIUM Ma€ OyTH TpOBiA. Y TEXHILl KOPOHHUN pO3psiii BUKOPUCTOBYIOTH B
CNeKTpOUIbTpAx, MPU3HAYECHUX JUIS OYMIICHHS IIPOMHCIOBHUX Ta3iB BiJ

nomimok. Koponuuit po3psa npu3BOAUTH 10 BTpaTH €HEPrii.
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Icxkposuii posps0 BUHUKAE y pa3i BEIMKOT HAMPYXKEHOCTI E€JICKTPUIHOTO
nosist (30000 B/cm). Mix enekTpojaMu BUHHUKA€E €NEKTPUYHA ICKpa, sIKA Mae
BUTJISI Ty>KE SICKPaBO1 CMYTHU CKJIAJHOT (POPMHU.

[ckpoBuii po3psia Mae mepepuBYACTHI XapakTep, 00 micig MpoOoro Hampyra
Ha €JIEKTPOJax 3HAYHO CIAaJa€e 4Yepe3 Te, IO MPOMDKOK MIXK eJIeKTpoJaMu
KOPOTKO 3aMHKaeThecs. [IpukinazoM iCKpoBOoro po3psiay € OinckaBka, MpoOid
JleTIEKTPHKA.

Jlyeosuti pospso. SIKO B KOJII € TOTYXHE JDKEPENIo, TO ICKpY MOXKHa
NIEPETBOPHUTU B CIEKTPUUHY AyTy. Jlyra BHHHKAE, SIKIIO MPUBECTH B KOHTAKT, a
MOTIM TOCTYIIOBO PO3COBYBAaTH JIBa BYT'UIbHI €JIEKTPOJH, SIKI MepedyBarOTh IiJl
Hanpyroro. /lyroBuil po3psi/i BUHUKA€E TOAl, KOJM BHACTIAOK HArpiBaHHS KaToja
OCHOBHOIO TPUYMHOK 10HI3alli Ta3y € TEpPMOEJIEKTPOHHA eMicii —
BUMPOMIHIOBaHHSl €JIEKTPOHIB JIy>)K€ HarpiTuMu Tutamu. JlyroBuéi pospsin
BUKOPHUCTOBYIOTh IIiJl 4Yac 3BaplOBaHHS METaliB, JJIi OCBITJICHHS, B JyTOBUX
eJIeKTpoTIeuax.

IInazma — 1e TIOBHICTIO 10HI30BaHMM Ta3, B SKOMY KOHIICHTpAIlis
MO3UTHUBHO 1 HETaTUBHO 3apAKCHUX YaCTUHOK TMPAKTUYHO OJIHAKOBI
(razopo3psiaHa mia3ma, ioHochepa, Mb>K30psiHE CEPEIOBUIIIE).

[Imasma 3 Temmeparyporo 10°K i Gimpmre — rapsaa mmasma  (30pi).
[Mazopo3psigHy  Mmiia3My  BUKOPHUCTOBYIOTH Y MAarHiTOTAPOJMHAMIYHUX
redeparopax (MI'Jl — renepaTopu) eneKkTpoeHeprii Ajisi MpsIMOTO MEePETBOPECHHS
BHYTPIIIHBOI €HEPTii 10HI30BAHOTO T'a3y B €JIEKTPOEHEPTIIO.

EnexTpuunuii ctpym y BakyyMi

Bakyym — 11e cTaH po3piIKeHOro a3y, MOJIEKYJIU SIKOT0 yIapsOThCs O/HA
00 ofHy pijuie, HiX 13 CTIHKAaMU TOCYJIMHM, B SIKIM BOHU 3HaXoasAThes. Hocisimu
eJIEKTPUYHOTO CTPyMY Y BakyyMi OyIyTh €J€KTPOHH, SIKI BHIIITAIOTH 3 IMOBEPXHI
CIICKTPOAa BHACIIIOKMEPMOEIEKMPOHHOL eMICIl.

Enexmpuyunuii cmpym y HanienpogioHuxkax

HaniBrnpoBiZHUKM — 1€ PEUOBUHH, B SIKUX EJIEKTPONPOBIAHICTH 3aiiMae

MPOMIXKHE MICIle MDK MPOBIIHMKAMH 1 JieJeKTpukaMu. Jlo HamiBIPOBITHUKIB
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HaJIe)KaTh KPEMHIH, ceneH, XiMiuH1 3’ eHanHs enemeHTiB Il rpynu 3 enremenramu
V rpynu. ITutomuii omip HAmBIPOBIAHKKIB 3HAXOAUTHCA B Mexkax Bix 10% 1o 107
OM ‘M. B pesynbTaTi BifpuBY eJEKTPOHIB Bii aToMa BHHUKAIOTh BiJIbHI
elekTpoHH. BakanTHe wMicie (IMO3UTHUBHO 3aps/PKEHUN 10H) IS €NeKTpOHa
YTBOPIOE TaK 3BaHy JipKy. JlipIi BiJANOBiIa€ HAJIWIIKOBUN MO3UTUBHUN 3apsiji
MOPIBHSHO 3 CYCIJIHIMH HEIOHI30BaHMMHM aTOMaMH, TOMY pPyX JIpKHu
pPIBHO3HAYHUI PYXOB1 MO3UTUBHOTO 3apsiay. K10 BHECTH MPOBITHUK B 30BHIITHE
CJIEKTPUYHE TM0J€, TO XAOTUYHUM pyX [MIPOK 1 EJIEKTPOHIB TNEPEXOAUTh B
HanpsamieHuil. CTpyM B TaKUX MPOBIIHUKAX 3YMOBIICHUN SIK PyXOM €JIEKTPOHIB 1
nipok (BiracHa mnpoBiAHICTh). KoHIeHTpallis IIpoK 1 €JIEeKTPOHIB OJHAKOBA.
BiacHa mpoBinHICTh HaNIBOPOBIHUKIB Mana. He3HauHa KUIBKICTH JOMIIIOK Yy
NPOBIIHMKAX 3HAYHO IMIJBUILYE MPOBIAHICTH iX. JloMIIIKKM 3yMOBIIOIOTH
JIOJIATKOBY (JIOMIIIIKOBY) TIPOBIAHICTH. JlOMIIIIKOBa IPOBIIHICTh OYBAa€ TOHOPHOIO
1 aKenTopHoro. JIOMIIIKH, K1 BIJJIAIOTh €JIEKTPOHU HA3WMBAIOTHCS JIOHOpaMH, a
HaIIBOPOBIAHUKK 3  €JIEKTPOHHOK  NPOBIJHICTIO  —  €JIEKTPOHHUMH
HaMIBOPOBITHUKAMHU (n — TuMy). EJeKTpoHHY TPOBIAHICTH OTPUMYIOTh, KOJIU
BAJICHTHICTh CJIEMCHTA, IO JOJAETHCSA, OlIbIIa 3a BaJICHTHICTH OCHOBHOTO
HamiBnpoBiguuka. Hanpuknan, no repmanito (IV- Banentauit) nogatu mumi sk (V
- BQJICHTHUI). Y TaKuX HAMIBIPOBIIHUKAX PyX JIPOK Maibke BiACYTHIN. SKII0
JOMIIIKM MaroTh BAJEHTHICTh MEHINY, HI)XK OCHOBHUW HamiBIPOBIIHUK, IX
HA3MBAIOTh AKIENITOPAMHM, a HAMIBIPOBIAHUK — JIIPKOBUM HAIiBIPOBITHUKOM (P —
Tuny). B nepekiai n — tun (HeraTuBHUM), p — TuM (mo3uTUBHUKN). [Tpu KOHTaKTI
JIBOX HAMIBIOPOBIAHMUKIB N — TUIY 1 p — TUIY Ha iX MEXI1 BHACHIAOK Iudys3ii i
peKoMOiHaIlli €eKTPOHIB 1 MIpOK BUHUKAE TOHKHM ImMap, 301MHEHUN HOCIAMH
CTpyMy, SIKMI Mae NigBULIEHUM omip (p — N — mepexia). Ko BBIMKHYTH
HAITIBIIPOBITHUK 3 P — N — MEPEXOJOM B €ICKTPUYHE KOJIO Tak, OO IMOTCHIIiaT
YaCTUHU 3 P — MPOBITHICTIO OYB MO3UTHBHHUM, 4 YACTUHU 3 N — MPOBIIHICTIO —
HETaTUBHUM, TO Y€pe3 HbOTO Oy/e MpOoXoauTH cTpyM. Takuil mepexia Ha3uBarTh

OpsiMUM. SIKIO 3HAKM MOTEHI[aNiB Ha KIHLAX HAMIBIPOBIIHUKA TMOMIHATH, TO
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3BOPOTHIN CTpyM Oyne MOCHTh MajuM, a OMip MPOBIJHUKA TOCUTH BEITUKUIA.

Taxuit mepexia Ha3UBaIOTh 3BOPOTHIM.

[Ipu ompamoBanHi 11i€i TeMH CTYACHT TOBHWHEH OIPAIOBATH Taki

gitepatypHi mkepena [1] ct. 195- 205, [8] cT. 40-47.

3anuTaHHA 11 CAMOKOHTPOJIIO:

Sk MoxHa 3pOOUTH MOBITPS TPOBITHUKOM?

[Ilo Take razoBuit po3psa?

[Ilo Take HecaMOCTIHHUI po3pA B razax. CaMOCTIHHUI pO3psl B ra3ax.
[I{o Take BakyyMm?

[ToHATTS TEPMOETEKTPOHHOI EMiCIi.

SIxi pe4OBHHM BIAHOCATHCS /10 HAIIBIPOBITHUKIB?

~N o o A W DN B

Y  dKkuX  mpwiagaXx ~— BUKOPUCTOBYETBCS — 3aJIeKHICTh  ONOPY
HaIIBIPOBIJIHUKA BiJ] TEMIIEPATYPH Ta OCBITIECHOCTI?
8 Ak yTBOprOETHCS p- N -miepexon?

9 3acrocyBaHHA p- N -iepexoaa. EnekTpudHi BIaCTUBOCTI p- N -Tiepexo/a.

BuxoHaTe 3aBIaHHSA:

1. KoHueHTpamisi €JeKTpOHIB MPOBIIHOCTI B TrepMaHli JOPIBHIOE 3 °
10" m~°. Tlicms JeryBaHHS IUTACTHHM TepMaHisi MHII'SIKOM KOHICHTpALIis
€JIEKTPOHIB MpoBIAHOCTI 30unbImiaca B 1000 pa3iB. Y CKUIbKK pa3iB KIJIBKICTb
aTOMIB T€pMaHisl B IJIACTHHI MEPEBUIIYE KUTbKICTh aTOMIB MUIIL SIKY ?

2. Bincranp MK katogoMm Ki# aHogom A y BakyyMHiM TpyOii 3;= 5
CM, BiJCTaHb B eKpaHa E 0 a”Honma 3, =25 CM. ABonHa
Harpyra 9 kB. BBakarouu eJleKTpuyHe 1MoJie MK KaTOJIOM 1 aHOJIOM OJTHOPIIHUM,
3HAWIITh Yac pyXy €JIEKTPOHA: a) B/l KaToja A0 aHojAa; 0) BiJl aHO/A IO €KpaHa.

3. Tlpu sxiii aHOMIHIM HaAmpy3l Yac pPyxy €JEKTpOHa BiJl KaTojaa JI0 aHOAa
kigeckona menmie 10 Hc? BiacTtans MK KaTogoMm 1 aHOAOM JOpiBHIOE 1,5 cM;

CJIICKTPUYHE I10JIC BBAXKAUTE O,ZIHOpiI[HI/IM.
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Po3aia IV. KonrnBanug ta XBlJIi

Tema 1
3ByKOBI XBHJIi, IX XapAKTEPUCTUKH TA BUKOPUCTAHHA

Kopomxki meopemuuni gioomocmi
3BYyKOBI XBWJIi MalOTh JIEKUJIbKa OCHOBHUX BIIACTUBOCTEH:

[TommpeHHsT 3BYKOBUX XBWJIb. 3BYKOBI XBHWJII PO3MOBCIOMKYIOTHCS 4Yepes
MOBITPSA, PIAMHU 1 TKAHUHM JIFOJACBKOTO OpraHi3My MaiKe BHKJIIOYHO Y BHIJISI
npyXKHUX XBWIb. OCTaHHI € 30HH, B SIKHX MOJICKYJIH, IO CKJIAJal0Th Cepeny,
MONIEPEMIHHO PO3PIIKYEThCSI a00 YIIUIBHIOIOTHCA. TakuM YMHOM, 3BYKOBI XBHJI
MOKYTh TTOIIIMPIOBATHUCS YePEe3 PCUOBUHY 1 HE TTOIIMPIOIOTHCS ¥ BaKYyMi.

[IBuakicTs po3noBcrokeHHs. [IIBUAKICTh 3BYKY NpU MPOXOKEHH1 Oyb-
SKUX PEYOBHH BIAHOCHO Mana (g TkaHuHU Onu3bko 1540 M /c). Orxe, yac
IPOXO/KEHHA 3BYKOBOI XBHWJII MOK€ OyTM TOYHO BHMIpsiHA 1 MOB'sI3aHE 3
MIPOMJICHOIO B1JICTAHHIO 3 BUKOPUCTAHHSM MPUHITUITY «4ac-BiJICTaHbY.

BigoOpaxxeHHst (dyacTkoBe a00 TMOBHE) 3BYKOBHUX XBWJIb BiJl MOBEPXOHb:
CTYMiHb B1AOOpa)K€HHS MaJalouyrx Ha MOBEPXHIO 3BYKOBUX XBUWJIb 3aJICKUTh BIJ
aKyCTUYHOTO OTnopy (IMIeaancy):

Imnienanc - BiiHOIIEHHS] IHTEHCUBHOCTI MMaJIal0IIEro 3ByKOBOI XBUJI1 /10 Ti€l
1 YaCTUHHU, sKa Oyna IIPOITyIIICHA CEpPEOBUIILIEM.
Akyctuune omip - TBip UABHOCTI 1 MMBUAKOCTI 3BYKY. XapaKTepusye
PO3CItOBaHHS €HEPrii XBUJIb B PEYOBHHI.

3rigHo edexty [ommnepa, YactoTa BiAOWTOI 3BYKOBOI XBHIII 3MIHIOETHCS
npu HaOJaWKeHH1 abo BiJaleHHI JpKepena 3BYKY BiJl MPUCTPOIO OJepKyBaua.
BignoBigHO 10 3aKOHY «d4ac-BIJCTaHb», TBIP Yacy 1 MIBUAKOCTI JOPIBHIOE
MPOMICHOMY BifCTaHl. TakKMM YWUHOM, JJI BU3HAYCHHS HAMPSMKY 1 MIBHUIKOCTI
KPOBOTOKY B CYyJIMHax 1 ceple MOXYyTb OyTH MpOaHANI30BaHI 3MIHM YaCTOTH
BiJIOOpaKEHHS 3BYKOBUX XBHJIb B1Jl PyXOMHUX €PUTPOIIUTIB.

SAxicTh ynbpTpa3zBykoBoro gociaipkeHHs (Y3]1) 3anexxuTs Bijl 1BOX KPUTEPIiB,

MOB'SI3aHUX 3 BIIACTUBOCTSIMH 3BYKOBHUX XBHUJIb:
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MakcumanbHO MOKIIMBA PO3/1IbHA 3aTHICTh (BUIIA YacTOTA TIEpeiaBaya).

AneKBaTHICTh TIMOMHYU IPOHUKHEHHS 3BYKY (HMKYa YacTOTa TMepeaBaya).

[IpaBmio: 3BYKOBI XBHWJII MEHINOI JOBXHHU JalOTh OIBIIY PO3AUIBHY
3MIaTHICTh, ajJi¢ MEHIITY TJIMOMHY MPOHUKHEHHS YIbTPa3ByKa

PimeHHs: niana3oH ONTUMAIbHUX YacCTOT JUISl YIbTPAa3BYKOBOI A1arHOCTUKH
ctaHoBUTh 1-10 MI'm. [liama3oH oONTUMalbHOI JIOBXXUHH 3BYKOBHX XBHUJIb
cTaHoBHUTH 0.15-15 Mm.

IBuaKICTh MOMMPEHHS 3BYKY. Lle MOKa3HUK 3aJIeKHUTh BiJ IIIJILHOCTI
cepenoBumia (mpudauzno 1500-1600 m /¢ B M'akux TkaHuHax 1 piguHax, 331 m/c B
noBiTpi 1 3500 M /¢ B KicTKax). YIbTpa3ByKOBI IHCTPYMEHTH BiJKaaiOpoBaH1 JJisi
CepellHbOI MBUAKOCTI 3BYKY 1540 M /c.

OcboBuii 703BUI. 3BYKOBUH IMMYJbC CKJIAAa€Thcs JBoMa (abo TphoMma)
3BYKOBUMHU XBUJISIMH, BHITYIICHUMH B TO3J0BXKHBOMY (OCHOBOMY) HAIpPSIMKY.
MakcumanbHa 37JaTHICTh O PO3PI3HEHHS ABOX OKPEMHUX TOUOK B MO3JA0BKHBOMY
HaIMpsIMKY JOpIBHIOE 1/2 AOBXHMHM IMIYJbCy, a00 NpHUOJU3HO AOBXKHHI OJHIET
3BykoBoi xBwii. Hampukian, npu pobouiit yactori 35 MIIl m03Bi1 JOPIBHIOE
npu6au3Ho 05 (- 1) Mm.

JlatepanbHe 103BUI. 31 30UIBLIEHHSM TJIMOWHU YJIBTPA3BYKOBUN TPOMIHb
CIIOYATKY 3BY)KYETHCA, a TOTIM BiIOYBAETHCS WOTO PO3MIUPEHHS 31 3HIKCHHSIM
IHTEHCUBHOCTI Ta J103BoJin. DoKycHa 30HA MpOMEHS («3BY>KEHHS») Ma€ MUPUHY 3-
4 NOBXHWHHM 3BYKOBOi XBWJII 1 XapaKTEPHU3yE€TbCS MaKCHUMAJIbHHUM JaTepaJbHUM
no3BoJioM. [Ipu wactori 35 MI'11 narepanbHe 03BN CKIagae MpUOIU3HO 2 MM,
TOOTO JBI CYCIJIHI TOYKH OyAyTh PO3IIIHEHI SIK Pi3HI, SKIIIO BIJICTaHb MI)K HUMH HE

MEHIIIE 2 MM.

[Ipu ompamoBanHi 11i€i TeMH CTYACHT TOBHHEH OIpAIOBATH Taki

JiTepatypHi mkepena [2] cr. 95- 102, [8] cr. 116-121.
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3anuTaHHS 1)1l CAMOKOHTPOJIIO:

1. SIxa ¢izudnHa pupoaa 3ByKy?

2. Slki Tina € JpKepesaMu 3ByKy?

3. YoMy a1 OMIMPEHHS 3BYKY HEOOX1THE cepeoBHUIIE?

4. UM BU3HAYAIOTh TYYHICTH 3BYKY 1 HOTO BUCOTY?

5. YoMy s IIBUJAKOCTI 3BYKY Yy TBEpJUX TUTaX 3a3HaydalOTh JiBa il
3HAYEHHA?

6. UM 3yMOBIJICHO BIIMIHHICTh TEMOPY 3BYKIB?

7. ITo3moBXkHI M MONIEPEYHI KOJMBAHHS BUHUKAIOTH y 3BYKOBUX XBWJISX Y
noBITpi? y BoA1? y TBepAOMY T1J1?

8. 3 SKOI0 YacTOTOI KOJIUBAEThCs OapabaHHA TEpPETHHKA ByXa JIIOJIMHU,
KOJIM J10 HET JOXOJUTh 3BYK?

9. Ak 3MIHUTBCS TYYHICTh 3BYKY, SIKIIO 3MEHIIMTH aMIUNTYJy KOJHMBaHb
JoKeperna, 110 Horo Buaae?

10. JliTak meTUTH i3 HAA3BYKOBOKO MIBHUIKICTIO. UM 4yTHO B KaliHI mijoTa
3BYK poOOTH JIBUTYHA, IKUW PO3MIIICHO 32 KaO1HOIO?

11. SIx 3MIHIOIOTBHCS YacTOTa M JAOBKMHA XBWJII 3BYKY MiJ 4ac MEpexoay 3
MOBITPS Y BOY?

12. YUu 006OB’A3KOBO T€, IO TOJOCHINIOMY 3BYKY BIJIOBiZa€e OijbIna

aMIUTITY1a 3BYKOBOI XBHJI1?

Buxkonaiite 3aBIaHHA:

1. Jlitak J€TUTh TOPU3OHTAIBHO 3 TMOCTIMHOW MmBHAKICTIO. Ko
criocTepirad 4ye, 1o JiiTak nepedyBae HaJl HUM, BiH 0a4uTh JiTaK mig Kyrom 60°
JI0 TOPU30HTY. SIKa MIBUAKICTH JiTaKa?

2. 3HaliTh JOBXKHUHY 3BYKOBOI XBWJI1 4acToToro 440 I'11 y moBiTpi ¥ BOJI.

3. BusHaute JOBXHHY ONEPHOTO 3a1Ty, SKIINO 3BYK Yepe3 HbI'O MMPOXOANTH 3a

250 mc?
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Po3aia IV. KonrnBanug ta XBlJIi
Tema 2

PagiomoBJiienns i Tes1e0auenns. Pagiosnokanisa. CTIILHUKOBHI 3B’ SI30K.
CynyTHukoBe Tejie0auyeHHSA

Kopomxki meopemuuni gioomocmi

Haitnpocrima  cucrema  pamiotenerpagHoro  3B'si3Ky, sAka  Oyja
3arpornoHoBana I'. Mapkoni 1 O. C. [lonoBuM 1 MIMPOKO 3aCTOCOBYBAjIach MOHA
BaISATh POKIB, roJjsirajaa y BI/IMpABITI cepiit 3aTyXalounx
€JIEKTPOMArHITHUX KOJIMBaHb, JOOYTUX Yy KOJMBAJIILHOMY KOHTYpl 3 ICKPOBHM
po3psiaHuKoM. Lo cucTemMy 1CTOTHO MOJIMILIEHO Micis BUHAWIEHHS reHepaTropa
HE3aTyXalouuX €JIEKTPOMArHiTHUX KOJIMBaHb. YBIMKHYBIIM B KOJIO T'€HepaTopa
tenerpadHU KJIIOY, MOXKHa OYyJI0 MepelaBaTH CUTHAIM 3 KOPOTKUX 1 OUIbII
TPUBAJIUX IMITYJIbCIB €IEKTPOMArHITHUX XBUJIb.

3MiCHUTH TIepeiadyy MOBH 1 MY3MKH, TOOTO pajiotenedoHHMI 3B'S30K,
BUSIBWIIOCA 3HAYHO Bakue. Ha mepmmii morisig Moske 3AaTucs, IO Oaxarouu
nepeJaTd MOBY YU MY3MKY, MOXHa 3a JIOIOMOTOI0 HAaJEKHOTO IiJACHIICHHS
MOCJIaTh iX B AaHTEHY 1 NEepeAaTH Ha BeJNMKYy BiacTaHb. HacmpaBmi X Takum
CIIOCOOOM TepefaTH CHTHalu He MOXHa. P14 y TiMm, 10 KOJMBaHHS 3BYKOBOI
JacTOTH — II¢ TOPIBHSAHO TMOBUIbHI KoiuBaHHSA (Bix 100 't 10 KiMBKOX THCSY
repu). A MU 3HAEMO, IO IHTEHCUBHICTb BUIPOMIHIOBAHHS €JIEKTPOMATHITHUX
XBWJIb HHU3BKOI YacTOTHU JyXe Mana. BuUHUKae cymnepedHicTb. 3 OZHOrO OOKY,
BHCOKOYACTOTHI XBUJI1 JOOpPE BUMPOMIHIOIOThLCS, aJie HE MICTATh MOTP1OHO1 1H(Op-
Mmanii (MoBa abo My3uKa) 1 B MpUHAManbHIA aHTEHl 30yIKYIOTh YHCTO
rapMOHIYHI KOJMBaHHSA, TOOTO Mar0Th 1HGOpPMAIlI0 JHIIE PO Te, IPAIIOE
nepeaaBay yu Hi. 3 1HIIOTO OOKY, €JeKTPOMAarHiTHI KOJIMBaHHS HU3bKO1 (3BYKOBOI)
4acTOTH Koja MikpodoHa MICTATh MOTPIOHY iH(oOpMaIio, ane mayxke clabo
BUTIPOMIHIOIOTHCH.

Ilst cynepeuHicTh Oyia po3B's3aHa Jyxke JTOTEIMHUM crioco6om. Bin mossrae

B TOMY, L0 JAJS Tepenayi eHeprii eJeKTPOMAarHiTHOI XBUJIl BHUKOPHCTOBYIOTh
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BHCOKOYACTOTHI KOJIMBAHHS, & KOJIMBAHHS HU3BKOI YaCTOTH 3aCTOCOBYIOTH JIUIIIE
JUTSl 3MiHH BUCOKOYAaCTOTHUX KOJIMBaHb, a00, SK TMPUHHATO TOBOPUTH, IS iX
Moayamii. Ha npuiimManpHIi CTaHINT 3 WX CKJIAJHUX KOJMBAHb 3a JIOMOMOTI'OIO
CHeIiaJbHUX METOMAIB 3HOBY BHIUISIOTH KOJHMBAHHS HU3bKOI YacCTOTH, SIKi IMICIIS
MIJICUJICHHS] TIOJIaf0Th Ha TydHoMoBellb. Llei mporiec BumiaeHHs iHdbopmaliii 3
OPUMHATUX ~ MOJYJbOBAaHUX KOJMBaHb JICTaB Ha3By JEeMOAYJslii, abo
JETEKTYBAaHHS KOJINBAHb.

[TpuiimMadi eJIeKTpOMArHiTHUX XBWUJIb JIOCUTH pi3HOMaHITHI. HaltmpocTimmit
3 HHUX — JIETEKTOPHUM TpuiiMad, SKUM €, 1O CyTi, PO3MJIAHYTUM BHUILE
JIEMOIYISATOPOM KOJIMBaHb 3 YBIMKHYTHM JI0 HBOTO TapajielbHO KOJIMBAJIHLHUM
KOHTYPOM.

EnexrpoMarHiTHi XBWJII MiJi 4ac HAAXOJKEHHS CTBOPIOIOTh B aHTEHI 1
KOHTYpl BHCOKOYACTOTHI MOJYyJIbOBaHI KOJMBAHHS. SKIIO KOHIEHCATOPOM
HACTPOITH KOHTYp Y PE30HAHC YacTOTI KOJMBaHb, SIKI CJiJl IPUHHATH, TO HABITh
y’)Ke cinaOKi XBHJIL, HAJAXOASYM, CTBOPSTH MOMITHI MOJAYJIbOBaHI KOJIUBaHHS B
KOHTypi. [l KoIMBaHHA MOTPAIUISIIOTh HA JEMOJIYJATOP 1 32 JOMOMOTOI0 Telle-
¢doHa, 3alTyHTOBAHOTO KOHJICHCATOPOM, PO3AUISIOTHCS Ha KOJWUBAHHS HHU3BKOI i
BUCOKOI YacToTu. KonmBaHHS HU3BKOI (3BYKOBO1) 4aCTOTH MPOXOASAThH MEPEBAKHO
yepe3 TeiaedoH, MeMOpaHa SKOTO KOJMBATUMETHCA TaK caMo, SK MeMOpaHa
Mikpo(oHa Ha mepenaBalibHIM CTaHLIi, 1 MU MIOYYEMO TaKUH caMuil 3BYK, SIKUH
OyB BUTOJIOLIEHUH TIepel MiKpo(oHOM.

JleTexTopHuil mpuiiMad Jy>)kKe NPOCTUM, HAIIWHUN, HE BHUMArae JKepelna
JKUBJICHHS, OJTHAK BIH MO’K€ MPUUMATH CUTHAIM JIMIIE B OJU3BKUX a00 JIyxkKe
MOTYXXHUX PaJi0CTaHIlIi. BiabI JOCKOHANI TMpUiiMadi — JIAMIIOB1 1 TPAH3UCTOPHI1
— 310paHi 3a JOCUTh CKJIATHUMH CXEMaMHU.

PAJIIOJIOKATIIIA

SBume BiAOMBAHHS EIEKTPOMArHITHUX XBWJIb TMOKJIAJEHO B OCHOBY
OMpalnboBaHOro B KiHII 30-X pOKiB METOAY BUSIBJICHHS 1 TOYHOIO BHU3HAYEHHS

MOJIO’KEHHS TPEIMETIB (JIITaKiB y MOBITPi, KOPAOIiB Yy MOp1, 3aKyTaHUX TYMaHOM
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abo BHOUI TOMIO). [leit MeTox micTaB Ha3By pamioiokartii. [mes pamionokarii Taka.

KopoTki enekTpoMarHiTHi XBUJI1, 3aBJIOBXKKH KUJIbKa METPIB, JCIUMETPIB 1
HaBITh CAHTUMETPIB, TOCWJIAIOTHCSA PAIIOJIOKAIIHHOIO YCTAaHOBKOIO IYXKeE
KOPOTKUMH IMITyJIbCaMU OJIMH 3a OJIHUM 4epe3 PiBHi, Jy>Ke Masi IHTEpBaJIM 4acy,
Kl 3HAYHO TEPEBUIIYIOTh TPUBAIICTh IMIYJLCY. TpUBAIICTh CHUTHANY, SKUN
MOCWIIAETHCS (IMITYJIbCY €IEKTPOMArHiTHUX XBUJIb), CTAHOBUTH MUTBMOHHI 9aCTKH
cekyHau. CUTHaIU MOBTOPIOIOTHCS BiJ KUIBKOX COT JO THUCAY pa3iB 3a CEKYHIY
(mocuTh 4Hacrto, aje Tak, MO0 OJHOYACHO «B JIOPO31», B MeXax pajaiyca Oriisiay
paJiosiokaTopa, HE BHUSBWIWCS JiIBa CHUTHaIa). EJEKTpOMarHiTHI  XBWJIL,
3yCTpIYalOYM Ha CBOEMY IUISAXY MEPEUIKOAY, — JITAaK, KOpadeib TOII0, YACTKOBO
PO3CIIOIOThCSA LMMHU TpeAMETaMH 1 YacTKOBO BiAOMBaIOThCA. Bigbuti xBuIl
OPUIAMAIOTBCST TIEO K PAJIONOKAILIMHOIO YCTAHOBKOIO 1 TMICHA TMIACHIJICHHS
NOJIal0ThCA Ha ocumwiorpad. 3a 1HTEpBaJIOM 4acy, SIKMW MPOMIIOB BiJI MOMEHTY
BUIIPOMIHIOBaHHS IMITYJIbCY 1 O MOMEHTY MTOBEPHEHHS B1IOUTUX 00'€KTOM XBUIIb,
BU3HAYAETHCS BIICTaHb J0 HHOTO.

JIns po3lryKyBaHHS HEBUAUMUX OO'€KTIB aHTEHa pajiojoKaTopa, Mmoji0oHO
J0  TPOXKEKTOpa, Ma€  BUIPOMIHIOBATH  TOCTPOHANPSMIICHUM  Iy4YOK
EJIEKTPOMATHITHUX XBHJIb — PaJIONPOMiHb, HAIPSIM SIKOTO MOYKHA JIETKO 3MIHUTH,
3MIHIOIOUYM HaXWJI aHTEHU 1 MOBEpPTaruu ii HABKOJIO CBOE€i oci. s oneprkaHHs
TOCTPO HAMpPSIMJIIEHOTO BY3bKOI'O PpAIIONPOMEHS Y BHIAJIKY JIELHUMETPOBUX 1
CAaHTUMETPOBHX XBHJIb BHKOPHCTOBYIOTh QHTEHH Y BHIJISII  YBICHYTHX
(mapabosiyHoi (Qopmu) MeTaneBUX J3epKall, Yy (OKyci SKUX PO3MIIICHHUM
BUTNIPOMIHIOIOUHI BiOpaTop. byBaroun Ha BeMMKHX aepoapomax, BU, O€3MEepedHo,
0auunau 11 aHTEHW — MapadoJIIyHI CITKH, SIKI PIBHOMIpHO oOeprtaroThes. s
JOBIINX XBWJIb KOHCTPYIOIOTh CKJIQAHIII aHTEHU 3 TIEBHUM YMHOM PO3MIIIICHUMHU
BiOpaTopamu.

Temep pamionokallis 3aCTOCOBYETBCS AyKe MIUPOKO HE JIUIIE HA TPAHCTIOPTI
i y BIIICBKOBIH cIipaBi, a il y 6aratbox 1HIIMX raixy3sX HApOJHOTO TOCIOAAPCTBA.

3a IOMOMOTOI PajioIOKaTOPIB CIOCTEPIral0Th BUHUKHEHHS 1 pyX XMmap, IMOJIT
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METEOPHUTIB y BEpXHIX IIapax arMmocdepu. PamgiomokaTopu mUPOKO BUKOPHCTO-
BYIOTBCSl B KOCMIYHHUX JOCITIDKEHHsIX. Ha GOpTy KOKHOTO KOCMIYHOTO KOpPaOJIs
O00OB'A3KOBO  BCTAHOBJIIOETHCSA KUIbKa pajionokatopiB. OcCTaHHIM  YacoMm
paIIoIOKAIlisS YCITIIIIHO BUKOPUCTOBYETHCS MIJIT TOYHOTO BUBUCHHS PyXY IUIAHET,
YTOUHEHHS BijicTaHel g0 Hux. Y 1961—1966 pp. Oyno 311iCHEHO pajiloI0KaIliio
Benepu, Mepkypist, Mapca 1 FOmitepa.

[TOHATTA ITPO TEJIEBAUEHH A

[[Inpokoro 3acToCyBaHHS JICTald EJIEKTPOMArHITHI XBWJI B CYyYacHIH
cucremMi TejaedadeHHs, TOOTO nepegaBaHHi 300paxeHb Ha BIICTaHb 3a JJOIIOMOTOIO
YIBTPAKOPOTKUX €JIEKTPOMATHITHUX XBUIb. JIECATKU THUCSY TEJIEBI31MHUX CTaHIIII
y 0aratbox KpaiHax CBITY PEryJsipHO BEAYyTh Iepenadi, skl AUBISATHCS COTHI
MUIBHOHIB risigaviB. OpHak Tene0adeHHS — 1€ HE JIMIIE TEJIEMOBJICHHS.
TenebaueHHsT 3HAXOJUTH IIMPOKE 3aCTOCYBAHHS B PI3HUX Taly3siX HapOIHOTO
rocrojapcTBa i B HAyKOBUX JOCITIDKEHHSIX. BOHO /1a€ MOXJIHMBICTH OJHOYACHO
CIOCTEpIraTH 3a OCHOBHHMMH €TamaMu CKJIAJHUX TEXHOJOTIYHUX IMPOIECIB, 3a
PI3HUMH IUITHKAMU 3aJII3HUYHUX BY3JIB 1 MOPCHKHX TOPTIB, A€ 3MOTY BUUTHCS
BIPTYO3HOMY MHCTEUTBY BEJIMKUX XIPYpriB, MPOHUKATH MOIJIAIOM B O€301HI
OKEaHIB 1 B TTTMOMHU KOCMOCY.

Bbynp-sika TeneBiziiiHa cucTeMa CKIAIAEThCs 3 TPhOX YACTHH: TepeaaBaya,
npuiiMada 1 KaHaiy 3B'sI3Ky iX MDK co0oro. [Ipu3HaueHHs nepepaBaya MoJsrae B
MEPETBOPEHHI 3a JIONMOMOTOI0 CHEIlladbHUX EJIEKTPOHHO-TIPOMEHEBUX TPYyOOK
CBITJIOBOT'O 300paK€HHs 00'€KTa B CUCTEMY E€JIEKTPUYHHUX CUTHAIIB — BI1JEOCHUT-
HajiB. i curHasm MOAyJIOIOTh TMOTIM KOJIMBAHHS T€HEpaTOpa BUCOKOI YaCTOTH.
MonynpoBaHa €JEKTPOMArHiTHa XBWJIA TMEPEHOCUTh 1H(POPMAII0 Ha BEJHKI
BigicTanl. [li XBWIl JIOBISATHCS AaHTEHON NpUiiMaya, B SKOMY 3JIIMCHIOETHCS
3BOPOTHE  IEPETBOPEHHS. BucokouacToTHi  MOAYJIHOBaHI  KOJIMBaHHS
JETEKTYIOThCSI, TIEPETBOPIOIOTHCS B €JIEKTPUYHI CUTHATIH, a OJIepKaHl CHTHAIN
NEPETBOPIOIOTEC Yy  BUAWME  300paxkeHHsa. [l  mepenmaBaHHS — pyXy

BUKOPHCTOBYIOTh TNPUHLHUI KIHO: 300pa)KeHHsI pyXoMoro o0'ekta (Kaapu), SKi
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TPOXH BIJIPI3HAIOTbCS OJWH BIJ OAHOTO, MEPEAAIOTh KUIbKa JECATKIB pa3 3a
CEKYHITY.

IlepenaBanpHa TeneBiziiiHa KaMmepa Haraaye doToamapaT, TUIbKH 3aMiCTh
GOTOIUTIBKM B HEl BMINICHO CICMIAIbHY EJIECKTPOHHO-TIPOMEHEBY TPYOKy, 3a
JIOTIOMOTOI0  SIKOi 3/IIMCHIOETHCS TIEPETBOPEHHS 300paxkeHHs 00'€eKTa B CEpiro
CJIEKTPUYHUX CHUTHAJIB. ICHye KiJibka THIIB TaKUX €JIEKTPOHHO-IPOMEHEBUX
TPyOOK — 1KOHOCKOTIH, OPTIKOHH, BIAIKOHH, TUTIOMOIKOHH TOIILIO.

[lepenaBane 300pakeHHsS 3a JOMOMOTOI0 CHCTEMH JIIH3 MPOEKTYEThCS Ha
NnoBepxHIO  ¢doTope3ucTopa. 3ajeXHO BIJ  OCBITJIEHOCTI  PI3HI  MICIs
dboTope3ucTopa HaOyBalOTh pi3HOI MNPOBIAHOCTI. CTBOPIOBaHUN E€JIEKTPOHHOIO
rapMaTror0  MOpPOMIHb  MOCHIJOBHO  Mpobirae  BCl  €JIEMEHTH  OJHOIO
TOPU30HTAJILHOTO psiika (oTope3ucTopa, MmoTiM apyroro i T. A. IlepemimienHs
€JICKTPOHHOT'O IPOMEHS MO €KpaHy Harajye HepeMILIEeHHs Haloro MOTjsay IO
psAnkax KHUTU. ENeKTpoHHUN pOMiHb Mpobirae mo ekpany 625 ropu3oHTAIbHUX
psaakiB 3a 1/25 cexkynau. PyxoMm eNeKTpOHHOTO MPOMEHS Kepye MarHiTHE MoJie
HAJITOI Ha TPYOKY KOTYIIIKH.

Konu enekTpoHHMIT MpOMiHB Jocsrae MOBEpPXHiI (OTOPE3UCTOpPA, 3aJEHKHO
BiJl €JICKTPUYHOI MPOBIAHOCTI JAHOI AUISHKHU (5IKa, B CBOIO YEPTy, 3aJICKUTh Bij
OCBITJICHOCTI IIapy) pe3ucTOpoM R, MPOXOAUTH OIIBIIOI Y MEHIIIOI CUIIH CTPYM.
TakuM YMHOM, Hampyra Ha pe3UCTOpPl 3MIHIOETbCA MPOMOPUIKHO 3MiHi
OCBITJICHOCTI B3JIOBX pfAlKa. Tak yTBOPIOETHbCS BijeocUTHaN. BiH MICTUTH
iH(dopmarliro npo 300paxkeHHs npeameta. Jlam uei BieoCUrHai miJICUITI0EThCA, a
NOTIM, SIK 1 y BHUIAJKY Iepefadl 3BYKOBHX CHUTHAJIB, BUKOPUCTOBYETHCS JUIS
MOAYJIAIII ~ BHUCOKOYACTOTHUX  KOJWBaHb.  MOJyJIbOBaHI  BiJIGCOCUTHAIOM
BHCOKOYACTOTHI KOJIMBAHHS TOJAIOThCS B aHTEHY 1 BUIIPOMIHIOIOTHCS HEHO B
npoctip. OgHOYAaCHO' IpYTruil epeaaBad 31HCHIOE TIEpeiady CUTHAIIB 3BYKOBOTO
CYIIPOBOJTY.

PO3BUTOK 3ACOBIB 3B'SI3KY

Po3BUTKY 1 BHOCKOHAJIEHHIO 3ac001B 3B'I3KY MPHUALISETHCS BEJNIHMKA yBara B

ychoMy CBITI. Pi3Hi 3acobu 3B's3ky (TenedoH 1 tenerpad, pamio 1 TenedadeHHs,
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dakc, KOMI'toTep, IHTEPHET TOIIO) MIIHO YBIMIUIM B MOBCSIKIECHHUN MOOYT
IMIMPOKUX Mac HACEJIEHHS 1 Terep BaXKKO HABITh YSIBUTH COO1 KUTTS JIOIUHU 0e3
HUX. be3 m00pe opraHizoBaHHX 3ac0o0iB 3B'A3KYy MPAaKTUYHO HEMOXKIMBO B
CYy4acCHHX yMOBax KE€pPyBaTH HAPOJHUM TOCIIOIAPCTBOM.

Hama kpaiHa BKpHUTa TYCTOIO MEpPEXe KaOelbHUX, paglopeleHuX 1
MOBITPSAHUX JiHIA TenedoHHOro 3B's3Ky. TeneoHHMI 3B'S30K AINIIOB 10 BCIX
HACEJICHUX ITyHKTIB.

[Ipote cTBOpUTHM HaJIHY CHUCTEMY 3B'SI3KYy 3 BIIJIAJICHUMHU ITyHKTaMH,
Oynyround KaOelbHI YW pajiopesieH] JiHii, Ay»Ke CKIaaHO. 3 BIIJAJICHUMHU Bij
HEHTPY MYHKTaMH 3PYYHO 3B'SI3yBAaTHCS 3a JIOMOMOTOIO0 INTYYHUX CYMYTHHKIB
3emui. Taki cucTeMH KOCMIYHOIO 3B'SI3KY 4Yepe3 IITY4YHI CYNYTHHUKH 3B'A3KY
YCHIIIHO TpaliolTh yxke Oarato pokiB. IloTyxHuil nepenaBauy mocuiae Ha
CYIYTHUK 3B'SI3Ky PaJllOCUTHAIIH, K1 MICTATh a00 TeiaedOoHHI MOBIAOMIICHHS, a00
nporpamy TenebadeHHs. Ha CynyTHHKY BCTaHOBJIEHO MpuiiMay, SSKUH MiACHIIIOE 1
NEPETBOPIOE MPUNUHATI CUTHAJIM 1 yepe3 OOpTOBU MepedaBad pPETPAHCIIOE Ha
3emitt0. iX JIOBJIATh aHTEHAMHU 3€MHUX MPUMMalIbHUX MYHKTIB 1 MEpeAaroTh Ha
MICLIEBI TEJIEB131MHI CTAHIII].

[IIBuAKUMU TEeMIIaMH pPO3BUBAETHCA  PATIO3B'sI30K 1  TeneOaueHHS.
CTBOpPIOETBCA pO3raidy’kKeHa MEpeka YIbTPaKOPOTKOXBUIILOBUX TEpe/IaBadiB, SKi
JAI0Th MO>KJIUBICTh MOJINIIMTH OOCIyrOBYBaHHS PaaiociyXadyiB, OCKUIbKHA Ha
MOBJICHHS Ha YJIbTPAKOPOTKUX XBUJISIX HE BIUIMBAIOThH 1HAYCTpPiasibHi, aTMOCGhEpH1
Ta 1HIII TIepenIkoau. Po3BUBaeThCs mepenaBajibHa TEIEBI31HA Mepeka, 3pocTae
npuiiMaIbHUN NapK TeJIeBi30PiB.

[ToTpebu B MIMPOKO PpO3TalyXeHHX, HAAIHHO (PYHKIIOHYIOUMX 3aco0ax
3B'SI3KY Y€ BEJIMKI 1 HE3MIHHO 3pOCTaTUMYTh B MiIpy PO3BUTKY HApOJHOIO
rocrofapcTBa, aBTOMAaTH3allli 1 MexXaHi3alii BHPOOHWYUX TPOIECIB, PO3KBITY

JYXOBHOTO UTTS 1 KyJIbTYPHHUX 3aIIUTIB HACEJICHHS.

[Ipu ompamoBanHi 11i€i TeMH CTYACHT TOBHHEH OIPAIOBATH Taki
JiTepatypHi mkepena [1] ct. 214- 222, [8] ct. 138-146.
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3anuTaHHS 1)1l CAMOKOHTPOJIIO:

1. Illo Ha3mBaOTH paio3B's:3KOM?

2. B yomy mossirae MpUHIMI paaioTenerpadHoro 3B’ 13Ky ?

3. o Ha3uBaroTs Moaystieo? Illo Take aMITiTy 1Ha MOTYIIAIIISI?

4. 11lo Ha3WBAIOTh IETEKTyBaHHIM?

5. [loOyny#Te cxeMmy JeTEeKTOPHOIO MpUiiMada; OMUIIITh OyA0BY 1 MPUHITUIT
1oro po0oTH.

6. IIlo Ha3uBaroTh TenebaueHHsIM? Sk 3AIHCHIOETHCS Tepenada 1 MpuioM
CUTHaJIB?

/. llo nHa3uBaroTh pajaioyiokaiiero? ki pamioxBuwii (32 JOBXKHHOIO 1
4acTOTOI0) BUKOPUCTOBYIOTh Y paJioIoKalii?

8. 3a SKUM MPHUHIIUIIOM MPAIIOI0Th CYMTYTHUKOBI 3aC00H 3B’ SI3KY?

9. IlosicHITh TPHUHIUII i1 CTIILHUKOBOTO 3B’s3Ky. Illo € ocHoBHUMHU

CKJIaJIOBUMH CTIJIbHUKOBOT Mepexki?

Buxonaiire 3aB1aHHA:

1. BU3HAaYUTH JIOBKUHY €JIEKTPOMATHITHOT XBUJI1 Ta MEPi0J] KOJIUBaHb y HiH,
SKIIO YacToTa KoJduBaHb y 11K xBwil nopiBHioe 10 MI'.KonuBansHuii KOHTYp
HajamroBanuii Ha MoBxkUHY XBwil 300 M. BU3HauWTH 1HAYKTUBHICTH KOTYIIKH
IILOTO KOHTYPY, SKIIO €MHICTh KOoHAeHcaTopa 25 HdD.BusHauntu nepiof 1 4actoTy
KOJIMBaHb B €JICKTPOMArHITHIN XBUJI, TOBXKHHA K01 30 CM.

2. BusHauuTH mepioJ 1 4YacTOTy KOJWBaHb B EJIEKTPOMArHiTHIN XBHIIL,
nosxkuHa skoi 30 cM.Y KoJMBaJIbHOMY KOHTYpl1 pajionpuiiMadya MpPOXOJIUTh
CTpyM, 1110 3MIHIOEThCS 3a 3akoHOM 1= 0,06 cos 1067t (A). Ha sxy noBxxuHy XBUII1
HaJalToOBaHUM pajgionpuiiMad? Bu3zHauuTH €MHICTH KOHAEHCATOpa IHOTO
KOHTYPY, SIKIIO 1HIYKTUBHICTh KOTYIIKH 1 MK H.

3. Paniocranuis Bexe nepeaaui Ha yactoTi /5 I'n. Ha siky moBxkuHy XBUII
MOBUHEH OyTH HAJAIITOBAaHUH paaionpuiiMay?PiBHAHHS KOJUBAHb CHJIM CTPYMY B
aHTeHi nepeaaBada mae Burisia i= 0,3 sin 15,7« 10 9t (A). Ha sikiii 1OBXHHI XBHITI

BEJEThCS nepeaaya’?
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Po3zain V. OnTuka Ta 0OCHOBH TeOpii BiTHOCHOCTI
Tema 1
In¢ppayepBone Ta yiabTpagdioneroBe BUNPOMIHIOBAHHS.
PenTtreniBcbke BunpominwBaHHs. [llkajia eJleKTpoOMarHiTHUX XBUJIb

Kopomxki meopemuuni éioomocmi

BiacTuBOCTI €IEKTpOMArHiTHUX XBWJIb JIOCUTH PI3HI Ta 3ajie’kKaTh BiJ
JOBKMHU  XBWJII  BHUIPOMIHIOBaHHSA. Bce  PI3HOMAHITTA  JOBXHUH  XBWJIb
CJIEKTPOMArHiTHOTO  BUIPOMIHIOBaHHA  MOXXHA  TMOAUIMIM  HAa  WIICTh
BU/I1B,HAM3BUYHIIINM 3 SIKUX JIJIS HAC € BUAUME CBITJIO.

Cegimno. Jliarta3oH JOBXXHH XBHJIb BHIAMMOIO CBITJa 3HAXOAUTHCS MIXK
400 am(dioneroBuii komip) 1 760 HM (dyepBoHMIt Kodip). HailiBaxiugimioro
XapaKTEPUCTUKOI BUIAMMOrO BUIIPOMIHIOBAHHS €, 3p0O3yMIJI0, HOr0 BHIUMICTb
st miojackkoro  oka.  Came  BuAMMI  NPOMEHI  €JIEKTPOMArHiTHOTO
BUMIPOMIHIOBaHHS 3eMHa arMocdepa mpoIyckae kpame Bchoro, a CoHie
HalaKTUBHIIIE BUTPOMIHIOE Y BUIUMHUX TPOMEHSIX.

HaiiBiquyTHImUMHA 1711 OKa € >KOBTO-3eJieHI mpomeHi. CreriaabHe
MOKPUTTS Ha 00’ekTUBax (poroamaparis 1 Bieokamep, sike Bu HaneBHO momivyaiu
no Oy3KOBOMY OJIMCKY, SKpa3 MOKJIWKAHUN MPOIYCKATH BCEPEAMHY arapaTypu
YKOBTO-3€JICHE CBITJIO 1 BIAOMBATH HE BIAYYTHI JUIsi OKa TpOMEHi. ToMy Ham
OJIMCK 00 €KTHBY 1 3[JA€THCSA JESIKOI CYMIIIIIIO YEpPBOHOIO 1 (i0JIETOBOTO
KOJIbOPIB.

Ingppauepeone sunpominrweanns. Binomuii Buibsim ['epiiens, npoBoasuu
BUMIPIOBAHHS €HEPT1i pI3HUX MPOMEHIB BUJIUMOTIO CBITJIA, BUMIAJIKOBO BUSBUB, 1110
BUKOPHCTOBYBaHI HUM TEPMOMETPU HArpiBalOTHCS 1 32 MEKEIO YEPBOHOTO KIHIIS
CHEKTpy. YUeHHil 3poOMB BHCHOBOK, IO ICHYIOTh JESKi TMPOMEHI, 10
MPOJOBXKYIOTh  CIEKTp 3a  uepBOoHUM  cBimioM. [li  mpomeni  BiH
Ha3BaB iH@pauepsonumu. 1lle X Ha3MBaIOTHh TEIJIOBUMU, OCKIIBKU 1H(PpadepBOHi
MIPOMEH1 BUIIPOMIHIOE Oyb-sSKE HarpiTe T1J0, HABITH SKIIO BOHO HE CBITUTHCSA

s oka. Jliama3oH 1H(QpPayepBOHUX XBHIIb JIOCHUTh BEIMKUN 1 3HAXOAUTHCS
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Mix 760 HM1 0,5 mm. OTxe, Alama3oH TEIUIOBUX MPOMEHIB HabaraTo MIMPIIUH,
HIK BUTUMUHN CIIEKTP.

3emHa aTMocdepa IpoIyCKae 30BCIM HEBEJIHMKY YACTHHY 1H(PPAUuEpPBOHOTO
BUIMIPOMIHIOBaHHS.  BOHO  mornmHaeThcs  MOJEKyJlaMd  TOBITpS, 1
0COOJIMBO ByIJIEKMCIUM ra3oM. lleli ’xe ra3 BHHEH B TOMY, IO TEIUIO HE
JIOCTaTHHO TMOKHAAa€e Hamry I1iaHeTy. CBITJIOBE BUIIPOMIHIOBaHHS HarpiBae
MOBEPXHIO, aje TeIUly HazaJl B KOCMOC BUWTH HE BIA€ThCA. Takuii edekt
HA3MBAIOTh MAPHUKOBUM. Y KOCMOCI BYTJIEKUCIIOTO razy HebaraTo, TOMY TEIJIOBI
IIPOMEHI 3 HEBEJIMKUMU BTpAaTaMU MPOXOAATH Kpi3b NUIO0B1 XxMapu. Came 3aBasiKu
1H(pauepBOHOMY BHUIIPOMIHIOBAHHIO B Hallli KpaiHi Oylia ojaepxaHa Neplia
dotorpadis uentpy lamakTuku, SKUM 3aKpUTHNA Big 3eMill Ta30MUIJIOBUMU
XMapaMmu.

Paoioxeuni. llle Ounblly JOBXKUHY MAIOTh paodioxeui, 3aBASKA SKUM MU
CIIyXaeMO pajio, JHUBUMOCh Tele0aueHHs, KOPUCTYEMOCh CTUIBHUKOBHUMHU
teneonamu. Bce enexkTpomarHiTHe BUIIPOMIHIOBAHHSI, IOBXKUHA XBUJIl SIKOTO
oinpme 0,5 MM BIIHOCHUTBCS O pamioxBwib. lle — MOBroXBWIBOBUN KiHEIb
€JIEKTPOMATHITHOTO CHEKTPY.

PamioxBumi B 3HauHi Mipi 0e3 mpobiieM MPOXOJsATh Kpi3b 3eMHY
atMocepy, 1 JuIIe [AesIKl 3 paJloXBUJIb, SKI Ha3UMBalOTh KOPOTKHUMHU,
B1IOMBAIOTHCSL BiJ 10HI30BAHOTO Iapy 3eMHOi aTtMocdepu. 3aBAsKU I[bOMY
BIJIJI3EPKAJICHHIO MOKJIMBUH 3B’SI30K MK PalOCTaHIIsIMU, PO3TAIlIOBAaHUMH Ha
OPOTWJICKHUX TOYKAX IUTAHETH. PamioXBWJII  HECWJIBHO  TOTJIMHAIOTHCSA
cepelloBHUIIEM, TOMY BUBUYEHHSI BcecBiTy B pajioniana3oHi Ayxe 1HPOPMAaTUBHO
JUJISL aCTPOHOMIB.

Yaempagionemose  sunpominweanns. BunpomiHioBaHHS,  JIOBXKHUHA
XBUJIl SIKOTO KOpOTIIE, HDK y BUIWMUX MPOMEHIB (Hi0JIETOBOTO KOJIHOPY,
Ha3WBaIOThYIbmpagionemosum. e BUMPOMIHIOBAHHS, 3A€OUIBINIOTO, MIKIJTHBO
JUISL KUBUX OpPraHi3MmiB, MpoTe OuIblIa YacTUHA YJIbTpadioseTy He MPOXOAMTH
Kpi3zb atmocepy 3emii — O30HOBMM Iap aKTUBHO TMOTJIMHAE HeOe3neyHi

MIPOMEHI.
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Ta wactuna ynbTpadionery, Ska NPUMUKAE A0 BHIWMHUX MPOMEHIB,
JTOXOAWTH IO TIOBEPXHI 1 BUKJIMKAE y HAC 3arap. Y YOPHOIIKIpHX IeH 3arap
TeHEeTUYHO TMPHUPODKCHUM, aJke 3arap — 3axuCHa peakilis I[IKIpY Ha
yibTpadioner.

YaeTpadioner meapo 1 Ha Bl 60ku «po3kuaaerhes» Connem. Ane CoHile
BCE K CUJIBHINIE BCHOI'O BUIPOMIHIOE Y BUJIMMHX MpoMmeHsx. HaBmaku, rapsui
OJIaKUTHI 31pKH — MOTYTHE JIKEPEJIo yibTpadioieToBOro BUMpoMiHioBaHHA. Came
116 BUIPOMIHIOBAHHS HArpiBa€ 1 10HI3y€ BUIPOMIHIOIOYI TYMaHHOCTI, 3aBISKH
yoMy MM iX 1 Oauumo. VYibTpadiosieT JIETKO TMOTJIMHAETHCS Ta30BUM
cepefoBUIEM 1 3 ganekux ooOnacted ['amaktuku 1 BcecBiTy malixke 10 Hac He
JIOXOJHTh, SKIIO HA IUIIXY MPOMEHIB € Ta30IUJIOB] MEPEITKOIH.

YapTpadiosneroM BBa)KalOTh €JIEKTPOMArHiTHI XBWJII 13 JOBXHHOIO XBHIJII

Bix 100 1o 4 000

Penmezeniecvoke eunpomintosanna. ®izuk PeHTreH BiIKpUB 1€ OUIBII
KOPOTKOXBHJILOBE BHUIIPOMIHIOBAHHS, K€ HA3BaJld Ha 4YeCTh camoro PeHTreHa.
Bononiroun XOpOUIOIO IPOHUKAKYOIO 3/IaTHICTIO, PEHTICHIBCHKE
BUIPOMIHIOBaHHS 3HAUIILIO 3aCTOCYBaHHS B MEIUIINHI 1
Kpuctajorpadii. PEHTreHIBCbKI MNpPOMEHI WIKIJJIUBI KUBUM oOpradizmam. [
atMocepa 3emuni 13-3a iX MPOHHUKIMBOCTI iM Hemepenikoaae. Hac Bupydae
MarHitocpepa 3emii, sKa 3aTpuMye OaraTo HeEOE3MEYHUX BUIPOMIHIOBAHb
KOCMOCY.

VY acTpoHOMIi PEHTreHIBCbKI MPOMEHI YacTilie BCHOTO 3TaJylOThCs B
PO3MOBax MPO YOPHI AIPKH, HEUTPOHHI 31pKH 1 Mmyibcapu. MOTyTHI criajiaxu Ha

CoHIIl TaKOX € JpKepesaMu PeHTTeHIBChKOTO BUMPOMIHIOBAaHHSA. JIOBXHHH XBHIIb

npomeHiB Pentrena momimieni mix 0,1 1100

I'amma-eunpominrweanna. Halikopotiii xBWii y TramMma-npoMeHiB. Ile
HallHEOE3MeUHIMUN BUJ PaiOaKTUBHOCTI, HaliHEOE3MeyHille eJIeKTPOMAarHiTHE
BUIIPOMiHIOBaHHs. EHepris (OTOHIB ramma-mpoMeHiB [TyKe€ BHCOKa, 1 IiX

BUMPOMIHIOBaHHS BiI0YBA€ThCS MPHU JACSIKHUX IPOIEcax YCEepPEearHl siiep aTOMIB.
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[Ipukmagom Takoro mpolecy MOXKe OyTH aHITUIAIIS — B3a€EMO3HUIICHHS
YaCTUHKHM 1 aHTUYACTUHKH 3 TICPETBOPEHHSM iX Macu B eHepriro. PeectpoBani, gac
Bl yacy, TAa€MHHUYl ramma-crajaxu Ha HeOl TMOKM HIIK HE TMOsSCHEHI
acTpoHOMaMu. SICHO, IO eHepris SBUIA, IO CHOPUYUHIOE CIajaXH, MPOCTO
rpaHjiio3Ha. 3a JIeIKUM IMiJIPpaXyHKOM, Ha CEKyHIH, Kl TpUBa€ TaKWil crajax,
BOHA BUIIPOMIHIOE OLIbIIIE EHEPrito, UM pelliTa BChoro Beecsiry.

["amMMa-BUNIPOMIHIOBAaHHS HE MPOITYCKAETHCS 10 3emii i MarHiTocheporo.

OTxe, €NeKTPOMArHiTHUM CHEKTp JyKe CTpoKaThil. 31 BCHOrO I[HOTO
PI3BHOMAHITTS JIIOJMHA CIpPUHAMAaEe TEIIO 1 BUAMME CBITI0. KOpOTKOXBMIBOBI
BUJIM BUIIPOMIHIOBaHb 3ryOHO BIUIMBAIOTh HAa JIIOJAHMHY, allé CaMHX
BUIPOMIHIOBaHb BOHAa He BimguyBae. ATMochepa 1 wmarHiTocdepa 3emi
IPOIYCKAIOTh [0 MOBEPXHI BHJKMME CBITJIO, Maly YacTUHY 1H(pPayepBOHOTIO 1i
yIbTpadioseTOBOr0 BUIIPOMIHIOBAaHb, & TAKOXK YaCTUHY PaJI10XBUIIb.

BractuBOCTI €NEeKTpPOMArHiTHOrO BUIIPOMIHIOBAHHS 3ajieXaTh BIJ HOTO
JIOBKMHHM XBWJI. Haramaemo, mo 4ymMm O1i7bIIe JOBKMHA XBHJI, THUM MCHIIE
yacToTa  BUIPOMIHIOBaHHS.  Tomy  Te, 10  MNPUHAHATO  HA3UBATH
«TOBFOXBHJILOBUM», HA3UBAIOTh 1HOMI 1 «<HU3bKOYAaCTOTHUMY». UMM BHIIIE YaCTOTa
BUNPOMIHIOBaHHS, THUM OILIbIlle MWOro eHepris. 3 MiABUIICHHSM €HEprii
MOB’SI3aHUM IIK1IJIMBUM BIUIMB BUTIPOMIHIOBAHHS Ha KUB1 OpPraHi3MHU.

EnexTpoMarHiTHI BHUIIPOMIHIOBaHHSI PO3MOBCIOKYIOTHCSI B MPOCTOPI 3

KIHIIEBOIO INBHJKICTIO , a 3MIHHI €JICKTPUYHI 1 MArHITHI IOJsS HE MOXYTh

ICHyBaTH OJIHE oe3 oaHOTO. ICHYIOTH PUPOJIHI JoKepena
€JIEKTPOMArHiTHUX XBWUJIb:  arMoc(epHa eJeKTpUKa,  KOCMIYHI  IPOMEHI,

BUMIPOMIHIOBaHHSI COHIIS Ta IITY4YHI: T€HEpaTopu, TpaHCHOPMATOPH, AHTCHH,
Ja3epHi yCTAHOBKH, MIKPOXBHJIbOBI 1€Y1, MOHITOPU KOMIT IOTEPIB 1 1H.

Jlo mpupOJHMX EeIEeKTPOMArHITHUX TIOJIIB BIJIHOCHTBHCS MArHITHE IIOJIE
3emui. 3 BigAaJeHHSAM BiJ 3eMJIl HaMpYXEHICTh I T€OMarHiTHOIO IOJI
3MEHIIYETHCS. 3MIHM B TEOMarHiTHOMY MOJIi OB’ s3aH1 B OCHOBHOMY 3 COHSIYHOIO
akTuBHICTIO. [luKiIiuHI 3MIHM  MarHiTHOi 30ypeHOCTI IOCSITaloTh  MIHIMyMY

OJIHOYACHO 3 MIHIMyMOM COHSYHOI AisibHOCTI. Craniaxu Ha CoHIll MOPOIKYIOTh
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MOTYTHIII KOPIIYCKYJISIpHI MOTOKH, SIKI 30yproloTh MarHiTHe mosie 3emui. lle
SIBUIIIC HA3UBAETHCS MAarHiTHOIO Oypero.

MarniTHe mojsie 3emili BIUIMBAa€ Ha BCE KMBE 1 Ha JIOAUHY. Tak, poKu
crnokiitHoro CoHIIs BiAMiu€HO MeHIIe 1H(apKTIB MiOKaply, MO3KOBUX 1HCYJIbTIB,
TINEpPTOHIYHUX KpU3, 3aT€ B pPOKU akTuBHOro COHIA CyAMHHI KaTacTpodu
noMITHO dacTtimanu. [Ipu TpuBamii Aii €JeKTPOMAarHiTHUX BHUIIPOMIHIOBaHb
pI3HOT YaCTOTH Ha JIIOJMHY BUHUKAE MiJIBUIIIEHA CTOMJIIOBAHICTh, COHJIUBICTH 200
MOPYIIEHHS CHY, 00JI0 y 00y1acTi cepiis, ranbMyBaHHs pediekciB 1 T.1. [Ipu mii
Ha OpraHi3M JIOJJMHU TOCTIMHUX MAarHiTHUX 1 €JIEKTPOCTaTUYHHUX TMOJIB 3
IHTEHCUBHICTIO, 1[0 TMEPEBUIYyE OE3MEUHUIl pIBEHb, MOXYTh PO3BUBATHUCS
MOPYIICHHS! CHY B JIISUIBHOCTI CEpIIEBO-CYIMHHOI CHCTEMH, OpPTaHiB JUXaHHS 1
TPaBJICHHSI, MOKJIUBO 3MIHA CKJIaJy KPOBI 1 T.1.

Enextpuuni moss mpomucioBoi yactot (50 I'1) BmiMBaroTh Ha MO30K 1
IEHTPAJIbHY HEPBOBY cHCTeMy. B ymoBax cydyacHoro micta Ha OpraHi3m
JIOMUHU 3AIUCHIOIOTh BIUIMB €JICKTPOMArHITHI TOJISI, JIKEpelaMu SKUX €
pi3HipajionepeaBalibHI MPUCTPOT, €NEKTPU(PIKOBAHI TPAHCHOPTHI JIiHII 1 JiHI{

eJIeKTporepeaay.

IIpu omparroBanHi 11i€i TeMH CTYJICHT IIOBUHEH OIMpAIfOBaTH TakKi

JiTepatypHi mkepena [4] ct. 268- 274, [8] ct. 138-146.

3anuTaHHA 1JI51 CAMOKOHTPOJIIO:

1.  IIlo take mucnepcis cBiTiaa?

2. YoMy CBITIO PI3HHX KOJBOPIB 3aJOMIIIOETHCS B TPHU3MI Ha PIi3HI
KyTu?

3. ke CJIEKTPOMAarHiTHE BUTIPOMIHIOBaHHS Ha3UBalOTh
1H(ppayepBOHUM?

4. 1o € mxepenom iHPpauepBOHOTO BUTPOMIHIOBAHHS?

5.  Slke mpakTH4HE 3aCTOCYBaHHS MalOTh 1H(pauepBOHI MPOMEH1?
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6. Ske eJIEKTPOMAarHiTHE BUIIPOMIHIOBaHHS Ha3HMBaIOTh
yIbTpadioneToBuM?

7.  SIxi OCHOBHI BJJaCTUBOCTI yJIbTPadioseTOBOr0 BUMPOMIHIOBAHHS ?

8.  Jle 3acTOCOBYIOTH YbTpadioieTOBE BUIPOMiIHIOBAHHS?

9. Sk ynapTpadiosieToBe BUIIPOMIHIOBAHHS B3a€EMO/IIE 3 PEUOBHHOIO?

10. Sxe CJICKTPOMArHiTHE BUITPOMIHIOBaHHS Ha3UBalOTh
PEHTI€HIBCHbKUM?

11. Sk ogepXyrOTh PEHTI€HIBChKE BUITPOMIHIOBAHHS?

12. S$Ixi OCHOBHI BIaCTHBOCTI PEHTTE€HIBCHKOTO BUTIPOMIHIOBAHHS?

13.  XT0 3 y4eHHX BiIKPUB PEHTTCHIBCHKI MTPOMEH1?

14. ]le 3aCTOCOBYIOTH PEHTI'€HIBChKI IPOMEHI Ha MPaKTUIII?

Buxkonaiite 3aBaJaHHs:

1. BuszHauuTu DOBXKHUHY €JIEKTPOMArHiTHOI XBWJII Ta MEpioJl KOJUBaHb y
Hil, SKIIO YacToTa KOJWBaHb y Ii xBwii gopiBHioe 10 MI'.KonuBansHwMit
KOHTYp HajamroBanuii Ha AoBxuHy XBwi 300 M. Bu3HauuTH 1HIYKTUBHICTH
KOTYIIKHU IIOTO KOHTYPY, SIKIIIO €MHICTh KOHIeHcaTopa 25 HD.Busnauntu nepiox
1 YaCTOTY KOJIUBaHb B €JIEKTPOMATHITHIN XBWJI1, T0BXKKHA 51K0i 30 cM.

2. TenemoBieHHs BEIEThCS B JEIMMETPOBOMY Jiana3oHi. BuzHaute
JOBKMHY BUIIPOMIHIOBAHO1 €JIEKTPOMArHITHOI XBWJI1, SIKIIO i 4acTOTa JOPIBHIOE
2,5 I'Tu.Cuna ctpyMmy B KOJMBAJIBHOMY KOHTYP1 3MIHIOEThCS 3a 3akoHOM 1= 0,05
cos 106t (A). €muicTs KOHAEHCaTOpa 1BOro KOHTYpY 1 Mk®. Busznauutu nepioa
KOJIMBaHb y KOHTYpl, IHAYKTHBHICTh KOTYIIKM Ta MAaKCHUMAJIbHYy PpI3HULIO
IMOTEHIIAJIIB HAa HOr0 OOKJIaIKaX.

3. PagiocTaniiis Beae nepeaadi Ha yactoTi /5 ', Ha sxy nmoBxuHy XBuIi
NOBUHEH OYTH HajallITOBaHUI paaionpuiiMay? PiBHSHHS KOJMBaHb CUIIU CTPYMY
B aHTeHI mepemaBaua mae Burimsin i= 0,3 sin 15,7« 10 9t (A). Ha skiii moBxuHI

XBWJII BEJIEThCS Mepenaya’?

74



Po3zain VI. AtomHua i sigepHa ¢izuka
Tema 1
MeToan peecTpaiii ioHI3yl0UMX BUNIPOMIHIOBAHb

Kopomxki meopemuuni gioomocmi

3Bakaloul Ha Te€, L0 Yy JIIOJMHU BIACYTHS MOXJIMBICTH BIIUyBaTd [it0
10HI3YIOUMX BUTIPOMIHIOBaHb, BAJIMBUMU € MPUIIAIM JUIS X BUSBJICHHS. 3aBISKU M
MO>KHA BUSIBUTH 1 BCTAHOBUTH PIBEHB il Pa/ilOaKTUBHUX BUIIPOMIHIOBaHb. Bimomi
METOIM MO’KHA PO3UTATH Ha TPYITH:

1) 3a ioHI3alIi€I0 cepeloBUINa, TOOTO 3a PaXyHOK pO3May MOJICKYII IMiJT IE0
€Heprii BUITPOMIHEHHS 1 32 HASIBHICTIO €JIEKTPUYHOTO TOKY, SIKUI MOKHA BUMIPSTH
NpUIaIaMU - JI03UMETPaMU;

2) BUKJIMKAIOTh CBITIHHS - CHMHTWUIALIIO a00 JIFOMIHECLICHIIIIO (CBITIHHS) B
JESIKUX PEYOBHUHAX, [0 BUKOPHUCTOBYIOTh Y (DOTOCIIEKTPOHHUX MPUMHOXYBadax - B
HUX YTBOPIOETHCS €IEKTPOIMITYIIbC;

3) ororpadiuamii MeTonm - 3acBiuyiOTh (dotomnamip, (HOTOIUTIBKY,
BUKJIMKaO4u (HOTOJI13 OpoMiy cpidia;

4) KaJTOpUMETPUYHHUI METOJ] - BUMIPIOIOTh KIJIBKICTh TEIUIa, M0 BUALUISETHCS
B CIIELIATBHOMY JAETEKTOPI PU NOMJIMHAHHI HUM BUIIPOMIHIOBAHb;

5) XIMIYHUIA METOJT - 3aCHOBAaHUI HA MEBHUX 3MIHAX PI3HOMAHITHUX PEYOBHH,
YyTJIMBUX JI0 Jli TaKuX BUIIPOMIHIOBAHb, HAMPHUKIAJ, 3MIHIOETbCA KOJIp -
KOJIODUMETPUYHUN METO/;

6) HEUTPOHHO-AaKTUBALIIMHUN METO/I, TIOB'SI3aHUH 13 BUMIPIOBaHHSM HaBEJCHOT
PagloaKTUBHOCTI, HANpuKiIad OeTa-aKTUBHOCTI, III0 BHHUKAE€ T BIUIMBOM
MOBUIbHUX HEWUTpOHIB. Lleil MeToa BUKOPUCTOBYIOTH AJISl OIIIHKM 103 B aBapiiHUX
CHUTYAIliSIX, KON BIAOYBAETHCS KOPOTKOYACHE OMPOMIHEHHS BETUKUMHU TOTOKAMH
HEUTPOHIB;

7) O10JIOTTYHMN METOJ - 3aCHOBAaHUN Ha BHU3HAYCHHI O10JIOTTYHMX HACIIIIKIB

i1 BUITPOMIHIOBAaHb Ha 5KMBl CUCTEMH - 32 JIETaJIbHICTIO TBAPUH, CTYIICHS JIEHKOMEH1T
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(3MiHH y KpOB1), KIJIBKOCTI XpOMOCOMHHX a0eparliii (3MiH), BUMAJaHHIO BOJIOCCS,
HASBHOCTI B C€Yl JIC30KCUIIUTH/IIHY;

8) pO3paxyHKOBHI METOJl - 3aCHOBAaHMI HAa BUKOPUCTAHHI MaTeMaTHYHUX
METO/1iB BUMIpIB 32 KIJIBKICTIO PaiOHYKJII/IIB, 110 OTPAIIN B OPTaHi3M;

9) NO3UMETPUYHUI METO/, SIKMI € HAaHOUTBII BXXKMBaHUM. B 1iboMy BUTIAAKY 3a
JIOTIOMOTOI0 CHEIIATbHOIO MPUCTPOs - AeTekropa [ eiirepa-Miosuiepa BUMIPIOIOTh
CNEKTPUYHUN CTPYM, SKUHA YTBOPIOETHCSI TPU 10HI3alli PEUYOBHHU ueEpe3 SKY
NPOXOAUTh PATIOAKTHBHE BUIPOMIHEHHs. Taki mpuiagd BUKOPUCTOBYIOTH B
HAYKOBUX JIOCIIPKEHHSX, MOOYTI, IUBUIbHIA 00OpoHi. JIJig OLIHKM pamiamiiHol
OOCTaHOBKM 3aCTOCOBYIOTh TpWIAAW, NPUHIWN [ii SKAX 3aCHOBAHWN Ha
BUMIPIOBaHHI €(EeKTiB, [0 BHUHUKAIOTH MPU B3AEMOJIl BUIPOMIHIOBAHHS 3
pedoBHHOIO. [l BUMIPY TMOTYXKHOCTI €KCHO3MIIIHOI JIO3M 3aCTOCOBYIOTh
PI3HOMAHITHI MPUJIAAN PATIAIIHOTO KOHTPOJIIO JJISi: CAHITAPHOTO Ta €KOJIOTIYHOTO
- MKC-07 "Ilomyk", PKC-01 "CTOPA"; inguBigyansnoi gozumerpii - JJKC 02K
"Kagmiit"; muBuisHOTO 3axucty Ta apmii - MKC-Y, MKC-05 "Teppa"; HaByaJibHUX
nporpam - MKC-05 "Teppa II", sgxi BUTOTOBISiE YKpaiHChKE IANMPHEMCTBO
"Cnapunr-Bict Lentp" y JIbBOBI.

ia padioakmusHux UNPOMIHIOBAHb HA THOOUHY

bionoriyaunii BIUIMB BUNIPOMIHIOBAaHb BHU3HAYAETHCS TOTJIMHAHHSAM >KUBOIO
TKaHWHOIO POCIIMHH, TBAPUHU EHEPrii, Ka MOXE 10HI3yBaTh MOJIEKYJIM KIITHHHUX
peuoBuHH. [Ipu 1oHI3a11li B Opranizmi BiI0yBa€ThCs pyHHYBAHHS KUTTEBO BAXKIIUBUX
MOJIEKYJI, IO MPU3BOJUTH A0 PO3PUBIB MOJIEKYJISIPHUX 3B'SI3KIB 1 YTBOPEHHIO HOBUX
XIMIYHHX CTIOTYK, HEBIACTHBUX IS 3I0POBOi TKAHUHHU.

[1ix BIIMBOM 10HI3YIOUMX BUIIPOMIHIOBAHb B OpraHi3Mi PYHHYIOThCS (PYHKITIT
KPOBOTBOPHUX OpraHiB, 30UIBIIYETbCS MPOHUKHEHICTh CYIAUH [UIS IIKIIJIMBUX
pEUOBHH, BIAOYBA€THCS PpO3NMA] ISUIBHOCTI IUTYHKOBO-KHIIIKOBOTO — TPAKTY,
3HWKCHHS OIMPHOCTI OpraHi3My MIKIJIMBAM (akTopaMm, HOro BHUCHAKEHHS,
MEPEPOPKEHHST HOPMAJIbHUX KIITHH B 3JIOSKICHI, BHHHMKHEHHS JICMKO3IB,

IIPOMEHEBOI XBOPOOH.
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Hist ¢axTopiB, 1O 10HI3yIOTH PEUOBHHH, MOJSTa€ B MOTJIMHAHHI JKUBOIO
TKQHUHOIO POCTHH, TBAapWH, JIIOAMHU EHEPrii, 10 BUAUISETHCS NPH 3ITKHEHHI
MOJIEKYJT PEUYOBMHM 3 BHUIIPOMIiHIOBaHHAM. lle mnpu3BoauTh 10 pO3pUBIB
MOJIEKYJIAPHUX 3B'SI3KIB - 10HI3allli Ta YTBOPEHHIO HOBUX XIMIYHHMX CIIOJYK, HE
BJIACTMBUX HOPMAJIbHO (DYHKIIIOHYIOUIA KIITHHI -TIEPEKUC BOJHIO, HAJI3BUYANHO
XIMIYHO aKTUBHI BUIbHI PaJUKAIH.

[lix BIIMBOM pagiOaKTMBHUX BHUIIPOMIHIOBAHb B OpraHi3Mi JIIOJWHH
BIIOYBAIOThCSl  MOpYIIEHHS (YHKIIA KPOBOTBOPHMX OpraHiB, 30UIBIICHHS
TEHJITHOCTI 1 MPOHUKHEHOCTI CYIWH, pO3JaJ AISUIbHOCTI HUTYHKOBO-KHAIIKOBOI'O
TPaKTy, 3HIKEHHS OMIPHOCTI OpraHi3My, MWOro BHCH@)KEHHS, NEpPEpOIKEHHS
HOPMAJILHUX KJIITHH Yy 3JI0SKICHI, BHHUKHEHHS JIEMKO31B, TPOMEHEBOI XBOPOOH.

Hebe3neku Bix 10HI3yHOUOrO BUIPOMIHIOBAHHS MOXKHA PO3AUIMTH HA TpU
rpynu: 1. [ligBUIIEHHS! pU3UKY BUHUKHEHHSI OHKOJIOITYHHMX 3aXBOPIOBaHb; 2. Pu3uk
TeHETUYHUX MOPYIIIEHb, TOOTO MOUIKOKEHh MEXaHI3MIB CIIaAKoBOCTI; 3. Hebesneka
JUTsl eMOP10Ha, 110 PO3BUBAETHCS B YTPOO1 Martepi.

Bcei tpu tunm Hebesnek, 0coOMMBO TEpIi J1Bl, XapaKTEPU3YIOTHCS TUM, IO
IpU OMNPOMIHEHHI OJIHOTO IHIWBIAyyMa HACIIJKA HIKOJIM HE HACTyNawTh 13
CTONPOIICHTHOI0 MOXJIMBICTIO, aJie 3a 3aKOHAMHM CTATUCTHKH (BIPOT1THOCTI)
MOJIMBICTh 1X 3OLIBIIYETHCS 3 POCTOM J0O3U ompomMiHeHHs. Hampukian
BCTaHOBJICHO, IO CEpeJl HACEIECHHS YMCEIbHICTIO | MITH JItoJIel 3a pIK 3'SIBISETHCS
ou1s1 50 mpUPOTHUX 3aXBOPIOBAHB JISHKEMIEIO, a IMICTS ONMPOMIHEHHS ITI€T KiTBKOCTI
JrOJIeH 103010 B 10ep, 10 BKa3aHUX BUIIAJKIB JOOABISETHCS 1€ OJTUH.

Oco0MBO CKIIQAHMI MeEXaHI3M BIUIMBY 10HI3YIHOUOTO BHITPOMIHEHHSI Ha
010JIOT1YHI MEXaHI3MHU CIaJKOBOCTI. BUHMKa0Ul MpHU 1[bOMY MOPYIIEHHS MOXYTb
nepeiaBaTuCs HACTYIMHHM TIOKONIHHSAM. B 1bOMy BHIIQAKy 3 pOCTOM JI03H
ONPOMIHEHHS 30UTBIIYETHCS HE TIIBKK Bara, aje 1 4acTtoTa Mopaszok (>50ep).
OctanHl JOECATWIITTS TPUHECIX HaM He0adyeHWil Mporpec HAyKOBHX 3HAHb 1
TEXHIYHUX MOXKJIUBOCTECH. AJie 1 pajJloaKTUBHE HABAHTAXKEHHS Ha JIIOJICTBO BIJ

MITYYHUX JPKEPEIT TeTep Pi3Ko 3pociIo.
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Bxe B 1934 poui MixkHapoaHa KoMicCist pamialiiifHoi OXOpOHH BCTaHOBHIIA
TonepanTHy 1103y 0,2 pentrena 3a n00y. B Hamn vac ueit piBens 3menmmm 1o 0,05
Oep 3a pik s HacesdeHHs 1 1 Oep/pik I MpallorovmX 3 JPKEepeTaMH 10HI3YIOUHX
BUIIPOMIHIOBaHb.

JlromuHa He BiaUyBae Jii paJllOaKTUBHUX BUIIPOMIHIOBaHb. B 11 opranizmi
BOHM BUKJIMKAIOTh 3MIHM, 1110 3aJIeKaTh Bl MOTYKHOCTI J103U: 1 MKOep - meperyisig
OJTHOTO XOKeHOro mardy 1o TenebauenHto; 0,1 6ep - ¢hoHOBE BUIIPOMIHIOBAHHS 32
pik; 3,0 Oepu - mpu peHtreHockomii 3y0iB; 10,0 Oep- aBapiiiHe OIPOMIHEHHS
HaceneHnHs noosmsy AEC; 25,0 Oep - aBapiitne onpominenns nepconainy AEC; 30,0
Oep - ONMPOMIHEHHSI OpPTraHI3My IPH PEeHTreHOocKoIii Tia; 75,0 6ep - KOpoTKoUyacHi
3MiHu B ckiai kposi; 100,0 6ep (13B) - nerkuii cTymiHb IPOMEHEBOT XBOpoOH; 450-
500 6ep - BaXKu# CTyMiHb TPOMEHEBOI XBOpoOU (ThHe 50% OnmpoOMIHEHUX JIOACH);
500 1 Outbiie - ruyTh 100 % ompomineHux mroaei. Tomy, Bci (axiBii MOBUHHI
3HATH €JIEMEHTApHI TpaBWia pajialliiHOl TITI€EHW, 3HATH PO MIJACTYIHICTb
pa/iloaKTUBHUX BUIPOMI-HEHb 1 3HATH SIK MTOCIA0UTH iX JIIIO.

Jlesiki 3 TBapuH CIIPOMO>KH1 BIIYYBATH 10 Pa/IIOAKTUBHUX BUIPOMIHIOBAHb.
Tak, caloBUil PaBIMK 3aKpUBAa€ MAaHTIMHY MOPOXKHHUHY, a KOMAaxW 1 TMallOKH
MOYMHAIOTh HECIOKIiHI, Oe3/MagHl pyXu, HAMaralouuch YHUKHYTH HEOEe3MeuHOi
30HU. [HGY30pii THHYTH TUTbKU Jumie npu 300 THC. peHTreHiB, OKpemi OakTepii
MOXYTh ICHYBaTHU B CEpEIMHI aTOMHOIO pEeakTopa, J€ PaJdlOaKTUBHICTb CATrae
MUTBHOHIB paj abo pentreHiB. CTiliKi 0 paiOaKTUBHUX BUIPOMIHIOBaHb 3Mii -
BOHM T'MHYTb Juile 1pu 3-18 tucsy pag ado 30-180 I'p.

Memoou susHauenHs1 IOHI3YIOUUX BUNPOMIHIOBAHb

BusiBneHHst pajloakTUBHUX pEYOBMH Ta 1OHI3YIOUHMX (paJiOaKTUBHUX)
BUIIPOMIHIOBaHb (HEHUTPOHIB, TaMMa-NPOMEHIB, OeTa- 1 anb(a-4acTUHOK),
IPYHTY€ThCS Ha 3/IaTHOCTI LIUX BUIPOMIHIOBaHb 10HI3yBaTH PEUOBHHY CEPEOBUIIA,
B SIKI BOHH TTOIITUPIOIOTHCS.

[lig yac 1oHi3awii BiAOyBarOTbCA XIMIYHI Ta (PI3UUHI 3MIHM y PEUOBHHI, SIK1
MOYKHA BUSIBUTH 1 BUMIpATH. [oHI3aIlisl cepeoBUIIa MPU3BOANUTE JI0: 3aCBIYYBaHHS

doToriacTuHOK 1 oromnanepy, 3MIHA KOJIbOPY (apOyBaHHS, MPO30POCTI, OMOPY
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JEeSKUX XIMIYHUX PO3YMHIB, 3MIHM €JIEKTPOIPOBIAHOCTI PEeYOBUH (Ta3iB, PiIMH,
TBEPJIUX MaTepialiB), TFOMIHECIICHIIT (CBITIHHS) ASSKIUX PEYOBHH.

B ocHOBI po60TH 103UMETPUYHHUX 1 paIiOMETPUYHUX MPHUIaJIiB 3aCTOCOBYIOTh
TaKi METOJM 1HIUKaIIi: (hoTorpadiuHnii, CHUHTIIAIIAHIN, XIMIYHUHN, 10HI3aI[ITHAA,
KaJIOpUMETPUYHUN, HEUTPOHHO-aKTUBI3AIIHHUA.

KpiMm 11p0r0, 103M MOXKHA BH3HA4YaTH 3a JOMOMOTOK O10JOT1YHOTO 1
PO3pPaXyHKOBOTO METO/IB.

dororpadiyHUil  METOJ] OCHOBAaHMW Ha 3MIHI CTYIEHS ITOYOPHIHHS
(doroemynbCli M7 BIUIMBOM paJl0aKTUBHUX BHIIPOMIHIOBaHb. [ amma-npoMeHi,
BIUTMBAIOYM HA MOJIEKYJIH OPOMMCTOTO CpiOiia, sike 3HAXOJIUTHhCS B (POTOEMYJIBCII,
NpU3BOJATH JIO PO3Maay 1 YTBOpeHHs cpidma 1 Opomy. Kpucramu cpibna
CHPUYMHAIOTH MOYOPHIHHA (DOTOIUIACTHH 4u (oTonanepy IMiJ 4ac MPOSBICHHI.
Onepkany 103y BHIIPOMIHIOBaHHSI (€KCIO3UIIHHY ab0 TOMIMHYTY) MOXKHA
BU3HAYUTH, MOPIBHIOIOYY TTOYOPHIHHS IUTIBKY MAIepy 3 €TaTOHOM.

CUMHTWISUIAHUN METOJ MOJIsirae B TOMY, IO MiJ] BIUIMBOM pPajJl0aKTUBHUX
BUIIPOMIHIOBaHb JIeSIKI PEUOBHHM (CIPYMCTUHN IMHK, WOJIUCTHI HATPIN) CBITATHCS.
Cnanaxu cBITNA, sIKI BHHUKAIOTh, PEECTPYIOTHCS, 1 (POTOENEKTPOHHUM MMOCHITIOBAYEM
MIEPETBOPIOIOTHCS HA ENEKTPUYHUM CTpyM. BumiproBanuii aHOAHHMNA CTPyM 1
MIBUJIKICTh PaXyHKY (PaxXyHKOBUH PEXHM) MPOTOPIIiiHI PIBHIM pajlialiii.

XiMiyHUN MeToj] 0a3yeThCsl HAa BIACTUBOCTI JNEAKMX XIMIYHHUX PEYOBHUH T
BIUTMBOM  PaJiOaKTUBHMX BHIIPOMIHIOBAaHb BHACIIJOK OKHCIIOBAIBHUX 200
BITHOBHHMX peakKiliii 3MiHIOBAaTH CBOIO CTPYKTYpy a0o kodip. Tak, xjaopodopM y Bozi
i1 9ac OMPOMIHEHHS PO3KIIAIAETHCS 3 YTBOPEHHSIM COJISTHOI KUCIIOTH, SIKA BCTYTIA€E
B KOJBOPOBY pEaKilif0 3 OapBHUKOM, MOJaHUM A0 XJopopopMmy. Y KHUCIOMY
CEpEIOBUIIl JIBOBAJICHTHE 3aJ1i30 OKHCIIOETHCS B TPUBAJICHTHE TMiJ BIUIMBOM
BUtbHUX pagukaniB HO2 1 OH, ski yTBOpIOIOTbCS y BOAL MpH ii ONMPOMIHEHHI.
TpuBaneHTHE 3al1i30 3 OApPBHUKOM A€ KOJILOPOBY pPEakilito. IHTEHCUBHICTh 3MIiHH
KOJIbOPY 1HJIMKATOPA 3JICKUTH BiJl KUTBKOCTI COJISTHOT KMCJIOTH, SIKa YTBOPUJIACS 1T
BIUIMBOM PaJl0aKTUBHOIO BHUIPOMIHIOBaHHA, a il KUIBKICTh MpPOMOpLIAHA 031

PagloaKTUBHOTO BHUIPOMIHIOBaHHS. 3a 1HTEHCHUBHICTIO YTBOPEHOTO 3a0apBIICHHS,
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AK€ € eTaJOHOM, BHW3HAUYAIOTh J03y PaJi0aKTUBHUX BHUIPOMIHIOBaHb. 3a ITUM
METOIOM TpaIfioroTh XiMiuHi mo3umerpu [I1-20 1 JII1-70 M.

[oHi3amiifHMA METO/a TOJIAraE B TOMY, IO IMiJi BIUTMBOM Pai0OaKTUBHUX
BUIIPOMIHIOBaHb B 130JIbOBAHOMY 00'eMi BiIOYBA€THCs 10HI3aIls Ta3y i €IEKTPUIHO
HEUTpaIbHI aTOMH (MOJIEKYJIH) Tra3y PO3AUISIOTHCS Ha MO3UTHBHI M HETaTUBHI 10HU.
Sxio B boMy 00'€Mi MIOMICTUTH JIBa €JIEKTPOJU 1 CTBOPUTH €JIEKTPUYHE MOJIE, TO
Mg JI€I0 CHI EJICKTPUYHOTO TMOJS EJIEKTPOHH 3 BITEMHUAM 3apsiaoM OymyTh
MepPEeMIIITyBaTUCS IO aHOJIa, & MIO3UTHUBHO 3apsKEeH1 10HM — J0 KaToJia, TOOTO MK
€JIEKTPOAAMHU MPOXOUTHME E€JIEKTPUYHHUIA CTPYM, HA3BAaHUM 10HI3YIOUUM CTPYMOM 1
MOKHa POOHMTH BHUCHOBKHM MpO IHTEHCHBHICTH 10HI3ALIIMHUX BUIPOMIHIOBaHb. 3i
30UIBIIICHHSIM  IHTEHCHBHOCTI, a BIAIOOBIAHO I  10HI3AIIMHOI  3JaTHOCTI
pa/iloaKTUBHUX BUIPOMIHIOBAHb, 30UTBIIUTHCS 1 CHJIA 10HI3YIHOUOTO CTPYyMY.

HeliTpoHHO-akTHBAIITHUIT MeETOJ 3PYYHHMM ITiJT Yac OIIIHIOBaHHS 103 B
aBapilfHUX CHUTYaIlisIX, KOJM MOXKJIMBE KOPOTKOYACHE OMPOMIHEHHS BEJIMKUMU
MOTOKaMH HEWTPOHIB. 32 IIUM METOJOM BUMIPIOIOTh HABEJEHY AaKTUBHICTh, 1 B
NESIKUX BHUIMAJKaX BIH € €IMHO MOXJIMBUM Yy peecTparli’ ocoOIMBO CIa0KUX
HEUTPOHHUX IOTOKIB, TOMY, 10 HaBEJIEHAa HUMHU AKTHUBHICTh Maja JUIsl HaJIMHUX
BUMIPIOBaHb 3BUUAHUMH METOJIaMH.

bionoriuanii MeToa A03UMETpIi IPYHTYETHCSI HA BUKOPUCTaHHI BIACTUBOCTEH
BUIIPOMIHIOBaHb, SIK1 BILUTUBAIOTh Ha 010J10T14HI 00'ekTH. Jl03y OLIIHIOIOTh 32 pIBHEM
JIETaIbHOCTI TBAPHUH, CTYMEHEM JIEHKOMEHii, KUIbKICTIO XPOMOCOMHHUX abeparlii,
3MIHOIO 3a0apBJieHHS 1 TIMepeMil IIKIpH, BUMAJAHHIO BOJIOCCS, TOSIBOIO B Ceul
ne3okcuuTuAnHy. Lleit Meton He Ty>Ke TOUHUI 1 MEHII Yy TJAMBUHN, HK (D13UYHUH.

Po3paxyHkoBuii MeTOJ BHU3HAYCHHS JI03M OMNPOMIHEHHS Tiepeadavae
3aCTOCYBaHHS MaTEeMAaTUYHUX PO3pPaxyHKIB. /(151 BU3HAYeHHS 103U PaTIOHYKIIIIB,
K1 TIOTPANMIIN B OPTaHi3M, IIeH METOJT € €TMHUM.

Ha ocHOBI 10HI3aITIITHOr0 METO Iy po3po0JIeHI pUiIa I, SIKI MalOTh OJHAKOBY
OyZOBY 1 CKJIQJarOThCS 31 CIPHUMarO4oro MpucTporo (ioHizarliitHoOi kamepu abo

ra30po3psIHOrO JIYMIBHUKA), MIJCUIIOBaYa 10HI3YIOUOTO CTPyMYy (€IeKTpHUYHOI
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CXEMHU), PEECTPAIIMHOTO TIPUCTPOIO (MIKpOAM-TIEPMETP) 1 JHKEpesa XKuBJIeHHS (CyXi
eJIEMEHTH 200 aKyMYJISITOPH).

Sk BiIOMO, ra3W € MPOBITHUKAMHU EJIEKTPUYHOro cTpymy. [lif BIIMBOM
paTiOaKTUBHUX BUIPOMIHIOBaHb, BOHM B PE3yJbTaTi 10HI3alli MOYMHAIOTH
MIPOBOAUTH CTpyM. Ha 11iif BacTUBOCTI ra3iB 1 IPYHTYETbCS pOOOTa CIIPUNMAIOUOTO
NPUCTPOIO TO3UMETPUYHUX TMPHUIIAIIB — I10HI3aLIAHOI KaMepu Ta Ta30pO3psIHOTO
JYMITBHUKA.

[oHizamiitHa Kamepa Mae BUIVIAJ TPAMOKYTHOI KOpPOOKM abo TpyOKH,
BUTOTOBJICHOI 3 alIOMIHIIO a00 IjacTMacu. B OCTaHHHOMY BHITQJIKy BHYTPIIIHIO
MOBEPXHIO CTIHOK BKPUBAIOTh CTPYMOIIPOBITHUM MaTepiajioM. Y cepeliHi KOpOOKH
a00 TpyOKH pO3MIITY€eThCS TpadiTOBUI YK AJTFOMIHIEBHM CTEP)KEHb.

Orxe, B 10HI3aUINHIA Kamepl € JBa ENEKTPOAM: 1O CTIHKM Kamepu
HIIKIIIOYAEThCS NO3UTUBHA HANpyra Bl JUKEPET JKUBJICHHS, SKa BHUKOHYE pOJb
NO3UTUBHOIO €JIEKTPOoJa, a N0 IrpadiTOBOrO YM AIIOMIHIEBOTO CTEpPXKHS, KU
BUKOHYE pOJIb HETaTHMBHOIO €JEKTpOJa 1 PO3MIILEHUN y cepeauHl Kamepu —
HeraTuBHa Hampyra. [IpocTip y Kamepi MK €lIeKTpOJaMH 3allOBHEHUN TOBITPSIM.
Cyxe noBiTps, 110 3al0BHIOE 10HI3ALINHY Kamepy, € 100puM i30isTopoM. Ock YoMy
y 3BUYAWHUX YMOBAaxX EJIEKTPUUHUN CTPyM uepe3 Kamepy He MPOXOIUTh. Y 30HI
pa/lloaKTUBHUX 3a0pyTHEHb Y KaMepy MPOHUKAIOTH TaMMa-BUIIPOMIHIOBaHHS 1 OeTa-
YACTUHKH, SIKI CIPUYMHSIOTH 10HI3ALII0 MOBITPS. [OHM, 110 YTBOpMIIMCS MiA II€r0
eJICKTPUYHOTO TOJIs, MOYMHAIOTh CIPSIMOBAaHO pPyXaTHCs, a caMe: HETaTWBHI 10HU
pyXarwTbcs J0 TIO3UTHUBHOTO €JeKTpoja (aHoaa), a TO3UTHBHI 10HU — JIO
HETaTUBHOTO eNleKTpoaa (karoma). TakuM YMHOM, Y JIAHIFOTY KaMepH BHHHUKAE
10HI3YIOUHH CTPYM.

[Ipote Oe3nocepelHbO BUMIPATH CHITY 10HI3yIOUOTO CTPYMY HEMOXKIIMBO, 0O
BOHAa Jyxe Maia. Y 3B'SI3Ky 3 LUM Ui TOCHUJICHHS 10HI3YIOUOTO CTPyMY
3aCTOCOBYIOTH €JICKTPUYHI TMiJACUIIOBAYl, MICIS YOr0 CTPyM IPOXOAWTH Yepes3
BUMIPIOBAJILHUI TPUIaJ, IIKaja SIKOro MpOorpaayioBaHa y BIAMOBIAHUX OJUHMIIAX

BUMIpPIOBAaHHSL.
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["a3opo3psaHuil  TIUMIBHUK —MPU3HAYEHUH U1 BUMIPIOBAHHS Mol
IHTEHCHBHOCTI y JECATKM THCSY pa3iB MEHIIOl Ti€i, Ky MOXKHA BHUMIPSITU
10HI3aIliliHOI0 Kameporo. YUepes 1€ ra30po3psiiHl JTIUUIBHUKHA 3aCTOCOBYIOTHCS Y
npuiagax Ajas BUMIPIOBAHHS PIBHS pafiailii Ha MICIIEBOCTI (pEHTTEHMETpax), y
npwiagax (paaioMeTpax) I BHUMIPIOBAaHHS CTYMEHS 3a0pyAHEHOCTI PI3HUX
MpPEeIMETIB, TPOAYKTIB, ypoXkKaro, KOpMiB ajibda-, Oera- 1 TramMma-aKTUBHUMH
PEYOBHHAMHU.

["a3opo3psiiHi  JIIYWIBHUKM  BIAPI3HAIOTBCA Bl 10HI3AIIMHUX Kamep sK
KOHCTPYKTUBHUM OGOPMJICHHSIM, TaK 1 XapaKTepoM 10HI3allli, 1110 BiAOYBAETHCS B
HuX. JIIUMIBHUK CKJIaJa€ThCS 3 TOHKOCTIHHOI METaleBOi (3 HEpKaBilOuoi CTai)
TpyOku aoBxuHOO 10—15 cm 1 giamerpom 1—2 cM. [lo oci TpyOku mpOTITHYTO
Jy’e€ TOHKY BOJb(PpaMOBY HHUTKY. JlO0 €NeKTpoMdiB JIYWIbHUKA, TOOTO [0
BOJIL()PAMOBOT HUTKH 1 CTIHOK TPYOKH, IMiJIBEJICHO HAMPYTY BiJl JDKEpeEia sKUBJICHHS.
[IpocTip MixK CTIHKaMU TPYOKH 1 METaJIEBOIO HUTKOIO 3allOBHEHUI 1HEPTHUM ra3oM
(HEOHOM, aproHOM abo iX CYMIIIIIO), 3 HEBEJIUKOIO J100aBKOIO TajoreHiB (XJopy,
opomy).

[oHi3amiitHa YacTWHKa, TOTPAIUISIIOYM BCEPEAVHY JIYWIBHHUKA, CTBOPIOE
NPUHAWMHI OJIHY TIapy 10HIB: MO3UTUBHMIA 10H 1 eeKTpoH. [1i ai€ro enekTpuaHoro
TOJI TIO3UTHUBHUIN 10H PYXa€ThCsl 10 KaToja (CTIHKM TPYOKH), a €JIEKTPOH — JI0
aHoJla (HUTKU JIYUIbHUKA). PyX 10HIB CIPUYMHSE B JIAHIIOTY JIYWIBHUKA CTPUOOK
(IMITyNIbC)  CTpyMy, SIKMWA TIICIS TIOCWJIEHHS MOXKe OyTH 3apeecTpOBaHHIA
BUMIPIOBAJILHUM TIPUIIAZAOM (MIKpPO-aMIIEPMETPOM).

[TpoxopkeHHST B Ta30BOMY JIIYMJIBHHUKY IMITYJIbCIB HAIPYTH MOYKHA TTOYYTH B
TOJIOBHUX Tede(oHax y BUIVISAL KIallaHb, SIKI NpU CHJIbHOMY 3a0pyaHeHHi PP
TIOBEPXHI MEPEXOIATh Y MIYM (TPICK).

[lizcumoBay 10HI3YIOUOTO CTPyMY NpU3HAUEHHWH AJISi TOCHUJICHHS CIaOKuX
CUTHAJIIB, SIKI BUPOOJISIOTHCS CHPUAMAIOYMM TPUCTPOEM, IO PIBHS, HEOOXiTHOTO
JUIs pOOOTH PEECTPALIMfHOTO (BUMIPIOBAIBHOIO) MPUCTPOIO. K  MiJICHUIIOBaY

3aCTOCOBYIOTb €JIEKTPOMETPUYHI JIAMIIH.
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[Ipu omparroBadHi 1€l TeMH CTYJICHT TIOBMHEH OIPAIIOBaTH Taki

JiTepatypHi mkepena [4] ct. 320- 336, [8] cT. 151-162.

3anumanns 0na camoKkonmpoio:

1.11lo Ha3uBaIOTh paII0AKTUBHICTIO?

2. 1o Take o-mpoMiHHS?

3. Ilo rake B-mpominHsa?

4. Illo Take y-nmpomiHHsA?

5. SIxi Bu 3HaeTe Mmetonu peectparlii pai0akTHBHUX BUITPOMIHIOBAHb?

6. Lo Take 103MMETPUYHUI METO] peecTpallii BUPOMIHIOBAaHb?

/. B yoMy Ba)KJIMBICTh METOIB peECTpaLlii PallOAKTUBHUX BUIIPOMIHIOBAHb?

8. Slxi Bu 3Haete npuaau Ut peecTpallii pagioakTUBHUX BUITPOMIHIOBAHb?

9. B yomy nossirae 6ioJorivHa /i BUPOMIHIOBaHb HA OpraHizMu?

10. YoMy pamioakTUBHI BUIIPOMIHIOBAHHS HA3MBAIOTh 10HI3YIOUMMH, SIKI 1X
BJIACTUBOCTI ?

11. B yomy Hebe3meka JItoIMHI BiJl 10HI3YH0UOT0 BUITPOMIHIOBAHHS?

12. Slxi mo3u ONMpPOMIHEHHS OTPHUMYE JIFOJMHA TP TEPErIIsiil TeIenporpam,

PEHTTEHOCKOTTi?

Bukxonaiume 3aeoanna:

1. AmoMiHieBul ~ snmct  OyB ONMPOMIHEHUH  PaJl0aKTUBHUM
BUITPOMIHIOBaHH:M 1 mornuHyB 103y 0,5 I'p. Ha ckinbku HarpiBcst auct?

2. YoMy TOBILIMHA CTiAY B KiHI IpoOiry Oinbina?

3. UoMy TpaekTOpis pyxy €JIeKTpoHa B OyJIb0aIkoBiii Kamepi Ma€e BUTIIS

criipai?

83



Humanna ona niocomoexu oo /I11A

1. [Ipeamer izuku. 3B'130k  (I3UKK 3 1HIIMMU [PUPOJIHUYUMU
HayKaMH.

2.  Mexaniunuii pyx Tin Ta Woro Buau. Cucremu koopauHat. [ToHATTS
MaTepiaabHOI TOUKH.

3. 3akonu Herorona. [TousaTTs macu 1 cuid. OAuHMII X BUMIPIOBaHHS.

4.  Cuiu npy>XHOCT1, iX IPUPOJIa Ta POiIb B TEXHIIII 1 dKUBIM MPUPOII.

5. Cumm Tepts, iX mpupoga Ta BUKOPUCTAHHS B TEXHINI Ta >KUBIA
IPUPO/IL.

6. [D'paBiramiiiHi cuinu. 3aKOH BCECBITHBOTO TsKIHHA. [IpuckopeHHs
BUIBHOTO TIAJ{IHHS TiJI.

7.  MexaniuHa po6oTa 1 MOTYKHICTh. OAMHUIN 1X BUMIPIOBAHHS.

8.  Emnepris. Buau eneprii. 3akoH nepeTBOpeHHSs 1 30€peKeHHs EHeprii.

9. KinernuHa Ta moTeHIiaJbHa €HEPTis TLII.

10. KomnuBanbpHUI pyX Ta HOr0 KIHEMATHYHI XapaKTEPUCTUKH.

11. 3Byk Ta Oro XapakTepUCTHUKHU.

12. Tudpa3Byk Ta yapTpa3ByK, iX BIUIUB HA KUBI OpraHi3MHU.

13. OcHOBHI TOJIOKEHHSI MOJIEKYISIPHO-KIHETUYHOT Teopii Ta SBUIIA 1110
iX MATBEPIKYIOTh.

14. Temnota i Temneparypa. [IpuHiumn aii TepMOMETPIB.

15. 3B'sI30Kk MiX MapaMeTpaMu ra30BOTO CTaHY.

16. TepmoamnamiuHa TeMmIiiepaTypa Ta ii 3B'A30K 3 TEMIIEPaTypor0 B
mkaii Lenscis.

17. IneanpHuii ra3. OCHOBHE PIBHSIHHSA MOJIEKYJISPHO-KIHETUYHOI Teopli
imeanpHOTO Ta3y (piBHsSHHSA Kiaysiyca).

18. 3B's130k eHeprii MoJIeKysl 3 aOCOJIIOTHO. TeMIIepaTyporo (pIBHSIHHS
bonbimana).

19. Bwaytpimnsa enepris razy. CriocoOwu ii 3MiHH.

84



20. TloBepxHeBWii HATAr piauH, NPUYUHU BUHUKHEHHS. KoedimieHT
MOBEPXHEBOTO HATSTY.

21. SlBuia 3MouyBaHHS 1 He3MouyBaHHA. KpaeBuil KyT 3MOYyBaHHS.

22. llepmmii Ta ApyTUii 3aKOH TEPMOJIUHAMIKH, TX TPAKTUYHE 3HAUCHHS.

23. Bouoricte moBiTps, i1 BUAW Ta METOAM BU3HAYCHHA. Todka pocCH.
BrumiB Bojiorocti Ha mporiecy B 010JIOT1YHUX ITpoIiecax.

24. Tlpupona icHyBaHHS €NEKTPUYHUX SBULI. B3aemonist 3apsniB. 3akoH
Kynona.

25. Enextpuune none. HanpyXeHICTh MOl TOYKOBOTO 3apsiay.

26. TloteHmianm eneKTpUYHOrO ToJiA. Pi3Hmms moteHianiB. OmuHUIL
BUMIPIOBAaHHSA MMOTEHIIIAITY.

27. Enextpuunuii ctpym. Cuna ctpymy. EnexrpopyiiitHa cuna.

28. Omip NpoBiAHKKIB, OTO NMpUpoaa. 3akoH OMa IS AUISHKY KOJa.

29. Poborta 1 MOTYXHICTh CTPYMY.

30. 3akon Oma m1st 3aMKHYTOTO KOJIa.

31. Tlpupona marHiTHUX sBUI. B3aemomnis ctpyMiB. 3akoH Ammepa.

32. MarnitHe none. HanpyskeHicTb MarHiTHOTO TOJSL.

33. Pyx 3apsKeHHX YaCTUHOK B €JIEKTPUYHOMY 1 MArHITHOMY TOJISIX.

34. EnexTpoMarHiTHa iHAYKIIiS Ta ii BUKOpucTaHHs. 3akoH dapanes.

35. Camoinaykuis 1 B3aemoinaykuis. Tpanchopmaropu, iX BuUAM Ta
BUKOPUCTAHHSI.

36. 3MIHHUN €NeKTPUYHHUA CTPyM Ta HOro OTpUMAaHHS. Y3arajibHEHUU
3aKkoH Oma.

37. Jucnepcis cBitiaa. CIeKTpu BUITPOMIHIOBAHHS.

38. Iurepdepeniiss cBiTIIa. YMOBM  MakCUMyMiB 1  MIHIMyMiB
iHTepdepeHtii.

39. udpaxmis ceitna. Judpaxitiiina penriTka.

40. Buxopuctanns audpakuii Ha AubpakmiHIA  peunTmi A

BHU3HAYCHHA JOBXXWHH CBITJIOBUX XBHJIb.
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Opienmoesani memu peghepamie

[aTrepdepeniis cBiTia
Judpaxkiis cBiTiIa

CyuacHa MoJieNib aToMa

Marsitae moJjie 3emuti. Komrtac
Ictopis 3akony Oma

Herpaauiiiitni BUgu TpaHcopTy

© 0o N o g~ w b E

10. Jedopmariis kpydeHHs
11. ledopmariist MO3/10BKHBOTO 3TUHY
12. Jlebhopmaiiis mOmepeyHOro 3STUHY

13. Jlepopmariist po3TATY 1 CTUCKY

14. EnexTpoi30Js11iiiHi MaTepiaim.

€JIEKTPOI30JSILIMHUX MaTepiaiiB
15.PakeTHi IBUTYHH
16. Y napHni xBui
17.Pamioxsuni
18.0m I'eopr Cumon. 3akon Oma

19.BiuHwmii 1BUTYH

Hikona Tecna - mpopok €J1eKTpUYHOTO BIKY

BukopucTaHHS TOCATHEHb CYyYacHOT siAEpHO1 (P13UKU

CninpHi

20.Ictopist BuBYeHHS OJMCKaBKH 1 3aXUCT Bij HEl

EJ'ICKTpOH AK CJIICMCHTApHA YaCTHHKA CIICKTPUYIHOTO 3apsAaay

BJIACTUBOCTI

21.PeakTuBHUI pyX. MIXKKOHTUHEHTaIbHA OaTiICTUYHA paKeTa

22.®di3uKa 1 HAayKOBO-TEXHIYHHUM MPOTrpec

23.YkpaiHchbKi BUeHI (Pi3uku

24.Panionokariis

25.TIpupona cBitiia. 3aKOHH BiJOMBAHHS CBITJIA

26.10piit BacunsoBua KonmpaTiok

27 IlapoyTBopenHs. Bosorictb
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