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I.1. BBEAEHUE

PagmoOuonornto — HayKy O B3aUMOACHCTBHHM H3IY4YCHHS W OHOJOTHYECKOTO
BEIIECTBA TPHUHITO CUUTATh TOW MPEAMETHOW OOJACTBhIO, TIE 6nepsvie 8 pPa3sumuu
HAWUX 3HAHULL O JICUBOM NPOU3OWET «CMBIK» husuxu, oOuonoeuu u meouyunvi. B
HACTOSIIIEE BPEMS TaKOU «CTHIK» B aQHTJIOS3BIYHOW JTUTEPATYpPE MMEHYETCS 3HAUUTEIHHO
Oonee UIMHHBIM CIIOBOCOYETAHWEM M TIOTOMY, Ha HaIll B3IJA, MEHEE YIauyHbIM
(interdisciplinary investigations) u mpexacraBiasier B XXI Beke MarucTpajbHBIM IMyTh
HAIMX 3HAHUW O TIPUPOJIE KaK 3I0POBOTO, TAK W OOJIBHOTO YeJOBEKa. SICHO, 4TO HaHHas
MEXIUCIUIUTMHAPHAS ~ 00JIacTh,  KOTOpask  CErogHs  HMEHYETCS  MeOUYUHCKAs
paouobuonocus, Kak W JI00as MEXIUCHUIUIMHAPHAs 00JIaCTh H3BICKAHHM, MOXET
MPEACTABIATh M TPENCTABISACT UYPE3BBIYANHBIA HWHTEPEC IS JIOOBIX CIEIUATUCTOB
BBIIICH3IIOKEHHBIX CIIEUAIbHOCTEH: (PU3UKOB, XMMHKOB, OMOJOTOB W, €CTECTBEHHO,
MEIUKOB, T.e. TE€X IO/, KOTOPHIM TIO OMPEIAEICHUIO CYXACHO WCIPABISATh TE
TIOBPEXICHHUS OPTraHOB, TKAHEH W KJIETOK OpPraHW3Ma, KOTOPHIE MOJABEPTINCH EHCTBUIO

paauanuu. HOSTOMy, BITIOJIHC 3aKOHOMCPHBIM PE3YJIbTATOM HMX MHTCPECOB CTAJIO TO, UTO

y)K€ K CepelrHE NpOIUIOr0 BeKa paJnoOMONIOrHs CTajla CaMOCTOSTEIBbHOM OTPacibio
HAYKHU.

U, xak 370 yacTo ObIBAaET B Pa3BUTHUH JIIOOBIX OTpaCie U «MEXIUCHUTIIIMHAPUEBY,
3TO €€  MPEUMYIIECTBO  (CaMOCTOSTENBHOCTh  PaguoOMOJIOTHH)  00EpHYJIOCH
CYILIECTBEHHBIM HEJIOCTAaTKOM. J[OBOJBHO CKOPO CTajl0 OYEBUAHBIM, YTO COOCTBEHHBIMU
METOJIaMU PaJuO0NOIOTUN UCCIEAYIOMNMU caM GU3NYECKUi (aKTOp BO3ACHCTBUS U €TO
ounonornyeckuit 3(HeKT, HEBO3MOXKHO MPOCIEAUTh BCE CTAANN MEXaHU3Ma BO3JIEUCTBUS
dbuznyeckoro (¢akropa — pagdalud Ha OHUOJOTHYECKUH OOBEKT, BKIIOYAs TE
NaTOJIOTUYECKHE U3MEHEHHMsI, KOTOphIe, B KOHIIE KOHIIOB, B psJi€ CIy4aeB MPUBOJAT K
JeTaabHOMYy Hcxony [«MonekymnspHas paauoOuonorusi»  Jeprtunrep I'., FOnr X.,
Artomuznar, 1973r.]. JlanHas cuTyanusi JOCTaTOYHO OOpa3HO MPOMLIIOCTPUPOBAHA B
BBICKAa3bIBAHUM  OJHOTO W3  OCHoBarened  pagumoOuonoruu  A.XomieHaepa
«...paouoduo02Un IMO Mmoae Oumesvl Ha KOMOPOM ObLU NPOUSPAHBL 6CE CPAICEHU)
[Tam xe, ctp.11]. Tem Oonee, kKakeTcs HE YAUBUTEIBHBIM YTBEPKIACHHE, KOTOPOE

IPUBEACHO B IEPBOM ab3alle UCTOpUUecKkoro ovyepka «Pa3Butue panuodbuosorun» [Tam
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xe, cTp.9] «wiig HecnmenuaniucTa paguoOHONIOTHS KaXKETCsS 4YpEe3BBIYAWHO CIOXKHBIM, U
MOYTH HETIOCTUKUMBIM KOHTJIOMEPATOM (DU3UKU, XUMUU, OMOJIOTUY U MeTuLIMHb. Hamno
CKa3aTb, 4TO, BCKOpEe OBLI HalJIeH BBIXOJ U3 3TOTO MOJOXKEHHs, B KOTOPOM OKa3aiach

JaHHAsT MEXIUCUUIUIMHAPHAS HAyKa, & UMEHHO, BBIXOJl ObUI HaiijiecH B Oumodusuke —

bu3MYeCcKoi MOCTAaHOBKE OMosornueckux 3aaa4 [«buodusuka», Bmamumupos 10.A., M:

Menaununa, 1983r.].

Beriie nocrarnenHas npobsiema u, 0003HaueHHbIN B OUo(U3UKe yTh e pelieHus,

ONPEIEIIIN WeJH M 321a41 HACTOSIIEr0 YPOKa.

1. OrrankuBasick OT (PyHIAMEHTAJbHBIX (PU3NYECKUX 3aKOHOMEPHOCTEH HAYUUTHCS
NOHUMAaTh MEXaHU3Mbl BO3JIEUCTBUS (PU3NYECKOTO (pakTopa M3IIydeHHs (pajuariiu)
Ha OMOJIOTUYECKUI OOBEKT.

2. B skcnepumeHTe «BO3JIEUCTBHE MPOTOHHON MYHIKU HA OIMYXOJb», BBHIIIOJIHEHHOM B
TEXHOJOTHH «COBMELIEHHOW PeabHOCTH», 000CHOBATh MPAKTUYECKYIO 3HAUUMOCTD
HOBBIX MOJXOJIOB PAJUALMOHHON (PU3UKU B MEAUIIMHE, B OJJHOM M3 €€ aKTyaJIbHbIX
pa3zenoB — OHKOJIOTUH.

3. Ho He no cueTy TpeTbe, a camoe BaxkHOE (moxanyil, nepoe). Kak Tak ciyduiocsh,
YTO U3HAYAJILHO HAYaThie B YMCTOH (PM3MKe HCCIIEA0BaHUS, BBIMOJTHEHHBIE:

o H.ILITymoem (1892r. - 1894r)
e B.K. Pentrenom (1895r.) — OTKphITHE HOBOIO BHJA 3JIEKTPOMATHUTHOIO
n3irydeHus X-Jy4den, 03)Ke Ha3BaHHbIE PEHTT€HOBCKUMHU
e A.bekkepenem (1896r) - oTKpbITHE PAAOAKTUBHOCTH,
e [LKwopu u M.Cxnonosckoit —Kropu (1897r. — nHawano XX Beka) — OTKpBITHE
CBOIICTB PaJIHOAKTHBHEIX 2JIEMEHTOB (IIOJIOHHS ', pajIus)
MIPUBEIIA K BO3SHUKHOBEHUIO YMCTO MEAMIMHCKHUX MPWIOKEHUN — JTy4eBOM JUArHOCTUKE
Y JIy4YE€BOM TEpPAIIUH.
BoT ¢ 3T0r0 mociegHero - MCTOPUM BO3HMKHOBEHUS NPEIMETA - U HAYHEM, T.K.

HN3BCCTHO, YTOOKI ITO3HATH 4TO-TO, HY>KHO IIOHATb, KaK OHO BO3HHUKIIO.

210
Hononuit (- g4 PO) — PagMOHYKIH] ¢ NepUoJoM mHoiypacnaaa 138 aHs — kpaiiHe paAMOAaKTUBEH, U3JIydaeT O-

HqaCTULkbI. HpI/I €ro BBCICHUU (I/IHKopHOpI/IpOBaHI/II/I) B OpraHu3M B HUYTOXHBIX J03aX MOXKET Ha6moz[an,c51 JIydyeBas 00JIe3Hb

(M. Kropu, ee nous — neiikemus). Crycts 6oee 100 set — orpaBneHue JINTBUHEHKO CO CMEPTEIbHBIM HCXO/IOM.



I.2. IIpeamet paguoouosoruu. Ucropusi pagnodmoiorun: oT GU3NKM K MeIUIUHE

N3 CoDHUC. «Paguoduoaorus (radio (J1at.) — UCIyCKaro JIy4H, radius — nyd, logos —
3aKOHOMEpPHOCTh) — HayKa O JEWCTBUM BCEX BHUJOB HOHU3UPYIOIIMX H3Iy4YE€HUUH Ha
OpraHu3MBbl U UX cooO1IecTBa. PaaroOnoorus oXBaTblBaeT BCE BUbI B3aUMOCICTBUS B
KUBOM TMpHupoae (eciii B OCHOBE JIEKHUT OJM3KOAEHcCTBHE, T.e. JI00as YacTHIa
B3aMMOJICUCTBYET C JPYroM YacTUIled dYepe3 ToJie WM u3iaydeHue). PagmoOuonorus
3aHMMAETCsl HM3BICKAHWEM pAa3jINYHbIX CPEACTB 3alIUThl OpraHuM3Ma OT H3JIY4YEHUS U
nyTel ero MmocTpaJualluOHHOTO BOCCTAHOBJICHUS OT MOBPEXKIEHUHN, TPOTHO3UPOBAHUEM
OIMACHOCTH JIJIsl 4YEJIOBEUYECTBA MOBBIIIAIONIETOCS YPOBHSI paJliallii OKPY>KAIOIIe cpeibl,
U3bICKAHUEM HOBBIX MyTEW MCIOJIb30BaHUSI B MEUIIMHE, CETbCKOM XO3SIICTBE, MUILEBON
U MUKpoOHooruyeckoi mpomseinieHHocTH. Chopmuposanack B 1-oif moiu. 20 B.»

Onpenesienue

PanunoGuonorus (B MIMPOKOM CMBICIE) — HayKa O 3aKOHOMEPHOCTSX B3aMMOJCHCTBUS
ouosiornyeckoro Bemecta u uznydenus (I1.B. Ceprees).

PanmuoGuonorus (B y3KOM CMbICIIE) — HayKa O B3aMMOJICMCTBUM HMOHU3UPYIOIIETO
uznydenus (M) u 6uoooswekta (bO) ¢ 11e1b10 BhISICHEHUS :

® IIEPBUYHBIX (U3UKO-XUMHUYECKHUX ATAIOB B3aUMOJEHCTBHS (9Tamnbl
B3aMMOJICUCTBUS C BEIIECTBOM)

e maToMopdoreHesa Iy4yeBOTO IMOPAKEHUS OPraHOB U TKaHeW (paaualMOHHBIHI
MeTareHe3s)

® BBHIPA0OTKH CHOCOOOB YIPABJICHUS PATUOYYBCTBUTEILHOCTBHIO KIIETOK U TKaHEH
opraHu3ma (JIeueHUuEe OMyXoJiel — yBEJIMYEHHE PaTUOUYyBCTBUTEIHHOCTH KIIETOK
OITYXOJIM, CHIPKEHUE PaIMOUyBCTBUTEIILHOCTH KJIETOK HOPMAJIbHOM TKaHU)

e pa3paboTKH CrIOCOOOB 3aITUTHI OT U3TYUYECHUS

e pa3paboTka peabMIMTAIIMOHHBIX MEPONPUSTHHA, HAIPaBJIECHHBIX MO MOBBIIICHHUE
YCTOMYMBOCTH OpraHu3Ma Ko BceM BujaM usiydenus (MU, nuarnoctuueckoe —
peHTreHoBckoe, Y3, nuciiies komnerotepa, CBY, KBY, nazepHoe)

Otanbl Bo3aehcTBUs unydueHus Ha bO:

¢duznueckas craaus
(bu3UKO-XUMHUYECKast CTaHs

e OMOXUMHYECKAS CTAINS
e OHOJIOTMYECKAS CTAAUS

W3 na3zBanumii ciemyeT, 4TO paguoOUOJIOTHS O00BbeAUHSIeT 3HaHWsS (U3UKUA, XUMUH,
onoxumuu, OMopU3NKHU, OMOJIOTUHA U MEAUITUHBI.



B namem ypoke Oyaet paccmarpuBathes M.
[Mpeamer Pb

NN — mortok vactuil (3JIEKTPOHOB, MPOTOHOB, HEHTPOHOB, SIAEP ATOMOB, (-YACTHI]) U
AIIEKTPOMATrHUTHBIX BOJH (Y-KBAHTBI — TOPOKIAIOTCS BHYTPHUATOMHBIMH KBAaHTOBBIMU
nepexojiaMu) C DHEpruei, 3HauMTelbHO TmpeBblimawmmei 10-15 »B  (’3Heprum
WOHU3AINN — HEOOXOIUMOM /TSI OTPHIBA JIEKTPOHA OT SI/Ipa).

dusnyeckas MOCTAaHOBKA 3a1ad (3HA4YCHHUE) paauoOuoJIoruu (OMUpasiCh Ha Y3KOe
onpenenenue Pb):

1. U3yuenne mnepBuuHbix dddexToB B3aumogeiictus WU ¢ BemectBom
(mornomenue, oopazoBaHue cBOOOHBIX paaukaioB, cimmBku JJHK-PHK-Gemnok)
MO3BOJISIET OCBOMTH OCHOBBI JIy4€BOW JHMATHOCTUKH (€T MOHUMAHUE IPUPOJBI
uHpopmaruu Ha Y3, R-cHuMKe: mouemy n300pakeHne KOCTEH CBETIIOE, & MBIIIII]
— TEMHOE)

2. [lonnmanue MmexaHu3zMa naToMop(QoreHesa JIyueBbIX MOPAKEHUIN — 3araJkiu MaJlbIX
no3. Hanpumep, nmuk 3a00JI€Ba€MOCTH PAKOM IIMTOBHUJIHOM >KeJie3bl BO3HUKAET
yepes3 4-5 JeT mocie BO3IEUCTBUA, a PaKOM JIETKUX — ciycTs 15-25 net. [IpuuuHbl
3TOr0, XapaKkTep U3MEHEHHI B OpPraHM3Me B TEUEHHE 3TOIO BPEMEHHU, ITATOICHES U
CHOCOOBl  MpEeAyNpexAeHUs 3a00JIeBaHUI MOXKHO TOIBITATBCS YCTAHOBUTD
merogamu Pb. Bompoc BaxkeHn, T.k. 70% mydeBoil Harpy3ku Mbl MOJy4YaeM,
POXO0/Isl TMarHOCTUYECKHUE MPOUEAYPHI, a TOpora U3Iy4eHUs HET

3. Vnpasnenue paarnouyBcTBUTEIBHOCTEIO (PH). PY — crioco6HOCTH pearnupoBaTh Ha
aydeBoe BoznerctBue. CrnocoObl moBbIIeHUS PY  OmyXosieBbIX KIETOK U
cHmkeHus: PY HopManbHBIX TKaHeWd OpraHu3Ma MOTJM Obl KCIOJb30BAaThCS B
JIy4€BOU TEPAIUHU.

[Tpumep

A. @®oroguHamudeckue 3G exTsl B OMopu3MKEe: BBOIUTCS XpoMopop — MOJIEKYIa,
norjoumawmas 3Hepruto, cessbiBaercess ¢ JAHK u akuentupys CBETOBYHO 3HEPIHIO,
paspymaer JHK

OtMmetnm, uTo PB He sBisIeTCs y3KOW CHEUUATbHOCTBIO, 3HAHUSI KOTOPOl HE HY>KHBI B
noBceHeBHON ku3HU. Beap MMM — 3TO0 W 3ekTpoHHBIM cMmor oT auciuieeB, 70% ot
Harpy3ku B 00bIuHOM ku3HU (BHE ADC) NPUXOIUTCS HA TUArHOCTHUYECKHUE MPOIETYPHI
(pentreHorpadgusa B CTOMATodOruu, (Qurooporpadus, paJIuoU30TONHAs TUArHOCTHKA H
ap.). B MockBe okomno 100 mpemnmpusTHii BBIOPachIBAIOT B OKPYXKAIOIIYIO CPEIy
PaIUOHYKIU/IBI.



IMpuxkaagnoe 3nayenue Pb

1. Pa3paboTka METOJOB OHKOTUATHOCTHKHU

2. B 1925r. paamoOuonor Memiaep BHOEpBbIE YCTAaHOBWJI (DU3UUYECKYIO MPHUPOITY
MyTaluun

3. B 1924r. — oreuectBeHHble yuyeHble HancoH nm ®PununmnoB — Teopus MyTauui
(BO3€ICTBUE U3ITYUYECHHS HAPYIIAET CTPYKTYPY XPOMOCOM)

OcHOBHOI paanoOH0JIOTHYECKHH APATOKC

B Pb noxkazano, uto jneranmpHas no3a 4enoBeka coctaBisger 10 I'p = 10 JDx/kr; mnus
cpeaneit Mmaccol 70 kr oHa coctapisieT 70*10 = 700 JIx = 170 kan.

CyTp napaziokca B TOM, YTO HUYTOKHO MaJiasi 103a YHEPTUH HOHUZUPYIOUIETO U3ITyYSHUS
(CTOJIBKO >K€ YeJIOBEK IMOJydaeT dHepruu u3 17 mul Bojbl, HarpeToit 10 46°C) BbI3bIBaET
JIeTanbHBIA MCXOJ OpraHu3Ma. UyBCTBUTEILHOCTh OpraHH3Ma K m3TydeHuio B 10* pas
IPEBOCXOAUT UYYBCTBUTEJIBHOCTh PEUENTOPHOIO armapara KIETKH K CTEPOHUIHBIM
FOPMOHAaM, HAlpUMEp, SIIEPHBIX PELENTOPOB K CTEPOMJAHOMY TFOPMOHY TECTOCTEPOHY
(mannbie u3 III 1. «MonexynsgpHoi Ouonoruu KieTku»). Kpome Toro, npu nosrydeHuu
Majol 03kl paguanuy MOCIEACTBUAS MOTYT IposiBUTBCA depe3 15-20 ner, T.0. 3amaya
MMeEET He TOJIbKO (PyHJaMeHTaIbHOE OMOJIOrMYeCKOe 3HAUeHHUE, HO U MPAKTUYECKOE.

Kpartkas ucropusi Pb — ucropust pusuku, 6Moj10rum 1 MeAUIUHBI

Konen 1895 Hauano Pb cBsizano c¢ otkpeitueM ¢usukom Pentrenom X-
ayyeil  (oOHapyX W  CBEYEHHE  KPHUCTAUIOB  IUIATHHO-
cuHepoauctoro 6apus). C 3TOro MOMEHTa HA4aIoCh Pa3BUTHE
PEHTIT€HOBCKOM JUArHOCTUKH

Kymnukep (aHatom) — 1-s1 peHTreHorpamma KUCTH

01.1986

1896 Tapxanos. «/lelictBue X-nyueit na [JTHC»

03 deBp. 1896 | Jlecradht (meguk, C-I10). «OnpiT Pertrena B mpuiaokeHUH K
MEMKO-OMOJIOTHICCKUM HCCIICIOBAHUSIM)

1896 Anpu bekkepenb 00HapyKui SBIEHHE PATUOAKTUBHOCTH
(comn ypaHa BBI3BIBAIOT TMOYEpHEHUE (HOTOIIACTUHKHA) —

ucnyckanue MM aromamm B mponecce caMOIpPOU3BOJIBHOTO




pacmajna

1898 [Tbep u Mapus Kropu oOHapyXuiin MaTepualibHble HOCUTETU
PaaMOaKTUBHOCTH (ITOJIOHUI U paJinii)

1900 [Tocrosinnas [1nanka

Hau. 20s. E.C. Jlonnon «BnusHue u3nydyeHus paads HA U3MEHEHUS B
ITHC 1 KpOBETBOPHBIX OpPTraHax»»

1906 bepronbe, Tpubonmo (¢p.). mnpaswio: PYU  mpsmo
IPOMOPLMOHAIBHA CKOPOCTH JEJIEHUsI KJIETOK U OOpaTHO
NpoNopLUMOHaIbHA  cTeneHn ux auddepennupoBku. PU =
f(T1Vys LD

1911-1912 [Tnanerapnas moaens atoma Pesepdopaa-bopa

1913 Xepemn (BeHrp.), B.Bepnaackuii. Hauvamo mnpumeHeHus
M30TOTNOB B JUArHOCTHKE (M30TOIBI U BO3JEUCTBUS H30TOIOB
Ha OpraHu3M)

1925 Tumodees-Pecosckui, JenbOpioK, [Mupkab —
chOopMyIMPOBATU MPUHIUI TMOMAAAHUS U MPUHIIMUI MUIICHHU:
yeMm OoJIbllle pa3Mep MOJIEKYJbl TeM OO0JbIlle BEPOSITHOCTH €€
NOpaXKeHUs

1934 OTKpBITa UCKYCCTBEHHAS PAMOAKTUBHOCTD

1942 ®epmu — pazpaboTat peakTop sl MOTYUSHHS Ty TOHUS

1945 Xupocuma u Haracaku

1952 Xyr, Kemnepep. Croxactuueckas Tteopusi Pb addexron
(Bzaumogeiicteue U ¢ BO — BeposiTHOCTHOE)

1954 TapycoB. JlunuaHas Teopus TNOpPAXKEHUS KIETKH, pPOJb
CBOOOIHBIX PaJIUKAJIOB

1963 BnepBele B cTpaHe BBeneH Kypc Jiekuuili nmo Pb Bo 2-m
MOJIT'MUA

1980 Kaparonuna.  Teopuss ~ pagualMOHHBIX  IMOBPEXKICHUM,

ONUpAIOIIAsCsl Ha HECOOTBETCTBHE MEXaHU3MOB MOPAKEHMUS,
penaparum. ..




1996 Konnenuus Bozaericteusi manbix a03 (M)W, noctpoenHas
MB® coBmectHO ¢ HMHctutyroM (uU3MUECKOH XUMHH
(xoH(OPMAIIOHHBIE MTEPEXO0/IbI B MAKPOMOJIEKYJIaXx )

XX-XXI MenuiuHckast painoOMOI0OTHS B OHKOJIOTHH: JTydeBast Tepanus

3apsKEHHBIX YacTull (MPOTOHHAs myika). [Ipumedyanne — rema
HACTOSIIEro ypoka. TpaHCIsaHOHHAs MEIULINHA

Jranbl passutusa Pb

1.
2.

koHerl 198. — 1920 r. — kauecTBeHHBIN dTan (HaKoIUIeHHEe (DAKTOB)

1920 — 1980 rr. — KOJWYECTBEHHBIM H3Tam (TEOpHUS MHUILICHEH W TPUHIIUI
MONaaHuUs )
C 1980 — wuHpOpMALMOHHBIN TMepuosa (HAPYIIEHHE BHYTPUKJIETOYHBIX H

MEKKJIETOUHBIX B3aUMOICHCTBUI)

XX - XXI B. — Pb kak OuomemuiuHckas TexHojorus. JlydeBas TuarHOCTHKA:
pentrenonorus, KT — komnberotepnas tomorpadusi, MPT — marautope3oHaHcHas
tepanus, [IOT — mno3utpoH-smMuccuonHast Tepanus, Y3UW — yapTpa3BykoBOE
uccienoBaHue (IpUMEp HCIMOJIb30BAHUS HEMOHUBUPUYIOUIMX HW3JIYYCHUH B
MEJIULINHE)



1.3. ®u3uka — MeIUIIUHCKON THATHOCTUKE: PEHTITeHOJIOT sl

Pentrenonoruss — moOXajlyd, €JUHCTBEHHass oOOJacTh MEIUILIMHBI, TAE€ YK€ C
no3anpouuioro Beka (1895) d¢wusmka M mpakTHYECKas  MEAWIIMHA  BIIEPBBIC
«COCTBIKOBAJachy», CPOPMUPOBAB MEPBYI0 MEXIUCHUUILUIMHAPHYIO KaK TENeph MPHUHSTO
Ha3bIBATh MEIMKO-OMOJIOrMYEcKyl0 00JacTh wuccienoBanuii. A pentreHoBckas KT,
MKPT, usoromHass ¥ NO3UTPOH-DMUCCHOHHAS [WArHOCTUKA €CTh IPSAMOE CIEIACTBHE
JaIbHENIIET0 Mporpecca 3TONW «CTHIKOBKW»: siiepHasi (pu3uKa, UMITyJIbCHAs TEXHHUKA U
KOMIBIOTEpHBIE TexHoJornu. Kak mokasanu coBpeMeHHble uccieaoBanus B ¢usuke (H.
Bacunbes-/lepubac, B. Tiotonnuk, 2001) otkpbun X-iyuu (M Aajl UM 3TO Ha3BaHUE)
CHEUUATUCT MMEHHO B  MEXKIUCUUIUIMHAPHOW  00JIaCTU:  CHEKTPOCKONHS U
anekrporexHuka — WM.II. ITymroii. MBan Ilerposuu Ilymroit, ponom u3 TepHOIONBIINHGI,
npodeccop ¢usuku  Ilpaxkckoro  yHUBepcUTeTa, JeKaH TIIEPBOrO B MHPE
3IIEKTPOTEXHUUECKOro (akynpTaTa, ydeHUK A. DiiHmTeiiHa u B.K. Pentrena B mepsoii
nosioBuHe 80-X IT. MO3aMpOLLIOTr0 BeKa H300pei razopa3psaIHyio TpyOKy, H3BECTHYIO KaK
«iamna Ilymrosi», koTopass otinuuanack oT apyrux (Jlemnapna, Kpykca) BbICOKUM
KauecTBOM (DOKYCHPOBKU H3IIy4EHHs, KOTOPOE OH M Ha3zBayi X-1ydaMu. Becnoit 1895 r.
[Tynrol moy4yus nepBbid (POTOCHUMOK PYKU YEJIOBEKa M CKEJIETa MOPCKOW CBUHKH. DTH
CHUMKH, Oylarojilaps HMX BBICOKOMY KaueCTBY, B OTJIMYHME OT HEYETKUX CHUMKOB
B.Pentrena, oxoTHo myOJMKOBAJIMCh B BEAYIIMX €BPONEHCKUX >XypHanax. Tak, 2.0.
Kum mucan: «Bo Bpemsi pemonctparuu [lymroeBoit jgammnbel Mbl yOSIMIMCh B YHCTOTE
¢dororpaduu, B TO BpeMs KaK CHUMKH, ClieJaHHbIe PeHTreHoM, JHILEHBI SAPKOCTH U
YEeTKOCTH, a, CIIEJIOBATEIbHO, AJIi TOYHOM MOCTAHOBKM JMAarHo3a HE HMMEIOT 0CO0O0ro
3HaueHus. Ha wuccienoBatenbckyto pabotry Pentrena ciegyer  IOCMOTpETh
ckentuueckn». O cBoux 3kcrepuMenTax [lymoi mogpoOHO T0JI0KUI CBOEMY YUUTENIO —
B.K. Pentreny, KOTOpblii BOCIIPOM3BEN €r0 OMNBITHI 3UMOW TOro ke roga (BrouOypr,
HOSIOpB — iexadps 1885 1.)

B uewm xe torga 3acmyra B.K. Pentrena? A oHa cOCTOUT B TOM, YTO OH UX BOCIIPOM3BEIL,
AKCIIEPUMEHTHPYSI C CaMbIMH pa3HBIMH Ta3opa3psaHbiMu  TpyOkamu  (JIeHHapna,
I'utTopda, Kpykca), T.e. mokazan BOCHPOU3BOAUMOCTb HOBOTO SBJICHUS. A BO-BTOPBIX,
U 4YTO TJIaBHOE, TIEPBOE CBOE cOOOIeHUE crernail B Bropnoypre 28 nexaOdps Ha 3acelaHUH
(bU3UKO-MENUIIMHCKOTO OO0IIEeCTBa, T/I€ MPUCYTCTBOBAIM M (PU3MKH, U MEAUKHU. T.0.
TeHUANIBHOCTh TMpeABUcHUS PeHTreHa B TOM, YTO OH OCO3HAJ, MPEKIE BCETO,
MEXIUCITUTUIMHAPHYIO ~ BOKHOCTH 3TOTO  SIBJICHHWS W3JIO)KMB CBOM  JIOKJad B
MEXAUCIUIUITMHAPHON cpenie (hU3uKU, MEAUKN)

Kpome toro, PeHTren oTKpbll HOBOE (PU3NYECKOE SIBJIEHUE — PEHTI€HOJIOMHUHECIIEHIIUIO
— CBEYEHHUE HEKOTOPBIX KPUCTAILIOB (paboTall C MIaTUHOBO-CUHEPOAUCTHIM OapueM) MmoJy
Bo3aeicTBueM X-iyded. B Hacrosiiee BpeMsi €ro OTKpPBITHE IPUMEHSETCA BO BCEX
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YCTPOMCTBAX PETUCTpallM HOHU3UPYIOIUX u3nydeHud. [lo cyTu, Ha OCHOBe ero
OTKPBITUN «HEBUJIUMOE)» CTAHOBUTCS BUJAMMBIM YEJIOBEUECKUM TI1a30M.

Tam >xe OH cjenajl CHOIMOK pyKHd aHaTOMHYECKOro cOBeTHHKa oKkTopa (oH Komnmukepa.
Brnewatnusmmuiics Komnmkep npeaioxuil OTHbIHE X-ITy4H Ha3bIBATh «PEHTTCHOBCKUMMY.
Takum oOpa3zoMm, OTKpBITHE (PUBUKOB CTaNO (HEMEJICHHO!) W Ha BIOJHE IMOHSTHOM
S3BIKE JTIOCTYIMHO MeaukaM. JleMCTBUTETbHO, YTO MOXKET ObITh MOHATHEW 3PUTEIBHOTO
obpa3za (peHTreHorpamma)?

A YTO MHTEPECHOTO M BayKHOTO ISl HAC CEroJiHA B 3KcnepuMenTe [lymtos, B KOTopoM OH
(Ha moaroja paHbllie) MOJIYYWI CHHUMKHA PYKH YEJIOBEKAa M CKEJleTa MOPCKOW CBUHKH?
CmycTs CTO C JUIIHUM JIET C TOYKHU 3pEHHUSI COBPEMEHHOTO HampasieHus Jloka3zarenpHon
MEJIMLIMHBI, T€HUalbHOe TnpeaBuieHue I[lymros 3aknroyaercs B TOM, YTO OH BIIEPBBIC
MIOCTPOUJI I0Ka3aTeIbHOe CBHAETEIbCTBO (evidence) COOTBETCTBHSI PUCYHKA KOCTEN B
(GOTOCHUMKE pYyKU, HEBUJUMBIX B CBETOBBIX JIy4aX M MPOBEJ COMOCTABICHUE 3PUTEIBHO
0CsI3aeMOTro CcKeJeTa u ero ¢otorpaduii B HeBHAUMBIX Jydax. Kpome Toro, oH Harienl
croco0 Bu3yanm3anuu (T.e. 3PUTEIBHONM OCSI3a€MOCTH) OTUX HEBUIAUMBIX JTyded —
dororpaduyeckuii, npeoOpa3yOMmMil H3JIyYeHHE PEHTTEHOBCKOTO Juana3oHa B
CBETOBOI. A CBET - 3TO cnelupUUYECKUN pa3ApaXKUTEIb 3pUTEIBLHOTO aHaIu3aTopa T.e.
BO3JIEHCTBHE, TOPOXKAAIOLIEE CYyOBEKTUBHOE OLIYIICHUE.

Takoe ¢usuveckn crTporoe TmpoBeneHHEe MOPGOIOTHIECKOr0 (OMOJIOTHYECKOTO)
UCCJIeIOBaHUS (COMOCTAaBICHUE 3PUMOTO W HE3PHUMOI0) MO3BOJWIO JA0KA3aTEJIbHO
OOBSICHUTh  (IPOMHTEPHPETUPOBATh)  HOBYH  HMHGOpPMAlLUIO, TOJY4YEHHYIO B
«HEU3BECTHBIX» X-Ty4yax. A 3TO O3HAyaeT — JOKa3aTeIbHO OCO3HaTh, YTO SIBISETCA
OCHOBHBIM IIPUHLIMUIIOM JlOKa3aTenpHOM MEAULHHBI, KOTOPBIM CIEAYEeT W3 €€
oTpe/IeICHHUS.

Jloka3aTebHAsi MeAWLIMHA — NPUMEHEHHE HOBBIX HMH(OPMALMOHHBIX TEXHOJOTHUM,
NO3BOJIAIOIIMX Bpady CO3HATENIbHO HCIOJNb30BaTh Hawiaydmue (T.e. Hauboisee
JI0Ka3aTeNbHbIC) CBUJETENIbCTBA TPHU JICUEHUU KOHKPETHOTO OonbHOrO [11, 12].

O4eBUHO, YTO Uil PEHTTEHOJOTMH JOKAa3aTeIbHOCTh 3aKIOUYEHUHA B 3HAYUTEIbHON
Mepe OMNpeleseTcs 3JHAHUEM 3aKOHOMEpPHOCTeill B3aMMOACHCTBHS PEHTreHOBCKOIO
usiaydennsi 1 BO, 1.e. ocHoBHbIMU PB 3akoHomepHocTMHU. ClienyeT OTMETUTh, YTO
3TOT pazaen JlokasaTeabHON MEAUIMHBI U UCTIOJIb30BaHUE (PYHIAMEHTAIBHBIX 3HAHUM O
(bU3HYEeCKUX 3aKOHOMEPHOCTAX €€ HaXOJATCSA B CTAIUU Pa3padOTKu (TOYHEE, C TOUKH
3peHust SMOPUOJIOTUH, HA CTAJNU «IIE€PBUYHBIX MO3TOBBIX MTy3bIPEi»)
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YT0 TaKoe PEHTIeHOBCKOEe H3JIYy4YeHHe ¢ TOUYKU 3peHus GUu3uKu

Wtak, uro ectp X-iyun? W dyem oTiMYarOTCs MO WHPOPMAIMOHHOMY COJACPIKAHUIO
CHUMKH bepthl PeHTreH u coBpeMeHHas pEHTIeHOTpamMMa Tocie e¢ IHu(poBOi
00paboTku?

PentrenoBckoe u3nydeHue (CMECh TOPMO3HOTO M XapaKTEPUCTUUYECKOTO HM3TyUYEHUS)
otHocutcs k MU, 1.e. sneprus gporonos > 13 3B (3Heprus noHU3aMKU aToMa BOAOPO/Ia

Jlnara3oHbl peHTT€HOBCKOTO u3inyueHus (Ro)
Jueprus (E): ot 114 K»B 1o 13 5B

Jumna Boanbl: ot 0,11 anrcrpem 10 900 anrcTpem

Pa3Ouenune amama3zoHa pPeHTTEHOBCKOTO H3IydeHHs Ha obOmactu wmsrkoro (0,6 — 900
anrcrpeM) u xectkoro (0,11 — 0,6 anrcTpeM) U3IIydeHH UMEET BaXKHOE 3HAYEHUE IS
MCCIIEIOBAHUS CTPOEHUS BELIECTBA HA AaTOMApHOM (KECTKOE) M MOJIEKYJISIPHOM (MSATKOE)
ypoBHsiX. I1o pe3ynbpTaTy B3aMMOJEHUCTBHS PEHTITEHOBCKOIO M3JIyYEHHSI MOXKHO CYJIUTh O
COCTOSTHUM aTOMOB BEIIECTBA, TaK CKa3aTh B UX U30JIMPOBAHHOM OT OKPY’KaIOLIEH Cpe/ibl
BUJIE, T.K. XapaKTEepPUCTHUUECKOE M3IyYeHHUE C TIIyOOKHMX SHEPreTMUEeCKUMX ypOBHEW Ha
KOTOPBIX HAXOMSTCS 3JIEKTPOHBI B aTOME MPAKTUYECKU HE 3aBUCUT OT BHEIIHUX ToJiel. B
TO K€ BPEMsI MAITKOE PEHTIeHOBCKOE M3JIy4eHHe MO3BOJISIET CYJUTh O MOJIEKYJISIPHBIX
CBOMCTBax BEILECTBA (PEHTreHOCTPYKTYPHBII aHanu3), OnpeaesieMbIX
B3aMMOJICICTBUEM AaTOMOB B MOJEKYJaxX (BHEUIHUE DJHEPreTUYECKUE YPOBHU).
[Tocnennee 00CTOSATENHCTBO Ba)XXKHO MPU HMCCIEIOBAHUU CTPOCHHS KPUCTAJUIMYECKUX
BemecTB. Kcratu, KOCTh TOXKE€ OTHOCUTCA K MOJUKPUCTAIUIMYECKUM BemiecTBaM. J[is
PEHTI€HOJIOTUH, KPOME TOTO, BAXKHO TO, YTO MATKOE U KECTKOE U3TYyUYECHUE PA3INYatOTCs
no ociableHuI0 B OpraHuM3Me 4YesloBeKa. VI3BECTHO, 4YTO MNPUMEHSEMbId Auana3zoH
peHTreHoBckoro  usnydenus 17-150  KsB. MsArkuil  peHTreH  morjomaercs
IPEUMYIIECTBEHHO 3a cueT (poTodrddekTa, 1aBasi OCHOBHOM BKJIA]] B MOTJIOMICHHYIO J103Y.
Jlisg oOecnedyeHuss BBICOKOTO KOHTpacTa (O0COOEHHO MpH BU3yalIM3alMU KPYIHBIX
OpPraHoOB) MPENNOYTUTENBHO YBEJINYEHHE JKECTKOCTH X-lTyued. OgHaKo ¢ yBETUYEHUEM
AKECTKOCTU pacTeT KOMINTOH-3P(EKT (HeKorepeHTHoe paccesinue). [loaromy npu BeidOpe
SHEPrUM KBAHTOB, OINpENECISIEMON HANpsXKEHHWEM Ha  PEHTICHOBCKOM  TpyoOke,
HEO0OXOMMO UCKATh KOMIIPOMHUCC MEXy TPEOOBAaHMEM MUHUMHU3ALMH JO3bI U3IIyYCHUS
U oOecleuyeHueM JIOCTaTOYHOIO KOHTpacTta u3o0paxkeHus. B 3TomM oTHOUIEHUH
UCIIOJIb30BaHUE KOMIIBIOTEPHBIX CHUCTEM OOpaOOTKM H300pa)Ke€HHsl Ji1 MOBBIIICHUS
KOHTpacTa (Ha OCHOBE IPHUMEHEHHUS CUCTEMBbl MOP(OJECHCUTOMETPUUECKOTO aHAIN3a)
UMEET BaXKHOE MPAKTUYECKOE 3HAUEHUE, 00eCTIeunBas CyllEeCTBEHHOE CHUKEHHE JIO3bI.
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Bce okpykarolue Hac Tena W TPEAMETHl MOXKHO pas3leliuTh Ha CaMOCBETSIIHECS
(m3myyaromye) OOBEKTHI  (PEHTTCHOJTIOMHUHECIICHITNS, TEXHOTCHHBIE HCTOYHUKH:
KHHECKOTIBI, JIaMIIbI, paguodapMmpenapaTtbl) W HECAMOCBETAIINECS (OTpaxxeHue,
CBETOpacCesiHuE, MPOITyCKaHKE, MPEIOMIICHUE H3TYyYEHUs, UCXOMSIIET0 OT UCTOYHUKA).
BONBIIMHCTBO TPEMETOB BUAMMOIO MUpa (BKIIOYAs YEIOBEUYECKOE TEJI0) OTHOCSTCS K
TeJlaM BTOPOTO TUIA (OTpaXkarollue CBET).

YcnoBue Bu3yanm3alud IS HECAMOCBETSAMIUXCS OOBEKTOB OTPAXKAIONIUX CBET,
kod(pdunreHT npenomieHus (n) ST HECAMOCBETAIIUXCA OOBEKTOB: N#l, Hampumep

nCTeKJIa: nBOZ[I)I = 1)3

Jlns tena 4yenoBeka (C TOUKM 3pPEHUS] ONTHKH, T'€TEPOTr€HHAas CUJILHO paccerBarolias
cpena, comepxkamas Oenku (1,4 kr), OGmarogapsi CHILHOMY CBETOPACCEMBAHUIO, CIIOM
MOJIOBUHHOTO MOTJIOMIEHUS Cpeanl = 1-3 MM

YHuKanbHas 0COOEHHOCTh PEHTTEHOBCKOT'O M3YyYEHHUS COCTOMT B TOM, YTO JIJISI HErO B
omonorndecknx oobekTax [1]:

Nxe?
n=1-———x1=0.999986 ~ 1...(1)

4 xme*c
rae:
N — 4yucI0 aTOMOB B €IMHHUIE 00BEMA
€ - 3apsin
C — CKOpPOCTh CBETa
A — IUTMHA BOJIHBI
m, — Macca 3JIeKTpOoHa

CrnenmoBaTelibHO, PEHTICHOBCKOE  M3JyUYCHHME MHHUMAJBLHO pacceHBaeTcsi M
NPeJIOMJIAETCH NPH TMPOXOKICHUM 4Yepe3 TKAHHM 4YeJOBEKa, UYTO U TO3BOJISET
WCITOJIB30BATh €r0 B PEHTTCHONOTUHU. Tak, ciioil moJoBUHHOTO morjomeHus 1y, = 10-20
CM I PEHTTEHOBCKOTO M3JIy4YCHUS, B OTIHYHMe OT BuaAMMOro ceera (l;, = HECKOIBKO
MM)

Tax ci10¥ MOJOBUHHOTO MOTJIONICHHSI PEHTT€HOBCKOTO U3IYUYeHHs B OpraHU3Me YeJIOBEKa
JUIsL PEHTIeHOBCKOro wu3nydeHus - 10-20 cM, B oOTiauuMe OT BHJIMMOIO CBETa
(muwumumetpsl). Mckmouenue: I'puddure (denoBek-neBuaumka, I'.Yamnc). T.e. Teno
YeJoBeKa JJI PEHTIC€HOBCKOTO HU3IyYEeHHUS] — OOBEKT MOJYHNPO3PAYHBIA — YAaCTUYHO
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MPOMYCKAOIIMIA M YaCTUYHO MOTJOMIAIOIIMKA JaHHOE HW3aydyeHue. B sTtom TO W
3akimouaercsi reHuanbHOCTh OTKpbiTHsS W.ILIlymios um K.B.Pentrena: Obun Haiinen
nuanazoH snekTpomarauTHeIx BoaH (0,1 — 1 A), B koTopoM Ouonormdeckue TKaHHU
«MIPOCBEUMBAIOTCS HACKBO3b», T.€. MOJYNPO3payHbl BCIEACTBHE OUYEHb CIAOOro
KOTE€PEHTHOI'O PACCESIHUSL.

Eme omHol HE MeHee 3HAYMMOW OCOOEHHOCTBIO OTKPBITHS CTAJIO TO, YTO OB HaWIeH
croco0 Bu3yanm3anuu (mepeBoja JTyYUCTON MOTOKAa B CBETOBOH, T.€. BHIUMBIN TIa30M
MOTOK).

W.I1. Ilymioit nnst storo BecHout 1895 r mpumenmn ¢ororuactunky, a K.B. Pentren
HaOJIIoa)l CBEUEHHUE TUIATMHO-CUHEPOJIUCTOTO Oapus, T.e. PEHTTCHOJIIOMUHECIICHIIMIO.
Ceroguss  o0a  crmocoba  (mieHOYHass  peHTreHorpadusi U HCIOJIb30BaHUE
peHTreHoIoMUHeCHIeHITNH ((rrooporpadusi)) NPUMEHSIOTCS B PEHTT€HOJIOTUH.

MexaHu3M B3auMOAeHCTBHS PECHTICHOBCKOI0 M3J1Y4YCHHUA C BCIICCTBOM

Tak Kak PHeprus KBAaHTOB PEHTIEHOBCKOTO M3NydeHuss >> 13 3B (3Heprusi HOHU3aINUH )
CJIEIOBATENBHO B3aUMOJECUCTBHAE X-JTy4e€l C BEIIECTBOM SBIIAETCA WOHU3ALUEH, 3TO U
ONpENEISIET Ha3BaHWE OTOTO BHUJA U3IY4YEHHUs — HWOHuU3Mpyomee. KaaHTOBO-
MEXaHUYECKME MEXaHU3Mbl MPUBOASAIIME K HMOHM3aUUMU — (OTOIDPEKT U  KOMITOH-
addekt. PentrenoBckuii @D MOXHO MPEICTaBUTh, KaK MPOIECC, COCTOSIIMNA U3 JIBYX
cranuii. Ha mepBoit cramguu (knaccuyeckuii (ororddext, nepBuUYHAs HOHU3AINSA)
SHEPrusi PEHTICHOBCKOTO M3JIyYEHUs IMOIJIOMIAETCS SJEKTPOHAMHM aToma (Hampumep,
cepebpa) Haxomsmmmcs Ha K-atromuoit oOomouke (pexe Ha L-oGonouke). Ecmom
MoTJIoNaeMasl dJICKTPOHAMH SHEPTUs PEHTTEHOBCKOTO HW3IIYYEHHs MPEBBHIMIACT padboTy
BBIX0JIa DJICKTPOHOB U3 BEILECTBA, TO MPOUCXOJUT BBIPHIBAHUE ITUX AJIEKTPOHOB U3 K-
obomouku. Ha BTopoM cramuu (BHyTpuatoMHbli O3, BTOpHUYHAS HOHU3AIUS)
IPOUCXOJIUT 3aMellleHHe BbIpBaHHOTO M3 K-000JI04KM 37EKTpOHA, AJIEKTpPOHA U3 Ooee
BHemHe oOonoukn, M wunu L. Kak u3BecTHO, mpu Tmepexojae U3 0Oojiee BEPXHETO
HHEpPreTUYecKoro ypoBHs, Hanpumep, Ek Ha OGonee Hwknuii, Ei, 3mekTpoH ucmyckaer
KBAaHT DJHEPrUU, KOTOPBIM HWrpaeT poJib HOBOTO MEPBUYHOTO H3IYUYEHHUS, KOTOPOE
MOHU3UPYET CBOM COOCTBEHHBIM WCXOJHBIM aToOM, T.€. BBIOPACHIBACT CIICIYIOITUI
anektpoH u3 K wmmm L oGomouxku. OOpasoBaBmivecss B pe3yJbTaThl MEPBUYHOU U
BTOPUYHOM HOHHU3AIMU DJIEKTPOHBI Ha3bIBAIOTCS (DOTOAIEKTpOHAMU. MOXKHO clienaTh
BBIBO/I, YTO PEHTI€HOBCKOE U3JIyUeHUE SABJISIETCS ABAKIBI (!) MOHU3UPYIOIIUM.
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Eme onun 3¢ dext Habmoparonuics: Ipu B3aMMOACHCTBUM X-JTyueld UCTOJIb3yHOUTUNCS
B PEHTIC€HOUATHOCTHUKE — 3TO KOMITOH-3G()EKT

OH HapacTaeT ¢ yBeJIUYEHUEM YHEPTHH KBAHTOB (B IPOTHUBOMOJIOKHOCTD GOTOIPGhEKTY).
KomnTon-3¢ekT — KBaHTOBO-MEXaHUYECKOE SIBICHHE MPEACTAaBISIONIEe COOOMH
paccessaue m3nydeHus: 1 pororddexr. CyTh ATOr0 SBICHUS 3aKIIOYACTCS B TOM, YTO
CBOOO/HBIE AJIEKTPOHBI, B3aUMOACHCTBYS C KBaHTAMH W3JIy4YCHHsS, YCKOPSIOTCS, a
PEHTTEHOBCKUE KBAaHTHI MEHSIOT CBOIO SHEPTHIO (YMEHBIIICHNE) U HANIPaBJICHHUE.

B peHTreHoBCKOM ammapare peryisinus JKECTKOCTH JOCTUIaeTCsl HW3MEHEHUEM
HanpspkeHus Ha TpyOke. Hanpumep, nuana3zonst RO uzmyuenus

e 30-50 sB — nmeru, a Takxe Mmanble 00BEKTHI (KUCTh, croma). OIHAKO, B 3TOM
JMana3oHe MOoTJIoeHHas 103a Boite (!)
e 60-70 3B — B3pocbIe, KpymHBbIE O0BEKTHI (TPyIHAS KIIETKA)

Kak u3BecTHO U3 onTukH, (u3nueckas MOAeTb O0pa3oBaHHUS TEHH, T.€. (PU3UUECKOE
obocHOBaHUE ckuanocuu — 3TO 3aKoH (TouHee, mpaBmio) byrepa-JlamGepra-bepa (5).
WNHTEepecHO OTMETUTh, UYTO HCTOPHS OTKPHITUS U 0OOcHOBaHHs 3Toro mpasmia BJIb
pacTsiHyl1ach Ha CTO JeT. Tak 4TO HEMpOCTO HaM JAlTCA TalHbl 3pUMOCTH MHpa. A
MEXaHU3M (OPMHUPOBAHUS 3PUTEIBHOIO 00pa3a B 3pUTEIIBHOM aHAJIM3aTOPE YEJIOBEKa
HeoueBUJeH U 1o ceil genb. Bor mnpumep: I[13C-tenekamepa perucrtpupyer
OCBEILIEHHOCTh CBOMX (DOTOZJIEMEHTOB, a B Cllydae HAKOIUIEHHS CUTHajla — J03Y
(9KCTIO3UITMOHHYI0), a a3 auddepeHupyeT OCBEUIEHHOCTh OJarojgaps cakxkaoam —
kpaTkoBpeMmeHHbIM (0,1-1 ¢) nmepememnienusiM riazHoro si60Ka. «HemoaBuxHbBIN» T1a3 —
ciern (!), a caMo U300pakeHUE Ha CeTYaTKe — YMEHBIIIEHHOE, niepeBepHyToe. [lepeBopor
n300paxenus Ha 180° mpPOUCXOAUT B TOJIOBHOM MO3T€, Tlie-TO B S. calcarinus.

B npocreiimiei ¢popme (111 TOMOTEHHOM Cpe/ibl) 3aKOH MOTJIONIEHUSI CBETa MOKET OBIThH
IIPECTABIICH B BUJE:

I =1yxe ¥

1
rae K — kosddunuenr (moramenus), [K| = L=

1 . .
Bemnunna W = « HA3bIBAETCS CPEIHEH riyOUHOI MPOHUKHOBEHUS; W — TO paccTosiHUe

Ha KoTopoM | yMeHbIIuTCA B € pas (< 2,72)

B peHTreHosornu mpuMeHsIeTCsl XapaKTepUCTUKA OCNaOJICHNUs W3IY4YCHUS — MACCOBBIN
ko3¢ uueHT ocnadnenus (L)
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K M
S=H [u]ZT, p — INIOTHOCTh BEIIECTBA

Paznuunbie Gopmbl npeactaBienus 3akoHa bJIb mns cBetoBoro msnydenus u aius MU
MOT'YT OBITh CBEJICHBI B €IMHYIO (OpMY

(8) I = I x e ON*
~ Iy x e K% (10)
(9)I = I, * e~
Q — MHKpOCKoMUecKnii KooduImenT noriouienus, [L*]
N — 4ynciI0 MUIIIEHEN B €IMHUIIE 00BEMA, [L'3]
X — TJIyOMHa MPOHUKHOBEHHUSI
K — makpockonuuecknii kKo3¢HUireHT noromenus (Ko3QpuIueHT ocnadieHns)

N3 (9) u (11) cinenyer uTo BeliecTBa ¢ OOJBIIMM aTOMHBIM HOMEpPOM (Z) W YHUCIOM
mutniener (N) MOryT 3HaUUTENbHO OCiabnaATh RO uznydyenune. 910 oOBACHAET NPUUUHY
UCITIOJIB30BaHUs 3JIeMEHTOB ¢ Oombimmm Z (fox (1), 6pom (Br)) mis KoHTpacTUpOBaHUS
cocyloB (aHruorpadus), a Takke MPUYMHY BBICOKOM RO TUIOTHOCTH KOCTH (KaJIbLIMiA
(Ca), docdop (P)). Mns cpaBHeHHS — CpeIHUM aTOMHBIA HOMEp OHMOJOTHUYECKOTO
BemecTa — 13,2.

3akmiouenue pazgena. Kak BuauMm, MepeHOC U BHeApeHue (yHIaMEHTaIbHBIX
bU3MUECKUX 3aKOHOMEPHOCTEH B3aUMOJECUCTBUS ~ HOHHU3UPYIOIIETO H3IYYEHUS C
OMOJIOTMYECKUM BEUIECTBOM B MPAKTUUECKYIO MEAUIMHY (B JIyYEBYIO JUATHOCTUKY), YTO
U COCTaBJISIET NPEAMET TPAHCIASUMOHHOM MEIMUMHBI, - TPHUBEN K MOSBICHUIO HOBBIX
MEAMIIMHCKUX TEXHOJOTHM, OOBEAMHEHHBIX MOHITHEM <«IydeBas [UarHocTuka. B
PHUMY wum. IluporoBa Ha wmeauko-Ouonorudeckom  (Paxymbrere (MBO)
OCYIIECTBJISIETCS] MOATOTOBKA CIENUAIIMUCTOB B TAKOM aKTyaJIbHOM MEXKIUCUUILIMHAPHOU
00JIaCTH MEAMIIMHCKON paauosioruu Ha otaeneHun «MeauuuHckas Ouodusmka»
(cnenuanbHOCTh - Bpau-OMOoPu3MK). A mpodopueHTanusi oCyuecTBIseTcs B (U3MKO-
MareMatndeckoi mkosne «llorenumamy npu MOTU.
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I.4. Knaccudukanus 3apsizkeHHbIX yacTull. X npeumMyinecTsa B JJy4eBOM Tepanuu.
PaboTsI poccuiicknx yuyeHbIx (IIKoabl akaga. M.A. Cepreesa, npesuneara PAH) —
NPOPbIB B JIy4eBOW Tepanuu

CxemaTtndecku (TaKCOHOMUYECKH ) KIacCU(UKALIUS 3aPSHKEHHBIX YaCTHUIl MOXKET OBITh
MPEICTABJIEHA CIEAYIOIIEH CXEMOM.

aNemMmeHTapHble
3apAMXeHHble YacTULbl

— /

NEenToOHbI dA4POHDbI Agpa MOH-PaguKasabl
(nerkme yacTuupl, (cunbHoe (o-wactuua - agpo (monerynbl unu appa,
cnaboe B3aumogeiictene) aToma renus) noTepaBLIME 3NEKTPOH)
B3ammogeiicTane)
e Me30Hbl HYK/N1OHbI

(rocmuueckoe (npoTomsl,
u3nyueHue) HeMTpoHbI)

B-nsnyuenne &-usnyvenve
(NOTOK 2neKTPOHOB, NOPOKAAEMbIIA (NOTOK 3neKTPOHOB, NopoXKAaEMBIi
pafMOaKTMBHbBIM pacnagom) B3aMMOLEICTBMEM 3aPAKEHHDbIX

YacTuLL C BELLECTBOM)

Bce 3apspkeHHBIC YacTUIBI MOKHO Pa3eiUTh HA JENTOHBI (JISTKUE YACTHIIbI) U a{POHBI
(ot cnoBa hard — Tsxenbie).

W3 nenToHOB Hac OynyT MHTEPECOBATH JIEKTPOHBI. DIEKTPOHBI MOXKHO Pa3JeiuTh Ha [3-
U3ITydeHrne (IMMOTOK AJICKTPOHOB TMEPBUYHBIX) U O-3JICKTPOHBI (BTOPUYHBIC SJICKTPOHBI).
AJIpOHBI MOKHO Pa3/Ie/IUTh HA ME30HBI U HYKJIOHBI.

Kocmuueckoe H3JIYUYCHHUC I[CﬁCTBYI-OHICC Ha OpraHuiM, IIPCUMYIICCTBCHHO MC30HHOI'O
IMPOUCXOKIACHH.

Hyxnonsl OysieM paccMaTpuBaTh Ha IPUMEPE MPOTOHOB (MMEHHO ATOT TUIT YaCTHI] HA4all
IPUMEHSATHCA B Ty4E€BOW T€pPATUU POCCUNCKUMH YUEHBIMHU).
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XapaKTCpI/ICTI/IKa O9THUX YaCTHII:

XapakTepucTHKA | JJIEKTPOHBI Me3sonsl | IIpoTonsl Snpa Hon-pagukaiisl
YaCTHIL aromoB He
Macca 1 200 2000 8000 >10000
3apﬂu -1 +1 +1 +2 +9”
HUcrounuk Kocmuueckue | B-pacman Snepueie | Snepuble | fnepnsie peakuun
JIy4H peaKuuu | peaxkuuH, O-
pacnag

He octanaBnuBasich mogpoOHO Ha CBOMCTBAX YAaCTHII, YKaXKEM TaKH€ CBOWCTBA, KOTOPHIE
UMEIOT MPAKTUYECKOE 3HaUYEHUE B Jy4yeBoi Tepanuu (cMm. ¢aiin JlaGopaTropuas padora
Nel).

Kak cnemyer u3 pucyHKa, KOJIMYECTBO YHEPTUU, BBIIEISEMOE TSKEIBIMU 3aPSKEHHBIMU
YacTULAMU NPU TOMAJaHUU B TEJIO YEJIOBEKAa MOXKHO ynpasisaTh (!!), B oTauume oT y-
U3Iy4yeHus. B 3aBHCHUMOCTH OT IIyOMHBI pacIoyIOKEHHUs OIMYXOJIM, MOYKHO YIPABIATH
HAYaJIbHOW CKOpPOCTBIO BBUIETA 4YaCTHUL, JOOMBAsCh MaKCHMyMa BBLIEIECHMSI >HEPIUU
UMEHHO Ha IJIyOMHE pacnojoXeHus onyxond. B cimyuae ke  Bo3zaelcTBUsA
IIEKTPOMArHUTHOTO M3Iy4eHHUs (y-U3JIy4YEHHUsI), BBIACICHHE SHEPIHMHM IOJYHHSIETCS
3aKOHY MOIJIOIICHUS, BIIepBble copMynupoBanHblii byrepom-JlambepToM-bepom (1725
— 1864). OcHoBHast O0COOEGHHOCTb  TOTJIOUICHHMS] SHEPruu JJs Y-U3JIydeHUs -
HKCMOHEHIINAILHOE YMEHbBIIIEHNE MIPU YBEIMUEHUH TTTyOMHBI IPOHUKHOBEHUS U3ITyUYEHUS
B BELIECTBO. bojee mNoOApOOHO €O CBOMCTBAMM MBI O3HAKOMHUMCS HHUXKE, CM.
JlaGoparopuas pabotra Nel, pazmen 2.1. IlpumeHutenbHO K mpodiieMaM MEIUIMHBI,
nanueli Tun UM oOnagaeT CyllecTBEHHBIM HEAOCTATKOM: BBINIENEKAIIME TKaHU,
KOTOpbIE HAXOMASTCS HaJ ONMyXojblo, OyayT moryiomars OOMbIIYI0O SHEPTUI0, YeM Ty,
KOTOpast «IOUJIET» 10 OIYXOJIH.

A pacnipeneneHue SHEPTUH I TSOKENBIX 3apsyKEHHBIX YaCTHL] UMEET NPUHIMITMAIBHO
UHOW BHJI — B 3aBUCUMOCTH OT HAyallbHOM CKOpPOCTH BBUIETa MOXHO JIOOUTHCA
BbIJIEJICHHE MaKCUMyMa YHEPruH Ha TpeOyeMoi TiTyOrHe (pactoioKeHuUs Oy XOJIH).
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[ToaToMy B Hacrtosiiee BpeMsl B Jy4€BOW TEpanuu MPUMEHSIOTCS aKTUBHO MPOTOHHBIE
nymkd. OCHOBHas mpoOiieMa MpUMEHEeHUs Mmoao0Horo poma meronoB JIT cocrouT B
CIEyIoIeM. YCTpPOWCTBA, KOTOpble OOECMEUYHBAIOT HYKHYIO CKOpPOCTb JBH)KEHUS
YaCTHUI] — YCKOPUTENH (CHHXPOTPOHBI, CHHXPO(}A3aTPOHBI) UMEIOT OOJIBIITNE Ta0apUTHI.
Hanpumep, bonwioit agponnsiii komtaiaep (BAK) umeer pasmepst 28 km. [lostomy
OCHOBHas Mpo0JsemMa Mpu BHEIPEHUH JAaHHOTO BUJA (PU3NYECKUX YCTPOHUCTB B METUILIUHY
3aKiodaeTcss B ux MuHuaTiopuzanuu. Ilpumep. B IIEPHe (eBpomeiickom 1eHTpe
AJIEPHBIX UCCIEAOBAHUI — BEAYIIEM MUPOBOM LIEHTPE. ..) pa3paObIBaeTCa TAKOE CPEJICTB,
KaKx10e u3 Kotopbix [ITorenmuan. XXypHan nis crapuiekiiaccHUKOB U yunurtenei. 2018-
1. Ctp. 70]. SIcHO uTO BHEApEHHE MOJOOHOTO pojia TabapPUTHBIX MPUOOPOB B METUIIMHY
IPEJICTaBIISIET CYIIECTBEHHYIO MPOOIIeMy.

Uro xe mpoucxoaut y Hac, B Poccun? Kak ormeuaercs akan. M.A. CepreeBbiM [ Dusuka
npotuB paka. MaTepBhio akaa. M.A. CepreeBa / B mupe nayku. 2018-Nel, Ctp. 119],
«...yxe B 70-80 rr. nmponutoro Beka COBETCKHIA COI03 OB TOW CTPAHOM, T/I€ ONEpaIlHii
10 MPOTOHHOHM Tepanmuu OBLJIO MPOBEACHO OOJBINE BCEX APYTMX CTpaH; IMpaBia, OHU
MIPOBOJIMIINCH HECTICIIMAIM3UPOBAHHBIM 00pa30M, a Ha T€X YCKOPHTEIAX, KOTOPhIe ObLIH
y ¢u3ukoB. MMeHHO Tam pa3BHBaNach NPOTOHHAS Tepamus, TIAe Mbl OBLIM TOTIA
muaepamu. Ho mponumy mecaTku jeT, a y Hac MO-MPEKHEMY HET CIIeIHaI3UPOBaHHON
YCTAaHOBKU JJIsI MPOTOHHOW Teparnuu. Celyac MOsSBUIACH TEpBas yCTAaHOBKA, KOTOpas
tectupyercs B OOHuHCKe». B HHCTHTYTE mnpuKiIagHOW (U3UKA BeIyTcs padOThI,
pe3ynbTaThl KOTOPBIX MOTYT OOECHEYHTh MPOPHIB B JICYCHUH OHKO3a00JCBaHUN —
yIpaBJICHHE HA4YaJbHOW CKOPOCTHIO BBUIETA YAaCTHI[ MOXKET IMPOM3BOAUTHCS TOpPa3io
Oonee MHUHHMATIOPHBIMH CPEACTBAMH, ITyTEM YIIPABICHUS JIA3€PHBIM HU3ITyUYCHHEM
BBICOKHX DHEPIHii, 00ecrednBas «pa3ron» u TpeOyeMyto CKOPOCTh BbLIIETA.

Huxe B pasnmene nabopatopHas pabota Ne2 HaMu MOArOTOBJIEHA CUMYISLUOHHAS
MOJIeJIb POTOHHOW IMYIIKH, JUIS DJIMMUHAIUMN (YHHUUTOXKEHUS) OIMYXOJH, HaXOSIIeHcs
Ha ONpeIETICHHON ITyOrHE.
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