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1. MeauuuHckas pusumka.
KpaTtkas ncropus

MeauumnHckas ¢pusmka — 370 Hayka 0 CUCTeEMe, KOTO-
pas cocTout n3 Gpuanyecknx NPUOGOPOB N NINYYEHWI, ne-
4e6HO-ANArHOCTUYECKIMX annapaToB U TEXHOMOTUIA.

LUens meanunHCKon PpU3NMKN — un3yyeHne 3Tux cu-
CcTeM NpodUNakTUKK 1 AMarHOCTUKK 3a60neBaHwii, a Tak-
Xe nedeHne G0JbHbIX C MOMOLLBIO METOAOB U CPEencTB
HU3NKM, MaTemaTrkm 1 TexHuku. Mpupoaa 3abonesaHnin
N MEXaHN3M BbI3A0POBNEHNS BO MHOIMX Clly4asax MMeroT
6rodusnyeckoe 06bACHEHME.

MeauumHckue Gpr3nkn HenocpeaCTBEHHO YHaCTBYIOT B Jle-
4ebHO-ANarHOCTNHEeCKOM Npouecce, coBmeLlas Gpusmnko-
MeOVILVHCKME 3HaHWS, pa3fensisi C BpayoM OTBETCTBEH-
HOCTb 3a NauyeHTa.

PazButre meanumnHbl n dusmkmn Bceraa Gbinv TECHO ne-
penneTeHbl Mexay coboi. Euie B rnybokoin OpeBHOCTU
MeuvUMHa UCrnonb3oBana B Ie4ebHbIx Lensx Gpusnyeckme
dakTopsbl, Takme Kak TeN0, Xonoa, 3ByK, CBET, padinyHble
MexaHuyeckue Bo3aencTeus (Mnnokpart, ABULEHHA U A4p.).

MepBbiM MeanuUMHCKMM Gr3nKkom Obin JleoHapao aa
BuHum (NaTb cTOneTuin Hasaa), KOTOPbI NPOBOAWA UC-
CNefoBaHNSi MeXaHWKV NepeBUXKEHNsI Yes0BeYeckoro
Tena. Hambonee NNOAOTBOPHO MeAMLIMHA U PU3VKA CTann
B3aMmopelncTeoBatb ¢ KoHua XVIlIl — Hayana XIX BB.,
Korga Gbiny OTKPbIThI BIEKTPUHECTBO 1 3N1EKTPOMArH1T-
HbI€ BOJIHBI, T. €. C HACTYMIEHNEM 3Pbl ANEKTPUHECTBA.

Ha3oBeM HECKONbKO MMEH BEJIMKMX YYEHbIX, CAENABLLINX
BaXHeMLIMe OTKPbITUS B Pa3HbIE 3MoXu.

KoHew, XIX — cepeauHa XX BB. CBsi3aHbl C OTKPbITUEM
PEHTIEHOBCKMX Jlydeit, paaroakTUBHOCTW, Teopwii CTpo-
€eHUs aToma, 3N1eKTPOMArHUTHBIX U3yHeHUiA. DTN OTKPbI-
TUs cBA3aHbl ¢ umeHamun B. K. PeHTtrena, A. Bekkepens,

3. MeauumHckaa meTponorus
n ee cneunduka

TexHu4eckre yCTpOCTBa, UCMONb3yeMbIE B MEAULIMHE,
Ha3blBaloT 0606LLEHHBIM TEPMUHOM «MeANLIMHCKAs TeX-
HUKa». bonbluas 4acTb MeJULMHCKON TEXHWNKN OTHOCUTCS
K MeOULMHCKOI annapaTtype, KOTopasi B CBOIO o4epenb
noApasnensieTcs Ha MeanLUMHCKMeE NPUGoPLI U MEAULMH-
ckue annapatbl.

MeauLMHCKMM NPUGOPOM NPUHSTO CYUTATb TEXHNYE-
CKO€e YCTPOWCTBO, MpeAHa3Ha4YeHHoe A/ AnarHocTuye-
CKUX MW NeYebHbIX U3MEPEHUA (MeaULMHCKUIA TEPMO-
MeTp, chUrmomMaHoOMeTp, anekTpokapanorpad 1 ap.).

MepauuMHCKMIA annapaTt — TEXHUYECKOE YCTPOWCTBO,
noseosisiioLLee Co3/1aBaTb 3HepreTnyeckoe BO3eNcTare
TepaneBTUYECKOro, XMPypruieckoro uim 6akrepuumaHo-
ro cBoOiCTBa, a Takke obecneyvBaTb B MeAVLMHCKMX
Lensx onpefefieHHbIn CoCTaB PasnuyHbiX CybCcTaHuuMin
(annapat YBY-Tepanun, anekTpoxvpyprum, NCKyCCTBEH-
HOIA NOYKM, YLIHOV NPOTe3 1 Ap.).

MeTponoruyeckue TpeboBaHUa K MEAULMHCKUM Npu-
6opam [0CTAaTO4HO O4YeBWAHbI. MHOrvMe MeauuMHcKue
annaparbl Npu3BaHbl OKa3biBaTb AO3UPYIOLLEE SHEPreTn-
Yeckoe BO3/eWCTBME Ha OpraHnN3Mm, No3TOMY OHU U 3a-
CIYXVBaIOT BHAMaHWs METPOJIOrMHeckoi cryxobl. Mame-
peHVsi B MeAMLMHE JOCTAaTOYHO CneumduyHbl, NO3TOMY
B METpPOosiornn BblAeneHo oTaesibHoe HanpasieHne — me-
[AVLVHCKAs METPOSIOrust.

PaccmaTtpurBasi HEKOTOpble NPOGNEMBI, XapakTEPHbIE
AN MeAUUMHCKOW METPONIOrMM U 4acTUYHO ANst Meam-
LMHCKOro NpubopoCcTPOeHusi, cnelyeT OTMETUTbL: B Ha-
cTosilee Bpemsi MEAVLVHCKME U3MEPeHUs B GOSbLLIMH-
CTBE Cny4aeB NPOBOAUT MEAMLIMHCKMI nepcoHan (Bpauy,
Me[cecTpa), He ABNSIOLWNACA TEXHUYECKM NOArOTOB/EH-
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2. OCHOBHbIE NpoGnembl
1 MOHATUS METPOJSIOrUN

MeTponorueii Ha3blBalOT HayKy 06 N3MEPEHUsIX, METO-
[ax n cpeacTeax obecneveHust X eAmMHCTBa, cnocobax
[OCTWXEHUsi TpebyeMoli TOYHOCTU. Vi3amepeHnem Hasbl-
BAlOT HaxOXAeHWe 3Ha4YeHuss Pu3n4eckoin BenunyUHbI
OMBITHBIM MYTEM C MOMOLLBIO TEXHUYECKMX CPEACTB. Mame-
PEHMA NO3BOJIAKOT YCTAHOBUTb 3aKOHOMEPHOCTU NPpUpOoab!
1 SIBAISIOTCS 3IEMEHTOM MO3HAHMSI OKPYXAIOLLIEro Hac M-
pa. Pazanunyaiot namepeHns Npsimble, Npu KOTOPbIX Pe3aysb-
TaT MoJsly4aeTcsl HEMOCPEACTBEHHO M3 U3MEPEHNsI CaMoi
BEINYMHBI (HANPUMEP, 3MepeHne Temneparypbl Tena me-
AVILMHCKUM TEPMOMETPOM, U3MEpEHNe [INHbI NpeameTa
JINHEKOW), N KOCBEHHbIE, MPW KOTOPbIX ICKOMOE 3HaYeHne
BESINYVHbBI HAXOASIT MO N3BECTHOM 3aBUCUMOCTUN MeXAy Hell
1 HENoOCpeACTBEHHO M3MeEPSeMbIMU BEHMHaMu (Hanpu-
Mep, onpeaesieHVie Macchl Tena npu B3BELUMBAHUN C y4e-
TOM BbITANKMBAIOLLEN CUJbl, ONPEAENEeHHON BSA3KOCTbIO
5KMAKOCTU MO CKOPOCTU NaAeHUst B Het wapuka). TexHuye-
CKuWe cpefcTsa s NPOM3BOACTBA U3MEPEHWI MOTYT ObiTb
pasHbIX TUNOB. Havbonee 13BeCTHbIMM SABAISIOTCS MPUOOPSI,
B KOTOPbIX M3MepuTenbHas nHGopmauvs npeacTasnaercs
B pOpMe, JOCTYMNHOM /15t HEMOCPEACTBEHHOO BOCMPUSTHS
(Hanpumep, TemnepaTtypa npeicTaBieHa B TEPMOMETPe
[A/IMHO CTONBMKA PTYTU, Crna Toka — NoKa3aHWeM CTPESKU
amnepmeTpa un ULMdPOBbLIM 3HAYEHNEM).

EnvHnuen ¢ouanyeckoit BennymHbl HasbiBaloT dusnye-
CKYIO BE/IMYMHY, MPVHSTYIO MO COMMALIEHNIO B KayecTse
OCHOBbI 191 KOJINYECTBEHHOIN OLIeHKV COOTBETCTBYIOLLE
OU3NYECKOWN BENNYUNHBI.

[ins BbIpaxeHUst ypoBHS 3BYKOBOIO [AaBfIEHUS], YPOBHS
WHTEHCUBHOCTU 3BYKa, YCUIEHUS 3NIEKTPUYECKOro curHa-
N1a, BbIP@XEHUs YaCTOTHOrO MHTepBasia 1 MHOTo yao6Hee
MCMO/b30BaTh JIOrapndM OTHOCUTENLHOM BEMNYMHBI (Ha-

4. Cny4yaiiHaa BenmM4mHa.
3akoH pacnpepeneHus

OnpepeneHve cny4yaHoi BenuyYuHel. MHorue cny-
YaliHble COBbITUSI MOrYT GblTb OLIEHEHbI KONMYECTBEHHO
KaK cnyyaiiHble BennyYuHbl. Cny4ainHon Ha3biBalOT Takyto
BE/IMYMHY, KOTOPas NPUHMMAET 3HAYEeHNS B 3aBUCHMOCTMN
OT CTeYeHUs cyyaiiHbix 06cToATeNbLCTB. PadnuyatoT anc-
KPETHble U HemnpepbiBHbIE CIy4aiiHble BEIMYMHbI.

Pacnpenenenvie OWCKPETHOW CRy4yaiHOW BENVYWHBI.
JuckpeTHas BENMYMHA CHMTAETCS 3a4aHHO, eCNn ykasa-
Hbl BO3MOXHbIE €€ 3Ha4eHUs 1 COOTBETCTBYIOLLIME VM BE-
posiTHOCTU. O603HAYMM AVCKPETHYIO Cly4yaiHylo Benm-
YMHY X, €€ 3HAYEHUS X,, X,..., B BepoaTHoCTU: P (X,) = p,,
P(x,) =p,nT 4.

COBOKYMHOCTb X M P HasbiBaeTCs pacrpepenieHnem
[MCKPETHOWM CNy4anHOM BEANYMHDI.

Tak kak BCe BO3MOXHblE 3HaYEHMS AUCKPETHOM cryyai-
HOW BEIMYMHBI NPEACTABAIOT NOJIHYIO CUCTEMY, TO CyM-
Ma BEPOSITHOCTEN paBHa eanHULE:

S P(x)=1.

3pecb npennonaraeTcs, Y4TO AMCKPETHas ChlydaiiHas
BEMMYMHA UMEET N 3HayeHuil. BbipaxeHne HasbiBaeTcs
YCNIOBMEM HOPMUPOBKMU.
Bo MHorux cnyyasix Hapsgy C pacnpefesneHvem chny-
YalHOI BESIMYUHBI UK BMECTO HEro nHdopmaumio 06 aT-
VX BENNYMHAX MOTYT AaTb YMCIOBbLIE MapaMeTpbl, Nony-
YMBLUME HA3BaHWE YUCNIOBbIX XapakTePUCTUK CAy4anHOMn
BennyMHbl. Hanbonee ynotpebutenbHble U3 HKX:
1) matemartnyeckoe OXwaaHuwe (CpeaHee 3HadeHue) ciy-
YaliHOM BENNYMHbBI €CTb CYMMa NPON3BEAEHNIA BCEX BO3-
MOXHbIX €€ 3HaYEHWI Ha BEPOSITHOCTU 3TVX 3HAYEHWIA;

e e
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mm 6onee pacnpocTpaHeH AeCSTUYHbBIN orapudm):
a
lg=—*,
aI
rae a, ua, — OAHOMMEHHbIe PU3NHECKME BENNHUHDI.
EpvHuuen norapudmmyeckor BennymnHbl sensetcs 6en (B):

a,
B=lg="2,
81
npu a,=10a,
eCnn a — 3HepreTnyeckas BeNMYMHa (MOLLHOCTb, UHTEH-
CWBHOCTb, BHEPTUS U T. M.), UK

B=21g="2, npn a,=fi0a,
a‘

ecnM a — CUoBasi BENNYMHA (CUna, MexaHmnyeckoe Hanps-
XEHWe, JaBfieHne, HaMPSXXEHHOCTb 3IeKTPUYECKOro
nonsin T. n.).
JlocTaToqHO pacnpocTpaHeHa AosbHas evHuLbl — Ae-
umben (ab):

106=0,16.

106 cOOTBETCTBYET COOTHOLLUEHNIO SHEPreTUHecKnx Be-
nnymH a2 = 1,26a:

196=0,16=0,21g 22;
a‘
\

2 10 -1,58.

1

m 2) aucnepcueit CnyqaitHol BeNMYMHbI Ha3blBaIOT
MaTemMaTnyeckoe oXxungaHune KkBagparta OTK/IOHEHUS
CNny4aliHOM BEIMYMHBI OT e MaTeMaTU4eCcKOro OXxmaa-
HYS.
Jlna HenpepbIBHOW CNy4aHOW BENMYUHBLI MaTemaTnye-
CKOe OXWAaHVE 1 AUCNepCUs 3anvcbiBaloTCs B BUAE:

+00
Mx)= [ [F(ldx,

D(x)= MI’Q[x = M(x)] f(x)dx,

roe f(x) — nNNOTHOCTb BEPOATHOCTM MM PYHKUMS pa-
cnpeneneHns BepoaTHocTen. OHa NokasblBaeT, Kak
N3MEHSIETCS BEPOSTHOCTb OTHECEHUSI K MHTepBany
dx cnyyainHol BeNnYMHbI B 3aBUCMMOCTH OT 3Have-
HWSi CaMOW 3TOW BENUHMHBI.

Hop i 3aKOH p P B Teopusix Be-
POSITHOCTEN M MaTEMATUYECKON CTAaTUCTUKM, B Pas3nny-
HbIX MPUNOXEHUAX BAXHYIO POSib UrpaeT HOPMasbHbIi
3aKOoH pacnpepeneHuns (3akoH faycca). Cnyyaitas senu-
YuHa pacnpepeneHa no 3ToMy 3akoHy, EC/IM NIOTHOCTb ee
BEPOSITHOCTU UMEET BUA,

2
exp [M]

1
over 20?
roe a = M(x) — MateMaTU4eckoe OXnaaHue CryyanHom
BE/NYMHBI;
0 — cpefHee KBajpaTHOe OTK/IOHeHue; crefosa-
TEenbHo;
02 — Aycnepcus CNy4anHoi BENNYUHBI.
KpviBass HOpManbHOro 3akoHa pacnpeneneHvs nmeet
KONoKonoobpasHyio GopMy, CUMMETPUYHYIO OTHOCU-
TeNbHO NPSMON X = a (LEHTP paccenBaHus).

f(x) =
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M. Cknapgosckoii-Kiopu, [. TomcoHa, M. MnaHka,
H. Bopa, A. SiHwTeiHa, 3. Pesepdopaa.
MegauumHckasi $u3mka no-HacTosiLLeMy cTana yTeep-
XAaTbCs Kak CaMOCToATeNbHAs HayKa 1 NPodeccus ToNb-
KO BO BTOPOW NonoBuHe XX B. — C HACTYMNJ€HNEM aTOM-
HO 3pbl. B MeguuuHe cTtany LUMPOKO MPUMEHSITLCS
paAvoavarHoCTUYeckMe ramMa-anmnaparbl, 31eKTPOHHbIE
M MPOTOHOBbLIE YCKOPWUTENW, PaAvojuarHoctuyeckme
raMma-kamepbl, PEHTTEHOBCKME KOMMbIOTEPHbIE TOMO-
rpadbl U Apyrve, runeptTepMus 1 mMarHuToTepanusi, na-
3epHble, yNbTPa3BYKOBbIE U APpYrie Meayko-busmnyeckne
TexHonorum u npubopbl.MegnumHckas ¢usnka nmeet
MHOrO Pa3fenoB v Ha3BaHWii: MeAMLMHCKas PaauaLMoH-
Has duauka, KnnHuyeckasa Gpuamka, oHkonornyeckas epu-
3uKa, TepaneBTUYeckas 1 anarHoctTuyeckas pusuka.
CaMbIM BaXHbIM COGLITYEM B 0611aCTV MEAVLIMHCKOrO
06Cef0BaHNA MOXHO CYMTaTb CO3/1aHNE KOMIMbIOTEPHBIX
TOMOrpacdoB, KOTOPble PACLLMPUIN NCCNIEA0BAHNS MPaK-
TUYECKM BCEX OPraHoB U CUCTEM YENIOBEYECKOro opra-
Hy3ma. OKT 6binn YCTaHOB/EHBI B KNIMHWKAX BCEro Mupa,
1 6onblLIOE KOIMYECTBO HU3NKOB, NHXEHEPOB U Bpayei
paboTano B 061aCT COBEPLLUEHCTBOBAHUS TEXHUKUN 1 Me-
TOL0B [J0BEAIEHVS €€ NPAKTUHECKUN A0 NPeenoB BO3MOX-
Horo. Pa3BnTue paavioHyKIMOHOM AMarHoCTvKv npeacTa-
BnsieT co6oIl coueTaHne MeToAoB paamodapMaLeBTUKu
N PU3NYECKNX METOAO0B PErnMcCTpaLUmn MOHUIUPYIOLLUX
N3ny4eHnin.Mo3nTPOHHas 3MWCCUOHHas Tomorpadus-
BU3yanu3aauus 6bina nsobpetena B 1951 . u onybnunkosa-
Ha B pabote J1. PeHHa.

HbIM. M03TOMY LenecoobpasHo co3aasaTb Meau-

UMHCKMe Npubopsl, rpafynpoBaHHble B eAUHMLAX
PU3NYECKNX BENIMYMH, 3HAYEHUSI KOTOPBIX SBASIOTCS KO-
HEYHOW MeaMUMHCKOW M3MepuTenbHOn uHdbopmaumen
(NpsiMble U3MepeHus).

XenatenbHo, 4TOGblI BPEMEHW M3MEPEHVsi BMIOTb [0
noJly4eHns NONIE3HOro pesysbrata TPaTUioCh Kak MOXHO
MeHbLUE, a HhOopMaumMs Bbina Kak MOXHO NosHee. ATUM
TpeboBaHUAM yAOBNETBOPSIIOT BbIMUCUTEbHBIE MALLIMHbI.

Mpn MEeTPONOrMyeckoM HOPMMPOBAHUN MEANLIMHCKO-
ro Nnprbopa BaxHO y4nNTbIBaTb MeJULMHCKNE NOKA3aHNS.
Bpay fosmxeH onpeaenvTb, C Kakoi TOYHOCTbIO J0CTa-
TOYHO MPeACTaBUTb Pe3ynbTaThbl, YTOGbI MOXHO Oblno
caenatb AnarHoCTUYECKIiA BbIBOA,

MHorve MepmuuHckme npubopbl BbIAAIOT MHGOPMA-
LMI0 Ha PEerucTpupylowemM YCTPOWCTBE (Hanpumep,
anekTpokapamuorpade), noaToMy CneayeT y4nTbiBaTb No-
rPELIHOCTM, XapaKTepHble 4J1s 3TOV PpOpPMbI 3arNCK.

OpHa u3 npobnem — Tepmonoruyeckas. CornacHo Tpe-
60BaHVSIM METPOJIOrUM B Ha3BaHWUV U3MEPUTESTBHOrO Npu-
6opa pomkHa ObiTb ykasaHa $usnyeckasl BeNM4MHa unm
eayHULa (aMnepMeTp, BOMLTMETP, YacTOTOMEP W Ap.).
HasBaHuvs ans MeanLMHCKMX NPUBOPOB HE OTBEYAIOT 3TO-
My npuHUMNY (anekTpokapavorpad, ¢oHokapauorpad,
peorpad v ap.). Tak, anekTpokapavorpad cnenosano bl
Ha3BaTb MUINBONBTMETPOM C PErMCTPaLMEN NOKa3aHWiA.

B psine MeayUMHCKUX M3MEPEHW MOXET ObiTb Helo-
CTaToO4HOM UHPOPMALWS O CBS3W MEXAY HEMOCPEACTBEH-
HO n3mepsiemMoln GU3NYECKOW BENNHUHOW N COOTBET-
CTBYIOLLMMWN MEeZNKO-6MONIOrMYeckrMN napameTpamu.
Tak, Hanpumep, Npu KNIMHN4ECKOM (6ECKPOBHOM) METO-
Ae n3MepeHus aaBneHust KpoBM O0MyckaeTcs, 4To Aa-
B/IEHWE BO3/lyxa BHYTPU MaHXeTbl NPUOIM3NTENbHO paB-
HO [j@aB/IEHMIO KPOBU B M/IE4YEBOV apTEPUN.

4
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5. PacnpepeneHne Makceenna
(pacnpepneneHue ra3oBbix MONEKYN
no ckopoctam) u Bonbumana

Pacnpenenevne MakcBenna — B paBHOBECHOM CO-
CTOSIHAM NapaMeTpbl rasa (aasnexHue, 06bLeM 1 TeMneparty-
pa) OCTalOTCS HEN3MEHHBIMU, OJIHAKO MUKPOCOCTOSHUS —
B3aNMHOE PaCroOXEHVE MOSIEKYI, UX CKOPOCTU — Henpe-
PbIBHO M3MEHSIIOTCA. M3-3a OrpOMHOIo KOnM4ecTsa Mone-
KyN MPaKTU4ECKU HENb3s1 ONPEAEUTL 3HAYEHNSt X CKOPO-
cTeil B KakoW-NMBGO MOMEHT, HO BO3MOXHO, CHMTas
CKOPOCTb MOJIEKY/T HEMPEPLIBHOW CITy4anHON BENNHMHOM,
ykasaTb pacripeeneHe Mosiekyn no ckopocTsm. Pacrpe-
[eneHne Monekyn no CKOPOCTSIM NOATBEPXAEHO pasiny-
HbIMU OonbiTamn. PacnpeneneHve Makceenna MOXHO pac-
cmaTtpuBaTh kak pacnpegenieHne MoNekyn He TObKO Mo
CKOPOCTSAM, HO 1 MO KMHETUYECKVM SHEPTUsiM (Tak Kak aTu
MOHSITVISI B3aIMOCBSI3aHbl).

Bblaenvm oTaenbHyI0 Mosiekysly. XaoTUHHOCTb ABMXE-
HVSI NMO3BONISIET HAMpPUMep ANt NPOEKLMKM CKOpocTn VX
MOEKYJIbl MPUHSATL HOPMASIbHbIN 3aKOH pacnpeeneHns.
B atom cnyyae, kak nokasan Ix. K. Makceens, n1oTHOCTb
BEPOSTHOCTW TOrO, YTO MOJIeKysla UMeeT KOMMOHEHTY
ckopocTun Ux, 3anncbiBaeTcst cneayiowym o6pasom:

o
Ifmnu%(QKT)
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MOXHO NoNy4YnTb MaKkCBENOBCKY DYHKLMIO pacnpe-
aeneHunsa BepOHTHOCTeVI abCoNOTHBIX 3HAYEHWI CKOpO-
¢t (pacnpenenexHve MakcBenna no CKOpoCTsM):

;

_[ Mo

flu,)

?

Mo _ ¥y ™o,

2nKT

f(v):4n(

7. KubepHeTuueckue cuctembl

KubGepHeTu4yeckoil CUCTEMON Ha3blBalOT YNopsao-
YEHHYIO COBOKYMHOCTb OGBLEKTOB (3/IEMEHTOB CUCTEMBI),
B3aVIMOAEVICTBYIOLLIX 1 B3aVMOCBSA3aHHbIX MeXAY COOO,
KOTOpbIe CNOCOGHBI BOCMPUHMMATB, 3aroMUHaTh 1 nepe-
pabatbiBaTb UHOpMaLMIO, a Takke OOMEHUBATLCS €lo.
MpumMepamMm KNGEPHETUHECKNX CUCTEM SIBASIOTCS KOMIEK-
TUBbI NIOJEN, MO3T, BbIHVC/UTENbHbIE MALLIVHBI, aBTOMAThI.
COOTBETCTBEHHO 3TOMY 3fIEMEHTaMu KUGEepPHETNHECKOow
CUCTEMbI MOTYT BbITb 0GBEKTLI Pa3HoW GU3NYEecKol Npu-
popbl: YenoBek, KNeTkv Mo3ara, 610KV BbIMUCINTENLHO
MaLlVHbl U T. 4. COCTOSIHME 3/1IEMEHTOB CUCTEMbI OMUCHI-
BaETCs1 HEKOTOPbIM MHOXECTBOM MapaMeTpoB, KOTOpble
noApasfensioTcs Ha HernpepbiBHbIE, NPUHMMALOLLVE JTio-
Oble BeLECTBEHHbIE 3HAYEHUs! B ONPEeAesieHHOM UHTep-
Base, v ANCKPETHbIE, MPUHMMAIOLLME KOHEYHBIE MHOXE-
CTBa 3HauyeHuii. Tak, Hanpumep, Temnepatypa Tena
YenoBeka — HenpepbIBHbI NapameTp, a ero noa — Auc-
KPEeTHbIN napameTp. DYHKUMOHNPOBAHUE KNOepHeTuye-
CKOI CUCTEMbI ONUCLIBAETCH TPEMSI CBOMCTBaAMN: YHK-
LUMSIMU, KOTOPbIE YHYWTLIBAOT U3MEHEHWe COCTOSIHWUM
3NEMEHTOB CUCTEMBI, PYHKLMSIMU, BbI3bIBAIOLLIMMUN N3ME-
HEHVs! B CTPYKTYpe CUCTEMbI (B TOM 4MCne 1 BCNeacTeme
BHELLIHEro BO3AEVCTBISA), M DYHKLMSIMU, ONPEeaensioLymMm
CurHabl, NepejaBaeMble CUCTEMOV 3a ee npeaensl. Kpo-
Me TOro, y4nTbiBaeTCs Ha4aslbHOE COCTOSIHNE CUCTEMBbI.

KnbepHeTn4yeckne CUCTEMbl pasnMyaloTcs Mo CBOen
CNOXHOCTU, CTEMEHN OMPELENEeHHOCTU 1N YPOBHIO opra-
HU3auun.

KunbepHeTnyeckre cucTeMbl JeNSTCS Ha HeMpepbIBHbIE
1 IUCKPETHbIE. B HenpepbIBHbIX CUCTEMAX BCE CUrHaTbI,
LVPKYVPYIOLLIVE B CUCTEME, U COCTOAHUSA 3/IEMEHTOB 3a-
[Aal0TCS HeNnpepbIBHLIMU NapamMeTpamu, B AMCKPETHBIX —

" KoppenssumoHHaa 3aBUCUMOCTb

MaremaTtunyeckas cTaTUCTUKa — Hayka O MaTemaTtuye-
CKMX METOAAX CUCTEMATU3ALIMM U UCTIONB30BAHWS CTaTU-
CTUYECKMX AAHHbIX )15t PELUEHUS HAaY4HbIX 1 MPaKTU4ECKMNX
3agay. Matematuyeckasi CTaTUCTKa TECHO NPUMbIKaeT
K Teopun BeposiTHOCTEN U 6a3npyeTcst Ha ee MOHSTUSIX.
OpHako rnaBHbIM B MaTEMaTU4ECKOM CTaTUCTUKE SIBNISIETCS
He pacnpepaeneHvie cyyaliHbix BENMYWH, @ aHanu3 cTatu-
CTVHECKVIX [@HHbIX U1 BbIICHEHWE, KAKOMY pacrpeaesneHio
OHM COOTBETCTBYIOT. Bonbluas ctatncTuyeckass CoBOKynM-
HOCTb, U3 KOTOPOV OTOMPAETCH 4acTb OOBLEKTOB ANs UC-
CNefloBaHWs!, Ha3blBAETCSI reHepaJibHON COBOKYMHOCTBIO,
a MHOXeCTBO 06BbEKTOB, COOPaHHbIX U3 Hee, — BbIBOPOY-
HOI COBOKYMHOCTbIO, UK BbIGOpKO. CTaTncTuyieckoe pa-
crpepeneHrie — 3TO COBOKYMHOCTb BapuaHT U COOTBET-
CTBYIOLLMX MM YaCTOT (M1 OTHOCUTESbHBIX YACTOT).

Jns HarNsgHOCTN CTaTUCTUYECKME pacnpeeneHns n3o-
6paxaroT rpaduHecku B BUAE NMOJIMIOHA U FTMCTOrPaMMBbl.

MonuroH 4acToT — IOMaHas IMHUSA, OTPE3KN KOTOPOIA
COEAVHSIIOT TOHKU C KOOPAMHATAMM (X,; My ), (Xp; My).... N
[ANS1 NOAIMIOHA OTHOCUTESbHBIX YaCTOT — C KOOpAMHaTa-
MU (X5 By), (%53 Py)-..-

TMcTorpamma 4acToT — COBOKYMHOCTb CMEXHbIX Mpsi-
MOYrOJIbHUKOB, MOCTPOEHHbIX HA OAHOM MPSMOV MHUK,
OCHOBaHWS NMPSIMOYrOfIbHUKOB OAVHAKOBbLI U PaBHbI &, a
BbICOTbl PaBHbl OTHOLUEHWIO Y4acTOThbl (MM OTHOCUTESb-
HOW YacToThl) K a:

mn
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HaunGonee pacnpocTpaHeHHbIMU XapakTepucTukammu
CTaTUCTUYECKOTO PacnpefeneHnsi SBASOTCS CPeaHue

8. MNoHsTe 0 MeanLMHCKOMN
KnGepHeTuke

MeamuuHckas knbepHeTvka SIBAISIETCA Hay4HbIM Hanpa-
B/IEHMEM, CBSI3aHHbLIM C UCMOb30BaHNEM UAEel, METOA0B
1 TEXHUYECKUX CPEICTB KNGEPHETUKM B MeAVLIMHE 1 3apa-
BOOXPaHEHUM. YCI0BHO MEAULIVIHCKYIO KNGEPHETUKY MOX-
HO NPEACTaBUTb CNEAYIOLLMMI FPYNNamu.

BbluncnutenbHas auarHocTvka 3abonesaHuit. OTa
4acTb B OCHOBHOM CBsI3aHa C MCMO/Ib30BaHNEM BbIYNCIN-
TenbHbIX MalWH A NOArOTOBKM AuarHosa. CTpykTypa
No60o ANarHOCTNYECKOW CUCTeMbl COCTOUT U3 Meau-
LVHCKOM MamsTi (COBOKYMHOrO MEAVLIMHCKOrO OrbiTa
A9 faHHol rpynnbl 3a6oneBaHuil) U NOrnyYeckoro
YCTPOWCTBA, MO3BOMSIOLLEr0 COMOCTaBUTL CUMMTOMBbI,
o6HapyxeHHble Yy 60/IbHOr0 ONMpPOCOM 1 1abopaToPHLIM
o6cnefoBaHeM, C UMEIOLLIMMCS MEAMLIMHCKMM OTMbITOM.
OToi Xe CTPYKType CneayeT v AMarHOCTUHECKas BblYv-
CAVTenNbHas MalnHa.

CHavana paspabaTtbiBaloT MeToaukn GpopmanbHOro
OnucaHnsa COCTOSIHUSA 3[0POBbSA NauueHTa, NPOBOAAT
TLATENbHBIN aHANIN3 KIIMHUYECKUX NMPU3HAKOB, UCMOSIb3Y-
eMbix B auarHoctuke. OT6UpaloT rmaBHbIM 0O6pa3om Te
MPU3HaKK1, KOTOPbIE A0NYCKalT KONYECTBEHHYIO OLIeHKY.

Kpome KONMYecTBEHHOro BbIpaXeHus duanonornye-
CKVIX, BUOXMMUHECKUX U APYrUX XapakTePUCTVK 60bHOrO,
ana BbIYNCNINTENBHOM ANarHoCTUKn HeOﬁXOJJ,I/IMbI cBe-
[EHUA O 4acToTe KIMHUYECKUX CUHAPOMOB W AVarHo-
CTUYECKMX MPU3HAKOB, 06 MX Kaccupukaumm, 3aBucu-
MOCTK, 06 OLEeHKEe AMarHOCTUYEecKon apdeKTUBHOCTN
NPU3HaKOB U T. N. Bce 9TU AaHHbIe XPaHSTCS B NaMsiT
MaLuMHbl. OHa CONOCTaBASeT CUMNTOMbI GOJIBHOIO C AaH-
HbIMW, 3aJIOXXEHHbIMW B €e MNaMATu. Jloruka BbluMCAN-
TeNbHOW AMarHOCTUKM COOTBETCTBYET Jloruke Bpaua,

. - e
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BENNYUHBI: MOAQ, MeamaHa u cpegHss apudmeTu-
yeckas (Mnun BbIGOPOYHas CPeaHas).

Moga (Mo) paBHa BapuaHTe, KOTOPOV COOTBETCTBYET Ha-
nbonbluas yactota. Meanara (Me) paBHa BapuaHTe, KOTO-
pasi pacronoxeHa B cepeiyHe CTaTUCTUHECKOro pacrpe-
nenenunsi. OHa AeNUT CTaTUCTUYHECKWIA (BapnaLMOHHbIN) psif,
Ha ABe paBHble YacTu. BeibopoyHas cpeaHss (XB) onpeae-
nsieTcs Kak cpegHee apudMeTnHeckoe 3HaYeHve BapuaHT
CTaTUCTUYECKOTO psida.

KoppensiumoHHasi 3aBUCMMOCTb. DyHKLMOHANbHbIE 3a-
BMCMMOCTU MOXHO BbIPa3uTb aHaIMTU4ecku. Tak, Hanprmep,
niowaab kpyra 3aBucuT oT paguyca (S = pr,), ycKopeHue

F
Tena — OT CUMbl M Macebl (a= m ). OoHaKo UMeloTCH 3aBn-
0

CVMOCTU, KOTOPbIE HE CIILLIKOM OYEBUIHBI 1 HE BbIPaXaloT-
CS NPOCTLIMU U OAHO3HAYHBLIMU dopmynamu. Tak, Hanpu-
Mep, NPOCNEXMBAETCS CBA3b MEX/Y POCTOM JlloAei 1 mac-
COIl UX Tena, U3MeHeHue MorofHbIX YCIOBWIA BIUSET Ha
YMCNO NPOCTYAHbIX 3a6oneBaHnii HaceneHus u T. 4. Takas
6onee croxHas, 4eM GyHKUMOHASbHAS, BEPOSITHOCTHAsA 3a-
BVCVMMOCTb SIBNSIETCS KOPPENSILMOHHON (MM NpocTo —
Koppensuvei). B aTom cnyyae nameHeHne OfHOM Ux Benu-
4YWH BAVSIET HA cpeHee 3HadveHune apyron. MNpeanonoxum,
4TO M3y4aeTCs CBA3b MEX/Y CIyHaiHON BENNHMHON X 1 cny-
yaHoM BennumHon Y. KaxaomMy KOHKPETHOMY 3HayeHuio X
OyneT COOTBETCTBOBATbL HECKOMbKO 3HAYEHUA Y. Y , Y, U T. 4.

YcnosHeiM cpegHum Y, Hasosem cpeaHee apudmeTuye-
cKkoe 3HayeHue Y, COOTBETCTBYIOLLEE 3HAYEHMIO X = X.
KoppensumoHHoI 3aBUCMMOCTIO, Ui koppensiumein Y ot X,

HasbiBatloT GyHKumio Y, = f(x). PaBeHCTBO HaabiBaloT ypa-
BHeHueM perpeccun Y Ha X, a rpadpuk GpyHKUMN — NMHMENR
perpeccumnY Ha X.

myCTaHaBﬂMBaDOLLLeI'O ANarHo3: COBOKYMHOCTb CUM-

NTOMOB COMNOCTaB/IAETCSA C NpeLecTBYOLWUM Onbl-
TOM MeAMUMHbI. HOBYIO (HEVM3BECTHYI0) 601e3Hb MalLMHa
He yCTaHOBUT. Bpaq, BCTpeTI/IBLLII/II;I Hena3BecTHoe 3abone-
BaHVe, CMOXET onucatb ero npuaHaku. MogpobHocTu
0 Takom 3ab0neBaHMN MOXHO YCTaHOBUTb, JULLb NPOBE-
I8 cneunanbHble nccnegosaHma. 3BM B Takux nccneno-
BaHUAX MOXET UrpaTb BCNOMOratesibHyto poJib.

KnbepHeTunyecknii noaxopn k nesedbHomy npoueccey. Mo-
Cne TOro Kak Bpad yCTaHOBUT AMArH03, Ha3Ha4aeTca ne-
YeHue, KOTOpPoe He CBOAWTCS K OAHOPA30BOMY BO3aEN-
CTBUIO. JTO CNOXHbI NPOLLECC, BO BPEMSI KOTOPOro Bpay
MOCTOAHHO nony4yaeTt Me,ElI/IKO-GVIOI'IOI'VILIeCKyIO VIHC])Op-
Mauuio o 60J'|bHOM, aHann3upyet ee U B COOTBETCTBUM
C HeW YTOYHSAET, UBMEHSIET, NPpeKpaLLaeT uan NPoaoxXaeT
nevyebGHoOe BO3OENCTBME.

B HacTosilee BpemMs KmﬁepHeTMHeCKMVI noaxon K ne-
yebGHOMY npoueccy obnerdaet paboTy Bpaya, No3BonseT
3¢d)eKTI/IBHee npoBoanTb nevyeHune Tﬂ)Ke!'IO60}1beIX,
CBOEBPEMEHHO NpUHMMAaTb Mepbl NPU OCNOXHEHUAX BO
BpeMS onepauuun, paspabaTtbiBaTb U KOHTPONMPOBATbL
npouecc ne4eHns meanKkameHTamMmm, co3gasaTb 6moynpa-
BndgemMble NpoTe3bl AMarHOCTMpOBaHMe 3360ﬂeBaHVII7I,
ynpasfiieHne yCTpoiCTBaMu, peryavpyiowmMm Xn3HeHHO
BaXHble d)yHKLLI/lI/I.

B 3apaun onepaTtuBHOro BpaqeﬁHoro KOHTpONS BXOAUT
HabniofeHne 3a COCTOSHME TSXKENOBONbHbBIX C MOMOLLbIO
CUCTEM CrexeHus (MOHVITOprIX, cucTem Ha6}'IIO,ELeHV|$I
3a COCTOAHMEM 300pPO0BbIX I'HO,EleVI, Haxoaswuxca B 9K-
CTpeMalibHbIX YCNIOBUSIX: CTPECCOBbIX COCTOSAHUSIX, B HE-
BECOMOCTH, rmnepbapuyeckmx yCcroBusx, Cpeae ¢ noHu-
>KEeHHbIM cogep>XaHnem Kmcnopoga n T. I'I.).

npodheccroHarnbsHoe peLlueHre 3agad

Pacnpepenenne Bonbumana. Ecnv monekynbl
HaxogsAaTcs B KakoM-1IMG0 BHELUHEM CUIOBOM rone
(Hanpumep, B rpaBUTaLMOHHOM Mnonie 3emn), TO MOXHO
HanTn pacnpegeneHne no nx noTeHunanabHbiM 3HEPrusam,
T. €. YCTAHOBUTb KOHLEHTPAUMIO 4YacTuu, obnagaroLimx
HEKOTOpbIM onpeaeneHHbIM 3Ha4eHnem I'IOTeHLLVIaI'IbHOI?I
aHeprun. Pacnpe,qeneHme 4acTuy, NO noTeHuuanbHbIM
3HEepPrmnsm B CUNOBbIX NONIAX — rPaBUTALMOHHOM, 3N1EKT-
puyeckoM M Op. — Ha3bIBAOT pacnpeneneHnem Bonb-
umana.

MPUMEHUTENBHO K FPaBUTALMOHHOMY MOS0 3TO pa-
cnpeneneHne mMoxet 6bITb 3an1caHo B Bnae 3aBMCUMO-
CTW KOHUEHTpaunn N MoJiekyn OT BbICOTbI h Had ypoBHEM
3eMNn, UK NOTEHUMaNbHOM aHeprum mgh:

_mgh
n=nl <.

Takoe pacnpegeneHne Monekyn B none TaroteHns 3e-
MM MOXHO Ka4eCTBEHHO, B paMKax MOJIEKYNIAPHO-KNHE-
TUYeCKnx I'Ipe,ELCTaBJ'IeHVII;I, 0OBACHUTL TEeM, 4TO Ha Mone-
Kyfnbl OKa3blBalOT BAUAHME [OBa MPOTUBOMOJIOXHbIX
dakTopa: rpaBUTaLMOHHOE none, noa, AeiCTBUEM KOTO-
POro Bce Mosiekynbl NPUTArMBaKTCA K 36M}1€, n Moneky-
NAPHO-XaoTu4yeckoe ABuXeHue, cTpemsduleecsa paBHO-
MepHO pasbpocaTtb MOfeKysbl MO BCEMY BO3MOXHOMY
00BLEKTY.

[s3 avickpeTHbIMM. CyLLECTBYIOT OAHAKO 1 CMEeLLAHHbIe

CUCTEMBI, B KOTOPbIX UMEIOTCSi napameTpbl 060mx
BWJOB. [leNieHrie CUCTEM Ha HeNpepbIBHbIE U AVCKPETHbIE
ABNISIETCS YCIOBHLIM U ONpeaensieTcst Heo6XoAnMoii cTe-
NEeHbIO TOYHOCTW UCCNENyEMOro NpPoLLecca, TEXHUYECKN-
MU 1 MaTeMaTuieckumu yaobcteamu. HekoTopble npo-
LECCbl UM BENNYMHDBI, UMEIOLLIME OUCKPETHYIO Npupoay,
Hanpumep 3NeKTPUYECKNA TOK (AMCKPETHOCTb 3NeKTpUu-
4ecKoro 3apsifa: OH He MOXeT ObiTb MeHbLUE, YeM 3apsy,
971eKTPOHA), YA0OHO ONUChIBATL HENMPEPBLIBHBIMW BENNYN-
Hamu. B gpyrux cny4asix, Ha060pOT, HeMpPepbIBHbIMA NPO-
LLeCC UMEEeT CMbIC/I ONMCbIBAaTh JUCKPETHBIMU MapamMe-
TpaMu.

B knbepHeTVKe 1 TEXHUKE NPUHATO AeNeHnNe CUCTEM Ha
[eTEPMUHVPOBaHHbIE N BEPOSITHOCTHbIE. [leTepMUHMpO-
BaHHbIE CVICTEMBI, 3/IEMEHTbI KOTOPOV B3aVMOAEVCTBYIOT
onpefeneHHbIM 06pa3oM, COCTOSIHME U MoBefeHVe ee
Npe/CckasbiBaloTCA OJHO3HAYHO U OMVICHIBAIOTCS OJHO3-
HayHbIMU GYHKUMsIMW. [oBeaeHue BEepPOSITHOCTHBIX CU-
CTEM MOXHO ONpeaennTb C HEKOTOPOW AoNel JOCToBEp-
HOCTU.

Cuctema HasblBaeTCst 3aMKHYTOM, €CNN ee dNIeMeHTbl
06MeHMBalOTCs cUrHanamu Tonbko mexay coboit. He-
3aMKHYTbIe, UM OTKPbITbIE, CUCTEMBbI 0683aTeNbHO 06-
MEHMBAIOTCS CUTHANIaMV C BHELLHEe Cpeaoii.

J1ns BOCNpUSiTUSi CUrHaNoOB 13 BHELLHEN cpeapl 1 nepe-
[aun Ux BHYTPb CUCTEMbI BCSKasi OTKpbITasi cuctema
obnagaeT peuenTopamu (AatdMkaMu uam npeobpasosa-
Tensimu). Y Xu1BOTHbIX, Kak Y KNGEPHETUYECKOW CUCTEMBI,
peuenTopamy SBASIOTCA OpraHbl 4yBCTB — OCSi3aHVe,
3peHue, CNyX U HOe, Y aBTOMAaTOB — AATHYMKU: TEH30ME-
Tpuyeckne, GoTOINEKTPUYECKNE, MHAYKLVIOHHBIE U T. [,
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9. OCHOBbI ME€XaHUKN

MexaHukoW HasblBaloT paspen Gpuankn, B KOTOPOM
13y4aeTcsi MEXaHUYECKoe ABVKEHNE MaTepuanbHbIX Te.
Mop, MexaHUYeckM ABUXEHUEM MOHUMAIOT U3MEHEHVe
MOJIOXEHUS TENa UK €ro YacTe B MPOCTPAHCTBE C Teve-
HVEM BPEMEHW.

Jns MenunkoB aTOT pasfen NpeacTaBAseT UHTepec no
cneayioLWyM NpuYnHaMm:

1) NOHMMaHVE MEexXaHWKN ABVXEHWs LeNoro opraHuama
LNs uenen CnopTUBHOM MU KOCMWUYECKON MeauUMHbI,
MEXaHVKM OMOPHO-[BUraTeNlbHOro annapara YesioBe-
Ka — ONs uenen aHatomum 1 Grusnmonoruu;
3HaHVe MeXaHW4ecknx CBOWCTB GMosornyeckux Tka-
Hel 1 XUOKOCTen;
NnoHMMaHne GU3N4YEeCKMX OCHOB HEKOTOPbIX nabopa-
TOPHbIX METOAUK, NCMOJIb3YyEMbIX B MPaKTUKe MeaAnKo-
61ONOrNYECcKNX UCCNeNOBaHWI, HanpuMep LEHTPU-
GbyrmposaHus.
MexaHuka BpawaTenbHOro ABWXEHUs abCOoNOTHO
TBEPAOro Tena

AGCOMNIOTHO TBEPALIM TENOM Ha3biBalOT Takoe, pac-
CTOsHNE Mexay no6bIMN ABYMS$ TO4KaMM KOTOPOro Hen3-
MeHHO. Mpu asmxeHnn paamepbl 1 dopma abContoTHO
TBEPAOro Tena He n3meHsoTcs. bbicTpoTa BpalleHus Te-
na xapakTepuayeTcs YrnoBOW CKOPOCTbIO, PaBHOW nep-
BOW NPOM3BOAHON OT yrna NnoBOpoOTa paanyc-BekTopa no
BpPEMEHU:

L

da
w=—.
at
Yrnosasi CKOPOCTb €CTb BEKTOP, KOTOPbLIN HAaNpasneH no
OC1 BpalLeHUs M CBA3aH C HanpaB/ieHMEM BpPaLLEHUS.
BeKTOp yrnosoﬁ CKOpPOCTU B OT/ZIYiME OT BEKTOPOB CKOPO-

11. CouneHeHusa u pblyarn
B OMOPHO-ABUraTeIbHOM
annapare Yenoseka. dpromeTpus

JB/XYLLIMECS HAaCTN MEXaHN3MOB 00bI4HO ObIBAIOT COe-
AVHeHbl YacTsMu. MoaBkHOE COeaMHEHNE HECKOSBbKUX
3BeHbeB 06pasyeT KMHeMaTUHeCKylo CBsi3b. Teno 4eno-
BeKa — NpuMep KMHemMaTn4eckoi casian. OnopHo-asura-
TenbHas cCMCTEMA YeNOBEKa, COCTOSILLAS U3 COYNIEHEHHbIX
Mexay coboit kocTel ckeneta 1 MbillL, NpeacTaBnseT
C TOYKM 3peHus PU3NKN COBOKYNHOCTb pbIHaros, yaep-
XMBaeMbIX YEJIOBEKOM B paBHOBecUW. B aHaTtomun pas-
JIN4aoT pbl4arn Cuibl, B KOTOPbIX MPOUCXOAUT BbIUIPbILL
B CWJIE, HO MPOUIPBILL B MEPEMELLEHUM, U Pbl4arn CKopo-
CTW1, B KOTOPbIX, MPOUIrpbiBas B CUJie, BbIMIPbIBAKOT B CKO-
POCTU NepemeLLeHnst. XOpOLLVM NPYMEPOM pblyara CKo-
POCTM SIBASIETCA HUXHAS 4entocTb. JlencTayowasa cuna
OCYLLECTBNSIETCA XeBaTesbHOW MblwLen. MNpotusoaeit-
CTBylOWAsi cuna — COMPOTUBNEHVE pa3faBivMBaemoin
nULWW — AEencTBYET Ha 3yObl. Mn1e4o AeicTByIOLLE CUnb
3HaunTENIbHO KOPOYe, Yem y cuil HpOTMBOﬂ,eVICTBMﬂ, nosa-
TOMY XeBaTesibHasi MbllLLA KOPOTKas 1 cunbHast. Koroa
HaZ0 Pasrpbi3Tb 4TO-NMGO 3ybamu, yMEHbLIAETCS Nieyvo
CWJIbl COMPOTUBIIEHMSI.

Ecnun paccmaTpuBaTb CKesleT Kak COBOKYMHOCTb OT-
OeNbHbIX 3BEHbEB, COEJVHEHHbIX B OOWH OPraHvuaM, To
OKaXeTCsl, 4TO BCE 3TU 3BEHbA NPU HOPMaSIbHOW CTOWKe
06pasyloT CUCTEMY, HAaXOZSILLYIOCS B KpaiHE HEYCTON4M-
BOM paBHOBecuun. Tak, ornopa Ty/noBuLLa NpeacTaBieHa
LLIAPOBbLIMI MOBEPXHOCTAMU Ta306e4pEeHHOrO CoyleHe-
HUS. LLeHTp Macchl TynoBULLA PACMONOXEH BbilLE ONOPbI,
YTO NPW LLIAPOBOA OMOPE CO3AaeT HEYCTONYMBOE PAaBHOBE-
cue. To e OTHOCUTCS U K KONI€HHOMY COeANHEHWIO, U K TO-
JIEHOCTOMHOMY. Bce 3T1 3BeHbsi HAXOASTCA B COCTOSHUN
HEYyCTOW4MBOro paBHOBECUS.

MoMeHT cunbl. MOMEHTOM CW/bl OTHOCUTENBHO OCKU
BPALLEHVS HAa3bIBAIOT BEKTOPHOE MPOV3BEAEHUE paav-
yC-BEKTOPa Ha cuny:

M;=r, xF,

roe ruF, — Bextopsl.

MomeHT uHepummu. Mepoii uHepLMn Ten nNpu NocTy-
naTtenbHOM ABMXEHNN ABNSeTCA Macca. VlHepTHOCTb Ten
npn BpawateslbHoOM OBMXEHUU 3aBUCUT HEe TOJIbKO OT
MacChl, HO 1 OT pPacnpeaeseHVs ee B NPOCTPAHCTBE OT-
HOCUTENIbHO OCW.

MomeHToM nHepummn Tesna OTHOCUTENIbHO OCU Ha3blBa-
0T CYMMY MOMEHTOB MHEPL N MaTepuasibHbIX TOYEK, U3
KOTOPbIX COCTOUT TENO:

N
J=Ymr?.

MOMEHT MHEPLMV CMJIOLWIHOIO TeNa 06bIYHO OMNpeaensi-
0T UHTErPUPOBAHMEM:

J= J r’dm.
nosceit
wacee
Tera
MOMEHT MMMYSLCOB Tena OTHOCUTENbHO OCU paBeH
CyMMe MOMEHTOB UMMYNbCOB TOYEK, 13 KOTOPbIX COCTONT
[naHHoe Teno:

N
L=Y"J,.

KuHeTuyeckas aHeprus Bpawjaiowero tena. [puv Bpa-
weHnn Tena ero KMHeTn4eckasa aHeprmusa cknagblBaeTca

12. MexaHn4yeckune konebaHus

[MoBTOpPSIOWMNECH ABUXKEHUS (MM UBMEHEHUS COCTOS-
HWS) Ha3bIBAOT KONebaHUAMN (NEPEMEHHbIN aneKkTpuye-
CKUIA TOK, SIBiEHWE MasTHuKa, paboTa cepaua v T. n.).
Paznnuaiort:

1) cBob6oaHbIE, UM COBCTBEHHbIE, KONebaHns — Takue
Kone6aHus, KOTOpble MPOUCXOAAT B OTCYTCTBUE Nepe-
MEHHbIX BHELIHWUX BO3QENCTBUIA Ha KonebaTesnbHyio
CHCTEMY 1 BO3HMKAIOT BCNEACTBME Kakoro-nmbo Ha-
4anbHOrO OTKJIOHEHWSI ATOV CUCTEMbI OT COCTOSIHUS €€
YCTONYMBOro paBHOBECUS;
BbIHYX/€eHHble konebaHns — konebaHusi, B mpouecce
KOTOPbIX KOMEGIOLAsCcs crUcTeMa NnoaBepraeTcs BO3-
[LeICTBMIO BHELLIHEN NeproamyeCcky MEHSIIOLLIENCS CUIbl;
rapmoHuyeckvie konebaHvnsi — aTo konebaHus, npu
KOTOPbIX CMELLEHNE WM3MEHSIETCS MO 3aKOHY CUHYCa
VNN KOCKHYCa B 3aBUCUMOCTY OT BpeMeHn. CkopocTb
1 YCKOPEHUE TOUKW BLOJb OCU X PaBHbI COOTBETCTBEHHO:
e sin(awt +a)
ar 3 O )

@

vf%fv cos(wt+a) n a
d °

rae u, = Aw — amnanTyaa ckopocTy;
a, = AW2 = Uy W — amnInTysia yCKOPeHus;
3aTyxalolme konebaHns — konebaHns G yMeHbLuato-
LLWIMMICS BO BPEMEHW 3HAYEHUSIMN amMnnTy bl koneba-
HUM, 0ByCnoBNEHHbIE NOTEpel konebaTensHon cucte-
MO 3HepPrn Ha NPEoAONEHNE CUJTbl CONPOTUBAEHMS.
Mepvion 3aTyxaowmx konebaHuii 3aBucuT OT KoabPu-
LVEHTa TPeHUs 1 onpeaensieTcst Gopmynoi:
2r_ 2r

4)
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mma KUHETUYECKMX SHEPTUIl OTAENbHBLIX €ro ToYeK.
Jns TBEpOoOro Tena:

2.2 2 2
E :imlu, im,wr, :gzer:Jw
a2 g8 2 25 2

MpupasHsieM 3NeMEHTapPHYIO PaboTy BCEX BHELLHWX CuIl
rpy TaKoM MoBOPOTE K 3/IEMEHTAPHOMY U3MEHEHWIO KUHEe-
TUYECKOMN HEPTUN:

Mda = Jwdw,
oTkyna
M _jud?,
dt dt

cokpaliaemM 3TO PaBEHCTBO Ha w:

M=u°2,
dt

oTkyna

£=—m,
J

3akoH COXpaHeHuUss MOMeHTa uMnynbca. Ecnmn Cym-
Maprlﬁ MOMEHT BCEX BHELUHUX CU, ﬂeﬁCTBmeMX Ha Te-
10, PABEH HYJ0, TO MOMEHT MMMynbCa 3TOro Tesa ocTtaeT-
CSl NOCTOSIHHBIM. JTOT 3aKOH cnpasegivB He TOJNIbKO Ons
abcontoTHO TBepAoro Tena.Tak, AN CUCTEMBbI, COCTOsILLEN
13 N Ten, BpalaloLLmMxcs BOKPYr 00Lwel 0cu, 3aKoH coxpa-
HEeHNs MOMEHTa nMnynbca MOXHO 3anncaTb B <|>0pMe:

N
L=YJo,.
=

2 2
m Mpw 04eHb Manom TpeHun (ﬂ << ) nepuog 3a-

TYXaI0) 1610 KoneBGaHUs 630K K MEPUOAY HE3ATYXaloLLE-

ro cBo60aHOro koneGaHus
2r
T~=—.
@y

Ha npakTuke cTeneHb 3aTyxaHusi YacTo XapakTepuayloT
norapndmMmUYeckuMm JeKPEMEHTOM 3aTyXaHus s:
. alt T 1
ooin 20 __gr T_1
at+T) t N,
roe NI — yucno konebaHwii, B TEHEHNE KOTOPbIX amnin-
Tyna konebaHuii ymeHbluaeTcs B | pas.
KoadduumeHT 3atyxaHna n norapndpmuyecknin aekpe-
MEHT 3aTyxaHusi CBsi3aHbl [JOCTATOYHO MPOCTOW 3aBUCH-
MOCTbIO:
I=bT,
5) BbIHYX/A€eHHble konebaHus — konebaHusi, KOTopble
BO3HMKAIOT B CUCTEME MPU YHaCTUN BHELLHEN CUMbl. Ypa-
BHEHVIE IBUXEHUS BbIHYXAEHHbIX KonebaHuii umeeT Bua;:

2
Ix_ 6% kxiF,
dt at

roe F — BblHyxAaalowas cuna.
BhiHyXpaloLas cuna MU3MeHseTcs no rapmMoHU4ecKomMy
3akoHy F = F; coswt.

npodheccroHarnbsHoe peLlueHre 3agad

mcm W CUnbl SIBNSIETCS CKOMb3AWMM. Takum obpa-
30M, 3a/aHve BEKTOpPa W yKa3blBAeT MOJIOXeHue
0CU BpaLLEeHWs, HanpasfieHne BPaLLeHus i MOAYb Yriio-
BOW CKOPOCTY. BLICTPOTA U3MEHEHUS! YITIOBON CKOPOCTH
XapaKTepuayeTcs YroBbiM YCKOPEHVEM, PaBHbIM Nep-
BOV NPOM3BOAHON OT YrNOBOIM CKOPOCTM MO BPEMEHM:

€ =@ Vv B BEKTOPHON popme g:‘L‘”,
dt at

3 3TOro BMAHO, YTO BEKTOP YINIOBOr0 YCKOPEHWS COB-
najaeT no HarnpasJIeHNIO C 3/IEMEHTapPHbIM, OCTaTOYHO
MasibiM M3MEHEHMEM BeKTOpa YIIOBOM CKOPOCTM dw:
npv YCKOPEHHOM BPALLEHNM YINOBOE YCKOPEHUe Hamnpa-
B/IEHO TaK Xe, KaK U yrioBasi CKopoCTb, NPu 3aMepsieH-
HOM BpaLLEHUN — MPOTMBOMONOXHO eil. NpuBeaem
POopMynbl KUHEMATUKN BPaLLATENbHOrO ABUXEHUS TBEP-
[l0r0 Tena BOKPYr HEMOJABUXHON OCU:
1) ypaBHeHWe paBHOMEPHOIO BPALLATENLHOMO ABMXE-

Hus:

a=wtta,,

rae a, — HayanbHOE 3HaYeHve yrna;
2) 3aBMCMMOCTb YIJIOBOM CKOPOCTU OT BPEMEHU B paB-
HOMEPHOM BpaLLaTelbHOM ABVKEHNN:

w=et+w0,

roe Wy — HavanbHas yrnosas CKOpPOCTb;
3) ypaBHeHue paBHOMEpPeMeHHOro BpawaTenbHOro

ABUXeHUd:
et’
0= > + Wyt + &,.

LleHTp macchl Tena 4YenoBeka Npy HOPMasbHOMN
CTOIKE PaCroIOXEH Kak pa3 Ha OAHOM BepTvKanu
C LieHTpaMu Ta306epeHHOro, KOJIEHHOTO 1 FOJIEHOCTON-
HOrO COYNIEHEHWIA HOTW, Ha 2—2,5 CM HIXe Mbica KpecTua
1 Ha 4—5 cM Bblwe TazobenpeHHor ocu. Takum 06pasom,
3TO Camoe HeyCTOMYMBOE COCTOSIHVE HarpPOMOXAEHHbIX
3BEHbEB ckeneta. M ecnu Bcsi cucteMa AepXuTcs B paB-
HOBECUW, TO TONbKO Gnarogapst MOCTOSHHOMY Hanpske-
HVIIO NOAJEPXXUBAIOLLIX MbILLIL.

MexaHuyeckas paboTta, KOTOpyIo CrIOCOGEH COBEPLLUTL
4yenoBek B Te4eHne OHA, 3aBUCUT OT MHOImnx q)aKTOpOB,
No3TOMY TPYAHO YKa3aTb Kakylo-nmbo npeaenbHyio Benn-
4MHY. 3TO OTHOCUTCS U K MOLLHOCTW. Tak, Mpu KpaTkoBpe-
MEHHbIX YCUNAX YeNIOBEK MOXET pa3BMBaTb MOLLHOCTb
nopsaka HeCKONbKUX KMnosatT. Ecnv cnopTcmeH maccoi
70 Kr NOANPBLIrVBAET C MECTa Tak, YTO €ro LIEHTP Macchl
NOAHMMAETCs Ha 1 M MO OTHOLLIEHWIO K HOPMaJbHOM CTO-
ke, a ¢asa oTrankmsaHusa gnutcs 0,2 ¢, To OH pa3BuBaeT
MOLLUHOCTb okono 3,5 kBT. Mpu xoab6e yenosek coBepLua-
eT paboTy, Tak Kak Npu 3TOM 3Heprus 3aTpaynBaeTcsi Ha
nepuognyeckoe HebGosbLIOE MOJHATUE KOHEYHOCTEW,
rnaBHbIM 06Pa30M HOT.

PaboTa obpaluaeTcs B Hyflb, €CNN NEPEMELLEHUS HET.
MoaTomy, korga rpya HaxoauTCs Ha ornope Unv NoacTas-
KE WM NOABELLEH Ha LUECT, Cuia TSXKECTU He coBepLuaeT
paboTbl. OgHaKO, eCNv AepXxaTb HEMOABUXKHO HA BbITSHY-
TOW pyKe rvpio AWM raHTeNb, OTMe4aeTcs yCTanocTb
MBbILLL, PYKU 1 Mieya. TOYHO Tak Xe YCTaloT MbILLILLbl CTINHBbI
1 MOSICHNYHOM 061aCTU, €CNM CUASILLLEMY YENIOBEKY MOMe-
CTWTb Ha CMUHY rpys3.
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13. MexaHu4yeckue BOAHbI

MexaHu4yeckue BOJMIHbI — 3TO BO3MYLLEHUs, pacnpo-
CTPaHsIoWMecst B NPOCTPAHCTBE U HeCyLMe SHepruio.
PasnuyaloT ABa BUAA MEXaHWYeCKUX BOJH: yrpyrue Bos-
Hbl W BOJIHbI HA MOBEPXHOCTU XMAKOCTEN.

Ynpyrvie BofHbI BO3HUKAIOT Gnarofapsi CBA3sM, Cylie-
CTBYIOLLIMM MEXZY YacTMLAMU Cpeabl: NepemeLleHne oa-
HOW 4aCTuLbl OT MOJIOXEHWsI PABHOBECUS NMPUBOAMT K ne-
peMeLLeHUNIO COCeAHMX HacTuL,

MonepeyHas BonHa — 3TO BOJIHA, HANpaBJieHue 1 pac-
NPOCTPaHEHNe KOTOPON MEPRnEHAMKYSPHLI Hanpasne-
HUIO KonebaHuii ToYeK cpeapl.

MpoponbHasi BOIHa — 3T0 BOJIHA, HAanpasJieHne v pac-
NPOCTPaHEeHVe KOTOPOI COBNafaloT C HanpaBneHNeM Ko-
nebaHuin Touek cpenpl.

BonHoBasi NOBEPXHOCTb raPMOHWNYECKOV BOJIHbI — Of-
HOCBSI3Hasi NOBEPXHOCTL B CPeae, NpefCcTaBnsiowas co-
601 reomeTpuyeckmn n1mbo cuHdasHo (B oaHol dase) psig,
KonebnioLyXcs To4ek cpefbl NPy rapMOHMYeckol bery-
el BoNHe.

®DpOHT BOMHbI — camMas ganekas B AaHHbIA MOMEHT
BOJIHOBAsi MOBEPXHOCTb, KyAa [AOLLIA BOJSHA K 3TOMY MO-
MEHTY.

Mnockasa BonHa — BosHA, GPOHT KOTOPOW NpeacTasns-
eT cob0oi1 NNOCKOCTb, MEPNEHANKYIISIPHYIO pacnpocTpaHe-
HUIO BOJTHbI.

Cdepuueckasn BosiHa — BONHA, GPOHT KOTOPOW Npea-
cTaBnisieT chepuyeckylo NOBEPXHOCTb C PaANyCOM, COB-
nafaioLLyM C HanpaeieHNeM PacnpoCTPaHEHUs! BOJHbI.

MpuHumn MNonreHca. Kaxpaas Touka cpeabl, O KOTOpOoi
[A0LUIO BO3MYLLEHME, CamMa CTAaHOBUTCS ICTOYHWUKOM BTO-
PUYHBIX ChEPUYECKUX BOSTH. CKOPOCTb pacnpoCTpaHeHst
BOJIH (ha3oBasi) — CKOPOCTb PacnpoOCTPaHEHNst NOBEPX-

15. AkycTtuka

AkycTuka — o6nactb G13nKku, uccnenytoLias ynpyrue
KonebaHus ¥ BOJHbI OT CaMbIX HWU3KUX Y4acTOT A0 Mnpe-
AenbHo Bbicokunx (1012—1013 u). CoBpemeHHasi aky-
CTUKa OXBaTbIBAET LUMPOKUIA KPYr BOMPOCOB, B Heli Bblae-
NAT psiA pasgenoB: ¢usMyeckas akyctuka, KoTopas
n3yyaeT 0COBGEHHOCTV PACcNpPOCTPaHeHUs ynpyrux BOMH
B pas3NnyHbIX cpejax, hpusmonormyeckas akyctmka, uay-
YaloLLast yCTPOVCTBO 3BYKOBOCMPUHUMAIOLLIVIX U 3BYKOOO-
pasyioLLyX OPraHoB Y YEN0BEKa W XMBOTHbIX, U Ap.

oA, akyCTUKOM NOHUMAIOT y4eHME O 3BYKe, T. €. 06 ynpy-
rux koneGaHusx 1 BOSIHAX B rasax, XWAKOCTSX U TBEPAbIX
Tenax, BOCNPUHUMAEMbIX YE/I0BEYECKMM YXOM (4acTOTbI
oT 16 go 20 000 lu).

Cnyx siBNsieTCst 06BbEKTOM CyXOBbIX OLLYLLIEHWI, No3-
TOMY OLIEHMBAETCS HEIOBEKOM CYGbEKTUBHO. BocnpuHu-
Masi TOHbI, YeN0BEK PasfinyaeT vx Mo BbICOTe.

BbicoTa — CyGbekTVBHAs XapakTepucTuKa, 00YCOBIeH-
Has npex/e BCero 4acToTON OCHOBHOrO TOHA. B 3Hauu-
TeSIbHO MeHbLLIEH CTEMNEHWN BbICOTA 3aBUCUT OT CNIOXHOCTU
TOHA U €r0 UHTEHCMBHOCTU: 3BYK 6OJbLLEN MHTEHCUBHOCTU
BOCTPMHMMAETCS Kak 3BYK 60/1ee HA3KOro ToHa.

Tembp 3ByKa MOYTU MCKNIOYUTENIbHO ONpeaenseTcs
CreKTpasbHbIM COCTaBOM. PasHble akycTuyeckue criek-
TPbl COOTBETCTBYIOT Pa3HOMY TEMOPY, XOTSi OCHOBHOM TOH
W, CeoBaTesbHO, BbICOTA TOHA OAMHAKOBbI.

POMKOCTb XapakTepusyeT ypOBEHb CJIyXOBOrO OLLy-
weHmsi. HecMoTpsi Ha CYyGbEeKTUBHOCTb, MPOMKOCTb MO-
XeT BbITb OLEHEHa KONIMYECTBEHHO NYTEM CPaBHEHWS Cy-
XOBOTO OLLYLEHNsi OT [ABYX WCTOYHMKOB. B ocHose
CO3[aHus LLKasIbl yPOBHEN FPOMKOCTM NIEXUT NCUXODU3N-
Yyeckuin 3akoH Bebepa-dexHepa. CornacHo 3TOMy 3aKOHY,
ecnv yBenuuMBaTb pasfpaxeHue B reoMeTpuveckoit

npodheccroHarnbsHoe peLlueHre 3agad

14. 3ddekT Aonnepa.

AddexTom [lonnepa Ha3bIBAETCH M3MEHEHME YACTO-
Tbl BOJIH, PEFMCTPUPYEMOW NMPUEMHUKOM, KOTOpPOe npo-
ncxoauT BCcneacTeme ABUXEHUS UCTOYHUKA 3TUX BONH
M npuemHuka. Hanpumep, npu npuGanxeHun K Heno-
ABUXHOMY HabnoaaTento 6bICTPO ABUraloLLerocs noes-
a TOH 3BYKOBOIro CUrHana nocnenHero Bbille, a npuv yaa-
JIeHn noesaga — HMXe ToHa CurHana, nogaBaemMoro Tem
e Noe3aoMm, Korga OH CTOUT Ha CTaHUUN.

Mpeactasum cebe, 4TO HaGnopaTenb NpuénmxaeTcs
CO CKOPOCTbIO UH K HENOABMXHOMY OTHOCUTEJIbHO Cpeabl
NCTOYHUKY BOJIH. I'Ipm 3TOM OH BCTpEeYaeT 3a OAuH N TOT
WHTEepBan BpemMeHu 6osbLie BOJIH, 4eM Npu OTCYTCTBUN
ABVXEHUSA. 10 0O3Ha4aeT, 4TO BOCNpUHMMaeTCs YacTtoTa
V)V/ 6onblue 4acToThbl BOJIHbI, VICI'IyCKaSMOI?I UCTOYHMUKOM.
Ho ecnv annHa BONHbI, 4acToTa U CKOPOCTb pacnpocTpa-
HEeHnsA BOJIHbI CBA3aHbl COOTHOLLEHNEM:

TO

v
VNN C y4eToM A =—
v

AddekT Jonnepa MOXHO MCNONL30BaTh A5 onpene-
JIEHWsi CKOPOCTM ABUXEHUS Tena B cpeae. [Ins MeanumHbl
3TO MMeeT ocoboe 3HaveHue. Hanpumep, paccMoTpum
Takow cnyyai. leHepaTop ynbTpa3Byka COBMELLEH C Npu-

16. ®dusnyeckne oCHOBbI 3BYKOBbIX
MeTOA0B UCCNIEA0BaHUSA B KIIMHUKE

3BYK, Kak 1 CBET, SIBNIIETCSt UCTOYHUKOM UHbOpMaLmK,
1 B 9TOM €ro rnaBHOe 3HaveHue. 3BYKU NPMPObl, Peyb
OKPYXatoLLYMX HAC JIoAeN, LyM paboTaloLmX MaLLH MHO-
roe coo6LaloT Ham. 4To6bl NPeACTaBUTb 3HAYEHME 3BYKa
[ANs 4enoBeka, AOCTaTOYHO BPEMEHHO NNLLNTL cebst BO3-
MOXHOCTW BOCTPUHUMATL 3BYK — 3aKpbIThb yln. Ecte-
CTBEHHO, YTO 3BYK MOXET ObITb U UCTOYHNKOM UHpOPMA-
LN O COCTOSIHWW BHYTPEHHMX OPraHoB YesioBeka.

PacnpocTpaHeHHbIn 3ByKOBOI METOZ, ANArHOCTUKM 3a-
6GoneBaHnii — aycKynbraums (Boicnywmsanve). [ins ay-
CKyNbTaLMU UCMOMb3YIOT CTETOCKON MAn (GpOHEHAOCKOM.
DoHeHJ0CKON COCTOUT M3 MooV Kancysbl ¢ nepeaaio-
Leli 3ByK MEMOPaHOW, NpUKIaaLIBaemMoi K Teny 601bHO-
ro, OT Hee UayT pe3nHoBble TPYOKM K yxy Bpaya. B nonoi
Karcyne BO3HMKAeT pe3oHaHC cTonba Bo3pyxa, BCnen-
CTBME Yero YCWIMBAeTCsi 3By4aHue W yiydlaeTcs ay-
ckynsTauust. Mpu ayckynsTaumm ferkvMx BbICAYLUMBAOT
AblXaTteNibHble LWYMbl, Pa3Hble XPUMbl, XapakTepHble O
3abonesaHuii. Mo N3MEHeHMI0 TOHOB cepaua 1 nosiBne-
HMIO LLIYMOB MOXHO CYAWTb O COCTOSIHUW CEPAEHHOI Aesi-
TeNbHOCTU. MICnonb3ys aycKynbTauuio, MOXHO YCTaHO-
BUTb HaIM4ME MEPUCTANBTUKUA XesyaKa U KULLIEYHUKA,
npocnywarb cepaLebueHvie nnoaa.

Jns 0NHOBPEMEHHOr0 BbICNyLUMBaHWS BONIBHOMO Hec-
KOJIbKUMUW UCCNeaoBaTensiMu ¢ y4ebHO Lenbio nan npm
KOHCUAIYME MCMONbL3YIOT CUCTEMY, B KOTOPYIO BXOAST
MUKPOGOH, YCUAUTENL U FPOMKOrOBOPUTENb WAN Hec-
KONbKO TeNedOoHOB.

[inst AnarHoCTVKN COCTOSIHUS CEPAEYHON [eSTENbHOCTN
NpUMeHSIeTCs MeTof, NOA0GHLIV aycKybTaLmm 1 HasbiBa-
eMblii poHokapavorpadpmein (PKI). 10T meTog 3aKnio-
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E€MHVKOM B BUAE HEKOTOPOW TEXHNYECKOWN CUCTEMBI.
TexHu4eckasi cUCTeMa HenoaBuXHa OTHOCUTESNTbHO
cpenbl.

B cpefe co CKopOCTbIO Uy ABIXETCA 06bekT (Teno). le-
HepaTop Wany4aeT ynbLTPasBykK C 4acTOTOW v,. [Buxy-
wMca 06bEKTOM BOCMPUHMMAETCs YacToTa v,, koTopas
MOXeT ObITb HailaeHa no popmyne:

2v,
v, = Ovrv
v
roe v — CKOPOCTb PAacrpoOCTPaHeHWs MexaHW4ecKoW

BOJIHbI (YNbTPasByka).

B MeauUMHCKMX NPUNOXEHUSIX CKOPOCTb YbTpa3Byka
3HaunTeNbHO Gonblle CKOPOCTH ABUXEHUs obbekTa (u >
> Uy ). Ana aTux cnyyaes umeem:

V+U, V+D,
v, = =—2v,.
A v

AddekT [lonnepa ncnonb3yeTcs Ans onpeneneHns cko-
POCTU KPOBOTOKA, CKOPOCTM ABWKEHVS! KITaNaHOB U CTEHOK
cepaua (oonneposckast axokapanorpadusi) U opyrux op-
raHoB; NOTOKa dHeprumn BosiH. BonHoBoW npouecc cea3aH
C pacnpocTpaHeHnem aHeprum. KonmyecTBeHHOM xapak-
TEPUCTUKON OT BHEPrm SIBJIIETCSA MOTOK 3HEPru.

MoToK 3Heprun BOSIH paBeH OTHOLLEHUIO 3Hepruu, ne-
PEHOCVMOlI BOSIHAMW Yepe3 HeKOTOPYIO MOBEPXHOCTb, K
BPEMEHU, B TEHEHME KOTOPOro 3Ta IHEPIUs NepeHeceHa:

»-%
dt

EnvHvuelt noToka aHeprumn BosH siBnsieTcs BaTT (BT).

MoTOK 3HEPrvK BOJIH, OTHECEHHbIV K NOLLaAn, OPUeH-
TUPOBAHHOW NEPNEeHANKYNIIPHO HaMpPaBAEHMIO pacnpo-
CTPaHEeHWsi BOJIH, HAa3bIBAIOT MIIOTHOCTLIO MOTOKA 3HEPrun
BOJIH, U MHTEHCMBHOCTBIO BOJTH.

mwaemq B rpaduyeckoit permcTpaumy TOHOB 1 LWy-

MOB CepALa U UX OMarHoCTUYeCcKoin uHTepnpeTa-
umn. 3annck GOHOKApAVOrpaMMbl MPOU3BOAST C MOMO-
w0 poHokapanorpada, CoCToAWEro u3 MMkpodoHa,
YCUNUTENS, CUCTEMbI HaCTOTHbLIX GUNLTPOB U PErncTpu-
pylOLLEro yCTpoCTBa.

MPUHUMNNANBEHO OTIMYHBIM OT ABYX U3MTOXEHHDBIX BbILLE
3BYKOBbIX METO/10B SIB/IETCSH NEepPKyCcCuUs. I'Ipw 3TOM Me-
TOAE BbIC/YLUMBAIOT 3BY4YaHWE OTAENbHbIX YacTei Tena
npu Mx NPOCTyKMBaHUW. CxemMaTU4yHO Teno 4enoseka
MOXHO NpeacTaBUTb Kak COBOKYMHOCTb ra30HAMNOJIHEH-
HbIX (Nerkux), XnaKnx (BHYTPEHHWE OpraHbl) U TBEpAbIX
(kocTb) 06bemoB. pn yoape No NOBEpPXHOCTW Tena BO3-
HVKaIOT KonebaHus, 4acToTbl KOTOPbIX MUMEIOT LUMPOKUIA
AvianasoH. M3 aTtoro ananasoHa ogHu konebaHus norac-
HYT I0BONILHO GbLICTPO, Apyrue Xe, coBnaaatoLye ¢ cob-
CTBEHHbIMW KoniebaHusMn nycToT, ycunatcsa u Bcnen-
CTBME pe3oHaHca OyayT cnbilwmMbl. OnMbITHBIA Bpay Mo
TOHY NePKYTOPHbIX 3BYKOB ONPeAENnsieT COCTOsIHME 1 pac-
nonoxexve (ToHorpaduio) BHYTPEHHNX OPraHoBs.

npodheccroHarnbsHoe peLlueHre 3agad

HOCTM paBHOW ¢a3bl AN rapMOHUYECKON BOJHbI.
CKOpOCTb BOJIHbI PaBHA MPOV3BEOEHMIO 4acTOThI
Kone6aHuii B BOSIHE Ha AJIVHY BOJIHbI:
n=l.

Crosiuasi BOsIHA — COCTOSIHWE Cpefbl, Mpu KOTOPOM
PacnonoXeHvie MakGVMyMOB 1 MUHVIMYMOB NepemelLie-
HW1 KONEBIOLLIMXCS TOYEK HE MEHSIETCS BO BPEMEHN.

Ynpyrue BosiHbl — ynpyrue BO3MyLLEHUS, pacnpocTpa-
HSIOLWMECS B TBEPAOI, XMOKO 1 ra3oobpasHoi cpepax
(Hanpumep, BOJIHbI, BO3HMKAIOLLME B 3€MHOI KOpe npu
3eMNIeTPSACEHUN, 3BYKOBbIE W YNbTPa3BYKOBbIE BOJHbI
B ra3006pasaHbIX, XUAKMX 1 TBepAbIX Tenax).

YoapHble BOSHbI — OAVH U3 PacrnpOCTPaHEHHbIX Mpu-
MEpPOB MEXaHWMYEeCKO BOJHbI. 3ByKOBasi BOJIHA — Kosie-
6aTenbHble JBUXEHUS YacTuL, ynpyrovi cpefsl, pacnpo-
CTpaHsiiolWmMecs B BuAe ynpyrvx BOnH (Aedopmauuu
cxXatus, CABUra, KOTopble MEPEHOCSTCS BOSHAMM 13 Of-
HOW TOYKM Cpeabl B APYryl0) B ra30006pa3HoOi, XUaKOW v
TBEPZOV cpefe. 3BYKOBble BOJIHbI, BO3ENCTBYS Ha opra-
Hbl C/lyXa Ye0BeKa, CroCO6HbI Bbi3biBaTb 3BYKOBbIE OLLY-
LLEHWSI, €CNIN 4acTOThl COOTBETCTBYIOLLMX UM KonebGaHuii
nexart B npegenax 16 — 2 x 104 Iy, (cnblwmMble 3BYKM).
Ynpyrue BosHbI C YacToTamu, MeHblMm 16 I, HasbiBa-
toTCcs MHDPa3ByKOM, a ¢ YactoTamu, 6onblwummmn 16 My, —
ynbTpa3sykoM. CkopocTb 3Byka — ¢as3oBasi CKOPOCTb
3BYKOBbIX BOJIH B YNpyroi cpefe. CKopocTb 3Byka pasiny-
Ha B pa3nuuHbix cpefnax. CKOpoCTb 3ByKa B BO3Ayxe —
330—340 m/c (B 3aBUCUMOCTIN OT COCTOSIHUSI BO3AyXa).

POMKOCTb 3BYyKa CBsI3aHa C aHepruer konebaHwit B uc-
TOYHUKE U B BONTHE U, CneaoBaTefnibHO, 3aBUCUT OT aMnin-
Tyabl konebaHuii. BbicoTa 3Byka — KauyecTBO 3ByKa,
onpenensieMoe 4eN0BEKOM CyObEKTUBHO Ha CyX 1 3aBu-
csilliee B OCHOBHOM OT 4acTOThl 3BYKa.

nporpeccuu (T. €. B 0AMHAKOBOE YMCIO pPas), TO OLLy-
LLieHNe 3TOro pasapaxeHust Bo3pacTaeT B apudme-
TUYECKON MPOrpeccum (T. €. Ha OAVHAKOBYIO BENNYUHY).
MpUMEHNTENBHO K 3BYKY 3TO O3HAYaEeT, YTO eC/IN NHTEH-
CMBHOCTb 3BYKa MPUHUMAET Psif, MOCNEA0BaTE NbHbIX 3HaA-
YeHwuii, Hanpumep al0, a210, a3l0 (a — HekoTopbI KO3d-
duumenT, a > 1) 1 Tak fanee, To COOTBETCTBYIOLLEE UM
OLUyLLieHe rpoMKOCTM 3Byka paBHo EO, 2E0, 3EO0 u T. 4.
MartemaTtunyeckmn aTo 03Ha4aeT, YTO rPOMKOCTb 3BYyKa MPOo-
nopuyvoHasnbHa JiorapudMy MHTEHCUBHOCTU 3Byka. Ecnn
[EefiCTBYIOT [1Ba 3BYKOBbIX Pa3fpaXeHUs C MHTEHCUBHO-
ctamu | 1 10, npudem 10 — NOpoOr CALILLMMOCTH, TO HA OC-
HOBaHWMM 3akoHa Bebepa-PexHepa rpoOMKOCTb OTHOCU-
TENbHO Hero CBsi3aaHa C MHTEHCUMBHOCTAMU CEAyIOWUM
obpasom:
E=kLIg L
/0
roe k — HekoTopblit KO3DPULIMEHT NMPOMOPLMOHABHO-
cTn, SGBVICRIJ_WIVI OT 4aCTOTbl K UHTEHCUBHOCTW.
MeTop, usmepeHwsi OCTPOTLI 3ByKa Ha3blBalOT ayano-
meTpueir. Mpy ayavoMeTpumn Ha cneumanbHoM npubope
(ayanomeTpe) onpeaensioT Nopor CAyxXOBOro OLLYLLEHNS
Ha pa3HbIX YacTOTaXx; Mosy4eHHast KpyBasi Ha3blBAeTCs ay-
Avorpammoit. CpaBHeHve ayavorpaMmel 60SIbHOTO Yeno-
BeKa C HOpMasibHOM KPUBOI Mopora CayxoBOro oLlylie-
HWSI MOMOraeT AVarHoCTUpoBaTh 3abosieBaHe OpraHoB
cnyxa.
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17. dusuka cnyxa

CnyxoBasi cuctemMa CBSI3blBAE€T HENoCPeACTBEHHbIN
NPUEMHVK 3BYKOBO BOJIHbI C FOIOBHBIM MO3IOM.

Mcnonb3ys NoHATUS KWGEPHETUKU, MOXHO CKa3aTb, H4TO
CNyxoBasi CUCTeMa Mony4aet, nepepabaTbiBaeT U nepe-
naet uHdopmaumio. M3 Bcei CnyxoBoW cuCTEMbl Anst
paccMoTpeHns GU3NKU Ciyxa BbIAENSIOT HapyXHoe,
cpeaHee v BHyTPEHHee yXo.

HapyxHoe yx0 COCTOMT 13 YLLHON PakoBWHbI N HApyX-
HOrO CNlyXOBOro npoxopa. YlHas pakoBuHa y YesioBeka
He UrpaeT CyLLeCTBEHHOM ponu s cinyxa. OHa cnoco6-
CTBYET ONpeAeneHuio JIoKann3aumm UCTO4HKKA 3ByKa Npun
€ro pacrnosioxXeHn — 3BYK OT UICTOYHMKA NONaJaeT B yiu-
HYIO PaKkOBUWHY. B 3aBUCMMOCTH OT MOSIOXEHNS UCTOYHMUKA
B BEPTUKAJNbHOM NNOCKOCTU 3BYKOBbIE BOMHbI OyayT no
pasHomy AvdparmpoBaTh Ha YLIHON pakoBUHE U3-3a ee
cneunduryeckolrt Gopmbl. 3TO MPUBOAUT U K Pa3HOMY 13-
MEHEHMIO CMNeKTPasbHOro cocTaBa 3BYKOBOW BOJHbI,
nonajaioliei B CNyxoBoW Npoxof,. Yenosek Hay4uncs
accouMMpoBaTh U3MEHEHWe CrnekTpa 3BYKOBOM BOJIHbI
C Harnpas/IeHMeM Ha UCTOYHUK 3BYKa.

Pa3nnyHbiMm Hanpas/ieHUsAM Ha UCTOYHUK 3BYyKa B ropu-
30HTaJIbHOM NNI0CKOCTY ByyT COOTBETCTBOBATH PA3HOCTU
das. CyMTaloT, 4TO YENOBEK C HOPMAJIbHLIM CJTYXOM MOXET
dJVIKCI/IpOBaTb Hanpas/eHna Ha UCTOYHUK 3ByKa C TOYHO-
CTblo A0 3°, 3TOMy COOTBETCTBYET pasHoCTb a3 — 6°.
MoaToMy MOXHO nonaraTb, 4TO YeNnoBeK CNocobeH pas-
n4aTb USMEHeHne pa3HoCTU ¢33 3BYKOBbIX BOJIH, nona-
[AIOLLVX B €r0 YLIW, C TOYHOCTbIO A0 6°.

Kpome dazoBoro pasnunyus, buHaypanbHoMy apdekTy
Cnoco6CTBYeT HEOAMHAKOBOCTb MHTEHCUBHOCTEN 3BYKa

Y PasHbIX YL, a Takxke 1 «akyCTUYeckas TeHb» OT roJio-
Bbl 0 OHOIO yXa.

19. lmppopuHamuka

MmapoavHamuka — pasgen GrUsnku, B KOTOPOM M3yya-
10T BOMPOCHI ABMXXEHUS HECKMMAEMBIX XUAKOCTEN 1 B3au-
MOﬂeMCTBMe MX NMpuY 3TOM C OKpyXawwummn TBepabiMn
Tenamu, yuyeHus o fecopmaLmsix U TeKy4eCTu BeLLecTsa.

COBOKYMHOCTb METOZI0B U3MEPEHMS BI3KOCTU Ha3blBa-
eTcsa BMCKO3UMeTpurel, a Npubopsl, NCnosb3yemble Ans
Takvx uenei, — BUcKkoaumeTpamu. Hanbonee pacnpo-
CTPaHeHHbIVi METOA, BUCKO3UMETPUN — KanUISIpHbIA —
3aKJilo4aeTcs B USMEPEHUN BpeMeHU npoTekaHus Yyepes3
Kanunnsip XuaKoCcT! U3BECTHOW MaccChl Mog, AeincTerem
CWJTbl TAXECTU NPK ONpeaeNeHHOM nepenaae AaBneHuin.
KanunnspHelii BUCKO3MMETP NPUMEHSIETCA ANa onpene-
JIEHWs BSIBKOCTU KPOBMU.

MpUMEHSAITCA TakXe POoTaLNOHHbLIE BUCKO3UMETPbI,
B KOTOPbIX XWAKOCTb HAXOAUTCS B 3a30pe MeXAy ABYyMS
COOCHbIMW Tenamu, Hanpumep uunuHapamu. OpguH u3
UMAMHAPOB (POTOP) BpalLlaeTcs, a Apyroi Manonoasu-
XeH. BSI3KOCTb N3MepsieTcs No yrnoBoi CKOpoCTH poTopa,
CO3[alOLLEro OnpeneneHHbli MOMEHT CUIbl Ha Hemno-
ABVWKHOM LVIMHAPE, WU MO MOMEHTY CWUJlbl, AENCTBYIO-
LEMy Ha HEMOABMXXHOM LIVSIMHAPE, WY MO MOMEHTY CU-
Nbl, AENACTBYIOWEMY Ha HEMNOABUMXHBLIA UMAVHAD, Npu
3aaHHO YrNoBOW CKOPOCTY BpalleHns potopa. C nomo-
L0 POTALMOHHbIX BUCKO3UMETPOB OMpPefensiioT Bs3-
KOCTb XWIKOCTEN — CMa304HbIX MaceJi, pacriaBieHHbIX
CUNUKaTOB MU MEeTasI/I0OB, BbICOKOBA3HbIX 1TAKOB U KNees,
TIVMHUCTBIX PACTBOPOB.

B HacToslLLee Bpemsi B KIIMHVIKE A8 onpeAenieHuns Bas-
KOCTUN KPOBW UCMONb3YloT BUCKo3umeTp lecca ¢ asyms
kanunnapamu. B BuckoammeTpe lecca o6beM KpoBu
BCerga ognHakosB, a obbem BOAbl OTCHYUTLIBAKOT NO aene-
HUSIM Ha Tpybke, MO3TOMY HENMOCPEACTBEHHO MOJyHaloT

npodheccroHarnbsHoe peLlueHre 3agad

B MegnuuHe

YneTpa3syk npencTtasBnsieT coboil BbICOKOYACTOTHbIE
MexaHnyeckne KonebaHus 4acTuL, TBepaow, XNOKOW unn
raso06pa3Hoii cpeabl, HECTIbILLMMbIE YENIOBEYECKUM YXOM.
YacToTa konebanwuin ynstpaaeyka Bbille 20 000 B cekyHAy,
T. €. Bbllle nopora CAbIlLUMOCTH.

Jnsi neyebHbIX Lieneit NPUMEHSETCS YNLTPasByK C Ya-
cToToit ot 800 000 go 3 000 000 konebaHwii B cexyHay.
Jns reHepupoBaHus ynbTpa3syka UCMNOSb3YIOTCS YCTPOM-
CTBa, Ha3blBaeMble Y/IbTPa3BYKOBbIMU U3Jy4aTesIsiMu.

Haunbonbluee pacnpocTpaHeHue noayunnm anekTpome-
XaHun4eckune mnsnydyartesnu. an/IMeHeHVIe YynbTpasByka B Me-
IULVHE CBSI3aHO C 0COBEHHOCTSIMU ero pacrnpocTpaHeHus
1 xapakTepHbiMu cBoicTBamu. Mo ¢uaunyeckon npupoae
YNbTPa3sByK, KaK 1 3BYK, SBNSIETCA MEXaHNHECKON (ynpy-
roi) BofHon. OfHAKO ANMHA BOMHBI yNbTPa3Byka cylle-
CTBEHHO MEHbLUE [IMHbI 3BYKOBOI BOJHbL. Yem Gonblue
pasinyHble akyCTU4eckne conpoTmnBeHUs, TeM CujibHEE
OTpaXeHWe W MpesioMIeHNe ynbTpPasByka Ha rpaHule
pa3HopoAHbIX cped. OTpaxeHve ynbTPasBYKOBbIX BOJSH
3aBUCUT OT yria nageHuns Ha 30Hy BOS,D.EVICTBVIR — 4em
6osbLue yron nageHus, Tem 6onblue KoahPUUMeHT oTpa-
XEHWS.

B opraHuame ynbTpasdsyk yactotoirr 800—1000 kI
pacnpocTpaHseTcs Ha rmybuHy 8—10 cMm, a npu YacToTe
2500—3000 Ny — Ha 1,0—38,0 cm. YnbTpassyk nornowa-
eTCs TKaHIMW HEePaBHOMEPHO: YeM Bbillie aKyCTuyeckas
MIOTHOCTb, TEM MEHbLLE NOMIOLLEHNE.

Ha opraHunam 4enoBeka npv NpoBEAEHUN YLTPA3BYKO-
BOV Tepanuun AelcTByYIOT Tpu dakTopa:

1) MexaHn4yeckuini — BUBPALIMOHHBIA MUKpOMAcCax Kiie-
TOK W TKaHewn;

ELE] 20. Mexannueckue ceoiicTBa TBEpPAbIX
Ten u 6MoNorMyeckmx TKaHei

XapakTepHblM MPU3HAKOM TBEPAOro Tena sBAseTcs
CNOCOBHOCTb COXpaHaTb Gopmy. Teepaple Tena MOXHO
pazfenuTb Ha KpucTannmyeckue n amopdHsie.

OTNNYUTENBHBIM MPU3HAKOM KPUCTa/IMHECKOro CO-
CTOSIHUS CNTYXXUT aHU3OTPONUSA — 3aBMCUMOCTb PpUsnye-
CKUX CBOWCTB (MEXaHU4eCKMX, TEMNNOBbIX, 31EKTPUHECKNX,
ONTVYECKUX) OT HanpaeneHus. MpuynHa aHU3oTponuK
KPVCTaNIIOB 3aK/l04aeTcs B YNopsiAoHeHHOM pacrono-
XKEHWUW aTOMOB WSIN MOJIeKyN, N3 KOTOPbIX OHW MOCTPO-
€Hbl, MPOSIB/INIEMOM B NPABUJILHOW BHELLHEN OrpaHke oT-
AefbHbIX MOHOKpucTannoB. OpHako, Kak MpaBuio,
KpUCTasIIMyecke Tena BCTPeYaloTCsl B BUAE MOUKPU-
CTaJIOB — COBOKYMHOCTV MHOXECTB CPOCLUMXCSI MeXAy
coboi1, 6ecnopsAoYHO OPUEHTUPOBAHHBIX OTAENbHbIX
MasIeHbKUX KpUCTaNNoB (KpucTannmTos). B 3aBucumoctun
OT NPMPOLbI HaCTULL, HAXOASLLMXCS B y31aX, U XxapakTepa
Cvn B3aMMOAEWCTBUS pasnuyaloT 4 Tuna Kpuctanmye-
CKUX peLleToK: MOHHble, aTOMHbIE, MeTaiIn4yeckne n Mo-
nekynapHble. Bo Bcex y3nax MeTaninMyeckom peLueTku
PacnoNoXeHbl MONOXUTENbHbIE VOHLI MeTannoB. Mexay
HUMUN XaoTUYECKU OBUXYTCS 3/IEKTPOHbI.

MaBHO 0COGEHHOCTLIO BHYTPEHHEro CTPOeHus Ten,
HaxoaALWYXCs B aMOP(PHOM COCTOSIHWN, SIBNSIETCS CTPO-
rasi NOBTOPSAEMOCTb B PaCrnosioXXeHUn atToMoB nnuv rpynn
aTOMOB BO BCEX HarpasJieHUsiX BAOJb BCEro Tenia. AMop-
¢Hble Tena B OAVMHAKOBbIX YCNIOBUSIX MMeIOT Gonblune,
YeM KpUCTanbl, yAEbHbIA 06bEM, HTPOMMUIO N BHYTPEH-
HIOI0 9Hepruio. AMOpdHOE COCTOsIHME CBOWNCTBEHHO Be-
LiecTBaM Camoil pasnnyHoi npupodsbl. MNpu manom pa-
B/IEHUN W BbLICOKOW TemnepaType BellecTBa B 3TOM
COCTOSIHVWN BECbMa MOJABUXHbI: HU3KOMOJEKYISIpHbIE SB-
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2) TennoBoW — MOBbILEHNE TemMMnepaTypbl TKaHew
1 MPOHULIAZEMOCTM KNIETO4HBIX 060/104€eK;
3) dU3NKO-XMMUHECKNIT — CTUMYNSUMSA TKaHeBOro 06-

MeHa ¥ NPOLIECCOB pPereHepauvu.

Buronorunyeckoe aencTene ynsTpassyka 3aBUCUT OT €ro
[03bl, KOTOpPasi MOXET ObiTb AJIs1 TKAHEN CTUMYIUPYIO-
e, yrueTatoLwen nnmn paxe paspywaioweii. Hanbonee
afekBaTHbIMU Ans nevebHo-NPodUNakTUYECKX BO3AEN-
CTBWI1 IBASIIOTCS HEGOMbLUME AO3UPOBKM YILTPA3BYyKa (40
1,2 BT/cM2), 0COBEHHO B MIMMYNbCHOM pexume. OHM cno-
CcoOHbl OkasblBaTb OoneyTtonsiollee, aHTUCENTUHECKOe
(NPOTUBOMUKPOGHOE), COCYAOpaCLUMPSIOLLEE, Paccachl-
Balolee, NPOTUBOBOCNANNTENBHOE, AEeCEeHCUbunuan-
pyloLiee (MpoTnBoanieprnieckoe) AencTene.

B ¢usnoTepaneBTNHECKON MPaKTVKEe UCMONb3YOTCS
NPENMYLLECTBEHHO OTEYeCTBEHHble annapartbl TPex ce-
puit: Y3T-1, Y3T-2, ¥3T-3.

YneTpasByk He MpUMeHsieTCst Ha 061acTb Mo3ra, Lwei-
HbIX MO3BOHKOB, KOCTHblE BbICTYMbl, 061aCTV PACTYLLMX
KOCTel, TKaHN C BbIPaXEHHbIM HapyLLeHreM KpoBoobpa-
LLIEHWS1, HA XUBOT Npu 6epeMeHHOCTH, MOLLOHKY. C ocTo-
POXHOCTBIO Y/IbTPa3BYK NPUMEHSIIOT Ha 061acTb cepaua,
3H/IOKPWHHbBIE OPraHbl.

PasnunyaloT HenpepbIBHbIV Y UMMYSILCHbIN YbTPA3BYK.
HenpepbIBHbIM YNETPa3BYKOM MPUHSATO Ha3bIBATb HEMpPe-
PbIBHbI NOTOK YNbTPa3BYKOBLIX BOJH. DTOT BUA, N3nyye-
HVISi UICMONb3YETCs MaBHbIM 06Pa3oM [t BO3AENCTBUS
Ha MsrkMe TKaHu U CycTaBbl. VIMMYNbCHbIN ynbTPasByk
npencTasnsieT coboii NPepbIBUCTOE U3JyYeHue, T. e.
YNbTPa3BYK MOCLUIAETCS OTAENbHBIMW MMMYNbCaMK Ye-
pe3 onpefesieHHbIE MPOMEXYTKMN BPEMEHMU.

NIAHOTCS XUAKOCTSIMM, BbICOKOMONEKYISIPHBIE OKa3bl-

BalOTCS B BbICOKO3/1ACTMYECKOM COCTOAHUU. C NoHU-
>KEHVIEM TeMnepaTypbl i POCTOM AABNEHUS NMOABUKHOCTb
aMOP®HBIX BELLECTB YMEHbLUIAETCS, U BCE OHW CTAHOBSIT-
Cs TBEpAbIMK TeNlaMun.

MonumepamMu Ha3bIBAIOT BELLECTBA, MOJIEKYJIbl KOTO-
pbIX NPEACTABASIOT COGOM ASIMHHBIE LIENU, COCTaBNEHHbIe
13 60NLLLIOro YMUCIa aTOMOB MM aTOMHbIX rpynnupoBoKk,
COEAVHEHHBIX XVMUYECKUMU CBA3siMU. OCOBEHHOCTb XU-
MWYECKOrO CTPOEHWsI MONMMEPOB OGYCNOBAMBAET U UX
ocobble puanyeckue ceoinctea. K nonMMepHsiM matepu-
anam OTHOCST MOYTW BCE XMBbIE U PACTUTENbHbIE MaTe-
pvianbl, Takue Kak LepcTb, KOXa, Por, BOOC, LUESK, X10-
MoK, HaTypasbHbIN Kay4yK 1 UHble, @ Takke BCSKOro poaa
CUHTETUYECKME MaTepuasnbl — CUHTETUYECKUI Kaydyk,
nnacTMacchl, BONMOKHA U Ap.

BornbLuUoi MHTEPEC AS MeAULMHBI NPEACTaBASIOT TKaHe-
Bble KJieu (Hanpumep, ankun-a-uyMaHokpunarel, n-6ytun-a-
LMHOKPUAaT), GbICTPO MOAMMEPU3YIOLLMECS B MIEHKY, KO-
TOpble UCMONL3YIOT AJIS 3aKPbITUS paH 6e3 HanoXeHus
LIBOB.

XKnaxumm KpucTannamm Ha3blBaloT BELLECTBA, KOTO-
pble 06nafaloT CBOMCTBAMU W XMAKOCTEN, N KpucTan-
n0oB. [0 CBOMM MexaHM4eCKUM CBOMCTBaM 3TV BelecTsa
MOXOXM Ha XUIAKOCTU — OHU TekyT. o xapakTepy Mone-
KyNSIPHOW YNOPSIA0YEHHOCTU pPa3nuyaloT HeMaTuyeckue
N CMeKTUYEeCKMe Xuakme Kpuctamnbl. B HemaTuyeckux
KMIOKVX KPUCTANIIAX MOJeKyJibl OPUEHTUPOBAHbI napaJi-
NENbHO, HO WX LEHTPbl PacnofioXeHbl 6ecrnopsao4Ho.
CMmeKTnyeckne KpucTanbl COCTOAT U3 MapannesbHbIX
CNoeB, B KOTOPbIX MOJIEKySibl yrnopsigodeHbl. Ocobbiii
KJTaCC COCTaBASIOT KPUCTaIbl XONIECTEPUYECKOro Tuna
(MX CTPOEHWe XapakTepHO As COEAVHEHUI, coaepXa-
LLMX XONIECTEPWH).
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JnvHa cnyxoBOro npoxoja y 4esoBeka pasHa

npubnuanTensHo 2,3 CM; cneaoBaTesibHO, akyCcTu-
Yeckuin pe30HaHC BO3HMKAET Npu 4acToTe:

c_ 310
v=C__ 0
A 423107

Havnbonee cyLeCTBEHHbIMU YaCTAMU CPEAHETO yXa siB-
nsoTcs 6apabaHHas NepenoHka 1 CIyXoBble KOCTOUKM:
MOJIOTOYKM, HAKOBaJIbHS U CTPEMEYKO C COOTBETCTBYIO-
VMU MbILLILL@AMMW, CYXOXUIUSIMU U CBSIBKAMMU.

Cuctema KOCTOHeK Ha OJHOM KOHLIE MOJIOTO4KOM CBSi-
3aHa ¢ 6apabaHHO NepenoHKo, Ha APYromMm — CTpemMey-
KOM C OBaJibHbIM OKHOM BHYTpPeHHero yxa. Ha 6apabaH-
HYIO MepenoHKy AelicTBYeT 3BYKOBOE AABNEHWe, 4TO
obycnosnueaet cuny F, = P,S; (P, — 3BykoBOe nasne-
Hue, S, — nnowanp).

Cuctema kocTodek paboTaer, kKak pbl4ar, C BbIUrpbieM
B CW/1e CO CTOPOHbI BHYTPEHHEro yxa y yenoseka B 1,3 pa-
3a. Ewe ogHa ns dyHkumii cpepHero yxa — ocnabnexue
nepepayn konebaHwii B crnyqae 3Byka GONbLUON MHTEH-
CUBHOCTW.

Ynutka yenoBeka SBNSIETCA KOCTHbIM 06pa3OBaHVIEM
ONMHOM 0KoJo 3,5 MM 1 uMeeT hopMy KancynoobpasHoii
cnupanu ¢ 2—3/4 3aButkamu. Bponb ynutkn npoxoaat
TPy kaHana. OAWH M3 HKX, KOTOPbLIA HayMHaeTcs OT
OBa/IbHOr0 OKHA, Ha3blBaeTCs BECTUOYNSPHON NecTHU-
ueit. [lpyroii kaHan uoeT oT KPYrioro okHa, OH Ha3blBaeT-
cs 6apabaHHoi nectHuueir. BectnbynapHas n 6apabaH-
Hasi NIECTHULBI COeAVHEHbl B 06NacTu Kyrnona yauTku
nocpefCcTBOM ManeHbKOro OTBEPCTUS — FeIMKOTPEMI.
Mexay ynuTKoBbIM KaHanoMm u 6apabaHHOW NecTHULe
BOOMb YNWUTKM NPOXOAUT OCHOBHas (6asunspHas) Mem-
6paHa. Ha Heit HaxoaUTCa KOPTUEB OpraH, coaepXalmnin
peLenTopHble (BONOCKOBbLIE) KNETKU, OT YANTKU UAET Chy-
XOBOW HEPB.

=3 kly.

3Ha4YeHne OTHOCUTENbHOW BA3KOCTM KpoBw. Bas-

KOCTb KpOBM yenoseka B Hopme 0,4—0,5 Mac, npu
natonoruu koneénercsi ot 0,17 go 2,23 MNac, 4To ckasbl-
BaeTCs Ha CKOPOCTU oceaaHuns aputpoumtos (CO3). Be-
HO3Has KpOBb 06NaAAET HECKONbKO BOsbLUIEN BS3KOCTbIO,
4yeMm apTepriasnbHasi.

JNlamuHapHoe 1 TypGyneHTHoe TeueHus. Yucno Peit-
HOonbAca. TeyeHve XUOKOCTU MOXET OblTb CAOUCTbIM,
VI NaMUHAPHBIM. YBENNYEHVEe CKOPOCTU TEHEHNS BA3-
KO XUOKOCTU BCNEACTBUME HEOOHOPOAHOCTW OABIEHUS
nonepeyHoOMy ceuyeHuio TpyObl co3aaeT 3aBUXpeHue, U
[BUXKEHNE CTAaHOBUTCS BUXPEBLIM, WIIN TYPOYNIEHTHBIM.

Mpu TypGYyNEeHTHOM Te4eHUM CKOPOCTb HACTHL, B KaX-
[IOM MeCTe XaoTUHeCKN N3MEHSIeTCsl, ABUXEHNE ABNSET-
€Sl HECTaLMOHAPHBIM.

KunHemaTuyeckas BA3KOCTb MOJHee, YeM AyHamMmn4eckast,
YUUTBIBAET BAVSIHUE BHYTPEHHErO TPEHWS Ha XapakTep Te-
YEHUS XMOKOCTU Un rasa. Tak, BA3KOCTb BOAbI Npnbmnau-
TensHo B 100 pa3 6onbLue, 4em Bo3ayxa (npu 0 °C), HO Ku-
HemaTuyeckasi BS3KOCTb BoAbl B 10 pa3 MeHblue, 4em
BO3/lyXa, U MO3TOMY BA3KOCTb CUJIbHEE BIMSIET Ha Xapak-
Tep Te4eHUs BO3AyXa, YeM BOAbl. XapakTep TeHeHUs Xua-
KOCTUW UNK ra3a 3aBuCUT OT pa3MepoB TPyObl.

TeueHve KPOBW B apTepusix B HOPME SIBAISIETCS lamu-
HapHbIM, HeGOoNbLLAst TypOYNEHTHOCTb BO3HVKAET BOAN3N
knanaHos. Mpu natonoruu, koraa BI3KOCTb ObIBAET MEHb-
e HOpMbI, Yucno PeiiHonbAca MOXET ObiTb BbILLE KPU-
TUYECKOrO 3HAYEHWSI, U ABVKEHVE CTaHET TyPOYIEHTHBIM.

12
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21. MexaHun4yeckue cBOMCTBa
6GUONOrMYeckux TkaHemn

Mon MexaHuyYecknMu CBOWCTBaAMW BGUONOrUHECKUX
TKaHe NOHMMAIOT ABe UX pa3HoBuaHocT. OaHa cea3a-
Ha C npoueccamun 61oNorMieckoit NoABMXKHOCTU: COKpa-
LLIEHME MBILLIL, KMBOTHbIX, POCT KJIETOK, ABUXEHNE XPOMO-
COM B K/eTkax npu ux geneHun u ap. ST npouecch
06YCNOBNEHbI XVIMUYECKVMM MPOLIECCaMM U SHepreTuye-
ckv obecniedmBatotcs AT, 1x nprpoaa paccMaTpuBaeTcst
B Kypce GMOXMMNK. YCNIOBHO YKa3aHHYIo rpynmny Has3blBaloT
aKTVBHLIMY MEXaHW4eckMMK CBoicTBamMu Guonorunye-
CKUX CUCTEM.

KocTtHas TkaHb. KocTb — OCHOBHOW MaTtepman onop-
HO-JBUraTenbHoOro annapara. [lge TpeTu macchl KOM-
NakKTHOM KOCTHOM TkaHu (0,5 o6bema) cCocTaBnseT Heopra-
HUYECKUIA maTtepuan, MUHepasbHOe BELLECTBO KOCTU —
ruapokeunantut 3 Cay(PO) x Ca(OH),. ST0 Bewectso
npeacTaBieHo B GOPME MUKPOCKOMMHECKMX KPUCTASVKOB.

MAOTHOCTb KOCTHOM TkaHu pasHa 2400 kr/m3, ee mexa-
HUYeckne CBOMCTBA 3aBUCAT OT MHOMMX $HakTOpOB, B TOM
4yucne oT BO3PacTa, UHAMBMAYaSbHbIX YCIIOBWI pOCTa Op-
raHn3mMa u, KOHe4YHo, OT y4yacTka opraHuama. CTpoeHue
KOCTW MPUOAET el HyXHble MEexaHW4eckue CBOKCTBa:
TBEPAOCTb, YNPYroCTh Y MPOYHOCTb.

Koxa. OHa COCTOWT 13 BONIOKOH KOJilareHa v anactmHa
1 OCHOBHOW TKaHum — maTpuubl. Konnarew cocrasnset
oKoso 75% cyxow mMacchl, a anactTuH — okono 4%. Ona-
CTUH pacTarnBaeTcsi O4eHb CubHO (oo 200—300%),
NpYMepHO Kak peanHa. KonnareH MoxeT pacTarnBaTbcs
10 10%, 4TO COOTBETCTBYET KanpOHOBOMY BOJIOKHY.

Takum 06pa3oM, koxa SIBASETCS BA3KOYNpPyrum mate-
pvasoM C BbICOKO3TAaCTUYECKVMI CBOMCTBaMM, OHa XO-
POLLO PaCTArVBAETCS U YAJMHSETCS.

23. PaGoTa 1 MOWHOCTb cepaua.
AnnapaTt UCKYCCTBEHHOIo
KpoBoOGpaLeHus

Pabota, coseplaemMas cepiuem, 3aTpaqvBaeTcsi Ha
nNpeoaoneHne ConpOTUBAEHUS 1 COOBLLEHNE KPOBU K-
HEeTUYECKON SHEPrun.

PaccunTtaem paboTy, coBepLuaeMyto Npu OAHOKPaTHOM
COKpaLLeHUn 1IEBOTO XeJyJouKa.

Vy — yAapHbIi 06bEM KPOBYM B BuAe UnnvHapa. MoxHo
cuMTaTh, 4TO CepALe NoCTaBnseT 3ToT 06bem No aopTe
ceyeHneM S Ha paccTosiHue | Nnpu cpeaHem AasneHun p.
CoBepLuaemast npy 3Tom paboTta paBHa:

A, =Fl=pSI=pV,.
Ha coobLeHne KMHeTNHecKoin aHeprum aTomy oobemy
KPOBW 3aTpayeHa paboTa:

m? v?
=M v 2
A= TP

rae p — NAOTHOCTb KPOBW;
v — CKOPOCTb KPOBM B aopTe.
Takum o6pasom, paboTa NeBOro Xenyaouyka cepaua
npn CoKpaLleHnn pasHa:
2
v
A, =A+A=pV, +pV, ER
Tak kak paboTa NpaBoro xesynoyka NnpUHNMaeTCs pas-
Hoit 0,2 oT paboTbl nesoro, To paboTa BCero cepaua npu
OAHOKPAaTHOM COKpaLleHN paBHa:

2
)
Aﬂ:A‘+A2:pVy+pVy?.

npodheccroHarnbsHoe peLlueHre 3agad

22. dusnueckmne BONpocChl
reMoauHamMumkKm

FemopuHamukol Ha3biBalOT 061aCTb BUOMEXaHUKN,
B KOTOPOW UCCNeayeTCsi ABMXKEHME KPOBU MO COCYANCTOMN
cucTeme. PrU3n4ecKoi OCHOBOM reMOANHAMUKA SIBAISIET-
Csl rnapoAVHaMuKa.

CyLLecTBYET CBA3b MexXAy YAapHbIM 00bEMOM KPOBU
(06bEMOM KPOBU, BLIOPACHLIBAEMOI XETyA04KOM cepaua
3a OfHYy CUCTOJY), FMAPABAVYECKUM COMPOTUBIEHUEM
nepudepunyeckoi 4acTv cucTeMbl kpoBooGpatLeHms X0 n
V3MEHEHVEM J]aBJIEHNS B apTepusiX: Tak Kak KPOBb Hax0-
[VTCS B yNIPyrom pesepayape, To ee 06beM B J1lo60ii Mo-
MEHT BPEMEHU 3aBUCUT OT AABMEHUS P MO CleaylowemMy
COOTHOLLEHWUIO:

vV=vyt kp,

roe Kk — anacTM4HOCTb, YNPYrocTb pe3epByapa;
Vv, — 00beM pesepsyapa npu OTCYTCTBUM faBNeHNs
(p=0).

B ynpyrwuii pesepsyap (apTepuu) nocTynaet KpoBb 13
cepaua, 06beMHas CKOPOCTb KPOBOTOKA paBHa Q.

OT ynpyroro pesepsyapa KpoBb OTTEKAeT C 06GbEMHOM
CKOPOCTbIO KPOBOTOKA Q4 B nepudepnyeckyio cuctemy
(apTepuonbl, kKanunnsipel). MOXHO COCTaBUTb [OCTATOY-
HO O4€BUAHOE ypaBHEHME:

av
Q=— ,
o +Q,

nokasblBaiollee, 4To 06beMHasi CKOPOCTb KPOBOTOKA
13 cepaua paBHa CKOPOCTM BO3pacTaHus o6bema ynpy-
roro pesepsyapa.

MynbcoBas BonHa. [pu cokpalleHUn CepaeyHO
MbILWLbI (CUCTONE) KPOBb BbiGpackiBaeTcs U3 cepaua
B a0OPTY M OTXOASILLIME OT Hee apTepun. Ecnu cTeHkn atux

24. TepmopuHamMuka

Mon TepMoaMHaAMMKOW MOHMMAIOT pasfnen Gpuamnku,
paccMaTpuBaIoLLIMii CUCTEMbI, MEXAY KOTOPbIMU BO3MO-
XeH obMeH aHeprueit 6e3 yyeta MUKPOCKOMUYECKOro
CTPOEHVSI TEJ1, COCTaBNISIIOLLMX CUCTEMY. PasnuyatoT Tep-
MOAVHAMVIKY PaBHOBECHbIX CUCTEM (UM CUCTEM, NEPEXO-
AALLMX K PABHOBECUIO) Y TEPMOAVHAMUKY HEPABHOBECHbIX
cuCcTeM, KOoTopasi urpaeT ocobyio posb A4Jisi paccMoTpe-
HWSt BUONOrNYECKUX CUCTEM.

OCHOBHbIE NOHATUSA TepMmoauHamMuku. Mepeoe Ha-
yano tepMmoauHamuku. CoCTosiHME TepMOoAMHaMuye-
CKOW CUCTEMbI XapakTepusyeTcsi GU3NYeCKUMN BENNIn-
Hamu, Ha3blBaeMbIMW NapaMeTpamu (Takumu kak oobem,
[laBneHve, TemMneparypa, naoTHOCTb U T. A4.). Ecnn napa-
METPbI CUCTEMbI NPY B3aUMOAENCTBIN €€ C OKPYXaloLLy-
MU TelaMn He MSMEHAIDTCA C Te4eHneM BpeMEHN, TO COo-
CTOSIHWE CUCTEMbI Ha3biBAIOT CTALMOHAPHBIM. B pasHbix
4aCTsAX CUCTEMbI, HAXOASLLENCS B CTaLMOHAPHOM COCTOS-
HUW, 3Ha4YeHns napamMmeTpoB 006bI4HO pasnu4yaloTca: Tem-
nepaTtypa B pa3HbiX yHacTKax Tesia YesioBeka, KOHLIEHTpa-
uns  AMGOYHONPYIOWMX MONEKyn B PasHbiX YacTsx
6uonornyeckoi Mmembpanbl 1 T. n. CTaumMoHapHoe co-
CTOsIHMe NoAepX1BaeTCsi 3a CHeT NMOTOKOB 3Heprun
1 BELLECTBA, NPOXOASLLMX Yepe3 cucTemy. B ctauvoHap-
HOM COCTOSIHUM MOTYT HaxOAUTbCS Takne CUCTEMbI, KO-
TOpble NGO 0OMEHMBAIOTCS U 3HEPruei, N BELLECTBOM
C OKPYXalOLLVIMV CUCTEMAMU (OTKPbITblE CUCTEMBI), TGO
06MEHMBAIOTCS TOJLKO 3Heprueit (3akpbiTble CUCTEMBI).

TepmoguHamuyeckas cuctema, kotopasi He 06MeHuBa-
€TCSl C OKPY>XAIOLLMMW TeSIaMU HUA 3HEPTUEN, HY BELLLIECTBOM,
Ha3blBaeTCs M30/IMPOBaHHON. V1301MpoBaHHas crctema co
BPEMEHEM MpUXOaUT B COCTOSHUE TePMOAMHAMUYECKOro
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%Cocy,u,os 6bINN XECTKUMW, TO AABNEHUE, BO3HUKA-

foLLiee B KPOBU Ha BbIXOJE U3 CeppLa, CO CKOPOCTbIO
3Byka nepepanocb 6bl K nepudepun. Crctonmyeckoe
AaBfieHne YyenoBeka B HOPME PaBHO NPUGAN3UTENBHO
16 kMa. Bo Bpems paccnabnenus ceppua (auacTtonbl)
pacTsiHyTble KPOBEHOCHbIE COCYAbl CMafaloT, U MOTEH-
unanbHas aHeprus, cooblleHHas UM cepaueM yepes
KPOBb, NEPEXOUT B KNHETUHECKYIO SHEPI IO TOKa KPOBU,
npu 3TOM NOAAEPXMBAETCS AMACTONNYECKOe AaBleHue,
npubnuautensHo pasHoe 11 kMa. Mynbcosas BonHa pac-
NPOCTPaHSETCA CO CKOpoCcTbio 5—10 M/c 1 aaxe Gonee.
BSA3KOCTb KPOBM U YNPYroBsi3K1e CBOMCTBA CTEHOK COCY-
@ YMEHbLUAIOT aMNanTy Ay BOJHbI. MOXHO 3anucats cre-
Aylouiee ypaBHEHWE ANsi rapMOHWYECKOW MyNnbCOBOM
BOJIHbI:

pP=p, s cosw(t —5}
v

rae p, — amnauTypa AaBfeHus B NysbCOBO BOJHE;
X — PaccTosiHVE [0 NPOV3BOJIbHOMN TOUKM OT UCTON-
Huka konebaHuit (cepaua);
t — Bpewms;
W — Kpyrosas 4actoTa konebaHuii;
C — HeKoTopasi KOHCTaHTa, onpeaensioLas 3aTyxa-
HVe BOMHbI.

JNnHY NynbCOBOI BOMHBI MOXHO HaNTU N3 GOpMyIbl:

A= Ehy

pd

roe E — mopynb ynpyroctu;
p — NNOTHOCTb BELLECTBA COCYAa;
h — TonwwmHa cTeHku cocyaa;
d — avameTp cocyna.

mnapaMeprl CUCTEMbI COXPaHAKTCA HEU3MEHHbIMUN

BO BpemMeHu. OHaKO CyLLECTBEHHO, YTO B paBHOBEC-
HOM COCTOAAHMU NMapamMeTpbl, He 3aBUCALLME OT MacCbl Nnn
Yncna YacTul, (AasneHue, Temnepatypa v ap.), oguHa-
KOBbI B Pa3HbIX 4aCTaX 3TOM cucTemsl. Jliobas TepmoamHa-
Mu4yeckas cuctema He 6y,ueT VI30}1VIpOBaHHOI71, Tak Kak ee
HEBO3MOXXHO OKPY>XUTb 060}10‘-IK0171, He I'IpOBO,ELFlLU,eVI Tenno-

U30onupoBaHHYI0 CUCTEMy pacCcMaTpuBaloOT Kak
YAOGHYIO TEPMOAVHAMUYECKYIO MOAEb. 3aKOH COX-
paHeHUst 3Hepruu st TENNOBbIX NPOLLECCOB HOPMYNNPY-
eTCcs KaK MepBoe Hayano TepmoauHamuku. Konnuectso
TennoTbl, NepefaHHoe cUcTeMe, MAET Ha W3MEHeHue
BHYTPEHHEN 3Heprum CUCTEMbI U COBEPLUEHNE CUCTEMOW
paboTbl. Mof BHYTPEHHEN 3Hepruelt CUCTEMbI MOHUMAIOT
CYMMY KMHETUYECKOM 1 MOTEHLMaNbHOM 3HEepruii YacTul,
13 KOTOPbIX COCTOWT CUCTEMA.

BHYTpeHHsI aHeprus aBnsetcs yHKUMEN COCTOSHUS
CUCTEMbI 1 11 [AHHOTO COCTOSIHUSI UMEET BMOJIHE Onpe-
AeneHHoe 3HadveHve: DU ecTb pa3HOCTb ABYX 3HAYeHuin
BHYTPEHHE 3HEePriin, COOTBETCTBYIOLLIMX KOHEYHOMY U1 Ha-
YasIbHOMY COCTOSIHUSIM CUCTEMBI:

DU=U,-U,.

KonuyectBo TennoTel, kak 1 paboTbl, ABASETCA BYHK-
uveit npouecca, a He CocTosiHus. MepBoe Ha4asno Tepmo-
[AVIHAMUKM MOXHO 3anucaTh B BUAE:

dQ =dU +dA.

3Hauennsa Q, A, DU n dQ, dA, dU moryT BbiTb kKak nono-
KUTENbHBIMU (TENOTA NepeaaeTcsi CUCTEME BHELLIHUMUN
Tenamu, BHyTPEHHSA 9HEPrus YBENNYMBAETCS), Tak 1 OT-
puLaTeNbHLIMK (TEMN0Ta OTHUMAETCS OT CUCTEMbI, BHY-
TPEHHSIA AHEPrust yMEHbLLIAETCS).

npodheccroHarnbsHoe peLlueHre 3agad

Mbiwnbl. B cOCTaB MblLUL, BXOAWUT COEANHUTENb-
Hasi TKaHb, COCTOSILLAS U3 BOJIOKOH KOJliareHa u ana-
cTuHa. Mo3TOMy MexaHU4eckve CBOMCTBA MbILLILL MOLOGHbI
MEXaHUYEeCKMM CBOMCTBAM MOAUMEPOB. MexaHunyeckoe
noBefeHne CKeSIeTHON Mbilllpbl crieayollee: npu Obl-
CTPOM PACTSXEHUM MBbILLL, HA OMPEAENIEHHYIO BENUNHY
HanpsixeHre pe3ko BO3pacTaeT, a 3aTEM yMeHbLLAeTCs.
Mpu Gonbwein pedopmMaumy NPOUCXOAUT yBENNYEHUE
MEXATOMHbIX PACCTOSIHWI B MOJIEKYNaX.

TKaHb KPOBEHOCHBIX COCYA0B (CocyancTas TkaHb). Me-
XaHV4eckue CBOMCTBA KPOBEHOCHLIX COCY0B onpenens-
10TCS1 [IaBHbIM 06Pa30M CBOMCTBAMM KONAreHa, anactu-
Ha W MafgKkux MbILLEYHbIX BOMOKOH. CoAepxXaHue aTux
COCTaBJISOLLMX COCYIMCTON TKaHU U3MEHSIeTCsi Mo Xomy
KPOBEHOCHOW CUCTEMbI: OTHOLLEHVE 31acTUHA K Kosiiare-
Hy B 06LLielt COHHO apTepumn 2 : 1, a B 6eapeHHol apTe-
pvmn — 1: 2. C yonaneHnem oT cepaua yBenuyinBaeTcs Ao-
NIt TMafKNX MbILLIEYHBIX BOJIOKOH, B apTEPUOSIax OHU yXe
SIBNSIOTCS1 OCHOBHOM COCTaBASIOLLEN COCYANCTOMN TKaHU.

Mpwv peTanbHOM MCCNen0BaHUM MEXaHNHECKMX CBOMCTB
COCYAMCTON TKaHW PasfinyaloT, kakvM 06pa3oM Bbipe3aH
13 cocyaa obpasel, (8aonb vnm nonepek cocyaa). MoxHo
paccmatpuBath gedopmaumio cocyaa B LEoM Kak pe-
3yneTaT OeNCTBUS OABMEHWUS U3HYTPU Ha YNpyruin um-
nuHAp. [lBe NONOBUHbLI LMAMHAPUYECKOTO COCYAa B3au-
MOLEWCTBYIOT Mexay COBGOi Mo Ce4yeHUsM CTEHOK
umnmHgpa. O6was nnowans 3Toro ceYeHns B3anMoaei-
cTBUS paBHa 2hl. Ecnn B COCYAMNCTON CTEHKE CYLLECTBYET
MexXaHW4YeCcKoe HanpsiXeHue s, To cuna B3aMMoaencTens
[IBYX MOJIOBMHOK COCYa paBHa:

F=s x2hl.

m OT1a dbopmyna cnpaseanmea kak ans nokos, Tak

n Ongd akTMBHOMO COCTOSIHUA OpraHm3ama, HO 3Tu
COCTOSIHUS OT/IMYAIOTCSH PA3HOW CKOPOCTBLIO KPOBOTOKA.
dusnyeckne 0CHOBbI XMMUYECKOro MeToAa uamepe-
HUS KpoBu. du3s " napameTp — ga-
B/IEHWE KPOBU — WrpaeT GoJblUyo POSib B ANArHOCTUKE
MHOrunx 3abonesaHuii.

Cu1CTONMYECKOE ¥ ANacTONNYECKOE AABNEHUS B KAKOM-
nMBo apTepumn MoryT ObiTb U3MEPEHbLI HEMOCPEACTBEHHO
C MOMOLLBIO UIIbl, COEAVNHEHHOM C MaHOMeTPoM. OAHaKo
B MeAUUVHE LIMPOKO NCMNOoNb3yeTcst 6eCKPOBHbIN MeToa,
npennoxeHHoin H. C. KopotkoBbiM. CyTb MeTOAA: BOKPYT
PYKM MEXAY NIEYOM W NIOKTEM HAKIAAbIBAIOT MaHXETKY.
Mpu Haka4YMBaHWM BO3AyXa Yepes LWaHr B MaHXeTKy py-
Ka CXMMaeTCs. 3aTeM 4Yepes ATOT XE LUNAHT BO3AYX Bbl-
MyCKatoT 1 C NOMOLLbI0 MaHOMETPA M3MEPSIIOT fAaBNEHNe
BO34yXa B MaHxXeTe. Bbinyckas BO34yX, yMEHbLLAIOT Aa-
B/IEHVE B MAHXETE W B MSITKUX TKAHSX, C KOTOPLIMW OHa
conpwkacaetcs. Korga AasneHue CTaHeT paBHO CUCTO-
nmyeckomy, KpoBb OyaeT crnocobHa npobuTtbest yepes
CAABNEHHYIO apTEPUIO — BO3HMKAET TypOYIEHTHOE Teue-
Hue. XapakTepHble TOHbl W LUYMbl, COMPOBOXAAIOLME
3TOT NPOLECC, NPOCNYLUMBAET BPa4 Npu U3MEPeHnn aa-
BNEHUs, pacnonaras (pOHEHAOCKON Ha apTepuu Huxe
MaHXeTbl (T. €. Ha GOJbLIOM PACCTOSIHUM OT CEpAua).
Mpoponxas ymeHblwaTb AaBleHNE B MaHXETe, MOXHO
BOCCTaHOBUTL JTAMUHAPHOE TEYEHWE KPOBY, YTO 3aMETHO
1o Pe3KkoMy OCNaGNeHNI0 MPOCIYLMBAEMbIX TOHOB. [la-
B/IEHNE B MaHXeTe, COOTBETCTBYIOLLIEE BOCCTAHOBEHMIO
NaMUHAPHOTO TEYEHUS B apTEPUN, PEFNCTPUPYIOT KaK Au-
acTonuyeckoe. [ns U3MEPEHUs: apTepuansHOro Aasne-
HVSI MPUMEHSIIOT NPUBOPLI — CHPUrMOMAHOMETP C PTYT-
HbIM MaHOMETPOM, CHPUrMOTOHOMETP C METANTNHECKUM
MeMOpPaHHLIM MaHOMETPOM.
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AHTponusa

CyLLecTBYeT HeCKOJbKO HOPMYNIMPOBOK BTOPOro 3aKOHa
TEPMOAVIHAMUKU: TeMJoTa cama coboii He MOXET Nnepexo-
OVTb OT Tena C MeHbLLEN TeMNepaTypoit K Teny ¢ 6onblueit
Temnepatypoii (popmynuposka Knayauyca), nnm HeBo3-
MO>EH BEYHbII ABUraTesb BTOPOro poaa (popMmynupoeka
TomcoHa).

Mpouecc HasbiBaloT 06PATUMbIM, €C/IN MOXHO COBep-
LWINTb 06PATHBIN MPOLIECC YePe3 BCE NMPOMEXYTOUHbIE CO-
CTOSIHMSA Tak, 4TOObI MOC/IEe BO3BPALLEHUS CUCTEMBI B UC-
XOJJHOE COCTOSIHME B OKPYXAIOLLVX Tenax He NpousoLLio
KaKnX-JIM6GO N3MEHeHUI.

KoadduumeHToM nonesHoro AencTaus TennoBoin ma-
WWHbI, WA NPAMOro uukna, Ha3blBaldT OTHOLUEeHUe COo-
BepLUEHHOI paboTbl K KOJIMHECTBY TEMOThI, MOJTY4EHHO-
My pabo4nM BeLLLEeCTBOM OT Harpesartens:

Q

Tak kak paboTa TENJOBON MalUMHbI COBEPLUAETCS 3a
CYeT KONM4eCTBa TerIoThl, a BHYTPEHHSIst aHeprusi pabo-
Yero BeLLEecTBa 3a UMkn He nsamensietcs (DU = 0), To u3
nepBoOro 3akoHa TepMoAVHaMVKW CnefyeT, 4To paboTa B
KPYroBbIX MpoLieccax paBHa anrebpanyeckoi cymme Ko-
JINYECTB TEMIOoThI:

A=Q,+Q,.

CrnepoBaTenbHo:

= Q+Q, )
Q

Konuyectso TennoTsl Q,, nony4eHHoe pabounm seule-

CTBOM, MONIOXWTENLHO, KOAMYECTBO TenNoThl Q,, 0TAaH-
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ToyHble M3MepeHVsi Temrnepatyp SBSIOTCS HeoTbe-
MJIEMOI 4aCTbiO HAY4YHO-NCCNEA0BATENLCKUX U TEXHUYE-
Ckux paboT, a TaKkke MeOULMHCKON ANarHOCTUKN.

MeToabl nonyyeHnst U 3MepeHnst Temnepartyp B LINPO-
KOM [yana3oHe BeCbMa pasnnyHbl. O6nacTb GpuUsnku, B ko-
TOPOI1 N3y4aloTCs METOAbI U3MEPEHUS TEMMNEPATYPbl U CBS-
3aHHbIE C 3TUM BOMPOCHI, HA3bIBAOT TEPMOMETPUEN. Tak
Kak TemrnepaTypa onpeaensieTcs no 3Ha4eHuo Kakon-nu-
60 xapakTePUCTUKN TEPMOMETPUYECKOrO BELLEeCTBa, TO
ee onpejeneHne COCTOUT B N3MEPEHUN Taknux dusmye-
CKMUX MapaMeTpoB W CBOWCTB, kak 0ObeM, OaBieHwue,
3ANEeKTPUYECKME, MEXaHNHECKME, ONTUYECKME, MAarHUTHbIE
addekTbl U T. N. Pa3Ho06pa3ne METOLOB U3MEPEHNS TEM-
nepaTypbl CBSI3aHO C GOMbLUMM KOIMHECTBOM TEPMOME-
TPUYECKVMX BELLIECTB 1 CBOMCTB, MCMOJIb3YEMbIX NPU 3TOM.

TepmomeTp — YyCTPONCTBO A5t UBMEPEHUS TeMnepa-
TYpPbl — COCTOMUT 13 YYBCTBUTE/IBHOrO 3JIEMEHTA, B KOTO-
pOM peanusyeTcs TEPMOMETPUYECKOEe CBOWCTBO, U U3-
MepuTenbHoro npuéopa (AunatomeTpa, MaHomeTpa,
ranbBaHOMETpa, NoTeHUMoMeTpa U T. A4.). Heobxooumoe
YCNOBVE M3MEPEHNS TeMMNepaTypbl — TEMJI0OBOE PABHO-
BECVIe Y4yBCTBUTENLHOIO dNIEMEHTA U Tena, Temneparypa
KOTOPOro onpenensiercsi. B 3aB1crMOCTH OT U3MepsieMbIxX
VHTEpPBanoB TemnepaTtyp Haubonee pacnpoCTpaHeHb
KVUAKOCTHBIN, ras3oBblii TEPMOMETPLI, TEPMOMETP CONPO-
TUBJIEHUS, TepMONapa Kak TEPMOMETPbI 1 MMPOMETPbI.

B X1OKOCTHOM TepMOMETPe TEPMOMETPUYECKON Xa-
paKTepMCTMKOVI ABnaeTca OGbE‘M, 4yBCTBUTEJSIbHbIM 3J1-
€MEeHTOM — pe3epByap C XWIOKOCTbIO (0ObIYHO PTYTbIO
unu cnupToMm). B nupomeTpax B ka4yecTse TepMOMETPY-
4eckoro cBoliCcTBa NCNosb3yeTCAd UHTEHCUBHOCTb U3Ny-
YeHusi.
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26. CTaumoHapHoe COCTOsiHUue.
Mp1HUMN NPOU3BOACTBA AHTPONMUM.
OpraHu3m KakK OTKpbITasi cuctema

Bbilwe 6bina onvcaHa HanpaeneHHOCTb TEpMOAVHAMU-
YecKux NPOLLECCOB B M30/IMPOBAHHOM cucteme. OpHako
peasibHble NPOLLECChI U COCTOSIHUSI B MPUPOAE U TEXHUKE
ABNSIOTCSH HEPABHOBECHLIMW, @ MHOTUE CUCTEMbI — OT-
KPbITbIMW.

3TN NpoLeCcChl U CUCTEMbI PACCMATPUBAIOTCS B HEPAB-
HOBECHOI TEpMOAMHAMUKE. AHANOMMYHO TOMY Kak B paB-
HOBECHOI TepMoAVHamuke OCOBbIM COCTOSIHMEM SIBNISI-
eTCs COCTOsIHMe PaBHOBECUSi, Tak B HEPaBHOBECHOW
TepMoaVHammke 0Cobyto POJib UrpaloT CTaLUMOHapHbIE CO-
CTOSAHUSA. HeCMOTpﬂ Ha TO 4YTO B CTAUMOHAPHOM COCTOAHUN
HeoOXoAMMbIE MPOLKECChI, MpoTeKallme B cucteme
(oMb Py3uns, TENNONPOBOAHOCTL U AP.), YBENNYMBAIOT 3H-
TPONuIo, BHTPOMNUS CUCTEMbI HE UBMEHSIET.

MpencrtaBnm nameHeHnem aHTponumn DS cuctemel B BU-
e CyMMbI IBYX C/laraeMbix:

DS =DSi + DS,

roe DSi — u3meHeHue 3HTponuu, 06yCNoBIEHHOE
HeOﬁpaTMMbIMVI npoueccamu B CUCTemMe;
DSI — nameHeHune 3HTpONUK, BbI3BaHHOE B3aMMO-
[EeNCTBMEM CUCTEMBI C BHELLHUMM Tenamu (MOTOKM,
npoxoAsiLLme Yepes CUCTemy).
HeobpaTtmocTb npoueccos npuesogut k DSi > 0, cTa-
LIMOHAPHOCTb cocTosiHus — K DSi = 0; cnepoBaTtensHo:

DSI=DS - DSi< 0.

3T0 03HA4aeT, YTO SHTPONUS B MPOAYKTax (BELLECTBO
1 3HEPrVIsi), MOCTYNAIOLLYX B CUCTEMY, MEHbLUE HTPOMUN
B MPOAYKTaX, BbIXOASLLMX U3 CUCTEMBI.

M XONnoaHbiX cpen,
NCNOoJIb3yeMbIX ANS NeYeHUs

B MeavuMHe C Lenblo MECTHOTO HarpeBaHus Unn ox-
NaxaeHnsa NMPUMEeHKAIT HarpeTbie Win XonoAHble Tena.
OBbI4HO [J151 3TOrO BbIGUPAIOT CPABHUTENBHO [OCTYMHbIE
cpefibl, HEKOTOPbIE 13 HUX MOTYT OKa3bIBaTh NPY STOM U MO-
JIE3HOE MEXaHN4YEeCKOe U XMMUYECKOe AeiiCTBIE.

®dusmyeckne CBOWMCTBA TakUx cpes 06ycnoBanBalTCs
MX Ha3HavyeHneM. Bo-nepBsbix, HEOGXOAUMO, YTOObI B Te-
YeHne CpaBHUTENIbHO A/INTENIbHOr0 BpEMEHN 6bin npous-
BELEH HYXHbIN 3ddekT. MoaToMy Ucnonb3yemble Cpeabl
[OMKHBI MMETb GOJbLLYIO YAENbHYIO TENNOEMKOCTb (BO-
[a, rpssv) unu yaenbHyto Tennoty $Gas3oBoro npespatle-
Hus (napadwviH, nepn). Bo-BTOpbIX, cpeabl, HaknaabiBa-
eMble HEMOCPEACTBEHHO Ha KOXY, He [OMKHbI BbI3bIBATb
601e3HEHHbIX OLLYLLEHWNIA. DTO C OAHON CTOPOHbBI OrPaHn-
YMBaeT TeMnepaTypy Takux Cpeq, a ¢ Apyroi — nobyxaa-
eT BblbypaTth cpeabl C HeBONbLLOW TENNOEMKOCTbIO. Tak,
Hanpumep, BoAa, NpUMeHsemas AN JevYeHus, umeet
Temnepatypy 0o 45 °C, a topd u rpssm — po 50 °C, Tak
KaK TernnoobMeH (KOHBEKLMs) B 9TUX CPeaax MeHbLUe,
yem B Boge. MapaduH HarpesatoT oo 60—70 °C, Tak kak
OH 06nagaeTt HeGOMbLUON TEMNIONPOBOAHOCTLIO, @ YacTu
napacuHa, HErnoCcpPeACTBEHHO MPWUEraloero K Koxe,
GbICTPO OCTBLIBAIOT, KPUCTAIUSYIOTCH U 3aAepXuBatoT
NPUTOK TEMJIOTbI OT OCTAsIbHBIX €r0 YacTei.

B kayecTBe oxnaxzatoLlein cpenbl, UCNonab3yemMon ans
neyeHus, ynotpebnsetcs nen. B nocnegHvie roasl focTa-
TOYHO LUMPOKOE NMPUMEHEHNEe B MeJULMHE HALLW HU3Kne
Temnepatypel. Mpy HU3KOV TemnepaType OCYLLECTBASIOT
Takylo KOHCEPBALMIO OTAENbHbLIX OPraHoB ¥ TKaHel B CBS-
31 C TPaHCMIaHTaLUmel, Koraa A0CTaTo4HO AOro coxpa-
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HayanbHoe passuTne TepMoanHaMuUKn CTUMYSnN-
POBaIOCh MOTPEOHOCTAMM MPOMBILLIEHHOrO NPOU3-
BoacTea. Ha atom atane (XIX B.) OCHOBHbIE AOCTUXEHUS
3akoyanuck B GOPMYNMPOBKE 3aKOHOB, paspaboTke
METO[IOB UVMKIIOB W TEPMOOVHAMUYECKUX MOTEHLMANoB
NPUMEHNTENBHO K MAEANN3NPOBAHHBIM MPOLIECCaM.

Buonorvyeckvie 06bekTbl ABASIOTCS OTKPbITHIMY TEPMO-
AnHaMmyecknumm cuctemamu. OHn 06MEHUBAIOTCS C OKPY-
atoLLein cpeiovi a3Heprven n BeLLecTsoMm. [ins opraHuama —
CTaLMOHaPHOI CUCTEMbl — MOXHO 3anucatb dS =0, S =
= const, dS i> 0, dSe < 0. 310 03Ha4aeT, 4To GosbLLAS SH-
TPONVst [OMKHA GbITb B NPOAYKTAX BblAENEHUs, @ He B Npo-
AYKTax NUTaHWs.

Mpy HEKOTOPBLIX NATONOrMYECKVX COCTOSHUAX SHTPOMNMUA
610N0rN4ECKO CUCTEMBI MOXET Bo3pacTarts (dS > 0), aTo
CB$I3aHO C OTCYTCTBMEM CTALMOHAPHOCTU, YBENNYEHNEM
HeynopsgoyeHHocTn. dopmMyna MOXeT OblTb npeacrta-
B/IEHa:

gs- 95, 05, ’
dt = dt
ds
WAn Ans cTaumoHapHOro COCTOAHUSA S=const, E:O
ds, ds,
dt  dt’

W3 atoro BMAOHO, 4TO Npu 0ObIYHOM COCTOSAHUMU opra-
HM3Ma CKOPOCTb M3SMEHEHUSA IHTPONUKN 3a CHET BHYTPEH-
HUX MPOLECCOB paBHa CKOPOCTU W3MEHEHWs OTpuua-
TENbHON BHTPOMNMKU 3a cYHeT obmeHa BewecTB n SHEDI'VIBVI
C OKpYXXatoLLeit Cpeaoit.

HSieTCS CNOCOBHOCTb K XKN3HeOeAaTesIbHOCTU U HOP-
MasibHOMY GYHKLMOHNMPOBAHUIO.

KpunoreHHbIn MeToa, pa3pyLueHns TKaHn npyu 3amopa-
XNBAHUMN N pa3MoOpaxuneaHUnM NCMNonb3yeTcsa Megunka-
MW N9 yaaneHus MuHaanuH, 6opogasok v T. n. Ans
3TOW Lenun co3natT crneumnanbHble KPUOoreHHble annapa-
Tbl N KOMO30OHAbI.

C nomolLLpto xonoaa, o6nagatoLLero aHeCTe3NPYIOLLIUM
CBOVICTBOM, MOXHO YHUYTOXUTb B rOJTOBHOM MO3re KneT-
Kn a4ep, OTBETCTBEHHbIE 32 HEKOTOPbIE HEPBHbIE 3a60-
neBaHus, HanpuMep NapKUHCOHU3M.

B MUKPOXMPYPrm NCNonb3yoT NPUMEP3aHne BAaXHbIX
TKaHen K XO0NoAHOMY MeTaNINYEeCKOMY UHCTPYMEHTY ONna
3axBaTta 1 nepeHoca 3Tux TKaHeWn.

B cBA3M C MEAULIMHCKMM NPUMEHEHNEM HU3KOW Temne-
paTypbl NOABUNINCH HOBbIE TEPMWHbI: «KPUOreHHas megn-
LUMHa», «KproTepanuns», «<KPUOXMpPyprus» N T. 4.
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Hoe paboymMm BELLECTBOM XONOAMIbHUKY, OTpULa-
TenbHO.

CyMMy npueBeaeHHbIX KONMYEeCTB TennoThl Ana OﬁpaTI/I-
MOro npotecca MOXHO NpeacTaBUTb Kak Pa3HOCTb ABYX
3HaYeHUn HEKOTOPOWN PYHKLMN COCTOSTHUS CUCTEMBI, KO-
TOPYIO Ha3bIBAIOT AHTPONUEN:

2
As:SQ-s‘:j@.
T

rae S, U S; — SHTPONUS COOTBETCTBEHHO B KOHEYHOM
BTOPOM 1 Ha4Ya/lbHOM NEPBOM COCTOAHUSAX.
OHTPONUSi eCTb PYHKLMS COCTOSIHUSI CUCTEMBI, pas-
HOCTb 3HAYEHWI KOTOPOI AN ABYX COCTOSIHWIA paBHa
CymMMe npuBeneHHbIX KONM4ecTB TennoTbl npu O6paTI/I-
MOM nepexoae CUCTeMbl N3 OAHOIM0 COCTOSAHUA B Apyroe.
Dursnyecknii CMbICA SHTPONUK:

As:jgarso‘

Ecnun cuctema nepeLuna ot OAHOM0 COCTOSIHWS K Apyro-
My, TO HE3aBMCMMO OT XapakTepa npoLuecca n3mMeHeHne
3HTPONUM BblYMCAseTC no dpopmyne ana nodoro obpa-
TUMOrO MPOLIECCa, MPOUCXOASLLEro MexXay STUMK Co-
CTOSIHUSIMU:

2 2
5,-5-]2-1[0-2,
A T
roe Q — MOJIHOEe KOJIMYeCTBO TenaoThbl, Noy4eHHOoe CU-
cTemoll B MpoLiecce nepexofa 13 nepBoro CocTos-
HVSI B COCTOSIHME BTOPOE MPU MOCTOSIHHOM TeMnepa-
Type T. 3Ty HOpMyNy NCNOML3YIOT NPU BbIYUCIEHUN
VM3MEHEHWsI 3HTPOMUU B TakuX npoueccax, kak
nnaeneHne, Napoobpa3oBaHme 1 T. M.

Mpy “3MEPEHUN CBEPXHW3KVX TEMMepaTyp Tep-

MOMETPUYECKUM BELLECTBOM ClyXXaT napamarHe-
TUKU, @ U3MEPSIEMbIM CBONCTBOM — 3aBUCUMOCTb UX Ha-
MarHW4eHHOCTM OT TeMnepaTypbil.

Micnonb3yemeblil B MeauLMHE PTYTHBIA TEPMOMETP yKa-
3blBaeT MaKCUMaJibHY0 TEMMNepaTypy 1 Ha3blBaeTCst Mak-
CUMasbHbIM TEPMOMETPOM. OTa 0CoBeHHOCTb 06ycsno-
B/IEHA €r0 YCTPOVCTBOM: PE3EPBYap C PTYThLIO OTAENEH OT
rpafyMpoBaHHOr0 Kanuinsipa Cy>XeHneM, KoTopoe He Mo-
3BONISIET PTYTU MPU OXIAXAEHWU TepMOMeTpa BO3Bpa-
TUTbCS B pedepsyap. CyLeCTBYIOT U MUHUMAIbHbIE TEP-
MOMETPBbI, MOKa3blBAIOLME HAWMEHBLLYIO Temrneparypy,
HabniogaemMylo 3a ANNTENbHBIN NPOMEXYTOK BPEMEHW.
[ina aTol Lenu cnyxart TepMocTaTtsl — NpUBopbl, B KOTO-
pbIX TemnepaTtypa NoaJepXVBaeTCs MOCTOSIHHOM, 4TO
OCYLLECTBASIOT NGO aBTOMATUHECKVMU PErynsiTopamu,
GO MCMONBL3YIOT A4J11 3TOr0 CBOVWCTBO Pa30BbIX MEPEXO-
[I0B NpoTeKaThb NPV HEM3MEHHON TemnepaType.

Jnsi 3MepeHnst KOAMYeCTBa TEMOThI, BbIAENSIOLLEro-
CS MW MOMNOLLAEMOrO B Pa3NYHbIX HUINHECKUX, XUMU-
4eckux 1 B1oNOrNHeckUX NpoLieccax, NPUMEHSIOT Psf, Me-
TOA0B, COBOKYMHOCTb KOTOPbIX COCTABIISIET KATIOPVMETPUIO.
KanopvmeTtpuyeckvmy MeTogamn U3mepsiioT Tennoem-
KOCTb TeJi, TennoTbl $a30BbiX NEpexofoB, PacTBOPEHUs,
CMauvBaHusl, aacopouvn, TEMnmoTel, COMPOBOXAAIOLME
XMMUYECKNE pPeakuvu, SHEpPruio UsfydeHusi, pagmoak-
TUBHOrO pacnagau . n.

Mopo6Hble U3MEPEHNst MPOU3BOAST C MOMOLLBIO Kao-
PUMETPOB.
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29. ®dusnyeckme npoueccsol
B Guonornyecknx memopaHax

BaxHol yacTbio kneTku siBnsioTca Guonorunyeckme
MeMOpaHbl. OHY OTFPaHNYMBAIOT KJIETKY OT OKpY>KatoLLel
cpefbl, 3aLLMLLAIOT €€ OT BPeAHbIX BHELLHWX BO3ENCTBUIA,
ynpaBensioT 06MeHOM BeLLEeCTB MeXAy KNeTKO 1 ee OKpy-
XEHMEM, CMOCOOCTBYIOT reHepaLyn 3N1eKTPUHECKUX Mo-
TEHLMWanoBs, y4acTBYIOT B CUHTE3€ YHMBEPCasbHbIX akKy-
MYNSTOPOB aHeprum ATd B MUTOXOHAPUSX U T. 4.

CTpoeHue u Mopenu memopaH

MembpaHbl OKPYXaloT BCE KNETKM (NnasmaTtnyeckue 1 Ha-
PYXHbIE KIIETO4Hble MeMBpaHbl). 5e3 membpaHbl conepXxu-
MOE€ KIeTKU NpocTo Gbl pacTeknock, Auddysns npreena
K TepMOAMHAMNYECKOMY PaBHOBECWIO, YTO O3Ha4aeT OT-
CYTCTBME XU3HU. Mo>Ho CKa3aTb, 4TO nepsBas KneTka no-
sIBUNIACb TOrAa, KOrga OHa OTropOAWIach OT OKPYXalo-
el cpeapl MemobpaHoit.

BHyTpuKneTouHble Mem6paHbl NoApasaensiorT Knetky
Ha psif, 3aMKHYTbIX OTCEKOB, KaX[bll N3 HUX BbINOJHSET
onpeaeneHHyo GyHkumio. OCHOBY CTPYKTYpbI Nto6oi Mem-
6paHbl NpeacTaBnseT ABOWHOM IMMNAHLIV CNOM (B 3HAUYN-
TenbHoW cteneHn — docdonunuapl). JBoHOM nunua-
HbIli Covi 06pa3yeTcs U3 ABYX MOHOCNOEB NMMNWUAOB Tak,
4TO rMapodobHbIE «XBOCTbI» 060MX CNOEB HanpaBieHb!
BHYTPb. [py 3TOM 06ecneyvnBaeTcs HaUMEHbLLUNIA KOH-
TakT rnapoPoOBHbIX y4acTKOB MOJIEKYN C BOJOW. Takoe
npeacTaBiieHne o0 CTPYKType MeMOpaHbl He AaBasno oTBe-
TOB Ha MHOTMe BOMPOCHI.

B panbHeliwem 6bina npeaioxeHa Moaesb, B OCHOBE
KOTOPOI1 NIEXUT BCE Ta Xe nnnuaHas éuocnonctas Mem-
6para. Ata pochonmnuaHas OCHOBa NPEACTABNSET CO-
6011 kak 6bl ABYXMEPHbI pacTBOPUTESb, B KOTOPOM MnJia-
BaloT Gonee UM MeHee norpyxeHHble 6enkn. 3a cyet

e

31. Pa3HOBMAHOCTb NaCCUBHOIO
nepeHoca MoJsieKysl U MIOHOB
yepe3 Guonornyeckue memopaHbl

Mpoctas anddyansa yepes AMNUAHLIA CAOM B XUBOW
KneTke obecneymBaeT NPoOxXoxaeHne kucnopoga v yrne-
KUCNOro rasa. Psij, iekapCTBEHHbIX BELLECTB U SA0B Tak-
€ MPOHWUKAET Yepe3 NMNuaHbIA cnoit. OgHako npocTas
nnddyana npoTekaeT 4OCTATOYHO MEIJIEHHO U HE MOXET
CcHabauTb KNeTKy B HYXXHOM KONMYeCTBE MUTaTesibHbIMU
BellecTBaMu. MO3TOMYy MMEIOTCS Apyrve MexaHW3mbl
NaccMBHOrO NepeHoca BeLLLecTBa B MeMOpaHe, K HUM OT-
Hocutea anddyauns n obnerdyeHHas andaoyaus (B KOMM-
NeKCe C NePEHOCHMKOM).

Mopoii, unn KaHanoMm, HasbIBaIOT y4aCTOK MembpaHbl,
BKJIOHAIOWMIA BenKoBble MOMNEKySbl U IMNWAbI, KOTOPbI
obpasyeT B MembpaHe npoxoA. ITOT Npoxof, Aonyckaet
NPOHVKHOBEHWE Yepe3 MeMOPaHy He TOBLKO MasblX MO-
NIeKyJ1, HanpymMep MOoseKys Bofbl, HO 1 Gonee KPyMHbIX
MOHOB. KaHanbl MOryT NposiBAsTb M3GMPaTENbHOCTb MO
OTHOLLEHUIO K pasHbiM noHam. ObneryaeT anddysuio ne-
PEHOC MOHOB CreLnabHbIMU MOJIEKYSIaMU-MNePEeHOCHU-
Kamu.

MoTeHumnan nokos. MNMoeepxHocTHas MembpaHa KneT-
KV HEOAVHAKOBO NPOHVLIaeMa [J1st pa3HbiX MoHOB. Kpome
TOro, KOHLEHTPaLMs Kakux-nmbo onpeaeneHHbIX NOHOB
pasnuyHa no pasHble CTOPOHbI MeMBPaHbI, BHYTPU KNeT-
KW noanepxvBaeTcs Hanbonee GnaronpusiTHbIA COCTaB
VNOHOB. 3TN HaKkTopPbl NMPUBOASAT K MOSIBIEHMIO B HOPMaJlb-
HO YHKUMOHMPYIOLLE KNeTKe PasHOCTW MOTEeHLManoB
Mexzay LMTONNIasmMon M okpyXalollelh cpenoi (noTeH-
Lman nokos).

OCHOBHOW BKNaf, B CO3AaHNEe U NOAAEPXaHWe NOTeH-
umana nokosi BHOCAT MoHbl Na+, K+, Cl-. CymmapHas
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30. dusnyeckue ceoiicTea
u napameTpbl MeMmOpaH

M3mepeHne NoaBMXHOCTM MONEKYN MeMOpaHb! 1 and-
Py3us HacTuL, 4epe3 MeMOpaHy CBUAETENLCTBYET O TOM,
4TO GUANNUAHLIV croit BeaeT cebs NoA0OHO XMAKOCTU.
OpHako membpaHa ecTb ynopsiAo4eHHas cTpykTypa. 3tm
ABa dakTa npegnonaraiot, 4to pochonmnuael B Memopa-
He Mpu ee eCTECTBEHHOM (PYHKLIMOHMPOBAHMW HAXOAATCS
B XWUOKOKPUCTAUIMHECKOM COCTOSIHUW. I'Ipm N3MEeHEeHnn
Temnepatypbl B MeMOpaHe MOXHO Habnioaath Gpa3osbie
nepexofpl: NiasBfeHne NUNUAOB NPU HarpeBaHUM 1 Kpu-
CTaM3aUMIo NP oxTaxaeHnn. XXMaKoKpUCTaNIM4eckoe
COCTOsiHME B1OCNOs UMEET MeHbLLYIO BA3KOCTb U 60sb-
LLIYI0 PAaCTBOPMMOCTb Pa3/nyHbIX BELLLECTB, YeM TBEPA0E
cocTosiHue. ToNWMHA XUAKOKPUCTANNYECKOro G1ocnos
MeHbLLIe, YeM TBEPAOro.

CTpyKTYypa MONEKyn B XWAKOM U TBEPAOM COCTOSIHUSIX
pasnuyHa. B xuakoin dasze monekynbl dochonmnuoos
MOryT 06pa30BbIBaTh MOSIOCTU (KUHKM), B KOTOPbIE CMO-
COOHbI BHEAPATLCS MONEKYNbl AMddEepeHLMpYIOLLEro
BelecTea. [epemMeLleHre KnHka B 3TOM cnydae Gydet
npuBoaUTbL K AndPy3unn Monekysibl nornepek MemopaHbi.

MNMepeHoc Monekyn (aToMoB) Yepe3 MembpaHbl

BaxHbIM 3neMEHTOM YHKUMOHMPOBaHUS MembpaH
SIBNIIETCS UX CMOCOBHOCTb MpOrMyckaTe UM He npony-
ckaTb MOJIEKYSibl (aTOMbI) U MOHbI. BeposTHOCTb Takoro
MPOHNKHOBEHUA YaCTuUL, 3aBUCUT Kak OT Hanpas/ieHUs NxX
nepeMeLLeHns (Hanpumep, B KIETKY UK 13 KNeTku), Tak
1 OT Pa3HOBWAHOCTU MOJIEKYJT U MOHOB.

flBneHus nepeHoca — 3TO HeoBpaTuUMble Npouec-
Cbl, B pe3ysibTaTe KOTOpbIX B GU3NYECKOWN CUCTEME NMPO-
VCXOAMT MPOCTPAHCTBEHHOE MepeMeLleHre (NepeHoc)
Macchl MMNyJbca, 3apsiAa Uan Kako-nméo apyroi opuan-

32. dnekTpognHammka

3neKTpuyeckne 1 MarHUTHbIE SIBNIEHUS CBSI3aHbI C OCO-
6oV HOPMOIi CyLLEECTBOBAHUS MaTepUn — anekTpuye-
CKUMU 1 MarHWTHLIMW MOJISIMU 1 UX BO3AENCTBUEM. DTH
nona B 06U_leM Ccny4ae HacCTOJIbKO B3aMMOCBSi3aHbl, 4TO
MPUHSATO FOBOPUTL O €IMHOM 3/1EKTPUHECKOM Mnosie.

3ﬂeKTpOMaI'HVITHbIe SBNIEHUNSI UMEIOT TPU Hanpas/ieHna
MeAVKO-61ONOr4ECcKmX NPUIoXeHuiA. NepBoe n3 H1x —
MOHVMAaHWe 3NEeKTPUYECKMX MPOLLECCOB, MPOUCXOOALLMX
B OpraHnamMe, a Takke 3HaH1e 3NEeKTPUYECKNX U MarHnT-
HbIX CBOMCTB 6MONOrMYECKNX Cpes.

BTopoe HanpasnieHye CBA3aHO C MOHMMAaHUEM MEXaHN3-
Ma BO3,EI'el7ICTBVIFI 3NIEKTPOMarH1THbIX nonemn Ha OopraHn3m.

TpeTbe HanmpaeneHne — npuboOpHOE, annapaTypHoe.
OnekTpoaMHaMmka SIBNSIETCS TEOPETUYECKOW OCHOBOW
3NIEKTPOHVKN U1 B YACTHOCTU MEAVLIMHCKOW 3N1EKTPOHUKU.

OHepreTnyeckoe none ecTb Pa3HOBUAHOCTbL MaTepuu,
NocpencTBOM KOTOPOW OCYLLECTBAISIETCA CUIOBOE BO3-
[EeNCTBME Ha 9NneKTpuyeckue 3apsifibl, Haxogslimecs B
3TOM none. XapakTepucTukv 3N1eKTPUYECKOro noJs, Ko-
TOpOe reHepunpyeTcs 6MONOrMYecKMMIM CTPYKTypamu, aB-
NISHOTCH MCTOYHMKOM MHPOPMALMKU O COCTOSIHUM Opra-
HU3ma.

HanpseHHOCTb U NOTeHUMan — XapakKTepucTUKU
anekTpuyeckoro nons. Cunosoit xapakTepUCTUKON
9NIEKTPUYECKOrO MOJISt SIBAISIETCS HAMPSXKEHHOCTb, PaB-
Hasi OTHOLLEHWIO CUMbl, AENCTBYIOLWEN B AAaHHON TOYke
noJist Ha TOYEYHbIN 3apsif, K 9TOMY 3apsiay:

E=—.
q

HanpsixeHHOCTb — BEKTOp, HamnpasfieHWe KOTOPOro
coBnagaeT ¢ HanpasfeHNeM CUNbl, AENCTBYIOLEN B AaH-
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4eCcKoi BennyrHbl. K ABNeHmsm nepeHoca OTHOCAT

Anddyanio (NnepeHoCc Macehl BeLecTsa), BA3KOCTb
(nepeHoc umnynsca), TeNIoNpPOBOAHOCTb (NEPEHOC aHepP-
rmn), 9N1EeKTPONPOBOAHOCTDL (NMEPEHOC 3N1EKTPUYECKOrO 3a-
psipa).

Ha mem6paHe cylecTByeT pasHOCTb MOTEHLMAnNoB,
cnepoBsatesibHO, B MeMbGpaHe MMeeTCsi afieKTpuyeckoe
none. OHO oKa3biBAET BAUsIHME HA ANDPY3NIO 3apsiKeH-
HbIX 4acTuu, (MOHOB U 3NeKTPOHOB). NepeHOC MOHOB
onpepensieTcs ABymMs (akTopamu: HepaBHOMEPHO-
CTblO WX pacnpegenexus (T. . rPaAVeHTOM KOHLIeH-
Tpauuu) 1 BO3AEWNCTBMEM 3/IEKTPMYEcKoro nons (ypa-
BHeHne HepHcTa-MnaHka):

J:—Dd—e—UmZFC de,
dx dx

YpaBHeHme yCTaHaB/MBaET CBA3b MJIOTHOCTU CTauMo-

HaApPHOro NOTOKa MOHOB C TPEMSA BENNYUHAMWN:

1) NPOHMKAEMOCTbIO MeMOPaH ANs AAHHOrO MOHA, KOTO-
pas xapakTepu3yeT B3aumonencteue MemOpaHHbIX
CTPYKTYP C MOHOM;

) JNEKTPUYHECKNM Nonem;

KOHLEHTpaumein NOHOB B BOAHOM pacTBOpe, OKpyxa-
oLemM MemMobpaHy.

AsneHus nepeHoca OTHOCATCA K MacCUBHOMY TpaHC-

nopty: andodysna Monekyn 1 MOHOB NPOUCXOOUT B Ha-

NpaBfeHNN MEHbLUEN X KOHLLEHTpauun, nepemMeLleHme

MWOHOB — B COOTBETCTBUWU C HanpasneHnem Cwuibl, .D,eﬁ-

CTBy}OLLLeIZ Ha HUX CO CTOPOHbI 3/IEKTPUYECKOro nongd.
[MaccuBHbIN TPAHCNOPT HE CBA3aH C 3aTpaToi XumMuye-

cKom 3HEeprumn, OH OCyLLEeCTBNAETCA B pe3ynbraTte nepe-

MelleHUs YacTul, B CTOPOHY MEHbLLEro 3/1IeKTPOXUMU4e-

CKOro noteHuuana.

wWN

HOI TOYKE MOoNS Ha NONOXWUTENbHbIN 3apsia. Hanpsi-
>KEHHOCTb 3/1EKTPUYECKOro MONS BblpaxaeTcs Tpe-
M$S ypaBHEHUSIMU:

s
=1,(%Y, 2);
E=fxy.2),

roe E, Ey v E, — npoekumu BeKTopa HanpsixeHHOCTH Ha
COOTBETCTBYIOLLME KOOPAUHATHBIE OCU, BBEAEHHbIE
AN ONUCaHNA Mons.

OHEepreTM4yeckomn xapakTepucTUKOW SNEKTPUYECKOrO
nosist CAYXUT noTeHuman. Pa3HOCTbIO NOTEHLMANOB MeX-
[y OBYMSi TOYKaMM NONS Ha3bIBAIOT OTHOLIEHWE paboThl,
COBepUJaeMOVI cunamMu nonsi Npy nepemMeLleHnn To4e4Ho-
ro MOSIOXMTENbHOrO 3apsiaa U3 OJHOV TOYKM MONSt B ApY-
rylo, K aTOMy 3apsay:

2
qJ'E,di )
U,=0,-®, === [Edi,
12 1 2 q q "[

roe CIJ1 n sz — noTeHumanel B To4kax 1 1 2 anektpuye-
CKOro nonsi. PasHocTtb noTeHumanos Mmexay aBy-
MS TOYKaMu 3aBUCUT OT HANPSAXEHHOCTU 3NEeKTpn-
4YeCkoro nons. Hap;u:l,y C Pa3HOCTbIO NOTEHLMANoB
B Ka4eCTBEe XapaKTepUCTUKU 3NEeKTPUYEeCKOoro nons
MNCNONb3YIOT NOHATUE NOoTeHuuana. nOTeHLLVIaJ'IbI
B Pa3J/IN4HbIX TO4YKAX MOXHO NpeacTaBuUTb B BUAE NO-
BerHOCTeIZ OOMHAKOBOro noteHuvana (3KBMI‘IOTeH-
LmanbHbIX MOBEPXHOCTEN).
CyLLLeCTBleLLLI/IB ANeKTponsmMepuTenbHble I'Ipl/l60pbl
paccynTaHbl HA 3MepeHne Pa3HoCTU NOTeHUManos, a He
HanNpPs>XeHHOCTU.

npodheccroHarnbsHoe peLlueHre 3agad

3TUX BGESIKOB MOSIHOCTLIO MU YACTUYHO ocyuiecT-

BRAlOTCA crneunduryeckne byHKUMM MembpaH —
MPOHMLLAEMOCTb, FreHepaLVs 371eKTPUYECKOro NoTeHLma-
na n T. 4. Mem6paHbl He SBNSIOTCS HEMOABUXHBIMM, CMO-
KOMHBIMU CTPYKTYypaMu. Jiunuasl n 6enkn obmMeHnBaioTcs
MembpaHamy U nepeMeLLaloTcs Kak BAOJb MIOCKOCTU
MeMbpaHbl — natepanbHas Auddysuns, Tak U nonepek
Hee — Tak Ha3blBaemsblin dnun-dnon.

YTO4YHeHWe CTpoeHusi GuomembpaHbl U n3yyeHue ee
CBOWICTB 0Ka3a/MCb BO3MOXHbLIMU MNPV WUCMONb30BAHWN
DUBNKO-XUMNYECKNX MOAENEN MeMOBPaHbI (MCKYCCTBEH-
HbIX Mem6paH). HanbonbLuee pacnpocTpaHeHne nosy4u-
M Tpu Takue mogenu. MepsBas MoAenb — MOHOCON
docdhonmnnuaooB Ha rpaHuLe pa3nenoB Boga — BO3AyX
WM BoAa — Macno.

BTOpOi1 WIMPOKO pacnpoCcTpaHeHHOW Mopenbio 6ro-
MeMOpaHbl SBNSIOTCS JIMMOCOMBbI, KOTOpble NpeacTaBns-
10T COGOI Kak Obl GMONOrMYECcKy0 MEMOPaHY, NONHOCTHIO
JINLLEHHYIO GENKOBbIX Monekyn. TpeTbeit MoAenbio, no-
3BONMBLLEN U3y4aTb HEKOTOPbLIE CBOWCTBA GUoMeMOGpaH
npsiMbIMU MeToAaMU, siBnsieTcst GroaunuaHas (6nocnoi-
Hast nunuaHas) membpaxa (BJIM).

MemOGpaHbl BbINONHAIOT ABE BaXHble GyHKUUKN: Ma-
TPUYHYIO (T. €. SIBASIOTCS MaTpULIEi, OCHOBOW Afis YAEpXu-
BaHUsl 6€/1KOB, BLIMOMHSIOLLMX pa3Hble PpyHKLMK) 1 6apbep-
HYIO (3aWMLLAIOT KETKY U OTAENbHbIE KOMMAapTaMeHTbl OT
MPOHVKHOBEHUS HEXeNaTesbHbIX YacTULL).

MNOTHOCTb MOTOKA 3TUX 3JIEKTPOHOB C YYETOM KX
3HaKoB paBHa:

J=dy, +de +J,, -

B cTauMoHapHOM COCTOSIHUM CyMMapHasi MioTHOCTb
MOTOKa PaBHa HYJIO, T. €. YNCIIO Pa3HbIX MOHOB, MPOXOAsi-
LLIMX B €IUHVLY BPEMEHM Yepe3 MeMOpaHy BHYTPb KNeTKM,
PaBHO YMCIY BbIXOASLLWMX U3 KNETKW YEPE3 MEMOpPaHy:

YpaBHeHue lonbamaHa-XoaxkkuHa-KaTtua

(6e3pasmepHblii NOTEHLMAN BO3BPALLAETCS K 3NEKTPU-
4eckomy):

PT . Pu(Na") P (K™) +Py (CI7),

@, =—in ]
F R, (Na) +P (K*) +Ps (CI)

PasnuyHble KOHUEHTpaunm NOHOB BHYTPU N BHE KJIETKN
CO3[aHbl MOHHBIMM HACOCAMU — CUCTEMAaMM aKTUBHOrO
TpaHcnopta.OCHOBOM BKNag, B NOTEHUMAN NOKOsi BHOCAT
TONBLKO MOHbI K+ 1 Cl-.

MoTeHuman oencTBMA 1 ero pacnpoCTPaHeHNs

Mpy BO36YXAEHUWN Pa3HOCTb MOTEHLMANOB MEXAY
KNETKON 1 OKpYXaloLen Cpefoit U3MeHseTCs, BO3HUKaeT
noTeHunan AencTeus.

B HepBHbIX BONOKHAX MPOUCXOAUT PacrnpocTpaHeHve
noTeHuMana AencTeus. PacnpocTpaHeHve noTeHuuana
LEeNCTBUSA NO HEPBHOMY BOJIOKHY NpoucxoauT B dopme
aBTOBOJIHbI. AKTUBHOW Cpeaoi sBAsOTCS BO3GyAUMble
KIeTKU: CKOPOCTb PacnpocTpaHeHus Bo30yXaeHus no
MagkUM HEMUENMHU3NPOBAHHBIM HEPBHLIM BOJIOKHAM
NPUMEPHO NPOonopuUuoHasbHa KBaapaTHOMY KOPHIO 13 1X

paanyca (u = J?)

18
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33. dnekrTpuyeckuii puNonb
U MyNbTUNONb

DneKkTpUYeCcKUM AMMNoNeM Ha3biBaIOT CUCTEMY, COCTOSI-
LLLYIO U3 ABYX PABHbIX, HO MPOTMBOMONOXHBIX MO 3HAKY TO-
YeYHbIX 3NIEKTPUHECKMX 3aPSLO0B, PACMONIOXEHHDBIX HA He-
KOTOPOM pPacCTOsiHUWM Apyr OT Apyra (nnevo Avnons).
OCHOBHOW XapakTepuUCTVKON AUNONS SBASIETCS €ro anek-
TPUYECKNIA (AN AUMOSbHBIA) MOMEHT — BEKTOP, PaBHbI
Npoun3BeAeHuIo 3apsaaa Ha Nevo AVMNoNs, HanpaBieHHbIN
OT OTPMLATENBHOrO 3apsiAa K NONOXUTENIbHOMY:

p=dl.

EnvHWULE an1ekTpu4eckoro MOMEeHTa AuMost iBNSieTcs
KYNOH-MeTp.

Ha gvinonb B 0HOPOAHOM 3N1EKTPUYECKOM Mone Aei-
CTBYET BpPaLLAIOLLMI MOMEHT, 3aBUCALLNIA OT dneKTpuye-
CKOro MOMEHTa, OpPMEHTauuKU AWUMNoNs B MOfie U Hamps-
XEeHHOCTU nonsi. Ha gunons aencTeyeT cuna, 3aBucaLLas
OT €ero 9JIeKTPMYECKOro MOMEHTa U CTerneHn He-

dE
OAHOPOAHOCTU MoNst ——
dx
Ecnu aunosnb OpUEeHTMPOBaH B HEOAHOPOLHOM 3Jek-
TPWYecKoM nosie He BAOJb cunosomn JINHUN, TO Ha HEero
LONOSIHUTENBHO AENCTBYET eLle M BpalLalowmnii MOMEHT.
CB06OAHbIN AMNONb NPAKTUYECKN BCEraa BTArMBaeTcs
B 0651aCTb 6ONLLUNX 3HAYEHWI HANPSXXEHHOCTU NONS.
Jvnonb siBNSIETCS 4aCTHbIM CJIY4aeM CHCTEMbI 3/eK-
TPUYecKUX 3apsaoB, 061afaloWwmX ONPeaeneHHON CuM-
meTpuei. Obiee HasBaHWe NOAOOHbLIX pacnpeneneHun
3apsnoB — anekTpuyeckue Mynstunons (1=0, 1,21 T. 4.), um-
C/0 3apsiAoB MYSILTUMONS ONPEAEensieTcs BbipaxeHuem 2.

35. dnekTpuyeckuii Tok

nOA BNIeKTPU4Y€CKMM TOKOM 06bI4HO MOHUMAIOT Ha-
npaeBneHHOe ABUXEHNE INEKTPU4ECKNX 3apsanos. Paznu-
YaloT TOK NPOBOAMMOCTU U KOHBeKLI,VIOHHbII;I TOK. TOK npo-
BOAMMOCTU — 3TO HanpaBneHHOe ABWXEeHWe 3apsnoB
B MPOBOAALUMX Tenax: 3/IEKTPOHOB — B MeTannax, anek-
TPOHOB 1 AbIPOK — B MOJIyNPOBOAHMKAX, NOHOB — B 3J1EK-
TpOnnTax, MOHOB N 3NEKTPOHOB — B ra3ax. KOHBEKLIMOHHbI
TOK — 3TO ABUXEHUE 3apPs>KEHHbIX TeN 1 NMOTOK 3/1IEKTPO-
HOB WX OPYruX 3apsaXXeHHbIX YacTuL, B Bakyyme.

MNoTHOCTb TOKa — BEKTOPHAsi XapaKTepucTmka anek-
TPWNYECKOro ToKa, YNCNEeHHO paBHad OTHOLUEHUIO CUnbl
TOKa, NpoxoAasuwero CKBO3b Manblil 9NeMeHT NMOBEPXHO-
cTH, HOpMaJ’]beIVI K HanpasB/ieHIO ABMXXEHNS 3aPAXXEHHbIX
YacTuL, 06pasyoLLyMX TOK, K NIOLLAAN 3TOrO dNIEMEHTA:

. dl
I*E-
Ecnu aTy popmyny yMHOXWTb Ha 3apsif, g HOCUTEeNs To-
Ka, TO NONY4MM NJIOTHOCTb TOKa:
j=aqj=qnv.
B BekTOpHOI dopme:
j=qnv.
BekTop j HanpaeneH No kacaTesnbHOW K JIMHUAM TOKa.
Jins cunbl Toka 3anuilem crneayioLee BblpaxeHue:
._dg
/*a-
Cuna Toka ecTb NPOM3BOJHAsA MO BPEMEHM OT 3apsiaa,
MPOXOASILLEro CKBO3b HEKOTOPOE CEeYEHVE UMW MOBEPX-

npodheccroHarnbsHoe peLlueHre 3agad

34. dusunyeckne oCHOBbI
aneKkTpokapauorpadpumn

KuvBble TKaHWU SBASIOTCH MCTOYHUKOM 31EKTPUHECKMX
noteHumnanos (6MONOTEeHLMANoB).

Perncrpauus 61onoTeHLManos TkaHe 1 OpraHoB C Av-
arHOCTMYECKOW Liesbio NoJlyyuna HassaHue aiekTporpa-
bum. Takoi 06LLMIA TEPMUH YNOTPEBNSETCS CPABHUTENBHO
penko, 6onee pacrnpocTpaHeHbl KOHKPETHbIE Ha3BaHWs
COOTBETCTBYIOLLMX ANArHOCTUYECKUX METOL0B: 3NEKTPO-
kapavorpadus (3Kl — pernctpaums 6UoNoTeHLManos,
BO3HMKAIOLLMX B CEPAEYHON MblLlLe Npu ee Bo30yxae-
HUK, anekTpomuorpadus (SMIN) — meTton perucTpauum
6103NEKTPUYECKON aKTUBHOCTU MbILLLL, SNEKTPO3HLEDA-
norpacdus (93) — meToq, peructpaumum 61noanekTpuye-
CKOW aKTMBHOCTW rONIOBHOIO MO3ra v ap.

B 6onblunHcTBE Cny4aeB GMONOTEHUMANbI CHUMAIOTCA
9/1eKTPOAAMYM HE HEMoCcpPeACTBEHHO C opraHa (cepaua,
rofIOBHOrO MO3ra), a C APYrnx, COCeAHNX TKaHel, B KOTO-
PbIX 3N1€KTpUYeckne nosas 3TMumM opraHoMm co3garTCs.

B K/IMHWYECKOM OTHOLLEHUN 3TO CYLLECTBEHHO YMpo-
LaeT camy npoueaypy permctpauuv, aenas ee 6esonac-
HOW 1 HecnoxHoN. Prusmnyeckuii NOAXoA, K anekTporpapum
3aKoyaeTcs B co3aaHvmn (BbIGOpE) MOAeny anekTpuye-
CKOro reHepaTtopa, KOTopasi COOTBETCTBYET KapTUHE
«CHUMAaTEIbHbIX» NOTEHUMNaNoB.

Bce ceppaue B aneKTPUYECKOM OTHOLLEHWW NpeacTa-
B/IIETCS Kak HEKOTOPbI 3/1EKTPUYECKMI FeHepaTop B BU-
e peanbHoro yCTPoWCTBa U Kak COBOKYMHOCTb 31eKTpU-
YeCKMX WMCTOYHWKOB B MPOBOAHMKE, UMeloLieM dhopmy
4yenoBeyeckoro Tena. Ha noBepxHOCTV NPOBOAHMKA NpK
DYHKLMOHNPOBAHUN 3KBUBANEHTHOrO 3NEKTPUYECKOrO
reHepaTtopa OyneT anekTpuyeckoe HamnpskeHue, KoTo-
poe B NpoLecce CepAeyHOl AesTENbHOCTM BO3HUKAET Ha

36. AnekTpoNpoBOAUMOCTb
GUONOrMYEecKuX TKaHei 1 XXNaKocTen
npun NnOCTOAHHOM TOKe.
AneKkTprUYecKkuin paspsaa B rasax

Buonorunyeckue TkaHu u OpraHbl ABMAOTCSH AO0BOJSIbHO
pPa3HOPOAHLIMU 0GPA3OBAHMSIMU C PA3INYHBIMU NEKTPU-
YECKUMU COMPOTUBEHUSIMUA, KOTOPLIE MOTYT M3MEHSITLCS
npu AencTBUK 3N1eKTpMYeckoro Toka. Ito obycnosnusea-
€T TPYAHOCTU UBMEPEHWS ANIEKTPUYECKOIO COMPOTHBAE-
HUS XMBbIX GUONOrUYECKUX CUCTEM.

ANeKTPoNnpPoBOAMMOCTb OTAE/bHbIX Y4aCTKOB Opra-
HU3MA, HAXOAALLWXCS MEXAY SNEKTPOAAMM, HANTOKEHHbI-
MW HEMOCPEACTBEHHO Ha NMOBEPXHOCTb TENA, CYLLECTBEH-
HO 3aBUCUT OT CONPOTUBJIEHUSA KOXW U MOAKOXHbIX C/TOEB.
BHYTpU opraHnama Tok pacnpoCTPaHsSETCS B OCHOBHOM
N0 KPOBEHOCHLIM M NMMdATUYECKUM COCYAAM, MbiLl-
uam, 0605104KaM HEPBHbBIX CTBOIOB. CONPOTUBAEHNE KO-
K1 B CBOIO O4EPEAb ONPEAENSETCS €€ COCTOSHUEM: TOI-
LLVHOM, BO3PACTOM, BNAXHOCTBIO 1 T. M.

SneKTponpoBOAUMOCTb TKaHel 1 OPraHoB 3aB1CUT OT
X PYHKLMOHANILHOTO COCTOSIHUS W, CIEA0BATENLHO, MOXET
6bITb UCMOMb30BaHA KaK AYarHOCTUHECKMI MokasaTeb.

Tak, Hanpumep, Npy BOCManeHnu, Koraa KneTku Hadyxa-
10T, YMEHBLLAETCS CEYEHNE MEXKNETOUYHbIX COEAVHEHNIA
1 YBENNYMBAETCS 3NEKTPUYECKOE COMPOTUBNEHWE; U-
310/10rM4ECKMEe SBNEHNS, BbI3bIBAIOLLME NOTANBOCTb, CO-
NPOBOXAAIOTCA BO3PACTaHWEM 3NEKTPONPOBOAVIMOCTH
KOXU W T. A,

a3, COCTOALLMI TOMBKO U3 HEMTPAIbHBIX HaCTUL, SBMIS-
eTcs 30NITOPOM. ECM ero MOHM3NpoBaTh, TO OH CTaHO-
BUTCS 3N1EKTPONPOBOAHLIM. J1060€E YyCTPONCTBO, SIBNEHME,
$akTop, CNoCcoGHbIE BbI3BATH MOHM3ALWMIO MOJIEKY U aTO-

MOB rasa, Ha3blBaloT MOHU3ATOPOM. IM MOryT GbiTb CBET, I
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NOBEPXHOCTU Tesa Yenoseka. MO,ELEJ'IVIDOBaTb ANeKT-

pVHeCKyIo [AeATeNlbHOCTb Cep/La BroJsiHe AomnycTu-
MO, €CnV WCMONb30BaTb AUMOJSIbHbIV 3KBUBANEHTHbIV
ANeKTPUYECKuin reHepaTop. JunonbHoe npeactasieHne
O CepALLe NeXnT B OCHOBE TEOPUN OTBEAEHUIA DIHTXOBE-
Ha. CornacHo e cepaue ecTb TakOBOM AUMNONb C ANMNOSb-
HbIM MOMEHTOM, KOTOPbI/i NMOBOPAYMBAETCS, U3MEHSIET
CBOE MOJIOXEHWNE 1 TOUKY NPUIOXEHUS 3a BPEMS CepAed-
HOro umkna. B. OIHTXOBEH MPeasioXun CHUMaTh pas3Ho-
CTK 6MONOTEHLUMANOB CepALa MexXay BepLuMHaMu paBHO-
CTOPOHHEro TPEeYro/ibHNKa, KOTOpble MNPUBANXEHHO
pacnonoxeHsbl B NpaBoW 1 NIEBOI PyKe 1 NIEBOW HOTe.

Mo TepmuHonorun Gusnonoros, pasHOCTb GUOMOTEH-
LyanoB, PErmcTpupyemyio Mexay AByMsi Toukamu Tena,
HasblBalOT 0TBeAeHMeM. PasnuyaioT | oTBefeHve (npasas
pyka — nesas pyka), Il otBeaeHve (Nnpasas pyka — nesast
Hora) u |l oTBeaeHWe (neBast pyka — nesasi Hora).

Mo B. SiiHTXOBEHY, Cepaue pacrosioXeHO B LEeHTpe
TpeyronbHuka. Tak Kak aneKTpU4eckuii MOMEHT AVUMNons —
cepaua — U3MEHSIETCA CO BPEeMEHeM, TO B OTBeEHUsIX
6yayT NONy4eHbl BDEMEHHbIE HAMPsKEeHWs, KOTOPbIE U Ha-
3bIBalOT 3sieKTpokapanorpammamMmum. dnekTpokapamo-
rpaMma He JaeT NpeacTaBneHusi O MPOCTPAHCTBEHHOW
opvieHTaummn. OfHaKo Ans AMArHOCTUYECKMX Lienei Takas
nHdopmaumsa BaxHa. B CBA3U C aTUM NpUMEHSIIOT MeTop,
NPOCTPaHCTBEHHOrO UCCNEA0BaHNS 3NEKTPUHECKOro no-
Na cepaua, HasbiBaeMbli BEKTOp-kapavorpadpveii. Bek-
TOp-KapArorpaMma — reoMeTprHeckoe MecTo ToHeK, CO-
OTBETCTBYIOLMX KOHLY BEKTOPA, MOJSIOKEHWE KOTOPOro
M3MEHSeTCs 3a BPeMsi CEpAEYHOro Lyka.

PEHTITEHOBCKOE W3/ydeHue, Mnamsl, MOHWU3UPYIO-
Liee u3nyyeHve n np.

OnekTpuyeckuii 3apsi B BO34yxe MOXeT 06pasoBbl-
BaTbCS U MPUW PACMbIIEHNN B HEM MONSIPHBIX XWUAKOCTE
(6annoanekTpuyecknin apdeKT), T. €. TaKUX KNAKOCTER, MO-
JIeKyJsibl KOTOPbIX UMEIOT MOCTOSIHHBIV 3NeKTPUHeCcKnin an-
MOSbHbIN MOMEHT. Tak, HanpyUMep, NPy APOGNEHNN B BO3AY-
Xe BOAA pacrnafaeTcs Ha 3apsKeHHbIe Kanesbku. 3Hak
3apana KpynHbIx Kanenb (MONOXUTENbHbLIA ANS XECTKON
BOZbl) MPOTVUBOMOJIOXEH MO 3HAKy 3apsiay Mefbyannx
Kanenb. bonee KpynHble Kanau CpaBHUTENbHO GbICTPO
0CepaloT, 1 B BO3/lyXe OCTal0TCS OTPULIATESIbHO 3apsikeH-
Hbl€ YacTULLbl BOAbI. Takoe siBNeHVe HabnoaaeTcs y poH-
TaHa.

3neKTponpoBOAMMOCTb rasa 3aB/UCUT Takke 1 OT BTO-
PVYHON MOHM3aLMKN. VOHM3MPOBaHHbIV MOTEHLMAn BHY-
TPEHHUX 3NIEKTPOHOB 3HAYNTENBHO BbILLE.

B 3eMHbIX yCnoBuMsix BO3[yX NMpakTWHecku Bcerga co-
[EPXUT HEKOTOPOE KONMYECTBO MOHOB Grnaropaps npu-
POAHLIM MOHU3ATOPaM, MaBHLIM 06pPa3oM PaAVoakTUB-
HbIM BellecTBam B MOYBE W rasax U KOCMUYECKOMY
N3y4eHNIo. VIoHbI 1 3N1eKTPOHBI, HAXOASLMECS B BO3AY-
X€, MOTYT, MPUCOEAVHSISICb K HENTPabHLIM MOSIEKYaM 1
B3BELUEHHbIM YacTuuamM, obpasoBaTb Gonee CHOXHbIE
MOHBI. DTV MOHBI B aTMOChEpe Ha3biBalOT adpPONOHaMMK.
OHW pa3nnyaloTcst He TObKO 3HAKOM, HO U MacCoi, nx
YCNOBHO JeNnsiT Ha nerkve (ra3oBble VOHbI) U Tsxenble
(B3BELLEHHbIE 3aPSKEHHBIE YACTULLbl — MbIJIMHKM, H4aCcTU-
Ubl AblMa 1 BRaru).

Taxenble NOHbI BPeAHO AEACTBYIOT HA OPraHuam, ner-
KVi€ 1 B OCHOBHOM OTpULaTE IbHble a9POMOHbI OKa3biBaOT
6GnaronpuaTHoe BAusHWE. VX NCMONb3YIOT ANs NeveHus
(aspounoHoTepanus).
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Tak, MynsTUnonem Hyneeoro nopsigka (20 = 1) sens-

€TCSl OAVHOYHbBIA TOYEUHbI 3apsf, MyNbTUMONeM
nepsoro nopsiaka (21 = 2) — gunonb, MyNLTUNONEM BTO-
poro nopsigka (22 = 4) — KkBappynosb, MynbTUNONEmM
TpeTbero nopsiaka (23 = 8) — okTynonb U T. 4. MoTeHuman
nosisi MyNLTUMONS yObIBAET HA 3HAYUTESIbHBIX PACCTOSI-
Huax ot Hero (R > d, rae d — pasmepbl MynsTUNONS)

nNPONOPLMOHANBEHO Ecnn 3apsg pacnpenenex

i
B HEKOTOPOI 0651aCTV NPOCTPaHCTBa, TO MOTeHuuan
3NIEKTPUYECKOro nonsd BHE CUCTEMbl 3apA[0B MOXHO
npeacTtasnTb B BUOE HEKOTOPOro I'IpI/IGJ'II/I)KeHHOFO psapga:

f, f, f,
@:E“+R—22+R—33+.m

3pecb R — paccTosiHue OT cucTeMbl 3apsifloB A0 TOHKU
A c noteHumanom @;

fy, fp f3.... — HEKoTOpbIE ByHKUMK, 3aBUCALLME OT BUAA
MyJLTUMNOSIS, €ro 3apsiaa U OT HaNpPaBfeHUs Ha TOuKy A.

MepBoe cnaraemoe COOTBETCTBYET MOHOMOJIIO, BTOPOE —
AmMnonio, TpeTbe — KBaapynosio 1 T. 4. B cnyyae HevTpans-
HOWi CUCTEMbI 3aPSII0B NEPBOE ClAaraeMoe PaBHO HyJHO.

JIVNONbHLINA 3NEKTPUYECKUI reHepaTop (TOKOBLIN An-
nonb) B Bakyyme unu B naeanbHOM M30NSTOPE aNeKTpu-
4ECKWMn IUMOMb MOXET COXPAHATLCS CKOJb YrOAHO A0NO.
OpHako B peasibHOW cuTyauun (3neKTponpoBOAHON cpe-
nie) nop, AeCTBEM 3NIeKTPUYECKOTO NOJIS UMOJIS BO3HU-
KaeT ABUXeHMe CBOOOOHbIX 3apsifioB, U AWMOSb HelTpa-
nunayetcs.Cuna Toka BO BHELLHEN Lenv 6yaeT ocTaBaTbCs
MOYTV MOCTOAHHOW, OHA MOYTW He 3aBWUCUT OT CBOWCTB
cpepbl. Takasi ABYXMONIOCHAs cUCTeMa, COCTosiLas U3
MCTOKA U CTOKA TOKa, HA3bIBAETCS AUMOMbHBIM 3NEKTPU-
4ECKVM reHepaTopoM, UV TOKOBbLIM ANMONEM.

@ Ana Toro 4TOObI MOCTOSIHHBIN TOK npoTekas no npo-

BOJIHNKY, HEOGXOAMMO Ha ero KoHUax nojaaepXxveaTb
Pa3HOCTb MOTEHLMANIOB. STO OCYLLECTBISIETCH UCTOYHMKA-
MU TOKa. DNEKTPOABUXYLLEN CUNON MCTOYHMKA HA3bIBAIOT
BE/INYVHY, YNCNIEHHO paBHyl0 paboTe CTOPOHHWMX CUN Npu
nepeMeLLEeHNN eIVHVNYHOTO MOJIOXUTENBHOMO 3apsiaa Mo
BCel uenu.

MpakTtnyeckn pabota CTOPOHHUX CUN OTAMYHA OT HyNst
TOMBKO BHYTPU MCTOYHMKA ToKa. OTHOLLEHME CTOPOHHEl
CUIibl K €AUHUYHOMY MOSIOXWUTENbHOMY 3apsily PaBHO Ha-
NPSHKEHHOCTY MOt CTOPOHHUX CUA:

£, =fo.
CcT
q

ONeKTPOABMXYLLAsh Cuna COOTBETCTBYET CKaykooOpas-
HOMY M3MEHEHUIO MOTeHLMasa B UCTO4HMKE ToKa.

BNeKTpPonpoBOAUMOCTbL 3/1IEKTPONUTOB. Buonoruye-
CKUe XUOKOCTU ABNSIOTCS 3NEKTPONUTAMM, INEKTPONPOBO-
[VMOCTb KOTOPbIX MMEET CXOLCTBO C 3/1eKTPONPOBOAVIMO-
CTblO MeTa/UIoB: B 06eux cpefax B OTAMYME OT rasos
HOCUTENN TOKa CYLLECTBYIOT HE3aBUCUMO OT 3/eKTpuye-
CKOro nons.

HanpaBneHune ABVXEHVWE UOHOB B 3NIEKTPUYECKOM Mose
MOXHO MPUOAMXKEHHO CYMTaTb PaBHOMEPHbLIM, MPU 3TOM
cuna qE, nencrTayloLas Ha NOH CO CTOPOHbI 3NEKTPUYECKO-
O M0JIsi, PaBHA CUNE TPEHWS IV:

OTKyAa nosiy4yaem:

KoaddurumeHT nponopumoHansHOCTM b HasbiBaloT Mno-
ABMXHOCTbIO MOHOB.
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37. MaruuTtHoe none

MarHuTHbIM NoNeM Ha3ablBalOT BCIO MaTepuio, nocpes-
CTBOM KOTOPOW OCYLLECTBSETCS CUNOBOE BO3AENCTBUS
Ha IBUXYLLIMECS ANeKTpUYeckune 3apsifibl, NOMeLLEeHHbIe B
none, n apyrve Tena, obnagatoLime MarHUTHbIM MOMEH-
TOM. [Insi MarHUTHOrO MoJs, Kak U 4Nisi 3nekTpocTaTuye-
CKOro, MMeeTCsi KONMYECTBEHHAsi XapaKkTepuctnka —
MarHUTHbI MOMEHT (BEKTOPHAs BEIMYNHA).

MarHnTHas MHAYKUUS B HEKOTOPOW TO4KE MONs paBHa
OTHOLLEHMIO MaKCUMaslbHOrO BpPALLAOLLEro MOMEHTa,
LeNCTBYIOLLIErO Ha paMKy C TOKOM B OAHOPOAHOM Mar-
HUTHOM None, K MarHNTHOMY MOMEHTY 3TOI pamku. Ean-
HULLeN MarHUTHOrO NoToka sBnsieTcs sBedep (B6):

1B6 = 1Tnm2.

Tn — eguHVLA MarHUTHOW nHaykumm (Tecna). N3 dop-
MyJbl BUOHO, Y4TO MOTOK MOXET OblTb KaK MONOXWTENb-
HbIM, TaK 1 OTpULaTeSIbHbIM.

3akoH AMnepa. QHeprus KOHTypa ¢ TOKOM B MarHuT-
HOM nosnie. OfHVM 13 MMaBHbIX MPOSIBNEHUI MarHUTHOrO
nonsa ABNAeTCH ero cunoBsoe ﬂeVICTBMQ Ha ABuxyLwimecs
anekTpuyecke 3apagbl U Toku. A. M. Amnepom Gbin
YCTaQHOBJIEH 3aKOH, OMPEAENSIOWMiA 3TO CUIOBOE BO3-
nevncTeume.

B npoBopHuKe, HaxoasILLEMCS B MarHUTHOM MoJie, Bbiae-
JIMM [OCTaTO4HO Masibli y4acTok dl, KOTOpbI paccMaTpuea-
eTcA Kak BEKTOP, HanpaB/eHHbI B CTOPOHY Toka. Mpounsse-
neHvie |dl HasbiBaloT 3nemeHToM Toka. Cuna, AencTeyowas
CO CTOPOHbI MarHUTHOTO MOJIS HA ANIEMEHT TOKa, PaBHa:

dF =kIB sinb X dI,

rae K — ko3 uULMEHT NPONOPLIMOHANIBHOCTU; U B BEK-
TopHoI dopme dF = Idl XB.

EEE 39. CeoiicTea marHeTUkoB u MaruuTHsle
CBOMCTBA TKaHel Yenoseka

MOJ'IeKyJ'IbI napamMmarHeTMKoB UMeIOT OT/INYHbIE OT HyNnA
MarHUTHbIE MOMEHTbI. I'Ipm OTCYTCTBMM MAarHUTHOIO nona
3TN MOMEHTbI PACMOJIOXEHbl XaOTU4YEeCKN N X HaMarHu-
YEHHOCTb paBHa HYJIO. CreneHb ynopsano4eHHoCTn mar-
HUTHbLIX MOMEHTOB 3aBUCUT OT ABYX NPOTMBOMOJIOXHbIX
$HakTopoB — MArHNUTHOrO NOAS U MONEKYNIAPHO-XaoTuye-
CKOro ABumkeHusa, no3ToMy HamMarHM4eHHOCTb 3aBUCUT
KaK OT MarHUTHOM UHAOYKUUK, TaK 1 OT TemMnepaTypbl.

B HEeoAHOPOAHOM MarHMTHOM MoJjie B Bakyyme 4acTuLbl
napamMarHMTHOro BeuwlecTBa nepemMeLlatTcsa B CTOPOHY
60bLIEro 3HA4YEHUsI MarHUTHOM WMHAOYKUNN, KaK rOBOPAT,
BTArmBatoTcsa B none. K napamMarHeTmkam OTHOCAT aito-
MVIHWUIA, KUCIOPOA, MONUGAEH U T. 4.

ﬂ,l/laMarHeTVl:'lM npucyw, BCeM BeLleCTBaM. B napa-
MarHeTuKax AmaMarHeTn3m nepekpbiBaeTcs 6onee cusib-
HbIM MapamMarHeTu3mom.

Ecnv MarHUTHbIN MOMEHT MOJIEKYN PABEH HYJIO NN Ha-
CTONbKO Mas, 4TO AMamarHeTmuam npeobnajaeT Haj, na-
pamarHeTm3mom, TO BELEeCTBa, COCTOALWME N3 TakMX MO-
NneKyn, OTHOCAT K AnamMarHeTukam. HamarHu4eHHocTb
AnamMarHeTMKoB Harnpas/jieHa NMPOoTUBOMOJIOXHO MarHuT-
HOW MHAYKLMW, ee 3HaYeHne pacTeT C BO3PACTAHNEM UH-
AyKunn. L{aCTI/ILll::I AnamarHeTmka B Bakyyme B HEeOOHO-
POAHOM MarHUTHOM noJse 6y,ELyT BbITA/IKNBATLCHA N3 NMONA.

deppomarHeTmku, nogobHO napamarHeTMkam, Co3-
AaloT HAMarHM4eHHOCTb, HanpaB/IeHHYO Ha UHAYKUUIO NOo-
Nd; UX OTHOCUTEJIbHasi MarHUTHasi NPOHUUAEMOCTb MHOIO
6onblue eauHnLbl. DeppomMarHUTHbIE CBOMCTBA NPUCYLUM
He OTAe/IbHbIM aToOMamMu Uin MoJiekynaMm, a b HEKOTO-
pPbiM BeELECTBAM, HaxoadaWMMCS B KpUCTa/JIM4ECKOM CO-
cTosHun. K deppomMarHeTMkam OTHOCHAT KpucTannuuye-
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W Apyrue ero cBoMcTBa

HanpsiXeHHOCTb MarHWTHOro Mossi 3aBUCUT OT CBOA-
CTBa cpefpl, @ ONPEAeNseTcs TONbKO CUMON ToKa, MpoTe-
KaloLL,ero no KOHTypy. Hanps>keHHOCTb MarHUTHOrO NOJs,
CO3[aHHOrO MOCTOSIHHBIM TOKOM, ClaraeTcsi U3 Hamps-
5KEHHOCTW MOJieil, CO3[aBaeMbIX €ro OTAESbHbIMU 3-
emeHTamun (3akoH Bruo-Casapa-Jlannaca):

dH =k Idi sln o
r

(dH — HanpskeHHOCTb, k — K0addMUMEHT nponop-
unoHanbHocTw, di n r — BekTopsl). UHTErpupys, Haxoamm
HanNpPs>XeHHOCTb MAarHUTHOro noJjs, CO34aHHOro KOHTY-
POM C TOKOM WJIN HaCTbIO ATOr0 KOHTYpa:

_ 1 edixr
4t

KpyroBbIM Ha3bIBaETCS TOK, MPOTEKAIOLLMIA MO NPOBOA-
HUKY B $HOPME OKPYXXHOCTU. STOMY TOKY COOTBETCTBYET
TaKke BPALLAIOLMIACA MO OKPYXHOCTU 3NEKTPUYECKMI
3apsif. 3Has HaNPSXXeHHOCTb MAarHUTHOO MOt U OTHO-
CUTESNIbHYIO MAarHWTHYIO MPOHULIAEMOCTb CPefdbl, MOXHO
HaMTVN MarHUTHYIO UHAYKLWIO:

B =M + MOH = mtNf(2r).

MarnuTHbie CBOWCTBa BellecTsa

Het Takux BewecCTB, COCTOAHNE KOTOPbIX HE N3MEeHA-
nocb Obl npun noMeuleHnn nx B MarHUTHoe none. Bonee
TOro, HaxoA4sCb B MAarHMTHOM MoJie, BEWeCcTBa camu cTa-
HOBATCS MCTOYHMKAMW Takoro nonsi. B aTom cmeicne Bce
BelecTBa NPUHATO Ha3bliBaTb MarHeTukamu. Tak Kak Mak-
pOCKOMMuyeckne pasnmying MarHeTukoB OGyCJ’IOBﬂeHbI nx

w 40. dneKTpoOMarHUTHas MHAYKLUMS.
SHeprus MarHUTHOro nons

CyTb 3MEeKTPOMAarHUTHON WHAYKUUM — MNepeMeHHoe
MarHuTHoe rone NopoXnaeT anekTpuyeckoe rnone (oT-
kpbITo M. Papageem B 1831 ).

OCHOBHOW 3aKOH 3NEKTPOMArHUTHOM MHAYKLMN

I'Ipm BCAKOM WU3MEHEHUN MarHUTHOro noTokKa B HEM
BO3HWKAIOT 3N1EKTPOABMXYLLME CUMbI 3NEKTPOMArHUTHOMN
VHOYKLWN. g

€= ,
dt

roe e — 9/1eKTPOoABMXYLLNE CUIbl;
dt — npomexyToK BpemeHu;
d® — n3meHeHve MarHUTHOro NoToKa.
OTO OCHOBHOW 3aKOH 3MEKTPOMArHWUTHON WHAYKUMM,
wnu 3akoH Papages.
I'Ipm U3MEHEHNN MarHNTHOIMo NOToKa, NPOHU3bIBaloLLE-
ro KOHTYp (I/I3MeHEHMI/I MarHUTHOro nons Co BpemMeHem,
I'IpI/I6J'II/I)KeHVIVI wnn yoaneHnun marHmta, USMeHeHuum cuinbl
TOKa B COCEHEM MW JaNIbHEM KOHTYPE W T. M.), B KOHTY-
pe BCcerga BO3HMKAET 3/IeKTpoABMXKyLlas cuna 3nekTpo-
MarHuTHom MHOYKUMW, NMPpOonopunoHanbHass CKOPOCTHN 13-
MEHEHUS MArHUTHOrO MOTOKA. VM3MEeHEeHMe MarHUTHOro
Nnonsi BbI3bIBAET 3/1EKTPUYECKOE Mnose. Tak Kak TOK eCTb
npon3BoaHas OT 3apsaa no BpeMeHU, TO MOXHO 3anucaTb:

d 1d! do
dg_1do . dg=-22.
at R dt R

OTciofa cneayet, 4To 3apsf, NPOTEKaIoLMii B MPOBOA-
HUKE BCNEACTBME BNIEKTPOMArHUTHOM MHAYKUMM, 3aBU-
CUT OT NBMEHEHNSA MAarHNTHOIO NOTOKA, MPOHW3bIBAKOLLE-
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CTPOEHUEM, TO LIENECO0OPA3HO PacCMOTPETL Mar-

HUTHBLIE XapaKTEPUCTUKW 3NEKTPOHOB, SOEP, aTo-
MOB ¥ MOJIEKYJI, @ TaKXe MOBEAEHME ITUX YaCTuL, B Mar-
HWTHOM none.

OTHOLIEHNE MArHUTHOrO MOMEHTA HYacTyLLbl K MOMEHTY
€e UMMyNbCa Ha3bIBAT MarHUTOMEXaHM4ECKUM. COOTHO-
LUEHWs NMOKa3bIBAIOT, YTO MEXAY MArHUTHLIM U MexaHu4ye-
CKVUM (MOMEHT NMy/bCa) MOMEHTaMV CYLLIECTBYET BNOJTHE
onpeaeneHHas «xecTkasi» CBA3b; Ta CBA3b MPOSBASETCS
B MarHUTOMEXaHW4Yeckux siBneHusix. MarHutomexaHuye-
CKVie SIBIEHUSI NO3BONSIOT OMPEAENsiTb MarHUTOMEXaH!-
4ECKMEe OTHOLLIEHUS U HA OCHOBaHWW 3TOTO AeNaTh BbIBO-
Abl O PONU OPOUTANbHBIX WAN CMMHOBLIX MarHUTHbIX
MOMEHTOB B MPOLIECCAX HAaMarHWuvBaHus. Tak, Hanpumep,
OnbIThl JMHLUITENHA MOKa3anu, YTO 3a HaMarHU4EHHOCTb
PEepPOMarHUTHBIX (XKENe30MarHUTHbLIX) MaTepuasos OT-
BETCTBEHHbI CMIMHOBbLIE MAarHUTHbIE MOMEHTbI S7IEKTPOHOB.

flnpa, aToMbl U MONEKYbI TAKKE MMEIOT MarHUTHbIA MO-
MEHT. MarHUTHbIi MOMEHT MONEKYSbI SIBAISIETCS BEKTOPHOMN
CYMMOI MarHUTHLIX MOMEHTOB aTOMOB, U3 KOTOPbIX OHa CO-
CTOUT. MarHUTHOE Nosie BO3AEVCTBYET HA OPUEHTALWIO Ya-
CTULL, UMEIOLLMX MarHUTHbIE MOMEHTbI, B PE3YNLTATE Yero
BELWEeCTBO HamMarHM4mBaeTCs. CTeneHb HamarHu4MBaHus
BELLECTBA XapaKTEPU3YETC HaMarH1IeHHOCTLI0. CpeaHee
3HayeHVe BEKTOpa HaMarHWYEHHOCTU PaBHO OTHOLLEHWIO
CyMMapHOro MarHUTHOrO MOMEHTa Spmi BCex YacTuLl, pac-
NONOXEHHbIX B 0GbEME MarHeTuka, K 3ToMy 06bemy:

P
v

Takum 06pasom, HaMarHUHEHHOCTb SBASIETCS CPeaHuM
MarHWTHbIM MOMEHTOM eZIHULI 06bemMa MarHeTuka. Egn-
HULeV HaMarHUYEHHOCTU CAYXUT aMmrep Ha MeTp (A/Mm).

rO KOHTYP, 1 €ro CONPOTUBNEHUS. DTy 3aBUCUMOCTb

NCNONb3YKT ONS U3MEePEeHUss MarHUMTHOro noToka
npubopamu, perncTpupyoLWVMI 3NeKTPUYECKUiA 3apsa,
VHAYLMPYEMBIA B KOHTYPE.

OaHUM 13 NPOSIBNEHWI SNEKTPOMArHUTHOW UHAYKUMK
SIBNISIETCS BO3HMKHOBEHNE 3aMKHYTbIX UHAYKLIMOHHBIX TO-
KOB (BMXPEBbIX TOKOB, V11 TOKOB PyKO) B CMIOLLHbIX MPO-
BOOAWNMX Tenax, Takux Kak metannmyeckne getanu, pa-
CTBOPbI 3NIEKTPONNTOB, GMONOrMYeckMe opraHbl U T. M.
BuxpeBble TOKV 06pasyloTcst MPY NepeMeLLEeHNN NpPoBo-
asauiero Tena B MarHUTHOM none, npu U3MeHeHun co
BPEMEHEM WHIYKUMU MONs, a Takke Npu COBOKYMHOM
perictBun o6omnx $pakTopoB. NHTEHCUMBHOCTb BUXPEBBIX
TOKOB 3aBUCUT OT 3NIEKTPUHECKOrO COMPOTUBNEHUS Tena
1, CNeaoBaTenbHoO, OT YAENbHOrO CONPOTUBEHUS U pas-
MEPOB, a TakKe 0T CKOPOCTU N3MEHEHWS MarHUTHOTO MO~
Toka.B pusmoTepanumn pasorpeBaHvie OTAENbHbIX YacTeln
Tena YyesioBeka BMXPEBbIMU TOKaMW Ha3HaYaeTCst kak ne-
4yebHasi npoLeypa, HasbiBaemasi UHOYKTOTEPMUEN.

ONeKTPOMarHUTHbIMU KonebaHusaMy Ha3blBaloT Nepuo-
[AVdeckne B3aMMOCBSI3aHHble M3MEHeHUs 3apsifoB, TO-
KOB, HamnpshKeHHOCTEN 3NEKTPUYECKOrO M MarHUTHOro
nonei. PacnpocTpaHeHne 3aneKTPOMarHUTHbIX koneba-
HWA B NPOCTPAHCTBE MPOUCXOAWT B BUIE 3NeKTpomar-
HUTHBIX BOSIH. Cpean pasnnyHbiX GU3UHECKVX SIBNEHUI
ANeKTPOMarHUTHble KonebaHus 1 BOSHbI 3aHUMaIOT 0CO-
60e mecTo.

MepemeHHbIi ToK — l060N TOK, U3MEHSIIOLLMIACS CO
BpeMeHeM. OfHako Halle TEPMUH «MepPeMEHHbIi TOK»
NPUMEHSIOT K KBA3WNCTaLMOHAPHBIM TOKaM, 3aBUCSLLM
OT BPEMEHMU MO FrapPMOHUYECKOMY 3aKOHY.
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3TN COOTHOLLIEHUS BbIPAXAIOT 3aKOH AMnepa.

Cwuna, nencTayloLas cornacHo 3akoHy AMnepa Ha
NPOBOAHUK C TOKOM B MarHUTHOM MOJfe, ECTb Pe3ynsrar
€ro BO3[EeNCTBUS Ha ABUXYLLMECS 3NEKTPUYEcKue 3apsi-
Abl, cospaowme aToT Tok. Cuna, AeicTBylowas Ha oT-
[enbHbIN ABUXYLLMIACS 3apsif, ONPeLEeNseTcs OTHOLIEHM-
eM cunbl F, NPUIOXEHHON K MPOBOAHUKY C TOKOM, K
o6wemy yncny N HocuTenei Toka B HEM:

Cuna Toka paBHa:

F=jSBL sinb,

roe j — NNoTHOCTL Toka. Monyyaem:

F =jSBL sin b = qnvSBL sinb2,

roe — KOHLEHTpaLWs YacTu.

"SI
MopcTtaBnss nocneaHee BbIpaXeHWe K NepBoMy, Nosy-
YaeM BblpaXeHue AN CUnbl, AEVCTBYIOLLEN CO CTOPOHbI
MarHUTHOrO MOt Ha OTAESbHbIV ABVXYLLUWIACS 3NEeKTPU-
Yeckuil 3apsia 1 Ha3blBaeMow cunoi JlopeHua:
_gN,SIBsin B

f,
SIN

=qvBsinf.

HanpasneHune cunbl JlopeHua MOXHO Onpeaenntb 13
BEKTOPHO 3an1Ccy ypaBHEHUs!

f,=qvB.

CKO€ Xeneso, HUKesb, KOOabT, MHOrMe CriaBbl AT-

VX 3NEMEHTOB MexAay coboi 1 ¢ apyrummn Hedeppo-
MarHUTHbIMW COEAVHEHVSIMU, a TaKkke CrJiaBbl U COeam-
HEHUS XpoMa W MapraHua ¢ HedeppOMarHUTHbIMU
anemeHTamn. HamarHMyeHHoCTb peppomarHeTKoB 3a-
BUCUT HE TOJIbKO OT MAarHUTHON MHAYKLMW, HO U OT UX
npeabiAyLero COCTOSHNS, OT BPEMEHW HaxoXaeHns 06-
pasua B MarHUTHOM none. Xots GpeppomMarHeTkos 1 He
0O4YeHb MHOTO B MPMPOJE, B OCHOBHOM UMEHHO VX NCMOJb-
3YI0T Kak MarHUTHble MaTepuasbl B TEXHUKE.

TkaHn opraHn3ma s 3HAYNTENBHOW CTENEHU anamarHuTt-
Hbl, N0A06HO BoAe. OgHako B OpraHMaMe UMeIoTCs 1 na-
pamMarH1THble BELLECTBA, MONEKYJIbl U MOHbI. DeppomMarHuT-
HbIX 4aCTUL, B OpraHname HeT. BUoTokM, BO3HMKalOLWMe
B OpraHun3me, sIBSISIOTCS UCTOYHNKOM C1abblX MarHUTHbIX
noneii. B HEKOTOPbIX CRy4asix MHAYKLUMIO Takux monew
yaaetcs usmMeputb. Tak, HanpumMep, Ha OCHOBaHWUKN pern-
CTpaLVn BPEMEHHO 3aBUCUMOCTW MHAYKLUMN MarHUTHO-
ro nons cepaua (6MOTOKOB CepAaLia) CO34aH AMarHoCTu-
4Yeckuit mMeTof, — MarHuTokapauorpadusa. Tak Kak
MarHUTHast UHAYKLVS NPONopLMOHasbHa Cue Toka, a Cu-
nia Toka (61oToK) cornacHo 3akoHy OMa NponopLMoHasb-
Ha HanpsixeHuio (buonoTteHuman), To B 06WemM MarHuTo-
Kapavorpamma aHanorvyHa anekTpokapauorpamme.
OpHako MarHutokapavorpabus B OT/IMHME OT 3N1eKTPO-
kapaviorpadpum aBnsieTcst 6eCKOHTaKTHbIM METOA0M, NGO
MarHUTHoOe nosne MOXeT PerMcTpPUpPOBaTLCS U HA HEKOTO-
POM PacCTOsIHUM OT BUONOrNHECKOro 06beKTa — MNCTOY-
HUKa nons.
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41. NMonHoe conpoTuBneHne
(umnepaHc) TkaHen opraHnsma. |
®dusnyeckme 0CHOBbI peorpadum

TkaH1 OpraHy3amMa NPOBOJST HE TOJILKO MOCTOSIHHBIN, HO U Ne- |
PEMEHHbI TOK. B opraHvame HeT Takux CUCTEM, KOTOPbIE Obl-
6l NOJOGHBI KaTyLUKaM WUHAYKTUBHOCTY, MO3TOMY VIH,lJ,yK-|
TUBHOCTb €ro 671M3Kka K HyJlio.

Buonornyeckmne membpansl (1, CnefoBaTesnibHo, BECb op—|
raHvmam) 061a4al0T eMKOCTHbIMU CBOVWCTBAMM, B CBA3M C 9T-
VM MOJIHOE COMPOTUB/EHVE TKaHe opraHmama onpeuem-|
€TCs1 TOJIbKO OMUYECKUM 1 eMKOCTHBIM COMPOTUBAEHUSIMU.
Hanunune B 61MONOrMYECKNX CUCTEMAX EMKOCTHBIX anemeH-|
TOB MOATBEPXAAETCA TEM, YTO CuUia ToKa ornepexaert no
dase npunoxeHHoe HanpsxxeHne. YactoTHas 3aswcmmocm‘
MMnegaHca no3BONSIeT OLEHUTb XM3HECNOCOOHOCTb Tka-
Hel opraHnama, 9T0 BaXHO 3HaTb A5 nepecankv (Tpch—|
nnaHTaummn) TkaHei n opraHos. ViMneaaHc TkaHen u opra-
HOB 3aBVCUT TaKXe 1 OT UX PUNONOTNYECKOrO COCTOSIHMS.
Tak, Npy KPOBEHAMOHEHUM COCYA0B UMMENAHC M3MeHHeT-|
CSl B 3aBMICUMOCTW OT COCTOSIHUS CepheyHO-COCYAVNCTON
[esTeNbHOCTY. |

JlnarHoctTnyeckmii MeTon, OCHOBaHHbIN Ha perncTpaumm
NPUMEHEHNs1 MMMNeJaHca TkaHei B npouecce Cepl:l.e‘-lHOVI|
LesiTenbHOCTN, Ha3biBalOT peorpaduert (MumnenaHc-nne-
Tnamorpadueit). C nOMOLLbIO 3TOro MeEToAa nosyHatoT pe0-|
rpaMmbl rONOBHOMO MO3ra (peoaHuedanorpammsl), cepaua
(peokapavorpamMmmbl), MarucTpanbHbIX COCYAOB, nerkmx,|
neyYeHn N KOHeYyHocTen. MamepeHns 06blYHO MPOBOAAT Ha
yactote 30 kI,

AneKTpUYecKuii UMNYJIbC U UMNYJIbCHBINA TOK |

ONeKTPMYECKUM UMMYNIbCOM Ha3biBAETCS KPAaTKOBPEMEH-
HOE VI3MEHeHUe 3/IeKTPNHECKOro HarnpsikeHus unm Cl/lﬂbl|
ToKa. B TeXHWMKe MNy/bChl NOAPA3AENsoTCs Ha ABe 60b-
Lume rpynnbl: BUAEO- N PaguOUMIYSIbChl. |

e

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

43.Knaccudukaumsa 4acTOTHbIX
WHTEpPBaIOB, NPUHATas B MeAuLMnHe

| M3 Teopyn MakcBesna BbITEKAET, YTO PasnnyHbIe anek-
TPOMArHWTHbIE BOJIHbI, B TOM YMCIE U CBETOBLIE, UMEIOT
| o6Lwyto npupoay. B cBaA3n ¢ aTuM LenecoobpasHo npen-
CTaBUTb BCEBO3MOXHbIE 3/IEKTPOMArHUTHbIE BOJIHbI B BU-
| e eAVHON LwKanbl.

Bcsikas Wwkana ycrnoBHO NnoapasaensieTcs Ha WecTb An-
| anas3oHOB: PaMOBOJHbI (AJIVHHLIE, CPEAHUE W KOPOT-
Kue), uHdpakpacHole, BUOUMbIE, ynbTpapuoneTosbie,
| PEHTreHOBCKME U raMma-uanyyeHus. 3ta knaccuduka-
uns onpegensietcst M60 MexaHU3MOM 06pPa30BaHS
| BOJIH, IGO0 BO3MOXHOCTbIO 3pUTENBHOrO BOCMPUATUS UX
YenoBekoM. PaavoBONHbI 0BGYCNOBNEHLI NEePeMeHHbIMU
| TOKaMu B MPOBOJHMUKAX W 3NEKTPOHHBIMK MOTOKaMM
(Makpouanyyqatenu).
| WHdpakpacHoe, Buaumoe 1 ynstpadroneToBoe nany-

YeHWs1 UCXOOST U3 aToOMOB, MOJIEKY/T 1 ObICTPbIX 3aps-

KEHHbIX 4acTul, (MukpousnydyaTenei). PeHTreHoBckoe
| n3ny4yeHne BO3HUKAET NMpU BHYTPMATOMHbIX npoueccax.

FfamMma-uanyyeHne NMeeT siepHOEe NPONCXOXAEHME.
| HekoTopeble AvanasoHbl NepeKpbIBAOTCS, TakK KaK BOJHbI

OAHO 1 TOW e AnHBI MOryT 06pa3oBbIBATLCS B Pa3HbIX
| npoueccax. Tak, Hanbonee KOPOTKOBOSIHOBOE ybTpaduno-

NeToBOE M3JlydeHne NepeKpbiBaeTcs AJIMHHOBOHOBBLIM
| PEHTreHOBCKUM. B 3TOM OTHOWIEHUU OYEeHb XapakTtepHa

norpaHnyHasi 061acTb MHGPAKPACHBIX BOJIH U PAAVIOBOJTH.
| Jo 1922 r. mexay aTmMun auanasoHamu 6bin npoben. Hauv-

6onee KOPOTKOBOJIHOBOE U3Jly4eHUe 3TOro He3anosiHeH-
| HOro NpoMexyTka UMeso MOJIEKYJSIiPHOe aTOMHOe Mpo-

VCXOXAEHVE (M3Ny4yeHne Harpetoro Tena), a Havbonee
| OJIMHHOBOJIHOBOE U3Jy4asioCb MakpOCKOMNU4eCkKnuMu Bm-

6patopamu lepua. [Jaxe MUNIMMETPOBLIE BOJHLI MOTYT

Tok cmeLeHns

Jx. Makcsenn co3gan B pamkax Knaccu4eckon puanku
TEOoPUIO 3NeKTPOMarHUTHOro nons. B ocHose Teopun Jx.
MakcBesnna nexar ABa NoJIoXeHUs.

1. BcAkoe nepemelleHHoe 3eKTpuy4eckoe none no-
poxzaaeT BUXpeBOe MarHuTHoe nosne. NepemeHHoe anek-
Tprdeckoe nose 6bi10 Ha3BaHO MakcBennom, Tak kak
OHO, NOA06HO 0OLIYHOMY TOKY, Bbl3blBAET MarHMTHOE Mo-
ne. BVIXpeBOe MarHuUTHOE noJsie NopoXaaeTcs Kak Tokamun
NPOBOAUMOCTM NP (ABUXYLLIMMUCS 3N1EKTPUYECKUMM 3a-
psiaaMu), Tak U TOKaMu CMeLLEeHUst (NepemeLLeHHbIM
anekTpuyeckum nonem E).

MepBoe ypaBHeHe MakcBenna

Lo dE
oM dl=1,, ErE,

2. Besikoe nepeMelLeHHOe MarHUTHOE Mosie NopoXaa-
eT BUXPEBOE 3NIEKTPUYECKOE (OCHOBHOW 3aKOH 3NIEKTPO-
MarHUTHOWM NHAYKUWW).

BTopoe ypaBHeHne Makceenna:

¢E,dl:g.
dt

OHo cBsi3biBaET CKOPOCTb UBMEHEHUS MarHUTHOro no-
TOKa CKBO3b JII0GYI0 MOBEPXHOCTb U LIMPKYNSILMIO BEKTOPA
Hanps>KeHHOCTW 3NeKTPUYECKOro Nonsl, BO3HUKAIOLLEro
npu aToM. Linpkynsaumus 6epetcs no KOHTYpY, Ha KOTOPbI
OnVpaeTcs NOBEPXHOCTb.

M3 nonoxeHuit Teopun Makcesenna cneayert, 4TO BO3-
HVWKHOBEHVE KaKoro-nnbo nons (31eKTpu4eckoro unu
MarHWTHOro) B HEKOTOPOW TOYKE MPOCTPAHCTBA BReyeT

EEE] 44. dusnueckue npouecchi B TKaHsX,
BO3HMKaIOLME NP BO3AENCTBUN TOKOM
W 31€KTPOMArHUTHLIMY NOASIMU

Bce BellecTBa COCTOAT U3 MOMEKYJ, KaXAast U3 HYX SIB-
nAeTcs cMcTemon 3apsaos. MNosToMy CocTosHME Ten cy-
LLECTBEHHO 3aBUCUT OT MPOTEKAIOLWMX Yepe3 HUX TOKOB
1 OT BO3AENCTBYIOLLErO 9/1EKTPOMArHUTHOMO NONsi. dnek-
TpU4eckne CBOMCTBa B1MONOrnieckux Ten 6onee CroxH.l,
4YeM CBOWCTBA HEXMBbIX 0OBEKTOB, NGO OPraHM3M — aTo
ele 1 COBOKYNMHOCTb MOHOB C MEPEMEHHOI KOHLEHTpa-
umnelt B NpoCTpaHCcTBe.

MepBrYHbI MEXaHM3M BO3OENCTBUSA TOKOB N 3NEKTPO-
MarHuTHbIX NOJIE Ha OPraHn3mM — GU3NYECKUA.

MepBsuyHoe peiicTBME NOCTOSHHOrO TOKa Ha TKaHU
opr la AnexkTpodopes nekap-
CTBEHHbIX BELLeCTB

Yenoseyeckuii OpraHn3m B 3HaYUTESIbHON CTENeHn co-
CTOUT 13 BMOSIOMMYECKMX XNOKOCTEN, coaepxaLmx 60sb-
LLIOE KONIMYECTBO MOHOB, KOTOPbIE YHACTBYIOT B Pa3fINYHbIX
06MeHHbIX npoueccax. Moa BAnsaHMEM 3NeKTPUHECKOro
M0JIS IOHbI ABVXYTCS C PAa3HOM CKOPOCTBIO U CKanvMBatoT-
CS1 OKOJNO KJIETO4YHbIX MeMOpaH, 06pa3ysi BCTPE4HOE asek-
Tpwuyeckoe nose, HadbiBaemMoe NoNsipu3aunoHHbIM. Takum
06pa3oMm, NepBrYHOE AeNCTBIE NOCTOSIHHOIO TOKa CBSi3a-
HO C ABMXXEHNEM VIOHOB B Pa3HbIX 3/IEMEHTax TKaHew.

Bo3speiicTBre NOCTOSIHHOrO TOKa Ha OPraHn3M 3aBUCUT
OT CUJIbl TOKA, MO3TOMY BECbMa CYLLIECTBEHHOE 3HAYeHVe
MMeeT 3NeKTPUYECKOe COMPOTUBIIEHNE TKaHeR, npexae
BCEro KoXu. Bnara, noT 3HaYnTeNbHO YMEHBLLIAIOT COMNPOo-
TUBMEHVE, YTO AaXe NPV HeBOJbLLIOM HaNPSXXEHUN MOXET
BbI3BaTb MPOXOXAEHME TOKa Yepes OpraHn3m. Henpepsbis-
HbI NOCTOSIHHBIM TOK HanpsbkeHnem 60—80 B ncnonbay-
10T Kak neyvebHbIi MeTon, duanotepanun (ranbeaHnsa-

X EZE] 42. MonsTue o Teopumn Makceenna. _I
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3a Cco6OW Lenyio uenb B3avMHbIX NPEeBpPaLLEHUit:

NepeMeHHOE 3NEKTPUYECKOE MONE NOPOXAAET Mar-
HUTHOE, NSMEHEHNE MarHUTHOro NoJid NOPOXAaeT 3neKk-
Tpuyeckoe.

BsavMHoe 06pa3oBaHNE 3NEKTPUYECKUX Y MArHUTHBIX
nonemn NPUBOAUT K 3NIEKTPOMArHNTHOMY NOJIK0 — pacnpo-
CTPaHEHUIO edVHOro 3N1eKTPOMarHMTHOro noss B npo-
cTpaHcTBe. CKOPOCTb PacnpoCTPaHeHuUsi anekTpomar-
HUTHbIX BOJIH paBHa CKOPOCTW CBeTa. 910 nocnyxuno
OCHOBaHveM an4 co3gaHuns Maxkcsennom BNeKTpoOMarHuT-
HOW Teopuu cBeTa. [JaHHas Teopusi ctana OYeHb BaXHbIM
aTanom B ,D,aﬂbHBVILLIeM passnmn MB,ELI/ILI.VIHCKOVI CbI/ISI/IKVI.

mum). VICTOYHMKOM TOKa CyXMUT ABYXMONynepuoa-
HbIX BbINPSAMUTENb — annapar rajibBaHn3auuun.

MPUMEHSIOT AJ151 3TOrO 3N1EKTPOAbLI U3 NIMCTOBOMO CBUH-
ua TonwmHom 0,3—0,5 mm. Tak kak NPOAYKTbl ANEKTPONM-
3a pacTBOpa NOBAPEHHON CONMN, COAEPXKALLNECS B TKAHSIX,
BbI3bIBAIOT NMPUXWIraH1e, TO MeX/y 3J1eKTPoAaMM 1 KOXeln
NMoOMeLLAIoT MMAPOPUIbHBIE NMPOKIAAKMA, CMOYEHHbIE Te-
naow BOAOW.

MOCTOSAHHbI TOK MCMOMbL3YIOT B ne4ebHOM npakTuke
TaKke 1 AN BBEAEHUS JIeKapCTBEHHbIX BELLECTB Yepes
KOXY win Cnn3ncTtble o6onoykn. AToT MeToA, nony4un
Ha3BaHue anekTpodopesa NekapCTBEHHbIX BeLecTB. Ons
3TOI LieNn NOCTyNaloT TaK Xe, Kak U Npu raibBaHn3aLmm,
HO NPOKIaZKY akTVBHOrO 3N1eKTPOAA CMaYMBaIOT PacTBO-
POM COOTBETCTBYIOLLLErO JIEKAPCTBEHHOMO BellecTsa. Jle-
KapCTBO BBOASAT C TOrO MOJIOCA, 3apsAOM KOTOPOro OHO
o6nafaeT: aHWOoHbI BBOASAT C KaToAa, KaTMOHbI — C aHoAa.

lanbBaHM3aumio 1 anekTpodopes NeKapCTBEHHbIX BE-
LLECTB MOXHO OCYLUECTBASTE C MOMOLLBIO XWUAKOCTHBIX
9NeKTPOAOB B BUAE BaHH, B KOTOPbIE MOrpyXatoT KOHeu-
HOCTU MauvieHTa.

npodheccroHarnbsHoe peLlueHre 3agad

BVIJZLeOVIMI'IyﬂbeI — 9TO Takue 3neKTpunyeckne
VIMMY/bChl TOKA WK HANPsKEHWs, KOTOPbIe UMEIoT
MOCTOSIHHYIO COCTaBNSIOLLYIO, OT/IMYHYIO OT HyNisi. Takum
06pa3om, BUOEOMMMNYIILC UMEET NPENMYLLECTBEHHO OA-
HY MONSpHOCTb. o ¢dopme BUAEOUMMYNbCHI OblBalOT
NPSIMOYrOJibHBIMU, MI006Pa3HLIMK, TpaneLenaabHbl-
MW, 9KCMOHEHLMABHBIMU, KOJIOKON006PasHbLIMM 1 Ap.

PagyionmnynbCbl — 3TO MOAYIVMPOBAHHbIE 3NIEKTPO-
MarHuTHble konebaHus.

B $u3nonorum TepMmnHOM «3NeKTPUHECKUIA UMMYbC»
(MNK «3NEKTPUYECKUIA CUTHAN») 0603HAYAI0T UMEHHO BU-
[eonMnynbChl. MOBTOPSIOLLMECST UMMY/bChl HA3bIBAIOT
VIMMYNbCHbIM TOKOM. OH XapakTepuayeTcsi nepuoaom
(nepnoaom NOBTOPEHUst UMNYNLCOB) T — cpeaHuM Bpe-
MEHeM MexXay Hauanamu COCEAHUX MMMYICOB 1 4acTo-
TOI (4aCTOTOM NOBTOPEHNS UMMNYNLCOB):

1
-

CKBaXHOCTbIO CllefoBaHUs UMnNynbCOB Ha3blBaeTCHa
OTHOLWeEHMe:

e=T-1
f!H

BenuunHa, obpaTHas CKBaXHOCTU, eCTb KO3DPULIMEHT
3anonHeHns:

mreHepMpOBaTbCH HEe TONbKO paavoTexXHUYeCKUmMu
cpeacrteamMu, HO U MOJIEKYNISIPHbIMUK Nepexoaamun.
MosBunca paspen «PagnocnekTpockonus», KOTOpbli
n3y4yaeT nornouleHve v nanyvyeHne paauoBOJIH pasnmy-
HbIMW BELLECTBaAMW.
B MeamumHe NpuHATO cneaytoLlee yCrioBHOE pasaene-
HVe 3NeKTPOMarHUTHbIX KonebaHnn Ha 4acTOTHble an-
anasoHbl (Tabn. 1).

Tabmmua 1
YcnoBHoOe pa3aeneHuve
9NeKTPOMarHUTHbIX koneGaHuii
Ha 4aCTOTHbIE ANaNa3oHb!

Huskune (HY) 0o 20y

3BykoBble (34) n020—30 Iy,

YnbTpa3BykoBble UK

HagToKanbHble (Y34) 20—200 kT

Beicokue (BY) 200 kMny—30 mly,

YnbTpasbicokue (YBY) 30—300 mly,

Ceepxablcokme (CBY) cBbiwe 300 My,

Yacto dusnoTepaneBTUHECKYIO 9NEKTPOHHYIO annapa-
TYPY HWU3KOW M 3BYKOBOW 4aCTOTbl HA3blBalOT HWM3KOYa-
CTOTHOW. DNEKTPOHHYIO annapaTypy BCex ApYrux 4acToT
Ha3blBaloT 060B6LLAIOLLIMM MOHATUEM — «BbICOKOYACTOT-
Has annapatypa».
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45. BoaaencTene nepemMeHHbIMU
(MMNyNbCHbIMKU) TOKAMKN

JleicTBMe NepemMeHHOro Toka Ha OpraHu3m cyue-
CTBEHHO 3aBMCUT OT €ro 4acToThl. [MPU HU3KKX, 3BYKOBbIX
1 yNbTPa3BYKOBbIX YACTOTAX MEPEMEHHbI TOK, KaK 1 Mo-
CTOSIHHbIN, OKa3blBaeT pasapaxatoLee AericTame Ha 61o-
nornyeckue TkaHu. 3To 06yCNOBNEHO CMELLEHNEM NOHOB
PacTBOPOB ANEKTPONINTOB, UX PA3AENIEHNEM, N3MEHEHU-
€M UX KOHLEHTPaLUM B Pa3HbIX YacTsX KIETKN U MexKie-
TOYHOrO NPOCTPAHCTBA.

PasppaxeHue TkaHel 3aBUCUT Takxke U 0T GOpPMbl M-
NyNbCHOrO TOKA, AJMTENBHOCTM UMMYNbCA U €r0 ammnaun-
Tyabl. Tak, HaNpUMep, yBennyeHne KpyTuaHbl poHTa um-
nynbca yMeHbLUaeT MOPOroByld CUJIy TOKa, KOTOPbIi
BbI3bIBAET COKPALLEHME MbIlL,. 3TO CBUAETENbCTBYET
O TOM, H4TO MbIWLUbI I']pVICI'IOCaﬁJ'IVIBa}OTCﬂ K M3MEHEeHWUo
CWIbl TOKA, HACTYMalOT MOHHbIE KOMMEHCALMOHHbIE MPO-
uecchbl. Tak kak cneuneuyeckoe GrUsnMonornieckoe ae-
CTBWE 31EKTPUHECKOrO TOKA 3aBUCUT OT GOPMbI UMMNYNb-
COB, TO B MeAMUUHE NS CTUMYJSLMN LEeHTPanbHOMN
HEepPBHOW CUCTEMbI (3NEKTPOCHA, 3NEKTPOHAPKO3a), Hep-
BHO-MbILLEYHOV CUCTEMBI, CEPAEYHO-COCYANCTON CrCTe-
Mbl (KapANOCTUMYNATOPLI, AePUOPUANATOPLI) U UHOMO
MCMONb3YIOT TOKU C PasfiN4HOV BPEMEHHON 3aBUCUMO-
CTblO.

Bo3saencTeys Ha cepaue, TOK MOXET Bbi3BaTb Grbpus-
NIAILMIO XENyA04KOB, KOTOpasi MPUBOAMT K rnbenu yeno-
Beka. [oporosas cuna Toka, Bbi3biBatoLwero epuépunns-
LMo, 3aBMCUT OT MJIOTHOCTM TOKa, NMPOTEKaloLLEero Yepes
cepaue, 4acToTbl U ANINTENBHOCTU ero AeicTBus. Tok unmn
3NEKTPOMAarHUTHasi BoJHa 061aAatoT TerioBbIM addek-
ToM. JleyebHOE NMporpeBaHne BbICOKOYACTOTHLIMM 3J1eK-
TPOMarHUTHeIMK KonebaHusiMu obnagaeT psaoM npeu-

47. dneKTpoHuKa

DNeKTPOHUKa — 3TO MOHSITUE, LUMPOKO PacnpocTpa-
HEeHHOE B HACTOsILLEE BPEMS. DNEKTPOHMKA OCHOBbLIBAET-
CS npexze BCcero Ha goctmxkeHunsax dpusmkun. CeroaHs 6e3
9NEKTPOHHOM annapaTypbl HEBO3MOXHbI HU AVArHOCTMKA
3ab0neBaHni, HU 3DPEKTUBHOE UX NIEHEHNE.

TepMUH «3NEKTPOHUKA» B 3HAYUTENIbHOW CTEneHu
YCNOBHbIN. [paBunbHEE BCEro nog, an1ekTPOHMKON NMOHW-
MaTb 0611aCTb HAaYKW 1 TEXHWKM, B KOTOPOIA paccmaTpuea-
10TCS1 paboTa 1 NPYIMEHEHNE 3N1eKTPOBAKYYMHbBIX, MOHHBIX
1 NONYNPOBOJHMKOBLIX YCTPOWCTB (Npnbopos). Buinens-
10T GUBNYECKYIO SNEKTPOHUKY, UMes B BUAY pa3aen pu-
3MKW, paccMaTpUBalOLLMA 3N1EKTPONPOBOAUMOCTb Ter,
KOHTaKTHbIE U TEPMO3/IEKTPOHHbIE SBJIEHMS. [0, TeXHU-
4eCKOI 3NEKTPOHMKOM NOHMMAIOT TE ee pa3faesbl, B KOTO-
PbIX OMVCBIBAIOTCS YCTPOMCTBA NPUGOPOB U annapaTos v
CXEMbI VX BKSIO4eHUs. [101ynpOBOAHVKOBOM 911EKTPOHM-
KO Ha3bIBAIOT TO, YTO OTHOCUTCS K MPUMEHEHMIO MOJTy-
NPOBOAHWKOBbLIX NPUGOPOB, 1 T. M.

MHorpa BClo 9NeKTPOHWUKY MOApasaensioT Ha TPy Kpy-
nHble 06n1acTu: BakyyMHasi aNeKTPOHMKa, KoTopasi oxea-
TbIBAET BOMPOCHI CO3AHNS 1 MPYMEHEHNS 3N1EKTPOBaKy-
YMHbIX NPUBOPOB (TakMX Kak 3NEKTPOHHbIE Nambl,
(HOTOSBNEKTPOHHbIE YCTPONCTBA, PEHTTEHOBCKUE TPYyOKM,
rasopaspsigHble NpuGopbl); TBEPAOTENbHAs NEKTPOHMKA,
KOTOpasi OXBATLIBAET BOMPOCHI CO34aHUS U NMPUMEHEHUS
NoNyNpPOBOAHMNKOBBLIX MPUMGOPOB, B TOM YMCAE U WHTE-
rpasibHbIX CXEM; KBAHTOBast 3NIEKTPOHMKA — crieumduye-
CKUii pasfen aneKTPOHUKU, UMEIOLLMIA OTHOLLIEHME K na-
3epam.

OneKTpoHuka — AMHaMu4eckas oTpacib HayKu v Tex-
HUKW. Ha 6a3e HOBbIX 3pHEKTOB (ABMEHWIA) cO3aal0TCA
3NEKTPOHHbIE YCTPOMCTBA, B TOM Y1C/Ie U Takue, KOTopble
HaxoAAT NPUMEHeHVe B 61ONorum 1 MeauuyHe.

MarHUTHbIM nonem

B MaccuBHbIX NPOBOASALLVX TeNax, HaXoAsLLVXCS B ne-
PEMEHHOM MoJie, BO3HMKAIOT BUXPEBbIE TOKW. 3TN TOKM
MOFYT MCMONb30BaTbCs AN NporpeBaHus Guonoruye-
CKWUX TKaHEeW 1 opraHoB. Takoi neyYebHblii MeToL — WH-
[YKTOTEPMUSI — UMEET Psif, NPEeUMYLLECTB nepes, MeTo-
Aom avatepmuun. Mpu MHAYKTOTEPMUM KOSMYECTBO
TennoThbl, Bblﬂ.eﬂﬂlOLLJ'eVICﬂ B TKaHaX, NMponopunoHasibHO
KBagpaTam 4acToTbl U MHAYKLUMN NEePEMEHHOTO MarHuT-
HOro nons 1 06paTHO NPONOPLIMOHANBHO YAENEHOMY CO-
npoTtveneHuio. MoaTtomy cunbHee OyayT HarpeBaTbCst
TKaHW, 6oraTble cocyaamu (HanpUMep, MbiLULbl), YEM XK-
poBble. JleueHne BUXPEBbIMM TOKAMW BO3MOXHO Takxe
npwu obLei fapcoHBanm3auun. B aTom cnyyae naupeHTa
MOMELLAIOT B KNIETKY-COJIEHOWA, MO BUTKaM KOTOPOW Mpo-
NycKaloT UMMYNbCHbIV TOK BLICOKOM YaCTOTbl.

Bo3peiicTBne nepemMeHHbIM 3N1eKTPUYECKUM nonem.
B TKaHsIX, HAXOASALIMXCSI B NEPEMEHHOM 3/1EKTPUHECKOM
nosie, BO3HMNKAIOT TOKU CMELLIEHUS 1 TOKW MPOBOAVMMOCTY.
OO6bIYHO A5 TOW LLeNIN UCMNOMbL3YIOT NEKTPUYECKME NONS
YNbTPABLICOKOM 4aCTOTbl, MO3TOMY COOTBETCTBYIOLLMIA
du3noTepaneBTUHECKMI METOL, NONy4MN Ha3BaHne YBY-
Tepanuu. MpuHATO ncnonL3osaTh B annapartax YBY va-
cToTy 40,58 MI'y, Npu TOKax TakoM YacTOTbl ANANEKTpuYe-
CKkuMe TKaHW OpraHn3aMa HarpeBaloTCs WHTEHCUMBHee
NPOoBOAALLMX.

Bo3sgeiicTBue 3/1IEKTPOMarHUTHbIMU BoslHamu. du-
31oTepaneBTVYeckue MeToabl, OCHOBaHHbIE Ha NMpumMe-
HEeHWUN aneKkTpoMarHuTHbIX BonH CBY-auanasoHa, B 3a-
BMCVIMOCTU OT [AJIVHbl BOJIHbI MOJYYWSIN [1Ba HA3BaHWIS:
«MWKPOBOJSIHOBasi Tepanusi» n «[1LIB-Tepanus». B HacTosi-
uwee Bpems Haubonee paspaboTaHa Teopus O Tenso-

48. MepuumHcKas 3N1eKTPOHUKA.

OfHO 13 pacnpOCTPAHEHHbIX MPUMEHEHWI BNEKTPOHHBIX
YCTPOWCTB CBSI3aHO C AVNArHOCTVKOW 1 NleveHnemM 3abone-
BaHUi. Pa3aenbl aNeKTPOHUKM, B KOTOPbIX paccMmartpuea-
I0TCS 0COBEHHOCTU MPUMEHEHWSI 3NIEKTPOHHBIX CUCTEM
AN pelleHnst MeauKo-OMOoNornyeckx 3afad, a Takke
YCTPOICTBa COOTBETCTBYIOLUEV annapaTypbl, MNOay4unu
HasBaHWe MeAVLIMHCKOW 3N1eKTPOHNKN.

MepaunumHckas 9Nn1eKTPOHMKA OCHOBLIBAETCS Ha CBe-
AEHVSX U3 GU3UKW, MaTeMaTuku, TEXHWUKU, MEeOULMHbI,
61010rVn, GU3NONOrNM 1 APYriX HayK, OHA BKIIOHAET B Ce-
69 61ONOrNYECKyIO 1 GUSMOSTOTUHECKYIO SNEKTPOHUKY.

B HacTosilee BpemMsa MHOrme TpaguuuoHHO «Heanek-
TpUYecKme» XapakTepPUCTUKU (TeMnepaTypy, CMeLleHne
Tena, GuoxvmMuYeckue rnokasartesm u ap.) npu usamepe-
HUSIX CTPEMSATCA nNpeobpas3oBaTh B 31EKTPUHECKUIA CUr-
Han. Wndopmaumio, NpeacTaBneHHylo SNeKTPUYeckum
curHanom, yao6Ho nepeaaBath Ha PACCTOSIHWE U HaeX-
HO perncTpupoBatb. MOXHO BblIENUTbL Creaylowme oc-
HOBHbIE TPyMMbl 3NEKTPOHHBIX NPYOOPOB 1 annaparos,
MCNOMb3YEMbIX ANt MeANKO-BNONOrMYecKnx Lenen.

1. YcTpoiicTea ans nonydeHus (cxema), nepeaaym v pe-
rucTpauun Meauko-6ronoruyeckoit uHbopmaummn. Takas
MHbOPMaLMs MOXET BbITb He TOJIbKO O NPOLEccax, Npo-
MCXOOALLMX B OpraHn3me (B 6MONOrMYeckon TkaHu, opra-
Hax, CUCTeMax), HO 1 O COCTOSIHUWN OKpPYXaloLLei cpeabl
(CaHUTapHO-TUrMEHNYeCKoe Ha3Ha4YeHre), O npoLeccax,
npovcxogsimx B npotesax, u T. 4. Cioga oTHocutcs
6Gonbluas 4acTb AuarHoCTUHecKkol annapatypbl: 6annu-
cTokapavorpadesl, GoHokapanorpadpsl 1 ap.

2. OneKTPOHHbIE YCTPOICTBA, 06ecneyvBaloLwme Jo3u-
pyloLee BO3AENCTBUE HA OPraHM3M PasfinyHbiMU Guran-

YecknMu pakTopamm (TakMMm Kak ynbTpassyk, aNeKTpu- I
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@BOM Bo3gericteum CBY-nonen Ha Gronormyeckme
06BEKTHI.

3neKTpoMarHMTHasl BoiHa Nonspu3yeT MONEKybl Be-
liectTsa M Nepuoanyeckn MnepeopueHTUpyeT ux Kak
anekTpudeckne gunonu. Kpome Toro, anekTpoMarHuT-
Hasi BONIHA BO3AENCTBYET HAa MOHbI BUONOrMYECKUX CU-
CTEM U BbI3bIBAET NEPEMEHHbI TOK NpoBOAUMOCTU. Bee
3TO NPUBOAMT K HArpeBaHMIO BeLLecTsa.

3neKTpOMarHUTHbLIE BOJHbI MOTYT BAVSITL Ha Guonoru-
Yeckue NpoLLEeCcChl, pa3pbiBasi BOAOPOAHbIE CBS3U 1 BIUSAS
Ha opueHTaumnio makpomonekyn AHK n PHK.

Mpu nonagaHuy aneKTPOMarHUTHOM BOJIHbI HA Y4aCTOK
Tena NpPoucxXoauT ee YacTUYHOe OTPaXeHWe OT MoBepX-
HOCTU KOXW. CTeneHb OTPaXeHUs 3aBUCUT OT pasnnyns
[V3NEKTPUYECKUX MPOHULLI@EMOCTel Bo3ayxa 1 6uosnorn-
Yeckux TkaHew. [MybuHa NPOHWUKHOBEHWUSI anekTpomar-
HUTHBIX BOJIH B GMON0Ornyeckme TkaHn 3aBUCUT OT CMo-
COBGHOCTM 3TVX TKaHel NOMIOoLLATh SHEP IO BOJIH, KOTOPast
B CBOIO O4Yepelb OMpenensieTcsi kak CTPOEHWEM TKaHew
(rnaBHbIM 06Pa30M CoaepXaHMEM BOAbI), Tak U 4acTOTOM
3/1eKTPOMArHUTHbIX BOJIH. Tak, CAHTUMETPOBbIE ANIEKTPO-
MarHuTHble BOJIHbI, UCMONb3yeMble B pusmoTepanuu,
MPOHMKAKT B MbILLLbI, KOXY, 6uonoruyeckme XnaKocTn
Ha rny6uHY OKOJIO 2 CM, @ B XMP 1 KOCTU — 0Koso 10 cMm.

YunTbiBasa CNOXHLINA COCTaB TKaHew, YCNOBHO CHMTAIOT,
YTO NPV MUKPOBOJIHOBOM Tepanuu rnybrnHa NPOHMKHOBE-
HUWS 3N1eKTPOMArHUTHbIX BOJIH paBHa 3—5 cM OT nosepx-
HocTu Tena, a npu ALUB-Tepanun — go 9 cm.

v:¥:{3] Heckunin TOK, 3NeKTPOMAarHUTHbIE Mons U Ap.) C ue-

NbI0 NedeHns: annapatbl MUKPOBOMHOBOW Tepanuu,

annaparbl 47151 3IEKTPOXMPYPIAW, KapAMOCTUMYJISITOPbI 1 Ap.
3. KnbepHeTnyeckune aneKTpPOHHbIE YCTpOoCTBa:

1) BNIEKTPOHHbIE BblHMCUTENIbHbIE MaLLWHbI AN nepepa-
60TKM, XPaHEHVsI U aBTOMATUYECKOr0 aHain3a Meau-
KO-6ronoruyeckor nHbopmaumnu;

2) ycTpoiicTBa ANs ynpasneHus npoLeccamMmu XunsHenes-
TENbHOCTV U aBTOMATWNHECKOro PerynpoBaHus Okpy-
XaloLLei Yenoseka cpepl;

3) 3nekTpoHHbIe MOAENM BUONOrMYECKMX NPOLECCOB U AP.

OfHVIM 13 BaXkHbIX BOMPOCOB, CBA3aHHbIX C YCTPOVCTBOM
3NIeKTPOHHOV MeAVLIMHCKON annapatypbl, SBAsSieTCsi ee
anekTpo6e30nacHOCTb Kak A/s NauMeHToB, Tak 1 Ans me-

[LMLIMHCKOrO nepcoHana. B anekTpmnyeckom cetm n B Tex-

HMYECKUX YCTPOMCTBaX OObIYHO 3a[aloT 3NEeKTpU4eckoe

HanpsikeHue, HO AeVCTBIE Ha OPraH3M UV OpraHbl Oka-

3bIBAET ANEKTPUYECKUIA TOK, T. €. 3apsf, NpoTekaloLmii

Yyepes 61onornieckunii 06bLEKT B eANHULYY BPEMEHMU.

ConpoTvBieHne Tena yenoBeka Mexay [OBYMsi kaca-
HUSIMU (311eKTPOAAaMM) CKalbiBAETCs U3 COMPOTUBEHNS
BHYTPEHHUX TKaHEe 1 OPraHOB 1 COMPOTUBIEHNS KOXU.

OcHoBHOe 1 rasHoe TpeboBaHMe — caenaTb HegoCTy-

MHBIM KacaHvie annapaTypbl, HaxoAsLLeincs nog, Hanps-

XeHveM. [is 3TOro npexae BCero U3onvpyloT 4acTu

nprbopoB 1 annapaToB, HAXOAALLMXCS NOA, HANPSXKEHN-

ewm, pyr OT Apyra 1 oT Kopryca annapaTtypbl.

npodheccroHarnbsHoe peLlueHre 3agad

MYLLECTB rnepes TPaavLNOHHBIM U MPOCTLIM CMNOCO-
60M — rpeskoi.

MporpeBaHune rpenkoii BHyTPEHHNX OPraHoOB OCYLLECT-
BNSIETCS 3a CYET TENNONPOBOAHOCTN HAPYXHbIX TKaHen —
KOXM 1 NOAKOXHOW XMPOBOW KneTyaTku. BeicokovacToT-
HOE NMpOorpeBaHne NPOMCXOAUT 3a CHET 06pa3oBaHus Te-
NAOTbl BO BHYTPEHHMX YaCTsIX OpPraHnama, T. €. ero MoXHO
co3paTh TaM, r4e OHO HyxHO. [porpesaHve BbICOKOYa-
CTOTHbIMY KONeGaHUSIMU YAO0GHO 1 TeM, 4TO, PErynnpys
MOLLHOCTb reHepaTopa, MOXHO YNpaBasTh MOLLIHOCTbLIO
TEN/IOBbIJENEHNS BO BHYTPEHHKX OpraHax, a npu HekoTo-
PbIX MpoLelypax BO3MOXHO ¥ [03MpOBaHve Harpesa. s
HarpeBaHus TKaHel TokaMn UCMONb3YITCSA TOKU BbICOKOWA
yacToTbl. lNponyckaHne Toka BbLICOKOW 4acTOTbl Yyepes
TKaHb WCMOMb3YIOT B (HU3MOTEPANEBTUHECKMX MpoLeay-
pax, Ha3blBaeMbIx AvaTepMueit 1 MECTHOW AapCOoHBaNu-
3aumen.

Mpwv onaTepMmm NPUMEHSIIOT TOK 4acTOTOM 0ko1o 1 MIy
co cnabosaTyxalowymMm KonebaHnamu, HanpskeHnem
100—150 B; cuna Toka COCTaBAsSiET HECKOLKO ammnep.
Tak Kak HanBOoNbLIMM YAesbHbIM CONPOTUBAIEHNEM 06na-
[aloT KOXa, 1P, KOCTW, MbiLLLbl, TO OHW 1 HarpeBaioTcs
cunbHee. HaumeHbllee HarpeBaHve y opraHos, Goratbix
KpPOBbIO Mnn NMMMON, 3TO Nlerkme, neveHb, numobaTnye-
CKUe y3sbl.

HepoctaTok anatepmun — 60JblIOE KONMYECTBO Te-
MIOTbl HENMPOAYKTUBHO BbIAESISIETCS B CIOE KOXMW U Nop-
KOXHOI kneTyatke. B nocnegHee Bpemsi aguatepmms yxo-
anTt 13 TepaﬂeBTMHeCKOﬁ NPakTUkKn ”n 3aMeHsieTca
[pPYruMu MeTOL,amun BbICOKOHACTOTHOrO BO3AENCTBUSI.

Tokw BbICOKOW 4aCTOTbI UCMONL3YIOTCS TAKXKE W AJ1S XU~
pypruyeckux uenew (anektTpoxmpyprus). OHv no3sonsiot
npuXuraTb, «CBapyBaTb» TKaHU (AVATEPMOKOArynsiLys)
VNN paccekaTb UX (anatepMoToMust).

Jio6oe TexHW4eckoe (PagnoTexHM4eckoe unu

3NEKTPOHHOE) YCTPOMCTBO CTPEMSATCS MOAEPHU3N-
poBartb, caenatb 6osiee ManiorabapuTHeiM 1 T. n. OgHaKko
NP 3TOM BO3HMKAIOT TPYAHOCTU. Tak, Hanprumep, yMeHb-
weHvne ra6ap|/|TOB n3nennsa MOXeT yMeHbllaTb ero Ha-
[EeXHOCTb N T. 1.

CyLUeCTBEHHbIM CABUMOM B MUHMATIOPU3ALMK 3MeK-
TPOHHbIX YCTPONCTB ObIN0 BHEAPEHUE NONYNPOBOAHUKOBBIX
[MOL0B U TPMOZOB, HYTO MO3BONMIIO [OBECTU MIOTHOCTb
3NEKTPOHHBIX YCTPOCTB 0 2—3 anemeHToB B 1 M3,

Crenyiowmm 3TanoM MUHMATIOPU3aLLIMN 3NEKTPOHUKN,
KOTOpbIVi Pa3BMBAETCS U B HACTOSILLLEE BPEMSI, SIBNISIETCS
CO3[aH1e UHTerpasibHbIX CXeM. ATO MUHMATIOPHOE a/eK-
TPOHHOE YCTPOWCTBO, Y KOTOPOr0 BCE 3NEMEHTbI (MU 1X
4acTb) HEPa3aesibHO CBSA3aHbl KOHCTPYKTUBHO U coeav-
HeHbl Mexay coboi anekTpuyecku. Pasnuyaiot asa oc-
HOBHbIX TUMNa MHTErpasibHbIX CXeM: NoayrnpoBOAHNKOBbIE
VI NIeHOYHbIE.

MonynpoBOAHVKOBbLIE MHTErpasibHble CXEMbl M3roTO-
BNSIOT 13 0COB0 YUCTLIX MONYNPOBOAHNKOB. MyTem Tep-
muyeckoin, aAndohysHol U MHOM 06paboTKN N3MEHSIOT
KPUCTASIIMHECKYIO PELLEeTKY MONyNpoBOAHMKA TaK, YTO
oTaenbHble ero 061acT CTaHOBATCS Pa3NyHbIMU 311-
eMeHTamu CxeMbl. [IeHOYHbIE MHTErpasibHbIE CXeMbl U3-
FOTOBAISIOT NMYTEM OCAXAEHUS PA3NINYHbLIX MaTEPVANOB B
BakyyMe Ha COOTBETCTBYIOLUME MOAJIOXKN. Mcnonb3yioT
TaKke rmépuaHble MHTerpasbHble CXeMbl — COYETaHue
MOJTYNPOBOAHMKOBBIX U1 MIEHOYHBIX CXEM.

26
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| MUYECKMM NOTEPSM, HO 1 K rmbenun naumeHToB. Cnoco6-

| EEE] 49. Kak o6ecneunBaetcs HafeXHOCTb XEE

MeAULUHCKOW annapaTtypbl

Mpu npoBefeHK Npoueayp C UCMONbL30BAHNEM 3flekK-
TPOZOB, HaNOXEHHbIX HA MaUVEeHTa, TPYAHO MPesycMo-
TPETb MHOXECTBO BapUaHTOB CO3/aHWs 3N1EKTPOONACHO
cuTyauuu, NoaToMy crieyeT HeTKO CefoBaTb MHCTPYK-
Ly Mo NPOBEAEHUIO JAHHON npoLuenypbl, He Aenas ka-
KuX-nMBOo OTCTynneHuit oT Hee.

HapexHocTh meauumHckon annapatypbl. Meau-
LMHCKas annapatypa AOoKHA HOPMasIbHO BYHKLIMOHNPO-
BaTb. CNoco6HOCTb U3fenus He oTkasbiBaTb B paboTe
B 3a4aHHbIX YCJ/IOBUSAX JKCMyaTaunm n COXpPaHsiTb CBOIO
paboToCcnoco6HOCTL B TEYEHWE 3a[4aHHOro MHTepBana
BPEMEHI XapakTepm3ayloT 0606LLAIOLLIIM TEPMUHOM — «Ha-
LEXHOCTb>». [Na MeauuMHCKOM annapaTypbl npobnema
HaAEeXHOCTM 0COBEHHO aKTyasibHa, TaK Kak BbIXOA, MPrOopoB
1 annapaToB U3 CTPOsi MOXET MPUBECTU HE TOMNBKO K 9KOHO-

HOCTb annapaTtypbl Kk 6e30TkasHoi paboTe 3aBUCUT OT
MHOIMX MPWYMH, YYECTb AENCTBUE KOTOPbIX MPaKTU4ECKM
HEBO3MOXHO, NO3TOMY KOJIMYEeCTBEHHAA OLEeHKa Haaex-
HOCTU MMEET BEPOATHOCTHBIN xapakTep. Tak, Hanpumep,
BaXHbIM NapameTPOM SIBASETCS BEPOATHOCTb 6e30Tkas-
HOW paboTbl. OHa OLEHNBAETCA IKCNEPUMEHTANbHO OT-
HOLUEHWEM Yucna paboTalowmx (He CNOPTUBLUMNXCS) 3a
onpepeneHHoe BpeMs U3Aenuin Kk o6LLeMy YUCTY UCTbI-
TbIBaBLUMXCS M3Oenuii. JTa xapakTepucTrka OueHUBaeT
BO3MOXHOCTb COXpaHeHns na3aenvem paboTocnocobHOCTH
B 3a4aHHOM WHTEpBasie BpemeHu. [pyrum KonmM4ecTBeH-
HbIM MOKa3aTenemM HaAeXHOCTU SBNSETCS UHTEHCUBHOCTb
0TKa30B. B 3aBMCMMOCTV OT BO3MOXHbIX MOCNEACTBUIA
oTkasa B NPOLECcce IKCryataumm MeANLMHCKUE n3ae-
Vst NOAPa3aensioTcsa Ha YeTbipe knacca.

< Y

YeunutensaMu anekTpu4eckux CUrHanos, WM anek-
TPOHHBIMU YCUNIUTENSIMU, Ha3bIBAlOT YCTPOWCTBA, KOTO-
pble NpeobpasyioT SHEepPruio UCTOYHWMKOB MOCTOSIHHOMO
HanpsHKeHUs B 3HEPruio aN1eKTPOMarHUTHbIX KonebaHuii
pas3nuyHon GopMbl.

Mo npuHUMNy paboTkl Pa3anYaloT reHepaTopbl C CaMo-
BO30YX/AEHVEM N reHepaTopbl C BHELHUM BO30YXAEeHW-
€M, KOTOpbIe MO CYLLECTBY SBASIOTCSH YCUIUTENSMU MOLL-
HOCTU BbICOKOI 4aCTOTb.

leHepaTopbI NOAPA3AENSIOTCS MO YACTOTE U MOLLHO-
cTu konebanwuii. B MeavuvHe 3NeKTPOHHbIE reHepaTopbl
HaxoAsT TPV OCHOBHbIX NPUMEHeHUs: B ¢pu3noTepanes-
TUYECKOI BNIEKTPOHHOI annapaType; B AIEKTPOHHbIX CTU-
MyNISITOPax; B OTAENbHbIX AMArHOCTUYECKMX npubopax,
HanpumMep B peorpade.

Bce reHepaTopbl N0ApasfaensioTcs Ha HU3KOYACTOTHbIE
1 BbICOKOYACTOTHbIE. MeanuMHCKMe annapartsl — reHe-
paTopbl FAPMOHUYECKMX U VMMYJIbCHBIX HU3KOYACTOTHbIX
3NEeKTPOMarHUTHbLIX KonebaHuin o6beauHsIioT aBe 6onb-
LuMe rpynrbl YCTPOWCTB, KOTOPbIE TPYAHO YETKO pasrpaHn-
YUTb: ANEKTPOHHBIE CTUMYNISITOPbI (3NEKTPOCTUMYNISITOPbI)
v annapatbl puanoTtepanun. Mpu HEGOMbLUMX YacToTax
Hanbonee cylecTBeHHO cneundunyeckoe, a He TenioBoe
[eincTeme Toka. JleueHne TOKOM UMEET xapakTep CTUMYy-
NIMPOBaHMs Kakoro-nnbo acddekTa, N03TOMy UMEEeT Me-
CTO Kak Obl CMELIeHNe NOHATUI «nevebHblil annapaT»
N «3NEeKTPOCTUMYNATOP>.

DNeKTPOCTUMYNATOPbI NMOAPA3AENSIOTCA HA CTaLMO-
HapHble, HOCUMbIE U UMMIAHTUPYEMBIE (BXUB/SIEMbIE).

HoCuMbIM 1 4aCTO UMNNAHTUPYEMbBIM KapaANOCTUMYNSA-
TOPOM SIBSIETCA WMIIAHTUPYEMbI PafMO4aCTOTHbIN

51. Ycunurenu-reHepatopbl

npodheccroHarnbsHoe peLlueHre 3agad

50. Cuctema nony4yeHus
MeauKo-6uonoruyeckoii MtHpopmauumn

Jlio6oe meauKo-6ronornieckoe NCCnenoBaHNe CBS3a-
HO C MONyY4eHUEM W PerucTpaumelt OTCYTCTBYIOLLEN WH-
dopmauun. ns Toro 4Tobbl NOAY4UTL 1 3adrKCMpPoBaTb
MHbOPMaLMIO O COCTOSIHAM 1 NapaMeTpax Meauko-61o-
JIOTMHECKON CUCTEMBbI, HEOBXOAUMO UMETb LIyl COBO-
KYMHOCTb YCTPOWCTB. MepBUYHbIA 3NEMEHT 3TOM COBOKYIM-
HOCTV — YYBCTBUTEJSIbHbIV 3IEMEHT CPEACTBA M3MEPEHWA,
Ha3bIBAEMbI YCTPOMNCTBOM CbEMA, — HEMPEMEHHO KOH-
TaKTUPyeT Un B3aUMOENCTBYET C CAMOWN CUCTEMOA.

B ycTpoicTBax MeAULMHCKON 3NEKTPOHUKU YyBCTBU-
TenbHbI 31EMEHT NGO NPSMO BbIAET ASIEKTPUHECKNI
curHan, nMbo M3MEHsIeT TakoBOW CUrHaN Mof, BO3AEei-
CTBMEM OMOMOrMYECKO CUCTEMBI. YCTPOMCTBO Cbema
npeobpasyeT nHdpopmaumio Meanko-br1onormieckoro u
PU3NONOTNHECKOTO COAEPXKAHNS B CUrHAM 3/IEKTPOHHOIO
yCTpOMCTBa. B MeANLIMHCKOM 3N1EKTPOHMKE UCMONb3YIOT-
Cs1 1Ba BMAA YCTPOMCTB CbeMa: 3N1eKTPOAbI U AATHVKM.

3nekTpoAbl — 3TO MPOBOAHVKM CrELManbHON GopMbl,
CoeAVHsIoLLME N3MEPUTENIbHYIO Lierb ¢ B1oNnornyeckom
cucTtemoit. Mpy AnarHoCT1Ke 3NeKTPOAbl UCMOSb3YIOTCS
He TOJbKO 15l CbeMa 3JIEKTPUHECKOro CUrHasna, Ho 1 4Jist
noABeAEeHNs BHELLHEro 3NeKTPOMarHMTHOro BO3AENCTBIS
(Hanpumep, B peorpadumn). B meamumHe anekTpoabl uc-
Nnonb3ylTCs TaKke A8 OKa3aHusi 3NEKTPOMAarHUTHOro
BO3/ENCTBUS C LIeNbIO NIEYEHUS! V1 MPU 3NIEKTPOCTUMY SN,

MHorve Mmeanko-61MonorMyecknue  XxapakTepucTuku
HeJlb3s1 «CHATb» ANIEKTPOAAMM, TaK Kak OHU HE OTPaXaroT-
cs1 61MO3NEKTPUNHECKUM CUTHANIOM: AaB/IEHNE KPOBU, TEM-
nepartypa, 3Byk1 cepaua v MHorve gpyrue. B HekoTopbix
cnyyasx Meavko-6Guonornyeckas nHdopmaumns cessaHa
C ANIEKTPUYECKMM CUTHAJIOM, B 9TUX CJTyHasix UCTOSb3YIOT
Aativkm (n3meputenbHble npeobpasosatenu). Jatum-

52. OnTuka

OonTtuka — pasgen Gusnku, B KOTOPOM paccmaTtpusa-
IOTCS 3aKOHOMEPHOCTUN U3Ny4YeHus, NornoLweHns n pac-
NpPOCTPaHeHWs CBETa.

3aKOoH NPAMOJIMHEHOIO pacnpoCTPaHEeHUs CBeTa.
CgeT B Npo3payHoOit OAHOPOAHON Cpeae PacnpoCTpaHs-
eTCs NPAMOIMHENHO.

CBeTOBOM Ny4 — 3T0 GHECKOHEYHO TOHKMIA NY4OK CBE-
Ta, PacnpoCTPaHSIOWMICA NPSAMONVHENHO, 3TO JINHUS,
yKasblBaloLLasi HarnpasfieHne pacnpoCTpaHeHusi CBeTo-
BOWA 3Hepruu.

Mnockoe 3epkano. Ecnv nagawowime napannenbHble
JIy4n NOCne OTPaXeHUs OT MIOCKON NMOBEPXHOCTM oCTa-
I0TCSl NapasieNibHbIMU, TO TaKOe OTPaXeHUe Ha3blBaeTCst
3epkasibHbIM, a OTpaxatllass NOBEPXHOCTb ABNSETCSH
N0CKMM 3epKasnoMm.

3akoHbl NpenomneHns ceeTta. lNagaowmin n npeno-
MJIEHHBIN Nly4n M HOpMasb K rpaHuLe pasfena cpep, B
TOYKe NafeHns iexar B OHOW MI0CKOCTU.

sina _

sinf

roe a— yron mMexay nagaroLmm JIy4oM U HOpMarbio;
b— yron mexay npesioMAeHHbIM JTy40M U HoOpMasiblo.
ABGCONIOTHBIA M OTHOCUTENbHBIVA NoKas3aTenn npeso-
mneHuss. OTHOCUTENbHLIV MNokasaTenb npenomneHnsa
cBeTa

rae n, 1 n, — abCcomioTHbIE NoKasaTenn NPenomIeHns
[BYX Cpef, paBHble OTHOLLEHWIO CKOPOCTM pacmnpo-

]
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KOM HasblBaIOT YCTPOWCTBO, Npeobpasyiollee n3-

MEPSIEMYIO UM KOHTPONIMPYEMYIO BEINYMNHY B CUr-
Han, yaoO6Hbln ana nepenayn, anbHenwero npeobpaso-
BaHWS UAWN permcTpaumnn. Jatunkv noapasaensiorcs Ha
reHepaTopHble 1 NapameTpuyeckue.

leHepaTopHble — 3TO JATHWKW, KOTOPbIE NOA, BO3aEeW-
CTBMEM M3MEepPSieMOro curHana HenocpeaCcTBEHHO reHe-
PVIPYIOT HanpsixeHne unm Tok. K Takum Tmunam gatqvkos
OTHOCSTCS:

1) nbesoanekTpuyeckune;
2) TEpMO3NeKTpuYeckue;
3) VHAYKUMOHHBIE;

4) doToanekTpmnyeckme.

MapameTpuyeckme — aTO AaT4KKKM, B KOTOPbIX N0/, BO3-
[efiCTBMEM V3MEPSIEMOro CUrHana U3MEHSIeTCst Kakoi-
nmbo napameTp.

K Takum gatyvkam oTHocATCS:

1) eMKOCTHblE;
2) peocTaTHble;
3) VHAYKTUBHbIE.

B 3aBMCMMOCTU OT 3HEpruu, sIBASIIOLLENCS HOCUTENEM
nHdOpMaLMK, pasnnyaloT MexaHn4yeckue, akyctTuiyeckme
(3BYKOBbIE), TEMMepaTypHble, 3NeKTpuyeckne, ontuye-
Ckve v apyrve oat4mku.

BroanekTpuyeckne noTeHUManbl SBASIOTCS Cylie-
CTBEHHbIM AVarHOCTUYECKMM NokasaTenem MHormx 3abo-
neBaHnii. Mo3aToMy O4eHb BaXHO MPAaBUJILHO PErucTpu-
poBaTb 3TV NOTeHUManbl M W3BNeKaTb HEOGXOAVMYIO
MeANLIMHCKYIO MHbOopMaLmIo.

i CTpaHeHvsi CBeTa B BakyyMe K CKOPOCTU pacnpo-
CTpaHeHws CBETa B Cpeae:
c c
n=—, n,=—.
V\ VZ

Xop, nyyeii B npuame. 3akoH NpesioMIeHns cBeTa rno-
3BOJSISIET PACCHUTATbL X0/, JYHEN B PA3ANYHBLIX ONTUHECKNX
YCTPOWCTBAX, B 4aCTHOCTU B TPEYrObHOM MpU3Me.

MonHoe OTKIOHeHNe Nyya

d=a,+b, xw,
w=b,+a,.
Ecnu w man, T10:
d=(n-7) xw,

roe n — nokasaTtesb NnpesioMaeHns seuecTsa Npu3mobl.

$SIBNEHNsi NONHOro BHYTPEHHEro OTpaxeHus. Ecnun nyy
naeT u3 cpenbl, ONTUHecku Gonee NNOTHOW (C 6onbwM
nokasartenem I'IpeJ'IOMJ'IeHI/Iﬂ), B Ccpeny, oNTn4eckn meHee
NNOTHYH, TO:

sina _n,
sinf n,
oa<f

npl/l onpeneneHHoM 3Ha4yeHnn yrna nageHnsa a0 npeno-
MIEHHbIN Ny4 CKONb3UT BAOJSIb rpaHuubl pasaena cpenpl

n,

n )
" [3:5, Torga sino, =—2.
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A— n3nenns, 0Tka3 KOTOpPbIX NPpeacTaBnseT He-

NOCPEeCTBEHHYIO OMAacHOCTb AJ151 XU3HN MnaLveHTa

v nepcoxana. K usgenusiM aToro knacca OTHOCSITCS

npubopsbl 418 HABNIOAEHUS 32 KUBHEHHO BaXHLIMU PYHK-

uMsiMm 60/1IbHOMO, annapaTbl UCKYCCTBEHHOTO [bIXaHWs
1 KpoBOOGPALLEHNS.

B — n3penus, otka3d KOTOPbIX Bbi3blBaET UCKaXEHWEe
VHGOPMALMM O COCTOSIHAM OPraHn3ma Wian OKpyXaio-
Lieil cpefbl, He MPUBOASLLEE K HEMOCPEACTBEHHOW
OMacHOCTU A1 XM3HW NauveHTa unu nepcoHana, nnéo
BbI3bIBAET HEOOXOAMMOCTb HEME/IEHHOIO VCMONbL30Ba-
HVSI @HANIOMMYHOMO MO PYHKLIMOHANBHOMY Ha3HAYeHWIo
n3aenus, Haxoaslerocs B pexume oxuaanus. K takum
V3[eMsAM OTHOCSTCA CUCTEeMbI, cneasiye 3a 60/bHbIM,
annapatbl CTUMYNSLMN CEPAEYHON AeATENbHOCTY.

B — un3penus, oTka3 KOTOpbIX CHuXaeT 3addeKkTus-
HOCTb WM 3ajepXuBaeT nevyebHO-ANarHOCTUHECKUiA
MPOLIECC B HEKPUTUYECKUX CUTYaLusiX, MO0 MoBbiLLaeT
Harpysky Ha MeaVLMHCKNIA nnv 06CnyxusatoLLmii nepco-
HaJl, (60 NPUBOAMT TONILKO K MaTepranbHOMY yliepoy.
K aTomy knaccy oTHocuTCs 60bLLAst YaCTb ANArHOCTMYE-
CckoW 1 pu3MoTepaneBTU4ECKOW annapaTtypbl, UHCTPY-
MeHTapuin n ap.

[ — n3genus, He coaepxallye 0TKa30CMNOCOOHbIX Ya-
cTell. nekTpoMeanLIMHCKas annapaTtypa K 3ToMy Knaccy
HEe OTHOCUTCSH.

meT paamocurHansl OT BHELLHEro nepeparynka. 9tm

CurHanbl BOCNPUHNMAIOTCA BHYTPU Tena 60/1IbHOrO
VIMMIAHTUPYEMOI 4acTbio U B BUAE WMIMYILCOB Yepe3
anekTpoabl nogatTcs Ha cepaue. K TexHnyeckum ycTpoi-
CTBaM 3/IEKTPOCTUMYNISILIMN OTHOCATCA TakXe 3/1eKTpoabl
N5 NOABEAEHVISI AIEKTPUYECKOro curHasna k Gruonoruye-
ckoW cucteme. Bo MHOrMx cny4asx anekTpocTMynnpo-
BaHMe OCyLleCcTBAdeTCs nnacTuH4YaTbiMU 3N1EKTPpoaaMN,
KOTOpble HaK/IaAbIBAOTCS Ha TEno 4esioBeka Nofo6HO
271eKTPOAAM A/ dNeKTpoKapavorpapum.

Bonbluas rpynna MeguumHCKuX annapaToB — reHepa-
TOPOB 3M1EKTPOMArHUTHbIX KonebaHuii 1 BonH — paboTa-
€T B Mana3oHe yNbTPa3ByKOBbIX, BLICOKUX, YIETPABbLICO-
KWX 4acTOT W HasbiBaeTcs 0606LalolmMM TePMUHOM
«BbICOKOYACTOTHAs 3NIEKTPOHHAs annapaTypa».

Mpn YBY-Tepanuu nporpesaemMyto 4acTb Tena nomeLLa-
10T MeXay AMCKOOOPa3HbIMU MEeTaIMYeCKUMN 3NEeKTPOo-
[amMu, NMOKpbITBIMU CoemMm msonsitopa. Mpu Bo3pencTanm
971eKTPOMArHUTHBIMU BOJIHAMU K TeJTy NPUOAVKAIOT U3JTy-
yaTenb 3TUX BOJH.

K npyrum ¢dwusmnotepaneBTMHeCkMM annaparam OTHO-
cATcs:

1) annapart «Mckpa-1» — BbICOKOHACTOTHbLIN reHepaTop,
paboTaloWwmnii B UMMNYNIbCHOM pexXuMe 1 UCrosb3ye-
MbIli 4J151 MECTHOW AAapCOHBaNMU3aLIMu;

annapat UKB-4 gns unpykrotepmum, paboTtatowwmii Ha
vacTote 13,56 mIu;

3) nepeHocHol annapat ans YBY-tepanun — YBY-66;
4) annapaT A1 MUKPOBOJIHOBOW Tepanuu «Jlyy-58».

K BbICOKOHACTOTHOW 9NEKTPOHHOM MEONLMHCKOM anna-
paType OTHOCSIT 1 annapaTbl 3/1eKTPOXMPYPrm (BbICOKO-
HaCTOTHOM X1pyprum).

2

28
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| TPOAVHAMUNYECKOIN NOCTOSHHOW:

53. BonHoBas onTuka

BonHoBble cBoiicTBa cBeTa. CBeT — 370 anekTpomar-
HUTHbIE BOJIHBI B MHTEpBane yactotoi 13 X 1014—8 x
X 1014 'y, BOCNPUYHUMAEMbIE YEJIOBEHECKUM [11a30M, T. €.
AnvHa BonH 380 x 770 HM. CBeTy NnpucyLLm BCe CBOMCTBA
3NIEKTPOMArHUTHBIX BOJIH: OTPaXxeHue, NpenomieHve,
MHTEphEpeHLVs, AMbpaKLms, NoAspu3aLms.

AneKkTpoMarHuTHas npupopa ceeta. [lo cepenunHbl
XIX B BONPOC O Npupoae CBeTa OCTaBasICsl NPakTUYECKn
HepelueHHbIM. OTBET Ha Hero Obin HaviaeH Jx. Makceen-
oM, 060CHOBaBLUMM 0BLLME 3aKOHbI 3NIEKTPOMArHUTHOIO
nons. N3 Teopun Ix. Makceenna cnenosan BbIBOL, O TOM,
YTO CBET — 3TO 3/IEKTPOMArHUTHbIE BOJIHbI OMPEAENEH-
HOro AnanasoHa. CKopoCTh CBETa B OAHOPOAHOI cpeae.
CKOpOCTb CBETa OMnpeaenseTcs ANeKTPUHecKUMmN 1 mar-
HUTHBIMW CBOCTBaMK cpefpl. MoaTBEPXAEHNEM 3TOrO
CNYXWT COBNajeHne CKOpoCTN CBETA B BaKyymMe C a/ek-

1

VEokHo

(6o — neKTpuyeckas NoCTOsIHHAs, M, — MarHTHas no-
cTosiHHas). CKOpOCTb CBeTa B OAHOPOAHON cpede, Kak
W3BECTHO, OMPEenenseTcs nokasartenem npenomaeHs
cpefbl n. CKOPOCTb CBETA B BELLECTBE:

c

vV=—,
n

roe C — CKOpOCTb CBETA B BakyyMe.
N3 Teopun Makceenna cnepyer:

v=4Jeu,

e

55a] 55. OnTuueckas cucTema rnasa
N HEKOTOpbLIE ee 0CO00EHHOCTU

[Ma3 yenoseka sSBASIETCA CBOEOOPA3HLIM OMTUHECKUM
npubopom, 3aHnmaloWwmm B onTuke ocoboe mecto. [ns
MeAMKOB a3 He TONbKO OpraH, CroCoBHbIN K PyHKUMO-
HaJIbHbIM HapPYLIEHWSIM 1 3a60N1EeBaHNSIM, HO U UCTOYHUK
MH(OPMaLMN O HEKOTOPLIX HernaaHbix 6onesHsx. Ocrta-
HOBMMCS KPaTKO Ha CTPOEHUM rna3a Yenoseka.

CoBCTBEHHO IMa30M SIBAISIETCS! [1a3Hoe s16J10K0, Meto-
LLiee He COBCEM MPaBWIIbHYIO LWAPOBUAHYIO GopMy. CTeH-
KV rna3a COCTOAT U3 TPeX KOHLLEeHTPUHYECKN PaCOJIOXeH-
HbIX OBONIOYEK: HAPYXHOMN, CPedHEel W BHYTPEHHEN.
HapyxHas 6enkoBasi 060104ka — ckiepa — B nepeaHei
4acTyv rMasa NpeBpaLlaeTcs B MPO3payHyio BbIMYKITYIO pO-
roBylo 060silo4Ky — porosuly. [0 ONTU4ECKUM CBOWA-
cTBaM poroevua — Hanbonee CUIbHO Mpesomsiowas
4acTb rnasa. OHa ABnseTcs kak 6bl OKHOM, Hepes KoTopoe
B 17123 MPOXOASAT Jy4n cBeTa. HapyxHbii MOKPOB POroBu-
Libl IEPEXOANT B KOHBIOHKTUBY, MPUKPENIEHHYIO K BEKaM.

K cknepe npuneraet cocyauctas 0605104Ka, BHYTPEH-
HsSl MOBEPXHOCTb KOTOPOW BbICT/IAHA CNIOEM TEMHbIX MUr-
MEHTHbIX KJIETOK, NPENSTCTBYIOLMX BHYTPEHHEMY AWd-
dy3HOMyY paccesiHuio cBeTa B rnady. B nepenHen vactu
rnasa cocyavcTas 060s104Ka NePexoauT B PafyXHYIO, B KO-
TOpPOW MMeeTCsi Kpyrnoe OoTBepcTue — 3padok. Hemno-
CPeACTBEHHO K 3payky C BHYTPEHHe# CTOPOHbI rnasa npu-
MblKaeT XpyCTalMk — Mpo3payHoe W ynpyroe Teno,
nopo6Hoe ABOSIKOBLINYKIIOM NMH3E. nameTp xpycTanu-
ka 8—10 MM, paanyc KpMBU3HbI NepeaHel MOBEPXHOCTU
B cpeaHem 10 mm, 3aaHeii — 6 mm. MMokasaTtenb npeno-
MJIEHVSI BELLECTBa XpyCTannka HEeCKOonbko Gosnblue —
11,4. CTpoeHue xpycTanuka HarnoMuHaeT CNOWUCTYIO
CTPYKTYPY JlyKa, NpU4eM rnokasaresib NPenoMIeHns Cio-
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54. Nonspusaumnsa ceeta

CeeT npencTaensieT coboli nonepeyHble anekTpomar-
HUTHBIE BOJHLI. Monsipusaums cBeTa — ynopsiaoyeHne
B OPWEHTALMV BEKTOPOB HArMpsXeHHOCTEN anekTpuye-
CKOrO U MarHUTHOrO MOJIElt CBETOBOW BOJIHbI B MIOCKO-
CTW, NePNeHANKYNSPHON CBETOBOMY Ny4y. ECTeCTBEHHbIN
CBET (COMHEYHBbIN, Namrbl HaKaIMBaHWSA) HEMNONSAPU30BaH,
T. €. BCe HanpaBieHusi koneGaHuin BNIEeKTPUYEeCcKoro 1 mar-
HMTHOIO BEKTOPOB NepneHankynspHble CBETOBbIM Jly4aMm,
paBHonpasHbl. CyLECTBYIOT NPMCNocoBneHnsi, Ha3biBa-
emble nonspuaaropamu, KoTopble 061a4alT Crnoco6HO-
CTblO MponyckaTb Yepe3 cebsl CBETOBbIE Ny4u C OOHUM
HanpasneHvem konebaHuii anekTpuyeckoro Bektopa E,
TaK 4TO Ha BbIXOAE NONsipMU3aTopa CBET CTAHOBUTCS M10-
CKO (NMHEHO) Nonspu3oBaHHbIM. [py NPOM3BOSILHOM
yrie a Mexay HanpasJIeHVsIMM aHaIM3aTopa 1 Nonsipr3a-
TOopa aMnaMTyga CBETOBbIX KOsebGaHWi, BbIXOASALLMX U3
aHanusaTopa, paBHa:

Ea=Encosa,

roe  En— amnnuTyga konebaHuii Ha BbIxoae U3 nonspu-
3aTopa.

B anekTpoMarHuWTHOI BOMHE MAOTHOCTb 3HEPTUM (UH-
TEHCMBHOCTb) NPOMNOPLUMOHanbHa KBaapaty aMmiauTyap
kone6aHun E, . e. I, —EZ v |, —E?

Ha ocHoBaHuM aTOro Nony4aem:

la=Incos2a.

370 cooTHOLLEHMe HasbiBaeTcsi 3akoHoM Manioca.

CreneHb nonspusauumn ceeTa (MakcMmanbHas 1 MUHU-
MafibHasi) paBHa WMHTEHCUBHOCTM YacTWHYHO MONSIPU30-
BaHHOMO CBETa, MPOMYCKaeMoro aHanam3aTopom.

Monspusauma NPoNcxoanT 1 Ha rpaHnLe ABYX U30TPO-
MHbIX AV3NEKTPMKOB. ECnu napalolwmii CBET ecTecTBeH-

56. Tennoeble nsny4yeHus Ten

M3 BCcero MHOroo6pasusi aNeKTPOMarHUTHbIX U3Jyye-
HWA, BUOUMBIX UM HEBUOUMbIX YEJIOBEYECKVM [1a30M,
MOXHO BbIENNTb OAHO, KOTOPOE MPUCYLLE BCEM TENAM.
OT0 U3NyyYeHne HarpeTbix TeN, Un TEMIOBOe U3JyHeHNe.
Mpu Tens0BOM M3ny4eHUN SHEPrUsi IEPEHOCUTCS OT Of-
HOro Tena K Apyromy 6narogapst UICNyckaHuio 1 nornoLye-
HUIO 3NIEKTPOMArHWUTHBIX BOJTH. TennoBoe nanyyeHne Ha-
rpeTbiXx Ten BO3HMKAET Mpu JNoObIXx TemnepaTtypax,
NO3TOMY UCMYCKaeTCsi BCEMU TENaMu.

PaBHOBecHoe (YepHoe) uanyyeHme — 370 uanyye-
HUe, Haxopslleecs B TEPMOAMHAMNYECKOM PaBHOBECUM
C Tenamu, UMeIoLLMMI OnpeaeneHHylo TeMnepaTypy. A6-
COJIIOTHO YepHOe TesI0 — 3TO TeNo, KOTOPOe MOJIHOCThLIO
nornowaeT ioboe nagaioLiee Ha ero NOBepPXHOCTb d/1eK-
TPOMarHUTHOE U3MTy4EHVE HE3ABUCUMO OT TEMMEPATYPbI
Tena.

[insi aBCOMIOTHO YEPHOro Tena MoMioLwaTesbHasi Crno-
COBHOCTb (OTHOLLIEHWE MOTTIOLLEHHON SHEPTUMN K SHEPTUN
nagaioLero N3nyyeHuns) paBHa eanHuLIE.

Mo cBOMM XapakTepuUcTUKam Takoe U3JTyYeHre Nnoaun-
HAETCS 3aKOHY U3nyyeHust MnaHka, onpeaensiowemy nc-
nycKaTesibHyl0 CrOCOGHOCTb U SHEPreTUHECKYI0 IPKOCTb
abCconIoTHO YepHoro Tena. OH Bbickasas runoTesy, U3 ko-
TOPOIn CNefoBao, YTO YepHOe Teslo U3Ny4aeT 1 MNoro-
LAeT BHEPTUIO HE HEMPEPLIBHO, @ ONPEeLEeNeHHbIMU NOpP-
LVIsSiMU, KBaHTamu.

3akoH Kupxropa ycTaHaBiMBaeT KOIU4ECTBEHHYIO
CBA3b MeXAy n3nyyeHmnem 1 nornoweHnem — npu oanHa-
KOBOW MNOTHOCTV 3HEPreTUYECKOV CBETUMOCTU K MOHOX-
pomMaTU4ECKOMy KO3 ULIMEHTY NOMIOLLEHNS CBETA AN1st
NOBLIX TEN, B TOM YMCNE N ANs YepHbIX. 3akoH Kupxropa
YCTaHaB/IMBAET, 4YTO OTHOLUEHWE WCMYCKaTeNbHOW Cro-
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HbllA, TO MPENIOMAEHHBIA U OTPAXEHHbIA Ny4n Ya-

CTUYHO MOJISIPU30BaHbl, NPUYEM MPEVMYLLECTBEH-
HOe HanpaBsfieHue konebaHuii 3aNeKTPUYecKoro BekTopa
NPENOMIEHHOM BOJIHbI NEXUT B MJIOCKOCTWU NageHusi, a
OTPaXeHHbIVi — NepneHAvKyNsapHo ein. CTeneHb nonspu-
3auun 3aBUCMT OT nokasaTtessi NPenoMEHVst BTOPOW
cpeabl OTHOCUTENBHO NEPBOA:

1 OT yr7a nafgeHus a, npuyeM npu yrne nagexuns ab, ans
KOTOPOro tg ag = n,, (3akoH BprocTepa), OTPaXeHHbIR ny4
nosisipU30BaH NPaKTUYECKN NMOSTHOCTbIO, @ CTeneHb Nosnsi-
pv3aLmnM NPENOMIIEHHOTO Jly4a MakCUMarbHa.

JBOViHbIM ny4yenpenomMieHnemM HasblBaeTcsi Cnoco6-
HOCTb HEKOTOpbIX BELLEeCTB, B YaCTHOCTW KPUCTaNoB,
pacLienisTb NafaloLWwyii CBETOBOW Nyd Ha ABa ny4a —
006bIKHOBEHHbIN (O) M HeobblkHOBEHHbIV (E), koTopble
PacnpoCTPaHATCH B Pa3/IMYHbIX Hanpas/ieHnsax ¢ pas-
JIN4HOV $Ha30BOV CKOPOCTbIO 1 MOJISIPU30BaHbI BO B3aVIM-
HO MepneHaVKYNsiPHbIX MIOCKOCTSX.

Mpuv npoxoxaeHnn ceeTa Yepea HeKOTOPbIE BELLECTBA,
Ha3blBaeMble ONTUYECKM aKTUBHBIMU, MIOCKOCTb MONSPYU-
3auun cBeTa NOBOPAYMBAETCS BOKPYr HaNpaB/ieHus fiyya.
Yron nosopota f nnockocTy nonspusaumy NponopLmoHa-
JIeH Myt |, NPoiAeHHOMY CBETOM B ONTUYECKM AKTUBHOM
BellecTse:

f=al,
roe a— NoCcTOsiHHas BpaLLeHWUs, 3aBUCALLAs OT CBOCTB

o 1
BewecTsa U AJIMHbl CBETOBOU BOJIHbI (aiz}

COBHOCTU I Tena K ero nornoTUTENbHOW CNocoBHO-
cTn abconioTHO YepHoro Tena f(w, T) npu Tex xe
3HaYeHVsIX TEMMEePATypbl 1 4acTOThI:
roT
——=f(al),
awTl

roe W — 4acToTa BOSHbI.

3akoH CredaHa-BonbuMaHa: aHepreTuyeckas MHTe-
rpanbHas ceeTumocTb R (T) abCconioTHO YepHoro Tena
nponopunoHanbHa 4YeTBEpTON cTerneHu abGCosIOTHOM
Temnepatypbi:

R(T)=QT,.

Yucnosoe 3HadeHMe NOCTOSHHOW Q, Ha3biBaeMol Mo-
cTosiHHO CTedana-bonbumana, pasHa:

Bm

wK

Q=57x10"°

3akoH cmeleHus Buna — gnvHa Im |, Ha KoTopylo
NPUXOJUTCH MaKCUMYM SHEPrum u3nydeHnst abCcomnoTHO
4YepHOro Tena, 06paTHO NPOMNOPLVOHaNbHa abCoNOTHO
Temnepatype T. 3HayeHne nocTosiHHOW Buna 2,898 x
%X 1073 uK.

1K — nocTtosiHHasi Buna. 9ToT 3aKOH BbINONHSETCS U ANs
cepbIX Te.

MposBneHne 3akoHa Bvna n3sBecTHO 13 06blAEHHbIX Ha-
6noaeHnii. Npu KOMHATHOM TemnepaType TennoBoe 13-
Jly4€HME Tesl B OCHOBHOM MPUXOAUTCS HA UHPPaKpPacHyo
0611aCTb 1 4YeNoBEYECKUM [11a30M He BOCMPUHUMAETCS.
Ecnu TemnepaTypa noBbILLAETCS, TO TeNa HaYVHaIOT CBe-
TUTBCS TEMHO-KPACHbIM CBETOM, @ MPU OYEeHb BbICOKOM
Temnepatype — 6efbiM C rony6oBaTbiM OTTEHKOM, BO3pa-
CTaeT oLlyLLeHne HarpeTocTy Tena.

npodheccroHarnbsHoe peLlueHre 3agad

T. €. NokasaTesib NpesioMNeHuns, a cnegosartesb-
HO, V1 CKOPOCTb B CPEAE ONPEAENSIOTCS ANINEKTPU-
YECKOW U MarHUTHOMN NPOHNLLAEMOCTbIO Cpeabl:

NHTepdepeHupnein Ha3biBaeTCs CNOXEHNE BOJH OT ABYX
VI HECKOJIbKMX UCTOYHMKOB, KOTZ1a B pe3yJibTate Cloxe-
HVSI HapYyLUAEeTCst MPUHLMM CYnepro3vLmm MHTEHCUBHO-
cTen.

MNOTHOCTb 3HEPTrUM B SNEKTPOMArHUTHOM BOJSIHE MPO-
nopLuoHanbHa KBagpaTy aMmnanTyabl BOHbI U Onpeaens-
€T MHTEHCVYBHOCTb CBETOBOW BOJIHbI, KOTOPYIO YesioBeye-
CKWIN rNa3 OLEeHMBAEeT Kak OCBELLEHHOCTb. Audpakums
CBeTa — SIBIEHWSI OTK/IOHEHWSI CBETA OT NPSMONMHENHO-
ro HanpaseHUsA NPY NPOXOXAEHUM Y Kpas nperpagsl.

JAvdpakums BoMH — COBOKYNHOCTb SIBNIEHWIA, HAOMoAa-
€MbIX MpK NMPOXOXAEHUM BOJIH B HEOAHOPOAHbIX Cpeaax,
npmnBOoAsALWMX K OTKSIOHEHWIO BOJIH OT NepBOHayYaslbHOro
MPSIMOJIMHENHOTO PAcNPOCTPAHEHUS.

MNpuHumn MNolireHca—®pexens. Kaxaas Touka nosepx-
HOCTW, KOTOPOI AOCTUIMA B AAHHBIN MOMEHT BOJIHA, CNy-
KUT TOYEYHBIM WCTOYHUKOM BTOPUHHBIX CheprHeckmnx
BOJIH, KOTOpPbIE SIBNISIOTCS KOr€PEHTHBIMU: BOJIHOBAsH MO-
BEPXHOCTb B Nt060I MOMEHT BPeMeHW NpeacTaBseT co-
600 He NPOCTO OrnbartoLLyI0 BTOPUYHBLIX BOJH, @ Pe3y/ib-
TaT nx nHTepdepeHLmn.

MeTop, 30H ®peHens. [1s TO4eYHOro UCTOYHMKA B OA-
HOPOAHOW N N30TPOMHOM CPeLe BOHOBbLIE NMOBEPXHOCTUN
nmeloT cdepudeckyto hopmy. PpeHenb Npeanoxun pas-
61BaTb BOJIHOBYIO MOBEPXHOCTb Ha OTAESNbHbLIE Y4ACTKM,
HasbiBaeMble 30HaMu PpeHens, Tak, 4To6bl konebaHus,
NPUXOASILLVE OT ABYX COCEAHVX 30H B TOUKY HAGMIIOAEHNS,
MpU CROXEHUW racunv Apyr apyra.

©B HeoAVHaKoB. Mexay poroBuLen 1 XpycTannkom
pacnonoxeHa nNepeaHsis kKamepa rnasa, oHa 3anosn-
HeHa BJlaroll — XWOKOCTbIO, GJIM3KOM MO OMNTUHECKUM
CBOWCTBaM K BoAe. Bcsi BHYTPEHHSIS yacTb rmasa oT Xpy-
cTanuka Ao 3a4Hel CTeHKMN 3aHAaTa NPo3payHon CTyAEHN-
CTOV MaccoM, Ha3biBAEMOW CTEKI0BUAHLIM TenloMm. lMoka-
3aTeslb NPENOMIEHNs CTEKIIOBUAHOMO Tesia Takoi xe, kak
Y BOOASIHUCTOW BRaru.
PaccMOTpeHHbIe Bhbile 3/IEMEHTbI 1a3a B OCHOBHOM
OTHOCSTCS! K ero CBETOMNPOBOASALLEMY annapary.
3puTenbHbIn HepB BXOAUT B rna3Hoe si6noko Yyepes 3a-
[IHIOIO CTEHKY; Pa3BETBNSAACb, OH NMEepexoauT B Camblil
BHYTPEHHWIA COii Ma3a — CeTyaTKy, Unm peTuHy, siBnsio-
LLYIOCSi CBETOBOCMPVHUMAIOLLMM (pELLenTopHbIM) anna-
patom masa. CeTyaTtka COCTOWUT W3 HECKOJIbKMX CNOEB
1 HEOZIMHAKOBA MO CBOEN TOMLLMHE U YYBCTBUTEIbHOCTU
K CBETY, B HEM HAXOASTCA CBETOYYBCTBUTESIbHblE 3pU-
TeNbHbIE KNETKU, Nepudepuyeckme KoHLbI KOTOPbIX UMEeIoT
pasnuyHyto popmy. B MecTe BXOXAEHUS 3pUTENBLHOTO HEp-
Ba HAXOAUTCS HEe YyBCTBUTENbHOE K CBETY C/IEMNOE MSATHO.
Ma3 moxeT ObiTb NPeACTaBieH KakK LieHTPUMPOBaHHAs
onTnyeckasi CUCTeMa, 06pa3oBaHHas POroBULIEN, XNOKO-
CTblO NepeAHe KaMepbl 1 XPYCTAIMKOM (4eTbipbMsi Mpe-
JIOMISIOLLMMUCS NMOBEPXHOCTAMM) U OrpaHnyeHHas cne-
penu BO3AYLUHON CpefoW, C3aay — CTEKI0BUOHbLIM
TenoM. MMaBHas oNTM4Yeckasi OCb MPOXOOUT Yepes reome-
TpWYeckue LieHTPbI POroBULibl, 3payka 1 XpycTanvka.
Kpome TOro, BblgensioT eLle 3puUTesbHYI0 OCb 1a3a,
KoTOopasi onpefensieT HanpaeneHne HanbonbLUEl CBETO-
4YBCTBUTENBLHOCTU U NPOXOAUT Yepes LIEHTPbI XpYCTam-
Ka 1 XenToro nsiTHa.
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